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METHOD AND APPARATUS FOR 

MANUFACTURING A DEVICE 

Field of the Invention 

The present invention relates to a method of manufacturing a 

device, and particularly, a micro-device. More particularly, the 

invention is directed to a method of molding a micro-device for 

5 medical use. 

Background of the Invention 

There has been an increase in interest in processes for the 

manufacture of small devices in the field of biological and biochemical 

analysis. The manufacture of devices used for analytical testing uses 

10 techniques similar to those used in the electronics industry. 

Examples of these manufacturing techniques include 

photolithograpl?y and wet chemical etching. The device$ are often 

made from solid substrates such as silicon and glass. 

Microanalytical devices have been used for performing various 

15 analytical reactions. For example, U.S. Patent No. 5,498,392 to 

Wilding et al. discloses a mesoscale device havi'ng microfabricated 

fluid channels and chambers in a solid subs~rate for the performance 

of nucleic acid amplification reactions. U.S. Patent No. 5,304,487 to 

Wilding et al. discloses a mesoscale device havmg a cell handling 

20 region for detecting an analyte in a sample. The microchannels and 

chambers have a cross-sectional dimension ranging from 0.1 micron 

to 500 microns. U.S. Patent No. 5,885,470 to Paree et al. discloses a 
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microfluid.ic transport device made from a polymeric substrate having 

fluid channels that can be a few microns wide. 

The prior processes for microfabrication of polymeric substrates 

typically involve stamp molding or embossing. These processes often 

5 require the use of a release agent or coating on the molding surface. 

There has also been an increased interest in microneedle 

injection for the transdermal delivery of various drugs. The 

microneedle devices can have a ·plurality of microneedles with a length 

of a few hundred microns. These devices are usually made from 

10 silicon or other metals using etching methods. Although effective, the 

resulting microneedle devices are expensive to manufacture and are 

difficult to produce in large numbers. One example of a microneedle 

device for delivering a drug to a patient is disclosed in U.S. Patent No. 

5,879,326 to Godshall et al. 

15 Microneedle drug delivezy devices are able to penetrate the 
~-

stratum comeum of the skin with less irritation. The stratum 

corneum is a complex structure of compacted keratinized cell 

remnants having a thickness of about 10-30 microns and forms a 

waterproof membrane to protect the body from invasion by various 

20 substances and the outward migration of various compounds. The 

delivery of drugs through the skin is enhanced by either increasing 

the permeability of the skin or increasing the force or energy used to 

direct the .:drugs through the skin. 

One method of delivering drugs through the skin is by forming 

25 micropores or cuts through the stratum corneum. By penetrating the 

stratum corneum and delivering the drug to the skin in or below the 

stratum corneum, many drugs can be effectively administered. The 

devices for penetrating the stratum corneum generally include a 

plurality of micron size needles or blades having a length to penetrate 
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the stratum comeum without passing completely through the 

epidermis. Examples of these devices are disclosed in U.S. Patent No. 

5,879,326 to Godshall et al.; U.S. Patent No. 5,250,023 to Lee et al.; 

and WO 97/48440. 

5 The prior methods and apparatus for the manufacture of micro-

devices for medical use has exhibited some success but is generally 

time consuming and expensive. Accordingly, a continuing need exists 

in the industry for an improved method for the manufacture of micro­

devices. 

10 Summary of the Invention 

The present invention is directed to a method of manufacturing 

devices, such as, micro-devices for medical and other uses. The 

method and apparatus of the invention are suitable for molding 

plastic devices having micron and submicron features. The medical 
~, 

15 micro-devices are devices having channels, needles, points or other 

structural features having dimensions ranging from less than 1 

micron to several hundred microns in length or width. Examples of 

micro-devices that can be molded in accordance with the present 

invention include analytical microchannel devices, microneedles, 
' 

20 pipettes and the like. Analytical microchannel devices, for example, 

can include microchannels having a diameter ranging from about 0.5 

microns tQ about 500 microns. 
'· 

In one embodiment of the invention, the micro-device is used for 

penetrating or abrading the stratum corneum of the skin and for the 

25 transdermal delivery of a substance, such as a drug or 

pharmaceutical agent, through the abraded area. The device includes 

a plurality of microneedles for abrading and preparing a. delivery site 

on the skin to enhance the delivery of a substance through the 
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stratum comeum of the skin to ~ sufficient depth where the substance 

can be absorbed and utilized by the body. 

