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CIRCUITRY TO ALLOW LOW CURRENT
OPERATION OF A DEVICE CAPABLE OF
DETERMINING A BLOOD PROPERTY

BACKGROUND

[0001] Continuous monitoring of vital signs with the ability
to remotely monitor patient status is a growing field and the
ability to incorporate multiple measurement capabilities into
a single small unobtrusive patch that can be worn by a patient
(i.e,, a body worn patch) for multiple days at a time is a
desirable feature. One such measurement is blood oxygen
concentration, often carried out by a pulse oximeter. How-
ever, current pulse oximeter designs are not conducive to
being powered by an ultra-low power source, such as a small
coin cell battery, and thus not suited for incorporation into a
body worn patch.

SUMMARY

[0002] The systems, methods, and devices of the various
aspects provide a device capable of determining a blood prop-
erty based at least in part on the measurement of the amount
of light received by the receiver circuit, such as taking blood
oxygen and/or pulse readings, while being powered by a
power source with a limited current capacity. The various
aspects may enable a device, such as a pulse oximeter or heart
monitor, to be incorporated into a small unobtrusive body
patch, while enabling the device to be powered by a current
source equivalent to that of a small coin cell battery or printed
cell battery. In an example device, a small coin cell battery or
printed cell battery may be used to charge a capacitor. When
the capacitor reaches a predefined voltage, the battery/charg-
ing circuit may be disconnected from the capacitor, and elec-
tricity may be allowed to flow from the capacitor to a light-
emitting diode (LED). Because the LED no longer needs to be
driven by a constant current, this technique may eliminate the
need for a constant current and/or high power source in the
device. In some example systems, methods, and devices the
device may be aheart rate monitor capable of taking heart rate
measurements while being powered by a power source with a
limited current capacity. In some example systems, methods,
and devices the device may be a pulse oximeter monitor
capable of taking blood oxygen measurements while being
powered by a power source with a limited current capacity.

[0003] In an example device, a photodetector may be
closely synchronized with the discharge of the capacitor
through the LED. An output of a photodetector may be con-
nected to an integrating capacitor. Just before the charging
capacitor is connected to the LED to cause the LED to switch
on, the integrating capacitor may be discharged. When the
LED is switched on, a portion of the photons emitted by the
LED may be detected by the photodetector, which may con-
vert these detected photons to a current that is integrated (i.e.,
stored) by the integrating capacitor. As the LED is switched
off, a microprocessor of the device may measure the voltage
stored in the integrating capacitor to determine the output of
the photodetector, which may be converted to an LED signal
amplitude or used to calculate blood oxygen concentration.
Minimizing the time between discharging the integrating
capacitor and turning on the LED and also the time between
turning off the LED and taking a voltage reading of the
integrating capacitor may minimize the amount of ambient
light detected by the circuit and improve overall performance
of the circuit.
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[0004] Inan aspect, current demand may be further limited
by timing when measurements are taken to coincide with
desired points in a patient’s pulse cycle in order to minimize
the amount of time that the circuit is energized to take
samples. To synchronize with the pulse cycle, multiple pre-
liminary samples may be taken with the LED over a short
amount of time, such as one second. These samples may be
frequent enough to span a complete pulse cycle regardless of
the patient’s current heart rate. In another aspect, the samples
may be taken such that a full set of readings is not taken over
one pulse cycle. Taking samples over less than the complete
pulse cycle may increase the time required to obtain an initial
reading, while reducing the current draw on a coin cell battery
or printed cell battery. Using measurements from the prelimi-
nary sample, the microprocessor of the device may calculate
the patient’s heart rate and timing by observing changes in
measurement values. The processor may use the calculated
values to anticipate subsequent pulse maxima and minima
and activate the circuitry to take readings at those points in the
pulse cycle or waveform. A minimal number of readings may
then be taken on each subsequent pulse cycle or waveform.
For example, readings may be limited such that just enough
readings are taken to ensure that readings remain synchro-
nized to the maxima and minima portions of the pulse wave-
form. If the patient’s pulse rate changes, the microprocessor
may adjust the predicting timing of pulse maxima and
minima to follow. If necessary, the processor may resynchro-
nize with the heart rate by taking a full second’s worth of
samples and use those samples to recalculate the timing of
pulse maxima and minima.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] The accompanying drawings, which are incorpo-
rated herein and constitute part of this specification, illustrate
exemplary embodiments of the teachings of the disclosure,
and together with the general description given above and the
detailed description given below, serve to explain the features
of the disclosure.

[0006] FIG. 11s a circuit diagram illustrating first embodi-
ment circuit for device, such as a pulse oximeter or heart rate
monitor, configured to minimize current draw.

[0007] FIG. 2 is a circuit diagram illustrating a second
embodiment circuit for device, such as a pulse oximeter or
heart rate monitor, configured to minimize current draw.
[0008] FIG. 3 is a circuit diagram illustrating a third
embodiment circuit for device, such as a pulse oximeter or
heart rate monitor, configured to minimize current draw.
[0009] FIG. 4 is a sample heart rate graph illustrating a
lock-in procedure and subsequent pulse measurements.
[0010] FIG. 5A is a process flow diagram illustrating an
embodiment method for executing a lock-in procedure.
[0011] FIG. 5B is a process flow diagram illustrating an
embodiment method for determining a heart rate based on an
amount of light received by a heart rate monitor.

[0012] FIG. 6 is a sample heart rate graph illustrating a
sample rate adjustment according to an embodiment.

[0013] FIG. 7is sampleheart rate graph illustrating another
sample rate adjustment according to an embodiment.

[0014] FIG. 8 is a process flow diagram illustrating an
embodiment sample rate adjustment procedure.

[0015] FIG. 9isadiagram illustrating an embodiment elec-
tronic patch including a pulse oximeter or heart rate monitor
placed on a patient.
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DETAILED DESCRIPTION

[0016] Thevarious embodiments will be described in detail
with reference to the accompanying drawings. Wherever pos-
sible, the same reference numbers will be used throughout the
drawings to refer to the same or like parts. References made to
particular examples and implementations are for illustrative
purposes, and are not intended to limit the scope of the inven-
tion or the claims.

[0017] Theword “exemplary” is used herein to mean “serv-
ing as an example, instance, or illustration.” Any implemen-
tationdescribed herein as “exemplary” is not necessarily to be
construed as preferred or advantageous over other implemen-
tations.

[0018] Pulse oximeters monitor oxygen levels in the blood
stream. Pulse oximeters typically operate by shining light of
two different wavelengths through a body part and measuring
the relative differences in the amplitude of the original light
and the received light at the two different wavelengths. For
example, one wavelength may be red and the other infrared.
Blood with lower levels of oxygen may tend to absorb less
infrared light and more red light. Alternatively, blood with
higher levels of oxygen may tend to absorb more infrared
light and less red light. Thus, a properly calibrated pulse
oximeter may determine oxygen levels by emitting light of
red and infrared wavelengths and measuring the relative
amounts of red and infrared light after the light has passed
through a body part, such as a fingertip or earlobe.

