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TRANSCUTANEOUS ANALYTE SENSORS , ments as expressed by the claims that follow , their more 
APPLICATORS THEREFOR , AND prominent features now will be discussed briefly . After 

ASSOCIATED METHODS considering this discussion , and particularly after reading 
the section entitled “ Detailed Description , ” one will under 

INCORPORATION BY REFERENCE TO 5 stand how the features of the present embodiments provide 
RELATED APPLICATIONS the advantages described herein . 

One aspect of the present embodiments includes the 
Any and all priority claims identified in the Application realization that , with some sensors , the process of applying 

Data Sheet , or any correction thereto , are hereby incorpo the sensor to the person is important for such a system to be 
rated by reference under 37 CFR 1 . 57 . This application 10 effective and user friendly . Accordingly , a device configured 
claims priority to U . S . Provisional Application No . 61 / 620 , for ease of application may be beneficial . Similarly , a 
152 , filed on Apr . 4 , 2012 , the disclosure of which is hereby method of application is desirable if it results in the sensor 
expressly incorporated by reference in its entirety and is assembly readily being attached to the person in a state 
hereby expressly made a portion of this application . where it is capable of sensing glucose level information , 

15 communicating the glucose level information to the trans 
TECHNICAL FIELD mitter , and transmitting the glucose level information to the 

receiver . 
Systems and methods for measuring an analyte in a host Accordingly , in a first aspect , a device is provided for 

are provided . More particularly , systems and methods for applying an on - skin sensor assembly to skin of a host , the 
applying a transcutaneous analyte measurement system to a 20 device comprising : a base configured to secure a housing , 
host . wherein the housing is configured to receive an electronics 

unit , wherein the electronics unit is configured to generate 
BACKGROUND analyte information based on a signal from a sensor , a sensor 

insertion mechanism configured to insert the sensor into the 
Diabetes mellitus is a disorder in which the pancreas 25 host ; and a trigger configured , in response to being activated , 

cannot create sufficient insulin ( Type I or insulin dependent ) to cause the sensor insertion mechanism to insert the sensor 
and / or in which insulin is not effective ( Type 2 or non into the host , to secure the electronics unit to the housing 
insulin dependent ) . In the diabetic state , the victim suffers such that the sensor electrically contacts the electronics unit , 
from high blood sugar , which can cause an array of physi - and to cause the housing to detach from the base . 
ological derangements associated with the deterioration of 30 In an embodiment of the first aspect , which is generally 
small blood vessels , for example , kidney failure , skin ulcers , applicable , particularly with any other embodiment of the 
or bleeding into the vitreous of the eye . A hypoglycemic first aspect , the electronics unit is configured , in response to 
reaction ( low blood sugar ) can be induced by an inadvertent the trigger being activated and / or the electrical connection of 
overdose of insulin , or after a normal dose of insulin or the sensor to the electronics unit , to generate analyte infor 
glucose - lowering agent accompanied by extraordinary exer - 35 mation . In some embodiments , the electronics unit is con 
cise or insufficient food intake . figured to transmit the generated analyte information in 

Conventionally , a person with diabetes carries a self response to the generation of analyte information . 
monitoring blood glucose ( SMBG ) monitor , which typically In an embodiment of the first aspect , which is generally 
requires uncomfortable finger pricking methods . Due to the applicable , particularly with any other embodiment of the 
lack of comfort and convenience , a person with diabetes 40 first aspect , the housing comprises an adhesive configured to 
normally only measures his or her glucose levels two to four attach the housing to the host . In some embodiments , the 
times per day . Unfortunately , such time intervals are so far adhesive is covered by a liner and / or the adhesive is air 
spread apart that the person with diabetes likely finds out too permeable and waterproof or water resistant , and / or the 
late of a hyperglycemic or hypoglycemic condition , some adhesive has a backing , and the sensor is configured , when 
times incurring dangerous side effects . Glucose levels may 45 inserted into the host , to extend through the adhesive and 
be alternatively monitored continuously by a sensor system backing , and wherein the backing is configured to be mois 
including an on - skin sensor assembly . The sensor system ture permeable at a location proximal to the sensor , and / or 
may have a wireless transmitter which transmits measure the adhesive has a backing that is moisture impermeable in 
ment data to a receiver which can process and display an area peripheral to the housing and the electronics unit . 
information based on the measurements . 50 In an embodiment of the first aspect , which is generally 

The process of applying the sensor to the person is applicable , particularly with any other embodiment of the 
important for such a system to be effective and user friendly . first aspect , the housing is configured such that the electron 
The application process should result in the sensor assembly ics unit cannot be removed from the housing while the 
being attached to the person in a state where it is capable of housing is adhered to the skin of the host . 
sensing glucose level information , communicating the glu - 55 In an embodiment of the first aspect , which is generally 
cose level information to the transmitter , and transmitting applicable , particularly with any other embodiment of the 
the glucose level information to the receiver . first aspect , wherein the sensor insertion mechanism com 

prises a needle configured to be inserted into the host while 
SUMMARY the needle holds the sensor , and to be retracted from the host 

60 while leaving a portion of the sensor in the host . In certain 
The present systems and methods relate to systems and embodiments , the sensor insertion mechanism further com 

methods measuring an analyte in a host , and for applying a prises : a needle hub connected to the needle ; a wheel 
transcutaneous analyte measurement system to a host . The configured to move the needle hub ; and a torsion spring 
various embodiments of the present systems and methods configured to apply a torque to the wheel ; wherein the sensor 
for processing analyte sensor data have several features , no 65 mechanism is configured , in response to the activation of the 
single one of which is solely responsible for their desirable trigger , to rotate the wheel in response to the torque from the 
attributes . Without limiting the scope of the present embodi - torsion spring , whereby the needle is inserted into the host 
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and retracted from the host . In certain embodiments , the different magnitudes or different directions . In certain 
sensor insertion mechanism further comprises a push rod embodiments , at least one of the first and second groups of 
configured to prevent the sensor from being retracted from elastomeric seals is configured to be compressed while the 
the host with the needle . In certain embodiments , the push sensor is inserted through the seals . In certain embodiments , 
rod is positioned at least partially within the needle , and is 5 the sensor and needle are configured , after the electronics 
configured to move with the needle as the needle is inserted unit is secured to the housing , to have a mechanical blockage 
into the host , and to remain fixed as the needle is retracted therebetween . In certain embodiments , the sensor is config 
from the host . ured , after the electronics unit is secured to the housing , to 

In an embodiment of the first aspect , which is generally be sealed and secured by a ferrule surrounding the sensor . In 
applicable , particularly with any other embodiment of the 10 certain embodiments , the device is configured to disengage 
first aspect , the base is configured to draw the electronics from the housing and from the electronics unit in response 
unit into the housing . In certain embodiments , the device can to the electronics unit being released from a lock . In certain 
further comprise a magnet configured to draw the electronics embodiments , the device is configured to provide one or 
unit into the housing , wherein the magnet is situated in the more tactile , auditory , or visual indications that the elec 
electronics unit or the housing . In certain embodiments , the 15 tronics unit has been inserted into the housing to the extent 
base can comprise one or more springs configured to draw permitted by a lock . In certain embodiments , the device can 
the electronics unit into the housing . In certain embodi - further comprise an opening through which a mark on the 
ments , each spring can comprise a flexible linear portion electronics unit is visible if the electronics unit has been 
having a connection protrusion , wherein the connection inserted into the housing to the extent permitted by the 
protrusion is configured to engage the electronics unit and to 20 standoff . In certain embodiments , the device can further 
cause the linear portion to flex as the electronics unit is comprise a drawing mechanism , wherein a position of the 
inserted into the base , and wherein the connection protrusion drawing mechanism is configured to visually indicate 
is configured to exert a lateral force on the electronics unit whether the electronics unit has been inserted into the 
to draw the electronics unit into the housing . housing to the extent permitted by the standoff . 

