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MICROPROTRUSION ARRAY AND METHODS OF 
MAKING A MICROPROTRUSION 

FIELD OF THE INVENTION 

[0001] The present invention is directed to microdevice 
and to a microprotrusion array. The invention is also directed 
to methods of manufacturing a microdevice, and particularly 
microprotrusion arrays, for delivering or WithdraWing a 
substance through the skin of a patient. 

BACKGROUND OF THE INVENTION 

[0002] Various microdevices are knoWn in the art for 
performing different tasks. One application that has received 
interest in recent years is in the ?eld of ?uid control devices 
and microvalves. The microvalves have been shoWn-to be 
useful in many industrial applications including the ?eld of 
drug delivery, fuel delivery systems for internal combustion 
engines, as Well as ink jet printers. These devices have been 
made by a number of different processes. 

[0003] The many techniques that are commonly used in 
the fabrication of electronic devices and integrated circuit 
chips are suitable for micromachining of micromechanical 
devices. These microdevices are typically referred to as 
micro-electrical mechanical systems (MEMS). The devices 
are extremely small and can be made from numerous kinds 
of materials. A common material is silicon in the form of 
silicon Wafers as used in the integrated circuit industry. 
Other materials that can be used include glass and ceramics. 

[0004] An example of a microvalve is disclosed in US. 
Pat. No. 6,056,269 to Johnson et al. The microvalve dis 
closed therein includes a silicon diaphragm With a valve seat 
and a ?oW channel. The diaphragm is positioned so it is able 
close against the valve seat When the diaphragm is de?ected. 
The diaphragm is formed by etching and machining the 
silicon body. A separate actuating force is applied to the 
diaphragm to open and close the valve. The actuating device 
can be a pressuriZed ?uid or a solenoid mechanism to apply 
a force to one side of the diaphragm. 

[0005] Solenoid actuation of a valve in a gas chromatog 
raphy assembly is knoWn as disclosed in US. Pat. No. 
4,582,624 to Terry et al. The valve structure is formed by 
etching and machining a valve body to form the desired 
shapes. The solenoid actuated devices are expensive to 
produce and portions of the device can not be manufactured 
ef?ciently. 
[0006] Another area of microdevices is in the ?eld of 
devices for delivering or sampling substances through the 
skin of a patient. The microdevices are typically small gauge 
needles or needle-like devices for penetrating the skin to the 
desired depth. Microneedle devices are desirable for many 
applications since they are able to deliver or WithdraW a 
substance through the skin With minimal pain or discomfort 
to the patient. 

[0007] One type of device that has gained attention is the 
microdevice that is able to penetrate the outer layers of the 
skin With less pain or discomfort than a standard cannula. 
These microdevices typically have needles that are a feW 
microns to several hundred microns in length. The microde 
vices for delivering drugs through the skin form micro pores 
or cuts through the stratum corneum. By penetrating the 
stratum corneum and delivering the drug to the skin in or 
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beloW the stratum corneum, many drugs can be effectively 
administered. The devices for penetrating the stratum cor 
neum 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.; US. Pat. No. 5,250,023 to Lee 
et al.; WO 97/48440; and 6,334,856 to Allen et al. 

[0008] Various methods have been used to produce the 
microneedles and microblades of the prior drug delivery 
devices. HoWever, these methods have limited the shape and 
dimensions of the microneedle or microblade. Accordingly, 
there is a continuing needed in the industry for improved 
methods of forming microdevices 

SUMMARY OF THE INVENTION 

[0009] The present invention is directed to microdevices, 
and particularly microprotrusions. The present invention is 
also directed to processes for forming microdevices. 

[0010] Accordingly, a primary object of the invention is to 
provide a process for forming microdevices, and particularly 
microprotrusion arrays, in an ef?cient and economical man 
ner. 

[0011] Another object of the invention is to provide a 
process for forming microprotrusion arrays for delivering or 
WithdraWing a substance through the skin of a patient. 

[0012] Still another object of the invention is to provide a 
process for forming a microprotrusion array by Wet etching 
of a silicon Wafer. 

[0013] A further object of the invention is to provide a 
process for forming a microprotrusion array by etching a 
substrate to produce microprotrusions having a substantially 
pyramid shape. 

[0014] Another object of the invention is to provide an 
etching process using a Wet isotropic etchant to form a 
conical shaped microprotrusion. 

[0015] A further object of the invention is to provide a 
process for forming a microprotrusion array having an axial 
passage through the microprotrusions. 

[0016] Still another object of the invention is to provide an 
etching process for forming an axial passage in a micropro 
trusion after forming the microprotrusion. 

[0017] A further object of the invention is to provide a 
process for forming a microprotrusion by etching a substrate 
to form microprotrusions having an annular body and a 
conical shaped tip. 

[0018] Another object of the invention is to provide a 
process for forming an annular microtube having a continu 
ous sharp ridge on an annular face. 

[0019] A further object of the invention is to provide a 
process of forming an oxide layer on a microprotrusion tip 
and removing the oxide layer to form a sharpened tip. 

[0020] Still another object of the invention is to provide a 
process for forming a microprotrusion array by forming a 
ring-shaped masking layer on a substrate and etching the 
substrate to form annular microprotrusions. 
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[0021] A further object of the invention is to provide an 
etching process for forming microprotrusions having a bev 
eled tip. 

