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FULSE OXIMETRY SENSOR COMPATIBLE WITH MULTIPLE PULSE
OXIMETRY SYSTEMS

Background of the Invention
Field of the Invention

The present invention is directed to the field of pulse oximetry sensing, and, more

particularly, is directed to a sensor for use with pulse aximetry sensing systems.
Description of the Related Art

Early detection of low blood oxygen is critical in a wide variety of medical
applications. For example, when a patient receives an insufficient supply of oxygen in
critical care and surgical applications, brain damage and death can resull in just a matter of
minutes. Because of this danger, the medical industry developed oximetry, a study and
measurement of the oxygen status of blood. One particular type of oximetry, pulse
oximetry, is a widely accepted noninvasive procedure for measuring the oxygen saturation
level of arterial blocd, an indicator of the oxygen status of the blood. A pulse oximeter
relies on a sensor attached to a patient in order to measure the blood oxygen saturation.

Conventionally, a pulse oximeter sensor has a red emitter, an infrared emitter, and a
photodiode detector, The sensor is typically attached to a patient’s finger, carlobe, or faot.
For a finger, the sensor is configured so that the emitters project light through the outer
tissue of the finger and into the blood vessels and capillarics contained inside. The
photodiode is positioned at the opposite side of the finger to detect the emitted Light as it
emerges from the outer tissues of the finger. The photodiode generates a signal based on
the emitted light and relays that signal to an oximeter. The oximeter determines hlood
oxygen saturation by computing the differential absorption by the arterial blood of the two
wavelengths (red and infrared) emitted by the sensor.

There are at least two general types of sensor devices in use in the pulse oximetry
industry. A first type has the red emitter and the infrared emitter connected in back-to-back
configuration. That Is, the red emitter and the infrared emitters are light-emitting diodes,
each of which has a respective anode and a respective cathode, As is well-known in the art,
when a sufficient voltage of the praper polarity is applied across the anode and cathode of 2

light-emitling diode, the light-emitting diode will emit light of a predetermined wavelength
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(e.g., red light or infrased light). By connecting the light-emitting diodes in a back-to-back
configuration, the same voltage source can be applied to both light-emitting diodes. Thus,
when the voltage source has a first polarity, one of the two light-emilting diodes is
activated to emit Mght, and when the voltage source has the opposite polarity, the other
light-emitting diode is activated to emit light. It can be understood that only two
connections are needed from the oximeter sysiem to the light-emitting diodes. (See, for
example, U.S. Patent No. 5,758,644, assigned to the assignee of the present application,
and incorporated by reference herein. See, in particular, Figure 8A of U.S. Patent No.
5,758,644.) The photodetector can be advantageously connected between one of the two
connections and third connection so that both the light-emitting diodes and the

photadetector are cennected to the oximeter system by only three interconnection wires.

The second type of sensor in general use connects the two emitters in a common
electrods configuration. That is, one of the two electrodes of cach emitter (e.g., the cathode
of each emitter) is connected in common to one connection to the oximeter system. The
other electrode (e.g., the anode) of each emitter has a separate connection Lo the oximeter
systemn, thus requiring a total of three connections for the emitters. The photodetector has
at least one extra connection to the oximeter system, thus requiring a total of four

connectors for the sensor. (See, for example, Figure 4A of U.S. Patent No. 5,578,644.)

Because oximeter systems are generally designed to be used with one of the two
sensors described above, its is nhecessary for a hespital having both types of oximeter
systems to stock a supply of three-wirc sensors to be compatible with oximeter systetns
designed for back-to-back emitters and to stock 2 supply of four-wire sensors to be
compatible with oximeter systems designed for common electrode sensors.  Although
conversion units are commercially availabie to permit three-wire sensors to be used with
four-wire oximeter systems and other conversion units are commercially available to
permit four-wire sensors to be used with three-wire oximeter systems, such conversion
units are expensive and typically include conversion electronics that must be powered from
a separate power supply. Because the conversion units and the required electrical
connections for the conversion units are bulky by nature, the conversion units are

particularly unattractive in a hespital setting, such as a surgical room.
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Summary of the Invention

