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(57) ABSTRACT

Embodiments of the present disclosure include an optical
probe capable of communicating identification information
to a patient monitor in addition to signals indicative of inten-
sities of light after attenuation by body tissue. The identifica-
tion information may indicate operating wavelengths of light
sources, indicate a type of probe, such as, for example, that
the probe is an adult probe, a pediatric probe, a neonatal
probe, a disposable probe, a reusable probe, or the like. The
information could also be utilized for security purposes, such
as, for example, to ensure that the probe is configured prop-
erly for the oximeter, to indicate that the probe is from an
authorized supplier, or the like.
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MANUAL AND AUTOMATIC PROBE
CALIBRATION

PRIORITY CLAIM

[0001] This application claims priority benefit under 35
U.S.C. §120to and is a continuation of copending U.S. patent
application Ser. No. 12/430,049, filed Apr. 24, 2009, which is
a continuation of U.S. patent application Ser. No. 11/640,077,
filed on Dec. 15, 2006, which is a continuation of U.S. patent
application Ser. No. 10/757,279, filed on Jan. 13, 2004, now
U.S. Pat. No. 7,496,391, which is a continuation of Ser. No.
10/005,711, filed on Nov. 8, 2001, now U.S. Pat. No. 6,678,
543, which is a continuation of U.S. patent application Ser.
No. 09/451,151, filed on Nov. 30, 1999, now U.S. Pat. No.
6,397,091, which is a continuation of U.S. patent application
Ser. No. 09/016,924, filed on Feb. 2, 1998, now U.S. Pat. No.
6,011,986, which is a continuation of U.S. patent application
Ser. No. 08/478,493, filed on Jun. 7, 1995, now U.S. Pat. No.
5,758,644. The present application incorporates the forego-
ing disclosures herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates generally to more
effective calibration and use of light-emitting diodes. More
particularly, the present invention relates to an apparatus and
method of calibrating and using light-emitting diodes in a
sensor for use with an oximeter system.

[0004] 2. Description of the Related Art

[0005] Light-emitting diodes (LEDs) are used in many
applications. In certain applications, knowledge of the par-
ticular wavelength of operation of the LED is required to
obtain accurate measurements. One such application is non-
invasive oximeters conventionally used to monitor arterial
oxygen saturation.

[0006] 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 con-
stituents and characteristics of the blood, such as the satura-
tion of carboxyhemoglobin and scattering can be monitored
by utilizing additional LEDs with additional wavelengths.
[0007] U.S. Pat. No. 4,653,498 to New, Jr., et al., discloses
a pulse oximeter that utilizes two LEDs to provide incident
light energy of two different, but carefully selected, wave-
lengths.

[0008] 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.

[0009] When a sensor is replaced, the LEDs of the new
sensor may have a slightly different wavelength for the pre-
determined LED drive current due to manufacturing toler-
ances. Accordingly, conventional oximeters provide for indi-
cating 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 LEDs. The resistor is selected to have
a value indicative of the wavelength of the LED. The oximeter
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reads the resistor value on the sensor and utilizes the value of
the resistor to determine the actual wavelength of the LEDs.
This calibration procedure is described in U.S. Pat. No. 4,621,
643, assigned to Nellcor, Inc. Such a prior art sensor is
depicted in FIG. 1.

SUMMARY OF THE INVENTION

[0010] Inconventional oximeters which provide an indica-
tion of the operational wavelength of each LED for each
sensor, the oximeter systems are programmed to perform the
desired calculations for various wavelengths. This compli-
cates the design of the oximeter system, and therefore, adds
expense to the oximeter system. Accordingly, it would be
advantageous to provide sensors which exhibit the same
wavelength characteristics from sensor to sensor.

[0011] In addition, conventional sensors require an addi-
tional LED for each additional wavelength desired. For
replaceable sensors, each LED can add significant total addi-
tional cost because of the large number of sensors that are
used in hospitals and the like. Therefore, it would be desirable
to provide a sensor which provides more than one wavelength
from a single LED.

[0012] Many LEDs are observed to exhibit a wavelength
shift in response to a change in drive current, drive voltage,
temperature, or other tuning parameters such as light directed
on the LED. The present invention involves an improved
method and apparatus to calibrate LEDs by utilizing this
wavelength shift. In addition, the present invention involves
utilizing the wavelength shift to allow a single LED to provide
more than one operating wavelength. The addition of a wave-
length provides the ability to monitor additional parameters
in a medium under test without adding an LED. In oximetry,
this allows monitoring of additional constituents in the blood
without adding additional LEDs to the oximeter sensor.
[0013] The present invention also involves an application
of the wavelength shift in LEDs to obtain physiological data
regarding the oxygen saturation of blood without knowing the
precise operational wavelength of an LED in the sensor.
[0014] One aspect of the present invention provides a tuned
light transmission network for transmitting light energy at a
preselected wavelength. The network has a current source
configured to provide a preselected source current with a light
emitting diode coupled to the current source. The light emit-
ting diode is of the type that exhibits a shift in wavelength
with a shift in a selected tuning parameter. Advantageously,
the tuning parameter is drive current or drive voltage. A
tuning resistor connected in parallel with the light emitting
diode has a value selected to draw at least a first portion of the
preselected source current such that a second portion of the
preselected source current passes through the light emitting
diode. The second portion of the preselected source current is
selected to cause the light emitting diode to generate light
energy of a preselected wavelength.

[0015] Inthepresentembodiment, the tuned light transmis-
sion network also comprises a detector responsive to light
energy from the light emitting diode to generate an output
signal indicative of the intensity of the light energy.

[0016] Another aspect of the present invention involves a
method for precalibrating a light generating sensor. The
method involves a number of steps. A first level of current
passing through a light source as required to operate the light
source at a preselected wavelength is determined. A second
level of current is then defined. The second level of current is
higher than the first level of current. The second level of
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current forms a drive current. A resistor is then selected which
when coupled in parallel with the light source forms a tuned
light source network. The resistor is selected such that when
it is connected in parallel with the light source, it draws a
sufficient amount of the drive current such that the first level
of current passes through the light source.

[0017] Another aspect of the present invention is a method
of providing two wavelengths from a single light emitting
diode. A light emitting diode is selected of the type that
exhibits a wavelength shift with a change in drive current
through the light emitting diode for a range of drive currents.
A source of electrical energy is coupled to the light emitting
diode to provide the drive currents. The light emitting diode is
driven with a first level of drive current within the range of
drive current to cause the light emitting diode to become
active and operate at a first wavelength in response to the first
level of drive currents. The light emitting diode is then driven
with a second level of drive current within the range of drive
current and different from the first level of drive current to
cause the light emitting diode to become active and operate at
a second wavelength in response to the second level of drive
current.

[0018] Inan 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
diode is operating at the first wavelength, 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 through the medium under test. The attenu-
ated 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 through the medium under test. The attenu-
ated light energy is measured at the second wavelength from
the light emitting diode.

[0019] In one advantageous embodiment, 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
involves 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 a
preselected value. Third light energy is transmitted at the third
wavelength through the medium under test, and the third light
energy is measured after propagation through the medium
under test. Based upon the measurements, the oxygen satu-
ration of the blood is determined.

[0020] In one embodiment, parameters in addition to oxy-
gen saturation may also 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 to the blood. In one embodi-
ment, the another parameter is the saturation of carboxyhe-
moglobin. Alternatively, another parameter is scattering. Yet
another parameter is Methhemoglobin.

[0021] Advantageously, using the apparatus described
above for tuning, the first light emitting diode is adjusted with
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anadjusting resistor such that the change in wavelength for an
incremental change in current matches a preselected wave-
length change. Preferably, adjusting involves placing the
adjusting resistor in parallel with the first light emitting diode,
and selecting the value of the adjusting resistor to cause the
first light emitting diode to exhibit the preselected change for
the incremental change in current.

[0022] Yeta further aspect ofthe present invention provides
an oximeter sensor having a first light emitting device con-
figured to generate a light at a first known wavelength with a
resistor in parallel with the first light emitting device. Prefer-
ably, the light emitting device comprises a light emitting
diode. In one embodiment, the resistor comprises an encod-
ing resistor having a value indicative of the first known wave-
length value. The value of the encoding resistor is sufficiently
high such that the encoding resistor draws effectively insig-
nificant current during active operation of the first light emit-
ting device.

