
UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICATION 
NUMBER 

60/976,886 

35884 

FILING or 
37l(c)DATE 

10/02/2007 

GRPART 
UNIT FIL FEE REC'D 

210 

LEE, HONG, DEGERMAN, KANG & SCHMADEKA 
660 S. FIGUEROA STREET 
Suite 2300 
LOS ANGELES, CA 90017 

UKITED STATES DEPARTME.\IT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIO'JER FOR PATENTS 

P.O. Box 1450 
Alexandria, V:irgmia 22313-1450 
\V½w.uspto.gov 

ATTY.DOCKET.NO TOT CLAIMS IND CLAIMS 

2164-3003Pl 

CONFIRMATION NO. 6305 

FILING RECEIPT 

111111111111111111111111i~!1~i~1i~1i~1!~i 11mH111111111111111111111111 

Date Mailed: 10/22/2007 

Receipt is acknowledged of this provisional patent application. It will not be examined for patentability and will 
become abandoned not later than twelve months after its filing date. Any correspondence concerning the application 
must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE, NAME OF 
APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection. Please verify 
the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please write to the 
Office of Initial Patent Examination's Filing Receipt Corrections. Please provide a copy of this Filing Receipt 
with the changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please 
submit any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the 
reply to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections 

Applicant(s) 
Himanshu Patel, Northridge, CA; 
Wayne A. Morgan, Northridge, CA; 
Edward Chernoff, Frazier Park, CA; 
John J. Mastrototaro, Los Angeles, CA; 

Power of Attorney: 
Lew Edward Macapagal--55416 

If Required, Foreign Filing License Granted: 10/16/2007 
The country code and number of your priority application, to be used for filing abroad under the Paris Convention, 
is US 60/976,886 
Projected Publication Date: None, application is not eligible for pre-grant publication 
Non-Publication Request: No 
Early Publication Request: No 
Title 

Glucose Sensor Transceiver 

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES 

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no 
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent 
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international 
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same 
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing 

page 1 of 3 

Page 1 of 62

cf
Text Box
DEXCOM 
EXHIBIT 1214



of patent applications on the same invention in member countries, but does not result in a grant of "an international 
patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent 
protection is desired. 

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an 
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ 
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific 
foreign countries to ensure that patent rights are not lost prematurely. 

Applicants also are advised that in the case of inventions made in the United States, the Director of the US PTO must 
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application 
serves as a request for a foreign filing license. The application's filing receipt contains further information and 
guidance as to the status of applicant's license for foreign filing. 

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically, the 
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign 
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it 
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html. 

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish 
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative, 
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific 
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may 
call the U.S. Government hotline at 1-866-999-HAL T (1-866-999-4158). 

GRANTED 

LICENSE FOR FOREIGN FILING UNDER 

Title 35, United States Code, Section 184 

Title 37, Code of Federal Regulations, 5.11 & 5.15 

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where 
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as 
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier 
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The 
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under 
37 CFR 5.13 or 5.14. 

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless 
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This 
license is not retroactive. 

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter 
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national 
security or the export of technical data. Licensees should apprise themselves of current regulations especially with 
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of 

page 2 of 3 

Page 2 of 62



State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and 
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of 
Treasury (31 CFR Parts 500+) and the Department of Energy. 

NOT GRANTED 

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12, 
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed 
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35 
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b). 

page 3 of 3 

Page 3 of 62



PTO/SB/16 (10-05) 
Approved for use through 07/31/2006. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

PROVISIONAL APPLICATION FOR PATENT COVER SHEET- Page 1 of 2 
This is a request for filing a PROVISIONAL APPLICATION FOR PATENT under 37 CFR 1.53(c). 

Express Mail Label No. __________________________ _ 

INVENTOR(S) 

Given Name (first and middle [if any]) Family Name or Surname Residence 
(City and either State or Forei~n Country) 

Himanshu PATEL Northridge, CA 

Wayne A. MORGAN Northridge, CA 

Edward CHERNOFF Frazier Park, CA 

John J. MASTROTOTARO Los Angeles, CA 

Additional inventors are being named on the separately numbered sheets attached hereto 

TITLE OF THE INVENTION (500 characters max): 

Glucose Sensor Transceiver 

Direct all correspondence to: CORRESPONDENCE ADDRESS 

0 The address corresponding to Customer Number: 

I I 
035884 

OR 

□ Firm or 
Individual Name 

Address 

City State Zip 

Country Telephone Email 

ENCLOSED APPLICATION PARTS (check all that apply) 

D Application Data Sheet. See 37 CFR 1.76 D CD(s), Number of CDs 

G2J Specification Number of Pages 53 D Other (specify) 

D Drawing(s) Number of Sheets 

Fees Due: Filing Fee of $200 ($100 for small entity). If the specification and drawings exceed 100 sheets of paper, an application size fee is 
also due, which is $250 ($125 for small entity) for each additional 50 sheets or fraction thereof. See 35 U.S.C. 41 (a)(1 )(G) and 37 CFR 1.16(s). 

METHOD OF PAYMENT OF THE FILING FEE AND APPLICATION SIZE FEE FOR THIS PROVISIONAL APPLICATION FOR PATENT 

□ I I 
Applicant claims small entity status. See 37 CFR 1.27. 

□ 
210.00 

A check or money order is enclosed to cover the filing fee and application size fee (if applicable). 

□ Payment by credit card. Form PTO-2038 is attached TOTAL FEE AMOUNT($) 

0 The Director is hereby authorized to charge the filing fee and application size fee (if applicable) or credit any overpayment to Deposit 

Account Number: 502290 A duplicative copy of this form is enclosed for fee processing. 

USE ONLY FOR FILING A PROVISIONAL APPLICATION FOR PATENT 
This collection of information is required by 37 CFR 1.51. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO 
to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 8 hours to complete, 
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments 
on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent 
and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS 
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, ca/11-800-PTO-9199 and select option 2. 

Page 4 of 62



PROVISIONAL APPL/CATION COVER SHEET 
Page 2 of 2 

PTO/SB/16 (10-05) 
Approved for use through 07/31/2006. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

The invention was made by an agency of the United States Government or under a contract with an agency of the United States Government. 

0 
□ No. 

Yes, the name of the U.S. Government agency and the Government contract number are: ______________ _ 

WARNING: 
Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may 
contribute to identity theft. Personal information such as social security numbers, bank account numbers, or credit card 
numbers (other than a check or credit card authorization form PTO-2038 submitted for payment purposes) is never required by 
the USPTO to support a petition or an application. If this type of personal information is included in documents submitted to 
the USPTO, petitioners/applicants should consider redacting such personal information from the documents before submitting 
them to the USPTO. Petitioner/applicant is advised that the record of a patent application is available to the public after 
publication of the application (unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the application) 
or issuance of a patent. Furthermore, the record from an abandoned application may also be available to the public if the 
application is referenced in a published application or an issued patent (see 37 CFR 1.14). Checks and credit card 
authorization forms PTO-2038 submitted for payment purposes are not retained in the application file and therefore are not 
publicly available. 

SIGNATURE /Lew Edward V. Macapagal/ 

TYPED or PRINTED NAME _L_e_w_E_d_w_a_rd_V_. _M_a_ca~p_a~g~a_l ___________ _ 

Date October 2, 2007 

REGISTRATION NO.5=5~4~1~6~----­
(if appropriate) 

TELEPHONE 213-623-2221 Docket Number: _2_16_4_-_3_00_3_P_1 _________ _ 

Page 5 of 62



PROVISIONAL APPLICATION FOR 
UNITED STATES PATENT 

IN THE NAMES OF 

Himanshu PATEL, Wayne A. MORGAN, Edward CHERNOFF 
andJohnJ.MASTROTOTARO 

for 

Glucose Sensor Transceiver 

prepared by: 

Lee, Hong, Degerman, Kang & Schmadeka P .C. 

