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WRITING PAD AND PRODUCTION THEREOF 

5 Technical Field 

The present invention relates to a writing pad 

suitable for inputting handwritten images. More 

particularly, the present invention is concerned with a 

w~it~ng pad which, when characters or graphics are inputted· 

1 0 ·to an input substrate of the writing pad by an input pen, 

does not cause an erroneous operation even when fingers or 

other portions of a writer's had erroneously come into 

contact with the input substrate, and which is durable 

against a vast plurality of repeated sliding inputs. 

15 Moreover, the present invention relates to a process for 

producing the same. 

Background Art 

Known in the art is a discriminating contact sensor 

20 which comprises a writing pad comprising a juxtaposed pair 

of upper and lower sheets each having an electrode attached 

thereto, separated at a given spacing by a plurality of 

insulating dot spacers, the upper sheet being flexible, and 

a position detecting circuit that, when the upper flexible 

25 sheet is depressed with an input pen, electrically detects 

the coordinates (x, y) of the depressed position of the 

upper flexible sheet (see U.S. Patent No. 3,911,215). 
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In this sensor, when the input-side sheet having an 

electrode attached thereto (upper electrode-bearing sheet) 

of the writing pad is depressed with an input pen, the. 

input-side sheet is flexed by the writing pressure ioad to 

5 thereby cause the upper and lower electrodes of the writing 

pad to contact with each other so as to create an 

electrical connection at the depressed site. This permits 

detection, by means of the position detecting circuit, of 

the .coordinates (x, y) of the position of the sheet 

1 0 depressed by the tip of the input pen. 

A handwritten image input device can be obtained by 

connecting the above position detecting circuit of the 

sensor to a storage unit having an appropriate memory 

capacity. In such a handwritten image input device, the 

15 coordinates of the positions of a plurality of dots 

composing the inputted image are stored in predetermined 

addresses of the storage unit. 

Further, when this storage unit is connected to a 

display unit, the plurality of position coordinates 

20 detected by the position detecting circuit and stored in 

the storage unit are inputted into the display unit, so 

that the handwritten images inputted in the writing pad are 

reproduced on a display screen of the display unit. 

In the above conventional writing pad, the upper and 

25 lower electrodes are contacted by depressing the upper 

sheet with an input pen so as to flex the sheet, so that in 

many cases the distance between the dot spacers is, for 
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example, in the range of 0.635 to 1.9 mm as in the above 

U.S. Patent or greater. 

The inventors' study has revealed that, in the 

conventional writing pad in which the distance between the 

5 dot spacers is large and the inputting is performed by 

flexing the upper sheet, the difference is slight between 

the load erroneously applied by contacting fingers or other 

porti~ns of a writer's hand with the input-side sheet when 

inp~tting so as to bring the upper and lower e~ectrodes 

10 into contact with each other {erroneous input load) and the 

load required for inputting characters, etc., with an input 

pen. Thus, erroneous inputtings occur frequently, causing 

an erroneous operation. 

In order to obviate such erroneous inputtings, the 

15 above U.S. Patent has proposed the writing pad wherein a 

distance between the dot spacers and a height thereof 

satisfy a predetermined relationship. However, it is 

difficult to completely avoid erroneous inputtings, even if 

the proposed relationship is satisfied. 

20 Further, the above writing pad has a drawback in that 

the flex of the input-side sheet repeated by every input 

operation may cause disconnection of the electrode formed 

on the input-side sheet or plastic deformation thereof, so 

that the upper and lower electrodes may be kept contacting 

25 with.each other, thereby generating input noise. 

Still further, in the conventional writing pad, the 

electrode formed on the flexible sheet is also moved 
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slightly in accordance with the movement of the input pen 

upon inputting images to the writing pad, so that friction 

is generated between the electrodes formed on the pair of 

sheets at the site where both electrodes are brought into 

5 contact with each other upon inputting. Therefore, another 

drawback of the known writing pad is in that, because such 

friction is repeatedly generated by every input operation 

lea~t one of both electrodes. 

10 The present invention has been made to overcome the 

above drawbacks of the prior art, and objects of the 

present invention are to provide a writing pad which, when 

characters or graphics are inputted to an input substrate 

of the writing pad by an input pen, does not cause an 

15 erroneous input even when fingers or other portions of a 

writer's had erroneously come into contact with the input 

substrate, and does not cause the erroneous operation even 

when the input operation is repeated many times, and also 

to provide a process for producing the same. 

20 Further objects of the present invention are to 

provide a writing pad in which electrodes formed on 

substrates are highly resistant to damaging by a vast 

plurality of repeated sliding inputs with an input pen, and 

to provide a process for producing the same. 

25 

Summary of the Invention 

iiiimf 
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The writing pad of the present invention comprises a 

pair of substrates each having an ·electrode formed on one 

of the surfaces thereof, the pair of substrates being 

disposed in parallel in such a way that the electrodes face 

5 one another with a predetermined gap between the substrates 

by means of a plurality of insulating dot spacers. 

wherein a height (G} of the dot spacers is not greater 

than 15 µm, a diameter (d) of the dot spacers on the 

electrode surface to which the dot spacers are fixed is 

1 0 greater than G (d>G), and an average center distance (L) 

between the adjacent dot spacers, namely an average 

distance (L) between the centers of the adjacent dot 

spacers, is not greater than 100 µm and 3 d < L < 100 d. 

Preferably, the above dot spacers are composed of a 

15 mixture of two types of insulating dot spacers having 

average heights Gi and Gz different from each other (G1 > 

Gz) . 

Further, in the writing pad of the present invention, 

it is pref erred that the average center distance (L} 

2 0 between the dot spacers be varied depending on the radius 

of curvature (µm) of the tip of an input pen employed for 

depressing the input-side substrate of the writing pad. 

Preferably, the average center distance (L} between the dot 

spacers and/or the radius of curvature (R) of the tip of 

25 the input pen are controlled so that the average center 

distance (L) and the radius of curvature (R) satisfy the 

following relationship: 
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L ~ R/n 

wherein n is a positive integer of 4 or greater. 

The writing pad of the invention may be produced by a 

process comprising a step of forming droplets of a spacer 

5 forming solution·comprising an organic solvent and, 

dissolved or dispersed therein, a nonconductive resin on a 

preheated electrode surface, and evaporating the organic 

solvent from the droplets to form insulating dot spacers on 

the electrode surface, wherein a height (G) of the dot 

10 spacers .is not greater than 15 µm, a diameter {d) of the 

dot spacers on the electrode surface is greater than G (d > 

G), and an average center distance (L) between the adjacent 

dot spacers is not greater than 100 µm and 3 d < L < 100 d. 

Further, in the writing pad of· the present invention, 

15 it is preferred that at least one of the pair of electrode 

surfaces be treated with an insulating chain organic 

polymeric compound having a functional group capable of 

bonding with a material composing the electrode. 

This writing pad may be produced by a process 

20 comprising a step of applying a coating solution comprising 

an organic solvent and, dissolved or dispersed therein, an 

insulating chain organic polymeric compound having a 

functional group capable of bonding with a material 

composing the electrode to at least one of the pair of 

25 electrode surfaces and heating the substrate having the 

electrode applied the coating solution to dry, thereby 
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effecting treatment of the electrode surface with the 

insulating chain organic polymeric compound. 

The writing pad may also be produce_d by a process 

comprising a step of applying a first coating solution 

5 comprising a compound having both a group reactive with an 

inorganic compound (inorganic reactive group) and an 

organic reactive group in the same molecule to at least one 

of the pair of electrode surfaces, subsequently applying a 

second coating- s"olution comprising a chain organic 

1 0 polymeric compoun<i having a 'functional group reactive with 

the organic reactive group to the electrode surface applied 

the first coating solution and heating the substrate having 

the electrode applied the coating solution to dry, thereby 

effecting treatment of the electrode surface with the 

1 5 insulating chain organic polymeric compound. 

Brief Description of the Drawings 

Fig. 1 is a cross-sectional view showing one 

embodiment of the writing pad according to the present 

20 invention; Fig. 2 is a partial enlarged cross-sectional 

view of Fig. 1; and Fig. 3 is a cross-sectional view 

showing another embodiment of the writing pad according to 

the present invention; 

wherein, 

25 lA, lB: writing pad, 

2 input pen, 

11 upper electrode, 

iii1m1r 
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10 
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12 lower electrode, 

13 insulating dot spac~r, 

14 upper substrate, 

15 

16 

G 

d 

L 

lower substrate, 

laye~ of insulating chain organic 

polymeric compound, 

height of dot spacer, 

diameter of dot spacer, and 

center distance between the dot spacers. 

Best Mode for Carrying Out the Invention 

The writing pad of the present invention will now be 

illustrated in more detail with reference to the appended 

drawings. 

15 Fig. 1 shows one embodiment of the writing pad 

according to the present invention. 

In this writing pad lA, an upper substrate 14 (input 

side) having an electrode 11 formed thereon and a lower 

substrate 15 having an electrode 12 formed thereon are 

20 disposed in such a way that both electrodes 11, 12 face one 

another with a predetermined gap between them by means of a 

plurality of insulating dot spacers 13. 