One aspect of the present invention is an oximeter sensor for use with multiple
oximeter systems. The oximeter sensor Comprises a first light-emitting diode having an
anode and a cathode. The first light-emitting diode emits light of a first wavelength when a
sufficient voltage is applied from the anode to the cathode, The sensor further comprises 2
second light-emitting diode having an anode and a cathode. The second light-emitling
diode emits light of a second wavelength when a sufficient voltage is applied from the
anode to the cathode. The sensor comprises a photodetector having a first terminal and a
second terminal. The photodetector has a measurablo characteristic that responds to
varying intensities of light incident on the photodetector. The sensor comprises a sensor
connector having a first contact coupled to the anode of the first light-emitting diode, 2
second comtact coupled to the cathode of the first light-emitting diode, a third contact
coupled to the anode of the second light-emitting diode, a fourth cantaet coupled to the
cathode of the second lght-emitting diode, 2 fifth contact conpled to the first terminal of
the photodetector and a sixth contact coupled to the second terminal of the photodetector.
In accordance with this aspect of the invention, the oximeter sensor further comprises an
intercomnector for interconnecting the oximeter sensor with an oximeler system monitor.
The interconnector includes a first connector having contacts engageable with the contacts
of the sensor connector. The interconnector includes a second connector having conlacts
engageable with contacts in a connector on the oximeter system mwonitor.  The
interconnector electrically connects selected contacts of the fist connector to selected
contacts of the second connector o electrically interconnect the first light-emitting diode,
the second light-emitting diede and the photodetector (o the oximeter system monitor. In
one embodiment, the interconnector comprises a sheli having the first connector on a first
end and having the second eannector en a second end. [n an alternative embediment, the
interconnector comprises a flexible cable having the first connector at a first end and
having the second connector on a second end. In onc application for use with a five-wire
oximeter monitoring systen, the interconnector electrically interconnccts the first light-
emitting diode and the second light-emitting diode in a common anode configuration. In an
alternative application for use with a four-wire oximeter monitoring system, the
interconnector electrically interconnects the first hght-emitting diode and the second light-
emitting diode in a back-to-back configuration wherein the anede of the frst light-emitting

diode is connected to the cathode of the second lLight-emitting diode and wherein the
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cathode of the first light-emiiting diode is connected to the anode of the second light-
emitting dicde.

Another aspect of the present invention is an interconnector for interconnecting an
oximeter sensor to an oximefer system monitor wherein the oximeter sensor has a sensor
connector having contacts elecirically connected to the anodes and cathodes of first and
sccond light-emiiting diodes and having contacts ¢lectrically connected to the terminals of
a photodetector.  The interconnector comprises a first connector having contacts
engageable with the contacts of the sensor connector. The intercounector comprises a
second comnector having contacts engageable with contacts in a system connector in
electrical communication with the oximeter system monitor. The interconnector further
comptises electrical interconnections between the first connector and the second connector
that electrically connect selected contacts of the first connector to selected contacts of the
second connector to electrically interconnect the first light-emitting diode, the second light-
emitting diode and the photodetector in a configuration compatible with the oximeter

System monitor.
Brief Description of the Drawings

Preferred embodiments of the present invention are described below in connection

with the attached drawing figures in which:

Figure 1 illustrates a block diagram ol an exemplary oximetry system that includes

an oximeter monitor and an pximeter sensor;

Figure 1B 1s a pictorial illustration of the oximeter sensor of Figure | mounted on a

finger of an patient,

Figure 2 illustrates a schematic block diagram of an oximeter system which
implements the oximeter system of Figure ! with light-emitting diodes connected in a

common anode configuration;

Figure 3 illustrates a schematic block diagram of an oximeter system that

implements the eximeter system of Figure 1 with lighi-emitting diodes connected in back-
to-back configuration (i.e., the anode of a first diode conneeted to the cathode of a second

diode and the cathode of the first diode connected to the anode of the second diode),
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Figure 4A illustrates an embodiment of an oximeter sensor in accordance with the
present invention that operates with the oximeter monitor of Figure 2 or with the oximeter

monitor of Figure 3;

Figure 4B illustrates an alternative embodiment of the oximeter sensor of Figure 4A

with additional connections for a resistor;

Figure 5A illustrates the oximeter sensor of Figure 4A in combination with an
interconnecior that interconnects the aximeter sensor with the oximeter monitor of Figure 2
so that the oximeter sensor is interconnected with the light-emitting diodes in a common

anode configuration;

Figure 5B illustrates the oximeter sensor of Figure 4B in combination with an
interconnector that interconnects the sximeter scnsor with the oximeter monitor of Figure 2
so that the oximeter sensor is interconnected with the light-emitting diodes in a common

anode configuration;

