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(57) ABSTRACT

A sensor used to measure physiological characteristics of
body tissues is provided. The physiological sensor includes a
first light source assembly having a first light source in par-
allel with a second light source. Each of the first light source
and the second light source have an anode and a cathode. A
second light source assembly includes a third light source in
parallel with a fourth light source. Each of the third light
source and the fourth light source have an anode and a cath-
ode. The anode of the first light source is electrically con-
nected to the cathode of the second light source, the anode of
said third light source, and the cathode of said fourth light
source. The anode of the third light source is electrically
connected to the cathode of the fourth light source.
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PHYSIOLOGICAL SENSOR

BACKGROUND

[0001] Physiological sensor systems, such as pulse, tissue
and cerebral oximeters, are used to measure a variety of
physiological characteristics in body tissues using two wave-
lengths of light. The system generally includes a monitoring
system connected to a sensor pad that adheres to the portion of
the body being tested. The sensor pad includes a plurality of
light sources in optical communication with at least one light
detector. The light sources are activated by applying an exci-
tation current source to an electrical wire connected to each
light source. When activated, the light sources transmit light
at specific wavelengths through the body tissue to the optical
detector. The amount of light received by the light detector
after attenuation by the body tissue is indicative of the physi-
ological characteristic being tested.

[0002] To improve the accuracy of the measurement, or to
enable the measurement of additional physiological charac-
teristics, additional wavelengths of light can be used. This
generally necessitates the addition of light sources requiring
additional wires to carry the excitation potentials. Unfortu-
nately, the addition of wires adds to the cost and complexity of
the system. Moreover, monitoring systems are generally con-
figured to work with sensor pads having a fixed number of
wires. For example, if a monitoring system is configured to
work with sensor pads having a three wire configuration, a
sensor pad using additional light sources and having any more
than three wires may not be compatible with the existing
monitoring system.

[0003] One known method used to minimize the number of
wires in a sensor pad when increasing the number of light
sources includes having multiple light sources connected in a
matrix of rows and columns of wires. The light sources in this
configuration are activated by sequentially addressing the
row and column of each light source with an excitation path.
In this way, four wires provide connection and activation of
four light sources. If pairs of light sources are connected in
parallel, the same configuration of four wires can be used to
connect and activate up to eight light sources. This configu-
ration, however, requires a minimum of four wires and is
limited to a maximum of eight light sources.

[0004] Accordingly, the embodiments described hereinaf-
ter were developed in light of these and other drawbacks
associated with increasing the number of light sources in a
physiological sensor without increasing the number of wires.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] FIG. 11s a perspective view of an exemplary physi-
ological sensor according to an embodiment;

[0006] FIG.2isabottom view of a pad of the physiological
sensor, according to an embodiment;

[0007] FIG. 3 is a bottom view of the physiological sensor
according to another embodiment with multiple light source
locations;

[0008] FIG. 4 is a bottom view of the physiological sensor
according to third embodiment with multiple light source
locations;

[0009] FIG. 5 is a bottom view of a physiological sensor
having a plurality of sensing pads;

[0010] FIG. 6 is a block diagram illustrating an exemplary
control scheme, according to an embodiment;
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[0011] FIG.7isadiagram illustrating an exemplary control
circuit and light assembly, according to an embodiment;
[0012] FIG. 8 is a diagram illustrating another exemplary
control circuit and light assembly, according to an embodi-
ment;

[0013] FIG. 9 is a diagram illustrating another exemplary
control circuit and light assembly, according to an embodi-
ment,

[0014] FIG. 10 is a diagram illustrating the exemplary con-
trol circuit and light assembly as set forth in FIG. 9 having
multiple current sources; and

[0015] FIG. 11 is a diagram illustrating another exemplary
control circuit and light assembly, according to an embodi-
ment.

DETAILED DESCRIPTION

[0016] A physiological sensor that allows for an increased
number of light sources without an increase in the number of
wires 1s provided. Specifically, the physiological sensor can
use four or six light sources in a three-wire configuration, or
alternatively, up to twelve light sources in a four-wire con-
figuration. In either embodiment, the physiological sensor
includes one or more light source assemblies electrically
connected to a monitoring system and in optical communica-
tion with at least one light detector. Each light source assem-
bly includes at least one light source.

