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1 Device Overview

1.1 Features

Core

— 120-MHz Arm® Cortex®-M4F Processor Core
With Floating-Point Unit (FPU)

Connectivity

— Ethernet MAC: 10/100 Ethernet MAC With
Integrated Ethernet PHY

— Ethernet PHY: PHY With IEEE 1588 PTP
Hardware Support

— Universal Serial Bus (USB): USB 2.0 OTG,
Host, or Device With ULPI Interface Option and
Link Power Management (LPM)

— Eight Universal Asynchronous
Receivers/Transmitters (UARTS), Each With
Independently Clocked Transmitter and
Receiver

— Four Quad Synchronous Serial Interface (QSSI):
With Bi-, Quad-, and Advanced-SSI Support

— Ten Inter-Integrated Circuit (1°C) Modules With
High-Speed Mode Support

— Two CAN 2.0 A and B Controllers: Multicast
Shared Serial-Bus Standard

Memories

— 1024KB of Flash Memory With 4-Bank
Configuration Supports an Independent Code
Protection for Each Bank

— 256KB of SRAM With Single-Cycle Access,
Provides Nearly 2-GB/s Memory Bandwidth at
120-MHz Clock Frequency

— 6KB EEPROM: 500-kwrite per 2 Page Block,
Leveling, Lock Protection

— Internal ROM: Loaded With SimpleLink™ SDK
Software
— Peripheral Driver Library
— Bootloader

— External Peripheral Interface (EPI): 8-, 16-, or
32-Bit Dedicated Parallel Interface to Access
External Devices and Memory (SDRAM, Flash,
or SRAM)

Security

— Advanced Encryption Standard (AES):
Hardware Accelerated Data Encryption and
Decryption Based on 128-, 192-, and 256-Bit
Keys

— Data Encryption Standard (DES): Hardware
Accelerated Data Encryption and Decryption
Supported by Block Cipher Implementation With
168-Bit Effective Key Length

— Secure Hash Algorithm/Message Digest
Algorithm (SHA/MD5): Advanced Hash Engine
That Supports SHA-1, SHA-2, and MD5 Hash
Computation

— Cyclical Redundancy Check (CRC) Hardware

— Tamper: Support for Four Tamper Inputs and
Configurable Tamper Event Response

Analog

— Two 12-Bit SAR-Based ADC Modules, Each
Supports Up to 2 Million Samples per Second
(2 Msps)

— Three Independent Analog Comparator
Controllers

— 16 Digital Comparators

System Management

— JTAG and Serial Wire Debug (SWD): One JTAG
Module With Integrated Arm SWD Provides a
Means of Accessing and Controlling Design-for-
Test Features Such as I/0O Pin Observation and
Control, Scan Testing, and Debugging.

Development Kits and Software (See Tools and

Software)

— SimpleLink™ MSP-EXP432E401Y
LaunchPad™ Development Kit

— SimpleLink MSP432E4 Software Development
Kit (SDK)

Package Information

— Package: 128-Pin TQFP (PDT)

— Extended Operating Temperature (Ambient)
Range: —40°C to 105°C

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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1.2 Applications

Industrial Ethernet Gateway

Industrial Smart Gateway

Zone Controllers for Building Automation
Factory Automation Data Collectors and Gateway
Data Concentrators for Grid Infrastructure

* Wireless to Ethernet Gateway

1.3

Description

The SimpleLink MSP432E401Y Arm® Cortex®-M4F microcontrollers provide top performance and
advanced integration. The product family is positioned for cost-effective applications requiring significant
control processing and connectivity capabilities.

The MSP432E401Y microcontrollers integrate a large variety of rich communication features to enable a
new class of highly connected designs with the ability to allow critical real-time control between
performance and power. The microcontrollers feature integrated communication peripherals along with
other high-performance analog and digital functions to offer a strong foundation for many different target
uses, spanning from human-machine interface (HMI) to networked system management controllers.

In addition, the MSP432E401Y microcontrollers offer the advantages of widely available development
tools, system-on-chip (SoC) infrastructure, and a large user community for Arm-based microcontrollers.
Additionally, these microcontrollers use the Arm Thumb®-compatible Thumb-2® instruction set to reduce
memory requirements and, thereby, cost. When using the SimpleLink MSP432™ SDK, the MSP432E401Y
microcontroller is code compatible with all members of the extensive SimpleLink family, providing flexibility
to fit precise needs.

The MSP432E401Y device is part of the SimpleLink microcontroller (MCU) platform, which consists of Wi-
Fi®, Bluetooth® low energy, Sub-1 GHz, Ethernet, Zigbee, Thread, and host MCUs, which all share a
common, easy-to-use development environment with a single core software development kit (SDK) and
rich tool set. A one-time integration of the SimpleLink platform enables you to add any combination of the
portfolio's devices into your design, allowing 100 percent code reuse when your design requirements
change. For more information, visit www.ti.com/simplelink.

Device Information®
PART NUMBER PACKAGE BODY SIZE
MSP432E401YTPDT TQFP (128) 14 mm x 14 mm

(1) For more information, see Section 9, Mechanical, Packaging, and Orderable Information.
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1.4 Functional Block Diagram

Figure 1-1 shows the functional block diagram.
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Figure 1-1. MSP432E401Y Functional Block Diagram

Copyright © 2017, Texas Instruments Incorporated Device Overview 3
Submit Documentation Feedback
Product Folder Links: MSP432E401Y


http://www.ti.com/product/msp432e401y?qgpn=msp432e401y
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLASEN5&partnum=MSP432E401Y
http://www.ti.com/product/msp432e401y?qgpn=msp432e401y

MSP432E401Y
SLASENS5 —OCTOBER 2017

13 TEXAS
INSTRUMENTS

www.ti.com

Table of Contents

1 Device Overview 1 5.11 Peripheral Current Consumption

O R o ] = 1 5.12 LDO Regulator CharacteristiCS..vvvvvvrirrrsnnnnanns

1.2 ApplicationS...vveeiiiiisiii i 2 5.13 Power DisSipation ...uuvesssssesnssrennissennnnnrees

1.3 DesCription..ueviisetessiiinresisine s siinessaanaeas 2 5.14 Thermal Resistance Characteristics, 128-Pin PDT

1.4 Functional BIOCK Diagram «..eveeesssersenerneeesnenns 3 (TQFP) Package «....cuvvrrenniriiiiiiiiinins 42
2 ReVISION HISTOTY civvvvviieeeeeeriiriiieeeeeeeerrinnnnns 5 5.15 Timing and Switching Characteristics ............... 43
3  Device Characteristics 6 Detailed DeScCription ......cccviviiiiiiiiiininaenn, 94

3.1 Related ProdUCES «uueueueueuenenrsrenenenenensneanenen 7 6.1  Overview 94
4 Terminal Configuration and FUNCtionS.............. 8 6.2  Functional Block Diagram ....useesssssssnsssnssnnsss 95

4.1 Pin DIagram cueveeveeseseeserneriesssesnrrnerinennenns 8 6.3 Arm Cortex-M4F Processor Core ................... 96

4.2 Pin AADUIES teurierneeieierarnsienenererararaenenens 9 6.4 On-Chip Memory

4.3 Signal DESCHIPUONS . cvvseersseresseessressrernnnees 6.5  PeripheralS .....coviieriiiiiiiiiiiiiaiiiiia s

4.4 GPIO Pin MUIDIEXING- + e v eereeneeeneeensenneennees 6.6  Identification..................

4.5 BUEr TYPE.urruerrrernriernersrnernenernerssnernens 6.7 BOOL MOOES ..cvvenieiieiieni e 144

46 Connections for Unused Pins Applications, Implementation, and Layout...... 146
5 SPECIfiCAtIONS 1evvrirneenrirnirenrrrsereerreenreenees 7.1 System Design Guidelines..............c.oeeuneen. 146

5.1  Absolute Maximum RatiNgS ...vvveresenereserssnnnss Device and Documentation Support.............. 147

5.2 ESD RAUNGS «tuerrererenenrurnsnrerenenrnrnensnrenen 35 8.1 Getting Started and Next Steps .............eeeeee 147

53 Recommended Operating ConditionS............... 35 8.2 Device Nomenclature ...veevvensreisennnsnnsnnnenns 147

5.4 Recommended DC Operating Conditions .. veen 35 8.3 Tools and Software ....ovvevveiienisninsninsnniens 149

55 Recommended GPIO Operating Characteristics ... 35 8.4  Documentation SUPPOIt....seeesssrersssrrrnnnnrees 150

5.6 Recommended Fast GPIO Pad Operating 8.5  Community Resources

ConditioNS vuvvvvvvisiiiiiiiiii 36 8.6 Trademarks .....ivvvuiiiiiiiiiiiiiiiiiiiiiiii 151
5.7 Recommended Slow GPIO Pad Operating 8.7  Electrostatic Discharge Caution .......ueveuvssenss 151
ConditionS ..uvviiiiiiii i 36 8.8 EXPOrt CONIOl NOtCE «vvvvrneeeeereenennseeeeess 151

5.8 GPIO Current ReSrCtioNS .....ovvvveeeeeeeeennnnnes 37 8.9  GlOSSAry..uieisensisnirsnsssssrnsssnsssnsssnnrnnnnes 151

5.9  1/O RElADIItY «vvvevnsesesnsensensensenreneeneeneennes 37 Mechanical, Packaging, and Orderable

5.10 Current ConsUMPLON ....uuvuiiuiiiiiiiiiiniiiian, 38 Information ........ooviiiiiiiiinii 152
4 Table of Contents Copyright © 2017, Texas Instruments Incorporated

Submit Documentation Feedback
Product Folder Links: MSP432E401Y


http://www.ti.com/product/msp432e401y?qgpn=msp432e401y
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLASEN5&partnum=MSP432E401Y
http://www.ti.com/product/msp432e401y?qgpn=msp432e401y

13 TEXAS
INSTRUMENTS

www.ti.com

MSP432E401Y
SLASENS —OCTOBER 2017

2 Revision History

NOTE: Page numbers for previous revisions may differ from page numbers in the current version.

