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BI-STABLE MEDICAL SENSOR AND 
TECHNIQUE FOR USING THE SAME 

This application is a continuation of US. patent applica 
tion Ser. No. 11/199,525, entitled “Bi-Stable Medical Sensor 
and Technique for Using the Same”, ?ledAug. 8, 2005, Which 
is herein incorporated by reference in its entirety for all pur 
poses. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates generally to medical devices 

and, more particularly, to sensors used for sensing physi 
ological parameters of a patient. 

2. Description of the Related Art 
This section is intended to introduce the reader to various 

aspects of art that may be related to various aspects of the 
present invention, Which are described and/or claimed beloW. 
This discussion is believed to be helpful in providing the 
reader With background information to facilitate a better 
understanding of the various aspects of the present invention. 
Accordingly, it should be understood that these statements are 
to be read in this light, and not as admissions of prior art. 

In the ?eld of medicine, doctors often desire to monitor 
certain physiological characteristics of their patients. Accord 
ingly, a Wide variety of devices have been developed for 
monitoring physiological characteristics. Such devices pro 
vide doctors and other healthcare personnel With the infor 
mation they need to provide the best possible healthcare for 
their patients. As a result, such monitoring devices have 
become an indispensable part of modern medicine. 
One technique for monitoring certain physiological char 

acteristics of a patient is commonly referred to as pulse oxim 
etry, and the devices built based upon pulse oximetry tech 
niques are commonly referred to as pulse oximeters. Pulse 
oximetry may be used to measure various blood ?oW charac 
teristics, such as the blood-oxygen saturation of hemoglobin 
in arterial blood, the volume of individual blood pulsations 
supplying the tissue, and/ or the rate of blood pulsations cor 
responding to each heartbeat of a patient. 

Pulse oximeters typically utiliZe a non-invasive sensor that 
is placed on or against a patient’s tissue that is Well perfused 
With blood, such as a patient’ s ?nger, toe, forehead or earlobe. 
The pulse oximeter sensor emits light and photoelectrically 
senses the absorption and/or scattering of the light after pas 
sage through the perfused tissue. The data collected by the 
sensor may then be used to calculate one or more of the above 
physiological characteristics based upon the absorption or 
scattering of the light. More speci?cally, the emitted light is 
typically selected to be of one or more Wavelengths that are 
absorbed or scattered in an amount related to the presence of 
oxygenated versus deoxygenated hemoglobin in the blood. 
The amount of light absorbed and/or scattered may then be 
used to estimate the amount of the oxygen in the tissue using 
various algorithms. 

In many instances, it may be desirable to employ, for cost 
and/ or convenience, a pulse oximeter sensor that is reusable. 
Such reusable sensors, hoWever, may be uncomfortable for 
the patient for various reasons. For example, the materials 
used in their construction may not be adequately compliant or 
supple or the structural features may include angles or edges. 

Furthermore, the reusable sensor should ?t snugly enough 
that incidental patient motion Will not dislodge or move the 
sensor, yet not so tight that it may interfere With pulse oxim 
etry measurements. Such a conforming ?t may be dif?cult to 
achieve over a range of patient physiologies Without adjust 
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ment or excessive attention on the part of medical personnel. 
In addition, lack of a tight or secure ?t may alloW light from 
the environment to reach the photodetecting elements of the 
sensor. Such environmental light is not related to a physi 
ological characteristic of the patient and may, therefore, intro 
duce error into the measurements derived using data obtained 
With the sensor. 