Figure 6A illustrates the ox:meter sensor of Figure 4A in combination with an
interconnection cable that interconnects the oximeter sensor with the oximeter monitor of
Figure 3 so that the oximeler monitor is interconnected with the light-emitting dicdes in the

a back-to-back configuration; and

Figure 6B illustrates the oximeler sensor of Figure 4B in combination with an
interconnection cable that interconnects the oximeter sensor with the oximeter menitor of
Figure 3 so that the oximeter monitor is interconnected with the light-cmitting diodes in a

back-to-back configuration.
Detailed Description of the Preferred Embediments

Figure 1 illustrates ap exemplary oximetry system 100 that includes an oximeter
moritar 110 and ar oximeter sensor 112. The oximeter monitor 110 and the oximeter
sensor 112 are interconnected by an oximeter cable 120, Typically, the oximeter monitor
110 has a connector 122, and the oximeter sensor 112 has a connector 124, In addition, the
oximeter cable 120 has a first connector 126 compalible with the oximeter monitor
connector 122 and has a second connector 128 compatible with the oximeter sensor
connector 124. In operation, the connector 122 and the connector 126 are engaged, and the
connector 124 and the connector 128 arc engaged to provide electrical conneclions between

the oximeter monitoer 110 and the oximeter sensor 112. As is well-known in the art, the
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oximeter sensor 112 is mounted onto a portion of the patient’s body {e g., mounted onto a
patient’s finger or a patient’s toe) so that the blood oxygenation of the patient can be
monitored. See, for example, Figure 1B, which shows the sensor 112 mounted on an
exemplary finger 140 of 4 patient.

Details regarding the operation of the oximeter sensor and oximeter moniter can be
found, for example, in U.S. Patent Nos. 5,632,272, 5,758,644, 5,769,785, 5,782,757 and
6,002,952, which are assigned to the assignee of the present application, and which are
incorporated by reference herein.

Figure 2 illustrates a schematic block diagram of an oximeter system 200 which is
an embodiment of the oximeter system 100 of Figure ! with a five-wire interconnection for
driving a common anode light-emitting diode configuration. In particular, the embodiment
of Figure 2 includes an oximeter monitor 210 and an oximeter sensor 212 that are
intercannected by & five-wire cable 220 via a monitor connector 222 and a sensor connector
224, The five-wire cable 220 includes a first connector 226 connected to the monitor
connector 222 and a second connector 228 connected to the sensor connector 224,

As illustrated, the oximeter rnonitor 210 includes a controller 230 that controls a
light-emitting diode {LED) driver subsystern 232, that receives information from a
receiving and conditioning subsystem 234, and that displays information regarding the
patient (e.g.. pulse rate and blood oxygenation levels) on a display subsystem 236. The
oximeter monitor 210 may include other subsystems (not shown), such as, for example, a
power supply subsystem, a user interface, and the like.

The eximeter sensor 212 includes a {irst light-emitting diode 254 having an anode
and a cathode. The first light-emitiing diode 250 advantageously emits light of a first
wavelength (e.g, light in the red portion of the electromagnetic spectrum), when a
sufficiently high voltage is applied from the anode lo the cathode.

The oximeter sensor 212 includes a second light-emitting diode 232 having an
anode and a cathode. The second light-emitting diode 252 advantageously emits light of a
second wavelength (e.g., light in the infrared portion of the electromagnetic spectrumy,
when a sufficiently high voltage is apalhied from the anode to the cathode,

The oximeter sensor 212 in¢ludes a photodetector (e.g., a photodiode) 260, which
bas an anode and a cathode. The phoiodetector 260 operates in a known manner to vary the
conduction of an electrical current from the anede to the cathode when light within a range

of waveclengths is incident on an active portion of the photodetector 260. The
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photodetector 260 is responsive to light in the red and infrared portions of the
electromagnetic spectrum.  The amount of conductivity of the photodetector 260 is
dependent on the intensity of the light incident an it. Thus, when the oximeter sensor 212
is mounted on a patient’s finger, for example, as iilustrated for the oximeter sensor 112 in
Figure 1B, the light from the light-emitting diedes 250, 252, which are typically mounted
on one side of the finger (e.g., the ugper side as shown in Figure 1B), passes through the
finger and impinges on the photodetector 260, which is mounted on the opposite side of the
finger (e.g., the lower sides as showr. in Figure 1B)}. As described in the above-teferenced
patents, a signal responsive to the conductivity of the photodetector 260 is advantageously
measured to determine the intensity of the light passing through the portion of the patient’s
body in respanse to the activation of the red light-emitting diode 250 and to determine the
intensity of the light passing through the portion of the patienl’s body in response to the
activation of the infrared light-emitling diode 252. Because the infensities detected in
response to the two different wavelergths vary in response to blood oxygenation levels, the
blood oxygenation level of the patient can be determined from the measured signals.