Accordingly, a prim.my object of the invention is to provide a 

method for efficiently manufacturing a micro-device from plastic or 

5 other materials. 

Another object of the invention is to provide a method of 

molding a micro-device from a polymeric material using a mold 

capable of molding submicron-siz~ features which can be readily 

removed from the mold surface. 

10 A further object of the invention is to provide a method of 

molding a micro-device from a polymeric material in a cost-efficient 

manner. 

A further object of the invention is to provide a cost efficient 

method of manufacturing a device having microneedles of several 

15 microns in length . 
. "'' 

Another object of the invention is to provide a method of 

molding a device having a plurality of microneedles having a length of 

about 5 to 250 microns. 

A further object of the invention is to provide a method of 

20 manufacturing by injection molding a device having a plurality of 

microneedles with a needle density of about 4 to about 100 needles 

permm2, 

A still further object of the invention is to provide a method of 
•' 

molding a micro-device having micron or submicron molded details 

25 without the use of a release agent on the mold surface. 

Another object of the invention is to provide a mold assembly 

having a silicon molding surface for injection molding, compression 

molding or embossing to form a device having a plurality of molded 
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micron or submicron features that can be easily removed from the 

mold without a release agent. 

Still another object of the invention is to provide a method of 

molding a micro-device using a mold assembly having a mold cavity 

5 and silicon molding member attached to the mold assembly within the 
mold cavity. 

The objects of the invention are further achieved by providing a 

method of molding a device having micron or submicron size features 

in a mold without the use of a release agent. The mold includes a 

10 mold member made of silicon or other material with suitable release 

properties and having a contoured surface defining an impression of 

the desired device for molding the micron or submicron size features 

from a polymeric material. The silicon mold member has a reverse 

image for molding the features where the molding surface can have 
15 recesses or peaks ranging from about 0.5 micron to several hundred 

~, 

microns in length. 

The objects of the invention are substantially achieved by 

providing a method of making a device comprising providing a mold 

section with a recess defining a mold cavity where the mold cavity has 

20 a bottom wall and a silicon mold member disposc:d therein. The 

silicon mold member has a contoured surface facing the mold cavity. 

A hot polymeric material is introduced into the mold cavity to fill the 

mold cavity and the recesses in the silicon mold member to form a 

molded device. The mold assembly is then cooled and the molded 

25 device is removed from the mold cavity. 

The objects, advantages and other salient features of the 

invention will become apparent from the following detailed description 

which, taken in conjunction with the annexed drawings, discloses 

preferred embodiments of the invention. 
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Brief Description of the Drawings 

The following is a brief description of the drawings, in which: 

Figure 1 is a perspective view of a microabrader surface one the 

embodiment of the invention; 

5 Figure 2 is a partial cross-sectional view of the microabrader; 

Figure 3 is a top view of the microabrader in the embodiment of 

Figure 1 showing the tips of the microneedles; 

Figure 4 is a schematic view of an injection molding apparatus 

used in one embodiment of the invention; 

1 O Figure 5 is an exploded perspective view of a mold and silicon 

mold member for molding a microneedle device; and 

Figure 6 is a top view of the silicon mold member used for 

molding a microneedle device . 

... , 
Detailed Description of the Preferred Embodiment 

15 The present invention is directed to a method of manufacturing 

a micro-device, such as a medical device, having a plurality of micron 

or submicron size features. In one embodiment the micro-device is a 

microabrader device for preparing the skin for transdermally 

administering a substance to a patient or withdrawing a substance 

20 from the body of a patient. The method of the invention is able to 

mold a de~ce having a plurality of micron size features, such as a 

microabrader device, from a polymeric material. The molding method, 

such as injection molding, is able to produce a high volume of the 

devices with micron or submicron size features in an inexpensive 

25 manner and with a high degree of consistency. 

The devices formed by the method of the invention are 

preferably devices that have micron or submicron size details 
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integrally molded therein. Examples of micro-devices that can be 

molded by the method and apparatus of the invention include medical 

and analytical devices having micron size channels, conduits or 

capillaries, surgical needles, prosthetic devices, implants and the like. 

