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Welcome to E-XFL.COM

What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Active

ARM® Cortex®-M0+

32-Bit Single-Core

48MHz

I2C, LINbus, SPI, UART/USART
Brown-out Detect/Reset, DMA, I2S, POR, PWM, WDT
26

64KB (64K x 8)

FLASH

8K x 8

1.62V ~ 3.6V

A/D 10x12b; D/A 1x10b
Internal

-40°C ~ 105°C (TA)

Surface Mount

32-VFQFN Exposed Pad
32-VQFN (5x5)
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32-bit ARM-Based Microcontrollers

*  Up to four compare channels with optional complementary output
*  Generation of synchronized pulse width modulation (PWM) pattern across port pins

» Deterministic fault protection, fast decay and configurable dead-time between
complementary output

» Dithering that increase resolution with up to 5 bit and reduce quantization error
— 32-bit Real Time Counter (RTC) with clock/calendar function
— Watchdog Timer (WDT)
— CRC-32 generator
— Up to six Serial Communication Interfaces (SERCOM), each configurable to operate as either:
*  USART with full-duplex and single-wire half-duplex configuration
*  12C up to 3.4MHz
« SPI
* LIN slave
— One 12-bit, 350ksps Analog-to-Digital Converter (ADC) with up to 18 channels
« Differential and single-ended input
* 1/2x to 16x programmable gain stage
* Automatic offset and gain error compensation
* Oversampling and decimation in hardware to support 13-, 14-, 15- or 16-bit resolution
— 10-bit, 350ksps Digital-to-Analog Converter (DAC)
—  Four Analog Comparators (AC) with window compare function
« 10
— Up to 38 programmable I/O pins
+ Packages
— 48-pin TQFP, QFN
— 32-pin QFN
*  Operating Voltage
- 1.62V-3.63V
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32-bit ARM-Based Microcontrollers

Description

The SAM D21L is a series of low-power microcontrollers using the 32-bit ARM® Cortex®-M0+ processor,
and offered in 32- and 48-pin packages with up to 64KB Flash and 8KB of SRAM. The SAM D21L
operate at a maximum frequency of 48MHz and reach 2.46 CoreMark/MHz. They are designed for simple
and intuitive migration with identical peripheral modules, hex compatible code, identical linear address
map and pin compatible migration paths between all devices in the product series. All devices include
intelligent and flexible peripherals, Event System for inter-peripheral signaling, and support for capacitive
touch button, slider and wheel user interfaces.

The SAM D21L microcontrollers provide the following features: In-system programmable Flash, twelve-
channel direct memory access (DMA) controller, 12 channel Event System, programmable interrupt
controller, up to 52 programmable I/O pins, 32-bit real-time clock and calendar, up to five 16-bit Timer/
Counters (TC) and three 24-bit Timer/Counters for Control (TCC), where each TC can be configured to
perform frequency and waveform generation, accurate program execution timing or input capture with
time and frequency measurement of digital signals. The TCs can operate in 8- or 16-bit mode, selected
TCs can be cascaded to form a 32-bit TC, and three timer/counters have extended functions optimized
for motor, lighting and other control applications. The series provide up to six Serial Communication
Modules (SERCOM) that each can be configured to act as an USART, UART, SPI, 12C up to 3.4MHz,
SMBus, PMBus, and LIN slave; up to eighteen-channel 350ksps 12-bit ADC with programmable gain and
optional oversampling and decimation supporting up to 16-bit resolution, one 10-bit 350ksps DAC, four
analog comparators with window mode; programmable Watchdog Timer, brown-out detector and power-
on reset and two-pin Serial Wire Debug (SWD) program and debug interface.

All devices have accurate and low-power external and internal oscillators. All oscillators can be used as a
source for the system clock. Different clock domains can be independently configured to run at different
frequencies, enabling power saving by running each peripheral at its optimal clock frequency, and thus
maintaining a high CPU frequency while reducing power consumption.

