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ABSTRACT

10 A medical sensor comprising:

a first light emitling element associated with the medical sensor and configured to generate light
of a selected wavelength, the first light emitting element in communication with a first signal line and
adapted to receive a drive signal on the first signal line;

an information element, the information element also in communication with the first signal line

15 and configured to provide information on the first signal line; and
a detector associated with the medical sensor and responsive to light which originated from the

first light emitting element to provide data on a second signal line.
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MANUAL AND AUTOMATIC PROBE CALIBRATION

Background of the Invention

Fieid of the Invention

The present invention relates generally to a medical sensor, information system and medical
monitor,

Description of the Related Art

Light-emitting diodes (LEDs) are used in many applications. In certain applications, knowledge
of the particular wavelength of operation of the LED is required to obtain accurate measurements. One
such application is noninvasive oximeters conventicnally used to monitor arterial oxygen saturation.

In conventional oximetry procedures to determine arterial oxygen saturation, light energy is
transmitted from LEDs, each having a respective wavelength, through human tissue carrying blood,
Generally, the LEDs are part of a sensor attached to an oximeter system. In common usage, the sensor
is attached to a finger or an earlobe. The light energy, which is attenuated by the blood, is detected with
a photodetector and analyzed to determine the oxygen saturation. Additional constituents and
characteristics of the blood, such as the saturation of carboxyhemoglobin and scattering can be
monitored by utilizing additional LEDs with additional wavelengths.

U.S. Patent No. 4,653,498 to New, Jr., el al., discloses a pulse oximeter that utilizes two LEDs
to provide incident light energy of two different, but carefully selected, wavelengihs.

In conventional oximeters, the wavelength of each LED in a sensor must be precisely known in
order to calculate accurately the oxygen saturation. However, the sensors are detachable from the
oximeter system to allow for replacement or disinfection.

When a sensor is replaced, the LEDs of the new sensor may have a slightly different wavelength
for the predetermined LED drive current due to manufacturing tolerances. Accordingly, conventional
oximelers provide for indicating to the oximeter the particular wavelength of the LEDs for a given sensor.
In one known system, a resistor is used to code each transmission LED. The resistor is selected to have
a value indicative of the wavelength of the LED. The oximeter reads the resistor value on the sensor and
utilizes the value of the resistor to delermine the actual wavelength of the LEDs. This calibration
procedure is described in U.S. Patent No. 4,621,643, assigned ta Nellcor, Inc. Such a prior art sensor
is depictad in FIGURE 1.

Summary of the Invention
More particularly, the invention provides a medical sensor comprising:
afirst light emitting element associated with said medical sensor and configured to generate light

of a selected wavelength, said first light emitting elerment in communication with a first signal line and
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adapted to receive a drive signal on said first signal line;

an information element, said information elerent also in communication with said first signal line
and configured to provide information on said first signal line; and

a detector associated with said medicat sensor and responsive to light which originated from said

5 first light emitting element to provide data on a second signal line.

The invention also provides an information system for a physiological monitor comprising:

a physiological monitor having a first signal line on which the physiological menitor provides a
drive signal and on which the physiological monitor obtains information data; and

an information element in communication with said first signal line, said information element

-

0 configured to provide said information data con said first signal line,
The invention also provides a medical monitor comprising:
a sensor comprising:
a first signal line;
a light emitting element configured to generate light of a selected wavelength in
15 response to a drive current on said first signal line;
an information element in communication with said first signal fine to provide information
on said first signal line;
a detector responsive to light which originated from said light emitting element; and
a processor in communication with said first signal line and in communication with said detector,
el 2 20 said processor responsive to said information on said first signal line from said information element and

Tetee praviding said drive current for said light emitting element via said first signal line.

-
vessse
. .
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tn an embodiment where the light emitting diode is configured to transmit light energy to a medium under
test, the method comprises further steps. While the light emitting dinge is operating at the first wavetength, light
is transmitted as a first light energy at the first wavelength through the medium under test. The first wavelength
is chosen for a first predetermined attenuation characteristic of the light energy as it propagates thraugh the medium
under test. The attenuated light energy is measured from the light emitting diode with a photodetector. In addition,
while the light emitting diode is operating at the second wavelength, light energy is transmitted at the second
wavelength through the medium under test. The second wavelength is chosen for a second predetermined
attenuation characteristic of the light energy as it propagates thraugh the medium under test. The attenuated fight
energy is measured at the second wavelength from the light emitting diode.

In gne advantageous embadiment, the method is used to determine the oxygen saturation of blood, and the
medium under test comprises a portion of the human body having flowing blood. In this embodiment, the method
further invalves coupling the source of energy to a second light emitting diode which operates at a third wavelength
distinct from the first and the second wavelengths. Further, the change in wavelength between the first and second
wavelengths has o preselected value. Third light energy is transmitted at the third wavelength through the medium
undr test, and the third light energy is measured after propagation through the medium under test. Based upon the
measurements, the oxygen saturation of the blood is determined.

In ene embodiment, parameters in addition to oxygen saturation may alsa be determined relating to the
medium under test when the first wavelength has a known value, and the change in wavelength between the first
and the second wavelengths has a preselected value. In this embodiment, value of the second wavelength is
determined, and another parameter is calculated relating 1o the blood. In one embodiment, the another parameter
is the saturation of carboxyhemogiobin. Afternatively, another parameter is scattering. Yet another parameter is
Methhemoglobin.

Advantageously, using the apparatus described above for tuning, the first light emitting diode is adjusted
with an adjusting resistor such that the change in wavelength for an incremental change in current matches a
preselected wavelength change. Preferably, adjusting invalves placing the adjusting resistor in paraliet with the first
light emitting diode, and selecting the value of the adjusting resistor to cause the first fight emitting diode to exhibit
the preselected change for the incremental change in current.

Yet a further aspect ef the present invention provides an oximeter sensor having a first light emitting device
configured to generate a light at a first known wavelength with a resistor in parallel with the first light emitting
device. Preferably, the light emitting device comprises 2 light emitting diade. In one embodiment, the resistor
comprises an encoding resistor having a value indicative of the first known wavelength value. The value of the
encading resistor is sufficiently high such that the encoding resistor draws effectively insignificant current during
active operation of the first fight emitting device.
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In another embodiment, the resistor comprises a security resistor having a value indicative that the oximeter
sensor is of a predetermined type. In addition, the value of the security resistor is sufficiently high such that the
security resistor draws effectively insignificant current during active operation of the first light emitting device.

Still a further aspect of the present invention involves a method of tuning a light emitting dioge 1o operate
at a preselected wavelength within a range of wavelengths. the methed involves selecting a light emitting diode that
exhibits a wavelength shift in Tesponse to a change in drive current within a range of drive current and driving the
light emitting diode with a first drive current, The wavelength of the light emitting diode during aperation at the
first drive current is measured, and, if the light emitting diode is not operating at the preselected wavelength, the
drive current is adjusted within the range of drive current to a second drive current such that the light emitting diode
epevates at the preselected wavelength,

Anather aspect of the present invention involves a sensor configured to transmit and detect light. The
sensor has at least one light emitting element, the light emitting element having .an emission with a centroid
\ransmissian wavelength. The sensor further has first and second photodetectors, the emission of the fight emitting
element being within the response of the first and second photodstectors. A light directing member is canfigured
1o direct light from the at least one light emitting element to the fitst and second Photodetactors. A filter positioned
between the second photodetector and the at least one fight emitting element has a transition band selected 1o
encompass the centroid transmission wavelength.

In one embodiment, the sensor comprises an oximeter sensor, and the at least one light emitting element
comprises first and second lght emitting diades, Advantageously, the first light emitting diode has a centroid
wavelength in the red range and the second light emitting diode hes a centroid wavelength in the infrared range.
Advantageously, the filter has a transition band which encompasses the centraig wavelength of the first light emitting
diode.

In ¢ne advantageous embodiment, the fight directing member comprises an integrating optical sphere having
the first and second photodetectors positioned about the sphere so as to receive substantially equivalent portions
of kght from the at least one light emitting element.

in another embodiment, light dirscting member comprises a beam splitting member positioned to substantially ‘
equafly divide light from the at least ane light emitting member and to direct substantially aqual portions of the light
to the first and the second photodetectors, l

Still another aspect of the present invention invalves a method of delerminiﬁu the centroid wavelength of
a light emitting element. The method involves providing 2 set of a plurality of predetermined ratios, each of the
plurality of predetermined ratios corresponding to an associated centroid wavelength. Light is transmitted from the
light emitting nierneni 10 a first light detecting element 1o obtain 2 first intensity, and light is transmitted from the
light emitting element through a filter which attenuates the light to a second light datecting element to obtain a
second intensity. A ratio of the second intensity to the first intensity is then calculated. The ratig is compared to
the set of predetermined ratios to referenca the centroid wavelength of the light emitting element,

In one embodimens, the first and second light detecting elements comprise the same light detecting element.
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Brief Description of the Drawings

FIGURE 1 represents a calibrated prior art oximeter probe;

FIGURE 2 depicts a representationat graph llustrating the relationship between the extinction coefficients
of three constituents of biood with respect to the transmission wavelength of light transmitted through the blood;

FIGURES 3A and 3B depict exemplary LED eharacteristics;

FIGURE 4A depicts a representation of a tuned oximeter sensor according to one aspect of the present
invention;

FIGURE 4B depicts an oximater system with a digit for monitoring;

FIGURES BA and 5B depict a representational diagram of one embodiment of a resistar for use in
accordance with the present invention;

FIGURE 6 depicts the averaging effect in the wavelenpth of two simaltaneously active LEDs with close
transmission wavelengths;

FIGURE 7 depicts an embodiment of an oximeter sensor according to another aspect of the present
invention; and

FIGURES 8 and BA depict exemplary embodiments of improved calibrated oximeter sensors;

FIGURE 9A and 98 depict alternative embatiments sensers in accordance with of one aspect of the present
invention relating to detecting the wavelength of light emitting diodes;

FIGURES 104, 10B, 10C, and 10D depict graphs relating to the wavelength detection aspect of the present
invention; and

FIGURES 11 and 11A depict graphs of filter response curves for various filters in accordance with the
wavelength detection aspect of the present invention.