[0017] The arrangement of the light sources allows the
physiological sensor to measure physiological characteristics
of body tissue such as oxygen saturation or other various
hemoglobin species with increased accuracy and without a
significant increase in size or cost. The arrangement of the
light sources may also measure concentrations of additional
chromospheres in tissue besides hemoglobin. The spatial
relationship of the light sources relative to the light detector
may enhance spatial resolution and provide values at different
depths, which may help in organ oxygen delivery monitoring.
[0018] Moreover, because the physiological sensor main-
tains a three or four wire configuration, the physiological
sensor may be used with pre-existing monitoring systems,
thus making the physiological sensor described herein back-
wards compatible. It is to be understood that the physiological
sensor may be configured to work with any number of wires
since the number of light assemblies (each having two light
sources) is related to the number of wires. Specifically. the
number of light source assemblies can be calculated by the
equation: N, o =N *(N_~1)/2, wherein N; ., is the number
of light source assemblies and N, is the number of wires.
[0019] FIG.1 illustrates an exemplary physiological sensor
system 10 that includes a monitoring system 12 connected to
a sensor pad 14 through a cable 16. As best shown in FIG. 2,
the sensor pad 14 includes a plurality of light sources 18 in
optical communication with first and second light detectors
20, 22. It is to be appreciated that multiple light sources 18
may be disposed in multiple openings of the sensor pad 14.
The plurality of light sources 18 may include any light source
known in the art, including but not limited to, light emitting
diodes, laser diodes or any combination thereof. Typically,
the frequency of the light excitation and wavelength of the
light source is dependent upon the application. For instance,
in cerebral oximetry, pulse oximetry, or tissue oximetry appli-
cations, the light sources 18 may have a wavelength in the
visible and/or infrared spectrum. For instance, the light
sources 18 may have a wavelength between 600 nm and 1000
nm, including, butnot limited to, a wavelength of 660 nm, 724



US 2009/0163775 Al

nm, 750 nm, 770 nm, 812 nm, 850 nm, 905 nm, or any
combination thereof. It is to be understood that the light
sources 18 may have other wavelengths to measure other
physiological characteristics.

[0020] As shown in FIGS. 3 and 4, the plurality of light
sources 18 may be mounted in two or more different physical
locations on the sensor pad 14 or in openings in the pad 14. By
adding additional light source assemblies when the physi-
ological sensor system 10 is used as a cerebral oximeter
sensor, the monitoring system 12 can obtain additional
absorption spectra at additional wavelengths. The additional
absorption spectra can help to better define the extinction
curves for various blood and tissue chromophores, allowing
more accurate determination of their relative concentrations.
In one embodiment, each light source 18 is illuminated
sequentially and independently, allowing measurement of
light absorption at specific wavelengths by one or more of the
light detectors 20, 22. Alternatively, two or more light sources
18 may be illuminated simultaneously to provide additional
light output and an improved signal-to-noise ratio at specific
wavelengths. This may be necessary because certain wave-
lengths of light do not penetrate as deeply into tissue as other
wavelengths do. As will be discussed in greater detail below,
illuminating several light sources 18 simultaneously may
include multiple current sources. Alternatively, certain light
sources may not have the same light output as others. Simul-
taneously illuminating two or more of these lower output light
sources can increase the effective light output, improving
signal-to-noise ratio and stability.

[0021] In another embodiment, the physiological sensor
system 10 may be used for fractional oximetry to measure
fractional oxygen saturation and additional hemoglobin spe-
cies in deep tissue of the brain, other organs, skin, or in
skeletal muscle tissue. By selecting wavelengths of light
appropriately, additional fractional concentrations of other
hemoglobin species such as carboxyhemoglobin and meth-
emoglobin can be determined. Most noninvasive oximeters
measure functional hemoglobin oxygen saturation, which is
defined as the ratio of oxyhemoglobin to the unbound hemo-
globin that is available for oxygen binding. As such, it does
not measure or take into effect the proportion of hemoglobin
that is bound to other compounds such as carbon monoxide
(carboxyhemoglobin) or hydrogen sulfide (sulthemoglobin).
Additional species of hemoglobin such as methemoglobin,
where the ferrous iron has been oxidized to ferric iron, are not
measured either. By incorporating additional wavelengths of
light, the effect of additional chromophores with unique
extinction curves can be measured, enabling estimation of the
fraction of each hemoglobin compound, or fractional satura-
tion.

