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& adjusted when it is designed to minimize the cross-talk. In one embodiment, a calibration mode is performed when a sensor is

attached to the oximeter. In the calibration mode, the signals are measured with first only the red LED on and then with only the IR
LED on. Any signal measured in the off channel is assumed to be a result of cross-talk from the other channel. The magnitude of
the cross-talk is determined as a percentage, and subsequently the percentage is multiplied by the actual signal and subtracted from
the other LED signal as cross-talk compensation.
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OXIMETER CROSS-TALK REDUCTION

BACKGROUND OF THE INVENTION
[0001] The present invention relates to oximeters, and in particular to methods for reducing

cross-talk between red and IR signals in pulse oximeters.

[0002] Pulse oximetry is typically used to measure various blood chemistry characteristics
including, but not limited to, the blood-oxygen saturation of hemoglobin in arterial blood, the
volume of individual blood pulsations supplying the tissue, and the rate of blood pulsations
corresponding to each heartbeat of a patient. Measurement of these characteristics has been
accomplished by use of a non-invasive sensor which scatters light through a portion of the
patient's tissue where blood perfuses the tissue, and photoelectrically senses the absorption of
light at various wavelengths in such tissue. The amount of light absorbed is then used to

calculate the amount of blood constituent being measured.

[0003] The light scattered through the tissue is selected to be of one or more wavelengths
that are absorbed by the blood in an amount representative of the amount of the blood
constituent present in the blood. The amount of transmitted light scattered through the tissue
will vary in accordance with the changing amount of blood constituent in the tissue and the
related light absorption. For measuring blood oxygen level, such sensors have typically been
provided with a light source that is adapted to generate light of at least two different
wavelengths, and with photodetectors sensitive to both of those wavelengths, in accordance

with known techniques for measuring blood oxygen saturation.

[0004] Known non-invasive sensors include devices that are secured to a portion of the
body, such as a finger, an ear or the scalp. In animals and humans, the tissue of these body

portions is perfused with blood and the tissue surface is readily accessible to the sensor.

[0005] A typical pulse oximeter will alternately illuminate the patient with red and infrared
light to obtain two different detector signals. One of the issues with each signal, for the red
and infrared (IR), is cross-talk. For example, the red signal, after filtering, will still be tailing
off when the IR LED is turned on, and vice-versa. Typically pulse oximeter circuits include
such filters to filter out noise before demodulating, such as the 50 or 60Hz ambient light from
fluorescent or other lights, or electrical interference. Such filtering can result in crosstalk

when the filtering spreads out the red and IR pulses so they overlap.
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[0006] One approach for dealing with cross-talk in the form of phase distortion, as opposed
to the amplitude distortion the present invention addresses, is shown in US Patent No.
5,995,858. This patent shows an approach where the same signal drives the red and IR at
opposite phases, giving a phase offset problem. This patent deals with a phase error in the
response of the band pass filter of a reference signal causing cross-talk of red into IR and vice
versa. In order to minimize or compensate for this phase error, the oximeter is operated with
only the IR LED active, and then only with the red LED active. From this, a correction

constant is determined that is used in the equation for determining oxygen saturation.

BRIEF SUMMARY OF THE INVENTION
[0007] The present invention provides a method and apparatus for reducing cross-talk in an
oximeter. The oximeter includes a band pass filter. The amount of cross-talk through the
band pass filter is estimated. Based on this estimate, the corner frequencies of the band pass

filter are adjusted to minimize the cross-talk.

[0008] In one embodiment, the band pass filter is a hardware filter, and the corner
frequencies are adjusted in the design and selection of the appropriate resistors and
capacitors. In another embodiment, the band pass filter is in hardware, and the frequencies

can be adjusted during operation or calibration.