FIGURES 12 - 15 depict four different probe cenfigurations for use with the present invention.

Detailed Deseription of the Preferved Embodiment

The present invention has applicability to the use of medital probes and LEDs in general. However, an
understanding is facilitated with the foflowing description of the application of the principles of the present inventien
to oximetry.

The advantages of naninvesive technigues in monitoring the arterial oxygen (or other constituents) saturation
of a patient are well-known. In oximetry, light of a known wavelength is transmitted through a medium (e.g., a
human digit such as a finger) under test. The light energy is partially absorbed and scattered by the constituents
that make up the medium as the light propagates through the mediym, The absorption and scattering of the light
energy by any given canstituent depends upan the wavelength of the light passing through the constituent, as well
as several other parameters. The absorption by a constituent is characterized with what is known as the extinction
coefficient.

FIGURE 2 represents an exemplary graph 100 of the ralationship hetween the extinction coefficient of three
pessible constituents of blood with respect to the wavelength of light, Specifically, a first curve 102 illustrates the

relationship between the extinction coefficient of oxyhemaglobin (oxygenated hemoglobin) with respect to the
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transmission wavelength; a second curve 104 illustrates the relationship between the extinction coefficient of reduced
hemoglobin with respect te the transmission wavelength; and a third curve 106 illustrates the relationship between
the extinction coefficient of carboxyhemoglobin {hemoglobin cantaining carbon monoxide) with respect ta the
transmission wavelength, This relationship is well understood in the art. One wavelength is required for
each separate constituent in the medium. The wavelengths used for oximetry are chosen to maximize sensitivity of
the measurement (;e., oxygen saturation, etc.). These principles are well understoad in the art.

The amplitude of the enargy incident on 2 homogenenus media having at least ona constituent under test

is approximately velated to the amplitude of the energy transmitted through the media as follows:

N
- Y deg )
I=18 ™ '

where |, is the energy incident on the medium, | is the attenuated signal, d; is the thickness of the i, constitusnt
through which light energy passes, &, is the extinction {or absorption) coefficient of the i, constitvent through which
the fight energy passes (the optical path length of the iy, constituent), and ¢ is the cencentration of the iy
constituent in thickness d. As wellunderstood in the art, this basic relationship is utilized to obtain oxygen
saturation using conventional oximetry technigues,

It should be understood that the above equation is simplified for discussion purposes. Dther factors such
as multiple scattering also contribute to the resutting attenuation of the light energy. Multiple scattering is discussed
in a paper by Joseph M. Schmitt entitled, "Simple Phaton Diffusion Analysis of the Etfects of Multiple Scattering
on Pulse Orimetry,” JEEE Transactions on Biomedical Engineering, vol. 38, no. 12, Dec. 1991,

However, for further discussion purposes, the simplified equation (1) will be utilized. In procedures based
on cximetry technology, the accuracy of the physiological measurement is impacted by the accuracy of the
wavelength of the transmission LEDs because, as depicted in FIGURE 2, the extinction coefficient is dapendent upon
the wavelength of
the transmission LED. In order to obtain oxygen saturation, two LEDs, one in the red wavelength range and one in
the infrared wavelength range, are typically utiized in order to obtain the saturation measurement for & patient.
Further, as set forth in Equation (1}, the extinction coefficient is a critical variable in the equation. Accordingly, it
is important that the oximeter be provided with infarmation as to the specific wavelength of the transmission LEDs
for the sensor. Howaver, the wavelength of different LEDs, althaugh manufactured for a specified wavelength, varies
for the same drive current from LED to LED dus to manufacturing tolerances,

Wavelength Tuned LEDs
One aspect of the present invention provides an apparatus and method for tuning each LED in a sensor such

that the operating wavelengths for LEDs do not vary significantly from sensor to sensor. The tuning is performed
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by utilizing the wavelength shift exhibited in many LEDs i response to a change in drive curcent. FIGURES 3A and
38 illustrate this wavelength shift principle in two graphs. The graph 110 of FIGURE 3A depicts (with a curve 112)
currgnt in the vertical axis versus voltage in the horizontal axis for a typical LED. The graph 110 of FIGURE 34 is
well-understood in the art. In the area referenced between the axis indicated A and B, just beyond the shoulder of
the curve 112, the wavetength of certain LEDs shifts in a substantially linear fashion in response 10 a correspunding
change ia drive current or voltage. The amount of wavelength shift per incremental change in drive current typically
differs for each LED (designed for the same wavelength], just as the uperating wavelangth for LEDs (designed for
a specific wavelength) varies for the same drive current from LED to LED.

FIGURE 3B depicts an exemplary graph 120 of the wavelength of an LED in response to the drive current
in the area of the shoulder depicted in FIGURE 3A. This graph
depicts in a curve 122 an exemplary wavelength shift for an LED in the red range in response to drive current
changes. The slope of the curve 122 depicted in FIGURE 3B varies from LED to LED, as does the wavelength range.
Howaver, for conventional LEDs used in blood oximetry, an incremental shift in drive current through the LEDs causes
some incremental shift in the wavelength. Becausg this relationship is substantially linear in the area just beyond
the shoulder of the curve 112 depicted in FIGURE 3A, in one preferred embadiment, the shift is obtained in the area
bevond the shoulder. The graph of FIGURE 3B is not meant to represent alf LEDs, but merely to represent ane
possible wavelength shift carresponding to a panticular ¢hange in drive currant.

Accardingly, one way to obtain a selected wavelength is 1o drive the LEDs with the current necessary to
obtain the wavelength. However, such embodiment would require an oximeter design which varies the LED drive
current for each sensor.

In one advantageous embodiment, in order ta avoid the added complexity of oximeter system design, a
resistor is placed in paraliel with an LED in order to adjust the drive current through the LED to a level which wil
result in a selected wavolength. In such embodiment, the oximeter system is designed to operate at the selected
wavelength for each LED in the sensor. And, the oximeter need anly provide a fixed drive current. Accordingly, in
one embodiment, the design of the oximeter is simpler in that it need not take into account variations of wavelength
from sensor to sensor. The oximeter can simply be designed to operate at the selected wavelengths and have a
fixed drive current.

Each LED sensor manufactured for the oximeter is tuned, using the wavelength shift, such that the LEBs
in the sensor generate light at the selected wavelengths for the oximeter, FIGURE 4 depicts one embodiment of a
tuned sensor 150, connected to an exemplary oximeter system 152, accarding to the LED tuning aspest of the
present invention.

The sensor 150 is illustrated with a first light source 160 and a second light source 170, typically LEDs.
A first tuning resistor 162 connected in parallel with the first LED 160 forms a first tuned LED network 164.
Similarly, a second tuning resistor 172 is connected in parallel with the second LED 170 to form a second tuned
LED netwark 174. The sensor 150 further comprises a photodetector 180. A power source in the oximeter system,

such as an LED driver 182, is coupled to the tuned LED netwaorks 164, 174 in order to provide a predetermined drive
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current at the input of the tuned LED netwarks 164, 174. Advantageously, the LED driver 182 provides current to
only one of the tuned LED netwarks 164, 174 at any given time. The phatodetector 180 is coupled to receiving
and conditioning circuitry 184 in the oximeter system 152. In operation, the photodetector receives the attenuated
light energy and responds with an autput signal representing the intensity of the alternative fight energy. The
oximeter system 152 further camprises 2 controller 190 with supporting resaurces and a display 192. The oximeter
system receives the signals obtained from the sensor 150 azd analyzes the signals to determine information regarding
the medium through witich the light energy has been transmitted. !t should be understond that the oximeter system
is depicted in simplified form for discussion purposes. Oximeter systems are well knewn in the art. One possible
eximeter system comprises the oximeter system disclosed in International Publization No. WO 96/12435 published
on 2 May 1996. Other oximeter systems are well known and can be designed to operate at the selected
wavelengths.

As depicted in FIGURE 4B, for oximetry, a typical medium may include a finger 200 or an earlobe, as wel-
knawn in the art. Mediz such as the finger and earlobe typically comprise a number of constituents such as skin,
tissue, muscle, arterial btaod and venous blood fhaving several constituents each), and fat. Each canstituent absorhs
and scatters light energy of a particular wavelength differently due to different extinction coefficients. In general
operation, the first LED 162 emits incident light in response to the drive current from.the LED driver 182. The light
prapagates through the medium under test. As the transmitted light propagates through the medium, it is partially
absorbed by the medium. The attsnuated light emerging from the medium is received by the photadetector 180.
The photadetectar 180 produces an electrical signal indicative of the intensity of the attenuated light energy incident
on the photodetector 180. This signal is provided to the oximeter system 152, which analyzes the signal to

determine the characteristics of a selected constituent of the medium through which the Eght energy has passed.

The tuning is now explained with reference to the first LED 160, The tuning is also applicable to the
second LED 172. As explained above, in response to a particular drive current, different LEDs respond with different
wavelengths, evén though the LEDs were manufactured to generate the same wavelength. Tuning the first LED 160
in accordance with the present inventien invalves determining the amount of current required to operate the first LED
160 at the selected wavelength and adjusting the current thraugh the first LED 180 in order to obtain the selected
wavelength.

For instance, typical operational values for red LEDs used in oximetry range between 645 nm and 670 nm,
For a particular embodiment of an oximeter, the oximeter may be designed to operate with a selected wavelength
within that range, for example, 670 nm. However, the LEDs manufactured to produce the selected wavelength of
670 nm invalve manufacturing tolerances typically in the range of +2-10 am for the same drive current. However,
for a typicaf LED used in oximetry, the drive current can be varied in order to obtain the desired output wavelength
for the LED, For instance, as ilustrated in FIGURE 3B, the represented LED has an operating wavelength of 650
nm for the typical 50 mA drive current. If the drive current is increased 1o approximately 85 mA, the operating

wavelength becomes the selected wavelength of the present example (670 nm). The present invention takes
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advantage of the ohserved wavelength shift in response to a drive current change to tune each LED to ghtain the
selected wavelength, such as 670 nm.