[0022] Inyet another embodiment, some of the plurality of
light sources 18 may be used for cerebral or tissue oximetry
and others of the plurality of light sources 18 may be used for
pulse oximetry to measure arterial blood hemoglobin oxygen
saturation. This allows the physiological sensor system 10 to
measure various physiological characteristics with the same
sensor pad 14. In this embodiment, a first light source assem-
bly 44 may use selected wavelengths of light and be located a
sufficient distance from one ofthe detectors 20, 22 to measure
cerebral oxygen saturation while a second light source assem-
bly 46 may use wavelengths suited for measurement of arte-
rial oxygen saturation using reflectance pulse oximetry and
would therefore be located close to another of the light detec-
tors 20, 22. Alternatively, the first light detector 20 may be
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used to measure arterial oxygen saturation based on the spa-
tial relationship of the plurality of light sources 18. This
embodiment also allows arterial saturation of deeper tissues
to be measured because the depth of penetration of photons is
proportional to the separation distance between the light
source 18 and the light detector 20, 22.

[0023] In yet another embodiment, the plurality of light
sources 18 can be spatially arranged to increase the accuracy
of the measurements. For instance, the first light source
assembly 44 can have different wavelengths that penetrate
less deeply into the body tissue than other light source assem-
blies. For instance, as shown in FIG. 3, placing the first light
source assembly 44 closer to the light detector 20 and slightly
offset from the first light source assembly 46 allows the first
light source assembly 44 to penetrate into the body tissue
shallower than the second light source assembly 46. Like-
wise, placing the second light source 46 further away from the
light detector 20 and slightly offset from the first light source
assembly 44 causes light generated by the second light source
assembly 46 to penetrate deeper into the body tissue. Alter-
natively, as shown in FIG. 4, the first light source assembly 44
may be spaced away from the second light source assembly
46 and more offset from the second light source assembly 46
to achieve a similar result. In this embodiment, the ratios of
the signals from each of the light detectors 20, 22 can be
computed using both light source assemblies 44, 46.

[0024] In yet another embodiment, the physiological sen-
sor system 10 may contain a plurality of sensor pads 14 and
each sensor pad 14 may contain at least one light source
assembly 44 and one light detector 20. This arrangement of
the physiological sensor system 10 may be used to measure
two physiological parameters including, but not limited to,
cerebral blood saturation and arterial blood saturation. The
cerebral measurement may require a low skin perfusion site
on the forehead to reduce interference from extra-cranial
signals. However, arterial blood oxygen saturation may
require high skin perfusion. Thus, in one embodiment, for
cerebral oximetry, the sensor pad 14 may be placed on the
forehead directly below the hair line. On the other hand, for
pulse oximetry, the sensor pad 14 may be placed on the
forehead directly above the eyes. In this embodiment, a single
sensor pad 14 may be inconvenient to use at least for an adult
patient. Therefore, two sensor pads 14 may be used.

[0025] Referring now to FIG. 5, in one exemplary
approach, the physiological sensor system 10 includes a first
sensor pad 14A and a second sensor pad 14B. The first sensor
pad 14A may be used, for instance, for tissue oximetry, and
the second sensor pad 14B may be used, for instance, for
pulse oximetry. The first sensor pad 14 A may include the light
source assemblies 44, 46, in optical communication with the
first and second light detectors 20, 22. It is to be appreciated
that the first sensor pad 14A may include any number of light
source assemblies 44, 46 and any number of light detectors
20, 22. Likewise, the second sensor pad 14B may include the
light source assemblies 44, 46, in optical communication with
the first and second light detectors 20, 22. It is to be appreci-
ated that the second sensor pad 1413 may include any number
of light source assemblies 44, 46 and any number of light
detectors 20, 22.