Customer Number 035884 

Attorney Docket No.: 2164-3003P1 

Total Number of Pages: 53 (including cover) 

Page 6 of 62



TITLE 

Attorney Docket No. 
2164-3003Pl 

Glucose Sensor Transceiver 

FIELD 

[0001] The present invention relates to telemetered subcutaneous sensor devices and, 

more particularly, to devices for wireless communication between an implantable subcutaneous 

sensor set at a selected insertion site within the body of a user and at least one of a plurality of 

remotely located therapy-related devices. 

BACKGROUND 

[0002] Diabetes mellitus is the most common of endocrine disorders, and is characterized 

by inadequate insulin action. Diabetes mellitus has two principal variants, known as Type 1 

diabetes and Type 2 diabetes. The latter is also referred to as DM/II ( diabetes mellitus type 2), 

adult-onset diabetes, maturity-onset diabetes, or NIDDM (non-insulin dependent diabetes 

mellitus). 

[0003] Over the years, body characteristics have been determined by obtaining a sample 

of bodily fluid. For example, diabetics often test for blood glucose levels. Traditional blood 

glucose determinations have utilized a finger prick method using a lancet to withdraw a small 

blood sample. These systems are designed to provide data at discrete points but do not provide 

continuous data to show variations in the characteristic between testing times. These discrete 

measurements are capable of informing a patient the state of his blood glucose values at a point 

in time. Thus, the patient has enough information to administer "correction" amounts of insulin 

to reduce his current blood glucose reading. However, these discrete readings are not able to 

provide enough information for any type of automatic or semi-automatic system of administering 

insulin based on blood glucose values. 

[0004] Recently, a variety of implantable electrochemical sensors have been developed 

for detecting and/or quantifying specific agents or compositions in a patient's blood or interstitial 

fluid. For instance, glucose sensors are being developed for use in obtaining an indication of 

blood glucose levels in a diabetic patient. These glucose sensors connected (wired or wirelessly) 
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to a blood glucose monitor can provide continuous glucose readings over a period of time, such 

as 3 to 5 days. Such readings are useful in monitoring and/or adjusting a treatment regimen 

which typically includes the regular administration of insulin to the patient. 

[0005] Thus, blood glucose readings improve medical therapies with semi-automated 

medication infusion pumps of the external type, as generally described in U.S. Patent Nos. 

4,562,751; 4,678,408; and 4,685,903; or automated implantable medication infusion pumps, as 

generally described in U.S. Patent No. 4,573,994, which are herein incorporated by reference. 

Typical thin film sensors are described in commonly assigned U.S. Patent Nos. 5,390,671; 

5,391,250; 5,482,473; and 5,586,553 which are incorporated by reference herein. See also U.S. 

Patent No. 5,299,571. In addition, characteristic glucose monitors used to provide continuous 

glucose data are described in commonly assigned U.S. Patent Application No. 11/322,568 

entitled "Telemetered Characteristic Monitor System and Method of Using the Same" filed on 

December 30, 2005, which is herein incorporated by reference in its entirety. In addition, 

infusion pumps receiving sensor data are described in commonly assigned U.S. Patent 

Application No. 10/867,529 entitled "System for Providing Blood Glucose Measurements to an 

Infusion Device" filed on October 14, 2004, which is herein incorporated by reference in its 

entirety. 

[0006] However, drawbacks associated with a prior glucose sensor system are that a 

sensor transmitter is only capable of one-way communication and has limited processing power. 

Hence, the sensor transmitter can transmit raw sensor data but is unable to receive therapy­

related information from a remote therapy-related device. Moreover, the sensor transmitter is 

unable to calculate sensor blood glucose values. Accordingly, in the prior glucose sensor 

system, it is necessary to couple the sensor transmitter to a remote data receiving device, such as 

a characteristic monitor, to determine actual glucose sensor readings. Moreover, when data is 

lost because of a failed transmission, the transmitter does not know to re-transmit because it 

cannot be informed of the lost data. Therefore, what is needed is a sensor transceiver for use 

with a blood glucose sensor that is capable of transmitting and receiving therapy-related data and 

independently calculating sensor blood glucose values. 
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SUMMARY 

[0007] The present invention relates to a telemetered characteristic sensor transceiver for 

exchanging data with at least one remote device. The transceiver comprising a housing, a sensor 

connector coupling the housing to a sensor located on a body of a user for producing a signal 

indicative of a user characteristic, a processor formed within the housing and coupled to the 

sensor connector for processing the signal received from the sensor, a transmitter coupled to the 

processor for transmitting data to at least one remote device, a receiver coupled to the processor 

for receiving data from the at least one remote device, and a memory coupled to the processor 

for storing data. Preferably, the processor performs calculations using at least one of the signal 

received from the sensor, the data received from the at least one remote device and the data 

stored in the memory, and stores the calculations in the memory or transmits the calculations to 

the at least one remote device through the transmitter. 

[0008] In accordance with an embodiment of the present invention, the transceiver 

exchanges data with a plurality of remote devices in a network structure. In one aspect, the 

transceiver exchanges data with the at least one remote device in a synchronous manner. 

[0009] In accordance with another embodiment, the transceiver wakes up from a sleep 

mode prior to exchanging data with the at least one remote device, wherein the at least one 

remote device wakes up the transceiver. As such, the transceiver further comprises an ultrasonic 

sensor for receiving an ultrasonic signal from the at least one remote device when the at least one 

remote device transmits the ultrasonic signal to the transceiver to wake up the transceiver. 

Alternatively, the transceiver periodically wakes up independent of the at least one remote 

device. 

[0010] In another aspect of the invention, the transceiver exchanges data with the at least 

one remote device in an asynchronous manner. Preferably, the data exchanged in the 

asynchronous manner comprises at least one of a blood glucose value and a request for glucose 

history data. 

[0011] In accordance with an embodiment of the present invention, the data exchanged 

between the transceiver and the at least one remote device comprises at least one of device 

configuration data, communication link configuration data, adaptive communication 
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configuration data, glucose history data, and calibration data. Preferably, the device 

configuration data comprises at least one of a device identification, user information, and time 

information. Preferably, the communication link configuration data comprises at least one of a 

communication rate, frequency information, and frequency hopping configuration information. 

Preferably, the glucose history data is exchanged according to a time interval. Preferably, the 

calibration data comprises at least one of sensor initialization sequence and configuration 

information, and dynamic sensor initialization parameters. 

[0012] In accordance with another embodiment of the present invention, the processor 

calculates sensor glucose values using at least one of the signal received from the sensor, the 

data received from the at least one remote device and the data stored in the memory. Preferably, 

a rate of exchanging data between the transceiver and the at least one remote device is 

dynamically changed depending on a characteristic of the calculated sensor glucose values. 

Preferably, a glucose calculation algorithm for calculating the sensor glucose values is stored in 

the memory. Preferably, the processor stores the calculated sensor glucose values in the memory 

or transmits the calculated sensor glucose values to the at least one remote device through the 

transmitter. Preferably, the calculated sensor glucose values are secured via an encryption 

scheme before transmission to the at least one remote device. 

[0013] In accordance with another embodiment of the present invention, the receiver 

receives calibration data from the at least one remote device and the processor stores the 

received calibration data in the memory. Preferably, the processor performs a calibration using 

at least one of the calibration data stored in the memory, the signal received from the sensor and 

the calculated glucose sensor values. Preferably, a calibration algorithm for performing the 

calibration is stored in the memory. 

