
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization

International Bureau
(10) International Publication Number

(43) International Publication Date WO 2017/044492 Al
16 March 2017 (16.03.2017) P O P C T

(51) International Patent Classification: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
A61F 6/00 (2006.01) A61F 6/04 (2006.01) DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
A61F 6/02 (2006.01) HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,

KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
(21) International Application Number: MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,

PCT/US2016/050560 PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,

(22) International Filing Date: SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,

7 September 2016 (07.09.2016) TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(25) Filing Language: English (84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,

(26) Publication Language: English GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,

(30) Priority Data: TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,

62/215,506 8 September 2015 (08.09.2015) US TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,

(72) Inventor; and LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
(71) Applicant : CHUNG, Charles [US/US]; 326 Church SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,

Street, San Francisco, CA 941 14 (US). GW, KM, ML, MR, NE, SN, TD, TG).

(74) Agent: WALKER, James, A.; Kaplan Breyer, Schwarz & Published:
Ottesen, LLP, 100 Matawan Road, Suite 120, Matawan, NJ

— with international search report (Art. 21(3))
07747 (US).

— before the expiration of the time limit for amending the
(81) Designated States (unless otherwise indicated, for every claims and to be republished in the event of receipt of

kind of national protection available): AE, AG, AL, AM, amendments (Rule 48.2(h))
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,

(54) Title: COMPOSITION COMPRISING A SENSORY-SPECIFIC MATERIAL AND METHOD OF MANUFACTURE

FIG. 1A

□□□□□□□□□□
Projections 106

-108

Effective Layer 104 Base Layer 102 -110
Cross-section View

©
(57) Abstract: A homogeneous material layer comprising a base layer and at least one effective layer is disclosed. The material layer
is made of a first material characterized by a bulk modulus of elasticity. The effective layer is defined by a plurality of projections

o that project from the base layer. Each projection includes a stalk and a cap having an end face. The height-to-width aspect ratio of
the stalks is selected such that the effective layer has an effective modulus of elasticity that is lower than the bulk modulus of elasti -

o city. The arrangement of the projections is selected such that the end faces are spaced along at least one dimension by a spacing that
is less than or equal to one millimeter, thereby controlling the fine roughness of the effective surface. Control of the effective modu
lus and the spacing of the end faces enables control of the feel of the effective layer.



Composition Comprising a Sensory-Specific Material

and Method of Manufacture

Cross Reference to Related Applications

[oooi] This application claims the benefit of U.S. Provisional Application Serial

Number 62/215,506, filed September 8, 2015, entitled "Composition Comprising a Sensory-

Specific Material and Method of Manufacture" (Attorney Docket: 3080-002PR1), which is

incorporated herein by reference. If there are any contradictions or inconsistencies in

language between this application and one or more of the cases that have been

incorporated by reference that might affect the interpretation of the claims in this case, the

claims in this case should be interpreted to be consistent with the language in this case.

Field of the Invention

[0002] The present invention relates to materials in general, and, more particularly,

to structured-surface materials.

Background of the Invention

[0003] A material having realistic or enhanced touch sensitivity would be

advantageous in many applications. For example, items such as gloves, surgical gloves,

handles, containers (e.g., phone cases, etc.), condoms, and the like, would afford a user

with significant benefits if the material of which they were composed provided a more

realistic or tailored tactile response.

[0004] For example, a realistic sense of touch through surgical gloves could increase

the likelihood of a surgeon detecting an abnormality during tissue palpation. A steering

wheel having an enhanced-sensitivity surface could provide improved road feel to a driver.

A condom having improved tactile characteristics would increase the likelihood of its use,

which would have the benefit of reducing the transmission of venereal disease and the HIV

virus.

[0005] Condoms, in particular, suffer from poor tactile performance. Most

conventional condoms are formed from an impermeable elastomeric material that enables

reasonable transmission of the sensations of pressure and temperature; however, few, if

any other sensations are transmitted. Due to the reduced sexual sensation associated with



most prior-art condoms, condom-use rates remain low - even though they provide nearly

ideal contraception and HIV/STD protection.

[0006] I n order to improve sensory transmission (e.g., sliding friction, etc.), the

thickness of the material from which many conventional condoms, as well as surgical

gloves, etc., are formed is reduced. Unfortunately, this can result in an increased risk of

failure of the material, leading to increased potential for disease communication, unwanted

pregnancy, contamination of sterile surgical fields, and the like.

[0007] The need for a material that provides good tactile characteristics without

sacrificing material integrity and reliability remains, as yet, unmet in the prior art.

Summary of the Invention

[0008] The present invention reduces some of the disadvantages of the prior art by

enabling improved sensory characteristics for a material without sacrificing mechanical

integrity. Embodiments of the present invention are particularly well suited for use in

applications where enhanced or high-fidelity tactile sensation is desirable, such as condoms,

gloves, surgical gloves, and the like.

[0009] Embodiments of the present invention enable control over the "feel" of a

material layer by structuring a surface region of the material layer to create an "effective

layer" having an "effective surface." The material layer is a homogeneous layer made of a

first material that has a bulk modulus of elasticity. Because of its structure, however, the

effective layer is characterized by an "effective modulus of elasticity" that is lower than the

bulk modulus of elasticity. I n addition, the surface structure of the effective layer defines

the fine roughness of its effective surface. Collectively, the effective modulus of elasticity

of the effective layer and the fine roughness of its effective layer determine the tactile

characteristics of the structured region of the material layer. As a result, when in contact

with tissue, the effective layer feels different than the same material would feel if it were

unstructured. Effective layers in accordance with the present invention include straight

walls, shaped walls, columnar-like projections, conical projections, hooked projections, and

the like.

[ooio] An illustrative embodiment of the present invention is a sheath layer of a

condom comprising a layer of latex, where the sheath layer includes a base layer of

substantially unstructured latex and an effective layer that is defined by a plurality of sub-



mi l l imeter-sca le projections of latex that extend into the interior of the sheath layer. Each

projection includes a sta lk and a cap having an end face that is located at the free end of

the sta lk. The end faces collectively defi ne an effective surface for the effective layer. The

aspect ratio of the sta lk is selected such that the effective layer is cha racterized by an

effective mod ulus of elasticity that is lower tha n that of the unstructu red latex base layer.

Simi la rly, the fil l factor of the end faces is selected to effect a desired fine roug hness for the

effective surface. The f ine roug hness and the effective mod ulus of elasticity can be

independently controlled to ach ieve a desi red feel for the effective layer, which gives rise t o

a broad latitude for the feel experienced by the condom wea rer.

[ooii] I n some embod iments, the plu ra lity of projections includes different

projection types, includ ing colu mns, cones, and wa lls of different heig hts, sha pes, and

stiffness, as well as projections having a non-l inea r sha pe, which are intermixed . I n some

embod iments, the projections are arra nged in an arra ngement comprising a plu ra lity of

fields, where each field selectively conta ins a different projection type.

[0012] I n some embodi ments, the projections are dimensioned and arra nged to

provide a specific desired tacti le cha racteristic. In some of these embod iments, the desired

tactile cha racteristic is the tactile cha racteristic of a natu ra lly occurring surface.

[0013] I n some embod iments, the projections include at least one projection type

that is a "hig h aspect ratio" projection having ratio of heig ht to width greater tha n 2 :1.

[0014] I n some embod iments, the projections include at least one projection type

that is a "hig h-contrast projection" having an abrupt cha nge in surface direction at the top

and/or base of the projection .

[0015] I n some embodi ments, a layer of materia l incl udes projections on each major

surface. In some embod iments, the projections on each major surface are dimensioned and

arra nged to interact with a specific type of tissue with which that surface is l ikely to come

into contact. In some embod iments, the projections on each major surface are operative

for mimicking the feel of a specific type of biolog ica l tissue, such as pen ile tissue, vag ina l

tissue, ana l tissue, etc. I n some of these embod iments, the projections on each major

surface are operative for mimicking the feel of a different type of biolog ica l tissue.

[0016] I n some embod iments, the projections are arra nged in an arra ngement that

faci litates the storage of a flu id, such as si licone oil, with in the arra ngement. I n some



embodiments, the projections are dimensioned and arranged to trap and/or adsorb

particulate, such as nanoparticles, included in the fluid.

[0017] I n some embodiments, at least one projection includes a surface coating

operative for controlling at least one surface characteristic. I n some embodiments, at least

one projection includes a surface coating that includes a plurality of features that are micron

and/or nanometer scale.

[0018] An embodiment of the present invention is a condom comprising a layer (100)

of a first material (114) characterized by a bulk modulus of elasticity, λ ΐ , the layer

including: a base layer (102) having a first surface (108) and a second surface (110); and a

first plurality of projections (106) that project from the first surface, the first plurality of

projections collectively defining a first effective layer (104), wherein each projection of the

first plurality thereof includes a first end face (120) and a first stalk (116) having a first

aspect ratio, and wherein the first end faces of the first plurality of projections collectively

define a first effective surface (112); wherein the first effective layer is characterized by an

effective modulus of elasticity, λ2, that is based on the first aspect ratio; wherein each first

end face has a first width (d2) in at least one dimension, and wherein the first plurality of

projections is arranged in a first arrangement in which the first end faces are spaced apart

by a first spacing (si) along the at least one dimension, and further wherein each of the

first width and first spacing is less than or equal to 1 mm; and wherein λ2 is lower than λ ΐ .

