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LENS MOUNTED OPTICAL SENSOR ARRANGEMENT

BACKGROUND

This invention relates generally to devices that use non-invasive electro-optical
technology for sensing and measuring physiological parameters. More particularly, the
invention relates to arrangements for the mounting of optical sensors in physiological
monitoring devices that are worn by a user.

Numerous portable devices have been developed in which optical sensors are used
to detect variation in blood flow through arteries or blood volume in subcutaneous tissue.
Applications include the monitoring of heart rate, glucose level, apnea, respiratory stress,
and other physiological conditions. The optical sensor of such arrangements include one
or more light sources that illuminate a targeted portion of the human body and one or
more associated optical detectors that receive a portion of the optical energy emitted by
the light sources. There are two basic types of such arrangements. In transmissive sensor
arrangements, a relatively thin portion of the body such as the tip of the finger or the
earlobe is positioned between a light source and a photo detector. Light that passes
through the body tissue impinges on the photo detector resulting in an electrical signal
that is synchronized to each heartbeat. In reflective sensor arrangements, a sensor that
includes one or more light sources located in spaced apart juxtaposition with a photo
detector is positioned against a targeted area of the body. Optical energy emitted by the
light sources passes through the skin of the targeted tissue region, is scattered, partially
absorbed, and is reflected by blood flowing through arteries and other vascular structure.
The reflected optical energy is in effect modulated in accordance with blood flow in the
targeted area and causes the photo detector to produce a signal pulse that is synchronized
to each heartbeat. In both transmissive and reflective arrangements, the signal produced
by the photo detectors is processed to display or otherwise provide a real time indication
of the monitored physiological parameter.

One area of growing interest of the use of physiological monitors is with respect
to personal wellness and/or physical exercise for purposes of fitness training and weight
loss. Technological advances relating to optical sensors, signal processing, and display
devices have made it possible to realize small, light-weight physiological monitors that

can be embodied as armbands or bracelets that are comfortably worn by a user. For
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example, the embodiment of the invention described herein provides the optical sensor
for a heart rate monitor that is included in a wrist watch.

Providing physiological monitors for wellness and physical exercise applications
is subject to numerous design and manufacturing considerations. For example, the
electronic circuitry for processing the signal produced by the photo detector and
displaying an indication of the monitored parameter must operate at a low power level to
provide adequate battery life while simultaneously providing sufficient accuracy.
Constraints relating to the physical design of such monitors are not limited to the
challenges of packaging the electronics and display units in an arrangement that can be
easily and comfortably worn by a user. Special considerations and constraints are present
with respect to incorporation of the optical sensor. For example, the light sources and
photodiode of the optical sensor must be optically isolated from one another. Otherwise,
the photo detector will receive optical energy that is not modulated by heartbeat, which
can result in an unwarranted increase in electrical design requirements and/or seriously
affect monitoring accuracy and power requirements. Similarly, optimal performance
requires that the optical sensor be firmly positioned against the user's skin so that light
emitted by an optical source passes through the skin and, additionally, so that ambient
light does not reach an associated photo detector. Firmly positioning the optical sensor
against the user's skin also is important with respect to preventing movement of the
sensor that can affect the accuracy of the monitoring device and/or interrupt its operation.
Additionally, the optical sensor should be securely retained by the monitoring device to
maintain physical integrity and facilitate satisfactory waterproofing of the entire monitor.

Because of the above mentioned design and manufacturing considerations, as well
as others that are known to designers and manufacturers, a need exists for improved
techniques for incorporating optical sensor arrangements in physiological monitoring
devices. The need is of special significance relative to personal wellness monitors and
heart rate monitors that are used during physical exercise. In particular, the
manufacturing costs of such devices must be maintained as low as possible to provide a
generally affordable and competitive product while without sacrificing product accuracy

and quality.
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SUMMARY

This summary is provided to introduce a selection of concepts in a simplified
form that are further described below in the Detailed Description. This summary is not
intended to identify key features of the claimed subject matter, nor is it intended to be
used as an aid in determining the scope of the claimed subject matter.