[0023] 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.

[0024] Still a further aspect of the present invention
involves a method of tuning a light emitting diode to operate
atapreselected wavelength within a range of wavelengths the
method involves selecting a light emitting diode that exhibits
a wavelength shift in response 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 operation 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 operates at the preselected
wavelength.

[0025] Another 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 transmission wavelength.
The sensor further has first and second photodetectors, the
emission of the light emitting element being within the
response of the first and second photodetectors. A light direct-
ing member is configured to direct light from the at least one
light emitting element to the first and second photodetectors.
A filter positioned between the second photodetector and the
at least one light emitting element has a transition band
selected to encompass the centroid transmission wavelength.
[0026] Inoneembodiment, the sensor comprises an oxime-
ter sensor, and the at least one light emitting element com-
prises first and second light emitting diodes. Advantageously,
the first light emitting diode has a centroid wavelength in the
red range and the second light emitting diode has a centroid
wavelength in the infrared range. Advantageously, the filter
has a transition band which encompasses the centroid wave-
length of the first light emitting diode.

[0027] In one advantageous embodiment, the light direct-
ing member comprises an integrating optical sphere having
the first and second photodetectors positioned about the
sphere so as to receive substantially equivalent portions of
light from the at least one light emitting element.

[0028] In another embodiment, light directing member
comprises a beam splitting member positioned to substan-
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tially equally divide light from the at least one light emitting
member and to direct substantially equal portions of the light
to the first and the second photodetectors.

[0029] Still another aspect of the present invention involves
a method of determining the centroid wavelength of a light
emitting element. The method involves providing a 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 ele-
ment to a first light detecting element to obtain a first intensity,
and light is transmitted from the light emitting element
through a filter which attenuates the light to a second light
detecting element to obtain a second intensity. A ratio of the
second intensity to the first intensity is then calculated. The
ratio is compared to the set of predetermined ratios to refer-
ence the centroid wavelength of the light emitting element.
[0030] Inoneembodiment, the firstand second light detect-
ing elements comprise the same light detecting element.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] FIG. 1 represents a calibrated prior art oximeter
probe;

[0032] FIG. 2 depicts a representational graph illustrating
the relationship between the extinction coefficients of three
constituents of blood with respect to the transmission wave-
length of light transmitted through the blood;

[0033] FIGS. 3A and 3B depict exemplary LED character-
istics;

[0034] FIG.4A depicts a representation of a tuned oximeter
sensor according to one aspect of the present invention;

[0035] FIG. 4B depicts an oximeter system with a digit for
monitoring;
[0036] FIGS. 5A and 5B depict a representational diagram

ofoneembodiment of a resistor for use in accordance with the
present invention;

[0037] FIG. 6 depicts the averaging effect in the wave-
length of two simultaneously active LEDs with close trans-
mission wavelengths;

[0038] FIG.7 depicts an embodiment of an oximeter sensor
according to another aspect of the present invention; and
[0039] FIGS. 8 and 8A depict exemplary embodiments of
improved calibrated oximeter sensors;

[0040] FIGS. 9A and 9B depict alternative embodiments
sensors in accordance with of one aspect of the present inven-
tion relating to detecting the wavelength of light emitting
diodes;

[0041] FIGS.10A, 10B, 10C, and 10D depict graphs relat-
ing to the wavelength detection aspect of the present inven-
tion; and

[0042] FIGS. 11 and 11A depict graphs of filter response
curves for various filters in accordance with the wavelength
detection aspect of the present invention.

[0043] FIGS. 12-15 depict four different probe configura-
tions for use with the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0044] The present invention has applicability to the use of
medical probes and LEDs in general. However, an under-
standing is facilitated with the following description of the
application of the principles of the present invention to oxim-

etry.
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[0045] The advantages of noninvasive techniques in moni-
toring the arterial oxygen (or other constituents) saturation of
apatient are well-known. In oximetry, light of a known wave-
length 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 medium. The
absorption and scattering of the light energy by any given
constituent depends upon 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.

[0046] FIG. 2 represents an exemplary graph 100 of the
relationship between the extinction coefficient of three pos-
sible constituents of blood with respect to the wavelength of
light. Specifically, a first curve 102 illustrates the relationship
between the extinction coefficient of oxyhemoglobin (oxy-
genated hemoglobin) with respect to the transmission wave-
length; a second curve 104 illustrates the relationship
between the extinction coefficient of reduced hemoglobin
with respect to the transmission wavelength; and a third curve
106 illustrates the relationship between the extinction coeffi-
cient of carboxyhemoglobin (hemoglobin containing carbon
monoxide) with respect to the transmission wavelength. This
relationship is well understood in the art.

[0047] One wavelength is required for each separate con-
stituent in the medium. The wavelengths used for oximetry
are chosen to maximize sensitivity of the measurement (i.e.,
oxygen saturation, etc.). These principles are well understood
in the art.

[0048] The amplitude of the energy incident on a homoge-
neous media having at least one constituent under test is
approximately related to the amplitude of the energy trans-
mitted through the media as follows:

I= ]OQ*EiZINdiEiCi 1

[0049] where I, is the energy incident on the medium, I is
the attenuated signal, d, is the thickness of the i constituent
through which light energy passes, €, is the extinction (or
absorption) coefficient of the i constituent through which
the light energy passes (the optical path length of the i
constituent), and c, is the concentration of the i”” constituent in
thickness d,. As well-understood in the art, this basic relation-
ship is utilized to obtain oxygen saturation using conventional
oximetry techniques.

[0050] Tt should be understood that the above equation is
simplified for discussion purposes. Other factors such as mul-
tiple scattering also contribute to the resulting attenuation of
the light energy. Multiple scattering is discussed in a paper by
Joseph M. Schmitt entitled, “Simple Photon Diffusion Analy-
sis of the Effects of Multiple Scattering on Pulse Oximetry,”
IEEFE Transactions on Biomedical Engineering, vol. 38, no.
12, December 1991.

[0051] However, for further discussion purposes, the sim-
plified equation (1) will be utilized. In procedures based on
oximetry technology, the accuracy of the physiological mea-
surement is impacted by the accuracy ofthe wavelength ofthe
transmission LEDs because, as depicted in FIG. 2, the extinc-
tion coefficient is dependent upon the wavelength of the trans-
mission LED. In order to obtain oxygen saturation, two
LEDs, one in the red wavelength range and one in the infrared
wavelength range, are typically utilized in order to obtain the
saturation measurement for a patient. Further, as set forth in
Equation (1), the extinction coefficient is a critical variable in
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the equation. Accordingly, it is important that the oximeter be
provided with information as to the specific wavelength of the
transmission LEDs for the sensor. However, the wavelength
of different LEDs, although manufactured for a specified
wavelength, varies, for the same drive current from LED to
LED due to manufacturing tolerances.

Wavelength Tuned LEDs

[0052] 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 signifi-
cantly from sensor to Sensor. The tuning is performed by
utilizing the. wavelength shift exhibited in many LEDs in
response to a change in drive current. FIGS. 3A and 3B
illustrate this wavelength shift principle in two graphs. The
graph 110 of FIG. 3A depicts (with a curve 112) current in the
vertical axis versus voltage in the horizontal axis for a typical
LED. The graph 110 of FIG. 3A is well-understood in the art.
Inthe areareferenced between the axis indicated A and B, just
beyond the shoulder of the curve 112, the wavelength of
certain LEDs shifts in a substantially linear fashion in
response to a corresponding change in drive current or volt-
age. The amount of wavelength shift per incremental change
in drive current typically differs for each LED (designed for
the same wavelength), just as the operating wavelength for
LEDs (designed for a specific wavelength) varies for the same
drive current from LED to LED.

[0053] FIG. 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 FIG. 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
ofthe curve 122 depicted in FIG. 3B varies from LED to LED,
as does the wavelength range. However, for conventional
LEDs used in blood oximetry, an incremental shift in drive
current through the LEDs causes some incremental shift in
the wavelength. Because this relationship is substantially lin-
ear in the area just beyond the shoulder of the curve 112
depicted in FIG. 3A, in one preferred embodiment, the shift is
obtained in the area beyond the shoulder. The graph of FIG.
3B is not meant to represent all LEDs, but merely to represent
one possible wavelength shift corresponding to a particular
change in drive current.

