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Description
BACKGROUND OF THE INVENTION

[0001] Lancing devices are known in the medical
health-care products industry for piercing the skin to pro-
duce blood for analysis. Typically, a drop of blood for this
type of analysis is obtained by making a small incision in
the fingertip, creating a small wound, which generates a
small blood droplet on the surface of the skin.

[0002] Early methods of lancing included piercing or
slicing the skin with a needle or razor. Current methods
utilize lancing devices that contain a multitude of spring,
cam and mass actuators to drive the lancet. These in-
clude cantilever springs, diaphragms, coil springs, as well
as gravity plumbs used to drive the lancet. The device
may be held against the skin and mechanically triggered
to ballistically launch the lancet. Unfortunately, the pain
associated with each lancing event using known tech-
nology discourages patients from testing. In addition to
vibratory stimulation of the skin as the driver impacts the
end of alauncher stop, known spring based devices have
the possibility of harmonically oscillating against the pa-
tient tissue, causing multiple strikes due to recoil. This
recoil and multiple strikes of the lancet against the patient
is one major impediment to patient compliance with a
structured glucose monitoring regime.

[0003] Another impediment to patient compliance is
the lack of spontaneous blood flow generated by known
lancing technology. In addition to the pain as discussed
above, a patient may need more than one lancing event
to obtain a blood sample since spontaneous blood gen-
eration is unreliable using known lancing technology.
Thus the pain is multiplied by the number of tries it takes
to successfully generate spontaneous blood flow. Differ-
ent skin thickness may yield different results in terms of
pain perception, blood yield and success rate of obtaining
blood between different users of the lancing device.
Known devices poorly account for these skin thickness
variations.

[0004] A still further impediment to improved compli-
ance with glucose monitoring are the many steps and
hassle associated with each lancing event. Many diabetic
patients that are insulin dependent may need to self-test
for blood glucose levels five to six times daily. The large
number of steps required in traditional methods of glu-
cose testing, ranging from lancing, to milking of blood,
applying blood to the test strip, and getting the measure-
ments from the test strip, discourages many diabetic pa-
tients from testing their blood glucose levels as often as
recommended. Older patients and those with deteriorat-
ing motor skills encounter difficulty loading lancets into
launcher devices, transferring blood onto a test strip, or
inserting thin test strips into slots on glucose measure-
ment meters. Additionally, the wound channel left on the
patient by known systems may also be of a size that
discourages those who are active with their hands or who
are worried about healing of those wound channels from
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testing their glucose levels.

[0005] US 5,899,915 discloses schemes for intraoper-
atively performing surgery to create transmural channels
in tissue, for example, as in transmyocardial revascular-
ization. This is done using a device including a mechan-
ical end effector and means for stabilizing the end effector
in contact with the tissue. The end effector is adapted to
cooperate with a source of suction to evacuate tissue
severed during the channel forming process, and may
optionally include an electrode for cauterizing the tissue
surrounding the channel.

[0006] GB 2,335,990 discloses a hypodermic needle
having an electrical impedance sensor for sensing pen-
etration depth. The device has a shaft that can sense the
depth of penetration into an object (the substrate). The
substrate being penetrated has impedance that varies
according to the depth under a surface of the substrate.
The shaft has a tip for penetration and has conductive
ends near to the tip of the shaft. A change of impedance
of material of the object between the conductive ends
can be sensed to provide information on the depth of
penetration. A processor can be provided external to the
object being penetrated by the shaft to gather and proc-
ess the impedance information to determine whether the
desired depth has been achieved.

[0007] US 5830 219 discloses an apparatus for hold-
ing and driving a rotary cutting surgical instrument with
a needle guiding stage of a stereotactic mammography
biopsy system. The system includes a rotary cutting sur-
gical instrument having a housing with a mechanism for
securing the housing to a needle guiding stage of the
stereotactic mammography biopsy system. The appara-
tus further includes a position encoder and controller for
determining the resistance experienced by the rotary cut-
ting instrument and for controlling the rotation of the in-
strument in response to the resistance.

[0008] WO 02/000101 discloses an analyte monitoring
device having a housing, the device including a plurality
of needles, each having a tip, a retracted position, a po-
sition where the tip is extended from the housing a dis-
tance adapted to pierce skin, an electronically or spring
powered needle pushing apparatus movable to sepa-
rately engage each of the needles to move each from
the retracted position to the extended position, an energy
source located within the housing, a plurality of analysis
sites comprising an analysis preparation, each adapted
toreceive liquid from the needles to wetthe analysis prep-
aration, one or more light sources adapted to direct light
at the analysis sites, one or more light detectors adapted
to receive light from the analysis sites, and a processor.
[0009] WO 02/100251 discloses a lancing device
which controls the advancement and retraction of a lan-
cet by monitoring the position of the lancet in conjunction
with a lancet controller which incorporates a feedback
loop for modulating the lancet driver to follow a predeter-
mined tissue lancing profile.

[0010] WO 02/101359 discloses a simple, miniatur-
ized, disposable acquisition and test module for monitor-
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ing glucose or other analytes successively for multiple
times. The blood sampling system is designed to collect
and test small volumes of blood in a single step. The
system includes a disposable sampling module and a
reader device. Many samples can be acquired and ana-
lysed using a single disposable sampling module, mini-
mizing the number of disposables.

[0011] WO 02/100460 A2 discloses a lancing device
using an electromagnetic driver for actuating the lancet.
Lancet velocity is monitored and the lancet can be
stopped without requiring a mechanical stop.

SUMMARY OF THE INVENTION

[0012] Aspects of the invention are set out in the ap-
pended claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0013]

Figure 1 illustrates an embodiment of a controllable
force driver in the form of a cylindrical electric pen-
etrating member driver using a coiled selenoid-type
configuration.

Figure 2 illustrates a displacement over time profile
member driven by a harmonic spring/mass system.
Figure 2B illustrates the velocity over time profile of
a penetrating member driver by a harmonic
spring/mass system.

Figure 2C illustrates a displacement over time profile
of an embodiment of a controllable force driver.
Figure 2D illustrates a velocity over time profile of an
embodiment of a controllable force driver.

Figure 3 is a diagrammatic view illustrating a con-
trolled feed-back loop.

Figure 4 is a perspective view of a tissue penetration
device having features of the invention.

Figure 5 is an elevation view in partial longitudinal
section of the tissue penetration device of Figure 4.
Figures 6A-6C show a flowchart illustrating a pene-
trating member control method. Figure 7 is a dia-
grammatic view of a patient’s finger and a penetrat-
ing member tip moving toward the skin of the finger.
Figure 8 is a diagrammatic view of a patient’s finger
and the penetrating member tip making contact with
the skin of a patient’s finger.

Figure 9 is a diagrammatic view of the penetrating
member tip depressing the skin of a patient’s finger.
Figure 10 is a diagrammatic view of the penetrating
member tip further depressing the skin of a patient’s
finger.

Figure 11 is a diagrammatic view of the penetrating
member tip penetrating the skin of a patient’s finger.
Figure 12 is a diagrammatic view of the penetrating
member tip penetrating the skin of a patient’s finger
to a desired depth.

Figure 13 is a diagrammatic view of the penetrating
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member tip withdrawing from the skin of a patient’s
finger.

Figures 14-18 illustrate a method of tissue penetra-
tion that may measure elastic recoil of the skin.
Figure 19 is a perspective view in partial section of
atissue penetration sampling device with a cartridge
of sampling modules.

Figure 20 is a perspective view of a sampling module
cartridge with the sampling modules arranged in a
ring configuration.

Figure 21 illustrate an embodiment of a cartridge for
use in sampling having a sampling cartridge body
and a penetrating member cartridge body.

Figure 22A shows a device for use on a tissue site
having a plurality of penetrating members.

Figure 22B shows rear view of a device for use on
a tissue site having a plurality of penetrating mem-
bers.

Figure 22C shows a schematic of a device for use
on a tissue site with a feedback loop and optionally
a damper.

Figure 23A shows an embodiment of a device with
a user interface.

Figure 23B shows an outer view of a device with a
user interface.

Figure 24 is a cut away view of a system for sampling
body fluid.

Figure 25 is an exploded view of a cartridge for use
with a system for sampling body fluid.

Figure 26 is an exploded view of a cartridge having
multiple penetrating members for use with a system
for sampling body fluid.

Figures 27-28 show cartridges for use with a system
for sampling body fluid.

Figure 29 shows a cutaway view of another embod-
iment of a system for sampling body fluid.

Figure 30 shows the density associated with a car-
tridge according to the present invention.

Figure 31 shows a cutaway view of another embod-
iment of a system for sampling body fluid.

Figure 32 is a cut away view of a cartridge according
to the present invention.

Figures 33-34 show views of a body sampling sys-
tem using multiple cartridges.

Figure 35 shows an embodiment of the present in-
vention with a tissue stabilizing member.

Figure 36 shows a cartridge according to the present
invention with a tissue stabilizing member.

Figure 37 shows a system according to the present
invention with a moveable cartridge.

DESCRIPTION OF THE SPECIFIC EMBODIMENTS

[0014] The present invention provides a solution for
body fluid sampling. Specifically, some embodiments of
the presentinvention provides a penetrating member de-
vice for consistently creating a wound with spontaneous
body fluid flow from a patient. The invention may be a
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multiple penetrating member device with an optional high
density design. It may use penetrating members of small-
er size than known penetrating members. The device
may be used for multiple lancing events without having
to remove a disposable from the device or for the user
to handle sharps. The invention may provide improved
sensing capabilities. At least some of these and other
objectives described herein will be met by embodiments
of the present invention.

[0015] It is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory only and are not restric-
tive of the invention, as claimed. It should be noted that,
as used in the specification and the appended claims,
the singular forms "a", "an" and "the" include plural ref-
erents unless the context clearly dictates otherwise.
Thus, for example, reference to "a material" may include
mixtures of materials, reference to "a chamber" may in-
clude multiple chambers, and the like.

[0016] In this specification and in the claims which fol-
low, reference will be made to a number of terms which
shall be defined to have the following meanings:

"Optional" or "optionally" means that the subse-
quently described circumstance may or may not oc-
cur, so that the description includes instances where
the circumstance occurs and instances whereitdoes
not For example, if a device optionally contains a
feature for analyzing a blood sample, this means that
the analysis feature may or may not be present, and,
thus, the description includes structures wherein a
device possesses the analysis feature and struc-
tures wherein the analysis feature is not present
"Analyte detecting member" refers to any use, singly
or in combination, of chemical test reagents and
methods, electrical test circuits and methods, phys-
ical test components and methods, optical test com-
ponents and methods, and biological test reagents
and methods to yield information about a blood sam-
ple. Such methods are well known in the art and may
be based onteachings of, e.g. Tietz Textbook of Clin-
ical Chemistry, 3d Ed., Sec. V, pp. 776-78 (Burtis &
Ashwood, Eds., W.B. Sunders Company, Philadel-
phia, 1999); U.S. Pat. No. 5,997,817 to Chrismore
etal. (Dec. 7, 1999); U.S. Pat. No. 5,059,394 to Phil-
lips et al. (Oct. 22, 1991); U.S. Pat. No. 5,001,054
to Wagner et al. (Mar. 19, 1991); and U.S. Pat. No.
4,392,933 to Nakamura et al. (July 12,1983), as well
as

others. Analyte detecting member may include tests
in the sample test chamber that test electrochemical
properties of the blood, or they may include optical
means for sensing optical properties of the blood
(e.g. oxygen saturation level), or they may include
biochemical reagents (e.g. antibodies) to sense
properties (e.g. presence of antigens) of the blood.
The analyte detecting member may comprise bio-
sensing or reagent material that will react with an
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analyte in blood (e.g. glucose) or other body fluid so
that an appropriate signal correlating with the pres-
ence of the analyte is generated and can be read by
the reader apparatus. By way of example and not
limitation, analyte detecting member may "associat-
ed with", "mounted within", or "coupled to" achamber
or other structure when the analyte detecting mem-
ber participates in the function of providing an ap-
propriate signal about the blood sample to the reader
device. Analyte detecting member may also include
nanowire analyte detecting members as described
herein. Analyte detecting member may use potenti-
ometric, coulometric, or other method useful for de-
tection of analyte levels.

[0017] The present invention may be used with a va-
riety of different penetrating member drivers. It is con-
templated that these penetrating member drivers may be
spring based, solenoid based, magnetic driver based,
nanomuscle based, or based on any other mechanism
useful in moving a penetrating member along a path into
tissue. It should be noted that the present invention is
not limited by the type of driver used with the penetrating
member feed mechanism. One suitable penetrating
member driver for use with the presentinvention is shown
in Figure 1. This is an embodiment of a solenoid type
electromagnetic driver that is capable of driving an iron
core or slug mounted to the penetrating member assem-
bly using a direct current (DC) power supply. The elec-
tromagnetic driver includes a driver coil pack that is di-
vided into three separate coils along the path of the pen-
etrating member, two end coils and a middle coil. Direct
current is alternated to the coils to advance and retract
the penetrating member. Although the driver coil pack is
shown with three coils, any suitable number of coils may
be used, forexample, 4,5, 6, 7 or more coils may be used.
[0018] Referring to the embodiment of Figure 1, the
stationary iron housing 10 may contain the driver coil
pack with a first coil 12 flanked by iron spacers 14 which
concentrate the magnetic flux at the inner diameter cre-
ating magnetic poles. The inner insulating housing 16
isolates the penetrating member 18 and iron core 20 from
the coils and provides a smooth, low friction guide sur-
face. The penetrating member guide 22 further centers
the penetrating member 18 and iron core 20. The pene-
trating member 18 is protracted and retracted by alter-
nating the current between the first coil 12, the middle
coil, and the third coil to attract the iron core 20. Reversing
the coil sequence and attracting the core and penetrating
member back into the housing retracts the penetrating
member. The penetrating member guide 22 also serves
as a stop for the iron core 20 mounted to the penetrating
member 18.

[0019] As discussed previously, tissue penetration de-
vices which employ spring or cam driving methods have
a symmetrical or nearly symmetrical actuation displace-
ment and velocity profiles on the advancement and re-
traction of the penetrating member as shown in Figures
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2 and 3. In most of the available lancet devices, once the
launch is initiated, the stored energy determines the ve-
locity profile until the energy is dissipated. Controlling
impact, retraction velocity, and dwell time of the pene-
trating member within the tissue can be useful in order
to achieve a high success rate while accommodating var-
iations in skin properties and minimize pain. Advantages
can be achieved by taking into account of the fact that
tissue dwell time is related to the amount of skin defor-
mation as the penetrating member tries to puncture the
surface of the skin and variance in skin deformation from
patient to patient based on skin hydration.

[0020] Inthis embodiment, the ability to control velocity
and depth of penetration may be achieved by use of a
controllable force driver where feedback is an integral
partofdrivercontrol. Such drivers can control either metal
or polymeric penetrating members or any other type of
tissue penetration element The dynamic control of such
a driver is illustrated in Figure. 2C which illustrates an
embodiment of a controlled displacement profile and Fig-
ure 2D which illustrates an embodiment of a the control-
led velocity profile. These are compared to Figures 2A
and 2B, which illustrate embodiments of displacement
and velocity profiles, respectively, of a harmonic
spring/mass powered driver. Reduced pain can be
achieved by using impact velocities of greater than about
2 m/s entry of a tissue penetrating element, such as a
lancet, into tissue. Other suitable embodiments of the
penetrating member driver are described in commonly
assigned, copending U.S. Patent Application Ser. No.
10/127,395, (Attorney Docket No. 38187-2551) filed April
19,2002.

[0021] Figure 3 illustrates, as a nonlimiting example,
the operation of a feedback loop using a processor 60.
The processor 60 stores profiles 62 in non-volatile mem-
ory. A user inputs information 64 about the desired cir-
cumstances or parameters for a lancing event. The proc-
essor 60 selects adriver profile 62 from a set of alternative
driver profiles that have been preprogrammed in the
processor 60 based on typical or desired tissue penetra-
tion device performance determined through testing at
the factory or as programmed in by the operator. The
processor 60 may customize by either scaling or modi-
fying the profile based on additional user input informa-
tion 64. Once the processor has chosen and customized
the profile, the processor 60 is ready to modulate the
power from the power supply 66 to the penetrating mem-
ber driver 68 through an amplifier 70. The processor 60
may measure the location of the penetrating member 72
using a position sensing mechanism 74 through an an-
alog to digital converter 76 linear encoder or other such
transducer. Examples of position sensing mechanisms
have been described in the embodiments above and may
be found in the specification for commonly assigned, co-
pending U.S. Patent Application Ser. No. 10/127,395,
(Attorney Docket No. 38187-2551) filed April 19,2002.
The processor 60 calculates the

movement of the penetrating member by comparing the
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actual profile of the penetrating member to the predeter-
mined profile. The processor 60 modulates the power to
the penetrating member driver 68 through a signal gen-
erator 78, which may control the amplifier 70 so that the
actual velocity profile of the penetrating member does
not exceed the predetermined profile by more than a pre-
set error limit. The error limit is the accuracy in the control
of the penetrating member.

[0022] After the lancing event, the processor 60 can
allow the user to rank the results of the lancing event.
The processor 60 stores these results and constructs a
database 80 for the individual user. Using the database
77, the processor 60 calculates the profile traits such as
degree of painlessness, success rate, and blood volume
for various profiles 62 depending on user input informa-
tion 64 to optimize the profile to the individual user for
subsequent lancing cycles.

[0023] These profile traits depend on the characteristic
phases of penetrating member advancement and retrac-
tion. The processor 60 uses these calculations to opti-
mize profiles 62 for each user. In addition to user input
information 64, an internal clock allows storage in the
database 79 of information such as the time of day to
generate a time stamp for the lancing event and the time
between lancing events to anticipate the user’s diurnal
needs. The database stores information and statistics for
each user and each profile that particular user uses.
[0024] In addition to varying the profiles, the processor
60 can be used to calculate the appropriate penetrating
member diameter and geometry suitable to realize the
blood volume required by the user. For example, if the
user requires about 1-5 microliter volume of blood, the
processor 60 may select a 200 micron diameter pene-
trating member to achieve these results. For each class
of lancet, both diameter and lancet tip geometry, is stored
in the processor 60 to correspond with upper and lower
limits of attainable blood volume based on the predeter-
mined displacement and velocity profiles.

[0025] The lancing device is capable of prompting the
user for information at the beginning and the end of the
lancing event to more adequately suit the user. The goal
is to either change to a different profile or modify an ex-
isting profile. Once the profile is set, the force driving the
penetrating member is varied during advancement and
retraction to follow the profile. The method of lancing us-
ing the lancing device comprises selecting a profile, lanc-
ing according to the selected profile, determining lancing
profile traits for each characteristic phase of the lancing
cycle, and optimizing profile traits for subsequentlancing
events.

[0026] Figure 4 illustrates an embodiment of a tissue
penetration device, more specifically, a lancing device
80 that includes a controllable driver 79 coupled to a tis-
sue penetration element.