DATE

REVISION

NOTES

October 2017

*

Initial Release
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3 Device Characteristics

Table 3-1 lists the characteristics of the MSP432E401Y MCU.

Table 3-1. Device Characteristics

Feature | Description
Performance
Core Arm Cortex-M4F processor core
Performance 120-MHz operation, 150-DMIPS performance
Flash 1024KB of flash memory
System SRAM 256KB of single-cycle system SRAM
EEPROM 6KB of EEPROM
Internal ROM Internal ROM loaded with SimpleLink SDK software

External Peripheral Interface (EPI)

8-, 16-, or 32-bit dedicated interface for peripherals and memory

Security

Cyclical Redundancy Check (CRC)

16- or 32-bit hash function that supports four CRC forms

Advanced Encryption Standard (AES)

Hardware accelerated data encryption and decryption based on 128-, 192-, and 256-bit
keys

Data Encryption Standard (DES)

Block cipher implementation with 168-bit effective key length

Hardware Accelerated Hash (SHA/MD5)

Advanced hash engine that supports SHA-1, SHA-2, or MD5 hash computation

Tamper

Support for four tamper inputs and configurable tamper event response

Communication Interfaces

Universal Asynchronous Receiver/Transmitter
(UART)

Eight UARTS

Quad Synchronous Serial Interface (QSSI)

Four SSI modules with bi-, quad-, and advanced-SSI support

Inter-Integrated Circuit (12C)

Ten 12C modules with four transmission speeds including high-speed mode

Controller Area Network (CAN)

Two CAN 2.0 A/B controllers

Ethernet MAC

10/100 Ethernet MAC

Ethernet PHY

PHY with IEEE 1588 PTP hardware support

Universal Serial Bus (USB)

USB 2.0 OTG, Host, and Device with ULPI interface option and Link Power
Management (LPM) support

System Integration

Micro Direct Memory Access (LDMA)

Arm PrimeCell® 32-channel configurable uDMA controller

General-Purpose Timer (GPTM)

Eight 16- or 32-bit GPTM blocks

Watchdog Timer (WDT)

Two watchdog timers

Hibernation Module (HIB)

Low-power battery-backed Hibernation module

General-Purpose Input/Output (GPIO)

15 physical GPIO blocks

Advanced Motion Control

Pulse Width Modulator (PWM)

One PWM module, with four PWM generator blocks and a control block, for a total of 8
PWM outputs

Quadrature Encoder Interface (QEI)

One QEI module

Analog Support

Analog-to-Digital Converter (ADC)

Two 12-bit ADC modules, each with a maximum sample rate of 2 Msps

Analog Comparator Controller

Three independent integrated analog comparators

Digital Comparator

16 digital comparators

System Management

JTAG and Serial Wire Debug (SWD)

One JTAG module with integrated Arm SWD

Package Information

Package

128-pin TQFP (PDT)

Operating Range (Ambient)

Extended temperature range (—40°C to 105°C)

6 Device Characteristics
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3.1 Related Products

For information about other devices in this family of products or related products, see the following links.

Products for Tl Microcontrollers Low-power and high-performance MCUs, with wired and wireless
connectivity options.

Products for SimpleLink MSP432 MCUs  SimpleLink MSP432 MCUs with an ultra-low-power Arm
Cortex-M4 core are optimized for Internet-of-Things sensor node applications. With an
integrated ADC, the family enables acquisition and processing of high-precision signals
without sacrificing power and is an optimal host MCU for TI's SimpleLink wireless
connectivity solutions.

Companion Products for MSP432E401Y Review products that are frequently purchased or used with
this product.

Reference Designs The Tl Designs Reference Design Library is a robust reference design library that
spans analog, embedded processor, and connectivity. Created by Tl experts to help you
jump start your system design, all Tl Designs include schematic or block diagrams, BOMs,

and design files to speed your time to market.
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4 Terminal Configuration and Functions

4.1 Pin Diagram
Figure 4-1 shows the pinout of the 128-pin TQFP (PDT) package.
Each GPIO signal is identified by its GPIO port unless it defaults to an alternate function on reset. In this
case, the GPIO port name is followed by the default alternate function. For a complete list of functions for
each pin, see Table 4-2.
X
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Figure 4-1. 128-Pin PDT Package (Top View)
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4.2 Pin Attributes
Table 4-1 lists GPIO pins with special considerations. Most GPIO pins are configured as GPIOs and are
high-impedance by default (GPIOAFSEL = 0, GPIODEN = 0, GPIOPDR = 0, GPIOPUR = 0, and
GPIOPCTL = 0). Special consideration pins may be programed to a non-GPIO function or may have
special commit controls out of reset. In addition, a POR returns these GPIOs to their original special
consideration state.
Table 4-1. GPIO Pins With Special Considerations
DEFAULT
GPIOPINS | Loorcrate | GPIOAFSEL GPIODEN GPIOPDR GPIOPUR GPIOPCTL GPIOCR
PC[3:0] JTAG/SWD 1 0 1 0x1 0
PD[7] GPIO®W 0 0 0 0x0 0
PE[7] GPIO®W 0 0 0 0x0 0

(1) This pin is configured as a GPIO by default but is locked and can only be reprogrammed by unlocking the pin in the GPIOLOCK register
and uncommitting it by setting the GPIOCR register.

Table 4-2 describes the pin attributes.

Table 4-2. Pin Attributes

STATE AFTER
wnoweer | sounawe | SO | SR | e | power, | SUiea
PDO 110 LVCMOS - OFF
AIN15 | Analog PDO N/A
COo (0] LVCMOS PDO (5) N/A
! 12C7SCL 110 LVCMOS PDO (2) vbD N/A
SSI2XDAT1 110 LVCMOS PDO (15) N/A
TOCCPO 110 LVCMOS PDO (3) N/A
PD1 110 LVCMOS - OFF
AIN14 | Analog PD1 N/A
Clo (0] LVCMOS PD1 (5) N/A
2 VDD
12C7SDA 110 LVCMOS PD1 (2) N/A
SSI2XDATO 110 LVCMOS PD1 (15) N/A
TOCCP1 110 LVCMOS PD1 (3) N/A
PD2 110 LVCMOS - OFF
AIN13 | Analog PD2 N/A
C2o0 (@] LVCMOS PD2 (5) N/A
3 VDD
12C8SCL 110 LVCMOS PD2 (2) N/A
SSI2Fss 110 LVCMOS PD2 (15) N/A
T1CCPO 110 LVCMOS PD2 (3) N/A
PD3 110 LVCMOS - OFF
AIN12 | Analog PD3 N/A
4 12C8SDA 110 LVCMOS PD3 (2) VDD N/A
SSI2Clk 110 LVCMOS PD3 (15) N/A
T1CCP1 110 LVCMOS PD3 (3) N/A
PQO 110 LVCMOS - OFF
5 EPI0S20 110 LVCMOS PQO (15) VDD N/A
SSI3Clk 110 LVCMOS PQO (14) N/A

(1) Signal Types: | = Input, O = Output, I/O = Input or Output.
(2) For details on buffer types, see Table 4-5.
(3) N/A = Not applicable
(4) State after reset release: PU = High impedance with an active pullup resistor, OFF = High impedance, N/A = not applicable
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Table 4-2. Pin Attributes (continued)