The upper substrate 14 shown in Fig. 1 may be composed 

of a material with a considerable .softness, for example, a 

25 plastic film such as a film of polyethylene terephthalate 

(hereinafter referred to simply as "PET film"). The top of 

the upper substrate 14 is adapted for permission to input 
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images, such as characters and graphics, with an input pen. 

The back of the upper substrate 14 is provided with the 

electrode 11 composed of a conductive thin film, such as a 

thin film of ITO. 

The upper substrate 14 having the electrode 11 formed 

thereon is not particularly limited as long as it is 

strained to a degree such that the upper and lower 

electrodes contact with each other at t.he position -

depressed by the tip of an input pen 2 when images are 

10 drawn with the input pen 2. The thickness of the upper 

substrate 14 meeting the above requirement, inclusive of 

the thickness of the electrode 11, is preferably in the 

range of 50 µm to 1 mm. 

On the other hand, the lower substrate 15 may be 

15 composed of, for example, glass. One side of this 

substrate 15 is provided with an electrode 12 composed of a 

conductive thin film, such as a thin film of ITO. 

This lower substrate 15 is not alsq particularly 

limited, and may be either flexible or rigid. Generally, 

2 0 however, it is preferred that the substrate be a 

transparent plate of, for example, glass. 

In the writing pad lA shown in Fig. 1, the dot spacers 

13 are distributed on and fixed to the electrode 12 

disposed on the lower substrate 15. This is not 

2 5 limit_ative, and the dot spacers 13 may be fixed to the 

electrode 11 disposed on the upper substrate 14. Also, the 

dot spacers may be fixed to both of the electrodes 11, 12. 
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In the present invention, it is not necessary to 

strongly bond the dot spacers to the electrode with an 

adhesive, etc., and it is satisfactory to fix the dot 

spacers by an appropriate method to a degree such that 

5 their free move on the electrode is restricted. Such 

method,_ for example, may comprise forming dot pacers 

composed of a synthetic resin as described later and fusing 

the resin dot spacers to the electrode surface. 

In the writing pad lA shown i'n Fig.1,· the dot spacers 

1 0 13, ·at their tops, contact the electrode 11. Thus, it is 

preferred that each of the dot spacers be hemispherical or 

conical with rounded tops. The dot spacers having pointed 

tops may unfavorably f~aw and damage the electrode. 

The dot spacers for use in the writing pad of the 

1 5 present invention may be rigid to a degree such that the 

shape thereof is not deformed even at the site depressed by 

the tip of an input pen. However, it is generally 

preferred that the dot spacers be soft to a degree such 

that they are slightly distorted and deformed in accordance 

2 0 with the depression by the input pen. Further r the dot 

spacers have such insulating properties that the upper and 

lower substrates are not electrically conducted 

therethrough. The dot spacers are preferably transparent 

like the upper and lower electrodes. 

25 With respect to the dot spacers for use in the writing 

pad of the present invention, it is preferred that the 

height (G) of the dot spacers 13, as shown in Fig. 2, be 

iiit111r 
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not great.er than 15 µm, especially 1 to 10 µm, and the 

diameter (d) of the dot spacers 13 at their fixed sites on 

the surface of the electrode 12, i.e., the diameter (d) of 

the dot spacers (13) at their portions contacting the 

5 surface of the electrode 12, be not greater than G (d > G), 

especially d ~ 2G. When the dot spacers 13 satisfy the 

above relationships, smooth mutual contacting of the upper 

and lower electroaes 11, 12 can be attained upon straining 

of the upper substrate 14 by the depression with the input 

1 0 pen· 2. 

15 

Further, it is preferred that the average center 

distance {L) between the adjacent dot spacers 13 be not 

greater than 100 µm and 3 d < L < 100 d, especially 4 d < L 

< 20 d. 

It is preferred that the heights (G) of the dot 

spacers 13 be substantially constant so as to uniformly 

space the upper and lower electrodes 11, 12 from each other 

throughout th~ both electrode surfaces. Thus, the use of 

dot spacers having substantially the same heights is 

2 0 preferred. 

In the present invention, however, a mixture of at 

least two types of dot spacers having different average 

heights may be employed. When the heights of the higher 

dot spacers and the lower dot spacers are represented by G1 

25 and G2, respectively, it is preferred that G2 be greater 

than 1/2 Gi. The weight ratio of the higher dot spacers to 

the lower dot spacers is preferably in the range of 7/3 to 

ii iii Hf 
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3/7. In the writing pad produced using such a mixture of 

dot spacers, even when fingers or other portions of a 

writer's hand touch to the upper substrate 14 of the 

writing pad with a load greater than that to be applied by 

5 an input pen upon inputting characters or graphics to the 

writing pad, erroneous inputtings to an image input unit 

(not shown) does not occur, and thus, erroneous operations 

thereof can be more effectively prevented. 

In this embodiment as well, the heights Gi and G2 of 

1 0 the ·dot spacers are each not greater than 15 µm. When the 

diameters defined by the electrode surface of the dot 

spacers having the heights Gi and G2 are respectively 

represented by d1 and d2, d1 > Gi and d2 > G2. Further, the 

center distance (L) between the adjacent dot spacers should 

15 be 3 d < L < 100 d and L ~ 100 µm independently of the 

type of dot spacers, i.e., irrespective of whether d is di 

Further, in the writing pad lA of the present 

invention, it is preferred that the average center distance 

2 0 (L) between the dot spacers 13 be varied depending on the 

radius of curvature R (µm) of the tip of an input pen 2 

employed for depressing the upper substrate 14 of the 

writing pad 1. Preferably, the average center distance (L) 

between the dot spacers 13 satisfies ~he following 

2 5 relat:tonship: 

L S R/n 

wherein n is a positive integer of 4 or greater. 

ii iii Hi 
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Any input pens for inputting images in conventional 

handwritten image input units may be used for the present 

invention. When the radius of curvature (R) of the tip of 

an input pen used is too small, it is difficult to write on 

5 the upper substrate of the writing pad. On the other hand, 

when R is too large, the depression force required· for 

inputting (writing pressure load} is too large, thereby 

rendering smooth inputting difficult. Therefore, it is 

preferred that the radius of curvature (R) of the tip of 

1 0 the ·input p~n· be in the range of about 0. 1 mm to about 2. 5 

mm. 

The material composing the insulating dot spacers is 

not particularly limited as long as it is an insulator. 

Preferably, the dot spacers are composed of one or more 

15 nonconductive resins, for example, selected from acrylic, 

epoxy, urethane and polyester resins. 

The above writing pad of the present invention may be 

produced by a process comprising a step of forming droplets 

of a spacer forming solution comprising an organic solvent 

20 and, dissolved or dispersed therein, a nonconductive resin 

on a preheated electrode surface, and evaporating the 

organic solvent from the droplets to form dot spacers each 

having a height (G) not greater than 15 µm and being 

smaller than a diameter (d} thereof on the electrode 

25 surface (G < d), in which the average center distance (L) 

between the adjacent dot spacers is not greater than 100 µm 

and 3 d < L < 100 d. 
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How to effect formation on an electrode surface and 

fixing.thereto of the insulating dot spacers will now be 

described in detail. For example, it may be accomplished 

by spraying a spraying solution comprising a nonconductive 

5 resin as mentioned above dissolved or dispersed in an 

organic solvent to generate uniform droplets to hit the 

droplets against a preheated electrode and thereafter 

evaporating the organic solvent from the droplets. In this 

method, hemispherical dot spacers are formed on the 

1 0 electrode. 

Orgqnic solvents capable of dissolving the above 

nonconductive resins are preferably used in the preparation 

of the above spraying solution. Especially preferred are 

solvents having relatively low boiling points, such as 

15 ethanol, isopropanol, butanol, acetone, methyl ethyl ketone 

and ethyl acetate. These organic solvents may be used 

either individually or in combination. 

The concentration of the resin component in the 

spraying solution depends on the type of employed resin 

20 component. For example, when the resin component is a 

polyester resin, it is preferred that the concentration of 

the resin component in the spraying solution be in the 

range of 1 to 10 % by weight. On the other hand, when the 

resin component is an acrylic resin, it is preferred that 

25 the yoncentration of the resin component in the spraying 

solution be in the range of 1 to 20 % by weight. 
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Inorganic compound particles, such as those of silica, 

alumina, titania and zirconia, may be dispersed in the 

spraying solution. In the dispersion of the inorganic 

compound particles in the spraying solution, the particles 

5 are preferably used in an amount of 1 to 30 parts by weight 

per 100 parts by weight of the resin component. When the 

amount of the inorganic compound particles is in the above 

range, by the use of the inorganic compound particles 

having a particle size smaller than the height of finally 

l 0 formed dot spacers, there can be obtained dot spacers each 

comprising inorganic compound particles covered with the 

above nonconductive resin. 

In the spraying of the above spraying solution onto a 

given electrode surface, it is preferred that the electrode 

15 surface be preheated to maintain a preselectd temperature. 

Preferably, the temperature of the electrode surface is 

about 100 °c or lower. The height, diameter and center 

distance of the dot spacers formed on the electrode surface 

can be controlled by regulating the concentration of solid 

20 contents in the spraying solution, the spraying rate of the 

solution and the spraying pressure and time. 

Also, the insulating dot spacers can be formed by a 

screen printing method in which an ink containing the above 

resin component is applied through a screen printing plate 

25 having a suitable opening size to the electrode surface, 

and other methods. 
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Fig. 3 shows another embodiment of the writing pad of 

the present invention. 