[0027] The lancing device 80 has a proximal end 81
and a distal end 82. At the distal end 82 is the tissue
penetration element in the form of a penetrating member
83, which is coupled to an elongate coupler shaft 84 by
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a drive coupler 85. The elongate coupler shaft 84 has a
proximal end 86 and a distal end 87. A driver coil pack
88 is disposed about the elongate coupler shaft 84 prox-
imal of the penetrating member 83. A position sensor 91
is disposed about a proximal portion 92 of the elongate
coupler shaft 84 and an electrical conductor 94 electri-
cally couples a processor 93 to the position sensor 91.
The elongate coupler shaft 84 driven by the driver coil
pack 88 controlled by the position sensor 91 and proc-
essor 93 form the controllable driver, specifically, a con-
trollable electromagnetic driver.

[0028] Referring to Figure 5, the lancing device 80 can
be seen in more detail, in partial longitudinal section. The
penetrating member 83 has a proximal end 95 and a
distal end 96 with a sharpened point at the distal end 96
of the penetrating member 83 and a drive head 98 dis-
posed at the proximal end 95 of the penetrating member
83. A penetrating member shaft 201 is disposed between
the drive head 98 and the sharpened point 97. The pen-
etrating member shaft 201 may be comprised of stainless
steel, or any other suitable material or alloy and have a
transverse dimension of about 0.1 to about 0.4 mm. The
penetrating member shaft may have a length of about 3
mm to about 50 mm, specifically, about 15 mm to about
20 mm. The drive head 98 of the penetrating member 83
is an enlarged portion having a transverse dimension
greater than a transverse dimension of the penetrating
member shaft 201 distal of the drive head 98. This con-
figuration allows the drive head 98 to be mechanically
captured by the drive coupler 85. The drive head 98 may
have a transverse dimension of about 0.5 to about 2 mm.
[0029] A magnetic member 102 is secured to the elon-
gate coupler shaft 84 proximal of the drive coupler 85 on
a distal portion 203 of the elongate coupler shaft 84. The
magnetic member 102 is a substantially cylindrical piece
of magnetic material having an axial lumen 204 extending
the length of the magnetic member 102. The magnetic
member 102 has an outer transverse dimension that al-
lows the magnetic member 102 to slide easily within an
axial lumen 105 of a low friction, possibly lubricious, pol-
ymer guide tube 105’disposed within the driver coil pack
88. The magnetic member 102 may have an outer trans-
verse dimension of about 1. 0 to about 5.0 mm, specifi-
cally, about 2.3 to about 2.5 mm. The magnetic member
102 may have a length of about 3.0 to about 5.0 mm,
specifically, about 4.7 to about 4.9 mm. The magnetic
member 102 can be made from a variety of magnetic
materials including ferrous metals such as ferrous steel,
iron, ferrite, or the like. The magnetic member 102 may
be secured to the distal portion 203 of the elongate cou-
pler shaft 84 by a variety of methods including adhesive
or epoxy bonding, welding, crimping or any other suitable
method.

[0030] Proximal of the magnetic member 102, an op-
tical encoder flag 106 is secured to the elongate coupler
shaft 84. It should be understood of course, that a variety
of other position sensors as known in the art may be used
in place of the optical encoder flag or strip. In this non-
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limiting embodiment, the optical encoder flag 106 is con-
figured to move within a slot 107 in the position sensor
91. The slot 107 of the position sensor 91 is formed be-
tween a first body portion 108 and a second body portion
109 of the position sensor 91. The slot 107 may have
separation width of about 1.5 toabout 2.0 mm. The optical
encoder flag 106 can have a length of about 14 to about
18 mm, a width of about 3 to about 5 mm and a thickness
of about 0.04 to about 0.06 mm

[0031] The optical encoder flag 106 interacts with var-
ious optical beams generated by LEDs disposed on or
in the position sensor body portions 108 and 109 in a
predetermined manner. The interaction of the optical
beams generated by the LEDs of the position sensor 91
generates a signal thatindicates the longitudinal position
of the optical flag 106 relative to the position sensor 91
with a substantially high degree of resolution. The reso-
lution of the position sensor 91 may be about 200 to about
400 cycles per 2.54cm (inch) specifically, about 350 to
about 370 cycles per 2.54cm (inch). The position sensor
91 may have a speed response time (position/time res-
olution) of 0 to about 120,000 Hz, where one dark and
light stripe of the flag constitutes one Hertz, or cycle per
second. The position of the optical encoder flag 106 rel-
ative to the magnetic member 102, driver coil pack 88
and position sensor 91 is such that the optical encoder
91 can provide precise positional information about the
penetrating member 83 over the entire length of the pen-
etrating member’s power stroke.

[0032] As a nonlimting example, an optical encoder
thatis suitable for the position sensor 91 is a linear optical
incremental encoder, model HEDS 9200, manufactured
by Agilent Technologies.

[0033] The model HEDS 9200 may have a length of
about 20 to about 30 mm, a width of about 8 to about 12
mm, and a height of about 9 to about 11 mm. Although
the position sensor 91 illustrated is a linear optical incre-
mental encoder, other suitable position sensor embodi-
ments could be used, provided they posses the requisite
positional resolution and time response. The HEDS 9200
is a two channel device where the channels are 90 de-
grees out of phase with each other. This results in a res-
olution of four times the basic cycle of the flag, These
quadrature outputs make it possible for the processor to
determine the direction of penetrating member travel.
Other suitable position sensors include capacitive encod-
ers, analog reflective sensors, such as the reflective po-
sition sensor discussed above, and the like.

[0034] A coupler shaft guide 111 is disposed towards
the proximal end 81 of the lancing device 80. The guide
111 has a guide lumen 112 disposed in the guide 111 to
slidingly accept the proximal portion 92 of the elongate
coupler shaft 84. The guide 111 keeps the elongate cou-
pler shaft 84 centered horizontally and vertically in the
slot 102 of the optical encoder 91.

[0035] The driver coil pack 88, position sensor 91 and
coupler shaft guide 111 are all secured to a base 113 in
this embodiment. The base 113 is longitudinally coex-
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tensive with the driver coil pack 88, position sensor 91
and coupler shaft guide 111. The base 113 can take the
form of a rectangular piece of metal or polymer, or may
be a more elaborate housing with recesses, which are
configured to accept the various components of the lanc-
ing device 80.

[0036] Asdiscussedabove, the magnetic member 102
is configured to slide within an axial lumen 105 of the
driver coil pack 88. The driver coil pack 88 includes a
most distalfirst coil 114, a second coil 115, which is axially
disposed between the first coil 114 and a third coil 116,
and a proximal-most fourth coil 117. Each of the first coil
114, second coil 115, third coil 116 and fourth coil 117
has an axial lumen. The axial lumens of the first through
fourth coils are configured to be coaxial with the axial
lumens of the other coils and together form the axial lu-
men 105 of the driver coil pack 88 as a whole. Axially
adjacent each of the coils 114-117 is a magnetic disk or
washer 118 that augments completion of the magnetic
circuit of the coils 114-117 during a lancing cycle of the
device 80. The magnetic washers 118 of the embodiment
of Figure 5 are made of ferrous steel but could be made
of any other suitable magnetic material, such as iron or
ferrite. The outer shell 89 of the driver coil pack 88 is also
made of iron or steel to complete the magnetic path
around the coils and between the washers 118. The mag-
netic washers 118 have an outer diameter commensu-
rate with an outer diameter of the driver coil pack 88 of
about 4.0 to about 8.0 mm. The magnetic washers 118
have an axial thickness of about 0.05, to about 0.4 mm,
specifically, about 0.15 to about 0.25 mm.

[0037] Wrapping orwinding an elongate electrical con-
ductor 121 about an axial lumen until a sufficient number
of windings have been achieved forms the coils 114-117.
The elongate electrical conductor 121 is generally an in-
sulated solid copper wire with a small outer transverse
dimension of about 0.06 mm to about 0.88 mm, specifi-
cally, about 0.3 mm to about 0.5 mm. In one embodiment,
32 gauge copper wire is used for the coils 114-117. The
number of windings for each of the coils 114-117 of the
driver pack 88 may vary with the size of the coil, but for
some embodiments each coil 114-117 may have about
30 to about 80 turns, specifically, about 50 to about 60
turns. Each coil 114-117 can have an axial length of about
1.0 to about 3.0 mm, specifically, about 1.8 to about 2.0
mm. Each coil 114-117 can have an outer transverse
dimension or diameter of about 4.0, to about 2.0 mm,
specifically, about 9.0 to about 12.0 mm. The axial lumen
105 can have a transverse dimension of about 1.0 to
about 3.0 mm.

[0038] It may be advantageous in some driver coil 88
embodiments to replace one or more of the coils with
permanent magnets, which produce a magnetic field sim-
ilar to that of the coils when the coils are activated. In
particular, it may be desirable in some embodiments to
replace the second coil 115, the third coil 116 or both
with permanent magnets. In addition, it may be advan-
tageous to position a permanent magnet at or near the
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proximal end of the coil driver pack in order to provide
fixed magnet zeroing function for the magnetic member
(Adams magnetic Products 23A0002 flexible magnet
material (800) 747-7543).

[0039] Figures 4 and 5 show a permanent bar magnet
119 disposed on the proximal end of the driver coil pack
88. As shown in Figure 5, the bar magnet 119 is arranged
so as to have one end disposed adjacent the travel path
of the magnetic member 102 and has a polarity config-
ured so as to attract the magnetic member 102 in a cen-
tered position with respect to the bar magnet 119. Note
that the polymer guide tube 105’ can be configured to
extend proximally to insulate the inward radial surface of
the bar magnet 119 from an outer surface of the magnetic
member 102. This arrangement allows the magnetic
member 119 and thus the elongate coupler shaft 84 to
be attracted to and held in a zero point or rest position
without the consumption of electrical energy from the
power supply 125.

[0040] Havingafixedzero orstart pointforthe elongate
coupler shaft 84 and penetrating member 83 may be use-
ful to properly controlling the depth of penetration of the
penetrating member 83 as well as other lancing param-
eters. This can be because some methods of depth pen-
etration control for a controllable driver measure the ac-
celeration and displacement of the elongate coupler shaft
84 and penetrating member 83 from a known start posi-
tion. If the distance of the penetrating member tip 96 from
thetargettissueis known, acceleration and displacement
of the penetrating member is known and the start position
of the penetrating member is know, the time and position
of tissue contact and depth of penetration can be deter-
mined by the processor 93.

[0041] Any number of configurations for a magnetic
bar 119 can be used for the purposes discussed above.
In particular, a second permanent bar magnet (not
shown) could be added to the proximal end of the driver
coil pack 88 with the magnetic fields of the two bar mag-
nets configured to complement each other. In addition,
a disc magnet 119’ could be used as illustrated in Figure
22. Disc magnet 119’ is shown disposed at the proximal
end of the driver coiled pack 88 with a polymer non-mag-
netic disc 119" disposed between the proximal-most coil
117 and disc magnet 119’ and positions disc magnet 119’
away from the proximal end of the proximal-most coil
117. The polymer non-magnetic disc spacer 119" is used
so that the magnetic member 102 can be centered in a
zero or start position slightly proximal of the proximal-
most coil 117 of the driver coil pack 88. This allows the
magnetic member to be attracted by the proximal-most
coil 117 at the initiation of the lancing cycle instead of
being passive in the forward drive portion of the lancing
cycle.

[0042] An inner lumen of the polymer non-magnetic
disc 119" can be configured to allow the magnetic mem-
ber 102 to pass axially there through while an inner lumen
of the disc magnet 119’ can be configured to allow the
elongate coupler shaft 84 to pass through but not large
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enough for the magnetic member 102 to pass through.
This results in the magnetic member 102 being attracted
to the disc magnet 119’ and coming to rest with the prox-
imal surface of the magnetic member 102 against a distal
surface of the disc magnet 119'. This arrangement pro-
vides for a positive and repeatable stop for the magnetic
member, and hence the penetrating member. A similar
configuration could also be used for the bar magnet 119
discussed above.

[0043] Typically, when the electrical current in the coils
114-117 of the driver coil pack 88 is off, a magnetic mem-
ber 102 made of soft iron is attracted to the bar magnet
119 or disc magnet 119’. The magnetic field of the driver
coil pack 88 and the bar magnet 119 or disc magnet 119’,
or any other suitable magnet, can be configured such
that when the electrical current in the coils 114-117 is
turned on, the leakage magnetic field from the coils
114-117 has the same polarity as the bar magnet 119 or
disc magnet 119'. This results in a magnetic force that
repels the magnetic member 102 from the bar magnet
119 or disc magnet 119’ and attracts the magnetic mem-
ber 102 to the activated coils 114-117. For this configu-
ration, the bar magnet 119 or disc magnet thus act to
facilitate acceleration of the magnetic member 102 as
opposed to working against the acceleration.

[0044] Electrical conductors 122 couple the driver coil
pack 88 with the processor 93 which can be configured
or programmed to control the current flow in the coils
114-117 of the driver coil pack 88 based on position feed-
back from the position sensor 91, which is coupled to the
processor 93 by electrical conductors 94. A power source
125 is electrically coupled to the processor 93 and pro-
vides electrical power to operate the processor 93 and
power the coil driver pack 88. The power source 125 may
be one or more batteries that provide direct current power
to the 93 processor.

[0045] Referring to Figures 6A-6C, a flow diagram is
shown that describes the operations performed by the
processor 93 in controlling the penetrating member 83
of the lancing device 80 discussed above during an op-
erating cycle. Figures 7-13 illustrate the interaction of the
penetrating member 83 and skin 133 of the patient’s fin-
ger 134 during an operation cycle of the penetrating
member device 83. The processor 93 operates under
control of programming steps that are stored in an asso-
ciated memory. When the programming steps are exe-
cuted, the processor 93 performs operations as de-
scribed herein. Thus, the programming steps implement
the functionality of the operations described with respect
to the flow diagram of Figure 6. The processor 93 can
receive the programming steps from a program product
stored in recordable media, including a direct access pro-
gram product storage device such as a hard drive or flash
ROM, a removable program product storage device such
as a floppy disk, or in any other manner known to those
of skill in the art. The processor 93 can also download
the programming steps through a network connection or
serial connection.
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[0046] In the first operation, represented by the flow
diagram box numbered 145 in Figure 6A, the processor
93 initializes values that it stores in memory relating to
control of the penetrating member, such as variables that
it uses to keep track of the controllable driver 179 during
movement. For example, the processor may set a clock
value to zero and a penetrating member position value
to zero or to some other initial value. The processor 93
may also cause power to be removed from the coil pack
88 for a period of time, such as for about 10 ms, to allow
any residual flux to dissipate from the coils.

[0047] In the initialization operation, the processor 93
also causes the penetrating member to assume an initial
stationary position. When in the initial stationary position,
the penetrating member 83 is typically fully retracted such
thatthe magnetic member 102 is positioned substantially
adjacent the fourth coil 117 of the driver coil pack 88,
shown in Figure 5 above.

[0048] The processor 93 can move the penetrating
member 83 to the initial stationary position by pulsing an
electrical current to the fourth coil 117 to thereby attract
the magnetic member 102 on the penetrating member
83 to the fourth coil 117. Alternatively, the magnetic mem-
ber can be positioned in the initial stationary position by
virtue of a permanent magnet, such as bar magnet 119,
disc magnet 119’or any other suitable magnet as dis-
cussed above with regard to the tissue penetration device
illustrated in Figures 20 and 21.

[0049] In the next operation, represented by the flow
diagram box numbered 147, the processor 93 energizes
one or more of the coils in the coil pack 88. This should
cause the penetrating member 83 to begin to move (i.
e., achieve a non-zero speed) toward the skin target
133. The processor 93 then determines whether or not
the penetrating member is indeed moving, as represent-
ed by the decision box numbered 149. The processor 93
can determine whether the penetrating member 83 is
moving by monitoring the position of the penetrating
member 83 to determine whether the position changes
over time. The processor 93 can monitor the position of
the penetrating member 83 by keeping track of the posi-
tion of the optical encoder flag 106 secured to the elon-
gate coupler shaft 84 wherein the encoder 91 produces
a signal coupled to the processor 93 that indicates the
spatial position of the penetrating member 83.

[0050] Ifthe processor 93 determines (via timeout with-
out motion events) that the penetrating member 83 is not
moving (a"No"result from the decision box 149), then the
process proceeds to the operation represented by the
flow diagram box numbered 153, where the processor
deems that an error condition is present. This means that
some error in the system is causing the penetrating mem-
ber 83 not to move. The error may be mechanical, elec-
trical, or software related. For example, the penetrating
member 83 may be stuck in the stationary position be-
cause something is impeding its movement.

[0051] If the processor 93 determines that the pene-
trating member 83 is indeed moving (a"Yes" result from
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the decision box numbered 149), then the process pro-
ceeds to the operation represented by the flow diagram
box numbered 157. In this operation, the processor 93
causes the penetrating member 83 to continue to accel-
erate and launch toward the skin target 133, as indicated
by the arrow 135 in Figure 7. The processor 93 can
achieve acceleration of the penetrating member 83 by
sending an electrical current to an appropriate coil
114-117 such that the coil 114-117 exerts an attractive
magnetic launching force on the magnetic member 102
and causes the magnetic member 102 and the penetrat-
ing member 83 coupled thereto to move in a desired di-
rection. For example, the processor 93 can cause an
electrical current to be sent to the third coil 116 so that
the third coil 116 attracts the magnetic member 102 and
causes the magnetic member 102 to move from a posi-
tion adjacent the fourth coil 117 toward the third coil 116.
The processor preferably determines which coil 114-117
should be used to attract the magnetic member 102
based on the position of the magnetic member 102 rel-
ative to the coils 114-117. In this manner, the processor
93 provides a controlled force to the penetrating member
that controls the movement of the penetrating member.
[0052] During this operation, the processor 93 period-
ically or continually monitors the position and/or velocity
of the penetrating member 83. In keeping track of the
velocity and position of the penetrating member 83 as
the penetrating member 83 moves towards the patient’s
skin 133 or other tissue, the processor 93 also monitors
and adjusts the electrical current to the coils 114-117.
[0053] In some embodiments, the processor 93 ap-
plies current to an appropriate coil 114-117 such that the
penetrating member 83 continues to move according to
a desired direction and acceleration.

[0054] In the instant case, the processor 93 applies
current to the appropriate coil 114-117 that will cause the
penetrating member 83 to continue to move in the direc-
tion of the patient’s skin 133 or other tissue to be pene-
trated.

[0055] The processor 93 may successively transition
the currentbetween coils 114-117 so thatas the magnetic
member 102 moves past a particular coil 114-117, the
processor 93 then shuts off current to that coil 114-117
and then applies current to another coil 114-117 that will
attract the magnetic member 102 and cause the mag-
netic member 102 to continue to move in the desired
direction. In transitioning current between the coils
114-117, the processor 93 can take into account various
factors, including the speed of the penetrating member
83, the position of the penetrating member 83 relative to
the coils 114-117, the number of coils 114-117, and the
level of current to be applied to the coils 114-117 to
achieve a desired speed or acceleration.