[0054] Accordingly, one way to obtain a selected wave-
length is to drive the LEDs with the current necessary to
obtain the wavelength. However, such embodiment would
require an oximeter design which varies the LED drive cur-
rent for each sensor.

[0055] In one advantageous embodiment, in order to avoid
the added complexity of oximeter system design, a resistor is
placed in parallel with an LED in order to adjust the drive
current through the LED to a level which will result in a
selected wavelength. In such embodiment, the oximeter sys-
tem is designed to operate at the selected wavelength for each
LED in the sensor. And, the oximeter need only 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.

[0056] Each LED sensor manufactured for the oximeter is
tuned, using the wavelength shift, such that the LEDs in the
sensor generate light at the selected wavelengths for the
oximeter. FIG. 4 depicts one embodiment of a tuned sensor
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150, connected to an exemplary oximeter system 152, accord-
ing to the LED tuning aspect of the present invention.
[0057] 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 network 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 networks 164, 174 in order to
provide a predetermined drive current at the input of the tuned
LED networks 164, 174. Advantageously, the LED driver 182
provides current to only one of the tuned LED networks 164,
174 at any given time. The photodetector 180 is coupled to
receiving and conditioning circuitry 184 in the oximeter sys-
tem 152. In operation, the photodetector receives the attenu-
ated light energy and responds with an output signal repre-
senting the intensity of the alternative light energy. The
oximeter system 152 further comprises a controller 190 with
supporting resources and a display 192. The oximeter system
receives the signals obtained from the sensor 150 and ana-
lyzes the signals to determine information regarding the
medium through which the light energy has been transmitted.
It should be understood that the oximeter system is depicted
in simplified form for discussion purposes. Oximeter systems
are well known in the art. One possible oximeter system
comprises the oximeter system disclosed in pending U.S.
patent application Ser. No. 08/320,154 filed Oct. 7, 1994,
which has been assigned to the assignee of the present appli-
cation. Other oximeter systems are well known and can be
designed to operate at the selected wavelengths.

[0058] As depicted in FIG. 4B, for oximetry, a typical
medium may include a finger 200 or an earlobe, as well-
known in the art. Media such as the finger and earlobe typi-
cally comprise a number of constituents such as skin, tissue,
muscle, arterial blood and venous blood (having several con-
stituents each), and fat. Each constituent absorbs 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 propagates through the
medium under test. As the transmitted light propagates
through the medium, it is partially absorbed by the medium.
The attenuated light emerging from the medium is received
by the photodetector 180. The photodetector 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 constitu-
ent of the medium through which the light energy has passed.
[0059] 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 wave-
lengths, even though the LEDs were manufactured to gener-
ate the same wavelength. Tuning the first LED 160 in accor-
dance with the present invention involves determining the
amount of current required to operate the first LED 160 at the
selected wavelength and adjusting the current through the
first LED 160 in order to obtain the selected wavelength.
[0060] 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
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may be designed to operate with a selected wavelength within
that range, for example, 670 nm. However, the LEDs manu-
factured to produce the selected wavelength of 670 nm
involve manufacturing tolerances typically in the range of
+-0.2-10 nm for the same drive current. However, for a
typical LED used in oximetry, the drive current can be varied
in order to obtain the desired output wavelength for the LED.
For instance, as illustrated in FIG. 3B, the represented LED
has an operating wavelength of 660 nm for the typical 50 mA
drive current. If the drive current is increased to approxi-
mately 85 mA, the operating wavelength becomes the
selected wavelength of the present example (670 nm). The
present invention takes advantage of the observed wavelength
shift in response to a drive current change to tune each LED to
obtain the selected wavelength, such as 670 nm.

[0061] For purposes of discussion, the first LED 160 is
defined to exhibit the wavelength characteristic depicted in
FIG. 3B. 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 to drive the first LED 160
alone (e.g., 100 mA or more). This is because the first tuning
resistor 162 carries some of the fixed drive current from the
LED driver 182. The first tuning resistor 162 is selected to
draw an appropriate amount of the fixed drive current to
adjust the amount of current flowing through the first LED
160 to result in the selected 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 order to reduce
the current through the first LED 160 to approximately 85 mA
to 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
resistor. In this manner, the LED driver 182 can be designed
to provide the same fixed drive current for every sensor con-
nected 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.

[0062] One particular advantageous method of selecting
the tuning resistor involves the use of a semiconductor sub-
strate resistor, such as the resistor 210 depicted in FIGS. 5A
and 5B. The resistor 210 depicted in FIG. 5A comprises a
semiconductor substrate 212, a resistive coating pad 214, and
connective conductors 216, 218. In one embodiment a tun-
able LED 220 (i.e., 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 a current source 222 to the net-
work 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, as
depicted by the line 224 in FIG. 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 resistor/LLED pair forms
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a tuned LED network. This tuning method is advantageous
because of the precision and the resulting low-cost of the
tuned LED.

[0063] Other methods of selecting the first tuning resistor
162, such as calculating the wavelength shift for a given
current change for the first LED 160, and then selecting the
appropriate resistor to cause the correct amount of current to
flow through the LED to obtain the selected operating wave-
length, can also be used. Similarly, a potentiometer could be
used. Preferably, each LED for each sensor is tuned in a
similar manner such that the operating wavelength is a
selected operating wavelength for the sensor. For instance, a
two wavelength oximeter operating may have selected wave-
lengths for the two LEDs of 670 nm and 905 nm. For each
sensor, a first LED is tuned for the 670 nm selected wave-
length, and a second LED is tuned for the 905 nm selected
wavelength.

[0064] In sum, the tuning aspect of the present invention
involves using the principle of wavelength shift in an LED to
tune each LED to obtain a respective selected operating wave-
length.

[0065] It should be understood that for some LEDs, the
manufacturing tolerance may be too far from the respective
selected wavelength to enable the use of the shift in wave-
length to properly tune the LED; or the wavelength shift may
be insufficient to obtain the selected wavelength. In one
embodiment, such LEDs would not be utilized, and would be
considered out of tolerance. Alternatively, if the obtainable
wavelength shift is not sufficient to allow for proper tuning, it
is also 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 FIG. 6 illustrates, when two LEDs are both active
and placed adjacent one another, the light from the two LEDs
combines to form a combined wavelength which is the aver-
age 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 wave-
length shift of one or both of the two LEDs can be utilized
using tuning resistors as described above such that the aver-
age wavelength is the selected wavelength. Accordingly, two
LEDs (preferably tuned in accordance with the present inven-
tion as a pair) can be used to obtain the selected wavelength
for operation in a given oximeter.

[0066] As another alternative, if sufficient wavelength shift
is not available to allow for tuning all 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 680 nm. The
selected infrared wavelengths could be 900 nm, 920 nm, and
940 nm, independent of the red 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 and infrared wavelengths, respectively. An indi-
cator would then be provided on the sensor, or the connector
attached to the sensor, to allow the oximeter to determine
which of the selected wavelengths is present on the sensor
attached to the oximeter. Alternatively, a wavelength detec-
tion device could be provided with the oximeter system to
determine which of the selected wavelengths is present in a
sensor attached to the oximeter system. Although this
embodiment requires some means for the oximeter to deter-
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mine which of the selected wavelengths is present on the
attached sensor, the selected wavelengths are precise from
sensor to sensor.

Two-Wavelength LED

[0067] 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 to provide two
operating wavelengths. This is advantageous in making
physiological measurements, such as blood oximetry mea-
surements, because for each additional wavelength added, the
saturation of an additional constituent in the blood can be
measured. For instance, with a two-wavelength oximeter,
only the ratio of one of two constituents to the total of the two
constituents (e.g., oxygen saturation) can be accurately moni-
tored. If oxygen saturation is monitored with two wave-
lengths, other constituents which are significantly present in
the blood affect the measurement of oxygen saturation.
[0068] 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 a constituent which,
when present in the blood, will significantly impact the oxy-
gen saturation reading provided by a two-wavelength oxime-
ter is carbon monoxide. This is because the extinction coef-
ficient magnitude for carboxyhemoglobin (depicted in the
curve 106 of FIG. 2) approaches the extinction coefficient of
oxyhemoglobin (depicted in the curve 102 of FIG. 2) for light
energy in the range of 660 nm. Therefore, carboxyhemoglo-
bin 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 increase of carbon monoxide in a patient. If an addi-
tional transmission wavelength is provided on the sensor, the
oximeter can monitor another constituent, such as carboxy-
hemoglobin.

