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MATERIAL HAVING A SUBSTANCE PROTECTED BY 

DEFORMABLE STANDOFFS AND METHOD OF MAKING 

FIELD OF THE INVENTION 

1 S The present invention relates to a sheet-like material which is formed to 

have three dimensional surface features with spaces therein to contain a 

substance, and more particularly to such materials wherein the surface features 

prevent external surfaces from contacting the substance until forces exerted on 

the surface features cause them to deform. The present invention further 
20 relates to methods of making such sheet-like materials. 

BACKGROUND. OF-THE INVENTION 

There- exist articles which are coated or impregnated with useful 

substances intended to be utili7.ed when the article is contacted with a target 

25 surface. While there are advantages with having the substance present on or 

near the surface of such articles, there is often the drawback- that· the useful 

substance is lib.protected and is subject to inad~ertent contact before intended 

use. One broad_ category of such articles encompasses the area of tapes and 

labels. 

30 In the art of tapes, labels, and other articles using pressure sensitive 

adhesive to adhere an adhesive coated surface to a target surface, there has 

been recognimi the problem of premature sticking to the target surface. That 

is, before the adhesive coated surface can be properly positioned over a target 

surface, inadvertent contact of the adhesive with the target surface causes 

35 premature sticking at one or more locations, thereby inhibiting proper 

positioning. Premature sticking may also cause contamination or degradation 

of the adhesive prior to final positioning at the target surface. 
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Others have attempted to overcome this problem by providing standoffs 

on a material surface, between which adhesive elements are located. Standoffs 

include any means extending outwardly from an adhesive surface which is 

contacted first before the adhesive surface is exposed to contact by another 

5 surface. Protecting an adhesive from premature contact by another surface has 

been achieved by adding strips of polymer foam to form deformable standoffs 

on an adhesive surface, for example. Polymer foams, however, tend to spring 

back and exert a peel force on the adhesive bond to the target surface. Thus, a 

more aggressive adhesive may be required to overcome this undesirable peel 

10 force. 

U.S. Patent No. 5,141,790 to CaJhoun et al. discloses one-time 

repositionable pressure sensitive tapes with an adhesive coated surface having 

clumps of particles ·Spaced out on the adhesive to keep the adhesive from 

touching a target surface until the sheet is pressed against the target surface. 

15 The particles are smaller than the thickness of the adhesive layer so that when 

pressed, the particles sink below the surface of the adhesive and no longer 

provide their spacing function. Since adhesive· may be the most expensive 

component of a tape, and since the overall surface is coated with a thick layer 

of adhesive, Calhoun et al. would offer an expensive solution. 

20 U.S. Patent No. 4,061,820 to Magid et al. discloses a foam with cells. 

The foam is compressed to open cell cavities at the foam surface so that 

pressure sensitive adhesive can be applied to the open cells. When the foam is 

released, the cells close and hide the adhesive. When the foam is pressed, the 

cells bring pressure sensitive adhesive to the surface for sticking the foam to a 

25 target surface. This too is believed to be an expensive solution to the problem, 

and defining continuous or interconnected pattemS of adhesive would not be 

possible. A,lso, polymer foams provide undesirable spring back force, which 

acts to undo the adhesive bond to a target surface. Furthermore, in some 

applications transparency may be beneficial, such as for accurate placement, 

30 and the foam of Magid et al. would not be transparent. 

U.S. Patent No. 4,959,265 to Wood et al. discloses an adhesively 

coated substrate having bluntly pointed stems protruding beyond a layer of 

pressure· sensitive. adhesive. The back of this substrate may be bonded to a 

sanitary napkin. The napkin may then be installed onto a foraminous fabric by 

35 pressing to force the stems to penetrate the fabric to a depth where the fabric 

contacts the adhesive. By penetrating fabric,· the stems significantly reinforce 

the adhesion of the fastener. The stems should be ~sistant to compression and 
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. -
bending, even thought they may be quite supple. The backing with its stems 

preferably is formed from a tough ·thermoplastic resin by cast molding or 

extrusion molding. The stems protrude 20 microns to 3 mm above the 

adhesive level, depending on the coarseness of the fabric to be penetrated. The 

5 adhesive area is preferably between 3 and 30 times the area occupied by the 

stems. Rigid target surfaces are obviously inoperable with Wood et al. 

U.S. Patent No. 5,344,693 to Sanders discloses a substrate having a 

plurality of non-interconnecting spacing means extending outwardly from an 

adhesive coated surface to space the surface from another surface until the 

I 0 surfaces are pressed together. The spacing means of Sanders is non­

defonnable. The spacing members are spaced up to 80 times the dimension of 

each spacer. Since few spacing members provide the standoff function, 

Sanders would need a stiff web between members as well as stiff members to 

prevent inadvertent adhesive contact. Stiffhess in Sanders' configmation 

15 corresponds to thick, and therefore expensive materials. Sanders diseusses his 

invention for use with reclosable bags. Sanders, like Wood et al., would not be 

compatible with rigid target surfaces where the members defonn instead of the 

target surface. 

A commonly assigned, co-pending U.S. patent application, serial no. 

20 08/584,638, filed 1110/96 by the same inventors as in the present application, 

discloses a film formed· to have deformable hollow protrusions which are very 

closely spaced and a continuous layer of pressure sensitive· adhesive located 

between the protrusions. This co-pending application is hereby incorporated 

herein by reference. The close spacing between protrusions enables the web 

25 material to be very thin and flexible yet resistant to inadvertent defonnation 

because of the high density of standoffs per unit area. However, the co­

pending ap.,lication focuses on formed films which have pressure sensitive 

adhesive between protrusions. The same inventors have discovered much 

broader constructions for their new material, as well as alternative methods of 

30 making it . 
. Methods for making articles and surfaces having adhesive surfaces 

protected by standoffs are disclosed, for example, in U.S. Patent No.5,453,296 

to Lauritzen et al. Lauritzen et al. describes methods for making a sanitary 

napkin which has a recessed adhesive pattern for attaching it to a user's 

35 undergannent. Lauritzen et al. forms depressions in a fluid-impervious barrier 

film. The depressions create raised areas in the barrier film on the side of the 

napkin which attaches to the undergarment. Adhesive is placed onto the 
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barrier film side having the raised areas in discrete patterns between the raised 

areas. In an alternative, Lauritten et al. applies adhesive to the tips of the 

raised areas of the barrier film and then inverts the raised areas to fonn 

depres.sions. The adhesive is thereby conveniently placed in the depressions. 

S Lauritzen et al.'s discrete adhesive placement fails to enable an air-tight 

adhesive seal with a target surface, however. 

Lauritzen et al. also notes that standoffs must be formed such that they 

are strong enough to protect the adhesive from inadvertent contact during 

shipping and storage, yet are deformable for activation. Lauritzen et al. states 

10 that sufficient rigidity is available from 0.03 inch (0.08 cm) to 0.06 inch (0.15 

cm) thick foam. In one embodiment, conical depressions have diameters at 

their open ends of 0.1 inches (0.25 cm) to O.S inches (1.27 cm) and depths of 

0.1 inches (0.25 cm) to 0.25 inches (0.64 cm). Such large depressions and 

thick foam preclude the ability to wind up the material in a compact roll for 

15 consumer delivery. Also, large sized standoffs provide greater opportunity for 

an interrupted seal instead of a continuous seal, especially when dealing with a 

narrow target surface. Smaller, more closely spaced standoffs increase the 

frequency of adhesive contact to the target surface to better approximates a 

continuous seal. 

20. In still another Lauritzen et al. embodiment, a printing device transfers 

adhesive to a printing belt, which transfers adhesive to a release belt, and then 

to the barrier foam web. This system is used to first print a pattern of discrete '' 

patches of adhesive onto the barrier foam web. Then the foam web js 

registered with a vacuum plate. When each patch of adhesive is disposed above 

25 a recess in the fonning plate, vacuum forms adhesive containing· depressions. 

