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(57) ABSTRACT

An integrated circuit device includes an insulating body
provided with a number of electrically conductive leads and
having a surface provided with a red LED aperture, an IR
LED aperture and a photodetector aperture. The insulating
body also includes an optical isolator optically separating
the photodetector aperture from the red LED aperture and
the IR LED aperture. A red LED is aligned with the red LED
aperture, an IR LED 1is aligned with the IR LED aperture,
and a photodetector is aligned with the photodetector aper-
ture.
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HEART RATE AND BLOOD OXYGEN
MONITORING SYSTEM

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. Ser. No.
14/371,174 filed Jul. 10, 2014, which is the US National
Stage of International Application No. PCT/US2013/
021084, filed Jan. 10, 2013, which claims the benefit of U.S.
Ser. No. 61/585,220, filed on Jan. 10, 2012, all of which are
incorporated herein by reference.

FIELD OF THE INVENTION

[0002] This invention is related to medical devices and
more particularly to devices for monitoring heart rate and/or
blood oxygen levels.

BACKGROUND OF THE INVENTION

[0003] Heart rate monitors and blood oxygen monitors are
medical devices used to measure heart rates and blood
oxygen levels in real time and/or to record such measure-
ments for later study. Some heart rate monitors use elec-
trodes in contact with a user’s skin to measure small
electrical signals that are generated by the user’s heart as it
beats, and other heart rate monitors use light (e.g. IR light)
to measure small light fluctuations due to the user’s blood
circulation. Blood oxygen monitors typically use light (e.g.
red light and IR light) to measure the oxygen content of the
blood.

[0004] Most heart rate monitors which measure light fluc-
tuation are transmissive-type devices which include an infra-
red (IR) light emitting diode (LED) and a separate photo-
detector. The IR LED is typically positioned on one side of
a finger clip and the photodetector is typically positioned on
the other side of the finger clip. In use, the IR light generated
by the IR LED is transmitted through the finger, where it is
modulated by the blood flow, and is then detected by the
photodetector for processing.

[0005] Most blood oxygen monitors are also transmissive-
type devices which include a red LED, an IR LED and a
separate photodetector. The red LED and IR LED are
typically positioned on one side of a finger clip and the
photodetector is typically positioned on the other side of the
finger clip. In use, red light generated by the red LED is
transmitted through the finger then is detected by the pho-
todetector for processing.

[0006] Medical grade heart rate monitors and blood oxy-
gen monitors have been combined in the past. Even so, they
tend to be bulky, cumbersome and expensive. In particular,
the medical grade electronics of the monitoring apparatus
are typically housed in relatively large chassis and often
require filtered wall power to operate. Furthermore, long and
cumbersome cables are used couple the monitoring appara-
tus of the prior art to the finger clips.

[0007] Because of the aforementioned problems of tradi-
tional medical monitoring equipment, a number of portable,
battery powered devices have become available. For
example, heart rate monitors including electrodes have been
built into a number of devices including wrist watches,
exercise equipment, and portable electronic devices such as
smartphones. There are also finger clip type transmissive
sensors that can be coupled to, for example, a smartphone

Jun. 13,2019

for detecting heart rate. While less expensive, such devices
are also less versatile and tend to have fewer features.
[0008] These and other limitations of the prior art will
become apparent to those of skill in the art upon a reading
of the following descriptions and a study of the several
figures of the drawing.

SUMMARY OF THE INVENTION

[0009] Various examples are set forth herein for the pur-
pose of illustrating various combinations of elements and
acts within the scope of the disclosures of the specification
and drawings. As will be apparent to those of skill in the art,
other combinations of elements and acts, and variations
thereof, are also supported herein.

[0010] Inanembodiment, set forth by way of example and
not limitation, a mobile device with reflectance-based heart
rate monitoring includes a body including a transmissive
surface, an LED aligned proximate to the transmissive
surface, a photodetector aligned with the transmissive sur-
face, monitoring circuitry coupled to the LED and the
photodetector to develop a digital output and a CPU coupled
to the monitoring circuitry. In an alternate embodiment, the
CPU can process the digital signals developed by the
monitoring circuitry and at least one of display and store
heart rate data.