[0069] In accordance with the present invention, the prin-
ciple of wavelength shift in an LED is utilized in order to drive
one LED with two appropriate drive current levels to provide
two distinct wavelengths. In its simplest form, this is accom-
plished by first driving an LED (which exhibits wavelength
shift with drive current change) with a first known drive
current to a first known wavelength, and then driving the same
LED with a second known current to a second known wave-
length.

[0070] FIG. 7 depicts one advantageous embodiment of a
sensor 250 for blood oximetry measurements coupled to an
oximeter system 252 designed in accordance 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 254 preferably operates in the red wavelength range and
the second LED 256 preferably operates in the infrared wave-
length range. The sensor 250 further comprises a photodetec-
tor 258. The photodetector 258 is coupled to receiving and
conditioning circuitry 262. The oximeter system is under the
control of a controller 264 and has a display 266. As well-
understood in the art, an LED driver 260 sequentially drives
the LEDs 254, 256 with a predetermined drive current. The
photodetector 258 detects the light energy, attenuated by the
medium under test. The oximeter 252 receives arid analyzes
the signal from the photodetector 258 to determine informa-
tion regarding the medium through which the light energy has
been transmitted. As with the embodiment of FIG. 4, the
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oximeter system 252 is depicted in simplified form. Appro-
priate oximeter systems include the system disclosed in
copending U.S. patent application Ser. No. 08/320,154, filed
Oct. 7, 1994, which has been assigned to the assignee of the
present application. 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.

[0071] In the present example for blood oximetry, the first
LED 254 is the shifting LED and is used to provide two
wavelengths. In order to accurately provide two wavelengths,
the wavelength shift principle is utilized. According to one
embodiment, LEDs are evaluated at the time a sensor is
manufactured, and an indicator is provided on the sensor
which can be read by the oximeter system 252 to indicate the
drive current change necessary in order to effectuate a desired
shift in wavelength. Indicators may comprise a resistor on the
sensor or sensor connector, a memory on the sensor or sensor
connector, or a similar device. Alternatively, the indicator can
provide a indication to the oximeter of the amount of wave-
length shift which is obtained due to a preset drive current
change. Another alternative is to provide a wavelength detec-
tor 268 for the oximeter, which allows the oximeter system
252 to detect the transmission wavelength of an active LED.
Wavelength detectors, such as a monochrometer, are well
known in the art. However, conventional monochrometers are
expensive and bulky. This description sets forth a more prac-
tical approach to detecting wavelength below. In this embodi-
ment, the LED driver 260 changes the drive current until the
desired wavelength is obtained, utilizing the wavelength
detector 268 to monitor the wavelength.

[0072] Inone preferred embodiment allowing for a simpler
oximeter design, in order to accurately provide two wave-
lengths with a single LED such as the first LED 254, a net-
work 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 slope adjusted network, causes
apreselected shift in wavelength (AN) in the first LED 254. In
other words, as depicted in FIG. 3B, each LED exhibits an
inherent slope of the curve 122. However, the slope of this
curve often differs from LED to LED, even for LEDs rated for
a particular wavelength. In order for an oximeter to be
designed for simplicity in obtaining a repeatable preselected
wavelength shift, it is advantageous to have the preselected
wavelength shift (AL) for each first LED in different sensors
correspond to the same preselected drive current change (Al).
Accordingly, it is desirous that the first LED (for the present
example) on different probes respond with the same prese-
lected change in wavelength for the same change in drive
current provided by the LED driver 260. In other words, it is
advantageous that the slope of the curve 100 depicted in FIG.
3B be the same for each corresponding LED network, since it
is not typically the same for each individual LED. In this
manner, the oximeter is designed to drive the LEDs with two
drive, current levels, where the two drive current levels are
preselected and remain constant from sensor to sensor.

[0073] Just as the first tuning resistor 162 tunes the first
LED 160 to a particular selected wavelength for a selected
drive current, a slope adjusting resistor, such as the slope
adjusting resistor 272, can be used to alter the slope of the
curve 122 exhibited for the particular corresponding LED
network (e.g., the first slope adjusted LED network 270). In
most instances, the slope adjusting resistor 272, if used to
alter the slope, cannot also be used to tune the precise wave-
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length of the first LED 254. However, other methods and
procedures to indicate to the oximeter what the particular
wavelength of operation 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 250 which can be read by the oximeter 252, which
indicator provides the initial operating wavelength of the
slope adjusted LED network 270.

[0074] Slope adjustment can be accomplished in the same
manner as described above with respect to the semiconductor
substrate resistor 210. However, the substrate resistor func-
tions as the slope adjusting resistor rather than a wavelength
tuning resistor (i.e., the substrate resistor is adjusted to cause
a preselected change in wavelength for a preselected change
in drive current for the LED/resistor network). In other words,
for the first LED 254, the substrate resistor 210 depicted in
FIGS. 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.

[0075] 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 resistor 272 is
unnecessary.

[0076] For determining oxygen saturation, the second LED
256 operates at a fixed infrared wavelength (e.g., 905 nm).
Preferably, if the infrared LEDs exhibit manufacturing toler-
ances, the infrared LEDs can be tuned using a tuning resistor
274, in the same manner as the tuning resistor 162 of FIG. 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.

[0077] Inuse,the sensor 250 of FIG. 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 attenu-
ated signal at this first wavelength is detected by the photo-
detector 258 and received by the oximeter 252. Next, the first
slope adjusted LED 254 is driven with a new drive current
varied by the preselected change in drive current to cause the
preselected wavelength shift to obtain a second wavelength
(e.g.,675). As long as the initial 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
properly adjusted to match the preselected slope, the second
wavelength will also be a known quantity. A third measure-
ment is taken by driving the second LED 256 and receiving
the attenuated signal with the photodetector 258. Measure-
ments are stored in the oximeter system 252. Based upon the
three measurements taken, the arterial saturation of two con-
stituents of blood may be determined (e.g., oxyhemoglobin
and carboxyhemoglobin), thus providing more precise infor-
mation regarding the physiological makeup of the blood of a
patient under test.

[0078] 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 nm and
the third wavelength will be an infrared wavelength such as
900 nm or 905 nm. With these three wavelengths provided by
two LEDs, the saturation of both oxyhemoglobin and car-
boxyhemoglobin in blood can be determined. The use of two
LEDs to perform measurements at three wavelengths reduces

Jul. 19,2012

the cost of the sensor, which is particularly advantageous if
the sensor is a disposable or replaceable sensor.

[0079] In addition to the uses described above, it should
also be noted that the wavelength shift principal described
above could be used to obtain, an additional wavelength with
one LED for use in the ratiometric method of determining
blood oxygen as described in copending U.S. patent applica-
tion Ser. No. 07/672,890, filed Nov. 21, 1991, which has been
assigned to the assignee of the present application.

Measurements without Precise Wavelength Information

[0080] 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 (e.g., oxyhemo-
globin in blood) without knowing the precise operational
wavelength of one LED. According to this aspect of the
presentinvention, if the wavelength shift foran LED is known
for a known change in drive current, the operational wave-
length for the LED need not be known if other information is
also available, as further explained below.

[0081] As explained above, obtaining a known wavelength
shift for a selected change in current can be accomplished by
adjusting presently existing LEDs, such that the LEDs react
to apreselected change in drive current (Al) with a preselected
change in wavelength (AN). Alternatively, if LEDs are avail-
able having a repeatable (from LED to LED) change in wave-
length 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
oximeters.

[0082] Asexplained above, FIG. 2 depicts a graph illustrat-
ing the relationship between the typical extinction coefficient
for three constituents of blood with respect to the transmis-
sion wavelength of light transmitted through the blood. For
purposes of determining oxygen saturation, the first curve
102 and second curve 104 are of interest.

[0083] As illustrated by the first curve 102, the extinction
coefficient of oxyhemoglobin for light transmitted between
approximately 665 nm (indicated as A, on the graph) and 690
nm (indicated as A, on the graph) is substantially constant
(more apparent when the Y-axis of FIG. 2 is not a log scale
axis). When light within that same range (i.e., A;-A,) is trans-
mitted through reduced hemoglobin (the second curve 104),
the extinction coefficient of the reduced hemoglobin exhibits
a substantially linear relationship as a function of transmis-
sion wavelength. These known properties of blood constitu-
ents are utilized in the apparatus and method of the present
invention to obtain information regarding the oxygen satura-
tion (or other constituent saturation) of the blood without
knowing the particular wavelength of one of two LEDs.