Because of registration requirements, the invention is believed limited to 

relatively large and well spaced standoffs. A fme pattern of very small 

standoffs would be difficult to make using Lamitzen et al.•s methods because 

registration for forming would require high accuracy. Lauritzen et al. 's 

30 methods are believed to limit material constructions to those having macro 

patterns of low number density of standoffs, compared to the micro pattern of 

high number density of standoffs of co-pending U.S. patent application, serial 

no. 08/584,638. 
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OBJECTS OF THE INVENTION 

It is an object of the present invention to provide a three dimensional 

structure for containing a layer of substance therein; the substance staying 

S therein until the three dimensional structure is deformed into a substantially 

two dimensional structure or otherwise activated to expose or release the 

substance. 

It is another object of the present invention to provide a defonnable, 

sheet-like material having a three dimensional surface comprising defonnable 

10 protrusions, between which a substance is placed intemal to the outennost ends 

of the protrusions in a continuous or interconnected pattern, wherein the 

. substance is contactable by an external surface only after the protrusions are 

defonned to the level of the substance. 

. It is still another object of the present invention to provide a deformable 

1 S material having deformable protrusions which is sufficiently thin to be wound 
onto compact rolls for storage and convenient packaging, yet having sufficient 

resistance to the deformation of protrusions in order to prevent premature 

deformation due to in-wound web tension. etc., while the material is stored in 
roll fonn. 

20 · It is yet another object of the present invention to provide a deformable 

material having deformable protrusions containing adhesive within or 

therebetween, which once defonned, stay deformed with minimal spring back 

so that adhesive exposed to contact with a target surface need not be overly 

aggressive in order to remain bonded to the target surface. 
25 · It is still another object of the present invention to provide a material 

including a very thin, finely patterned, three dimensional structure having a 

recessed substance layer, such that the material is substantially transparent or 

translucent so that it may be accurately positioned before deforming the 

structure to expose the substance layer. 

30 : It is a further object of the present invention to provide methods for 

35 

making· a very thin, finely patterned, three dimensional structure having a 

recessed substance layer accmately registered with deformable protrusions, 

wherein the method is capable of automated continuous motion or indexing 

motion for a continuous web fonnat. 

SUMMARY OF THE INVENTION 
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In the present invention, the term "substance" can mean a flowable 

substance which· is substantially non-flowing prior to delivery to a target 

surface. "Substance" can also mean a material which doesn't flow at all, such 

as a fibrous or other interlocking material. "Substance" may mean a fluid or a 

5 solid. "Substance" is defined in this invention as any material capable of being 

held in open valleys and/or depressions of a three dimensional structure. 

Adhesives, electrostatics, mechanical interlocking, capillary attraction, surface 

adsorption, and friction, for example, may be used to hold the substances in the 

valleys and/or depressions. The substances may be permanently held in the 

10 valleys and/or depressions, or the substances may be intended to be released 

therefrom when exposed to contact with external surfaces or when the three 

dimensional structure is defonned, heated, or otherwise activated. Of current 

interest in the present invention include substances such as gels, pastes, foams, 

powders, agglomerated particles, prills, microencapsulated liquids, waxes, 

15 suspensions, liquids, and combinations thereof.· 

The spaces in the three dimensional structure of the present invention 

are nonnally open; therefore it is desirable to have substances stay in place and 

not nm out of the structure without an activation step. The activation step of 

the present invention is preferably defonnation of the three dimensional 

20 structure by compression. However, an activation step to cause substance to 

flow could be heating the material to above room temperature or cooling it 

below room temperature. Or it could include providing forces excessive of the 

earth's gravity. It could also include other defonning forces. such as tensile 

forces and com~ons of these activation phenomena. 

25 The term "defonnable material" is intended to include foils, polymer 

sheets, . cloth, wovens . or nonwovens, paper, cellulose fiber she~ co­

extrusions, laminates, and combinations thereof. The properties of a selected 

defonnable material can include, though are not restricted to, combinations or 

degrees of being: porous. non-porous, microporous, gas or liquid permeable, 

30 non-permeable, hydrophilic, hydrophobic, hydroscopic, oleophilic, oleophobic, 

high critical surface tension, low critical surface tension, surface pre-textured, 

elastically yieldable, plastically yieldable, electrically conductive. and 

electrically non-coDductive. 

In one aspect of the present invention, a substance delivery system 

35 comprises a three dimensional structure having outermost surface features and 

interconnected spaces for containing a substance. The substance has a level 

internal to the outermost surface features such that the substance is protected 
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from inadvertent contact with external surfaces. A substance having 
substantial resistance to flow prior to delivery to a target surface occupies the 
interconnected spaces of the three dimensional structure. The substance 
remains protected until the three dimensional structure .is sufficiently defonned 

S into a substantially two dimensional structure and the substance is thereby 
exposed to contact an external surface without compliance of the external 
surface being necessary. The nwnber density of the outermost surface features 
is greater than 200 outennost surface features/square inch or 31 surface 
features/square cm. 

10 The three dimensional structure may be defonned. by a compression 
force applied substantially perpendicular to a plane of the three dimensional 
structure, thereby causing the outennost surface features of said three 
dimensional structure to defonn in a direction of the. compression force. 
Alternatively. the three dimensional structure may be defonned ·by a tensile 

15 force applied substantially parallel to a plane of the three dimensional 
structure, thereby causing the outennost surface features of the three 
dimensional structure to deform in a direction substantially perpendicular to 
the plane. Also, the three dimensional structure may be deformed by a 
combination of a tensile force applied substantially parallel to a plane of the 

20 three dimensional structure and a compression force applied . substantially 
perpendicular to the plane, thereby causing the outennost surface features of 
the three dimensional structure to deform substantially perpendicular to the 
plane. 

In another aspect of the present invention, a method of making a three 
25 dimensional material having outermost surface features and having spaces for 

containing a substance internal to the outermost surface features, such that the 
substance is -protected from inadvertent contact with external surfaces. 
comprises the steps of coating a substance onto a fonning surface, transferring 
the coating of substance from the forming surface to a piece of material, and 

30 forming the piece of material into a three dimensional structure on the forming 
surface while the substance is still in contact with the forming surface. This 
method .accurately registers the three dimensional structure with the substance 
so that the substance may be located within the spaces of the three dimensional 
structure internal to the outer most features thereof. A further step of this 

35 method may include providing the fonning surface with a low critical surface 
tension so that the substance will adhere more readily to. the piece of material 
than to the forming surface. 
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In yet another aspect of the present invention, a method of making a 

material. which has a substance protected from inadvertent contact with an 

external surface until the material is defonned, has a first step of coating a 

forming screen with a first substance. The fonning screen has a top surface 

5 and a plurality of recesses therein. The coating step applies the first substance 

to the top surface without bridging the recesses. A second step includes 

introducing a piece of material, which has a first side and a second side, onto 

the fonning screen such that the first side is in contact with the first substance 

on the top surface of the fanning screen. The first substance preferentially 

10 adheres to the first side of the piece of·m~terial. A third step includes forming 
the piece of material to create·a plurality of hollow protrusions extending from 

the first side into the recesses of the- forming screen. The plurality of hollow 

protrusions are spaced apart by valleys into which the first substance is 

transferred from the fonning screen. The plurality of hollow protrusions are 

15 accurately registered with the first substance by use of a common transfer and 

fonning surface. The first substance forms an interconnected layer in the 

valleys between the protrusions. 