[0009] In another embodiment, the present invention also includes a calibration mode
which is performed when a sensor is attached to the oximeter. In the calibration mode, the
signals are measured with first only the red LED on and then with only the IR LED on. Any
signal measured in the off channel is assumed to be a result of cross-talk from the other
channel. The effect is linear, enabling it to be compensated for in software. The magnitude
of the cross-talk is determined as a percentage, and subsequently the percentage is multiplied

by the actual signal and subtracted from the other LED signal as cross-talk compensation.

[0010] For a further understanding of the nature and advantages of the invention, reference
should be made to the following description taken in conjunction with the accompanying

drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Fig. 1 is a block diagram of an oximeter incorporating the present invention.
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[0012]) Fig. 2 is a block diagram of a portion of the circuit of Fig. 1 illustrating the

placement of a filter according to the present invention.

[0013] Fig. 3 is a circuit diagram of a band pass filter according to an embodiment of the

invention.

[0014] Fig. 4 is a timing diagram illustrating the low and high pass filtering effects on the

red and IR signals according to an embodiment of the invention.

[0015] Fig. 5 is a circuit diagram illustrating an embodiment of a LED drive circuit
including the circuit connections for the calibration mode according to an embodiment of the

invention.

DETAILED DESCRIPTION OF THE INVENTION
Overall System
[0016] Fig. 1 illustrates an embodiment of an oximetry system incorporating the present
invention. A sensor 10 includes red and infrared LEDs and a photodetector. These are
connected by a cable 12 to a board 14. LED drive current is provided by an LED drive
interface 16. The received photocurrent from the sensor is provided to an I-V interface 18.
The IR and red voltages are then provided to a sigma-delta interface 20 incorporating the
present invention. The output of sigma-delta interface 20 is provided to a microcontroller 22.
Microcontroller 22 includes flash memory for a program, and SRAM memory for data. The
processor also includes a microprocessor chip 24 connected to a flash memory 26. Finally, a
clock 28 is used and an interface 30 to a digital calibration in the sensor 10 is provided. A
separate host 32 receives the processed information, as well as receiving an analog signal on

a line 34 for providing an analog display.
Bandpass Filter

[0017] Fig. 2 is a block diagram illustrating the location of the filter according to an
embodiment of the invention. Shown is a sensor 10 that is driven by an LED drive circuit 16.
The LED drive circuit 16 alternately drives an IR LED 40 and ared LED 42. A
photodetector 44 provides a signal to a current-to-voltage (I-V converter 46). The voltage
signal is provided to high pass and anti-aliasing filter 48. This block includes the band pass

filter according to an embodiment of the invention. The output signal is then provided to a



10

15

20

25

30

WO 2005/082241 PCT/US2005/006316

sigma-delta modulator 50. The output of sigma-delta modulator 50 is provided to a
demodulator 52, which is then provided to filtering and decimating blocks 54 and 56.

[0018] Fig. 3 illustrates a band pass filter 60 according to an embodiment of the invention.
The filter includes an amplifier 62 and a resistor and capacitor circuit comprising capacitors
C2, C110, C111, and C40 and resistors R7, R111, R112, R110, and R109. An input to this
circuit is provided from I-V converter 46 along a line 64 to a first switch 66 for an offset
correction not relevant to the present invention. The signal is then provided to a second
switch 68, which is used for a calibration mode according to the present invention. A cross-
talk control signal 70 couples the switch to an LED current sense line 72 for calibration

mode.
Design of Bandpass Filter

[0019] In the design and manufacture of the band pass filter of Fig. 3, the corner
frequencies are adjusted by varying the capacitor and resistor values to offset and minimize
the cross-talk effect. The comer frequencies are the high pass and low pass ends of the band

pass filter, which is in place to filter out ambient interferences.

[0020] There is a major trade off involved in the design of the band pass filter. Itis
desirable to have the filter corners as close to the modulation frequency as possible. Raising
the frequency of the high pass corner makes the filter better able to reject any AC portion of
ambient light. Typically in the US, fluorescent lights have strong AC component at 120Hz
and the harmonics of 120Hz. It is desirable to filter this out of the signal. Lowering the cut
off frequency of the low pass filter limits the high frequency noise from the I-V converter,

and provides some anti-aliasing to keep ambient noise out of the system.