[0026] Other cases where two or more sensor pads 14 may
be used include measuring cerebral oxygenation from at least
two sites of the brain, or measuring cerebral and tissue oxy-
genation simultaneously in infants. In this embodiment, the
physiological sensor system 10 may include at least two
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sensor pads 14, each having at least two light detectors 20, 22
and at least two light source assemblies 42, 46. The light
source assemblies 42, 46 may be connected as described
above and excited sequentially in time.

[0027] As shownin FIG. 6, monitoring system 12 includes
acontrol circuit 24 and a processor 26 in communication with
the plurality of light sources 18 and light detectors 20, 22. The
processor 26 is configured to receive signals from light detec-
tors 20, 22 and converts the signals into data that indicates the
physiological characteristics of the body tissue. Furthermore,
the processor 26 controls the control circuit 24 as will be
discussed in greater detail below. It is to be understood that
the control circuit 24 may alternatively be controlled by a
dedicated processor (not shown) other than the processor 26
shown in FIG. 6. The monitoring system 12 may output the
data to a display 27 as shown in FIG. 1.

[0028] FIG. 7 illustrates an exemplary control circuit 24,
which includes at least one high switch 28 and atleast one low
switch 30. As discussed in greater detail below, it is to be
understood that the high switch 28 connects the light sources
18 to a higher potential than the low switch 30. The high
switch 28 and the low switch 30 may be any switch known in
the art, and even the same type of switch. For instance, the
high switch 28 and the low switch 30 may be transistors. In
one embodiment, the high switch 28 may be a PMOS type
transistor and the low switch 30 may be an NMOS type
transistor. The high switch 28 and the low switch 30 may be
connected in an H-Bridge configuration.

[0029] The at least one high switch 28 and the at least one
low switch 30 are controlled by the processor 26 in the moni-
toring system 12. In other words, the processor 26 opens and
closes the at least one high switch 28 and the at least one low
switch 30 of the control circuit 24 to activate a select combi-
nation of the plurality of light sources 18. The monitoring
system 12 includes a voltage source 32 electrically connected
to the control circuit 24 for providing voltage to the control
circuit 24 and the plurality of light sources 18. In addition, the
monitoring system 12 may further include a current source 34
that causes current to flow from the voltage source 32 to
ground 36. The low switches 30 connect each of the plurality
oflight sources 18 to the current source 34. The current source
34 is connected to the ground 36 at a ground potential. Itis to
be understood that the low switches 30 may connect to the
plurality of light sources 18 directly to the ground potential.
Otherwise, in at least one embodiment, there is no structural
or functional difference between the high switches 28 and the
low switches 30.

[0030] The control circuit 24 may include any number of
high switches 28 or low switches 30. For instance, as shown
in FIG. 7, the control circuit 24 includes a first high switch
HI1 in series with a first low switch L1, the combination of
which defines a first switch pair 38. Likewise, the control
circuit 24 includes a second high switch HI2 in series with a
second low switch L2, the combination of which defines a
second switch pair 40. It is to be understood that the control
circuit 24 may include any number of high switches 28 and
low switches 30 to define any number of switch pairs. For
instance, referring to FIG. 8, the control circuit 24 may
include a third high switch HI3 and a third low switch L3 in
series with the third high switch HI3 to define a third switch
pair 42. As shown in FIG. 8, the first switch pair 38 is in
parallel with the second switch pair 40 and the third switch
pair 42.
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[0031] Each high switch28 and each low switch 30 have an
anode and a cathode. The anode of the high switch 28 directly
orindirectly connects to the voltage source 32 and the cathode
of the low switch 30 directly or indirectly connects to a lower
potential (i.e., a ground potential 36 or the current source 34).
When the control circuit 24 includes multiple high switches
28, the anodes of each of the high switches 28 are electrically
connected to one another. For example, referring to FIG. 7,
the anode of the first high switch HI1 may be electrically
connected to the anode of the second high switch HI2. Simi-
larly, when the control circuit 24 includes multiple low
switches 30, the cathodes of each of the low switches 30 may
be electrically connected. Again referring to FIG. 7, the cath-
ode of the first low switch 1.1 is electrically connected to the
cathode of the second low switch L2.