The SAM D21L microcontrollers have two software-selectable sleep modes, idle and standby. In idle
mode the CPU is stopped while all other functions can be kept running. In standby all clocks and
functions are stopped expect those selected to continue running. The device supports SleepWalking. This
feature allows the peripheral to wake up from sleep based on predefined conditions, and thus allows the
CPU to wake up only when needed, e.g. when a threshold is crossed or a result is ready. The Event
System supports synchronous and asynchronous events, allowing peripherals to receive, react to and
send events even in standby mode.

The Flash program memory can be reprogrammed in-system through the SWD interface. The same
interface can be used for non-intrusive on-chip debug of application code. A boot loader running in the
device can use any communication interface to download and upgrade the application program in the
Flash memory.

The SAM D21L microcontrollers are supported with a full suite of program and system development tools,
including C compilers, macro assemblers, program debugger/simulators, programmers and evaluation
kits.

© 2017 Microchip Technology Inc. Datasheet Summary 40001885A-page 5



32-bit ARM-Based Microcontrollers

3. Ordering Information
SAMD 21 E15L - MF T

Product Family w Package Carrier
SAMD = General Purpose Microcontroller No character = Tray (Default)
Product Series T = Tape and Reel
21 = Cortex MO + CPU, Basic Feature Set

+ DMA + Analog/PWM Optimized Package Grade
Pin Count U = -40 - 85.C Matte Sn Plating
E = 32 Pins N =-40 - 105.C Matte Sn Plating
G = 48 Pins F =-40 - 125.C Matte Sn Plating
Flash Memory Density Package Type
16 = 64KB A =TQFP
15 = 32KB M = QFN
Device Variant

A = Default Variant
L = Pinout optimized for analog and PWM

3.1 SAM D21ExL

Ordering Code FLASH (bytes) SRAM (bytes) Temperature Range Carrier Type

ATSAMD21E15L-MNT 105°C QFN32 Tape & Reel
ATSAMD21E15L-MFT 32K 4K 125°C QFN32 Tape & Reel
ATSAMD21E15L-AFT 32K 4K 125°C TQFP32 Tape & Reel
ATSAMD21E16L-MNT 64K 8K 105°C QFN32 Tape & Reel
ATSAMD21E16L-MFT 64K 8K 125°C QFN32 Tape & Reel
ATSAMD21E16L-AFT 64K 8K 125°C TQFP32 Tape & Reel

3.2 SAM D21GxL

Ordering Code FLASH (bytes) SRAM (bytes) Temperature Range Carrier Type

ATSAMD21G16L-MUT 85°C QFN48 Tape & Reel
ATSAMD21G16L-MNT 64K 8K 105°C QFN48 Tape & Reel
3.3 Device Identification

The DSU - Device Service Unit peripheral provides the Device Selection bits in the Device Identification
register (DID.DEVSEL) in order to identify the device by software. The SAM D21L variants have a reset
value of DID=0x1001drxx, with the LSB identifying the die number ('d"), the die revision ('r') and the
device selection ('xx').

© 2017 Microchip Technology Inc. Datasheet Summary 40001885A-page 7



32-bit ARM-Based Microcontrollers

Table 3-1. SAM D21L Device Identification Values

Reserved 0x00 - 0x61
SAMD21E16L 0x62 0x1001143E
SAMD21E15L 0x63 0x1001143F
Reserved 0x64 - 0x86
SAMD21G16L 0x87 0x10011457
Reserved 0x88 - OxFF

Note: The device variant (last letter of the ordering number) is independent of the die revision
(DSU.DID.REVISION): The device variant denotes functional differences, whereas the die revision marks
evolution of the die. The device variant denotes functional differences, whereas the die revision marks
evolution of the die.

© 2017 Microchip Technology Inc. Datasheet Summary 40001885A-page 8
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32-bit ARM-Based Microcontrollers

Block Diagram
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1.  Some products have different number of SERCOM instances, Timer/Counter instances and ADC
signals. Refer to the Configuration Summary.
2. The three TCC instances have different configurations, including the number of Waveform Output
(WO) lines. Refer to the TCC Configutations for details.

