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(57) ABSTRACT 

A device, preferably a micro-device, is molded from a 
plastic material by injection molding, compression molding 
or embossing. A microabrader can be molded having 
microneedles for abrading the stratum corneum of the skin 
to form an abraded site in the tissue for enhancing drug 
delivery. The micro-device is molded using a mold assembly 
having a silicon molding surface. The silicon molding 
surface can include a recess corresponding to the desired 

shape and length of the microneedles. The silicon molding 
surface enables micron and submicron siZe features to be 
molded from polymeric materials Without the polymeric 
material adhering to the mold surface. Micro-devices having 
molded features having micron and submicron dimensions 
can be rapidly produced Without the use of a release agent. 
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METHOD AND APPARATUS FOR 
MANUFACTURING A DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of Us. applica 
tion Ser. No. 10/626,391 ?led Jul. 24, 2003, noW U.S. Pat. 
No. 7,XXX,XXX issued May 30, 2006 Which is a divisional 
ofU.S. application Ser. No. 09/974,829 ?led Oct. 12, 2001, 
Which is a divisional of Us. application Ser. No. 09/408,450 
?led Sep. 29, 1999, noW U.S. Pat. No. 6,331,266 issued Dec. 
18, 2001. 

[0002] This application is also related to co-pending U.S. 
application Ser. No. 10/282,231 ?led Oct. 29, 2002 Which 
claims the bene?t of Us. Provisional Application No. 
60/333,162, ?led Nov. 27, 2001, and also claims bene?t of 
Us. Provisional Application No. 60/330,713, ?led Oct. 29, 
2001. Each of the applications above is incorporated by 
reference herein in its entirety. 

FIELD OF THE INVENTION 

[0003] The present invention relates to a method of manu 
facturing a device, and particularly, a micro-device. More 
particularly, the invention is directed to a method of molding 
a micro-device for medical use. 

BACKGROUND OF THE INVENTION 

[0004] There has been an increase in interest in processes 
for the manufacture of small devices in the ?eld of biological 
and biochemical analysis. The manufacture of devices used 
for analytical testing uses techniques similar to those used in 
the electronics industry. Examples of these manufacturing 
techniques include photolithography and Wet chemical etch 
ing. The devices are often made from solid substrates such 
as silicon and glass. 

[0005] Microanalytical devices have been used for per 
forming various analytical reactions. For example, U.S. Pat. 
No. 5,498,392 to Wilding et al. discloses a mesoscale device 
having microfabricated ?uid channels and chambers in a 
solid substrate for the performance of nucleic acid ampli? 
cation reactions. U.S. Pat. No. 5,304,487 to Wilding et al. 
discloses a mesoscale device having a cell handling 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. Pat. No. 5,885,470 to Parce et 
al. discloses a micro?uidic transport device made from a 
polymeric substrate having ?uid channels that can be a feW 
microns Wide. 

[0006] The prior processes for microfabrication of poly 
meric substrates typically involve stamp molding or emboss 
ing. These processes often require the use of a release agent 
or coating on the molding surface. 

[0007] 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 silicon or other metals using 
etching methods. Although effective, the resulting micron 
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eedle devices are expensive to manufacture and are di?icult 
to produce in large numbers. One example of a microneedle 
device for delivering a drug to a patient is disclosed in Us. 
Pat. No. 5,879,326 to Godshall et al. 

[0008] Microneedle drug delivery 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 substances and the outWard 
migration of various compounds. The delivery of drugs 
through the skin is enhanced by either increasing the per 
meability of the skin or increasing the force or energy used 
to direct the drugs through the skin. 

[0009] One method of delivering drugs through the skin is 
by forming micropores or cuts through the stratum corneum. 
By penetrating the stratum comeum and delivering the drug 
to the skin in or beloW the stratum comeum, many drugs can 
be effectively administered. The devices for penetrating the 
stratum comeum generally include a plurality of micron siZe 
needles or blades having a length to penetrate the stratum 
corneum Without passing completely through the epidermis. 
Examples of these devices are disclosed in Us. Pat. No. 
5,879,326 to Godshall et al.; U.S. Pat. No. 5,250,023 to Lee 
et al.; and WO 97/48440. 