In an embodiment of the first aspect , which is generally 25 In an embodiment of the first aspect , which is generally 
applicable , particularly with any other embodiment of the applicable , particularly with any other embodiment of the 
first aspect , the device further comprises a standoff config - first aspect , the device can further comprise a trigger lock 
ured to limit an extent to which the electronics unit is configured to prevent activation of the trigger . In certain 
inserted into the housing prior to sensor insertion . In certain embodiments , the trigger is configured to be released from 
embodiments the trigger is further configured , in response to 30 the trigger lock in response to at least partial insertion of the 
being activated , to release the electronics unit from the electronics unit into the device . 
standoff after sensor insertion , and wherein the electronics In an embodiment of the first aspect , which is generally 
unit is configured , in response to being released from the applicable , particularly with any other embodiment of the 
standoff , to be secured to the housing such that the sensor first aspect , the housing is configured to substantially fully 
electrically connects to one or more contacts on the elec - 35 encapsulate the electronics unit against the host . In certain 
tronics unit . In certain embodiments , in use , a time between embodiments , the housing is configured to form a shell that 
sensor insertion into the host and the electronics unit secur - encloses a drawing mechanism , and wherein the housing 
ing to the housing is less than about 1 second . In certain comprises a septum through which the sensor insertion 
embodiments , at least one contact on the electronics unit is mechanism is configured to insert the sensor . 
more rigid than the sensor , and wherein the electronics unit 40 In an embodiment of the first aspect , which is generally 
is configured such that , when fully secured to the housing , applicable , particularly with any other embodiment of the 
the at least one contact presses the sensor into an elastomeric first aspect , the sensor insertion mechanism is configured to 
seal such that the elastomeric seal is compressed and con - insert the sensor into the host at a maximum velocity 
forms to the sensor . In certain embodiments , the sensor , influenced by a flywheel . 
when inserted into the host , is configured to be secured in 45 In an embodiment of the first aspect , which is generally 
place in the electronics unit by an adhesive material com applicable , particularly with any other embodiment of the 
prising at least one of a high tack gel , a pressure sensitive first aspect , the sensor insertion mechanism is configured to 
adhesive , and a two part adhesive . In certain embodiments , insert the sensor into the host at a maximum velocity 
the device further comprises a container configured to hold influenced by a fluid passage aperture . 
the adhesive material , wherein the container is further con - 50 In an embodiment of the first aspect , which is generally 
figured , as a result of the trigger activation but before the applicable , particularly with any other embodiment of the 
electronics unit is released from a lock , to be compressed so first aspect , the sensor insertion mechanism is configured to 
as to release the adhesive material . In certain embodiments , insert the sensor into the host at a maximum velocity 
the sensor is configured to be secured in place , after insertion influenced by a mass of a component of the sensor insertion 
into the host , by one or more of a clamp , a wedge , a barb , 55 mechanism . 
a one way valve , or a tension lock . In certain embodiments , In an embodiment of the first aspect , which is generally 
the sensor is configured , after insertion into the host , to be applicable , particularly with any other embodiment of the 
surrounded by an elastomeric seal , and wherein the elec - first aspect , the sensor insertion mechanism is configured to 
tronics unit is configured , in response to the electronics unit insert the sensor into the host at a maximum velocity 
being released from a lock , to compress the elastomeric seal 60 influenced by a centrifugal brake . 
to secure the sensor and to form a seal around the sensor . In In an embodiment of the first aspect , which is generally 
certain embodiments , the sensor is configured , after inser - applicable , particularly with any other embodiment of the 
tion into the host , to be secured in place by a first group of first aspect , the trigger is configured to cause the sensor 
one or more elastomeric seals configured to press against the insertion mechanism to insert the sensor into the host , to 
sensor with a first force and a second group of one or more 65 secure the electronics unit to the housing such that the sensor 
elastomeric seals configured to press against the sensor with electrically contacts the electronics unit , and to cause the 
a second force , wherein the first and second forces have housing to detach from the base , when motion is provided to 



US 9 , 931 , 065 B2 

the trigger by a user . In certain embodiments the sensor carbon , a carbon embedded silicone elastomer , a conductive 
insertion mechanism comprises a needle carrier configured polymer , or a conductive salt . 
to decelerate at a rate limited by a bumper . In certain In a second aspect , a method is provided of applying an 
embodiments , the sensor insertion mechanism comprises a on - skin sensor assembly to a host , wherein the on - skin 
tab protruding in an axial direction from a wheel and 5 sensor assembly comprises a housing secured to the appli 
configured to rotate about a fixed point , wherein rotational cator , wherein the housing is configured to receive an 
movement of the tab translates into a linear movement of a electronics unit , the method comprising : attaching an appli 
needle carrier to insert the sensor into the host . cator to a skin of a host , the applicator comprising a sensor 

In an embodiment of the first aspect , which is generally insertion mechanism , a trigger , and a base ; inserting the 
applicable , particularly with any other embodiment of the 10 electronics unit into the housing , wherein the electronics 
first aspect , the device can have a size and shape so as to unit is configured to generate analyte information based on 
substantially fit within a palm of a hand . a signal from a sensor ; activating the trigger , thereby causing 

In an embodiment of the first aspect , which is generally the sensor insertion mechanism to insert a sensor into the 
applicable , particularly with any other embodiment of the host , to secure the electronics unit to the housing such that 
first aspect , the base is substantially oval and extends 15 the sensor electrically contacts the electronics unit , and to 
substantially perpendicularly from a substantially oval cause the housing to detach from the base ; and removing the 
shaped wall , and wherein the wall surrounds a top portion on applicator from the skin of the host , whereby an on - skin 
which the trigger is disposed . In certain embodiments , the sensor assembly comprising the housing , the electronics 
trigger forms substantially an entire top of the device . unit , and the inserted sensor remains on the skin of the host . 

