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Real-Time Clock and Calendar (RTCC) with Battery Backup
for the PIC16(L)F19197 Family Devices

Introduction

Author: Jason Layton, Microchip Technology Inc.

The Real-Time Clock and Calendar (RTCC) module was designed to allow users to maintain accurate
tracking for extended periods of time without the need for extensive CPU intervention. The module is
optimized for battery powered LCD applications and is capable of providing extended battery life when
applicable. The RTCC can be configured to run from multiple clock sources, including the option to use
an external 32.768 kHz crystal oscillator attached to the Secondary Oscillator (SOSC) pins. It is capable
of operating from a battery backup in the event of a Vpp supply voltage power failure, which allows the
RTCC and SOSC modules to continue running and prevents data loss. This technical brief will give an
overview of the RTCC module and the integrated Vgat functionality.
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Real-Time Clock Calendar (RTCC) Overview

The RTCC module is an integrated 100-year clock and calendar with automatic leap year detection and
correction. The range of the clock is from 00:00:00 (midnight) on January 1st, 2000 to 23:59:59 on
December 31st, 2099. The RTCC module uses the 24-hour time format. The RTCC provides users with
the ability to accurately keep track of time, date, and configure an alarm with an interrupt event. The
RTCC module can be beneficial to use in applications where accurate time keeping is needed due to the
module’s optimized low-power consumption, the ability to minimize CPU overhead, and the available Vgar
external battery connect in the event of a Vpp power failure. Some features of the RTCC module include:

* Time: Hours, Minutes and Seconds

e 24-Hour Time Format

*  Calendar: Weekday, Date, Month and Year (Year range: 2000 to 2099)

*  Leap Year Correction

*  Configurable Alarm

* Half-second Synchronization and Visibility

«  BCD Format for Compact Firmware

»  User Calibration with Auto-Adjust

*  Multiple Clock Sources

*  Low-Power Optimization

RTCC Module Operation

The RTCC module contains three register sets: control registers, clock value registers, and alarm value
registers. The module works by using the configured clock source to increment several different counters,
which represent the different time periods that are being tracked. Each clock value register represents the
different units of time that the RTCC module keeps, and each of the counters for those registers are
incremented based upon their defined intervals (i.e., the MINUTES register is clocked once a minute, the
DAYS register is clocked once a day, the MONTH register is clocked once a month, etc.). The alarm
feature of the RTCC can be configured to trigger at a frequency of every 1/2 second to every 1 year, with
the option to repeat the alarm a specific number of times. An interrupt can be generated with every alarm
event that can be used to trigger other peripherals on the device. Finally, the module has the option of
VgaT operation to maintain the RTCC data and SOSC operation in the event of a power loss or failure.

RTCC Module Configuration

When configuring the RTCC module, the user must first set the RTCWREN bit of the RTCCON register to
disable the register write lockout function and allow RTCC registers to be updated. After setting the
RTCWREN bit, the user should then disable to RTCC module, which will prevent the RTCC from
incrementing the time and date registers while they are being configured. If the RTCC module were left
enabled using the current time and date information while configuring, there is the possibility of an event
in which one register is being written and clocked at the same time. The next step when configuring the
RTCC module for the first time is to set the current time and date information by writing into the
associated registers. This creates a known starting condition for the RTCC module from where it can
begin to increment the date and time. When initializing the current time and date settings, the user must
write the year, month, day, minutes and seconds information, each into their own associated register in
memory. This information written to the time value registers must be implemented using the Binary Coded
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Decimal (BCD) format that is explained in Section 1.5 Reading/Writing RTCC Using Binary Coded
Decimal (BCD) Format.

When the RTCC registers are not being updated, the RTCWREN bit should remain cleared to enable the
Write Lock function and avoid accidental writes to the RTCC registers during operation. As previously
mentioned, each of the time value counters will increment based upon their defined time intervals. This
increment leaves a large enough period between clocks to safely update the register without disabling the
RTCC Write Lock. The user can also poll the RTCSYNC and the HALFSEC bits of the RTCCON register
to observe the timing status and avoid a register getting updated and incremented simultaneously.