[0019] Another embodiment of the present invention is a method for forming a

condom, the method comprising: (1) providing a first layer (100) such that it defines the

condom sheath, wherein the first layer is provided such that it is homogeneous and

comprises a first material (114) that is characterized by a bulk modulus of elasticity, λ ΐ , the

first layer comprising: (a) a base layer (102); and (b) a first effective layer (104) having a

first effective modulus of elasticity, λ2, wherein the first effective layer includes a first

effective surface (112) having a first fine roughness; (2) providing the first effective layer as

a first plurality of projections (106) that project from a first surface (108) of the base layer,

each projection of the first plurality thereof including: (a) a first stalk (116), wherein the

first stalk is characterized by a first aspect ratio; and (b) a first cap (118) having a first end

face (120) that has a first width (d2) in at least one dimension; wherein the first effective

layer is provided such that the first plurality of projections is arranged in a first arrangement

in which the first end faces are spaced apart by a first spacing (si) along the at least one

dimension; (3) selecting each of the first width and the first spacing such that it is less than



or equal to 1 mm, wherein the first fine roughness is based on the first width and the first

spacing; and (4) selecting the first aspect ratio such that λ2 is lower than λ ΐ , wherein λ2 is

based on the first aspect ratio.

[0020] Another embodiment of the present invention is a layer (100) of a first

material (114) characterized by a bulk modulus of elasticity, λ ΐ , the layer including: a base

layer (102) having a first surface (108) and a second surface (110); and a first plurality of

projections (106) that project from the first surface, the first plurality of projections

collectively defining a first effective layer (104), wherein each projection of the first plurality

thereof includes a first end face (120) and a first stalk (116) having a first aspect ratio, and

wherein the first end faces of the first plurality of projections collectively define a first

effective surface (112); wherein the first effective layer is characterized by an effective

modulus of elasticity, λ2, that is based on the first aspect ratio; wherein each first end face

has a first width (d2) in at least one dimension, and wherein the first plurality of projections

is arranged in a first arrangement in which the first end faces are spaced apart by a first

spacing (si) along the at least one dimension, and further wherein each of the first width

and first spacing is less than or equal to 1 mm; and wherein λ2 is lower than λ ΐ .

[0021] Yet another embodiment of the present invention is a method comprising: (1)

providing a first layer (100), wherein the first layer is provided such that it is homogeneous

and comprises a first material (114) that is characterized by a bulk modulus of elasticity, λ ΐ ,

the first layer comprising: (a) a base layer (102); and (b) a first effective layer (104) having

a first effective modulus of elasticity, λ2, wherein the first effective layer includes a first

effective surface (112) having a first fine roughness; (2) providing the first effective layer as

a first plurality of projections (106) that project from a first surface (108) of the base layer,

each projection of the first plurality thereof including: (a) a first stalk (116), wherein the

first stalk is characterized by a first aspect ratio; and (b) a first cap (118) having a first end

face (120) that has a first width (d2) in at least one dimension; wherein the first effective

layer is provided such that the first plurality of projections is arranged in a first arrangement

in which the first end faces are spaced apart by a first spacing (si) along the at least one

dimension; (3) selecting each of the first width and the first spacing such that it is less than

or equal to 1 mm, wherein the first fine roughness is based on the first width and the first

spacing; and (4) selecting the first aspect ratio such that λ2 is lower than λ ΐ , wherein λ2 is

based on the first aspect ratio.



Brief Description of the Drawings

[0022] FIG. 1A depicts a cross-sectional view of a condom sheath layer having an

engineered feel in accordance with an illustrative embodiment of the present invention.

[0023] FIG. I B depicts a schematic drawing of an expanded view of a portion of layer

100.

[0024] FIG. 1C depicts a projection in a preferred deformation mode.

[0025] FIG. I D depicts a schematic drawing of a cross-sectional view of a high-

contrast projection in accordance with the present invention.

[0026] FIG. I E depicts a schematic drawing of an alternative projection in

accordance with the present invention.

[0027] FIG. 2 depicts operations of a method suitable for forming layer 100.

[0028] FIG. 3A depicts a schematic drawing of a system suitable for templating layer

100 as a condom.

[0029] FIG. 3B depicts a schematic drawing of an exploded view of a portion of form

302.

[0030] FIGS. 3C-D depict cross-sections of a portion of form 302 before and after,

respectively, feature layer 308 is wrapped around mandrel 306.

[0031] FIGS. 3E and 3F depict schematic drawings of an alternative process for

fabricating a form, before and after the formation of surface features 310, respectively, in

accordance with the present invention.

[0032] FIG. 4 depicts operations of a sub-method suitable for forming feature layer

308 in accordance with the illustrative embodiment.

[0033] FIGS. 5A-C depict schematic drawings of cross-sections of nascent feature

layer 308 at different points in its fabrication.

[0034] FIGS. 6A-B depict schematic drawings of cross-sectional and top views,

respectively, of a portion of a sheath layer having engineered feels on both sides in

accordance with a first alternative embodiment of the present invention.

[0035] FIG. 7 depicts operations of a method suitable for forming layer 600 as a

condom.



[0036] FIG. 8 depicts a schematic drawi ng of a mold suita ble for templating layer

600 as a condom .

[0037] FIG. 9 depicts a schematic drawing of a cross-sectiona l view of a layer havi ng

improved sensory cha racteristics in accordance with a second alternative embod iment of the

present invention .

[0038] FIGS. 10A-B depict schematic drawings of top and cross-sectiona l views,

respectively, of a layer havi ng improved sensory cha racteristics in accorda nce with a third

alternative embod iment of the present invention .

Detailed Description

[0039] The following terms are defined for use in this Specification, includ ing the

appended cla ims :

• feel (a lso referred to as sensory characteristic) of a surface is defi ned as

the sensory perception of the natu re of the surface, which depends on the

physica l stimul i that surface provides to the skin, or other tissue, with which it

is in contact. Exa mples of physica l stimul i incl ude, without l imitation, norma l

forces, shea r forces, stiction, and the l ike.

• engineered feel is defi ned as the sensory perception of the nature of a

surface that has been physica lly mod ified such that its feel differs from the

feel of an unmod ified surface comprising the materia l of which the eng ineered

surface is composed, where the physica l mod ification controls at least one

tactile pa rameter of the surface, incl ud ing friction, fine roug hness, and

mod ulus of elasticity.

• effective layer is defined as a surface portion of a homogeneous structura l

layer of a first materia l, wherein the surface portion has been physica lly

mod ified to define a plu ra lity of projections, where each projection is

cha racterized by an end face, and the plura lity of end faces have a width and

spaci ng along at least one dimension that is one mil limeter or less, and where

at least one of size, sha pe, aspect ratio, distri bution, compl ia nce, and

sha rpness of the projections is selected to provide a desired eng ineered feel

for the effective layer t his is different than that of an unmod ified surface of

the first materia l. It should be noted that a plu ra lity of projections whose end



faces have width or spacing greater than one millimeter does not define an

effective layer since each surface feature would be sensed individually.

• effective surface is defined as a surface defined by the end faces of a

plurality of projections that define an effective layer. An effective surface is

typically not a continuous surface and, therefore, is characterized by a fine

roughness that affects the feel of the surface. Effective surfaces in

accordance with the present invention can have end faces that are co-planar,

are non-co-planar, are orientated at one or more angles with respect to the

effective surface, include sub-projections, and/or collectively define the

effective surface such that it is non-planar.

• aspect ratio is defined as the ratio of feature height to a lateral dimension

(e.g., width) of the feature.

• high aspect-ratio projections are defined as projections having a support

stalk whose height-to-width ratio that is greater than 2 : 1.

• high-contrast projection is defined as a projection having an end face

whose outer corners have a radius of curvature that is less than or equal to

250 microns.

Human Tactile Perception

[0040] Although a comprehensive model of human touch perception is still

developing, it is generally accepted that the feel of a material surface is dictated by a set of

five parameters: fine roughness (surface feature having width and spacing < 1 mm), coarse

roughness (surface feature having at least one of width and spacing > 1 mm), compliance

(hardness/softness), friction, and temperature.

[0041] The friction of a surface is a function of several factors, the surface structure

of both the surface and the tissue with which it is in contact, as well as lubrication (both

natural and applied) at the interface of the surface and the tissue.

[0042] Typically, the temperature of a material is an extrinsic characteristic that is

based on its surrounding environment. For example, material layers suitable for use in

human-perception applications (e.g., condoms, surgical gloves, etc.) are normally very thin.

As a result, their temperature is dictated by that of the surface and/or tissue with which

they are in contact.



[0043] Fine roug hness describes the cha racteristics of a surface based on surface

features whose sepa ration at the surface is so close that they are not sensed as ind ivid ua l

features but, rather, as a conti nuous surface. The fingertips have the finest tacti le

discrimi nation of ind ivid ua l points in the huma n body, with a threshold for sensing surface

structu re (i. e., protrusions, depressions, etc. ) of 1 mm, below which surface features are

not ind ivid ua lly sensed .

[0044] Coa rse roug hness describes the cha racteristics of a surface based on surface

features whose sepa ration can be ind ivid ua lly sensed . At the f ingertips, t his threshold is at

surface structu re la rger than 1 mm.

[0045] Complia nce describes the softness (or ha rdness) of a materia l. Every

materia l is cha racterized by a bu lk " mod ulus of elasticity" (hereinafter referred to as

"mod ulus") that is ind icative of its complia nce. The mod ulus of a materia l is the inverse

ratio of how much the materia l deforms in response to a compressive force. As a result, the

un its for complia nce or mod ulus are pressure and the sta nda rd SI unit for pressure is the

Pasca l (Pa) .

[0046] Control of the temperature of a layer in accorda nce with the present invention

is difficu lt t o control . I n add ition, control ling coa rse roug hness does not apprecia bly affect

the feel of a layer, since widely spaced features are ind ivid ua lly d iscerna ble and do not

sig nifica ntly contribute to the feel of the layer as a quasi-contin uous layer. It is an aspect of

the present invention, however, that a desired feel of a surface can be atta ined by

eng ineeri ng the fine roug hness of the surface and the mod ulus of the layer comprising the

surface. In some cases, the desired feel can be further control led by incl ud ing friction-

ind ucing elements at the surface.