[0056] In the next operation, the processor 93 deter-
mines whether the cutting or distal end tip 96 of the pen-
etrating member 83 has contacted the patient’s skin 133,
as shown in Figure 8 and as represented by the decision
box numbered 165 in Figure 6B. The processor 93 may
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determine whether the penetrating member 83 has made
contact with the target tissue 133 by a variety of methods,
including some that rely on parameters which are meas-
ured prior to initiation of a lancing cycle and other meth-
ods that are adaptable to use during a lancing cycle with-
out any predetermined parameters.

[0057] In one embodiment, the processor 93 deter-
mines that the skin has been contacted when the end tip
96 of the penetrating member 83 has moved a predeter-
mined distance with respect to its initial position. If the
distance from the tip 96 of the penetrating member 83 to
the target tissue 133 is known prior to initiation of pene-
trating member 83 movement, the initial position of the
penetrating member 83 is fixed and known, and the
movement and position of the penetrating member 83
can be accurately measured during a lancing cycle, then
the position and time of penetrating member contact can
be determined.

[0058] This method requires an accurate measure-
ment of the distance between the penetrating member
tip 96 and the patient’s skin 133 when the penetrating
member 83 is in the zero time or initial position. This can
be accomplished in a number of ways. One way is to
control all of the mechanical parameters that influence
the distance from the penetrating member tip 96 to the
patient’s tissue or a surface of the lancing device 80 that
will contact the patient’s skin 133. This could include the
start position of the magnetic member 102, magnetic path
tolerance, magnetic member 102 dimensions, driver coil
pack 88 location within the lancing device 80 as a whole,
length of the elongate coupling shaft 84, placement of
the magnetic member 102 on the elongate coupling shaft
84, length of the penetrating member 83 etc.

[0059] If all these parameters, as well as others can
be suitably controlled in manufacturing with a tolerance
stack-up that is acceptable, then the distance from the
penetrating member tip 96 to the target tissue 133 can
be determined at the time of manufacture of the lancing
device 80. The distance could then be programmed into
the memory of the processor 93. If an adjustable feature
is added to the lancing device 80, such as an adjustable
length elongate coupling shaft 84, this can accommodate
variations in all of the parameters noted above, except
length of the penetrating member 83. An electronic alter-
native to this mechanical approach would be to calibrate
a stored memory contact point into the memory of the
processor 93 during manufacture based on the mechan-
ical parameters described above.

[0060] Inanother embodiment, moving the penetrating
member tip 96 to the target tissue 133 very slowly and
gently touching the skin 133 prior to actuation can ac-
complish the distance from the penetrating member tip
96 to the tissue 133. The position sensor can accurately
measure the distance from the initialization point to the
point of contact, where the resistance to advancement
of the penetrating member 83 stops the penetrating
member movement. The penetrating member 83 is then
retracted to the initialization point having measured the
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distance to the target tissue 133 without creating any
discomfort to the user.

[0061] In another embodiment, the processor 93 may
use software to determine whether the penetrating mem-
ber 83 has made contact with the patient’s skin 133 by
measuring for a sudden reduction in velocity of the pen-
etrating member 83 due to friction or resistance imposed
on the penetrating member 83 by the patient’s skin 133.
The optical encoder 91 measures displacement of the
penetrating member 83. The position output data pro-
vides input to the interrupt input of the processor 93. The
processor 93 also has a timer capable of measuring the
time between interrupts. The distance between interrupts
is known for the optical encoder 91, so the velocity of the
penetrating member 83 can be calculated by dividing the
distance between interrupts by the time between the in-
terrupts.

[0062] This method requires that velocity losses to the
penetrating member 83 and elongate coupler 84 assem-
bly due to friction are known to an acceptable level so
that these velocity losses and resulting deceleration can
be accounted for when establishing a deceleration
threshold above which contact between penetrating
member tip 96 and target tissue 133 will be presumed.
This same concept can be implemented in many ways.
For example, rather than monitoring the velocity of the
penetrating member 83, if the processor 93 is controlling
the penetrating member driver in order to maintain a fixed
velocity, the power to the driver 88 could be monitored.
If an amount of power above a predetermined threshold
is required in order to maintain a constant velocity, then
contact between the tip of the penetrating member 96
and the skin 133 could be presumed.

[0063] In yet another embodiment, the processor 93
determines skin 133 contact by the penetrating member
83 by detection of an acoustic signal produced by the tip
96 of the penetrating member 83 as it strikes the patient’'s
skin 133. Detection of the acoustic signal can be meas-
ured by an acoustic detector 136 placed in contact with
the patient’s skin 133 adjacent a penetrating member
penetration site 137, as shown in Figure 8. Suitable
acoustic detectors 136 include piezo electric transduc-
ers, microphones and the like. The acoustic detector 136
transmits an electrical signal generated by the acoustic
signal to the processor 93 via electrical conductors 138.
In another embodiment, contact of the penetrating mem-
ber 83 with the patient’s skin 133 can be determined by
measurement of electrical continuity in a circuit that in-
cludes the penetrating member 83, the patient’s finger
134 and an electrical contact pad 240 that is disposed
on the patient’s skin 133 adjacent the contact site 137 of
the penetrating member 83, as shown in Figure 8. In this
embodiment, as soon as the penetrating member 83 con-
tacts the patient’s skin 133, the circuit 139 is completed
and current flows through the circuit 139. Completion of
the circuit 139 can then be detected by the processor 93
to confirm skin 133 contact by the penetrating member
83.
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[0064] If the penetrating member 83 has not contacted
the target skin 133, then the process proceeds to a time-
out operation, as represented by the decision box num-
bered 167 in Figure 6B. In the timeout operation, the proc-
essor 93 waits a predetermined time period. If the timeout
period has not yet elapsed (a "No" outcome from the
decision box 167), then the processor continues to mon-
itor whether the penetrating member has contacted the
target skin 133. The processor 93 preferably continues
to monitor the position and speed ofthe penetrating mem-
ber 83, as well as the electrical current to the appropriate
coil 114-117 to maintain the desired penetrating member
83 movement.

[0065] If the timeout period elapses without the pene-
trating member 83 contacting the skin (a "Yes" output
from the decision box 167), then it is deemed that the
penetrating member 83 will not contact the skin and the
process proceeds to a withdraw phase, where the pen-
etrating member is withdrawn away from the skin 133,
as discussed more fully below. The penetrating member
83 may not have contacted the target skin 133 for a va-
riety of reasons, such as if the patient removed the skin
133 from the lancing device or if something obstructed
the penetrating member 83 prior to it contacting the skin.
[0066] The processor 93 may also proceed to the with-
draw phase prior to skin contact for other reasons. For
example, at some point after initiation of movement of
the penetrating member 83, the processor 93 may de-
termine that the forward acceleration of the penetrating
member 83 towards the patient’'s skin 133 should be
stopped or that current to all coils 114-117 should be shut
down. This can occur, forexample, if it is determined that
the penetrating member 83 has achieved sufficient for-
ward velocity, but has not yet contacted the skin 133. In
one embodiment, the average penetration velocity of the
penetrating member 83 from the point of contact with the
skin to the point of maximum penetration may be about
2.0 to about 10.0 m/s, specifically, about 3.8 to about 4.2
m/s. In another embodiment, the average penetration ve-
locity of the penetrating member may be from about 2 to
about 8 meters per second, specifically, about 2 to about
4 m/s.

[0067] The processor 93 can also proceed to the with-
draw phase if it is determined that the penetrating mem-
ber 83 has fully extended to the end of the power stroke
of the operation cycle of lancing procedure. In other
words, the process may proceed to withdraw phase when
an axial center 141 of the magnetic member 102 has
moved distal of an axial center 142 of the first coil 114
as show in Figure 5. In this situation, any continued power
toany ofthe coils 114-117 ofthe driver coil pack 88 serves
to decelerate the magnetic member 102 and thus the
penetrating member 83. In this regard, the processor 93
considers the length of the penetrating member 83 (which
can be stored in memory) the position of the penetrating
member 83 relative to the magnetic member 102, as well
as the distance that the penetrating member 83 has
traveled.
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[0068] With reference again to the decision box 165 in
Figure 6B, if the processor 93 determines that the pen-
etrating member 83 has contacted the skin 133
(a"Yes"outcome from the decision box 165), then the
processor 93 can adjust the speed of the penetrating
member 83 or the power delivered to the penetrating
member 83 for skin penetration to overcome any frictional
forces on the penetrating member 83 in order to maintain
adesired penetration velocity of the penetrating member.
The flow diagram box numbered 167 represents this.
[0069] As the velocity of the penetrating member 83 is
maintained after contact with the skin 133, the distal tip
96 of the penetrating member 83 will first beginto depress
or tent the contacted skin 137 and the skin 133 adjacent
the penetrating member 83 to form a tented portion 143
as shown in Figure 9 and further shown in Figure 10. As
the penetrating member 83 continues to move in a distal
direction or be driven in a distal direction against the pa-
tient’s skin 133, the penetrating member 83 will eventu-
ally begin to penetrate the skin 133, as shown in

Figure 11. Once penetration of the skin 133 begins, the
static force at the distal tip 96 of the penetrating member
83 from the skin 133 will become a dynamic cutting force,
which is generally less than the static tip force. As aresult
in the reduction of force on the distal tip 96 of the pene-
trating member 83 upon initiation of cutting, the tented
portion 143 of the skin 133 adjacent the distal tip 96 of
the penetrating member 83 which had been depressed
as shown in Figures 9 and 10 will spring back as shown
in Figure 11.

[0070] In the next operation, represented by the deci-
sion box numbered 171 in Figure 6B, the processor 93
determines whether the distal end 96 of the penetrating
member 83 has reached a brake depth. The brake depth
is the skin penetration depth for which the processor 93
determines that deceleration of the penetrating member
83 is to be initiated in order to achieve a desired final
penetration depth 144 of the penetrating member 83 as
show in Figure 12. The brake depth may be pre-deter-
mined and programmed into the processor’'s memory, or
the processor 93 may dynamically determine the brake
depth during the actuation. The amount of penetration of
the penetrating member 83 in the skin 133 of the patient
may be measured during the operation cycle of the pen-
etrating member device 80. In addition, as discussed
above, the penetration depth suitable for successfully ob-
taining a useable sample can depend on the amount of
tenting of the skin 133 during the lancing cycle. The
amount of tenting of the patient’s skin 133 can in turn
depend on the tissue characteristics of the patient such
as elasticity, hydration etc.

[0071] A method for determining these characteristics
is discussed below with regard to skin 133 tenting meas-
urements during the lancing cycle and illustrated in Fig-
ures 14-18.

[0072] Penetration measurement can be carried out
by a variety of methods that are not dependent on meas-
urement of tenting of the patient’s skin. In one embodi-
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ment, the penetration depth of the penetrating member
83 in the patient’s skin 133 is measured by monitoring
the amount of capacitance between the penetrating
member 83 and the patient’s skin 133. In this embodi-
ment, a circuit includes the penetrating member 83, the
patient’s finger 134, the processor 93 and electrical con-
ductors connecting these elements. As the penetrating
member 83 penetrates the patient’s skin 133, the greater
the amount of penetration, the greater the surface contact
area between the penetrating member 83 and the pa-
tient’s skin 133. As the contact area increases, so does
the capacitance between the skin 133 and the penetrat-
ing member 83. The increased capacitance can be easily
measured by the processor 93 using methods known in
the art and penetration depth can then be correlated to
the amount of capacitance. The same method can be
used by measuring the electrical resistance between the
penetrating member 83 and the patient’s skin.

[0073] If the brake depth has not yet been reached,
thena"No"results from the decision box 171 and the proc-
ess proceeds to the timeout operation represented by
the flow diagram box numbered 173. In the timeout op-
eration, the processor 93 waits a predetermined time pe-
riod. If the timeout period has not yet elapsed (a"No"out-
come from the decision box 173), then the processor
continues to monitor whether the brake depth has been
reached. If the timeout period elapses without the pene-
trating member 83 achieving the brake depth (a"Yes"out-
put from the decision box 173), then the processor 93
deems that the penetrating member 83 will not reach the
brake depth and the process proceeds to the withdraw
phase, which is discussed more fully below. This may
occur, for example, if the penetrating member 83 is stuck
at a certain depth.

[0074] With reference again to the decision box num-
bered 171 in Figure 6B, if the penetrating member does
reach the brake depth (a"Yes"result), then the process
proceeds to the operation represented by the flow dia-
gram box numbered 175. In this operation, the processor
93 causes a braking force to be applied to the penetrating
member to thereby reduce the speed of the penetrating
member 83 to achieve a desired amount of final skin pen-
etration depth 144, as shown in Figure 12. Note that Fig-
ures 9 and 10 illustrate the penetrating member making
contact with the patient’s skin and deforming or depress-
ing the skin prior to any substantial penetration of the
skin. The speed of the penetrating member 83 is prefer-
ably reduced to a value below a desired threshold and
is ultimately reduced to zero. The processor 93 can re-
duce the speed of the penetrating member 83 by causing
a current to be sent to a 114-117 coil that will exert an
attractive braking force on the magnetic member 102 in
a proximal direction away from the patient’s tissue or skin
133, as indicated by the arrow 190 in Figure 13. Such a
negative force reduces the forward or distally oriented
speed of the penetrating member 83. The processor 93
can determine which coil 114-117 to energize based up-
on the position of the magnetic member 102 with respect
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tothecoils 114-117 ofthe driver coil pack 88, as indicated
by the position sensor 91.

[0075] In the next operation, the process proceeds to
the withdraw phase, as represented by the flow diagram
box numbered 177. The withdraw phase begins with the
operation represented by the flow diagram box numbered
178 in Figure 6C. Here, the processor 93 allows the pen-
etrating member 83 to settle at a position of maximum
skin penetration 144, as shown in Figure 12. In this re-
gard, the processor 93 waits until any motion in the pen-
etrating member 83 (due to vibration from impact and
spring energy stored in the skin, etc.) has stopped by
monitoring changes in position of the penetrating mem-
ber 83. The processor 93 preferably waits until several
milliseconds (ms), such as on the order of about 8 ms,
have passed with no changes in position of the penetrat-
ing member 83. This is an indication that movement of
the penetrating member 83 has ceased entirely. In some
embodiments, the penetrating member may be allowed
to settle for about 1 to about 2000 milliseconds, specifi-
cally, about 50 to about 200 milliseconds.

[0076] For other embodiments, the settling time may
be about 1 to about 200 milliseconds.

[0077] ltis atthis stage of the lancing cycle that a soft-
ware method can be used to measure the amount of tent-
ing of the patient’s skin 133 and thus determine the skin
133 characteristics such as elasticity, hydration and oth-
ers. Referring to Figures 14-18, a penetrating member
83 isillustrated in various phases of a lancing cycle with
target tissue 133. Figure 14 shows tip 96 of penetrating
member 83 making initial contact with the skin 133 at the
point of initial impact.

[0078] Figure 15 illustrates an enlarged view of the
penetrating member 83 making initial contact with the
tissue 133 shown in Figure 14. In Figure 16, the pene-
trating member tip 96 has depressed or tented the skin
133 prior to penetration over a distance of X, as indicated
by the arrow labeled X in Figure 16. In Figure 17, the
penetrating member 83 has reached the full length of the
cutting power stroke and is at maximum displacement.
In this position, the penetrating member tip 96 has pen-
etrated the tissue 133 a distance ofY, as indicated by the
arrow labeled Y in Figure 16. As can be seen from com-
paring Figure 15 with Figure 17, the penetrating member
tip 96 was displaced a total distance of X plus Y from the
time initial contact with the skin 133 was made to the time
the penetrating member tip 96 reached its maximum ex-
tension as shown in Figure 17. However, the penetrating
member tip 96 has only penetrated the skin 133 a dis-
tance Y because of the tenting phenomenon.

[0079] Atthe end of the power stroke of the penetrating
member 83, as discussed above with regard to box 179
of Figure 6C, the processor 93 allows the penetrating
member to settle for about 8 msec. Itis during this settling
time that the skin 133 rebounds or relaxes back to ap-
proximately its original configuration prior to contact by
the penetrating member 83 as shown in Figure 18. The
penetrating member tip 96 is still buried in the skin to a
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depth of Y, as shown in Figure 18, however the elastic
recoil of the tissue has displaced the penetrating member
rearward or retrograde to the point of inelastic tenting
that is indicated by the arrows Z in Figure 18. During the
rearward displacement of the penetrating member 83
due to the elastic tenting of the tissue 133, the processor
reads and stores the position data generated by the po-
sition sensor 91 and thus measures the amount of elastic
tenting, which is the difference between X and Z.
[0080] Referring to Figure 19, a tissue penetration
sampling device 80 is shown with the controllable driver
179 of Figure 4 coupled to a sampling module cartridge
205 and disposed within a driver housing 206. A ratchet
drive mechanism 207 is secured to the driver housing
206, coupled to the sampling module cartridge 205 and
configured to advance a sampling module belt 208 within
the sampling module cartridge 205 so as to allow se-
quential use of each sampling module 209 in the sam-
pling module belt 208. The ratchet drive mechanism 207
has a drive wheel 211 configured to engage the sampling
modules 209 of the sampling module belt 208. The drive
wheel 211 is coupled to an actuation lever 212 that ad-
vances the drive wheel 211 in increments of the width of
a single sampling module 209. A T-slot drive coupler 213
is secured to the elongated coupler shaft 84.

[0081] A sampling module 209 is loaded and ready for
use with the drive head 98 of the penetrating member 83
of the sampling module 209 loaded in the T-slot 214 of
the drive coupler 213. A sampling site 215 is disposed
at the distal end 216 of the sampling module 209 dis-
posed about a penetrating member exit port 217. The
distal end 216 of the sampling module 209 is exposed in
amodule window 218, which is an opening in a cartridge
cover 221 of the sampling module cartridge 205. This
allows the distal end 216 of the sampling module 209
loaded for use to be exposed to avoid contamination of
the cartridge cover 221 with blood from the lancing proc-
ess.

[0082] A reader module 222 is disposed over a distal
portion of the sampling module 209 that is loaded in the
drive coupler 213 for use and has two contact brushes
224 that are configured to align and make electrical con-
tact with analyte detecting member contacts 225 of the
sampling module 209 as shown in Figure 77. With elec-
trical contact between the analyte detecting member con-
tacts 225 and contact brushes 224, the processor 93 of
the controllable driver 179 can read a signal from an an-
alytical region 226 of the sampling module 209 after a
lancing cycle is complete and a blood sample enters the
analytical region 226 of the sampling module 209. The
contact brushes 224 can have any suitable configuration
that will allow the sampling module belt 208 to pass lat-
erally beneath the contact brushes 224 and reliably make
electrical contact with the sampling module 209 loaded
inthe drive coupler 213 and ready for use. A spring loaded
conductive ball bearing is one example of a contact brush
224 that could be used. A resilient conductive strip
shaped to press against the inside surface of the flexible
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polymer sheet 227 along the analyte detecting member
region 228 of the sampling module 209 is another em-
bodiment of a contact brush 224.