The signals cansed by variations in the conductivity of the photodetector 260 in
response to the light are provided as inputs to the receiving and canditioning subsystem
234, which receives the signals, conditions the signals, and provides the conditioned signals
to the centroller 230. The controller 230 further processes the conditioned signals to
determine blood oxygenation levels and pulse rate, and generates signals to the display
subsystem 236 to cause the blood exygenation fevels and pulse rate to be visibly displayed.
In addition, audible signals (e.g., alarm signals) may be provided. The information may
also be recorded by the oximeter monitor 2104 or provided to other devices (not shown) via
an input/output interface {not shown).

As showo in Figure 2, the first light-emitting diode 250 and the second light-
emitting diode 252 are cannected in a common-anode configuration. One skilled in the art
will appreciate that the two light-emitting diodes 230, 252 can also be connected in a
commaon-cathode configuration (no! shown) with appropriate changes in the voltage
reference. The cathode of the first light-emitting diode 250 is electrically connected via
respective first contacts in the connector 224 and the connector 228, via a first wire 270 in
the cable 220, via respective first contacts in the connector 226 and the connector 222, to
the LED driver subsystem 232, The anode of the first light-emitting diede 250 is

clectrically connected via respective second contacts in the connector 224 and the
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connector 228, via a second wire 272 in the cable 220, via respective second contacts in the
connector 226 and the connector 228, to the LED driver subsysiem 232. The cathode of the
second light-emitting diede 252 is electrically connected via respective third contacts in the
connector 224 and the connector 228, via a third wire 274 in the cable 220, via respective
third contacts in the connector 226 and the connector 222, to the LED driver subsystem
232. The anode of the szcond light-smitting diode 252 is connected in common with the
anode of the first light-emitting diode 250, and is therefore alsa connected to the LED
driver subsystern 232 via the respective second contacts and the second wire 272.

The anode of the photodetector 260 is connected via respective fourth contacts in
the comnector 224 and the connector 228, via a fourth wire 276 in the cabie 220, via
respective fourth contacts in the connector 226 and the connector 222, to the signal
receiving and condilioning subsystem 234, The anode of the photodetector 260 is
electrically connected via respective fifth contacts in the connector 224 and the connector
228, via a fifth wire 278 in the cable 220, and via respective fifth contacts in the connector
226 and the connector 222, to the receiving and conditioning subsystem 234,

As discussed in more detail in the above-referenced patents, the first light-emitting
diode 250 iz activated to emit light by sinking a current from the cathode of the first light-
emitting diode 250 by applying a relatively iow voltage to the cathode with respect to the
anode. In similar manner, the second light-emitting diode 252 is activated to emit light by
sinking a current from the cathode of the second light-emitting diode 2352 by applying a
relatively low voliage to the cathode. As further discussed in the referenced patents, the
low drive voltages are typically applied to the twa cathodes of the light-cmitting diodes in
an alternating pattern so that only onc light-emitting diede is aclive at any time,
Furthermore, the alternating driving pattem is typically set so that a selected ume duration
is provided after each light-emitting diode is driven during which neither light-emitting
diede is being driven.

The light emitted by each of the light-emitting diodes 230, 232 15 detected by the
photodetector 260, which generates = signal responsive to variations in the intensity of the
detected light. The signal generated by the photodetector 260 is sensed by the receiving
and conditioning subsystem via the two wires 276 and 278 and the contacts in the
connectors, as described above. In order to reduce the effect of noise on the signals sensed
via the rwo wircs 276, 278, the two wires 276, 278 are preferably surrounded by a flexible

shield (e.g., wire braid) 280, which, in the illustrated embodiment, is grounded within the
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oximeter monitor 210 via respective shiclding contacts in the conmeclars 226, 222, (Note
that references herein to four-wire and five-wire systems do not include the shielding and
its associated connections in the number of wires.)

As further shown in phantem lines in Figure 2, the oximeter seusor 212 may
advantageously include a resistor 290 connected in paratlel across one of the light-emitting
diodes (e.g., the light-emitting dinde 250 in Figure 2). As described, for cxample, in U.5.
Patest No. 5,758,644, which is incorporated by reference herein, the resistor 290 is
advantageously used to identify the sensor 212, In particular, when @ voltage is applied
across the resistor 290 that is less than the voltage required to activate the diode 250, a
current flows through the resistor 290 that is determined by the resistance of the resistor
290. The current can be measured o determine the resistance of the resistor 290. The
resistance of the resistor 290 can be used to identify the sensor 212. For example, sensors
having different characteristics (e.g., pediatric, neonatal, adult, etc.) can be identified with
different resistance values.

Figure 3 illustrates an oximeter system that incorporates a four-wire interconnection
cable 320 between an oximeter monitor 310 and the oximeter sensor 312, The oximeter
monitor 310 is similar to the oximetzr monitor 210 in Figure 2, and like elements have been
numbered accordingly with each elernent number in Figure 2 increased by 100 in Figure 3.