After the RTCC module and alarm settings have been initialized, the user can set the RTCEN bit of the
RTCCON register. When enabling the RTCC module for the first time, it is recommended that the user
polls the RTCEN bit to ensure that it reaches to desired logic level before the RTCWREN bit is cleared.
The RTCEN bit is synchronized to the RTCC clock and will not set until the external oscillator is available,
which means that the user must account for the crystal/oscillator start-up time in the initialization routine.
Example 1-1 below demonstrates the first part of initializing the RTCC module, by disabling the RTCC
write lock and initializing the time and date registers. Example 2-1 in Section 2.1 RTCC Alarm
Configuration contains the second half of the RTCC initialization routine, which includes configuring the
alarm feature.

Example 1-1. RTCC Module Initialization (Part 1)

RTCCONbits.RTCWREN = 1; // RICC Registers can be written;
RTCCONbits.RTCEN = 0; // RTICC Module is disabled;
RTCCONbits.RTCCLKSEL = 0x00; // RTCC Clock Selection Bits - SOSC;

// Set RTCC Start Time:
YEAR = 0x18; // year;

MONTH = 0x5; // month;
WEEKDAY = 0x2; // weekday;
DAY = 0x22; // day;
HOURS = 0x12; // hours
MINUTES = 0x30; // minutes;
SECONDS = 0x0; // seconds;

RTCCAL = 0x00; // RTCC Calibration;

RTCC Module Available Clock Sources

The RTCC module offers several different clock source options to the user that can be configured by
setting the RTCCLKSEL<1:0> bits of the RTCCON register. The first option available is clocking the
RTCC using an external 32.768 kHz crystal tied to the secondary oscillator (SOSC) pin. Using an external
crystal oscillator to clock the module offers the advantages of high accuracy, low component cost, and
relatively low power consumption along with the Vgt battery backup option. One main disadvantage of
using an external crystal oscillator is the discrete component’s performance susceptibility to external
variables. When using an external crystal oscillator as the clock source for the RTCC module, it is also
important to ensure that any necessary circuitry is added. Refer to the crystal oscillator specifications for
more information.

The Medium Frequency Internal Oscillator (MFINTOSC/16) can also be configured to clock the RTCC
module at a frequency of 31.25 kHz. Using the internal oscillator eliminates the need for another external
component, although one major tradeoff is sacrificing accuracy compared to the 32.768 kHz external
crystal.
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It is important to note that the Vgar functionality is only available when the RTCC module is running from
SOSC. Vgar only provides a backup supply voltage directly to the SOSC and RTCC modules, therefore it
can only be implemented when the clock source is the SOSC. In applications where AC power is
available, the user can use the Zero-Cross Detect (ZCD) module to create a 50 Hz or 60 Hz signal that
can be configured to clock the RTCC module. Each of these clock source selections have a fixed, known
prescaler built into the module that is used to generate the required % clock signal needed by the RTCC.
A block diagram that illustrates the multiplexing of the different available clock signals is available in the
Real Time Clock Calendar (RTCC) section of the device data sheet. Table 1-1 summarizes the different
clock source settings:

Table 1-1. RTCC Module Clock Source Summary

RTCC Clock Source Ideal Frequency Fixed Prescaler RTCCLKSEL<1:0>

SOSC 32.768 kHz (Expected) | 1:16384

MFINTOSC / 16 31.25 kHz 1:15625 01
ZCD Powerline Clock (1) | 50 Hz 1:25 10
ZCD Powerline Clock (2) 60 Hz 1:30 11

RTCC Calibration

The RTCC module can be calibrated using the periodic auto-adjust feature and can provide the user with
an error of less than three seconds per month, when calibrated correctly. The first step to calibrating the
input clock source is to determine the error of the input clock frequency, which can be done using another
timer resource available on the PIC® microcontroller such as the Signal Measurement Timer (SMT)
module. The calculated error in the RTCC module source clock should be stored in the calibration register
(RTCCAL) as a signed 8-bit value. The value stored in this register determines the auto adjustment that
must be made to the RTCC clock source to calibrate it to the ideal frequency expected. Equation 1-1
below, from the RTCC section of the product data sheets, can be used to determine the error between the
ideal expected frequency and the actual measured frequency. For more information about calibrating the
RTCC and the SOSC, refer to the device data sheet.