[0083] The sampling module cartridge 205 has a sup-
ply canister 229 and a receptacle canister 230. The un-
used sampling modules of the sampling module belt 208
are disposed within the supply canister 229 and the sam-
pling modules of the sampling module belt 208 that have
been used are advanced serially after use into the recep-
tacle canister 230.

[0084] Figure 20 illustrates a further embodiment of
sampling module cartridges. Figure 20 shows a sampling
module cartridge 202 in a carousel configuration with ad-
jacent sampling modules 204 connected rigidly and with
analyte detecting members 206 from the analytical re-
gions of the various sampling modules 204 disposed near
an inner radius 208 of the carousel. The sampling mod-
ules 204 of the sampling module cartridge 202 are ad-
vanced through a drive coupler 213 but in a circular as
opposed to a linear fashion.

[0085] Figure 21 shows an exploded view in perspec-
tive of the cartridge 245, which has a proximal end portion
254 and a distal end portion 255. The penetrating mem-
ber cartridge body 246 is disposed at the proximal end
portion 254 of the cartridge 245 and has a plurality of
penetrating member module portions 250, such as the
penetrating member module portion 250. Each penetrat-
ing member module portion 250 has a penetrating mem-
ber channel 251 with a penetrating member 83 slidably
disposed within the penetrating member channel 251.
The penetrating member channels 251 are substantially
parallel to the longitudinal axis 252 of the penetrating
member cartridge body 246. The penetrating members
83 shown have a drive head 98, shaft portion 201 and
sharpened tip 96. The drive head 98 of the penetrating
members are configured to couple to a drive coupler (not
shown), such as the drive coupler 85 discussed above.
[0086] The penetrating members 83 are free to slide
in the respective penetrating member channels 251 and
are nominally disposed with the sharpened tip 96 with-
drawn into the penetrating member channel 251 to pro-
tect the tip 96 and allow relative rotational motion be-
tween the penetrating member cartridge body 246 and
the sampling cartridge body 247 as shown by arrow 256
and arrow 257 in Figure 21. The radial center of each
penetrating member channel 251 is disposed a fixed,
known radial distance from the longitudinal axis 252 of
the penetrating member cartridge body 246 and a longi-
tudinal axis 258 of the cartridge 245. By disposing each
penetrating member channel 251 a fixed known radial
distance from the longitudinal axes 252 and 258 of the
penetrating member cartridge body 246 and cartridge
245, the penetrating member channels 251 can then be
readily and repeatably aligned in a functional arrange-
ment with penetrating member channels 253 of the sam-
pling cartridge body 247. The penetrating member car-
tridge body 246 rotates about a removable pivot shaft
259 which has a longitudinal axis 260 that is coaxial with
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the longitudinal axes 252 and 250 of the penetrating
member cartridge body 246 and cartridge 245.

[0087] The sampling cartridge body 247 is disposed at
the distal end portion 255 of the cartridge and has a plu-
rality of sampling module portions 248 disposed radially
about the longitudinal axis 249 of the sampling cartridge
body 247. The longitudinal axis 249 of the sampling car-
tridge body 247 is coaxial with the longitudinal axes 252,
258 and 260 of the penetrating member cartridge body
246, cartridge 245 and pivot shaft 259. The sampling
cartridge body 247 may also rotate about the pivot shaft
259. In order to achieve precise relative motion between
the penetrating member cartridge body 246 and the sam-
pling cartridge body 247, one or both of the cartridge
bodies 246 and 247 may be rotatable about the pivot
shaft 259, however, it is not necessary for both to be
rotatable about the pivot shaft 259, that is, one of the
cartridge bodies 246 and 247 may be secured, perma-
nently or removably, to the pivot shaft 259.

[0088] The sampling cartridge body 247 includes a
base 261 and a cover sheet 262 that covers a proximal
surface 263 of the base forming a fluid tight seal. Each
sampling module portion 248 of the sampling cartridge
body 247, such as the sampling module portion 248, has
a sample reservoir 264 and a penetrating member chan-
nel 253. The sample reservoir 264 has a vent 965 at an
outward radial end that allows the sample reservoir 264
to readily fill with a fluid sample. The sample reservoir
264 is in fluid communication with the respective pene-
trating member channel 253 which extends substantially
parallel to the longitudinal axis 249 of the sampling car-
tridge body 247. The penetrating member channel 253
is disposed at the inward radial end of the sample reser-
voir 264. Still further description of the device of Figure
21 may be found in commonly assigned, copending U.S.
Patent Application Ser. No. 10/127,395 (Attorney Docket
No. 38187-2551) filed April 19, 2002.

[0089] Referringto Figure 22A, one embodiment of the
present invention is a tissue penetrating system 310 with
a plurality of penetrating members 312 that each have a
tissue penetrating tip 314. The number of penetrating
members 310 can vary, but numbers in the ranges of 10,
15, 25,50, 75, 100, 500 or any other number, are suitable.
Each penetrating member 312 can be a lancet, a tradi-
tional lancet with a molded body, a needle with a lumen,
a knife like element, an elongate member without molded
attachments, and the like, and may have a size in the
range of 20 mm to 10 mm in length and between
0.012-0.040 mm in diameter. It should be understood of
course that penetrating members of a variety of different
sizes useful for lancing such as those of conventional
lancets may be used in other embodiments. As seen in
Figure 22A, the penetrating member may have an elon-
gate portion with a bend near a proximal end of the mem-
ber.

[0090] Each penetrating member 312 is coupled to a
penetrating member driver 316. Suitable penetrating
member drivers 316 include but are not limited to, an
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electric drive force member, a voice coil drive force gen-
erator, alinear voice coil device, a rotary voice coil device,
and the like. Suitable drive force generators can be found
in commonly assigned, copending U.S. Patent Applica-
tion Ser. No. 10/127,395 (Attorney Docket No.
38187-2551) filed April 19, 2002. In one embodiment,
the penetrating member driver or drive force generator
316 may be a single actuator used to advance the pen-
etrating member and to withdraw the member. The driver
316 may also be used to stop the penetrating member
in the tissue site. Penetrating member driver 316 can be
a non-spring actuator for drawing penetrating member
312in a direction back towards penetrating member driv-
er 316. A coupler 318 on penetrating member driver 316
is configured to engage at least a portion of an elongate
portion of a penetrating member 312 in order to drive the
penetrating member 312 along a path into and through
target tissue 320, and then withdrawn from target tissue
320.

[0091] Referring now to Figure 22B, the tips of the pen-
etrating members 312 can be uncovered when they are
launched into a selected target tissue 320. In one em-
bodiment, sterility enclosures 322 are provided for cov-
ering at least the tip of each penetrating member 312.
Figure 22B shows that the enclosure may also cover the
entire lancet. In one embodiment, each sterility enclosure
322 is removed from the penetrating member 312 prior
to actuation, launch, of penetrating member 312 and po-
sitioned so that penetrating member 312 does not contact
the associated sterility enclosure 322 during actuation.
As seen in Figure 22B, the enclosure 322 may be peel
away to reveal the penetrating member 312 prior to cou-
pling of the member 312 to the drive force generator 316.
In another embodiment, each penetrating member 312
breaches its associated sterility enclosure 322 during
launch.

[0092] Tissue penetrating system 310 can also include
one or more penetrating member sensors 324 that are
coupled to penetrating members 312. Examples of suit-
able penetrating member sensors 324 include but are
not limited to, a capacitive incremental encoder, an in-
cremental encoder, an optical encoder, an interference
encoder, and the like. Each penetrating member sensor
324 is configured to provide information relative to a
depth of penetration of a penetrating member 312
through a target tissue 320 surface, including but not lim-
ited to a skin surface, and the like. The penetrating mem-
ber sensor 324 may be positioned as shown in Figure
22B. The penetrating member sensor 324 may also be
positioned in a variety of location such as but not limited
to being closer to the distal end of the penetrating mem-
ber, in a position as shown in Figure 5, or in any other
location useful for providing an indication of the position
of a penetrating member 312 being driven by the force
generator 316.

[0093] In various embodiments, the penetration depth
of a penetrating member 312 through the surface of a
target tissue 320 can be, 100 to 2500 microns, 500 to
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750 microns, and the like. Each penetrating member sen-
sor 324 can also provide an indication of velocity of a
penetrating member 312. Referring to Figure 22C, a
damper 326 can be coupled to penetrating member driver
316. Damper 326 prevents multiple oscillations of pene-
trating member 312 in target tissue 320, particularly after
penetrating member 312 has reached a desired depth of
penetration. The damper 326 may be placed in a variety
of positions such as but not limited to being coupled to
the penetrating member, being coupled to the coupler
318, being coupled to a core or shaft in the drive force
generator 316, or at any other position useful for slowing
the motion of the penetrating member 312.

[0094] A feedback loop 328 can also be included that
is coupled to penetrating member sensor 324. Each pen-
etrating member 312 sensor can be coupled to a proc-
essor 330 that has control instructions for penetrating
member driver 316. By way of illustration, and without
limitation, processor 330 can include a memory for stor-
age and retrieval of a set of penetrating member 312
profiles utilized with penetrating member driver 316.
Processor 330 can also be utilized to monitor position
and speed of a penetrating member 312 as it moves in
first direction 332 to and through the target tissue 320.
[0095] Processor 330 can adjustan application of force
toa penetrating member 312inorderto achieve adesired
speed of a penetrating member 312. Additionally, proc-
essor 330 can also be used to adjust an application of
force applied to a penetrating member 312 when pene-
trating member 312 contacts target tissue 320 so that
penetrating member 312 penetrates target tissue 320
within a desired range of speed. Further, processor 330
can also monitor position and speed of a penetrating
member 312 as penetrating member 312 moves in first
direction 332 toward the target tissue 320. Application of
alaunching force to penetrating member 312 can be con-
trolled based on position and speed of penetrating mem-
ber 312. Processor 330 can control a withdraw force,
from target tissue 320, to penetrating member 312 so
that penetrating member 312 moves in second direction
334 away from target tissue 320.

[0096] Processor 330 can produce a signal that is in-
dicative of a change in direction and magnitude of force
exerted on penetrating member 312. Additionally, proc-
essor 330 can cause a braking force to be applied to
penetrating member 312.

[0097] In one embodiment, in first direction 332 pene-
trating member 312 moves toward target tissue 320 ata
speed that is different than a speed at which penetrating
member 312 moves away from target tissue 320 in sec-
ond direction 334. In one embodiment, the speed of pen-
etrating member 312 in first direction 332 is greater than
the speed of penetrating member 312 in second direction
334. The speed of penetrating member 312 in first direc-
tion 332 can be a variety of different ranges including but
not limited to, 0.05 to 60 m/sec, 0.1 to 20.0 m/sec, 1.0 to
10.0 m/sec, 3.0 to 8.0 m/sec, and the like. Additionally,
the dwell time of penetrating member 312 in target tissue
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320, below a surface of the skin or other structure, can
be in the range of, 1 microsecond to 2 seconds, 500 mil-
liseconds to 1.5 second, 100 milliseconds to 1 second,
and the like.

[0098] As seen in Figures 22A and 22B, tissue pene-
trating system 310 can include a penetrating member
transport device 336 for moving each of penetrating
member 312into a position for alignment with penetrating
member driver 316. Penetrating members 312 can be
arranged in an array configuration by a number of differ-
ent devices and structures defining support 338, includ-
ing but not limited to, a belt, a flexible or non-flexible tape
device, support channel, cog, a plurality of connectors,
and the like. Support 338 can have a plurality of openings
each receiving a penetrating member 312. Suitable sup-
ports 338 may also include but are not limited to, a ban-
dolier, drum, disc and the like. A description of supports
338 can be found in commonly assigned, copending U.S.
Patent Application Ser. No. 10/127,395 (Attorney Docket
No. 38187-2551) filed April 19, 2002; commonly as-
signed, copending U.S. Provisional Patent Application
Ser. No. 60/437,359 (Attorney Docket No. 38187-PA
Feed)filed December 31,2002; and commonly assigned,
copending U.S. Provisional Patent Application Ser. No.
60/437,205 (Attorney Docket No. 38187-PA Feed) filed
December 31, 2002.

[0099] As illustrated in Figure 23, tissue penetrating
system 310 can include a single penetrating member
driver 316 and a plurality of penetrating members 312.
Penetrating member driver 316 moves each penetrating
member 312 along a path out of a housing that has a
penetrating member exit and then into target tissue 320,
stopping in target tissue 320, and then withdrawing out
of the target tissue 320. Support 338 couples the pene-
trating members 312 to define alinear array. Support 338
is movable and configured to move each penetrating
member 312 to a launch position associated with pene-
trating member driver 316. Penetrating member driver
316 can be controlled to follow a predetermined velocity
trajectory into and out of target tissue 320.

[0100] Tissue penetrating system 310 can include a
user interface 340 configured to relay different informa-
tion, including but not limited to, skin penetrating perform-
ance, a skin penetrating setting, and the like. User inter-
face 340 can provide a user with at a variety of different
outputs, including but not limited to, penetration depth of
a penetrating member 312, velocity of a penetrating
member 312, a desired velocity profile, a velocity of pen-
etrating member 312 into target tissue 320, velocity of
the penetrating member 312 out of target tissue 320,
dwell time of penetrating member 312 in target tissue
320, a target tissue relaxation parameter, and the like.
User interface 340 can include a variety of components
including but not limited to, a real time clock 342, one or
more alarms 344 to provide a user with a reminder of a
next target penetrating event is needed, a user interface
processor 346, and the like.

[0101] User interface 340 can provide a variety of dif-
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ferent outputs to a user including but not limited to,
number of penetrating members 312 available, number
of penetrating members 312 used, actual depth of pen-
etrating member 312 penetration on target tissue 320,
stratum corneum thickness in the case where the target
tissue 320 is the skin and an area below the skin, force
delivered on target tissue 320, energy used by penetrat-
ing member driver 316 to drive penetrating member 312
into target tissue 320, dwell time of penetrating member
312, battery status of tissue penetrating system 310, sta-
tus of tissue penetrating system 310, the amount of en-
ergy consumed by tissue penetrating system 310, or any
component of tissue penetrating system 310, speed pro-
file of penetrating member 312, information relative to
contact of penetrating member 312 with target tissue 320
before penetration by penetrating member 312, informa-
tion relative to a change of speed of penetrating member
312 as in travels in target tissue 320, and the like.
[0102] User interface 340 can include a data interface
348 that couples tissue penetrating system 310 to sup-
port equipment 350 with an interface, the internet, and
the like. The data interface 348 may also be coupled to
the processor 93. Suitable support equipment 350 in-
cludes but is not limited to, a base station, home compu-
ter, central server, main processing equipment for storing
analyte, such as glucose, level information, and the like.
[0103] Datainterface 348 can be a variety of interfaces
including but not limited to, Serial RS-232, modem-inter-
face, USB, HPNA, Ethernet, optical interface, IRDA, RF
interface, Bluetooth interface, cellular telephone inter-
face, two-way pager interface, parallel port interface
standard, near field magnetic coupling, RF transceiver,
telephone system, and the like.

[0104] Userinterface 340 be coupled to a memory 352
that stores, a target tissue parameter, target tissue 320
penetrating performance, and the like. The memory 352
may also be connected to processor 93 and store data
from the user interface 340.

[0105] Inone embodiment, memory 352 can store, the
number of target tissue penetrating events, time and date
of the last selected number of target tissue penetrating
events, time interval between alarm and target tissue
penetrating event, stratum corneum thickness, time of
day, energy consumed by penetrating member driver 316
to drive penetrating member 312 into target tissue 320,
depth of penetrating member 312 penetration, velocity
of penetrating member 312, a desired velocity profile,
velocity of penetrating member 312 into target tissue 320,
velocity of penetrating member 312 out of target tissue
320, dwell time of penetrating member 312 in target tis-
sue 320, a target tissue relaxation parameter, force de-
livered on target tissue 320 by any component of tissue
penetrating device, dwell time of penetrating member
312, battery status of tissue penetrating system 310, tis-
sue penetrating system 310 status, consumed energy by
tissue penetrating system 310 or any of its, components,
speed profile of penetrating member 312 as it penetrates
and advances through target tissue 320, a tissue target
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tissue relaxation parameter, information relative to con-
tact of penetrating member 312 with target tissue 320
before penetration by penetrating member 312, informa-
tion relative to a change of speed of penetrating member
312 as in travels in and through target tissue 320, infor-
mation relative to consumed analyte detecting members,
and information relative to consumed penetrating mem-
bers 312.

[0106] In one embodiment, processor 330 is coupled
to and receives any of a different type of signals from
user interface 340. User interface 340 can respond to a
variety of different commands, including but not limited
to audio commands, and the like. User interface 340 can
include a sensor for detecting audio commands. Infor-
mation can be relayed to a user of tissue penetrating
system 310 by way of an audio device, wireless device,
and the like.

[0107] In another embodiment as seen in Figure 23B,
tissue penetrating device includes a human interface 354
with at least one output. The human interface 354 is spe-
cific for use by humans while a user interface 340 may
be for any type of user, with user defined generically.
Human interface 354 can be coupled to processor 330
and penetrating member sensor 324. Human interface
354 can be a variety of different varieties including but
not limited to, LED, LED digital display, LCD display,
sound generator, buzzer, vibrating device, and the like.
The human interface 354 may also be related to the ability
to evaluate human factors such as, but not limited to,
tissue hydration, elastic tenting of tissue, target tissue
relaxation parameters.

[0108] The output of human interface 354 can be a
variety of outputs including but not limited to, a penetra-
tion event by penetrating member 312, number of pen-
etrating members 312 remaining, time of day, alarm, pen-
etrating member 312 trajectory waveform profile.infor-
mation, force of last penetration event, last penetration
event, battery status of tissue penetrating system 310,
analyte status, time to change cassette status, jamming
malfunction, tissue penetrating system 310 status, and
the like.

[0109] As a nonlimiting example, the human interface
354 is coupled to a housing 356. Suitable housings 356
include but are not limited to a, telephone, watch, PDA,
electronic device, medical device, point of care device,
decentralized diagnostic device and the like. An input
device 358 is coupled to housing. Suitable input devices
358 include but are not limited to, one or more pushbut-
tons, a touch pad independent of the display device, a
touch sensitive screen on a visual display, and the like.
[0110] A data exchange device 360 can be utilized for
coupling tissue penetrating system 310 to support equip-
ment 350 including but not limited to, personal computer,
modem, PDA, computer network, and the like. Human
interface 354 can include a real time clock 362, and one
or more alarms 364 that enable a user to set and use for
reminders for the next target tissue penetration event.
Human interface 354 can be coupled to a human inter-
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face processor 366 which is distinct from processor 330.
Human interface processor 366 can include a sleep
mode and can run intermittently to conserve power. Hu-
man interface processor 366 includes logic that can pro-
vide an alarm time set for a first subset of days, and a
second alarm time set for a second subset of days. By
way of example, and without limitation, the first subset
of days can be Monday through Friday, and the second
subset of days can be Saturday and Sunday.