[0014] In one aspect of the invention, transceiver comprises a display for displaying 

information processed by the processor. In another aspect, the transceiver comprises means for 

notifying the user that the at least one remote device is beyond a certain distance from the 

transceiver. 

[0015] In a further aspect of the invention, a power for exchanging data between the 

transceiver and the at least one remote device is dynamically changed depending on a strength of 

a detected signal between the transceiver and the at least one remote device. 
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Other features and advantages of the invention will become apparent from the 

following detailed description, taken in conjunction with the accompanying drawings which 

illustrate, by way of example, various features of embodiments of the invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] A detailed description of embodiments of the invention will be made with 

reference to the accompanying drawings, wherein like numerals designate corresponding parts in 

the several figures. 

[0018] FIG. 1 is a perspective view illustrating a subcutaneous sensor insertion set and 

telemetered characteristic sensor transceiver device embodying the novel features of the 

invention. 

[0019] 

of FIG. 1. 

[0020] 

FIG. 2 is an enlarged longitudinal vertical section taken generally on the line 2--2 

FIG. 3 is an enlarged longitudinal sectional of a slotted insertion needle used in 

the insertion set of FIGS. 1 and 2. 

[0021] 

[0022] 

[0023] 

FIG. 4 is an enlarged transverse section taken generally on the line 4--4 of FIG. 3. 

FIG. 5 is an enlarged transverse section taken generally on the line 5--5 of FIG. 3. 

FIG. 6 is an enlarged fragmented sectional view corresponding generally with the 

encircled region 6 of FIG. 2. 

[0024] 

[0025] 

FIG. 7 is an enlarged transverse section taken generally on the line 7--7 of FIG. 2. 

FIG. 8A is a top plan and partial cut-away view of the telemetered characteristic 

sensor transceiver in accordance with the embodiment shown in FIG. 1. 

[0026] FIG. 8B is a simplified block diagram of the printed circuit board of the 

telemetered characteristic sensor transceiver in accordance with the embodiments shown in FIG. 

1. 

[0027] FIG. 9 is a simplified block diagram of a telemetered characteristic sensor 

transceiver and sensor set system in accordance with another embodiment of the present 

invention. 

[0028] FIG. 10 is a simplified block diagram of a telemetered characteristic sensor 

transceiver and characteristic monitor system in accordance with still another embodiment of the 

present invention. 
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FIG. 11 is a block diagram of a telemetered characteristic sensor transceiver 

communicating with a variety of remote electronic devices in a network structure in accordance 

with another embodiment of the present invention. 

[0030] FI GS. 12-19 illustrate alternative embodiments of the telemetered characteristic 

sensor transceiver in accordance with preferred embodiments of the present invention. 
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DETAILED DESCRIPTION 

[0031] As shown in the drawings for purposes of illustration, the invention is embodied 

in a telemetered characteristic sensor transceiver coupled to a sensor set, that may be implanted 

in and/or through subcutaneous, dermal, sub-dermal, inter-peritoneal or peritoneal tissue, that not 

only transmits data from the sensor set to a remote therapy-related device, such as a 

characteristic monitor for determining body characteristics, but may also receive data from the 

remote device. Although the telemetered characteristic sensor transceiver of the present 

invention is described below with regard to a characteristic monitor in particular, the transceiver 

need not be coupled to such a device alone. The present invention contemplates the transceiver 

operating with other remote electronic devices, such as infusion pumps, monitors, personal 

computers and hospital system devices, for example. Moreover, the transceiver may be linked to 

a single electronic device or numerous devices in a network structure. 

[0032] In preferred embodiments of the present invention, the sensor set and monitor are 

for determining glucose levels in the blood and/or body fluids of the user without the use of, or 

necessity of, a wire or cable connection between the transceiver and the monitor. However, it 

will be recognized that further embodiments of the invention may be used to determine the levels 

of other agents, characteristics or compositions, such as hormones, cholesterol, medication 

concentrations, pH, oxygen saturation, viral loads ( e.g., HIV), or the like. 

[0033] In other embodiments, the sensor set may also include the capability to be 

programmed or calibrated using data received and stored by the telemetered characteristic sensor 

transceiver, or may be calibrated at the monitor (or receiver). The telemetered characteristic 

sensor system is primarily adapted for use in subcutaneous human tissue. However, still further 

embodiments may be placed in other types of tissue, such as muscle, lymph, organ tissue, veins, 

arteries or the like, and used in animal tissue. Embodiments may provide sensor values to and/or 

receive therapy-related information from a remote device on an intermittent or continuous basis. 

[0034] FIG. 1 is a perspective view illustrating a subcutaneous sensor insertion set and 

telemetered characteristic sensor transceiver device embodying the novel features of the 

invention. FIG. 2 is an enlarged longitudinal vertical section taken generally on the line 2--2 of 

FIG. 1. Referring to FIGS. 1 and 2, a telemetered characteristic sensor system 1, in accordance 
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with a preferred embodiment of the present invention includes a percutaneous sensor set 10, a 

telemetered characteristic sensor transceiver device 100 and a characteristic monitor 200. 

Preferably, the telemetered characteristic sensor system 1 provides for better treatment and 

glycemic control in an outpatient or home-use environment. For example, the sensor system 1 

can provide indications of glucose levels, hypoglycemia/hyperglycemia alerts and outpatient 

diagnostics. It is also useful as an evaluation tool under a physician's supervision. 

[0035] The percutaneous sensor set 10 utilizes an electrode-type sensor, as described in 

more detail below. However, in alternative embodiments, the system may use other types of 

sensors, such as chemical based, optical based or the like. In further alternative embodiments, 

the sensors may be of a type that is used on the external surface of the skin or placed below the 

skin layer of the user. Preferred embodiments of a surface mounted sensor would utilize 

interstitial fluid harvested from underneath the skin. 

[0036] The telemetered characteristic sensor transceiver 100 generally includes the 

capability to transmit and receive data. Preferably, the telemetered characteristic sensor 

transceiver 100 facilitates two-way communication between the sensor set 10 and the 

characteristic monitor 200. The sensor transceiver 100 also includes the ability to determine the 

characteristic reading using raw data received from the sensor set 10. The characteristic monitor 

200 can also determine the characteristic reading using data transmitted from the transceiver 100. 

[0037] In alternative embodiments, the characteristic monitor 200 may be replaced with a 

data receiver, storage and/or transmitting device for later processing of the transmitted data or 

programming of the telemetered characteristic monitor transceiver 100. In further embodiments, 

the telemetered characteristic sensor transceiver 100 can maintain multiple two-way 

communication links with other devices, such as infusion pumps, monitors, personal computers 

and hospital system devices, for example. 

[0038] In addition, referring to FIG. 9, a relay or repeater 4 may be used with the 

telemetered characteristic sensor transmitter 100 and the characteristic monitor 200 to increase 

the distance that the telemetered characteristic sensor transceiver 100 can be used with the 

characteristic monitor 200. For example, the relay 4 could be used to provide information to 

parents of children using the telemetered characteristic sensor transceiver 100 and the sensor set 

10 from a distance. The information could be used when children are in another room during 

sleep or doing activities in a location remote from the parents. In further embodiments, the relay 
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4 can include the capability to sound an alarm. In addition, the relay 4 may be capable of 

providing telemetered characteristic sensor transceiver 100 data from the sensor set 10, as well 

as other data, to a remotely located individual via a modem connected to the relay 4 for display 

on a monitor, pager or the like. The relay 4 may also be used to transfer information from a 

remote device to the transceiver 100. 