[0019] Pulse oximeters require a power source to provide
current to the sources of light (e.g., light-emitting diodes or
LEDs). One solution is to continuously provide power to
LEDs such that they are always on and the pulse oximeter
constantly collects data. One example design is a pulse
oximeter that uses a high precision current sink to control
LEDs that are driven with a voltage-controlled source. These
current pulse oximeter designs generally consume a consid-
erable amount of boost power. However, lower power sources
that may not be capable of providing continuous power suf-
ficient to power the LEDs of a pulse oximeter may be cheaper
and more efficient than high power sources, and may there-
fore be preferable for use in pulse oximeters. Moreover, con-
tinuously providing power to LEDs may not be well suited for
incorporation into a body worn patch because high current
consumption requires larger batteries that are not compatible
with the patch form factor. For instance, typical LED drive
current levels are approximately 10 mA, whereas typical coin
cell batteries are limited to a maximum current draw of
approximately 6 mA.

[0020] The various embodiments include a device, which
may be a pulse oximeter or heart rate monitor, capable of
operating based upon low voltage and/or current power
sources, such as coin cell batteries or printed cell batteries.
Coin cell batteries or printed cell batteries may be low current
power sources that cannot supply high continuous current.
For example in comparison to Lithium ion batteries that may
supply 0.5 current continuous (i.e., 0.5 times the batteries
rated capacity, such that a 70 mA battery may supply 35 mA
for two hours), coin cells may only supply relatively small
currents for a short duration (typically around 6 mA for a few
seconds). The systems, methods, and devices of the various
embodiments provide a heart rate monitor capable of taking
heart rate measurements while being powered by a power
source with a limited current capacity, such as coin cell bat-
teries or printed cell batteries.
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[0021] The systems, methods, and devices of the various
embodiments include device, such as a pulse oximeter
capable of taking blood oxygen readings or a heart rate moni-
tory capable of monitoring heart beats, with the measure-
ments being taken while drawing limited current. The various
embodiments may enable devices (e.g., pulse oximeters) to
be incorporated into small unobtrusive body patches, while
enabling the devices to operate within the voltage and current
constraints equivalent to that of a small coin cell battery or
printed cell battery. In an embodiment pulse oximeter, a small
coin cell battery or printed cell battery may charge a capacitor
(sometimes referred to herein as the “charging capacitor”).
When the charging capacitor reaches a predefined voltage it
may be disconnected from the battery/charging circuitry
(e.g., via a switch), and connected (e.g., via a switch) to the
LED so that the stored charge may flow from the capacitor
through an LED causing it to illuminate briefly. The charging
capacitor may be disconnected from the battery/charging cir-
cuitry before being connected to the LED. To measure the
oxygen concentration, light transmitted through the patient’s
tissues may be measured by using a photodetector to convert
photons into current. In an embodiment, the output of the
photodetector may be accumulated or integrated over the
duration of the LED illumination using a second capacitor
(sometimes referred to herein as the “integrating capacitor”™).
Thus, the illuminating LED is activated periodically using
power stored in the charging capacitor and measurements are
taken simultaneously using a photodetector coupled to an
integrating capacitor. Because the LED no longer needs to be
driven by a constant current, this technique may eliminate the
need for a constant current and/or high power source in the
pulse oximeter. Also, the periodic operation reduces the
amount of power drawn from the battery, extending the opet-
ating life of the circuit when powered by a battery. Addition-
ally, drawing a lower current over longer time increases the
power efficiency of many batteries, further helping to make a
coin cell battery or printed cell battery a viable power source
for the pulse oximeter.

[0022] Inanembodiment pulse oximeter, measurements of
light by the photodetector may also be closely synchronized
with the flash of the LED, and thus with the connection of the
charging capacitor to the LED. For example, the photodetec-
tor may be connected to the integrating capacitor to begin the
integration of its output signal just before the LED fires. The
photodetector may then disconnect from the integrating
capacitor to cease integration just after the LED turns off. A
microprocessor of the pulse oximeter may control the actua-
tion of switches that connect the charging capacitor to the
LED and connect the integrating capacitor to the photodetec-
tor. The microprocessor may measure the output of the pho-
todetector by measuring the voltage of the integrating capaci-
tor. Inan embodiment, the voltage of the integrating capacitor
may be converted to LED signal amplitude. Limiting the time
in which the photodetector measures an input may minimize
ambient light detection, resulting in more accurate measure-
ments.

[0023] In an embodiment, the current drawn by the pulse
oximeter may be further limited by minimizing the measure-
ments that are taken. This may be achieved by synchronizing
measurements to the patient’s pulse cycle (also referred to as
the pulse waveform), and only taking measurements at par-
ticular points of interest, such as at the point of maximum
blood flow (“pulse maxima™) and at the point of minimum
blood flow (“pulse minima”). To achieve such synchroniza-
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tion the processor of the pulse oximeter may perform a syn-
chronization routine in which multiple preliminary samples
are taken over a short period of time, such as one second. The
short period of time, such as one second, may be a length of
time selected to increase the likelihood that at least one full
pulse cycle will occur while the multiple preliminary samples
are being taken. The samples may be taken frequently enough
to provide adequate resolution of the pulse cycles regardless
of the patient’s heart rate. The microprocessor of the pulse
oximeter may use the measurements gathered in the prelimi-
nary samples to calculate the heart rate and detect the timing
of the pulse maxima. Using this information the processor
may anticipate when subsequent maxima and minima will
occur and schedule measurements accordingly. A minimal
number of readings may then be used for each subsequent
pulse(s), such as readings taken just at the pulse maxima and
pulse minima. Readings may be limited so that just enough
readings are taken to ensure that the processor can adjust the
timing of readings so they remain synchronized to the pulse
maxima and minima. If synchronization is lost, the micropro-
cessor may resynchronize with the heart rate, such as by
taking a full second’s worth of samples and recalculate the
anticipated maxima and minima.

[0024] In an embodiment, synchronization may be per-
formed without taking a full set of readings over one pulse
cycle. The microprocessor of the pulse oximeter may initially
subsample the waveform and adjust the timing until it has
locked onto the pulse waveform. In comparison to taking a
full set of readings over one pulse cycle, this type of synchro-
nization may take longer to obtain an initial reading. How-
ever, synchronization without taking a full set of readings
over one pulse cycle may provide the advantage of drawing
less peak power from the low current power source, such as a
coin cell battery or printed cell battery. In an embodiment, a
few readings, such as two or more readings, may be taken
close together to enable the slope of the waveform to be
observed and heart rate to be estimated. The timing of mea-
surements may then be adjusted to lock onto the maxima and
minima of the pulse or heartbeat cycles/waveforms.

[0025] Low voltage power sources alone may not be
capable of continuously providing sufficient current to stan-
dard light sources, such as LEDs. The various embodiments
address this characteristic of low voltage power sources with
a pulse oximeter in which the light source(s) is powered by a
capacitor that is charged by the power source. The capacitor
may be coupled to the light source to emit light (and the pulse
oximeter may gather data) intermittently. By avoiding a con-
stant drain on the low voltage power source, the embodiment
pulse oximeters may operate solely based upon a low voltage
power source, such as a coin cell battery or printed cell bat-
tery.