The piece of material has a plurality of depressions on the second side 

corresponding to the plurality of hollow protrusions. The method may further 

20 comprise the step of injecting a ·second substance into the plurality of 

depressions on the second side of the piece of ~terial. Alternatively, the 

method may further comprise the step •of fonning an aperture at the outermost 

end of each of the plurality of protrusions. The step of introducing the material 

onto the fanning screen may include metering a web onto the fanning screen 

25 or extruding the material directly on~ the forming screen. The method may 

further comprise the step of removing the piece of material from the forming 

screen, preferably without leaving a residue of substance on the forming 

screen. 
. In still another aspect of the present invention, a method of making a 

30 material, which has a substance protected from inadvertent contact with an 

extemal surface until the material is deformed, has the first step of coating top 

surfaces of pins extending from a fonni11g plate with a first substance. The 

pins are separated from each other by spaces. The coating step applies the first 

substance to the top surfaces of the pins without bridging across the spaces. A 

35 second step introduces a piece of material having a first side and a second side 

onto the pins such that the first side -is ·in contact with the first substance on the 

top surface of the pins. The first substance preferentially adheres to the piece 
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of material. A third step includes forming over.th~ pins of the forming plate 

the piece of rliai~at to. create a plurality of hoUdW'.'~rotrusions extending from 

the second side. The plurality of hollow protrusions have depressions 

registered with the pins. which have discrete spots of the first substance therein. 

5 The piece of material has an interconnected valley fonned on the second side 

corresponding to the spaces between the pins. 
The step of introducing the material onto the pins may include metering 

a web onto the pins or extruding the material directly onto the pins. As an 

alternative, the method may further comprise the step of forming an aperture in 

I 0 the interconnected valley between each of the plurality of protrusions. The 

method further comprises the step of removing the piece of material from the 
pins, preferably without leaving a residue of substance on the pins. · 

In a further aspect of the present invention. a piece of material has a 

substance therein protected from inadvertent contact with an external surface 
IS until the material is deformed. The piece of material comprises a piece of 

deformable material which has a first side formed to have a plurality of hollow 

protrusions separated by valleys. The plurality of hollow protrusions have 
outermost ends. The piece of material has a second side. The second side has 

a plurality of depressions therein corresponding to the plurality of hollow 

20 protrusions on the first side. The substance adheres· to and partially fills· the 

valleys between the plurality of hollow protrusions. The ·substance has a 

surface below the outennost ends of the plurality of hollow protrusions, so that 

when a portion of the first side of the piece of defonnable film is placed 
against a target surface, the plurality of hollow protrusions prevent contact 

25 between the substance and the target surface until the portion is deformed at 

the target surface. Preferably, the plurality of protrusions defonn by modes 
which are selected from the group consisting of inverting, crushing, and 

elongating. Preferably, in the inverting and/or crushing modes, each of the 

plurality of protrusions will not substantially deform until exposed to a 

30 inessure of at least 0.1 pounds per square inch (0.69 kPa). 

The valleys contain a substance in at least a portion thereof. Preferably, 
the valleys have an interconnected layer of substance therein such that contact 

of the substance with the target surface forms a continuous pattern. The 

substance adheres preferentially to the first side of the piece of material. The 

35 plurality of depressions on the second side may also have a substance injected 

therein. which may be the same as or different than the substance transferred to 
the first side. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

While the specification concludes with claims which particularly point 

out and distinctly claim the present invention, it is believed that the present 

5 invention wiU be better understood from the following description of preferred 

embodiments, taken in conjunction with the accompanying drawings, in which 

like reference nilinerals identify identical elements and wherein: 

FIG. 1 is a 'top plan view of a preferred embodiment of the present 

invention, disclosing a piece of material having truncated· conical protrusions 

10 surrounded by an interconnected pattern of substance; 

FIG. 2 is an enlarged partial top plan view thereof, showing an array of 

protrusions; 

FIG. 3 is a sectioned elevation view thereof, taken along section line 3-

3 of FIG. 2, showing the protrusions acting as standoffs for a substance layer 

15 between protrusions, such that a target surface contacting the outermost ends of 

the protrusions does not contact the substance layer; 

FIG. 4 is a sectioned elevation view thereof, similar to FIG. 3, showing 

the effect of pressing the material against the target surface, such that 

protrusions defonn by substantially inverting and/or crushing to allow the 

20 substance layer between protrusions to contact the target surface; 

FIG. S is a schematic view of a method of making the material of the 

present invention, disclosing a continuous web entering a fonning drum, which 

has· a substance ·already applied to the surface of the drum, wherein the 

substance is thereafter transim'ed to the web prior to forming protrusions in the 

25 film; 

FIG. 6 is a sectioned elevation view of a fonning screen used for 

making the three dimensional material surface of the present invention, 

disclosing tapered recesses into which protrusions are formed; 

. FIG. 7 is a sectioned elevation view thereof, disclosing substance 

30 sprayed onto a mp surface ofthe forming screen, such that the substance does 

not bridge the recesses in the top surface; 
FIG. 8 is a sectioned elevation view thereof, showing a piece of 

material laid on top of the layer of substance and being exposed to heat from 

an infrared source on the side opposite the substance side; 

35 FIG. 9 is a sectioned elevation view thereof, showing vacuum applied 

through the recesses to draw the heated material into the recesses to form 

hollow protrusions in the material between the pattern of substance; 

ii 
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FIG. 10 is a sectioned elevation view t,11,ereof, showing the forming 
f .'. ., l }~:· -~~?.\ \·-:~·:tl. 

screen removM~~ leaving the substance layer attac6.ect to the material between 

the protrusions; 

FIG. 11 is a sectioned elevation view similar to FIG. 9, showing 

5 hydraulic fonnation replacing vacuum forming, and outermost ends of 

protrusions being apertured; 

FIG. 12 is a schematic view of a method of making the material of the 

present invention, similar to the method shown in FIG. 5, except that a film is 

extruded directly onto the forming drum, and an ink jet device injects discrete · 

10 portions of substance into depressions of the hollow protrusions from outside 

the drum; 

FIG. 13 is a sectioned elevation view of the material resulting from the 

method of FIG. 12, showing the forming screen removed, and substance 

portions attached to both sides of the formed material, both substances being 

15 protected by the same standoff protrusions; 

FIG. 14 is a sectioned elevation view, similar to FIG. 4, showing the 

effect of pressing the material of FIG. 13 between two external surfaces, such 

that protrusions deform by substantially inverting and/or crushing to allow the 

substance layer between protrusions and the discrete substance portions within 

20 protrusions to contact the target surfaces; 

FIG. 15 is a sectioned elevation view of an alternative method of 
making a material, similar to FIGS. 8 and 9, except that conical pins instead of 

openings in a screen provide an inverse of the material of FIG. 10; that is, 

substance is transferred into the hollow protrusions instead of into valleys 

25 between protrusions, when the material is formed over the substance-coated 

pins; 

FIG. 16 is a sectioned elevation view of the material which results from 

the method of FIG. 15; 

. FIG. 17 is a sectioned elevation view of the material formed by the 

30 method of FIGS. 8 and 9 or by the method of FIG. 15, showing preferred 

dimensional relationships of protrusions; 

FIG. 18 is a sectioned elevation view of an alternative material made 

from the method of FIG. 15, which results in a material similar to that of FIG. 

16, except that apertures are made in valleys of the material between 

35 protrusions; and 
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FIG. 19 is a schematic view of an alternative method of making a 

material of the present invention, showing a fonning screen as a belt wrapped 

around a vacuum drum and a drive pulley. 
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DETAILED DESCRIPTION OF iffi INVENTION 

Refetring now to the drawings, and more particularly to FIGS. 1-4, 

there is shown a preferred embodiment of the present invention, which 

S provides a three dimensional sheet-like structure generally indicated as 10. 

Material 10 includes a deformed material 12 having hollow protrusions 14 and 

a layer of substance 16 located between protrusions 14. Protrusions 14 are 
preferably conical in shape with truncated or domed outermost ends 18. 

Protrusions 14 are preferably equally spaced in an equilateral triangular 

10 pattern. all extending from the same side of the material. Protrusions 14 are 

preferably spaced center to center a distance of approximately two protrusion 

base diameters or closer, in order to minimize the volume of valleys between 

protrusions and hence the amotmt of substance located between them. 

Preferably, the protrusions 14 have heights which are Jess than their diameters, 

1 S so that when they deform, they defonn by substantially inverting and/or 

crushing along an axis which is substantially perpendicular to a plane of the 

material. This protrusion shape and mode of deforming discourages 

protrusions 14 from folding over in a direction parallel to a plane of the 

material so that the protrusions cannot block substance between them from 

20 contact with a target surface. 