Equation 1-1. Converting RTCC Source Clock Error Clock Pulses of SCK Output Signal
Calculation

Error Clocks

Minute -~ (IdealFrequency(BZ, 768) - MeasuredFrequency) - 60

In the event where the measured frequency is faster than ideal (Equation 1-1 yields a negative result),
the value stored in the RTCCAL register must be negative. When the measured frequency is slower than
ideal (Equation 1-1 yields a positive result), the value stored in the RTCCAL register must be positive.
Although the calibration value stored in RTCCAL from Equation 1-1 is specified in clock pulses per
minute, the actual calibration is performed by applying RTCCAL<7:0>/4 clock pulses every 15 seconds.
Any initial error from the clock source is not included in the calculation of Equation 1-1 and the user must
consider that when calibrating the RTCC module. It is important to note that any writes to the RTCCAL
register should only occur when the timer is turned off or right after the rising edge of the seconds pulse.
The only exception to this is when the SECONDS value is 00 ,15 ,30, or 45 to avoid being manipulated by
an auto-adjust events occurring.
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Reading/Writing RTCC Using Binary Coded Decimal (BCD) Format

The register interface for the RTCC module time and alarm values must be implemented using the Binary
Coded Decimal (BCD) format. The BCD format is a system of representing numbers where a 4-bit wide
binary code is assigned to represent the numerical value of a digit ranging from 0 through 9. Each of the
corresponding time and date values are represented and contained within their own 4-bit values. For
more information about writing to the Time Value and Alarm Value registers using the BCD format, refer to
the RTCC section of the device data sheet. Each register in the data sheet will have specific information
about the range of values of the specific time or date that the register accepts.

Figure 1-1 below illustrates the time digit and alarm digit format, along with the acceptable ranges for
each numerical value. Using this format to represent the time and date values simplifies the firmware and
allows for smaller software overhead. It is important to note that since the Time and Date registers for the
RTCC and alarm feature are represented in the BCD format, the carry to the upper BCD digit always
occurs on a count of 10 rather than a count of 16. For more information regarding the carry rules of this
RTCC module, refer to the RTCC chapter of the device data sheet.

Figure 1-1. Time/Alarm Register Value Format (BCD)

Rev. 10-000338A
4/30/2018

Year Month Day Day of Week
0-9 0-9 0-1 0-9 0-3 0-9 0-6
Hours Minutes Year ¥ Second Bit
(24-hour Fomat) (Binary Format)
0-2 0-9 0-5 0-9 0-5 0-9 0/1
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Figure 1-2. Alarm Value Register Format (BCD)

Month Day Day of Week
0-1 0-9 0-3 0-9 0-6
Hours Minutes Year
(24-hour Format)
0-2 0-9 0-5 0-9 0-5 0-9

10-000 339A
413012018

Tip: When using the Microchip Code Configurator (MCC) to implement the RTCC module into
a project, the APIs needed to convert from HEX to BCD and vice versa are automatically
generated.

© 2018 Microchip Technology Inc.

DS90003203A-page 7



2.1

TB3203A
RTCC Alarm Overview

RTCC Alarm Overview

The RTCC module offers a configurable alarm feature that provides the flexibility to be configured with
several different options. The alarm can be setup to trigger an alarm interrupt flag once every 2 second
to once every year, with an included alarm repeat counter register that is used to determine how many
times the alarm repeats before the alarm enable bit (ALRMEN) is lowered. An alarm event is generated
when the RTCC time/date matches the time/date stored in the alarm registers, which are configured by
the user. Aside from ALRMRPT and the CHIME bit, the alarm registers should not be updated while the
alarm is enabled to prevent false alarm triggers. This feature of the RTCC module generates an Interrupt
Flag (RTCCIF) every time an alarm alert is issued, which can be implemented in many applications as a
trigger for other peripherals or as an interrupt service routine. In addition to the interrupt flag that is raised
with every alarm alert, the RTCC can also provide an alarm pulse output that is synchronous with the
RTCC clock that can be used as a trigger for other peripherals. To implement the RTCC interrupt, the
RTCCIE bit of the Peripheral Interrupt Enable (PIE) register must be set.

RTCC Alarm Configuration

When configuring the alarm feature of the RTCC, the first step is to ensure that the RTCWREN bit is set
to allow RTCC register writes. The user should also verify that the alarm is in a disabled state before
performing any register updates. The ALRMEN bit will be cleared every time an alarm is issued, if the
ALRMRPT register has decremented to zero and the CHIME bit is configured to not allow rollovers. If the
CHIME bit is enabled, the alarm repeat register (ALRMRPT) will be allowed to continuously roll over
rather than stopping once it decrements to zero.The frequency which the alarm is repeated can be
configured using the AMASK<3:0> bits of the ARMCON register and can be selected to be anywhere
from every %2 second to once a year.