[0011] In a further embodiment, set forth by way of
example and not limitation, a heart rate monitoring circuit
includes an LED, a photodetector, LED driving circuitry
coupled to the LED, a filtering and amplification stage
having an input coupled to the photodetector, and an analog-
to-digital (AID) converter having an input coupled to an
output of the filtering and amplification stage. In an alternate
embodiment, a CPU or other digital processor (such as a
digital signal processor, a/k/a “DSP”, microprocessor,
microcontroller, gate array, state machine, etc.) is coupled to
an output of the A/D converter to provide signal processing
of heart rate data.

[0012] In another embodiment, set forth by way of
example and not limitation, a computer implemented pro-
cess determines if a signal has been acquired and, if so,
whether it is strong enough for processing. If no, more
power is applied to the LED until the filtered signal is strong
enough for processing. Next, if a finger is present long
enough to acquire sufficient data for digital processing,
digital signal processing takes place to calculate a heart rate.
In an alternate embodiment, the heart rate is at least one of
display and stored. In a further alternate embodiment, the
digital processing includes a Fast Fourier Transform (FFT),
windowing, averaging and/or noise rejection. In a still
further alternate embodiment, the digital processing includes
determining whether a result of the digital processing meets
a predetermined confidence level.

[0013] In another embodiment, set forth by way of
example and not limitation, an electronic device with heart
rate monitor includes: a body including at least one infrared
(IR) transmissive window; a digital processor located within
the body; a display screen supported by the body; an IR light
emitting diode (LED) aligned with the IR transmissive
window; LED driving circuitry coupled to the IR LED; an
IR photodetector aligned with the IR transmissive window;
a filtering and amplification stage having an input coupled to
the IR photodetector; an analog-to-digital converter (ADC)
having an analog input coupled to an output of the filtering
and amplification stage and a digital output; and memory
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coupled to the digital processor. Preferably, the memory
includes code segments executable by the digital processor
for: (a) detecting that a finger has been placed on the TR
transmissive window; (b) capturing raw data from the ADC;
(c) performing a Fast Fourier Transform (FFT) of the raw
data to develop FFT data; (d) processing the FFT data for at
least one of window, averaging and noise rejection; (e)
calculating a heart rate; and (f) at least one of displaying and
storing the heart rate.

[0014] In another embodiment, set forth by way of
example and not limitation, an integrated circuit device
includes an insulating body provided with a number of
electrically conductive leads and having a surface provided
with a red LED aperture, an IR LED aperture and a
photodetector aperture, the insulating body including an
optical isolator separating the photodetector aperture from
the red LED aperture and the IR LED aperture. A red LED
is aligned with the red LED aperture, an IR LED is aligned
with the IR LED aperture, and a photodetector is aligned
with the photodetector aperture.

[0015] In another embodiment, set forth by way of
example and not limitation, a combination heart rate monitor
and blood oxygen monitoring circuit includes: a red LED
and an IR LED; a red photodetector and an IR photodetector;
a filtering and amplification stage coupled to the red pho-
todetector and the IR photodetector; control circuitry receiv-
ing feedback from the filtering and amplification stage and
controlling the currents to the red LED and the IR LED; and
an analog-to-digital converter (ADC) having an analog input
coupled to an output of the filtering and amplification stage
and having a digital output.

[0016] These and other examples of combinations of ele-
ments and acts supported herein as well as advantages
thereof will become apparent to those of skill in the art upon
a reading of the following descriptions and a study of the
several figures of the drawing.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] Several examples will now be described with ref-
erence to the drawings, wherein like elements and/or acts are
provided with like reference numerals. The examples are
intended to illustrate, not limit, concepts disclosed herein.
The drawings include the following figures:

[0018] FIG.1isatop plan view of an example reflectance-
based heart rate monitoring system built into a smart tele-
phone device;

[0019] FIG. 2 is a block diagram of example CPU and
related circuitry of the example smart telephone device of
FIG. 1;

[0020] FIG. 3 is a block diagram of example heart rate
monitoring circuitry;

[0021] FIG. 4is a flow diagram of an example process for
heart rate monitoring;

[0022] FIG. 5 is a block diagram of an example of a
combination heart rate monitor and blood oxygen monitor-
ing circuitry;

[0023] FIG. 6 is a flow diagram of an example process for
both heart rate monitoring and blood oxygen level monitor-
ing;

[0024] FIG. 7 is a perspective view of an integrated heart
rate and blood oxygen sensor; and

[0025] FIG. 8 is a top plan view of the sensor of FIG. 8.
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DETAILED DESCRIPTION OF THE
INVENTION

[0026] FIG. 1 illustrates, by way of example and not
limitation, a reflectance-based heart rate monitoring system
built into a smartphone 10. In this example, the smartphone
10 includes a body 12, an LED 14, a photodetector 16, a
light sensor 18, and a transmissive surface 20 (e.g. a glass or
plastic surface). The smartphone 10 further includes a touch-
screen 22, a speaker aperture 24, and a control button 26.
[0027] The light emitting diode (LED) 14 is a preferred
example of a light emitting source, although other light
emitting sources may also be suitable in some applications.
In an example embodiment, the LED 14 is an infrared (IR)
LED such that the light that it emits is generally not
detectible by the human eye. The photodetector 16 can be,
for example, a photodiode, although other photodetectors
may also be suitable for some applications.

