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(57) ABSTRACT

Embodiments disclosed herein may include an adapter which
is capable of converting signals from an oximeter sensor such
that the signals are readable by an oximeter monitor. In an
embodiment, the adapter is capable of converting signals
relating to calibration information from the oximeter sensor.
The calibration information may relate to wavelengths of
light emitting diodes within the oximeter sensor. In a specific
embodiment, the adapter will convert wavelength calibration
information in a first form relating to data values stored in a
digital memory chip to a second form relating to a resistance
value of an expected resistor within the oximeter sensor.
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FIG. 1
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SYSTEM AND METHOD FOR FACILITATING
SENSOR AND MONITOR COMMUNICATION

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This claims the benefit of U.S. Provisional Patent
Application No. 61,072,598, filed Mar. 31, 2008, which is
hereby incorporated by reference herein in its entirety.

BACKGROUND

[0002] The present disclosure relates generally to pulse
oximetry and, more specifically, to an adapter for connecting
oximeter sensors with oximeter monitors.

[0003] This section is intended to introduce the reader to
various aspects of art that may be related to various aspects of
disclosed embodiments, which are described and/or claimed
below. This discussion is believed to be helpful in providing
the reader with background information to facilitate a better
understanding of the various aspects of the present disclosure.
Accordingly, it should be understood that these statements are
to be read in this light, and not as admissions of prior art.

[0004] In the field of healthcare, caregivers (e.g., doctors
and other healthcare professionals) often desire to monitor
certain physiological characteristics of their patients. Accord-
ingly, a wide variety of monitoring devices have been devel-
oped for monitoring many such physiological characteristics.
These monitoring devices often provide doctors and other
healthcare personnel with information that facilitates provi-
sion of the best possible healthcare for their patients. As a
result, such monitoring devices have become a perennial fea-
ture of modern medicine.

[0005] One method for monitoring physiological charac-
teristics of a patient is commonly referred to as pulse oxim-
etry, and the devices built based upon pulse oximetry methods
are commonly referred to as pulse oximeters. Pulse oximeters
may be used to measure and monitor various blood flow
characteristics of a patient. For example, a pulse oximeter
may be utilized to monitor the blood oxygen saturation of
hemoglobin in arterial blood (SpO,), the volume of indi-
vidual blood pulsations supplying the tissue, and/or the rate of
blood pulsations corresponding to each heartbeat of a patient.
In fact, the “pulse” in pulse oximetry refers to the time-
varying amount of arterial blood in the tissue during each
cardiac cycle.

[0006] In general, monitoring systems, such as pulse oxim-
etry systems, include a sensor and a monitor. The sensor
collects data that is transmitted to the monitor for analysis.
For example, pulse oximeters typically utilize a non-invasive
sensor thatis placed on or against a patient’s tissue that is well
perfused with blood, such as a patient’s finger, toe, forehead
or earlobe. The pulse oximeter sensor emits light and photo-
electrically senses the light after passage through the perfused
tissue. The sensor then transmits data relating to the sensed
light to the monitor. The light emitted by the sensor is typi-
cally selected to include one or more wavelengths that are
absorbed or scattered in an amount related to the presence of
oxygenated versus de-oxygenated hemoglobin in the blood.
Thus, data collected by the sensor relating to detected light
may be used by a pulse oximeter to calculate one or more of
the above-referenced physiological characteristics based
upon the absorption or scattering of the light. For example, a
monitor may use a determination of the amount of light
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absorbed and/or scattered, as detected by the sensor, to esti-
mate an amount of oxygen in the tissue using various algo-
rithms.

[0007] The sensors and monitors of typical monitoring sys-
tems, such as pulse oximeter systems, are often specifically
configured to communicate with one another. For example, a
sensor may be specifically configured to operate with a par-
ticular type of monitor. Indeed, if a sensor and a monitor are
not specifically designed to cooperate, they may not function
together. This can be an issue when upgrades are available for
asensor or monitor. For example, it may be desirable to utilize
a new sensor that includes upgraded technology because it
provides better performance and the upgraded technology is
more affordable. However, older monitors, which can be
expensive to replace, may not be able to take advantage of the
improved sensor technology because they are not compatible
with the updated technology.