[0032] Inoperation, the processor 26 closes one of the high
switches 28 and one of the low switches 30 to activate one of
the plurality of light sources 18. In one embodiment, each
light source is connected to two switch pairs. The light source
is powered by the voltage source 32 when the high switch 28
in one of the switch pairs is closed and the low switch 30 in
another switch pair is closed, completing an electrical circuit.
It is to be understood that multiple light sources may be
illuminated by closing more than one high switch 28 and/or
more than one low switch 30. However, closing the high
switch 28 and the low switch 30 in the same switch pair will
cause an electrical short, and the light source will not illumi-
nate. In other words, the light source does not operate when
the high switch 28 and the low switch 30 from the same switch
pair are both closed. To prevent an electrical short, the pro-
cessor 26 opens the low switch 30 in the switch pair when the
high switch 28 in the switch pair is closed. Therefore, the light
source is electrically connected to the high switch 28 in one
switch pair and the low switch 30 in another switch pair. It is
to be understood that both the high switch 28 and the low
switch 30 may be open at the same time.

[0033] As shown in FIG. 7, the physiological sensor 10
includes a first light source assembly 44 that is defined by at
least one of the plurality of light sources 18 and electrically
connected to the control circuit 24. As shown, the first light
source assembly 44 includes a first light source LS1 in par-
allel with a second light source LS2. As previously discussed,
the first light source [L.S1 and the second light source LS2 may
be light emitting diodes or laser diodes. Each of the first light
source L.S1 and the second light source L.S2 have an anode
and a cathode. The anode of the first light source LS1 is
electrically connected to the cathode of the second light
source L.S2. In addition, the cathode of the first light source
LS1 is electrically connected to the anode of the second light
source L.S2. Therefore, although disposed in parallel with the
second light source [.S2, the first light source LS1 has an
opposite polarity to the second light source 1.S2. The first
light source LS1 and the second light source LS2 are each
electrically connected to at least two switch pairs. Specifi-
cally, the first light source LS1 is electrically connected to the
first high switch HI1 and the second low switch L2, and the
second light source [L.S2 is electrically connected to the sec-
ond high switch HI2 and the first low switch L1. The first high
switch HI1 is in series with the second low switch 1.2 when
the first high switch HI1 and the second low switch L2 are
closed. Likewise, the second high switch HI2 is in series with
the first low switch L1 when the second high switch HI2 and
the first low switch L1 are closed. In this embodiment, only
one of the plurality of light sources 28 may be illuminated at
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any time since only one of the first high switch HI1 and the
second high switch HI2 may be closed because closing both
the first high switch HI1 and the first low switch L1 or the
second high switch HI2 and the second low switch 1.2 would
cause an electrical short. Therefore, the processor 26 opens
the first low switch L1 when the first high switch HI1 is
closed. Likewise, the processor 26 opens the second low
switch [.2 when the second high switch HI2 is closed.

[0034] Tt is to be understood that the physiological sensor
system 10 may include any number of light source assem-
blies. For instance, referring to FIG. 8, the system 10 further
includes a second light source assembly 46 defined by at least
one of the plurality of light sources 18 and electrically con-
nected to the monitoring system 12. The second light source
assembly 46 includes a third light source L83 in parallel with
a fourth light source LS4. Although disposed in parallel with
the fourth light source LS4, the third light source L.S3 has an
opposite polarity than the fourth light source LS4. Each of the
third light source [L.S3 and the fourth light source .S4 have an
anode and a cathode. The anode of the third light source L.S3
is electrically connected to the cathode of the fourth light
source 1.S4. The cathode of the third light source LS3 is
electrically connected to the anode of the fourth light source
L.S4. In one embodiment, as shown in FIG. 8, the anode of the
third light source LS3 is also electrically connected to the
anode of the first light source LS1 and the cathode of the
second light source [.S2. As in the previous embodiment, the
first light source LS1 is electrically connected to the first high
switch HI1 and the second low switch .2 and the second light
source LS2 is electrically connected to the second high switch
HI2 and the first low switch 1. In this embodiment, the third
light source L83 is electrically connected to the first high
switch HI1 and the third low switch L3. The fourth light
source LS4 is electrically connected to the third high switch
HI3 and the first high switch HI1. Again, the third high switch
HI3 is in series with the third low switch L3 to make up the
third switch pair 42.

