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ANALYTE SENSORS AND METHODS OF USE 

RELATED APPLICATION 

The present application is a continuation of pending US. 
patent application Ser. No. 11/365,169 ?led Feb. 28, 2006, 
entitled “Analyte Sensors and Methods of Use”, the disclo 
sure of Which is incorporated herein by reference for all 
purposes. 

BACKGROUND 

Continuous analyte monitoring systems such as continu 
ous glucose monitoring systems use analyte sensors a portion 
of Which is placed in contact With the patient’s bodily ?uid 
such as interstitial ?uid or blood. The analyte sensor such as 
glucose sensors are con?gured With electrodes such as a 
Working electrode, a counter electrode and a reference elec 
trode, and Where at least a portion of the sensor is placed in 
vivo so as to detect the level of the patient’s analyte. In the 
three electrode con?guration, the reference electrode is main 
tained substantially current free, and is con?gured to establish 
a substantially constant electrical potential difference With 
respect to the Working electrode. The electrical potential dif 
ference then is used to drive certain electrochemical reactions 
that result in a current signal Which is directly proportional to 
the level of analyte in the patient (such as the patient’ s glucose 
concentration). 

The analyte sensor con?guration described above, and in 
most glucose sensors that employ multiple electrodes for 
detecting the glucose level, for example, the counter electrode 
is generally con?gured to close the circuit. That is, since the 
electrons resulting from the electrochemical reactions by the 
analyte sensor are ?oWing into the Working electrode from the 
electrolyte solution (the patient’ s body), the counter electrode 
of the analyte sensor needs to dispose of the electrons back 
into the electrolyte (that is, the counter electrode must ?nd 
molecules or ions that can be reduced). The applied electrical 
potential at the counter electrode is regulated through a feed 
back loop such that the necessary reduction reactions can take 
place. Therefore, it is necessary for the counter electrode of 
the analyte sensor be electrically coupled to the human body. 

In vieW of the foregoing, it Would be desirable to have 
methods and device for providing a compact, cost effective 
analyte sensor con?guration. Indeed, it Would be desirable to 
have methods and device for providing analyte sensors With 
external counter electrode Which is not placed in vivo along 
With the Working and reference electrodes of the analyte 
sensor so as to be in ?uid contact With the patient’s analyte. 
Moreover, it Would be desirable to have method and system 
for manufacturing analyte sensors to achieve cost effective 
ness and scalability by, for example, reducing the number of 
necessary manufacturing steps. 

SUMMARY OF THE INVENTION 

In vieW of the foregoing, in accordance With the various 
embodiments of the present invention, there is provided 
methods and devices for analyte sensor con?guration With an 
external on-body counter electrode forming a tWo electrode 
analyte sensor such as glucose sensors, Which is provided 
With the Working and reference electrodes at least a portion of 
each of Which are placed in ?uid contact With the patient’s 
analyte, and Which is provided With an external non-invasive 
counter electrode provided on the patient’s skin. 

These and other objects, features and advantages of the 
present invention Will become more fully apparent from the 
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2 
folloWing detailed description of the embodiments, the 
appended claims and the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates a data monitoring and management sys 
tem such as, for example, an analyte monitoring system 100 
for practicing one embodiment of the present invention; 

FIG. 2 is a block diagram of the transmitter unit of the data 
monitoring and detection system shoWn in FIG. 1 in accor 
dance With one embodiment of the present invention; 

FIGS. 3A-3B illustrate a bottom vieW of the transmitter 
unit housing With counter electrode contact in accordance 
With one embodiment of the present invention; 

FIGS. 4A-4C each illustrates the transmitter unit coupled 
With an analyte sensor With external counter electrode in 
accordance With various alternate embodiments of the 
present invention; 

FIGS. 5A and 5B illustrate the side cross-sectional vieW 
and bottom vieW of the transmitter unit coupled With an 
analyte sensor With external counter electrode With disloca 
tion detection mechanism in accordance With one embodi 
ment of the present invention; 

FIG. 6A illustrates a tWo Working electrode analyte sensor 
With external counter electrode, FIG. 6B illustrates a three 
Working electrode analyte sensor With external counter elec 
trode in accordance With various embodiments of the present 
invention, and FIG. 6C illustrates a tWo Working electrode 
analyte sensor With external counter electrode of another 
embodiment; and 

FIG. 7 illustrates a cross sectional vieW of a tWo sided 
analyte sensor With external counter electrode in accordance 
With one embodiment of the present invention. 

