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TUTORIAL 4671

Improve Sensor Performance and SNR in Pulse
Oximeter Designs

By: John DiCristina
Jun 21, 2010

Abstract: This tutorial discusses the different types of pulse oximeters including optical and reflective techniques
and the design considerations taken when building high-end portable bedside monitors or mid and low-end
battery-powered models. The discussion covers light absorption, sensor calibration, and details specifics within
the transmit path leading to in-depth discovery of photodiode, interface, signal conversion, and data conversion
characteristics. A functional block diagram and part recommendations are also included.

Overview

Pulse oximeters noninvasively measure or continuously monitor oxygen saturation in arterial blood to ensure that
there is sufficient oxygenation. Typical applications include people with respiratory problems who are under
anesthesia, neonates, and critically ill patients.

In a pulse oximetry system, a clip with optical electronics is usually attached to a finger, toe, or ear so that light
can be transmitted through the skin from one side of the clip and received on the other side with a photodiode.
Good arterial blood flow is required to measure oxygen saturation. Most applications use transmissive optical
techniques, but there are some applications that use reflective techniques.

Oximeter Types

Available in different shapes and sizes, pulse oximeters fall within three main categories.

At the high end are portable bedside patient monitors, which have a removable cable that includes a clip
containing the optics used to measure oxygen saturation. These models are either dedicated to pulse oximetry
or they monitor multiple vital parameters such as pulse, blood pressure, respiratory rate, and temperature.
These high-end models demand high performance, with a low-noise signal path being the most important
design parameter. Power is a secondary consideration, since the monitor is line powered most of the time and
only runs off of battery power when the patient is mobile. Size is not a driving factor in these designs.
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Mid-range handheld pulse oximeter.

Mid-range models are typically battery-powered handheld units with a removable cable. Performance is still
important, but it needs to be balanced with size and power constraints. While handheld units run off of batteries
all of the time, they have the space to include decently sized batteries.

Low-end fingertip pulse oximeter.

At the low end are fingertip models, which combine the base unit and cable into a clip that is large enough to
cover a finger and house the electronics and batteries. The small size means that performance may need to be
sacrificed to preserve the small form factor and achieve the desired battery life.
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Functional block diagram of a pulse oximeter. For a list of Maxim's recommended solutions for pulse oximeters,
please visit: www.maximintegrated.com/pulseox.

Principle of Operation

Operation is based on the light-absorption characteristics of hemoglobin in the blood. Oxygenated hemoglobin
absorbs more infrared light than red light, and deoxygenated hemoglobin absorbs more red light than infrared
light. Thus, red and infrared LEDs in the oximeter alternately transmit light, and a photodiode receives the light
that is not absorbed. The ratio of the red and infrared light received by the photodiode is used to calculate the
percentage of oxygen in the blood. Based on the pulsatile nature of arterial blood flow, the pulse rate and
strength are also determined and displayed during the measurement cycle.

Sensor Cable Calibration

Pulse oximeter sensor cables are removable and often disposable. The performance of the LEDs and the
photodiode in the cable can vary due to either manufacturing tolerances or alternate versions of the sensor. The
performance of the pulse oximeter can be improved by incorporating nonvolatile memory such as EPROM or
EEPROM into the sensor cable to store calibration coefficients. This calibration data is used by the base unit to
optimize the performance of the particular optical components in the sensor.

Because the electromechanical connector for the sensor cable typically has limited pins, system designers must
add this calibration functionality with minimal interconnect. The simplest and most robust method to do this is to
add a 1-Wire memory device to the cable connector. The 1-Wire protocol is a proven serial interface that uses
only one connector pin to add calibration and other functionality to pin-limited designs.

Additionally, since each 1-Wire product is designed with high ESD protection built in, designers do not need to
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use external protection diodes.

An added benefit of 1-Wire memory devices is that they can be used to pass updates or new algorithms to the
base unit, thereby providing a vehicle for in-field upgrades. They can also enable aftermarket control by allowing
only approved sensor cables to be used. A unique 64-bit serial identification number is inscribed in each 1-Wire
device. By writing to a lockout bit in the memory device, manufacturers are able to control how many times the
sensor can be used before replacement is required. Replacement is driven by safety concerns and, more
specifically, by patient contamination issues.