SUMMARY

[0008] Certain aspects commensurate in scope with this
disclosure are set forth below. It should be understood that
these aspects are presented merely to provide the reader with
abrief summary of certain embodiments of the disclosure and
that these aspects are not intended to limit the scope of
embodiments of the disclosure. Indeed, embodiments of the
disclosure may encompass a variety of aspects that may not
be set forth below.

[0009] According to an embodiment, there may be pro-
vided an adapter including communications circuitry config-
ured to facilitate communication with an oximeter sensor,
communications circuitry configured to facilitate communi-
cation with an oximeter monitor, and calibration circuitry
configured to receive calibration information in a first form
from the oximeter sensor and to convert the calibration infor-
mation into a second form which is readable by the oximeter
Monitor.

[0010] According to an embodiment, there may also be
provided a pulse oximetry system including an oximeter sen-
sor, an oximeter monitor, and an adapter configured to receive
calibration information in a first form from the oximeter
sensor and to convert the calibration information into a sec-
ond form which the oximeter monitor is capable of reading.
[0011] Finally, according to an embodiment, there may be
provided a method for communicating calibration informa-
tion from an oximeter sensor to an oximeter monitor includ-
ing determining a type of calibration element present within
the oximeter sensor, enabling calibration signal conversion
circuitry within the adapter if the calibration element is a
digital memory chip, and sending a message to the oximeter
monitor to begin receiving oximetry data from the oximeter
Sensor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] These and other features, aspects, and advantages of
this disclosure may become better understood when the fol-
lowing detailed description of certain exemplary embodi-
ments is read with reference to the accompanying drawings in
which like characters represent like parts throughout the
drawings, wherein:

[0013] FIG. 1 is a perspective view of a pulse oximetry
system in accordance with an embodiment;

[0014] FIG. 2 is a block diagram of a pulse oximeter moni-
tor, adapter, and sensor in accordance with an embodiment;
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[0015] FIG. 3 is a block diagram of a pulse oximeter moni-
tor, adapter, and sensor incorporating LED and oximetry
signal conversion circuitry in accordance with an embodi-
ment;

[0016] FIGS. 4A and 4B are block diagrams of a pulse
oximeter sensor and adapter in accordance with an embodi-
ment; and

[0017] FIG. 5 is a flowchart illustrating a method for ini-
tializing the signal conversion circuitry of an oximeter
adapter in accordance with an embodiment.

[0018] While the present disclosure is susceptible to vari-
ous modifications and alternative forms, specific exemplary
embodiments thereof have been shown in the drawings and
are herein described in detail. It should be understood, how-
ever, that the description herein of specific exemplary
embodiments is not intended to limit the disclosure to the
particular forms disclosed herein, but to the contrary, this
disclosure is to cover all modifications and equivalents as
defined by the appended claims.

DETAILED DESCRIPTION

[0019] Various embodiments will be described below.
These described embodiments are only exemplary of the
present disclosure. Additionally, in an effort to provide a
concise description of these exemplary embodiments, all fea-
tures of an actual implementation may not be described in the
specification. It should be appreciated that in the development
of any such actual implementation, as in any engineering or
design project, numerous implementation-specific decisions
must be made to achieve the developers’ specific goals, such
as compliance with system-related and business-related con-
straints, which may vary from one implementation to another.
Moreover, it should be appreciated that such a development
effort might be complex and time consuming, but would
nevertheless be a routine undertaking of design, fabrication,
and manufacture for those of ordinary skill having the benefit
of this disclosure.

[0020] The present methods and systems generally relate to
physiological monitoring instruments and, in particular, to
systems and devices that cooperate with sensors that include
a mechanism for storing and providing a monitor with data
relating to measurement of a physiological characteristic.
Embodiments of the present disclosure may include pulse
oximetry sensors that include coded information relating to
use of the sensors (e.g., a value associated with interpreting
data from the sensor). Pulse oximetry systems are discussed
below as examples to facilitate detailed discussion of present
embodiments. However, the methods and systems discussed
below are merely examples, and present embodiments are not
limited to pulse oximetry devices. Indeed, some embodi-
ments may be extended to various other physiological moni-
toring instruments.