[0028] Inanembodiment, set forth by way of example and
not limitation, LED 14 and photodetector 16 are aligned
proximate to the transmissive surface 20 (which may be
substantially planar) which can serve as a window for the
LED 14 and photodetector 16. In this way, if a finger is
placed on the transmissive surface 20 over the LED 14 and
the photodetector 16, IR light from the LED 14 may reflect
off of the finger to the photodetector 16 for the monitoring
of heart rate.

[0029] FIG. 2 is a block diagram, set forth by way of
example and not limitation, of circuitry 28 within the body
12 of smartphone 10. The circuitry includes a CPU 30,
memory 32, a network interface 34, an antenna interface 36,
a touch-screen interface 38 and other input/output (I/O)
circuitry 40. The CPU can be provided by several manufac-
turing sources, as will be appreciated by those of skill in the
art, and the memory 32 can include both volatile and
non-volatile memory, both of which are capable of storing
data and program code in a non-transitory fashion (e.g. not
as a propagating electromagnetic waves). Other forms of
non-transitory storage can also be used, as will be appreci-
ated by those of ordinary skill in the art.

[0030] FIG. 3 is a block diagram of a heart rate monitoring
circuit 42, set forth by way of example and not limitation,
which can form a part of the circuitry of FIG. 2. The example
circuit 42 includes the light sensor 18, LED driving circuitry
44, the LED 14, photodetector 16, a capacitor 46, an
amplifier 48, a resistive-capacitive (R/C) feedback circuit
50, post filtering 52, post amplification 54, a direct current
(D.C.) filter 56, an analog-to-digital (A/D) converter 58, and
a digital processor 30 (which may be the CPU 30). A finger
62 can be placed in proximity to LED 14 and photodetector
16 to provide data for heart rate calculation in the digital
processor 60.

[0031] Various portions of the heart rate monitoring circuit
42 may be provided as part or all of an integrated circuit
(LC.). For example, the filtering and amplification stage 64
between the output of the photodetector 16 and the input to
the A/D converter 58 can be provided as part or all of an I.C.
Furthermore, other components shown in FIG. 3 can be
integrated with the filtering and amplification stage 64.
Integration is considered to be desirable in compact systems
and devices, such as the aforementioned smartphone devices
and other devices such as computer tablets, MP3 players,
laptop computers, etc.

[0032] FIG. 4 is a flow diagram, set forth by way of
example and not limitation, of a process 66 for heart rate



US 2019/0175036 A1l

monitoring. In this example embodiment, an operation 68
determines if a signal has been acquired, e.g. from photo-
detector 16. If so, an operation 70 determines if the signal,
after filtering, is strong enough for processing. If not, an
operation 72 increased the LED strength, e.g. by adjusting
the LED driving circuitry 44.

[0033] If the filtered signal is strong enough, an operation
74 determines if a finger is detected. If so, an operation
captures N seconds of data (e.g. 5 seconds of data) and, in
this example, stores the captured data in a data log. Next,
after a successful capture of N second of data, a fast Fourier
transform (FFT) occurs in an operation 78, and windowing,
averaging and noise rejection occurs in an operation 80.

[0034] Next, in an operation 82, it is determined whether
the confidence level for the data is above a given threshold.
For example, the threshold might be, by way of non-limiting
examples a 95% or 99% confidence level that there is
accurate heart rate data to be processed. If so, the funda-
mental frequency/heart rate is calculated in an operation 84.
An operation 86 can the store the data for later analysis, such
as in memory 32, or display the heart rate data, such as on
touch-screen 22.

[0035] FIG. 5 is a block diagram of an example combi-
nation heart rate and blood oxygen monitoring system 90
including a light generating section 92 and a light receiving
section 94. Preferably, the light generating section 92 and the
light receiving section 94 are optically isolated as indicated
by the broken line 96. By “light”, it is meant herein
electromagnetic radiation, visible or not. For example, the
light can be in the red or infrared (IR) frequency ranges.