In an embodiment of the first aspect , which is generally 20 In an embodiment of the second aspect , which is generally 
applicable , particularly with any other embodiment of the applicable , particularly with any other embodiment of the 
first aspect , the device further comprises a protective cover second aspect , attaching the applicator to the skin of the host 
configured to cover the electronics unit and the housing after occurs before the electronics unit is inserted into the hous 
sensor insertion and to secure the electronics unit to the ing . 
housing . In some embodiments , an internal portion of the 25 In an embodiment of the second aspect , which is generally 
protective cover conforms to the shape of the base and the applicable , particularly with any other embodiment of the 
electronics unit . In some embodiments , the protective cover second aspect , attaching the applicator to the skin of the host 
is waterproof or water resistant , and is air permeable . In occurs after the electronics unit is inserted into the housing . 
some embodiments , the protective cover is molded to have In an embodiment of the second aspect , which is generally 
an appearance of an animal or a character . In some embodi - 30 applicable , particularly with any other embodiment of the 
ments , the protective cover comprises an adhesive that second aspect , the method further comprises before applying 
attaches the protective cover to the housing and / or electron - the applicator , removing a door from the applicator covering 
ics unit . a port configured for receiving the electronics unit when the 

In an embodiment of the first aspect , which is generally electronics unit is inserted into the housing . 
applicable , particularly with any other embodiment of the 35 In an embodiment of the second aspect , which is generally 
first aspect , the device has an exterior formed at least partly applicable , particularly with any other embodiment of the 
of a hard plastic . second aspect , the method further comprises a removable 

In an embodiment of the first aspect , which is generally liner covering an adhesive patch , wherein the adhesive patch 
applicable , particularly with any other embodiment of the is attached to the housing and radially extends from the 
first aspect , the device further comprises an elastomer , 40 housing , and wherein the adhesive patch comprises an 
wherein the elastomer is situated at least partly around a adhesive configured to attach the base to the host . In certain 
perimeter of the device and is configured to relieve strain embodiments , the adhesive patch is removably attached to 
caused by movement of the host . the base with a second adhesive that is weaker than the 

In an embodiment of the first aspect , which is generally adhesive configured to attach the base to the host , and / or the 
applicable , particularly with any other embodiment of the 45 adhesive patch comprises a removable second liner situated 
first aspect , the electronics unit is configured , once it is between the base and the adhesive patch . In certain embodi 
secured to the housing , to destroy the housing upon removal m ents , the second liner is removably attached to the base 
from the housing . with a second adhesive . In certain embodiments , the device 

In an embodiment of the first aspect , which is generally is provided in a package configured to contain the base , the 
applicable , particularly with any other embodiment of the 50 housing , the sensor insertion mechanism , and the trigger , 
first aspect , the device further comprises a blood reservoir wherein the package comprises the removable liner covering 
configured to receive blood from the host through a weep the adhesive patch . In certain embodiments , the package 
hole in the housing . In some embodiments , the reservoir further comprises a cover , wherein the cover is a component 
comprises at least one of a sponge , a super absorbent of the applicator . In certain embodiments , the package 
polymer , or a wicking material configured to absorb the 55 further comprises a removable door , wherein the removable 
blood . In some embodiments , the reservoir is an aerated door covers a port configured for receiving the electronics 
reservoir . unit . In certain embodiments , the removable liner comprises 

In an embodiment of the first aspect , which is generally instructions printed thereon for using the applicator . In 
applicable , particularly with any other embodiment of the certain embodiments , multiple applicators are provided in 
first aspect , the electronics unit comprises at least one 60 the package . 
electrical contact comprising one or more conductive mate - In an embodiment of the second aspect , which is generally 
rials selected from carbon , a carbon embedded silicone applicable , particularly with any other embodiment of the 
elastomer , a conductive polymer , or a conductive salt . second aspect , the applicator comprises a removable liner 

In an embodiment of the first aspect , which is generally covering an adhesive patch , wherein the adhesive patch is 
applicable , particularly with any other embodiment of the 65 attached to the housing , wherein the adhesive patch com 
first aspect , the sensor comprises an electrical contact com - prises an adhesive configured to attach the base to the host , 
prising one or more conductive materials selected from wherein removing the applicator from the package exposes 
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the adhesive , and wherein attaching the applicator causes the tactile , auditory , or visual indications that the electronics 
adhesive to attach the housing to the host . unit has been inserted into the housing in the partially seated 

In a third aspect , a method is provided of applying an 
on - skin sensor assembly to a host , the method comprising : In an embodiment of the third aspect , which is generally 
attaching an applicator to a skin of a host , the applicator 5 applicable , particularly with any other embodiment of the 
comprising a sensor insertion mechanism , a trigger , and a third aspect , the device further comprises a trigger lock 
base ; a housing secured to the applicator , wherein the configured to prevent activation of the trigger . In certain 
housing is configured to receive an electronics unit ; activat embodiments , the trigger is configured to be released from 
ing the trigger , thereby causing the sensor insertion mecha the trigger lock in response to at least partial insertion of the 
nism to insert a sensor into the host and to cause the housing electronics unit into the housing . 
to detach from the base ; removing the applicator from the In an embodiment of the third aspect , which is generally 
skin of the host , whereby the housing and the inserted sensor applicable , particularly with any other embodiment of the 
remain on the skin of the host ; and inserting the electronics third aspect , the housing is configured to adhere to a host ' s 
unit into the housing , wherein the electronics unit is con - 15 skin , wherein , in use , the sensor is configured to extend 
figured to generate analyte information based on a signal through the housing and into the host ' s skin ; and the 
from the sensor , and wherein the electronics unit is secured electronics unit is configured to operably connect to the 
to the housing such that the sensor electrically contacts the sensor and generate analyte information based on a signal 
electronics unit , whereby an on - skin sensor assembly com from the sensor when the electronics unit is secured within 
prising the housing , the electronics unit , and the inserted 20 the housing , wherein operable connection of the electronics 
sensor is obtained . unit to the sensor comprises pressing the sensor against one 

In an embodiment of the third aspect , which is generally or more electrical contacts of the electronics unit , and 
applicable , particularly with any other embodiment of the wherein the sensor is configured to be held in the assembly 
third aspect , the housing is configured to receive the elec - with a retention force . 
tronics unit in a partially seated configuration , and wherein 25 In an embodiment of the third aspect , which is generally 
the trigger is configured , in response to being activated , to applicable , particularly with any other embodiment of the 
cause the sensor insertion mechanism to insert the sensor third aspect , the sensor is configured such that connection of 
into the host and to fully seat the electronics unit to the the electronics unit to the sensor causes the sensor to bend , 
housing such that the sensor electrically contacts the elec whereby the sensor is configured to conform to the shape of 
tronics unit . In certain embodiments , the partially seated ated 30 the one or more electrical contacts . 