Reusable pulse oximeter sensors are also used repeatedly 
and, typically, on more than one patient. Therefore, over the 
life of the sensor, detritus and other bio-debris (sloughed off 
skin cells, dried ?uids, dirt, and so forth) may accumulate on 
the surface of the sensor or in crevices and cavities of the 
sensor, after repeated uses. As a result, it may be desirable to 
quickly and/ or routinely clean the sensor in a thorough man 
ner. HoWever, in sensors having a multi-part construction, as 
is typical in reusable pulse oximeter sensors, it may be di?i 
cult to perform such a quick and/or routine cleaning. For 
example, such a thorough cleaning may require disassembly 
of the sensor and individual cleaning of the disassembled 
parts or may require careful cleaning using utensils capable of 
reaching into cavities or crevices of the sensor. Such cleaning 
is labor intensive and may be impractical in a typical hospital 
or clinic environment. 

SUMMARY 

Certain aspects commensurate in scope With the originally 
claimed invention are set forth beloW. It should be understood 
that these aspects are presented merely to provide the reader 
With a brief summary of certain forms the invention might 
take and that these aspects are not intended to limit the scope 
of the invention. Indeed, the invention may encompass a 
variety of aspects that may not be set forth beloW. 

There is provided a sensor assembly that includes: a frame 
comprising tWo or more structural supports; a coating pro 
vided over the frame, Wherein the coating comprises at least 
one deformable region disposed betWeen the tWo or more 
structural supports; and at least one optical component dis 
posed Within the at least one deformable region, such that the 
at least one optical component can move relative to the tWo or 

more structural supports. 
There is also provided a sensor assembly that includes: a 

frame comprising a ?rst portion and a second portion con 
nected by a hinge; an emitter disposed on the frame; a detector 
disposed on the frame; a coating provided over the frame, the 
emitter, and the detector to form a unitary sensor assembly; 
and a resistance-providing component disposed generally 
about the hinge. 

In addition, there is also provided a sensor assembly that 
includes: a frame; at least one sensor component attached to 
the frame; and a coating provided over the frame and the at 
least one sensor component to form a sensor assembly having 
at least tWo mechanically stable con?gurations. 

There is also provided a method of manufacturing a sensor 
that includes: situating an emitter and a detector on a skeletal 
frame; and coating the skeletal frame With a coating material 
to form a sensor assembly having at least tWo mechanically 
stable con?gurations. 

There is also included a method for acquiring physiologi 
cal data that includes: emitting tWo or more Wavelengths of 
light from an emitter of a sensor assembly having at least tWo 
mechanically stable con?gurations; detecting transmitted or 
re?ected light using a photodetector of the sensor assembly; 
and determining a physiological parameter based on the 
detected light. 
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There is also included a method of manufacturing a bi 
stable sensorbody that includes: coating a skeletal frame With 
a coating material to form a sensor body having at least tWo 
stable con?gurations. 

There is also provided a sensor body that includes: a frame; 
a coating provided over the frame to form a sensor body; and 
a resistance-providing component con?gured to resist transi 
tions betWeen a ?rst stable con?guration and a second stable 
con?guration of the sensor body. 

There is also provided a skeletal frame of a sensor that 
includes: tWo or more structural support members having one 
or more spaces betWeen the tWo or more structural support 

members, Wherein the tWo or more structural support mem 
bers are con?gured to provide support to an overlying coating 
When present; a hinge connecting some or all of the tWo or 
more structural support members; and a resistance-providing 
component disposed generally about the hinge such that the 
skeletal frame has tWo or more mechanically stable con?gu 
rations. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Advantages of the invention may become apparent upon 
reading the folloWing detailed description and upon reference 
to the draWings in Which: 

FIG. 1 illustrates a patient monitoring system coupled to a 
multi-parameter patient monitor and a bi-stable sensor, in 
accordance With aspects of the present technique; 

FIG. 2 illustrates a closed internal frame for use in a bi 
stable sensor, in accordance With aspects of the present tech 
nique; 

FIG. 3 illustrates a side vieW of the internal frame of FIG. 
2 in an open con?guration; 

FIG. 4 illustrates a side vieW of the internal frame of FIG. 
2 in a closed con?guration; 