Principle of the Invention

[0047] The present invention ena bles the feel of at least one surface of a

homogeneous materia l layer to be eng ineered such that it has a feel that differs from that of

the materia l that composes the layer. The desi red feel for the eng ineered surface is

achieved by creating an effective layer and controll ing both the mod ulus of the effective

layer and the fine roug hness and friction of its effective surface. Specifica lly, the orig ina l

surface of the materia l layer is mod ified to create a plu ra lity of projections that extend from

an unmod ified portion of the materia l layer (i. e., a base layer) to collectively define the



effective layer. The end faces of the projections collectively define an effective surface that

replaces the original surface of the material layer.

[0048] Each projection includes a stalk and a cap having an end face, where the

aspect ratio of the stalks substantially dictates an effective modulus of the effective layer.

The fine roughness of the effective surface is dictated by the size of the end faces and the

spacing between them, each of which is kept at or below one millimeter so that the effective

surface is seemingly continuous.

[0049] The desired feel for the effective layer is achieved by judicious selection of the

aspect ratio of the stalk and the fill factor of the end faces (i.e., the size of the end faces

and the spacing between them) to give rise t o a modulus for the effective layer and a fine

roughness for the effective surface in accordance with the desired feel of the engineered

surface of the material layer. In some embodiments, the feel of the engineered surface is

further controlled by providing sharp features at the end faces, thereby altering its fine

roughness and friction parameters.

[0050] FIG. 1A depicts a cross-sectional view of a condom sheath layer having an

engineered feel in accordance with an illustrative embodiment of the present invention.

Layer 100 is a homogeneous layer that includes base layer 102 and effective layer 104,

each of which is made of material 114. I n the depicted example, material 114 is latex

having a bulk modulus, λ ΐ , of about 10 MPa. Layer 100 is formed to define a condom

sheath. Although the illustrative embodiment comprises a layer formed to define a condom

sheath, it will be clear to one skilled in the art, after reading this Specification, how to

specify, make, and use alternative embodiments of the present invention wherein layer 100

is formed to define other articles, such as a surgical gloves, garments, and the like.

[0051] Although material 114 is latex in the illustrative embodiment, it will be clear

to one skilled in the art, after reading this Specification, that material 114 can comprise a

wide range of different materials without departing from the scope of the present invention,

and that the choice of material 114 is typically based upon the application for which layer

100 is intended. Materials suitable for use in embodiments of the present invention

include, without limitation, latex, polyurethane, silicone, rubber, silicone rubber, urethanes,

AT-10 resin, polyisoprene, elastomers, and polymers, among others.

[0052] Base layer 102 is a layer having surfaces 108 and 110. Base layer 102 has

a thickness, tl, of approximately 50 microns. I n some embodiments, tl has another value



within the range of approximately 10 microns to approximately 1 millimeter and, preferably,

within the range of approximately 15 microns to approximately 150 microns. One skilled in

the art will recognize, after reading this Specification, that the thickness of base layer 102

is a matter of design choice based on the application for which an embodiment of the

present invention is intended. As a result, any practical thickness for base layer 102 can be

used without departing from the scope of the present invention.

[0053] Effective layer 104 is a portion of layer 100 that is shaped to define surface

features (i.e., projections 106), each of which also comprises material 114. As discussed

below, by virtue of the composite structure of projections 106, effective layer 104 has an

effective modulus that is significantly lower than that of base layer 102.

[0054] Projections 106 are stand-alone walls that project normally from surface 108

and fully encircle the interior surface of the condom sheath. In the depicted example,

projections 106 are substantially parallel "T-shaped" walls that are aligned with the y-

direction and are periodically arranged along the x-direction with a period, pi, of 600

microns. It should be noted that the value of pi can also affect the effective modulus of

effective layer 104 and that the value of pi can be selected as substantially any practical

value without departing from the scope of the present invention. In some embodiments,

effective layer 104 includes projections that are arranged in an aperiodic arrangement.

[0055] FIG. I B depicts a schematic drawing of an expanded view of a portion of layer

100. Each of projections 106 includes stalk 116 and cap 118, which includes end face

120. End faces 120 collectively define effective surface 112 of effective layer 104.

[0056] Stalk 116 has a substantially uniform width, dl, of 100 microns and a height,

hi, of 800 microns. As a result, the height-to-width aspect ratio of support 116 is 8 : 1. An

8 :1 aspect ratio for stalk 116 gives rise to an effective modulus, λ2, for effective layer 104

that is significantly lower than the bulk modulus, λ ΐ , of material 114 and, therefore,

provides a more compliant feel for the condom wearer.

[0057] Projections 106 are high aspect-ratio projections in that the aspect ratio of

stalk 116 is greater than 2 : 1. This facilitates buckling and bending that is substantially

concentrated in the stalk in response to an applied force. Although in the illustrative

embodiment, the aspect ratio of stalk 116 is 8 : 1, in some embodiments, the aspect ratio of

the stalk is another ratio within the range of approximately 2 :1 to approximately 40: 1.

Preferably, projections 106 are dimensioned and arranged such that stalk 116 deforms



under an externa l load by bend ing and, in some cases, buckli ng . As a result, the preferred

aspect ratio for sta lk 116 is typica lly withi n the range of approximately 5:1 to 20 :1 for most

materia ls.

[0058] Cap 118 is the free end of projection 106. Cap 118 has a substa ntia lly

un iform heig ht, h2, and width, d2, each of which is approxi mately 500 microns. Due to

their low aspect ratio, caps 118 are substa ntia lly inflexible and don't contribute sig nifica ntly

to the effective mod ulus for effective layer 104.

[0059] End faces 120 are sepa rated by spacing, si, which defines the f ine

roug hness of effective surface 112. I n the depicted example, end faces are spaced apa rt by

an si that is equa l t o 100 microns. Effective surface 112, therefore, has a fil l factor of

approximately 83% in the x-d irection, which provides a surface feel that is both stimulating

and relatively "soft. " The value of each of d 2 and si is less tha n or equa l to approximately

one mil limeter, above which, surface featu res can be individ ua lly sensed . As d iscussed

above, by limiti ng these dimensions to one mil limeter or less, effective surface 112 feels

l ike a substa ntia lly contin uous surface to the user.

[0060] I n some embod iments, d 2 and si have different values that g ive rise to a

different f il l factor, along at least one latera l dimension, with in the range of approximately

0.000 1% and approximately 99% - and, prefera bly, with in the range of approximately

0.04% to approxi mately 72% . For effective layers havi ng uniform d 2 and si, the effective

layer is cha racterized by a sing le spatia l freq uency. In embodi ments wherei n at least one of

d 2 and si are non-un iform, the effective layer is cha racterized by a broad range of spatia l

freq uencies that are not centered on any pa rticu la r spatia l freq uency.

[0061] It shou ld be noted that, since the values of hi, dl, h2, d2, pi, and si are

ind ivid ua lly selecta ble, each can be independently controlled as necessa ry to obta in the

desired feel for effective layer 104. I n some embod iments, at least one of d l and d 2 is

another width within the range of approximately 10 nanometers to approximately 1

mill imeter. I n some embod iments, d l and d 2 are substantia lly equa l. I n some

embod iments, at least one of h i and h2 has a different value with in the range of

approximately 10 nanometers to severa l centimeters. One skil led in the art will recog nize,

however, that the dimensions of one or more projections can be with in any practica l range

based upon the application for which an embod iment is intended .



[0062] I n some embod iments, caps 118 have a different aspect ratio. In some

embod iments, caps 118 have a different cross-sectional sha pe, such as tra pezoida l, etc. ,

wherein their width is not uniform throug h thei r thickness.

[0063] FIG. 1C depicts a projection in a preferred deformation mode. Under load,

projection 122 develops a restori ng force that impa rts a resistive force on the tissue with

which it is in contact, thereby inducing a sensory response in that tissue.

[0064] I n some embod iments, projections 106 have a non-uniform cross-sectiona l

area that faci litates their being self-supporting and more incl ined to buckl ing under load .

For example, in some embodi ments, projections 106 have a wider base tha n top. In some

embod iments, projections 106 have a wider top than base. In some embod iments,

projections 106 have a width that mitigates thei r touch ing each other during formation

and/or unti l fully cured .

[0065] It should be noted that spacings within the ranges described above have been

found to afford embod iments of the present invention pa rticu la r advantage over the prior

art in that it ena bles the emu lation of pa rticula rly desi rable materia ls (e.g. , velvet, si lk, fur,

cord uroy, etc. ) .

[0066] Table 1 below summa rizes experimenta l results for the feel of different layers

comprisi ng projections 122 with different dimensions and arra ngements.

Table 1

[0067] The effective feel was determi ned for latex test sample layers whose effective

layers 104 comprise different arra ngements of substa ntia lly identical projections, where the

projections were free-sta nd ing wa lls arra nged with un iform pitch . It clea r that a wide ra nge

of sensory cha racteristics for layer 100 can be achieved by varying the effective mod ulus of

effective layer 104 and the fine roug hness of effective surface 112 in accorda nce with the

present invention . For example, projections having a relatively hig her aspect ratio and



relatively smaller spacing provide a surface with a "softer" feel, while projections having a

relatively lower aspect ratio provide a surface with a "harder" feel.

[0068] It is yet another aspect of the present invention that the "sharpness" of

projections 106 also impact the feel of effective layer 104. For example, projections having

"sharp" tips and/or corners represents a fine roughness and friction that forces pressure into

a smaller area, thereby creating a concentrated, intense point of stimulation. Projections

having "dull" tips and/or corners do not focus imparted forces into a small area and,

therefore, create less intense stimulation. In the prior art, for example, bumps, studs, and

ribs are often included on a condom surface; however, these conventional surface features

have radii of curvature that are 500 microns or greater. As a result, such prior-art condoms

are generally poorly received and do not foster widespread use.

