








Applications

Wearable Fitness and Medical Devices

Wearable fitness and medical devices are becoming an integral part of personal fitness programs and home medical
treatment. These devices measure a broad range of biometric and physiological data as well as sync with smartphones,
tablets, PCs and home-health hubs.

Wearable devices can include many combinations of biometric and physiological sensors depending upon the data that
they are designed to collect. These data can include distance walked, calories burned, heart rate, temperature, blood
oxygen level, sleep quality, location, perspiration, pressure and other data. The specifics of what is being measured drive
the selection of MCUs, signal conditioning components and connectivity chips that are used in a wearable device.

Low power is a key factor in the design of wearable devices. MCUs with low run currents, multiple low-power sleep modes,
flexible wake-up sources and intelligent power management are critical to the success of these designs.

Wireless connectivity allows wearable devices to interface with smartphones, tablets, PCs and other intelligent healthcare
devices. Agency-certified, low-power Bluetooth, Bluetooth Smart and Wi-Fi modules offer significant time savings in RF
design and regulatory approval.

The demand for higher-accuracy location processing in low-cost wearable devices

is increasing. These high-accuracy wearable devices will typically need to receive
inputs from multiple sensors such as accelerometers, magnetometers, gyroscopes,
light sensors and pressure sensors. Traditionally these types of designs would need
high-power MCUs and correspondingly long software development times. The use of
a sensor fusion chip can significantly reduce the MCU size and software development
time in high-accuracy location tracking designs.
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Applications

Wearable High-End Consumer Activity Tracker or Wearable Medical Home Health Monitor
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Microchip has what fitness activity tracker and medical home health activity

monitor designers need:

m Reduced product power consumption enables wearable monitors to use
smaller batteries, run longer between re-charging and offer an overall
smaller product footprint. Our portfolio of eXtreme Low Power (XLP)
Technology PIC microcontrollers feature sleep currents as low as 9 nA and
run currents down to 30 pyA/MHz.

m Designing wireless connectivity into wearable devices is a formidable
challenge. RF circuit design, antenna design and government regulatory
approvals are common sources of major time and cost overruns. Our full range of agency-certified Wi-Fi, Bluetooth,
Bluetooth Smart and other wireless modules gives you the ability to quickly develop wireless solutions that connect to
smartphones, tablets, PCs or the cloud.

m The next generation of wearable medical devices will measure biometrics such as heart rate, blood oxygen and blood
pressure. This capability demands high-performance signal processing and filtering. Our dsPIC Digital Signal Controllers
and digital filter design tool make implementing embedded signal processing fast, easy and intuitive.

m |n a connected world a wearable device must be protected from the threat of data interception or unauthorized control.
We can simplify and accelerate the development of secure healthcare devices with our high-performance, cost-effective
security and authentication products and development tools.

m Fitness and diagnostic users now desire better movement and location data from their wearable activity monitors. This
can be achieved by combining data from accelerometers, magnetometers, gyroscopes, light sensors and pressure
sensors. However, doing this typically means using a large, costly, power-hungry MCU for the design along with a
correspondingly long software development time. Our low-power sensor hubs efficiently process data from multiple
sensors, lowering the BOM cost of wearable devices and providing maximum flexibility in an easy-to-implement solution.
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Applications

Blood Pressure Meter

A blood pressure meter, or sphygmomanometer, is a device that is used to measure blood pressure. The meter is used
with an inflatable cuff for restricting blood flow and a pump to inflate the cuff. Digital blood pressure meters typically
measure both systolic and diastolic pressures by an oscillometric detection method, using a piezoelectric pressure sensor.