In an embodiment of the third aspect , which is generally configuration is provided by a lock configured to limit an applicable , particularly with any other embodiment of the extent to which the electronics unit can be inserted into the third aspect , the sensor is configured to be secured in place housing prior to sensor insertion . In certain embodiments , after insertion in the host by an adhesive material compris the trigger is further configured to release the electronics z CS 35 ing at least one of a high tack gel , a pressure sensitive unit from the lock after sensor insertion , wherein in response adhesive , or a two part adhesive . In certain embodiments , to the electronics unit being released from the lock , the the adhesive material is configured to be enclosed in the 
electronics unit is configured to be secured to the housing container , and wherein the container is configured to be 
such that the sensor electrically connects to one or more compressed so as to release the adhesive material upon 
contacts on the electronics unit . In certain embodiments , a 40 activation of the trigger . 
time between the sensor insertion into the host and the In an embodiment of the third aspect , which is generally 
electronics unit securing the sensor is less than about 1 s . applicable , particularly with any other embodiment of the 

In an embodiment of the third aspect , which is generally third aspect , the sensor is configured to be secured in place 
applicable , particularly with any other embodiment of the by one or more of a clamp , a wedge , a barb , a one way valve , 
third aspect , the base is configured to draw the electronics 45 or a tension lock . 
unit into the housing . In certain embodiments , at least one of In an embodiment of the third aspect , which is generally 
the electronics unit and the housing comprises a magnet applicable , particularly with any other embodiment of the 
configured to draw the electronics unit into the housing . In third aspect , the housing comprises an elastomeric seal 
certain embodiments , the base comprises one or more configured to form a seal around the sensor when the 
springs configured to draw the electronics unit into the 50 electronics unit is operably connected to the sensor . 
housing . In certain embodiments , each spring is connected in an embodiment of the third aspect , which is generally 
to a contact element , wherein the contact element is con - applicable , particularly with any other embodiment of the 
figured to engage the electronics unit and to cause the spring third aspect , the sensor is configured , after insertion into the 
to compress as the electronics unit is inserted into the host , to be secured in place by a first group of one or more 
housing , and wherein the contact element is configured to 55 elastomeric seals configured to press against the sensor with 
exert a lateral force on the electronics unit to draw the a first force and a second group of one or more elastomeric 
electronics unit into the housing . In certain embodiments , seals configured to press against the sensor with a second 
each spring comprises a flexible linear portion having a force , wherein the first and second forces have different 
connection protrusion , wherein the connection protrusion is magnitudes and / or different directions . In certain embodi 
configured to engage the electronics unit and to cause the 60 ments , at least one of the first and second groups of 
linear portion to flex as the electronics unit is inserted into elastomeric seals is configured to be compressed while the 
the base , and wherein the connection protrusion is config - sensor is inserted through the seals . 
ured to exert a lateral force on the electronics unit to draw In an embodiment of the third aspect , which is generally 
the electronics unit into the housing applicable , particularly with any other embodiment of the 

In an embodiment of the third aspect , which is generally 65 third aspect , the sensor and needle are configured , after the 
applicable , particularly with any other embodiment of the electronics unit is secured to the housing , to have a mechani 
third aspect , the device is configured to provide one or more cal blockage therebetween . 
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In an embodiment of the third aspect , which is generally the rotatable wheel to rotate , which in turn causes the 
applicable , particularly with any other embodiment of the linearly translatable needle carrier to translate toward the 
third aspect , the sensor is configured , after the electronics host to implant the sensor , and subsequently to translate 
unit is secured to the housing , to be sealed and secured by away from the host to withdraw the needle from the host . 
a ferrule surrounding the sensor . 5 In an embodiment of the sixth aspect , which is generally 

In an embodiment of the third aspect , which is generally applicable , particularly with any other embodiment of sixth applicable , particularly with any other embodiment of the aspect , the wheel and the needle carrier comprise a Scotch third aspect , the sensor is in a form of a wire . yoke . 
In an embodiment of the third aspect , which is generally In an embodiment of the sixth aspect , which is generally applicable , particularly with any other embodiment of the 10 applicable , particularly with any other embodiment of sixth third aspect , the retention force is at least about 0 . 1 pounds aspect , the device further comprises a torsion spring that when subjected to a standard pull test or a standard push test . stores energy , and when the trigger is activated , the energy In an embodiment of the third aspect , which is generally 

applicable , particularly with any other embodiment of the stored in the torsion spring is released , causing the wheel to 
third aspect , the electronics unit is inserted into the housing 15 rotate . In some embodiments , the wheel includes a flange , 
after the applicator is removed from the skin of the host . and the trigger bears against the flange to retain the energy 

In a fourth aspect , a device is provided for applying an stored within the torsion spring . 
on - skin sensor assembly to skin of a host , the device In an embodiment of the sixth aspect , which is generally 
comprising : a base configured to secure a housing , wherein applicable , particularly with any other embodiment of sixth 
the housing is configured to receive a transmitter , and the 20 aspect , the device further comprises a pushrod and a needle , 
transmitter is configured to generate analyte information and when the trigger is activated the pushrod ejects the 
based on a signal from a sensor ; and a mechanism config - sensor from a lumen of the needle and subsequently retracts 
ured to , in response to a single action by a user , cause the into the needle lumen . 
sensor to be inserted into the host , to secure the electronics In an embodiment of the sixth aspect , which is generally 
unit to the housing such that the sensor electrically contacts 25 applicable , particularly with any other embodiment of sixth 
the electronics unit , and to cause the housing to detach from aspect , the trigger is prevented from actuation until the 
the base . electronics unit is partially seated within the housing . 

In an embodiment of the fourth aspect , which is generally In a seventh aspect , a device is provided for applying an applicable , particularly with any other embodiment of the on - skin sensor assembly to skin of a host , the device fourth aspect , the mechanism includes a trigger , and the 30 comprising : a base configured to secure a housing ; and an single action comprises activating the trigger to release electronics unit including at least one electrical contact , stored energy and set components within the device in wherein the housing is configured to receive the electronics motion . In certain embodiments , the stored energy is stored unit , wherein the electronics unit is configured to generate in a torsion spring that , when released , causes a wheel to 
rotate . In certain embodiments , rotation of the wheel induces 35 ana 36 analyte information based on a signal from a sensor ; wherein 
linear motion in a needle carrier . In certain embodiments , the the base includes a mechanism to apply a seating force to the 
wheel and the needle carrier comprise a Scotch yoke . electronics unit in a direction of insertion of the electronics 

In an embodiment of the fourth aspect , which is generally unit into the housing upon partial seating of the electronics 
applicable , particularly with any other embodiment of the unit within the housing . 
fourth aspect , the mechanism further includes a pushrod and 40 In an embodiment of the seventh aspect , which is gener 
a needle , and when the mechanism is activated the pushrod ally applicable , particularly with any other embodiment of 
ejects the sensor from a lumen of the needle and subse - seventh aspect , the seating force is about 0 . 25 - 3 lbs . 
quently retracts into the needle lumen . In an embodiment of the seventh aspect , which is gener 

In an embodiment of the fourth aspect , which is generally ally applicable , particularly with any other embodiment of 
applicable , particularly with any other embodiment of the 45 seventh aspect , upon activation of the device , a sealing force 
fourth aspect , the mechanism is prevented from actuation is applied to the sensor that is about 2 - 3 times the magnitude 
until the transmitter is partially seated within the housing . of the seating force . 