Far purposes of discussion, the first LED 160 is defined to exhibit the wavelength characteristic depicted
in FIGURE 38. To tune the first LED 160, the drive current from the LED driver 182 is assumed to be preset or
fixed. in the present embodiment, the drive current is preferably somewhat larger than the drive current necessary
ta drive the first LED 160 alene fe.g., 100 mA or more). This is because the first tuning resistar 162 carries some
of the fixed drive current from the LED driver 182, The first tuning resistor 162 is selected o draw an apprepriate
amount of the fixed drive current to adjust the amount of current flowing thraugh the first LED 160 to result in the
saiected output wavelength. In the present example, the resistor is chosen to carry approximately 15 mA (of the
100 mA from the LED driver 182} in arder to reduce the current through the first LED 160 1 approximately 85 mA
10 obtain the 670 nm selected wavelength. Accordingly, each LED can be driven with the same fixed drive current
from the LED driver 182, yet the current through any particular LED differs in accordance with the value of the
associated tuning resistar. In this manner, the LED driver 182 can be designed to pravide the same fixed drive
current for every sensor connected to the oximeter. The oximeter system 152 is thus designed to make its calculation
based on the assumption that the corresponding wavelengths remain constant from sensor to sensor,

One particular advantageous methad of selecting the tuning resistor involves the use of a semiconductor
substrate resistor, such as the resistor 210 depicted in FIGURE 5A and 5B. The resistor 210 depicted in FIGURE
5A comprises a semiconductor substrate 212, a resistive coating pad 214, and connective conductors 216, 218.
In one embodiment a tunable LED 220 (ie., an LED that exhibits wavelength shift with drive current change) is
connected in parallel with the semiconductor substrate resistor 210. The fixed {preset) drive current is then applied
with 2 current seurce 222 to the network formed by the substrate resistor 210 and the tunable LED 220, The
operating wavelength of the tunable LED 220 is measured. Preferably, the initial substrate resistor has less
resistance than will be necessary to obtain the desired output wavelength, A laser is used to scribe the resistive
pad 214, a5 depicted by the fine 224 in FIGURE 5B. The scribe line 224 effectively removes a portion of the
resistive pad 214, and thereby increases the resistance of the remaining resistive pad 214, as well known in the
art. Using the laser, the increase in resistance can be controlled very precisely. The resistive pad 214 can be laser
trimmed until the current through the tunable LED 220 causes the tunable LED 220 to generate the selected
operating wavelength. The resulting resistorilED pair forms a tuned iED network. This tuning method is
advantageous hecause of the precision and the resuiting low-cost of the tunad LED.

Other methods of selecting the first tuning resistor 162, such as calculating the wavelength shift for a given
current changa for the first LED 160, and them selecting the appropriate resistor to cause the correct amount of
current to flow through the LED to obtain the selected operating wavelength, can also be used. Similarly, 2
potentiometer could be used. Preferably, each LED for each sensor is tuned in a similar manner such that the
operating wavelength is a setected operating wavelength for the sensor. For instance, a two wavelength oximeter
aperating may have selected wavelengths for the two LEDs of 670 nm and 905 nm. For each.sensor, a first LED

is tuned for the 670 nm selected wavelength, and 2 second LED is tunad for the 805 nm selected wavelength.
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in sum, the tuning aspect of the present invention involves using the principfe of wavelength shift in an LED
to tune each LED to obtain a respective selected operating wavelength.

It should be understood that for some LEDs, the manufacturing toierance may be tog far from the respective
selected wavelength to enable the use of the shift in wavelength 1o properly tune the LED: or the wavelength shift
may be insufficient to obtain the selected wavelength. In one embodiment, such LEDs would not ba utilized, and
would be considered out of tolerance, Alternatively, if the obtainable wavelength shift is not sufficient to allow for
proper tuning, it is aiso possible to use two LEDS having wavelengths very near each other and near the selected
wavelength. One LED has a wavelength below the selected wavelength, and one LED has a wavelength above the
selected wavelength. As the graph of FIGURE 6 illustrates, when two LEDs are hoth active and placed adjacent one
another, the fight from the two LEDs combines to form a combined wavelength which is the average wavelength of
the two LEDs. The combined wavelength has a broader wavelength range, but has a known average. Preferably,
to fine tune the average wavelength, the wavelength shift of one or beth of the twa LEDs can be utilized using
tuning resistors as described above such that the average wavelength is the selected wavelength. Accordingly, two
LEDs {preferably tuned in accordance with the present invention as a pair) can be used to obtain the selected
wavelength for operation in a given oximeter.

As another alternative, i sufficient wavelength shift is not available to allow for tuning aff LEDs to the
selected wavelengths, a few selected wavelengths could be used. For instance, for determining oxygen saturation,
the selected red wavelengths could be 660 nm, 670 nm and 630 nm. The selected infrared wavelengths could be
800 nm, 920 rm, and 940 nm, independent of the rad wavelengths. Each sensor would be tuned using the tuning
resistors described above such that the red and infrared LEDs operate at one of the selected red ang infrared
wavelengths, respectively. An indicator would then be provided on the sensor, or the connector attached to the
sensor, to allow the eximeter to determine which of the selected wavelengths is present on the sensor attached to
the oximater. Alternatively, a wavelength detection device could he provided with the oximeter system ta determine
which of the selected wavelangths is present in a sensor attached 10 the oximeter system. Although this
embodiment requires some means for the oximeter to determine which of the selected wavelengths is present on the
attached sensor, the selected wavelengths are precise from sensor to sensor.

Two-Wavelength LED

Another aspect of the present invention involves using the principle of wavelength shift in an LED for a
given change in current in order to use a single LED 1o provide twe operating wavelengths. This is advantageous
in making physiological measurements, such as blood oximetry measuremants, because for each additional wavelength
added, the saturation of an additional constituent in the biood can be measwrsd. For instance, with a two-
wavelength oximeter, only the ratio of ane of two constituents t the tatal of the two constituents (e.g., oxygen
saturation} can be accurately monitored. If oxygen saturation is manitorad with two wavelengths, other constituents
which are significantly present in the bloot affect the measurement of oxygen saturation.

If an additional constituent present in the blood has a significant effect upon the oxygen saturation reading

for a particular patient, the failure to detect the constituent can be detrimental to the patient. An example of 2
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tonstituent which, when present in the blood, wil significantly impact the oxygen saturation reading provided by a
two-wavelength oximeter is carbon monoxide. This is because the extingtion coefficient magnitude far
carboxyhemoglobin (depicted in the curve 106 of Figure 2) approaches the extinction coefficient of oxyhemoglobin
{depicted in the curve 102 of FIGURE 2) for light energy in the range of 650 nm. Therefore, carboxyhemoglobin may
be detected as oxyhemoglobin. This leads to a false indication of the oxygen saturation (i.e., overestimation) in the
blood using a two-wavelength oximeter. In this manner, the attending physician may fail to detect the lack of
oxygen, and the increasa of carbon monaxide in a patient. If an additional transmission wavelength is provided on
the sensor, the oximeter can monitar another constituent, such as carboxyhemaglobin.

in accordance with the present invention, the princisle of wavelength shift in an LED is utilized in erder to
drive one LED with twa appropriate drive current levels to provide two distingt wavelengths. In its simplest form,
this s accomplished by first driving an LED {which exhibits wavelength shift with drive current change) with 2 first
known drive current to a first known wavelength, and then driving the same LED withi a second known current to
a second known wavelength,

FIGURE 7 depicts one advantageous embodiment of a sensar 250 for blood oximetry measurements coupled
to an oximeter system 252 designed in accardance with this aspect of the present invention. The sensor 250
comprises a first LED 254 and a second LED 256. For blood oximetry the first LED 264 preferably operates in the
red wavelength range and the secand LED 256 preferably operates in the infrared wavelength range. The sensor

250 further comprises a photodetector 256. The phatodetector 258 is coupled 1o receiving and conditioning circuitry

262. The oximeter system is under the contral of a controler 264 and has a display 266. As well-understood in
the art, an LED driver 269 sequentially drives the LEDs 254, 256 with a predetermined drive current. The
photodetector 258 detects the fight energy, attenuated by the medium under test. The oximeter 252 receives and
analyzes the signal fram the photodetector 258 to determine information regarding the medium through which the
light energy has been transmitted. As with the embodiment of FIGURE 4, the oximeter system 252 is depicted in
simplified form. Appropriate oximeter systems include the system distlosed in International Publication No. WO
96112435, published on May 2, 1996. Other monitors well understood in the art also exist. The oximeter system
252 is modified in accordance with the present invention to drive the shifting LED as described below.

In the present example for blood oximetry, the first LED 254 is the shifting LED and is used to provide two
wavelengths. In erder to accurately provide two wavelangths, the wavelength shift principle is utilzed. According
to one embadiment, LEQs are evaluated at the time a sensor is manufactured, and an indicator is hmvided on the
sensor which can be read by the oximeter system 252 to indicate the drive current change necessary in crder to
effectuate a desired shift in wavelength, Indicators may comprise a resistor on the sensor or Sensor connectar, a
memory on the sensor or Sensor connector, ar a similar device, Alternatively, the indicator can provide a indication
ta the oximeter of the amount of wavelength shift which is obtained due to a presat drive current change. Another
slternative is to provide a wavelength detector 268 for the aximeter, which allows the oximeter system 252 to
detect the transmission wavelength of an active LED. Wavflength detectors, such as a monochrameter, are well

known in tha art. However, canventional monochrometers are expensive and bulky. This description sets forth a
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mare practical approach to detecting wavelength below. In this embodiment, the LED driver 260 changes the drive
current until the desired wavelength is obtainec, utilizing the wavelength detector 268 to manitor the wavelength.