A digital blood pressure meter allows easy monitoring of blood pressure at home, in a doctor’s office or in a hospital.
Today’s blood pressure meters must meet the demands of measuring, storing and transmitting blood pressure, pulse and
other medical data. To meet these demands, Microchip offers a broad portfolio of highly integrated microcontrollers,
semiconductors, software and development solutions. These include integrated products with low-noise analog signal
conditioning, touch technology, LCD control, wired/wireless connectivity, motor control, multiple low-power modes and
high-speed memory.
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Microchip has what blood pressure meter designers need:

m Our cost-efficient, highly integrated PIC microcontrollers can lower the BOM
cost of digital blood pressure meter designs. High-end integration features
include analog, USB, LCD control, touch input sensing, motor control and
Core Independent Peripherals.

m Analog components, such as low-offset/low-noise op amps, can be used for
amplification and conditioning of the pressure sensor output.

m Agency-certified Bluetooth, Bluetooth Smart and Wi-Fi modules allow for fast
integration with existing wireless networks. —
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Applications

Pulse Oximeter

A pulse oximeter is a non-invasive electro-optical device for measuring both the heart rate and the degree to which the
hemoglobin in one’s blood has been saturated with oxygen. This quantity is inferred by measuring the optical transmittance
of perfused skin in different wavelengths of light. Red, green and infrared LEDs are convenient and common light sources.
Blood oxygen saturation can be determined by comparing the values of Oxy-hemoglobin to Deoxy-hemoglobin. One method
for doing this is by shining both a red LED and an infrared LED into a body part (such as a finger or wrist), and then
measuring and comparing the relative intensities of the light from each LED in terms of a ratio. This ratio is then typically
expressed as the percentage of oxygen saturation.

Pulse oximeter designs call for low power consumption and extensive analog and digital filtering. They are often
implemented both as stand-alone medical and fitness devices as well as components of more comprehensive vital sign
monitoring systems.
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Microchip has what pulse oximeter designers need:

m Our dsPIC Digital Signal Controllers provide high performance digital filtering of optical
noise from external light sources and movement.

m Lower cost of development with our world-class integrated development tools,
MPLAB X IDE, which encapsulates coding, debugging, software simulation, hardware
emulation and device programming in a single interface.

m Low-offset, low-noise op amps for amplification and conditioning of photodiode output.

m Agency-certified Bluetooth, Bluetooth Smart and Wi-Fi modules for fast integration with
existing wireless networks.
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Applications

Glucose Meter
Blood Glucose Meters are used to determine the concentration of glucose in a patient's blood. Glucose concentration is
an important quantity for the management of diabetes. Key differentiators include ease of use, convenient size and

low power consumption.
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Microchip has what glucose meter designers need:

Lowest power (sleep currents down to 9 nA, run currents down to
30 pyA/MHz) PIC MCUs enable long battery life designs.

Sleep mode flexibility: RAM retention, fast wake up and flexible wake up sources.

Analog components, such as low-offset/low-noise op amps and high-resolution ADCs, can
be used for amplification, conditioning and conversion of the test strip socket output.
Cost-efficient, highly integrated PIC microcontrollers that can lower the BOM cost of
glucose meter designs. Integration features include analog signal conditioning, LCD

control and mTouch input sensing.
Other peripherals integrated into Microchip’s MCUs include:

A Charge Time Measurement Unit (CTMU) which can provide a constant current source with a range from

0.55 pA to 550 pA.

Real-Time Clock/Calendars (RTCC) with functions for timekeeping, alarms and calendar applications. These devices
offer highly configurable alarms and have the ability to wake up external devices without CPU intervention.
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Applications

Electrocardiogram (ECG)

An electrocardiogram, or ECG machine, is a device that is used to monitor and record the electrical activity of the heart.
Since each heartbeat produces an electrical impulse in the heart, the generated cardiac electrical potentials can be
measured with sensors placed on the body at different locations. Abnormal electrical activity can indicate conditions such
as heart attack, chest trauma or reduced blood flow to the heart, arrhythmia or heart deformities.

The demand for portable and accurate ECG monitoring has grown substantially both in medical and fitness devices.
Despite the smaller size of these portable products, ECG devices still require precision filtering, high-performance
processing power and integrated high-resolution graphics control that is separate from the main microcontroller core.