[0022] Another object of the invention is to provide a 
process for forming a microprotrusion array having micro 
protrusions With an outer annular face, Where the outer 
annular face has a plurality of sharpened points. 

[0023] These and other objects of the invention are basi 
cally attained by providing a monolithic microprotrusion 
device comprising: a base having a Width and a length, a top 
face and a bottom face; a plurality of microprotrusions 
oriented in an array and extending from the top face of the 
base and being integrally formed With the base, each of the 
microprotrusions having at least one face extending to an 
outer end thereof. 

[0024] The objects of the invention are further attained by 
providing a method of forming a microprotrusion array 
comprising the steps of: providing a substrate having a top 
surface and a bottom surface, forming a patterned masking 
layer in a plurality of areas on the top surface, the areas of 
the patterned masking layer having a predetermined dimen 
sion corresponding to a microprotrusion and de?ning an 
exposed area of the top surface of the substrate around the 
areas of the masking layer, etching the exposed area of the 
top surface of the substrate to a sufficient depth to form a 
plurality of microprotrusions, and removing the masking 
layer from the substrate to expose the microprotrusions. 

[0025] The objects of the invention are still further 
attained by providing a method of forming a microprotru 
sion array comprising the steps of providing a silicon 
substrate having a top surface With a masking layer, remov 
ing a portion of the masking layer to form a plurality of 
substantially ring shaped portions of the masking layer on 
the top surface, etching the top surface of the silicon 
substrate to form a channel extending through a center of 
each of the ring shaped portions, and to form an annular 
column around each of the ring shaped portions, and remov 
ing the ring shaped portions of the masking layer to form a 
microprotrusion array. 

[0026] The objects of the invention are further attained by 
providing a method of forming a microprotrusion array 
comprising the steps of: providing a substrate having a top 
surface and a bottom surface; forming a plurality of recesses 
in the top surface, the recesses de?ning inclined surfaces 
With respect to a plane of the top surface, the inclined 
surfaces forming an array of sharpened tips, and removing 
a portion of the substrate around the sharpened tips to form 
an array of microprotrusions having an outer end formed by 
the sharpened tips. 

[0027] The objects of the invention are still further 
attained by providing a method of forming a microprotru 
sion array, comprising the steps of providing a substrate 
having a top surface and a bottom surface, forming an array 
of microprotrusions on the top surface of the substrate, the 
microprotrusions having a top surface, and forming at least 
one bevel on the top surface of each of the microprotrusions. 

[0028] The objects, advantages and other salient features 
of the invention Will become apparent to one skilled in the 
art in vieW of the folloWing detailed description of the 
invention in conjunction With the annexed draWings, Which 
form a part of this original disclosure. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0029] The folloWing is a brief description of the draWings 
that form a part of this original disclosure, in Which: 

[0030] FIG. 1 is a side vieW of the microprotrusion array 
in a ?rst embodiment of the invention; 

[0031] FIG. 2 is a perspective vieW of the microprotrusion 
array of the embodiment of FIG. 1; 

[0032] FIG. 3 is a top vieW of the microprotrusion array 
of FIG. 2; 

[0033] FIGS. 4A-4H shoW the sequential steps in forming 
a microprotrusion array in a second embodiment of the 
invention; 
[0034] FIGS. 5A-5I shoW the sequential steps in forming 
a microprotrusion array in a third embodiment of the inven 

tion; 
[0035] FIGS. 6A-6M shoW the sequential steps in forming 
a microprotrusion array in a fourth embodiment of the 
invention; 
[0036] FIGS. 7A-7J shoW the sequential steps in forming 
a microprotrusion array in a ?fth embodiment of the inven 

tion; 
[0037] FIGS. 8A-8L shoW the sequential steps in forming 
a microprotrusion array in a sixth embodiment of the inven 
tion; 
[0038] FIGS. 9A-9O shoW the sequential steps in forming 
a microprotrusion array in a seventh embodiment of the 
invention; and 

[0039] FIG. 10 is a perspective vieW of the microprotru 
sion in an eighth embodiment of the invention shoWing 
multiple sharp tips on the annular face. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0040] The present invention is directed to microprotru 
sion devices and to methods of forming the microprotrusion 
devices. More particularly, the invention is directed to 
methods of producing monolithic microprotrusion arrays 
and microdevices from the microprotrusion arrays. 

[0041] The microdevices of the invention in preferred 
embodiments are microprotrusion arrays for penetrating the 
skin of a patient to a selected depth for delivering or 
WithdraWing a substance through the skin of a patient. The 
term “microprotrusion” as used herein refers to a structure 
that can penetrate one or more layers of the skin of a patient 
to a desired depth. The microprotrusions in preferred 
embodiments of the invention have a sharpened tip and can 
be conical or pyramid shaped. Microprotrusions, as the term 
is used herein, include projecting members having a square 
or circular cross-section With or Without points or sharpened 
tips or cutting or scraping edges as in some embodiments 
discussed herein. The microprotrusions also encompass 
annular shaped columns having an axial passage. 

[0042] FIGS. 1-3 shoW one embodiment of the microde 
vice 10 of the invention. Microdevice 10 includes a base 12 
and a plurality of microprotrusions 14. In this embodiment, 
microprotrusions 14 are spaced apart in substantially uni 
formly spaced apart roWs and columns. Microprotrusions 14 


