[0021] However, any filtering spreads out the signal in the time domain, for example some
of the IR pulse will leak into the dark pulse following it. This has two drawbacks. The first
is cross-talk where the IR signal "leaks" into the red signal, and vice versa. The second is an
offset resulting from a transient that occurs due to capacitances in the patient cable between
the LED wires and the detector wires. When this transient is filtered, part of it leaks into the
sampled part of the signal causing an offset. Both of these effects get worse as the corners of

the filters are pulled closer to the modulation frequency.
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[0022] Tuning the band pass filter to optimize for cross-talk is done when it is designed by
adjusting the high pass filter corner and the low pass comer to force the cross-talk to be zero.
The size of the Red pulse is measured by comparing the sample P5 (see Fig. 4) to the samples

taken in the dark states P4 and P6.

Red = P5 - P4+ P6

[0023] Since the signal from the IR pulse is still decaying in the Dark2 time period, the P4
sample will be higher due to the low pass response and the lower due to the high pass
response. The effect of the IR pulse on P4 will affect the size of the measured red signal.

This is a cause of cross-talk where the IR signal leaks into the Red signal and vice versa.

[0024] This effect is minimized if the filter is a band pass, with both high pass and low pass
effects. The effect of the high pass filtering compensates for the effect of the low pass
filtering.

[0025] Thus, the corers are adjusted so that the high pass and low pass signals shown in
Fig. 5 are adjusted so that the effect of the high pass filtering compensates for the effect of
the low pass filtering to minimize cross-talk. The low pass filter causes a positive cross-talk,

and the high pass filter causes an offsetting negative cross-talk.

[0026] In one embodiment, the band pass filter consists of an RC high pass followed by a
Salen-Key low pass configured as a second order Butterworth filter. The impedance of the
RC high pass section will have an effect on the transfer function of the Salen-Key circuit,
however this effect is negligible if capacitance C2 is much larger than C110 and C111. The
high pass filter cut off frequency is 32 Hz., and the low pass filter cut off frequency is 12.7
kHz.

Calibration

[0027] In addition to designing the hardware of the band pass filter to reduce cross-talk, a
calibration mode allows a further correction for cross-talk using a cross-talk calibration test.
A subtle cross-talk effect arises from the filtering in the circuit causing light and dark pulses
to spread out into each other in the time domain. Fortunately the effects from the band pass
filter are linear and measurable, and so can be compensated for in software. Since this is the
result of the filtering, the magnitude of the effect is known ahead of time. A constant is used
to subtract the effects of the IR signal from the Red signal and vice versa:
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Red' - Red - IR * Kcross
IR'=1IR - Red * Kcross

[0028] Fig. 5 is a circuit diagram of an embodiment of LED drive circuit 16 of Fig. 2.
Included in the circuit are a connection to the red LED on a line 80, and a connection to the
IR LED on a line 82. These are provided through MOSFET transistors 84 and 86 to a 1 ohm
resistor 88. In the calibration mode, the LED current sense signal on line 72 is taken from the
current through this 1 ohm resistor with line 72 of Fig. 5 connected to line 72 of Fig. 3 as an
input through switch 68 to the band pass filter.

[0029] In addition to designing the hardware of the band pass filter to reduce cross-talk, the
connection of line 72 in Fig. S during a calibration mode allows a further correction for cross-

talk using a cross-talk calibration test.

[0030] While doing the cross-talk test, most of the analog circuits on the board are used and
so this is a good test to check the integrity of the analog hardware. This test connects the 1Q
current sense resistor 88 to the input to the band pass filter. This way a fixed LED current
can inject a signal into the signal acquisition circuits. This allows the operation of the LED
drive 16, the band pass filter 60 and the sigma-delta modulator 50 to be verified. In addition,
measuring the LED current using the 19 resistor allows the LED's current sense circuit to be
calibrated more accurately than the 10% tolerance capacitors in the circuit would ordinarily

allow.