[0069] FIG. I D depicts a schematic drawing of a cross-sectional view of a high-

contrast projection in accordance with the present invention. Projection 106 comprises

outer corners 122 and inner corners 124. Outer corners 122 have radii of curvature RC

and are formed by the intersection of sidewalls 126 and end face 120. I n the depicted

example, RC is 250 microns.

[0070] Because projections 106 are both high-aspect-ratio projections and high-

contrast projections, they give rise to a surface that simultaneously feels soft and, yet, is

highly stimulating.

[0071] In addition to providing a specific feel for a surface (or surfaces) of base layer

102, in some embodiments, at least some of projections 106 are arranged to facilitate

holding a fluid, such as silicone oil, etc., within effective layer 104 and on outer surface

108. One skilled in the art will recognize, after reading this Specification, that the manner

in which projections 106 are arranged for this purpose is a design parameter that is based

on many factors, such as contact angle of material 114, surface tension and viscosity of the

fluid, characteristics of particulates in the fluid, aspect ratio of projections 106, shape of the

projections, and the like.

[0072] I n some embodiments, projections 106 are formed with a relatively larger

surface to improve their ability to collectively hold a fluid. In some embodiments, the

projections are dimensioned and arranged to trap and/or adsorb matter, such as

nanoparticles, lubricants, etc., included in a fluid. One skilled in the art will recognize, after

reading this Specification, that matter (e.g., particulates, emollients, nanoparticles, etc.)



included in a fluid trapped by projections 106 can be used to tailor the surface properties of

the projections and, therefore, effective layer 104-1.

[0073] Although in the illustrative embodiment projections 106 are T-shaped, in

some embodiments of the present invention, at least one of projections 106 has a different

shape.

[0074] FIG. I E depicts a schematic drawing of an alternative projection in

accordance with the present invention. Projection 128 is analogous to projection 106;

however projection 128 has the shape of a straight wall. In other words, in projection 128,

cap 118 has the same cross-sectional shape as stalk 116 (i.e., the cap is simply the end

portion of the stalk). I n such embodiments, the thickness of the cap region contributes to

the aspect ratio of the stalk and, therefore, bending and buckling occurs throughout the

entire length of the projection.

[0075] I n some embodiments, at least one of projections 106 has a shape that is

non-linear, such as curved, wavy, polygonal, etc. In some embodiments, at least some of

projections 106 are individual projections (e.g., columns and the like) rather than

continuous walls. In some embodiments, at least some of projections 106 are lines and/or

blocks (i.e., their lateral dimensions are unequal). In some embodiments, at least some of

projections 106 have different heights. In some embodiments, at least one of projections

106 projects from surface 108 at an angle of other than 90°. I n some embodiments,

projections 106 extend from both surfaces 108 and 110.

[0076] FIG. 2 depicts operations of a method suitable for forming layer 100.

[0077] FIG. 3A depicts a schematic drawing of a system suitable for templating layer

100 as a condom. FIG. 3A depicts the formation of layer 100 while the layer is in its

nascent state. System 300 includes form 302 and bath 304.

[0078] Method 200 is described with reference to FIGS. 1A-E and FIGS. 3A-D.

Method 200 begins with operation 201, wherein mold form 302 is provided.

[0079] FIG. 3B depicts a schematic drawing of an exploded view of a portion of form

302. Form 302 includes mandrel 306 and feature layer 308, which is wrapped around the

mandrel to provide form 302 with an outer surface that includes features suitable for

defining projections 106. Feature layer 308 includes wells 320 and channels 322, which

collectively define surface features 310.



[0080] Ma nd rel 306 is a rod of g lass, meta l, ceramic, or other materia l having

surface that is rel ieved for receivi ng feature layer 308 such that, when the feature layer is

in place, the outer surface of the featu re layer is flush with the outermost surface of the

mand rel .

[0081] Featu re layer 308 is a layer of polyd imethylsiloxa ne (PM DS), polymer, meta l,

g lass, cera mic, or other materia l that includes featu res 310.

[0082] FIG. 4 depicts operations of a sub-method su ita ble for formi ng feature layer

308 in accorda nce with the ill ustrative embodi ment. Sub-method 400 is descri bed with

contin uing reference to FIGS. 3A-D, as wel l as reference to FIGS. 5A-C.

[0083] FIGS. 5A-C depict schematic drawings of cross-sections of nascent feature

layer 308 at different points in its fabrication .

[0084] Sub-method 400 beg ins with sub-operation 40 1, wherein mold 500 is

formed . Mold 500 incl udes surface features 506, which are formed in surface 508 of layer

504, which is d isposed on substrate 502 .

[0085] Substrate 502 is a conventiona l substrate su ita ble for pla na r processing .

[0086] Layer 504 is a layer of a materia l that supports the formation of micron- and

sub-micron-sca le features in its surface 508. I n the depicted example, layer 504 comprises

a photodefina ble epoxy-based photoresist, such as a bisphenol phenol-forma ldehyde resin-

based epoxy (e.g., SU-8) ; however, one skil led in the art will recog nize that many

alternative materia ls can be used for layer 504. I n some embod iments, layer 504 is not

incl uded and surface 508 is the top surface of substrate 502 .

[0087] Surface features 506 are photodefined in layer 504 such that they have the

inverse sha pe of wel ls 320 and cha nnels 322. I n some embod iments, surface featu res 506

are formed in another conventiona l manner, such as via a series of etch steps that define

their sha pe. I n some embod iments, surface features 506 are formed via conventiona l

surface micromachin ing processes includ ing, in some cases, the use of sacrificia l layers. In

some embod iments, surface features 506 are formed via nanoimprinti ng .

[0088] FIG. 5A depicts mold 500.

[0089] At operation 402, layer 510 is cast into mold 500 to define nascent featu re

layer 512 . I n the depicted example, layer 510 comprises polydi methylsiloxa ne (PDMS) ;



however, other materials, such as metals, polymers, glass, ceramics, and the like can be

used for layer 510 without departing from the scope of the present invention.

[0090] FIG. 5B depicts nascent feature layer 512 resident in mold 500.

[0091] At operation 403, layer 510 is cured to convert nascent feature layer 512

into feature layer 308.

[0092] At operation 404, feature layer 308 is removed from the substrate, typically

by peeling it out of mold 500.

[0093] FIG. 5C depicts feature layer 308 after its removal from mold 504.

[0094] Once removed from mold 500, feature layer 308 is wrapped around mandrel

306 to complete the fabrication of form 302. Feature layer is wrapped around mandrel

such that surface 324 is placed in contact with surface 318 of mandrel 306.

[0095] FIGS. 3C-D depict cross-sections of a portion of form 302 before and after,

respectively, feature layer 308 is wrapped around mandrel 306. Once the mandrel and

feature layer are in contact, surface 318 of mandrel 306 seals wells 320 to define a closed

chamber having the shape of cap 118. Channels 322 define stalks 116, as well as provide

access for liquid latex into wells 320.

[0096] I n some embodiments, form 302 is another mold form suitable for defining

the desired shape of layer 100. For example, in some embodiments, form 302 is a

cylindrical glass rod having the approximate shape and dimensions desired for the finished

product. I n some embodiments, form 302 comprises photosensitive glass that is patterned

to define surface features 310 using patterned light and then etched. In some

embodiments, form 302 comprises another suitable material, such as silicon,

photodefinable epoxy-based resins (e.g., SU-8), glass, Teflon, metal (e.g., steel, stainless

steel, etc.), and the like.

[0097] I n some embodiments, form 302 is formed by methods other than those

described above, such as wrapping one or more wires around mandrel 306, 3D printing,

injection molding, machining (e.g., sawing, cutting, laser cutting, drilling, laser ablation,

etching, electrical-discharge machining, etc.) grooves into the surface of mandrel 306, and

the like.



[0098] FIGS. 3E and 3F depict schematic drawings of an alternative process for

fabricating a dip-coating form, before and after the formation of surface features 310,

respectively, in accordance with the present invention.

[0099] Nascent mold 328 includes mandrel 330, which has substantially smooth

surface 332. I n the depicted example, mandrel 330 comprises a photodefinable material,

such as Fotoform glass, Foturan, SU-8, and the like. I n some embodiments, mandrel 330

includes a central core of non-photodefinable material and an outer shell of photodefinable

material.

[ooioo] I n order to form surface features 310, surface 332 is exposed to

patterned light signal 334. This substantially converts the exposed material into a different

material that can be more easily etched in an appropriate etchant. One skilled in the art will

recognize, after reading this Specification, that careful control of the exposure of mandrel

330 is required and, in some cases, multiple exposures of the mandrel at different energy

levels must be performed.

[ooioi] Once properly exposed, the mandrel is etched in a suitable etchant

that attacks the converted material at a faster rate than the unexposed material. This

produces completed form 336, as shown in FIG. 3F.

[00102] Returning now to method 200, at operation 202, bath 304 is

provided.

[00103] Bath 304 includes liquid 312, which is a flowable form of material

114. Typically, liquid 312 is filtered for particulates and includes a solvent used to

establish its viscosity such that the flowable liquid will fill surface features 310, as well as

set the thickness of the structural layer.

[00104] At operation 203, liquid 312 is sterilized and degassed t o remove

volatile components that could form voids and bubbles in layer 100 once cured. In some

embodiments, liquid 312 is degassed by exposing it to a vacuum (<300 miiiiTorr, preferably

less than 15 miiiiTorr) to draw out volatile components. It should be noted that, after liquid

312 is degassed, it is preferably introduced to form 302 without significant delay to

mitigate the reabsorption of gases into the liquid while it is exposed to atmosphere. I n

some embodiments, liquid 312 is periodically degassed t o mitigate its reabsorption of gas.