[0039] Referring to FIG. 10, data may be exchanged between the transceiver 100 and a 

remotely located computer 6 such as a personal computer (PC), personal digital assistant (PDA), 

or the like, through a communication station 8 over communication lines ( e.g., modem or 

wireless connection). In some embodiments, the communication station 8 may be omitted such 

that the transceiver 100 directly connects to the computer 6 via the modem or wireless 

connection. In further embodiments, the telemetered characteristic sensor transceiver 100 

connects to an RF programmer, which acts as a relay, or shuttle, for data communication 

between the sensor set 10 and a PC, PDA, communication station, data processor, or the like. In 

further alternatives, the telemetered characteristic sensor transceiver 100 may transmit an alarm 

to a remotely located device, such as a communication station, modem or the like to summon 

help. In addition, further embodiments may include the capability for simultaneous monitoring 

of multiple sensors and/or include a sensor for multiple measurements. 

[0040] In one embodiment, the telemetered characteristic sensor transmitter 100 may 

have and use an input port for direct ( e.g., wired) connection to a programming or data readout 

device and/or be used for calibration of the sensor set 10. Preferably, the input port is water 

proof ( or water resistant) or includes a water proof, or water resistant, removable cover. 

[0041] Preferably, the telemetered characteristic sensor transceiver 100 takes 

characteristic information, such as glucose data or the like, from the percutaneous sensor set 10 

and transmits it via wireless telemetry to the characteristic monitor 200, which displays and logs 

the received glucose readings. Logged data can be downloaded from the characteristic monitor 

200 to a PC, PDA, or the like, for detailed data analysis. Alternatively, in accordance with the 

present invention, glucose values may be calculated and logged by the transceiver 100. 

Accordingly, the logged data may downloaded directly from the transceiver 100 by the PC, 

PDA, or the like. 

[0042] In further embodiments, the telemetered characteristic sensor system 1 may be 

used in a hospital environment or the like. Still further embodiments of the present invention 
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may include one or more buttons ( on the telemetered characteristic sensor transceiver 100 or 

characteristic monitor 200) to record data and events for later analysis, correlation, or the like. 

In addition, the telemetered characteristic sensor transceiver 100 may include a transmit/receive 

on/off button for compliance with safety standards and regulations to temporarily suspend 

transmissions or receptions. Further buttons can include a sensor on/off button to conserve 

power and to assist in initializing the sensor set 10. The telemetered characteristic sensor 

transceiver 100 and characteristic monitor 200 may also be combined with other medical devices 

to combine other patient data through a common data network and telemetry system. 

[0043] Referring to FIGS. 1-7, a percutaneous sensor set 10 is provided for subcutaneous 

placement of an active portion of a flexible sensor 12 (see FIG. 2), or the like, at a selected site 

in the body of a user. The subcutaneous or percutaneous portion of the sensor set 10 includes a 

hollow, slotted insertion needle 14, and a cannula 16. The needle 14 is used to facilitate quick 

and easy subcutaneous placement of the cannula 16 at the subcutaneous insertion site. Inside the 

cannula 16 is a sensing portion 18 of the sensor 12 to expose one or more sensor electrodes 20 to 

the user's bodily fluids through a window 22 formed in the cannula 16. After insertion, the 

insertion needle 14 is withdrawn to leave the cannula 16 with the sensing portion 18 and the 

sensor electrodes 20 in place at the selected insertion site. 

[0044] In preferred embodiments, the percutaneous sensor set 10 facilitates accurate 

placement of a flexible thin film electrochemical sensor 12 of the type used for monitoring 

specific blood parameters representative of a user's condition. Preferably, the sensor 12 monitors 

glucose levels in the body, and may be used in conjunction with automated or semi-automated 

medication infusion pumps of the external or implantable type as described in U.S. Pat. Nos. 

4,562,751; 4,678,408; 4,685,903 or 4,573,994, to control delivery of insulin to a diabetic patient. 

[0045] Preferred embodiments of the flexible electrochemical sensor 12 are constructed 

in accordance with thin film mask techniques to include elongated thin film conductors 

embedded or encased between layers of a selected insulative material such as polyimide film or 

sheet, and membranes. The sensor electrodes 20 at a tip end of the sensing portion 18 are 

exposed through one of the insulative layers for direct contact with patient blood or other body 

fluids, when the sensing portion 18 (or active portion) of the sensor 12 is subcutaneously placed 

at an insertion site. The sensing portion 18 is joined to a connection portion 24 (see FIG. 2) that 

terminates in conductive contact pads, or the like, which are also exposed through one of the 
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insulative layers. In alternative embodiments, other types of implantable sensors, such as 

chemical based, optical based, or the like, may be used. 

[0046] As illustrated in FIG. 2, the connection portion 24 and the contact pads are 

operationally connected with a suitable monitor 200 for monitoring a user's condition in response 

to signals derived from the sensor electrodes 20. Further description of flexible thin film sensors 

of this general type are be found in U.S. Pat. No. 5,391,250, entitled METHOD OF 

FABRICATING THIN FILM SENSORS, which is herein incorporated by reference. The 

connection portion 24 may be conveniently connected electrically to the monitor 200 or a 

telemetered characteristic sensor transceiver 100 by a connector block 28 ( or the like) as shown 

and described in U.S. Pat. No. 5,482,473, entitled FLEX CIRCUIT CONNECTOR, which is also 

herein incorporated by reference. Thus, in accordance with embodiments of the present 

invention, subcutaneous sensor sets 10 are configured or formed to work with either a wired or a 

wireless characteristic sensor system. 

[0047] The proximal part of the sensor 12 is mounted in a mounting base 30 adapted for 

placement onto the skin of a user. As shown, the mounting base 30 is a pad having an underside 

surface coated with a suitable pressure sensitive adhesive layer 32, with a peel-off paper strip 34 

normally provided to cover and protect the adhesive layer 32, until the sensor set 10 is ready for 

use. As shown in FIGS. 1 and 2, the mounting base 30 includes upper and lower layers 36 and 

38, with the connection portion 24 of the flexible sensor 12 being sandwiched between the layers 

36 and 38. The connection portion 24 has a forward section joined to the active sensing portion 

18 of the sensor 12, which is folded angularly to extend downwardly through a bore 40 formed 

in the lower base layer 38. In preferred embodiments, the adhesive layer 32 includes an anti­

bacterial agent to reduce the chance of infection; however, alternative embodiments may omit 

the agent. In the illustrated embodiment, the mounting base is generally rectangular, but 

alternative embodiments may be other shapes, such as circular, oval, hour-glass, butterfly, 

irregular, or the like. 

[0048] The insertion needle 14 is adapted for slide-fit reception through a needle port 42 

formed in the upper base layer 36 and further through the lower bore 40 in the lower base layer 

38. As shown, the insertion needle 14 has a sharpened tip 44 and an open slot 46 which extends 

longitudinally from the tip 44 at the underside of the needle 14 to a position at least within the 

bore 40 in the lower base layer 36. Above the mounting base 30, the insertion needle 14 may 
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have a full round cross-sectional shape, and may be closed off at a rear end of the needle 14. 

Further description of the needle 14 and the sensor set 10 are found in U.S. Pat. No. 5,586,553, 

entitled "TRANSCUTANEOUS SENSOR INSERTION SET" and U.S. patent application Ser. 

No. 08/871,831, entitled "DISPOSABLE SENSOR INSERTION ASSEMBLY," which are 

herein incorporated by reference. 