[0021] In accordance with an embodiment, blood oxygen
saturation, commonly denoted as SpO,, may be estimated as
a ratio of oxygenated hemoglobin (HbO,) to deoxygenated
hemoglobin (Hb) present in a patient’s tissue. Hemoglobin is
the component of blood which transports oxygen throughout
the body. The ratio of HbQ, to Hb can be determined by
shining light at certain wavelengths into a patient’s tissue and
measuring the absorbance of the light. In an embodiment, a
first wavelength may be selected at a point in the electromag-
netic spectrum where the absorption of HbO, differs from the
absorption of reduced Hb, and a second wavelength may be
selected at a different point in the spectrum where the absorp-
tion of Hb and HbO, differs from those at the first wavelength.
For example, wavelength selections for measuring normal
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blood oxygenation levels typically include a red light emitted
at approximately 660 nm and a near-infrared light emitted at
approximately 900 nm.

[0022] One method for estimating SpO, is to calculate a
characteristic known as the ratio-of-ratios (Ratrat) of the
absorption of red light (RED) to near-infrared light (IR).
While various methods may be utilized to calculate Ratrat, in
one method in accordance with an embodiment, a sensor is
used to emit red and near-infrared light into a patient’s tissue
and detect the light that is reflected back. Signals indicative of
the detected light are conditioned and processed to generate
plethysmographic waveforms having generally sinusoidal
shape, having both an alternating current (AC) and a direct
current (DC) component. The AC and DC components of the
RED wavelength and IR wavelength signals may then be used
to calculate Ratrat, which has been observed to correlate well
to SpO,. This observed correlation may be used to estimate
SpO, based on the measured value of the Ratrat.

[0023] Therefore, pulse oximeters may precisely measure
Ratrat in order to determine SpQ,. The relationship between
Ratrat and SpO, may follow a smooth line that serves as a
sensor calibration curve. Because the light absorption of the
blood’s HbO, and Hb is significantly wavelength-dependent,
the relationship between Ratrat and SpO, may depend
heavily upon the specific wavelength emissions of the sen-
sor’s light emitting diodes (LEDs). For instance, if the red
LED emits at 640 nm as opposed to 660 nm, the light absorp-
tion of the blood may increase compared to a truly red emitter.
The result may be that the sensor’s calibration curve would be
shifted and rotated to a certain degree.

[0024] Therefore, more accurate measurements of SpQO,
may be taken when the sensor’s calibration curve cortesponds
to the actual wavelengths of the sensor’s LEDs. For this
reason, pulse oximeter manufacturers may identify the emit-
ted wavelengths in order to achieve accurate readings. Many
manufacturers identify an LED wavelength range for a par-
ticular sensor and program a corresponding calibration curve
into a pulse oximetry monitor that corresponds to this LED
wavelength range. To do so, these manufacturers may use a
resistor-encoding scheme in which several calibration curves
are programmed into pulse oximeters to span a broad range of
LED wavelengths.

[0025] This resistor calibration method, which may be
abbreviated as RCAL™ in systems manufactured by the
present assignee, communicates to the monitor which curves
should be used. When the sensor is connected to the monitor,
a resistor within the sensor may be read by the monitor to
identify specifically which of the pre-programmed curves
should be used to calculate SpO, values. During the manu-
facturing of each sensor, the wavelength characteristics of the
red and infrared LEDs may be measured and an appropriate
resistor may be installed in the sensor. The RCAL™ system
may be used by the monitor to identify from a lookup table
(e.g., Table 1) which of the pre-programmed curves should be
used based on the specific resistor values.

TABLE 1

Example RCAL ™ Lookup Values

RCAL ™ Resistor (Q) Calibration Curve

1000 Curve #1

2000 Curve #2

3000 Curve #3
N,000 Curve #N
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[0026] However, predefining calibration curves to address
LED wavelength variations can be an issue for several rea-
sons. First, pulse oximetry manufacturers may not be able to
take advantage of newer high-efficiency LEDs because their
spectral properties may be different from those designed by
semiconductor companies years ago. Newer LEDs can
reduce power needs of oximeters, leading to longer battery
life. In addition, newer LEDs can dramatically increase signal
strength, improving monitoring performance. Therefore, as
newer LEDs become available, oximeter manufacturers may
want to be able to take advantage of the latest advancements
in LED technology. Second, oximeter manufacturers may be
constrained and unable to implement new sensor designs
when the new designs do not precisely conform to the pre-
programmed calibration curves in the monitors. Having to fit
new sensors into the available choices of calibration curves
may limit the possibilities for new sensor designs. Finally,
many RCAL™ calibration curves were created in the mid-
1980s, based on LEDs and sensor designs of that time. New
sensors developed since then have had to conform to these
pre-programmed curves to ensure compatibility across the
installed base of oximeter monitors.