[0036] The light generating section 92, in this non-limiting
example, includes a red LED 98 and an IR LED 100.
Optionally, a lens 102 is aligned with red LED 98 and a lens
104 is aligned with IR LED 100. The anodes of LEDs 98 and
100 are coupled to Vce, e.g. about 3-5 volts in certain
embodiments. When energized, LED 98 develops red light
106 and LED 100 develops IR light 108.

[0037] In certain example embodiments LEDs 98 and 100
are pulsed ON and OFF in regular intervals in a time
multiplexed manner. In a non-limiting example, the red LED
wavelength is centered at about 620 nm and the IR LED
wavelength is centered at about 850 nm. Other wavelength
centers are available, as will be appreciated by those of
skilled in the art.

[0038] The light receiving section 94, in this non-limiting
example, includes a first photodiode 110 and a second
photodiode 112. The photodiodes 110 and 112 may be
virtual photodiodes comprising a plurality of photodiodes
coupled together or may be a single photodiode functionally
separated into the first photodiode and the second photo-
diode. The cathodes of first photodiode 110 and second
photodiode 112 are coupled to Vee (e.g. they are reversed
biased), and are preferably aligned with a first optical filter
114 and a second optical filter 116. In this non-limiting
example, first filter 114 is a red filter and second filter 116
is an IR filter. Optionally, a lens 118 is provided to collect
reflected light signals 120.

[0039] The filters 114 and 116 can be provided by coating
photodiodes 110 and 112, respectively, with organic filter
pigments which shapes the spectral response of the photo-
diodes. The use of filters, such as filters 114 and 116, helps
to improve “out of band” light rejection and increase overall
signal to noise ratio (SNR).
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[0040] The light receiving section 92, in this non-limiting
example, also includes a transimpedance amplifier (T1A)
122, a programmable gain amplifier (PGA) 124, an analog-
to-digital converter (ADC) 126, registers 128, a digital
signal processor (DSP) 130, control & synchronization 132,
drive buffer 134 and drive buffer 136. An optional micro-
controller 138 can communicate with registers 128 via a bus
140 by using, by way of non-limiting example, an [2C
protocol.

[0041] The red LED 98 and IR LED 100 develop red light
106 and IR light 108, respectively, which are directed to a
fingertip F. In this example, LEDs 98 and 10 are pulsed ON
and OFF at regular intervals in a time multiplexed manner.
The timing and current levels for LEDs 98 and 100 are
determined by control & synchronization 132 and are pro-
vided by drive buffers 136 and 134, respectively.

[0042] The red photodiode 110 and IR photodiode 112
receive reflected light signals 120 from fingertip F and
convert these light signals into current. The outputs of
photodiodes 110 and 112 are applied to TIA 122 for ampli-
fication and processing. In this example, TIA 122 converts
the photodiode currents into suitable output voltages. Since
the signals reflected from the skin can be very small (few
mV to uV) and may be associated with common mode
voltage levels in the order of several volts, in addition to
amplification of the current signal from the photodiodes,
TIA also preferably removes unwanted common mode sig-
nals and filters for the signals reflected from fingertip F
(often around 1.2 Hz). First order filtering can be configured
at the TTA stage to extract the AC signals reflected from the
skin.

[0043] In this non-limiting example, PGA 124 receives
signals from TIA 122 and compares them against fixed
threshold parameters and adjusts its gain of amplifier appro-
priately. The PGA 124 also generates feedback signals for
control & synchronization 132 which, in turn, controls the
drive levels of drive buffers 134 and 136, thereby adjusting
the LED signal strength until a target signal amplitude is
achieved.

[0044] ADC 126 receives analog signals from PGA 124
and converts them to digital signals that can be stored in
digital registers 128. The DSP 130, in this non-limiting
example, does the post processing of the data stored in the
registers 128. For example, DPS 130 can digitally filter the
data to remove out-of-band noise, perform averaging, gen-
erate Fast Fourier Transform (FFT) signals to calculate heart
rate, generate confidence levels of signals, calculate percent
oxygen content, store data in look-up tables, etc.

[0045] Control & synchronization 132, in this non-limit-
ing example, includes logic circuitry which uses the control
signals from PGA 124 to generate control signals for drive
buffers 134 and 136 to adjust the intensity of the light
generated by the LEDs. Control & synchronization 132 also
controls the timing of the firing of the LEDs so they are each
illuminated in an appropriate timing interval.