FIG. 3 shows a target surface 20, which is smooth but which may have 

any surface topography, being spaced away from layer of substance 16 by 

outermost ends 18 of protrusions 14. Target surfaces may be any article 

surface made of any material, rigid, seem-rigid, or flexible. FIG. 4 shows 

25 target surface 20 contacting layer of substance 16 after protrusions 14 have 

been partially deformed under pressure applied to the non-substance side of 

material 12, as indicated by force F. 
In a particularly preferred embodiment, conical· protrusions 14 have a 

base-diameter of about 0.015 inches (0.038 cm) to about 0.030 inches (0.076 

30 cm), and more preferably about 0.025 inches (0.064 cm). They also have a 

center-to-center spacing of from 0.03 inches (0.08 cm) to 0.06 inches (0.15 

cm), and more preferably about O.OS inches (0.13 cm) spacing. This results in 

a high number density of protrusions. The more protrusion per unit area, the 

thinner the piece of material and protrusion walls can be in order to resist a 

35 given defonnation force. In a preferred embodiment the number of protrusions 

per square inch exceeds 200 and the protrusions occupy from about 30% to 

about 70% of the protrusion side of the piece of material. They have a 
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protrusion height of about 0.004 inches (0.010 cm) to 0.012 inches (0.030 cm), 

and more preferably about 0.006 inches (0.015 cm) height. The preferred 

material is 0.0003 inch (0.0076 mm) nominal thickness high density 

polyethylene (HOPE). Preferred layer of substance 16 is preferably a latex 

5 pressure sensitive adhesive about 0.001 inch (0.025 mm) thick. Even more 

preferably, layer of substance 16 may be about an 0.0005 inch (0.013 mm) 

thick layer to about an 0.002 inch (O;OSlmm) thick layer of hot melt adhesive, 

specification no. Fuller HL-211SX, made by H. B. Fuller Co. of Vadnais 

Heights, MN. Any adhesive can be used which suits the needs of the material 

10 application. Adhesives may be refastenable, releasable, pennanent. or 

otherwise. The size and spacing of protrusions is preferably selected to 

provide a continuous adhesive path sWTOunding protrusions so that air-tight 

seals may be made with a target surface. 

Film materials may be made from homogeneous resins or blends 

15 thereof. Single or multiple layers within the film structure are· contemplated, 

whether co-extruded, extrusion-coated, laminated or combined by other known 

means. The key attribute of the film material is that it be fonnable to produce 

protrusions and valleys. Useful resins include polyethylene, polypropylene, 

PET, PVC, PVDC, latex structures, nylon, etc. Polyolefins are generally 

20 preferred due to their lower cost and ease of fonning. Preferred material 

gauges are about 0.0001 inches (0.0025 mm) to about 0~010 inches (0.25 mm). 

More preferred gauges. are from about 0.0002 inches (0.005 mm) to about 

0.002 inches (0.051 mm). Even more preferred gauges are from about 0.0003 

inches (0.0076 mm) to about 0.001 inches (0.025 mm). 

25 Providing a film modulus of elasticity sufficiently high to minimize 

film stretch dlll'blg use is beneficial to sealing material I 0 to a target surface. 

Stretched filli1 results in residual forces parallel to the plane of adhesive 

contact, which may cause a weak adhesive bond to break. The larger and more 

closely spaced the protrusions, the greater the likelihood of stretch occurring in 

30 a given film. Although elasticity in material I 0 is believed to be undesirable 

for use as a container wrap which seals to a container, there are potentially 

many other uses for an elastic material containing a pattern of substance. 

Reducing the protrusion spacing to the closest possible spacing which is 

manufacturable may increase material stretch, but it may be beneficial in 

35 reducing the volllllle of substance between protrusions. Different applications 

for the formed material of the present invention will dictate ideal size and 

density of protrusions, as well as the selection of the substances used therewith. 
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FIG .. 5 shows an automated process, generalJy indicated as 30, for 

making material 10, preferably a thin thermoplastic film containing a pressure 

sensitive adhesive. A forming screen 32 is. curved to fonn a drum. A 

substance source and. application system 34 are positioned upstream of an 

5 infeed idler roll 36 .. Substance application system 34 deposits a thin coating of 

a substance 38 onto an outer surface 40 of forming screen 32. Outer surface 40 

is treated to have a low critical surface tension so that· substance 38 will not 

strongly adhere to it upon cooling or drying. In a preferred embodiment, outer 

surface 40 is coated with a Series 21000 proprietary release coating made by 

IO imd applied by Plasma Coatings of TN, Inc., located in Memphis, TN. It is 

believed that this coating is primarily an organo-silicone epoxy. As applied to 

a stainless steel fanning screen used in the method of the present invention, 

this coating provides a critical surface tension of 18 dynes/cm. Other materials 

which may prove suitable for providing reduced critical surface tension include 

15 paraffins. silicones, PTFE's and the like. 

The thin substance coating is about a 0.001 inch (0.025 mm) thick 

coating of pressure sensitive adhesive. Automated process 30 has a material 

web 42 threaded between infeed idler roll 36 and forming screen 32. In 

process 30, material web 42 is introduced onto top of layer of substance 38. 

20 Material web 42 is preferably attracted to layer of substance 38, at least 

sufficiently so that the substance has a greater affinity for material web 42 than 

for forming screen 32. For example, if material web 42 is a polyolefin film, 

corona treating the film will improve adhesion by making· the film more easily 

wetted. Alternatively. as shown in FIG. 12, material may be extruded directly 

25 onto ihe outer surface of the screen atop layer of substance 38. 

As forming screen 32 rotates past idler roll 36, heat from a radiant heat 

source 44 ~r 'Other heat source may be useful to soften material web 42 for 
vacuum thennofonning. Polymer films are most easily thermofonned, 

whereas other materials such as foils or papers may best be embossed or 

30 hydraulically formed, wherein beating the material prior to forming may not be 
advantageous. 

Meanwhile, layer of substance 38 is transferred. from the drwn to the 

material web .. A vacuum manifold 46 operates with fonning screen 32 so as to 

draw . material web 42 around layer of substance 38 and into recesses in 

35 forming screen 32 to fonn protrusions similar to protrusions 14 .. 

Alternatives to heat and vacuum for forming protrusions in a material 

web are well known in the art. For example. by applying heated compressed 
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gas to the non-substance side of the web of defonnable film while the material 

web rests against the fanning screen, protrusions may be created. Also, 

mechanically embossing the material web against the fonning screen provides 

yet another forming method for use with female fonning structures. 

5 As forming screen 32 rotates, .vacuum thermoforming, hydraulic 

forming, embossing, or combinations thereof, are completed and a formed 

material web 43 is thereafter discharged around a discharge idler roll 48. 

Automated process 30 may also have a sprayer 50 located upstream of 

substance application system 34. Sprayer 50 may be used for applying a 

10 renewable release agent to· outer sllrface 40 so that substance 38 wiJl be 

preferentially attracted to material web 42. Alternatively~ a pennanent release 

agent may be applied to outer surface 40 to alleviate the need for sprayer 50. 

FIGS. ~10 show steps of a preferred laboratory method of making 

discrete pieces of material 10, which is preferably a thin thermoplastic film 

15 containing a pressure sensitive adhesive substance. The method is generally 

indicated as 60. As shown in FIG~ 6, method 60 utili7.es a forming screen 62, 

which has a plurality of conical·recesses 64, about 0.025 inches (0.064 cm) in 

diameter at the larger end. Recesses 64 are preferably photoetched into 

forming screen 62, which is preferably a stainless steel sheet, about 0.006 

20 inches (0.015 cm) to 0.012 inches (0.030 cm) thick. Fonning screen 62 has a 

top surface 66, which is preferably coated to provide release properties for an 

adhesive substance. 

Conical recesses 64 may have sidewalls which have cone angles which 

vary from 0° to 60°. That is, the recesses may have straight . sidewalls or 
25 tapered sidewalls. Straight sidewalls might be found, for example, in screens 

which have punched holes therein. Methods of making metal screens by 

photoetching are described in more detail in commonly owned U.S. Patents 
No. 4,342,314 to Radel and Thompson, No. 4,508,256 to Radel et al., and No. 