This writing pad lB.is the same as the writing pad lA 

shown in Fig. 1, except that a layer 16 of an insulating 

5 chain organic polymer having a functional group capable of 

bonding with the material composing the electrode is formed 

on the surface of the electrode 11 disposed on the upper 

substrate 14. 

The insulating chain organic polymeric compound 

10 forming the layer 16 is chemically bonded with the material 

composing the electrode 11, so that the surface of the 

electrode 11 is apparently covered with a fine-whiskery or 

networked insulating chain organic polymeric compound. 

This layer 16 of an insulating chain organic polymer 

15 may also be disposed on the surface of the electrode 12 

provided on the lower substrate 15. The above surface 

treatment for forming the layer 16 of an insulating chain 

organic polymer on the surface of at least one of the 

electrodes 11, 12 decreases the friction between the 

20 electrodes 11, 12 by virtue of the insulating chain organic 

polymeric compound, thereby effecting durability 

improvement. 

The chain organic polymeric compound for use in the 

surface treatment of the electrode 11 and/or the electrode 

25 12 has at least one functional group capable of bonding 

with the material composing the electrode per molecule at 

its molecular terminal ·and/or in its molecular chain. 
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Compounds suitable for forming the principal chain of 

the chain organic polymeric compound having a functional 

group capable of bonding with the material composing the 

electrode, include, for example, polyethylene, 

5 polypropylene, polystyrene, polyvinyl chloride, polyvinyl 

acetate, polyvinyl acetal, polyacrylic acid, 

polymethacrylic acid, ·polyacrylic esters such as polymethyl 

acrylate, polymethacrylic esters such as polymethyl 

methacrylate, polyacryloni"trile, polyacrylamide, 

1 0 polytetrafluoroethylene, polyvinylidene fluoride, 

polybutadiene, polyisoprene, propylene-ethylene copolymer, 

ethylene-vinyl acetate copolymer, polycarbonate, 

polyethylene terephthalate, aromatic polyesters, 

polyethylene oxide. 

15 A transparent writing pad is widely utilized, which 

comprises upper and lower substrates each having an 

electrode of an inorganic compound formed thereon. For the 

treatment of the electrode composed of an inorganic 

compound, there can be used a chain organic polymeric 

20 compound having a group reactive with the inorganic 

compound (hereinafter referred to as an "inorganic reactive 

group"), e.g., a hydroxyl or alkoxy group, as the 

functional group capable of bonding with the material 

composing the electrode. 

25 The above inorganic reactive group includes various 

functional groups, e.g., those of the formula: 
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1 5 

(R1)a 
I 

1 8 

- Si - (OR3)c 
I 

(R2}b 

[I] 

wherein each of Ri, R2 and R3 independently is a 

hydrogen atom or an alkyl group having 1 to 4 carbon atoms; 

and each of a and b is an integer of 0 to 2 and c is an 

integer of 1 to 3, provided that a + b + c = 3. 

The polymeric compound bonds at the site of the -OR3 

group (hydroxyl or alkoxy group) of the formula [I) with 

the inorganic compound composing the electrode. Functional 

groups each containing Ti or Zr in place of Si may also be 

utilized. 

The chain organic polymeric compound having a 

functional group capable of bonding with the material 

composing the electrode preferably has a number average 

molecular weight of 1,000 to 200,000, especially 10,000 to 

100,000. The use of the chain organic polymeric compound 

20 having a number average molecular weight of less than 1,000 

for the treatment of electrode cannot decrease the friction 

between the electrodes of the writing pad generated upon 

inputting images to the writing pad with.an input pen. 

Therefore, in the writing pad having its electrode treated 

25 with such chain organic polymeric compound, it is not 

feasible to satisfactorily reduce the damage brought about 

at both of the electrodes when a vast plurality of sliding 

inputs are conducted with an input pen. On the other hand, 

in the writing pad having its electrode treated with the 

.,. .. 
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chain organic polymeric compound having a number average 

mo~ecular weight of greater than 200,000, the input load 

required for the pen inputting to the writing pad is likely 

to be too large, so that it be impossible to input images 

5 with an input pen. 

Among the chain organic polymeric compounds each 

having a functional group capable .of bonding with the 

material composing the electrode,· a chain organic polymeric 

compound for use in the surface treatment of the electrode 

10 of an inorganic compound may be.synthesized from a compound 

having both inorganic and organic reactive groups in the 

same molecule, such as silane and titanium coupling agents, 

and a chain organic compound having a functional group 

reactive with the organic reactive group. 

15 With respect to the silane coupling agent, further 

description will be made. 

(a) First, a functional group reactive with an amino, 

vinyl or epoxy group of the silane. coupling agent is 

introduced in the molecular terminal and/or the molecular 

20 chain of a chain organic polymeric compound. For example, 

25 

when a silane coupling agent having an amino group is 

employed, a carboxyl group reactive with the amino group is 

introduced in the above molecular terminal and/or the 

molecular chain of a chain organic polymeric compound. 

(b) Subsequently, the resultant chain organic 

polymeric compound having the above functional group 

introduced is reacted with the silane coupling agent. 
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In the treatment of the electrode surface with the use 

of the thus obtained insulating chain organic polymeric 

compound having a functional group capable of bonding with 

the material composing the electrode, a coating solution 

5 comprising an organic solvent and, dissolved or dispersed 

therein, the above chain organic polymeric compound having 

the functional group capable of bonding with the material 

composing the electrode, is applied to the electrode 

surface by application means, such as a bar coater, a 

1 0 spinner, a roll coater or a dipping bath, and thereafter 

the substrate with the electrode applied the coating 

solution is heated for drying. 

In the preparation of the above coating solution, 

there may be used, preferably, organic solvents having 

15 relatively low boiling points, such as ethanol, 

isopropanol, butanol, acetone, methyl ethyl ketone and 

ethyl acetate. These organic solvents may be used either 

individually or in combination. 

The concentration of the chain organic polymeric 

20 compound in the coating solution is preferably in the range 

of 0.1 to 10 % by weight. 

The durability of the electrodes of the writing pad 

and the minimum input load required for the image inputting 

to the writing pad can be regulated by changing the 

25 concentration of the chain organic polymeric compound. 

For example, when the concentration of the chain 

organic polymeric compound is less than 0.1 % by weight, 

~-. 
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the amount of the insulating organic polymeric compound 

bonding with the electrode surface is not sufficient, so 

~hat cases may arise where desirable durability cannot be 

imparted to the electrodes of the writing pad. On the 

5 other hand, when the concentration of the chain organic 

polymeric compound exceeds 10 % by weight, the amount of 

the insulating organic polymeric compound bonding with the 

electrode surface is so large that a large input load 

becomes inevitable for inputting images to the writing pad. 

1 0 Thus, an excessive amount of the insulating organic 

polymeric compound may result in that it is impossible to 

input images to the writing pad even with a maximally 

increased input load by an input pen. 

In the heating for drying of the substrate with the 

1 5 electrode applied the coating solution, it is preferred 

that the temperature of the electrode surface be in the 

range of 100 to 150 °c. 

The treatment of the electrode surface with the chain 

polymeric compound can also be conducted by the following 

20 method. 

First, the electrode surface is coated with a coating 

solution containing a compound having both a group reactive 

with an inorganic compound and an organic reactive group in 

the same molecule, such as a silane coupling agent, to 

25 react the inorganic reactive group of the compound with the 

material composing the electrode. Subsequently, the 

electrode surface thus coated is further coated with a 

1iii1iiWii 
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coating solution containing a chain polymeric compound 

having a functional group reactive with the organic 

reactive group of the compound, such as a silane coupling 

agent, .the functional group being introduced in the 

5 molecular terminal or chain thereof in the method described 

hereinbefore, to react the functional group of the chain 

polymeric compound with the organic reactive group of the 

former compound. Thus, the electrode treated with the. 

insulating chain ~oly~eric compound is obtained. 

10 

15 

In the writing pad of the present invention, one of 

the pair of electrode· surfaces of the writing pad may be 

treated with the above insulating chain organic polymeric 

compound, with the other electrode surface having the 

insulating dot space~s formed thereon. 

Further, the writing pad of the present invention may 

be provided with a substrate having an electrode attached 

thereto, which is either one in which the electrode surface 

is first treated with the insulating chain organic polymer 

compound and the insulating dot spacers are then formed 

2 0 thereon, or one in which the insulating dot spacers are 

25 

first formed on the electrode surface and the electrode 

surf ace having the dot spacers thus formed is then treated 

with the insulating chain organic polymeric compound. 

Effect of the Invention 

By the process for producing a writing pad according 

to the present invention, an writing pad is obtained which 
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comprises a pair of substrates each having an electrode 

formed on one of the surfaces thereof, the pair of 

substrates being disposed in parallel in such a way that 

the electrodes face one another with a predetermined gap 

5 between the substrates by means of a plurality of 

insulating dot spacers having a predetermined height, 

diameter and center distance, the dot spacers being fixed 

to at least one of the electrode surfaces. 