[0084] Assuming that incident light is represented by the
letter 1, and the attenuated signal is represented by I, the
attenuated signal is represented by Equation (1) above. In
other words, for the LED sensor 250 of FIG. 7, the attenuated
signal I is received by the photodetector 258 and is a function
of the ambient transmission, as set forth in Equation (1).
[0085] Where light of wavelength A is transmitted through
tissue with blood containing two forms of hemoglobin (oxy-
hemoglobin and reduced hemoglobin), Equation (1) can be
expanded for these two constituents of blood:
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[0086] where:

[0087] dis the thickness of the medium.

[0088] e, is the absorption coefficient of reduced hemo-
globin at wavelength A,

[0089] e, is the absorption coefficient of oxyhemoglobin
at wavelength A,

[0090] c, is the concentration of reduced hemoglobin,
[0091] c, is the concentration of oxyhemoglobin,

[0092] ¢, is the absorption coefficient of the i layer of
attenuating material (not including oxyhemoglobin and
reduced hemoglobin),

[0093] d; is the thickness of the i layer of attenuation
material (not including oxyhemoglobin and reduced hemo-
globin), and

[0094] ¢, is the concentration of the i layer of attenuating
material (not including oxyhemoglobin and reduced hemo-
globin).

[0095] Equation (2) can be further expressed as follows:

1 3
5= ID(E) =—d(ency +enca)

[0096] where:
Igs = 10(,372?:1 gfdfcj] = baseline

[0097] s is a value obtained by measuring I with the photo-
detector and calculating the ratio of I to I, after taking the
natural log.

[0098] For determining oxygen saturation, where the light
is transmitted at a first red wavelength A, Equation (3) is
expressed as follows:

1
51 = IH(E) |,11 =—d(ep, 1 +en C2)

“

[0099] Where light is transmitted at an infrared wavelength
Mz, Equation (3) is expressed as follows:

-1 ! - d 5
Sig = H(E)’/\l =—d(ep, 1 +en,02)

[0100] When the wavelength A, and the wavelength A, are
both known, the oxygen saturation can be determined, as
well-understood in the art. This is briefly illustrated with the
following derivation:

S| S (6)
Letleéansz:%

[0101]

Equations (4) and (5) become:

N =Cren +C i€y,

No=Crn it Ci€ gy

[0102]
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In matrix notation, Equations (7) and (8) become:
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Or:
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As well understood in the art, oxygen saturation is
defined as the following ratio:

oxygen:

Or:
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[0109] Substituting:
Si Sir
Ny = i and Np = =

[0110] and multiplying the numerator and denominator by

[0111] and simplifying:

G-7)
Cy d d

[ Sy Sig
—Sye i +en, e

[0112] Multiplying numerator and denominator by d:

1 (51 =Sr) 12
e
C2 (=e1 St + €12, Sir)

[0113]
above:

Substituting Equation (12) into Equation (11)

L on (1 = Sig)
SAT L(—emp St +eny Siv)

[0114] Simplifying:

L (e S1— ey Sik = &1 51+ 21 Sik)
SAT (=g S1 + €11y Sir)

[0115] And finally:

SAT = (&1, 51 + 812, 52) 13
T (men S+ ey Sz + e St — €1y S2)
[0116] WhenthewavelengthA, andtheX , are both known,

the extinction coefficients, €|, , €,, , €;, and €,, , for the
corresponding constituents at A f and Mz are also known. As
explained above, S, and S;; can be obtained by measuring I
and I, and taking the natural log of this ratio at the various
wavelengths during operation. Accordingly, all of the vari-
ables in the saturation equation are known or obtainable
through measurement.

[0117] However, if the wavelengths for the transmission
LEDs are not specifically known, 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, the LED in the red range is
chosen for illustration of this aspect of the present invention.
In accordance with the present invention, and as explained
above, the red LED can be adjusted to exhibit a preselected
wavelength shift, even though the precise wavelength may
not be known. Accordingly, the red LED can be driven with
two different drive currents to obtain two different wave-
lengths, the shift between which is preselected and known.
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However, as explained above, the precise wavelength may be
unknown 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 known.

[0118] In an application where the extinction 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
measurement (e.g., oxygen saturation) at several (e.g., two or
more) different LED drive currents and using the change in
the measurement in connection with an empirically generated
data set (i.e., curves) of measurements with respect to wave-
lengths to determine the wavelength of the LED.

[0119] If the preselected wavelength shift is utilized, the
oximeter system can make measurements at three wave-
lengths A, A, and Az. Thus, a third equation in addition to
Equations (3) and (4) is obtained.

[0120] Where the light is transmitted at a second red wave-
length A,, Equation (3) is expressed as follows:

I (14)
5= IH(E) |,12 =—d(En,e +e0,02)

[0121] As depicted in FIG. 2, within the range of 650
nm-700 nm, the extinction coefficient does not significantly
change. More particularly, within the range of A,-A,=665
mm-690 mm,

€20,%00, 15
[0122] Furthermore within the same range,

€ny~(En,mA€)) (16)
[0123] Ae, is known for a known wavelength shift within

the described range, because the change in the extinction
coefficient Ae, is substantially linear.

[0124] Substituting Equations (14) and (15) into Equation

@), (5), and (14) results in the following equations:
S1==d(€1n,C1+€2,C2) 17)
Sr==d(€ 1 zC1+EnRC2) (18)
Sy=-d((€1,,~A€)c+€2,,02) (19)

[0125] Asexplainedabove,S,,S,, and S, are calculated by
measuring [ and I;. Accordingly, S;, S,, and S, are known
values. The extinction coefficients €, and &, for the infrared
wavelength LED are assumed to be known because in the
infrared wavelength of interest (e.g., 850 nm-920 nm) and
more particularly 890 nm-910 nm), the extinction coefficient
is substantially constant for both curves 102 and 104. In
another embodiment, the accuracy would be improved
slightly by tuning the LED. The extinction coefficients for
oxyhemoglobin at A, and A, are also known, as long as the
wavelength is in the range where the extinction coefficient
remains constant. In the present example, this range is defined
as 665 nm to 690 nm. Furthermore, because the change in the
absorption coefficient (Ae;) for reduced hemoglobin is
unknown for a known wavelength shift between A -A,=665
nm-690 nm, Ae, 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 determina-
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tion of oxygen saturation, as illustrated above, the thickness
(d) cancels because saturation is a ratio.

[0126] Accordingly, for the determination of oxygen satu-
ration, Equations (17), (18), and (19) provide three equations
with three unknowns (g, , ¢, and c,). Algebraic techniques
following those of Equations (6) to (13) may be applied to
solve the three equations to obtain the oxygen saturation ratio
of c,/(c,+c,). Accordingly, it is not 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 a known
range where a preselected change in drive current causes a
preselected change in the wavelength, and where the extinc-
tion coefficient of one constituent is constant and the extinc-
tion coefficient of the second constituent is substantially lin-
ear such that the change in the extinction coefficient for a
preselected change in wavelength is also known.

[0127] Accordingly, this aspect of the present invention
permits the user to obtain physiological data without knowing
the precise operational frequency of an LED.

Improved Calibration of LED Sensor

[0128] An additional aspect of the present invention
involves an improved calibration technique for an oximeter
sensor where a resistor is utilized to code the LED rather than
tune the LED. As depicted in the prior art calibrated oximeter
probe of FIG. 1, an encoding resistor 300 utilizes a separate
electrical connection lead and connects to a common ground
lead 304. With the ever increasing use of replaceable or dis-
posable 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
ofan LED as depicted in FIG. 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.
[0129] In accordance with this aspect of the present inven-
tion, one of the LED electrical connections can also be used
for the coding resistor. FIG. 8 depicts a schematic diagram of
an exemplary oximeter sensor where a coding resistor 332
can be read using one ofthe 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 connec-
tion 318; the second LED 314 has a second corresponding
electrical connection 320; and the photodetector 316 has a
corresponding electrical connection 322. Each 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 second LED 314. In this
embodiment, the coding resistor 332 is not provided to tune
the first LED 312 or to 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 adult 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 allow additional infor-
mation about the probe to be coded without added leads.
However, any resistor or impedance device could be used
without it being used in parallel with the LEDs to encode the
change in wavelength or other information for the LEDs.
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[0130] Forinstance, 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 oxime-
ter. For instance, the coding resistor could be utilized to
indicate that the probe is from an authorized supplier such as
a “Masimo” standard probe, “Patient Monitoring Company
17 probe, “Patient Monitoring Company 2” probe, etc.
[0131] Inaddition, it should be noted that the resistor need
not be a passive element. Coding information could also be
provided through an active circuit such as a transistor net-
work, memory chip, or other identification device, for
instance Dallas Semiconductor DS 1990 or DS 2401 or other
automatic identification chip.