The ALRMRPT register is used to determine how many times the configured alarm is repeated. The user
can set this to repeat anywhere from 0 to 255 times until the RTCC alarm is disabled. The CHIME bit of
the alarm configuration register determines if the alarm repeat counter rolls over and restarts when it
reaches zero. Similar to when initializing the time and date settings for the RTCC module start condition,
there are several alarm specific registers that must be initialized to determine the date and time of the first
alarm event. This information written to the alarm registers must be implemented using the Binary Coded
Decimal (BCD) format that is explained in Section 1.5 Reading/Writing RTCC Using Binary Coded
Decimal (BCD) Format. Once all of the alarm configuration registers have been updated and initialized,
the final step for the user is to enable the alarm by setting the ALRMEN bit of the ALRMCON register and
clear the RTCC Write Lock bit. If the RTCC module is still disabled at this point, the user would need to
enable the RTCC module by setting the RTCEN bit of the RTCCON register and then clear the Write Lock
bit to prevent accidental writes to any of the RTCC registers. Example 2-1 demonstrates how to configure
the alarm and shows the remainder of the initialization routine that was started in Example 1-1. Note that
the RTCWREN bit was already set and the RTCC module was already disabled in the first part of the
initialization routine.
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Example 2-1. RTCC Module Initialization (Part 2)

ALRMCONbits.ALRMEN = 0; // Alarm is disabled;
ALRMRPT = OxFF; // Alarm Repeat Register;

// Set RTCC Alarm Time:05/22/2018 @ 12:30:10

ALRMMTH = 0x5; // month;

ALRMWD = 0x2; // weekday;

ALRMDAY = 0x22; // day;

ALRMHR = 0x12; // hours;

ALRMMIN = 0x30; // minutes;

ALRMSEC = 0x10; // seconds;
ALRMCONbits.ALRMEN = 1; // Re-enable the alarm
ALRMCON = 0xC8; // BMASK Every 10 Second; CHIME enabled;
RTCCONbits.RTCEN = 1; // RTCC Module is enabled
While (!RTCCONbits.RTCEN) ;
RTCCONbits.RTCWREN = 0; // RTCC Registers Write Lockout;
PIR8bits.RTCCIF = 0; // Clear RTCC Interrupt Flag;
PIE8bits.RTCCIE = 1; // Enable RTCC Interrupt (Alarm);
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VBAT Overview

The PIC16(L)F19197 family of devices come equipped with a Vgar pin that provides users with the ability
to use an external backup power source to ensure that the SOSC and RTCC modules continue running if
the Vpp supply voltage were to fail. Utilizing the Vgar functionality of the module can be beneficial in
applications that use the RTCC module, by helping to ensure that the time keeping values are retained
when the Vpp power supply is lost. The Vgar hardware determines when the Vpp power supply to the
RTCC and SOSC modules are no longer sufficient. When the supply drops below the required Vpp
voltage level, the RTCC and SOSC modules will automatically switch their supply voltage to run from the
available Vgat power supply.

The RTCC and SOSC modules were designed with low power consumption in mind to help prolong
battery life. The VBATBOR and BOR bits of the Power Control register set (PCONXx) can be used to
indicate whether a Brown-out Reset (BOR) occurred and to determine if a Vgar Brown-out Reset
occurred, specifically. Table 3-1 summarizes the behavior that the PIC microcontroller will inhibit in the
event of a Brown-out Reset when Vg7 is utilized as a battery backup.

Table 3-1. Vpp Vs. Vgat Switching

Vop>Veor | Veat™Veor | All peripherals will operate from Vpp. RTCC and SOSC modules will run from
VgaT, if VgaT is greater than Vpp. VBATBOR bit remains unchanged. BOR bit
remains unchanged.

Vop>Veor Vear<Veor All peripherals will operate from Vpp. VBATBOR bit remains unchanged.
BOR bit remains unchanged.