Related Links

Configuration Summary
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32-bit ARM-Based Microcontrollers

Product Mapping
Figure 6-1. SAM D21L Product Mapping

Global Memory Space

Code

0x00000000,
0x00000000 00010000
Ox1FFFFFFF - i
0X20000000 X AHB-APB Bridge C
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, SRAM 0x42000000
SRAM | e 0x20000000
"""""""" Internal SRAM 0x42000400
0x20008000 0x20007FFF
Undefined AHB-APB 0x42000800
0x40000000-
0x40000000 Tl e AHB-APB 0x42000C00
""""""""""""""""""" Bridge A
""""""""""" 0x41000000 0x42001000
0x43000000 0x42001400
Reserved 0x42000000
0x42001800
060000000 O0x42FFFFFF 0x42001C00
Undefined System
0xE0000000- 0x42002000
0x60000200 Reserved
Reserved .-~ OXEOOOE000 0x42002400
0xE0000000
0XE000F000 0x42002800
System Reserved
OXFFFFFFFF OXEOOFF000 - 0x42002C00
0xE0100000 0x42003000
Reserved
OXFFFFFFFF
. 0x42003400
AHB-APB Bridge A .
9 AHB-APB Bridge B
0x40000000 0x41000000 0x42003800
PACO
0x40000400 0x41002000 0x42003C00
PM
0x40000800 0x41004000 0x42004000
SYSCTRL
0x40000C00 0x41004400 0x42004400
GCLK
0x40001000 0x41004800 0x42004800
WDT
0x40001400 0x41005000 0x42004C00
RTC Reserved Reserved
0x40001800 0x41006000 0x42005000
EIC Reserved
0x40001C00 0x41007000 0x42005400
Reserved Reserved
OX40FFFFFF 0x41FFFFFF 0x42005800
) ) Reserved
1. Only available in SAMD21GxL. Ox42FFFFFF

This figure represents the full configuration of the SAM D21L with maximum flash and SRAM capabilities
and a full set of peripherals. Refer to the configuration summary for details.
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7.1.2

32-bit ARM-Based Microcontrollers

Processor And Architecture

Cortex M0+ Processor

The SAM D21L implements the ARM® Cortex®-M0+ processor, based on the ARMv6 Architecture and
Thumb®-2 ISA. The Cortex MO+ is 100% instruction set compatible with its predecessor, the Cortex-MO
core, and upward compatible to Cortex-M3 and M4 cores. The ARM Cortex-M0+ implemented is revision
rOp1. For more information refer to http://www.arm.com.

Cortex M0+ Configuration

Table 7-1. Cortex M0+ Configuration

_ Configurable option Device configuration

Interrupts

Data endianness

SysTick timer

Number of watchpoint comparators
Number of breakpoint comparators
Halting debug support

Multiplier

Single-cycle 1/O port

Wake-up interrupt controller
Vector Table Offset Register
Unprivileged/Privileged support
Memory Protection Unit

Reset all registers

Instruction fetch width

Note:

External interrupts 0-32
Little-endian or big-endian
Present or absent

0,1,2

0,1,2,3,4

Present or absent

Fast or small

Present or absent
Supported or not supported
Present or absent
Present or absent

Not present or 8-region
Present or absent

16-bit only or mostly 32-bit

1. All software run in privileged mode only.

The ARM Cortex-M0+ core has two bus interfaces:

* Single 32-bit AMBA-3 AHB-Lite system interface that provides connections to peripherals and all
system memory, which includes flash and RAM.

»  Single 32-bit I/O port bus interfacing to the PORT with 1-cycle loads and stores.

Cortex-MO0+ Peripherals
»  System Control Space (SCS)

28
Little-endian
Present

2

4

Present

Fast (single cycle)
Present

Not supported
Present
Absent(")

Not present
Absent

32-bit

— The processor provides debug through registers in the SCS. Refer to the Cortex-MO+
Technical Reference Manual for details (www.arm.com).