Unlike the LED driver subsystem 232 in Figure 2, the LED driver subsystem 332 in
Figure 3 only has two connections to the monitor cormector 322, Also unlike the
correspending elements in Figure 2, the first kight-emitting diode 350 and the second light-
emitting diode 352 in Figure 3 do not have their respective anodes interconnected in
common, Rather, in Figure 3, the anode of the first light-emitting diode 350 is coanected
to the cathede of the second light-cmitting diode 352. The cathode of the first Light-
emitting diode 350 is connected to the anode of the second light-emitting diode 352, The
photodetector 360 in Figure 3 15 connected in a similar manner to the connection of the
photodetector 260 in Figure 2.

The commenly connected anode of the first light-emitting diode 350 and cathode of
the second light-emitting diode 352 are connected via respective first contacts in the
connectors 324 and 328, via a first wire 370 in the cable 320, and via respective first
contacts in the connectors 326 and 322, to the LED driver subsysterm 332

The commonly connected cathode of the first light-emitling diede 350 and anode of

the second light-emitting diode 352 arc connccted via respective second contacts in the
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connector 324 and the connector 323, via a second wire 372 in the cable 320, and via
respective second contacts in the connector 326 and the connector 322, to the LED driver
subsystem 332,

The anode of the photodetector 360 is conneeted via respective third contacts in the
connector 324 and the connector 328, via a third wire 374 in the cable 320, via respective
third contacts in the connector 326 and the connector 322, to the signal receiving and
conditioning subsystem 334. The rathode of the photodetector 360 is connected via
respective fourth contacts in the connector 324 and the connector 328, via a fourth wire 376
in the cable 320, via respective fourth contacts in the connector 326 and the connector 322,
to the signal receiving and conditionirg subsystem 334,

Unlike the sensar 212 of Figure 2, the sensor 312 of Figure 3 does not drive each
light-emitting diode 350, 352 with a separate signal via a unique signal wire. Rather, in
Figure 3, both light-emitting diodes 350, 352 are conneeted to the same pair of signal wires.
Thus, in Figure 3, the first light-emilting diode 350 is activated by applying a relatively
positive voltage 1o the common connection of the ancde of the first light-emitting diode
350 and the cathode of the second light-emitting diode 352. The relatively positive voltage
is applied with respect to the common connection of the cathode of the first light-emitting
diode 350 and the annde of the second light-emitting diode 332. Thus, the first light-
emitting diode 350 is forward biased from the anode to the cathode, and the second light-
emitting diode 352 is reverse-biased from the cathode to the anode. Therefore, only the
first light-emitting diode 330 is activated.

In similar manner, the second light-emitting diode 352 is activated by applying a
relatively positive voltage to the common connection of the anode of the second light-
emitting diode 352 and the cathode of the anode of the second light-emitnng diode 352,
The relatively positive voltage is applied with respect to the cominon connection of the
cathode of the second light-emitting diode 352 and the anode of the first light-emitting
diode 350. Thus, the second light-eniitling diode 352 is forward biased from the anode to
the cathode, and the first light-emitting diode 350 is reverse-biased from the cathode to the
anode. Therefore, only the second light-emitting diode 352 is activaied.

As further illustrated in Figure 3, the oximeter sensor 312 may advaniageously
include an optional resistor 390 (shown in phantom) connected in parallel across the light-
emitting diodes 350, 352. As discusscd above in connection with the resistor 290 in Figure

2, the resistor 390 is advantageously used 1o identify the sensor 312 when a voltage is
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applied across the resistor 390 that is less than the voltage required to activate either the
light-emitting diode 350 or the light-emitting diode 352.

[t can be seen from Figures 2 and 3 and from the forcgoing description that the
sensor 212 requires five sets of signal conductors (i_e., contacts and signal wires) to provide
the three drive signals and the two sensing signals. In contrast, the sensor 312 requires only
four sets of conductors to provide the duat-polarity drive signal and the two sensing signals,
Thus, without the conventional bulky conversion systems discussed in the background, the
sensor 212 cannot be used in an oximeter system designed lor the sensor 312, and the
sensor 312 cannot be used in an oximeter system designed for the sensor 212. Thus,
typically a hospital having both types of oximeter systems stocks both types of sensors 212,
312.