I n some embodiments, liquid 312 is maintained in a vacuum environment during the

formation of layer 100.



[00105] It should be further noted that, while liq uid 312 is exposed to vacu um,

its solvent, such as water, can evaporate, thereby cha ng ing its viscosity. In some

embod iments, therefore, solvent is period ica lly added to bath 304 at a rate that

substa ntia lly matches its evaporation rate.

[00106] It should a lso be noted that features 310 are extremely sma l l and may

not completely fil l with liq uid 312 when the form is inserted into bath 304. For example, in

some cases, the surface tension of liq uid 312 can prevent liq uid 312 from fil ling or

completely fill ing featu res 310. However, by provid ing the interior surface (i. e., surface

314) of the surface features with a su ita ble surface cha racteristic such that this surface of

the featu res attracts the liq uid, liq uid 312 can be drawn into featu res 310.

[00107] At operation 204, surface 314 is provided a surface characteristic that

ena bles liq uid 312 to coat surface 314 and be drawn into features 310. I n the depicted

exa mple, surface 314 is provided an attractive force between itself and liq uid 312 such that

the liq uid will spread completely over the entire exposed surface of the form, thereby

"wetting" the surface completely.

[00108] I n the depicted example, form 302 is provided such that surface 314

is PDMS; therefore, surface 314 is hyd rophobic. As a result, since latex is a pola r, or

aqueous, prepa ration when in liq uid form, liq uid 312 will not wet surface 314 such that it is

drawn into featu res 310 un less the surface is treated to make it hyd roph ilic. I n operation

204, surface 314 is coated with a layer of alumin um t o convert it from hyd rophobic to

hyd roph ilic. I n some embod iments, surface 314 is coated with a different hyd rophi lic

materia l, such as alumina, etc. - prefera bly via a deposition method (e. g ., atomic-layer

deposition, etc. ) that resu lts in a un iform coating . One skilled in the art wil l recog nize that

add ing a layer of hyd roph ilic materia l to the surface represents merely one example of a

method for converting the surface cha racteristics of surface 314 to facil itate the fil ling of

features 310 and that myriad alternative methods can be used without depa rti ng from the

scope of the present invention . For example, in some embod iments a hyd rophobic surface

(e.g. , PDMS, si licon, etc. ) is treated with an oxygen plasma t o convert to a hydrophil ic

surface. Alternative methods for converti ng a surface from hyd rophobic to hyd rophi lic

incl ude, without l imitation, chemica lly altering the surface, add ing a coating, plasma surface

treatments, etc.



[00109] I n some embodiments, surface 314 is provided with the surface

characteristic of a hydrophobic surface that is suitable for use with non-polar preparations of

a desired material.

[ooiio] I n some embodiments, form 302 includes features that are operative

for allowing trapped air to escape from the layer of material 312 as it is disposed on the

surface of the form.

[ooiii] At operation 205, form 302 is introduced into bath 304 to coat the

form with a layer of liquid 312. Preferably, form 302 is introduced into liquid 312 at a

controlled rate into the liquid to avoid formation of air bubbles that could otherwise be

trapped in the mold. One skilled in the art will recognize that the controlled introduction of

liquid 312 to form 302 enables the hydrophilic surface to draw the liquid into the mold

while simultaneously displacing air. In some embodiments, form 302 is dipped into liquid

312 under vacuum to further mitigate bubble formation. Once form 302 is removed from

bath 304, the form is coated with nascent layer 316 (as depicted in FIG. 3A). In some

embodiments, the form is continuously rotated so as to cover any remaining uncovered

portions of the mold.

[00112] At operation 206, nascent layer 316 is cured to form layer 100.

[00113] One skilled in the art will recognize, after reading this Specification,

that the above-described method for forming projections 106 represents only one of myriad

methods in accordance with the present invention. Methods suitable for forming projections

on a surface in accordance with the present invention include, without limitation, selective

deposition, selective etching, etching, lithography, injection molding, molding, abraiding,

machining (e.g., drilling, cutting, computer-numerical control (CNC), etc.), laser-assisted

etching, cutting (e.g., laser cutting, water cutting, sawing, etc.), sand blasting, roughening,

3D printing, laminating, plating, electrical-discharge machining (EDM), casting, imprinting,

embossing, reel-to-reel transfer, including suitably sized/shaped particles in layer 314, and

the like. I n some embodiments, projections 106 are added to layer 100 by attaching them

to at least one of its surfaces (e.g., via a layer transfer process, etc.). For example, in

some embodiments, grooves are cut into a cylindrical mandrel having an appropriate initial

diameter via a thin wire saw. The grooves can be formed by moving the wires relative to

the mandrel or by spinning the mandrel while moving the wire saw into it.



[001 14] At operation 207, layer 100 is removed from form 302. Preferably,

layer 100 is carefully removed in a manner that mitigates the potential for a surface of the

layer from sticking to itself. I n some embodiments, removal is performed while the layer

and form are submerged in a bath or held in an atmosphere that substantially prevents such

sticking.

[00115] At optional operation 208, a surface treatment is applied to at least

one of surfaces 108 and 110 to provide the surface with one or more desired surface

characteristics, such as hydrophobicity, friction coefficients, and the prevention of self-

sticking. Methods suitable for treating the surface of layer 100 include, without limitation,

exposing the surface to air, applying an anti-sticking coating, and the like.

[00116] FIGS. 6A-B depict schematic drawings of cross-sectional and top

views, respectively, of a portion of a sheath layer having engineered feels on both sides in

accordance with a first alternative embodiment of the present invention. Layer 600 is

analogous to layer 100; however, layer 600 includes an effective layer on both sides of

base layer 102 (i.e., base layer 102 is located between effective layers 104-1 and 104-2).

Effective layers 104-1 and 104-2 have effective surfaces 112-1 and 112-2, respectively.

I n the depicted example, layer 600 is dimensioned and arranged to define a condom that

provides a first desired feel to the condom user and a second desired feel to the partner of

the user.

[00117] Each of effective layers 104-1 and 104-2 is analogous to effective

layer 104 described above and with respect to FIGS. 1A-E; however, in the depicted

example, each of effective layers 104-1 and 104-2 includes a plurality of stand-alone

columns as opposed to walls.

[00118] Projections 602 and 604 are analogous to projections 106; however,

projections 602 and 604 are substantially identical stand-alone individual columns having a

high aspect ratio. Preferably, the aspect ratio of each of projections 602 and 604 is within

the range of approximately 2 :1 to approximately 40: 1. Projections 602 and 604 have

substantially uniform diameter, d3, of 100 microns and height, h3, of 800 microns. In

some embodiments, d3 is another diameter within the range of approximately 10

nanometers to approximately 1 millimeter. In some embodiments, h3 is another height

within the range of approximately 10 nanometers to a few centimeters.



[00119] Preferably, projections 602 and 604 are high-contrast projections, as

discussed above.

[00120] Projections 602 and 604 are arranged in a two-dimensional ordered

arrays having periodicity that gives rise to a uniform spacing, s2, between the projections

of 500 microns. I n some embodiments, the spacing between projections is another spacing

within the range of approximately 10 nanometers to approximately 1 millimeter; however,

other spacings can be used without departing from the scope of the present invention. I n

some embodiments, projections 602 and/or 604 are arranged in an arrangement that is

aperiodic in at least one dimension. I n such embodiments, s2 refers to the average spacing

between projections, where the maximum spacing within the arrangement remains less

than or equal to 1 millimeter. In some embodiments, the projections of at least one of

effective layers 104-1 and 104-2 are arranged in an ordered array having a spacing that is

uniform in two dimensions.

[00121] I n some embodiments, at least one of effective layers 104-1 and

104-2 has one or more projections having a shape, aspect ratio, diameter, height, and/or

arrangement that is different than the projections of the other effective layer. Such

embodiments enable layer 600 to transmit a different sensory characteristic on either side

of layer 600. For example, in some embodiments, projections 602 are dimensioned and

arranged to provide the feel of a first material while projections 604 are dimensioned and

arranged to provide the feel of a different, second material. In the case of some condom

embodiments, for example, projections 602 are designed to simultaneously transmit the

feel of vaginal tissue to the condom wearer while projections 604 are designed to transmit

the feel of penile/erectile tissue to the wearer's partner.

[00122] I n some embodiments, the projections of at least one of effective

layers 104-1 and 104-2 include projections that are arranged in a two-dimensional

arrangement within at least one field, wherein the projections are arranged such that they

have a fill factor within the field that facilitates interaction with tissue or other material with

which the projections come into contact. In some embodiments, the projection fill-factor of

an effective layer is within the range of approximately .0001% to approximately 99%. In

some embodiments, the projection fill-factor is within the range of approximately 0.04% to

approximately 72%. In the illustrative embodiment described herein, each of effective

layers 104-1 and 104-2 have a projection fill-factor within the range of approximately 2%

to 20%, which provides the tactile characteristics of velvet. I n some embodiments, a



surface includes projections arranged with a projection fill-factor that provides the tactile

characteristics of a different surface, such as vaginal tissue, mucous membranes, anal

tissue, human skin, cancerous tissue, healthy tissue, chicken skin, lizard skin, a phonograph

record, corduroy, fur, and the like. In some embodiments, at least one of effective layers

104-1 and 104-2 includes projections that are operative for enhancing the feel of a desired

surface to the user and/or the partner of the user.

[00123] It should be noted that, although projections 602 and 604 are

columns, in some embodiments, at least one of projections 602 and 604 is a different type

of projection, such as a wall, block, etc., as described above and with respect to FIGS. 1A-E,

without departing from the scope of the present invention. Further, although projections

602 and 604 are depicted as being aligned with one another in the z-direction, in some

embodiments, projections 602 and 604 are not aligned with one another.