STATE AFTER
awnovese | sowowwe | S| o | e | eowes | STREE
PQ1 110 LVCMOS - OFF
6 EPI10S21 110 LVCMOS PQ1 (15) VDD N/A
SSI3Fss /10 LVCMOS PQ1 (14) N/A
VDD - Power Fixed N/A N/A
VDDA - Power Fixed N/A N/A
VREFA+ - Analog Fixed N/A N/A
10 GNDA - Power Fixed N/A N/A
PQ2 /10 LVCMOS - OFF
11 EPI0S22 1/0 LVCMOS PQ2 (15) VDD N/A
SSI3XDATO /10 LVCMOS PQ2 (14) N/A
PE3 110 LVCMOS - OFF
12 AINO | Analog PE3 VDD N/A
U1DTR (0] LVCMOS PE3 (1) N/A
PE2 1/0 LVCMOS - OFF
13 AIN1 | Analog PE2 VDD N/A
UiDCD | LVCMOS PE2 (1) N/A
PE1 1/0 LVCMOS - OFF
14 AIN2 | Analog PE1 VDD N/A
U1DSR | LVCMOS PE1 (1) N/A
PEO /10 LVCMOS - OFF
15 AIN3 | Analog PEO VDD N/A
U1RTS (0] LVCMOS PEO (1) N/A
16 VDD - Power Fixed N/A N/A
17 GND - Power Fixed N/A N/A
PKO /10 LVCMOS - OFF
18 AIN16 | Analog PKO VDD N/A
EPI0SO /10 LVCMOS PKO (15) N/A
U4Rx | LVCMOS PKO (1) N/A
PK1 1/0 LVCMOS - OFF
1o AIN17 | Analog PK1 VDD N/A
EPIOS1 /10 LVCMOS PK1 (15) N/A
U4Tx (0] LVCMOS PK1 (1) N/A
PK2 1/0 LVCMOS - OFF
20 AIN18 | Analog PK2 VDD N/A
EPI0S2 /10 LVCMOS PK2 (15) N/A
U4RTS (0] LVCMOS PK2 (1) N/A
PK3 /10 LVCMOS - OFF
” AIN19 | Analog PK3 VDD N/A
EPIOS3 /10 LVCMOS PK3 (15) N/A
U4CTS | LVCMOS PK3 (1) N/A
PC7 /10 LVCMOS - OFF
2 CO- | Analog PC7 VDD N/A
EPI0S4 /10 LVCMOS PC7 (15) N/A
U5Tx (0] LVCMOS PC7 (1) N/A
10 Terminal Configuration and Functions Copyright © 2017, Texas Instruments Incorporated
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Table 4-2. Pin Attributes (continued)

STATE AFTER
wnowecr | sounawe | SO | SR | ewwoc | power, | SViia
PC6 110 LVCMOS - OFF
COo+ | Analog PC6 N/A
23 VDD
EPIOS5 /10 LVCMOS PC6 (15) N/A
U5Rx | LVCMOS PC6 (1) N/A
PC5 /10 LVCMOS - OFF
Cl+ | Analog PC5 N/A
24 EPI0S6 110 LVCMOS PC5 (15) VDD N/A
RTCCLK (0] LVCMOS PC5 (7) N/A
U7Tx (0] LVCMOS PC5 (1) N/A
PC4 /10 LVCMOS - OFF
C1- | Analog PC4 N/A
25 VDD
EPIOS7 110 LVCMOS PC4 (15) N/A
U7Rx | LVCMOS PC4 (1) N/A
26 VDD - Power Fixed N/A N/A
PQ3 /10 LVCMOS - OFF
27 EP10S23 /10 LVCMOS PQ3 (15) VDD N/A
SSI3XDAT1 /10 LVCMOS PQ3 (14) N/A
28 VDD - Power Fixed N/A N/A
PHO /10 LVCMOS - OFF
29 EPI0SO /10 LVCMOS PHO (15) VDD N/A
UORTS (0] LVCMOS PHO (1) N/A
PH1 1/0 LVCMOS - OFF
30 EPIOS1 /10 LVCMOS PH1 (15) VDD N/A
UOCTS | LVCMOS PH1 (2) N/A
PH2 1/0 LVCMOS - OFF
31 EPI0S2 /10 LVCMOS PH2 (15) VDD N/A
UoDCD | LVCMOS PH2 (1) N/A
PH3 /10 LVCMOS - OFF
32 EPIOS3 /10 LVCMOS PH3 (15) VDD N/A
UODSR | LVCMOS PH3 (1) N/A
PAO /10 LVCMOS - OFF
CANORX | LVCMOS PAO (7) N/A
33 12C9SCL /10 LVCMOS PAO (2) VDD N/A
TOCCPO /10 LVCMOS PAO (3) N/A
UORX | LVCMOS PAO (1) N/A
PA1 1/0 LVCMOS - OFF
CANOTX (0] LVCMOS PA1 (7) N/A
34 12C9SDA /10 LVCMOS PA1 (2) VDD N/A
TOCCP1 /10 LVCMOS PA1 (3) N/A
U0Tx (0] LVCMOS PA1 (1) N/A
PA2 1/0 LVCMOS - OFF
12C8SCL /10 LVCMOS PA2 (2) N/A
35 SSI0CIk /10 LVCMOS PA2 (15) VDD N/A
T1CCPO /10 LVCMOS PA2 (3) N/A
U4Rx | LVCMOS PA2 (1) N/A
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Table 4-2. Pin Attributes (continued)

STATE AFTER
nwoen | sownawe | SO | auEn | e | cowen, | STRESTS
PA3 1/0 LVCMOS - OFF
I2C8SDA 1/0 LVCMOS PA3 (2) N/A
36 SSIOFss /10 LVCMOS PA3 (15) VDD N/A
T1CCP1 1/0 LVCMOS PA3 (3) N/A
U4Tx (0] LVCMOS PA3 (1) N/A
PA4 1/0 LVCMOS - OFF
12C7SCL 1/0 LVCMOS PA4 (2) N/A
37 SSIOXDATO 1/0 LVCMOS PA4 (15) VDD N/A
T2CCPO 1/0 LVCMOS PA4 (3) N/A
U3Rx | LVCMOS PA4 (1) N/A
PA5 1/0 LVCMOS - OFF
12C7SDA 1/0 LVCMOS PAS5 (2) N/A
38 SSIOXDAT1 1/0 LVCMOS PA5 (15) VDD N/A
T2CCP1 1/0 LVCMOS PAS5 (3) N/A
U3Tx (0] LVCMOS PA5 (1) N/A
39 VDD - Power Fixed N/A N/A
PA6 1/0 LVCMOS - OFF
EPIOS8 1/0 LVCMOS PAG6 (15) N/A
12C6SCL /10 LVCMOS PAG6 (2) N/A
40 SSIOXDAT2 1/0 LVCMOS PA6 (13) VDD N/A
T3CCPO /10 LVCMOS PAG6 (3) N/A
U2Rx | LVCMOS PAG6 (1) N/A
USBOEPEN (0] LVCMOS PAG6 (5) N/A
PA7 1/0 LVCMOS - OFF
EPI0S9 1/0 LVCMOS PA7 (15) N/A
12C6SDA 1/0 LVCMOS PA7 (2) N/A
SSIOXDAT3 1/0 LVCMOS PA7 (13) N/A
41 VDD
T3CCP1 1/0 LVCMOS PA7 (3) N/A
U2Tx (0] LVCMOS PA7 (1) N/A
USBOEPEN (0] LVCMOS PA7 (11) N/A
USBOPFLT | LVCMOS PA7 (5) N/A
PFO 1/0 LVCMOS - OFF
ENOLEDO (0] LVCMOS PFO (5) N/A
42 MOPWMO (0] LVCMOS PFO (6) VDD N/A
SSI3XDAT1 1/0 LVCMOS PFO (14) N/A
TRD2 (0] LVCMOS PFO (15) N/A
PF1 1/0 LVCMOS - OFF
ENOLED2 (0] LVCMOS PF1 (5) N/A
43 MOPWM1 (0] LVCMOS PF1 (6) VDD N/A
SSI3XDATO 1/0 LVCMOS PF1 (14) N/A
TRD1 (0] LVCMOS PF1 (15) N/A
PF2 1/0 LVCMOS - OFF
MOPWM2 (0] LVCMOS PF2 (6) N/A
44 VDD
SSI3Fss /10 LVCMOS PF2 (14) N/A
TRDO (0] LVCMOS PF2 (15) N/A
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Table 4-2. Pin Attributes (continued)