[0026] FIG. 1 is a circuit diagram illustrating an embodi-
ment circuit 100 for a device (e.g., a pulse oximeter or heart
rate monitor) configured to minimize current draw of the
circuit 100. In an embodiment, the circuit 100 may be inte-
grated into an electronic patch worn by a patient. A low
voltage source 102, such as a coin cell battery or printed cell
battery, may be connected to a charging capacitor 106a by a
voltage control element 104a. The voltage control element
104a may control when the low voltage source 102 charges
the charging capacitor 1064. Persons skilled in the art will
appreciate that the voltage control element 104a may be any
type of controllable component capable of alternately elec-
trically isolating the charging capacitor 106a from the low
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voltage source 102 and electrically connecting the charging
capacitor 106a to the low voltage source 102. For instance,
the voltage control element 104¢ may be a switch, a voltage
regulator, a field effect transistor (FET), a switch mode power
supply (SMPS), etc. Preferably, the voltage control element
1044 may be capable of electrically isolating the charging
capacitor 106a such that when the LED 110 is turned on no
further charge leaks onto the charging capacitor 106a from
the low voltage source 102.

[0027] Thecharging capacitor 106a may also be connected
to aLED 110 by a voltage control element 1044. The voltage
control element 1045 may be any type of controllable com-
ponent capable of alternately electrically isolating the charg-
ing capacitor 106a from the LED 110 and electrically con-
necting the charging capacitor 106a to the LED 110, such as
a transistor, field effect transistor (FET), switch, etc.

[0028] Inan embodiment, the low voltage source 102 may
supply a constant voltage. For a sufficiently constant voltage
supply, there may be no need for a voltage regulator on the
capacitor. However, the voltage supplied by some voltage
sources, such as batteries, may diminish over time. To com-
pensate for a changing voltage output by the low voltage
source 102, it may be desirable to measure the voltage on the
charging capacitor 106a or utilize a regulator (e.g., a low
dropout regulator or a boost regulator) to charge the capacitor
to a constant voltage independent of the changing voltage
output of the voltage source 102. The voltage control element
1042 may be controlled via a microprocessor to vary the
amount of charge on the charging capacitor 106a. The gen-
eral-purpose input/output 108a (GPIO) may mediate com-
munication between a microprocessor and the voltage control
element 104a. For example, the inputs on the GPIO 1084 may
control the voltage control element 104a to open to isolate the
charging capacitor 1064 from the low voltage source 102 and
to close to provide charge from the low voltage source 102 to
the charging capacitor 106a.

[0029] A low voltage source 102 in direct and constant
connection with an LED may not by itself supply the voltage
required to power the LED. Therefore, rather than maintain-
ing a constant connection between the low voltage source 102
and the LED 110, the voltage control element 104a may
remain closed until the low voltage source 102 has charged
the charging capacitor 1064 to a predefined amount of volt-
age. When the charging capacitor 1064 has been charged to
the predefined amount, the voltage control element 104a may
open while voltage control element 1045 closes which may
electrically isolate the low voltage source 102 from the charg-
ing capacitor 106a while electrically connecting the charging
capacitor 106a to the LED 110. The isolation of the low
voltage source 102 from the charging capacitor 1064 may
ensure there is no additional load on the low voltage power
source 102 when the measurement circuit 107 is measuring
light, thereby removing a source of noise. The voltage control
element 1045 may be controlled via a microprocessor to
synchronize the opening of the voltage control element 104a
with the closing of voltage control element 1045, and vice
versa. The GPIO 1085 may mediate communication between
the microprocessor and the voltage control element 1044.
Further, although the voltage control element 1044 is located
before the LED 110, it may alternatively be located after the
LED 110.

[0030] A resistor may be connected in series with the LED
110 to control the current through the LED 110. Sufficient



US 2016/0143566 A1l

charge may thus flow from the charging capacitor 106a to the
LED 110 to turn the LED on for a short time (i.e., cause the
LED to emit light 112).

[0031] When the stored charge passes through the LED
110, the LED emits light 112. In an embodiment, the voltage
control element 1045 may be controlled by the microproces-
sor to provide charge from the charging capacitor 106a to the
LED 110 for a period of time to cause the LED 110 to emit
light 112 for a controlled duration of time, and after the period
of time the voltage control element 1045 may be controlled by
the microprocessor to isolate the LED 110 from the charging
capacitor 106, thereby causing the LED 110 to cease emit-
ting light. In this manner, light bursts may be generated from
the LED 110 and the current draw of the circuit 100 may be
minimized by only turning the LED 110 on for the period of
time required to complete one measurement.

[0032] The light 112 emitted by the LED 110 propagates
through a body part, such as an earlobe or a fingertip, and is
measured by a receiver circuit 107 that includes a photode-
tector 114, such as a phototransistor or light sensor, that is
coupled to an integrating capacitor 1065, and an analog-to-
digital (A/D) converter 116. The photodetector 114 may be
powered by a power supply 108c, such as the low power
source 102, a regulated power supply, GPIO, or any other type
power supply. The photodetector 114 converts the light 112
into a current and the integrating capacitor 1065 stores this
energy in the form of an electric field characterized by the
voltage across the capacitor. The processor may measure the
energy stored in the integrating capacitor 1065 by connecting
it to an analog to digital (A/D) converter 116 that converts the
charge in the capacitor to a digital signal. The processor may
use this digital signal to determine the amount of light that
passed through the patient’s tissues, and from that informa-
tion, calculate a heart rate and/or blood oxygen reading. The
processor may analyze the digital signal independently or in
conjunction with other data points. Thus, the digital output of
the A/D converter 116 may be the output of the receiver circuit
107 that may be analyzed by the processor as measurements
of blood properties, such as measurements of the heart rate
and/or blood oxygen level.

[0033] The processor, such as using the A/D converter 116,
may be configured to discharge the integrating capacitor 1065
Jjust before a measurement is made in order to reduce a source
of error in the measurements. This discharge of the integrat-
ing capacitor 1065 may be synchronized with charging of the
charging capacitor 1064 and output of the light pulse of the
LED 110 to improve the accuracy of measurements while
reducing power requirements of the circuit 100.

[0034] FIG. 2 is a circuit diagram illustrating a second
embodiment circuit 200 for a device (e.g., pulse oximeter or
heart rate monitor) configured to minimize current draw. Inan
embodiment, the circuit 200 may be integrated into an elec-
tronic patch worn by a patient. A low voltage source 202
powers the charging capacitor 206a when the switch 2044 is
closed. The switch may be located anywhere on the loop
containing the low voltage source 202 and switch 204q, pro-
vided it can electrically separate the low voltage source 202
and switch 204q. The microprocessor 218 may control when
the switch 204a opens or closes. For example, the micropro-
cessor 218 may close switch 2044 to allow charging capacitor
206a to collect charge. The charge on the charging capacitor
206a may correspond via a known relationship to the voltage
across the charging capacitor 206¢. The voltage across the
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charging capacitor 206a may be monitored by the voltmeter
220. The voltmeter 220 may report the measured voltage to
microprocessor 218.