As 1llustrated in Figure 4A, one embodiment of the present invention is an oximeter
sensor 412 that operates with either a five-wire oximeter system or a four-wire oximeter
system. The improved oximeter sensor 412 includes a first (e.g., red) light-emitting diode
450 and a second (infrared) light-em:tting diode 452. Each light-emitting diode 450, 432
has a respective anode and a respective cathode. The sensor 412 further includes a
photodetector 460, which has a first termina and a second terminal and which operates as
discussed above. Unlike the known cevices discussed above, the ancde and the cathode of
each light-emitting diode 450, 452 are coupled to separate connector pins (i.e., cantacts) in
a conneclor 470 of the sensor 412, In particular, the anode of the first light-emitting diode
450 is coupled to a first connector pin 471, and the cathode of the first light-emitting dicde
450 is coupled {0 a second connecter pin 472, The anode of the second light-emitting
diode 452 is coupled to a third connector pin 473, and the cathode of the second light-
emitting diode 452 is coupled to a fourth connector pin 474 The anode of the
photodetector 460 is coupled to a fifth connector pin 475, and the cathode of the
photcdetector 460 is coupled to a sixth connector pin 476. The scnsor 412 may
advantageously include a resistor 490 connected across one of the light-emitting diodes
(e.g., the first light-emitting diode 450). Allematively, the resistor 490 may be coupled to
mdependent connector pins as discussed below in connection with Figure 4B.

The six connector pins 471-476 of the sensor 412 are not directly connectable to
either the five-wire oximeter system 210 of Figure 2 or the four-wire oximeter system 310
of Figure 3. Thus, the sensor 412 is used in combination with a first interconnector 500

(shown in Figure 5A) Lo interconnect the sensor 412 with a five-wire oximeter system 210
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and a second inferconnector 601 {shown in Figure 6A) to interconneet the sensor 412 with
a four-wire oximeter system 310. The interconnectors 500, 600 may be solid
intercormectors having first and secord connectors in a commen shell, as illustrated by the
interconnector 500 in Figure SA. Tn the alternative, the interconnectars 500, 600 may be
constructed as cables having a connector at each end, as illustrated by the interconnector
600 in Figure 6A.

Figure 4B illustrates an altemative sensor 4127 in accordance with the present
invention. The sensor 412" is similar to the sensor 412 of Figure 4A except that the resistor
490 is not connected across the first light-emitting diode 430. Rather, i the sensor 4127,
the first terminal of the resistor 490 is connected to a seventh contact 477 in a cennector
470", and the second terminal of the resistor 490 is cannected to an cighth contact 478 in
the connector 470°. The alternative sensar 412" will be further discussed below in
connection with Figures 5B and 6B.

As illusirated in Figure 54, the mierconnector 500 has a first connector 510 at a
first end. The connector 510 has gix contacts 511-516 for engaging the connector pins 471-
476 of the sensor 412. The interconnector 500 has a second connector 520 at a second end.
The connector 520 has five contacts 321-525 for engaging the first, second, third, fourth
and fifth contacts, respectively, in the connector 228 of the five-wire cable 220 that
connects to the five-wire oximeter systern 210 of Figure Z. As illustrated, the contact 312
is connected to the contact $21, which is connected to the first wire 270 in the cable 220,
and thus electrically connects the cathode of the first (red) light-emitting diode 450 to the
red driver output of the LED driver subsystem 232. The contact 514 is connected to the
contact 523, which is connected to the third wire 274 in the cable 220, and thus electrically
connects the cathode of the second (infrared) light-emitting diade 452 to the infrared driver
output of the LED driver subsystem 232. The contacts 511 and 513 are electrically
interconnected within the interconnector 500 and are electrically connected o the second
contact 512 of the connector 510, which is connected to the second wire 272 in the cable
220. Thus, the anodes of both light-emitting diodes 450, 452 are electrically connected to
the LED driver subsystern 232 in the oximeter monitor 210

The contact 513 is connected to the contact 324, which is connected to the fourth
wire 276 in the cable 220, and thus electrically connects the anode of the photodetector 460
to the receiving and conditioning subsystem 234. The contact 516 is electricaily connected

to the fifth contact 525, which is connceted 1o the fifth wire 278 in the cable 220. Thus, the
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anode of the photodetector 460 is connested to the receiving and conditioning subsystem
234. Note that the shicld 280 around the fourth wire 276 and the fifth wire 278 is part of
the cable 220, as discussed above in connection with Figure 2.