FIG. 5A illustrates a vieW of the internal frame of FIG. 2 in 
a closed con?guration With an elastic band disposed about the 
hinge region; 

FIG. 5B illustrates a side vieW of the internal frame of FIG. 
2 in an open con?guration With an elastic band disposed about 
the hinge region; 

FIG. 6 illustrates an overmolded bi-stable sensor, in accor 
dance With aspects of the present technique; 

FIG. 7 illustrates the overmolded bi-stable sensor of FIG. 6 
in an open con?guration; 

FIG. 8 illustrates the bi-stable sensor of FIG. 6 in use on a 
patient’s ?nger, in accordance With aspects of the present 
technique; 

FIG. 9 illustrates a cross-section taken along section line 9 
of FIG. 6; and 

FIG. 10 illustrates a cross-section taken along section line 
10 of FIG. 6. 

DETAILED DESCRIPTION OF SPECIFIC 
EMBODIMENTS 

One or more speci?c embodiments of the present invention 
Will be described beloW. In an effort to provide a concise 
description of these embodiments, not all features of an actual 
implementation are described in the speci?cation. It should 
be appreciated that in the development of any such actual 
implementation, as in any engineering or design project, 
numerous implementation-speci?c decisions must be made 
to achieve the developers’ speci?c goals, such as compliance 
With system-related and business-related constraints, Which 
may vary from one implementation to another. Moreover, it 
should be appreciated that such a development effort might be 
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complex and time consuming, but Would nevertheless be a 
routine undertaking of design, fabrication, and manufacture 
for those of ordinary skill having the bene?t of this disclosure. 

It is desirable to provide a comfortable and conformable 
reusable patient sensor, such as for use in pulse oximetry or 
other applications utiliZing spectrophotometry, that is easily 
cleaned and that is resistant to environmental light in?ltra 
tion. In accordance With some aspects of the present tech 
nique, a reusable patient sensor is provided that is overmolded 
to provide patient comfort and a suitably conformable ?t. The 
overmold material provides a seal against bodily ?uids, as 
Well as Water or other cleaning ?uids that alloWs easy clean 
ing Without disassembly or special tools. 

In accordance With some aspects of the present technique, 
the reusable patient sensor has more than one mechanically 
stable con?guration, such as tWo-stable con?gurations, in a 
mechanically bi-stable implementation. As Will be appreci 
ated by those of ordinary skill in the art, such multi- or 
bi-stable con?gurations are resistant to transitions or move 
ment betWeen stable con?gurations, therefore each con?gu 
ration is stable absent an applied force su?icient to overcome 
this resistance. In this Way, a bi-stable device in one of its 
stable con?gurations Will remain in that stable con?guration 
until a force is applied to overcome the resistance to the 
transition to the second stable con?guration. Once such a 
force is applied, hoWever, and the bi-stable device is in the 
second stable con?guration, the resistance noW functions to 
resist transition back to the ?rst stable con?guration. For 
example, for a bi-stable sensor having open and closed con 
?gurations, the sensor Will remain open until su?icient force 
is applied to close the sensor, hoWever, once closed the sensor 
Will remain closed absent a second application of force suf 
?cient to re-open the sensor. 

Prior to discussing such exemplary multi- or bi-stable sen 
sors in detail, it should be appreciated that such sensors may 
be designed for use With a typical patient monitoring system. 
For example, referring noW to FIG. 1, a bi-stable sensor 10 
according to the present invention may be used in conjunction 
With a patient monitor 12. In the depicted embodiment, a 
cable 14 connects the bi-stable sensor 10 to the patient moni 
tor 12. As Will be appreciated by those of ordinary skill in the 
art, the sensor 10 and/or the cable 14 may include or incor 
porate one or more integrated circuit devices or electrical 