[0031] Thus, during the calibration mode, current is shunted into the current sense input
from the LED drive current. The only analog circuitry not being used is the photodetector
and the I-V converter. In a preferred embodiment, whenever a sensor is connected, this is

detected and the software automatically does the cross-talk calibration test.

[0032] A 50% drive signal is applied to the LEDs during the calibration circuit to give a
sufficiently large signal without going to full range and risking too high of a signal being

provided. Alternately, other percentages of the drive current could be used.

[0033] The following steps are performed:
1)  Set IR LED to 50%, Red LED to 0; then measure the O red signal,
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2) SetRed LED to 50%, IR LED to 0; then measure the ) IR signal.
[0034] Subsequently, during actual operation, the red cross-talk effect is determined by
multiplying the percentage cross-talk times the red signal, and then it is subtracted from the

IR signal. The corresponding action is done for the red signal.

[0035] As will be understood by those of skill in the art, the present invention could be
embodied in other specific forms without departing from the essential characteristic thereof.
For example, the drive current could be obtained in a different manner and a different design
could be used for the band pass filter. Alternately, the band pass filter could be used alone,
without the software calibration added. Accordingly, the foregoing description is intended to

be illustrative, but not limiting, on the scope of the invention which is set forth in the

following claims.
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WHAT IS CLAIMED IS:

1. A method for reducing cross-talk in an oximeter, comprising:
providing a signal corresponding to an oximeter sensor signal;
applying said signal to a band pass filter;

estimating an amount of cross-talk of a signal through said band pass filter;

and _

adjusting the comer frequencies of said band pass filter to minimize said
cross-talk.

2. The method of claim 1 wherein said band pass filter is a hardware
filter.

3. The method of claim 2 wherein said hardware band pass filter is

coupled to the output of a current to voltage converter in said oximeter.

4. The method of claim 2 further comprising:

measuring an amount of remaining cross-talk through said hardware band pass
filter after said adjusting; and

minimizing said remaining cross-talk by compensation in software of a

digitized signal from said hardware band pass filter.

5. The method of claim 2 wherein said measuring comprises:

measuring a current from a red LED with no current provided to an IR LED;
and

measuring a current from said IR LED with no current provided to said red

LED.

6. The method of claim S further comprising:

in a calibration mode, measuring an IR cross-talk signal obtained during an IR
LED period, said signal corresponding to cross-talk from a signal from said red LED,;

comparing said IR cross-talk signal to said current from said IR LED to
determine an IR cross-talk percentage;

measuring a red cross-talk signal obtained during an red LED period, said

signal corresponding to cross-talk from a signal from said IR LED;
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comparing said red cross-talk signal to said current from said red LED to
determine a red cross-talk percentage;

during normal operation of said oximeter, multiplying said IR cross-talk
percentage in software by a detected IR signal to give an IR cross-talk signal, and subtracting
said IR cross-talk signal from a detected red signal; and

during normal operation of said oximeter, multiplying said red cross-talk
percentage in software by a detected red signal to give a red cross-talk signal, and subtracting

said red cross-talk signal from said detected IR signal.