4,509,908 to Mullane, Jr., which are hereby incorporated herein by reference. 

30 FIG. 7 shows a substance 68 sprayed onto top surface 66 by sprayer 70. 

Substance 68 may be a latex emulsion which is a pressure sensitive adhesive 

when dried. Drying is achieved by application of warm air or radiant heat, for 

example. The· prefmed hot melt adhesive is applied to top surface 66 by 

transfer coating, 'as shown in FIG. 5. Some substances may not require drying, 

35 such as powders or microencap5ulated liquids. Substance 68 preferably does 

not bridge the recesses, but instead remains only on top surface 66 between 

recesses. Applying a low level vacuum through recesses 64 during spraying of 

ii 
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the substance ppl9, top surface 66 helps to avoid ~'1~~ce bridging of recesses 
_[·· .. •· ';,:· . ~~·\. 

64. ' 

FIG. 8 shows an exemplary piece of material 72, made of 0.0003 inch 

(0.0076 mm) to 0.001 inch (0.025 mm) nominal thickness ,high density 

5 . polyethylene, laid on top of a dried latex emulsion or a hot melt adhesive 

coating. High density polyethylene is preferred over low density polyethylene 

because the former can be made thinner for the same protrusion defonning 

strength and because once deformed, HOPE protrusions do not tend to rebound 

toward their undeformed initial configuration as do the LDPE protrusions. 

10 Preferably, piece of material 72 has a substance side 74 which has been treated 

for.maximum adhesion to substance 68. It also bas a non-substance side 76 

facing outward. In order to initiate thermoforming of piece of HOPE material, 

the film is heated by an infrared heating lamp 78 or by hot air from non­

substance side 76. Heating by heating lamp may occur for approximately 60 

15 seconds until the piece ofHDPE film is heated to about 200°F (93°C) to 300°F 

.(149°C). 

Immediately after heating piece of material 72, as shown in FIG. 9, 

vacuum V is applied from a vacuum source (not shown) to recesses 64 at their 

open ends. Preferably, vacuum Vis approximately 20 inches of mercury (68 

20. kPa). Vacuum V draws portions of softened material 72 lying above recesses 

64 down into recesses 64 to fonn protrusions 75. When piece of material 72 is 

allowed to cool, it remains formed into fonned material 73. Formed material 

73 is removed from forming screen 62, as shown in FIG. 10. Because of 

preferential adhesion, substance 68 stays attached to piece of formed material 

25 73. The piece of material is thereby thennoformed to generate conical 

protrusions· with truncated cone or domed outermost ends. The outennost ends 

preferably extend approximately 0.003 inches (0.076 mm) to 0.011 inches 

(0.279 mm) beyond the surface of layer of substance 68. Protrusion shapes 

othet than conical may be produced by different shaped. screen recesses. 
30. Recesses may be pyramidal, hemispherical, . cylindrical, polygonal, and 

elongated, for example; however, the conical shaped protrusion is believed to 

provide substantially consistent inverting and/or crushing resistance.· Recesses 

may be formed to produce different shapes and sizes and heights of protrusions 

within a given pattern, but again it is general]y desired that protrusions be 

35 unifonn so that the deformation force is predictable and consistent. 

Protrusion shape has also been found to influence the stacking of 

material sheets or the roUing of material webs into rolls. If the same protrusion 
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shape repeats over and over on the same spacing, for example; adjacent 

material sheets in a stack and adjacent layers in a roll tend to nest together, 
thereby negating the benefit of standoffs in protecting the substance internal to 

the standoffs. For situations where nesting is an issue, non-unifonnly shaped 

5 or sized or spaced protrusions may be advantageous over a regular pattern of 

conical protrusions. Non-unifonnly shaped or sized or spaced protrusions are 

disclosed in a commonly assigned; co-pending U.S. Patent Application. filed 

concurrently with the present application · on November 8, 1996 having 
Attorney docket number 6356 and USPTO serial number ------

] 0 Because the same common forming screen js used to transfer 'the 
substance to the material as is used to 'fonn the protrusions, the· substance 

pattern is conveniently registered with the protrusions. In the · preferred 

embodiment, the top surface 66 of fonning screen 62 is continuous except for 
recesses 64; thus, ·the substance pattern· is totally interconnected in this 

.· ·. 

1 S configuration. However, if a discontinuous pattern of substance were coated 
onto fonning screen 62, a discontinuous substance pattern between protrusions 
would result. 

It is believed that the protrusion size, shape and spacing, the web 

material properties such as flexural modulus, material stifTne~ material 

20 thickness, hardness, deflection temperature as well as the forming process 

determine the strength of the protrusion. The forming process is important in 
polymer films for ·example, since "cold forming" or embossing generates 

residual stresses and different wall thickness distributions than that produced 
by thermoforming at elevated temperatures. For ,some applications it is 

25 desirable to provide a stiffness (deformation resistance) which is sufficient to 

withstand a pressure of at least 0.1 powids per square inch (0.69 kPa) without 
substantially dtforming protrusions to where the substance contacts an external 

surface. An example of this requirement would be the need to wind the web 

onto· a roll for transport and/or dispensing. Even with very low in-wound 

30 pressures of 0.1 pounds per square inch (0.69 kPa), a residual in-wound 

pressure in the interior of the roll may defonn protrusions in · the web 

sufficiently to bring the overlaying web layers into contact with the substance. 

A "threshold" protrusion stiffness is required to prevent this winding damage 

35 

from occurring. Similarly.· when the web is stored or dispensed as discrete 

sheets, this "threshold" stiffness is required to prevent premature activation of 

the product due to the weight of overlaying layers of sheets or other forces, 

} 

' 
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. . 
such as force~ .• illfiuced by shipping vibrations. lii·~Fdling, dropping and the 
like. ..~·-. ,,., ' .. ' '' 

FIGS. 11 through 16 show alternatives to the method and material 

described hereinbefore. In FIG. 11 there is shown a method of fonning a 

5 material, generally indicated as 80. Method 80 has a deformable material 82 

placed onto a forming screen 84. Forming screen 84 bas a top surface 86 and 

recesses 88. Top surface 86 is coated with a substance 90 such that substance 

90 does not bridge recesses 88. Material 82 is placed on top of substance 90 as 

in the embodiment illustrated by FIGS. 8 and 9. However, FIG. 11 shows a 

10 positive pressure fonning force H applied to material 82 from above the screen 

instead of a vacuum force applied from below the screen. Forming force H 

may originate from a liquid applied under pressure against material 82, such as 

occurs in hydraulic forming. Forming force H may also be generated by 

application of a pressuri7.ed gas. perhaps heated.. A preferred fluid for use in a 

1 S positive pressure forming application is heated water, the use of which is 

described in greater detail in commonly assigned U.S. Patents No. 4,695.422 to 

Curro et al., No. 4,778,644 to Curro et al., and No. 4,839,216 to Curro et al., 

which are hereby incorporated herein by reference. 

FIG. 11 also shows material 82 deformed to generate protrusions 92. 

20 Protrusions 92 have outermost ends 94. Although not required in many 

. applications of the material of the present inventio~ each outermost end has an 

aperture 96 therein, so that the resulting material may provide breathability 

and/or substance permeability. Ideally~ apertures 96 are sized in a range of 

0.001 inch (0.025 mm) diameter to 0.039 inch (1.000 mm) diameter. 