[0027] In response to these issues, new oximeter systems
have been developed to provide for greater sensor and moni-
tor performance while at the same time accommodating
future sensor designs as patient care evolves. One such sys-
tem accomplishes these objectives by incorporating a small
digital memory chip within the sensor. Fach digital memory
chip may be programmed with the full calibration informa-
tion for that sensor, along with any other sensor-specific data
the oximeter can use to enhance performance. This design
allows manufacturers to develop sensors that address specific
clinical needs without being hampered by the earlier sensor
calibration constraints.

[0028] This type of system still utilizes calibration. How-
ever, instead of having to fit within the pre-programmed
curves within oximeter monitors, sensors with digital
memory chips may hold their individual calibration curves in
memory. As such, each sensor may be programmed with
specific coefficients which define its calibration curve. There-
fore, manufacturers can now store within the chip any cali-
bration curve needed, whether for current sensor designs or
for those created in the future. Because new calibration curves
can be developed as needed, manufacturers can design new
sensors with improved performance without the constraints
of the past.

[0029] Though existing oximeter monitors could conceiv-
ably be re-programmed with additional curves, the process
for doing so could prove very difficult, particularly when the
large numbers of installed monitors around the world is taken
into account. Building digital memory chips within sensors
allows for integrating new sensor calibration curves without
the hassle of updating oximeter monitors. Therefore, imple-
menting upgrades through sensors, rather than monitors, may
prove more cost effective and efficient.

[0030] Inaddition, the memory chip may provide room for
additional sensor-specific operating parameters to be stored
within the sensor. For example, the model name of the sensor
being stored, and model-specific troubleshooting tips may be
provided. However, despite all of the advantages created by
building a memory chip into the sensors, one major disadvan-
tage may be created—the fact that oximeter monitors may not
inherently be able to communicate with the sensors. Indeed,
whereas older monitors may be expecting an encoded signal
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via a resistor, they may now be interfacing with a chip holding
the calibration curve in memory. Conversely, when newer
monitors are expecting to interface with a memory chip, they
may experience only a resistor element in an older sensor.
Therefore, it is now recognized that it would be advantageous
to have an adapter which can modify the sensor signals
accordingly.

[0031] FIG. 1 is a perspective view of a pulse oximetry
system in accordance with an embodiment. The pulse oxim-
etry system is generally indicated by reference numeral 100.
The system 100 may include a sensor 110, an adapter 120, and
a monitor 130 which cooperate to detect and analyze patient
characteristics. In the illustrated embodiment, the monitor
130 couples via the adapter 120 to the sensor 110 that is
applied to a patient 140. More specifically, the sensor 110
may be configured to detect and transmit signals to the moni-
tor 130 via the adapter 120. The signals transmitted by the
sensor 110 may be indicative of SpQO, levels in the patient’s
140 tissue. The adapter 120 may convert the signals from the
sensor 110 into a form that is readable by the monitor 130. For
example, the monitor may be configured to receive informa-
tion from the sensor 110 relating to a resistance value (for
calibration purposes) whereas the sensor 110 may be config-
ured to transmit information to the monitor 130 relating to
values read from a memory feature of the sensor 110.
[0032] In the illustrated embodiment, the sensor 110
includes a pair of LEDs 112, a photo detector 114, a sensor
cable 116, and a sensor connecting plug 118. In FIG. 1, the
sensor 110 is shown as a clip-on sensor. However, present
embodiments can be applied to many sensor implementa-
tions, including those attached to a patient by adhesive and
other attachment means. Light from the LEDs 112 at two
different wavelengths (e.g., red and infrared) may be trans-
mitted through a patient’s blood perfused tissues (e.g., in a
finger) and detected by the photo detector 114. Selection of
the wavelengths of the LEDs 112 may be based on a number
of factors. Such factors may include the absorption charac-
teristics of the patient and transmission medium. The detected
optical signal from the photo detector 114 may then be pro-
vided to the monitor 130 for processing.