7. A method for compensating for cross-talk in an oximeter, comprising:

providing a signal corresponding to an oximeter sensor signal;

applying said signal to a hardware band pass filter, wherein said hardware
band pass filter is coupled to the output of a current to voltage converter in said oximeter;

estimating an amount of cross-talk of a signal through said band pass filter;

adjusting the corner frequencies of said band pass filter to minimize said
cross-talk;

in a calibration mode, measuring an IR cross-talk signal obtained during an IR
LED period, said signal corresponding to cross-talk from a signal from said red LED;

comparing said IR cross-talk signal to said current from said IR LED to
determine an IR cross-talk percentage;

measuring a red cross-talk signal obtained during an red LED period, said
signal corresponding to cross-talk from a signal from said IR LED;

comparing said red cross-talk signal to said current from said red LED to
determine a red cross-talk percentage;

during normal operation of said oximeter, multiplying said IR cross-talk
percentage in software by a detected IR signal to give an IR cross-talk signal, and subtracting
said IR cross-talk signal from a detected red signal; and

during normal operation of said oximeter, multiplying said red cross-talk
percentage in software by a detected red signal to give a red cross-talk signal, and subtracting

said red cross-talk signal from said detected IR signal.

8. An oximeter with reduced cross-talk comprising:
an oximeter sensor input;

a current to voltage converted coupled to said oximeter sensor input;
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a band pass filter coupled to said current to voltage converter, said band pass
filter having corner frequencies adjusted to minimize cross-talk;

an analog-to-digital converter coupled to said band pass filter for converting a
detected signal into a digitized detector signal; and

a processor coupled to said analog-to-digital converter for manipulating a said

digitized detector signal and calculating oxygen saturation.

9. The oximeter of claim 8 further comprising:

a test circuit for providing a test signal to said band pass filter;

a memory storing a program for operating said test circuit to estimate an
amount of remaining cross-talk and determining red and IR cross-talk compensation factors

to be used in software during normal operation of said oximeter.

10.  The oximeter of claim 9 wherein said test circuit comprises:

a resistor;

a switching circuit for alternately coupling said resistor to red and IR LEDs;
and

a switch for coupling said resistor to said band pass filter.

11.  The oximeter of claim 9 wherein said program includes computer
readable code for:

in a calibration mode, measuring an IR cross-talk signal obtained during an IR
LED period, said signal corresponding to cross-talk from a signal from said red LED;

comparing said IR cross-talk signal to said current from said IR LED to
determine an IR cross-talk percentage;

measuring a red cross-talk signal obtained during an red LED period, said
signal corresponding to cross-talk from a signal from said IR LED;

comparing said red cross-talk signal to said current from said red LED to
determine a red cross-talk percentage;

during normal operation of said oximeter, multiplying said IR cross-talk
percentage in software by a detected IR signal to give an IR cross-talk signal, and subtracting
said IR cross-talk signal from a detected red signal; and

during normal operation of said oximeter, multiplying said red cross-talk
percentage in software by a detected red signal to give a red cross-talk signal, and subtracting
said red cross-talk signal from said detected IR signal.

10



O 00 3 O » A W N -

L o T S I S T o T (O R N i N R N T T o e S N
R NN N R WD = O Y NN A WN =D

O U R S R

WO 2005/082241 PCT/US2005/006316

12. An oximeter with reduced cross-talk comprising:

an oximeter sensor input;

a current to voltage converted coupled to said oximeter sensor input;

a band pass filter coupled to said current to voltage converter, said band pass
filter having corner frequencies adjusted to minimize cross-talk;

an analog-to-digital converter coupled to said band pass filter for converting a
detected signal into a digitized detector signal;

a processor coupled to said analog-to-digital converter for manipulating a said
digitized detector signal and calculating oxygen saturation.

a test circuit for providing a test signal to said band pass filter;

a memory storing a program for operating said test circuit to estimate an
amount of remaining cross-talk and determining red and IR cross-talk compensation factors
to be used in software during normal operation of said oximeter;

wherein said program includes computer readable code for:

in a calibration mode, measuring an IR cross-talk signal obtained during an IR
LED period, said signal corresponding to cross-talk from a red LED signal;

comparing said IR cross-talk signal to said current from an IR LED to
determine an IR cross-talk percentage;

measuring a red cross-talk signal obtained during an red LED period, said
signal corresponding to cross-talk from an IR LED signal;

comparing said red cross-talk signal to said current from a red LED to
determine a red cross-talk percentage;

during normal operation of said oximeter, multiplying said IR cross-talk
percentage in software by a detected IR signal to give an IR cross-talk signal, and subtracting
said IR cross-talk signal from a detected red signal; and

during normal operation of said oximeter, multiplying said red cross-talk
percentage in software by a detected red signal to give a red cross-talk signal, and subtracting

said red cross-talk signal from said detected IR signal.