In one preferred embodiment allowing for 2 simpler oximeter design, in order to accurately provide two
wavelengths with a single LED such as the first LED 254, a netwark 270 of a slope adjusting resistor 272 and the
first LED 254 is slope adjusted such that a preselected change in drive current {Al) entering the first stape adjusted
network, causes a preselected shift in wavelength (AJ) in the first LED 254. In other words, as depicted in FIGURE
3B, each LED exhibits an inherent stope of the curve 122. Howsver, the slope of this curva often differs from LED
to LED, even for LEDs rated for a particular wavelength. f order for an oximeter to be designed for simplicity in
obtaining a repeatable preselected wavelength shift, it is advantageous to have the preselected wavelenpth shift (AA)
for gach first LED in different sensars correspond to the same preselected drive current change [Al). Accordingly,
it is desiraus that the first LED {for the prasent example) on different probes respond with the same preselected
change in wavelength for the same change in drive current provided by the LED driver 260. In other words, it is
advantageaus that the slope of the curve 100 depicted in FIGURE 3B be the szme for each corresponding LED
netwark, since it is not typically the same for each individual LED. In this marner, the oximeter is designed to drive
the LEDs with twa drive current lavels, where the twy drive current [evels are praselected and remain constant from
sensor to sensor.

Just as the first tuning resistor 162 tunes the first LED 160 ta a particular selected wavelength for a
selected drive current, & slope adjusting resistar, such as the slope adjusting resistor 272, can be used to alter the
slope of the turve 122 exhibited for the particular cerresponding LED network {e.g., the first siope adjusted LED
network 270). In most instances, the slspe adjusting resistor 272, if used to alter the slope, cannot also be used
ta tune the precise waveiength of the first LED 254, However, other methods and procedures to indicate to the
oximeter what the particular wavelength of cperation of the first LED for a given drive current can be utilized. For
instance, an indicator {such as a resistor or low cost memory device) can be provided with the sensor 260 which
tan be read by the oximeter 252, which indicator provides the initial operating wavelength of the slope adjusted LED
network 270.

Slope adjustment can be accomplished in the same manner as destribed above with respect to the
semiconductor substrate resistor 210. However, the substrate resistor functions as the slope adjusting resistor rather
than a wavelength tuning resistor (ie., the substrate resistor is adjusted to cause a preselected change in wavelength

for a preselected change in drive current for the LED/resistor netwark). In other words, for the first LED 254, the

 substrate resistor 210 depicted in FIGURE 5A and 5B is coupled to the first LED 254 to form the slope adjusting

resistor 272, A laser is used to trim the resistor until the preselected change in drive current for the network 270
results in the preselected change in wavelength for the first LED 254,

It should be noted that if LEDs are available that exhibit the same wavelength shift with respect to the
same change in drive current, the first slope adjusting resistar 272 is unnecessary.

For determining oxygen saturation, tha second LED 256 operates at a fixed infrared wavelength (e.g., 905

nm). Preferably, if the infrared LEDs exhibit manufacturing tolerances, the infrared LEDs can be tuned using a tuning
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resistor 274, in the_ same manner as the tuning resistor 162 of FIGURE 4, to operate at the selected infrared
wavelength. With a tuned second (infrared) LED 256 and a slope adjusted first LED 254 (configured to provide two
wavelengths), measurements at three wavelengths can be taken using the sensor 250.

In use, the sensor 250 of FIGURE 7 is first driven with an initial drive current to cause the first LED 254
to generate light energy of a first wavelength (e.g., 660 nm). The attenuated signal at this first wavelength is
detected by the photodatector 258 and received by the aximeter 252. Next, the first slope adjusted LED 254 is
driven with 8 new drive current varied by the preselected change in drive tunent to Cause the preselected
wavelength shift to cbtain a second wavelength {e.g., 675). As long as the initil wavelength is provided to the
oximeter system 252, and the slope {change in wavelength due to change in current) of the first LED network 270
is properiy adjusted to match the preselected slope, the second wavelength will also be a known quantity. A third
measurement is taken by driving the second LED 256 and receiving the attenuated signal with the photodetector 258.
Measurements are stored in the oximeter system 252. Based upon the three measurements taken, the arterial
saturation of two constituents of blood may be determined (e.g., oxyhemaglobin and carboxyhemaglobin), thus
providing more precise infarmation regarding the physiological makeup of the blod of a patient under test,

in an oximeter system where monitoring of carbon monoxide and oxygen is desired, the first wavelength
may be 660 nm, the second wavelength may be 675 nm or 680 am and the third wavelength will be an infrared
wavelength such as 900 nm or 805 nm. With these three wavelengths pravided by two LEDs, the saturation of both
oxyhemoglabin and carboxyhemoglobin in blood can be determined. The use of twa LEDS to perform measurements
a1 three wavelengths reduces the cost of the sensor, which is particularly advantageous if the sensor is a disposable
or replaceable sensor.

In addition to the uses described above, it should also be noted that the wavelength shift principal described
abave could be used te obtain an additional wavelength with ene LED.

Measurements Without Precise Wavelength Information

A further aspect of the present invention involves an apparatus and method of measuring the saturation
of a selected constituent in a medium under test fe.g., oxyhemoglabin in blood) without knowing the precise
operational wavelength of one LED. Accarding to this aspect of the present invention, if the wavelength shift for
an LED is known for a known change in drive current, the operational wavelength for the LED need not be known
if other information is aiso available, as further explained below.

As explained above, obtaining a known wavelength shift for a salected change in current can be
accomplished by adjusting presently existing LEDs, such that the LEDs react to a preselected change in trive current
(Al) with a preselected changa in wavelength (AA). Alternatively, if LEDs are avalable having a repeatable {from
LED to LED) change in wavelength for a selected change in current, those LEDs can be used without adjustment.
An understanding of this aspect of the present invention is explained with reference to arterial oxygen saturation
determination using two-wavelength eximeters.

As explained above, FIGURE 2 depicts a graph illustrating the relationship between the typical extinction

coefficient for three constituents of biood with respect to the transmission wavelength of light transmitted through
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the blood. For purposes of determining oxygen saturation, the first curve 102 and second curve 104 are of interest.

As illustrated by the first curve 102, the extinction coefficient of oxyhemoglobin for light transmitted
hetween approximately 665 nm (indicated as A, on the graph} and 680 nm (indicated as A, an the graph) is
substantially constant (more apparent when the Y-axis of FIGURE 2 is not a log scals axis). When light within that
same range (i.e., A-A;) is transmitted through reduced hemoglobin {the second curve 104), the extinction coefficient
of the redeced hemoglohin exhibits a substantially linear relationship as a function of transmiseion wavelength. These
known progerties of bload constituents are utilized in the apparatus and method of the present invention tg obtain
infarmation regarding the oxygen saturation (or other constituent saturation) of the blood without knowing the
particular wavelength of one of two LEDs.

Assuming that incident fight is represented by the letter I, and the attenuated signal is fepresented by |,
the attenuated signal is represented by Equation (1) above. In other words, for the L£D sensor 250 of FIGURE 7,
the attenuated signa! | is received by the photodetector 258 and is a function of the ambient transmission, as set
forth in Equation {1).

Where light of wavelength A is transmitted through tissue with blood containing two forms of hemogiohin

(oxyhemoglobin and reduced hemaglobin), Equation (1) can be expanded for these two constituents of hlood:

n
-E A -de -de @
| = Io (e = ) (e 1;01) (e 21%)
where:
d is the thickness of the medium.
£, is the absarption coefficient of reduced hemaglobin at wavelength A,
&y is the absarption coefficient of oxyhemoglobin at wavelength A,
O is the concentration of reduced hemogiobin,
¢; is the coacentration of axyhemoglobin,
& “is the absorption coefficient of the [ layer of attenuating material (ot including oxyhemoglobin
and reduced hemoglobin),
g is the thickness of the {* layer of attenuation material fnot including oxyhemaglobin and reduced
hemoglobin), and
g is the concentration of the [ layer of attenuating material {not including oxyhemoglobin and

reduced hemoglobin).

Equation (2} can be further expressed as follows:
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S =1In 1. —d(smc1 + £ 0) @)

where:
n
P
- =1 —_ H
lg, = 1,(e 7' ) = baseline
s is a value obtained by measuring | with the photodetector and calculating the ratia of | to I, after

taking the natural log.
For determining oxygen saturation, where the tight is transmitted at a first red wavelength A, Eguation (3)

is exoressed as follows:
S =h [ji] L= - (Euts + 6u) (@)
Bl

Where light is transmitted at an infrared wavelength A,,, Equation {3) is expressed as follows:

Sp=I|—||.= - (B42,61 * €21,.%2) o

When the wavelength A, and the wavelength A,, are both knawn, the oxygen saturation can be determined,

as well-understood in the art. This is briefly illustrated with the following derivation:

SIH

—IR (]
d

S
LET N, =71 and N2 =

Equations {4) and {5 became:
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Ny =Coep, + Cityy,
szozeax,n * C131A,R ®

In matrix notation, Equations (7) and {8) become:

A= a1, E1a, X- C, - N,
€21n €11 C N,
A-X-B =~ || (Gl [N @
B2 E1ap C,) \N;
-1
Or 02 _ f:23'1 8111 N1
¢ €a1,n B1apg N,
(311,R N1'31A1N2)

Ci) | (-ea Nyrey Ny)

_ (821181}.,3-8111821”,)_

As well understood in the art, oxygen saturation is defined as the foliowing ratio:
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oxygen. SAT-—2 1 G+C

2+l SAT C,
Or. -—-‘!—=1 +5
SAT G,

('32x1 N, *eg Np)

Hence: 5: (B21,F10,, 813,821,

Cz (€1AIHN1 _e1l1N2)

(8211£1A,R_81 Ay 521,,7)

S S
Substituting: N1=_31 and N, f

and multiplying the numerator and denominatar by -1:

and Simplifying ﬁqzh d d
C2 s1 SIR
_81115._d+81l1_d'

(1




Multiplying numerator and denominator by d:

Substituting Equation {12) into Equation {11) above:

1 e (S-S
SAT 211(_81A,RS1+8111SIR)

»

1 _(321181"82,1132‘311,981*311182)

Simplifying:
pilying SAT “€43,,51 7813, 55)

AND FINALLY:

(311,,:,31 *Ey A1S2)
(‘9211S1+321132 +51;.,RS1 “%152)

SAT= (13)

wavelength A, and the Ay are both known, the extinction coefficients, Eu, Buy Eu, and Eu, for the
coreesponding constituents at A, and A, are also known. As explained above, §, and S can be obtained by
measuring | and , and taking the natural log of this ratio at the various wavelengths during operation. Accordingly,
ali of the variables in the saturation equation are known or obtainable through measurement.