5 The method and molding apparatus are particularly suitable for the 

molded medical devices having channels, recesses, needles or other 

structural elements having at least one dimension ranging from about 

0.5 micron to about 500 microns. The illustrated embodiment relates 

to a microneedle device for abrading the skin, although it will be 

10 understood that the invention is not limited to microabrader or 

microneedle devices and can be used to mold a variety of devices. 

The microabrader devices made by the method of the present 

invention are particularly·suitable for use in preparing skin for 

administering a pharmaceutical agent to a patient or withdrawing a 

15 substance transdermally from a patient. As used herein, a 
. --

pharmaceutical agent includes a substance having biological activity 

such as antibiotics, antiviral agents, analgesics, anesthetics, 

anorexics, antiarthritics, antidepressants, antihistamines, anti­

inflammatory agents, antineoplastic agents, vaccines (including DNA 

20 vaccines), and the like. Other substances which can be delivered 

intradermally to a patient include naturally occurring, synthesized or 

recombinantly produced proteins, peptides and fragments thereof. 

Substancces and agents withdrawn from the body include analytes, 

drugs, glucose, body electrolytes., alcohol, blood gases, and the like. 

25 In one embodiment of the invention, the method is directed to 

the manufacture of a microabrader for preparing the skin, and 
.I 

particularly the stratum ·c~meum, for enhancing the delivery of a 

substance transdermally to a patient or for sampling various agents 

from the patient. The microabrader device is moved or rubbed on the 
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skin to abrade and remove at least a portion of the stratum comeum. 

An active or passive drug delivexy .device or sampling device as known 

in the art is applied over the abraded area. As used herein, the term 

microabrader refers to a device which can abrade the skin to increase 

5 the permeability of the skin Without causing unacceptable skin 

irritation or compromising the skin barrier to infectious agents. 

In the illustrated embodiment shown in Figure 1, the 

microabrader device 10 made by the method of the present invention 

includes a substantially planar body or support 12 having a plurality 

10 of microneedles 14 extending from the bottom surface of the support. 

The dimensions of the support 12 can vary depending on the length of 

the microneedles, the number of ~icroneedles in a given area and the 

amount of the substance to be administered to the patient. Typically, 

the support 12 has a surface area of about 1-4 square centimeters 

15 (cm2). In preferred embodiments, the support surface 12 has a 
~, 

surface area of about 1 cm2. 

As shown in Figures 1and2, the microneedles 14 are integrally 

formed and attached to the surface of the support 12 and extend 

substantially perpendicular to the plane of the support 12. The 

20 microneedles 14 in the illustrated embodiment are arranged in a 

plurality of rows and columns and are substantially spaced apart a 

uniform distance. The microneedles 14 in this embodiment have a 

generally ,pyramidal shape with sides 16 extending to a tip 18. The 

sides 16 as shown have a generally concave surface when viewed in 

25 cross-section and form a curved surface extending from the support 

12 to the tip 18. In the embodiment illustrated, the microneedles are 

formed by four sides 16 of substantially equal shape and dimension. 

As shown in Figures 2 and 3, each of the sides 16 of the microneedles 

14 have opposite side edges contiguous with an adjacent side and 
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form a scraping edge 22 extending outward from the support 12. The 

scraping edges 22 define a generally triangular or trapezoidal scraping 

surface corresponding to the shape of the side 16. In further 

embodiments, the microneedles 14 can be formed with fewer or more 

5 sides. Alternatively, the microneedles can be conical or cylindrical, 

with conical or pointed tips. 

The microneedles 14 shown terminate at blunt tips 18. 

Generally, the tips 18 are substantially flat and parallel to the support 

14. Each tip 18 preferably forms a well defined, sharp edge 20 where 

10 it meets the sides 16. The edge 20 extends substantially parallel to 

the support 12 and defines a scraping edge. In further embodiments, 

the edge 20 can be slightly rounded to form a smooth transition from 
the sides 16 to the tip 18. 

The micro-devices, such as the micro abrader device 10 and the 
15 microneedles 14 are made from a plastic material that is non-reactive ... , 

with the substance being administered and that can be used in 

various molding processes, and particularly injection molding. 