[0033] The sensor 110 may be connected to the sensor
cable 116. In the illustrated embodiment, the sensor cable 116
is directly connected to the adapter 120 via the sensor con-
necting plug 118. However, as will be appreciated by those in
the art, the sensor 110 may also be connected directly to the
monitor 130 (e.g., in instances where the sensor 110 is com-
patible with the monitor 130). In addition, in other embodi-
ments, the sensor 110 may be configured to connect wire-
lessly with the adapter 120 and/or the monitor 130, obviating
the need for the sensor cable 116 and sensor connecting plug
118.

[0034] Also, in the illustrated embodiment, the adapter 120
includes an adapter body 122, an adapter-to-sensor connect-
ing plug 124, an adapter cable 126, and an adapter-to-monitor
connecting plug 128. The adapter body 122 may contain all of
the circuitry required to convert the signals from the sensor
110 into a form that is readable by the monitor 130. The
adapter 120 may be directly connected to the sensor 110 via
the adapter-to-sensor connecting plug 124 and adapter cable
126. Similarly, the adapter may be connected to the monitor
130 via the adapter-to-monitor connecting plug 128 and
adapter cable 126. In addition, in other embodiments, the
adapter 120 may be configured to connect wirelessly with the
sensor 110 and/or the monitor 130, obviating the need for the
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adapter cable 126 and adapter connecting plugs 124, 128.
Also, the adapter 120 may have a self-contained power source
(e.g., rechargeable battery) within the adapter body 122, plug
into a power outletdirectly (using electrical cords not shown),
or derive its power from the monitor 130.

[0035] Inthe illustrated embodiment, the monitor 130 may
be a pulse oximeter, such as those available from Nellcor
Puritan Bennett LLC and/or Covidien, or may be another
monitor for measuring other body-related metrics using spec-
trophotometric and/or other methods. Additionally, the moni-
tor 130 may be a multi-purpose monitor suitable for perform-
ing pulse oximetry and measurement of other combinations
of physiological and/or biochemical monitoring processes,
using data acquired via the sensor 110.

[0036] The adapter 120 has been described for use in com-
bination with a sensor 110 and a monitor 130 wherein the
monitor 130 performs the signal processing of the detected
signal and compression of the processed data. In another
embodiment, the adapter 120 may be configured to process
(and compress, if necessary or desirable) the detected signal.
This embodiment allows for independent operation of the
sensor 110 and adapter 120 without support from a monitor
130. The data stored within the sensor 110 and adapter 120
may be provided to a monitor 130 for display. The amount of
signal processing and compression that can be achieved by
circuitry within the adapter 120 may be primarily limited by
the available technology, which inevitably improves over
time. In the near term, physiological data that does not require
extensive signal processing and compression (e.g., tempera-
ture, peak amplitude in a waveform, heart rate, and so on) can
be collected and stored by the adapter 120.

[0037] FIG.21sablock diagram of a pulse oximeter system
incorporating a calibration element 202 within the sensor 110
in accordance with an embodiment. In one embodiment, the
calibration element 202 may be a two-lead semiconductor
digital memory chip. The calibration element 202 may be part
of the sensor 110 which also includes red and infrared LEDs
206, along with a photo detector 208. If desired, the LEDs 206
may be replaced with other light emitting elements such as
lasers.

[0038] The oximeter monitor 130 may include a read cir-
cuit 210, a drive circuit 212, lookup tables 214 and 216, a
controller 218, an amplifier 220, a filter 222, and an analog-
to-digital converter 224. The read circuit 210 may be pro-
vided for reading multiple coded values across the two leads
226, 228 connected to the adapter calibration circuitry 270
which may in turn be connected to the calibration element 202
via two other leads 230, 232. One value may be provided to a
lookup table 214 to determine appropriate wavelength-de-
pendent coefficients for the oxygen calculation. The other
value(s) may then be provided to another lookup table(s) 216
which provides input (e.g., coefficients) to other calculations
performed by the controller 218. The controller 218 may
provide signals to a drive circuit 212 to control the amount of
drive current provided to the LEDs 206.

[0039] The photo detector 208 may be connected through
the amplifier 220 and the filter 222 to the A/D converter 224.
This forms a feedback path used by the controller 218 to
adjust the drive current to optimize the intensity range of the
signal received. For example, the signal may be within the
analog range of the circuits employed. The signal may also be
within the range of the A/D converter 224. For example, one
rule that may be applied is to adjust LED drives and amplifier
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gains so that both red and IR signals fall between 40% and
80% of full scale reading of the A/D converter 224.