[0010] The prior methods and apparatus for the manufac 
ture 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. 

SUMMARY OF THE INVENTION 

[0011] 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 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, pipettes and the like. Analytical microchannel 
devices, for example, can include microchannels having a 
diameter ranging from about 0.5 microns to about 500 
microns. 

[0012] In one embodiment of the invention, the micro 
device is used for penetrating or abrading the stratum 
corneum of the skin and for the transdermal delivery of a 
substance, such as a drug or pharmaceutical agent, through 
the abraded area. The device includes a plurality of micron 
eedles for abrading and preparing a delivery site on the skin 
to enhance the delivery of a substance through the stratum 
corneum of the skin to a suf?cient depth Where the sub stance 
can be absorbed and utiliZed by the body. 

[0013] Accordingly, a primary object of the invention is to 
provide a method for e?iciently manufacturing a micro 
device from plastic or other materials. 
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[0014] Another object of the invention is to provide a 
method of molding a micro-device from a polymeric mate 
rial using a mold capable of molding submicron-size fea 
tures Which can be readily removed from the mold surface. 

[0015] A further object of the invention is to provide a 
method of molding a micro-device from a polymeric mate 
rial in a cost-e?icient manner. 

[0016] A further object of the invention is to provide a cost 
ef?cient method of manufacturing a device having micron 
eedles of several microns in length. 

[0017] Another object of the invention is to provide a 
method of molding a device having a plurality of micron 
eedles having a length of about 5 to 250 microns. 

[0018] A further object of the invention is to provide a 
method of manufacturing by injection molding a device 
having a plurality of microneedles With a needle density of 
about 4 to about 100 needles per mm2. 

[0019] A still further object of the invention is to provide 
a method of molding a micro-device having micron or 
submicron molded details Without the use of a release agent 
on the mold surface. 

[0020] Another object of the invention is to provide a 
mold assembly having a silicon molding surface for injec 
tion molding, compression molding or embossing to form a 
device having a plurality of molded micron or submicron 
features that can be easily removed from the mold Without 
a release agent. 

[0021] Still another object of the invention is to provide a 
method of molding a micro-device using a mold assembly 
having a mold cavity and silicon molding member attached 
to the mold assembly Within the mold cavity. 

[0022] 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 mold member made of 
silicon or other material With suitable release properties and 
having a contoured surface de?ning an impression of the 
desired device for molding the micron or submicron siZe 
features from a polymeric material. The silicon mold mem 
ber has a reverse image for molding the features Where the 
molding surface can have recesses or peaks ranging from 
about 0.5 micron to several hundred microns in length. 

[0023] The objects of the invention are substantially 
achieved by providing a method of making a device com 
prising providing a mold section With a recess de?ning a 
mold cavity Where the mold cavity has a bottom Wall and a 
silicon mold member disposed therein. The silicon mold 
member has a contoured surface facing the mold cavity. A 
hot polymeric material is introduced into the mold cavity to 
?ll 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 device is removed from the mold 
cavity. 

[0024] 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 

[0025] The folloWing is a brief description of the draW 
ings, in Which: 

[0026] FIG. 1 is a perspective vieW of a microabrader 
surface one the embodiment of the invention; 

[0027] FIG. 2 is a partial cross-sectional vieW of the 
microabrader; 
[0028] FIG. 3 is a top vieW of the microabrader in the 
embodiment of FIG. 1 shoWing the tips of the microneedles; 

[0029] FIG. 4 is a schematic vieW of an injection molding 
apparatus used in one embodiment of the invention; 

[0030] FIG. 5 is an exploded perspective vieW of a mold 
and silicon mold member for molding a microneedle device; 
and 

[0031] FIG. 6 is a top vieW of the silicon mold member 
used for molding a microneedle device. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0032] 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 from the 
body of a patient. The method of the invention is able to 
mold a device 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 manner and With 
a high degree of consistency. 