[0046] Bus 140, in this non-limiting example, can be used
to communicate with external devices (such as microcon-
troller 138) using an inter-integrated circuit (12C) interface.
In alternate embodiments, microcontroller 138 may be omit-
ted or may be integrated with the circuit 90. As well known
to those of skill in the art, an 12C interface is a multi-master
serial single-ended computer bus used to connect electronic
devices. Other interfaces are also suitable, as will be appre-
ciated by those of skill in the art. In this non-limiting
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example, microcontroller 138 can access the registers 128 to
derive data from the circuit 90. For example, microcontroller
138 can comprise a sensor hub of a smartphone.

[0047] FIG. 6 is a flow diagram of a process 144, set forth
by way of example and not limitation, for monitoring heart
rate and blood oxygenation. Process 144 idles in an opera-
tion 146 until a finger (such as fingertip F of FIG. 5) is
detected. If it is detected, it is determined if the red LED 98
or IR LED 100 is the light source. If it is the red LED 98,
an operation 150 determines if the red signal strength as
detected by photodiode 110 is high enough. If not, the drive
current to the red LED 98 is increased via drive buffer 136,
in this non-limiting example. Likewise, if the IR LED 100
1s providing the illumination, an operation 154 determines if
the IR signal strength is high enough. If not, an operation
156 increases the IR LED drive, e.g. by increasing the drive
current to IR LED 100 via drive buffer 134.

[0048] When both the red and IR signal strength are high
enough, as determined by the AND operation 158, an
operation 160 captures both red and IR data. This data is
processed, for example, with a Fast Fourier Transfer (FFT)
in an operation 162 and is further processed in an operation
164 to provide, by way of non-limiting examples, window-
ing, averaging and/or noise rejection.

[0049] Next, in an operation 166, it is determined whether
the confidence level in the derived data is above a threshold
level. If not, process control is returned to operation 146. If
the confidence level is sufficient, the oxygen level in the
bloodstream (O, level) is calculated in an operation 168, and
the heart rate (or “fundamental frequency”) is calculated in
an operation 170. Next, in an operation 172, the heart rate
and blood oxygen level is displayed and/or stored in, for
example, registers 128.

[0050] FIG. 7 is a perspective view of an integrated heart
rate and blood oxygen sensor IC 174, set forth by way of
example but not limitation. In this example, the sensor IC
174 is illustrated as having an elongated rectangular body
176 provided with a plurality of pins or leads 178. This
configuration is sometimes referred to as a dual in-line pin
(DIP) package. In this example, there are fourteen electri-
cally conductive (usually metal) leads 178, e.g. seven on
each side of the body 176. The body 176 is typically made
from a non-conducting material such as plastic or ceramic.
[0051] In this example, the body 176 is provided with
three apertures 180, 182 and 184 and an optical isolator 186.
Also in this example, lenses 188, 190 and 192 are disposed
within the apertures 180, 182 and 184, respectively. The
lenses are typically made from a plastic material, although
lenses of other materials such as glass or quartz are also
possible. The optical isolator 186 should be substantially
impermeable to light in the red and IR ranges in this
example.

[0052] With reference to both FIGS. 5 and 7, lenses 188
and 190 of FIG. 7 can, for example, correspond with lenses
102 and 104 of FIG. 5. Lens 192 of FIG. 7 can, by way of
non-limiting example, correspond with lens 118 of FIG. 5.
The optical isolator 186 of FIG. 7 can, also by way of
non-limiting example, correspond with the optical isolation
96 of FIG. 5. The 12C bus of FIG. 5 can correspond, for
example, to several of pins 178 of FIG. 7, and Vcc can also
be associated with a pin 178 of FIG. 7.