In the writing pad of the present invention, the 

10 height, diameter and center distance of the insulating dot 

spacers are specifically designed not to give the upper 

substrate any significant flexibility, so that even if 

fingers or other portions of a writer•s hand inadvertently 

come into contact with the surface of the upper substrate 

15 (input-side substrate} of the writing pad at the time of 

inputting characters and graphics with an input pen, an 

erroneous input due to such a contact to the writing pad 

can be prevented. 

That is, when the upper substrate of the writing pad 

2 0 is depressed with an input pen, the tip of the input pen is 

supported through the input-side s.ubstrate by the dot 

spacers, because the distance between the adjacent dot 

spacers is small as compared with that of the conventional 

writing pad, so that the upper substrate does not suffer 

25 from any substantial flexibility. However, a strain 

deformation occurs only at a locality of the upper 

substrate inclusive of the electrodes, depressed by the 
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input pen. This locally generated strain deformation of 

the upper substrate cooperates with the strain deformation 

of the dot spacers to realize mutual contact of the upper 

and lower electrodes of the writing pad. 

5 In the writing pad of the present invention, the 

height of the dot spacers is small to a degree such that 

the upper electrode can be brought into contact with the 

lower electrode by the strain deformation. However, even 

at such the small height of the dot spacers, the upper 

1 0 substrate does not cause by its own wight to contact the 

upper and lower electrodes with each other, because the 

distance between the adjacent dot spacers is small. 

When the upper substrate of the writing pad is 

depressed with a finger or other portions of a writer's 

15 hand, the area of the upper substrate brought into contact 

with the finger, etc. is greater than that brought into 

contact with an input pen at the time of image inputting. 

Thus, if the load applied to the input pen is identical 

with that applied to the finger, etc. (erroneous input 

2 0 load}, the pressure applied to the upper substrate by the 

finger, etc. is smaller than that applied by the input pen, 

because the finger, etc. have a radius of curvature greater 

than that of the input pen tip. For these reasons, much 

greater load is required for inputting with the fingers, 

2 5 etc. than with the input pen. 

Therefore, in the writing pad of the present 

invention, a load as applied to the upper substrate by 

iilitnr 
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inadvertent contact of fingers, etc., of a writer's hand 

cannot serve as an actual input load, so that an erroneous 

input by fingers, etc., can be effectively prevented. 

Further, in the writing pad of the present invention, 

5 the substrates are not flexed so that occurrence of 

erroneous operations by repeated inputs can be obviated. 

The writing pad of the present invention having the 

above advantageous properties is suitable for use as an 

image input unit for a writing apparatus, such as a 

10 handwritten-character-recognizing optical character reader 

and CAD. 

Still further, when the faceplate of the writing pad 

is transparent, that is, when not only are the upper and 

lower electrodes employed for composing the writing pad, 

15 inclusive of supports therefor, transparent but also the 

insulating dot spacers interposed between the upper and 

lower electrodes are transparent, by mounting of the 

writing pad on the screen of a display unit, it can be 

realized that a handwritten image formed on the writing pad 

20 is visually checked on the screen of the display unit 

through the writing pad, as in the preparation of 

conventional hard copy by handwriting. 

Moreover, by treating at least one of the two 

electrode surfaces of the writing pad with an insulating 

25 chain organic polymeric compound having a functional group 

capable of bonding with the mate~ial composing the 

electrode, the friction between the electrodes attributed 
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to sliding inputs (inputs with a pen) can be minimized to 

improve the durability of both the electrodes. 

The present invention will now be illustrated with 

reference to the following Examples, by which the present 

5 invention is in no way limited. 

Example 1 

Using a molding of indium oxide containing 5 % by 

weight of tin oxide, a vapor deposition was carried out 

10 onto a film of polyethylene terephthalate (PET) of 25 µmin 

thickness preheated at 100 oc by means of a 2 kW electron 

gun under the conditions such that the deposition rate was 

3 A/sec and that the partial pressure of oxygen was 3 x 10-

4 torr, thereby obtaining a PET Fo film having a 

1 5 transparent electrode formed thereon. 

Subsequently, the same procedure as above was reP.eated 

except that a glass plate having a thickness f 1.1 mm was 

used in place of the PET film, which was preheated at 400 

0 c, thereby obtaining a glass plate Go having a transparent 

2 0 electrode formed thereon. 

Onto the surface of the electrode of the thus obtained 

glass p_late with electrode Go, a spraying solution 

comprising 960 parts by weight of methyl ethyl ketone 

containing 40 parts by weight of polyester resin (VYLON 

2 5 produced by Toyobo Co., Ltd.) was sprayed from a distance 

of 1 m from the electrode surface for 1 min while heating 

the glass plate to keep the temperature of the electrode 

ii1iiiilT 
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surf ace at 60 °c under the conditions such that the 

spraying flow rate was 30 ml/min and that the pressure was 

2 kg/cm2. After the spraying, the resultant plate was 

dried at 120 °c to thereby obtain a glass plate with 

5 electrode G1 having hemispherical .insulating dot spacers 

formed on the electrode surface. 

The diameter {d) of the dot spacers on the electrode 

surface and the center distance (L) between the adjacent 

dot spacers were determined by taking an electron 

10 micrograph of the electrode surface having the dot spacers 

formed thereon and by averaging measurements with respect 

to 10 dot spacers. In addition, the height (G) of dot 

spacers was measured by the use of a tracer-type surface 

roughness tester. (SURFCOM manufactured by T9kyo Seimitsu 

1 5 Co.) 

The results are shown in Table 1. 

Thereafter, the PET film with electrode Fo was 

disposed on the surface of the electrode of the glass plate 

with electrode G1 so as to be brought the electrode surface 

2 0 of the PET film with electrode Fo into contact with the dot 

25 

spacers, thereby obtaining a writing pad. in which the 

electrode of the PET film with electrode Fo was an upper 

electrode (input-side) while the electrode of the glass 

plate with electrode G1 was a lower electrode. 

With respect to the obtained writing pad, the 

following properties were evaluated. 

(1) Required Input Load 

1m11111ur 
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The PET film supporting the upper electrode was 

depressed by applying a load perpendicular to the PET film 

with each of polyacetal resin depressing pen respectively 

having tips with radii of curvature (R) of 1 mm and 2 mm. 

5 The change of the resistance between the upper and lower 

electrodes was measured while gradually increasing the 

perpendicular load. A load value at which the resistance 

was 2 kO or lower was. determined, and evaluated as the 

load required for inputting to the writing pad with an 

1 0 input pen. 

(2) Erroneous Input Load 

The PET film supporting the upper electrode was 

depressed by applying a load perpendicular to the PET film 

with a silicone resin depressing pen having a tip with a 

15 radius of curvature (R) of 10 mm and having a hardness of 

60. The change of the resistance between the upper and 

lower electrodes was measured while gradually increasing 

the perpendicular load. A load value at which the 

resistance was 2 kO or lower was determined, and evaluated 

20 as the load generating noise by an erroneous input by a 

portion of a writer's hand when he inputs images to the 

writing pad with an input pen while touching the portion of 

his hand to the pad. 

(3) Durability 

25 The PET film supporting the upper electrode was 

depressed by a commercially available ball-point pen under 

a load of 300 g, and, while keeping the load, the pen was 
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reciprocally slid on the film until the linearity of the 

image became poor. The number of reciprocating slidings 

made before the occurrence of the poor linearity was 

evaluated as the durability of the writing pad. 

5 The results are also shown in Table 1. 

Example 2 

~he sarn.e procedure as in Example 1 was repeated except 

tha~ a spraying solution comprising 960 parts by weight of 

1 0 methyl ethyl ketone containing 100 parts by weight of 

polyester resin (VYLON produced by Toyobo Co., Ltd.) was 

used and that the spraying time was 50 sec, thereby 

obtaining a glass plate with electrode G2 having insulating 

dot spacers formed on the electrode surface. With respect 

1 5 to the resultant glass plate with electrode, the height (G) 

20 

of dot spacers, the diameter {d) of the dot spacers on the 

electrode surface (d) and center distance (L) between the 

the adjacent dot spacers were measured in the same manner 

as in Example 1. 

The results are shown in Table 1. 

A writing pad was produced in the same manner as in 

Example 1 except that use was made of the above glass plate 

with electrode G2 having insulating dot spacers formed on 

the electrode surface was used. The same evaluations of 

25 properties as in Example 1 were conducted with respect to 

the produced writing pad. 

The results are also shown in Table 1. 
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Example 3 

Onto the surface of the electrode of the glass plate 

with electrode Go obtained in Example 1, a spraying 

solution comprising 960 parts by weight of methyl ethyl 

5 ketone containing 30 parts by weight of acrylic resin 

(Acrydic A-433 produced by Dainippon Ink Chemicals, Inc.) 

and 20 parts by weight of melamine resin (Super-Beckamin L-

105 produced by Dainippon Ink Chemicals, Inc.) was sprayed 

from a distance of 1 m from the electrode surface for 1.5 

10 min while heating the glass plate to keep the temperature 

of the electrode surface at 80 °c under the conditions such 

that the spraying flow rate was 20 ml/min and that the 

pressure was 2 kg/cm2. After the spraying, the resultant 

plate was dried at 150 °c to thereby obtain a glass plate 

15 with electrode G3 having hemispherical insulating dot 

spacers formed on the electrode surface. With respect to 

the resultant glass plate with electrode, the height (G) of 

the dot spacers, the diameter {d) of the dot spacers on the 

electrode surface and the center distance (L) between the 

20 adjacent dot spacers were measured in the same manner as in 

Example 1. 