Microchip meets these design requirements while also offering the flexibility to add more extensive features with its broad

portfolio of highly integrated microcontrollers, semiconductors, software and development solutions. Our solutions include

digital filtering, low-noise analog signal conditioning, graphics controllers, touch technology, wired/wireless connectivity and
multiple low-power modes.
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Microchip has what ECG designers need:

m Our dsPIC DSCs offer powerful processing and digital filtering and our digital filter
design tool makes designing FIR and IIR filters easy and intuitive.

m Low-noise analog components for amplification and precision filtering of the sensor
lead output.

m Powerful microcontrollers bring high-resolution graphics control to portable ECG
devices with compact displays. Available graphics libraries and design tools help get
ECG designs to market quickly.

m Cost-effective microcontrollers with integrated analog for smaller heart rate and ECG
device applications.

m Agency-certified Wi-Fi modules for fast integration with existing wireless networks.

www.microchip.com/medical

| 14 Electronic Solutions for Medical and Fitness



Applications

Patient Monitor

Patient monitors measure, record, distribute and display combinations of biometric values such as heart rate, SPO,,
blood pressure, temperature and more. High-capability, multi-function monitors are typically used in hospitals and clinics
to ensure a high level of quality patient care. Portable patient monitors are designed to be compact and power-efficient.
This allows them to be used in remote areas or by paramedics to aid diagnosis in the field and to enable monitoring and
transmitting data to health care providers in other locations.

To meet the demands faced by designers of patient monitors, Microchip offers a broad portfolio of highly integrated MCUs,
graphics technology, software libraries, and connectivity solutions. This broad offering also enables innovation in the design
of stand-alone biometric devices such as blood pressure monitors, pulse oximeters and ECG/EKG. We deliver solutions for
low-noise analog signal conditioning, touch sensing technology, LCD control, wired and wireless connectivity, motor control
and high-speed memory to support patient monitoring functions.
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Microchip has what patient monitor designers need:

m Powerful, highly-integrated 32-bit PIC MCUs with flexible integrated graphics, USB,
and 10/100 Ethernet enable the design of every kind of patient monitor for use in
hospitals, doctors' offices or in the field.

m A broad range of 8-, 16-, and 32-bit PIC MCUs and other solutions enable the
design of blood pressure monitors, pulse oximeters, ECG and other sub-sections of
a patient monitor design.

m Signal conditioning components such as low-offset/low-noise op amps and
high-resolution ADCs for accurate and reliable signal capture and conversion
from sensors.

m Agency-certified Wi-Fi, Bluetooth, Bluetooth Smart, and ZigBee solutions for fast
integration with existing networks.
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Applications

Continuous Positive Airway Pressure (CPAP)

Continuous Positive Airway Pressure (CPAP) machines deliver therapy for obstructive sleep apnea. Essentially an air pump,
a CPAP device continually adjusts its output to the user’s breathing pattern in order to maintain a constant pressure. To
meet system objectives, CPAP designers use various types of motors, all of which can be controlled by Microchip’s PIC
microcontrollers with flexible integrated motor control peripherals.

Touch Buttons

XLP PIC®
Microcontroller

Audio Alert

mTouch® Sensing s

USB Controller

LCD
LCD Screen
PWM
Int. Oscillator

Timer Wired and

Temperature Wireless
ST ADC Network @
@
Power T Power Source
. Integrated on PIC MCU Management @ >
|:| Stand-alone Microchip product External
Memory

. Integrated on PIC MCU or
stand-alone Microchip product

. Non-Microchip product

Microchip has what CPAP designers need:

m dsPIC Digital Signal Controllers with integrated peripherals to implement numerous
motor control strategies, including sensorless BLDC control.

m A portfolio of free and low-cost code examples, software libraries and development
tools to reduce motor control system design time and risk.

m High-accuracy temperature sensors to maintain comfortable delivered
air temperature.

m Low-offset, low-noise op amps to amplify and condition signals from temperature
and pressure sensors before analog-to-digital conversion.

m Hardware and software mTouch solutions for touch, proximity and free-space
gesture-based control for systems that are easy to use in the dark.
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Applications

Digital Thermometer

There is now an increased market demand for temperature measurement capability in both medical and fitness devices.
Power consumption is the one of the major factors in digital thermometer design. The need for extended battery life, along
with high precision, fast response time and low-cost is critical. Microchip’s PIC microcontrollers with eXtreme Low Power
(XLP) Technology, along with our wide-range of analog components, offer extensive flexibility and performance to designers
of digital thermometers.
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Microchip has what digital thermometer designers need:

m A complete family of eXtreme Low Power (XLP) Technology PIC microcontrollers
with sleep currents as low as 9 nA and the flexibility of integrated 8-bit, 10-bit and L3
12-bit ADCs.