25 FIG. 12 discloses an alternative process generally indicated as 100. 

Process 100 is similat" to process 30 illustrated in FIG. S •. Process 100 has 
. fonning screen 102, which is curved to form a drum. ·A substance source and 

application system 104 are positioned upstream of an extruder .106. Substance 

application system 104 deposiis a thin coating of a substance 108 onto an outer 

30 . surface 110 of fonning screen 102. Outer surface 110 is treated to have a -low 

critical surface tension so that substance 108 will preferentially adhere to a 

material introduced onto substance 108 rather than to outer surface 110 when 

substance 108 is dried or cooled. Process 100 is different from process 30 in 

that a material 112 is created by directly extruding material ·112 onto forming 

35 screen 102 instead of metering a prefonned web thereon. Material 112 is laid 

on top of layer of substance 108 and material 112 has a greater affinity for 
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substance 108 than does outer surface 110, so that substance 108 is effectively 
transferred to material 112 wh~n contact between them occms. 

As fanning screen 102 rotates past extruder I 06, material 112 is fonned 
as shown in FIG. 11, but pref~ably witltout apertures. A vacuum manifold 

5 116 is illustrated with forming· screen I 02 so as to draw material 112 around 
layer of substan~ .108 and into reces!i!es · in forming· screen I 02 for forming 
hollow protrusiOns. Once formecl. hollow protrusions preferably pass under an .. . .. 

"inkjet" type substance injection delivery system 120, which deposits a spot of . . 

substance 122 into the depre~on of: each hollow protrusion from outside 

I 0 fonning screen 102, resulting· in a formed· material 121. Although registration 
is required between substance injection system 120 and the hollow protrusions, 
system 120 may be registered difectly from the recesses in forming screen 102, 
which define the location of the protrusions. This is much less difficult than 
would be registration with a tra,nsient we.b of material, particularly very thin 

15 webs. Formed material 121 i:s' thereafter discharged around a discharge idler 
roll 118. 

FIG. 13 shows formed .material 12 l after it leaves process I 00. Formed 
material 121 has protrusions 124 and valleys 126 surro\inding protrusions 124. 
Located in valleys· 126 is p.-ef~bly -. interconnected, continuous layer of 

. . . 

20 substance 108. Although, as described earlier, a discontinuous application of 
substance to the forming screen results in a discontinuous pattern of substance 
on material 121. • Inside d~ons of. hollow protrusions 124 are discrete 
spots of substance· 122. Substance· 108: and substance 122 may be the same, 
such as a pressure sensitive adhesive. If a pressure sensitive adhesive, 

2S substances 108 and 122 are on ()pposite sides offorined material 121, protected 
from contact with · smfaces ~jacent to ·material 121. · In this situation, the 
formed material together with adhesive 108 and 122 may function as a double­
sided tape. FIG. 14 illustrate$ bow formed material 121 could behave if 
contacted on both sides by extema1 surfaces 128 and 130 under force F. 

30 Protrusions 124·deform by substantially inverting and/or crushing and thereby 
position substance 108 · in co~tact with surface 128 and substance 122 in 
contact with surface 130. Substances 108 and 122 could be distinctly different 
from each other and serve different :purposes, howe\rer .. 

If the three dimensional structure· of the present invention is used as a 
.35 tape or a storage wrap, for exan,iple, the. external contact surfaces may be either 

compliant or rigid and planar or· non-planar. Having the three dimensional 
structure deform is preferred for use with a rigid target surface. If the 

II 
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substance- is adhesive and the objective is rel~ble adherence to a target 
-f.~t·. ·.:<? ;~ ~~/ ... <·'<~:·: . 

surface after·defcinnation of the structure, then degree··of 8dhesion is important. 

For a storage wrap where· releasability after adhesion is necessary, the peel 

strength of the adhesive is preferably measured by ·Pressure Sensitive Tape 

S Council Method PSTC-1. A 12 inch (30.5 cm) long by 1 inch (2.S cm) wide 

strip of film is rolled once against a smooth stainless steel surface at a rate of 

12 inches (30.5 cm) per minute using a 4.5 pound (2.04 kg) roller and then 

tested as having a peak adhesion value ranging from about l ounces/inch to 

about 50 ounces/inch of strip width and more preferably from about l to about 

10 2.5 ounces/inch (0.012 to 0.027 kg/cm) of strip width. 

Minimum adhesion which maintains a seal is desired for a storage 

wrap, so that the wrap is easily peeled open for access to the stored item(s). 

Inversion of protrusions,· especiaUy those made of HOPE, minimizes 

protrusion spring back so that higher adhesion isn't necessary ·in order to 

15 prevent the failure of relatively weak seals. In this embodiment it is desired 

that the protrusion remain "dead" or non-resilient after being inverted or 
crushed; however, a resilient protrusion could be used, for example, where it is 

intended for the bond to be permanent, where aggressive adhesive overcomes 

spring back. Also, a resilient protrusion may be desirable where repeat use of 

20 the material is intended. 

FIGS. 15 and 16 illustrate another alternative process for making the 

material of the present invention, generally indicated as 140. Process 140 has 
instead of a funning screen a fonning plate 142 with Pins 144 projecting 

outwardly therefrom. Pins 144 are preferably conical and are spaced apart by 

25 valleys 146. At the base of each valley 146 is an aperture 148 ·through fanning 

plate 142. Aperture 148 may be used to draw a vacuum V between pms 144 in 
order to· form ·ii deformable piece of material over the pins. Hydroforming and 

embossing offer alternative forming means for causing the material to confonn 

to a male forming structure. 

30 ·FIG. 15 shows pins 144 having outer ends 150 coated With a substance 

152. Atop substance 152 is placed a piece of deformable material 154, which 

has a greater atlraetion for substance 152 than outer ends· ISO of pins 144. 

Outwardly of material 154 is shown a heat generating lainp 156, which may be 
used ·to heat material 154 in order to condition it for· vacuum forming if 

35 material 154 is a polymer film, for example. The result of vacuum forming 

material 154 is shown in FIG. 16, with forming plate 142 removed. The result 

is formed material 155. A plurality of conical protrusions 158 are fonned over 
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pins 144 when vacuum pulls material 154 down into valleys 146. Other pin 
shapes besides conical produce correspondingly shaped protrusions. Pin 

shapes such as pyranlidal, hemispherical, cylindrical, polygonal, and elongated 
bumps are also possible; however, the conical shape is believed to provide a 

S substantially predictable and c9nsistent inverting and/or crushing resistance in 
protrusions. Pins caµ also be different shapes and siz.es and heights within a 
given pattern, but. again it is generally desired that resulting protrusions be 
unifonn so that the deformation force is predictable and consistent. 

Substance 15;2 is transfen:ed to the:inside of protrusions 158.when they 
10 are fonned. Wherever a material is vacuum fonned, the sidewalls 160 of 

protrusions 158 are thinned compared to the original· thickness of the material 
placed over the pins. A portion of the· material 162, which is drawn into the 
valleys 146 between pins 144, may ll!so be thinned; however, another portion 
164, which remains in contact with su~tance 152 at outer ends 150 typically 

15 does not become substantially thinned by the process 140. This is believed due 
to material friction at the edges of the outer ends of the pins. 

In process 140, portion of inaterial 162 between protrusions is fonned 
and may therefore be thinned, whereas in processes 60 and 100, it is 
protrusions 75 and 92, respectively, wfii~h are fonned and may therefore be 

20 thinned. 
It has been discovered while reducing to practice the present invention 

that when using hot melt &dhesive for the substance, thermoforming behaves 
differently than when other s~ ·are. processed. The difference is that 
protrusions, which are fonned .when hot pielt adhesive has been applied to the 

25 forming surface, tend to exhibit more thi~ in their sidewalls. It is believed 
that the hot melt adhesive cools. and solidifies when contacting the metal 
funning surface and thereby preven~ web material in contact with the adhesive 
from being drawn . into the recesses, so that unifonn thickness valleys result. 
With other su~ such as latex adhesive, less thinning of protrusion 

30 sidewalls occurs, ~umably because some of the web material in contact with 
the adhesive on the lands or pin tops of the forming surface flows into the 
recesses during thermoforming; 

FIG. 17 shows a prefe~ shape of the protrusions and valleys of the 
present invention, which enables protrusions to st.1bstantially invert and/or 

35 crush as a mode ofdefonning. The preferred shape minimizes protrusion fold­
over and interference with substance placed in valleys between protrusions, or 
inside hollow protrusions, or 1;>Qth. Also~ the preferred shape helps to ensure a 

ii 
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repeatable, p~<i.jp.table, resistance to protrusion 4.~fp.nnation. FIG. 17 shows 
. :.::i·is.-,;.\ !~ • ~1·:.~ ... ;11-f;. 

that. each pmfrbsion is defined by a· height dimehslbh A and a base diameter 

dimension 8. A preferred ratio of base diameter B to height A, which enables 

protrusions to substantially invert and/or crush without fold-over, is at least 

5 2:1. 