DETAILED DESCRIPTION 

FIG. 1 illustrates a data monitoring and management sys 
tem such as, for example, an analyte monitoring system 100 
for practicing one embodiment of the present invention. In 
such embodiment, the analyte monitoring system 100 
includes an analyte sensor 101, a transmitter unit 102 coupled 
to the sensor 101, and a receiver unit 104 Which is con?gured 
to communicate With the transmitter unit 102 via a commu 
nication link 103. The receiver unit 104 may be further con 
?gured to transmit data to a data processing terminal 105 for 
evaluating the data received by the receiver unit 104. 

Only one sensor 101, transmitter unit 102, communication 
link 103, receiver unit 104, and data processing terminal 105 
are shoWn in the embodiment of the analyte monitoring sys 
tem 100 illustrated in FIG. 1. HoWever, it Will be appreciated 
by one of ordinary skill in the art that the analyte monitoring 
system 100 may include one or more sensor 101, transmitter 
unit 102, communication link 103, receiver unit 104, and data 
processing terminal 105, Where each receiver unit 104 is 
uniquely synchronized With a respective transmitter unit 102. 
Moreover, Within the scope of the present invention, the ana 
lyte monitoring system 100 may be a continuous monitoring 
system, or a semi-continuous or discrete monitoring system. 

In one embodiment of the present invention, the sensor 101 
is physically positioned on the body of a user Whose analyte 
level is being monitored. The sensor 101 may be con?gured to 
continuously sample the analyte level of the user and convert 
the sampled analyte level into a corresponding data signal for 
transmission by the transmitter unit 102. In one embodiment, 
the transmitter unit 102 is mounted on the sensor 101 so that 
both devices are positioned on the user’s body. The transmit 
ter unit 102 performs data processing such as ?ltering and 
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encoding on data signals, each of Which corresponds to a 
sampled glucose level of the user, for transmission to the 
receiver unit 104 via the communication link 103. 

Additional analytes that may be monitored or determined 
by sensor 101 include, for example, acetyl choline, amylase, 
bilirubin, cholesterol, chorionic gonadotropin, creatine 
kinase (e.g., CK-MB), creatine, DNA, fructosamine, glucose, 
glutamine, groWth hormones, hormones, ketones, lactate, 
peroxide, prostate-speci?c antigen, prothrombin, RNA, thy 
roid stimulating hormone, and troponin. The concentration of 
drugs, such as, for example, antibiotics (e. g., gentamicin, 
vancomycin, and the like), digitoxin, digoxin, drugs of abuse, 
theophylline, and Warfarin, may also be determined. 

In one embodiment, the analyte monitoring system 100 is 
con?gured as a one-Way RF communication path from the 
transmitter unit 102 to the receiver unit 104. In such embodi 
ment, the transmitter unit 102 transmits the sampled data 
signals received from the sensor 101 Without acknoWledge 
ment from the receiver unit 104 that the transmitted sampled 
data signals have been received. For example, the transmitter 
unit 102 may be con?gured to transmit the encoded sampled 
data signals at a ?xed rate (e.g., at one minute intervals) after 
the completion of the initial poWer on procedure. Likewise, 
the receiver unit 104 may be con?gured to detect such trans 
mitted encoded sampled data signals at predetermined time 
intervals. Alternatively, the analyte monitoring system 10 
may be con?gured With a bidirectional RF communication 
betWeen the transmitter unit 102 and the receiver unit 104. 

Additionally, in one aspect, the receiver unit 104 may 
include tWo sections. The ?rst section is an analog interface 
section that is con?gured to communicate With the transmitter 
unit 102 via the communication link 103. In one embodiment, 
the analog interface section may include an RF receiver and 
an antenna for receiving and amplifying the data signals from 
the transmitter unit 102, Which are thereafter, demodulated 
With a local oscillator and ?ltered through a band-pass ?lter. 
The second section of the receiver unit 104 is a data process 
ing section Which is con?gured to process the data signals 
received from the transmitter unit 102 such as by performing 
data decoding, error detection and correction, data clock gen 
eration, and data bit recovery. 