13. A method for compensating for cross-talk in an oximeter using a
calibration mode, comprising:
providing detector signals corresponding to first and second light emitter

wavelengths;

11
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measuring a first cross-talk signal obtained during an first period
corresponding to said first light emitter wavelength, said first cross-talk signal corresponding
to cross-talk from a signal from said second light emitter wavelength;

comparing said first cross-talk signal to a current from said detector
correspondiﬁg to a signal of said first wavelength to determine a first cross-talk percentage;

measuring a second cross-talk signal obtained during a second period
corresponding to said second light emitter wavelength, said second cross-talk signal
corresponding to cross-talk from a signal from said first light emitter wavelength;

comparing said second cross-talk signal to said current from said detector
corresponding to a signal of said first wavelength to determine a second cross-talk
percentage,

during normal operation of said oximeter, multiplying said first cross-talk
percentage in software by a detected first wavelength signal to give a first cross-talk signal,

and subtracting said first cross-talk signal from a detected second wavelength signal; and

during normal operation of said oximeter, multiplying said second cross-talk
percentage in software by a detected second wavelength signal to give a second cross-talk

signal, and subtracting said second cross-talk signal from a detected first wavelength signal.

14.  The method of claim 13 wherein said first wavelength is red and said

second wavelength is IR.

15.  An oximeter with reduced cross-talk comprising:

an oximeter sensor input for providihg a detected signal;

an analog-to-digital converter for converting said detected signal into a
digitized detector signal,

a processor coupled to said analog-to-digital converter for manipulating a said
digitized detector signal and calculating oxygen saturation.

a test circuit for providing a test signal;

a memory storing a program for operating said test circuit to estimate an
amount of remaining cross-talk and determining first and second cross-talk compensation

factors to be used in software during normal operation of said oximeter;

wherein said program includes computer readable code for:

12
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providing detector signals corresponding to first and second light emitter
wavelengths;

measuring a first cross-talk signal obtained during an first period
corresponding to said first light emitter wavelength, said first cross-talk signal corresponding
to cross-talk from a signal from said second light emitter wavelength;

comparing said first cross-talk signal to a current from said sensor
corresponding to a signal of said first wavelength to determine a first cross-talk percentage;

measuring a second cross-talk signal obtained during a second period
corresponding to said second light emitter wavelength, said second cross-talk signal
corresponding to cross-talk from a signal from said first light emitter wavelength;

comparing said second cross-talk signal to said current from said sensor
corresponding to a signal of said first wavelength to determine a second cross-talk
percentage;

during normal operation of said oximeter, multiplying said first cross-talk
percentage in software by a detected first wavelength signal to give a first cross-talk signal,

and subtracting said first cross-talk signal from a detected second wavelength signal; and

during normal operation of said oximeter, multiplying said second cross-talk
percentage in software by a detected second wavelength signal to give a second cross-talk

signal, and subtracting said second cross-talk signal from a detected first wavelength signal.

16.  The oximeter of claim 15 wherein said first wavelength is red and said

second wavelength is IR.