Suitable plastic materials include, for example, polyethylene, 

polypropylene, polyamides, polystyrenes, polyesters and 

20 polycarbonates as known in the art. A preferred polymer is a high­

flow polycarbonate available from GE Plastics under the trade name 
HF 1110. 

Th~: lengths and thicknesses of the microneedles are selected 

based on the particular sub~tance being administered and the 
25 thickness of the stratum comeum in the location where the device is 

to be applied. The microneedles can have a length of about 5 microns 

up to about 250 microns. The microneedles in the illustrated 

embodiment have a generally pyramidal shape and are perpendicular 
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to the plane of the device. The microneedles can be solid or hollow 

members. 

As shown in Figure 2 and 3, the microneedles 14 for 

microabrader are typically spaced apart uniformly in rows and 

5 columns to form an array. Typically, the rows of microneedles are 

spaced in rows to provide a density of about 2 to about 10 per 

millimeter (mm) and provide a needle density of abol+t 4 to about 100 

needles per mm2, although the molding method of the invention 

enables the spacing to be varied as needed. 

10 In a preferred embodiment, the micro-devices of the invention 

are manufactured by injection molding. Basically, the injection 

molding machine includes an extruder 30 and a mold assembly 32 as 

shown in Fig. 4. The extruder 30 is a commercially available extruder 

as known in the art for injection molding small parts. The extruder 

15 includes an inlet 34 for receiving the feed material which is generally .... , 
in the form of pellets or flakes of the polymeric material. The pellets 

or flakes are conveyed through a barrel 36 where the pellets or flakes 

are heated to an extrudable temperature. The barrel 36 can be heated 
by electrical resistance heating or other methods as known in the 

20 extrusion art. A suitable injection molding machine can be, for 

example, an Arburg All Rounder 2708 Universal. 

The melted polymeric material is discharged from the extruder 

barrel through a discharge outlet 38 and supplied under pressure to 

the mold assembly 32. The mold assembly 32 is generally a two-piece 

25 mold having an upper mold section 40 and lower mold section 42. 

The upper mold section 40 and the lower mold section 42 are moved 

together and retracted during molding by control devices 44 and 46, 

respectively, to form and remove the molded device. The control 

devices 44 and 46 are generally operated by hydraulic or pneumatic 
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piston and cylinder arrangements as known in the art. In the 

embodiment shown, the mold sections are shown as being _vertically 

oriented. It will be apparent to one skilled in the art that the mold 

sections can be oriented horizontally or in another desired orientation 

5 without interfering with the molding process. 

The mold assembly 32 includes a mold insert 48 as shown in 

Figure 5 for molding the micro-device. The mold insert 48 can be 

made from a suitable material, which is typically a metal, such as 

steel, aluminum or other base metal. The mold insert 48 has a first 

10 section 50 and a second section 52 having mating surfaces 54 and 56, 

respectively. In the embodiment shown, the first section 50 and the 

second section 52 each have a generally cylindrical shape with an 

outer side wall 58 and 60. The mold insert sections are mounted in 

complementazy recesses in the mold sections 40 and 42 as known in 

15 the art. Each mold insert section 50 and 52 has a key 62 and 64, . ~, 

respectively, on the outer side wall 58 and 60 for aligning the upper 

and lower mold halves during the molding process. The keys 62 and 

64 slide in complementary grooves in the mold sections 40 and 42. 

The mold section 52 includes a recess 66 which receives a mold 

20 member 68 and defines a mold cavity. The recess 66 is shown as 

being substantially square to correspond to the outer dimension of the 

resulting microneedle device. In further embodini.ents, the recess can 

be rectanW.J.Iar, circular or can have other desired shapes. The recess 

66 has a depth corresponding to the thickness of the mold member 68 

25 and the thickness of the molded micro-device. A semicircular supply 

recess 70 extends radially along the mating surface to the recess. 

In preferred embodiments, the mold member 68 is made of 

silicon that is shaped to form the molded device. In further 

embodiments, other mold materials can be used that have suitable 
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release properties. Examples of other mold materials that can be used 

including germanium, quartz, ceramics, glasses and materials having 

a low thermal expansion coefficient. 