Vpp<Veor ' Veat>Veor |RTCC and SOSC will operate from Vgar While all other peripherals are held
in a Reset state until Vpp power supply is restored. VBATBOR bit remains
unchanged. BOR bit is cleared to indicate Brown-out Reset

Vop<Veor VBar<VBor All peripherals (Including RTCC and SOSC) are held in a Reset state until a
sufficient Vpp or Vgar power supply is detected. VBATBOR bit cleared to
indicate a Brown-out Reset. BOR bit is cleared to indicate Brown-out Reset.

Vgat Configuration

When configuring the Vgar functionality for the PIC16(L)F 19197 family of devices, the first step is to
determine the external source that will be connected to the VBAT pin. The battery typically used for this
feature is a 3.0V coin cell. However, this system offers the versatility to use any battery supply that is
within the entire device Vpp range or even use a super capacitor in place of a battery. The positive
terminal of the battery backup source should connect to the VBAT pin of the PIC microcontroller, and the
negative terminal should connect to the Vgg pins of the PIC microcontroller. Battery backup functionality
is enabled by setting the VBATEN bit of Configuration Word 1 (VBATEN = ON). The VBAT pin of the PIC
microcontroller is not a regular bidirectional GPIO, and when not being used for a battery backup can only
be configured as an input pin only. Refer to the device data sheet pin out diagram for location of the
reserved VBAT pin.
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Conclusion

This technical brief provides an overview of the RTCC module and the integrated Vgar capabilities that it
offers. The Real Time Clock Calendar (RTCC) module allows users to maintain accurate time tracking in
applications for extended periods while reducing software overhead. Some advantages to the RTCC
module in the PIC16(L)F19197 family of devices are the low power consumption, versatility, and the
minimal software requirements needed to implement it. The RTCC module has built-in auto adjust
functionality to calibrate the clock source, to help maintain accurate time keeping for longer periods. For
more details about this module, refer to the RTCC chapter of the device data sheet, utilize the MPLAB®
Code Configurator plug-in available in MPLAB X IDE, or browse the MPLAB Xpress example library.

Tip: Complete working demo code for the RTCC module with VBAT functionality can be found
on the MPLAB Xpress Cloud-Based IDE platform. See the example section here.
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The Microchip Web Site

Microchip provides online support via our web site at http://www.microchip.com/. This web site is used as
a means to make files and information easily available to customers. Accessible by using your favorite
Internet browser, the web site contains the following information:

*  Product Support — Data sheets and errata, application notes and sample programs, design
resources, user’s guides and hardware support documents, latest software releases and archived
software

*  General Technical Support — Frequently Asked Questions (FAQ), technical support requests,
online discussion groups, Microchip consultant program member listing

* Business of Microchip — Product selector and ordering guides, latest Microchip press releases,
listing of seminars and events, listings of Microchip sales offices, distributors and factory
representatives

Customer Change Notification Service

Microchip’s customer notification service helps keep customers current on Microchip products.
Subscribers will receive e-mail notification whenever there are changes, updates, revisions or errata
related to a specified product family or development tool of interest.

To register, access the Microchip web site at http://www.microchip.com/. Under “Support”, click on
“Customer Change Notification” and follow the registration instructions.

Customer Support

Users of Microchip products can receive assistance through several channels:

»  Distributor or Representative
* Local Sales Office
*  Field Application Engineer (FAE)
»  Technical Support
Customers should contact their distributor, representative or Field Application Engineer (FAE) for support.

Local sales offices are also available to help customers. A listing of sales offices and locations is included
in the back of this document.

Technical support is available through the web site at: http://www.microchip.com/support

Microchip Devices Code Protection Feature

Note the following details of the code protection feature on Microchip devices:

*  Microchip products meet the specification contained in their particular Microchip Data Sheet.

*  Microchip believes that its family of products is one of the most secure families of its kind on the
market today, when used in the intended manner and under normal conditions.

*  There are dishonest and possibly illegal methods used to breach the code protection feature. All of
these methods, to our knowledge, require using the Microchip products in a manner outside the
operating specifications contained in Microchip’s Data Sheets. Most likely, the person doing so is
engaged in theft of intellectual property.

*  Microchip is willing to work with the customer who is concerned about the integrity of their code.
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*  Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their
code. Code protection does not mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the
code protection features of our products. Attempts to break Microchip’s code protection feature may be a
violation of the Digital Millennium Copyright Act. If such acts allow unauthorized access to your software
or other copyrighted work, you may have a right to sue for relief under that Act.