m Lower cost of development with our world-class integrated development tool,
MPLAB X IDE, which encapsulates coding, debugging, software simulation, ~Q
hardware emulation and device programming in a single interface.

m Lower BOM cost and less design complexity enabled by integration of coherent \)
peripherals, like built-in LCD drive, touch-sensing capability and other associated
features in most of our popular MCU families.

m Cost-effective, low-risk options to add wireless capability using our wireless controllers and modules.
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Applications

lontophoresis

lontophoresis is a process used to deliver a specially formulated, transdermal medication through the skin into the
body. This transdermal medication is a charged compound driven through the skin by the flow of electrical current.
For some diseases and conditions this method of drug delivery has significant advantages over oral, hypodermic, or
topical medication.

One of the biggest challenges that designers face when creating devices such as iontophoresis patches is that the critical
electronics need to be placed in the wearable portion of the device, which is meant to be used once and then thrown away.
This scenario creates intense pressure for the patch electronics to be small and for the overall BOM costs to be lower.
Since this is a small, disposable item, battery cost and energy capacity impose further constraints on the design. Finally,
the design needs to be easily modified for additional features, such as changes in the medication dose and duration.
Medical device designers can use Microchip components to create safe, cost-effective iontophoresis device designs.
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Microchip has what iontophoresis device designers need:

m Small footprint microcontrollers in packages such as SOT-23 and 2 x 3 DFN for wearable patch-based
iontophoresis devices.

m We offer the lowest power parts, with sleep currents down to 9 nA and run currents down to 30 pA/MHz which allow the
design to use a smaller-sized and lighter-weight battery and reduce overall size and weight of the design.

m PIC microcontrollers with Core Independent Peripherals, such as configurable logic cells and PWM, enable innovative
wearable medical devices.
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Applications

Oxygen Concentrator

An oxygen concentrator provides oxygen-enriched air by pressurizing ambient air through a molecular sieve which filters
out nitrogen under pressure. The removed nitrogen is vented back to air by releasing the pressure. An oxygen concentrator
offers a portable and lower-maintenance alternative to oxygen tanks. The various components of the oxygen concentrator,
such as the motor control/drive circuitry for the air compressor, signal control circuitry for sensors, power management
circuitry and the user interface, need to work in careful coordination to achieve maximum efficiency.
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Microchip has what oxygen concentrator designers need:

m  Motor drive circuitry: Our high performance 16-bit dsPIC33F family of digital signal controllers
and other PIC MCUs offer dedicated peripherals to simplify control and operation of various

types of motor used in the compressor.

m Signal processing: Our digital signal controllers and other PIC MCUs feature sophisticated
high-resolution ADCs to work with a diverse range of sensors. The ADCs can also be tightly

integrated with the versatile PWM controllers in the same MCU.

m Signal Conditioning: A broad range of analog components for signal conditioning of sensor

outputs prior to analog to digital conversion.

m User Interface: Our mTouch for sensing technologies provide a cost-effective and reliable user

interface that can be efficiently integrated with dsPIC DSCs and PIC MCUs.
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Support

Microchip is committed to supporting its customers

in developing products faster and more efficiently. We

maintain a worldwide network of field applications

engineers and technical support ready to provide product
and system assistance. In addition, the following service

areas are available at www.microchip.com:

m Support link provides a way to get questions
answered fast: http://support.microchip.com

m Sample link offers evaluation samples of any
Microchip device: http://sample.microchip.com

m Forum link provides access to knowledge base and

peer help: http://forum.microchip.com

m Buy link provides locations of Microchip Sales Channel

Partners: www.microchip.com/sales

Sales Office Listing

AMERICAS EUROPE

Atlanta Austria - Wels

Tel: 678-957-9614 Tel: 43-7242-2244-39
Austin Denmark - Copenhagen
Tel: 512-257-3370 Tel: 45-4450-2828
Boston France - Paris