[0049] The cannula 16 is best shown in FIGS. 6 and 7, and includes a first portion 48 

having partly-circular cross-section to fit within the insertion needle 14 that extends downwardly 

from the mounting base 30. In alternative embodiments, the first portion 48 may be formed with 

a solid core, rather than a hollow core. In preferred embodiments, the cannula 16 is constructed 

from a suitable medical grade plastic or elastomer, such as polytetrafluoroethylene, silicone, or 

the like. The cannula 16 also defines an open lumen 50 in a second portion 52 for receiving, 

protecting and guideably supporting the sensing portion 18 of the sensor 12. The cannula 16 has 

one end fitted into the bore 40 formed in the lower layer 38 of the mounting base 30, and the 

cannula 16 is secured to the mounting base 30 by a suitable adhesive, ultrasonic welding, snap fit 

or other selected attachment method. From the mounting base 30, the cannula 16 extends 

angularly downwardly with the first portion 48 nested within the insertion needle 14, and 

terminates before the needle tip 44. At least one window 22 is formed in the lumen 50 near the 

implanted end 54, in general alignment with the sensor electrodes 20, to permit direct electrode 

exposure to the user's bodily fluid when the sensor 12 is subcutaneously placed. Alternatively, a 

membrane can cover this area with a porosity that controls rapid diffusion of glucose through the 

membrane. 

[0050] As shown in FIGS. 1, 2 and 8A, the telemetered characteristic sensor transceiver 

100 is coupled to a sensor set 10 by a cable 102 through a connector 104 that is electrically 

coupled to the connector block 28 of the connector portion 24 of the sensor set 10. In alternative 

embodiments, the cable 102 may be omitted, and the telemetered characteristic sensor 

transceiver 100 may include an appropriate connector (not shown) for direct connection to the 

connector portion 24 of the sensor set 10 or the sensor set 10 may be modified to have the 

connector portion 24 positioned at a different location, such as for example, on the top of the 

sensor set 10 to facilitate placement of the telemetered characteristic sensor transceiver over the 

subcutaneous sensor set 10. This would minimize the amount of skin surface covered or 

contacted by medical devices, and tend to minimize movement of the sensor set 10 relative to the 
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telemetered characteristic sensor transceiver 100. In further alternative embodiments, the cable 

102 and the connector 104 may be formed as add-on adapters to fit different types of connectors 

on different types or kinds of sensor sets. The use of adapters would facilitate adaptation of the 

telemetered characteristic sensor transceiver 100 to work with a wide variety of sensor systems. 

In further embodiments, the telemetered characteristic sensor transceiver 100 may omit the cable 

102 and connector 104 and is instead optically couple with an implanted sensor, in the 

subcutaneous, dermal, sub-dermal, inter-peritoneal or peritoneal tissue, to interrogate the 

implanted sensor using visible, and/or IR frequencies, either transmitting to and receiving a 

signal from the implanted sensor or receiving a signal from the implanted sensor. 

[0051] The telemetered characteristic sensor transceiver 100 includes a housing 106 that 

supports a printed circuit board 108, batteries 110, antenna 112, and the cable 102 with the 

connector 104. The housing 106 may also support a processor for performing calculations and a 

memory for storing information. In preferred embodiments, the housing 106 is formed from an 

upper case 114 and a lower case 116 that are sealed with an ultrasonic weld to form a waterproof 

(or resistant) seal to permit cleaning by immersion (or swabbing) with water, cleaners, alcohol or 

the like. In preferred embodiments, the upper and lower case 114 and 116 are formed from a 

medical grade plastic. However, in alternative embodiments, the upper case 114 and lower case 

116 may be connected together by other methods, such as snap fits, sealing rings, RTV (silicone 

sealant) and bonded together, or the like, or formed from other materials, such as metal, 

composites, ceramics, or the like. In other embodiments, the separate case can be eliminated and 

the assembly is simply potted in epoxy or other moldable materials that is compatible with the 

electronics and reasonably moisture resistant. In preferred embodiments, the housing 106 is disk 

or oval shaped. However, in alternative embodiments, other shapes, such as hour glass, 

rectangular or the like, may be used. Preferred embodiments of the housing 106 are sized in the 

range of 2.0 square inches by 0.35 inches thick to minimize weight, discomfort and the 

noticeability of the telemetered characteristic monitor transmitter 100 on the body of the user. 

However, larger or smaller sizes, such as 1.0 square inches and 0.25 inches thick or less, and 3.0 

square inches and 0.5 inches thick or more, may be used for example. Also, the housing may 

simply be formed from potted epoxy, or other material, especially if the battery life relative to 

the device cost is long enough, or if the device is rechargeable. 
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As shown, the lower case 116 may have an underside surface coated with a 

suitable pressure sensitive adhesive layer 118, with a peel-off paper strip 120 normally provided 

to cover and protect the adhesive layer 118, until the sensor set telemetered characteristic sensor 

transceiver 100 is ready for use. In preferred embodiments, the adhesive layer 118 includes an 

anti-bacterial agent to reduce the chance of infection; however, alternative embodiments may 

omit the agent. In further alternative embodiments, the adhesive layer 118 may be omitted and 

the telemetered characteristic sensor transceiver 100 is secured to the body by other methods, 

such as an adhesive overdressing, straps, belts, clips or the like. 

[0053] In preferred embodiments, the cable 102 and connector 104 are similar to (but not 

necessarily identical to) shortened versions of a cable and connector that are used to provide a 

standard wired connection between the sensor set 10 and the characteristic monitor 200. This 

allows the telemetered characteristic sensor transceiver 100 to be used with existing sensor sets 

10, and avoids the necessity to re-certify the connector portion 24 of the sensor set 10 for use 

with a wireless connection. The cable 102 should also include a flexible strain relief portion (not 

shown) to minimize strain on the sensor set 10 and prevent movement of the inserted sensor 12, 

which can lead to discomfort or dislodging of the sensor set 10. The flexible strain relief portion 

is intended to minimize sensor artifacts generated by user movements that might cause the 

sensing area of the sensor set 10 to move relative to the body tissues in contact with the sensing 

area of the sensor set 10. 

[0054] Referring to FIG. 8B, the printed circuit board 108 of the telemetered 

characteristic sensor transceiver 100 includes a sensor interface 122, processing electronics 124, 

timers 126, and data formatting electronics 128. In preferred embodiments, the sensor interface 

122, processing electronics 124, timers 126, and data formatting electronics 128 are formed as 

separate semiconductor chips; however, alternative embodiments may combine the various 

semiconductor chips into a single customized semiconductor chip. The sensor interface 122 

connects with the cable 102 that is connected with the sensor set 10. In preferred embodiments, 

the sensor interface is permanently connected to the cable 102. However, in alternative 

embodiments, the sensor interface 122 may be configured in the form of a jack to accept 

different types of cables that provide adaptability of the telemetered characteristic sensor 

transmitter 100 to work with different types of sensors and/or sensors placed in different 

locations of the user's body. In preferred embodiments, the printed circuit board 108, and 
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associated electronics are capable of operating in a temperature range of 0-50 degrees C. 

However, larger or smaller temperature ranges may be used. 

[0055] Preferably, the battery assembly utilizes a weld tab design to connect power to the 

system. For example, it can use three series silver oxide 357 battery cells 110, or the like. 

However, it is understood that different battery chemistries may be used, such as lithium based 

chemistries, alkaline batteries, nickel metalhydride, or the like, and different numbers of batteries 

can be used. In further embodiments, the sensor interface 122 will include circuitry and/or a 

mechanism for detecting connection to the sensor set 10. This would provide the capability to 

save power and to more quickly and efficiently start initialization of the sensor set 10. In 

preferred embodiments, the batteries 110 have a life in the range of 3 months to 2 years, and 

provide a low battery warning alarm. Alternative embodiments may provide longer or shorter 

battery lifetimes, or include a power port, solar cells or an inductive coil to permit recharging of 

rechargeable batteries in the telemetered characteristic sensor transceiver 100. 