[0111] Human interface 354 can be coupled to a mem-
ory 368 for storing a variety of information, including but
not limited to, the number of target tissue penetrating
events, time and date ofthe lastselected number of target
tissue penetrating events, time interval between alarm
and target tissue penetrating event, stratum corneum
thickness when targettissue 320 is below the skin surface
and underlying tissue, time of day, energy consumed by
penetrating member driver 316 to drive penetrating mem-
ber 312 into target tissue 320, depth of penetrating mem-
ber 312 penetration, velocity of penetrating member 312,
a desired velocity profile, velocity of penetrating member
312into targettissue 320, velocity of penetrating member
312 out of target tissue 320, dwell time of penetrating
member 312 in target tissue 320, a target tissue relaxa-
tion parameter, force delivered on target tissue 320, dwell
time of penetrating member 312, battery status of tissue
penetrating system 310 and its components, tissue pen-
etrating system 310 status, consumed energy, speed
profile of penetrating member 312 as itadvances through
target tissue 320, a target tissue relaxation parameter,
information relative to contact of a penetrating member
312 with target tissue 320 before penetration by pene-
trating member 312, information relative to a change of
speed of penetrating member 312 as in travels in target
tissue 320, information relative to consumed sensors,
information relative to consumed penetrating members
312. The information stored may also be displayed by
the lancing or tissue penetration system 310 on a display
or similar technology.

[0112] As illustrated in Figure 24, tissue penetrating
system 310 caninclude a penetrating member driver 316
and a plurality of cartridges 370. Each cartridge 370 con-
tains a penetrating member 312. The cartridges 370 can
be coupled together in an array, which can be a flexible
array. A cartridge transport device 372 moves cartridges
370 into a launch position that operatively couples a pen-
etrating member 312 to penetrating member driver 316.
A support couples cartridges 370 to define an array. A
plurality of sterility enclosures 322 can be provided to at
least cover tips of penetrating members 312. Sterility en-
closure 322 (shown in phantom) is removed from their
associated penetrating members 312 prior to launch of
the penetrating member 312. The enclosure may be
peeled away (not shown) in a manner similar to that as
seen in Figure 22B, with the enclosure 322 on one tape
surface being peeled away. The enclosure 322 may be
a blister sack, a sack tightly formed about each cartridge
370, or other enclosure useful for maintaining a sterile
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environment about the cartridge 370 prior to actuation or
launch. The enclosure 322 may contain the entire car-
tridge 370 or some portion of the cartridge 370 which
may need to remain sterile prior to launch. During launch,
enclosure or sterility barrier 322 can be breached by a
device other than penetrating member 312, or can be
breached by penetrating member 312 itself. An analyte
detection member, sensor, may be positioned to receive
fluid from a wound created by the penetrating member
312. The member may be on the cartridge 370 or may
be on the device 80.

[0113] Referring to Figures 24 and 25, one embodi-
ment of tissue penetrating system 310 includes cartridge
transport device 372 and a plurality of cartridges 370.
Each cartridge 370 is associated with a penetrating mem-
ber 312. Cartridge transport device 372 moves each car-
tridge 370 to a position to align the associated penetrating
member 312 with penetrating member driver 316 to drive
penetrating member 312 along a path into target tissue
320. In one embodiment as seen in Figure 25, each car-
tridge 370 has at least one of a distal port 374 and a
proximal port 376. A first seal 378 is positioned at distal
or proximal ports. As seen in Figure 25, the seal 378 may
be placed at the distal port. First seal 378 is formed of a
material that is fractured by penetrating member 312 be-
fore it is launched. A second seal 380 can be positioned
at the other port. It will be appreciated that only one or
both of distal and proximal ports 374 and 376 can be
sealed, and that each cartridge 370 can include only one
port 374 and 376. For ease of illustration, the penetrating
member 312 extending longitudinally through the lumen
in the cartridge 370 is not shown. The seals 380 and 378
may be fracturable seals formed between the penetrating
member and the cartridge 370. During actuation, the
seals 378 and 380 are broken. Seal 378 may be also be
positioned to cover the distal port or exit port 374 without
being sealed against the penetrating member (i.e. cov-
ering the port without touching the penetrating member).
A third seal 381 may be positioned to cover an entrance
to sample chamber 384. The seal 381 may be configured
to be broken when the penetrating member 312 is actu-
ated. A still further seal 381A may be placed in the lumen.
The tip of a penetrating member may be located at any
position along the lumen, and may also be at or surround-
ed by one of the seals 378, 381, 381A, or 376.

[0114] Referring still to Figure 25, a cover sheet 383
may be a flexible polymer sheet as described in com-
monly assigned, copending U.S. Patent Application Ser.
No. 10/127,395 (Attorney Docket No. 38187-2551) filed
April 19, 2002. It should be understood of course that the
sheet may be made of a variety of materials useful for
coupling an analyte detecting member 390. This allows
the analyte detecting member 390 to be sterilized sepa-
rately from the cartridge 370 and assembled together
with the cartridge at a later time. This process may be
used on certain analyte detecting members 390 that may
be damaged if exposed to the sterilization process used
on the cartridge 370. Of course, some embodiments may
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also have the analyte detecting member 390 coupled to
the cartridge 370 during sterilization. The cover sheet
383 may also form part of the seal to maintain a sterile
environment about portions of the penetrating member.
In other embodiments, the lumen housing penetrating
member may be enclosed and not use a sheet 383 to
help form a sterile environment. In still further embodi-
ments, the sheet 383 may be sized to focus on covering
sample chamber 384.

[0115] As illustrated in Figure 26, cartridge 370 has at
least one port 374. A plurality of penetrating members
312 arein cartridge 370. Although cartridge 370 is shown
in Figure 26 to have a linear design, the cartridge 370
may also have a curved, round, circular, triangular, or
other configuration useful for positioning a penetrating
member for use with a drive force generator. A seal 382
is associated with each penetrating member 312 in order
to maintain each penetrating member 312 in a sterile
environment in cartridge 370 prior to launch. Prior to
launch, seal 382 associated with the penetrating member
312 to be launched is broken. In one embodiment, a
punch (not shown) is used to push down on the seal 382
covering the port 376 of the cartridge 370. This breaks
the seal 382 and also pushes it downward, allowing the
penetrating member to exit the cartridge without contact-
ing the seal 382. The timing of the breaking of the seal
382 may be varied so long as the penetrating member
remains substantially sterile when being launched to-
wards the tissue site 320. In other embodiments, the port
376 may have a seal 383 that protrudes outward and is
broken off by the downward motion of the punch. One or
more sample chambers 384 are included in cartridge
370. In one embodiment, each penetrating member 312
has an associated sample chamber 384. In one embod-
iment, illustrated in Figure 27, penetrating member 312
is extendable through an opening 386 of its associated
sample chamber 384. In some embodiments, a seal 387
may be included in the sample chamber 384. Seals 382
and 387 may be made from a variety of materials such
as but not limited to metallic foil, aluminum foil, paper,
polymeric material, or laminates combining any of the
above. The seals may also be made of a fracturable ma-
terial. The seals may be made of a material that can easily
be broken when a device applies a force thereto. The
seals alone or in combination with other barriers may be
used to create a sterile environment about at least the
tip of the penetrating member prior to lancing or actuation.
[0116] Withreference now to the embodimentofFigure
28, each sample chamber 384 may have an opening 388
for transport of a body fluid into the sample chamber 384.
The size of sample chambers 384 in Figures 26 through
28 can vary. In various embodiments, sample chambers
384 are sized to receive, no more than 1.0 p.L of the body
fluid, no more than 0.75 pL of the body fluid, no more
than 0.5 pL of the body fluid, no more than 0.25 pL of
the body fluid, no more than 0.1 p.L of the body fluid, and
the like. It will be appreciated that sample chambers 384
can have larger or smaller sizes.
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[0117] An analyte detecting member 390 may associ-
ated with each sample chamber 384. The analyte detect-
ing member 390 may be designed for use with a variety
of different sensing techniques as described incommonly
assigned, copending U.S. Patent Application Ser. No.
10/127,395 (Attorney Docket No. 38187-2551) filed April
19, 2002. Analyte detecting member 390 can be posi-
tioned in sample chamber 384, at an exterior of sample
chamber 384, or at other locations useful for obtaining
an analyte. Analyte detecting member 390 can be in a
well 392, or merely be placed on a support.

[0118] In one embodiment, analyte detecting member
390 includes chemistries that are utilized to measure and
detect glucose, and other analytes. In another embodi-
ment, analyte detecting member 390 is utilized to detect
and measure the amount of different analytes in a body
fluid or sample. In various embodiments, analyte detect-
ing member 390 determines a concentration of an ana-
lyte in a body fluid using a sample that does not exceed
a volume of, 1 pL of a body fluid disposed in sample
chamber 384, 0.75 pL of a body fluid disposed in sample
chamber 384, 0.5 pL of a body fluid disposed in sample
chamber 384, 0.25 L of a body fluid disposed in sample
chamber 384, 0.1 pL of a body fluid disposed in sample
chamber 384, and the like. For example and not by way
of limitation, the sample chamber 384 may be of a size
larger than the volumes above, but the analyte detecting
member 390 can obtain an analyte reading using the
amounts of fluid described above.

[0119] As illustrated in Figure 29, tissue penetrating
system 310 can include a housing member 394, a pen-
etrating member 312 positioned in housing member 394,
and analyte detecting member 390 coupled to a sample
chamber 384. Analyte detecting member 390 is config-
ured to determine a concentration of an analyte in a body
fluid using with a variety of different body fluid, sample,
volumes. In various embodiments, the volume is less
than 1 pL of body fluid disposed in sample chamber 384,
0.75 of body fluid disposed in sample chamber 384,0.5
of body fluid disposed in sample chamber 384, 0.25 of
body fluid disposed in sample chamber 384, 0.1 of body
fluid disposed in sample chamber 384 and the like. Each
tip of a penetrating member 312 is configured to extend
through an opening of sample chamber 384. A plurality
of penetrating members 312 can be positioned in housing
member 394. Housing member 394 can be the same as
cartridge 370. Cartridge 370 can have distal and proximal
ports 374 and 376, respectively. Additionally, in this em-
bodiment, a plurality of cartridges 370 can be provided,
each associated with a penetrating member 312.
[0120] Referring to Figure 30, each penetrating mem-
ber 312 has a packing density, or occupied volume, in
cartridge 370. In various embodiments, the packing den-
sity or occupied volume of each penetrating member in
cartridge 500 may be no more than about 0.66 cm3, 0.05
cm3, 0.4 cm3, 0.3 cm3, 0.2 cm3, 0.1 cm3, 0.075 cm3,
0.05cm3, 0.025 cm3, 0.01 cm3, 0.090 cm3, 0.080 cm3,
and the like. These numbers applicable to volumes for
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penetrating members alone, or for combined penetrating
members and analyte detecting members. In other
words, the volume required for each penetrating member
does not exceed 0.66 cm3/penetrating member, 0.05
cm3/penetrating member, 0.4 cm3/penetrating member,
0.3 cm3/penetrating member, 0.2 cm3/penetrating mem-
ber, 0.1 cm3/penetrating member, 0.075 cm3/penetrat-
ing member, 0.05 cm3/penetrating member, 0.025
cm3/penetrating member, 0.01 cm3/penetrating mem-
ber, 0.090 cm3/penetrating member and the like. So, if
the total package volume of the cartridge is defined as X
and the cartridge includes Y number of penetrating mem-
bers, penetrating members and test area, or other unit
395, the volume for each unit does not exceed 0.66 cm3,
0.05 cm3, 0.4 cm3, 0.3 cm3, 0.2 cm3, 0.1 cm3, 0.075
cm3, 0.05 cm3, 0.025 cm3, 0.01 cm3, 0.090 cm3, 0.080
cm3, and the like.

[0121] In various embodiments, each penetrating
member 312 and its associated sample chamber 384
have a combined packing density of no more than about
5.0cm3,4.0cm3, 3.0cm3, 2.0cm3, 1.0cm3, 0.75 cm3,
0.5 cm3, 0.25 cm3, 0.1 cm3, and the like.

[0122] With reference now to Figure 31, tissue pene-
trating system 310 can have a first seal 378 formed at
distal port 374 and a second seal 380 formed at proximal
port 376 of cartridge 370. Prior to launching of penetrating
member 312, distal seal 378 and second seal 380 main-
tain a distal tip of penetrating member 312 and sample
chamber 384 in a sterile environment. Second seal 380
is breached, and penetrating member 312 is then
launched.

[0123] As illustrated in Figure 32, a plurality of lumens
396 can be positioned between distal port 374 and prox-
imal port 376 of cartridge 370 for slidably receiving a pen-
etrating member 312. Sample chamber 384 is defined
by cartridge 370, has an opening 398 and is associated
with penetrating member 312. First seal 378 covers distal
port374, and asecond seal 380 covers proximal port 376.
[0124] In another embodiment as shown in Figure 33,
tissue penetrating system 310 includes a plurality of car-
tridges 370, penetrating member driver 316, and a plu-
rality of penetrating members 312 coupled to penetrating
member driver 316. Each penetrating member 312 is as-
sociated with a cartridge 370. A plurality of gas-tightly
sealed enclosures 400 are coupled in an array. Each
enclosure 400 fully contains at least one of cartridge 370.
Enclosures 400 are configured to be advanceable on car-
tridge transport device 372 that individually releases car-
tridges 370 from sacks or enclosures 400 and loads them
individually onto penetrating member driver 316. The en-
closures 400 may be removed by peeling back a top por-
tion of the tape as shown in Figure 22B.

[0125] In another embodiment, a plurality of penetrat-
ing members 312 each have a sharpened distal tip. A
penetrating member driver 316 is coupled to each pen-
etrating member 312. A plurality of cartridges 370 are
coupled in an array. Each cartridge 370 houses a pene-
trating member 312 and is configured to permit penetrat-



35 EP 1 501 410 B1 36

ing member driver 316 to engage each of penetrating
members 312 sequentially. Each cartridge 370 has a plu-
rality of seals positioned to provide that the sharpened
distal tips remain in a sterile environment before pene-
trating target tissue 320. Penetrating members 312 are
launched without breaking a seal using the penetrating
member.

[0126] Referring now to Figure 34, a plurality of car-
tridges 370 are provided, each having distal and proximal
ports 374 and 376, respectively. A plurality of penetrating
members 312 are each associated with a cartridge 370.
Each penetrating member 312 has a sharpened distal
tip and a shaft portion slidably disposed within cartridge
370. As seen in Figure 34, the cartridges 370 may be
coupled together by a connector or flexible support 403.
A seal 404 is formed by a fracturable material between
the penetrating member 312 and each cartridge 370.
Seal 404 is positioned in at least one of distal or proximal
ports 374 and 376, respectively, of cartridge 370. Car-
tridge transport device 372 moves each cartridge 370 to
a position 405 that aligns penetrating member 312 with
penetrating member driver 316 so that penetrating mem-
ber 312 can be driven along a path into target tissue 320.
[0127] Inanother embodiment of the present invention
as seen in Figure 35, tissue penetrating system 310 in-
cludes ahousingmember 406, the plurality of penetrating
members 312 positioned in housing member 406, and a
tissue stabilizing member 408, which can also be a pres-
sure applicator, stimulating member, stimulating vibrato-
ry member that imparts motion to a tissue surface, and
the like. Tissue stabilizing member 408 can be positioned
to at least partially surround an impact location of the
penetrating member 312 on the target tissue 320 site.
Tissue stabilizing member 408 can, enhance fluid flow
fromtargettissue 320, stretch a target tissue 320 surface,
apply a vacuum to target tissue 320, apply a force to
target tissue 320 and cause target tissue 320 to press in
an inward direction relative to housing member 406, ap-
ply a stimulation to target tissue 320, and the like. Tissue
stabilizing member 408 can have a variety of different
configurations. In one embodiment, tissue stabilizer
member 408 includes a plurality of protrusions 410. In
some further embodiments, a vacuum source 412 may
be provided to assist the creation of a low pressure en-
vironment in the tissue stabilizing member 408 or along
the fluid path to a sample chamber associated with the
system 310. In some embodiments, the tissue stabilizing
member 408 is mounted on the cartridge 370. In other
embodiments, the member 408 may be mounted on the
housing 406. The member 408 may also be pressed
against the tissue site 320 and act as a pressure appli-
cator. The member 408 may also be used against a va-
riety of tissue including but not limited to skin or other
body tissue.

[0128] Referring now to Figures 36 and 37, a cartridge
370 is shown with a penetrating member 312 creating a
wound W in the tissue site 320. In Figure 36, a movable
capillary member 420 is extended towards the wound W
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as indicated by arrow 422 to gather body fluid being ex-
pressed from the wound. The fluid may be drawn to a
sample chamber 384 (not shown). In Figure 37, the
wound W is created and then the entire cartridge is
moved to the tissue site 320 to gather body fluid from the
wound W. In some embodiments, the cartridge 370
moves towards the wound W relative to the housing 406.
[0129] Tissue penetrating systems 310 of Figures 22
through 37, can be utilized in a variety of different appli-
cations to detect any number of different analytes, includ-
ing but not limited to glucose. The systems 310 may be
used to measure potassium, other ions, or analytes as-
sociated with the process of glucose monitoring. The an-
alyte detecting member 390 may further be adapted to
measure other analytes found in body fluid.

[0130] In a still further embodiment, penetrating mem-
ber 312 may be moved and positioned to be in engage-
ment with penetrating member driver 316. Penetrating
member 312 is in a sterile environment, and prior to
launch, the sterilizing covering, which can be a seal is
removed. Tissue stabilizing member can apply a stimu-
lation to a surface of the target tissue 320 prior to, and
during penetration by penetration member. Penetrating
member 312 is engaged with penetrating driving member
and controllably pierces a target tissue 320 site. Pene-
trating member sensor 324 is utilized to control penetra-
tion depth and velocity of penetrating member 312. Pen-
etrating member 312 is stopped at a desired depth below
a surface of target tissue 320 in order to reduce or elim-
inate without multiple oscillations against the surface of
target tissue 320, A wound is created, causing blood to
flow into sample chamber 384. In various embodiments,
no more than 1 pL of a body fluid is collected in sample
chamber 384.