STATE AFTER
wnowecr | sounawe | SO | SR | ewwoc | power, | SViia
PF3 1/0 LVCMOS - OFF
MOPWM3 (0] LVCMOS PF3 (6) N/A
45 VDD
SSI3Clk 1/0 LVCMOS PF3 (14) N/A
TRCLK (0] LVCMOS PF3 (15) N/A
PF4 1/0 LVCMOS - OFF
ENOLED1 (@] LVCMOS PF4 (5) N/A
46 MOFAULTO | LVCMOS PF4 (6) VDD N/A
SSI3XDAT2 1/0 LVCMOS PF4 (14) N/A
TRD3 (0] LVCMOS PF4 (15) N/A
47 VDD - Power Fixed N/A N/A
48 GND - Power Fixed N/A N/A
PGO 110 LVCMOS - OFF
ENOPPS (0] LVCMOS PGO (5) N/A
49 EPIOS11 1/0 LVCMOS PGO (15) VDD N/A
12C1SCL 1/0 LVCMOS PGO (2) N/A
MOPWM4 (0] LVCMOS PGO (6) N/A
PG1 1/0 LVCMOS - OFF
EPIOS10 1/0 LVCMOS PG1 (15) N/A
50 VDD
I2C1SDA 1/0 LVCMOS PG1 (2) N/A
MOPWM5 (0] LVCMOS PG1 (6) N/A
51 VDD - Power Fixed N/A N/A
52 VDD - Power Fixed N/A N/A
53 ENORXIN 1/0 LVCMOS Fixed VDD N/A
54 ENORXIP 1/0 LVCMOS Fixed VDD N/A
55 GND - Power Fixed N/A N/A
56 ENOTXON 1/0 LVCMOS Fixed VDD N/A
57 ENOTXOP 1/0 LVCMOS Fixed VDD N/A
58 GND - Power Fixed N/A N/A
59 RBIAS (0] Analog Fixed VDD N/A
PK7 1/0 LVCMOS - OFF
EPIOS24 1/0 LVCMOS PK7 (15) N/A
12C4SDA 1/0 LVCMOS PK7 (2) N/A
60 VDD
MOFAULT2 | LVCMOS PK7 (6) N/A
RTCCLK (0] LVCMOS PK7 (5) N/A
UORI | LVCMOS PK7 (1) N/A
PK6 1/0 LVCMOS - OFF
ENOLED1 (0] LVCMOS PK6 (5) N/A
61 EPIOS25 1/0 LVCMOS PK6 (15) VDD N/A
12C4SCL 1/0 LVCMOS PK6 (2) N/A
MOFAULT1 | LVCMOS PK6 (6) N/A
PK5 1/0 LVCMOS - OFF
ENOLED2 (0] LVCMOS PK5 (5) N/A
62 EPIOS31 1/0 LVCMOS PK5 (15) VDD N/A
I2C3SDA 1/0 LVCMOS PK5 (2) N/A
MOPWM7 (0] LVCMOS PK5 (6) N/A
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Table 4-2. Pin Attributes (continued)

SIGNAL BUFFER PIN MUX POWER SUAVE ATTIER
PIN NUMBER SIGNAL NAME TYPE® TYPE® ENCODING SOURCE® RERLEigTE@)
PK4 1/0 LVCMOS - OFF
ENOLEDO (0] LVCMOS PK4 (5) N/A
63 EPI0S32 1/0 LVCMOS PK4 (15) VDD N/A
12C3SCL 1/0 LVCMOS PK4 (2) N/A
MOPWM6 (0] LVCMOS PK4 (6) N/A
64 WAKE I LVCMOS Fixed VBAT N/A
65 HIB (0] LVCMOS Fixed VBAT N/A
66 XOSCO | Analog Fixed VBAT N/A
67 XOSsC1 O Analog Fixed VBAT N/A
68 VBAT - Power Fixed N/A N/A
69 VDD - Power Fixed N/A N/A
70 RST | LVCMOS Fixed VDD N/A
PM7 1/0 LVCMOS - OFF
T5CCP1 1/0 LVCMOS PM7 (3) N/A
71 VDD
TMPRO 1/0 LVCMOS PM7 N/A
UORI | LVCMOS PM7 (1) N/A
PM6 1/0 LVCMOS - OFF
7 T5CCPO 1/0 LVCMOS PM6 (3) VDD N/A
TMPR1 1/0 LVCMOS PM6 N/A
UODSR | LVCMOS PM6 (1) N/A
PM5 1/0 LVCMOS - OFF
T4ACCP1 1/0 LVCMOS PM5 (3) N/A
73 VDD
TMPR2 1/0 LVCMOS PM5 N/A
UoDCD | LVCMOS PM5 (1) N/A
PM4 1/0 LVCMOS - OFF
T4CCPO 1/0 LVCMOS PM4 (3) N/A
74 VDD
TMPR3 1/0 LVCMOS PM4 N/A
UOCTS [ LVCMOS PM4 (1) N/A
PM3 1/0 LVCMOS - OFF
75 EPI0S12 1/0 LVCMOS PM3 (15) VDD N/A
T3CCP1 110 LVCMOS PM3 (3) N/A
PM2 1/0 LVCMOS - OFF
76 EPIOS13 1/0 LVCMOS PM2 (15) VDD N/A
T3CCPO 110 LVCMOS PM2 (3) N/A
PM1 1/0 LVCMOS - OFF
77 EPI0OS14 1/0 LVCMOS PM1 (15) VDD N/A
T2CCP1 1/0 LVCMOS PM1 (3) N/A
PMO 1/0 LVCMOS - OFF
78 EPIOS15 1/0 LVCMOS PMO (15) VDD N/A
T2CCPO 110 LVCMOS PMO (3) N/A
79 VDD - Power Fixed N/A N/A
80 GND - Power Fixed N/A N/A
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Table 4-2. Pin Attributes (continued)

STATE AFTER
awnovese | sowowwe | S| o | e | eowes | STREE
PLO 110 LVCMOS - OFF
EPI0S16 110 LVCMOS PLO (15) N/A
81 12C2SDA /10 LVCMOS PLO (2) VDD N/A
MOFAULT3 | LVCMOS PLO (6) N/A
USBODO /10 LVCMOS PLO (14) N/A
PL1 110 LVCMOS - OFF
EPI0S17 110 LVCMOS PL1 (15) N/A
82 12C2SCL /10 LVCMOS PL1 (2) VDD N/A
PhAO | LVCMOS PL1 (6) N/A
USBOD1 /10 LVCMOS PL1 (14) N/A
PL2 110 LVCMOS - OFF
COo (0] LVCMOS PL2 (5) N/A
83 EPI0S18 /10 LVCMOS PL2 (15) VDD N/A
PhBO | LVCMOS PL2 (6) N/A
USBOD2 /10 LVCMOS PL2 (14) N/A
PL3 /10 LVCMOS - OFF
Clo (0] LVCMOS PL3 (5) N/A
84 EPI0S19 /10 LVCMOS PL3 (15) VDD N/A
IDX0 | LVCMOS PL3 (6) N/A
USBOD3 /10 LVCMOS PL3 (14) N/A
PL4 /10 LVCMOS - OFF
EP10S26 /10 LVCMOS PL4 (15) N/A
85 VDD
TOCCPO /10 LVCMOS PL4 (3) N/A
USBOD4 /10 LVCMOS PL4 (14) N/A
PL5 /10 LVCMOS - OFF
EPI0S33 /10 LVCMOS PL5 (15) N/A
86 VDD
TOCCP1 /10 LVCMOS PL5 (3) N/A
USBOD5 /10 LVCMOS PL5 (14) N/A
87 vVDDC - Power Fixed N/A N/A
88 0OSCO | Analog Fixed VDD N/A
89 OSsC1 o Analog Fixed VDD N/A
90 VDD - Power Fixed N/A N/A
PB2 /10 LVCMOS - OFF
EPI10S27 /10 LVCMOS PB2 (15) N/A
91 12C0SCL /10 LVCMOS PB2 (2) VDD N/A
T5CCPO /10 LVCMOS PB2 (3) N/A
USBOSTP (0] LVCMOS PB2 (14) N/A
PB3 /10 LVCMOS - OFF
EP10S28 /10 LVCMOS PB3 (15) N/A
92 I2COSDA /10 LVCMOS PB3 (2) VDD N/A
T5CCP1 /10 LVCMOS PB3 (3) N/A
USBOCLK (0] LVCMOS PB3 (14) N/A
PL7 /10 LVCMOS - OFF
93 T1CCP1 /10 LVCMOS PL7 (3) VDD N/A
USBODM /10 Analog PL7 N/A
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Table 4-2. Pin Attributes (continued)