[0035] When the voltage across charging capacitor 206a
reaches a predetermined threshold, the microprocessor 218
may open switch 204a at an appropriate time and close
switches 2045, 204¢ to allow charge to flow from charging
capacitor 2064 to red LED 210q and infrared LED 2105. The
opening of switch 204¢ may disconnect the low charging
capacitor 206a from the low voltage power source 202 to
isolate the low voltage power source 202 from the charging
capacitor 206a. In this manner, opening switch 204a may
ensure there is no additional load on the low voltage power
source 202 when a measurement of light is taking place,
thereby removing a source of noise in the measurements. The
switches 2045 and 204¢ may be closed consecutively to mea-
sure different wavelength absorption rates in quick succes-
sion. Switches 2045, 204¢ may remain open while the capaci-
tor is charging to prevent unnecessary drain on the low
voltage source 202. Resistors 2224, 2225 may be connected
in series with a red LED 210q and an infrared LED 21056 to
control the current passing through each LED 210a, 2105.
The resistors 222a, 222b may have the same or different
resistances than each other. The resistors 222a, 2225 may
provide greater control on the allocation of current from the
charging capacitor 206a, thus helping to eliminate the need
for higher-current power supplies. In an embodiment, the
switches 204b, 204¢ may be closed by the microprocessor
218 to provide charge from the charging capacitor 206a to the
red LED 210a and infrared LED 2105 for a period of time to
cause the LEDs 210a and 2105 to emit red light 212a and
infrared light 212, respectively. After the period of time, the
switches 2045, 204¢ may be opened by the microprocessor
218 to isolate the LEDs 210a and 2105 from the charging
capacitor 2064 to stop providing charge from the charging
capacitor 206a to the LEDs 210a and 2105 and stop the LEDs
210¢ and 2105 from emitting red light 212a and infrared light
2125, respectively. In this manner, light bursts may be gener-
ated from the red LED 210q and the infrared LED 2105, and
the current draw of the circuit 200 may be minimized by only
turning the red LED 210q and infrared LED 2105 on for the
period oftime. Additionally, only one LED 210¢ or 2105 may
be turned on at a time by closing either one of switch 2045 or
204c, respectively, at a time. The charging capacitor 206a
may need to be recharged to a known voltage before another
LED 210a or 2105 may be turned on.

[0036] When sufficient current passes through the red LED
210¢ and the infrared LED 2105, they emit red light 212a and
infrared light 2125, respectively. The light 212a, 2125 propa-
gates through a body part 244, such as a fingertip or earlobe.
The amount of light absorbed by the body part 244 may be a
function of the amount of oxygen in the blood and the amount
of blood in the body part 244 at the time of sampling. Spe-
cifically, a body part 244 with a relatively large amount of
oxygen may tend to absorb more infrared light 2125 and less
red light 212a. A body part 244 with a relatively small amount
of oxygen may tend to absorb less infrared light 2125 and
more red light 212a. After passing through the body part 244,
the red light 2124 and infrared light 2125 may be absorbed by
a photodetector 214, such as a phototransistor or a light sen-
sor, of a receiver circuit 207 comprised of the photodetector
214, a switch 2044, a integrating capacitor 2065, and an A/D
converter 216. Analysis of the absolute amplitude of the
detected light signal as well as the relative amplitudes of the
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detected red light 2124 and detected infrared light 2125 may
reveal various properties of the blood (i.e., blood properties),
such as the pulse profile (e.g., heart rate) and the amount of
oxygen in the blood.

[0037] The photodetector 214 may be powered by voltage
source 224a. Microprocessor 218 may control switch 2044.
When the switch 2044 is open, current may not flow from the
photodetector 214 and data may not be collected. When the
switch 204d is closed, the photodetector 214 may transfer a
charge onto the integrating capacitor 2065. The microproces-
sor may synchronize the opening and closing of switch 2044
with switches 204a, 2045, 204¢ such that switch 2044 is only
closed when the photodetector 214 intercepts the light 212a,
212b. Power demand may be further reduced by leaving the
switch 204d open when the photodetector is not receiving
useful data. When the switch 2044 is closed, current may flow
from the photodetector 214 to the integrating capacitor 2065
and be stored in the integrating capacitor 2065 at the input to
the A/D converter 216. The A/D converter 216 may measure
the voltage at the integrating capacitor 2065 and transfer the
data to the microprocessor 218.

[0038] In an embodiment, the on periods of the red LED
210¢ and infrared LED 2105 may be synchronized with the
opening and closing of switch 2044 by microprocessor 218.
The microprocessor 218 may close the switch 204d to allow
the photodetector 214 to start integrating its received signal
just before the red LED 210a and infrared LED 2105 are
turned on by discharging the integrating capacitor 2065, and
may control the A/D converter 216 to take a voltage measure-
ment as soon as thered LED 2104 and infrared LED 2105 are
off.

[0039] In an embodiment, the photodetector 214 may be a
single device and may include two separate detectors tuned
separately for each wavelength of light in use. In another
embodiment, the photodetector 214 may be a single device
with a broadband response that covers both red and IR por-
tions of the spectrum. The digital output of the A/D converter
216 may be the output of the receiver circuit 207 that may be
analyzed by the microprocessor 218 as measurements of the
blood oxygen level.

[0040] FIG. 3 is a circuit diagram 300 illustrating a third
embodiment circuit 300 for a device (e.g., pulse oximeter or
heart rate monitor) configured to minimize current draw. In an
embodiment, the circuit 300 may be integrated into an elec-
tronic patch worn by a patient. Switch 3044 may control when
current flows to LED 310qa that emits red light 3124, and
switch 3045 may control when current flows to LED 3105
that emits infrared light 3125. To minimize current draw,
instead of remaining closed, the switches 304a, 3045 may
open and close at strategic times. Switches 304a, 3045 may be
controlled by the same or different microprocessors.
Although LEDs 310a, 3105 are connected in parallel in cir-
cuitdiagram 300, in general they may also be powered by the
same or different voltage sources. In an embodiment, the
switches 304a, 3045 may be closed by the microprocessor to
provide charge to the LEDs 310q, 3105 fora period of time to
cause the LEDs 310a, 3105 to emit light 3124 and 3125,
respectively. After the period of time, the switches 304q, and
304H may be opened by the microprocessor to isolate the
LEDs 310¢, 3105 to stop providing charge to the LEDs 3104,
3105 and stop the LEDs 3104, 3105 from emitting light,
respectively. In this manner, light bursts may be generated
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from the LEDs 310a, 3105 and the current draw of the circuit
300 may be minimized by only turning the LEDs 310qa, 3105
on for the period of time.

[0041] Resistor 322¢ may control the amount of current
that flows to LED 310a. Resistor 322a may thus control the
amplitude of red light 312a emitted from LED 310a. Resistor
322) may control the amount of current that flows to LED
3104. Resistor 3226 may thus control the amplitude of infra-
red light 3125 emitted from LED 3105. The resistors 3224,
322 may have the same or different resistances, and may
have fixed or variable resistance. Additionally, although
LEDs 310a, 3104 emit red and infrared light 310a, 3105,
respectively, in general circuit diagram 300 may include
LEDs that emit light in any portion of the electromagnetic
spectrum.

[0042] Circuit 300 may include a receiver circuit 307 that
includes a phototransistor 314 and a integrating capacitor
306. The phototransistor 314 may detect red light 312a and
infrared light 3125 and convert the red light 312¢ and infrared
light 3124 to electrical energy. The electrical energy genet-
ated by the phototransistor 314 may be stored in an integrat-
ing capacitor 306. A resulting charge may collect on integrat-
ing capacitor 306, creating a voltage over the integrating
capacitor 306. The analog voltage signal may be measured,
converted to a digital signal, and analyzed. Persons skilled in
the art will appreciate that the phototransistor 314 may be
substituted for any device capable of converting photons to a
current. Further, to minimize current draw, rather than
remaining on continuously, the phototransistor 314 may only
turn on when the LEDs 310a, 3106 emit light 312a, 312b.
[0043] While the circuits 200 and 300 illustrated in FIGS. 2
and 3, respectively, each include two LEDs 2104, 2105 and
310qa, 3105, respectively, in embodiments in which the cir-
cuits 200 and 300 are used only to measure heart rate infor-
mation (i.e., operated as a heart rate monitor), only one ofthe
two LEDs may be needed. The second LED may be removed
from the circuit, or may merely remain off, when heart rate
information is the only blood property to be measured.
[0044] FIG. 4 is a sample heart rate graph 400 illustrating
an embodiment lock-in procedure and subsequent pulse mea-
surements. Waveform 402 has a pulse period of P such that
each pulse maximum 406 occurs once every P units of time.
As 1s typical, the pulse minima 404 occur p=P/3 units of time
after the pulse maxima 406.