However, if the wavelengths for the transmission LEDs are not specifically kmown, the extinction
coefficients & will not be known. In accordance with one aspect of the present invention, the oxygen saturation

can be computed without knowing the precise wavelength of one of the LEDs. For purposes of discussion herein,
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the LED in the red range is chosen for ilustration of this aspect of the present invention, In accordance with the
present invention, and as explained above, the red LED can ke adjusted to exhibit a presefected wavelength shift,
even though the precise wavelength may not be known. Accardingly, the red LED can be driven with two different
drive currents to obtain two different wavelengths, the shift between which is preselected and known. However,
as explained above, the precise wavelength may be wnknown without some indication of at least the starting
wavelength. In accordance with the present invention, as long as the preselected wavelength shift is known, the
starting wavelength need not be knawn.

In an application where the extinctien coefficients vary with respect to shifts in wavelength on the order
of 1 -3 nm, it would be possible to determine the wavelength without prior information regarding the wavelength
or the wavelength shift. This would be accomplished by calculating the desired measurament (e.g., oxygen saturation)
at several {e.., two or mare) different LED drive currents and using the change in the measurement in cannection
with an empirically generated data set {i.e., curves) of measurements with respect to wavelengths to determine the
wavelength of the LED,

It the preselected wavelength shift is utilized, the oximeter system can make measurements at three
wavelengths A, A, and A, Thus, 2 third equation in addition 10 Equations (3) and (4} is obtained.

Where the light is transmitted at 2 second red wavelength A,, Equatian (3) is expressed as follows:

S =In|— 3= ‘d(suzq " 8212c2) (141

As depicted in FIEURE 2, within the range of §50 nm - 700 nm, the extinction coefficient does not
significantly change. More particularly, within the range of Ay - Ay = 665 mm - 630 mm,

=] 15
€ar, € €2y, (18

Furthermore within the same range,

e, = (845, — Agy) e
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Ag, is known for a known wavelength shift within the destribed range, because the change in the extinction
coefficient Ag, is substantially finear,

Substituting Equations (14) and {15) into Equation {4), (5], and (14) resuhs in the following equations:

S = ~d (ey,,Cy + €22,G) it

Sip = ~Oey;,0 + €5 G) e

S, = ~d(ey;,-Aeq)ey + £9,82) 19

As explained above, S,, S,, and Sy, are calculated by measuring | and L. Accordingly, S,, S, and S, are
known values. The extinction coefficients €, and &, for the infrared wavelength LEG are assumed to be known
because in the infrared wavelength of interest {e.g.. 850 mn - 820 nm} and more particularly 890 m - 910 am),
the extinction coeffizient is substantially constant for both curves 102 and 104. In another embodiment, the
accuracy would be improvad slightly by tuning the LED. The extinction coefficients for oxyhemoglobin at A, and A,
are also known, as lang as the wavelength is in the range where the extinction coefficient remains constant. In the
present example, this range is defined as 655 nm 1o 690 nm. Furthermore, because the change in the absorption
coefficient (A€} for reduced hemaglabin is known for a known wavetength shift berween A, - A, = 665 nm - 690
nm, A&, is also a known quantity because €, is linear with A. The total thickness of the medium, d, generally is
unknown for most applications. However, for the determination of oxygen saturation, as illustrated above, the
thickness (d) cancels because saturation is 2 ratio.

Accordingly, for the determination of oxygen saturation, Equations (17), (18), and (19) provide three
equations with three unknowns (E“u' £, and ¢,). Afgebraic techniques following those of Equations (B) to (13} may
be applied to solve the three equations to obtain the oxygen saturation ratio of e,fic,+c;). Accordingly, it is mot
necessary to know the precise operating wavelength of the first LED 254, as long as the operating wavelength for
the first LED 254 is in 2 known range where a preselected change in drive current causes a preselacted change in
the wavelength, and where the extinction coefficient of ane constituent is constant and the extinction coefficient
of the second constituent is substantiélly finear such that the change in the extinction coefficient for a preselected
change in wavelength is also known.

Accordingly, this aspect of the present invention permits the user to obitain physiological data without
knowing the precise operational frequency of an LED.
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Improved Calibration of LED Sensor

An additional aspect of the present invention invalves an improved calibration technique for an oximeter
sensor where 2 resistor is utilized to code the LED rather than tune the LED, As depicted in the prior art cafibrated
oximeter probe of FIGURE 1, an encoding resister 300 utilizes a separate electrical connection lsad and connects to
a common ground lead 304, With the ever increasing use of replaceable or disposable sensors, any reduction in the
complexity of the replaceable sensor can result in a significant cost savings over time. In accordance with present
invention, the characteristics of an LED as depicted in FIGURE 3A can be utilized to provide a more cost effective
coded or calibrated oximeter probe where the coding or calibration is provided using a coding resistor.

in accordance with this aspect of the present invention, one of the LED electrical cannections can also be
used for the coding resistor. FIGURE 8 depicts a schematic diagram of an exemplary oximeter sensor where a coding
resistor 332 can be read using one of the LED electrical connections rather than a separate electrical connection.
A sensor 310 comprises a first LED 312, a second LED 314 and a photodetector 316. The first LED 312 has a
first corresponding electrical connection 318; the second LED 314 has a second correspanding electrical connection
320; and the photodetector 316 has 2 corresponding electrical connection 322. Fach of the LEDs 312, 314 and
the photodetector 316 are connected at their outputs to a common ground electrical connection 330. In the present
embodiment, the coding resistor 332 is coupled in parallel with the first LED 312 or the secand LED 314. in this
embodiment, the coding resistor 332 is not provided to tune the first LED 312 or 1o slope adjust the first LED
network, but is provided as an indicator which can be read by an attached oximeter system 340. The resistor can
be used to indicate the operating wavelength of the first and second LEDs 312, 314, or more advantageously, to
indicate the type of probe. In other words, the value of the coding resistor 332 can be selected to indicate that
the probe is an adu't probe, a pediatric probe, a neonatal probe, a disposable probe or a reusable probe. In one
preferred embodiment, coding resistors could be provided across each of the LEDs 312, 314 to allew additional
information about the probe to be coded without added lsads. However, any resistor or impedance device could be
used without it being used in parallel with the EEDs to encode the change in wavelength or other information for
the LEDs,

For instance, the coding resistor could be utilized for security purposes. In other words, the value of the
coding resistor, and the placement across the LED 312 could be used to ensure that the probe is configured properly
for the oximeter. For instance, the coding resistor could be utifized to indicate that the prabe is fram an authorized
supplier such as a "Masimo™ standard probe, "Patient Monitering Campany 1* probe, "Patient Monitoring Company
2" probe, etc.

in addition, it should be noted that the resistor need not be a passive element. Coding information could
also be provided through an active cireyit such as a transistor network, memaory chip, or ather identification device,
for instance Dallas Semiconductor 05 1990 or DS 2401 or other autamatic identification chip.

In order to read the coding resistor 332, the oximeter system 340 drives the first LED 312/coding resistor

332 combination at a level that is tow enough that the LED draws effectively insignificant current because of the
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exponential relationship between | and V, as illustrated in the graph of FIGURE 3A. As well understoad in the art,
the LED becames active in the area of the shoulder, designated with the A axis indicator. Below the voltage level
at A, the LED is effectively inactive and draws effectively insignificant current. In other words, the current through
the first LED 312 is negligible. Significantly ail of the current through the first electrical connection 318 flows
through the cading resistor 332,

The current which flows through the coding resistor for the valtage applied is measured by the oximeter
system by measuring the current through the first electrical connection 318. turn, the,oximeter system 340
determines the value of the coding resistor 332 which is preselected to indicate the type of probe, the operating
wavelength or other parameters about the probe, In essence, by reducing the drive voltage across the first electrical
connection 318 and ground to a low level that does not activate the first LED 312, the first LED 312 is effectively
removed from the electrical circuit. In the present embodiment, it has been found that for conventional LEDS in the
red and IR range, 0.5V is a particularly advantageous voltage. At 0.5V, current through the LED is ganerally less
than 147A (an insignificant amount).

Preferatly, the coding resistor 332 is chosen to be of a sufficiently high value that when the current supply
to the first electrical connection 318 rises 1o a level sufficient to drive the first LED 312, the coding resistor 332
is effectively removed from the electrical circuit because of its high resistance as compared to the resistance of the
first LED 312 at active operating currents.

Accordingly, a coding resistor can be used in connection with an oximeter LED sensor without the addition
of an electrical connector dedicated to the coding resistor. This reduces the cost of the sensor in accordance with
the present inventian, .

In one advantageous embodiment, the oximeter can monitor the coding resistor continuously by providing
a .bV coding resistor reading signal at a frequency different from the LED drive cument. For instance, if the LED
drive current is turned on aﬁd oft at a frequency of 625 Hz, the .5V coding resistor reading voltage can be provided
at a frequency much lower than 625 Hz, such that the 625 Hz signal can be easily fittered with a low pass fitter
with a cutoff significantly below 625 Hz, but with a pass band which allows the .5V signal to pass. This would
allow the oximater to continuously monitor the coding resistor 332 in case of a change in the sensar by the system
operatar.