[0035] In this embodiment, it is possible for the processor
26 to illuminate more than one of the plurality of light sources
18 simultaneously. For instance, the processor 26 may close
the first high switch HI1 and the second low switch L2 to
illuminate the first light source LS1. The processor 26 may
then close the third low switch L3 to illuminate the third light
source L33 since both the first light source .81 and the third
light source L.S3 receive power from the voltage source 32
when the first high switch HI1 is closed. It is to be appreciated
that the processor 26 may close the third low switch .3 at the
same time as closing the second low switch L2 to illuminate
the third light source LS3 simultaneously with the first light
source LS1, or the processor 26 may close the third low
switch L3 after closing the second low switch L2 to illuminate
the third light source 1S3 sequentially with the first light
source LS1. Alternatively, the processor 26 may close the
second high switch HI2 and the first low switch L1 to illumi-
nate the second light source L.S2, and by closing the third high
switch HI3 while the second high switch HI2 and the first low
switch L1 are closed, the processor 26 additionally illumi-
nates the fourth light source 1.S4. Therefore, in this embodi-
ment, the processor 26 may illuminate two of the plurality of
light sources 18.

[0036] Referring now to FIG. 9, the physiological sensor
system 10 further includes a third light source assembly 48
that includes a fifth light source LS5 in parallel with a sixth
light source LS6. Although disposed in parallel with the sixth
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light source LS6, the fifth light source LS5 has an opposite
polarity than the sixth light source L.S6. Each of the fifth light
source [LS5 and the sixth light source [.S6 have an anode and
a cathode. The anode of the fifth light source LS5 is electri-
cally connected to the cathode of the first light source LS1, the
anode of the second light source [.S2, and the cathode of the
sixth light source LS6. The cathode of the fifth light source
LS5 is electrically connected to the cathode of the third light
source [.S3, the anode of the fourth light source 1.4, and the
anode of the sixth light source LS6. The anode of the sixth
light source [.S6 is electrically connected to the cathode of the
third light source LS3 and the anode of the fourth light source
LS4. The cathode of the sixth light source LS6 is electrically
connected to the cathode of the first light source L.S1 and the
anode of the second light source LS2. As in the previous
embodiment, the processor 26 may illuminate more than one
of the plurality of light sources 18 simultaneously. For
instance, the processor 26 may close the first high switch HI1
and the second low switch L2 to illuminate the first light
source [.S1. At the same time, the processor 26 may close the
third low switch L3 to illuminate the third light source LS3.
Therefore, the processor 26 may illuminate more than one of
the plurality of light sources 18 simultaneously.

[0037] In one exemplary embodiment, to illuminate more
than one of the plurality of light sources 18 simultaneously,
the physiological sensor system 10 may include more than
one current sources 34. Referring now to FIG. 10, the physi-
ological sensor 10 includes a first current source 34A electri-
cally connected to the first low switch L1, a second current
source 34B electrically connected to the second low switch
L2, and a third current source 34C electrically connected to
the third low switch L3. The current sources 34A, 34B, and
34C help to ensure that the light sources 18 maintain a mini-
mum amount of brightness when the light sources 18 are
simultaneously illuminated.