In the embodiment illustrated, the mold section 50 has a 

5 substantially flat surface 72 and a semicircular recess 74 extending 

radially inward from the side wall. The semicircular recess 7 4 is 

positioned to mate with the semicircular recess 70 of the mold insert 

section 52 to define a feed conduit 71 for supplying the polymeric 

material into the recess 66. In further embodiments, the surface 72 

10 can have a suitable recess corresponding to the desired shape of the 

molded device. 

The silicon mold member 68 is attached to the mold section 52 

in the recess 66 by a suitable coupling device or a heat resistant 

adhesive, such as an epoxy adhesive. Typically, the silicon member 

15 68 is adhesively attached to the face of the bottom wall 67 of the ., 
recess 66. In further embodiments, the silicon mold member 68 can 

be attached to the side wall 69 of the recess. The silicon mold 

member 68 has a generally square shape complementing the shape of 

the recess 66 and generally extends between the side walls 69 of the 

20 recess 66 in the embodiment illustrated. In further embodiments, the 

silicon mold member 68 can have a dimension less than the 

dimension of the bottom wall 67. An upper face of the silicon mold 

member Q~ defines a mold surface 76 for forming and shaping the 

micro-device. The mold surface has a contoured surface in the form 

25 of an impression of the finished molded article. The mold surface can 

have at least one recess, ridge or peak having a width and/or height 

ranging from about 0.5 micron to about 500 microns depending on 

the device being molded. In the embodiment illustrated, the mold 

surface 76 of the silicon mold member has a plurality of recesses 78 
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as shown in Figure 6 correspond41.g to the desired shape and 

dimensions of the microneedles for a microabrader device. When 

molding a microneedle device, the recesses can have a depth of about 

5 to 250 microns and spaced to provide a density of about 4 to 100 

5 recesses per mm2. Accordingly, the mold surface 76 of the silicon 

mold member 68 is· the reverse or impression of the molded micro­

device. In one embodiment, the silicon mold member 68 has a 

thickness of about 0.020 inch. 

In the illustrated embodiment, the mold surface 76 of the silicon 

10 mold member 68 can be shaped and formed using known techniques 

for shaping a silicon surface. Suitable methods include 

photolithography or wet etching as known in the art. Preferably, the 

recesses 78 in the silicon mold surface are formed by 

photolithography to form recesses 78 corresponding to the desired 

15 shape of the microneedles. Other shaping and forming techniques ,, 

can be used to form the mold surface depending on the material of the 

mold surface. 

The photolithography and wet etching methods are substantially 

the same as known by those skilled in the art for producing electronic 

20 components. Generally, the silicon mold member is made from a 

silicon wafer as used in the electronics industry. In further 

embodiments, the silicon mold member can be made using various 

microma~hining processes which typically use a micron-size diamond 

milling machine. The micromachining processes are able to 

25 consistently reproduce silicon molding elements in various shapes and 

sizes that are not easily produced by pho.tolithography. 

The silicon mold member 68 functions as a mold surface for 

molding the device and provides significant advantages over other 

material surfaces for molding plastic devices, and particularly devices 
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having micron and submicron details in a molded surface. The silicon 

mold member 68 provides complete release of the inicro-device from 

the mold surface. The silicon molding surface effectively molds most 

polymeric materials with high resolution of the. micron-size details and 

5 enables the molded device to be released from the mold without 

distorting or compromising the molded surface, and without the need 

for a release agent commonly used in many molding processes. 

Release agents applied to the mold surface can result in a loss of 

detail in the mold surface and resulting molded device. In addition, 

10 mold release agents which adhere to the molded device are considered 

to be contaminants for medical devices, which are required to be clean 

and sterile. In addition, the silicon mold member can be formed with 

micron-size details that are well defined and distinct and are able to 

transfer these details to the molded device. 

15 The method of the invention is carried out by attaching the 
. J, . 

silicon mold member 68 with the surface formed in the·desired shape 

in the recess 66 in the lower mold section 52 and assembling tl:ie 

upper and lower mold sections 50, 52 in the mold assembly 32. A 

polymeric material is supplied to the extruder 30 and heated to an 

20 extruding temperature. The mold ha~ves 42, 44 are closed and the 

polymeric material injected through the feed conduit 71 of the mold 

sections into the recess 66 and against the silicon mold surface 76. 