[0040] Ifthe sensor 110 is the type that uses the RCAL™
calibration method, leads 226 and 228 of the sensor 110 may
be connected directly to leads 230 and 232 of the monitor 130.
As such, after connecting the sensor 110 to the monitor 130,
the read circuit 210 may read an analog voltage which corre-
sponds to the RCAL™ resistor value of the sensor 110. This
voltage may then be applied to an A/D converter (not shown)
to provide a value which can be used to index into the lookup
table 214. Conversely, certain issues may arise if the monitor
130 is configured to communicate with a sensor 110 which
uses the RCAL™ calibration method but, instead, the sensor
110 uses a digital memory chip for calibration purposes.
[0041] However, in an embodiment, the adapter 120 con-
tains adapter calibration circuitry 270 which is connected
between the pairs of leads 226, 228 and 230, 232. As such, the
adapter calibration circuitry 270 may be responsible for con-
verting signals sent to/from the read circuit 210 such that both
older sensors (using resistors for calibration) and newer sen-
sors (using digital memory chips for calibration) may be
compatible with monitors configured to operate with sensors
that useresistors for calibration. As will be appreciated by one
skilled in the art, the methods described below for implement-
ing an adapter 120 may also be applied to other situations.
More specifically, similar methods may be used within the
adapter calibration circuitry 270 such that both older sensors
(using resistors for calibration) and newer sensors (using
digital memory chips for calibration) may be compatible with
monitors configured to connect to sensors which use digital
memory chips for calibration. In either case, signals sent
to/from the read circuit 210 may be converted from a first
form to a second form with which the monitor 130 is config-
ured to operate.

[0042] One objective of the adapter calibration circuitry
270 is to ensure that the monitor 130 responds in the same
manner when either type of sensor—one that uses a resistor
for calibration or one that uses a memory chip for calibra-
tion—is in communication with the monitor 130 via the
adapter 120. This can be accomplished using any number of
methods and features, a few of which will be described below.,
However, it should be understood that these disclosed
embodiments are not intended to be limited to the particular
methods and features disclosed below.

[0043] FIG. 3isablock diagram of a pulse oximeter system
incorporating LED and oximetry signal conversion circuitry
310, 320 in accordance with an embodiment. In addition to
converting signals relating to sensor calibration, the adapter
120 may also be used for conversion of LED signals to the
sensor 110 and oximetry signals from the sensor 110. For
instance, in response to information gathered from the
memory chip in the sensor 110 (e.g., either calibration infor-
mation or any other information stored in the memory chip),
either the LED signals or returning oximetry signals may be
modified and/or pre-conditioned to take into account particu-
lar characteristics of the sensor 110. In addition, the adapter
LED conversion circuitry 310 and/or the oximetry signal
conversion circuitry 320 may simply be used to offload some
of the functionality of the monitor 130, depending on the
circumstances.

[0044] FIGS. 4A and 4B are block diagrams of the adapter
120 and the sensor 110 in accordance with various embodi-
ments. In these embodiments, the adapter calibration cir-
cuitry 270 may contain switches 402, 404 enabling two alter-
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nate modes of operation for the adapter 120. FIG. 4A
illustrates the first mode of operation, where the adapter 120
is connected to the sensor 110 employing a resistor-based
calibration element 410. In this situation, there is no need to
use the calibration signal conversion circuitry 420. Therefore,
it may be bypassed and the signal from the resistor-based
calibration element 410 may simply be passed along through
the adapter calibration circuitry 270 to the monitor 130. Con-
versely, FIG. 4B illustrates the second mode of operation,
where the adapter 120 is connected to the sensor 110 employ-
ing a memory chip-based calibration element 430. In this
situation, the calibration signal conversion circuitry 420 is
needed and, therefore, should not be bypassed. In both situ-
ations, initial read circuitry 440 will most likely be used to
ensure that switches 402, 404 are toggled appropriately upon
connecting the sensor 110, the adapter 120, and the monitor
130 so that the read circuit 210 of the monitor 130 is able to
process the signals returned by the sensor 110 via the adapter
120.