[0038] Again, it is to be understood that the physiological
sensor system 10 may include any number of light source
assemblies. For instance, referring to FIG. 11, the physiologi-
cal sensor system 10 further includes a fourth light source
assembly 50, a fifth light source assembly 54, and a sixth light
source assembly 56. In addition, the control circuit 24
includes a fourth switch pair 52 having a fourth high switch
HI4 in series with a fourth low switch [.4. The fourth light
source assembly 50 includes a seventh light source LS7 in
parallel with an eighth light source LS8. The seventh light
source L.S7 and the eighth light source LS8 each have an
anode and a cathode. The anode of the seventh light source
LS7 is electrically connected to the fourth high switch HI4
and the cathode of the seventh light source LS7 is electrically
connected to the third ground 36 source. The anode of the
eighth light source LS8 is electrically connected to the third
high switch HI3 and the cathode of the eighth light source
LS8 is electrically connected to the fourth low switch L4. The
fifth light source assembly 54 includes a ninth light source
LS9 in parallel with a tenth light source L.S10. The ninth light
source LS9 and the tenth light source LS10 each have an
anode and a cathode. The anode of the ninth light source LS9
is electrically connected to the fourth high switch HI4 and the
cathode of the ninth light source LS9 is electrically connected
to the second low switch L2. The anode of the tenth light
source L.S10 is electrically connected to the second high
switch HI2 and the cathode of the tenth light source LS10 is
electrically connected to the fourth low switch L4. The sixth
light source assembly 56 includes an eleventh light source
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LS11 in parallel with a twelfth light source LS12. The elev-
enth light source LS11 and the twelfth light source L.S12 each
have an anode and a cathode. The anode of the eleventh light
source LS11 is electrically connected to the fourth high
switch HI4 and the cathode of the eleventh light source LS11
electrically connected to the first low switch [.1. The anode of
the twelfth light source LS12 is electrically connected to the
first high switch HI1 and the cathode of the twelfth light
source LS12 is electrically connected to the fourth low switch
L4. As in the previous embodiments, the processor 26 may
illuminate one or more of the plurality of light sources 18. For
instance, the processor 26 may close the first high switch HI1,
the second low switch L2, and the fourth low switch L4 to
illuminate the first light source 1.S1, the third light source
LS3. and the twelfth light source LS12. Alternatively, the
processor 26 may close the first high switch HI1, the third
high switch HI3, the fourth high switch HI4, and the second
low switch .2 to illuminate the first light source L.S1, the sixth
light source LS6, and the ninth light source LS9.

[0039] Tt is to be understood that the physiological sensor
system 10 may include any number of light source assem-
blies, each including any number of light sources 18. Also, the
processor 26 may close different combinations of the high
switches 28 and the low switches 30 to illuminate alternative
combinations of the plurality of light sources 18.

[0040] Tt is to be understood that the above description is
intended to be illustrative and not restrictive. Many alterna-
tive approaches or applications other than the examples pro-
vided would be apparent to those of skill in the art upon
reading the above description. The scope of the invention
should be determined, not with reference to the above
description, but should instead be determined with reference
to the appended claims, along with the full scope of equiva-
lents to which such claims are entitled. It is anticipated and
intended that future developments will occur in the arts dis-
cussed herein, and that the disclosed systems and methods
will be incorporated into such future examples. In sum, it
should be understood that the invention is capable of modifi-
cation and variation and is limited only by the following
claims.

[0041] The present embodiments have been particularly
shown and described, which are merely illustrative of the best
modes. It should be understood by those skilled in the art that
various alternatives to the embodiments described herein may
be employed in practicing the claims without departing from
the spirit and scope as defined in the following claims. It is
intended that the following claims define the scope of the
invention and that the method and apparatus within the scope
ofthese claims and their equivalents be covered thereby. This
description should be understood to include all novel and
non-obvious combinations of elements described herein, and
claims may be presented in this or a later application to any
novel and non-obvious combination of these elements. More-
over, the foregoing embodiments are illustrative, and no
single feature or element is essential to all possible combina-
tions that may be claimed in this or a later application.

[0042] Allterms used in the claims are intended to be given
their broadest reasonable constructions and their ordinary
meanings as understood by those skilled in the art unless an
explicit indication to the contrary is made herein. In particu-
lar, use of the singular articles such as “a,” “the,” “said,” etc.
should be read to recite one or more of the indicated elements
unless a claim recites an explicit limitation to the contrary.
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What is claimed is:

1. A physiological sensor comprising:

at least one sensor pad;

at least one light source assembly disposed on said at least
one sensor pad and having a plurality of light sources
arranged in anti-parallel pairs; and

wherein said at least one light source assembly is config-
ured to measure at least one physiological characteris-
tics of body tissue.