Pulse Oximeter Solutions

Transmit Path: Driving the LEDs

The red and infrared LEDs are driven alternately with a precise current; a quiet time occupies the interval
between each alternating pulse. The repetition rate is not fast, usually well under 10kHz. The duty cycle is also
low to keep overall power down and to allow ambient-light measurement while both LEDs are off. Most of the
time the LEDs are at the end of a cable, so system designers prefer to drive the LEDs with current from the
base unit. This approach reduces current errors and requires fewer lines in the cable, which, in turn, reduces
cost and weight. The current used to drive the LEDs must have minimal noise because any noise in the
bandwidth of interest will degrade the signal-to-noise ratio (SNR) of the system and decrease its ability to
measure low oxygen-saturation levels in critically ill patients.

Off-the-shelf LED drivers are not typically used in this application for several reasons. It is difficult to accurately
and precisely program the LED current with the required resolution, since the backlighting applications for which
they are designed do not require high resolution. Also, if a switching topology is used for the LED driver, then
the current noise will be too high. It is possible that an LED driver with a linear topology could be used, but this
approach is not ideal due to the lack of resolution in programming the current.

The LEDs can be driven independently with a line from the base unit for each LED along with a shared ground.
Alternatively, to save connector pins and lines, the LEDs can be driven in a back-to-back or antiparallel
configuration. Figure 1 shows a method for driving the two LEDs in the cable using two digital-to-analog
converters (DACSs) to independently set the currents in the LEDs. The advantage of using two DACs is that they
can be heavily filtered to reduce the noise because their output is relatively static. LED modulation is performed
after the filtering of the DACs in this topology.
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Figure 1. Simplified red and infrared LED bias and control circuit.

In all topologies, the operational amplifier used in the force-sense (FS) configuration needs to have low voltage
noise and high enough bandwidth to modulate the LEDs. A single DAC can be used to reduce cost, but the
performance may suffer if the noise increases. The peak current through each LED varies according to the
characteristics of each LED and photodiode, and with the duration of each pulse. In practice, the peak current
ranges from tens of mA to hundreds of mA across all oximeters, though individual meters will use a narrower
range of currents.

Receive Path: Photodiode Interface, Signal Conditioning, and Data Conversion

A photodiode receives both ambient and modulated light from the red and infrared LEDs, and then generates a
current that will be measured over time to determine oxygen saturation. The photodiode current is most often
converted to a voltage using an operational amplifier in a transimpedance configuration, also called a
transimpedance amplifier (TIA). The light received by the photodiode largely comprises ambient light that is not
useful for determining oxygen saturation or pulse. The small amount of red or infrared light not absorbed by the
tissue, venous blood, or arterial blood is the signal of interest and is buried in the ambient light.

Figure 2 presents a simplified circuit for converting the photodiode current to a voltage, for signal conditioning,
and for analog-to-digital conversion. This circuit converts both the red and infrared signals together and then
processes them in the digital domain. Alternate topologies exist where the red and infrared light are separated in
the analog domain using synchronous demodulation. This technique allows the use of slow but high-resolution
analog-to-digital converters (ADCs); however, it is poor at detecting motion artifacts.
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Figure 2. Simplified photodiode receive path circuit.

The key specifications for the TIA are extremely low input current, input current noise, and input voltage noise,
as well as high-voltage operation. These characteristics are necessary to maximize the SNR so that the small
currents of interest can be measured amid the large ambient currents. High-voltage operation means that a
larger feedback resistor can be used to easily amplify the ambient and received LED current before removing
the ambient portion with a highpass filter. The remaining small signal of interest is then amplified to maximize
the ADC's dynamic range. This gain stage should be programmable to compensate for changing environmental
factors and the aging of optical components.

The key specifications for the ADC are high SNR and sample rate. The sample rate should be fast enough to
capture the modulated signal and perform the required digital processing, which is different for each
manufacturer.

Display and Backlighting

If a bedside pulse oximeter is part of a multiparameter patient monitor, it does not require its own display
because it uses the large color display incorporated in the patient monitor. Bedside monitors dedicated to pulse
oximetry will usually have a medium-sized color display, or they can incorporate a touch-sensitive display to
enhance the user interface and reduce the number of dedicated buttons. Handheld models have either a simple
LED or LCD segment display or a more advanced dotmatrix LCD display. Fingertip units have the space and
power only for a small and simple LED or LCD display. Simple displays can be driven by the display drivers
found in many microcontrollers; dot-matrix or more advanced displays will require dedicated circuitry or a
turnkey display solution. Backlighting is not required for LED displays; a few white LEDs can be used to
backlight small LCD displays.

