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VARIABLE APERTURE SENSOR

REFERENCE TO RELATED APPLICATION

[0001] The present application claims priority benefit
under 35 U.S.C. § 119(e) from U.S. Provisional Application
No. 60/663,952, filed Mar. 21, 2005, entitled “Variable
Aperture Sensor.” The present application incorporates the
foregoing disclosure herein by reference.

BACKGROUND OF THE INVENTION

[0002] Pulse oximeters are noninvasive, easy to use, inex-
pensive instruments for measuring the oxygen saturation
level of arterial blood. Pulse oximeters reduce the risk of
accidental death and injury by providing early detection of
decreases in the arterial oxygen supply. As a result, pulse
oximeters have gained rapid acceptance in a wide variety of
medical applications, including surgical wards, intensive
care units, general wards and home care. These instruments
perform a spectral analysis of the pulsatile component of
arterial blood so as to determine the relative concentration of
oxygenated hemoglobin, the major oxygen carrying con-
stituent of blood.

[0003] FIG. 1 illustrates a pulse oximetry sensor 100
having emitters 110, a detector 120, and an aperture 130. The
sensor 100 is attached to a patient at a selected tissue site 10,
such as a fingertip or ear lobe. The emitters 110 are posi-
tioned to project light through the blood vessels and capil-
laries of the tissue site 10, and the detector 120 is positioned
s0 as to detect the emitted light as it emerges from the tissue
site 10. The aperture 130 allows emitter generated light that
is transmitted through and partially absorbed by the tissue
site 10 to reach the detector 120, while excluding ambient
light and other noise sources. A pulse oximetry sensor is
described in U.S. Pat. No. 6,088,607 entitled “Low Noise
Optical Probe,” which is assigned to Masimo Corporation,
Irvine, Calif. and incorporated by reference herein.

[0004] FIG. 2 illustrates a pulse oximetry system 200
having a monitor 201 and a sensor 100. The monitor 201 has
drivers 210, a controller 220, a front-end 230, a signal
processor 240 and a display 250. The drivers 210 alternately
activate the emitters 110 as determined by the controller 220.
The front-end 230 conditions and digitizes the resulting
current generated by the detector 120, which is proportional
to the intensity of the detected light. The signal processor
240 inputs the conditioned detector signal and determines
oxygen saturation along with pulse rate. The display 250
provides a numerical readout of a patient’s oxygen satura-
tion and pulse rate. A pulse oximetry monitor is described in
U.S. Pat. No. 5,482,036 entitled “Signal Processing Appa-
ratus and Method,” which is assigned to Masimo Corpora-
tion, Irvine, Calif. and incorporated by reference herein.

SUMMARY OF THE INVENTION

[0005] FIG. 3 is a graph 300 illustrating a detector char-
acteristic curve 310, which is plotted as detector output
current 302 verses light intensity 301 incident on the detec-
tor 120 (FIG. 1). The characteristic curve 310 has a linear
region 312 and a saturation region 314. The linear region
312 corresponds to incident intensity 301 less than a satu-
ration intensity I_,, 316 and a resulting output current less
than a saturation current i_,, 317. Ideally, the detector has an
operating point 318 in the linear region 312. To provide
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sufficient detector dynamic range, the operating point 318 is
ideally positioned away from the detector saturation current
i 317 and the detector dark current iy, 319 at either
extreme of the linear region 312.

[0006] Tissue site thickness and opacity vary significantly
from patient to patient and between tissue sites. For
example, light absorption is significantly different for a
finger site as compared with an ear lobe site. Variation is
tissue site characteristics results in a large variation of
incident light intensity 301 on the detector for a given
emitted light intensity. Some of this variation can be accom-
modated by adjusting the drive current to the emitters 110
(FIG. 2) and controlling the gain at the front-end 230 (FIG.
2). A variable aperture sensor, however, advantageously
provides a mechanical means of adjusting the incident light
intensity 301 so as to accommodate tissue site variation and
control the detector operating point 318.

[0007] One aspect of a variable aperture sensor comprises
a first jaw and a second jaw that are rotatably attached. An
emitter is disposed in the first jaw, and a detector is disposed
in the second jaw. The jaws are adapted to attach to a tissue
site so that the emitter transmits optical radiation into the
tissue site and the detector receives optical radiation through
a variable aperture after absorption by the tissue site. The
variable aperture is disposed in the second jaw and config-
ured to adjust the amount of the optical radiation received by
the detector.

[0008] In one embodiment, the variable aperture has a
fixed aperture defined by the second jaw and a slide movable
between a wide open position and a stopped down position.
The wide open position is adapted to pass maximal optical
radiation to the detector. The stopped down position is
adapted to pass minimal optical radiation to the detector. An
open portion is defined by the slide and generally aligned
with the fixed aperture in the open position and a light block
portion of the slide is generally aligned with the fixed
aperture in the stopped down position.