In a fifth aspect , a device is provided for applying an In an embodiment of the seventh aspect , which is gener 
on - skin sensor assembly to skin of a host , the device ally applicable , particularly with any other embodiment of 
comprising : a sensor ; a sensor insertion mechanism contain - 50 seventh aspect , the mechanism includes a pair of spring 
ing the sensor ; and a housing containing the sensor insertion arms , and the spring arms are pre - loaded with stored energy , 
mechanism , the housing being substantially dome shaped and partially seating the electronics unit within the housing 
such that it is configured to be comfortably held in the palm releases the stored energy . 
of a hand , and such that the housing can be held during a In an embodiment of the seventh aspect , which is gener 
process of inserting the sensor into the skin of the host at any 55 ally applicable , particularly with any other embodiment of 
location on the abdomen of the host with the host ' s wrist in seventh aspect , the mechanism includes a pair of spring 
a neutral position . arms , and the spring arms are pre - loaded with stored energy , 

In a sixth aspect , a device is provided for applying an and activating the device releases the stored energy . 
on - skin sensor assembly to skin of a host , the device I n an embodiment of the seventh aspect , which is gener 
comprising : a base configured to secure a housing , wherein 60 ally applicable , particularly with any other embodiment of 
the housing is configured to receive an electronics unit , seventh aspect , upon activation of the device the force 
wherein the electronics unit is configured to generate analyte moves the electronics unit farther into the housing , causing 
information based on a signal from a sensor ; a sensor the at least one electrical contact to contact the sensor . 
insertion mechanism configured to insert the sensor into the In an embodiment of the seventh aspect , which is gener 
host , and including a needle carrying the sensor , a rotatable 65 ally applicable , particularly with any other embodiment of 
wheel , and a linearly translatable needle carrier ; and a seventh aspect , the mechanism comprises at least one spring . 
trigger configured , in response to being activated , to cause In certain embodiments , the at least one spring is a leaf 
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spring . In certain embodiments , the at least one spring is a Any of the features of an embodiment of any of the aspects , 
pair of leaf springs located on opposite sides of the elec - including but not limited to any embodiments of any of the 
tronics unit . first through ninth aspects referred to above , is applicable to 

In an embodiment of the seventh aspect , which is gener - all other aspects and embodiments identified herein , includ 
ally applicable , particularly with any other embodiment of 5 ing but not limited to any embodiments of any of the first 
seventh aspect , partial seating of the electronics unit releases through ninth aspects referred to above . Moreover , any of a trigger lock , thereby allowing the device to be actuated . In the features of an embodiment of the various aspects , 
certain embodiments , if the electronics unit backs out from including but not limited to any embodiments of any of the the partially seated position , the trigger lock reengages , first through ninth aspects referred to above , is indepen thereby preventing the device from being actuated . dently combinable , partly or wholly with other embodiments In an eighth aspect , a device is provided for applying an described herein in any way , e . g . , one , two , or three or more on - skin sensor assembly to skin of a host , the device embodiments may be combinable in whole or in part . comprising : a housing ; and an electronics unit , wherein the 

Further , any of the features of an embodiment of the various electronics unit is configured to generate analyte information 
based on a signal from a sensor ; a sensor insertion mecha - 15 aspects , including but not li nsor insertion mecha . 15 aspects , including but not limited to any embodiments of any 
nism configured to insert the sensor into the host ; and a of the first through ninth aspects referred to above , may be 
trigger configured , in response to being activated , to cause made optional to other aspects or embodiments . Any aspect 
the sensor insertion mechanism to insert the sensor into skin or embodiment of a method can be performed by a system 
of the host , and to secure the electronics unit to the housing or apparatus of another aspect or embodiment , and any 
such that the sensor electrically contacts the electronics unit , 20 aspect or embodiment of a system or apparatus can be 
and in such a way that reuse of the sensor is prevented . configured to perform a method of another aspector 

In an embodiment of the eighth aspect , which is generally embodiment , including but not limited to any embodiments 
applicable , particularly with any other embodiment of eighth of any of the first through ninth aspects referred to above . 
aspect , the electronics unit may not be removed from the 
housing without destroying the housing . 25 BRIEF DESCRIPTION OF THE DRAWINGS 

In an embodiment of the eighth aspect , which is generally 
applicable , particularly with any other embodiment of eighth FIG . 1 is a schematic view of a continuous analyte sensor 
aspect , the electronics unit may not be removed from the system attached to a host and communicating with other 
housing without removing an adhesive patch located devices ; 
between the housing and the host from the housing or from 30 FIGS . 2A - 2D are front perspective views of a sensor 
the host . system and applicator at various stages of a process for 

In an embodiment of the eighth aspect , which is generally applying the sensor system to a host ; 
applicable , particularly with any other embodiment of eighth FIG . 3A is an exploded view of the sensor system and 
aspect , when the housing is adhered to the host ' s skin , the applicator of FIGS . 2A - 2D ; 
skin blocks movement of a lever , which is used to remove 35 FIG . 3B is an exploded view of a generally applicable 
the transmitter from the housing such that the transmitter can embodiment of a sensor system and applicator ; 
only be removed from the housing after the sensor has been FIG . 3C is an assembled front perspective view of the 
removed from the body and is thereby rendered unusable . sensor system and applicator of FIG . 3B ; 

In a ninth aspect , a device is provided for applying an FIG . 4 is a side cross - sectional view of the applicator of 
on - skin sensor assembly to skin of a host , the device 40 FIG . 3A ; 
comprising : a housing , wherein the housing is configured to FIGS . 5A - 5C are rear perspective views of select com 
receive an electronics unit , wherein the electronics unit is ponents of the applicator of FIG . 3B , showing a process for 
configured to generate analyte information based on a signal inserting the sensor system into the applicator ; 
from a sensor ; a sensor insertion mechanism configured to FIGS . 5D and 5E are rear cross - sectional perspective 
insert the sensor into the host ; a trigger configured , in 45 views of the applicator of FIG . 3A during insertion of the 
response to being activated , to cause the sensor insertion transmitter ; 
mechanism to insert the sensor into the host ; and a trigger FIGS . 6A - 6D are front perspective views of selected 
lock configured to prevent activation of the trigger until the components of the applicator of FIG . 3B , showing a process 
electronics unit is partially seated within the housing . for inserting the sensor into the host ; 

In an embodiment of the ninth aspect , which is generally 50 FIG . 7 is a front perspective view of components of the 
applicable , particularly with any other embodiment of ninth sensor system of FIG . 3B , including the transmitter ; 
aspect , the trigger lock comprises a projection on a rear side FIGS . 8A and 8B are front perspective cross - sectional 
of the trigger that engages a surface to prevent movement of views of portions of the applicator and sensor system of FIG . 
the trigger . 3A at different stages in a method of applying the sensor 

In an embodiment of the ninth aspect , which is generally 55 system to the host , showing a mechanism for connecting the 
applicable , particularly with any other embodiment of ninth sensor to contacts on a transmitter of the sensor system 
aspect , if the electronics unit backs out from the partially during seating of the transmitter ; 
seated position , the trigger lock reengages , thereby prevent - FIGS . 9A - 9E are front perspective cross - sectional views 
ing the device from being actuated . of the applicator and sensor system of FIG . 3B at various 