devices, such as a memory, processor chip, or resistor, that 
may facilitate or enhance communication betWeen the bi 
stable sensor 10 and the patient monitor 12. LikeWise the 
cable 14 may be an adaptor cable, With or Without an inte 
grated circuit or electrical device, for facilitating communi 
cation betWeen the bi-stable sensor 10 and various types of 
monitors, including older or neWer versions of the patient 
monitor 12 or other physiological monitors. In other embodi 
ments, the bi-stable sensor 10 and the patient monitor 12 may 
communicate via Wireless means, such as using radio, infra 
red, or optical signals. In such embodiments, a transmission 
device (not shoWn) may be connected to the bi-stable sensor 
10 to facilitate Wireless transmission betWeen the bi-stable 
sensor 10 and the patient monitor 12. As Will be appreciated 
by those of ordinary skill in the art, the cable 14 (or corre 
sponding Wireless transmissions) are typically used to trans 
mit control or timing signals from the monitor 12 to the 
bi-stable sensor 10 and/ or to transmit acquired data from the 
bi-stable sensor 10 to the monitor 12. In some embodiments, 
hoWever, the cable 14 may be an optical ?ber that alloWs 
optical signals to be conducted betWeen the monitor 12 and 
the bi-stable sensor 10. 

In one embodiment, the patient monitor 12 may be a suit 
able pulse oximeter, such as those available from Nellcor 
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Puritan Bennett Inc. In other embodiments, the patient moni 
tor 12 may be a monitor suitable for measuring tissue Water 
fractions, or other body ?uid related metrics, using spectro 
photometric or other techniques. Furthermore, the monitor 12 
may be a multi-purpose monitor suitable for performing pulse 
oximetry and measurement of tissue Water fraction, or other 
combinations of physiological and/or biochemical monitor 
ing processes, using data acquired via the sensor 10. Further 
more, to upgrade conventional monitoring functions pro 
vided by the monitor 12 to provide additional functions, the 
patient monitor 12 may be coupled to a multi-parameter 
patient monitor 16 via a cable 18 connected to a sensor input 
port and/or via a cable 20 connected to a digital communica 
tion port. 

The sensor 10, in the example depicted in FIG. 1, is a 
bi-stable sensor that is overmolded to provide a unitary or 
enclosed assembly. The bi-stable sensor 10 includes an emit 
ter 22 and a detector 24 Which may be of any suitable type. For 
example, the emitter 22 may be one or more light emitting 
diodes adapted to transmit one or more Wavelengths of light, 
such as in the red to infrared range, and the detector 24 may be 
a photodetector, such as a silicon photodiode package, 
selected to receive light in the range emitted from the emitter 
22. In the depicted embodiment, the bi-stable sensor 10 is 
coupled to a cable 14 that is responsible for transmitting 
electrical and/ or optical signals to and from the emitter 22 and 
detector 24 of the bi-stable sensor 10. The cable 14 may be 
permanently coupled to the bi-stable sensor 10, or it may be 
removably coupled to the bi-stable sensor 1 Oithe latter alter 
native being more useful and cost e?icient in situations Where 
the bi-stable sensor 10 is disposable. 

The bi-stable sensor 10 described above is generally con 
?gured for use as a “transmission type” sensor for use in 
spectrophotometric applications, though in some embodi 
ments it may instead be con?gured for use as a “re?ectance 
type sensor.” Transmission type sensors include an emitter 
and detector that are typically placed on opposing sides of the 
sensor site. If the sensor site is a ?ngertip, for example, the 
bi-stable sensor 10 is positioned over the patient’s ?ngertip 
such that the emitter and detector lie on either side of the 
patient’s nail bed. For example, the bi-stable sensor 10 is 
positioned so that the emitter is located on the patient’s ?n 
gernail and the detector is located opposite the emitter on the 
patient’s ?nger pad. During operation, the emitter shines one 
or more Wavelengths of light through the patient’s ?ngertip, 
or other tissue, and the light received by the detector is pro 
cessed to determine various physiological characteristics of 
the patient. 