Defonnation mode and force can be influenced by the sidewall 

thickness profile to provide more desired results. A protrusion's sidewall 

connects the outermost portion of the protrusion to the unformed material 

adjacent to base perimeter of the protrusion. The sidewall as defined may also 
10 contain a peripheral region substantially within the outennost portion which is 

substantiallf . thinner than the interior region of the· outennost portion. 

Protrusions where at least a portion of the sidewalls are substantially thinner 

than the. unfonned material adjacent to the base perimeter are believed 

preferred for deformation by the user. Sidewalls that are also substantially 

15 thinner in at least a portion of the sidewall as compared to the material at the 

outermost portion of the protrusion also beneficially bias the deformation to 

occur primarily within the sidewall structure. 
In structures containing relatively ·small protrusions, as· found in high 

number density protrusion patterns, such thinner sidewall gauges can be 

20 particularly useful. 

Methods of production can influence the sidewall thickness profile such 

as in the use of a forming screen with essentially straight screen walls which 

define the forming screen hole. Such a process allows for substantially thinner 

sidewall thickness since the protrusion is freely drawn from the base perimeter 

25 into the fonning screen recess to the point of contact with the internal backup 

screen. The internal backup screen's purpose is to prevent further drawing of 

the protrusion: This approach yields a more varied gauge profile within the 

sidewalls. 

·. FIG.18 shows an alternative to the material of FIG. 16, also preferably 

30 made by the process of FIG. 15. A material 170 has hollow protrusions 172 

surrounded by interconnected valleys 174. Inside hollow protrusions 172 are 

spots ofa substance 176. The difference between the material of FIG. 16 and 

that of FIG. 18 is the addition of apertures 178 in valleys 174, shown in FIG. 

18. Apertures 178 may be made, for example by applying the fonning force H 

35 of FIG. 11 to the forming method illustrated in FIG. 15 in place of heat lamp 

I 56 and vacuum force V. 
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FIG. 19 shows a most preferred method of making a material similar to 

material 10 of the present invention, which is generally indicated as 180. The 

formed material is preferably transparent or translucent, so that it may be 
accurately positioned before being· deformed. Transparency, however, 

5 introduces a new problem Qf determining on which side of the three 

dimensional structure the subst31l~e is located, in order ~ know which side to 

place against a target surface. Substance side identification can be solved by 

placing indicia on the surface of the three dimensional structure, by coloring 

the substance a different tint than the three dimensional structure, or by 

10 providing a laminated material structure of different tints, for example. In the 

case of labels, transparency may not be needed since material edges may be 

used for proper positioning. 

Micro-texturing the materjal during fanning may also be useful, such 

as in producing a distinction between one side of the material and the other 
15 side. Micro-texturing of the outermost surface featUres of the three 

dimensional stru~ may be .achieved in the present invention, for example. 
by drawing the piece of material -into. fanning screen recesses and against a 
micro-textured~ such as a vacuwn drum having tiny apertures therein. 

Forming screen 181 is threaded ()ver idler pulley 182 and a driven 
20 vacuum roll 184. Forming screen 181 is preferably a 0.005 inch (0.013 cm) 

thick, 12.5 inch (31.~ cm) wide, 6 foot (183 cm) circumference stainless steel 
belt, having the deSired protrusion pattern etched as recesses in the belt. 

Covering the outer surface of vacuum roll .184 is a .195 mesh seamless nickel 

screen having a diameter of 8.63 inches (21.9 cm), which serves as a porous 

25 backing surface for fonning ~ 181. 

For producing a pressure sensitive adhesive containing material, a 

substance 186;preferably hot melt adhe5ive, is coated onto fonning screen 181 
by a substance applicator 188 while forming screen 181 travels at about 20 feet 

(610.cm) per minute. A material 190, for example, a HDPE film web about 

30 0.0005 inches (0.0013 cm) thick, is brought into contact with the substance 

coated forming screen at material infeed idler roll 192. Hot air at 

approximately 600°F (316°C) and floWing at approximately 11.25 SCFM (0.32 

cubic meters/minute) is directed radially at material 190 by a hot air source 194 

as the material passes over vacuum ~11 184 and as vacuum is applied to 

35 forming screen 181 through ·vacuum roll .184 via fixed vacuum manifold 196 

from a vacuum source (not shown). A vacuum of approximately 12 inches of 

mercury (40.6 kPa) is applied as the material is heated by hot air source 194. 

ii 
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-
A fonned, s~~~ce coated material 198.is strip~~lrom forming screen 181 
at stripping r0if:260. . i(i;;'.!X 

Stainless steel fonning screen 181 is a fabricated. seamed belt. It is 

fabricated .in several steps. The recess pattern is developed. by computer 

5 program and printed onto 41 transparency to provide a photomask for 

photoetching. The photomask is used to create etched and non-etched areas. 

The etched material is typically stainless steel, but it may also be brass, 

aluminum, copper, . magnesium, . and other materials including alloys. 

Additionally, the recess pattern may be etched into photosensitive polymers 

10 instead of metals. Examples are described along with a methods of making 

polymer fonning screens in commonly owned U.S. Patents No. 4,514,345 to 

Johnson et al., No. 5,098,522 to Smurkoski et al., No. 4,528,239 to Tm.khan, 
and No. 5,245,025 to Trokhan, which are hereby incorporated herein by 

reference. 

15 Next, the fonning screen is converted into a continuous belt by butt 

welding the ends together, using either laser or electron beam welding. lbis 

produces a nearly undetectable seam, which is needed to minimize disruptions 

in. the recess pattern. The final step is coating the endless belt with a low 

critical surface tension (non-stick) coating, such as a Series 21000 material by 

20 Plasma Coatings ofTN, Inc., hereinbefore described. This coating allows the 

fonned . material to be removed from the belt without undue stretching or 

tearing. 

A belt forming screen is believed advantageous to a flat plate or a drum 

fonning screen because a belt enables screen patterns and pattern lengths to be 

25 changed more easily and larger patterns may be used without having massive 

rotating members. 

In general, the present invention is a three dimensional structure for 

holding a substance protected from inadvertent contact with external surfaces. 

The .structure is convertible to a substantially two dimensional structure by 

30 applying a compressive force so that the structure collapses to release or 

expose the substance into contact with external surface(s). However, the scope 

of the invention also applies to three dimensional structures holding substances 

from inadvertent contact, which are convened to substantially two dimensional 

structures by means other than compression. For example, the inventors have 

35 found that a tensile force applied to the same three dimensional structure can 

cause it to plastically defonn longitudinally and thereby contract in caliper or 

thickness to similarly expose or release substance. It is believed that under 
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sufficient tension, the material between protrusions deforms in response to 

forces in the plane of the material and that protrusions are thereby elongated in 
the same directiQn ... When the protrusions are elongated, they are reduced in 

height. With enough elongatic>n the protrusions are reduced in height to where 
S the substances betWeen them. in them, or both are exposed. 

For a one inch wide strip of material 10, made from 0.0003 inch 

(0.0076 mm) thick •HOPE and formed to have protrusions of 0.006 inches 

(0.152mm) height and 0.030 inches (0. 762 mm) diameter, spaced 0.045 inches 
(1.143 mm) apart, the tensile force found necessary to cause protrusions to 

10 expose a 0.001 inch (0.025 mm) thick coating of adhesive in the valleys 

between protrusions is approximately 0.80 pounds (0.36 kg) per inch of strip 

width. 