[0045] At various times, such as when it begins monitoring
oxygen levels, the pulse oximeter may need to lock on to
waveform 402. As used herein, to be locked on to waveform
402 means to be able to predict the curve of a subsequent
portion of the waveform 402 to within some error. Rather than
continuously sampling waveform 402, the pulse oximeter
may instead sample the waveform 402 periodically to mini-
mize current draw. The ticks 410 represent when the pulse
oximeter samples data (ex., when charging integrating
capacitor 2065 (F1G. 2) discharges, causing LEDs 2104, 2105
(FIG. 2) to emit light 212a, 2125 (FIG. 2)) before it is locked
on to waveform 402. Sampling occurs only during an indi-
vidual tick 410. Persons skilled in the art will appreciate that
although ticks 410 occur in groups of three in FIG. 4, the ticks
may also sample in groups of any number, such as two. The
number of ticks 410 in a group may also vary, such as alter-
nating between two and three ticks per group.

[0046] A point on the waveform 402 may be measured and
analyzed at each tick 410. In an embodiment, the slope 408
between the ticks 410 in each group may be calculated. The
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pulse maxima 406 and pulse minima 404 are located where
the slope is zero on the waveform 402. Thus, as more data is
collected and analyzed, the pulse maxima 406 and pulse
minima 404 become more predictable. As various points on
the waveform are sampled, the time between the samples
(frequency) and the offset of the samples may be varied until
the pulse oximeter has locked onto the pulse maxima 406 and
pulse minima 404. Both the slope 408 of the waveform 402
and the difference between the minimum and maximum read-
ings may be used to locate the pulse maxima 406 and pulse
minima 404. Any algorithm may be used to locate the pulse
maxima 406 and pulse minima 404, such as the MM algo-
rithm. That the pulse minima 404 usually occur one-third of a
period after the pulse maxima 406 may also be used in locat-
ing the maxima 406 and minima 404.

[0047] One potential issue when locking on to waveform
402 may be the possibility of locking onto a false waveform
that is actually a fraction of the period of the true waveform.
For example, assume the period of a waveform is 120 beats/
minute. If the sampling begins at 50 samples per minute, the
sampling rate will increase as it searches for the waveform
period. However, the samples may lock on to a “false” period
of 60 beats/minute, thereby only collecting data for alternat-
ing pulse extremes. To avoid this potential issue, the sampling
may begin at a high rate, such as 180 samples per minute, and
decrease as it locks on to the true period of the waveform, such
as period P of waveform 402.

[0048] After the pulse oximeter has locked onto the pulse
maxima 406 and pulse minima 404, the frequency of the
samples may decrease even further, as illustrated by ticks 414.
Data may continue to be sampled and analyzed to ensure the
pulse oximeter remains locked on, for example by measuring
the slopes 412 of the waveform 402 between the samples. For
example, for groups of three or more, the slope may be ana-
lyzed to ensure that the zero of the slope falls within the group
of samples. For groups of two, the slope may be analyzed to
ensure that it is close to zero. As shown in FIG. 4, a group of
three samples may encompass pulse maxima 406 and a group
of two samples may encompass pulse minima 404. However,
groups consisting of any number of samples may be used. For
example, groups of two may encompass the pulse maxima
406 and groups of three may encompass pulse minima 404, or
the number of samples in groups may vary, such as between
two, three, four, etc. By limiting the number and frequency of
samples, current consumption may be minimized. To further
minimize current draw, samples may not be taken for every
maxima and minima. For example, if the pulse oximeter is not
monitoring an irregular heartbeat, the pulse oximeter may
only sample one out of every three or five (or other fraction)
periods.

[0049] FIG. 5A is a process flow diagram illustrating an
embodiment method 5004 to lock on to the waveform. In an
embodiment, the operations of the method 5004 may be per-
formed by a processor of a device (e.g., pulse oximeter), such
as the microprocessor 218 described above. In block 502 the
processor of the pulse oximeter may control the pulse oxime-
ter circuitry, such as circuit elements 104a, 1045, 116 (FIG.
1), 2044, 2045, 204¢, 2044, 216 (F1G. 2), 304a, 3045 (F1G. 3)
described above, to take groups of measurements at an initial
sampling rate. This initial sampling rate may be relatively
high, such as 180 samples per minute or that fora 90 Hz pulse
rate. In an embodiment, the sampling rate may be selected
such that a full set of readings is not taken over one pulse
cycle, thereby drawing less power from a coin cell battery or
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printed cell battery compared to taking a full set of readings
over one pulse cycle. In block 504, the processor of the pulse
oximeter may locate pulse maxima by analyzing the deriva-
tives of the sampled pulse curve within each group of mea-
surements. In block 506 the processor of the pulse oximeter
may determine the pulse rate (e.g., heart rate) and timing
based on the located pulse maxima. In block 508 the proces-
sor of the pulse oximeter may calculate the time at which
pulse minima occur by adding one-third of the pulse period to
each pulse maximum. In block 510 the pulse oximeter pro-
cessor may control the pulse oximeter circuitry, such as cir-
cuit elements 104a, 1045, 116 (FIG. 1), 204a, 2045, 204c,
204d, 216 (FIG. 2), 304a, 3045 (FIG. 3) described above, to
take a group of measurements during each pulse maximum
and pulse minimum. The frequency of these groups of mea-
surements may be less frequent than the initial sampling rate
to avoid excessive current draw.

[0050] FIG. 5B is a process flow diagram illustrating an
embodiment method 500B to determine a heart rate based on
the amount of light received by a heart rate monitor. In an
embodiment, the operations of the method 5005 may be per-
formed by a processor of a device (e.g., heart rate monitor or
apulse oximeter operating in aheart rate monitor mode), such
as the microprocessor 218 described above. In block 502, the
processor of the heart rate monitor may control the heart rate
monitor circuitry, such as circuit elements 104a, 10454, 116
(FIG. 1), 204a, 2045, 204¢, 2044, 216 (FIG. 2), 304a, 3045
(FIG. 3) described above, to take groups of measurements at
an initial sampling rate. This initial sampling rate may be
relatively high, such as 180 samples per minute for a 90 Hz
pulse rate. In an embodiment, the sampling rate may be
selected such that a full set of readings 1s not taken over one
pulse cycle, thereby drawing less power from a coin cell
battery or printed cell battery compared to taking a full set of
readings over one pulse cycle. In an embodiment, because
only the heart rate may be of interest to a heart rate monitor,
or a pulse oximeter operating in a heart rate monitor mode,
only one LED of the heart rate monitor circuitry may be
turned on to take the groups of measurements. In block 504,
the processor of the heart rate monitor may locate pulse
maxima by analyzing the derivatives of the sampled pulse
curve within each group of measurements. In block 506 the
processor of the heart rate monitor may determine the pulse
rate (e.g., heart rate) and timing based on the located pulse
maxima.