The results are shown in Table 1. 

A writing pad was produced in the same manner as in 

Example 1 except that the above glass plate with electrode 

25 G3 having insulating dot spacers formed on the electrode 

surface was used. The same evaluations of properties as in 
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Example 1 were conducted with respect to the produced 

writing pad. 

The results are also shown in Table 1. 

5 Example 4 

The same procedure as in Example 3 was repeated except 

that the spraying pressure was 3 kg/cm2, thereby obtaining 

a glass plate with electrode G4 having dot spacers formed 

on the electrode surface. With respect to the resultant 

10 glass plate with electrode, the height (G) of the dot 

spacers, the diameter (d) of the spacers on the electrode 

surface and the center distance (L) between the adjacent 

dot spacers were measured in the same manner as in Example 

1 . 

15 The results are shown in Table 1. 

A writing pad was produced in the same manner as in 

Example 1 except that the above glass plate with electrode 

G4 having dot spacers formed on th~ electrode surf ace was 

used. The same evaluations of properties as in Example 1 

20 were conducted with respect to the writing pad. 

The results are also shown in Table 1. 

Example 5 

The same procedure as in Example 3 was repeated except 

25 that the spraying flow rate was 30 ml/min, hereby obtaining 

a glass plate with electrode Gs having d9t spacers formed 

on the electrode surface. With respect.to the resultant 
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glass plate with electrode, the height (G) of the dot 

spacers, the diameter (d) of the dot spacers on the 

electrode surface and the center distance (L) between the 

dot spacers were measured in the same manner as in Example 

5 1. 

The results are shown in Table 1. 

A writing pad was produced in the same manner as in 

Example 1 except that use was made of the above glass p·late 

with electrode Gs having dot spacers formed on the 

1 0 electrode surface was used. The same evaluations of 

properties as in Example 1 were conducted with the writing 

pad. 

The results are also shown in Table 1. 

15 Example 6 

The same procedure as in Example 3 was repeated 

except that the spraying time was 1 min, thereby obtaining 

a glass plate with electrode· G6 having dot spacers formed 

on the electrode surface. With respect to the resultant 

20 glass plate with electrode, the height (G) of the dot 

spacers, th~ diameter (G) of the dot spacers, the diameter 

(d} of the spacers on the electrode surface and the center 

distance (L) between the adjacent dot spacers were measured 

in the same manner as in Example 1. 

25 ~he results are shown in Table 1. 

A writing pad was produced in the same manner as in 

Example 1 except that the above glass plate with electrode 
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G6 having dot spacers formed on the electrode surface was 

used. The same evaluations of properties as in Example 1 

were conducted with respect to the writing pad. The 

results are also shown in Table 1. 

5 

Example 7 

The same procedure as in Example 2 was repeated except 

that the spraying solution was sprayed while keeping the 

temperature of the surface of the electrode formed on the 

10 glass plate at 80 °c by heating the glass plate with 

electrode Go, thereby obtaining a glass plate with 

electrode G1 having dot spacers formed on the electrode 

surface. With respect to the resultant glass plate with 

electrode, the height (G) of the dot spacers, the diameter 

15 (d) of the dot spacers on the electrode surface and the 

center distance (L) between the adjacent dot spacers were 

measured in the same manner as in Example 1. 

The results are shown in Table 1. 

A writing pad was produced in the same manner as in 

20 Example 1 except that use was made of the above glass plate 

with electrode G1 having dot spacers formed on the 

electrode surface was used. The same evaluations of 

properties as in Example 1 were conducted with respect to 

the writing pad. 

25 The results are also shown in Table 1. 

Example 8 
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Onto the surface of the electrode of the glass plate 

with electrode Go obtained in Example 1, a spraying 

solution comprising 960 parts by weight of methyl ethyl 

ketone containing 3 parts by weig~t of spherical silica 

5 particles (SHINSHIKYU-SW with an average particle size of 2 

µm produced by Catalysts & Chemicals Industries Co., Ltd.} 

and 40 parts by weight of polyester resin (VYLON produced 

by Toyobo Co., Ltd.} was sprayed from a distance of 1 m . . 

from the electrode surface for 1 min while heating the 

1 0 glass plate to keep the temperature of the electrode 

surface at 60 °c under the conditions such that the 

spraying flow rate was 30 ml/min and that the pressure was 

2 kg/cm2. After the spraying, the resultant plate was 

dried at 120 °c to thereby obtain a glass plate with 

15 electrode Ga having hemispherical insulating dot spacers, 

each comprising silica particles covered with the polyester 

resin, formed on the electrode surface. With respect to 

the resultant glass plate with electrode, the height {G) of 

the dot spacers, the diameter (d) of the dot spacers on the 

20 electrode surface and the center distance (L) between the 

adjacent dot spacers were measured in the same manner as in 

Example 1. 

The results are shown in Table 1·. 

A writing pad was produced in the same manner as in 

25 Example 1 except that use was made of the above glass plate 

with electrode Gs having dot spacers formed on the 

electrode surface was used. The same evaluations of 
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properties as in Example 1 were conducted with respect to 

the produced writing pad. 

The results are also shown in Table 1. 

5 Example 9 

Onto the surface of the electrode of the glass plate 

with electrode Go obtained in Example 1, a spraying 

solution comprising 960 parts by weight of methyl ethyl 

ketone containing 3 parts by weight of spherical 

10 divinylbenzene resin particles (Micropearl SP with an 

average particle size of 4.25 µm produced by Sekisui 

Chemical Co., Ltd.), 30 parts by weight of acrylic resin 

(Acrydic A-405 produced by Dainippon Ink Chemicals, Inc.) 

and 20 parts by weight of melamine resin (Super-Beckamin L­

I 5 105 produced by Dainippon Ink Chemicals, Inc.) was sprayed 

from a distance of 1 m from the electrode surf ace for 1 min 

whi~e heating the glass plate to keep the temperature of 

the electrode surface at 80 °c under the conditions such 

that the spraying flow rate was 30 ml/min and that the 

20 pressure was 3 kg/cm2 . After the spraying, the resultant 

plate was dried at 150 °c to thereby obtain a glass plate 

with electrode G9 having hemispherical insulating dot 

spacers, each comprising resin particles covered with the 

acrylic and melamine resins, formed on the electrode 

2 5 surface. With respect to the resultant glass plate with 

electrode, the height (G) of the dot spacers, the diameter 

(d) of the dot spacers on the electrode surface and the 
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center distance (L) between the adjacent dot spacers were 

measured in the same manner as in Example 1. 

The results are shown in Table 1. 

A writing pad was produced in the same manner as in 

5 Example 1 except that the above glass plate with electrode 

G9 having dot spacers formed on the electrode surf ace was 

used. The same evaluations of properties as in Example 1 

were conducted with respect to the produced writing pad. 

10 

The results are also shown in Table 1. 

Example 10 

Onto the surface of the electrode of the glass plate 

with electrode Go obtained in Example 1, a spraying 

solution comprising 960 parts by weight of methyl ethyl 

15 ketone containing 1 and 5 parts by weight of two types of 

spherical silica particles (SHINSHIKYU-SW produced by 

Catalysts & Chemicals Industries Co., Ltd.} having average 

particle sizes of 1 and 5 µm, respectively, and 50 parts by 

weight of polyester resin (VYLON produced by Toyobo Co., 

20 Ltd.) was sprayed from a distance of 1 m from the electrode 

surface for 1 min while heating the glass plate to keep the 

temperature of the electrode surf ace at 60 °c under the 

conditions such that the spraying flow rate was 30 ml/min 

and that the pressure was 2 kg/cm2. After the spraying, 

25 the resultant plate was dried at 120 °c to thereby obtain a 

glass plate with electrode G10 having two types of 

hemispherical insulating dot spacers different in height, 
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each comprising silica particles covered with the polyester 

resin, formed on the electrode surface. With respect to 

the resultant glass plate with electrode, the heights of 

the two types of dot spacers (G1), {G2), the diameters 

5 (d1), (d2) of the dot spacers on the electrode surface and 

the center distance (L} between the adjacent dot spacers 

were measured in the same manner as in Example 1. 

The results are shown in Table 1. 

A writing pad was produced in the same manner as in 

1 0 Example 1 except that use was made of the above glass plate 

with electrode G10 having dot spacers formed on the 

15 

electrode surface was used. The same evaluations of 

properties as in Example 1 were conducted with respect to 

the produced writing pad. 

The results are also shown in Table 1. 