In an embodiment of the ninth aspect , which is generally 60 stages in a method of applying the sensor system , showing 
applicable , particularly with any other embodiment of ninth actuation of a needle carrying the sensor and engagement of 
aspect , the electronics unit disengages the trigger lock as it a proximal end of the sensor with contacts on a transmitter 
is partially seated within the housing . of the sensor system ; 

In further aspects and embodiments , the above method FIG . 9F is a rear perspective cross - sectional view of the 
features of the various aspects are formulated in terms of a 65 applicator of FIG . 3A with the transmitter seated ; 
system as in various aspects , having the analyte sensor and FIG . 10 is a front perspective view of the sensor system 
control means configured to carry out the method features . of FIG . 5A after application to the host ; 



13 

25 

US 9 , 931 , 065 B2 
14 

FIGS . 110 and 11B are exploded views of generally FIGS . 36 - 38 are schematic views of a moisture sensitive 
applicable embodiments of an applicator ; compression increasing seal , according to a generally appli 

FIGS . 12A - 12D are perspective / plan views of generally cable embodiment ; 
applicable embodiments of a housing ; FIG . 39 is a schematic view of a rounded kink feature for 

FIGS . 13A - 13D are perspective views of a generally 5 sensor retention , according to a generally applicable 
applicable embodiment of a housing ; embodiment ; 

FIG . 14 is a lower plan view of a generally applicable FIG . 40 is a schematic view of a S - bend kink feature for 
embodiment of a housing ; sensor retention , according to a generally applicable 

FIG . 15 is a front perspective view of a needle carrier for embodiment ; 
10 FIG . 41 is a schematic view of a triple - bump kink feature use in an applicator ; 

FIGS . 16A - 16D are side elevation views showing use of 10 for sensor retention , according to a generally applicable 
embodiment ; the needle carrier of FIG . 15 ; FIGS . 42 - 44 are schematic views of a process for making FIGS . 17A and 17B are cross - sectional side views of a a seamless cleanable transmitter , according to a generally generally applicable embodiment of an applicator showing a 15 applicable embodiment . 

latching mechanism for the needle carrier ; FIG . 45 is a lower perspective view of a housing , accord FIG . 18 is a cross - sectional side view of a generally ing to a generally applicable embodiment ; 
applicable embodiment of an applicator showing a latch FIG . 46 is a schematic view of a sensor pod adhesive 
design ; design , according to a generally applicable embodiment ; 

FIGS . 19A and 19B are rear perspective views of a 20 FIG . 47 is a rear perspective view of a housing , according 
generally applicable embodiment of an applicator and sensor to a generally applicable embodiment ; and 
system , illustrating a process for inserting the sensor system FIGS . 48 - 51 are various perspective and elevation views 
into the applicator ; of a transmitter , according to a generally applicable embodi 
FIGS . 20A - 20C are cross - sectional views of a mechanism ment . 

for drawing a transmitter into a housing ; 
FIGS . 21A - 21C are side perspective views of a generally DETAILED DESCRIPTION 

applicable embodiment of a latch for an applicator ; 
FIGS . 22A - 22C are side perspective views of generally . The following description and examples illustrate some 

applicable embodiments of mechanisms for reducing play in example embodiments of the disclosed invention in detail . 
the needle carrier of FIG . 24 ; 30 Those of skill in the art will recognize that there are 
FIGS . 23A and 23B are front perspective views of a numerous variations and modifications of this invention that 

generally applicable embodiment of a sensor insertion are encompassed by its scope . Accordingly , the description 
of a certain example embodiment should not be deemed to mechanism ; limit the scope of the present invention . FIGS . 24A - 24C are front perspective views showing z showing 35 Sensor System and Applicator 

actuation of the mechanism of FIGS . 23A and 23B ; FIG . 1 is a schematic of a continuous analyte sensor FIG . 25A is a side elevation view of a generally applicable system 100 attached to a host and communicating with a 
embodiment of a pushrod ; number of other example devices 110 - 113 . A transcutaneous 

FIG . 25B is a front perspective view showing attachment analyte sensor system comprising an on - skin sensor assem 
of the pushrod of FIG . 25A to the mechanism of FIGS . 23A 40 bly 600 is shown which is fastened to the skin of a host via 
and 23B ; a disposable housing ( not shown ) . The system includes a 

FIG . 26 is a front perspective view showing a generally transcutaneous analyte sensor 200 and an electronics unit 
applicable embodiment of an applicator ; ( referred to interchangeably as " sensor electronics ” or 

FIGS . 27A - 27D are schematic cross - sectional views of “ transmitter ” ) 500 for wirelessly transmitting analyte infor 
the applicator of FIG . 26 , illustrating a method of using the 45 mation to a receiver . During use , a sensing portion of the 
applicator to apply a sensor system to a host ; sensor 200 is under the host ' s skin and a contact portion of 
FIGS . 28A and 28B are cross - sectional side views of a the sensor 200 is electrically connected to the electronics 

generally applicable embodiment of an applicator ; unit 500 . The electronics unit 500 is engaged with a housing 
FIGS . 29A and 29B are front perspective views of an which is attached to an adhesive patch fastened to the skin 

applicator in a package and a sensor system for use with the 50 of the host . 
applicator ; The on - skin sensor assembly 600 may be attached to the 

FIGS . 30A - 30D are rear perspective views of various host with use of an applicator adapted to provide convenient 
generally applicable embodiments of housings having cap and secure application . Such an applicator may also be used 
illary channels ; and for attaching the electronics unit 500 to a housing , inserting 

FIG . 31A is a side elevation view of a generally applicable 55 the sensor 200 through the hosts skin , and connecting the 
embodiment of an applicator having sensors to detect that sensor 200 to the electronics unit 500 . Once the electronics 
the applicator has been placed on the host ; unit 500 is engaged with the housing and the sensor 200 has 

FIG . 31B is a bottom plan view of the applicator of FIG . been inserted and is connected to the electronics unit 500 , 
31A ; the applicator detaches from the sensor assembly . 