This particularly advantageous embodiment of using the coding resistor 332 can also be utilized with a
conventional back-to-back configuration for the red and infrared LEDs, as is typical in oximeters. Such a
configuration is depicted in FIGURE 8A. FIGURE 8A is similar to FIGURE B, except that the first LED 312 and the

" second LED 314 are connected in a back-to-back configuration such that the first electrical connection 318 is

required and the valtage can be alternated from positive 1o negative 10 draw current through either the second LED
314 or the first LED 312, This eminates the need for an electrical connection to the oximeter probe, thereby
further reducing the cost of the probe. In the back-ta-back configuration of FIGURE 84, if the second LED 314 is
a red LED with 4 knee of approximately 2.0V and that the second LED 312 is an infrared (IR) LED with a knee of

approximately 1.5V, a positive voitage is advantageously applied to the first electrical connection 318 at
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approximately 0.5V in order to measure the coding resistor 332. Because the knea for the red LED is 2.0V, very
little {fess than 144A) cutrent will flow through the red LED and essentially no current will fiow through the infrared
LED 312 {because the infrared LED 312 is reverse hiased). In such a scemario, the current which passes through
the network of the first LED 312, the second LED 314, and the coding resistor 332 is approximately equal te the
current through the coding resistar 332. The resistance of the ceding resistor 332 is then easily determined via
Ohms Law by dividing the voltage applied to the network by the current which flows through the network. Care
must be taken to insure that the element (active or passive) does not create electromagnetic noise which could lead
to reduced system signal to noise ratio,
Wavelength Detectian

As briefly discussed above, in certain circumstances, it s useful directly to obtain infarmation rearding the
wavelength of an LED connected to an oximeter. As ilustrated in FIGURE 7, a wavelenpth detector 268 can be
provided. However, a wavelength detector requires some configuration operations to be’ performed by the operator.
In a hospital environment, it is advantageous to simplify the use of the oximeter. Accordingly, in another
embodiment, each LED sensor is configured with a wavelength detection configurstion. FIGURE 9A and 9B depict
diagrams of possible embodiments of LED sensors configured with fiters. These sensor configurations can be used
to obtain the wavelength of the LED for the sensar.

As depicted in FIGURE 94, a sensor 400 comprises a transmission LED network 402, a first photodetector
404, a second photodetector 406, a diffuser 407, a beam splitter 408, an optical filter 410 and an optional optical
fiter 471. The transmission LED network 402, the first photodetector 404 and the second photodetector 406 all
couple to an oximeter system 412, A third photodatector 413 is also depicted in dotted line to ilustrate the
photodetector for the oximetry measurement. This third photodetector 413 is not discussed in the following
discussion which relates to the cabration portion of the oximeter probe 400. The transmission LED network 402
preferably comprises at least two LEDs, ane in the rad wavelength range {e.g., 880 nm) and one in the infrared
wavelength range {e.., 805 nm). Determining the wavelength of one of the LEDs in the LED network 402 using the
configuration of the sensor 400 depicted in FIGURE 9A is described below.

As seen in FIGURE 9A, the LED network 402 transmits light 414 which lirst passes through the diffuser
407. The diffuser 407 is provided advantageously in the preferred embodiment in erder to remove polarization of
the fight because the beam splitter 408 is sensitive to polarized light, and most LEDs transmit some percentage of
polarized light. The light then pesses to the beam splitter 408 where it is divided. The beam splitter 408 is
preferably coated with a material which is paniially reflective to light of the wavelength of the LEDs of interest in
the LED network 402, Advantageously, the beam splitter 408 reflacts approximately one-half of the light 414 and
directs it to the first photodetector 404, The remainder of the light passes through the beam splitter 408 and
through the fitter 410 and is received by the second photodetector 406. The oximeter system 412 receives the
intensity reading from the first and second photodetectors 404, 406 and utilizes the relative intensities from the first
and second photodetectors 404, 408 to datermine the centroid of the emission wavelength for the LEDs 402, as

further explained below.
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As is well understood in the art, obtaining a besm splitter to precisely divide the light by 50 percent would
be costly to construct. However, it is not necessary 1o abtain a 50 percent split of the light because imprecision
can he accommodated with calibration. Ir an embodiment where no second filter 411 is provided, the system can
be calibrated by activating the infrared LED. This is possihle because the first fitter 410 is transparent to the
infrared wavelength, and thus, each photodetector 404, 406 senses the same signal. In sugh an embadiment, the
intensity outputs from the first and second photodetectors 404, 406 can be tompared and equalized through
calibration canstants during run-time. This compensates for imprecision in the photodetectors, beam splitter 408 and
ditfuser 407.

In an embodiment where the infrared is not used to talibrate, the photodetectors 404, 406, the beam
splitter 408 and the diffuser 407 can be calibrated peior to delivery with a passive o active cading element 415
far each device. It should be understaod that the hox 415 represents one or more coding elements. It should alsp
be understood that a single coding element could be used for all of the optical devices within the box 515.
Praferably, the elements provided for calibration (those within the box in dotted lnes labelled 515) in this embodiment
are positioned in a reusable portion of the proba such that the increased expenge is not too significant.

The filter 410 may also have imprecision due 1o temperature sensitivity and imprecision of manufauturing
process. Therefore, in order to cafibrate for imprecision with respect to the filter 410 (preferably a shot glass) due
to shift in temperature, a temperature detector 405 is provided in a preferred embodiment. Because temperature
sensitivity in shot glass filters are weil known, by detecting the temperature, the shift in filter characteristics can
also be determined. With respect to the imprecision in manufacturing, a passiva or active coding element 415 gan
be provided on the probe to provide information about the variation from a selected (ideal) filter characteristic
(transition band for fitter).

Another preferred embodiment utilizing a fitter configuration is depicted it FIGURE 8B. FIGURE 9B depicts
a sensor having 2 transmission LED network 420, a diffuser 421, a first photodetector 422, and a second
photodetector 424. As in FIGURE A, a third photodetector 431 is depicted representing the photodetector used
for oximetry measurements, The first and second phetodetectors 422, 424 are positioned at the interior periphery
of an integrating optical sphere 426, or the like. As can be seen in FIGURE 9B, the integrating optical sphere 426
has an aperture 428 through which light 429 from the LED network 420 is directed for monitoring and for
wavelength determination. The light which enters the aperture is reflected about the interior of the optical sphere
426, without significant abserption. Advantageously, the interiar of the integrating optical sphere is reflective to
the wavelengths of the light from the LED netwerk 420, in addition, the interior of the integrating optical sphere
426 scatters the light. Advantageously, the first and second photodetectors 422, 424 are spaced laterally across
the integrating optical sphere, with the aperture 428 positioned equidistance between the first and second
photodetectors 422, 424. In this manrer, each of the first and second photodetectors 422, 424 receive substantially
the same amount of light ariginating from the LED netwerk 420.

As with the embodiment of FIGURE 9A, the secong photodetector 424 has an assaciated jow pass optical
fitter 430, through which the light incident on the second photadetector 424 passes prior to reaching the second
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phetodetector 423. Accordingly, like the embodiment of FIGURE 8A, the second photodetector 424 in FIGURE 9B
receives fight attenuated by the filter 430, and the first photodstector 422 receives light unattenuated by the filter
430.

As with the embodiment of Figure 9A, as is well understoud in the art, obtaining an integrating optical
sphere precisely integrate the light would be costly to construct, However, again, it is not necessary 1o obtain a
perfect integrating sphere because imprecision in the sphere {as well as in other elements) can be accommodated
with calibration. For instance, the system of Figure 98 can ba caliyrated by activating the in{zared LEO if no infrared
filter (corresponding to the filter 411 in Figure 9A) is used. This is possible because the filter 430 is transpa}ent
to the infrared wavelength, and thus, each photodetector 422, 424 senses unfiltered signal {which ideally wauld be
the same). In such an embodiment, the intensity outputs from the first and second photodetectars 422, 424 can
be compared and equalized through calibration constants during run-time.  This compensates for imprecision in the
photodetectars, optical sphere, and diffuger.

As with the embodiment of Figure 8A, if the infrared s not used to calibrate, the photodetectors 422, 424,
the optical sphere 426, and the diffuser 421 can be calibrated prior to delivery with passive or active coding
element{s) 432 for each device.

As with the embodiment of Figure 9A, the filter 430 may have imprecision due to temperature sensitivity
and imprecision due to manufacturing, Therefore, in order to calibrate for imprecision with respect to the filter 430
(preferably a shot glass) due to shift in temperature and manufacturing tolerances, a temperature detector 425 is
provided in a preferred embodiment, as with the embodiment of Figure BA. With respect to the imprecision in
manufacturing, a passive or active coding element 432 can ba provided on the probe to provide information about
the variation from a selected (ideal) filter characteristic (transition band for filter).

It shou!d also be understeod, that in one embodiment, a single memory element or other passive or active
element (415, 432) cauld ba provided with enough identification cepability to provite charactetistic information fer
each of the diffuser, the photodatectors, filters, and the beam splitter {or optical sphere). For instance, a memory
device or transistor network could be provided with several bits of information for device.

In the present embodiment, with red {e.g., 640-680 nmj and infrared (2.9, 900-840 nm) LEDs in the LED
networks 402, 420 of FIGURES 9A and 3B, the wavelength of the red LED is the most critical for biood oximetry,
Accordingly, accurate determination of tha centroid operating wavelength of the red LED in the LED netwuorks 402,
420 is desired. In this case, the filters 410, 430 advantageously are selected to partially attenuate fight in the red
wavelength range, and pass light in the infrared range unattenuated.

The principle by which the sensars of FIGURE 94 and 9B can be used 1o identify the wavelength of the
LEDs for those sensars is now described. As well undarstood in the art, LEDs for use in blood oximetry and the
like have an emission characteristic similzr to the emissian curve depicted with the curve 440 of FIGURE 10A. As
depicted in FIGURE 10A, the ideal LED has a centroid wavelength at A, {e.g. 660 am). However, as well
understoed, the actual centroid wavelength far a batch of LEDs with a target centroid wavelength of A, differs due

to manufacturing tolerances. For instance, the emission curve may be shifted ta the fight as in the dotted emission
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curve 440A depicted in FIGURE 10A. The actual centroid wavelength is significant in accurate oximetry
measurements.