Re?ectance type sensors generally operate under the same 
general principles as transmittance type sensors. HoWever, 
re?ectance type sensors include an emitter and detector that 
are typically placed on the same side of the sensor site. For 
example, a re?ectance type sensor may be placed on a 
patient’s ?ngertip such that the emitter and detector are posi 
tioned side-by-side. Re?ectance type sensors detect light 
photons that are scattered back to the detector. 

For pulse oximetry applications using either transmission 
or re?ectance type sensors the oxygen saturation of the 
patient’s arterial blood may be determined using tWo or more 
Wavelengths of light, most commonly red and near infrared 
Wavelengths. Similarly, in other applications a tissue Water 
fraction (or other body ?uid related metric) or a concentration 
of one or more biochemical components in an aqueous envi 
ronment may be measured using tWo or more Wavelengths of 
light, most commonly near infrared Wavelengths betWeen 
about 1,000 nm to about 2,500 nm. It should be understood 
that, as used herein, the term “light” may refer to one or more 
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6 
of infrared, visible, ultraviolet, or even X-ray electromagnetic 
radiation, and may also include any Wavelength Within the 
infrared, visible, ultraviolet, or X-ray spectra. 

Pulse oximetry and other spectrophotometric sensors, 
Whether transmission-type or re?ectance-type, are typically 
placed on a patient in a location conducive to measurement of 
the desired physiological parameters. For example, pulse 
oximetry sensors are typically placed on a patient in a location 
that is normally perfused With arterial blood to facilitate mea 
surement of the desired blood characteristics, such as arterial 
oxygen saturation measurement (SaOZ). Common pulse 
oximetry sensor sites include a patient’s ?ngertips, toes, fore 
head, or earlobes. Regardless of the placement of the bi-stable 
sensor 10, the reliability of the pulse oximetry measurement 
is related to the accurate detection of transmitted light that has 
passed through the perfused tissue and has not been inappro 
priately supplemented by outside light sources or modulated 
by subdermal anatomic structures. Such inappropriate 
supplementation and/or modulation of the light transmitted 
by the sensor can cause variability in the resulting pulse 
oximetry measurements. 
As noted above, the bi-stable sensor 10 discussed herein 

may be con?gured for either transmission or re?ectance type 
sensing. For simplicity, the exemplary embodiment of the 
bi-stable sensor 10 described herein is adapted for use as a 
transmission-type sensor. As Will be appreciated by those of 
ordinary skill in the art, hoWever, such discussion is merely 
exemplary and is not intended to limit the scope of the present 
technique. 

Referring noW to FIGS. 2-5, an internal frame 30 for a 
bi-stable sensor 10 is depicted. In the depicted example, the 
internal frame 30 is a skeletal frame for a bi-stable sensor 10. 
Such a skeletal frame may include different structures or 
regions that may or may not have similar rigidities. For 
example, the depicted skeletal frame includes structural sup 
ports 34 that de?ne the general shape of the sensor 10 When 
coated, as discussed beloW With regard to FIGS. 6-10. In vieW 
of their structure providing function, the structural supports 
34 may be constructed to be substantially rigid or semi-rigid. 
In addition, the skeletal frame may include a cable guide 36 
through Which a cable, such as an electrical or optical cable, 
may pass to connect to the electrical or optical conductors 
attached to the emitter 22 and/or detector 24 upon assembly. 
LikeWise, a skeletal frame, such as the depicted internal frame 
30, may include component housings, such as the emitter 
housing 38 and detector housing 40 and struts 42 attaching 
such housings to the remainder of the skeletal frame. The 
struts 42 may be relatively ?exible, alloWing the emitter hous 
ing 38 and/or the detector housing 40 to move vertically (such 
as along an optical axis betWeen the respective housings) 
relative to the structural supports 34 of the skeletal frame. 
Alternatively, in embodiments Where the struts 42 are rela 
tively rigid, Where multiple struts 42 are employed to attach 
the housings 38 and 40 to the structural supports 34, or Where 
the internal frame is substantially solid instead of skeletal, the 
housings 38 and/ or 40 may be ?xed relative to the respective 
structural supports 34 and, therefore, move With the structural 
supports 34. 