[0132] Inorder to readthe coding resistor 332, the oximeter
system 340 drives the first LED 312/coding resistor 332 com-
bination at a level that is low enough that the LED draws
effectively insignificant current because of the exponential
relationship between I and V, as illustrated in the graph of
FIG. 3A. As well understood in the art, the LED becomes
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 all of the current through the first electrical
connection 318 flows through the coding resistor 332.
[0133] The current which flows through the coding resistor
for the voltage applied is measured by the oximeter system by
measuring the current through the first electrical connection
318. In 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 advan-
tageous voltage. At 0.5V, current through the LED is gener-
ally less than 1 pA (an insignificant amount).

[0134] Preferably, 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 to a level sufficient to
drive the first LED 312, the coding resistor 332 is effectively
removed from the electrical circuit because of its high resis-
tance as compared to the resistance of the first LED 312 at
active operating currents.

[0135] Accordingly, a coding resistor can be used in con-
nection 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
invention.

[0136] Inone advantageous embodiment, the oximeter can
monitor the coding resistor continuously by providing a 0.5V
coding resistor reading signal at a frequency different from
the LED drive current. For instance, if the LED drive current
is turned on and off at a frequency of 625 Hz, the 0.5V coding
resistor reading voltage can be provided at a frequency much
lower than 625 Hz, such that the 625 Hz signal can be easily
filtered with a low pass filter with a cutoff significantly below
625 Hz, but with a pass band which allows the 0.5V signal to
pass. This would allow the oximeter to continuously monitor
the coding resistor 332 in case of a change in the sensor by the
system operator.
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[0137] 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 configura-
tion is depicted in FIG. 8A. FIG. 8A is similar to FIG. 8,
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 voltage can be
alternated from positive to negative to draw current through
either the second LED 314 or the first LED 312. This elimi-
nates the need for an electrical connection to the oximeter
probe, thereby further reducing the cost of the probe. In the
back-to-back configuration of FIG. 8A, if the second LED
314 is ared LED with a 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 voltage is advantageously
applied to the first electrical connection 318 at approximately
0.5V in order to measure the coding resistor 332. Because the
knee for the red LED is 2.0V, very little (less than 1 pA)
current will flow through the red LED and essentially no
current will flow through the infrared LED 312 (because the
infrared LED 312 is reverse biased). In such a scenario, the
current which passes through the network of the first LED
312, the second LED 314, and the coding resistor 332 is
approximately equal to the current through the coding resistor
332. The resistance of the coding resistor 332 is then easily
determined via Ohmis 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 Detection

[0138] As briefly discussed above, in certain circum-
stances, it is useful directly to obtain information regarding
the wavelength of an LED connected to an oximeter. As
illustrated in FIG. 7, a wavelength detector 268 can be pro-
vided. However, a wavelength detector requires some con-
figuration operations to be performed by the operator. In a
hospital environment, itis advantageous to simplify the use of
the oximeter. Accordingly, in another embodiment, each LED
sensor is configured with a wavelength detection configura-
tion. FIGS. 9A and 9B depict diagrams of possible embodi-
ments of LED sensors configured with filters. These sensor
configurations can be used to obtain the wavelength of the
LED for the sensor.

[0139] As depicted in FIG. 9A, 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 filter 471. The
transmission LED network 402, the first photodetector 404
and the second photodetector 406 all couple to an oximeter
system 412. A third photodetector 413 is also depicted in
dotted line to illustrate the photodetector for the oximetry
measurement. This third photodetector 413 is not discussed in
the following discussion which relates to the calibration por-
tion of the oximeter probe 400. The transmission LED net-
work 402 preferably comprises at least two LEDs, one in the
red wavelength range (e.g., 660 nm) and one in the infrared
wavelength range (e.g., 905 nm). Determining the wave-
length of one of the LEDs in the LED network 402 using the
configuration of the sensor 400 depicted in FIG. 9A is
described below.

Jul. 19,2012

[0140] Asseenin FIG. 9A, the LED network 402 transmits
light 414 which first passes through the diffuser 407. The
diffuser 407 is provided advantageously in the preferred
embodiment in order to remove polarization of the light
because the beam splitter 408 is sensitive to polarized light,
and most LEDs transmit some percentage of polarized light.
The light then passes to the beam splitter 408 where it is
divided. The beam splitter 408 is preferably coated with a
material which is partially reflective to light of the wavelength
of the LEDs of interest in the LED network 402. Advanta-
geously, the beam splitter 408 reflects 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 filter 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, 406 to determine the centroid of
the emission wavelength for the LEDs 402, as further
explained below.

[0141] As is well understood in the art, obtaining a beam
splitter to precisely divide the light by 50 percent would be
costly to construct. However, it is not necessary to obtain a 50
percent split of the light because imprecision can be accom-
modated with calibration. In an embodiment where no second
filter 411 is provided, the system can be calibrated by activat-
ing the infrared LED. This is possible because the first filter
410 is transparent to the infrared wavelength, and thus, each
photodetector 404, 406 senses the same signal. In such an
embodiment, the intensity outputs from the first and second
photodetectors 404, 406 can be compared and equalized
through calibration constants during run-time. This compen-
sates for imprecision in the photodetectors, beam splitter 408
and diffuser 407.

[0142] Inan embodiment where the infrared is not used to
calibrate, the photodetectors 404, 406, the beam splitter 408
and the diffuser 407 can be calibrated prior to delivery with a
passive or active coding element 415 for each device. It
should be understood that the box 415 represents one or more
coding elements. It should also be understood that a single
coding element could be used for all of the optical devices
within the box 515. Preferably, the elements provided for
calibration (those within the box in dotted lines labelled 515)
in this embodiment are positioned in a reusable portion of the
probe such that the increased expense is not too significant.
[0143] The filter 410 may also have imprecision due to
temperature sensitivity and imprecision of manufacturing
process. Therefore, in order to calibrate 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 pre-
ferred embodiment. Because temperature sensitivity in shot
glass filters are well known, by detecting the temperature, the
shift in filter characteristics can also be determined. With
respect to the imprecision in manufacturing, a passive or
active coding element 415 can be provided on the probe to
provide information about the variation from a selected
(ideal) filter characteristic (transition band for filter).

[0144] Another preferred embodiment utilizing a filter con-
figuration is depicted in FIG. 9B. FIG. 9B depicts a sensor
having a transmission LED network 420, a diffuser 421, a first
photodetector 422, and a second photodetector 424. As in
FIG. 9A, a third photodetector 431 is depicted representing
the photodetector used for oximetry measurements. The first
and second photodetectors 422, 424 are positioned at the
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interior periphery of an integrating optical sphere 426, or the
like. As can be seen in FIG. 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 wave-
length determination. The light which enters the aperture is
reflected about the interior of the optical sphere 426, without
significant absorption. Advantageously, the interior of the
integrating optical sphere is reflective to the wavelengths of
the light from the LED network 420. In addition, the interior
ofthe integrating optical sphere 426 scatters the light. Advan-
tageously, 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 manner, each of the
first and second photodetectors 422, 424 receive substantially
the same amount of light originating from the LED network
420.

[0145] As with the embodiment of FIG. 9A, the second
photodetector 424 has an associated low pass optical filter
430, through which the light incident on the second photode-
tector 424 passes prior to reaching the second photodetector
424. Accordingly, like the embodiment of FIG. 9A, the sec-
ond photodetector 424 in FIG. 9B receives light attenuated by
the filter 430, and, the first photodetector 422 receives light
unattenuated by the filter 430.