[0056] In preferred embodiments, the telemetered characteristic sensor transceiver 100 

provides power, through the cable 102 and cable connector 104 to the sensor set 10. The power 

is used to monitor and drive the sensor set 10. The power connection is also used to speed the 

initialization of the sensor 12, when it is first placed under the skin. The use of an initialization 

process can reduce the time for sensor 12 stabilization from several hours to an hour or less. The 

preferred initialization procedure uses a two step process. First, a high voltage (preferably 

between 1. 0-1.2 volts--although other voltages may be used) is applied to the sensor 12 for 1 to 2 

minutes (although different time periods may be used) to allow the sensor 12 to stabilize. Then, 

a lower voltage (preferably between 0.5-0.6 volts--although other voltages may be used) is 

applied for the remainder of the initialization process (typically 58 minutes or less). Other 

stabilization/initialization procedures using differing currents, currents and voltages, different 

numbers of steps, or the like, may be used. Other embodiments may omit the 

initialization/stabilization process, if not required by the sensor or if timing is not a factor. 

[0057] At the completion of the stabilizing process, a reading may be transmitted from 

the sensor set 10 and the telemetered characteristic sensor transceiver 100 to the characteristic 

monitor 200, and then the user will input a calibrating glucose reading into the characteristic 

monitor 200. In alternative embodiments, a fluid containing a known value of glucose may be 

injected into the site around the sensor set 10, and then the reading is sent to the characteristic 
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monitor 200 and the user inputs the known concentration value, presses a button (not shown) or 

otherwise instructs the monitor to calibrate using the known value. In further embodiments, the 

calibrating glucose reading and/or the known concentration value are transmitted to, and stored 

in, the sensor transceiver 100. Accordingly, the transceiver 100 can perform the calibration 

using the received calibrating glucose reading and/or the known concentration value. 

[0058] During the calibration process, the telemetered characteristic sensor transceiver 

100 checks to determine if the sensor set 10 is still connected. If the sensor set 10 is no longer 

connected, the telemetered characteristic sensor transceiver 100 will abort the stabilization 

process and sound an alarm ( or send a signal to the characteristic monitor 200 to sound an 

alarm). 

[0059] As shown in FIG. 2, the characteristic monitor may include a display 214 that is 

used to display the results of the measurement received from the sensor 18 in the sensor set 10 

via the telemetered characteristic monitor transceiver 100. The results and information displayed 

includes, but is not limited to, trending information of the characteristic (e.g., rate of change of 

glucose), graphs ofhistorical data, average characteristic levels (e.g., glucose), or the like. 

Alternative embodiments include the ability to scroll through the data. The display 214 may also 

be used with buttons (not shown) on the characteristic monitor to program or update data in the 

characteristic monitor 200. It is noted that the typical user can be expected to have somewhat 

diminished visual and tactile abilities due to complications from diabetes or other conditions. 

Thus, the display 214 and buttons should be configured and adapted to the needs of a user with 

diminished visual and tactile abilities. In alternative embodiments, the value can be conveyed to 

the user by audio signals, such as beeps, speech or the like. Still further embodiments may use a 

touch screen instead of ( or in some cases addition to) buttons to facilitate water proofing and to 

ease changes in the characteristic monitor 200 hardware to accommodate improvements or 

upgrades. 

[0060] Preferably, the characteristic monitor uses batteries (not shown) to provide power 

to the characteristic monitor. For example, a plurality of silver oxide batteries may be used. 

However, it is understood that different battery chemistries may be used, such as lithium based, 

alkaline based, nickel metalhydride, or the like, and different numbers of batteries can be used. 

In preferred embodiments, the batteries have a life in the range of 1 month to 2 years, and 

provide a low battery warning alarm. Alternative embodiments may provide longer or shorter 
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battery lifetimes, or include a power port, solar cells or an induction coil to permit recharging of 

rechargeable batteries in the characteristic monitor 200. In preferred embodiments, the batteries 

are not replaceable to facilitate waterproofing of the housing 106. 

[0061] In further embodiments of the present invention, the characteristic monitor 200 

may be replaced by a different device. For example, in one embodiment, the telemetered 

characteristic sensor transceiver 100 communicates with an RF programmer (not shown) that is 

also used to program and obtain data from an infusion pump or the like. The RF programmer 

may also be used to update and program the transceiver 100 since the transceiver 100 preferably 

includes a receiver for remote programming, calibration or data receipt. The RF programmer 

can be used to store data obtained from the sensor 18 and then provide the data to either an 

infusion pump, characteristic monitor, computer or the like for analysis. 

[0062] In further embodiments, the transceiver 100 may transmit the data to a medication 

delivery device, such as an infusion pump or the like, as part of a closed loop system. This 

would allow the medication delivery device to compare sensor results with medication delivery 

data and either sound alarms when appropriate or suggest corrections to the medication delivery 

regimen. In preferred embodiments, the transceiver 100 includes a receiver for receiving data 

from the medication delivery device such that the transceiver 100 can compare sensor results 

with medication delivery. The transceiver 100 may also use the receiver to receive updates or 

requests for additional sensor data. An example of one type of RF programmer can be found in 

U.S. patent application Ser. No. 60/096,994 filed Aug. 18, 1998 entitled "INFUSION DEVICE 

WITH REMOTE PROGRAMMING, CARBOHYDRATE CALCULATOR AND/OR 

VIBRATION ALARM CAPABILITIES," or U.S. patent application Ser. No. 09/334,858 filed 

Jun. 17, 1999 entitled "EXTERNAL INFUSION DEVICE WITH REMOTE PROGRAMMING, 

BOLUS ESTIMATOR AND/OR VIBRATION ALARM CAPABILITIES," both of which are 

herein incorporated by reference. 

[0063] In further embodiments, the telemetered characteristic sensor transceiver may 

include a modem, or the like, to transfer data to and receive data from a healthcare professional. 

Preferably, the transceiver can receive updated programming or instructions via a modem 

connection. 

[0064] In use, the sensor set 10 permits quick and easy subcutaneous placement of the 

active sensing portion 18 at a selected site within the body of the user. More specifically, the 
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peel-off strip 34 (see FIG. 1) is removed from the mounting base 30, at which time the mounting 

base 30 can be pressed onto and seated upon the patient's skin. During this step, the insertion 

needle 14 pierces the user's skin and carries the protective cannula 16 with the sensing portion 18 

to the appropriate subcutaneous placement site. During insertion, the cannula 16 provides a 

stable support and guide structure to carry the flexible sensor 12 to the desired placement site. 

When the sensor 12 is subcutaneously placed, with the mounting base 30 seated upon the user's 

skin, the insertion needle 14 can be slidably withdrawn from the user. During this withdrawal 

step, the insertion needle 14 slides over the first portion 48 of the protective cannula 16, leaving 

the sensing portion 18 with electrodes 20 directly exposed to the user's body fluids via the 

window 22. Further description of the needle 14 and the sensor set 10 are found in U.S. Pat. No. 

5,586,553, entitled "TRANSCUTANEOUS SENSOR INSERTION SET"; U.S. patent 

application Ser. No. 08/871,831, entitled "DISPOSABLE SENSOR INSERTION ASSEMBLY"; 

and U.S. patent application Ser. No. 09/161,128, filed Sep. 25, 1998, entitled "A 

SUBCUTANEOUS IMPLANTABLE SENSOR SET HA YING THE CAPABILITY TO 

REMOVE OR DELIVER FLUIDS TO AN INSERTION SITE," which are herein incorporated 

by reference. 