[0051] FIG. 6is a sample heart rate graph 600 illustrating a
sample rate adjustment according to an embodiment. Four
periods of waveform 602 are shown. After the two leftmost
periods, the frequency of pulse maxima 606 and pulse
minima 604 increases, corresponding to an increasing heart
rate. In this graph 600, the pulse oximeter may already be
locked on to the waveform 602 and may be taking periodic
samples, the timing of which is illustrated by ticks 610.
Because the pulse oximeter may already be locked on, a
group of samples encompasses the pulse maxima 606 in the
two leftmost periods and the pulse minima 604 in the two
leftmost periods. To ensure that the pulse oximeter remains
locked on to the waveform 602, the slopes 608 of the wave-
form 602 between the samples are analyzed.

[0052] Notwithstanding the increase in heart rate after the
two leftmost periods, the pulse oximeter may sample when
the subsequent pulse maximum is predicted to occur based
upon its previous measurements. After analyzing the data and
noting that the slope 608 is negative, the sampling may return
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to a pre-lock on mode, and perform operations as described
above with reference to FIG. 4. This may include a change in
group sample size, a change in sample frequency, a change in
group sample frequency, and changes in any other suitable
factors regarding sampling.

[0053] FIG. 6illustrates three samples contained within the
group that does not encompass a pulse maximum 606,
although the group could generally include any number of
samples. The horizontal dashed arrows below the ticks 610
illustrate that the group sample frequency may change when
the slope is measured to be negative after the pulse oximeter
is already locked on. F1G. 6 shows group frequency increase;
however, group frequency may alternatively decrease after
detecting a change in heart rate.

[0054] FIG. 6 illustrates the pulse oximeter quickly locking
back on to the waveform 602 after just one group measure-
ment. In general, it may take more than one group measure-
ment to lock back on to a heart rate after it has increased.
Many group measurements may be required, similar to the
samples illustrated by ticks 410 in FIG. 4. Using sporadic
sampling rather than continuous sampling to lock back on to
the waveform 602 decreases power consumption, thereby
enabling use of a low voltage battery or the equivalent.

[0055] FIG. 7 is sample heart rate graph 700 illustrating
another sample rate adjustment according to an embodiment.
In this graph 700, the frequency of pulse maxima 706 and
pulse minima 704 decreases, corresponding to an decreasing
heart rate. In this graph 700, as in graph 600 illustrated in FIG.
6, the pulse oximeter may already be locked on to the wave-
form 702 and may be taking periodic samples, the timing of
which is illustrated by ticks 710. Because it is already locked
on, a group of samples encompasses the pulse maxima 706 in
the two leftmost periods and the pulse minima 704 in the two
leftmost periods. To ensure that the pulse oximeter remains
locked on to the waveform 702, the slopes 708 of the wave-
form 702 between the samples are analyzed.

[0056] Notwithstanding the decrease in heart rate after the
two leftmost periods, the pulse oximeter may sample when
the subsequent pulse maximum is predicted to occur based
upon its previous measurements. After analyzing the data and
noting that the slope 708 is positive, the sampling may return
to pre-lock on mode, as described above with reference to
FIG. 4. This may include a change in group sample size, a
change in sample frequency, a change in group sample fre-
quency, and changes in any other suitable factors regarding
sampling.

[0057] FIG. 7illustrates three samples contained within the
group that does not contain a pulse maximum 706, although
the group could generally include any number of samples.
The pulse oximeter may or may not sample for the pulse
minimum 704 after measuring a positive slope where the
pulse maximum 706 is predicted to be. This is illustrated by
the two dashed vertical ticks 710. The subsequent group
measurements, including a subsequent sample for the pulse
minimum 706, may be any number of measurements, regard-
less of previous group measurements. For example, the sub-
sequent sample for a pulse minimum 706 could be three or
more measurements. The horizontal dashed arrows below the
ticks 710 illustrate that the group sample frequency may
change when the slope is measured to be positive after the
pulse oximeter is already locked on. FIG. 7 shows group
frequency decrease; however, group frequency may alterna-
tively increase after detecting a change in heart rate.
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[0058] FIG. 7illustrates the pulse oximeter quickly locking
back on to the waveform 702 after just one group measure-
ment. In general, it may take more than one group measure-
ment to lock back on to a heart rate after it has increased.
Many group measurements may be required, similar to the
samples illustrated by ticks 410 in FIG. 4. Using sporadic
sampling rather than continuous sampling to lock back on to
the waveform 702 decreases power consumption, thereby
enabling use of a low voltage battery or the equivalent.
[0059] FIG. 8 is a process flow diagram illustrating an
embodiment method 800 for sample timing adjustment. In an
embodiment, the operations of method 800 may be performed
by a processor of a device (e.g., a pulse oximeter), such as
microprocessor 218 described above. The operations of
method 800 may be performed in conjunction with the opera-
tions of method 500 described above, for example when the
processor of the pulse oximeter locks on to the pulse maxima
and minima but the heart rate changes and the processor ofthe
pulse oximeter has to re-locate the pulse maxima and minima.
As described above, in block 510 the pulse oximeter proces-
sor may control the pulse oximeter circuitry, such as circuit
elements 104a, 1045, 116 (FIG. 1), 204a, 2045, 204c¢, 2044,
216 (FIG. 2), 3044, 3045 (FIG. 3) described above, to take a
group of measurements during each pulse maximum and
pulse minimum. In block 802 the processor of the pulse
oximeter may calculate the derivative estimate between each
measurement in the groups at the pulse maxima. In block 804
the processor may determine whether the derivative of the
sampled pulse curve is positive before the middle individual
measurement and negative after. In response to determining
the sampled pulse curve is positive before the middle indi-
vidual measurements and negative after (i.e., determination
block 804="Yes”), then no adjustment may be necessary and
in block 510 the processor may continue to take subsequent
groups of measurements during each pulse maximum and
minimum.

[0060] Inresponse to determining that the derivative of the
sampled pulse curve is not positive before the middle indi-
vidual measurement and negative after (i.e., determination
block 804="No™), in determination block 806 the processor
of the pulse oximeter may analyze whether the derivative of
the sampled pulse curve is negative both before and after the
middle individual measurement 806. In response to determin-
ing the derivative of the sampled pulse curve is negative both
before and after the middle individual measurement (i.e.,
determination block 806="Yes”), in block 808 the processor
of the pulse oximeter may shorten the time delay between the
most recent group measurement and the subsequent group
measurement. In block 510 the pulse oximeter may again take
groups of measurements during each pulse maximum and
minimum.

[0061] Inresponse to determining that the derivative of the
sampled pulse curve is positive both before and after the
middle individual measurement (i.e., determination block
806="“No"), in block 810 the processor of the pulse oximeter
may lengthen the time delay between the most recent group
measurement and subsequent group measurement. In block
510 the pulse oximeter may again take groups of measure-
ments during each pulse maximum and minimum.

[0062] FIG. 9 illustrates an embodiment electronic patch
906 including a pulse oximeter or heart rate monitor placed on
a patient 902, such as on a skin surface of a finger of a patient
902. In various embodiments, an electronic patch 906 may be
flexible and resilient so that placement and removal of the
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electronic patch 906 from the patient 902 does not damage the
electronic patch 906. The electronic patch 902 may include a
pulse oximeter or heart rate monitor circuit comprised of a
transmitting circuit 904 comprised of at least one LED, a
capacitor, and a low voltage power source, such as a coin cell
battery or printed cell battery, a receiver circuit 907 config-
ured to measure light emitted by the at least one LED, and a
processor 908 connected to the transmitting circuit 904 and
receiver circuit 907. As specific examples, the pulse oximeter
or heart rate monitor circuit may be the circuit 100, 200, or
300 described above. An adhesive layer may affix the elec-
tronic patch 906 to the patient 902.