The present invention provides an optical sensor arrangement especially suited for
use in physiological monitoring devices that are used for physical training and exercise
and/or wellness monitoring. A major aspect of the invention is the mounting of optical
sensor light sources and photo detectors in transparent lenses that are installed in the
portion of a monitoring device that is placed in contact with the user's skin. In the
preferred arrangement, the monitor is embodied as a wrist watch with the light sources
being two spaced apart light emitting diodes (LEDs) and the photo detector being a
photodiode that is positioned between the two light emitting diodes. In that particular
embodiment, the LEDs and the photodiode are positioned by and mounted to a printed
circuit board that is installed in the interior of the watch and the lenses are installed in the
watch caseback. Portions of the caseback extend inwardly to contact the printed circuit in
the region between the LEDs and the photodiode to prevent light emitted by the LEDs
from being directly coupled to the photodiode. In the most preferred embodiments, a
pliant opaque layer of tape or sponge-like material that is located on the printed circuit
board is contacted by the inwardly extending portions of the caseback to further ensure
optical isolation of the photodiode.

DESCRIPTION OF THE DRAWINGS

The foregoing aspects and many of the attendant advantages of this invention will
become more readily appreciated as the same become better understood by reference to
the following detailed description, when taken in conjunction with the accompanying
drawings, wherein:

FIGURE 1 depicts the front view of a physiological monitor in the form of wrist
watch that displays a user's heart rate and that employs an optical sensor arrangement
configured in accordance with this invention;

FIGURE 2 is a rear view of the wrist watch of FIGURE 1 which generally depicts

an optical sensor configured in accordance with the invention;
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FIGURE 3 is a perspective view of the caseback component of the watch shown
in FIGURES 1 and 2, showing openings for containing the components of the optical
sensor arrangement of the invention;

FIGURE 4 is a perspective view showing the portion of the caseback of
FIGURE 3 that resides inside the wrist watch of FIGURE 1;

FIGURE 5 schematically depicts two optical sensor light sources and a photo
detector that are mounted to a printed circuit board that is installed in the caseback shown
in FIGURES 3 and 4;

FIGURE 6 is a partial cutaway of the caseback of FIGURE 3 and the printed
circuit arrangement of FIGURE 5 indicating placement of lenses in the caseback and, in
addition, joinder of the case back with the combined circuit board and optical sensor
arrangement of FIGURE 5;

FIGURE 7 is a cross-sectional view illustrating the caseback assembled with the
circuit board mounted light sources and optical detector arrangement of FIGURE 5; and

FIGURE 8 is a partial cutaway view of the assembled caseback illustrating in
greater detail the mounting of the lenses and the manner in which the light sources are
optically isolated from one another.

DETAILED DESCRIPTION

Shown in FIGURE 1 is a watch 10 that incorporates an optical sensor and
components for processing and displaying a user's heart rate and other information that is
related to exercise or physical training sessions. In the arrangement of FIGURE 1, the
watch case 12 houses a display unit such as a dot matrix liquid crystal display 14.
Extending from opposite edges of the watch case 12 are elastomeric bands 16 that allow
the watch 10 to be snuggly secured to the user. Switches 18 that extend along the narrow
edges of the watch case 12 are operable for setting the time display and establishing the
operational mode of the heart rate monitor. Small icons are located in the upper portion
of the display 14 to indicate operational aspects of watch 10. In the depicted
arrangement, icon 20a is illuminated whenever the watch is energized to indicate battery
condition; icon 20b is illuminated when display 14 indicates the time of day; icon 20c and
20e are illuminated when watch 10 is operating in the exercise mode and heart rate is
being displayed; and icon 20d is illuminated when watch 10 is operating in the exercise

mode and the exercise duration is being recorded. As also is indicated in FIGURE 1, the
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user's heart rate is prominently displayed in the central region of display 14 with the same
display region displaying time when used as a conventional watch.

With reference to FIGURE 2, the back of watch 10 includes a caseback 22 that
includes an optical sensor that is configured in accordance with the invention.
Specifically, the depicted optical sensor includes two light sources 24 that are spaced
apart from one another. In the depicted arrangement, each light source 24 includes a
conventionally configured LED 28 that is contained in a lens 30. In that regard, it should
be noted that lens 30 is not the same as, nor does it replace, the integral lens of a
conventional LED, which is configured to cause emitted light to pass from the end
surface of the device. Located between and closely spaced to the light sources is an
optical detector 26. In FIGURE 2, optical detector 26 includes a photodiode 32 that is
contained by a lens 34.

Lenses 30 and 34 may be formed from mineral glass or plastic that exhibits a high
degree of optical transmission at wavelengths of the optical energy emitted by LEDs 28.
In some instances it may be possible to form lens 30 and 34 from material that imparts a
filtering effect to the lenses. For example, ambient light that reaches photodiode 32 is in
effect noise that can seriously affect operation and accuracy of a heart rate monitor. In
situations in which LEDs 28 emit light sufficiently removed from the infrared region, it
would be advantages to use lenses that block a portion of incident infrared energy to
thereby decrease the effect of any ambient light that passes between caseback 22 and the
user's tissue.