[0009] In another embodiment, the variable aperture has a
fixed aperture defined by the second jaw and a shutter
installed within the fixed aperture. The shutter is movable
between a wide open position and a stopped down position.
The wide open position is adapted to pass maximal optical
radiation to the detector. The stopped down position is
adapted to pass minimal optical radiation to the detector.

[0010] Another aspect of a variable aperture sensor is a
method having the steps of emitting optical radiation into a
tissue site and attenuating the optical radiation after absorp-
tion by the tissue site. Additional steps include detecting the
optical radiation after absorption by the tissue site and
generating a physiological signal responsive to the absorp-
tion. In one embodiment, the attenuating step comprises the
substep of varying an aperture size so as to compensate for
tissue site physical and physiological characteristics. In a
particular embodiment, the varying substep comprises the
substep of altering a shutter opening within a fixed aperture.
In another particular embodiment, the varying substep com-
prises the substep of sliding a light block across a fixed
aperture.

[0011] A further aspect of a variable aperture sensor
comprises an emitter means for transmitting optical radia-
tion into a tissue site and a detector means for receiving the



US 2006/0258922 Al

optical radiation after absorption by the tissue site. An
attachment means is for positioning the emitter means and
the detector means on the tissue site and an attenuating
means is disposed in the attachment means for reducing the
optical radiation incident on the detector means. In one
embodiment, the attenuating means includes a fixed aperture
means for passing the optical radiation between the tissue
site and the detector means, and a stopping down means for
variably reducing the fixed aperture means. In a particular
embodiment, the stopping down means has a sliding light
block means for covering a portion of the fixed aperture
means. In another particular embodiment, the stopping down
means has a shutter means for reducing the opening of the
fixed aperture means.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012]

[0013] FIG. 2 is a block diagram of a prior art pulse
oximetry system;

[0014] FIG. 3 is a graph of detector output current versus
incident light intensity;

FIG. 1 is an illustration of a prior art sensor;

[0015] FIG. 4 is a perspective view of a reusable sensor;

[0016]
body;
[0017] FIGS. 6A-B are top plan views of a slide actuated
variable aperture sensor; and

[0018] FIGS.7A-B are top plan views of a shutter actuated
variable aperture sensor.

FIG. 5 is an exploded perspective view of a sensor

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0019] FIG. 4 illustrates a reusable sensor 400 having a
sensor body 500, a cable 420 and a connector 430. The
sensor body 500 houses emitters 510 (FIG. 5), a detector
520 (FIG. 5) and a variable aperture 530 (FIG. 5), as
described in detail with respect to FIG. 5. The cable 420
provides electrical communication between the emitters 510
(FIG. 5), the detector 520 and the connector 430. The
connector 430 is adapted to a patient cable, which provides
electrical communication between the sensor 400 and a
monitor (not shown).

[0020] FIG. 5 further illustrates a sensor body 500 having
a top jaw 501 and a bottom jaw 502. The jaws 501, 502 are
rotatably attached around a hinge pin 540 inserted through
hinges 572, 582 so as to retain a spring 550. The spring 550
urges the jaws 501, 502 to a closed position in which
optically transparent pads 560 are held against a tissue site.
The top jaw 501 has a top shell 570 that houses the emitters
510, which are held in place with pressure sensitive adhesive
(PSA) 574. The bottom jaw 502 has a bottom shell 580 that
houses the detector 520, which is enclosed in an EMI shield
590 and held in place with PSA (not shown). Light passes
from the emitters 510 through the variable aperture 530 to
the detector 520. Embodiments of the variable aperture are
described with respect to FIGS. 6-7, below.

[0021] FIGS. 6A-B illustrate a slide actuated variable
aperture sensor 600. The bottom jaw 580 has a variable
aperture 530 adjustable between wide-open (FIG. 6A) so as
to pass a maximum amount of light to the detector and
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stopped-down (FIG. 6B) so as to pass a minimum amount
of light. In particular, the variable aperture 530 comprises a
fixed aperture 610 defined by the bottom jaw 580 and a slide
620. The slide 620 is slideably mounted within the bottom
jaw 580 so as to overlap the fixed aperture 610. The slide
620 is generally T-shaped having arms 622 and a leg 624.
The leg 624 defines an open portion 626 and a light block
portion 628. The arms 622 extend from the sides of the
bottom jaw 580 to form a grip so that the slide 620 can be
manually positioned relative to the bottom jaw 580. The
slide 620 is movable between a first position (FIG. 6A)
corresponding to a wide-open variable aperture 530, where
the open portion 626 is generally aligned with the fixed
aperture 610, and a second position (FIG. 6B) correspond-
ing to a stopped-down variable aperture 530, where the light
block portion 628 is generally aligned with the fixed aper-
ture 610.