[0063] Further, those of skill in the art will appreciate that
the foregoing method descriptions and the process flow dia-
grams are provided merely as illustrative examples and are
not intended to require or imply that the steps of the various
embodiments must be performed in the order presented. As
will be appreciated by one of skill in the art the order of steps
in the foregoing embodiments may be performed in any order.
Words such as “thereafter,” “then,” “next,” etc. are not
intended to limit the order ofthe steps; these words are simply
used to guide the reader through the description of the meth-
ods. Further, any reference to claim elements in the singular,
for example, using the articles “a,” “an” or “the” is not to be
construed as limiting the element to the singular.

[0064] The various illustrative logical blocks, modules, cir-
cuits, and algorithm steps described in connection with the
embodiments disclosed herein may be implemented as elec-
tronic hardware, computer software, or combinations of both.
To clearly illustrate this interchangeability of hardware and
software, various illustrative components, blocks, modules,
circuits, and steps have been described above generally in
terms of their functionality. Whether such functionality is
implemented as hardware or software depends upon the par-
ticular application and design constraints imposed on the
overall system. Skilled artisans may implement the described
functionality in varying ways for each particular application,
but such implementation decisions should not be interpreted
as causing a departure from the scope embodiments.

[0065] The hardware used to implement the various illus-
trative logics, logical blocks, modules, and circuits described
in connection with the embodiments disclosed herein may be
implemented or performed with a general purpose processor,
a digital signal processor (DSP), an application specific inte-
grated circuit (ASIC), a field programmable gate array
(FPGA) or other programmable logic device, discrete gate or
transistor logic, discrete hardware components, or any com-
bination thereof designed to perform the functions described
herein. A general-purpose processor may be a microproces-
sor, but, in the alternative, the processor may be any conven-
tional processor, controller, microcontroller, or state machine
A processor may also be implemented as a combination of
computing devices, e.g., acombination of a DSP and a micro-
processotr, a plurality of microprocessors, one or more micro-
processors in conjunction with a DSP core, or any other such
configuration. Alternatively, some steps or methods may be
performed by circuitry that is specific to a given function.
[0066] The functions in the various embodiments may be
implemented in hardware, software, firmware, or any combi-
nation thereof. If implemented in software, the functions may
be stored as one or more processor executable instructions or
code on a non-transitory computer readable medium or non-
transitory processor readable medium. The steps of a method
or algorithm disclosed herein may be embodied in a proces-
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sor-executable software module that may reside on a non-
transitory computer-readable or processor-readable storage
medium. Non-transitory computer-readable or processor-
readable storage media may be any storage media that may be
accessed by acomputer or a processor. By way of example but
not limitation, such non-transitory computer-readable or pro-
cessor-readable media may include RAM, ROM, EEPROM,
FLASH memory, CD-ROM or other optical disk storage,
magnetic disk storage or other magnetic storage devices, or
any other medium that may be used to store desired program
code in the form of instructions or data structures and that
may be accessed by a computer. Disk and disc, as used herein,
includes compact disc (CD), laser disc, optical disc, digital
versatile disc (DVD), floppy disk, and blu-ray disc where
disks usually reproduce data magnetically, while discs repro-
duce data optically with lasers. Combinations of the above are
also included within the scope of non-transitory computet-
readable and processor-readable media. Additionally, the
operations of a method or algorithm may reside as one or any
combination or set of codes and/or instructions on a non-
transitory processor-readable medium and/or computer-read-
able medium, which may be incorporated into a computer
program product.

[0067] The preceding description of the disclosed embodi-
ments is provided to enable any person skilled in the art to
make or use the present invention. Various modifications to
these embodiments will be readily apparent to those skilled in
the art, and the generic principles defined herein may be
applied to other embodiments without departing from the
spirit or scope of the invention. Thus, the present invention is
not intended to be limited to the embodiments shown herein
but is to be accorded the widest scope consistent with the
following claims and the principles and novel features dis-
closed herein.

What is claimed is:

1. A device, comprising:

a capacitor configured to be charged by a low voltage

power source;

at least one light-emitting diode (LED) connected to the

capacitor by a switch;

areceiver circuit configured to measure light emitted by the

at least one LED after the light passes through tissue of

a patient; and

a processor connected to the switch and receiver circuit,

wherein the processor is configured with processor

executable instructions to perform operations compris-

ing:

controlling the switch to provide charge from the capaci-
tor to the at least one LED to cause the at least one
LED to emit light;

controlling the switch to isolate the capacitor from the at
least one LED to cause the at least one LED to stop
emitting light after a period of time;

measuring an amount of light received by the receiver
circuit after the period of time; and

determining a blood property based at least in part on a
measurement of the amount of light received by the
receiver circuit.

2. The device of claim 1, wherein the processor is config-
ured with processor-executable instructions to perform
operations such that determining a blood property based at
least in part on the measurement of the amount of light
received by the receiver circuit comprises determining a heart
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rate based at least in part on the measurement of the amount
of light received by the receiver circuit.
3. The device of claim 1, wherein the processor is config-
ured with processor-executable instructions to perform
operations such that determining a blood property based at
least in part on the measurement of the amount of light
received by the receiver circuit comprises determining a
blood oxygen level based at least in part on the measurement
of the amount of light received by the receiver circuit.
4. The device of claim 3, wherein the processor is config-
ured with processor-executable instructions to perform
operations further comprising:
determining when the capacitor is charged by the low volt-
age power source to a predetermined voltage; and

controlling the switch to provide charge from the capacitor
to the at least one LED to cause the at least one LED to
emit light in response to determining the capacitor is
charged by the low voltage power source to a predetet-
mined voltage.

5. The device of claim 3, wherein the processor is config-
ured with processor-executable instructions to perform
operations further comprising:

determining when it is time to perform a measurement; and

controlling the switch to provide charge from the capacitor

to the at least one LED to cause the at least one LED to
emit light in response to determining that it is time to
perform a measurement.

6. The device of claim 5, wherein the processor is config-
ured with processor executable instructions to perform opera-
tions such that:

determining a blood oxygen level based at least in part on

the measured amount of light received by the receiver
circuit comprises determining a blood oxygen level and
pulse waveform measurement based at least in part on
the measured amount of light received by the receiver
circuit; and

determining when it is time to perform a measurement

comprises anticipating at least one of a pulse maxima
and a pulse minima of the patient.
7. The device of claim 6, wherein the processor is config-
ured with processor executable instructions to perform opera-
tions such that anticipating at least one of a pulse maxima and
a pulse minima of the patient comprises:
repeatedly controlling the switch to provide charge from
the capacitor to the at least one LED to cause the at least
one LED to emit light, controlling the switch to isolate
the capacitor from the at least one LED to cause the at
least one LED to stop emitting light after the period of
time, and measuring the amount of light received by the
receiver circuit after the period of time to take a group of
pulse measurements at an initial sampling rate;

determining a local maxima ofa sampled pulse curve of the
group of pulse measurements based upon a derivative
estimate of the sampled pulse curve;

determining a pulse rate and timing based on the deter-

mined local maxima of the sampled pulse curve of the
group of pulse measurements; and

determining a time of a pulse maxima and a time of a pulse

minima based on the determined pulse rate and timing
and the determined local maxima.