Data Interface

Most handheld and bedside models have the ability to interface with a computer. This data transfer is usually
performed by a health-care provider or technician and not by the patient. Traditionally, the data interface has
used RS-232, and the format has been proprietary to the manufacturer. Pulse oximeters are now migrating
toward USB or wireless (Bluetooth®, Wi-Fi®) interfaces, and in the future oximeters will be able to securely
transfer data to any device with these standard interfaces.

Audible Alarms

Audible alarms range from simple buzzers to speakers outputting multiple tones, levels, and patterns. A simple
buzzer can be driven by one or two microcontroller port pins with pulse-width modulation (PWM) capability.
More advanced audible alarms can be achieved by adding an audio DAC along with a speaker amplifier.
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Power and Battery Management

A pulse oximeter needs to generate multiple power-supply rails. Separate analog (3V) and often multiple digital
(3V, 1.8V) supplies are required if there are low-voltage cores requiring their own supply. A separate clean
supply for powering the LEDs (5V) is usually required due to the power, headroom, and noise considerations. A
high voltage (+30V or -30V) is sometimes required for the TIA connected to the photodiode to increase the SNR
and, in some cases, for the display.

Fingertip models use two primary alkaline batteries in the AAA form factor while handheld models use either two
primary AA alkaline or rechargeable batteries. Both models require a combination of step-up switching
regulators, low-dropout linear regulators (LDOs), and sometimes an inverting switching regulator. Bedside
monitors are mainly line powered but will use lithium-ion (Li+) or nickel-metal-hydride (NiMH) rechargeable
backup batteries. A regulated 5V DC voltage is usually supplied, so the power-supply design is different than
the fingertip and handheld models. Battery charging and fuel gauges are needed for the models with
rechargeable batteries, as well as authentication for safety and after-market control if the batteries are
removable.

Electrostatic Discharge

Electrostatic discharge (ESD) is a concern where the sensor cable plugs in. This potential problem can be
addressed with dedicated ESD line protectors, as well as careful design and layout of the board. The use of
ESD-protected interfaces allows designers to avoid the space and cost associated with discrete protection
components. ESD is also possible at the data port and printer port, if the oximeter is equipped with one. Air
discharge may also need to be addressed for the buttons and display through small openings in the casing, but
this depends on the individual oximeter design.

1-Wire is a registered trademark of Maxim Integrated Products, Inc.

The Bluetooth word mark and logos are registered trademarks owned by Bluetooth SIG, Inc. and any use of
such marks by Maxim is under license.

Wi-Fi is a registered certification mark of Wi-Fi Alliance Corporation.

Related Parts

DS2431 1024-Bit 1-Wire EEPROM Free Samples
DS2460 SHA-1 Coprocessor with EEPROM Free Samples
DS2480B Serial to 1-Wire Line Driver Free Samples
DS2482-100 Single-Channel 1-Wire Master Free Samples
DS2502 1Kb Add-Only Memory Free Samples
DS2756 High-Accuracy Battery Fuel Gauge with Programmable Free Samples
Suspend Mode
DS2780 Stand-Alone Fuel Gauge IC Free Samples
DS2784 1-Cell Stand-Alone Fuel Gauge IC with Li+ Protector and Free Samples

SHA-1 Authentication

DS2784 1-Cell Stand-Alone Fuel Gauge IC with Li+ Protector and Free Samples
SHA-1 Authentication

Page 7 of 10


http://www.maximintegrated.com/datasheet/index.mvp/id/4272
https://shop.maximintegrated.com/storefront/searchsample.do?event=Sample&menuitem=Sample&Partnumber=DS2431
http://www.maximintegrated.com/datasheet/index.mvp/id/4982
https://shop.maximintegrated.com/storefront/searchsample.do?event=Sample&menuitem=Sample&Partnumber=DS2460
http://www.maximintegrated.com/datasheet/index.mvp/id/2923
https://shop.maximintegrated.com/storefront/searchsample.do?event=Sample&menuitem=Sample&Partnumber=DS2480B
http://www.maximintegrated.com/datasheet/index.mvp/id/4382
https://shop.maximintegrated.com/storefront/searchsample.do?event=Sample&menuitem=Sample&Partnumber=DS2482-100
http://www.maximintegrated.com/datasheet/index.mvp/id/2924
https://shop.maximintegrated.com/storefront/searchsample.do?event=Sample&menuitem=Sample&Partnumber=DS2502
http://www.maximintegrated.com/datasheet/index.mvp/id/5104
https://shop.maximintegrated.com/storefront/searchsample.do?event=Sample&menuitem=Sample&Partnumber=DS2756
http://www.maximintegrated.com/datasheet/index.mvp/id/4560
https://shop.maximintegrated.com/storefront/searchsample.do?event=Sample&menuitem=Sample&Partnumber=DS2780
http://www.maximintegrated.com/datasheet/index.mvp/id/5385
https://shop.maximintegrated.com/storefront/searchsample.do?event=Sample&menuitem=Sample&Partnumber=DS2784
http://www.maximintegrated.com/datasheet/index.mvp/id/5385
https://shop.maximintegrated.com/storefront/searchsample.do?event=Sample&menuitem=Sample&Partnumber=DS2784