[0131] A number of different preferences, options, em-
bodiment, and features have been given above, and fol-
lowing any one of these may results in an embodiment
of this invention that is more presently preferred than a
embodiment in which that particular preference is not fol-
lowed. These preferences, options, embodiment, and
features may be generally independent, and additive;
and following more than one of these preferences may
result in a more presently preferred embodiment than
one in which fewer of the preferences are followed.
[0132] While the invention has been described and il-
lustrated with reference to certain particular embodi-
ments thereof, those skilled in the art will appreciate that
various adaptations, changes, maodifications, substitu-
tions, deletions, or additions of procedures and protocols
may be made without departing from the scope of the
invention. Any of the embodiments of the invention may
be modified to include any of the features described
above For example, the cartridge of Figure 26 may be
adapted to include a distal

portion with a tissue stabilizing member. The cartridge
of Figure 26 may be adapted for use with a vacuum de-
vice. The cartridge may include indexing features such
as notches on the distal portion or outer radial periphery



37 EP 1 501 410 B1 38

forthose cartridges with a radial configuration. The notch-
es will facilitate positioning, among other things, and may
be used for movement. Other cartridges or tapes herein
may be modified with notches or tractor holes to facilitate
movement. User interfaces, human interfaces, and other
interfaces may be added to any of the embodiments of
the present invention.

[0133] With any of the above embodiments, the loca-
tion of the penetrating member drive device may be var-
ied, relative to the penetrating members or the cartridge.
With any of the above embodiments, the penetrating
member tips may be uncovered during actuation (i.e,
penetratingmembers do not pierce the penetrating mem-
ber enclosure or protective foil during launch). With any
of the above embodiments, the penetrating members
may be a bare penetrating member during launch. With
any of the above embodiments, the penetrating members
may be bare penetrating members prior to launch as this
may allow for significantly tighter densities of penetrating
members. In some embodiments, the penetrating mem-
bers may be bent, curved, textured, shaped, or otherwise
treated at a proximal end or area to facilitate handling by
an actuator. The penetrating member may be configured
to have a notch or groove to facilitate coupling to a gripper
or coupler. The notch or groove may be formed along an
elongate portion of the penetrating member. The coupler
may be designed to create a frictional only type grip on
the penetrating member.

[0134] With any of the above embodiments, any open
cavity housing the penetrating may be on the bottom or
the top of the cartridge, with the gripper on the other side.
In some embodiments, sensors may be printed on the
top, bottom, or side of the cavities. The front end of the
cartridge maybe in contact with a user during lancing.
The same driver may be used for advancing and retrac-
tion of the penetrating member. The penetrating member
may have a diameters and length suitable for obtaining
the blood volumes described herein. The penetrating
member driver may also be in substantially the same
plane as the cartridge. The driver may use a through hole
or other opening to engage a proximal end of a penetrat-
ing member to actuate the penetrating member along a
path into and out of the tissue.

[0135] Any of the features described in this application
or any reference disclosed herein may be adapted for
use with any embodiment of the present invention. For
example, the devices of the present invention may also
be combined for use with injection penetrating members
or needles as described in commonly assigned, copend-
ing U.S. Patent Application Ser. No. 10/127,395 (Attor-
ney Docket No. 38187-2551) filed April 19, 2002. A sen-
sor to detect the presence of foil may also be included in
the lancing apparatus. For example, if a cavity has been
used before, the foil or sterility barrier will be punched.
The sensor can detect if the cavity is fresh or not based
on the status of the barrier. It should be understood that
in optional embodiments, the sterility barrier may be de-
signed to pierce a sterility barrier of thickness that does
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not dull a tip of the penetrating member. The lancing ap-
paratus may also use improved drive mechanisms. For
example, a solenoid force generator may be improved
to try to increase the amount of force the solenoid can
generate for a given current. A solenoid for use with the
present invention may have five coils and in the present
embodiment the slug is roughly the size of two coils. One
change is to increase the thickness of the outer metal
shell or windings surround the coils. By increasing the
thickness, the flux will also be increased. The slug may
be split; two smaller slugs may also be used and offset
by %2 of a coil pitch. This allows more slugs to be ap-
proaching a coil where it could be accelerated. This cre-
ates more events where a slug is approaching a cail,
creating a more efficient system.

[0136] In another optional alternative embodiment, a
gripper in the inner end of the protective cavity may hold
the penetrating member during shipment and after use,
eliminating the feature of using the foil, protective end,
or other part to retain the used penetrating member.
Some other advantages of the disclosed embodiments
and features of additional embodiments include: same
mechanism for transferring the used penetrating mem-
bers to a storage area; a high number of penetrating
members such as 25, 50, 75, 100, 500, or more pene-
trating members may be put on a disk or cartridge; mold-
ed body about a penetrating member becomes unnec-
essary; manufacturing of multiple penetrating member
devices is simplified through the use of cartridges; han-
dling is possible of bare rods metal wires, without any
additional structural features, to actuate them into tissue;
maintaining extreme (better than 50 micron -lateral- and
better than 20 micron vertical) precision in guiding; and
storage system for new and used penetrating members,
with individual cavities/slots is provided. The housing of
the lancing device may also be sized to be ergonomically
pleasing. In one embodiment, the device has a width of
about 56 mm, a length of about 105 mm and a thickness
of about 15 mm. Additionally, some embodiments of the
present invention may be used with non-electrical force
generators or drive mechanism. For example, the punch
device and methods for releasing the penetrating mem-
bers from sterile enclosures could be adapted for use
with spring based launchers. The gripper using a friction-
al coupling may also be adapted for use with other drive
technologies.

[0137] Still further optional features may be included
with the present invention. For example, with any of the
above embodiments, the location of the penetrating
member drive device may be varied, relative to the pen-
etrating members or the cartridge. With any of the above
embodiments, the penetrating member tips may be un-
covered during actuation (i.e. penetrating members do
not pierce the penetrating member enclosure or protec-
tive foil during launch). The penetrating members may
be a bare penetrating member during launch. The same
driver may be used for advancing and retraction of the
penetrating member. Different analyte detecting mem-
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bers detecting different ranges of glucose concentration,
different analytes, or the like may be combined for use
with each penetrating member. Non-potentiometric
measurement techniques may also be used for analyte
detection. For example, direct electron transfer of glu-
cose oxidase molecules adsorbed onto carbon nanotube
powder microelectrode may be used to measure glucose
levels. In all methods, nanoscopic wire growth can be
carried out via chemical vapor deposition (CVD). In all of
the embodiments of the invention, preferred nanoscopic
wires may be nanotubes. Any method useful for depos-
iting a glucose oxidase or other analyte detection material
on a nanowire or nanotube may be used with the present
invention. The presentapplication is related to commonly
assigned, co-pending U.S. Patent Application Ser. Nos.
10/335,215; 10/335,258; 10/335,099; 10/335,219;
10/335,052; 10/335,073; 10/335,220; 10/335,252;
10/335,218; 10/335,211; US: 10/335,257; 10/335,217;
10/335,212; 10/335,241; 10/335,183; 10/335,082;
10/335,240; 10/335,259; 10/335,182; (Attorney Docket
Nos. 38187-2633 through 38187-2653), filed December
31,2002. Any and all of the dependent claims which fol-
low may be

combined with any of the independent claims that follow.
Expected variations or differences in the results are con-
templated in accordance with the objects and practices
of the present invention. Itis intended, therefore, that the
invention be defined by the scope of the claims which
follow and that such claims be interpreted as broadly as
is reasonable.

Claims
1. Atissue penetrating system (80), comprising:

a penetrating member (72, 83);

a penetrating member driver (68, 79) coupled to
the penetrating member;

a penetrating member sensor (74, 91) coupled
to the penetrating member, the penetrating
member sensor configured to provide informa-
tion relative to a depth of penetration of a pen-
etrating member through a skin surface (133)
a processor (60, 93) coupled to the penetrating
member sensor, characterised in that the
processor is operable to:

produce a signal indicative of a change in
direction and magnitude of force exerted on
the penetrating member;

cause application of a braking force to the
penetrating member in a direction away
from the skin surface, wherein the braking
force is utilized to assist in achieving a de-
sired amount of skin penetration depth by
the penetrating member;

store penetrating member profiles (62) in a
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12.

40
memory;
select a penetrating member driver profile
(62); and

modulate power from a power supply (66)
to the penetrating member driver through
an amplifier (70) to control velocity and
depth of penetration.

The system of claim 1 wherein the processor is con-
figured to cause application of the braking force
when the penetrating member is determined to have
reached a predefined brake depth.

The system of claim 1, wherein the braking force is
operable to reduce multiple oscillations of the pen-
etrating member in a target tissue.

The system of claim 1, further comprising:

a user interface (340) configured to relay at least
one of, skin penetrating performance or a skin
penetrating setting.

The system of claim 1, further comprising:

a human interface (340) coupled to the pene-
trating member driver and providing at leastone
output

The system of claim 1, wherein the braking force is
applied by causing a current to be sent to a coil
(114-117) arranged to exert an attractive braking
force on a magnetic member (102) secured to the
penetrating member.

The system of any of the above claims, the system
further comprising:

a human interface (340) providing at least one
output

The system of any of the above claims, wherein the
depth of penetration is about 100 to 2500 microns.

The system of any of the above claims, wherein the
depth of penetration is 500 to 750 microns.

The system of any of the above claims, wherein the
depth of penetration is no more than about 1000 mi-
crons beyond a stratum corneum thickness of a skin
surface.

The system of any of the above claims, wherein the
depth of penetration is no more than about 500 mi-
crons beyond a stratum corneum thickness of a skin
surface.

The system of any of the above claims, wherein the
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depth of penetration is no more than about 300 mi-
crons beyond a stratum corneum thickness of a skin
surface.

The system of any of the above claims, wherein the
depth of penetration is less than a sum of a stratum
corneum thickness of a skin surface and 400 mi-
crons.

The system of any of the above claims, wherein the
penetrating member sensor is further configured to
provide an indication of velocity of a penetrating
member.

The system of any of the above claims, wherein the
driver is a voice coil drive force generator.

The system of any of the above claims, wherein the
penetrating member sensor is coupled to a proces-
sor with control instructions for the penetrating mem-
ber driver.

The system of any of the above claims, wherein the
processorincludes amemory for storage and retriev-
al of a set of penetrating member profiles (62) utilized
with the penetrating member driver.

The system of any of the above claims, wherein the
processor is utilized to monitor position and speed
of a penetrating member as the penetrating member
moves in a first direction.

The system of any of the above claims, wherein the
processor is utilized to adjust an application of force
to a penetrating member to achieve a desired speed
of the penetrating member.

The system of any of the above claims, wherein the
processor is utilized to adjust an application of force
to a penetrating member when the penetrating mem-
ber contacts a target tissue so that the penetrating
member penetrates the target tissue so that the pen-
etrating member penetrates the target tissue within
a desired range of speed.

The system of any of the above claims, wherein the
processor is utilized to monitor position and speed
of a penetrating member as the penetrating member
moves in the first direction toward a target tissue,
wherein the application of a launching force to the
penetrating member is controlled based on position
and speed of the penetrating member.

The system of any of the above claims, wherein the
processor is utilized to control a withdraw force to
the penetrating member so that the penetrating
member moves in a second direction away from the
target tissue.
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The system of any of the above claims, wherein in
the first direction the penetrating member moves to-
ward the target tissue at a speed that is different than
a speed at which the penetrating member moves
away from the target tissue.

The system of any of the above claims, wherein in
the first direction the penetrating member moves to-
ward the target tissue at a speed that is greater than
a speed at which the penetrating member moves
away from the target tissue.

The system of any of claims 1 to 24, wherein a speed
of a penetrating member in the first direction is the
range of about 2.0 to 10.0 m/sec.

The system of any of claims 1 to 24, wherein a speed
of a penetrating member in the first direction is the
range of 0.05 to 60 m/sec.

The system of any of claims 1 to 24, wherein a speed
of a penetrating member in the first direction is the
range of 0 .1 to 20.0 m/sec.

The system of any of claims 1 to 24, wherein a speed
of a penetrating member in the first direction is the
range of | .0 to | 0.0 m/sec

The system of any of claims 1 to 24, wherein a speed
of a penetrating member in the first direction is the
range of 3 .0 to 8.0 m/sec.

The system of any of claims 1 to 29, wherein a dwell
time of the penetrating member in the target tissue
below a skin surface is in the range of 1 microsecond
to 2 seconds.

The system of any of claims 1 to 29, wherein a dwell
time of the penetrating member in the target tissue
below a skin surface is in the range of 500 millisec-
onds to 1.5 second.

The system of any of claims 1 to 29, wherein a dwell
time of the penetrating member in the target tissue
below a skin surface is in the range of | 00 millisec-
onds to | second.

The system of any of the above claims, wherein the
average velocity of the penetrating member during
a tissue penetration stroke in the first direction is
about I 00 to about 1000 times greater than the av-
erage velocity of the penetrating member during a
withdrawal stroke in a second direction.

The system of any of the above claims, further com-
prising a plurality of cartridges wherein each car-
tridge has an exit port, and upon launch each pen-
etrating member exists from the exit port.
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The system of claim 34, wherein unused cartridges
are stored in a linear stack

The system of claim 34 or 35, further comprising a
flexible support member coupling said cartridges to-
gether to define an array.

The system of claims 34 to 36, further comprising a
plurality of connectors between said cartridges for
holding said cartridges in an array configuration.

The system of any of claims 34 to 37, wherein each
of said cartridges has one of said analyte detecting
members.

The system of any of claims 34 to 38, wherein:

each of said cartridges has one of said analyte
detecting members;

each of said cartridges defines a lumen at least
partially housing one of said penetrating mem-
bers;

wherein each of said analyte detecting members are
positioned to receive body fluid entering the lumen
from a wound on the tissue site created by the pen-
etrating member.

The system of any of claims 34 to 39, wherein:

each of said cartridges has one of said analyte
detecting members;

wherein each of said penetrating members moves
outward from an exit port on said cartridges to pen-
etrate tissue;

wherein each of said analyte detecting members are
positioned to receive body fluid entering the exit port
from a wound on the tissue site created by the pen-
etrating member.

The system of any of the above claims, wherein the
penetrating member sensor includes an incremental
encoder

The system of any of the above claims, wherein the
penetrating member sensor includes a capacitive in-
cremental encoder.

The system of any of the above claims, wherein the
penetrating member sensor includes an optical en-
coder.

The system of any of the above claims, wherein the
penetrating member sensor includes an interference

encoder.

The system of any of the above claims, further com-
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prising:

a sample chamber (384) with an opening for
transport of a body fluid into the sample cham-
ber, the sample chamber being sized to receive
no more than 1.0 pL of the body fluid.

The system of any of the above claims, further com-
prising:

a sample chamber (384) with an opening for
transport of a body fluid into the sample cham-
ber, the sample chamber being sized to receive
no more than 0.75 pL of the body fluid.

The system of any of the above claims, further com-
prising:

a sample chamber (384) with an opening for
transport of a body fluid into the sample cham-
ber, the sample chamber being sized to receive
no more than 0.5 pL of the body fluid.

The system of any of the above claims, further com-
prising:

a sample chamber (384) with an opening for
transport of a body fluid into the sample cham-
ber, the sample chamber being sized to receive
no more than 0. 25 pL of the body fluid.

The system of any of the above claims, further com-
prising:

a sample chamber (384) with an opening for
transport of a body fluid into the sample cham-
ber, the sample chamber being sized to receive
no more than 0.1 pL of the body fluid.

The system of any of the above claims, further com-
prising:

an analyte detecting member coupled to a sam-
ple chamber, the analyte detecting member be-
ing configured to determine a concentration of
an analyte in a body fluid using a sample that
does not exceed a volume of 1 pL of a body fluid
disposed in the sample chamber.

The system of any of the above claims, further com-
prising a user interface configured to relay at least
one of, penetrating member performance or a pen-
etrating member setting.

The system of claim 51, wherein the user interface
is configured to provide a user with at least one input
selected from, depth of a penetrating member pen-
etration, velocity of a penetrating member, a desired
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velocity profile, a velocity of a penetrating member
into the target tissue, velocity of the penetrating
member out of the target tissue, dwell time of the
penetrating member in the target tissue, and a target
tissue relaxation parameter.

The system of claim 51, wherein the user interface
provides at least one output to the user selected
from, number of penetrating members available,
number of penetrating members used, actual depth
of penetrating member penetration on a target tis-
sue, stratum corneum thickness, force delivered on
a target tissue, energy used by a penetrating mem-
ber driver to drive a penetrating member into the tar-
gettissue, dwelltime of the penetrating member, bat-
tery status, system status, consumed energy, speed
profile of a penetrating member, information relative
to contact of a penetrating member with target tissue
before penetration by the penetrating member, and
information relative to a change of speed of a pen-
etrating member as in travels in the target tissue.

The system of claim 51, further comprising:

a data interface (360) configured to couple the
tissue penetrating system to atleast one of, sup-
port equipment with a data interface and the in-
ternet.

The system of claim 54, wherein the support equip-
ment is selected from at least one of, a base station,
home computer, central server, and main processing
equipment for storing glucose level information.

The system of claim 54, wherein the data interface
is selected from at least one of, Serial RS-232, mo-
deme-interface, USE, HPNA, Ethernet, optical inter-
face, IRDA, RF interface, Bluetooth interface, cellu-
lar telephone interface, 2 way pager interface, par-
allel portinterface standard, near field magnetic cou-
pling, RF transceiver and a telephone systems,

The system of claim 51, wherein the user interface
includes a real time clock and one or more alarms
to provide a user with a reminder of a next target
penetrating event is needed.

The system of claim 51, further comprising: a proc-
essor coupled to the penetrating member driver and
configured to receive signals from the user interface.

The system of claim 58, wherein the processor is
configured to assist in an adjustment of force applied
to the penetrating member driver in response to a
target tissue parameter.

The system of claim 51, further comprising:
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a memory for storing at least one of, a number
of penetrating members used, number of target
tissue penetrating events, time and date of the
last selected number of target tissue penetrating
events, time interval between alarm and target
tissue penetrating event, stratum corneum thick-
ness, time of day, energy consumed by a pen-
etrating member driver to drive a penetrating
member into the target tissue, depth of pene-
trating member penetration, velocity of the pen-
etrating member, a desired velocity profile, ve-
locity of the penetrating member into the target
tissue, velocity of the penetrating member out
of the target tissue, dwell time of the penetrating
member in the target tissue, a target tissue re-
laxation parameter, force delivered on the target
tissue, dwell time of the penetrating member,
battery status, system status, consumed ener-
gy, speed profile of the penetrating member as
the penetrating penetrates and advances
through the target tissue, a tissue target tissue
relaxation parameter, information relative to
contact of a penetrating member with target tis-
sue before penetration by the penetrating mem-
ber, information relative to a change of speed of
a penetrating member as in travels in the target
tissue, information relative to consumed sen-
sors and information relative to consumed pen-
etrating members.