Legal Notice

Information contained in this publication regarding device applications and the like is provided only for
your convenience and may be superseded by updates. It is your responsibility to ensure that your
application meets with your specifications. MICROCHIP MAKES NO REPRESENTATIONS OR
WARRANTIES OF ANY KIND WHETHER EXPRESS OR IMPLIED, WRITTEN OR ORAL, STATUTORY
OR OTHERWISE, RELATED TO THE INFORMATION, INCLUDING BUT NOT LIMITED TO ITS
CONDITION, QUALITY, PERFORMANCE, MERCHANTABILITY OR FITNESS FOR PURPOSE.
Microchip disclaims all liability arising from this information and its use. Use of Microchip devices in life
support and/or safety applications is entirely at the buyer’s risk, and the buyer agrees to defend,
indemnify and hold harmless Microchip from any and all damages, claims, suits, or expenses resulting
from such use. No licenses are conveyed, implicitly or otherwise, under any Microchip intellectual
property rights unless otherwise stated.

Trademarks

The Microchip name and logo, the Microchip logo, AnyRate, AVR, AVR logo, AVR Freaks, BeaconThings,
BitCloud, CryptoMemory, CryptoRF, dsPIC, FlashFlex, flexPWR, Heldo, JukeBlox, KeeLoq, KeeLoq logo,
Kleer, LANCheck, LINK MD, maXStylus, maXTouch, MediaLB, megaAVR, MOST, MOST logo, MPLAB,
OptoLyzer, PIC, picoPower, PICSTART, PIC32 logo, Prochip Designer, QTouch, RightTouch, SAM-BA,
SpyNIC, SST, SST Logo, SuperFlash, tinyAVR, UNI/O, and XMEGA are registered trademarks of
Microchip Technology Incorporated in the U.S.A. and other countries.

ClockWorks, The Embedded Control Solutions Company, EtherSynch, Hyper Speed Control, HyperLight
Load, IntelliMOS, mTouch, Precision Edge, and Quiet-Wire are registered trademarks of Microchip
Technology Incorporated in the U.S.A.

Adjacent Key Suppression, AKS, Analog-for-the-Digital Age, Any Capacitor, Anyln, AnyOut, BodyCom,
chipKIT, chipKIT logo, CodeGuard, CryptoAuthentication, CryptoCompanion, CryptoController,
dsPICDEM, dsPICDEM.net, Dynamic Average Matching, DAM, ECAN, EtherGREEN, In-Circuit Serial
Programming, ICSP, Inter-Chip Connectivity, JitterBlocker, KleerNet, KleerNet logo, Mindi, MiWi,
motorBench, MPASM, MPF, MPLAB Certified logo, MPLIB, MPLINK, MultiTRAK, NetDetach, Omniscient
Code Generation, PICDEM, PICDEM.net, PICkit, PICtail, PureSilicon, QMatrix, RightTouch logo, REAL
ICE, Ripple Blocker, SAM-ICE, Serial Quad 1/0, SMART-1.S., SQIl, SuperSwitcher, SuperSwitcher I, Total
Endurance, TSHARC, USBCheck, VariSense, ViewSpan, WiperLock, Wireless DNA, and ZENA are
trademarks of Microchip Technology Incorporated in the U.S.A. and other countries.

SQTP is a service mark of Microchip Technology Incorporated in the U.S.A.
Silicon Storage Technology is a registered trademark of Microchip Technology Inc. in other countries.

GestIC is a registered trademark of Microchip Technology Germany Il GmbH & Co. KG, a subsidiary of
Microchip Technology Inc., in other countries.

All other trademarks mentioned herein are property of their respective companies.
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Quality Management System Certified by DNV

ISO/TS 16949

Microchip received ISO/TS-16949:2009 certification for its worldwide headquarters, design and wafer
fabrication facilities in Chandler and Tempe, Arizona; Gresham, Oregon and design centers in California
and India. The Company’s quality system processes and procedures are for its PIC® MCUs and dsPIC®
DSCs, KEELOQ® code hopping devices, Serial EEPROMSs, microperipherals, nonvolatile memory and
analog products. In addition, Microchip’s quality system for the design and manufacture of development
systems is ISO 9001:2000 certified.
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