[00124] FIG. 7 depicts operations of a method suitable for forming layer 600

as a condom. Method 700 is a slightly modified version of method 200 described above

and begins with operation 701, wherein a mold for layer 600 is provided. Method 700 is

described herein with continuing reference to FIGS. 6A-B and reference to FIG. 8 .

[00125] FIG. 8 depicts a schematic drawing of a mold suitable for templating

layer 600 as a condom. FIG. 6 depicts the formation of layer 600 while the layer is in its

nascent state. Mold 800 is a mold suitable for injection molding and includes shell 802 and

core 804. One skilled in the art will recognize, after reading this Specification, that method

700 and mold 800 represent only one of many ways in which layer 600 can be formed

without departing from the scope of the present invention.

[00126] Shell 802 is a conventional "clam-shell" mold having two halves that

can be assembled to define a single reservoir.

[00127] Core 804 is analogous to form 302 described above and includes

surface features 810, which are analogous to surface features 310.

[00128] Core 804 is inserted into and held within the reservoir of shell 802 to

define cavity 806, which has the approximate shape and dimensions desired for a condom

having a plurality of features projecting from its inner and outer surfaces, respectively.

Shell 802 includes a plurality of surface features 812, which are also analogous to surface

features 310. Surface features 810 and 812 are dimensioned and arranged to form

projections 602 and 604. In the first alternative embodiment, mold 800 has surface



characteristics suitable for drawing latex, in flowable form, into features 810 and 812. For

example, in some embodiments, mold 800 is provided such that it has a hydrophilic surface

suitable for use with polar or aqueous preparations of a desired material. In some

embodiments, mold 800 has a hydrophobic surface suitable for use with non-polar

preparations of a desired material. I n some embodiments, mold 800 includes features that

are operative for allowing trapped air to escape from a material disposed on the surface of

the form.

[00129] At operation 702, cavity 806 is filled with liquid 312. Typically, liquid

312 is forced into cavity 806 using force or pressure. In some embodiments, cavity 806 is

evacuated of air before liquid 312 is injected. I n some embodiments, liquid 312 is drawn

into cavity 806 using vacuum.

[00130] At operation 703, nascent layer 808 is cured to form layer 600.

[00131] At operation 704, layer 600 is removed from mold 800. Typically,

layer 600 is removed from the mold by disassembling shell 802 and removing layer 600

from core 804, as described above; however, one skilled in the art will recognize that this is

only one of myriad ways in which the layer can be removed from the mold. As discussed

above, preferably, layer 600 is carefully removed in a manner that mitigates the potential

for a surface of the layer from sticking to itself. I n some embodiments, removal is

performed while the layer and form are submerged in a bath or held in an atmosphere that

substantially prevents such sticking.

[00132] At optional operation 705, a surface treatment is applied to layer 600
modify its surface to prevent self-sticking. Methods suitable for treating the surface of layer

600 include, without limitation, exposing the surface to air, applying an anti-sticking

coating, and the like.

[00133] I n some embodiments, either of layers 100 and 600 includes a

plurality of projection types (i.e., projections having shapes other than the simple columns

of projections 602 and 604).

[00134] FIG. 9 depicts a schematic drawing of a cross-sectional view of a layer

having improved sensory characteristics in accordance with a second alternative

embodiment of the present invention. Layer 900 includes fields 902, 904, 906, 908, and

910, each of which selectively includes a different projection type. Each of fields 902, 904,
906, 908, and 910 includes a plurality of projections whose free ends (i.e., the ends distal



to base layer 102) define an effective surface that is designed to provide a different sensory

transmission characteristic. Specifically, fields 902, 904, 906, 908, and 910 define

effective surface regions 924-1 through 924-5, respectively.

[00135] Field 902 comprises a plurality of projections 912. Each of projections

912 is a projection type having a conical shape. Projections 912 have substantially uniform

height, hi, and a diameter that changes from dl at its base (i.e., where it meets surface

108) t o a sharp point at its tip. Projections 912 are substantially uniformly spaced such

that their tips are separated by spacing, si. I n some embodiments, field 902 includes at

least one conically shaped projection having a different diameter and/or height and/or

stiffness, or that is spaced from at least one nearest neighbor by a different spacing. I n

some embodiments, at least one conically shaped projection included in field 902
terminates at a flat top surface rather than a point.

[00136] Field 904 comprises a plurality of projections 914. Each of projections

914 is a projection type having a cylindrical shape. Within field 904, projections 914 have

different heights and substantially uniform diameter, dl. I n some embodiments, field 904
includes at least one cylindrically shaped projection having a diameter different than dl. I n

some embodiments, field 904 includes cylindrically shaped projections that are the same

height, but at least one projection has a diameter other than dl. I n some embodiments,

field 904 includes a plurality of cylindrically shaped projections, wherein at least one of the

projections has a different stiffness.

[00137] Field 906 comprises a plurality of projections 916. Each of projections

916 is a projection type having a curved shape. Within field 906, projections 916 have

different heights, lengths, and diameters; however, their effective width and spacing at their

free end remains at or below one millimeter. In some embodiments, field 906 includes

curved projections wherein at least one of their heights, lengths, and diameters is

substantially uniform across the field. I n some embodiments, field 906 includes a plurality

of curved projections, wherein at least one of the projections has a different stiffness.

[00138] Field 908 comprises a plurality of projections 918. Each of projections

918 is a projection type having a cylindrical shape, where the cylinder extends from surface

108 at angle, Θ, which is a non-normal angle (i.e., the projection does not form 90° angle

with the surface).



[00139] Field 910 comprises a plurality of projections 920. Each of projections

920 is a projection type having a cylindrical shape. Each of projections 920 includes one or

more sub-projections 922 that extend from one or more surfaces of the projection (i.e., its

top or side surfaces). I n some embodiments, within field 910, at least one of projections

920 has at least one of a different height, different diameter, and different shape.

[00140] I n some embodiments, one or more of fields 902, 904, 906, 908,

and 910 is formed on surface 110 of layer 900. I n some embodiments, one or more of

fields 902, 904, 906, 908, and 910 is formed on both of surfaces 108 and 110 of layer

900. I n some embodiments, a field includes at least one wall, as discussed above and with

respect to FIGS. 1A-E and/or one support line and/or sensation line as described below and

with respect to FIGS. 10A-B.

[00141] I n some embodiments, at least one of surfaces 108 and 110 includes

a mixture of different projection types within a single field. In other words, in some

embodiments, different projection types are intermingled on a surface of a layer. I n some

of these embodiments, the different projection types are intermingled across an entire

surface (i.e., the surface has only one field, which includes a mixture of projection types

and/or support/sensation lines).

[00142] I n some embodiments, the projections within an individual field and/or

across multiple fields are non-uniform. I n other words, at least one projection in one field

differs from at least one other projection in the same field and/or a different field in height,

width, aspect ratio, diameter, cross-sectional shape, and/or angle, Θ.

[00143] FIGS. 10A-B depict schematic drawings of top and cross-sectional

views, respectively, of a layer having improved sensory characteristics in accordance with a

third alternative embodiment of the present invention. Layer 1000 includes membrane

1002, support lines 1008 and sensation lines 1010. Layer 1000 is analogous to layer 100

described above and with respect to FIGS. 1A-E. The cross-sectional view shown in FIG.

10B is taken through line a-a shown in FIG. 10A.

[00144] Membrane 1002 is a layer of latex having a thickness of 50 microns.

I n some embodiments, membrane 1002 has another thickness within the range of

approximately 10 microns to approximately 200 microns and, preferably, less than or equal

to 100 microns. Membrane 1002 has top surface 1004 and bottom surface 1006.



[00145] Support lines 1008 project outward from each of top surface 1004

and bottom surface 1006 and are linear along the x-direction, as indicated. Each of

support lines 1008 has a width, d4, of 100 microns and height, h4, of 400 microns.

Preferably, d4 is within the range of approximately 10 microns to approximately 1

millimeter and, typically, within the range of approximately 10 microns to approximately

500 microns. Preferably, height, h4, is within the range of approximately 10 microns to

approximately 5000 microns. Support lines 1008 are spaced apart from one another by a

spacing, s3, of 500 microns. Typically, s3 is within the range of approximately 100 microns

to approximately 1 millimeter. It should be noted that, in embodiments wherein support

lines 1008 do not significantly contribute to the feel of layer 1000, each of d4 and s3 can

have any practical and can exceed 1 millimeter. In some embodiments, such as layer 100

described above, support lines 1008 are not included.

[00146] Sensation lines 1010 project outward from each of top surface 1004

and bottom surface 1006 and are linear along the y-direction, as depicted. Each of

sensation lines 1010 has a width, d5, of 100 microns and height, h5, of 800 microns. In

some embodiments, d5 is another width within the range of approximately 10 microns to

approximately one millimeter, and, preferably, within the range of approximately 10

microns to approximately 500 microns. In some embodiments, h5 is another height within

the range of approximately 10 microns to approximately 5000 microns.

[00147] Sensation lines 1010 are spaced apart by a spacing, s4, of 500

microns. In some embodiments, s4 is another spacing within the range of approximately

100 microns to approximately 1 millimeter.

[00148] I n some embodiments, particularly those that do not include support

structure, such as support lines 1008, sensation lines 1010 are formed such that they are

substantially self-supporting. For example, in some embodiments, sensation lines 1010

have a wider base than top. In some embodiments, sensation lines 1010 have a width that

mitigates their touching each other during formation and/or until fully cured.

[00149] Although support lines 1008 and sensation lines 1010 are depicted as

being straight in FIGS. 10A-B, in some embodiments, at least one of support lines 1008

and sensation lines 1010 has a non-linear shape, such as curved, wavy, polygonal, etc.