2. The sensor of claim 1, wherein said physiological char-
acteristics of body tissue include at least one of cerebral
oxygenation, fractional oximetry, pulse oximetry, tissue oxy-
genation, and concentrations of various tissue chromophores.

3. The sensor of claim 1, wherein each of said light sources
have a wavelength in at least one of a visible and infrared
spectrum.

4. The sensor of claim 1, wherein said at least one light
source assembly is further defined as a plurality of light
source assemblies and said plurality of light source assem-
blies are illuminated sequentially.

5. The sensor of claim 1, further comprising at least one
light detector disposed on said sensor pad and spaced from
said at least one light source assembly.

6. The sensor of claim 5, wherein said at least one light
source assembly is further defined as a plurality of light
source assemblies, and wherein at least one of said plurality
of light source assemblies is closer to said at least one light
detector than another of said plurality of light source assem-
blies.

7. The sensor of claim 6, wherein one of said plurality of
light source assemblies is offset from said first light detector
relative to another of said plurality of light source assemblies.

8. The sensor of claim 7, wherein light generated by one of
said plurality of light source assemblies penetrates body tis-
sue shallower than light generated by another of said plurality
of light source assemblies.

9. The sensor of claim 1, further comprising a current
source electrically connected to one of said light source
assemblies.

10. The sensor of claim 1, further comprising a plurality of
current sources, wherein each of said plurality of current
sources is electrically connected to at least one of said light
source assemblies.

11. The sensor of claim 1, further comprising a plurality of
wires electrically connected to said plurality of light source
assemblies.

12. The sensor of claim 1, wherein said sensor pad defines
at least one opening and at least one of said plurality of light
sources is disposed in said at least one opening.

13. The sensor of claim 12, wherein said at least one sensor
pad is further defined as a plurality of sensor pads and said at
least one light source assembly is further defined as a plurality
of light source assemblies, and wherein at least one of said
plurality of light source assemblies is disposed in said at least
one opening of said at least one of said plurality of sensor
pads.

14. A sensor comprising:

a first light source assembly including a first light source in
parallel with a second light source, each of said first light
source and said second light source having an anode and
a cathode;

a second light source assembly including a third light
source in parallel with a fourth light source, each of said
third light source and said fourth light source having an
anode and a cathode; and
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wherein said anode of said first light source is electrically
connected to each of said cathode of said second light
source, said anode of said third light source, and said
cathode of said fourth light source and wherein said
anode of said third light source is electrically connected
to said cathode of said fourth light source.

15. The sensor of claim 16, wherein said cathode of said
first light source is electrically connected to said anode of said
second light source and said cathode of said second light
source is electrically connected to said cathode of said fourth
light source.

16. The sensor of claim 14, further comprising a third light
source assembly including a fifth light source and a sixth light
source in parallel with said fifth light source and each of said
fifth light source and said sixth light source having an anode
and a cathode, and wherein said anode of said fifth light
source is electrically connected to said cathode of said first
light source, said anode of said second light source, and said
cathode of said sixth light source.

17. The sensor of claim 16, wherein said cathode of said
fifth light source is electrically connected to said cathode of
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said third light source, said anode of said fourth light source,
and said anode of said sixth light source.

18. The sensor of claim 16, wherein said anode of said sixth
light source is electrically connected to said cathode of said
third light source and said anode of said fourth light source,
and said cathode of said sixth light source is electrically
connected to said cathode of said first light source and said
anode of said second light source.

19. The sensor of claim 14, further comprising a light
detector in optical communication with said first light source
assembly and said second light source assembly.

20. The sensor of claim 14, further comprising a pad defin-
ing at least one opening and wherein at least one of said first
light source assembly and said second light source assembly
is disposed in said at least one opening.

21. The sensor of claim 14, wherein at least one of said first
light source assembly and said second light source assembly
includes at least one of a light emitting diode and a laser
diode.
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