In operation, upon completing the poWer-on procedure, the 
receiver unit 104 is con?gured to detect the presence of the 
transmitter unit 102 Within its range based on, for example, 
the strength of the detected data signals received from the 
transmitter unit 102 or a predetermined transmitter identi? 
cation information. Upon successful synchronization With 
the corresponding transmitter unit 102, the receiver unit 104 
is con?gured to begin receiving from the transmitter unit 102 
data signals corresponding to the user’s detected analyte 
level. More speci?cally, the receiver unit 104 in one embodi 
ment is con?gured to perform synchroniZed time hopping 
With the corresponding synchroniZed transmitter unit 102 via 
the communication link 103 to obtain the user’s detected 
analyte level. 

Referring again to FIG. 1, the data processing terminal 105 
may include a personal computer, a portable computer such as 
a laptop or a handheld device (e.g., personal digital assistants 
(PDAs)), and the like, each of Which may be con?gured for 
data communication With the receiver via a Wired or a Wire 
less connection. Additionally, the data processing terminal 
105 may further be connected to a data netWork (not shoWn) 
for storing, retrieving and updating data corresponding to the 
detected analyte level of the user. 

Within the scope of the present invention, the data process 
ing terminal 105 may include an infusion device such as an 
insulin infusion pump, Which may be con?gured to adminis 
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4 
ter insulin to patients, and Which is con?gured to communi 
cate With the receiver unit 104 for receiving, among others, 
the measured analyte level. Alternatively, the receiver unit 
104 may be con?gured to integrate an infusion device therein 
so that the receiver unit 104 is con?gured to administer insu 
lin therapy to patients, for example, for administering and 
modifying basal pro?les, as Well as for determining appro 
priate boluses (e.g., correction bolus, carbohydrate bolus, 
dual Wave bolus including normal and extended bolus such as 
square Wave bolus, and so on) for administration based on, 
among others, the detected analyte levels received from the 
transmitter unit 102. 

FIG. 2 is a block diagram of the transmitter of the data 
monitoring and detection system shoWn in FIG. 1 in accor 
dance With one embodiment of the present invention. Refer 
ring to the Figure, the transmitter unit 102 in one embodiment 
includes an analog interface 201 con?gured to communicate 
With the sensor 101 (FIG. 1), a user input 202, and a tempera 
ture detection section 203, each of Which is operatively 
coupled to a transmitter processor 204 such as a central pro 
cessing unit (CPU). As can be seen from FIG. 2, there are 
provided tWo contacts Working electrode (W) 210 and refer 
ence electrode (R) 212, each operatively coupled to the ana 
log interface 201 of the transmitter unit 102 for connection to 
the sensor unit 201 (FIG. 1). In one embodiment, the Working 
electrode (W) 210 and reference electrode (R) 212 may be 
made using a conductive material that is either printed or 
etched, for example, such as carbon Which may be printed, or 
metal foil (e.g., gold) Which may be etched. 

Referring to FIG. 2, also shoWn I the transmitter unit 102 is 
a contact 214 Which is operatively coupled to the analog 
interface 201. In one embodiment, the contact 214 is con?g 
ured to function as the external counter electrode and is posi 
tioned so as to establish physical contact With the skin surface 
of the patient Wearing the transmitter unit on body. 

Further shoWn in FIG. 2 are a transmitter serial communi 
cation section 205 and an RF transmitter 206, each of Which 
is also operatively coupled to the transmitter processor 204. 
Moreover, a poWer supply 207 such as a battery is also pro 
vided in the transmitter unit 102 to provide the necessary 
poWer for the transmitter unit 102. Additionally, as can be 
seen from the Figure, clock 208 is provided to, among others, 
supply real time information to the transmitter processor 204. 

In one embodiment, a unidirectional input path is estab 
lished from the sensor 101 (FIG. 1) and/or manufacturing and 
testing equipment to the analog interface 201 of the transmit 
ter unit 102, While a unidirectional output is established from 
the output of the RF transmitter 206 of the transmitter unit 1 02 
for transmission to the receiver 104. In this manner, a data 
path is shoWn in FIG. 2 betWeen the aforementioned unidi 
rectional input and output via a dedicated link 209 from the 
analog interface 201 to serial communication section 205, 
thereafter to the processor 204, and then to the RF transmitter 
206. As such, in one embodiment, via the data path described 
above, the transmitter unit 102 is con?gured to transmit to the 
receiver 104 (FIG. 1), via the communication link 103 (FIG. 
1), processed and encoded data signals received from the 
sensor 101 (FIG. 1). Additionally, the unidirectional commu 
nication data path betWeen the analog interface 201 and the 
RF transmitter 206 discussed above alloWs for the con?gura 
tion of the transmitter unit 1 02 for operation upon completion 
of the manufacturing process as Well as for direct communi 
cation for diagnostic and testing purposes. 
As discussed above, the transmitter processor 204 is con 