[0033] The devices formed by the method of the invention 
are preferably devices that have micron or submicron siZe 
details integrally molded therein. Examples of micro-de 
vices 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. 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 micron 
eedle device for abrading the skin, although it Will be 
understood that the invention is not limited to microabrader 
or microneedle devices and can be used to mold a variety of 
devices. 

[0034] 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 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, antiar 
thritics, antidepressants, antihistamines, anti-in?ammatory 
agents, antineoplastic agents, vaccines (including DNA vac 
cines), and the like. Other substances Which can be delivered 
intradermally to a patient include naturally occurring, syn 
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thesiZed or recombinantly produced proteins, peptides and 
fragments thereof. Substances and agents WithdraWn from 
the body include analytes, drugs, glucose, body electrolytes, 
alcohol, blood gases, and the like. 

[0035] In one embodiment of the invention, the method is 
directed to the manufacture of a microabrader for preparing 
the skin, and particularly the stratum corneum, for enhanc 
ing the delivery of a substance transdermally to a patient or 
for sampling various agents from the patient. The micro 
abrader device is moved or rubbed on the skin to abrade and 
remove at least a portion of the stratum corneum. An active 
or passive drug delivery 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 the permeability of the skin Without 
causing unacceptable skin irritation or compromising the 
skin barrier to infectious agents. 

[0036] In the illustrated embodiment shoWn in FIG. 1, the 
microabrader device 10 made by the method of the present 
invention includes a substantially planar body or support 12 
having a plurality 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 microneedles 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 
(cm2). In preferred embodiments, the support surface 12 has 
a surface area of about 1 cm2. 

[0037] As shoWn in FIGS. 1 and 2, 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 microneedles 14 in the illus 
trated embodiment are arranged in a plurality of roWs and 
columns and are substantially spaced apart a uniform dis 
tance. 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 cross-section and form a curved surface 
extending from the support 12 to the tip 18. In the embodi 
ment illustrated, the microneedles are formed by four sides 
16 of substantially equal shape and dimension. As shoWn in 
FIGS. 2 and 3, each of the sides 16 of the microneedles 14 
have opposite side edges contiguous With an adjacent side 
and form a scraping edge 22 extending outWard from the 
support 12. The scraping edges 22 de?ne a generally trian 
gular or trapeZoidal scraping surface corresponding to the 
shape of the side 16. In further embodiments, the micron 
eedles 14 can be formed With feWer or more sides. Alter 
natively, the microneedles can be conical or cylindrical, With 
conical or pointed tips. 

[0038] The microneedles 14 shoWn terminate at blunt tips 
18. Generally, the tips 18 are substantially ?at and parallel 
to the support 14. Each tip 18 preferably forms a Well 
de?ned, sharp edge 20 Where it meets the sides 16. The edge 
20 extends substantially parallel to the support 12 and 
de?nes 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. 

[0039] The micro-devices, such as the microabrader 
device 10 and the microneedles 14 are made from a plastic 
material that is non-reactive With the sub stance being admin 
istered and that can be used in various molding processes, 
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and particularly injection molding. Suitable plastic materials 
include, for example, polyethylene, polypropylene, polya 
mides, polystyrenes, polyesters and polycarbonates as 
knoWn in the art. A preferred polymer is a high-?oW 
polycarbonate available from GE Plastics under the trade 
name HF 1110. 

[0040] The lengths and thicknesses of the microneedles 
are selected based on the particular substance being admin 
istered and the thickness of the stratum corneum 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 to 
the plane of the device. The microneedles can be solid or 
holloW members. 

[0041] As shoWn in FIGS. 2 and 3, the microneedles 14 
for microabrader are typically spaced apart uniformly in 
roWs and 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 about 4 to about 100 needles per mm2, 
although the molding method of the invention enables the 
spacing to be varied as needed. 