Further, in some embodiments, at least one of support lines 1008 and sensation lines 1010

has a different width, height, and/or spacing.



[00150] One ski lled in the art will recog nize that the projection types disclosed

herein represent only a few of myriad projection types that are within the scope of the

present invention . Other projection types suita ble for use in embod iments of the present

invention incl ude, without limitation, ridges, pa rtia l ridges, lines, curves, waves, sta r

sha pes, octagons, irreg ula rly sha ped projections, projections havi ng sub-features that

project in any direction, etc.

[00151] I n some embod iments, the surface cha racteristics of a layer, such as

hyd rophobicity, hyd roph ilicity, friction, stiction, liq uid contact ang le, and surface energy, are

controlled by applying a surface treatment to the surface and the projections that extend

from the surface. I n some embod iments, the surfaces of a layer are provided different

surface coati ngs such that each surface has different surface cha racteristics. In some

embod iments, one surface of a layer is left uncoated . Surface treatments for controll ing a

surface cha racteristic in accorda nce with the present invention include, without limitation,

roug heni ng treatments (e.g. , plasma etches, chemica l etches, etc. ), smoothing treatments

(such as plasma etches, chemica l etches, and he like), self-assembled monolayers (e.g. ,

octadecyltrichlorosi la ne, f luoro-octo-trichlorosila ne (FOTS), perfl uorodecyltrich lorosi la ne

(FTDS), etc. ), chemica l treatments, vapor and liqu id phase depositions, atomic layer

deposition, and the like. I n some embod iments, a surface and its associated projections are

treated with a surface treatment that includes nanostructu res, such as nanopa rticles, ca rbon

nanotu bes, etc.

[00152] It is to be understood that the disclosure teaches j ust a few examples

of embod iments of the present invention and that many variations of the invention can

easily be devised by those skil led in the art after read ing this disclosure and that the scope

of the present invention is to be determined by the following cla ims.



What is claimed is:

1. A condom comprising a layer (100) of a first material (114) characterized by a

bulk modulus of elasticity, λ ΐ , the layer including:

a base layer (102) having a first surface (108) and a second surface (110); and

a first plurality of projections (106) that project from the first surface, the first

plurality of projections collectively defining a first effective layer (104), wherein each

projection of the first plurality thereof includes a first end face (120) and a first stalk (116)

having a first aspect ratio, and wherein the first end faces of the first plurality of projections

collectively define a first effective surface (112);

wherein the first effective layer is characterized by a first effective modulus of

elasticity, λ2, that is based on the first aspect ratio;

wherein each first end face has a first width (d2) in at least one dimension, and

wherein the first plurality of projections is arranged in a first arrangement in which the first

end faces are spaced apart by a first spacing (si) along the at least one dimension, and

further wherein each of the first width and first spacing is less than or equal to 1 mm; and

wherein λ2 is lower than λ ΐ .

2 . The condom of claim 1 wherein at least one of the first aspect ratio, first width,

and first spacing of the first plurality of projections is non-uniform.

3 . The condom of claim 1 wherein the first arrangement is periodic in the at least

one dimension.

4 . The condom of claim 1 wherein the first aspect ratio is within the range of

approximately 2 :1 to approximately 40: 1.

5 . The condom of claim 1 wherein the first aspect ratio is within the range of

approximately 5 : 1 to approximately 20: 1.

6 . The condom of claim 1 wherein the first plurality of projections is arranged in a

first arrangement that includes a first field having a fill-factor within the range of

approximately .04% to approximately 72%.

7 . The condom of claim 1 wherein the first plurality of projections includes a first

plurality of projection types.

8 . The condom of claim 7 wherein the projection types of the first plurality thereof

are intermixed within the first arrangement.



9 . The condom of claim 1 wherein a first projection of the first plurality of

projections comprises a first cap (118) that includes the first end face of the first projection,

wherein the first stalk of the first projection has a first cross-sectional area and the first cap

has a second cross-sectional area that is larger than the first cross-sectional area.

10. The condom of claim 1 wherein a first projection of the first plurality of

projections comprises a first cap (118) that includes the first end face of the first projection,

wherein the first stalk of the first projection and the first cap have the same cross-sectional

area.

11. The condom of claim 1 wherein a first projection of the first plurality of

projections comprises a first cap (118) that includes the first end face of the first projection,

wherein the first stalk of the first projection has a first cross-sectional area and the first cap

has a second cross-sectional area that is smaller than the first cross-sectional area.

12. The condom of claim 1 further including a second plurality of projections (604)

that project from the second surface (110), the second plurality of projections collectively

defining a second effective layer (104-2), wherein each projection of the second plurality

thereof includes a second end face (120-2) and a second stalk having a second aspect ratio,

and wherein the second end faces of the second plurality of projections collectively define a

second effective surface (112-2);

wherein the second effective layer is characterized by a second effective modulus of

elasticity, λ3, that is based on the second aspect ratio;

wherein each second end face has a second width (d3) in at least one dimension,

and wherein the second plurality of projections is arranged in a second arrangement in

which the second end faces are spaced apart by a second spacing (s2) along the at least

one dimension, and further wherein each of the second width and second spacing is less

than or equal to 1 mm; and

wherein λ3 is lower than λ ΐ .

13. The condom of claim 12 wherein λ3 and λ2 are equal.

14. The condom of claim 1 wherein at least one of the first plurality of projections is

a high-contrast projection.

15. The condom of claim 1 wherein the first plurality of projections is operative for

holding a first fluid.



16. The condom of claim 1 wherein the first effective layer includes a second

plurality of projections that project from the first surface, the first plurality of projections

being located within a first field (902) and the second plurality of projections being located

in a second field (904), and wherein the first field selectively includes a first projection type

(912) and the second field selectively includes a second projection type (914).

17. The condom of claim 1 wherein a first projection (920) of the first plurality of

projections (910) includes a first sub-projection (922) that projects from a surface of the

first projection.

18. A method for forming a condom having an engineered feel on at least one

surface, the method comprising:

(1) providing a first layer (100) such that it defines the condom sheath, wherein the

first layer is provided such that it is homogeneous and comprises a first material (114) that

is characterized by a bulk modulus of elasticity, λ ΐ , the first layer comprising:

(a) a base layer (102); and

(b) a first effective layer (104) having a first effective modulus of elasticity,

λ2, wherein the first effective layer includes a first effective surface (112)

having a first fine roughness;

(2) providing the first effective layer as a first plurality of projections (106) that

project from a first surface (108) of the base layer, each projection of the first plurality

thereof including:

(a) a first stalk (116), wherein the first stalk is characterized by a first aspect

ratio; and

(b) a first cap (118) having a first end face (120) that has a first width (d2) in

at least one dimension;

wherein the first plurality of projections is arranged in a first arrangement in

which the first end faces are spaced apart by a first spacing (si) along the

at least one dimension;

(3) selecting each of the first width and the first spacing such that it is less than or

equal to 1 mm, wherein the first fine roughness is based on the first width and the first

spacing; and

(4) selecting the first aspect ratio such that λ2 is lower than λ ΐ , wherein λ2 is based

on the first aspect ratio.



19. The method of claim 18 wherein the first layer is formed by operations further

comprising:

providing a form (302) having a first surface (314) that includes a first plurality of

surface features (310);

coating the form with a first liquid (312) that comprises the first material;

curing the first liquid; and

removing the cured first liquid from the form.

20. The method of claim 19 wherein the first layer is formed by operations further

comprising providing the first surface with a surface characteristic that facilitates the

drawing of the a first liquid into each of the plurality of surface features.

21. The method of claim 19 wherein the form is provided by operations comprising:

providing a mandrel (306) having a first surface (318);

forming a feature layer (308) such that it comprises the first plurality of surface

features and a second surface (324); and

wrapping the feature layer around the mandrel such that the first surface and second

surface are in contact.

22. The method of claim 19 wherein the form is provided by operations comprising:

providing a mandrel (330) having a second surface (332); and

forming the first plurality of surface features at the second surface.

23. The method of claim 22 wherein the first plurality of surface features are formed

by operations comprising:

providing the mandrel such that it comprises a second material that is photodefinable

such that exposure to light having a first wavelength converts the second material into a

third material;

exposing the second surface to a patterned light signal (334), the patterned light

signal comprising the first wavelength; and

etching the mandrel in a first etchant that etches the third material at a faster rate

than the second material.

24. The method of claim 22 wherein the first plurality of surface features are formed

by machining the second surface via a machining process selected from the group consisting

of sawing, wire sawing, drilling, and milling.



25. The method of claim 22 wherein the first plurality of surface features are formed

by three-dimensional (3D) printing.

26. The method of any of claims 21, 22, 23, 24, or 25, the method further

comprising:

(5) encasing the form in a mold cavity (802), the mold cavity comprising a second

plurality of surface features (812) that are arranged in a second arrangement in a second

field such that the spacing between the surface features of the second plurality thereof are

spaced apart by a spacing, si, that is less than or equal to one millimeter; and

removing the form from the mold cavity after the first liquid is cured.

27. The method of claim 18 further comprising:

(5) providing a second effective layer (104-2) that includes a second plurality of

projections (604) that project from a second surface (110) of the base layer, wherein the

first layer includes the second effective layer, and wherein the second effective layer has a

second effective modulus of elasticity, λ3, and a second effective surface (112-2) having a

second fine roughness, and further wherein each projection of the second plurality thereof

includes:

(a) a second stalk (116), wherein the first stalk is characterized by a second

aspect ratio; and

(b) a second cap (118) having a second end face (120) that has a second

width (d3) in at least one dimension;

wherein the second plurality of projections is arranged in a second

arrangement in which the second end faces are spaced apart by a second

spacing (s2) along the at least one dimension;

(6) selecting each of the second width and the second spacing such that it is less

than or equal to 1 mm, wherein the second fine roughness is based on the second width

and the second spacing; and

(7) selecting the second aspect ratio such that λ3 is lower than λ ΐ , wherein λ3 is based on

the second aspect ratio.



