?gured to transmit control signals to the various sections of 
the transmitter unit 1 02 during the operation of the transmitter 
unit 102. In one embodiment, the transmitter processor 204 
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also includes a memory (not shown) for storing data such as 
the identi?cation information for the transmitter unit 102, as 
Well as the data signals received from the sensor 101. The 
stored information may be retrieved and processed for trans 
mission to the receiver 104 under the control of the transmit 
ter processor 204. Furthermore, the poWer supply 207 may 
include a commercially available battery. 

The transmitter unit 102 is also con?gured such that the 
poWer supply section 207 is capable of providing poWer to the 
transmitter for a minimum of three months of continuous 
operation after having been stored for 18 months in a loW 
poWer (non-operating) mode. In one embodiment, this may 
be achieved by the transmitter processor 204 operating in loW 
poWer modes in the non-operating state, for example, draW 
ing no more than approximately 1 HA of current. Indeed, in 
one embodiment, the ?nal step during the manufacturing 
process of the transmitter unit 102 may place the transmitter 
unit 102 in the loWer poWer, non-operating state (i.e., post 
manufacture sleep mode). In this manner, the shelf life of the 
transmitter unit 102 may be signi?cantly improved. 

Referring yet again to FIG. 2, the temperature detection 
section 203 of the transmitter unit 102 is con?gured to moni 
tor the temperature of the skin near the sensor insertion site. 
The temperature reading is used to adjust the analyte readings 
obtained from the analog interface 201. The RF transmitter 
206 of the transmitter unit 102 may be con?gured for opera 
tion in the frequency band of 315 MHZ to 322 MHZ, for 
example, in the United States. Further, in one embodiment, 
the RF transmitter 206 is con?gured to modulate the carrier 
frequency by performing Frequency Shift Keying and 
Manchester encoding. In one embodiment, the data transmis 
sion rate is 19,200 symbols per second, With a minimum 
transmission range for communication With the receiver 104. 

Additional detailed description of the analyte monitoring 
system, its various components including the functional 
descriptions of the transmitter unit are provided in US. Pat. 
No. 6,175,752 issued Jan. 16, 2001 entitled “Analyte Moni 
toring Device and Methods of Use”, and in application Ser. 
No. 10/745,878 ?led Dec. 26, 2003 entitled “Continuous 
Glucose Monitoring System and Methods of Use”, each 
assigned to the Assignee of the present application. 

FIGS. 3A-3B illustrate a bottom vieW of the transmitter 
unit housing With counter electrode contact in accordance 
With one embodiment of the present invention. Referring to 
FIG. 3A, the housing of the transmitter unit 102 is provided 
With a temperature probe 301 on the bottom surface of the 
transmitter unit 102 housing. In one embodiment, the tem 
perature probe 301 is operatively coupled to the temperature 
measurement section 203 (FIG. 2) of the transmitter unit 102, 
and con?gured to monitor the temperature of the skin near the 
sensor insertion site. The temperature reading is used to 
adjust or modify the analyte readings obtained from the ana 
log interface 201. Also shoWn in FIG. 3A is a plurality of 
contact points 302, tWo of Which are con?gured to operatively 
couple to a respective one of the Working electrode and the 
reference electrode of the analyte sensor. 

In this manner, in one embodiment of the present invention, 
using the tWo electrode analyte sensor, the counter reference 
point is provided by the skin contact point established With a 
connection to the conductive exterior housing of the tempera 
ture probe 301. Accordingly, the analyte sensor may be con 
?gured With Working electrode and the reference electrode 
only, and the counter electrode may be provided external to 
the patient’s body. 

Referring noW to FIG. 3B, there is provided a plurality of 
contacts 303 disposed substantially at a predetermined pat 
tern (for example, concentric, circular, or any other suitable 
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6 
spatial arrangement or distribution) on the bottom surface of 
the transmitter unit 102. Each of the plurality of contacts 303 
are con?gured to establish on-skin contact When the trans 
mitter unit 102 is Worn on the patient’s body. Moreover, each 
of the plurality of contacts 303 is con?gured for electrical 
communication With the counter electrode connection 214 

(FIG. 2). 
Moreover, in one embodiment, by providing a plurality of 

counter electrode contacts on the external surface of the trans 
mitter unit 102 housing in contact With the patient’s skin, 
slight displacement of the transmitter unit 102 and/or the 
sensor segment (including the Working and the reference 
electrodes in ?uid contact With the patient’ s analytes) ensures 
that the external counter electrode 214 connection to the 
transmitter unit 102 is retained even if one or more of the 
counter electrode contact 603 temporarily separate from 
physically connecting to the patient’ s skin. In this manner, an 
effective redundancy is provided to improve potential sensor 
failure modes by having a separate connection to the external 
counter electrode 214. 