[0022] FIGS. 7A-B illustrate a shutter actuated variable
aperture sensor 700. The bottom jaw 580 has a variable
aperture 530 adjustable between wide-open (FIG. 7A) so as
to pass a maximum amount of light to the detector and
stopped-down (FIG. 7B) so as to pass a minimum amount
of light. In particular, the variable aperture 530 comprises a
fixed aperture 710 defined by the bottom jaw 580 and a
shutter 720 installed within the fixed aperture 710. A lever
730 is connected to and adapted to position multiple over-
lapping leaves 740 so as to control the shutter 720. In
particular, the lever 730 extends from the bottom jaw 580
and is manually movable between a first position (FIG. 7A)
corresponding to a wide-open variable aperture 530 and a
second position (FIG. 7B) corresponding to a stopped-down
variable aperture 530.

[0023] A variable aperture sensor has been disclosed in
detail in connection with various embodiments. These
embodiments are disclosed by way of examples only and are
not to limit the scope of the claims that follow. One of
ordinary skill in art will appreciate many variations and
modifications.

What is claimed is:
1. 1. A pulse oximetry sensor comprising:

a first jaw;

an emitter disposed in said first jaw;

a second jaw rotatably attached to said first jaw;
a detector disposed in said second jaw; and

a variable aperture disposed in said second jaw,

said jaws adapted to attach to a tissue site so that said
emitter transmits optical radiation into said tissue site
and said detector receives optical radiation through said
variable aperture after absorption by said tissue site,

said variable aperture configured to adjust the amount of
said optical radiation received by said detector.
2. The pulse oximetry sensor according to claim 1
wherein said variable aperture comprises:

a fixed aperture defined by said second jaw;

a slide movable between a wide open position and a
stopped down position, said wide open position
adapted to pass maximal optical radiation to said detec-
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tor, said stopped down position adapted to pass mini-
mal optical radiation to said detector;

an open portion defined by said slide and generally
aligned with said fixed aperture in said open position;
and

a light block portion of said slide generally aligned with
said fixed aperture in said stopped down position.
3. The pulse oximetry sensor according to claim 2
wherein said slide comprises:

a grip adapted for manually positions said slide; and

an extension extending from said grip and overlapping
with said fixed aperture.
4. The pulse oximetry sensor according to claim 1
wherein said variable aperture comprises:

a fixed aperture defined by second jaw; and

a shutter installed within said fixed aperture, said shutter
movable between a wide open position and a stopped
down position,

said wide open position adapted to pass maximal optical
radiation to said detector, said stopped down position
adapted to pass minimal optical radiation to said detec-
tor.
5. The pulse oximetry sensor according to claim 4
wherein said shutter comprises:

a lever; and
a plurality of leaves disposed within said fixed aperture,

said lever configured to position said leaves, said lever
adapted to manually move between a first position
corresponding to said open position and a second
position corresponding to said stopped down position.

6. A pulse oximetry sensor method comprising the steps
of:

emitting optical radiation into a tissue site;

attenuating said optical radiation after absorption by said
tissue site;
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detecting said optical radiation after absorption by said
tissue site; and

generating a physiological signal responsive to said

absorption.

7. A pulse oximetry sensor method according to claim 6
wherein said attenuating step comprises the substep of
varying an aperture size so as to compensate for tissue site
physical and physiological characteristics.

8. A pulse oximetry sensor method according to claim 7
wherein said varying substep comprises the substep of
altering a shutter opening within a fixed aperture.

9. A pulse oximetry sensor method according to claim 7
wherein said varying substep comprises the substep of
sliding a light block across a fixed aperture.

10. A pulse oximetry sensor comprising;

an emitter means for transmitting optical radiation into a
tissue site;

a detector means for receiving said optical radiation after
absorption by said tissue site;

an attachment means for positioning said emitter means
and said detector means on said tissue site; and

an attenuating means disposed in said attachment means
for reducing said optical radiation incident on said
detector means.
11. The pulse oximetry sensor according to claim 10
wherein said attenuating means comprises:

a fixed aperture means for passing said optical radiation
between said tissue site and said detector means; and

a stopping down means for variably reducing said fixed

aperture means.

12. The pulse oximetry sensor according to claim 11
wherein said stopping down means comprises a sliding light
block means for covering a portion of said fixed aperture
means.

13. The pulse oximetry sensor according to claim 11
wherein said stopping down means comprises a shutter
means for reducing the opening of said fixed aperture means.
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