Patentanspriiche

Gewebedurchdringungssystem (80), aufweisend:

ein Durchdringungsglied (72, 83);

einen Durchdringungsgliedtreiber (68, 79), der
an das Durchdringungsglied gekoppelt ist;
einen Durchdringungsgliedsensor (74, 91), der
an das Durchdringungsglied gekoppelt ist, wo-
bei der Durchdringungsgliedsensor zum Bereit-
stellen von Information bezlglich einer Durch-
dringungstiefe eines Durchdringungsglieds
durch eine Hautflache (133) konfiguriert ist;
einen Prozessor (60, 93), der an den Durchdrin-
gungsgliedsensor gekoppelt ist, dadurch ge-
kennzeichnet, dass der Prozessor zu Folgen-
dem betriebsfahig ist:

Erzeugen eines Signals, das eine Rich-
tungs- und GréRenanderung von Kraft an-
zeigt, die auf das Durchdringungsglied aus-
geubt ist;

Bewirken der Auslbung einer Bremskraft
auf das Durchdringungsglied in einer Rich-
tung weg von der Hautflache, wobei die
Bremskraft zum Unterstiitzen beim Erzielen
eines gewtnschten Hautdurchdrin-
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gungstiefenbetrags durch das Durchdrin-
gungsglied genutzt wird;

Speichern von Durchdringungsgliedprofi-
len (62) in einem Speicher;

Auswahlen eines Durchdringungsgliedtrei-
berprofils (62); und

Modulieren von Leistung aus einer Strom-
versorgung (66) zum Durchdringungsglied-
treiber durch einen Verstarker (70) zum
Steuern von Durchdringungsgeschwindig-
keit und -tiefe.

System nach Anspruch 1, wobei der Prozessor zum
Bewirken der Ausiibung der Bremskraft konfiguriert
ist, wenn bestimmt wird, dass das Durchdringungs-
glied eine vorgegebene Bremstiefe erreicht hat.

System nach Anspruch 1, wobei die Bremskraft zum
Verringern von mehrfachen Schwingungen des
Durchdringungsglieds in einem Zielgewebe funkti-
onsfahig ist.

System nach Anspruch 1, ferner aufweisend:

eine Benutzerschnittstelle (340), die zum Ver-
mitteln von mindestens einem einer Hautdurch-
dringungsleistung oder einer Hautdurchdrin-
gungseinstellung konfiguriert ist.

System nach Anspruch 1, ferner aufweisend:

eine Mensch-Maschinen-Schnittstelle (340), die
an den Durchdringungsgliedtreiber gekoppelt
ist und mindestens eine Ausgabe bereitstellt.

System nach Anspruch 1, wobei die Bremskraft
durch Bewirken ausgeubt wird, dass ein Strom zu
einer Spule (114 bis 117) geleitet wird, die zum Aus-
Uben einer Anziehungsbremskraft auf ein Magnet-
glied (102) angeordnet ist, welches am Durchdrin-
gungsglied befestigt ist.

System nach einem der vorhergehenden Anspri-
che, das System ferner aufweisend:

eine Mensch-Maschinen-Schnittstelle (340), die
mindestens eine Ausgabe bereitstellt.

System nach einem der vorhergehenden Anspri-
che, wobeidie Durchdringungstiefe ungefahr 100 bis
2500 Mikrometer betragt.

System nach einem der vorhergehenden Anspri-
che, wobeidie Durchdringungstiefe ungefahr 500 bis
750 Mikrometer betragt.

System nach einem der vorhergehenden Anspri-
che, wobei die Durchdringungstiefe nicht mehr als
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ungefahr 1000 Mikrometer iber eine Dicke des Stra-
tum corneum einer Hautflache hinaus betragt.

System nach einem der vorhergehenden Anspri-
che, wobei die Durchdringungstiefe nicht mehr als
ungefahr 500 Mikrometer lber eine Dicke des Stra-
tum corneum einer Hautflache hinaus betragt.

System nach einem der vorhergehenden Anspri-
che, wobei die Durchdringungstiefe nicht mehr als
ungefahr 300 Mikrometer lber eine Dicke des Stra-
tum corneum einer Hautflache hinaus betragt.

System nach einem der vorhergehenden Anspri-
che, wobei die Durchdringungstiefe weniger als eine
Summe einer Dicke des Stratum corneum einer
Hautflache und 400 Mikrometer betragt.

System nach einem der vorhergehenden Anspri-
che, wobei der Durchdringungsgliedsensor ferner
zum Vorsehen einer Geschwindigkeitsanzeige ei-
nes Durchdringungsglieds konfiguriert ist.

System nach einem der vorhergehenden Anspri-
che, wobei der Treiber ein Schwingspulenantriebs-
kraftgenerator ist.

System nach einem der vorhergehenden Anspri-
che, wobei der Durchdringungsgliedsensor an einen
Prozessor mit Steuerbefehlen fiir den Durchdrin-
gungsgliedtreiber gekoppelt ist.

System nach einem der vorhergehenden Anspri-
che, wobei der Prozessor einen Speicher zum Spei-
chern und Abrufen eines Satzes von Durchdrin-
gungsgliedprofilen (62) enthalt, die mit dem Durch-
dringungsgliedtreiber genutzt werden.

System nach einem der vorhergehenden Anspri-
che, wobei der Prozessor zum Uberwachen von Po-
sition und Geschwindigkeit eines Durchdringungs-
glieds genutzt wird, wenn sich das Durchdringungs-
glied in einer ersten Richtung bewegt.

System nach einem der vorhergehenden Anspri-
che, wobeider Prozessor zum Anpassen einer Kraft-
auslibung aufein Durchdringungsglied zum Erzielen
einer gewlinschten Geschwindigkeit des Durchdrin-
gungsglieds genutzt wird.

System nach einem der vorhergehenden Anspri-
che, wobei der Prozessor zum Anpassen einer Aus-
Ubung von Kraft auf ein Durchdringungsglied genutzt
wird, wenn das Durchdringungsglied ein Zielgewebe
berihrt, sodass das Durchdringungsglied das Ziel-
gewebeinnerhalb eines gewlinschten Geschwindig-
keitsbereichs durchdringt.
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System nach einem der vorhergehenden Anspri-
che, wobei der Prozessor zum Uberwachen von Po-
sition und Geschwindigkeit eines Durchdringungs-
glieds genutzt wird, wenn sich das Durchdringungs-
glied in der ersten Richtung zu einem Zielgewebe
hin bewegt, wobei die Auslibung einer Startkraft auf
das Durchdringungsglied auf Grundlage von Positi-
on und Geschwindigkeit des Durchdringungsglieds
gesteuert wird.

System nach einem der vorhergehenden Anspri-
che, wobei der Prozessor zum Steuern einer Riick-
zugskraft auf das Durchdringungsglied genutzt wird,
sodass sich das Durchdringungsglied in einer zwei-
ten Richtung weg vom Zielgewebe bewegt.

System nach einem der vorhergehenden Anspri-
che, wobei sich das Durchdringungsglied in der ers-
ten Richtung mit einer Geschwindigkeit zum Zielge-
webe hin bewegt, die von einer Geschwindigkeit ab-
weicht, mit der sich das Durchdringungsglied vom
Zielgewebe weg bewegt.

System nach einem der vorhergehenden Anspri-
che, wobei sich das Durchdringungsglied in der ers-
ten Richtung mit einer Geschwindigkeit zum Zielge-
webe hin bewegt, die groRRer als die Geschwindigkeit
ist, mit der sich das Durchdringungsglied vom Ziel-
gewebe weg bewegt.

System nach einem der Anspriiche 1 bis 24, wobei
eine Geschwindigkeit eines Durchdringungsglieds
in der ersten Richtung im Bereich von ungefahr 2,0
bis 10,0 m/s liegt.

System nach einem der Anspriiche 1 bis 24, wobei
eine Geschwindigkeit eines Durchdringungsglieds
in der ersten Richtung im Bereich von ungefahr 0,05
bis 60 m/s liegt.

System nach einem der Anspriiche 1 bis 24, wobei
eine Geschwindigkeit eines Durchdringungsglieds
in der ersten Richtung im Bereich von ungefahr 0,1
bis 20,0 m/s liegt.

System nach einem der Anspriiche 1 bis 24, wobei
eine Geschwindigkeit eines Durchdringungsglieds
in der ersten Richtung im Bereich von ungefahr 1,0
bis 10,0 m/s liegt.

System nach einem der Anspriiche 1 bis 24, wobei
eine Geschwindigkeit eines Durchdringungsglieds
in der ersten Richtung im Bereich von ungefahr 3,0
bis 8,0 m/s liegt.

System nach einem der Anspriiche 1 bis 29, wobei
eine Verweilzeit des Durchdringungsglieds im Ziel-
gewebe unterhalb einer Hautflache im Bereich von
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1 Mikrosekunde bis 2 Sekunden liegt.

System nach einem der Anspriiche 1 bis 29, wobei
eine Verweilzeit des Durchdringungsglieds im Ziel-
gewebe unterhalb einer Hautflache im Bereich von
500 Millisekunden bis 1,5 Sekunden liegt.

System nach einem der Anspriiche 1 bis 29, wobei
eine Verweilzeit des Durchdringungsglieds im Ziel-
gewebe unterhalb einer Hautflache im Bereich von
100 Millisekunden bis 1 Sekunde liegt.

System nach einem der vorhergehenden Anspri-
che, wobei die Durchschnittsgeschwindigkeit des
Durchdringungsglieds wahrend eines Gewebe-
durchdringungsstof3es in der ersten Richtung unge-
fahr 100- bis 1000-mal gréRer als die Durchschnitts-
geschwindigkeit des Durchdringungsglieds wah-
rend eines RiickzugstoResin einer zweiten Richtung
ist.

System nach einem der vorhergehenden Anspri-
che, ferner umfassend mehrere Patronen, wobei je-
de Patrone eine Ausgangsdurchlassoffnung auf-
weist, und wobei nach dem Start jedes Durchdrin-
gungsglied aus der Ausgangsdurchlasso6ffnung aus-
tritt.

System nach Anspruch 34, wobei unbenutzte Patro-
nen in einem linearen Stapel aufbewahrt sind.

System nach einem der Anspriiche 34 oder 35, fer-
ner aufweisend ein flexibles Stiitzglied, das die Pa-
tronen zum Definieren einer Gruppierung verkop-
pelt.

System nach einem der Anspriiche 34 bis 36, ferner
aufweisend mehrere Verbinder zwischen den Patro-
nen zum Halten der Patronen in einer Gruppierungs-
konfiguration.

System nach einem der Anspriiche 34 bis 37, wobei
jede der Patronen eines der Analyterkennungsglie-
der aufweist.

System nach einem der Anspriiche 34 bis 38, wobei:

jede der Patronen eines der Analyterkennungs-
glieder aufweist;

jede der Patronen ein Lumen definiert, das eines
der Durchdringungsglieder zumindest teilweise
einfasst;

wobei jedes der Analyterkennungsglieder zum Auf-
nehmen von Kérperflissigkeit positioniertist, die von
einer Wunde an der Gewebestelle, welche durch das
Durchdringungsglied verursacht wurde, in das Lu-
men eintritt.
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System nach einem der Anspriiche 34 bis 39, wobei:

jede der Patronen eines der Analyterkennungs-
glieder aufweist;

wobei sich jedes der Durchdringungsglieder aus
einer Austrittsdurchlasséffnung an den Patro-
nen zum Durchdringen von Gewebe nach au-
3en bewegt;

wobei jedes der Analyterkennungsglieder zum Auf-
nehmen von Kérperflissigkeit positioniertist, die von
einer Wunde an der Gewebestelle, welche durch das
Durchdringungsglied verursacht wurde, in die Aus-
trittsdurchlassoffnung eintritt.

System nach einem der vorhergehenden Anspri-
che, wobei der Durchdringungsgliedsensor einen In-
krementalcodierer enthalt.

System nach einem der vorhergehenden Anspri-
che, wobei der Durchdringungsgliedsensor einen
kapazitiven Inkrementalcodierer enthalt.

System nach einem der vorhergehenden Anspri-
che, wobei der Durchdringungsgliedsensor einen
optischen Codierer enthalt.

System nach einem der vorhergehenden Anspri-
che, wobei der Durchdringungsgliedsensor einen In-
terferenzcodierer enthalt.

System nach einem der vorhergehenden Anspri-
che, ferner aufweisend:

eine Probenkammer (384) mit einer Offnung zur
Beférderung einer Kérperflissigkeit in die Pro-
benkammer, wobei die Probenkammer zum
Aufnehmen von nicht mehr als 1,0 pl der Kor-
perflissigkeit bemessen ist.

System nach einem der vorhergehenden Anspri-
che, ferner aufweisend:

eine Probenkammer (384) mit einer Offnung zur
Beférderung einer Kérperflissigkeit in die Pro-
benkammer, wobei die Probenkammer zum
Aufnehmen von nicht mehr als 0,75 wl der Kor-
perflissigkeit bemessen ist.

System nach einem der vorhergehenden Anspri-
che, ferner aufweisend:

eine Probenkammer (384) mit einer Offnung zur
Beférderung einer Kérperflissigkeit in die Pro-
benkammer, wobei die Probenkammer zum
Aufnehmen von nicht mehr als 0,50 wl der Kor-
perflissigkeit bemessen ist.
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System nach einem der vorhergehenden Anspri-
che, ferner aufweisend:

eine Probenkammer (384) mit einer Offnung zur
Beférderung einer Kérperflissigkeit in die Pro-
benkammer, wobei die Probenkammer zum
Aufnehmen von nicht mehr als 0,25 .l der Kor-
perflissigkeit bemessen ist.

System nach einem der vorhergehenden Anspri-
che, ferner aufweisend:

eine Probenkammer (384) mit einer Offnung zur
Beférderung einer Kérperflissigkeit in die Pro-
benkammer, wobei die Probenkammer zum
Aufnehmen von nicht mehr als 0,1 pl der Kor-
perflissigkeit bemessen ist.

System nach einem der vorhergehenden Anspri-
che, ferner aufweisend:

ein Analyterkennungsglied, das an die Proben-
kammer gekoppelt ist, wobei das Analyterken-
nungsglied zum Bestimmen einer Konzentrati-
on eines Analyts in einer Kdrperflissigkeit unter
Benutzung einer Probe konfiguriert ist, die ein
Volumen von 1 pl einer Korperflissigkeit, die
sich in der Probenkammer befindet, nicht tber-
steigt.

System nach einem der vorhergehenden Anspri-
che, ferner aufweisend eine Benutzerschnittstelle,
die zum Vermitteln von mindestens einem einer
Durchdringungsgliedleistung oder einer Durchdrin-
gungsgliedeinstellung konfiguriert ist.

System nach Anspruch 51, wobei die Benutzer-
schnittstelle zum Bereitstellen an den Benutzer min-
destens einer Eingabe konfiguriert ist, die aus Tiefe
einer  Durchdringungsglieddurchdringung, Ge-
schwindigkeit eines Durchdringungsglieds, einem
gewunschten Geschwindigkeitsprofil, einer Ge-
schwindigkeit eines Durchdringungsglieds in das
Zielgewebe hinein, Geschwindigkeit des Durchdrin-
gungsglieds aus dem Zielgewebe heraus, Verweil-
zeit des Durchdringungsglieds im Zielgewebe und
einem Zielgewebeentspannungsparameter ausge-
wahlt ist.

System nach Anspruch 51, wobei die Benutzer-
schnittstelle dem Benutzer mindestens eine Ausga-
be bereitstellt, die aus Anzahl von verfligbaren
Durchdringungsgliedern, Anzahl von benutzten
Durchdringungsgliedern, tatsachlicher Durchdrin-
gungsglieddurchdringungstiefe an einem Zielgewe-
be, Dicke des Stratum corneum, auf ein Zielgewebe
ausgetbter Kraft, von einem Durchdringungsglied-
treiber zum Treiben eines Durchdringungsglieds in
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das Zielgewebe aufgewendeter Energie, Verweilzeit
des Durchdringungsglieds, Batteriestatus, System-
status, verbrauchter Energie, Geschwindigkeitspro-
fil eines Durchdringungsglieds, Information bezlg-
lich Kontakts eines Durchdringungsglieds mit Ziel-
gewebe vor der Durchdringung durch das Durchdrin-
gungsglied und Information beziiglich einer Ge-
schwindigkeitsdnderung eines Durchdringungs-
glieds, wahrend es das Zielgewebe durchwandert,
ausgewahlt ist.

System nach Anspruch 51, ferner aufweisend:

eine Datenschnittstelle (360), die zum Koppeln
des Gewebedurchdringungssystems an min-
destens eines von einer Unterstitzungsausris-
tung mit einer Datenschnittstelle und dem Inter-
net konfiguriert ist.

System nach Anspruch 54, wobei die Unterstiit-
zungsausrustung aus mindestens einem von einer
Basisstation, einem Heimcomputer, einem zentra-
len Server und Hauptverarbeitungsausristung zum
Speichern von Glukosespiegelinformation ausge-
wahlt ist.

System nach Anspruch 54, wobei die Datenschnitt-
stelle aus mindestens einem von seriellem RS-232,
Modemschnittstelle, USE, HPNA, Ethernet, opti-
scher Schnittstelle, IRDA, HF-Schnittstelle, Blue-
tooth-Schnittstelle, Mobiltelefonschnittstelle, 2-We-
ge-Pager-Schnittstelle, Parallelportschnittstellen-
standard, Nahfeldmagnetkopplung, HF-Transceiver
und einem Telefonsystem ausgewahlt ist.

System nach Anspruch 51, wobei die Benutzer-
schnittstelle eine Echtzeituhr und einen oder mehr
Alarme enthalt, um den Benutzer daran zu erinnern,
wenn ein ndchstes Gewebedurchdringungsereignis
erforderlich ist.

System nach Anspruch 51, ferner aufweisend: einen
Prozessor, der an den Durchdringungsgliedtreiber
gekoppelt ist und zum Empfangen von Signalen von
der Benutzerschnittstelle konfiguriert ist.

System nach Anspruch 58, wobeider Prozessor zum
Unterstitzen bei der Anpassung der Kraft, die auf
den Durchdringungsgliedtreiber ausgelbt ist, in Re-
aktion auf einen Zielgewebeparameter konfiguriert
ist.