13



PCT/US2005/006316

WO 2005/082241

1/4

| 'Ol

923 leae ybiy

edepeju anm-| [e28IQ

losueg

Wwauno
-o10yd

30B[o)U] 150H A
aoepsiU|
(ealig | )
> ol
wesbold ‘IO ‘vl eA6IQ ﬂ 8¢ waun) a3 — asepayu)
—— wsey ——» 501 3oop | lmm.«.__“«wm m_umm._JH eAud a3 wadng 31
e H. ZHIN 02 . \
1OMOg
ﬁ ‘2R ol w_‘J
— LNy
IS0H | vy diHg —»| 10SS@201d “mmom oE.M 19||05u0D M.la._wmu__“wm”«”m.. B3BUSIU | ounsopyg] ©14EO aal
-010IN -012IN [ 109u00 A-{ | Al uojsua}x3y
. xXq ‘Buies uleSd T
m.wenv«:ﬂmo » 1 r x._,_zm<\ 4 sefenop Py "l N_‘\
. Ve zz lonuoo gs ;| Sp—
uiIes ule:
SIRUBIS 10919 _| e -BWIBIS S5EJIoN JUhed
(| useld GeIGUY pod gl :
9c 0z &
ORI T pieog 004 dIN
ve
v v &
Bngag WYY 6ngaq old 14



PCT/US2005/006316

WO 2005/082241

2/4

0v0 .
|—| KIBINS'L m mU_H_
v_o.mmw
g, 60K |
| adozy 5

T MWD AB'6Y 1osio> - =

>
o Ao | 2 VESOPXYIN 99~ g..lmﬂ._'

>— . 4n 10 mammn ml 14! ﬂ“lmv'ﬁhmtgcoo Aol wold
3 ——==>12  vesorxww 9
MdJOZ9ZZATL 2o b vsen
visnN mmk Kasuag juaund qI1
““ el sso1D
we 0L e
09 S
@mJ ¢ 9l
9
alewnaq
Ja)i4 Jayy m 14
powsq J0BINPON | | puiseye-puy JOUBAUOD J
eyeq ewbiS| | o ssey ybiy AOHL |
sjewinag .\ .\ L_
ol 05 J oF o | 3
s 9l | 3G 7
4 g 0V Josung




PCT/US2005/006316

WO 2005/082241

3/4

9d

!

Al

1

exed
ied

Sd

v Old

vd

f

psy

1

aied

ed

¢d

ld

ssed ybiH

ssed MO

1

dl

1

Ied

_ | induy
1

Py



PCT/US2005/006316

WO 2005/082241

4/4

suny
aIn

G Old

oww_
asuss Emt:o aIi

mﬁmG dil

_4a 8je9 pay/

Saveoezls
moﬁonﬂm OF viL

\.Nm
« dpoue Y|

oue alqes!g d3a
P ShL /( opote a3 NS¥
0EG0HaN mew
= _Imkmﬁmmu poy 6P
4nze L4nez 9a woﬁommrw = o9
ez LAZE woﬁoﬁ_m .
PCTLEN e
< A0S . 09D anoe
Vg m AL
7 J,vax«.s_ Hnogs s 06Y rMH L1618 QH )
n T
ae T
R S Ou w _"_noo_H u_:“_”xmo “_amr_. 35 SSPH
AS FLITY) %%m T 650 T 68%9 o1 S . 180T .
101 490 aa mn:om_‘Nw_,w |_| .—- 0.—. Lo N n—.
S :
—~<Q37AZ0 & =" _.
81l
v:|4Am £ II_E i e
“geoye 1 & 1" Anzzo'0
vsSN  lvesorxvin 690
vesn
" ploH/sidwes 31
40081
890
n
L ; =T a9l \

T
_VESOPXYIN
sjdweg S 86N

Q=R te)



INTERNATIONAL SEARCH REPORT intematicfffpppiication No
PCT/US2005/006316

CLASSIFICATION OF SUBJECT MATTER
A6185/00

A.
IPC 7

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC 7 A61B

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal, INSPEC

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US 5 995 858 A (KINAST ET AL) 1-16
30 November 1999 (1999-11-30)

column 8, 1ine 65 - column 9, line 1
column 12, line 2 - line 63

X US 2001/002206 A1 (DIAB MOHAMED K ET AL) 1-16
31 May 2001 (2001-05-31)

paragraphs ‘0050!, ‘0094!, °0101!,
‘0102!, °‘0177!', <0197!