Example 11 

Onto the surface of the electrode of the glass plate 

with electrode Go obtained in Example 1, a spraying 

20 solution comprising 960 parts by weight of methyl ethyl 

ketone containing 30 parts by weight of acrylic resin 

(Acrydic A-433 produced by Dainippon Ink Chemicals, Inc.) 

and 20 parts by weight of melamine resin (Super-Beckamin L-

105 produced by Dainippon Ink Chemicals, Inc.) was sprayed 

25 from a distance of 1 m from the electrode surface for 1 min 

while heating the glass plate to keep the temperature of 

the electrode surface at 80 °c under the conditions such 

ii Ii Ur 
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that the spraying flow rate was 10 ml/min and that the 

pressure was 3 kg/cm2. Subsequently, the same spraying 

solution was sprayed from a distance of 1 m from the 

electrode surface for 30 sec under the conditions such that 

5 the spraying flow rate was 25 ml/min and that the pressure 

was 2 kg/cm2. After the sprayings, the resultant plate was 

dried at 150 °Q to thereby obtain a glass plate with 

electrode G11 having two types of hemispherical insulating 

dot ~pacers different from each other in height formed on 

1 0 the electrode surface. With respect to the resultant glass 

plate with electrode, the heights (G1), (G2) of the two 

types of the dot spacers, the diameters (d1), (d2) of the 

dot spacers on the electrode surface and the center 

distance (L) between the adjacent dot spacers were 

1 5 measured. 

The results are ·shown in Table 1. 

A writing pad was produced in the same manner as in 

Example 1 except that the above glass plate with electrode 

G11 having dot spacers· formed on the electrode surface was 

2 0 used. The same evaluations of properties as in Example 1 

were conducted with respect to the produced writing pad. 

The results are also shown in Table 1. 

Comparative Example 1 

25 .The same procedure as in Example 2 was repeated except 

that the spraying solution was sprayed for 8 sec while 

keeping the temperature of the surface of the electrode 

·"'\. 
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formed on the glass plate at 120 °c by heating the glass 

plate with electrode Go obtained in Example 1, thereby 

obtaining a glass plate with electrode Ga hav~ng dot 

spacers formed on the electrode surface. With respect to 

5 the resultant glass plate, the height (G) of the dot 

10 

spacers, the diameter (d) of the dot spacers on the 

electrode surface and the center distance (L) between the 

adjacent dot spacers were measured in the same manner as in 

Example 1. 

The results are shown in Table 1. 

A writing pad was produced in the same manner as in 

Example 1 except that use was made of the above glass plate 

with electrode Ga having dot spacers formed on the 

electrode surface was used. The same evaluations of 

15 properties as in Example 1 were conducted with respect to 

the writing pad. The results are also shown in Table 1. 

Comparative Example 2 

An. insulating paste (1000 Medium produced by Jujo 

20 Chemical Co., Ltd.) was printed onto the glass plate with 

electrode Go obtained in Example 1 by the use of a screen 

printing plate having an opening diameter of 150 mm and a 

pitch of 5 mm, and dried at 120 °c, thereby obtaining a 

glass plate with electrode Gb having dot spacers formed on 

25 the electrode surface. With respect to the resultant glass 

plate with electrode, the height of dot spacers (G), the 

diameter (d) of the spacers on the electrode surf ace and 
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the center distance (L) between the adjacent dot spacers 

were measured in the same manner as in Example 1. 

The results are shown in Table 1. 

A writing pad was produced in the same manner as in 

5 Example 1 except that use was made of the above glass plate 

with electrode Gb having dot spacers formed on the 

10 

electrode surface was used. The same evaluations of 

propeFties as in Example 1 were conducted with respect to 

the.writing pad. 

The results are also shown in Table 1. 
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Table 1 

Insulating Dot Spacer Writing Pad 

Required Input Load Erroneous Input . · Durability · 

d L 
(g) Load ( g) .. 

G 
(µ.m) (µ.in) (µ.m) Rmlmm¢ R=2nun~ R=lO~i6 (times) 

Example l, 3 10 60 60 170 2,000 30,000 or more 

Example 2 5 20 90 80 240 3,000 30,000 or more 

Example 3 2 10 50 60 170 2,000 30,000 or more 

Example 4 1.5 8 45 50 150 2,000 30,000 or more "' 

Example 5 2.5 12 70 50 160 2,500 30,000 or more 

Example 6 2 10 100 35 70 . 1,400 30,000 or more ~ 

Example 7 9.5 18 90 90 290 4,500 30,000 or more 
........ 

Example 8 3 9 60 50 140 1,500 30,000 or more 

Example 9 6 15 70 60 190 2,500 30,000 or more 
.. 

Example 10 G1=1.5 d ... 5 
G2=6 d~=l5 

50 80 270 5,000 30,000 or more 

Example ll G1=0.7 d = 5 
G2

=2.5 . d~=l2 
50 60 200 3,500 30,000 or more 

Comparative 16 16 500 30 40 80 500 

Example l 

Comparative 20 
Example 2 

150 5,000 
. 

30 30 40 100 

. ~ 
I 
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As apparent from Table 1, all the values of erroneous 

input ·load of the writing pads of Examples 1 to 11 are 

evaluated to be as high as greater than 1 kg. By contrast, 

both the values of errpneous input load of the writing pads 

5 of Comparative Examples 1 and 2 are evaluated to be as low 

as less than 100 g. These show that, in image input units 

utilizing the writing pads of the present invention, there 

would ~e substantially no occurrence of any erroneous 

oper~tion attributed to an erroneous input by portions of a 

1 0 writer• s hand. 

Moreover, all the durability values, in terms of the 

number of repeated inputs, of the writing pads of the 

present invention are evaluated to be as high as 30,000 or 

more. By contrast, both the durability values, in terms of 

15 the number of repeated inputs, of the writing pads of 

Comparative Examples 1 and 2 are evaluated to be as low as 

500 or less. These demonstrate the advantage of the 

writing pads of the present invention in input durability. 

2 0 Example 12 

Synthesis of Chain Polymeric _Compound A 

Placed in a four-necked flask were 20 g of 

polyoxyethylene methyl ether (POE) having a number average 

molecular weight of 5.0 x 103 and 8 g of succinic 

25 anhydride. Subsequently, the inside of this four-necked 

flask was deaerated, and nitrogen gas was introduced 

thereinto to create a nitrogen gas atmosphere inside the 



. 
",. ... 

.. 

43 

flask. Thereafter, 120 g of 1,2-dichloroethane as a 

solvent and 1 g of pyridine as a catalyst were added to the 

four-necked flask. The mixture was stirred at 80 °c for 72 

hr, and the resultant reaction mixture was filtered by 

5 suction filter. From the thus obtained filtrate, the 1,2-

dichloroethane and pyridine were removed by an evaporator 

to obtain a white powdery reaction product. This white 

powder was dissolved in 40 g of water, and diethyl ether . . 

was added to the aqueous solution to separate the solution 

1 0 into a water phase and an organic phase. Chloroform was 

added to the obtained water phase, followed by separation 

into a water phase and a chloroform phase, to extract the 

reaction product contained in the water phase with 

chloroform. Chloroform was evaporated off from the 

15 chloroform phase to obtain a reaction product, which was 

dissolved in benzene. Dimethyl ether was added to the 

benzene solution of the reaction product, and cooled on ice 

to obtain white precipitate of ·a purified reaction product. 

This white precipitate was separated by suction filtering 

20 and dried in vacuo, thereby obtaining purified 

polyoxyethylene methyl succinate having carboxyl groups. 

A mixture of 10 g of the thus obtained polyoxyethylene 

methyl succinate, 400 g of chloroform as a solvent and 1.06 

g of dicyclohexylcarbodiimide as a catalyst was stirred in 

25 a round bottom flask while cooling in an ice bath for 2 hr. 

Thereafter, 1.36 g of aminopropyltriethoxysilane was added 

to the mixture, and allowed to stand still at 5 °c for 24 
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hr to achieve reaction. Chloroform was evaporated off from 

the resultant reaction mixture, and benzene was added 

thereto to obtain a benzene solution of a reaction product. 

Diethyl ether was added to the benzene solution, and cooled 

5 on ice to obtain white precipitate of the reaction product. 

This white precipitate was dissolved in ethyl acetate, and 

undissolved precipitate residue was removed from the ethyl 

acetat~ solution by suction filtering. The ethyl acetate 

was ~vaporated off by an evaporator from the filtrate, and 

10 the thus obtained solid was dried in vacuo. Thus, chain 

polymeric compound A comprising POE as a principal chain 

was obtained. 

Production and Evaluation of Writing Pad 

I 5 50 g of the above chain polymeric compound A was 

gradually added to 950 g of tetrahydrofuran at room 

temperature under stirring, thereby obtaining a dispersion 

of the chain polymeric compound A. 

The PET .film with electrode Fo obtained in Example 1 

20 was immersed in this dispersion, and the PET film was 

25 

lifted from the dispersion at a rate of 2 mm/sec, followed 

by heating at 120 °C for 30 min to dry the same. Thus, a 

PET film with electrode F1 having the electrode surface 

treated with the chain polymeric compound A was obtained. 

A metal ball having a diameter of 10 mm was put on the 

electrode surface of the PET film with electrode F1 , and 

the coefficient of friction and the resistance to scuffing 
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exhibited when each of perpendicular loads of 20, 40, 60 

and 80 g was applied to the metal ball were measured by the 

use of a surface property testing machine (HAIDON-14 

manufactured by Shinto Scientific Co., Ltd.). In the 

5 measurement of the resistance to scuffing, the metal ball 

was caused to have one sliding rotation on the electrode 

surf ace while applying the above load, and whether or not 

the electrode surface was flawed was observed under a 

mic~oscope. When the electrode surface was not flawed, the 

10 resistance to scuffing was evaluated as being good. 

The results are shown in Table 2. 