FIG . 31C is a side elevation view of a generally applicable 60 In general , the continuous analyte sensor system 100 
embodiment of an applicator having sensors to detect that includes any sensor configuration that provides an output 
the applicator has been placed on the host ; signal indicative of a concentration of an analyte . The output 

FIG . 31D is a bottom plan view of the applicator of FIG . signal including ( e . g . , sensor data , such as a raw data stream , 
31C ; filtered data , smoothed data , and / or otherwise transformed 

FIGS . 32 - 35 are schematic views of an in - situ renewable 65 sensor data ) is sent to the receiver , which is described in 
adhesive patch , according to a generally applicable embodi - more detail below . In one embodiment , the analyte sensor 
ment ; system 100 includes a transcutaneous glucose sensor , such 
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as is described in US Patent Publication No . US - 2011 strength , Young ' s modulus , and yield strength are discussed 
0027127 - A1 , the contents of which is hereby incorporated in greater detail elsewhere herein . In some embodiments , the 
by reference in its entirety . In some embodiments , the sensor sensor ' s small diameter provides ( e . g . , imparts , enables ) 
system 100 includes a continuous glucose sensor and com - flexibility to these materials , and therefore to the sensor as 
prises a transcutaneous sensor such as described in U . S . Pat . 5 a whole . Thus , the sensor can withstand repeated forces 
No . 6 , 565 , 509 to Say et al . , for example . In another embodi - applied to it by surrounding tissue . One measurement of the 
ment , the sensor system 100 includes a continuous glucose sensor ' s ability to withstand the implantation environment is 
sensor and comprises a subcutaneous sensor such as fatigue life , which is described in greater detail in the section 
described with reference to U . S . Pat . No . 6 , 579 , 690 to entitled " Multi - Axis Bending . " In some embodiments , the 
Bonnecaze et al . or U . S . Pat . No . 6 , 484 , 046 to Say et al . , for 10 fatigue life of the sensor is at least 1 , 000 cycles of flexing of 
example . In another embodiment , the sensor system 100 from about 28° to about 110° at a bend radius of about 
includes a continuous glucose sensor and comprises a refill - 0 . 125 - inches . 
able subcutaneous sensor such as described with reference to In addition to providing structural support , resiliency and 
U . S . Pat . No . 6 , 512 , 939 to Colvin et al . In another embodi - flexibility , in some embodiments , the core ( or a component 
ment , the sensor system 100 includes a continuous glucose 15 thereof ) provides electrical conduction for an electrical 
sensor and comprises an intravascular sensor such as signal from the working electrode to sensor electronics ( not 
described with reference to U . S . Pat . No . 6 , 477 , 395 to shown ) , which are described elsewhere herein . In some 
Schulman et al . , for example . In another embodiment , the embodiments , the core comprises a conductive material , 
sensor system 100 includes a continuous glucose sensor and such as stainless steel , titanium , tantalum , a conductive 
comprises an intravascular sensor such as described with 20 polymer , and / or the like . However , in other embodiments , 
reference to U . S . Pat . No . 6 , 424 , 847 to Mastrototaro et al . the core is formed from a non - conductive material , such as 
Other signal processing techniques and glucose monitoring a non - conductive polymer . In yet other embodiments , the 
system embodiments suitable for use with the embodiments core comprises a plurality of layers of materials . For 
described herein are described in U . S . Patent Publication example , in one embodiment the core includes an inner core 
No . US - 2005 - 0203360 - A1 and U . S . Patent Publication No . 25 and an outer core . In a further embodiment , the inner core is 
US - 2009 - 0192745 - A1 , the contents of which are hereby formed of a first conductive material and the outer core is 
incorporated by reference in their entirety . The sensor formed of a second conductive material . For example , in 
extends through a housing , which maintains the sensor on some embodiments , the first conductive material is stainless 
the skin and provides for electrical connection of the sensor steel , titanium , tantalum , a conductive polymer , an alloy , 
to sensor electronics , provided in the electronics unit . 30 and / or the like , and the second conductive material is 

In one embodiment , the sensor is formed from a wire or conductive material selected to provide electrical conduc 
is in a form of a wire . For example , the sensor can include tion between the core and the first layer , and / or to attach the 
an elongated conductive body , such as , a bare elongated first layer to the core ( e . g . , if the first layer is formed of a 
conductive core ( e . g . , a metal wire ) or an elongated con material that does not attach well to the core material ) . In 
ductive core coated with one , two , three , four , five , or more 35 another embodiment , the core is formed of a non - conductive 
layers of material , each of which may or may not be material ( e . g . , a non - conductive metal and / or a non - conduc 
conductive . The elongated sensor may be long and thin , yet tive polymer ) and the first layer is a conductive material , 
flexible and strong . For example , in some embodiments , the such as stainless steel , titanium , tantalum , a conductive 
smallest dimension of the elongated conductive body is less p olymer , and / or the like . The core and the first layer can be 
than about 0 . 1 inches , less than about 0 . 075 inches , less than 40 of a single ( or same ) material , e . g . , platinum . One skilled in 
about 0 . 05 inches , less than about 0 . 025 inches , less than the art appreciates that additional configurations are pos 
about 0 . 01 inches , less than about 0 . 004 inches , or less than sible . 
about 0 . 002 inches . The sensor may have a circular cross - In the illustrated embodiments , the electronics unit 500 is 
section . In some embodiments , the cross - section of the releasably attachable to the sensor 200 . The electronics unit 
elongated conductive body can be ovoid , rectangular , trian - 45 500 includes electronic circuitry associated with measuring 
gular , polyhedral , star - shaped , C - shaped , T - shaped , and processing the continuous analyte sensor data , and is 
X - shaped , Y - Shaped , irregular , or the like . In one embodi - configured to perform algorithms associated with processing 
ment , a conductive wire electrode is employed as a core . To and calibration of the sensor data . For example , the elec 
such a clad electrode , one or two additional conducting tronics unit 500 can provide various aspects of the function 
layers may be added ( e . g . , with intervening insulating layers 50 ality of a sensor electronics module as described in U . S . 
provided for electrical isolation ) . The conductive layers can Patent Publication No . US - 2009 - 0240120 - A1 and U . S . pat 
be comprised of any suitable material . In certain embodi - ent application Ser . No . 13 / 247 , 856 filed Sep . 28 , 2011 and 
ments , it can be desirable to employ a conductive layer entitled “ ADVANCED CONTINUOUS ANALYTE MONI 
comprising conductive particles ( i . e . , particles of a conduc - TORING SYSTEM , " the contents of which are hereby 
tive material ) in a polymer or other binder . 55 incorporated by reference in their entirety . The electronics 