The polym,eric material and the mold are then cooled to harden the .. 
material. Thereafter, the mold sections 40, 42 are opened and the 

25 molded device is removed. The polymeric material is generally heated 

and processed according to the specifications recommended by the 

manufacturer. Since the silicon mold surface 76 enables injection 

molding of micron and submicron size details without the need for a 

release agent, which can contaminate the molded micro-device, the 
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resulting molded device is substantially clean as it is ejected from the 

mold. 

The molded device can also be made by other plastic molding 

processes. For example, a micro-device can be made by embossing a 

5 thermoplastic substrate with a silicon mold or platen. The silicon 

mold is provided with the impression of the desired molded micro­

device. The device is formed by pressing the silicon mold under 

pressure against the plastic substrate that has been heated to its . 

softening temperature. Altematively, the silicon mold is heated and 

10 pressed against the thermoplastic substrate to mold the device. 

In further embodiments, the device is formed by a compression 

molding method. In the compression molding method, a 

thermoplastic material, such as a powdered material, is placed in a 

hollow mold having a silicon molding surface. The mold is closed and 

15 the powdered thermoplastic is compressed under high pressure and .... , 
heated to melt and consolidate the powder particles. The molded 

device is then removed from the mold. 

In the embodiment illustrated, the mold surface 76 of the silicon 

mold member 68 is substantially flat. In further embodiments, the 

20 mold surface 76 can be curved, convex or concave over portions of the 

surface or over the entire surface. The mold surface can be non­

planar to attain the desired shape of the molded device 10. 

Th~:molding processes can be carried out in a clean room as 

defined by clean room standards for particulate and pathogen 

25 contamination. For example, the molding can be in a work space at 

levels meeting or exceeding Class 100 as defined by Federal Standard 

No. 209E, "Airborne Particulate CleanJiness Classes in Clean Rooms 
.. 

and Clean Zones", approved by General Services Administration 

(September 11, 1992). In further embodiments, the molded medical 
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micro-device can be captured in.a clean room or immediately 

packaged under clean room standards. Thereafter, the molded 

microdevice can be sterilized using standard sterilizing techniques 

such as gamma radiation or ethylene oxide gas when the packaging is 

5 permeable to the sterilizing gas. 

While several embodiments have been shown to illustrate the 

present invention, it will be understood by those skilled in the art that 

various changes and modifications can be made therein without 

departing from the scope of the invention as defined in the appended 

10 claims. 

..., 

.. 
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WHAT IS CLAIMED IS: 

1. A method of making a molded device comprising the steps 

of: 

providing a mold assembly having a mold section with a recess 

defining a mold cavity and having a silicon mold member disposed in 

said mold cavity, said silicon mold member having a mold surface 

with a contoured surface defining an impression of said device facing 

said mold cavity; 

introducing a plastic material into said mold cavity to fill said 

mold cavity and said contoured si;trface in said silicon mold member 

to form said molded device having a body and molded surface 

corresponding to said contoured surface; and 

removing said molded device from said mold section. 

2. The method of claim 1, wherein said molded device is a 

microneedle device having a plurality of microneedles, about 5 to 250 

microns in length. 

3. The method of claim 2, wherein said microneedles are 

hollow ... 

4. The method of claim 1, wherein said silicon mold member 

releases of said device from the mold surface and said molding is in 

the absence of a release agent, whereby said molded device is 

substantially clean and sterile. 
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5. The method of claim 1, wherein said mold cavity has a 

plurality of side walls and a bottom surface, and said silicon mold 

member is bonded to said bottom surface. 

6. The method of claim 5, wherein said silicon mold member 

has an outer peripheral edge corresponding to the shape of said mold 

cavity, wherein said silicon mold member substantially covers said 

bottom surface of said mold cavity. 

7. The method of claim 6, wherein said mold surface of said 

silicon mold member is substantially flat. 

8. The method of claim 7, wherein said recesses in said mold 

surface are spaced apart uniformly to form rows and columns, each of 

said recesses having a depth of about 5 to about 250 microns and .,, 

said recesses being spaced to provide a density of about 4 to about 

100 of said recesses per mm.2. 