X US 6 505 133 B1 (HANNA D. ALAN ET AL) 1
7 January 2003 (2003-01-07)
column 10, tine 5 - line 23
A US 4 942 877 A (SAKAI ET AL) 1,7,8,
24 July 1990 (1990-07-24) 12,13,15
column 11, Tine 23 - 1ine 50

D Further documents are listed in the continuation of box C. E Patent family members are listed in annex.

° Special categories of cited documents :

P g ‘T" later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

*A" document defining the general state of the art which is not
considered to be of particular relevance

‘E* efzglljlier éiczcumem but published on or after the international *x* document of patticular relevance; the claimed invention
fling date cannot be considered novel or cannot be considered to
"L" document which may thlrow doubts on priority claim(s) or involve an inventive step when the document is taken alone
which is cited 10 establish the publication date of another *v* document of i . ; : .
L " oy particular relevance; the claimed invention
citation or other special reason (as specified) cannot be considered to involve an inventive step when the
*O" document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu-
other means ments, such combination being obvious to a person skilled
*P* document published prior to the international filing date but inthe art.
later than the priority date claimed *&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the intemational search report
22 June 2005 05/07/2005
Name and mailing address of the ISA Authorized officer

European Patent Office, P.B. 5818 Patentiaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040, Tx. 31 651 epo n|, . .
Fax: (+31-70) 340-3016 Knipling, M

Form PCT/ISA/210 {second sheet) (January 2004)



INTERNATIONAL SEARCH REPORT .memml.\pp"caﬂon No

InfSPhation on patent family members

PCT/US2005/006316
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 5995858 A 30-11-1999  NONE
US 2001002206 Al 31-05-2001 US 6229856 Bl 08-05-2001
US 2004152965 Al 05-08-2004
EP 1067861 Al 17-01-2001
JP 2002511291 T 16-04-2002
WO 9952420 Al 21-10-1999
AU 6895498 A 11-11-1998
us 5919134 A 06-07-1999
Wo 9846125 Al 22-10-1998
US 6505133 Bl 07-01-2003 AU 3045002 A 27-05-2002
WO 0241536 Al 23-05-2002
US 2003028357 Al 06-02-2003

US 4942877 A 24-07-1990 JP 63065845 A 24-03-1988

Form PCT/ISA/210 {patent family annex) (January 2004)



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A

KRN

IPCHRS
CPCHRF
RIEBHA(F)
£
S\EReERE

BE@®F)

mEsOR DB
EP1722677A1 K (2E)R
EP2005731575 iR

R/RRIRE 238 T A4S0 5
NELLCOR PURITAN BENNETT INCORPORATED
NELLCOR PURITAN BENNETT INCORPORATED

PETERSEN ETHAN
CHEW BRADFORD B
SHEA WILLIAM

PETERSEN, ETHAN
CHEW, BRADFORD, B.
SHEA, WILLIAM

A61B5/00
A61B5/14551 A61B5/7203 A61B5/725
GRUBERT , ANDREAS

10/787541 2004-02-25 US

Espacenet

—MATRLSMET PSRN T EMRZ . ORI SEFBEIRKER.
Eir BT ERKENSINE. ETZME, HRITATRMESER
B, EETBERRRNEARR, £ KEflF , HERARMES M
SITRHTREESR, ERERXT K BERUELELED , AR
FIRLED , NEFES, RREXAFETVENEMESRKAESE—E
BHERNER, SHROANPMBENED L , HABEB D LERUK
FrESH BEMNS —LEDE S HREEN RBHIME,

2006-11-22

2005-02-24

patsnap


https://share-analytics.zhihuiya.com/view/d7004a64-46a4-403c-b805-ef90f5334b65
https://worldwide.espacenet.com/patent/search/family/034861915/publication/EP1722677A1?q=EP1722677A1