FIGS. 4A-4C each illustrates the transmitter unit coupled 
With an analyte sensor With external counter electrode in 
accordance With various alternate embodiments of the 
present invention. Referring to FIG. 4A, transmitter unit 102 
is operatively coupled to an analyte sensor system Which 
includes a ?rst sensor segment 402 including the Working and 
reference electrodes, and at least a portion of Which is con 
?gured to be placed subcutaneously in a patient, so as to 
maintain ?uid contact With the patient’s analyte. Addition 
ally, there is also provided a second sensor segment 401 
including a counter electrode Which is provided Wholly and 
substantially entirely outside of the patient’s body, and in 
electrical contact With the transmitter unit 102. More speci? 
cally, in one embodiment, the second sensor segment 401 
including the counter electrode is provided on the transmitter 
unit 102 so as to be in physical contact With the patient’s skin 
during the time that the transmitter unit 102 is Worn by the 
patient (e.g., by placement and securement of the transmitter 
unit 102 on the patient’s skin). 

Referring to FIG. 4B, it can be seen that the transmitter unit 
102 is coupled to a sensor housing 410 by a physical connec 
tion 420 Which may include, among others, a cable connec 
tion. In this embodiment, the ?rst sensor segment 402 is 
provided in the sensor housing 410 as shoWn in the Figure, 
While the second sensor segment 401 is provided on the 
transmitter unit 102 housing. The sensor housing 410 in one 
embodiment is con?gured to be positioned on the patient’s 
skin, and further, to retain the subcutaneously placed ?rst 
sensor segment 402 in ?uid contact With the patient’ s analyte. 
In one embodiment, the physical connection 420 is con?g 
ured to provide electrical connection betWeen the transmitter 
unit 102 and the ?rst sensor segment 402 such that the 
detected analyte level of the patient from the ?rst sensor 
segment 402 may be provided to the transmitter unit 102 for 
data transmission and/ or processing. 

Referring to FIG. 4C, it can be seen that the ?rst sensor 
segment 402 including the Working electrode and the refer 
ence electrode, and the second sensor segment 401 including 
the counter electrode of the analyte sensor, are both provided 
in the sensor housing 410. More speci?cally, compared to the 
embodiment shoWn in FIG. 4B, the ?rst sensor segment 401 
as shoWn in FIG. 4C is provided on the sensor housing 410 so 
as to be in physical contact With the surface of the patient’s 
skin. In this manner, the ?rst sensor segment 420 and the 
second sensor segment 410 are both con?gured for electrical 
communication With the transmitter unit 102 by the physical 
connection 420. 
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FIGS. 5A and 5B illustrate the side cross-sectional vieW 
and bottom vieW of the transmitter unit coupled With an 
analyte sensor With external counter electrode With disloca 
tion detection mechanism in accordance With one embodi 
ment of the present invention. It can be seen that the illustra 
tion shoWn in FIG. 5B is along the direction following arroW 
A shoWn in FIG. 5A. Referring to FIGS. 5A and 5B, there is 
provided an insulation layer 510 Which is provided betWeen 
the patient’s skin and the transmitter unit 102. For example, 
the insulation layer 510 may include an adhesive layer for 
securely retaining the transmitter unit 102 on the patient’s 
skin. Also shoWn in FIGS. 5A-5B is a conductive segment 
520 disposed in the insulation layer 510 to substantially sur 
round the ?rst sensor segment 402, and Which is con?gured to 
physically couple With the second sensor segment 401 includ 
ing the counter electrode of the sensor 101. 