Caseback 22 of the depicted arrangement is configured so that, the depicted
optical sensor is urged firmly against the skin when watch 10 is worn by a user. In that
regard, caseback 22 includes an elliptical region 36 that projects outwardly from the
surface of caseback 22. Centrally located in elliptical region 36 is a circular raised
region 38. The surface of LED lenses 28 and optical detector lens 34 are substantially
flush with or extend slightly above the surface of circular region 38.

FIGURES 3 and 4 respectively, illustrate the back and interior of caseback 22
prior to the installation of LEDs 28, LED lenses 30, photodiode 32 and optical detector
lens 34. As can be seen in both FIGURES 3 and 4, recesses 40 extend inwardly into the
back of caseback 22 for receiving LED lenses 30. The interior of each recess 40 is

shaped to closely match the exterior configuration of a lens 30. An opening 42 is located
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at the bottom of each recess 40 for receiving an LED 42. Each opening 42 is smaller than
the cross-sectional area of the associated recess 40 so that a ledge is formed around the
lower periphery of the opening 40. When an LED lens 30 is installed in an opening 40,
the bottom of the lens comes into abutment with the ledge and the face of the lens is flush
with or projects slightly beyond the rear face of caseback 22.

Similarly, a recess 44 extends inwardly in caseback 22 for receiving optical
detector lens 34. The configuration of recess 44 corresponds to that of recesses 40 in that
the interior wall of recess 44 is configured to closely match the exterior configuration of
optical detector lens 34. An opening 46 is located at the bottom of recess 44 and is
dimensioned and arranged so that an inwardly extending ledge is formed at the lower
terminus of recess 44. When an optical detector lens 34 is installed in the opening 46,
the bottom of the lens comes into abutment with the ledge and the face of the lens is flush
with or projects slightly beyond the rear face of caseback 22.

In view of FIGURES 3 and 4 it can be recognized that recesses 40 and 44
establish the position of LED lenses 30 relative to optical detector lens 34. This, in turn,
establishes the distance between each LED 28 and photodiode 32. In practice,
recesses 40 and 44 are positioned to ensure that sufficient light emitted by LEDs 28
reaches photodiode 32 after being reflected by blood flowing through arteries and other
vascular structure.

As also can be seen in FIGURE 3, the rear face of caseback is contoured to
generally match the wrist or forearm of the user. Located in each corner of caseback 22
are openings 48 for threaded fasteners (50 in FIGURE 2) that secure caseback 22 to
case 12 of FIGURE 1. Additionally, as shown in FIGURE 4, four cylindrical posts 52
that form a rectangular pattern extend upwardly in the interior of caseback 22 for
positioning LEDs 28 and photodiode 32 for containment by LED lenses 30 and optical
detector lens 34.

FIGURE 5 schematically depicts one arrangement for satisfactorily mounting
LEDs 28 and photodiode 32. In the depicted arrangement, LEDs 28 and photodiode 32
are positioned relative to one another by means of a printed circuit board 54 that
electrically connects the devices to heart rate circuitry contained in watch 10 (not shown).
A relatively thin strip of opaque pliant material 53 (such as tape or a sponge-like

polymer) extends between the edges of photodiode 32 and the adjacent edges of
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LEDs 28. As described relative to the assembled caseback (FIGURES 7 and 8) the
opaque strips 53 prevent light emitted by the LEDs from travelling along the surface of
printed circuit board 54 and reaching photodiode 32.

FIGURE 6 is a partially cutaway view of caseback 22 and printed circuit board 54
that illustrates the manner in which the optical sensor is incorporated in caseback 22. In
FIGURE 6, LED lenses 30 are installed and sealed in recesses 42 of FIGURES 3 and 4.
As previously indicated, the light-emitting surface of each lens 30 is substantially flush
with, or extends slightly above the surface of circular raised region 38.

In a like manner, optical detector lens 34 is installed and sealed in recess 44 of
FIGURES 3 and 4. Various techniques can be used for bonding LED lenses 30 and
optical detector lens 34 to caseback 22. For example, depending in part of the material
being used for caseback 22, the lenses can be bonded in place by a curable adhesive,
ultrasonic bonding or other techniques. In some applications, insert molding or cold-
molding techniques can be employed. As indicated by phantom lines in FIGURE 6,
LEDs 28 and photodiode 32 pass into openings 42 and 44 so that LEDs 28 are contained
by lenses 42 and photodiode 32 is contained by optical detector lens 34.