[0146] As with the embodiment of FIG. 9A, as is well
understood in the art, obtaining an integrating optical sphere
precisely integrate the light would be costly to construct.
However, again, it is not necessary to obtain a perfect inte-
grating sphere because imprecision in the sphere (as well as in
other elements) can be accommodated with calibration. For
instance, the system of FIG. 9B can be calibrated by activat-
ing the infrared LED if no infrared filter (corresponding to the
filter 411 in FIG. 9A) is used. This is possible because the
filter 430 is transparent to the infrared wavelength, and thus,
each photodetector 422, 424 senses unfiltered signal (which
ideally would be the same). In such an embodiment, the
intensity outputs from the first and second photodetectors
422, 424 can be compared and equalized through calibration
constants during run-time. This compensates for imprecision
in the photodetectors, optical sphere, and diffuser.

[0147] As with the embodiment of FIG. 9A, if the infrared
is 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.

[0148] As with the embodiment of FIG. 9A, the filter 430
may have imprecision due to temperature sensitivity and
imprecision due to manufacturing. Therefore, in order to cali-
brate 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 pre-
ferred embodiment, as with the embodiment of FIG. 9A. With
respect to the imprecision in manufacturing, a passive or
active coding element 432 can be provided on the probe to
provide information about the variation from a selected
(ideal) filter characteristic (transition band for filter).

[0149] It should also be understood, that in one embodi-
ment, a single memory element or other passive or active
element (415, 432) could be provided with enough identifi-
cation capability to provide characteristic information for
each of the diffuser, the photodetectors, filters, and the beam
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splitter (or optical sphere). For instance, a memory device or
transistor network could be provided with several bits of
information for device.

[0150] In the present embodiment, with red (e.g., 640-680
nm) and infrared (e.g., 900-940 nm) LEDs in the LED net-
works 402,420 of FIGS. 9A and 9B, the wavelength of the red
LED is the most critical for blood oximetry. Accordingly,
accurate determination of the centroid operating wavelength
of the red LED in the LED networks 402, 420 is desired. In
this case, the filters 410, 430 advantageously are selected to
partially attenuate light in the red wavelength range, and pass
light in the infrared range unattenuated.

[0151] The principle by which the sensors of FIGS. 9A and
9B can be used to identify the wavelength of the LEDs for
those sensors is now described. As well understood in the art,
LEDs for use in blood oximetry and the like have an emission
characteristic similar to the emission curve depicted with the
curve 440 of FIG. 10A. As depicted in FIG. 10A, the ideal
LED has a centroid wavelength at A, (e.g., 660 nm). However,
as well understood, the actual centroid wavelength for a batch
of LEDs with a target centroid wavelength of A, differs due to
manufacturing tolerances. For instance, the emission curve
may be shifted to the right as in the dotted emission curve
440A depicted in FIG. 10A. The actual centroid wavelength is
significant in accurate oximetry measurements.

[0152] The filters 410, 430 preferably have a response as
depicted by the curve 450 in FIG. 10B. With a filter chosen
with the middle of its transition band selected at the target
centroid wavelength, A, the filter transition band advanta-
geously extends from a lower anticipated wavelength A, to an
upper anticipated wavelength A,. The range (A,-A,) prefer-
ably encompasses the anticipated variance in wavelengths for
LEDs due to manufacturing tolerances. In other words, the
manufacturing tolerance 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.

[0153] For LEDs having a centroid wavelength in the area
of the transition band of the filter, a ratio of the overall inten-
sity detected from a sensor LED without filtering to the inten-
sity of the same sensor LED detected with filtering provides
useful information, as further explained.

[0154] FIG. 10C is illustrative of the ratio 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 440A. The emission with filtering is
depicted by the filtered emission curve 441. The filtered emis-
sion curve 441 represents the filter response multiplied by the
LED emission without filtering as well understood for filtered
emission. The significant ratio is the ratio of the area under the
filtered LED emission curve 441 (illustrated with cross hatch-
ing) to the area of under the unfiltered LED emission curve
440A. 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 response.

[0155] This ratio of the two areas can be determined from
the ratio of intensities received from the photodetectors 404,
406 or 422, 424 as follows: Let the normalized intensity of the
unfiltered light I (M) and the intensity of the filtered light, I(».)
be represented by the following equations.

1
L= [1 +(/1—l,10F)2r
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-continued
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[0156] The energy of the unfiltered light as received by the
photodetector 404, 422 can be expressed as the integral over
the range of wavelengths of the LED emission as follows:

3 31
Ea Ao ften = f ILPA)EA
A4

[0157] whereI,(A)is the LED emission vs. wavelength (A)
and P(A) is the photodiode response vs. wavelength ().
[0158] Forsimplicity, where the photodiode response is “1”
(P(\)=1) in the range of interest (A,-A,) (in other words, the
light emitted from the LED falls within the range of the LED),
the signal of the first photodetector 404, 422 (no filter) will be
as follows:

2 32
Eas A o = f LA
A1

[0159] 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:

A2 (33)
EQa, M i fitrery = f/\ F)IL(A)dA
1

[0160] Ifall LEDs forabatchof sensors have the same peak
emission and bandwidth in the area of interest (A-A,), and
can be represented by the same equation (30) except for a
multiplicative constant I, then a normalized ratio of the ener-
gies can be defined as follows:

I f " Fnoda o
E@2, A winn fieery ’ A i

E, = =
@ = TE R Ao filter)

o[y 2 1A

A2 2
o f FOLMAQ) T f FQLMAA
A1 A1
Eporm = =

Iof;lz 1. (A)dA constant

[0161] The generalized ratio of equation (34) is a ratio of
the entire area of the LED emission attenuated by filtering
(designated with cross-hatching in FIG. 10C) to the area
under the entire LED emission curve.

[0162] The function E,,,,, is single valued and monotonic
in the area (A,-A,) and depends only on the centroid wave-
length shift of the LED with respect to the center of the
transition band, A, of the filter.

[0163] Accordingly, for a filter with a center of the transi-
tion band at A, the ratio of the energy detected by second
photodetector (filter present) to the energy detected by the

13
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first photodetector (filter not present) in the wavelength range
(h1-\), 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 FIG. 10C, as the centroid wavelength
increases toward A, the ratio approaches “1”, and as the
centroid wavelength approaches A |, the ratio approaches “0”.
This relationship is depicted in FIG. 10D for A,=~610 nm and
A,=~710 nm.

[0164] In use, a ratio can be calculated to corresponds to
each possible LED wavelength in the range (A,-A,). For
instance, a test batch of LEDs representing the range of wave-
lengths (A,-A,) can be used to obtain corresponding ratios of
the intensity of filtered light to unfiltered light. An accurate
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 response, which
can be referenced to obtain the wavelength of an LED having
an unknown wavelength in the wavelength range (A,-A,).
[0165] Inotherwords, for any LED having a centroid wave-
length in the range (A, -A.,), with a sensor as depicted in FIGS.
9A and 9B, the wavelength of the LED for the sensor can be
determined by taking the ratio of the intensities of the second
and first photodetectors, and using the ratio to reference the
normalized photodiode response to find the wavelength. In
the present embodiment, this is accomplished with a look-up
table stored in a memory for the oximeter system. The look-
up table stores the ratio values corresponding to associated
wavelength values.

[0166] Accordingly, with the sensor embodiments of FIGS.
9A and 9B, the oximeter simply continually initiates mea-
surements for calibration purposes. The oximeter, using the
method described above, calculates the ratio between the two
intensities (filtered and unfiltered) and obtains the respective
wavelength for the sensor. This is for testing purposes.
Accordingly, the LEDs or shot glass purchased advanta-
geously should produce a ration less than 1 and greater than O,
otherwise the LED wavelength will be undeterminable. In
case the ratio equals 1 or zero, the system should either not
operate or use a calibration equation that is closest to the
extreme (e.g., for ratio=0, assume wavelength is 630 nm and
for a ratio=1, assume wavelength is 670 nm in the present
embodiment).

[0167] 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 sensors of FIGS.
9A and 9B are chosen with the center of their transition band,
Ao, in the red wavelength range. As seen from the filter
response curve of FIG. 10B, if the center of the transition
band is in the red range, the infrared light will not be attenu-
ated by the filter.