In this manner, in one embodiment of the present invention, 
the counter electrode of the second sensor segment 401 main 
tains contact With the patient’s skin through the conductive 
segment 520 of the insulation layer 510, and When the trans 
mitter unit 102 is dislocated (for example, by inadvertent 
movement of the transmitter unit 102 housing after placement 
on the patient, and thus dislocating the position of the sensor 
101), interruption of the contact betWeen the ?rst sensor 
segment 402 and the conductive segment 520 of the insulation 
layer 510 may be detected through a change in the counter 
electrode voltage level. This change in voltage level at the 
counter electrode may be associated With an alarm condition 
on the transmitter unit 102 detected by the processor unit 204 
(FIG. 2), to provide a Warning to the patient indicating a 
dislocation of the transmitter unit 102, and further, a possible 
sensor dislocation from the measuring site of the patient that 
may lead to erroneous and/or no measured data associated 
With the patient’s analyte level. 

FIG. 6A illustrates a tWo Working electrode analyte sensor 
With external counter electrode, FIG. 6B illustrates a three 
Working electrode analyte sensor With external counter elec 
trode in accordance With various embodiments of the present 
invention, and FIG. 6C illustrates a tWo Working electrode 
analyte sensor With external counter electrode of another 
embodiment. Referring to FIG. 6A, a sensor system in one 
embodiment may include a substrate layer 601 With tWo 
Working electrodes 602, 603 disposed thereon, as Well as a 
reference electrode 604. Since the counter electrode in the 
three electrode sensor system in one embodiment is provided 
externally, using substantially the same sensor dimensions, a 
tWo Working electrode sensor system may be obtained. Fur 
thermore, since the counter electrode of the second sensor 
segment 401 is placed external to the patient, in one embodi 
ment, the plurality of Working electrodes 602, 603 may share 
the same external counter electrode of the second sensor 
segment 401. 

Referring to FIG. 6B, in yet another embodiment, a third 
Working electrode 605 may be con?gured to be part of the 
sensor system that includes a counter electrode (external), a 
reference electrode 604, and multiple Working electrodes 
602, 603, 605. In this manner, multiple Working electrodes in 
the analyte sensor system may improve and/or facilitate sen 
sor calibration and accuracy of measured data. In addition, 
each of the three Working electrodes 602, 603, 605 (or more), 
may be con?gured to Work With a single external counter 
electrode of the second sensor segment 401. Referring noW to 
FIG. 6C, a sensor electrode con?guration in accordance With 
still another embodiment includes tWo Working electrodes 
602, 603 and a reference electrode 604 provided on the sub 
strate 601, Where the three electrodes are con?gured to be in 
electrical communication With the single external counter 
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8 
electrode (FIG. 2, contact 214, for example). Compared With 
the embodiment shoWn in FIG. 6A, the analyte sensor system 
shoWn in FIG. 6C is provided With a one segment of the sensor 
Which is con?gured to be in ?uid contact With the analyte of 
the patient (rather than tWo segments, one for each Working 
electrode as shoWn in FIG. 6A). 

FIG. 7 illustrates a cross sectional vieW of a tWo sided 
analyte sensor With external counter electrode in accordance 
With one embodiment of the present invention. Referring to 
FIG. 7, a tWo sided three electrode sensor system is provided 
With a substrate 701 With a Working electrode 702 disposed on 
a ?rst side of the substrate 701, and a reference electrode 703 
disposed on a second side of the substrate 701, the ?rst and 
second sides of the substrate 701 being opposite sides. As 
compared With a single sided sensor con?guration Where 
each electrode layer separated by a thin layer of insulation 
material such as Melinex, in the embodiment shoWn in FIG. 7, 
the Working electrode 701 is separated from the reference 
electrode 702 by the relatively thick substrate layer 701. 

In this manner, during the screen printing process for 
manufacturing the sensors, the potential for the thin insula 
tion layer shorting the tWo electrode layers that it is separating 
can be minimiZed since the thickness of the substrate layer 
701 provides substantial separation betWeen the Working 
electrode layer 702 and the reference electrode layer 703. 
Moreover, referring back to FIG. 7, in one embodiment, there 
is provided a conducting path such as a via 704 through the 
substrate layer 701 so as to provide the sensor electrode 
contacts on the same side of the substrate 701. The via 704 in 
one embodiment is con?gured to provide electrical connec 
tion betWeen the reference electrode 703 and the opposite 
side of the substrate layer 701 so that the transmitter unit 102 
may be electrically coupled to the sensor on the side of the 
sensor Where the Working electrode 702 is disposed. More 
over, in the case Where the transmitter contacts are disposed 
on the reference electrode 703 side of the sensor, the via 704 
may be positioned on the reference electrode layer 703. 