DS28E01-100
DS28E02

MAX1162
MAX1167
MAX1168
MAX11800

MAX1393

MAX1396

MAX15029

MAX16033
MAX16054
MAX16814

MAX16826

MAX16838

MAX17043

MAX1916
MAX2829
MAX2830

MAX2831

MAX3207E

MAX3208E

MAX4252

MAX5137

1Kb Protected 1-Wire EEPROM with SHA-1 Engine

1-Wire SHA-1 Authenticated 1Kb EEPROM with 1.8V
Operation

16-Bit, +5V, 200ksps ADC with 10pA Shutdown
Multichannel, 16-Bit, 200ksps Analog-to-Digital Converters
Multichannel, 16-Bit, 200ksps Analog-to-Digital Converters

Low-Power, Ultra-Small Resistive Touch-Screen Controllers
with 12C/SPI Interface

1.5V to 3.6V, 312.5ksps, 1-Channel True-Differential/2-
Channel Single-Ended, 12-Bit, SAR ADCs

1.5V to 3.6V, 312.5ksps, 1-Channel True-Differential/2-
Channel Single-Ended, 12-Bit, SAR ADCs

1.425V to 3.6V Input, 500mA Low-Dropout Regulators with
BIAS Input

Low-Power Battery Backup Circuits in Small uDFN Packages
On/Off Controller with Debounce and +15kV ESD Protection

Integrated, 4-Channel, High-Brightness LED Driver with High-
Voltage DC-DC Controller

Programmable, Four-String HB LED Driver with Output-
Voltage Optimization and Fault Detection

Integrated, 2-Channel, High-Brightness LED Driver with High-
Voltage Boost and SEPIC Controller

Compact, Low-Cost 1S/2S Fuel Gauges with Low-Battery
Alert

Low-Dropout, Constant-Current Triple White LED Bias Supply
Single-/Dual-Band 802.11a/b/g World-Band Transceiver ICs

2.4GHz to 2.5GHz 802.11g/b RF Transceiver with PA and
Rx/Tx/Diversity Switch

2.4GHz to 2.5GHz, 802.11g RF Transceivers with Integrated
PA

Dual, Quad, and Hex High-Speed Differential ESD-Protection
ICs

Dual, Quad, and Hex High-Speed Differential ESD-Protection
ICs

UCSP, Single-Supply, Low-Noise, Low-Distortion, Rail-to-Rail
Op Amps

Pin-/Software-Compatible, 16-/12-Bit, Voltage-Output DACs

Free Samples

Free Samples

Free Samples
Free Samples
Free Samples

Free Samples

Free Samples

Free Samples

Free Samples
Free Samples

Free Samples

Free Samples

Free Samples

Free Samples

Free Samples

Free Samples

Free Samples

Free Samples

Free Samples

Free Samples
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MAX5535
MAX5812
MAX6029
MAX6033
MAX6173
MAX6381

MAX6495

MAX6720
MAX6746

MAX6950

MAX7032

MAX7310
MAX8530

MAX8569
MAX8570
MAX8667

MAX8808X

MAX8814
MAX9618
MAX9718

MAX9850
MAX9939

MAX9940
MAX9945
MAX9945

Dual, Ultra-Low-Power, 12-Bit, Voltage-Output DACs

12-Bit Low-Power, 2-Wire, Serial Voltage-Output DAC
Ultra-Low-Power Precision Series Voltage Reference
Ultra-High-Precision SOT23 Series Voltage Reference
High-Precision Voltage References with Temperature Sensor