Tel: 774-760-0087 Tel: 33-1-69-53-63-20
Chandler Germany - Dusseldorf
Tel: 480-792-7200 Tel: 49-2129-3766400
Chicago Germany - Munich
Tel: 630-285-0071 Tel: 49-89-627-144-0
Cleveland Germany - Pforzheim
Tel: 216-447-0464 Tel: 49-7231-424750
Dallas Italy - Milan

Tel: 972-818-7423 Tel: 39-0331-742611
Detroit Italy - Venice

Tel: 248-538-2250 Tel: 39-049-7625286
Houston Netherlands - Drunen
Tel: 281-894-5983 Tel: 31-416-690399
Indianapolis Poland - Warsaw

Tel: 317-773-8323 Tel: 48-22-3325737
Los Angeles Spain - Madrid

Tel: 949-462-9523 Tel: 34-91-708-08-90
New York Sweden - Stockholm
Tel: 631-435-6000 Tel: 46-8-5090-4654
San Jose UK - Wokingham

Tel: 408-735-9110 Tel: 44-118-921-5800
Toronto

Tel: 905-673-0699

Training

If additional training interests you, then Microchip can
help. We continue to expand our technical training options,
offering a growing list of courses and in-depth curriculum
locally, as well as significant online resources — whenever

you want to use them.

m Technical Training Centers and Other Resources:

www.microchip.com/training

m MASTERs Conferences: www.microchip.com/masters

Worldwide Seminars: www.microchip.com/seminars

m elearning: www.microchip.com/webseminars

ASIA/PACIFIC
Australia - Sydney

Tel: 61-2-9868-6733
China - Beijing

Tel: 86-10-8569-7000
China - Chengdu

Tel: 86-28-8665-5511
China - Chongqing

Tel: 86-23-8980-9588
China - Hangzhou

Tel: 86-571-87928115
China - Hong Kong SAR
Tel: 852-2943-5100
China - Nanjing

Tel: 86-25-8473-2460
China - Qingdao

Tel: 86-532-8502-7355
China - Shanghai

Tel: 86-21-5407-5533
China - Shenyang

Tel: 86-24-2334-2829
China - Shenzhen

Tel: 86-755-8864-2200
China - Wuhan

Tel: 86-27-5980-5300
China - Xiamen

Tel: 86-592-2388138
China - Xian

Tel: 86-29-8833-7252
China - Zhuhai

Tel: 86-756-3210040

ASIA/PACIFIC

India - Bangalore

Tel: 91-80-3090-4444
India - New Delhi

Tel: 91-11-4160-8631
India - Pune

Tel: 91-20-3019-1500
Japan - Osaka

Tel: 81-6-6152-7160
Japan - Tokyo

Tel: 81-3-6880-3770
Korea - Daegu

Tel: 82-53-744-4301
Korea - Seoul

Tel: 82-2-554-7200
Malaysia - Kuala Lumpur
Tel: 60-3-6201-9857
Malaysia - Penang
Tel: 60-4-227-8870
Philippines - Manila
Tel: 63-2-634-9065
Singapore

Tel: 65-6334-8870
Taiwan - Hsin Chu
Tel: 886-3-5778-366
Taiwan - Kaohsiung
Tel: 886-7-213-7830
Taiwan - Taipei

Tel: 886-2-2508-8600
Thailand - Bangkok
Tel: 66-2-694-1351

3/12/14

Microcontrollers ¢ Digital Signal Controllers ® Analog ®* Memory ® Wireless

Information subject to change. The Microchip name and logo, the Microchip logo, dsPIC, KeeLoq, mTouch, MPLAB and PIC are
registered trademarks of Microchip Technology Incorporated in the U.S.A. and other countries. All other trademarks mentioned
herein are property of their respective companies. © 2014, Microchip Technology Incorporated. All Rights Reserved. Printed in the

U.S.A. 8/14
DS00001062C

MICROCHIP

www.microchip.com

Microchip Technology Inc.
2355 W. Chandler Blvd.
Chandler, AZ 85224-6199