8. The device of claim 7, wherein the processor is config-
ured with processor executable instructions to perform opera-
tions such that determining when it is time to perform a
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measurement comprises anticipating at least one of a pulse
maxima and a pulse minima of the patient further comprises:
determining a derivative estimate of a sampled pulse curve
of a group of pulse measurements taken at the deter-
mined time of the pulse maxima; and
adjusting a time delay between the determined time of the
pulse maxima and the determined time of the pulse
minima based on the determined derivative estimate of
the sampled pulse curve of the group of pulse measure-
ments taken at the determined time of the pulse maxima.

9. The device of claim 3, wherein the at least one LED i1s
two different LEDs, and

wherein the two different LEDs each emit light of different

wavelengths.

10. The device of claim 9, wherein the two LEDs comprise
one red LED and one infrared LED.

11. The device of claim 1, wherein the low voltage source
is a coin cell battery or a printed cell battery.

12. A method of measuring a blood property of a patient,
comprising:

charging a capacitor with a low voltage power source;

connecting the capacitor to a light-emitting diode (LED)

positioned to transmit light into tissue of the patient;
measuring an amount of light passing through the tissue of
the patient; and

determining a blood property based at least in part on a

measurement of the amount of light.
13. The method of claim 12, wherein determining a blood
property based at least in part on the measurement of the
amount of light comprises determining a heart rate based at
least in part on the measurement of the amount of light.
14. The method of claim 12, wherein determining a blood
property based at least in part on the measurement of the
amount of light comprises determining a blood oxygen level
based at least in part on the measurement of the amount of
light.
15. The method of claim 14, further comprising:
determining when the capacitor is charged by the low volt-
age power source to a predetermined voltage;

disconnecting the capacitor from the low voltage power
source in response to determining that the capacitor is
charged by the low voltage power source to a predeter-
mined voltage; and

connecting the capacitor to a light-emitting diode (LED)

positioned to transmit light into tissue of the patient in
response to determining the capacitor is charged by the
low voltage power source to a predetermined voltage.

16. The method of claim 14, further comprising:

determining when it is time to perform a measurement; and

connecting the capacitor to a light-emitting diode (LED)
positioned to transmit light into tissue of the patient in
response to determining that it is time to perform a
measurement.

17. The method of claim 16, wherein:

determining a blood oxygen level based at least in part on
the measurement of the amount of light comprises deter-
mining a blood oxygen level and pulse waveform mea-
surement based at least in part on the measurement of the
amount of light; and

determining when it is time to perform a measurement
comprises anticipating at least one of a pulse maxima
and a pulse minima of the patient.
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18. The method of claim 17, wherein anticipating at least
one of a pulse maxima and a pulse minima of the patient
comprises:

repeatedly providing charge from the capacitor to the LED

to cause the LED to emit light, isolating the capacitor
from the LED to cause the LED to stop emitting light
after a period of time, and measuring the amount of light
received after the period of time to take a group of pulse
measurements at an initial sampling rate;

determining a local maxima ofa sampled pulse curve of the

group of pulse measurements based upon a derivative
estimate of the sampled pulse curve;

determining a pulse rate and timing based on the deter-

mined local maxima of the sampled pulse curve of the
group of pulse measurements; and

determining a time of a pulse maxima and a time of a pulse

minima based on the determined pulse rate and timing
and the determined local maxima.

19. The method of claim 18, wherein anticipating at least
one of a pulse maxima and a pulse minima of the patient
further comprises:

determining a derivative estimate of a sampled pulse curve

of a group of pulse measurements taken at the deter-
mined time of the pulse maxima; and

adjusting a time delay between the determined time of the

pulse maxima and the determined time of the pulse
minima based on the determined derivative estimate of
the sampled pulse curve of the group of pulse measure-
ments taken at the determined time of the pulse maxima.

20. The method of claim 12, wherein the low voltage
source is a coin cell battery or a printed cell battery.

21. A device, comprising:

means for charging a capacitor with a low voltage power

source;

means for connecting the capacitor to a light-emitting

diode (LED) positioned to transmit light into tissue of a
patient;

means for measuring an amount of light passing through

the tissue of the patient; and

means for determining a blood property based at least in

part on a measurement of the amount of light.

22. The device of claim 21, wherein means for determining
a blood property based at least in part on the measurement of
the amount of light comprises means for determining a heart
rate based at least in part on the measurement of the amount
of light.

23. The device of claim 21, wherein means for determining
a blood property based at least in part on the measurement of
the amount of light comprises means for determining a blood
oxygen level based at least in part on the measurement of the
amount of light.

24. The device of claim 23, further comprising:

means for determining when the capacitor is charged by the

low voltage power source to a predetermined voltage;
and

means for connecting the capacitor to a light-emitting

diode (LED) positioned to transmit light into tissue of
the patient in response to determining the capacitor is
charged by the low voltage power source to a predeter-
mined voltage.
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25. The device of claim 23, further comprising:

means for determining when it is time to perform a mea-

surement; and

means for connecting the capacitor to a light-emitting

diode (LED) positioned to transmit light into tissue of
the patient in response to determining that it is time to
perform a measurement.

26. The device of claim 25, wherein:

means for determining a blood oxygen level based at least

in part on the measurement of the amount of light com-
prises means for determining a blood oxygen level and
pulse waveform measurement based at least in part on
the measurement of the amount of light; and

means for determining when it is time to perform a mea-

surement comprises means for anticipating at least one
of a pulse maxima and a pulse minima of the patient.
27.The device of claim 26, wherein means for anticipating
at least one of a pulse maxima and a pulse minima of the
patient comprises:

means for repeatedly providing charge from the capacitor

to the LED to cause the LED to emit light, isolating the
capacitor from the LED to cause the LED to stop emit-
ting light after a period of time, and measuring the
amount of light received after the period of time to take
a group of pulse measurements at an initial sampling
rate;

means for determining a local maxima of a sampled pulse

curve of the group of pulse measurements based upon a
derivative estimate of the sampled pulse curve;

means for determining a pulse rate and timing based on the

determined local maxima of the sampled pulse curve of
the group of pulse measurements; and

means for determining a time of a pulse maxima and a time

of apulse minima based on the determined pulse rate and
timing and the determined local maxima.

28. The device of claim 27, wherein means for anticipating
at least one of a pulse maxima and a pulse minima of the
patient further comprises:

means for determining a derivative estimate of a sampled

pulse curve of a group of pulse measurements taken at
the determined time of the pulse maxima; and

means for adjusting a time delay between the determined

time of the pulse maxima and the determined time of the
pulse minima based on the determined derivative esti-
mate of the sampled pulse curve of the group of pulse
measurements taken at the determined time of the pulse
maxima.

29. The device of claim 21, wherein the low voltage source
is a coin cell battery or a printed cell battery.

30. A non-transitory processor readable medium having
stored thereon processor executable instructions configured
to cause a processor to perform operations, comprising:

charging a capacitor with a low voltage power source;

connecting the capacitor to a light-emitting diode (LED)
positioned to transmit light into tissue of a patient;

measuring an amount of light passing through the tissue of
the patient; and

determining a blood property based at least in part on a

measurement of the amount of light.
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