»  System Timer (SysTick)

© 2017 Microchip Technology Inc.
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7.41

7.4.2

7.4.3

32-bit ARM-Based Microcontrollers

High-Speed Bus System

Features
High-Speed Bus Matrix has the following features:
*  Symmetric crossbar bus switch implementation
* Allows concurrent accesses from different masters to different slaves
*  32-bit data bus
*  Operation at a one-to-one clock frequency with the bus masters

Configuration

Table 7-4. Bus Matrix Masters

CMO+ - Cortex MO+ Processor 0
DSU - Device Service Unit 1

Table 7-5. Bus Matrix Slaves

Bus Matrix Slaves Slave ID

Internal Flash Memory 0
AHB-APB Bridge A 1
AHB-APB Bridge B 2
AHB-APB Bridge C 3

SRAM Quality of Service
To ensure that masters with latency requirements get sufficient priority when accessing RAM, the different
masters can be configured to have a given priority for different type of access.

The Quality of Service (QoS) level is independently selected for each master accessing the RAM. For any
access to the RAM the RAM also receives the QoS level. The QoS levels and their corresponding bit
values for the QoS level configuration is shown in Table. Quality of Service.

Table 7-6. Quality of Service

S

00 DISABLE Background (no sensitive operation)
01 LOW Sensitive Bandwidth

10 MEDIUM Sensitive Latency

11 HIGH Critical Latency

If a master is configured with QoS level 0x00 or 0x01 there will be minimum one cycle latency for the
RAM access.

The priority order for concurrent accesses are decided by two factors. First the QoS level for the master
and then a static priority given by table nn-mm (table: SRAM port connection) where the lowest port ID
has the highest static priority.

© 2017 Microchip Technology Inc. Datasheet Summary 40001885A-page 17



32-bit ARM-Based Microcontrollers

The MTB has fixed QoS level 3 and the DSU has fixed QoS level 1.
The CPU QoS level can be written/read at address 0x41007110, bits [1:0]. Its reset value is 0x0.
Refer to different master QOSCTRL registers for configuring QoS for the other master (DMAC).

7.5 AHB-APB Bridge
The AHB-APB bridge is an AHB slave, providing an interface between the high-speed AHB domain and
the low-power APB domain. It is used to provide access to the programmable control registers of
peripherals.
AHB-APB bridge is based on AMBA APB Protocol Specification V2.0 (ref. as APB4) including:
*  Wait state support
»  Errorreporting
*  Transaction protection
*  Sparse data transfer (byte, half-word and word)

Additional enhancements:
* Address and data cycles merged into a single cycle
»  Sparse data transfer also apply to read access

to operate the AHB-APB bridge, the clock (CLK_HPBx_AHB) must be enabled. See PM — Power
Manager for details.

Figure 7-1. APB Write Access.

TO T1 T2 T3 TO T T2 T3 T4 T5
PCLK ‘ PCLK ‘
PADDR >< Addr 1 PADDR >< Addr 1
PWRITE / PWRITE /
PSEL / \ PSEL / \
PENABLE / \ PENABLE / \
PWDATA >< Data 1 >< PWDATA >< Data 1 ><
PREADY / \ PREADY \ / \
No wait states Wait states

© 2017 Microchip Technology Inc. Datasheet Summary 40001885A-page 18



32-bit ARM-Based Microcontrollers

Bit

Access
Reset

Bit

Access
Reset

15 14 13 12 1" 10 9 8
7 6 5 4 3 2 1 0
EIC RTC WDT GCLK SYSCTRL PM
R/W R/W R/wW R/wW RwW R/W
0 0 0 0 0 0
Bit 6 — EIC

Writing a zero to these bits has no effect.

Writing a one to these bits will clear the Write Protect bit for the corresponding peripherals.

Value Description
0 Write-protection is disabled.
1 Write-protection is enabled.

Bit 5 - RTC
Writing a zero to these bits has no effect.

Writing a one to these bits will clear the Write Protect bit for the corresponding peripherals.

Value Description
0 Write-protection is disabled.
1 Write-protection is enabled.

Bit 4 —- WDT:
Writing a zero to these bits has no effect.

Writing a one to these bits will clear the Write Protect bit for the corresponding peripherals.

Value Description
0 Write-protection is disabled.
1 Write-protection is enabled.

Bit 3 - GCLK
Writing a zero to these bits has no effect.