FIGURE 7 is a cross-sectional view showing the assembly of caseback 22,
LEDs 28, photodiode 32 and the associated lenses 30 and 34. As can be seen in
FIGURE 7, printed circuit board 54 (described relative to FIGURESS and 6) is
positioned on the upper surface of a circuit board 56. Circuit board 56 includes circuitry
for detecting and displaying a user's heart rate, the time of day and other information (not
shown). Mounting posts 52 (FIGURE 4) maintain circuit boards 54 and 56 in a fixed
position within caseback 22. LEDs 28 extend into closely fitting lenses 30 and
photodiode 32 extends into a closely fitting photo detector lens 34.

FIGURE 7, alone and in combination with FIGURE 8, illustrates an important
feature of the invention - - complete optical isolation of photodiode 32 from LEDs 28.
As described relative to FIGURE 3, the recesses 42 for receiving LEDs 28 are smaller
than the recesses 40 for receiving LED lenses 30. Likewise, the recess 44 for receiving
photodiode 32 is smaller than the recess 46 for receiving the optical detector lens 34.
Thus, each combination of LED 28 and LED lens 30 is physically and optically separated
from the combination of photodiode 32 and optical detector lens 34 by an inverted T-

shaped region 58 that extends downwardly from circular region 38 of caseback 22. In
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particular, as is shown in FIGURE 7, the inner edges of LED lenses 30 are separated from
the outer edges of optical detector lens 34 by the upwardly extending leg of T-shaped
region 58 and the inner edges of LEDs 28 are separated for the outer edges of
photodiode 32 by the laterally extending lower leg of region 58. In addition, the bottom
surface of inverted T-shaped region 58 presses against the opaque strips 53 (shown and
described relative to FIGURE 5) to further ensure that light emitted by LEDs 28 does not
reach photodiode 32 without being reflected by a targeted region of the user.

While illustrative embodiments have been illustrated and described, it will be
appreciated that various changes can be made therein without departing from the spirit
and scope of the invention. For example, those skilled in the art will recognize that the
invention can be practiced with a variety of physiological monitoring devices and that
various light emitting and photo detecting devices may be employed. In some situations
it may be appropriate to use one or more lenses that are configured for receiving more
than one optical sensor in a single lens and/ or to use one or more lenses that are

configured for receiving more than one light source in a single lens.
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CLAIMS

The embodiments of the invention in which an exclusive property or privilege is
claimed are defined as follows:

1. A monitor for sensing and measuring at least one physiological parameter
in which a portion of the monitor is configured for contacting a targeted tissue region of a
person using the monitor, the monitor including an optical sensor comprising at least one
light source for illuminating at least a portion of the targeted tissue region and at least one
optical detector for receiving optical energy reflected from the targeted tissue region, at
least a portion of the light sources being contained by at least one associated lens that
directs light to the targeted region, at least a portion of the optical detectors being
contained by at least one associated lens that passes light reflected from the targeted
region to the portion of optical detectors that are contained by the lens, each lens located
in the portion of the heart rate monitor that is configured for contacting the targeted
tissue.

2. The monitor of Claim 1 wherein each light source and each optical
detector is associated with and contained by a separate associated lens that individually
couples light between the sensor and the targeted tissue region.

3. The monitor of Claim 2, further including a housing having a front face, a
rear face, and an interior region defined between the front and rear faces, the portion of
the monitor that is configured for contacting a targeted are of a user being included in the
rear face of the housing with each lens being received in an associated opening that
extends through the rear face of the housing so that light is coupled between the optical
sensor and the targeted tissue region.

4. The monitor of Claim 3 wherein the targeted tissue region is located on a
person's arm and the monitor is configured to be worn with the rear face of the housing in
contact with a person's arm.

5. The heart rate monitor of Claim 4 wherein each light source is a light
emitting diode and each optical detector is a photodiode.

6. The monitor of Claim 5 wherein the light emitting diodes and the
photodiodes are located in the interior region of the housing and each lens includes a
recess sized for receiving and containing an associated one of light emitting diodes and

photodiodes.
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7. A heart rate monitor in which a portion of the monitor is configured for
contacting a targeted tissue region of a person using the heart rate monitor, the monitor
including a multi-component optical sensor comprising at least one light source for
illuminating at least a portion of the targeted tissue region and at least one optical detector
for receiving optical energy reflected from the targeted tissue region, at least a portion of
the light sources being contained by at least one associated lens that directs light to the
targeted region, at least a portion of the optical detectors being contained by at least one
associated lens that passes light reflected from the targeted region to the portion of optical
detectors that are contained by the lens, each lens located in the portion of the heart rate
monitor that is configured for contacting the targeted tissue.