[0168] Examples of preferable filter responses are depicted
in FIG. 11. FIG. 11 depicts the response curve for three filters,
adequate for the present invention, depending upon the
expected wavelengths. A first filter has the center of its tran-
sition 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.

[0169] However, it should be understood that the principle
explained above could also be used for the infrared LED, if
the filters are chosen with the center of their transition band at
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A, selected at the anticipated or target infrared wavelength
(e.g., 905 nm). In addition, the second filter 411 (FIG. 9A) can
be provided as a filter, with the center of its transition band
selected at the anticipated or target infrared wavelength in
order to calibrate 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 would have its transition
band centered around 900 or 905 nm. Such a filter is depicted
in FIG. 11A.

[0170] The wavelength detection described above could
also be implemented with a sensor having only one photode-
tector, and a removable filter. The operator would initiate an
intensity measurement as prompted by the oximeter without
the filter. Then, the operator would place the filter 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 | which s used to reference the
operating wavelength.

norms

PROBE EXAMPLES

[0171] FIGS. 12-14 illustrate three different of probes used
in medical monitoring of patients.

[0172] FIG. 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 FIG. 12). FIG.
12A depicts the bottom of the connector 502. FIG. 12B
depicts a bottom view of the wrap-around probe of FIG. 12,
and FIG. 12C depicts a side view of the wrap-around probe of
FIG. 12. The wrap around probe 500 has an LED emitter 506,
a photodetector 508 at the end of a cavity 509, a flexible
circuit 510, and friction electrical connection fingers 512. The
probe 500 also has a connection port 519. In one embodiment,
where the probe would be used for the calibratable probe of
FIG. 9A, the wrap-around probe would also have a light-
tunnel 514 (FIG. 12B) to 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 FIGS. 9A and 9B are positioned in a cavity 516
(FIG. 12A) which receives the, light channeled through the
light tunnel 514 and coupled to the connector 502 via an
aperture 518 at the end of the light tunnel 514. As seen in FIG.
12A, electrical friction connectors 520 on the connector are
configured to couple with the electrical connectors 512 of the
wrap-around probe 500. The flexible circuit connects the
emitters 506 and the detector 508 to the connection fingers
512.

[0173] In use, the wrap-around probe is placed on the digit
of a patient, and the photodetector 508 is positioned opposite
the emitter 506 so as to receive light from the emitter 506
attenuated by transmission through a fleshy medium.

[0174] FIG. 13 depicts another embodiment of a wrap-
around probe 530 for medical monitoring of infants. The
probe has a first flexible portion 532 configured to be wrapped
about the digit of a neonate attached to the first flexible
portion 532 is a second flexible member carrying emitters 534
(LEDs) and photodetector 536. In one embodiment where the
calibration probe of FIG. 9A is implemented with the probe of
FIG. 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 photo-
detector can be utilized with the infant style probe of FIG. 13.
Alternatively, a light channel or tunnel could be used instead
of'the fiber optic to carry a portion of the light from the emitter
534 to the connector port 540. The same connector 542 is used
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for the neonatal probe 530. Accordingly, as with the embodi-
ment of FIG. 12, all of the calibration elements within the
dotted box 515, 515A of FIGS. 9A and 9B are positioned
within the connector 502.

[0175] FIG. 14 depicts yet another probe for use in medical
monitoring. The probe of FIG. 14 comprises a clip-on probe
550 which couples via a cable 552 to a connector port 554
which is the same as the connector port 540 of FIG. 13 and the
connector port 519 of FIG. 12. The clip-on probe carries
emitters 556 and a photodetector 558. With this embodiment,
some light from the emitters 556 enters a fiber optic 560
which channels light to the connector port 554 as in the
embodiment of FIG. 13. Again, the probe calibrations ele-
ments within the same connector 502 are preferably con-
tained within the connector 502 which is advantageously the
same as the connector for the embodiments of FIGS. 12 and
13.

[0176] FIGS. 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 oximeter system (not shown in FIG. 15).
FIG. 15 depicts a perspective view of the entire probe 600.
FIG. 15A depicts the underside of the connector 604. FIG.
15C depicts a top view of the wrap portion 602 and FIG. 15D
depicts a bottom view of the wrap portion 602. The connector
604 has two portions: an emitter portion 610 and a connection
portion 612. The emitter portion 610 advantageously contains
the emitters (such as LEDs) for 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 dispos-
able 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 connection portion 612 ofthe
connector 604, allowing the connection portion 612 to be
reusable for a much longer period of time.

[0177] Inthis embodiment, the wrap portion 602 is flexible
and disposable after each use with a very low cost. The wrap
portion has a flexible layer 626 made from polymer or other
flexible materials and has a connector port 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 (FIG. 15A) on the bottom of the
connection portion 612 of the connector 604. The electrical
finger friction connectors 616 for the wrap portion 602 couple
to a flexible circuit 618 which connects to a detector 622
which is shielded (not 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 from electromagnetic interference and
the like.

[0178] The wrap around probe 600 has an aperture 624 that
provides a window for the transmission of light energy from
the emitters in the emitter portion 610. The emitters are posi-
tioned to transmit light through an aperture 628 (FIG. 15A) in
the emitter portion 610 which is configured to match with the
aperture 624 in the wrap portion 602 when the connector 604
is positioned in the connection port 614. Thus, the light trans-
mits from the emitters in the emitter portion 610 through the
aperture 628 in the emitter portion 610 and through the aper-
ture 624 in the wrap portion 602 when the connector 604 is
inserted into the connector port 614 and the emitters are
activated.
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[0179] In use, the wrap portion 602 is wrapped around a
digit of the patient (e.g., a finger) and the detector 622 is
positioned to receive light transmitted through the aperture
624 and through at least a portion 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
light energy is transmitted.

[0180] In one embodiment, the probe 600 is used for the
calibratable probe of FIGS. 9A and 9B. In this embodiment,
the connection portion 612 has the elements in the dotted
boxes 515 and 515A of FIGS. 9A and 9B positioned in the
connection portion 612. In this manner, the calibration ele-
ments are reusable, yet work with the LEDS in the emitter
portion 610 to form a calibratable embodiment. In such an
embodiment, the emitters are positioned 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 connection portion 612
(FIG. 15B). The connection portion 612 contains the calibra-
tion elements depicted in the boxes 515 and 51 SA (FIGS. 9A
AND 9B) housed in the connection portion 612.

[0181] FIG. 15B depicts an end view of the connection
portion 612 depicting the light channel 620 and two electrical
connector 613A, 613B which provide connections for LEDs
(red and infrared connected back-to-back in the present
embodiment) in the emitter portion.

[0182] It will be understood that the apparatus and method
of the present invention may be employed in any circum-
stance where a measurement of transmitted or reflected
energy is required, including but not limited to measurements
taken on a finger, an earlobe, or a lip. Thus, there are numer-
ous other embodiments which will be obvious to one skilled
in the art. Furthermore, 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 embodi-
ments are to be considered in all respects only as illustrative
and not restrictive. The scope of the invention is, therefore,
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indicated by the following appended claims. All changes
which come within the meaning and range of equivalency of
these claims are to be embraced within their scope.

What is claimed is:

1. In a pulse oximetry system which uses interchangeable
sensors having a plurality of light emitting devices, a method
of identifying information about the sensor, the method com-
prising:

determining operating characteristics of a sensor;

coding the operating characteristics on a semiconductor
device housed in the sensor; and

reading the coded operating characteristics from the sensor
onto a patient monitoring device.

2. The method of claim 1, where in the operating charac-

teristics indicates a type of sensor.

3. The method of claim 1, wherein operating characteris-
tics comprises calibration data.

4. The method of claim 1, wherein operating characteris-
tics comprises security information.

5. A disposable optical sensor configured to be used in a
physiological monitoring system, the sensor comprising:

a first light emitting device;

a second light emitting device;

a detector configured to detect light produced by the first
and second light emitting devices after attenuation by
patient tissue;

a semiconductor device housing predetermined unique
operating characteristics of the first and second light
emitting devices; and

a connector configured to connect to a patient monitoring
device and allow the patient monitoring device to read
information from the semiconductor device.

6. The method of claim 5, where in the operating charac-

teristics indicates a type of sensor.

7. The method of claim S, wherein operating characteris-
tics comprises calibration data.

8. The method of claim 5, wherein operating characteris-
tics comprises security information.

* * #* ok %
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