[0042] In a preferred embodiment, the micro-devices of 
the invention are manufactured by injection molding. Basi 
cally, 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 includes an 
inlet 34 for receiving the feed material Which is generally in 
the form of pellets or ?akes of the polymeric material. The 
pellets or ?akes are conveyed through a barrel 36 Where the 
pellets or ?akes are heated to an extrudable temperature. The 
barrel 36 can be heated by electrical resistance heating or 
other methods as knoWn in the extrusion art. A suitable 
injection molding machine can be, for example, an Arburg 
All Rounder 270S Universal. 

[0043] The melted polymeric material is discharged from 
the extruder barrel through a discharge outlet 38 and sup 
plied under pressure to the mold assembly 32. The mold 
assembly 32 is generally a tWo-piece 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 hydrau 
lic or pneumatic 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 Without inter 
fering With the molding process. 

[0044] The mold assembly 32 includes a mold insert 48 as 
shoWn in FIG. 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 ?rst section 50 and a second 
section 52 having mating surfaces 54 and 56, respectively. In 
the embodiment shoWn, the ?rst 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 complementary recesses in the mold sections 40 
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and 42 as known in 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. 

[0045] The mold section 52 includes a recess 66 Which 
receives a mold member 68 and de?nes a mold cavity. The 
recess 66 is shoWn as being substantially square to corre 
spond to the outer dimension of the resulting microneedle 
device. In further embodiments, the recess can be rectangu 
lar, circular or can have other desired shapes. The recess 66 
has a depth corresponding to the thickness of the mold 
member 68 and the thickness of the molded micro-device. A 
semicircular supply recess 70 extends radially along the 
mating surface to the recess. 

[0046] 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 release properties. Examples of other mold 
materials that can be used including germanium, quartz, 
ceramics, glasses and materials having a loW thermal expan 
sion coefficient. 

[0047] In the embodiment illustrated, the mold section 50 
has a substantially ?at surface 72 and a semicircular recess 
74 extending radially inWard from the side Wall. The semi 
circular recess 74 is positioned to mate With the semicircular 
recess 70 of the mold insert section 52 to de?ne a feed 
conduit 71 for supplying the polymeric material into the 
recess 66. In further embodiments, the surface 72 can have 
a suitable recess corresponding to the desired shape of the 
molded device. 

[0048] 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 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 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 68 de?nes a 
mold surface 76 for forming and shaping the micro-device. 
The mold surface has a contoured surface in the form of an 
impression of the ?nished 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 as shoWn in 
FIG. 6 corresponding to the desired shape and dimensions 
of the microneedles for a microabrader device. When mold 
ing 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 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. 

[0049] In the illustrated embodiment, the mold surface 76 
of the silicon mold member 68 can be shaped and formed 
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using knoWn techniques for shaping a silicon surface. Suit 
able 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 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. 

[0050] The photolithography and Wet etching methods are 
substantially the same as knoWn by those skilled in the art 
for producing electronic 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 micromachining 
processes Which typically use a micron-siZe diamond mill 
ing machine. The micromachining processes are able to 
consistently reproduce silicon molding elements in various 
shapes and siZes that are not easily produced by photoli 
thography. 

[0051] The silicon mold member 68 functions as a mold 
surface for molding the device and provides signi?cant 
advantages over other material surfaces for molding plastic 
devices, and particularly devices having micron and submi 
cron details in a molded surface. The silicon mold member 
68 provides complete release of the micro-device from the 
mold surface. The silicon molding surface e?fectively molds 
most polymeric materials With high resolution of the 
micron-size details and 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, 
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 de?ned and distinct and are able to transfer these 
details to the molded device. 

[0052] The method of the invention is carried out by 
attaching the silicon mold member 68 With the surface 
formed in the desired shape in the recess 66 in the loWer 
mold section 52 and assembling the 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 
extruding temperature. The mold halves 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 polymeric material and the 
mold are then cooled to harden the material. Thereafter, the 
mold sections 40, 42 are opened and the molded device is 
removed. The polymeric material is generally heated and 
processed according to the speci?cations 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 resulting molded device is 
substantially clean as it is ejected from the mold. 