Thereafter, the PET film with electrode F1 was 

disposed on the surface of the electrode of the glass plate 

with electrode Gi obtained in Example 1 so as ·to contact 

15 the chain polymeric compound A on the electrode surface of 

the PET film with electrode Fi with the insulating dot 

spacers (formed on the electrode surface) of the glass 

plate with electrode Gi, thereby obtaining a writing pad in 

which the electrode of the PET film with electrode F1 was 

20 an upper electrode (input-side) while the electrode of the 

glass plate with electrode G1 was a lower electrode. 

With respect to the obtained writing pad, the required 

input load, the erroneous input load and the durability 

were evaluated in the same manner as in Example 1. 

25 The results are shown in Table 3. 

Example 13 
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Synthesis of Chain Po·lymeric Compound B 

The inside of a three-necked flask was deaerated, and 

nitrogen gas was introduced thereinto to create a nitrogen 

gas atmosphere inside the flask. Thereafter, 20 g of 

' 5 styrene purified by vacuum distillation, 0.4 g of 3- · 

mercaptopropionic acid, 0.82 g f 2,2'-

azobisisobutyronitrile and 40 g of anhydrous 

tetrahydrofu~an as a solvent were placed in the three-

necked flask. The mixture was reacted at 70 °c for 6 hr 

1 0 with stirring, and the solvent was evaporated off from the 

resultant reaction mixture to obtain a white powdery 

reaction product. This white powder was dissolved in 

benzene, and methanol was added to the benzene solution and 

cooled on ice to obtain white precipitate of a reaction 

15 product. This white precipitate was separate~ by suction 

filtering, and dried in vacuo to obtain 16.3 g of purified 

polystyrene {PSt) having carboxyl terminal groups. The 

number average molecular weight of the obtained PSt was 

measured by gel permeation chromatography (GPC}, which is 

20 found to be 12 x 104. 

A mixture of 5.75 g of the thus obtained PSt, 100 g of 

chloroform as a solvent and 0.1 g of 

dicyclohexylcarbodiimide as a catalyst was stirred in a 

round bottom flask while cooling in an ice bath for 2 hr. 

25 Thereafter, 0.13 g of aminopropyltriethoxysilane was added 

to the mixture, and allowed to stand still at 5 °c for 24 

hr to achieve reaction. Chloroform was evaporated off from 

·--
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the resultant reaction mixture, and benzene was added 

thereto to obtain a benzene solution of a reaction product. 

Methanol was added to the benzene solution, and cooled on 

ice to obtain white precipitate of the reaction product. 

5 This white precipitate was dissolved in ethyl acetate, and 

undissolved precipitate residue was removed from the ethyl 

acetate solution by suction filtering. The ethyl acetate 

was ev~porated off by an evaporator from the filtrate, and 

the thus obtained solid was dried in vacuo. Thus, chain 

10 polymeric compound B comprising PSt as a principal chain 

was obtained. 

Production and Evaluation of Writing Pad 

5 g of the above chain polymeric compound B was 

15 gradually added to 995 g of tetrahydrofuran at room 

temperature under stirring, thereby obtaining a dispersion 

of the chain polymeric compound B. 

The PET film with electrode Fo obtained in Example 1 

was immersed in this dispersion, and the PET film was 

20 lifted from the dispersion at a rate of 1 mm/sec, followed 

by heating at 120 oc for 30 min to dry the same. Thus, a 

PET film with electrode F2 having the electrode surf ace 

treated with the chain polymeric compound B was obtained. 

The coefficient of friction and the resistance to 

25 scuffing of the electrode surface of the PET film with 

electrode F2 were evaluated in the same manner as in 

Example 12. 
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The results are ~lso shown in Table 2. 

A writing pad was produced in the same manner as in 

Example 1, except that the above PET film with electrode F2 

and the glass plate with electrode G3 obtained in Example 3 

5 were employed. With respect to the obtained writing pad, 

the required input load, the erroneous input load and the 

durability were evaluated in the same manner as in Example 

1 . 

. The results are also shown in Table 3. 

10 

Example 14 

Synthesis of Chain Polymeric Compound C 

The inside of a three-necked flask was deaerated, and 

nitrogen gas was introduced thereinto to create a nitrogen 

15 gas atmosphere inside the flask. Thereafter, 5 g of methyl 

methacrylate purified by vacuum distillation, 0.14 g of 3-

mercaptopropionic acid, 0.07 g of 2,2'-

azobisisobutyronitrile and 10 g of dried tetrahydrofuran as 

a solvent were placed in the three-necked flask. The 

20 mixture was reacted at 60 °c for 3 hr with stirring, and 

the solvent was evaporated off from the resultant reaction 

mixture to obtain a white powdery reaction product. This 

white powder was dissolved in benzene, and hexane was added 

to the benzene solution and cooled on ice to obtain white 

25 precipitate of a reaction product. This white precipitate 

was separated by suction filtering, and dried in vacuo to 

obtain 3.3 g of purifieq polyrnethyl methacrylate (PMMA) 
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having carboxyl terminal groups. The number average 

molecular weight of the obtained PMMA was measured by GPC, 

which was found to be 8.5 x 103. 

A mixture of 2 g of the thus obtained PMMA, 100 g of 

5 chloroform as a solvent and 0.049 g of dicyclohexyl-

carbodiimide as a catalyst was stirred in a round bottom 

flask while cooling in an ice bath for 2 hr. Thereafter, 

0.13 ~ of aminopropyltriethoxysilane· was added to the 

mixtyre, and allowed to stand still at 5 °c for 24 hr to 

10 achieve reaction. Chloroform was evaporated off from the 

resultant reaction mixture, and benzene was added thereto 

to obtain a benzene solution of a reaction product. Hexane 

was added to the benzene solution, and cooled on ice to 

obtain white precipitate of the reaction product. This 

15 white precipitate was dissolved in ethyl acetate, and 

undissolved precipitate residue was removed from the ethyl 

acetate solution by suction filtering. The ethyl acetate 

was evaporated off by an evaporator from the filtrate, and 

the thus obtained solid was dried in vacuo". Thus, chain 

20 polymeric compound C comprising PMMA as a principal chain 

was obtained. 

Production and Evaluation of Writing Pad 

20 g of the above chain polymeric compound C was 

25 gradually added to 980 g of tetrahydrofuran at room 

temperature under stirring, thereby obtaining a dispersion 

of the chain polymeric compound c. 
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The PET film with electrode Fo obtained in Example 1 

was immersed in this dispersion, and the PET film was 

lifted from the dispersion at a rate of 2 mm/sec, followed 

by heating at 120 °c for 30 min to dry the same. Thus, a 

5 PET film with electrode F3 having the electrode surface 

treated with the chain polymeric compound C was obtained. 

The coefficient of f~iction and the resistance to 

scuffing of the electrode surface of the PET film with 

elec~rode F3 were evaluated in the same manner as in 

1 0 Example 12. 

The results are also shown in Table 2. 

A writing pad was produced in the same manner as in 

Example 1, except that the above PET film with electrode F3 

and the glass plate with electrode Ga obtained in Example 8 

15 were employed. With respect to the obtained writing pad, 

the required input load, the erroneous input load and the 

durability were evaluated in the same manner as in Example 

1. 

The results are also shown in Table 3. 

20 

Example 15 

Synthesis of Chain Polymeric Compound D 

The inside of a three-necked flask was deaerated, and 

nitrogen gas was introduced thereinto to create a nitrogen 

25 gas atmosphere inside the flask. Thereafter, 15 g of vinyl 

acetate purified by vacuum distillation, 0.15 g of 4,4'­

azobis (4-cyanoisovaleric acid) and 5 g of methanol as a 
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solvent were placed in the three-necked flask. The mixture 

was reacted at 60 °c for 4 hr with stirring, and the 

solvent was evaporated off from the resultant reaction 

mixture. Thus, a white powdery reaction product was 

5 obtained~ This white powder was .dissolved in dioxane, and 

diethyl ether was added to the dioxane solution and cooled 

on ice to obtain white precipitate of a reaction product. 

This white precipitate was separated by suction filtering, 

and-dried in vacuo to obtain 12.1 g of purified polyvinyl 

10 acetate (PVAc) having carboxyl terminal groups. The number 

average molecular weight of the obtained PVAc was measured 

by GPC, which was found to be 1.3 x ios. 

A mixture of 6 g of the thus obtained PVAc and 100 g 

of chloroform as a solvent was stirred in a round bottom 

1 5 flask wh·i1e cooling in an ice bath for 2 hr. Thereafter, 

0.026 g of aminopropyltriethoxysilane was added to he 

mixture, and allowed to stand still at 5 °c for 24 hr to 

achieve reaction. Chloroform was evaporated off from the 

resultant reaction mixture, and dioxane was added thereto 

20 to thereby obtain a dioxane solution of a reaction product. 

Diethyl ether was added to the dioxane solution, and cooled 

on ice to thereby obtain white precipitate of the reaction 

product. This white precipitate was dissolved in ethyl 

acetate, and undissolved precipitate residue was removed 

25 from the ethyl acetate solution by suction filtering. The 

ethyl acetate was evaporated off by an evaporator from the 

filtrate, and the thus obtained solid was dried in vacuo. 
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Thus, chain polymeric compound D comprising PVAc as a 

principal chain was obtained. 