A combination of compression and tensile forces may be applied to the 

material of the present invention in order to expose a substance from within the 
15 three dimensional structure. Although in a preferred embodiment of the 

present invention, the tensile force necessary to achieve sufficient deformation 

of said three dimeDsional structure in order to expose substance to an external 

surface is significantly greater than a compressive force to achieve the same ·. 

result, a structure may be designed which is more eaSiJy deformed by a tensile 
20 force applied in a specific planar direction. For example, a structure may have 

parallel waves mstead of protrusions and the waves inay be easily flattened by 

stretching the structure perpendicular to the waves but in the plane of the 

waves. Other suitable tensile response structures are disclosed in U.S. Patent 
No. 5,518,801 to Chappell et &J. which is hereby incorporated herein by 

25 reference. 
In another example, heat could be applied to cause the same structure 

made of shrinkable film to reduce in thickness to similarly release or expose 

the substance. 
. Examples of uses of the three dimensional structure of the present 

30 invention besides tapes, labels, and storage wraps include: lotion impregnated 

facial tissues, scented strips containing microencapsuJated perfumes, adhesive 

impregnated shelf and wall paper, medicinal patches, patterned condiment 

delivery to a surface, two component adhesives, laundry pre-treating 
chemicals, abrasive delivery systems, and other applications where avoidance 

3 5 of contact with a substance held, in a substrate is desired until some action is 

taken. 

ii 
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As 'd~s<:ribed hereinafter, different subs~~s can be deposited on the 
_.;·;. '"' ·.;~-:~ .·.,.: .. •r .. ·!!,. 

·opposing fae~f~f the fonned material. Multipl~:1~dbstances can be located on 

the same face of the material either geometrically spaced from each other or 

commingled. Substances can be partially layered. An example is a layer of 

S adhesive adjacent to the material surface with a solid particulate adhered to the 

exposed side of the adhesive layer. 

A pattern of protrusions can· be superimposed either on a similar 

. dimensional scale or on a different dimensional scale such as a single or 

multiple "microprotrusion" pattern located on the tops of other larger 

10 protrusions. 

While particular embodiments of the present invention have been 

illustrated and described, it will be obvious to those skilled in the art that 

various changes and modifications may be made without depaning from the 

spirit and scope of the invention, and it is intended to cover in the appended 

15 claims alJ such modifications that are within the scope of the invention. 
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I. A method of making a three dimens~onal structure having outennost 
surface features and having spaces for coQ~ining a substance internal to said 
outermost surface features such that said substance is protected from inadvertent 
contact with external surfaces, said method characterized by the steps of coating a 
substance onto a fonning surface, transferri~ :sa,id substance from said fonning 
surface to a piece of material, and fotmi~g s~i4 piece of material into a three 

dimensional structure on said fonnin~ sur{ac~ w~ile said substance is in contact 
with said fonning surface, in order to acc~tely ~gister said three dimensional 
structure with said substance. 

2. A method of making a ma~rial having a substance protected from 
inadvertent contact with an external surface until said material is deformed, said 
method characterized by the steps of: 

a) coating a forming surface with a first substance; 

b) introducing a piece of material having a first side and a second side onto 
said forming surface such that said first side is in contact with said first substance 
on said forming surface, said first substance preferentially adhering to said first side 
of said piece of material; and 

c) forming said piece of material to ere~ a three dimensional structure 
having a plurality of hollow protrusions spaced apart by valleys, said first substance 
bei_ng transferred from said forming surface into said three dimensional structure 
accurately registered with said three dimensional structure by using a common 
transfer and forming surface, said piece of material having a plurality of depressions 
on said second side corresponding to said plurality of hollow protrusions. 

3. The method according to Claim 2 wherein said forming surface is 
characterized by a forming screen having a to~ surface and a plurality of recesses 
therein and wherein said plurality of hollow protrusions are fonned into said 

recesses. 

4. The method according to Claim 2 whe~n said fonning surface is 
characterized by a forming plate having pins extending therefrom, said pins having 
top surfaces and spaces therebetween; and wherein said plurality of hollow 

protrusions are formed over said pins. 

5. The method according to Claims I, 2, 3 or 4 further characterized by the 
step of providing said fonning surface with a low critical surface tension. 

ii 
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6. The method according to Claims 2, 3, 4, or 5 further characterized by the 

step of injecting a second substance into said plurality of depressions on said second 

side of said piece of material. 

7. A method of making a flexible film having pressure sensitive adhesive 

protected from inadvertent adherence, said flexible film being stickable to a target 

surface only when pressed thereagainst. said method characterized by the steps of: 

a) coating a forming screen with a pressure sensitive adhesive, said forming 

screen having a top surface, said top surface having a plurality of recesses therei~ 

said coating step applying said pressure sensitive adhesive to said top surface 

without bridging said recesses; 

b) placing a piece of flexible film in contact with said pressure sensitive 

adhesive on said top surface of said forming screen, said pressure sensitive adhesive 

preferentially adhering to said piece of flexible film; 

c) fonning said piece of flexible film to create a plurality of protrusions · 

extending into said recesses of said forming screen, said plurality of protrusions 

being registered with said pressure sensitive adhesive; and 

. d) removing said piece of flexible film together with said pressure sensitive 
adhesive from said forming screen. 

8. A substance delivery system comprising a three dimensional structure 

having outermost surface features and spaces between said outennost surface 

features for containing a substance and a substance, having substantial resistance to 

flow prior to delivery to a target surface. occupying said spaces of said three 
dimensional structure, said substance having a level internal to said outermost 

surface features such that said substance is protected from inadvertent contact with 

external surfaces, characterized in that said substance remains protected until said 

three dimensional structure is sufficiently deformed into a substantially two 

dimensional structure and said substance is thereby exposed to contact an external 

surface without compliance of said external surface being necessary. 

9. The substance delivery system according to Claim 8 further characterized 

in that said three dimensional structure is deformable by a compression force 

applied substantially perpendicular to a plane of said three dimensional structure 

and wherein said outermost surface features of said three dimensional structure 

deform in a direction of said compression force. 
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10. The substance: delivery system according to Claim 8 or Claim 9 funher 

characterized in that said' three dimensional structure is deformable by a tensile 

force applied substantially parallel to a plane of said three dimensional structure and 

wherein said outermost surface features of said three dimensional structure deform 

in a direction substantially perpendicular to said plane. 

11. The substance delivery sys~em according to Claims 8, 9, or 10 further 

characterized in that said-spaces have an interconnected -layer of said substance 

therein such that contact of said substance with said external surface fonns a 

continuous pattern of said substance thereon. 

12. The substance delivery system according to Claims 8, 9, 10, or 11 

further characterized in that said three dimensional structure has a number density 

of outermost surface features greater than 200 outermost surface features per square 

inch (31 outennost surface features per square cm). 

13. The substance delivery system according to Claims 8, 9, 10, 11, or 12 

further characterized in that each of said outennost surface 'features has a shape 

having a height dimension and a base diameter dimension, said shape being defined 

such that a ratio of said base diameter dimension to said height dimension is at least 

2:1. 

14. A piece of material having a substance therein protected from 

inadvertent contact with an external surface until said material is defonned, said 

piece of material having a first side formed to have a plurality of hollow protrusions 

separated by valleys, said plurality of hollow protrusions having outermost ends, 

said piece of material having a second side, said second side having a plurality of 

depressions therein corresponding to said plurality of hollow protrusions on said 

first side; and 

a first substance adhering to and partially filling said valleys between said plurality 

of hollow protrusions, said first substance having a surface internal to said 

outermost ends of said plurality of hollow protrusions, characterized in that when a 

portion of said first side of said piece of material is placed against a target surface. 

said plurality of hollow protrusions prevent contact between said first substance and 

said target surface until said portion is pressed against said target surface to cause 

said plurality of protrusions in said portion to deform. 

ii 
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15. The piece of material aceording to Claim 14 flirther chara~terized in that a 
second substance i~ieE~ssed in said plurality of depres~J6.6§ on said second side of said 
piece of material.· ~: . _, , ::'. ·:!;.;, 