Writing a one to these bits will clear the Write Protect bit for the corresponding peripherals.

Value Description
0 Write-protection is disabled.
1 Write-protection is enabled.

Bit 2 - SYSCTRL
Writing a zero to these bits has no effect.

Writing a one to these bits will clear the Write Protect bit for the corresponding peripherals.

Value Description
0 Write-protection is disabled.
1 Write-protection is enabled.

© 2017 Microchip Technology Inc. Datasheet Summary 40001885A-page 22



32-bit ARM-Based Microcontrollers

Bit

Access
Reset

Bit

Access
Reset

15 14 13 12 11 10 9 8
TC7 TC4 TC5 | TC4 | TC3 | TCC2 | TCCH | TCCO |
RIW RIW RIW RIW RIW RIW RIW R/W

0 0 0 0 0 0 0 0

7 6 5 4 3 2 1 0

EVSYS
RIW
0
Bit 18 — DAC:

Writing a zero to these bits has no effect.

Writing a one to these bits will clear the Write Protect bit for the corresponding peripherals.

Value Description
0 Write-protection is disabled.
1 Write-protection is enabled.

Bit 17 - AC
Writing a zero to these bits has no effect.

Writing a one to these bits will clear the Write Protect bit for the corresponding peripherals.

Value Description
0 Write-protection is disabled.
1 Write-protection is enabled.

Bit 16 — ADC
Writing a zero to these bits has no effect.

Writing a one to these bits will clear the Write Protect bit for the corresponding peripherals.

Value Description
0 Write-protection is disabled.
1 Write-protection is enabled.

Bits 11, 12, 13, 14,15 - TC3, TC4, TC5, TC4, TC7
Writing a zero to these bits has no effect.

Writing a one to these bits will clear the Write Protect bit for the corresponding peripherals.

Value Description
0 Write-protection is disabled.
1 Write-protection is enabled.

Bits 8,9, 10 - TCCn
Writing a zero to these bits has no effect.

Writing a one to these bits will clear the Write Protect bit for the corresponding peripherals.

Value Description
0 Write-protection is disabled.
1 Write-protection is enabled.

© 2017 Microchip Technology Inc. Datasheet Summary 40001885A-page 26



32-bit ARM-Based Microcontrollers

Bit 1 - EVSYS
Writing a zero to these bits has no effect.

Writing a one to these bits will clear the Write Protect bit for the corresponding peripherals.

Value Description

0 Write-protection is disabled.
1 Write-protection is enabled.

Bits 0:1, 2:3, 4:5, 6:7, 8:9, 10:11 - SERCOMn
Writing a zero to these bits has no effect.

Writing a one to these bits will clear the Write Protect bit for the corresponding peripherals.

Value Description

0 Write-protection is disabled.
1 Write-protection is enabled.

Write Protect Set

Name: WPSET

Access

Reset

Offset: 0x04
Reset: 0x00800000
Property: —
Bit 31 30 29 28 27 26 25 24
Bit 23 22 21 20 19 18 17 16
DAC AC ADC
Access R/W R/W R/W
Reset 0 0 0
Bit 15 14 13 12 11 10 9 8
TC7 TC6 TC5 TC4 TC3 TCC2 TCC1 TCCO
Access R/W R/W R/W R/W R/W R/W R/IW R/W
Reset 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0
SERCOMS5 SERCOM4 SERCOM3 SERCOM2 SERCOMA1 SERCOMO EVSYS
Access R/W R/W R/W R/W R/W R/W R/W
Reset 0 0 0 0 0 0 0
Bit 18 — DAC:

Writing a zero to these bits has no effect.

Writing a one to these bits will clear the Write Protect bit for the corresponding peripherals.

Value Description

0 Write-protection is disabled.
1 Write-protection is enabled.

© 2017 Microchip Technology Inc. Datasheet Summary 40001885A-page 27



32-bit ARM-Based Microcontrollers

Bit 17 - AC
Writing a zero to these bits has no effect.

Writing a one to these bits will clear the Write Protect bit for the corresponding peripherals.

Value Description
0 Write-protection is disabled.
1 Write-protection is enabled.