In certain embodiments , the materials used to form the unit 500 may include hardware , firmware , and / or software 
elongated conductive body ( e . g . , stainless steel , titanium , that enable measurement of levels of the analyte via a 
tantalum , platinum , platinum - iridium , iridium , certain poly - glucose sensor , such as an analyte sensor 200 . For example , 
mers , and / or the like ) can be strong and hard , and therefore the electronics unit 500 can include a potentiostat , a power 
are resistant to breakage . For example , in some embodi - 60 source for providing power to the sensor 200 , other com 
ments , the ultimate tensile strength of the elongated con - ponents useful for signal processing and data storage , and 
ductive body is from about 80 kPsi to about 500 kPsi . In preferably a telemetry module for one - or two - way data 
another example , in some embodiments , the Young ' s modu - communication between the electronics unit 500 and one or 
lus of the elongated conductive body is from about 160 GPa more receivers , repeaters , and / or display devices , such as 
to about 220 GPa . In still another example , in some embodi - 65 devices 110 - 113 . Electronics can be affixed to a printed 
ments , the yield strength of the elongated conductive body circuit board ( PCB ) , or the like , and can take a variety of 
is from about 60 kPsi to about 2200 kPsi . Ultimate tensile forms . For example , the electronics can take the form of an 
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integrated circuit ( IC ) , such as an Application - Specific Inte - tion of the measured analyte values from the estimated 
grated Circuit ( ASIC ) , a microcontroller , and / or a processor . analyte values , or the like . Additionally , prompts can be 
The electronics unit 500 may include sensor electronics that displayed to guide the user through calibration or trouble 
are configured to process sensor information , such as storing shooting of the calibration . 
data , analyzing data streams , calibrating analyte sensor data , 5 Additionally , data output from the output module can 
estimating analyte values , comparing estimated analyte val - provide wired or wireless , one - or two - way communication 
ues with time corresponding measured analyte values , ana between the receiver and an external device . The external 
lyzing a variation of estimated analyte values , and the like . device can be any device that interfaces or communicates 
Examples of systems and methods for processing sensor with the receiver . In some embodiments , the external device 
analyte data are described in more detail herein and in U . S . 10 is a computer , and the receiver is able to download current 
Pat . No . 7 , 310 , 544 , U . S . Pat . No . 6 , 931 , 327 , U . S . Patent or historical data for retrospective analysis by a physician , 
Publication No . 2005 - 0043598 - A1 , U . S . Patent Publication for example . In some embodiments , the external device is a 
No . 2007 - 0032706 - A1 , U . S . Patent Publication No . 2007 modem , and the receiver is able to send alerts , warnings , 
0016381 - A1 , U . S . Patent Publication No . 2008 - 0033254 emergency messages , or the like , via telecommunication 
A1 , U . S . Patent Publication No . 2005 - 0203360 - A1 , U . S . 15 lines to another party , such as a doctor or family member . In 
Patent Publication No . 2005 - 0154271 - A1 , U . S . Patent Pub some embodiments , the external device is an insulin pen , 
lication No . 2005 - 0192557 - A1 , U . S . Patent Publication No . and the receiver is able to communicate therapy recommen 
2006 - 0222566 - A1 , U . S . Patent Publication No . 2007 - dations , such as insulin amount and time to the insulin pen . 
0203966 - A1 and U . S . Patent Publication No . 2007 - In some embodiments , the external device is an insulin 
0208245 - A1 , the contents of which are hereby incorporated 20 pump , and the receiver is able to communicate therapy 
by reference in their entirety . recommendations , such as insulin amount and time to the 

One or more repeaters , receivers and / or display devices , insulin pump . The external device can include other tech 
such as key fob repeater 110 , medical device receiver 111 nology or medical devices , for example pacemakers , 
( e . g . , insulin delivery device and / or dedicated glucose sen - implanted analyte sensor patches , other infusion devices , 
sor receiver ) , smart phone 112 , portable computer 113 , and 25 telemetry devices , or the like . The receiver may communi 
the like are operatively linked to the electronics unit , which cate with the external device , and / or any number of addi 
receive data from the electronics unit 500 , which is also tional devices , via any suitable communication protocol , 
referred to as the transmitter and / or sensor electronics body including radio frequency , Bluetooth , universal serial bus , 
herein , and in some embodiments transmit data to the any of the wireless local area network ( WLAN ) communi 
electronics unit 500 . For example , the sensor data can be 30 cation standards , including the IEEE 802 . 11 , 802 . 15 , 802 . 20 , 
transmitted from the sensor electronics unit 500 to one or 802 . 22 and other 802 communication protocols , ZigBee , 
more of key fob repeater 110 , medical device receiver 111 , wireless ( e . g . , cellular ) telecommunication , paging network 
smart phone 112 , portable computer 113 , and the like . In one communication , magnetic induction , satellite data commu 
embodiment , a display device includes an input module with nication , GPRS , ANT , and / or a proprietary communication 
a quartz crystal operably connected to an RF transceiver ( not 35 protocol . 
shown ) that together function to transmit , receive and syn - FIGS . 2A - 2D are perspective views of the on - skin sensor 
chronize data streams from the electronics unit 500 . How - assembly and applicator at various stages in a method of an 
ever , the input module can be configured in any manner that application process in a generally applicable embodiment . 
is capable of receiving data from the electronics unit 500 . FIG . 2A shows an embodiment of an applicator 400 . The 
Once received , the input module sends the data stream to a 40 applicator 400 has a liner 490 connected thereto which 
processor that processes the data stream , such as described covers an adhesive ( not shown ) . FIG . 2A also shows an 
in more detail below . The processor is the central control embodiment of an electronics unit , also referred to as a 
unit that performs the processing , such as storing data , transmitter 500 . As indicated , the transmitter 500 is inserted 
analyzing data streams , calibrating analyte sensor data , through an opening 830 ( FIG . 29B ) in the applicator 400 and 
estimating analyte values , comparing estimated analyte val - 45 at least partially seated in the housing , as further discussed 
ues with time corresponding measured analyte values , ana - below . FIG . 2B shows the applicator 400 having the trans 
lyzing a variation of estimated analyte values , downloading mitter 500 ( not shown ) inserted therein . FIG . 2C shows the 
data , and controlling the user interface by providing analyte applicator 500 having the liner 490 ( not shown ) removed . 
values , prompts , messages , warnings , alarms , and the like . The removal of the liner 490 exposes an adhesive ( not 
The processor includes hardware that performs the process - 50 shown ) by which the on - skin sensor assembly 600 is 
ing described herein , for example read - only memory ( ROM ) attached to the host . After removal of the liner the applicator 
provides permanent or semi - permanent storage of data , is placed on to the host . In some embodiments , the trans 
storing data such as sensor ID ( sensor identity ) , receiver ID mitter 500 may be inserted into the applicator 400 after the 
( receiver identity ) , and programming to process data streams applicator is placed on to the host . FIG . 2D shows that 
( for example , programming for performing estimation and 55 trigger ( may be referred to interchangeably as “ button ” ) 405 
other algorithms described elsewhere herein ) and random has been activated . The activation of the trigger causes the 
access memory ( RAM ) stores the system ' s cache memory applicator 400 to insert the sensor into the host , seat the 
and is helpful in data processing . An output module , which transmitter 500 into the housing , thereby electrically con 
may be integral with and / or operatively connected with the tacting the sensor to electrical contacts of the transmitter 
processor , includes programming for generating output 60 500 , and detach the applicator 400 from the on - skin sensor 
based on the sensor data received from the electronics unit assembly 600 . This embodiment advantageously allows the 
( and any processing that incurred in the processor ) . described actions to be automatically performed with a 

In some embodiments , analyte values are displayed on a single trigger activation . In some embodiments , the trigger 
display device . In some embodiments , prompts or messages activation also causes the on - skin sensor assembly 600 to 
can be displayed on the display device to convey informa - 65 begin sensing and transmitting data . In this way , the system 
tion to the user , such as reference outlier values , requests for embodied here allows a user to perform a few simple steps : 
reference analyte values , therapy recommendations , devia - insert the transmitter , peel the liner , stick the adhesive to skin 






