STATE AFTER
SIGNAL BUFFER PIN MUX POWER
PIN NUMBER SIGNAL NAME @ %) ®) RESET
TYPE TYPE ENCODING SOURCE RELEASE®
PL6 1/0 LVCMOS - OFF
94 T1CCPO 1/0 LVCMOS PL6 (3) VDD N/A
USBODP 1/0 Analog PL6 N/A
PBO 1/0 LVCMOS - OFF
CAN1RX | LVCMOS PBO (7) N/A
12C5SCL 1/0 LVCMOS PBO (2) N/A
95 VvDD
T4CCPO 1/0 LVCMOS PBO (3) N/A
U1Rx | LVCMOS PBO (1) N/A
USBOID | Analog PBO N/A
PB1 110 LVCMOS - OFF
CAN1TX (0] LVCMOS PB1 (7) N/A
I2C5SDA 110 LVCMOS PB1 (2) N/A
96 VvDD
T4CCP1 110 LVCMOS PB1 (3) N/A
U1Tx (0] LVCMOS PB1 (1) N/A
USBOVBUS 1/0 Analog PB1 N/A
PC3 1/0 LVCMOS - OFF
97 VvDD
TDO/SWO (0] LVCMOS PC3 (1) PU
PC2 1/0 LVCMOS - N/A
98 VDD
TDI | LVCMOS PC2 (1) PU
PC1 1/0 LVCMOS - OFF
99 VvDD
TMS/SWDIO 1/0 LVCMOS PC1 (2) PU
PCO 1/0 LVCMOS - OFF
100 VvDD
TCK/SWCLK | LVCMOS PCO (2) PU
101 VDD — Power Fixed N/A N/A
PQ4 110 LVCMOS - OFF
102 DIVSCLK (0] LVCMOS PQ4 (7) VDD N/A
U1Rx | LVCMOS PQ4 (1) N/A
PP2 110 LVCMOS - OFF
EPI0S29 1/0 LVCMOS PP2 (15) N/A
103 VvDD
UODTR (0] LVCMOS PP2 (1) N/A
USBONXT (0] LVCMOS PP2 (14) N/A
PP3 1/0 LVCMOS - OFF
EPIOS30 1/0 LVCMOS PP3 (15) N/A
RTCCLK (0] LVCMOS PP3 (7) N/A
104 VvDD
uoDCD | LVCMOS PP3 (2) N/A
U1CTS | LVCMOS PP3 (1) N/A
USBODIR (0] LVCMOS PP3 (14) N/A
PP4 110 LVCMOS - OFF
UODSR | LVCMOS PP4 (2) N/A
105 VvDD
U3RTS (0] LVCMOS PP4 (1) N/A
USBOD7 1/0 LVCMOS PP4 (14) N/A
PP5 1/0 LVCMOS - OFF
12C2SCL 1/0 LVCMOS PP5 (2) N/A
106 VvDD
U3CTS | LVCMOS PP5 (1) N/A
USBOD6 1/0 LVCMOS PP5 (14) N/A
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Table 4-2. Pin Attributes (continued)

STATE AFTER
SIGNAL BUFFER PIN MUX POWER
PIN NUMBER SIGNAL NAME @ %) ®) RESET
TYPE TYPE ENCODING SOURCE RELEASE®
PNO 1/0 LVCMOS - OFF
107 VvDD
U1RTS (0] LVCMOS PNO (2) N/A
PN1 1/0 LVCMOS - OFF
108 VDD
U1CTS | LVCMOS PN1 (2) N/A
PN2 1/0 LVCMOS - OFF
EPI0S29 1/0 LVCMOS PN2 (15) N/A
109 VvDD
uUibDCD | LVCMOS PN2 (1) N/A
U2RTS (0] LVCMOS PN2 (2) N/A
PN3 1/0 LVCMOS - OFF
EPIOS30 1/0 LVCMOS PN3 (15) N/A
110 VDD
U1DSR | LVCMOS PN3 (1) N/A
U2CTS | LVCMOS PN3 (2) N/A
PN4 1/0 LVCMOS - OFF
EPIOS34 1/0 LVCMOS PN4 (15) N/A
111 12C2SDA 110 LVCMOS PN4 (3) VDD N/A
U1DTR (0] LVCMOS PN4 (1) N/A
U3RTS (0] LVCMOS PN4 (2) N/A
PN5 1/0 LVCMOS - OFF
EPIOS35 1/0 LVCMOS PN5 (15) N/A
112 12C2SCL 1/0 LVCMOS PN5 (3) VDD N/A
U1RI | LVCMOS PN5 (1) N/A
U3CTS | LVCMOS PN5 (2) N/A
113 VDD — Power Fixed N/A N/A
114 GND — Power Fixed N/A N/A
115 VDDC — Power Fixed N/A N/A
PJO 1/0 LVCMOS - OFF
116 ENOPPS (0] LVCMOS PJO (5) VDD N/A
U3Rx | LVCMOS PJO (1) N/A
PJ1 1/0 LVCMOS - OFF
117 VvDD
U3Tx (0] LVCMOS PJ1 (1) N/A
PPO 1/0 LVCMOS - OFF
C2+ | Analog PPO N/A
118 VvDD
SSI3XDAT2 1/0 LVCMOS PPO (15) N/A
UBRx | LVCMOS PPO (1) N/A
PP1 1/0 LVCMOS - OFF
C2- | Analog PP1 N/A
119 VvDD
SSI3XDAT3 1/0 LVCMOS PP1 (15) N/A
UBTx (0] LVCMOS PP1 (1) N/A
PB5 1/0 LVCMOS - OFF
AIN11 | Analog PB5 N/A
120 I2C5SDA 1/0 LVCMOS PB5 (2) VDD N/A
SSI1CIk 1/0 LVCMOS PB5 (15) N/A
UORTS (0] LVCMOS PB5 (1) N/A
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Table 4-2. Pin Attributes (continued)

STATE AFTER
nwoen | sownawe | SO | auEn | e | cowen, | STRESTS
PB4 1/0 LVCMOS - OFF
AIN10 | Analog PB4 N/A
121 12C5SCL 1/0 LVCMOS PB4 (2) VDD N/A
SSI1Fss 1/0 LVCMOS PB4 (15) N/A
UOCTS | LVCMOS PB4 (1) N/A
122 VDD - Power Fixed N/A N/A
PE4 1/0 LVCMOS - OFF
AIN9 | Analog PE4 N/A
123 VDD
SSI1XDATO 1/0 LVCMOS PE4 (15) N/A
U1RI | LVCMOS PE4 (1) N/A
PES 1/0 LVCMOS - OFF
124 AIN8 | Analog PE5 VDD N/A
SSI1IXDAT1 1/0 LVCMOS PES5 (15) N/A
PD4 1/0 LVCMOS - OFF
AIN7 | Analog PD4 N/A
125 SSI1XDAT2 1/0 LVCMOS PD4 (15) VDD N/A
T3CCPO /10 LVCMOS PD4 (3) N/A
U2Rx | LVCMOS PD4 (1) N/A
PD5 1/0 LVCMOS - OFF
AING6 | Analog PD5 N/A
126 SSI1XDAT3 1/0 LVCMOS PD5 (15) VDD N/A
T3CCP1 /10 LVCMOS PD5 (3) N/A
U2Tx (0] LVCMOS PD5 (1) N/A
PD6 1/0 LVCMOS - OFF
AIN5 | Analog PD6 N/A
SSI2XDAT3 1/0 LVCMOS PD6 (15) N/A
127 VDD
TACCPO /10 LVCMOS PD6 (3) N/A
U2RTS (0] LVCMOS PD6 (1) N/A
USBOEPEN (0] LVCMOS PD6 (5) N/A
PD7 1/0 LVCMOS - OFF
AIN4 | Analog PD7 N/A
NMI | LVCMOS PD7 (8) N/A
128 SSI2XDAT2 1/0 LVCMOS PD7 (15) VDD N/A
TACCP1 1/0 LVCMOS PD7 (3) N/A
U2CTS | LVCMOS PD7 (1) N/A
USBOPFLT | LVCMOS PD7 (5) N/A
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4.3 Signal Descriptions

Table 4-3 describes the signals. The signals are sorted by function.