In embodiments Where the internal frame 30 is skeletal, the 
various structural supports 34, housings 38 and 40, struts 42, 
and other structures may de?ne various openings and spaces 
betWeen and/ or around the structures of the skeletal frame. In 
this manner, the skeletal frame provides structural support at 
speci?c locations for a coating or overrnolding. HoWever, in 
regions Where structural support is not provided, ?exibility 
and freedom of motion in an overlying coating or overmold 
ing may be possible. For example, in one implementation, the 
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emitter housing 38 and/or the detector housing 40 may be 
attached to the remainder of the skeletal frame by ?exible 
struts 42, as depicted in FIG. 2. In such implementations, a 
coating provided proximate to the emitter housing 38 and/or 
detector housing 40 may be suf?ciently ?exible (such as due 
to the elasticity and/or the thinness of the coating material in 
the open areas of the skeletal frame) such that the housings 38 
and 40 may move independent of the structural supports 34 of 
the frame 30 along an optical axis betWeen the housings 38 
and 40. 

In certain embodiments, the internal frame 30 is con 
structed, in Whole or in part, from polymeric materials, such 
as thermoplastics, capable of providing a suitable rigidity or 
semi-rigidity for the different portions of the internal frame 
30. Examples of such suitable materials include polyure 
thane, polypropylene and nylon, though other polymeric 
materials may also be suitable. In other embodiments, the 
internal frame 30 is constructed, in Whole or in part, from 
other suitably rigid or semi-rigid materials, such as stainless 
steel, aluminum, magnesium, graphite, ?berglass, or other 
metals, alloys, or compositions that are su?iciently ductile 
and/or strong. For example, metals, alloys, or compositions 
that are suitable for diecasting, sintering, lost Wax casting, 
stamping and forming, and other metal or composition fabri 
cation processes may be used to construct the internal frame 
30. 

In addition, the internal frame 30 may be constructed as an 
integral structure or as a composite structure. For example, in 
one embodiment, the internal frame 30 may be constructed as 
a single piece from a single material or from different mate 
rials. Alternatively, the intemal frame 30 may be constructed 
or assembled from tWo or more parts that are separately 
formed. In such embodiments, the different parts may be 
formed from the same or different materials. For example, in 
implementations Where different parts are formed from dif 
ferent materials, each part may be constructed from a material 
having suitable mechanical and/or chemical properties for 
that part. The different parts may then be joined or ?tted 
together to form the internal frame 30. 

In addition, the internal frame 30 may be molded, formed, 
or constructed in a different con?guration than the ?nal sen 
sor con?guration. For example, the internal frame 30 for use 
in the bi-stable sensor 10 may be initially formed in a gener 
ally open, or ?at, con?guration, as depicted in FIG. 3. The 
internal frame 30 may then be bent from the open con?gura 
tion into a relatively closed con?guration, as depicted in FIG. 
4. 

In certain embodiments, the internal frame 30 is ?tted With 
a resistance component, such as an elastic band 50 ?tted about 
a hinge region 52, as depicted in FIGS. 5A and 5B. The 
resistance component provides or augments a resistance to 
transitions betWeen con?gurations of the bi-stable sensor 10, 
as depicted generally by arroWs generally indicative of the 
direction force (F) is applied by the resistance component. 
That is, the resistance provided or augmented by the resis 
tance component is overcome to transition betWeen tWo 
mechanically stable sensor con?gurations. For example, in 
FIG. 5A, the resistance component provides force, F, that 
biases a ?rst portion 54 and a second portion 56 of the internal 
frame 30 closed absent a greater opposing force, i.e., an 
opening force. Likewise, in FIG. 5B, the resistance compo 
nent provides force, F, that biases the ?rst portion 54 and 
second portion 56 of the internal frame 30 apart absent a 
greater opposing force, i.e., a closing force. 
As Will be appreciated by those of ordinary skill in the art, 