[0053] The molded device can also be made by other 
plastic molding processes. For example, a micro-device can 
be made by embossing a thermoplastic substrate With a 
silicon mold or platen. The silicon mold is provided With the 
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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. Alternatively, the silicon mold is 
heated and pressed against the thermoplastic substrate to 
mold the device. 

[0054] In further embodiments, the device is formed by a 
compression molding method. In the compression molding 
method, a thermoplastic material, such as a poWdered mate 
rial, is placed in a holloW mold having a silicon molding 
surface. The mold is closed and 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. 

[0055] In the embodiment illustrated, the mold surface 76 
of the silicon mold member 68 is substantially ?at. In further 
embodiments, the 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. 

[0056] The molding processes can be carried out in a clean 
room as de?ned by clean room standards for particulate and 
pathogen contamination. For example, the molding can be in 
a Work space at levels meeting or exceeding Class 100 as 
de?ned by Federal Standard No. 209E, “Airbome Particu 
late Cleanliness Classes in Clean Rooms and Clean Zones”, 
approved by General Services Administration (Sep. 11, 
1992). In further embodiments, the molded medical 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 steril 
iZing techniques such as gamma radiation or ethylene oxide 
gas When the packaging is permeable to the steriliZing gas. 

[0057] 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 modi?ca 
tions can be made therein Without departing from the scope 
of the invention as de?ned in the appended claims. 

What is claimed is: 
1. A microabrader for delivering a substance into skin, 

said microabrader comprising an abrading surface, Wherein 
said abrading surface comprises frustoconical or frustopy 
ramidal microprotrusions comprising at least one scraping 
edge and projecting from said abrading surface, and an 
effective amount of said substance. 
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2. The microabrader of claim 1 that further comprises a 
base comprising an abrading facet adapted to receive or 
integral With said abrading surface. 

3. The microabrader of claim 2 that further comprises a 
handle attachment facet suitable for attaching a handle to 
said base. 

4. The microabrader of claim 2, Wherein said abrading 
surface projects from said abrading facet. 

5. The microabrader of claim 1, Wherein said micropro 
trusions are of a length suf?cient to penetrate into the 
stratum comeum layer of said skin. 

6. The microabrader of claim 1, Wherein said micropro 
trusions comprise at least tWo scraping edges. 

7. The microabrader of claim 1, Wherein said micropro 
trusions comprise at least three facets and Wherein the 
intersection of any tWo of said facets forms a scraping edge. 

8. The microabrader of claim 1, Wherein said micropro 
trusions have microprotrusion bases and are constructed and 
arranged in a pattern such that the distance betWeen the 
centers of said microprotrusion bases is at least tWo times the 
length of said microprotrusion. 

9. The microabrader of claim 1, Wherein the micropro 
trusions are arranged in a pattern. 

10. The microabrader of claim 9 Wherein said pattern 
consists of roWs and columns. 

11. The microabrader of claim 9, Wherein said pattern is 
a circular pattern. 

12. The microabrader of claim 9, Wherein said pattern is 
a random pattern. 

13. The microabrader of claim 8, Wherein said bases of 
said microprotrusions are spaced apart to form valleys 
betWeen said microprotrusions. 

14. The microabrader of claim 1 having a coating of a 
bioactive substance on said abrading surface. 

15. The microabrader of claim 14, Wherein said bioactive 
substance is a medicament. 

16. The microabrader of claim 14, Wherein said bioactive 
substance is a vaccine. 

17. The microabrader of claim 1, Wherein the length of 
said microprotrusions are greater than the depth to Which 
they penetrate into said skin. 

18. The microabrader of claim 1, Wherein said micropro 
trusions are of a length suf?cient to penetrate through the 
stratum corneum layer of said skin When used to abrade said 
skin. 