Table 4-3. Signal Descriptions

FUNCTION SIGNAL NAME PIN NO. PIN TYPE DESCRIPTION
AINO 12 ' Analog-to-digital converter input 0.
AIN1 13 | Analog-to-digital converter input 1
AIN2 14 | Analog-to-digital converter input 2
AIN3 15 | Analog-to-digital converter input 3
AIN4 128 | Analog-to-digital converter input 4
AIN5 127 | Analog-to-digital converter input 5
AIN6 126 | Analog-to-digital converter input 6
AIN7 125 | Analog-to-digital converter input 7
AIN8 124 | Analog-to-digital converter input 8
AIN9 123 | Analog-to-digital converter input 9
AIN10 121 | Analog-to-digital converter input 10
ADC AIN11 120 | Analog-to-digital converter input 11
AIN12 | Analog-to-digital converter input 12
AIN13 | Analog-to-digital converter input 13
AIN14 | Analog-to-digital converter input 14
AIN15 | Analog-to-digital converter input 15
AIN16 18 | Analog-to-digital converter input 16
AIN17 19 | Analog-to-digital converter input 17
AIN18 20 | Analog-to-digital converter input 18
AIN19 21 | Analog-to-digital converter input 19
A reference voltage used to specify the voltage at which the
ADC converts to a maximum value. This pin is used in
VREFA+ 9 ) conjunctic_)n with GNDA. 'I_'he vqltage that is a_pplieq to
VREFA+ is the voltage with which an AINn signal is
converted to 4095. The VREFA+ voltage is limited to the
range specified in the ADC electrical specifications.
Co+ 23 | Analog comparator 0 positive input
Co- 22 | Analog comparator 0 negative input
COo 813 O Analog comparator 0 output
Cl+ 24 | Analog comparator 1 positive input
Analog Comparators | C1- 25 | Analog comparator 1 negative input
Clo 824 O Analog comparator 1 output
C2+ 118 | Analog comparator 2 positive input
C2- 119 | Analog comparator 2 negative input
C2o0 3 O Analog comparator 2 output
CANORX 33 | CAN module 0 receive
Controller Area CANOTX 34 o CAN module 0 transmit
Network CAN1RX 95 [ CAN module 1 receive
CAN1TX 96 o} CAN module 1 transmit
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Table 4-3. Signal Descriptions (continued)

FUNCTION SIGNAL NAME PIN NO. PIN TYPE DESCRIPTION
TRCLK 45 o Trace clock.
TRDO 44 o Trace data 0.
Core TRD1 43 (6] Trace data 1.
TRD2 42 o Trace data 2.
TRD3 46 o Trace data 3.
ENOLEDO gg (0] Ethernet 0 LED 0
46
ENOLED1 61 (@) Ethernet O LED 1
43
ENOLED2 62 (0] Ethernet 0 LED 2
Ethernet ENOPPS 14196 (0] Ethernet O pulse-per-second (PPS) output
ENORXIN 53 1/0 Ethernet PHY negative receive differential input
ENORXIP 54 1/0 Ethernet PHY positive receive differential input
ENOTXON 56 1/0 Ethernet PHY negative transmit differential output
ENOTXOP 57 1/0 Ethernet PHY positive transmit differential output
RBIAS 59 O 4.87-kQ resistor (1% precision) for Ethernet PHY
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Table 4-3. Signal Descriptions (continued)

FUNCTION SIGNAL NAME PIN NO. PIN TYPE DESCRIPTION

EPIOSO ;g 1/0 EPI module 0 signal 0
EPI0S1 ég /0 EPI module 0 signal 1
EPI0S2 :2)’2 1/0 EPI module 0 signal 2
EPI0S3 g; /0 EPI module 0 signal 3
EPI0S4 22 1/0 EPI module 0 signal 4
EPIOS5 23 1/0 EPI module 0 signal 5
EPIOS6 24 1/0 EPI module 0 signal 6
EPIOS7 25 1/0 EPI module 0 signal 7
EPIOS8 40 1/0 EPI module 0 signal 8
EPIOS9 41 1/0 EPI module 0 signal 9
EPIOS10 50 1/0 EPI module 0 signal 10
EPIOS11 49 1/0 EPI module 0 signal 11
EPI0S12 75 1/0 EPI module 0 signal 12
EPIOS13 76 1/0 EPI module 0 signal 13
EPI0S14 77 1/0 EPI module 0 signal 14
EPIOS15 78 1/0 EPI module 0 signal 15

External Peripheral EPIOS16 81 1/0 EPI module 0 sfgnal 16

Interface EPIOS17 82 110 EPI module 0 signal 17
EPIOS18 83 1/0 EPI module 0 signal 18
EPI0S19 84 1/0 EPI module 0 signal 19
EPI0S20 5 1/0 EPI module 0 signal 20
EPI0S21 6 1/0 EPI module 0 signal 21
EPI10S22 11 1/0 EPI module 0 signal 22
EPI0S23 27 1/0 EPI module 0 signal 23
EPI10S24 60 1/0 EPI module 0 signal 24
EPI0S25 61 1/0 EPI module 0 signal 25
EPIOS26 85 1/0 EPI module 0 signal 26
EPI0S27 91 1/0 EPI module 0 signal 27
EPI10S28 92 1/0 EPI module 0 signal 28
EPI0S29 183 /10 EPI module 0 signal 29
EPI0S30 i% /0 EPI module 0 signal 30
EPI0S31 62 1/0 EPI module 0 signal 31
EPI0S32 63 le} EPI module 0 signal 32
EPI0S33 86 lfe} EPI module 0 signal 33
EPI0S34 111 1/0 EPI module 0 signal 34
EPIOS35 112 1/0 EPI module 0 signal 35
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Table 4-3. Signal Descriptions (continued)

FUNCTION SIGNAL NAME PIN NO. PIN TYPE DESCRIPTION
1
TOCCPO 33 /0 16/32-Bit Timer 0 Capture/Compare/PWM 0
85
2
TOCCP1 34 /0 16/32-Bit Timer 0 Capture/Compare/PWM 1
86
3
T1CCPO 35 /0 16/32-Bit Timer 1 Capture/Compare/PWM 0
94
4
T1CCP1 36 /0 16/32-Bit Timer 1 Capture/Compare/PWM 1
93
T2CCPO % /10 16/32-Bit Timer 2 Capture/Compare/PWM 0
T2CCP1 38 /0 16/32-Bit Timer 2 Capture/Compare/PWM 1
General-Purpose 77
Timers 40
T3CCPO 76 /0 16/32-Bit Timer 3 Capture/Compare/PWM 0
125
41
T3CCP1 75 /0 16/32-Bit Timer 3 Capture/Compare/PWM 1
126
74
T4CCPO 95 /0 16/32-Bit Timer 4 Capture/Compare/PWM 0
127
73
T4CCP1 96 /0 16/32-Bit Timer 4 Capture/Compare/PWM 1
128
T5CCPO 2 VO | 16/32-Bit Timer 5 Capture/Compare/PWM 0
T5CCP1 ;; /0 16/32-Bit Timer 5 Capture/Compare/PWM 1
PAO 33 /10 GPIO port A bit 0
PAl 34 /10 GPIO port A bit 1
PA2 35 1/0 GPIO port A bit 2
PA3 36 /10 GPIO port A bit 3
GPIO, Port A -
PA4 37 /10 GPIO port A bit 4
PA5 38 /10 GPIO port A bit 5
PAG6 40 /10 GPIO port A bit 6
PA7 41 /10 GPIO port A bit 7
PBO 95 /10 GPIO port B bit 0
PB1 96 1/0 GPIO port B bit 1
PB2 91 /10 GPIO port B bit 2
GPIO, Port B -
PB3 92 /10 GPIO port B bit 3
PB4 121 /10 GPIO port B hit 4
PB5 120 /10 GPIO port B hit 5
PCO 100 lfe} GPIO port C bit 0
PC1 99 /10 GPIO port C bit 1
pPC2 98 /10 GPIO port C bit 2
PC3 97 lfe} GPIO port C bit 3
GPIO, Port C -
PC4 25 /10 GPIO port C bit 4
PC5 24 /10 GPIO port C bit 5
PC6 23 lfe} GPIO port C bit 6
PC7 22 /10 GPIO port C bit 7
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Table 4-3. Signal Descriptions (continued)

FUNCTION SIGNAL NAME PIN NO. PIN TYPE DESCRIPTION
PDO 1 110 GPIO port D bit 0
PD1 2 110 GPIO port D bit 1
PD2 3 1/0 GPIO port D bit 2
PD3 4 110 GPIO port D bit 3
GPIO, Port D -
PD4 125 110 GPIO port D bit 4
PD5 126 110 GPIO port D bit 5
PD6 127 110 GPIO port D bit 6
PD7 128 110 GPIO port D bit 7
PEO 15 110 GPIO port E bit 0
PE1 14 110 GPIO port E bit 1
PE2 13 110 GPIO port E bit 2
GPIO, Port E -
PE3 12 1/0 GPIO port E bit 3
PE4 123 110 GPIO port E bit 4
PES 124 110 GPIO port E bit 5
PFO 42 1/0 GPIO port F bit 0
PF1 43 110 GPIO port F bit 1
GPIO, Port F PF2 44 110 GPIO port F bhit 2
PF3 45 1/0 GPIO port F bit 3
PF4 46 110 GPIO port F bit 4
PGO 49 110 GPIO port G bit 0
GPIO, Port G -
PG1 50 110 GPIO port G bit 1
PHO 29 110 GPIO port H bit 0
PH1 30 1/0 GPIO port H bit 1
GPIO, Port H -
PH2 31 110 GPIO port H bit 2
PH3 32 110 GPIO port H bit 3
PJO 116 1/0 GPIO port J bit 0
GPIO, Port J ,
PJ1 117 110 GPIO port J bit 1
PKO 18 110 GPIO port K bit 0
PK1 19 110 GPIO port K bit 1
PK2 20 110 GPIO port K bit 2
PK3 21 1/0 GPIO port K bit 3
GPIO, Port K -
PK4 63 1/0 GPIO port K bit 4
PK5 62 110 GPIO port K bit 5
PK6 61 110 GPIO port K bit 6
PK7 60 1/0 GPIO port K bit 7
PLO 81 1/0 GPIO port L bit 0
PL1 82 110 GPIO port L bit 1
PL2 83 1/0 GPIO port L bit 2
PL3 84 110 GPIO port L bit 3
GPIO, Port L -
PL4 85 1/0 GPIO port L bit 4
PL5 86 1/0 GPIO port L bit 5
PL6 94 1/0 GPIO port L bit 6
PL7 93 1/0 GPIO port L bit 7
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Table 4-3. Signal Descriptions (continued)