a resistance component, such as elastic band 50, may be 
composed of a material or a combination of materials that 
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8 
provide the desired elasticity and resistance, such as poly 
meric materials (rubber, plastic, and so forth) or metals. Like 
Wise, the resistance component may take other forms than a 
continuous loop, such as the exemplary elastic band 50. For 
example, an elastic band or strap may be con?gured With 
dove-tailed ends or With a dog-bone shape to facilitate con 
nection to the frame 30, such as to conform to complementary 
attachment regions integral to the frame 30. 
Though the present example depicts the resistance compo 

nent, in the form of elastic band 50, as being disposed directly 
on the frame 30, one of ordinary skill in the art Will appreciate 
that other con?gurations are also possible. For example, the 
resistance component, such as elastic band 50, may be dis 
posed Within a coating material overlying the frame 30 or 
external to such a coating material. Similarly, in other 
embodiments, the resistance component may be provided as 
part of the frame 30, such as a hinge portion 52 con?gured to 
resist transitions betWeen stable con?gurations (Without aug 
mentation by an added resistance component). LikeWise, the 
resistance component may be or may include an elastomeric 
coating material, as discussed beloW, disposed over the frame 
30. In such embodiments, the coating material may provide 
the resistance based on the elasticity or other physical prop 
er‘ties of the coating material itself. Alternatively, the resis 
tance provided by the coating may be based on regions of the 
coating that differ in elasticity and/ or hardness, thereby form 
ing resistive structures or regions Within the coating. 
As noted above, in certain embodiments of the present 

technique, the frame 30 (such as a skeletal, internal frame) is 
coated to form a unitary or integral sensor assembly, as 
depicted in FIGS. 6-10. Such overmolded embodiments may 
result in a sensor assembly in Which the internal frame 30 is 
completely or substantially coated. In embodiments in Which 
the internal frame 30 is formed or molded as a relatively open 
or ?at structure, the overmolding or coating process may be 
performed prior to or subsequent to bending the internal 
frame 30 into the closed con?guration. 

For example, the bi-stable sensor 10 may be formed by an 
injection molding process. In one example of such a process 
the internal frame 3 0, With or Without an attached elastic band 
50, may be positioned Within a die or mold of the desired 
shape for the bi-stable sensor 10. A molten or otherWise unset 
overmold material may then be injected into the die or mold. 
For example, in one implementation, a molten thermoplastic 
elastomer at betWeen about 4000 F. to about 4500 F. is injected 
into the mold. The overmold material may then be set, such as 
by cooling for one or more minutes or by chemical treatment, 
to form the sensor body about the internal frame 30 and the 
elastic band 50, if present. In certain embodiments, other 
sensor components, such as the emitter 22 and/or detector 24, 
may be attached or inserted into their respective housings or 
positions on the overmolded sensor body. 

Alternatively, the optical components (such as emitter 22 
and detector 24) and/ or conductive structures (such as Wires 
or ?ex circuits) may be placed on the internal frame 30 prior 
to overmolding. The internal frame 30 and associated com 
ponents may then be positioned Within a die or mold and 
overmolded, as previously described. To protect the emitter 
22, detector 24, and or other electrical components, conven 
tional techniques for protecting such components from exces 
sive temperatures may be employed. For example, the emitter 
22 and/ or the detector 24 may include an associated clear 
WindoW, such as a plastic or crystal WindoW, in contact With 
the mold to prevent coating from being applied over the 
WindoW. In one embodiment, the material in contact With 
such WindoWs may be composed of a material, such as beryl 
lium copper, Which prevents the heat of the injection molding 