8. The heart rate monitor of Claim 7 wherein the light sources and the optical
detectors of the portion of the optical sensor components are each associated with and
contained by separate associated lenses that individually couple light between the
associated optical sensor components and the targeted tissue region.

9. The heart rate monitor of Claim 8 wherein the targeted tissue region is
located on a person's arm and the monitor is configured to be worn in contact with a
person's arm.

10. The heart rate monitor of Claim 9, which includes a housing having a front
face, a rear face, and an interior region defined between the front and rear faces, the
portion of the heart rate monitor that is configured for contacting the arm of the user
being included in the rear face of the housing with each lens being received in an
associated opening that extends through the rear face of the housing to facilitate the
coupling of light between the optical sensor components and the targeted tissue region.

11. The heart rate monitor of Claim 10 wherein each light source is a light
emitting diode and each optical detector is a photodiode.

12. The heart rate monitor of Claim 11 wherein the light emitting diodes and
the photodiodes are located in the interior region of the housing and each lens includes a
recess sized for receiving and containing an associated one of light emitting diodes and
photodiodes.

13. The heart rate monitor of Claim 12 further including a circuit board that is

contained within the interior of the housing in spaced apart juxtaposition with the rear
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face of the housing, each light emitting diode and each photo detector being mounted to
the circuit board and extending into the recess of an associated lens.

14. The heart rate monitor of Claim 13 wherein the optical sensor comprises a
single photodiode and two light emitting diodes, with the light emitting diodes being
spaced apart from one another and the photodiode being positioned between the light
emitting diodes.

15. The heart rate monitor of Claim 14 configured as a wrist watch that further
comprises circuitry for processing a signal supplied by the photodiode and for displaying
the user's heart rate on the front face of the watch.

16. A heart rate monitor that is worn on the arm of a user comprising:

a housing having a front face, a rear face and an interior region defined between
the front and rear face;

one or more light emitters, each operable for directing light energy in a
predetermined direction;

a lens structured and arranged for individual reception and containment of each
light emitter, each such lens for optically coupling light energy emitted by the retained
light emitter to and through a surface of the lens;

one or more optical detectors, each operable for producing an electrical signal
representative of light energy that impinges on that optical detector;

a lens structured and arranged for individual reception and containment each light
emitter, each such lens including a surface for impingement of light energy, each such
lens for directing light energy that impinges on that surface to an associated one of the
optical detectors; and

wherein each lens that retains a light emitter and each lens that retains an optical
detector is mounted in an associated aperture that is formed the rear face of the housing
for detection of a user's heart rate when the monitor is worn on the user's arm with the
rear face in contact with tissue of the arm.

17. The heart rate monitor of Claim 16 configured as a wrist watch further
comprising circuitry for determining the user's heart rate based on the signals supplied by
the one or more optical detectors and for displaying the user's heart rate on the front face

of the housing.
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18. The heart rate monitor of Claim 17 wherein each light emitter is a light
emitting diode and each optical detector is a photodiode.

19. The heart rate monitor of Claim 18 comprising a single photodiode and
two light emitting diodes, the light emitting diodes being spaced apart from one another
with the single photo detector being located between the two light emitting diodes.

20. The heart rate monitor of Claim 19 including a circuit board that is
contained within the interior of the housing in spaced apart juxtaposition with the rear
face of the housing, each light emitting diode and each photo detector being mounted to
the circuit board and extending through the associated apertures in the rear face of the
housing.

21. The heart rate monitor of Claim 20 comprising a single photodiode and
two light emitting diodes, the light emitting diodes being spaced apart from one another

with the single photo detector being located between the two light emitting diodes.
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ABSTRACT

An arrangement for mounting optical sensors in physiological monitoring devices
that are worn by a user to sense and measure one or more physiological parameters. In
the disclosed arrangements the monitor is embodied as a wristwatch that senses and
displays heart rate. Optical lenses that are mounted in the rear face of the watch receive
and contain light-emitting diodes and an optical detector that are located in the interior of
the watch. The mounting arrangement optically isolates the light emitting diodes from
the optical detector while allowing the sensor elements to be firmly positioned against the
user's skin.  Additionally, the lenses are advantageous with respect to product
manufacture, eliminating the prior use of transparent epoxy resin to encapsulate the

sensor elements in openings formed in the rear face of the watch.
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