Prod.uction and Evaluation of Writing Pad 

5 3 g of the above chain polymeric compound D was 

gradually added to 997 g of tetrahydrofuran at room 

temperature under stirring, thereby obtaining a dispersion 

of the chain polymeric compound D. 

The PET film with electrode Fo obtained in Example 1 

1 0 was immersed in this dispersion, and the PET film was 

lifted from the dispersion at a rate of 2 mm/sec, followed 

by heating at 120 °c for 30 min to dry the same. Thus, the 

PET film with electrode F4 having the electrode surface 

treated with the chain polymeric compound D was obtained. 

15 The coefficient of friction and the resistance to 

scuffing of the electrode surface of the PET film with 

electrode F 4 were evaluated in the same manner as in 

Example 12. 

The results are also shown in Table 2. 

20 A writing pad was produced in the same manner as in 

Example 1, except that the above PET film with electrode F 4 

and the glass plate with electrode G9 obtained in Example 9 

were employed. With respect to the obtained writing pad, 

the required input load, the erroneous input load and the 

25 durability were evaluated in the same manner as in Example 

1. 

The results are also shown in Table 3. 
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Example 16 

The same procedure as in Example 12 was repeated 

except that the glass plate with electrode G3 obtained in 

Example 3 was employed in place of the PET film with 

5 electrode Fo, thereby obtaining a glass plate with 

electrode G12 in which insulating dot spacers were formed 

on the electrode and in which the surf ace of the electrode 

was t+eated _with the chain polymeric compound A . 

. The coefficient of friction and the durability of the 

1 0 electrode surface of the glass plate with electrode G1 2 

were evaluated in the same manner as in Example 12. 

The results are also shown in Table 2. 

A writing pad was produced in the same manner as in 

Example 1, except that the above glass plate with electrode 

15 Gi2 and the PET film with electrode Fo obtained in Example 

1 were employed. With respect to the obtained writing pad, 

the required input load, the erroneous input load and the 

durability were evaluated in the same manner as in Example 

1. 

20 The results are also shown in Table 3. 

Example 17 

In the same manner as in Example 8, insulating dot 

spacers were formed on the surface treated with chain 

25 polymeric compound B of the electrode of the PET film with 

electrode F2 obtained in Example 13, thereby obtaining a 

PET film with electrode F5. _ ---~ 

1ii1iii1~r 
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The coefficient of friction and the resistance to 

scuffing of the electrode surface of the PET film with 

electrode Fs were evaluated in the same manner as in 

Example 12. 

The results are also shown in Table 2. 

A writing pad was produced in the same manner as in 

Example 1, except that the above PET film with electrode Fs 

and the glass plate with electrode Go obtained in Example 1 

were_ employed. With respect to the obtained writing pad, 

1 0 the required input load, the erroneous input load and the 

durability were evaluated in the same manner as in Example 

1. 

The results are also shown in Table 3. 

15 Comparative Example 3 

The coefficient of friction and the resistance to 

scuffing of the electrode surface of the PET film with 

electrode Fo obtained in Example 1 were evaluated in the 

same manner as in Example 12. 

20 The results are also shown in Table 2. 

·-. 



Table 2 

Substrate T.y.,pe 6f Chain Load : 20g Load : 40g 

:1-d.th . 'pofymer· · · 
Electrode Coeffi- Resis- Coeffi- Resis-

cient ta nee cient tance 
of to of to 

. Frie- Scuff- Frie- Scuff-
tion ing tion ing 

Example l.2 Fl POE Chain·· ·. 0.20 good 0.25 good 

Polymer A.· 

Example 13 Fz PSt Chain ..... ~·~ 0.20 good 0.27 good 

Polymer B . 

Example 14. F3 PHMA Chain i. 

·Polymer C 
0.20 good 0.25 good 

Example 15. F4 ~VAc Chain:: · 0.25 good 0.28 good 

~Polymer D : 

Example 16 Gl2 POE Chain ~ 0.20 good 0.26 good 

Polymer A' 
.. 

Example 17 F5 PSt Chain.·.· 
Polymer B 

0.22 good 0.28 good 

Comparative F· -
Example 3 

0 
0.50 poor 0.75 poor 

Load : 60g 

Coef fi- Resis-
cient ta nee 
of to 
Frie- Scuf £-
ti on ing 

0.30 good 

0.30 good 

0.30 good 

0.31 good 

0.28 good 

0.28 good 

0.87 poor 

Load : 80g 

Coef f i- Resis-
cient tance 
of to 
Frie- Scuff-
ti on ing 

0.29 good 

0.3S good 

0.34 good 

0.30 good 

0.30 good 

0.30 good 

0.96 poor 

(J\ 

(J\ 

I 

I' 

• • ... 
• ... 
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Table 3 

Combination of Electrode-Bearing Required 
Substrate Input Erroneous Dura-

Load (g) Input Load bility 
Upper Substrate Lower Substrate 
with Electrode with Electrode R=lmmdl R=2mmcb R=lO:mmcb (times) 

600,000 
Ex.12 Fi G1 60 170 2,000 or more 

600,000 
Ex.13 F2 G3 60 170 2,000 or more 

600,000 
Ex.14 F3 GB 50 140 1,500 or more 

- 600,000 
Ex.1$ F4 G9 60 190 2,500 or more 

600,000 
Ex.16 Fo G12 60 180 2,400 or more 

600,000 
Ex.17 Fs Go 60 180 2,400 or more 

iiiiU 
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CLAIMS 

1. A writing pad comprising a pair of substrates 

each having an electrode formed on one of the surfaces 

thereof, the pair of substrates being disposed in parallel 

5 in such a way that the electrodes face one another with a 

predetermined gap between the substrates by means of a 

plurality of insulating dot spacers, 

wherein a height (G) of the dot spacers is not greater 

than.15 µm, a diameter {d) of the dot spacers on the 

1 0 electrode surface to which the dot spacers are fixed is d > 

G, and an average center distance (L) between the adjacent 

dot spacers is not greater than 100 µm and 3 d < L < 100 d. 

2. The writing pad as claimed in claim 1, wherein 

15 the insulating dot spacers are composed of a mixture of two 

types of insulating dot spacers having different individual 

3. The writing pad as claimed in claim 1 or 2, 

2 0 wherein, when the tip of an input pen for depressing either 

of the substrate has a radius of curvature (R µm), the 

average center distances (L) of the dot spacers satisfy the 

following relationship: 

L :S R/n 

25 wherein n is a positive integer of 4 or greater. 

111111111111111111111111111111 
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4. The writing pad as claimed in claim 1, wherein at 

least one of the pair of electrode surfaces is treated with 

an insulating chain organic polymeric compound having a 

functional group capable of bonding with a material 

5 composing the electrode. 

10 

1 5 

5. The writing pad as claimed in claim 4, wherein 

the functional group capable of bonding with the electrode 

material is represented by the following formula: 

(R1)a 
I 

- Si - (OR3} c 

I 
(R2)b 

[I] 

wherein each of Ri, R2 and R3 independently is a 

hydrogen atom or an alkyl group having 1 to 4 carbon atoms; 

and each of a and b is an integer of 0 to 2 and c is an 

integer of 1 to 3, provided that a + b + c = 3, and 

the organic polymeric compound has a number average 

2 0 molecular weight of 1000 to 200, 000. 

6. A process for producing a writing pad comprising 

a pair of substrates each having an electrode formed on one 

of the surfaces thereof, the pair of substrates being 

25 disposed in parallel in such a way that the electrodes face 

one another with a predetermined gap between the substrates 

by means of a plurality of insulating dot spacers, 

which comprises a step of forming droplets of a spacer 

forming solution comprising an organic solvent and, 

----------- - -- --------
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dissolved or dispersed therein, a nonconductive resin on a 

preheated electrode surface, and evaporating the organic 

solvent from the droplets to form insulating dot spacers on 

the electrode surface, wherein a height (G) of the dot 

5 spacers is not greater than 15 µm, a diameter (d) of the 

10 

dot spacers on the electrode surface is greater than G (d > 

G), and an average center distance (L) between the adjacent 

dot s~acers is not greater than 100 µm and 3 d < L < 100 d. 

7 • The process for producing a writing pad as 

claimed in claim 6, which further comprises applying a 

coating solution comprising an organic solvent and, 

dissolved or dispersed therein, an insulating chain organic 

polymeric compound having a functional group capable of 

15. bonding with a material composing the electrode to at least 

one of the pair of electrode surf aces and drying the 

electrode surface applied the coating solution, thereby 

effecting treatment of the electrode surface with the 

insulating chain organic polymeric compound. 

20 

8. The process for producing a writing pad as 

claimed in claim 6, which further comprises a step of 

applying a first coating solution comprising a compound 

having both organic and inorganic reactive groups in the 

2 5 same molecule to at least one of the pair of electrode 

surfaces, subsequently applying a second coating solution 

comprising a chain organic polymeric compound having a 

I lllllll llllll lllll lllll ll 1111 
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functional group reactive with the organic reactive group 

to the first coating solution-bearing electrode surface and 

d~ying the electrode surface applied the first coating 

solution, thereby effecting treatment of the electrode 

5 surface with the insulating chain organic polymeric 

compound. 

f Jllllll llllll lllll lllll II llll 
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