Alternatively, the via 704 may be removed from the sensor 
con?guration in Which case, the transmitter unit 102 is con 
?gured to electrically coupled to the sensor on both sides of 
the substrate 701 to establish electrical connection to the 
Working electrode 702 and the reference electrode 703. For 
example, referring back to FIGS. 4B and 4C, it can be seen 
that the sensor housing 410 may include contacts for each of 
the Working, reference and counter electrodes so as to elec 
trically communicate With the transmitter unit 102 over the 
connection 420. In this case, the sensor housing 410 may be 
con?gured to provide electrical contacts to both sides of the 
sensor substrate 701 so that the sensor housing 420 may be 
con?gured to establish electrical contacts With the Working 
electrode 702 and the reference electrode 703 disposed on 
opposite sides of the substrate layer 701. 

In the manner described above, in accordance With the 
various embodiments of the present invention, it is possible to 
achieve co st reduction and/ or increased yield in the manufac 
turing of analyte sensors by, for example, removing the 
counter electrode from the sensor con?guration Which, in the 
screen printing process or any other processes for manufac 
turing the analyte sensors for example, may eliminate a num 
ber of necessary and/ or critical manufacturing steps. For 
example, in one embodiment, it may no longer be necessary 
to obtain precise alignment of the carbon layers for the elec 
trodes during the screen printing process in the manufactur 
ing of the tWo sided analyte sensor, as there is no potential for 
shorting the electrodes through the thin insulation layers dis 
posed betWeen the carbon layers during the manufacturing 
process. Moreover, in one embodiment, by providing the 
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Working and the reference electrodes on tWo opposite sur 
faces of the analyte sensor, it may be possible to achieve cost 
and sensor siZe reduction Which are desirable. 

In addition, by eliminating the number of requisite electri 
cal contact points betWeen the transmitter unit and the analyte 
sensor electrodes from three (Working, reference and counter) 
to tWo contact points (Working and reference electrodes), 
analyte monitoring system failure can be improved, for 
example, resulting from introduction of foreign or undesir 
able matters such as Water betWeen the transmitter contacts 
and the respective electrodes of the analyte sensor. 

In yet a further embodiment, the external counter electrode 
may be con?gured as a patient alert feature, such as an alarm 
for notifying failure modes of the sensor such as the adhesive 
failure. More speci?cally, by monitoring the signal level on 
the external counter electrode, alarm conditions may be easily 
and accurately provided to the patient. For example, displace 
ment of the subcutaneously placed analyte sensor from the 
desired implanted position to a position Where the measured 
values are no longer accurate can be detected by monitoring 
the voltage level of the external counter electrode. Moreover, 
in the case When the sensor is accidentally retracted from the 
implanted position, the counter electrode voltage Will corre 
spondingly change, and thus, such sensor failure mode may 
be easily and readily detected using the external counter 
electrode. 

Accordingly, an analyte sensor system in one embodiment 
of the present invention includes a substrate, a ?rst electrode 
disposed on a ?rst surface of the substrate, a second electrode 
disposed on a second surface of the substrate, and a third 
electrode provided in electrical contact With at least one of the 
?rst or second electrode, Where at least a portion of the ?rst 
electrode and the second electrode are subcutaneously posi 
tioned in a patient, and Where the third electrode is substan 
tially entirely positioned external to the patient. 

In one embodiment, the ?rst electrode is a Working elec 
trode, the second electrode is a reference electrode, and the 
third electrode is a counter electrode. 

Moreover, the ?rst and second surfaces of the substrate 
may be the same. Alternatively, the ?rst surface of the sub 
strate may be on the opposite side of the substrate as the 
second surface of the substrate. 

In still another embodiment, the analyte may include one of 
an interstitial ?uid or blood. 

The system in a further embodiment may include a second 
Working electrode at least a portion of Which is subcutane 
ously positioned in the patient. 

The third electrode may in one embodiment include an 
external skin contact counter electrode. 

In yet another embodiment, the system may also include a 
transmitter unit con?gured to establish electrical contact With 
one or more of the ?rst, second or third electrodes. 

Also, the third electrode maybe disposed on a surface of the 
transmitter unit such that at least a portion of the third elec 
trode is in physical contact With the patient’s skin and the 
transmitter unit. 

Moreover, the system may additionally include an alarm 
unit con?gured to alert the patient When the third electrode 
physically separates from the skin of the patient. In one 
aspect, the alarm unit may be integrated in the transmitter 
unit. 