INTERNATIONAL SEARCH REPORT International application No.

PCT/US 16/50560

A . CLASSIFICATION O F SUBJECT MATTER
IPC(8) - A61F 6/00, A61F 6/02, A61 F 6/04 (2016.01 )

CPC - A61F 6/00, A61 F 6/02, A61F 6/04, A61 F 2006/048

According to International Patent Classification (IPC) or to both national classification and IPC

B . FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
IPC (8): A61 F6/00, A61 F6/02, A61F6/04 (2016.01)
CPC: A61F6/00, A61F6/02, A61F6/04, A61F2006/048, A61F6/*, A61F2006/*, Y10S128/917, Y10S128/918

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
USPC: 128/844

Electronic data base consulted during he international search (name of data base and, where practicable, search term'! used)
Patbase, Google (Web, Images, Patents, Scholar)
Condom, protection, film, prophylactic, elasticity, modulus, bulk, projection, protrusion, protuberance, points, raised, stalk, stem, density.,
friction, surface, treatment, etch, internal, inner, exterior, feeling, sensation, sensory, intercourse, true, roughness, adherence,

C . DOCUMENTS CONSIDERED T O B E RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

D E 2340076 A 1 (Schlee) 20 February 1975 (20.02.1975) entire document, especially Title, 1-16, 18, 27
Abstract, figs. 1-2, Translation pgs 1-3.

17, 19-26

US 2006/0005362 A 1 (Arzt et al.) 12 January 2006 (12.01 .2006) entire document, especially 1-16, 18, 27
Title, Abstract, figs. 1-9, para[0026],[0067]-[0069], [0071]-[0073].

17, 19-26

W O 94/20052 A 1 (KINGHORST) 15 September 1994 (15.09.1994) entire document, especially 17, 19-26
Title, Abstract, figs. 4-6, Translation pg 6 , In 5-14, pg 51-12.

US 5,137,032 A (Harmon) 11 August 1992 ( 11.08.1992) entire document, especially Title, 17, 19-26
Abstract, figs. 1, 3-5; col 6 , In 40-68.

US 2015/0173939 A 1 (YUN) 25 June 2015 (25.06.2015) entire document. 1-27

US 4,852,586 A (Haines) 0 1 August 1989 (01 .08.1989) entire document. 1-27

US 6,1 82,661 B 1 (Solanki et al.) 06 February 2001 (06.02.2001 ) entire document. 1-27

US 4,977,903 A (Haines) 18 December 1990 (18.12.1990) entire document. 1-27

□ Further documents are listed in the continuation of Box C .

Special categories of cited documents: "T"

□
later document published after the international filing date orpriority

A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention

E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive

L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

P" document published prior to the international filing date hut later than "&" document member of the same patent family
the priority date claimed

Date of the actual completion o f the international search Date o f mailing of the international search report

11 January 2017 0 6 F E B 2017

Name and mailing address of the ISA/US Authorized officer:

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents Lee W . Young
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-8300

Form PCT/lSA/210 (second sheet) (January 2015)



INTERNATIONAL SEARCH REPORT International application No.

PCT/US 16/50560

Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

□ Claims Nos.:
because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

□ Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. Ill Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1 . In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Group I: Claims 1-17, drawn to a condom.

Group II: Claims 18-27, drawn to a method of forming a condom having an engineered feel on at least one surface.

-See Extra Sheet-

As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos :

No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2015)



INTERNATIONAL SEARCH REPORT International application No.

PCT/US 16/50560

-'-Continuation of Box 111-*- Observations where unity of invention is lacking-*-
The inventions listed as Groups I and I I do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT
Rule 13.2, they lack the same or corresponding special technical features for the following reasons:

Special Technical Features

Group II has the special technical features of a method for forming a condom having an engineered feel on at least one surface, the
method comprising the steps of

(1) providing a first layer (100) such that it defines the condom sheath, wherein the first layer is provided such that it is homogeneous
and comprises a first material that is characterized by a bulk modulus of elasticity, Lambda 1, the first layer comprising:

(a) a base layer; and
(b) a first effective layer having a first effective modulus of elasticity,Lambda2, wherein the first effective layer includes a first effective

surface having a first fine roughness;
(2) providing the first effective layer as a first plurality of projections that project from a first surface of the base layer, each projection of

the first plurality thereof including:
(a) a first stalk, wherein the first stalk is characterized by a first aspect ratio; and
(b) a first cap having a first end face that has a first width In at least one dimension,

wherein the first plurality of projections is arranged in a first arrangement in which the first end faces are spaced apart by a first spacing
(s1) along the at least one dimension;

(3) selecting each of the first width and the first spacing such that it is less than or equal to 1 mm, wherein the first fine roughness is
based on the first width and the first spacing; and
(4) selecting the first aspect ratio such that Lambda 2 is lower than Lambda 1, wherein Lambda 2 is based o n the first aspect ratio.

Common Technical Features

The inventions of Group and Group II share the technical features of a condom comprising a layer of a first material characterized by a
bulk modulus of elasticity Lambda 1, the layer including a base layer having a first surface and a second surface; and a first plurality of
projections that project from the first surface, the first plurality of projections collectively defining a first effective layer, wherein each
projection of the first plurality thereof includes a first end face and a first stalk having a first aspect ratio, and wherein the first end faces
of the first plurality of projections collectively define a first effective surface; wherein the first effective layer is characterized by a first
effective modulus of elasticity, (lambda)2, that is based on the first aspect ratio; wherein each first end face has a first width (d2) in at
least one dimension, and wherein the first plurality of projections is arranged in a first arrangement in which the first end faces are
spaced apart by a first spacing (s ) along the at least one dimension, and further wherein each of the first width and first spacing is less
than or equal to 1 mm; and wherein lambda 2 is lower than lambda 1. Specifically, the inventions of Group I and Group I I are related as
an apparatus (Group I) and a method of making the apparatus (Group II), However, the apparatus is known in the prior art as shown by
DE 2340076 A 1 to Schlee in view of US 2006/0005362 A 1 to Arzt et al. (hereinafter "Arzt"). Therefore, Groups I and I I lack Unity since
the shared technical features do not represent a contribution over the prior art.

Schlee teaches a condom (Title; fig. 1-2) comprising a layer of a first material characterized by a bulk modulus of elasticity (see wherein
condom is an elastic film 1; figs. 1-2; Translation pg 2 , In 4-14; wherein an elastic material is inherently characterized by a bulk modulus
of elasticity ), Lambda 1, the layer including:

a base layer having a first surface and a second surface (see fig. 1; wherein condom includes a base layer having a first internal side 5
and a second external side 4) ; and

a first plurality of projections that project from the first surface (see fig. 1-2; pg 1, In 41-50, pg 2 , In 13-17; wherein condom material 1
includes surface roughening in the form of fine point projections /elevations to provide a stimulus friction to the users).

Schlee does not specifically teach the particular formation of said projections or wherein the first plurality of projections collectively
defining a first effective layer, wherein each projection of the first plurality thereof includes a first end face and a first stalk having a first
aspect ratio, and wherein the first end faces of the first plurality of projections collectively define a first effective surface;

wherein the first effective layer is characterized by a first effective modulus of elasticity. Lambda 2, that is based on the first aspect
ratio;

wherein each first end face has a first width (d2) in at least one dimension, and wherein the first plurality of projections is arranged in a
first arrangement in which the first end faces are spaced apart by a first spacing (s1) along the at least one dimension, and further
wherein each of the first width and first spacing is less than or equal to 1 mm; and

wherein Lambda 2 is lower than lambda 1.

Arzt teaches a method of modifying the surface of a polymer to increase its adherence o r friction when in contact with a surface (Title;
Abstract; fig. 1-9), wherein the surface ( 11 is subjected to structuring so that a multitude of projections (12) are formed, each comprising
a foot and a head to form a layer, wherein the head portion comprises a front surface (13) which forms an adhering or friction contact
surface (14; fig. ). wherein said projections are spaced apart by less than 1mm (para[0053]), wherein the material used is characterized
by an elastic modulus and the projections providing a secondary effective elastic modulus due to the contact surface providing a
different elasticity (see para, [0026],[0067]-[0069]) and the modulus of the friction surface being dependent on the aspect ratio
(para[0069j) of the protrusions, in a particular embodiments shown in fig. 1-9, the material includes a first surface having a plurality of
projections (12) each having a stem (15) and head (16) wherein the head includes a surface (13) said plurality of surfaces (13) providing
an effective surface having and effective elastic modulus which is less than the modulus of the material at the base (para[0071]-[0073J;
wherein the elastic modulus of the treated surface reduces towards the free end of the projections), said projections having a length 'a'
and a width 'b' (figs. 4-6).

Therefore, it would have been obvious to a person having ordinary kill in the art to have used a scaled up version of the surface
treatment of Arzt to modify the condom of Schlee to include a highly controlled surface treatment method that is known in the art in the
medical device industry, as an alternative method of treating both the internal and external friction surfaces to achieve similar sensory
effects through increased friction on the effective surface of the material, therein providing an improved means for accurately controlling
the adherence/frictional effects of the protrusions/surface roughness to allow for maximized pleasurable stimulation to the users without
causing uncomfortable irritation.

'-Continued in next Supplemental Box-*-
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-•-Continuation of Supplemental Box - Box III- Observations where unity of invention is lacking-*-

As the common features were known in the art at the time of the invention, they cannot be considered special technical features that
would otherwise unify the groups.

Therefore, Groups l-ll lack unity under PCT Rule 13 because they do not share a same or corresponding special technical feature.
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