[0045] FIG. 5 shows an embodiment of a method for ini-
tializing the calibration signal conversion circuitry 420 of the
adapter 120. Initially, the monitor 130, the adapter 120, and
the sensor 110 may be connected to one another, as indicated
by block 502. Upon detecting connection, the initial read
circuitry 440 may toggle the switches 402, 404 (block 504) to
bypass the calibration signal conversion circuitry 420. Clear-
ing the connection between the adapter 120 and the sensor
110 allows for the initial read circuitry 440 to interrogate
(block 506) the sensor 110 in order to establish what type of
calibration element 202 is being used by the sensor 110.
[0046] At this point, a determination may be made (block
508) by the initial read circuitry 440 of whether a memory
chip is used in sensor 110 for calibration purposes. This may
be determined, for instance, by attempting to access a par-
ticular value from a memory chip. If the value is returned, the
memory chip is being used. If the sensor 110 is, in fact, using
a memory chip, the initial read circuitry 440 may toggle the
switches 402, 404 to enable the calibration signal conversion
circuitry 420, as indicated by block 510. If the sensor 110 is
not using a memory chip, it may be assumed that a resistor is
being used and the step of enabling the calibration signal
conversion circuitry 420 may not be performed. Regardless,
once the switches 402, 404 are in the correct location and the
calibration signal conversion circuitry 420 has been appro-
priately enabled or bypassed, the initial read circuitry 440
may send a message to the read circuit 310 of the monitor 130
that it can proceed collecting oximetry information from the
sensor 110 via the adapter 120, as indicated by blocks 512 and
514.

[0047] Therefore, once it has been determined that the sen-
sor 110 is using a memory chip for calibration, the calibration
signal conversion circuitry 420 may convert signals received
from the memory chip within the sensor 110 so that the
monitor 130 can operate in the same manner as if it were
connected directly to a sensor using a resistor for calibration.
Again, this can be accomplished using any number of meth-
ods, a few of which will be described below. However, it
should be understood that the disclosed embodiments are not
intended to be limited to the particular methods disclosed
below.

[0048] Inanembodiment, the calibration signal conversion
circuitry 420 may contain an inverse lookup table, essentially
mimicking all of the lookup values listed above in Table 1 and
inverting them, as shown in Table 2. To use this method, the
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initial read circuitry 440 may obtain the calibration curve
from the memory chip in the sensor 110 and use this curve as
an index to lookup the corresponding RCAL™ resistor value.
Then, the initial read circuitry 440 may send an analog volt-
age to the read circuit 210 of the monitor 130 corresponding
to the RCAL ™ resistor value. To do this, the adapter 120 may
be pre-programmed with an updated inverse lookup table
corresponding to the lookup values used by the monitor 130.
Alternatively, upon connection of the monitor 130 and the
adapter 120, the calibration signal conversion circuitry 420
could interrogate the lookup table used by the monitor 130
and synchronize the values in the adapter’s 120 inverse
lookup table accordingly. In this manner, the inverse lookup
table may function properly without pre-programming the
inverse lookup table into the adapter 120 at the time the
adapter 120 is manufactured.

TABLE 2

Example Inverse Lookup Values

Calibration Curve RCAL ™ Resistor (Q)

Curve #1 1000
Curve #2 2000
Curve #3 3000
Curve #N N,000
[0049] In another embodiment, the calibration signal con-

version circuitry 420 may contain an actual series of resistors
that can be switched on and off to create a combined resis-
tance through the calibration signal conversion circuitry 420
approximating the RCAL™ resistance that would have been
used if the sensor 110 used a resistor for calibration purposes.
This method may obviate the need for converting the signal
sent to the read circuit 210 since there would be an actual
resistance value in place. In other words, using this method,
the calibration signal conversion circuitry 420 may physically
recreate the resistance that would have been used if the sensor
used a resistor for calibration purposes.
[0050] While the subject of this disclosure may be suscep-
tible to various modifications and alternative forms, specific
embodiments have been shown by way of example in the
drawings and have been described in detail herein. However,
it should be understood that this disclosure is not intended to
be limited to the particular forms disclosed. Rather, this dis-
closure is to cover all modifications, equivalents, and alterna-
tives falling within the spirit and scope of this disclosure as
defined by the following appended claims.
1-20. (canceled)
21. An adapter, comprising;
communications circuitry configured to facilitate commu-
nication with an oximeter sensor and an oximeter moni-
tor; and
circuitry configured to identify the presence of a digital
memory chip in the oximeter sensor by attempting to
access a particular value expected from the digital
memory chip and determining whether the expected
value is returned, to convert calibration information
received from the oximeter sensor to a different form if
the expected value is returned, to utilize the calibration
information received from the oximeter sensor without
converting the calibration information if the expected
value is not returned, to receive signals detected by a
photo detector within the oximeter sensor, and to pro-
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cess the received signals to determine a physiological
parameter value of a patient coupled to the oximeter
sensor.