Bit 16 — ADC
Writing a zero to these bits has no effect.

Writing a one to these bits will clear the Write Protect bit for the corresponding peripherals.

Value Description
0 Write-protection is disabled.
1 Write-protection is enabled.

Bits 11, 12, 13, 14, 15 - TC3, TC4, TC5, TC6, TC7
Writing a zero to these bits has no effect.

Writing a one to these bits will clear the Write Protect bit for the corresponding peripherals.

Value Description
0 Write-protection is disabled.
1 Write-protection is enabled.

Bits 8,9,10 - TCCn
Writing a zero to these bits has no effect.

Writing a one to these bits will clear the Write Protect bit for the corresponding peripherals.

Value Description
0 Write-protection is disabled.
1 Write-protection is enabled.

Bits 2, 3, 4, 5, 6, 7 — SERCOMn
Writing a zero to these bits has no effect.

Writing a one to these bits will clear the Write Protect bit for the corresponding peripherals.

Value Description
0 Write-protection is disabled.
1 Write-protection is enabled.

Bit 1 — EVSYS
Writing a zero to these bits has no effect.

Writing a one to these bits will clear the Write Protect bit for the corresponding peripherals.

Value Description
0 Write-protection is disabled.
1 Write-protection is enabled.
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32-bit ARM-Based Microcontrollers

Table 8-5. Device and Package Maximum Weight
100 mg

Table 8-6. Package Charateristics
Moisture Sensitivity Level MSL3

Table 8-7. Package Reference
JEDEC Drawing Reference MS-026
JESD97 Classification E3
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32-bit ARM-Based Microcontrollers

8.2.3 32 pin QFN

DRAWINGS NOT SCALED
—— A
D
IS O— L
1 e
03 | 7

DIA. TYP.|LASER MARKING

E N .
SEATING PLANE
AJ0.080 C ]
TOP VIEW SIDE VIEW
D2 COMMON DIMENSIONS
b (Unit of Measure = mm)
—J U U U U U L SYMBOL| MIN | NOM | MAX | NOTE
Option A
( A 0.80 ---- | 1.00
D] —J Al 0.00 ---- | 0.05
] (- D/E 5.00 BSC
D) [
E2 (€030 D2/E2 | 3.50 | 3.60 | 3.70
D) (e Option 8
. 0.40 .
) — L 0.30 0.50
I~ [rnib b 0.18 2
- — . 0.25 | 0.30
1 e 0.50 BSC
Pin 1# Notch
ARNUANRIANARITA o2w " 2
N ,,) ‘*e
(oL

See Options
A B

BOTTOM VIEW

Notes : 1. This drawing is for general information only. Refer to JEDEC Drawing MO-220, Variation VHHD-5, for proper dimensions, tolerances, datums, etc.
2. Dimension b applies to metallized terminal and is measured between 0.15mm and 0.30mm from the terminal tip.
If the terminal has the optical radius on the other end of the terminal, the dimension should not be measured in that radius area.
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Note: The exposed die attach pad is connected inside the device to GND and GNDANA.
Table 8-8. Device and Package Maximum Weight

90 mg

Table 8-9. Package Characteristics

Moisture Sensitivity Level MSL3
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Table 8-10. Package Reference
JEDEC Drawing Reference MO-220
JESD97 Classification E3

Soldering Profile
The following table gives the recommended soldering profile from J-STD-20.

Table 8-11.

Average Ramp-up Rate (217°C to peak) 3°C/s max.
Preheat Temperature 175°C +25°C 150-200°C
Time Maintained Above 217°C 60-150s

Time within 5°C of Actual Peak Temperature 30s

Peak Temperature Range 260°C
Ramp-down Rate 6°C/s max.
Time 25°C to Peak Temperature 8 minutes max.

A maximum of three reflow passes is allowed per component.
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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 I/O, SMART-IL.S., SQI, SuperSwitcher, SuperSwitcher Il, 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.
© 2017, Microchip Technology Incorporated, Printed in the U.S.A., All Rights Reserved.
ISBN: 978-1-5224-1349-3

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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