Figure 5B illustrates an interconnector 500 that is used in combination with the
alternative sensor 412" of Figure 4B to interconnect the altemative sensor 412° with the
five-wire oximeter systern 210. As described above, the resistor 490 n the sensor 4127 has
two independent contacts 477 and 478 in the connector 4707, A connector 5107 in the
alternative interconnector 500° is similar to the connector S10 of the interconnectar 500,
however, the connector 510” includes two additicnal contacts 517 and 518 that engage the
resistor contacts 477, 478. In Figure 3B, the contacts 517, 518 are electrically connected to
the signal lines that are connected to the anode ard the cathode, respectively, of the first
light-emitting diode 450 so that the resistor 490 is effectively connected across the first
light-emitting diode 450. Thus, the interconnector 300 connecis the resistor 490 to
provide the same electrical impedance characteristic as the sensor 212 of Figwe 2. Tt
should be understood that the interconnector 5007 can be modified to cennect the resistor
490 across the second light-emitting diode 452 or across the photodetectior 460, As a
further aiternative, the contacts 517, 518 do not have te be connected, in which case the
resistor 490 is not connected to the oximeter circuitry. Thus, the altemative sensor 4127
and interconnector 500" provide additional flexibility in providing compatibility with other
sensor configurations.

The intercommector 600 in Figure 6A comprises a flexible cable 604 baving a first
connector 610 having six contacts 611-610 for engaging the connector pins 471-476 in the
connector 470 of the sensor 412. The flexible cable 604 of the interconnector 600 has a
second connector 620 having five contacts 621-625. The second connector 620 engages
the connector 322 of the four-wire oximeter systern 310,

The contacts 611 and 614 in the connector 610 are electrically connected together in
the cable 604 and are connected to the contact 621 in the connector 620 via a first wire 631
in the cable 604. Thus, the anode of the first light-emitting diode 430 and the cathode of
the second light-emitting diode 452 are connected together in comunon, and the common
connection is connected to the LED driver subsystern 332 in the oximeter menitor 310.

The contacts 612 and §13 of the connector 610 are electrically connected together
in the cable 604 and are connected to the contact 622 of the connector 620 via a second

wire 632 in the cable 604, Thus, the cathode of the first light-emitting diode 4350 and the
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anode of the second light-emitting diode 452 are connected together and are connected to
the LED driver subsystem 334 in the oximeter monitor 310,

The contact 615 of the connector 610 is elecircally connected to the contact 623 in
the connector 620 via a third wire 633 in the cable 604. Thus, the anode of the
photodetector 460 is connected to the receiving and conditioning subsystem 334 in the
oximeter monitor 310. The contact 616 of the connector 610 is electrically connected to
the contact 624 in the connector 620 via a fourth wite 634 in the cable 604. Thus, the
cathode of the photodetector 460 is connecled to the receiving and conditioning subsystem
334 in the oximeter monitor 310. The third wire 633 and the fourth wire 634 are preferably
surrounded by a flexible shield 640, which is connected to the fifth contact 625 in the
connector 620, and thus to a ground connection in the oximeter monitor 310.

Figure 6B illustrates an altemative cable interconnector 6007 for use with the
alternative sensor 4127 of Figure 4B. The cable inferconnector 600° is similar to the cable
interconnector 600 of Figure 6A except that a connector 610 includes a seventh contact
617 and an eighth contact 618 to engage the seventh contact 477 and the eighth contact 478
of the connector 470° of the sensor 412°. In addition, a cable 604" advantageously includes
electrical interconnections from the seventh contact 617 and the eighth contact 618 to
selected signal lines in the cable 604". For example, in Figure 6B, the seventh contact 617
is clectrcally connected to the first signal line 631 and the eighth contact 618 is electrically
connected to the second signal line 632 so that the resistor 490 is electrically connected
across the two back-to-back diodes 450, 4352, J{ should be understood that the
infereenncctor 600° can be modified 1o connect the Tesistor 490 across the photodetector
460. As a further alternative, the contacts 617, 618 do not have to be connected in the
cable 604", in which case the resistor 490 is not connected to the oximelter circuitry. Thus,
the alternative sensor 412" and interconnector 600" provide additional flexibility in
providing compatibility with other sensor configurations.

It should be noted that the interconnector embodiments 500, S00° of Figures 5A and
5B are particularty advantageous if the cable 220 is not intended to be a disposable item
and is sold with the monitor 210. Thus, the interconnectars 500, 500° permit the existing
monitor 210 and cable 220 fo continue to be used togsther. The interconnectors SO0, 500°
can be produced as disposable jtems or as a non-disposable iterns.

The cable interconnector embodiments 600 and 600" of Figures 6A and 6B are

particularly advantageous if the original cable 320 was intended to be a disposable item. In
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such a case, the cable interconnectors 600, 600" can likewise be disposable and there is no
need to manufacture the extra connectors required to produce the interconnectors 500, 500°
of Figures 5A and 53.