22. The adapter of claim 21, wherein the circuitry is con-
figured to provide to the oximeter monitor, via the commu-
nications circuitry, a signal representative of the determined
physiological parameter value for display on a display of the
oximeter monitot.

23. The adapter of claim 21, wherein the adapter comprises
a memory, and the circuitry is configured to store the deter-
mined physiological parameter value on the memory.

24. The adapter of claim 21, wherein the physiological
parameter value comprises temperature, heart rate, or oxygen
saturation.

25. The adapter of claim 21, wherein the adapter is config-
ured to wirelessly communicate, via the communication cir-
cuitry, with the oximeter sensor, the oximeter monitor, or
both.

26. The adapter of claim 21, wherein the adapter comprises
an independent power source.

27. The adapter of claim 21, wherein the adapter comprises
an adapter body disposed on an adapter cable having an
adapter-to-oximeter monitor connecting plug and an adapter-
to-oximeter sensor connecting plug.

28. A pulse oximetry system, comprising:

an oximeter sensor comprising at least one photo detector;

an oximeter monitor having a display; and

an adapter configured to couple the oximeter sensor to the

oximeter monitor and configured to receive signals
detected by at least one photo detector within the oxime-
ter sensor, to process the received signals to determine a
physiological parameter value of a patient coupled to the
oximeter sensor, to provide to the oximeter monitor a
signal representative of the determined physiological
parameter value;

wherein the oximeter monitor is configured to display the

physiological parameter value on the display in response
to receiving the signal from the adapter.

29. The system of claim 28, wherein the oximeter sensor
comprises at least one light emitting diode and a digital
memory chip configured to store various data regarding the
oximeter sensor.

30. The system of claim 28, wherein the adapter comprises
an independent power source.

31. The system of claim 28, wherein the adapter is config-
ured to wirelessly communicate with the oximeter sensor, the
oximeter monitor, or both.
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32.The system of claim 28, wherein the adapter comprises
a memory configured to store the determined physiological
parameter value on the memory.

33. The system of claim 28, wherein the physiological
parameter comprises temperature, heart rate, or oxygen satu-
ration.

34.The system of claim 28, wherein the adapter comprises
an adapter body disposed on an adapter cable having an
adapter-to-oximeter monitor connecting plug and an adapter-
to-oximeter sensor connecting plug.

35. The system of claim 28, wherein the adapter is config-
ured to identify the presence of a digital memory chip in the
oximeter sensor by attempting to access a particular value
expected from the digital memory chip and determining
whether the expected value is returned, to convert calibration
information received from the oximeter sensor to a different
form if the expected value is returned, and to utilize the
calibration information received from the oximeter sensor
without converting the calibration information if the expected
value is not returned.

36. A method of processing data obtained by an oximeter
sensor, the method comprising:

utilizing circuitry of an adapter configured to wirelessly

couple the oximeter sensor to an oximeter monitor to:

wirelessly receive from the oximeter sensor signals
detected by at least one photo detector within the
oximeter sensor; and

process the received signals to determine a physiological
parameter value of a patient coupled to the oximeter
sensor.

37. The method of claim 36, comprising utilizing the cir-
cuitry of the adapter to identify the presence of a digital
memory chip in the oximeter sensor.

38. The method of claim 37, wherein to identify the pres-
ence of the digital memory chip the circuitry attempts to
access a particular value expected from the digital memory
chip and determines whether the expected value is returned.

39. The method of claim 36, comprising utilizing the cir-
cuitry of the adapter to store the determined physiological
parameter value on a memory of the adapter.

40. The method of claim 36, comprising wirelessly trans-
mitting a signal representative of the determined physiologi-
cal parameter value to the oximeter monitor for display of the
physiological parameter value on a display of the oximeter
monitor.
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