[0065] Next, the user connects the connection portion 24 of the sensor set 10 to the cable 

102 of the telemetered characteristic sensor transceiver 100, so that the sensor 12 can then be 

used over a prolonged period of time for taking blood chemistry or other characteristic readings, 

such as blood glucose readings in a diabetic patient. Preferred embodiments of the telemetered 

characteristic sensor transceiver 100 detect the connection of the sensor 12 to activate the 

telemetered characteristic sensor transceiver 100. For instance, connection of the sensor 12 may 

activate a switch or close a circuit to tum the telemetered characteristic sensor transceiver 100 

on. The use of a connection detection provides the capability to maximize the battery and shelf 

life of the telemetered characteristic sensor transceiver prior to use, such as during 

manufacturing, test and storage. Alternative embodiments of the present invention may utilize 

an on/off switch ( or button) on the telemetered characteristic monitor transceiver 100. 

[0066] The transceiver 100 is then affixed to the user's body with an adhesive 

overdressing. Alternatively, the peel-off strip 34 (see FIG. 1) is removed from the lower case 

116, at which time the lower case 116 can be pressed onto and seated upon the patient's skin. 

The user then activates the transceiver 100, or the transceiver is activated by detection of the 
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connection to the sensor 12 of the sensor set 10. Generally, the act of connecting (and 

disconnecting) the sensor 12 activates (and deactivates) the telemetered characteristic sensor 

100, and no other interface is required. In alternative steps, the sensor set 10 is connected to the 

transceiver 100 prior to placement of the sensor 12 to avoid possible movement or dislodging of 

the sensor 12 during attachment of the transceiver 100. Also, the transceiver may be attached to 

the user prior to attaching the sensor set 10 to the transceiver 100. 

[0067] The user then programs the characteristic monitor ( or it learns) the identification 

of the transceiver 100 and verifies proper operation and calibration of the transceiver 100. The 

characteristic monitor 200 and transceiver 100 then work to transmit and receive sensor data to 

determine characteristic levels. Thus, once a user attaches a transceiver 100 to a sensor set 10, 

the sensor 12 is automatically initialized and readings are periodically transmitted, together with 

other information, to the characteristic monitor 200. Additionally, the transceiver 100 is ready to 

receive data from the characteristic monitor 200 or other remote electronic device. 

[0068] As stated above, the telemetered characteristic monitor transceiver 100 of the 

present invention is capable of two-way communication. Thus, the transceiver 100 overcomes 

the limitations of the prior art sensor system capable of only one-way communication. The 

telemetered characteristic monitor transceiver 100 can transmit data to, as well as receive data or 

requests from, a characteristic monitor or other electronic device. Hence, in accordance with the 

present invention, the characteristic monitor or electronic device the telemetered characteristic 

sensor transceiver 100 communicates with also comprises a transceiver for transmitting and 

receiving data. 

[0069] Accordingly, because the telemetered characteristic sensor transceiver of the 

present invention is capable of two-way communication, the transceiver 100 may be linked to 

various devices that can receive sensor glucose values, such as infusion pumps, monitors, 

personal computers and hospital system devices, in a network structure. Preferably, by running 

proprietary calibration, filtering and calibration algorithms on the sensor transceiver 100, sensor 

glucose values can be transmitted to a variety of non-proprietary devices. Thus, the process of 

monitoring glucose levels is more convenient for the user. FIG. 11 is a block diagram of a 

telemetered characteristic sensor transceiver communicating with a variety of remote electronic 

devices in a network structure. As shown, the transceiver 100 can maintain multiple two-way 
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communication links with the characteristic monitor 200, an infusion pump 210, a computer 220, 

a PDA 230 and a cellular phone 240. 

[0070] In accordance with one embodiment of the present invention, because actual 

sensor glucose values are being transmitted from the transceiver 100 to any of a number of 

remote devices, security measures are needed to ensure privacy. Thus, in one aspect of the 

invention, the sensor glucose values are encrypted or appended with a security key prior to 

transmission to prevent unwanted devices from reading the information. Preferably, remote 

devices, which are intended to receive the sensor glucose values, are provided with the ability to 

decrypt the transmitted data or unlock the appended security key in order to read the data. 

[0071] In accordance with one embodiment of the present invention, the telemetered 

characteristic sensor transceiver 100 may periodically exchange data with other network nodes 

(i.e., a pump, monitor, computer, cellular phone, etc.) in a synchronous manner. For example, a 

new electronic device may enter into the network of the transceiver 100 by first waking up the 

transceiver 100 from a sleep mode. Thereafter, the new electronic device synchronizes 

communication with the transceiver to establish a communication link. Alternatively, the 

transceiver 100 may periodically wake up for the purpose of detecting a new device, and 

subsequently synchronize communication with any new devices detected. 

[0072] In one aspect of the invention, the transceiver may wake up from a sleep mode 

according to a magnetic swipe procedure. In another aspect of the invention, the transceiver 100 

comprises an ultrasonic sensor such that a remote electronic device can wake the transceiver 100 

by transmitting an ultrasonic signal to the transceiver 100. Notably, use of the ultrasonic signal 

wake-up scheme is advantageous because power is conserved. 

[0073] In accordance with another embodiment of the present invention, the telemetered 

characteristic sensor transceiver 100 may irregularly or aperiodically exchange data with other 

network nodes in an asynchronous manner. For example, a glucose meter may aperiodically 

transmit blood glucose (BG) values to the transceiver 100, wherein the meter blood glucose 

values are preferably stored and used by the transceiver 100 to calibrate calculated sensor 

glucose values. In another example, a computer may request a download of glucose history data 

from the transceiver 100. 

[0074] During two-way communication between the transceiver 100 and other network 

nodes, various types of information may be exchanged either synchronously or asynchronously. 
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For example, information related to device configuration may be exchanged. This may include a 

device identifier, patient information and time information. Communication link information 

may also be exchanged, which may include a communication rate, a frequency (e.g., 916 Mhz or 

868 Mhz) and configuration options for frequency hopping. Adaptive communication 

configuration information, which will be described below, may also be exchanged. Furthermore, 

history data and calibration information can be exchanged. This may include calibration data, 

sensor initialization sequence and configuration information, dynamic sensor initialization 

parameters and glucose history data. 

[0075] In one aspect of the present invention, the dynamic sensor initialization 

parameters may require the application of an initialization sequence when a calibration factor 

falls below a certain value. Furthermore, the glucose history data may be transmitted based on a 

time interval. For example, data points acquired between a first arbitrary point in time and a 

second arbitrary point in time may be transmitted from the transceiver 100 to a network node. 

[0076] In accordance with another embodiment of the present invention, the telemetered 

characteristic sensor transceiver 100 is capable of performing data calibration and sensor glucose 

value calculation unlike pre-existing glucose sensor transmitters. Because the transceiver 100 is 

capable of two-way communication and substantial processing power, the transceiver 100 can 

receive and store calibration data from a remote network device, such as meter blood glucose 

values, and use this data to calibrate the sensor's readings. Accordingly, the transceiver 100 can 

appropriately calculate sensor glucose values using the calibrated sensor readings, and store the 

values for a period of time based on a rate at which the sensor glucose values are calculated. 

Thus, the user does not need to wait to obtain values from a meter or other remote device before 

performing calibration because the calibration data would already be stored in the transceiver 

100. In previous systems, it was necessary to couple a transmitter to a monitor, or remote 

device, to extract actual sensor glucose readings. However, in the present invention, sensor 

glucose values can be calculated using just one device. 