A method of providing an analyte sensor in another 
embodiment includes providing a substrate, disposing a ?rst 
electrode on a ?rst surface of the substrate, disposing a second 
electrode on a second surface of the substrate, and positioning 
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10 
a third electrode in electrical contact With the ?rst and second 
electrodes, Where the third electrode is substantially entirely 
external to the patient. 
The method may further include the step of disposing a 

second Working electrode on either of said ?rst or second 
surface of the substrate, Where at least a portion of the second 
Working electrode may be subcutaneously positioned in the 
patient. 
A system for monitoring analyte in a patient in still a 

further embodiment of the present invention includes a sensor 
including a Working electrode, a reference electrode, and a 
counter electrode, at least a portion of the sensor con?gured 
for transcutaneous placement in a patient such that the at least 
the portion of the sensor is in ?uid contact With an analyte of 
the patient, and Wherein the counter electrode is provided on 
the external surface of the patient’ s skin, and a transmitter unit 
operatively coupled to the sensor and con?gured to receive 
one or more signals from the sensor corresponding to an 
analyte level of the patient. 

In one embodiment, the portion of the sensor in ?uid con 
tact With the Patient’ s analyte includes a portion of the Work 
ing electrode. 

Additionally, the counter electrode may be positioned sub 
stantially completely external to the body of the patient, and 
further, the counter electrode may be con?gured for electrical 
communication With the transmitter unit. 

Various other modi?cations and alterations in the structure 
and method of operation of this invention Will be apparent to 
those skilled in the art Without departing from the scope and 
spirit of the invention. Although the invention has been 
described in connection With speci?c preferred embodi 
ments, it should be understood that the invention as claimed 
should not be unduly limited to such speci?c embodiments. It 
is intended that the folloWing claims de?ne the scope of the 
present invention and that structures and methods Within the 
scope of these claims and their equivalents be covered 
thereby. 
What is claimed is: 
1. A system for monitoring analyte in a patient, compris 

ing: 
a sensor including a ?rst and a second electrode disposed 

thereon Wherein at least a portion of the sensor is con 
?gured for transcutaneous placement in a patient such 
that at least one of the ?rst and second electrodes is in 
?uid contact With an analyte of a patient; and 

a transmitter unit operatively coupled to the sensor and 
con?gured to receive one or more signals from the sen 
sor corresponding to an analyte level of the patient, 
Wherein an external surface of the transmitter comprises 
at least one conductive point in electrical contact With a 
third electrode, Wherein the at least one conductive point 
is in contact With the patient’ s skin When the transmitter 
is operatively coupled to the sensor. 

2. The system of claim 1 Wherein the third electrode is 
positionable external to the patient. 

3. The system of claim 1 Wherein the third electrode is 
disposed on a portion of the sensor that is positionable exter 
nal to the patient. 

4. The system of claim 1 Wherein the external surface of the 
transmitter comprises a plurality of conductive points in elec 
trical contact With the third electrode, Wherein the plurality of 
conductive points are disposed substantially in a predeter 
mined pattern. 

5. The system of claim 1 Wherein the at least one conduc 
tive point comprises a conductive segment disposed in an 
insulation layer substantially surrounding the portion of the 
sensor con?gured for transcutaneous placement. 
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6. The system of claim 5 wherein the insulation layer is 
disposed on a portion of the external surface of the transmitter 
and comprises an adhesive for securing the transmitter to the 
patient’s skin. 

7. The system of claim 1 Wherein the ?rst electrode is a 
Working electrode, the second electrode is a reference elec 
trode and the third electrode is a counter electrode. 

8. The system of claim 7 further comprising at least a 
second Working electrode. 

9. The system of claim 8 Wherein at least a portion of the 
second Working electrode is subcutaneously positionable in 
the patient. 

12 
10. The system of claim 1 Wherein the sensor comprises a 

substrate. 
11. The system of claim 10 Wherein the ?rst electrode is 

disposed on a ?rst surface of the substrate and the second 
electrode is disposed on a second surface of the substrate. 

12. The system of claim 10 Wherein the ?rst and second 
electrodes are disposed on a ?rst surface of the substrate. 

13. The system of claim 1 further comprising an alarm unit 
con?gured to alert the patient When the third electrode is no 
longer in electrical contact With the skin of the patient. 

14. The system of claim 13 Wherein the alarm unit is 
integrated With the transmitter unit. 

* * * * * 