FUNCTION SIGNAL NAME PIN NO. PIN TYPE DESCRIPTION
PMO 78 /10 GPIO port M bit 0
PM1 77 110 GPIO port M bit 1
PM2 76 lfe} GPIO port M bit 2
PM3 75 /10 GPIO port M bit 3
GPIO, Port M -
PM4 74 1/0 GPIO port M bit 4
PM5 73 /10 GPIO port M bit 5
PM6 72 1/0 GPIO port M bit 6
PM7 71 1/0 GPIO port M bit 7
PNO 107 /10 GPIO port N bit 0
PN1 108 /10 GPIO port N bit 1
PN2 109 /10 GPIO port N bit 2
GPIO, Port N -
PN3 110 /10 GPIO port N bit 3
PN4 111 1/0 GPIO port N bit 4
PN5 112 /10 GPIO port N bit 5
PPO 118 /10 GPIO port P hit 0
PP1 119 lfe} GPIO port P bit 1
PP2 103 /10 GPIO port P bit 2
GPIO, Port P -
PP3 104 /10 GPIO port P bit 3
PP4 105 /10 GPIO port P bit 4
PP5 106 /10 GPIO port P hit 5
PQO 5 /10 GPIO port Q bit 0
PQ1 6 /10 GPIO port Q bit 1
GPIO, Port Q PQ2 11 /10 GPIO port Q bit 2
PQ3 27 /10 GPIO port Q bit 3
PQ4 102 /10 GPIO port Q bit 4
HIB 65 (@) An output that indicates the processor is in Hibernate mode
24 Buffered version of the Hibernation module's 32.768-kHz
RTCCLK 60 O clock. This signal is not output when the part is in Hibernate
104 mode and before being configured after power-on reset.
TMPRO 71 1/0 Tamper signal 0
TMPR1 72 1/0 Tamper signal 1
TMPR2 73 1/0 Tamper signal 2
TMPR3 74 1/0 Tamper signal 3
Hibernate Power source for the Hibernation module. It is normally
VBAT 68 ) connected to the positive terminal of a battery and serves as
the battery backup and Hibernation module power-source
supply.
NvYroa= An external input that brings the processor out of Hibernate
WAKE 64 ! mode when asserted
Hibernation module oscillator crystal input or an external
XOSCO 66 | clock reference input. This is either a crystal or a 32.768-
kHz oscillator for the Hibernation module RTC.
Hibernation module oscillator crystal output. Leave
XOSCL 67 o unconnected when using a single-ended clock source.
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Table 4-3. Signal Descriptions (continued)

FUNCTION SIGNAL NAME PIN NO. PIN TYPE DESCRIPTION
1C module 0 clock. This signal has an active pullup. The
12C0SCL 91 /0 corresponding port pin should not be configured as open
drain.
[2COSDA 92 110 12C module 0 data
1C module 1 clock. This signal has an active pullup. The
12C1SCL 49 /0 corresponding port pin should not be configured as open
drain.
[2C1SDA 50 110 12C module 1 data
82 1C module 2 clock. This signal has an active pullup. The
12C2SCL 106 /0 corresponding port pin should not be configured as open
112 drain.
12C2SDA 2 o 12C module 2 data
I2C module 3 clock. This signal has an active pullup. The
12C3SCL 63 1/0 corresponding port pin should not be configured as open
drain.
12C3SDA 62 /0 1°C module 3 data
IC module 4 clock. This signal has an active pullup. The
12C4SCL 61 1/0 corresponding port pin should not be configured as open
drain.
12C4SDA 60 /0 1°C module 4 data
12c o5 IC module 5 clock. This signal has an active pullup. The
12C5SCL 121 1/0 corresponding port pin should not be configured as open
drain.
12C5SDA - o 12C module 5 data
1C module 6 clock. This signal has an active pullup. The
12C6SCL 40 /0 corresponding port pin should not be configured as open
drain.
I2C6SDA 41 110 12C module 6 data
1 1°C module 7 clock. This signal has an active pullup. The
12C7SCL 37 /0 corresponding port pin should not be configured as open
drain.
12C7SDA 2 o 12C module 7 data
3 1C module 8 clock. This signal has an active pullup. The
12C8SCL 35 1/0 corresponding port pin should not be configured as open
drain.
12C8SDA o o 12C module 8 data
12C module 9 clock. This signal has an active pullup. The
12C9SCL 33 /0 corresponding port pin should not be configured as open
drain
[2C9SDA 34 110 12C module 9 data
TCK/SWCLK 100 | JTAG/SWD clock
TDI 98 | JTAG TDI
JTAG, SWD, SWO
TDO/SWO 97 (0] JTAG TDO and SWO
TMS/SWDIO 99 | JTAG TMS and SWDIO
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Table 4-3. Signal Descriptions (continued)

FUNCTION SIGNAL NAME PIN NO. PIN TYPE DESCRIPTION
MOFAULTO 46 | Motion Control module 0 PWM fault O
MOFAULT1 61 | Motion Control module 0 PWM fault 1
MOFAULT2 60 | Motion Control module 0 PWM fault 2
MOFAULT3 81 | Motion Control module 0 PWM fault 3
Motion Control module 0 PWM 0. This signal is controlled by
MOPWMO 42 o module 0 PWM generator 0.
Motion Control module 0 PWM 1. This signal is controlled by
MOPWM1 43 o module 0 PWM generator 0.
Motion Control module 0 PWM 2. This signal is controlled by
PWM MOPWM2 a4 © module 0 PWM generator 1.
Motion Control module 0 PWM 3. This signal is controlled by
MOPWM3 45 o module 0 PWM generator 1.
Motion Control module 0 PWM 4. This signal is controlled by
MOPWM4 49 o module 0 PWM generator 2.
Motion Control module 0 PWM 5. This signal is controlled by
MOPWMS 50 o module 0 PWM generator 2.
Motion Control module 0 PWM 6. This signal is controlled by
MOPWM®6 63 o module 0 PWM generator 3.
Motion Control module 0 PWM 7. This signal is controlled by
MOPWM7 62 o module 0 PWM generator 3.
17
48
GND gg - Ground reference for logic and I/0 pins
80
114
The ground reference for the analog circuits (ADC, Analog
GNDA 10 ) Comparators, etc.). These are separated from GND to
minimize the electrical noise contained on VDD from
affecting the analog functions
7
16
26
28
39
a7
VDD 51 - o ;
Power 52 Positive supply for I/O and some logic
69
79
90
101
113
122
The positive supply for the analog circuits (for example,
ADC and Analog Comparators). These are separated from
VDDA 8 ) VDD to minimize the electrical noise contained on VDD from
affecting the analog functions. VDDA pins must be supplied
with a voltage that meets the specification in, regardless of
system implementation
Positive supply for most of the logic function, including the
87 processor core and most peripherals. The voltage on this
vbDC 115 ° pinis 1.2 V and is supplied by the on-chip LDO. The VDDC
pins should only be connected to each other and an external
capacitor as specified in the LDO electrical specifications.
IDX0 84 | QEI module 0 index
QEI PhAO 82 | QEI module 0 phase A
PhBO 83 | QEI module 0 phase B
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Table 4-3. Signal Descriptions (continued)