SC70/uDFN, Single/Dual Low-Voltage, Low-Power P Reset
Circuits

72V, Overvoltage-Protection Switches/Limiter Controllers with
an External MOSFET

Dual/Triple Ultra-Low-Voltage SOT23 uP Supervisory Circuits

UP Reset Circuits with Capacitor-Adjustable Reset/Watchdog
Timeout Delay

Serially Interfaced, +2.7V to +5.5V, 5- and 8-Digit LED
Display Drivers

Low-Cost, Crystal-Based, Programmable, ASK/FSK
Transceiver with Fractional-N PLL

2-Wire-Interfaced 8-Bit I1/0 Port Expander with Reset

Dual Low-Dropout Linear Regulator with Reset or Low-Noise
Output in UCSP or QFN

200mA Step-Up Converters in 6-Pin SOT23 and TDFN
High-Efficiency LCD Boost with True Shutdown

1.5MHz Dual Step-Down DC-DC Converters with Dual LDOs
and Individual Enables

1A Linear Li+ Battery Chargers with Integrated Pass FET and
Thermal Regulation in 2mm x 2mm TDFN

28V Linear Li+ Battery Charger with Smart Autoboot Assistant
High-Efficiency, 1.5MHz Op Amps with RRIO

Low-Cost, Mono/Stereo, 1.4W Differential Audio Power
Amplifiers

Stereo Audio DAC with DirectDrive® Headphone Amplifier

SPI-Programmable Gain Amplifier (PGA) with Input Vos Trim
and Output Op Amp

Signal-Line Overvoltage Protector for Low-Voltage Devices
38V, Low-Noise, MOS-Input, Low-Power Op Amp

38V, Low-Noise, MOS-Input, Low-Power Op Amp

Free Samples
Free Samples

Free Samples

Free Samples

Free Samples

Free Samples

Free Samples

Free Samples

Free Samples

Free Samples

Free Samples

Free Samples
Free Samples

Free Samples

Free Samples

Free Samples
Free Samples

Free Samples

Free Samples

Free Samples

Free Samples
Free Samples

Free Samples

Page 9 of 10


http://www.maximintegrated.com/datasheet/index.mvp/id/4159
https://shop.maximintegrated.com/storefront/searchsample.do?event=Sample&menuitem=Sample&Partnumber=MAX5535
http://www.maximintegrated.com/datasheet/index.mvp/id/3289
https://shop.maximintegrated.com/storefront/searchsample.do?event=Sample&menuitem=Sample&Partnumber=MAX5812
http://www.maximintegrated.com/datasheet/index.mvp/id/3933
https://shop.maximintegrated.com/storefront/searchsample.do?event=Sample&menuitem=Sample&Partnumber=MAX6029
http://www.maximintegrated.com/datasheet/index.mvp/id/3259
http://www.maximintegrated.com/datasheet/index.mvp/id/4364
https://shop.maximintegrated.com/storefront/searchsample.do?event=Sample&menuitem=Sample&Partnumber=MAX6173
http://www.maximintegrated.com/datasheet/index.mvp/id/2404
https://shop.maximintegrated.com/storefront/searchsample.do?event=Sample&menuitem=Sample&Partnumber=MAX6381
http://www.maximintegrated.com/datasheet/index.mvp/id/4920
https://shop.maximintegrated.com/storefront/searchsample.do?event=Sample&menuitem=Sample&Partnumber=MAX6495
http://www.maximintegrated.com/datasheet/index.mvp/id/3245
https://shop.maximintegrated.com/storefront/searchsample.do?event=Sample&menuitem=Sample&Partnumber=MAX6720
http://www.maximintegrated.com/datasheet/index.mvp/id/3504
https://shop.maximintegrated.com/storefront/searchsample.do?event=Sample&menuitem=Sample&Partnumber=MAX6746
http://www.maximintegrated.com/datasheet/index.mvp/id/3195
https://shop.maximintegrated.com/storefront/searchsample.do?event=Sample&menuitem=Sample&Partnumber=MAX6950
http://www.maximintegrated.com/datasheet/index.mvp/id/4755
https://shop.maximintegrated.com/storefront/searchsample.do?event=Sample&menuitem=Sample&Partnumber=MAX7032
http://www.maximintegrated.com/datasheet/index.mvp/id/3721
https://shop.maximintegrated.com/storefront/searchsample.do?event=Sample&menuitem=Sample&Partnumber=MAX7310
http://www.maximintegrated.com/datasheet/index.mvp/id/3737
http://www.maximintegrated.com/datasheet/index.mvp/id/4770
https://shop.maximintegrated.com/storefront/searchsample.do?event=Sample&menuitem=Sample&Partnumber=MAX8569
http://www.maximintegrated.com/datasheet/index.mvp/id/4369
https://shop.maximintegrated.com/storefront/searchsample.do?event=Sample&menuitem=Sample&Partnumber=MAX8570
http://www.maximintegrated.com/datasheet/index.mvp/id/5388
https://shop.maximintegrated.com/storefront/searchsample.do?event=Sample&menuitem=Sample&Partnumber=MAX8667
http://www.maximintegrated.com/datasheet/index.mvp/id/4711
https://shop.maximintegrated.com/storefront/searchsample.do?event=Sample&menuitem=Sample&Partnumber=MAX8808X
http://www.maximintegrated.com/datasheet/index.mvp/id/5651
https://shop.maximintegrated.com/storefront/searchsample.do?event=Sample&menuitem=Sample&Partnumber=MAX8814
http://www.maximintegrated.com/datasheet/index.mvp/id/6348
https://shop.maximintegrated.com/storefront/searchsample.do?event=Sample&menuitem=Sample&Partnumber=MAX9618
http://www.maximintegrated.com/datasheet/index.mvp/id/4126
https://shop.maximintegrated.com/storefront/searchsample.do?event=Sample&menuitem=Sample&Partnumber=MAX9718
http://www.maximintegrated.com/datasheet/index.mvp/id/4525
https://shop.maximintegrated.com/storefront/searchsample.do?event=Sample&menuitem=Sample&Partnumber=MAX9850
http://www.maximintegrated.com/datasheet/index.mvp/id/5825
https://shop.maximintegrated.com/storefront/searchsample.do?event=Sample&menuitem=Sample&Partnumber=MAX9939
http://www.maximintegrated.com/datasheet/index.mvp/id/6152
https://shop.maximintegrated.com/storefront/searchsample.do?event=Sample&menuitem=Sample&Partnumber=MAX9940
http://www.maximintegrated.com/datasheet/index.mvp/id/6153
https://shop.maximintegrated.com/storefront/searchsample.do?event=Sample&menuitem=Sample&Partnumber=MAX9945
http://www.maximintegrated.com/datasheet/index.mvp/id/6153
https://shop.maximintegrated.com/storefront/searchsample.do?event=Sample&menuitem=Sample&Partnumber=MAX9945