System nach Anspruch 51, ferner aufweisend:

einen Speicher zum Speichern von mindestens
einem von einer Anzahl von benutzten Durch-
dringungsgliedern, Anzahl von Zielgewebe-
durchdringungsereignissen, Zeit und Datum der
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letzten ausgewahlten Anzahl von Zielgewebe-
durchdringungsereignissen, Zeitraum zwischen
Alarm und Zielgewebedurchdringungsereignis,
Tiefe des Stratum corneum, Tageszeit, von ei-
nem Durchdringungsgliedtreiber zum Treiben
eines Durchdringungsglieds in das Zielgewebe
verbrauchte Energie, Durchdringungsglied-
durchdringungstiefe, Geschwindigkeit des
Durchdringungsglieds, einem gewtiinschten Ge-
schwindigkeitsprofil, =~ Geschwindigkeit des
Durchdringungsglieds in das Zielgewebe hin-
ein, Geschwindigkeit des Durchdringungsglieds
aus dem Zielgewebe heraus, Verweilzeit des
Durchdringungsglieds im Zielgewebe, einem
Zielgewebeentspannungsparameter, auf das
Zielgewebe ausgelibte Kraft, Verweilzeit des
Durchdringungsglieds, Batteriestatus, System-
status, verbrauchter Energie, Geschwindig-
keitsprofil des Durchdringungsglieds, wenn das
Durchdringungsglied das Zielgewebe durch-
dringt und darin vordringt, einem Zielgewebe-
entspannungsparameter, Information bezuglich
Kontakts eines Durchdringungsglieds mit Ziel-
gewebe vor der Durchdringung durch das
Durchdringungsglied, Information beziglich ei-
ner Geschwindigkeitsdnderung eines Durch-
dringungsglieds, wahrend es das Zielgewebe
durchwandert, Information bezlglich ver-
brauchter Sensoren und Information beziiglich
verbrauchter Durchdringungsglieder.

Revendications

Systéme de pénétration tissulaire (80) comprenant :

un élément de pénétration (72, 83) ;

un entraineur d’élément de pénétration (68, 79)
couplé a I'élément de pénétration ;

un capteur d’élément de pénétration (74, 91)
couplé a I'élément de pénétration, le capteur
d’élément de pénétration étant configuré pour
fournir des informations concernant la profon-
deurde pénétration d’'un élément de pénétration
a travers la surface de la peau (133) ;

un processeur (60, 93) couplé au capteur d’élé-
ment de pénétration,

caractérisé en ce que le processeur peut opérer de
maniére a :

produire un signal indicatif d’'un changement de
direction et d’amplitude de la force exercée sur
I’élément de pénétration ;

provoquer I'application d’'une force de freinage
a I'élément de pénétration dans une direction
I’éloignant de la surface de la peau, la force de
freinage étant utilisée pour faciliter I'obtention
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d’une ampleur souhaitée de profondeur de pé-
nétration a travers la peau par I'élément de
pénétration ;

stocker des profils d’élément de pénétration (62)
dans une mémoire ;

sélectionner un profil d’entraineur d’élément de
pénétration (62) ; et

moduler la puissance provenant d’'une source
d’alimentation (60) a I'entraineur d’élément de
pénétration par l'intermédiaire d’'un amplifica-
teur (70) pour contréler la vitesse et la profon-
deur de pénétration.

Systeme selon larevendication 1, danslequel le pro-
cesseur est configuré de maniére a provoquer I'ap-
plication de la force de freinage quand il est déter-
miné que I'élément de pénétration a atteint une pro-
fondeur de freinage prédéfinie.

Systeme selon la revendication 1, dans lequel la for-
ce de freinage peut opérer de maniére a réduire des
oscillations multiples de I'élément de pénétration
dans un tissu cible.

Systeme selon la revendication 1, comprenant en
outre :

une interface utilisateur (340) configurée pour
relayer au moins I'un parmi une performance de
pénétration a travers la peau et un réglage de
pénétration a travers la peau.

Systeme selon la revendication 1, comprenant en
outre :

une interface humaine (340) couplée a I'entrai-
neur d’élément de pénétration et fournissant au
moins une sortie.

Systeme selon la revendication 1, dans lequel la for-
ce de freinage est appliquée par I'envoi d’'un courant
aune bobine (114-117) agencée de maniére a exer-
cer une force de freinage attractive sur un élément
magneétique (102) fixé a I'élément de pénétration.

Systeme selon I'une quelconque des revendications
précédentes, lequel systéme comprend en outre :

une interface humaine (340) fournissant au
moins une sortie.

Systeme selon I'une quelconque des revendications
précédentes, dans lequel la profondeur de pénétra-
tion est d’environ 100 a 2500 micromeétres.

Systeme selon I'une quelconque des revendications
précédentes, dans lequel la profondeur de pénétra-
tion est de 500 a 750 micrometres.
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Systéme selon I'une quelconque des revendications
précédentes, dans lequel la profondeur de pénétra-
tion ne dépasse pas environ 1000 micrométres au-
deladel'épaisseur de lacouche cornée de la surface
de la peau.

Systéme selon I'une quelconque des revendications
précédentes, dans lequel la profondeur de pénétra-
tion ne dépasse pas environ 500 micrométres au-
deladel'épaisseur de lacouche cornée de la surface
de la peau.

Systéme selon I'une quelconque des revendications
précédentes, dans lequel la profondeur de pénétra-
tion ne dépasse pas environ 300 micrométres au-
deladel'épaisseur de lacouche cornée de la surface
de la peau.

Systéme selon I'une quelconque des revendications
précédentes, dans lequel la profondeur de pénétra-
tion est inférieure a la somme de I'épaisseur de la
couche cornée de la surface de la peau et de 400
micrometres.

Systéme selon I'une quelconque des revendications
précédentes, dans lequel le capteur d’élément de
pénétration est en outre configuré pour fournir une
indication de vitesse de I'élément de pénétration.

Systéme selon I'une quelconque des revendications
précédentes, dans lequel I'entraineur est un géné-
rateur de force d’entrainement de bobine acousti-
que.

Systéme selon I'une quelconque des revendications
précédentes, dans lequel le capteur d’élément de
pénétration est couplé a un processeur avec des ins-
tructions de commande pour I'entraineur d’élément
de pénétration.

Systéme selon I'une quelconque des revendications
précédentes, dans lequel le processeur comprend
une mémoire pour stocker et extraire un jeu de profils
d’élément de pénétration (62) utilisés avec I'entrai-
neur d’élément de pénétration.

Systéme selon I'une quelconque des revendications
précédentes, dans lequel le processeur est utilisé
pour surveiller la position et la vitesse d’'un élément
de pénétration lorsque I'élément de pénétration se
déplace dans une premiére direction.

Systéme selon I'une quelconque des revendications
précédentes, dans lequel le processeur est utilisé
pour ajuster I'application d’une force a un élément
de pénétration afin que soit obtenue une vitesse sou-
haitée de I'élément de pénétration.
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Systeme selon I'une quelconque des revendications
précédentes, dans lequel le processeur est utilisé
pour ajuster I'application d’une force a un élément
de pénétration lorsque I'élément de pénétration vient
au contact d’un tissu cible de fagon que I'élément de
pénétration pénétre dans le tissu cible a une vitesse
située a l'intérieur d’'une plage souhaitée.

Systeme selon I'une quelconque des revendications
précédentes, dans lequel le processeur est utilisé
pour surveiller la position et la vitesse d’'un élément
de pénétration lorsque I'élément de pénétration se
déplace dans la premiere direction vers un tissu ci-
ble, I'application d’'une force de lancement a I'élé-
ment de pénétration étant contrélée sur la base de
la position et de la vitesse de I'élément de pénétra-
tion.

Systeme selon I'une quelconque des revendications
précédentes, dans lequel le processeur est utilisé
pour commander une force de retrait de I'élément
de pénétration de fagon que I'élément de pénétration
se déplace dans une deuxiéme direction I'éloignant
du tissu cible.

Systeme selon I'une quelconque des revendications
précédentes, dans lequel, dans la premiére direc-
tion, I'élément de pénétration se déplace vers un tis-
su cible a une vitesse qui est différente de la vitesse
alaquelle I'élément de pénétration s’éloigne du tissu
cible.

Systeme selon I'une quelconque des revendications
précédentes, dans lequel, dans la premiére direc-
tion, I'élément de pénétration se déplace vers un tis-
su cible a une vitesse qui est supérieure a la vitesse
alaquelle I'élément de pénétration s’éloigne du tissu
cible.

Systeme selon I'une quelconque des revendications
1 a 24, dans lequel la vitesse de I'élément de péné-
tration dans la premiere direction est située dans la
plage allant d’environ 2,0 a 10,0 m/s.

Systeme selon I'une quelconque des revendications
1 a 24, dans lequel la vitesse de I'élément de péné-
tration dans la premiere direction est située dans la
plage allant de 0,05 a 60 m/s.

Systeme selon I'une quelconque des revendications
1 a 24, dans lequel la vitesse de I'élément de péné-
tration dans la premiere direction est située dans la
plage allant de 0,1 & 20,0 m/s.

Systeme selon I'une quelconque des revendications
1 a 24, dans lequel la vitesse de I'élément de péné-
tration dans la premiere direction est située dans la
plage allant de 1,0 a 10,0 m/s.
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Systéme selon I'une quelconque des revendications
1 a 24, dans lequel la vitesse de I'élément de péné-
tration dans la premiére direction est située dans la
plage allant de 3,0 a 8,0 m/s.

Systéme selon I'une quelconque des revendications
1 a 29, dans lequel le temps de séjour de I'élément
de pénétration dans le tissu cible sous la surface de
la peau est situé dans la plage allant de 1 microse-
conde a 2 secondes.

Systéme selon I'une quelconque des revendications
1 a 29, dans lequel le temps de séjour de I'élément
de pénétration dans le tissu cible sous la surface de
la peau est situé dans la plage allant de 500 millise-
condes a 1,5 seconde.

Systéme selon I'une quelconque des revendications
1 a 29, dans lequel le temps de séjour de I'élément
de pénétration dans le tissu cible sous la surface de
la peau est situé dans la plage allant de 100 millise-
condes a 1 seconde.

Systéme selon I'une quelconque des revendications
précédentes, dans lequel la vitesse moyenne de
I’élément de pénétration durant une course de pé-
nétration tissulaire dans la premiere direction est
d’environ 100 a environ 1000 fois supérieure a la
vitesse moyenne de I'élément de pénétration durant
une course de retrait dans une deuxieme direction.

Systéme selon I'une quelconque des revendications
précédentes, comprenant en outre une pluralité de
cartouches, chaque cartouche ayant un orifice de
sortie et, suite a un lancement, chaque élément de
pénétration sortant par l'orifice de sortie.

Systéme selon la revendication 34, dans lequel les
cartouches inutilisées sont stockées en une pile li-
néaire.

Systéme selon la revendication 34 ou 35, compre-
nantenoutre un élémentde supportflexible couplant
lesdites cartouches ensemble pour définir une ma-
trice.

Systéme selon les revendications 34 a 36, compre-
nant en outre une pluralité de connecteurs entre les-
dites cartouches pour maintenir lesdites cartouches
en configuration de matrice.

Systéme selon I'une quelconque des revendications
34 a 37, dans lequel chacune desdites cartouches
a I'un desdits éléments de détection d’analyte.

Systéme selon I'une quelconque des revendications
34 a 38, dans lequel :



40.

41.

42.

43.

44.

45.

46.

59

chacune desdites cartouches a 'un desdits élé-
ments de détection d’analyte ;

chacune desdites cartouches définit une lumié-
re logeant au moins partiellement I'un desdits
éléments de pénétration ;

chacun desdits éléments de détection d’analyte
étant positionné de maniére a recevoir du fluide
corporel entrant dans la lumiére par une plaie
sur le site tissulaire, créée par I'élément de pé-
nétration.

Systeme selon I'une quelconque des revendications
34 a 39, dans lequel :

chacune desdites cartouches a 'un desdits élé-
ments de détection d’analyte ;

chacun desdits éléments de pénétration se dé-
plagcant vers le haut depuis un orifice de sortie
sur lesdites cartouches pour pénétrer dans un
tissu ;

et chacun desdits éléments de détection d’ana-
lyte étant positionné de maniére a recevoir du
fluide corporel entrant dans la lumiére par une
plaie sur le site tissulaire, créée par I'élément de
pénétration.

Systeme selon I'une quelconque des revendications
précédentes, dans lequel le capteur d’élément de
pénétration comprend un codeur incrémentiel.

Systeme selon I'une quelconque des revendications
précédentes, dans lequel le capteur d’élément de
pénétration comprend un codeur incrémentiel capa-
citif.

Systeme selon I'une quelconque des revendications
précédentes, dans lequel le capteur d’élément de
pénétration comprend un codeur optique.

Systeme selon I'une quelconque des revendications
précédentes, dans lequel le capteur d’élément de
pénétration comprend un codeur a interférence.

Systeme selon I'une quelconque des revendications
précédentes, comprenant en outre :

une chambre d’échantillon (384) avec une
ouverture pour le transport d’un fluide corporel
dans la chambre d’échantillon, la chambre
d’échantillon étant dimensionnée pour recevoir
au plus 1,0 pl du fluide corporel.

Systeme selon I'une quelconque des revendications
précédentes, comprenant en outre :

une chambre d’échantillon (384) avec une
ouverture pour le transport d’un fluide corporel
dans la chambre d’échantillon, la chambre
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d’échantillon étant dimensionnée pour recevoir
au plus 0,75 pl du fluide corporel.

Systéme selon I'une quelconque des revendications
précédentes, comprenant en outre :

une chambre d’échantillon (384) avec une
ouverture pour le transport d’un fluide corporel
dans la chambre d’échantillon, la chambre
d’échantillon étant dimensionnée pour recevoir
au plus 0,5 pl du fluide corporel.

Systéme selon I'une quelconque des revendications
précédentes, comprenant en outre :

une chambre d’échantillon (384) avec une
ouverture pour le transport d’un fluide corporel
dans la chambre d’échantillon, la chambre
d’échantillon étant dimensionnée pour recevoir
au plus 0,25 pl du fluide corporel.

Systéme selon I'une quelconque des revendications
précédentes, comprenant en outre :

une chambre d’échantillon (384) avec une
ouverture pour le transport d’un fluide corporel
dans la chambre d’échantillon, la chambre
d’échantillon étant dimensionnée pour recevoir
au plus 0,1 pl du fluide corporel.

Systéme selon I'une quelconque des revendications
précédentes, comprenant en outre :

un élément de détection d’analyte couplé a la
chambre d’échantillon, I'élément de détection
d’analyte étant configuré pour déterminer la
concentration d’'un analyte dans un fluide cor-
porel en utilisant un échantillon qui ne dépasse
pas un volume de 1 pl d’un fluide corporel dis-
posé dans la chambre d’échantillon.

Systéme selon I'une quelconque des revendications
précédentes, comprenant en outre une interface uti-
lisateur configurée pour relayer au moins I'une parmi
une performance d’élément de pénétration et un ré-
glage d’élément de pénétration.

Systéme selon la revendication 51, dans lequel I'in-
terface utilisateur est configurée pour fournir a I'uti-
lisateur au moins une entrée choisie parmi la pro-
fondeur de pénétration de I'élément de pénétration,
la vitesse de I'élément de pénétration, le profil de
vitesse souhaité, la vitesse de I'élément de pénétra-
tion entrant dans le tissu cible, la vitesse de I'élément
de pénétration sortant du tissu cible, le temps de
séjour de I'élément de pénétration dans le tissu cible,
et un parameétre de relaxation du tissu cible.
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Systeme selon la revendication 51, dans lequel I'in-
terface utilisateur fournit a I'utilisateur au moins une
sortie choisie parmi le nombre d’éléments de péné-
tration disponibles, le nombre d’éléments de péné-
tration utilisés, la profondeur réelle de pénétration
de I'élément de pénétration dans le tissu cible,
I'épaisseur de la couche cornée, la force délivrée au
tissu cible, I'énergie utilisée par un entraineur d’élé-
ment de pénétration pour entrainer un élément de
pénétration dans le tissu cible, le temps de séjour
del'élément de pénétration, I'état de la batterie, I'état
du systéme, I’énergie consommée, le profil de vites-
se de I'élément de pénétration, une information con-
cernant le contact de I'’élément de pénétration avec
le tissu cible avant la pénétration de I'élément de
pénétration, et une information concernant un chan-
gement de vitesse de I'élément de pénétration lors-
qu’il se déplace dans le tissu cible.

Systeme selon la revendication 51, comprenant en
outre :

une interface de données (360) configurée pour
coupler le systéme de pénétration tissulaire a
au moins I'un parmi un équipement de support
avec une interface de données et I'Internet.

Systeme selon la revendication 54, dans lequel
I'équipement de support est au moins I'un choisi par-
mi une station de base, un ordinateur domestique,
un serveur central, et un équipement de traitement
principal pour stocker des informations sur les ni-
veaux de glucose.

Systeme selon la revendication 54, dans lequel I'in-
terface de données est au moins 'une choisie parmi
une interface série RS-232, une interface modem,
un USE, un HPNA, I'Ethernet, une interface optique,
un IRDA, une interface RF, une interface Bluetooth,
une interface de téléphone portable, une interface
de téléavertisseur 2 voies, une norme d'’interface de
port parallele, un couplage magnétique en champ
proche, un émetteur-récepteur RF, et un systeme
téléphonique.

Systeme selon la revendication 51, dans lequel I'in-
terface utilisateur comprend une horloge en temps
réel et une ou plusieurs alarmes pour rappeler a 'uti-
lisateur qu’'un événement de pénétration cible sui-
vant est nécessaire.

Systeme selon la revendication 51, comprenant en
outre : un processeur couplé a I'entraineur d’élé-
ment de pénétration et configuré pour recevoir des
signaux provenant de l'interface utilisateur.

Systeme selon la revendication 58, dans lequel le
processeur est configuré de maniére a faciliter un
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ajustement de la force appliquée a I'entraineur d’élé-
ment de pénétration en réponse a un parameétre du
tissu cible.

Systéme selon la revendication 51, comprenant en
outre :

une mémoire pour stocker au moins I'un parmi
le nombre d’éléments de pénétration utilisés, le
nombre d’événements de pénétration de tissu
cible, I'neure et la date du dernier nombre sé-
lectionné d’événements de pénétration de tissu
cible, l'intervalle de temps entre I'alarme et I'évé-
nement de pénétration de tissu cible, I'épaisseur
de la couche cornée, le moment de la journée,
I’énergie consommeée parl’entraineur d’élément
de pénétration pour entrainer I'élément de pé-
nétration dans le tissu cible, la profondeur de
pénétration de I'élément de pénétration, la vi-
tesse de I'élément de pénétration, le profil de
vitesse souhaité, la vitesse de I'élément de pé-
nétration entrant dans le tissu cible, la vitesse
de I'élément de pénétration sortant du tissu ci-
ble, le temps de séjour de I'élément de pénétra-
tion dans le tissu cible, un paramétre de relaxa-
tion du tissu cible, la force délivrée au tissu cible,
le temps de séjour de I'élément de pénétration,
I’état de la batterie, I'état du systéme, I'énergie
consommeée, le profil de vitesse de I'élément de
pénétration lorsque I'élément de pénétration pé-
nétre dans le tissu cible et y progresse, un pa-
ramétre de relaxation du tissu cible, une infor-
mation concernant le contact de I'élément de
pénétration avec le tissu cible avant la pénétra-
tion par I'élément de pénétration, une informa-
tion relative au changement de vitesse de I'élé-
ment de pénétration lorsqu’il se déplace dans le
tissu cible, une information concernant les cap-
teurs consommés et une information concer-
nant les éléments de pénétration consommés.
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