The filters 410, 430 preferzbly have a response as depicted by the curve 450 in FISURE 10B. With a filter
thosen with the middle of its transition band selected at the target centroid wavelangth, A,, the filter transition band
advantageously extends fram a lower anticipated wavelength A, to an upper anticipated wavelength A,. The range
IA, - A;) preferably encompasses the anticipated variance in wavelengths for LEDs due tp manufacturing tolerances.
In ather words, the manufacturing tolerence range for LEDs manufactured to have a target wavelength of A, should
not extend beyond the upper or lower bounds of the filter transition band.

For LEDs having a centraid wavelength in the area of the transition band of the flter, a ratio of the overal
intensity detected fram a sensor LED without filtering to the intensity of the same sensor LED detected with filtering
provides useful information, as further explained.

FIGURE 10C is ilustrative of the ratip for an LED having a wavelength just above than the target
wavelength A, The LED emission without filtering is represented by the LED emission curve 4404, The emission
with filtering is depicted by the filtered emission curve 441, The filtered emission curve 441 represents the filter
response multiplied by the LED emission withaut fittering as well understood for filtered emission. The significant
ratio is the ratio of the area under the filtered LED emission curve 441 (ilustrated with cross hatching) to the area
of under the unfiltered LED emission curve 4404. It will be understood that this ratio will vary from 0 - 1, for LEDs
with a centroid in the range A, . A, and assuming the same filter respanse.

This ratio of the two arezs can be determined from the ratio of intensities received from the photadetectors
404, 406 or 422, 424 as follows: Let the normalized intensity of the unfiltered fight L{A) and the intensity of the
filtered light, 1{A) be represented by the following equations.

1 2
1(A) =
. ) 1+(a-1, )2

(an

1 2
_(l"FAO’_)a

I{2) =

1+e

The energy of the unfiltered light as received by the photedetector 404, 422 can be expressed as the

integral aver the range of wavelengths of the LED emission as follows:
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wherg |,[A) is the LED emission vs. wavelength [A) and P{A) is the photodiode response vs. wavelength (A).
For simplicity, where the photodiade response is *1” (PiA) = 1) in the range of interest {4, - A,) (in other
words, the fight emitted fram the LED falls within the range of the LED), the signal of the first phatodetector 404,

»

422 {no filter) will be as follows:

A
E(‘A'2sl1)(no fite = 1;1 “I(A)ah R2)
5 -
- Similarly, the energy of the light received by the second photodetector 406, 424 which has passed through
the filter 410, 430 can be expressed as follows:
A
E(A2 A1) ity fiter) = L F(A)I,(%)dA B3
1
If all LEDs for a batch of sensors have the same peak emission and bandwidth in the area of interest A -
10 Ay), and can be represented by the same equation (30) gxcept for a multiplicative constant |, then a normalized
DL, tatio of the energies can be defined as follaws:
Ll N
Joune 1| 2FAM, (A)dA
con? _ B A ) fite) "fu HMLA)
O (normy ~ - a
LD E(A'E')H)(no fitten) Iof“"zlL(A)dA
A A
Lf PEOL0)AR) [ 2Ry, (n)dn
vere _ % _da (34)
Enom (%) = r2 ~ constant
) bf (1)
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The generalized ratio of equation {34) is a ratio of the entire area of the LED emission attenuated by
fittering {designated with cross-hatching in FIGURE 105) to the area under the entire LED emission curve.

The function E,,., is single valued and monotonic in the area Wy - 4)) and depends only on the centroid
wavelength shift of the LED with respact to the center of the transition band, A, of the filter.

Accordingly, for a filter with a center of the transition band at Ao the ratio of the emerpy detected by
second photodetector {filter present) to the energy detectad by the first photodetector (filter not present) in the
wavelength range (4, - A,), will be a value between 0 and 1. The precise ratio depends upon the centroid
wavelength for the LED under test. As can be seen from FIGURE 10C, as the centroid wavelength incraases toward
Ay the ratio approaches "1", and as the centroid wavelength approaches A,, the ratio approaches "D,  This
relationship is depicted in FIGURE 10D for Ay = ~B10mm and A, = ~ 71Cnm.

In use, a ratio can be calculated to correspand to each passible LED wavelength in the range (A, - A,).
For instance, a test batch of LEDs feprasenting the range of wavelengths {Ay - A;) can be used 1o obtain
corresponding ratios of the intensity of filtered light to unfiltered fight. An atcurate wavelength detection device,
such as a monochrometer, can be used to measure the centroid wavelength for each tested LED. The centroid
wavelength can be stored for each tested LED in association with the measured ratio for each tested LED. This
leads to a normalized photodiode respanse, which can be referenced to obtain the wavelength of an LED having an
unknown wavelength in the wavefength range 4y - A

In other wards, for any LED having a centroid wavelength in the range (4, - 4}, with a sensor as depicted
in FIGURE 9A and 9B, the wavelength of the LED for the sansor can be determined by taking the ratio of the
intensities of the second and first photodetectors, and using the ratio to reference the normalized photediode response
to find the wavelength. In the present embodiment, this is accomplished with a fook-up table stored in a memory
for the oximeter system. The laok-up table stores the ratio values corresponding to associated wavelength values.

Accordingly, with the sensor embodiments of FIGURES 9A and 98B, the oximeter simply continually initiates
measurements for calibration purposes. The oximeter, using the metfiod described above, calculates the ratio between
the twa intensities (filtered and unfiltered) and obtains the respectiva wavelength for the sensor. This is for testing
purposes. Accordingly, the LEDs or shot glass purchased advantageously should produte a ration less than 1 and
greater than D, otherwise the LED wavelength will be undeterminable. In case the ratio equals 1 or zero, the system
should either not aperate or use a calibration equation that is closest to the extreme (e.g., for ratio = 0, assume
wavelength is 630 nm ang for a ratio = 1, assume wavelength is 670nm in the present ambediment}.

As mentioned above, knowledge about the precise wavelength of the red LED in an oximeter probe is
generally more critical than knowledge of the precise wavelength of the infrared LED. Accordingly, the filters of the
sensars of FIGURES 9A and 9B are chosen with the center of their transition band, A, in the red wavelength range.
As seen from the filter response curve of FIGURE 108, if the center of the transition band is in the red range, the
infrared light will not be attenuated by the filter.

Examples of preferable filter responses are depicted in FIGURE 11. FIGURE 11 depicts the response curve

for three filters, adequate far the present invention, depending wpon the expected wavelengths. A first filter has the
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center of its transition band at 645 nm, a second filter has the center of its transition band at 665 nm and a third
filter has the center of its transition band at 695 nm. Other filters are also appropriate depending upon the target
centroid wavelength.

However, it should be understood that the principle explained abave could also be used for the infrared LED,

5 if the filters are chosen with the center of their transition band at A, selected at the anticipated or target infrared
wavelength (e.g., 905 nm). in addition, the second filter 411 {FIGURE 9A) can be provided as a filter, with the
center of its transition band selected at the anticipated or target infrared wavelength in erder to cafibrate the
infrared LED as well. in other words, the second filter 411 would pass red wavelengths (would be transparent to
the red LED light) and wauld have its transition band centered around 900 or 905am. Such a filter is depicted in

10 FIGURE 11A.

The wavelength detection described above could also be implemented with a sensor having only one
photodetector, and a removable fiter. The operator would initiate an intensity measurement as prompted by the
oximeter without the filter. Then, the eperator would place the fitter in the light path between the LED and the
photodetector, and initiate a second reading. The ratio of the second reading to the first reading provides the ratio

15 lowe Which is used to reference the operating wavelenpth.
Probe Examples

FIGURES 12 - 14 illustrate three different of probes used in medical monitoring of patiants.

FIGURE 12 depicts a wrap-around type probe 500 with an associated connector 502 coupled to a cable
504 which couples to an oximeter system {not shown in FIGURE 12). FIGURE 12A depicts the hottom of the

20 connector 502. FIGURE 12B depicts a bottom view of the wrap-around probe of FIGURE 12, and FIGURE 12C
.- depicts a side view of the wrap-around probe of FIGURE 12. The wrap around probe 500 has an LED emitter 506,

se ese
e
..

a photodetector 508 at the end of a cavity 509, a flexible circuit 510, and Friction electrical connection fingers 512.

sane
.

ven® The probe 500 aiso has a connection port 519. in one embodment, where the probe would be used for the

sgeest calibratable probe of FIGURES 9A, the wrap-around probe would also have a light tunnel 514 (FIGURE 12B) to

Lol 25 channel some of the light from the emitter 506 to the connector 502. In such an embodiment, all of the probe

calibration elements marked in the dashed line 515, 515A in Figures 9A and 9B are positioned in a cavity 516

s (FIGURE 124) which receives the fight channeled through the fight tunnel 514 and coupled to the connector 502 via

an aperture 518 at the end of the light tunnel 514. As seen in FIGURE 12A, electrical friction connectors 520 on

the connector are configured to couple with the electrical cannectors 512 of the wrap-around probe 500. The
Lo, 30 ftexible circuit connects the emitters 506 and the detector 508 to the connection fingers 512.

in use, the wrap-around prabe is placed on the digit of a patient, and the photodetector 508 is positioned

R opposite the emitter 506 so as to receive light from the emitter 506 attenuated by transmission through a fleshy

-t medium.