[0053] It will therefore be appreciated that the circuitry 90
of FIG. 5 can be incorporated into the body 176 of FIG. 7
with, for example, the light generating section 92 on one side
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of the optical isolator 186 and the light receiving section 94
on the other side of the optical isolator 186. Other configu-
rations, with more or less components and different positions
with respect to the optical isolator are also available, as will
be appreciated by those of skill in the art.
[0054] FIG. 8 is a top plan view of the IC 174 of FIG. 7.
In this example, the LED beneath the lens 188 is a red LED,
and the LED beneath the lens 190 is an IR LED. Beneath the
lens 192 is an optical filter array 194 corresponding, in an
example embodiment, to filters 114 and 116 of FIG. 5. Here,
the optical filter array is formed over the photodetectors as
films of organic materials in a grid-like pattern of alternating
red (R) and IR filters. By filtering out other wavelengths
(e.g. blue or green), the SNR for the detector is improved.
[0055] Although various examples have been described
using specific terms and devices, such description is for
illustrative purposes only. The words used are words of
description rather than of limitation. It is to be understood
that changes and variations may be made by those of
ordinary skill in the art without departing from the spirit or
the scope of any examples described herein. In addition, it
should be understood that aspects of various other examples
may be interchanged either in whole or in part. It is therefore
intended that the claims herein and hereafter presented be
interpreted in accordance with their true spirit and scope and
without limitation or estoppel.
What is claimed is:
1. An electronic device with heart rate monitor compris-
ing:
a body including at least one infrared (IR) transmissive
surface;
a digital processor located within the body;
a display screen supported by the body;
an IR light emitting diode (LED) aligned with the IR
transmissive surface;
LED driving circuitry coupled to the IR LED;
an IR photodetector aligned with the IR transmissive
surface;
a filtering and amplification stage having an input coupled
to the IR photodetector;
an analog-to-digital converter (ADC) having an analog
input coupled to an output of the filtering and ampli-
fication stage and a digital output; and
memory coupled to the digital processor including code
segments executable by the digital processor for:

(a) detecting that a finger has been placed on the IR
transmissive surface using the IR LED and IR pho-
todetector;

(b) capturing raw data from the ADC;

(c) performing a Fast Fourier Transform (FFT) of the
raw data to develop FFT data;

(d) processing the FF'T data for at least one of window,
averaging and noise rejection;

(e) calculating a heart rate; and

(D) at least one of displaying and storing the heart rate.

2. An electronic device with heart rate monitor as recited
in claim 1 wherein the electronic device is a portable digital
device and further comprises a wireless connection to a
network.

3. An electronic device with heart rate monitor as recited
in claim 2 wherein the network is at least one of a cellular
telephone network and the Internet.
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4. An electronic device with heart rate monitor as recited
in claim 3 wherein the electronic device is one of a cellular
telephone and a computer tablet.

5. An integrated circuit device comprising:

an insulating body provided with a number of electrically

conductive leads and having a surface provided with a
red LED aperture, an IR LED aperture and a photode-
tector aperture, the insulating body including an optical
isolator separating the photodetector aperture from the
red LED aperture and the IR LED aperture;

a red LED disposed within the insulating body and

aligned with the red LED aperture;

an IR LED disposed within the insulating body and

aligned with the IR LED aperture; and

a photodetector disposed within the insulating body and

aligned with the photodetector aperture.

6. An integrated circuit device as recited in claim 5 further
comprising circuitry disposed within the insulating body and
coupled to the red LED, the IR LED, the photodetector and
at least some of the electrically conductive leads.

7. An integrated circuit device as recited in claim 6 further
comprising a filter disposed over the photodetector.

8. An integrated circuit device as recited in claim 7
wherein the filter is a compound filter including at least one
red filter segment and at least one IR filter segment.

9. An integrated circuit device as recited in claim 8
wherein the compound filter is formed as a filter array of
alternating red and IR filters.
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10. An integrated circuit device as recited in claim 6
further comprising at least one lens disposed over at least
one of the red LED, the IR LED and the photodetector.

11. A combination heart rate monitor and blood oxygen
monitoring circuit comprising:

ared LED and an IR LED;

a red photodetector and an IR photodetector;

a filtering and amplification stage coupled to the red

photodetector and the IR photodetector;

control circuitry receiving feedback from the filtering and

amplification stage and controlling the currents to the
red LED and the IR LED; and

an analog-to-digital converter (ADC) having an analog

input coupled to an output of the filtering and ampli-
fication stage and having a digital output.

12. A combination heart rate monitor and blood oxygen
monitoring circuit as recited in claim 11 further comprising
registers for storing digital output of the ADC.

13. A combination heart rate and blood oxygen monitor-
ing system as recited in claim 12 further comprising a digital
signal processor (DSP) coupled to the registers for process-
ing data stored therein.

14. A combination heart rate and blood oxygen monitor-
ing system as recited in claim 13 wherein the filtering and
amplification stage includes a series connection of a tran-
simpedance amplifier (TIA) and a programmable gain
amplifier (PGA).
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