9. The method of claim 1, wherein said polymeric material is 

selected from the group consisting of polycarbonates, polyethylenes, 

polypropylene, polystyrene, polyesters and polyamides. 

10.,. The method of claim 1, wherein said contoured surface of 

said silicon mold member has at least one recess, peak or ridge with 

at least one dimension ranging from about 0.5 micron to about 500 

microns. 

11. The method of claim 1, wherein said mold assembly 

includes an inlet in communication with said mold cavity, and said 
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introducing step comprises injectjng said plastic material through said 

inlet to said mold cavity. 

12. The method of claim 1, wherein said introducing step 

comprises injecting a hot thermoplastic material into said mold cavity. 

13. The method of claim 1, wherein said introducing step 

comprises introducing a thermoplastic material into said cavity and 

heating and compressing said thermoplastic material to mold said 

device. 

14. The method of claim 1, wherein said introducing step 

comprises positioning a thermoplastic substrate 9n said mold cavity 

and pressing said mold assembly against said substrate to form said 

molded device. 

15. . A device made by the method of claim 1. 

16. A method of injection molding a device, said method 

comprising the steps of: 

providing a mold assembly having a mold section with a recess 

defining ~.mold cavity, said recess having at least one side wall and a 

bottom wall, and a silicon mold member coupled to said mold section 

within said recess, said silicon mold member having a contoured mold 

surface facing said mold cavitJ and having at least one recess of about 

5 to about 250 microns in at least one dimension; 
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closing said mold cavity and injecting a hot polymeric material 

into said mold cavity to substantially fill said mold cavity and to form 

a molded device, without said polymeric material adhering to said 

silicon mold member; and 

cooling the mold assembly and removing said molded device 

from said mold cavity, said molded device having a surface 

corresponding to said mold surface. 

17. The method of claim 16, wherein said molded device is 

molded substantially in the absence of a release agent on said silicon 

mold member or said mold surface. 

18. The method of claim 16, wherein said silicon mold 

member has an outer peripheral edge corresponding to the shape of ... , 
said mold cavity, wherein said silicon mold member substantially 

covers said bottom wall of said mold cavity. 

19. The method of claim 16, wherein said mold surface 

includes a plurality of spaced apart recess to form rows and columns, 

and said recesses being spaced to provide a density of about 4 to 

about 100 of said recesses per mm2. 

20. The method of claim 16, wherein said polymeric material 

is selected from the group consisting of polycarbonates, polyethylenes, 

polypropylene, polystyrene, polyesters and polyamides. 

21. The method of claim 16, wherein said molded device is a 

microneedle device. 



- 21 -
1111\111 ll111t IHll \lltl \l 1111 

* C L K S * 

22. The method of claim 16, wherein said contoured surface 

of said silicon mold member has at least one recess, peak or ridge with 

at least one dimension ranging from about 0.5 micron to about 500 

microns. 

23. A mold assembly comprising: 

a mold section with a recess defining a mold cavity for receiving 

a molding material and forming a molded device; and 

a silicon mold member disposed in said mold cavity, said silicon 

mold member with a mold surface facing said mold cavity, said mold 

surface having a contoured surface defining an impression for molding 

said device. 

24. The assembly of claim 23, wherein said mold member 

includes a plurality of recesses, about 5 to 250 microns deep. 

25. The assembly of claim 23, wherein said mold cavity has a 

plurality of side walls and a bottom surface, and said silicon mold 

member is bonded to said bottom surface . 

. . 
26. The assembly of claim 25, wherein said silicon mold 

member has an outer peripheral edge corresponding to the shape of . 
said mold cavity, wherein said silicon mold member substantially 

covers said bottom surface of said mold cavity .. 
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27. The assembly of da,im 26, wherein said mold surface of 

said silicon mold member is substantially flat. 

28. The assembly of claim 23, wherein said recesses in said 

mold surface are spaced apart uniformly to form rows and columns, 

each of said recesses having a depth of about 5 to about 250 microns 

and said recesses being spaced to provide a density of about 4 to 

about 100 of said recesses per mm.2. 