FIGURE 13 depicts another embodiment of a wrap-around probe 530 for medical monitoring of infants. The

35 probe has a first flexible portion 532 configured to be wrapped about the digit of a nepnate. attached to the first

flexible portion 532 is a second flexible metnber carrying emitters 534 (LEDs) and photodetector 536. In one
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embodiment where the calibration prabe of FIGURE 9A is implemented with the probe of FIGURE 13, a fiber optic
538 is provided to carry part of the light from the emitter 534 to the connector port 540 of the probe 530. In this
manner, the same connector 502 having a photodetector can be utilized with the infant style probe of FIGURE 13.
Alternatively, & light channel or tunnel could be used instead of the fiber optic 10 carry a portion of the light from
the emitter 534 to the connector part 540. The same connector 542 is wsed for the neonatal probe 530.
Accordingly, as with the embodiment of FISURE 12, all of the calibration elemants within the dotted box 515, 5154
of FIGURES 9A and 9B are positioned within the connector 502,

FIGURE 14 depicts yet another probe for usa in medical monitoring. The probe of FIGURE 14 comprises
a clip-on probe 550 which couples via a cable 552 to @ gonnector part 554 which is the same as the connector port
540 of FIGURE 13 and the connector port 519 of FIGURE 12. The clip-on probe carries emitters 556 and a
photodetector 558. With this embodiment, same light from the emitters 556 enters a fiber optic 560 which channels
light to the connector part 554 as in the embodiment of FIGURE 13. Again, the probe calibrations elements within
the same cannector 502 are preferably contained within the cannectar 502 which is advantageocusly the same as
the cannector for the embodiments of FIGURES 12 and 13.

FIGURES 15-15D depict yet another embodiment of a wrap-around probe 600 comprising a flexible wrap
portion 602 with an associated connector 604 coupled to a cable 506 which couples to an eximeter system (not
shown in FIGURE 15). FIGURE 15 depicts a perspective view of the entire probe 600. FIGURE 15A depicts the
underside of the connector 604. FIGURE 15C depicts a top view of the wrap portion 602 and FIGURE 15D depicts
a hotfnm view of the wrap portion 602, The connector 604 has two portions: an emitter portion 610 and a
connection portion 612, The emitter portion 510 advantageously contains the emitters (such as LEDs} far the
selected wavelengths. This emitter portion 610 can be reused for a period of time, preferably weeks to months,
thereby allowing for further reduced cost of the wrap-around portion 602 which is dispasable after each use. In
other words, emitters need not be provided for each wrap portion 602. Yet, the emitter portion 610 is removably
coupled to the connecﬁun portion 612 of the connector 604, allowing the connection pertion 612 to te reusable for
a much longer period of time.

In this embadiment, the.wrap portion 602 is flexible and disposable after each use with a very low cost.
The wrap portian has a flexible layer 626 made from polymer or other flexible matesials and has a coanector part
614 on the flexible layer 626. The connector port 614 has electrical finger friction connectors 616 which are
adapted to couple to electrical finger friction connectors 620 (FIGURE 15A) on the bottem of the connection partion
612 of the connector 604. The electrical finger friction connectars 616 for the wrap portion 602 couple to a
flexible circuit 618 which connects 0 a detecter 622 which is shielded inot shown) for the detector 622. Two of
the connections couple to the detector 622 and the third is for the shield which is preferably a conventional Faraday
shield to protect the detector fram electromagneric interference and the like.

The wrap around probe 600 has an aperture 624 that provides a window for the transmission of lght
energy from the emitters in the emitter portion 610, The emitters are positianed to transmit light through an
aperture B28 {FIGURE 15A) in the emitter portion 610 whith is configured to match with the aperture 624 in the
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wrap portion 602 when the connector 504 is pasitioned in the connection port 614. Thus, the fight transmits from
the emitters in the emitter portion 810 through the aperture 628 in the emitter portion 610 and through the aperture
624 in the wrap portion 602 when the cannector 604 is inserted into the connector port 614 and the emitters are
activated.

in use, the wrap portion 602 is wrapped around a digit of the patient le.g.. a finger) and the detector 622
is positioned to receive light transmitted through the aperture 624 and through at least 2 partion of the digit. For
instance, the wrap portion 602 can be wrapped around a finger in a manner that the detector 622 is opposite the
aperture 624 from which fight energy is transmitted.

In one embodiment, the probe B0D is used for the calibratable probe of FIGURES 9A and 8B. In this
embodiment, the connection portion 612 has the elements in the dotted boxes 515 and 515A of FIGURES 94 and
98B positiored in the connecticn portion 612. In this manner, the calibration elements are reusable, yet work with
the LEDS in the emitter portion 610 to form 2 calibratable embadiment. In such an embodiment, the emitters are
positicned in the emitter portion 610 such that the majority of the light energy transmits through the aperture 628
and that some light energy transmits to a light aperture 620 in the end of the connaction partion 612 (Figure 15B).
The connection portion 612 contains the calibration elements depicted in the boxes 515 and 5154 (FIGURES 9A AND
9B) housed in the connection portion 612,

Figure 15B depicts an end view of the connection pertion 612 depicting the fight channel 620 and two
electrical connector 5134, 6138 which provide cannections for LEDs {red and infrared connected back-to-back in the
present embodiment) in the emitter portion.

It will be understood that the apparatus and method of the present invention may be employed in any
circumstance where a8 measurement of transmitted o reflected energy is required, including but not limited to
measurements taken on a finger, an earlobe, or a lip. Thus, there are numerous other embodiments which will be
obvious to one skilled in the art, Furthermare, the apparatus and method of the present invention may be employed
for any LED application that is wavelength sensitive. The present invention may thus be embodied in other specific
forms without departing from its spirit or essential characteristics. The described embodiments are to be considered
in all respects only as illustrative and not restrictive. The scope of the invention is, therefore, indicated by the
foliowing appended claims. Al changes which come within the maaning and range of aquivalency of these claims

are to be embraced within their scope.

Throughout this specification and the claims which follow, unless the context requires otherwise,
the word "comprise", or variations such as "comprises” or "comprising”, will be understood to irhply the
inclusion of a stated integer or group of integers but not the exclusion of any other integer or group of
integers.
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The reference to any prior art in this specification is not, and should not be taken

as, an acknowledgment or any form of suggestion that that prior art forms part of the

common general knowledge in Australia.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A medical sensor comprising:

a first Eight emitting element associated with said medical sensor and configured to generate light
of a selected wavelength, said first light emitting element in communication with a first signal line and
adapted to receive a drive signal on said first signal line;

an information element, said information element also in communication with said first signal line
and configured to provide informaticn on said first signal line; and

a delector associated with said medical sensor and responsive 1o light which criginated from said

first light emitting element to provide data on a second signal line.

2. The medical sensor of ciaim 1, wherein said first light emitting element is activated by the drive

signal on said first signal line.

3. The medical sensor of claim 2, wherein said first light emitting element is active with a signal on
said first signal line at or above a first non-zero voltage level and wherein said information element is
configured to provide information on said first signal line when a non-zero voltage level below said first

voltage level is present on said first signal line.

4, The medical sensor of claim 3, wherein said information etement is coupled in parallel with said

light emitting element.

5. The medical sensor of claim 3, wherein said sensor comprises an oximeter sensor having a

second light emitting element,

6. The medical sensor of claim 1, wherein said information element is an impedance network.

7. The medical sensor of ¢laim 1, wherein said information element is a memory device.

8. The medical sensor of claim 1, wherein said information element is a resistor.

9. The medical sensor of claim 1, wherein said information element indicates the selected

wavelength value.

10. The medical sensor of claim 1, wherein medical sensor is an oximeter sensor, said information

element indicates that the medical sensor is of a predetermined type.
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11, The oximeter sensor of claim 10, wherein said information element is a security element which

indicates that the medical sensor is an authorised sensor.

12. An information system for a physiological monitor comprising:

a physiological monitor having a first signal ine on which the physiological monitor provides a
drive signai and on which the physiological monitor abtains information data; and

an information element in communication with said first signat line, said information element

configured to provide said information data on said first signal line.

13. The information system of claim 12, further comprising a sensor having a light emitting element
configured to generate light at a selecled wavelength, wherein said light emitting element is activated by
said drive signal on said first signal line.

14, The information system of claim 13, wherein said light emitting element is activated when said
drive signal on said first signal line is at or above a first non-zero voltage level, and wherein said
information element is configured to provide information on said first signal fine when a voltage level

below said first voitage level is present on said first signal line.

15. The information system of claim 14, wherein said information element is coupled in parallel with

said light emitting element.

18. The information system of claim 12, wherein said information element is an impedance network.

17. The infermation system of claim 12, wherein said information element is a memory device.

18. The infermation system of ¢laim 12, wherein said information element is a resistor.

19. The information system of claim 12, wherein said information indicates the selected wavelength
value.
20. The information system of claim 12, wherein said information element indicates that the medical

sensor is of a predetermined type.

21. The information system of claim 20, wherein said information element is a security element which

indicates that the medical sensor is an autharised sensor.
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22. A medical monitor comprising:
@ sensor comprising:
a first signal line;
a light emitting element configured to generate light of a selected wavelength in
response to a drive current on said first signal line;
an information element in communication with said first signal line to provide information
on said first signal line;
a detector responsive to light which originated from said light emitting element; and

a processor in communication with said first signal tine and in communication with said detector,

10 said processor responsive to said information on said first signa line from said information element and

providing said drive current for said light emitting element via said first signal line.

23. The medical monitor of claim 22, wherein sald processor comprises an oximeter processor.

15 24, The medical monitor of claim 22, wherein said information is indicative of the selected

wavelength of said light emitting element.

25. The medical monitor of claim 22, wherein said information is indicative of the type of said sensor.

20 286. The medical monitor of cfaim 23, wherein said information is indicative of the company that

provides said sensor.

27. The medical monitor of claim 22, wherein said light emitting element is active at or above a first

non-zero voltage level and wherein said information element is configured to provide said information on

25 said first signal line when a non-zero voltage level below said first valtage level is present on said first

signal line.

28. The medical monitor of claim 22, wherein said information element is an impedance network.
30 29. The medical monitor of claim 22, wherein said information element is a memory device.

30. The medical monitor of claim 22, wherein said information element is a resistor.

DATED this 22nd day of July, 1999

35 MASIMO CORPORATION

By its Patent Attorneys
DAVIES COLLISON CAVE
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