MAXQ2000
MAXQ2010
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MAXQ8913

Low-Power LCD Microcontroller

16-Bit Mixed-Signal Microcontroller with LCD Interface

16-Bit Microcontroller with Infrared Module

16-Bit Microcontrollers with Infrared Module and Optional USB

16-Bit, Mixed-Signal Microcontroller with Op Amps, ADC, and
DACs for All-in-One Servo Loop Control

Free Samples
Free Samples
Free Samples
Free Samples

Free Samples

More Information

For Technical Support: http://www.maximintegrated.com/support
For Samples: http://www.maximintegrated.com/samples
Other Questions and Comments: http://www.maximintegrated.com/contact

Application Note 4671: http://www.maximintegrated.com/an4671

TUTORIAL 4671, AN4671, AN 4671, APP4671, Appnote4671, Appnote 4671
Copyright © by Maxim Integrated Products

Additional Legal Notices: http://www.maximintegrated.com/legal

Page 10 of 10


http://www.maximintegrated.com/datasheet/index.mvp/id/4466
https://shop.maximintegrated.com/storefront/searchsample.do?event=Sample&menuitem=Sample&Partnumber=MAXQ2000
http://www.maximintegrated.com/datasheet/index.mvp/id/5937
https://shop.maximintegrated.com/storefront/searchsample.do?event=Sample&menuitem=Sample&Partnumber=MAXQ2010
http://www.maximintegrated.com/datasheet/index.mvp/id/5939
https://shop.maximintegrated.com/storefront/searchsample.do?event=Sample&menuitem=Sample&Partnumber=MAXQ610
http://www.maximintegrated.com/datasheet/index.mvp/id/6526
https://shop.maximintegrated.com/storefront/searchsample.do?event=Sample&menuitem=Sample&Partnumber=MAXQ622
http://www.maximintegrated.com/datasheet/index.mvp/id/6163
https://shop.maximintegrated.com/storefront/searchsample.do?event=Sample&menuitem=Sample&Partnumber=MAXQ8913
http://www.maximintegrated.com/support
http://www.maximintegrated.com/samples
http://www.maximintegrated.com/contact
http://www.maximintegrated.com/an4671
http://www.maximintegrated.com/legal

	maxim-ic.com
	Improve Sensor Performance and SNR in Pulse Oximeter Designs - Tutorial - Maxim