[0077] In accordance with the present invention, calculating sensor glucose values at the 

transceiver 100 has many advantages. For example, more data points are available for sensor 

calibration and sensor glucose value calculation. Because data acquisition is no longer limited 

by a transmission rate, the transceiver 100 can periodically read sensor data and run at least one 

of a calibration algorithm and a glucose value calculation algorithm if needed. 
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Another advantage is that glucose history information is stored on the transceiver 

100. Thus, because the transceiver 100 can be networked to a plurality of devices, the 

information is available to any receiver or network node on demand. Furthermore, the 

transceiver 100 can continuously calculate glucose values even when a remote device is not in 

proximity to the user. Thus, when communication between the transceiver 100 and the remote 

device fails, the calibration algorithm can continue to calculate glucose data points. Preferably, 

when communication is re-established, the remote device can synchronize data with the 

transceiver 100 and receive glucose values calculated while the remote device was not 

communicating with the transceiver 100. 

[0079] In one aspect of the invention, the transceiver 100 may comprise a display for 

displaying information transmitted, received or processed by the transceiver 100. In another 

aspect of the invention, the transceiver 100 may include a small vibrator or beep alarm to 

indicate to the user that a remote device is not near by. 

[0080] In accordance with another embodiment of the present invention, a synchronous 

communication rate between the transceiver 100 and a remote device is dynamic based on at 

least one of glucose information ( data or trend), glucose threshold information and 

communication status. For example, a communication rate may be increased when a blood 

glucose value is beyond a normal range, or represents a steep rise or drop in blood glucose value. 

The communication rate can also be proportional to a risk factor. In another example, the 

communication rate may be decreased when blood glucose conditions are normal. In a further 

example, a communication power may be increased when communication is lost or a low signal 

strength is detected between the transceiver 100 and the remote device. 

[0081] In one aspect of the invention, real-time calibration and glucose calculation 

algorithms are coded on the transceiver 100. Moreover, non-real-time (i.e., retrospective) 

algorithms may be stored on a remote device. 

[0082] While the description above refers to particular embodiments of the present 

invention, it will be understood that many modifications may be made without departing from 

the spirit thereof. Thus, the accompanying claims are intended to cover such modifications as 

would fall within the true scope and spirit of the present invention. 

[0083] The presently disclosed embodiments are therefore to be considered in all 

respects as illustrative and not restrictive, the scope of the invention being indicated by the 
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appended claims, rather than the foregoing description, and all changes which come within the 

meaning and range of equivalency of the claims are therefore intended to be embraced therein. 
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1. A telemetered characteristic sensor transceiver for exchanging data with at least 

one remote device, the transceiver comprising: 

a housing; 

a sensor connector coupling the housing to a sensor located on a body of a user for 

producing a signal indicative of a user characteristic; 

a processor formed within the housing and coupled to the sensor connector for processing 

the signal received from the sensor; 

a transmitter coupled to the processor for transmitting data to at least one remote device; 

a receiver coupled to the processor for receiving data from the at least one remote device; 

and 

a memory coupled to the processor for storing data, 

wherein the processor performs calculations using at least one of the signal received from 

the sensor, the data received from the at least one remote device and the data stored in the 

memory, and stores the calculations in the memory or transmits the calculations to the at least 

one remote device through the transmitter. 

2. The transceiver of claim 1, wherein the transceiver exchanges data with a 

plurality of remote devices in a network structure. 

3. The transceiver of claim 1, wherein the transceiver exchanges data with the at 

least one remote device in a synchronous manner. 

4. The transceiver of claim 1, wherein the transceiver wakes up from a sleep mode 

prior to exchanging data with the at least one remote device. 

5. The transceiver of claim 4, wherein the at least one remote device wakes up the 

transceiver. 
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6. The transceiver of claim 5, further comprising an ultrasonic sensor for receiving 

an ultrasonic signal from the at least one remote device when the at least one remote device 

transmits the ultrasonic signal to the transceiver to wake up the transceiver. 

7. The transceiver of claim 4, wherein the transceiver periodically wakes up 

independent of the at least one remote device. 

8. The transceiver of claim 1, wherein the transceiver exchanges data with the at 

least one remote device in an asynchronous manner. 

9. The transceiver of claim 8, wherein the data exchanged in the asynchronous 

manner comprises at least one of: 

a blood glucose value; and 

a request for glucose history data. 

10. The transceiver of claim 1, wherein the data exchanged between the transceiver 

and the at least one remote device comprises at least one of: 

device configuration data; 

communication link configuration data; 

adaptive communication configuration data; 

glucose history data; and 

calibration data. 

11. The transceiver of claim 10, wherein the device configuration data comprises at 

least one of: 

a device identification; 

user information; and 

time information. 

12. The transceiver of claim 10, wherein the communication link configuration data 

comprises at least one of: 
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a communication rate; 

frequency information; and 

frequency hopping configuration information. 

Attorney Docket No. 
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13. The transceiver of claim 10, wherein the glucose history data is exchanged 

according to a time interval. 

of: 

14. The transceiver of claim 10, wherein the calibration data comprises at least one 

sensor initialization sequence and configuration information; and 

dynamic sensor initialization parameters. 

15. The transceiver of claim 1, wherein the processor calculates sensor glucose values 

using at least one of the signal received from the sensor, the data received from the at least one 

remote device and the data stored in the memory. 

16. The transceiver of claim 15, wherein a rate of exchanging data between the 

transceiver and the at least one remote device is dynamically changed depending on a 

characteristic of the calculated sensor glucose values. 

17. The transceiver of claim 15, wherein a glucose calculation algorithm for 

calculating the sensor glucose values is stored in the memory. 

18. The transceiver of claim 15, wherein the processor stores the calculated sensor 

glucose values in the memory or transmits the calculated sensor glucose values to the at least one 

remote device through the transmitter. 

19. The transceiver of claim 18, wherein the calculated sensor glucose values are 

secured via an encryption scheme before transmission to the at least one remote device. 
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20. The transceiver of claim 15, wherein the receiver receives calibration data from 

the at least one remote device and the processor stores the received calibration data in the 

memory. 

21. The transceiver of claim 20, wherein the processor performs a calibration using at 

least one of the calibration data stored in the memory, the signal received from the sensor and the 

calculated glucose sensor values. 

22. The transceiver of claim 21, wherein a calibration algorithm for performing the 

calibration is stored in the memory. 

23. The transceiver of claim 1, further comprising a display for displaying 

information processed by the processor. 

24. The transceiver of claim 1, further comprising means for notifying the user that 

the at least one remote device is beyond a certain distance from the transceiver. 

25. The transceiver of claim 1, wherein a power for exchanging data between the 

transceiver and the at least one remote device is dynamically changed depending on a strength of 

a detected signal between the transceiver and the at least one remote device. 
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ABSTRACT OF THE DISCLOSURE 

Attorney Docket No. 
2164-3003Pl 

The present invention relates to a telemetered characteristic sensor transceiver for 

exchanging data with at least one remote device. The transceiver includes a housing and a 

sensor connector coupling the housing to a sensor located on a body of a user for producing a 

signal indicative of a user characteristic. A processor is formed within the housing and coupled 

to the sensor connector for processing the signal received from the sensor. A transmitter is 

coupled to the processor for transmitting data to at least one remote device while a receiver is 

coupled to the processor for receiving data from the at least one remote device. A memory is 

coupled to the processor for storing data, wherein the processor performs calculations using at 

least one of the signal received from the sensor, the data received from the at least one remote 

device and the data stored in the memory, and stores the calculations in the memory or transmits 

the calculations to the at least one remote device through the transmitter. 
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