1t should be understood that the interconnectors 500, 500", 600, 600" are not limited
to use with the sensor and menitor configurations shown above. For example, the
interconnectors can be configured to conmect the light-emitting diodes 450, 452 in a
commen cathode configuration. Thus, the present invention provides flexibility as well as
compatibility with existing oximeter monitors.

The pulse oximeter sensor has been disclosed in detail in connection with various
embodiments of the present invention. These embodiments are disclosed by way of
examples only and are not to limit the scope of the present invention, which is defined by
the claims that follow. One of ordinary skill in the art will appreciate many variations and

modifications within the scope of this invention.
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WHAT 1S CLAIMED IS:

1. An oximeter sensor for use with muitiple oximeter systems, the oximeler
SENsor comprising:

a first light-emitting diode having an anode and a cathode, the first light-
emitting dicde emitting light of a first wavelength when a sufficient voltage is
applied from: the anode to the cathode;

a second light-emitting diode having an anode anrd a cathode, the second
light-emitting diode emitting light of a second wavelength when a sufficient voltage
is applied from the anode to the cathode;

a photodetector having a first termunal and a second tenminal, the
photodetector having a measurable charactcristic that responds to varying intensities
of light incident on the photodetector; and

a sensor connector having a first contact coupled to the anode of the first
light-emitiing diode, a second contact coupled to the cathode of the first light-
emitting diode, a third contact coupled to the anode of the second light-emitting
diode, a fourth contact coupled to the cathode of the second light-emitting diode, a
fifth contact coupled to the furst terminal of the photodetector and a sixth contact

coupled to the second terminal of the photodetector.

2. The oximeter sensor as defined in Claim 1, further comprising an
interconnector for interconnecting the oximeter sensor with an oximeter system monitor,
the interconnector including a first connector having contacts engageable with the contacts
of the sensor connector, the interconnector including a second connector having contacts
engageable with contacts in a connector on the oximeter system monitor, the interconnector
electrically connecting selected contacts of the first connector 10 selected contacts of the
second connector to electrically interconnect the first light-emitting diode, the second light-

emitting diode and the photodetector to the oximeter system raonitor.

3. The oximeter sensor as defined in Clam 2, wherein the interconnector
comprises a shell having the first connector on a first end and having the second connector

on a second end.

4, The oximeter sensor as defined in Claim 2, wherein the interconnector
comprises a flexible cable having the first connector at a first end and having the second

connector on a second end, -
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3. The oximeter sensor as defined in Claim 2, wherein the inlerconnector
electrically interconnects the first light-emitting diode and the second light-emitting diode

in a common cathode configuration.

6. The oximeter sensor as defined in Claim 2, wherein the interconnector
electriczlly interconnects the first light-emitting diede and the second light-emitting diode

in 2 commaon anode configuration.

7. The oximeter sensor as defined in Claim 2, whergin the intercoanector
electrically interconnects the first light-emitting diode and the second light-cmitting diode
in a back-to-hack configuration wherein the anode of the first light-emitting diode is
connected to the cathode of the second light-emitting diede and wherein the cathode of the

first light-emitting diode is connected to the anode of the second light-emitting diods.

N An interconnector that interconnccts an oximeter sensor to an oximeter
system monitor wherein the oximeter sensor has a sensor connector having contacts
electrically connected to the anodes and cathodes of first and second light-emitting diodes
and having contacts electrically connected to the terminals of a photodetector, the
interconnector comprising:

a first connector having contacts engageable with the contacts of the sensor
connector;

a second connector having contacts engageable with contacts in 2 system
connector in electrical communication with the oximeter system monitor; and

electrical interconnections between the first connector and the second
connector that electrically connect selected contacts of the first connector to
selected contacts of the second connector to electrically interconnect the first light-

emitting diode, the second light-emitiing diode and the photodetector in a

configuration compatible with the oximeter system monttor.
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Abstract of the Disclosure

An oximeter sensor can be used with multiple oximeter sysiems. The oximeter
sensor includes a first light-emitiing diode, a second light-emitliﬁg diode and a
photodetector. Electrical connections to the anode and the cathode of each light-emitting
diode and electrical connections to the terminals of the photodetector are provided on a
connector. An interconnector is interposed between the connector of the oximeter sensor
and 2 cohnector in communication with an oximeter system. The interconnector has
interconnection wiring selected to electrically connect the sensor connector and the system
connector in a manner to configure the light-emitting diodes in a configuration compatible
with the oximeter system. In particular, a first interconnector configures the light-emitting
diodes in a common anode arrangement. A second interconnector configures the light-
emilting diodes in a back-to-back (anode to cathode, cathode to anode) configuration.
Either interconnector may be in the form of a shell having two connectors. Altematively,

either interconnector may be in the form of a flexible cable with connectors at each end.
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