FUNCTION SIGNAL NAME PIN NO. PIN TYPE DESCRIPTION
SSI0CIk 35 /10 SSI module 0 clock
SSIOFss 36 /10 SSI module 0 frame signal
SSI module 0 bidirectional data pin 0 (SSIOTX in Legacy
SSIOXDATO 37 /10 SSI mode)
SSI module 0 bidirectional data pin 1 (SSIORX in Legacy
SSIOXDAT1 38 110 SSI mode)
SSIOXDAT2 40 /10 SSI module 0 bidirectional data pin 2
SSIOXDATS3 41 1/0 SSI module 0 bidirectional data pin 3
SSI1Clk 120 /10 SSI module 1 clock
SSI1Fss 121 /10 SSI module 1 frame signal
SSI module 1 bidirectional data pin 0 (SSI1TX in Legacy
SSI1LXDATO 123 /10 SSI mode)
SSI module 1 bidirectional data pin 1 (SSI1RX in Legacy
SSI1IXDAT1 124 110 SSI mode)
SSI1IXDAT2 125 /10 SSI module 1 bidirectional data pin 2
SSI1IXDAT3 126 1/0 SSI module 1 bidirectional data pin 3
ssi SSI2Clk 4 /10 SSI module 2 clock
SSI2Fss 3 /10 SSI module 2 frame signal
SSI module 2 bidirectional data pin 0 (SSI2TX in Legacy
SSI2XDATO 2 lfe} SSI mode)
SSI module 2 bidirectional data pin 1 (SSI2RX in Legacy
SSI2XDAT1 1 110 SSI mode)
SSI2XDAT2 128 /10 SSI module 2 bidirectional data pin 2
SSI2XDAT3 127 1/0 SSI module 2 bidirectional data pin 3
SSI3Clk i o SSI module 3 clock
SSI3Fss 464 /0 SSI module 3 frame signal
11 SSI module 3 bidirectional data pin 0 (SSI3TX in Legacy
SSI3XDATO 13 /10 SSI mode)
27 SSI module 3 bidirectional data pin 1 (SSI3RX in Legacy
SSI3XDAT1 1 110 SSI mode)
SSI3XDAT2 14168 /10 SSI module 3 bidirectional data pin 2
SSI3XDAT3 119 /0 SSI module 3 bidirectional data pin 3
An optionally divided reference clock output based on a
DIVSCLK 102 (@) selected clock source. This signal is not synchronized to the
system clock.
NMI 128 | Nonmaskable interrupt
System Control and : : -
Clocks 0SCo 88 | m;m oscillator crystal input or an external clock reference
Main oscillator crystal output. Leave unconnected when
OSC1 89 o using a single-ended clock source.
RST 70 | System reset input
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Table 4-3. Signal Descriptions (continued)

FUNCTION SIGNAL NAME PIN NO. PIN TYPE DESCRIPTION
30 .
UOCTS 74 | ;JiArl?a;ll— module 0 Clear To Send modem flow control input
121 g
31 ’ .
UODCD 73 | ;JiArl?a;ll— module 0 Data Carrier Detect modem status input
104 g
32
UODSR 72 | UART module 0 Data Set Ready modem output control line
105
UART Module 0 : ol -
UODTR 103 o L!ART module 0 Data Terminal Ready modem status input
signal
UORI ?g | UART module 0 Ring Indicator modem status input signal
29 UART module 0 Request to Send modem flow control
UORTS 120 o output signal
UORX 33 | UART module O receive
UoTx 34 O UART module 0 transmit
U1CTS 104 | UART module 1 Clear To Send modem flow control input
108 signal
U1DCD 13 | L!ART module 1 Data Carrier Detect modem status input
109 signal
U1DSR 11140 | UART module 1 Data Set Ready modem output control line
12 UART module 1 Data Terminal Ready modem status input
U1DTR (¢} .
UART Module 1 111 signal
U1RI Eg | UART module 1 Ring Indicator modem status input signal
15 UART module 1 Request to Send modem flow control
UIRTS 107 o output line
U1R 95 | ;
X 102 UART module 1 receive.
UlTx 96 (0] UART module 1 transmit
U2CTS 110 | UART module 2 Clear To Send modem flow control input
128 signal
109 UART module 2 Request to Send modem flow control
U2RTS 127 o output line
UART Module 2
U2Rx 40 | UART module 2 receive
125
41 .
U2Tx 126 (0] UART module 2 transmit
U3CTS 106 | UART module 3 Clear To Send modem flow control input
112 signal
105 UART module 3 Request to Send modem flow control
USRTS 111 o output line
UART Module 3 -
U3Rx 1316 | UART module 3 receive
38 .
U3Tx 117 (0] UART module 3 transmit
U4CTS 21 | L!ART module 4 Clear To Send modem flow control input
signal
U4RTS 20 o UART module 4 Request to Send modem flow control
output line
UART Module 4
U4Rx ég | UART module 4 receive
19 .
U4Tx 36 (0] UART module 4 transmit
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Table 4-3. Signal Descriptions (continued)

FUNCTION SIGNAL NAME PIN NO. PIN TYPE DESCRIPTION
U5Rx 23 | UART module 5 receive
UART Module 5 -
U5Tx 22 (0] UART module 5 transmit
U6Rx 118 | UART module 6 receive
UART Module 6 -
U6Tx 119 (0] UART module 6 transmit
U7Rx 25 | UART module 7 receive
UART Module 7 -
U7Tx 24 O UART module 7 transmit
USBOCLK 92 (0] 60-MHz clock to the external PHY
USBODO 81 /10 USB data 0
USBOD1 82 /10 USB data 1
USBOD2 83 /10 USB data 2
USBOD3 84 /10 USB data 3
uUsBOD4 85 /10 USB data 4
USBOD5 86 /10 USB data 5
USBOD6 106 /10 USB data 6
USBOD7 105 /10 USB data 7
Indicates that the external PHY is able to accept data from
USBODIR 104 o the USB controller
Bidirectional differential data pin (D— per USB specification)
USBODM 93 110 for USBO
USBODP 04 /o Bidirectional differential data pin (D+ per USB specification)
for USBO
UsB
40 . .
Optionally used in Host mode to control an external power
USBOEPEN 14217 0o source to supply power to the USB bus
This signal senses the state of the USB ID signal. The USB
PHY enables an integrated pull-up, and an external element
USBOID 95 | (USB connector) indicates the initial state of the USB
controller (pulled down is the A side of the cable and pulled
up is the B side).
USBONXT 103 O Asserted by the external PHY to throttle all data types
USBOPELT 41 | Optionally used in Host mode by an external power source
128 to indicate an error state by that power source
Asserted by the USB controller to signal the end of a USB
USBOSTP o1 o transmit packet or register write operation
This signal is used during the session request protocol. This
USBOVBUS 96 /o signal allows the USB PHY to both sense the voltage level

of VBUS, and pull up VBUS momentarily during VBUS
pulsing.
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4.4  GPIO Pin Multiplexing
Table 4-4 lists the GPIO pins and their analog and digital alternate functions. The AINx analog signals go through an isolation circuit before
reaching their circuitry. These signals are configured by clearing the corresponding DEN bit in the GPIO Digital Enable (GPIODEN) register and
setting the corresponding AMSEL bit in the GPIO Analog Mode Select (GPIOAMSEL) register. Other analog signals are 3.3-V tolerant and are
connected directly to their circuitry (CO-, CO+, C1 -, C1+, C2-, C2+, USBOVBUS, USBOID). These signals are configured by clearing the DEN bit in
the GPIODEN register. The digital signals are enabled by setting the appropriate bit in the GPIO Alternate Function Select (GPIOAFSEL) and
GPIODEN registers and configuring the PMCx bit field in the GPIO Port Control (GPIOPCTL) register to the numeric encoding shown in Table 4-4.
Table 4-4. GPIO Pins and Alternate Functions
ANALOG DIGITAL FUNCTION (GPIOPCTL PMCx BIT FIELD ENCODING)
110 PIN SPlgglAL
FUNCTION 1 2 3 4 5 6 7 11 13 14 15
@)
PAO 33 - UORX 12C9SCL TOCCPO - - - CANORX - - - -
PA1 34 — uoTx 12C9SDA TOCCP1 — - — CANOTX - — - —
PA2 35 - U4Rx 12C8SCL T1CCPO - - - - - - - SSI0CIk
PA3 36 - U4Tx 12C8SDA T1CCP1 - - - - - - - SSIOFss
PA4 37 - U3Rx 12C7SCL T2CCPO - - - - - - - SSIOXDATO
PA5 38 - U3Tx I2C7SDA T2CCP1 - - - - - - - SSIOXDAT1
PA6 40 - U2Rx 12C6SCL T3CCPO - USBOEPEN - - - SSIOXDAT2 - EPIOS8
PA7 41 — u2Tx 12C6SDA T3CCP1 — USBOPFLT — - USBOEPEN | SSIOXDAT3 - EPIOS9
PBO 95 USBOID U1Rx 12C5SCL T4CCPO - - - CAN1Rx - - - -
PB1 96 USBOVBUS UlTx 12C5SDA T4CCP1 - - - CAN1TX - - - -
PB2 91 - - 12C0SCL T5CCPO - - - - - - USBOSTP EPI0S27
PB3 92 - - I2COSDA T5CCP1 - - - - - - USBOCLK EPI0S28
PB4 121 AIN10 UOCTS 12C5SCL - - - - - - - - SSI1Fss
PB5 120 AIN11 UORTS 12C5SDA - — - — - - — - SSI1Clk
PCO 100 - TCK SWCLK - - - - - - - - - -
PC1 99 - TMS SWDIO - - - - - - - - - -
PC2 98 - TDI - - - - - - - - - -
PC3 97 - TDO SWO - - - - - - - - - -
PC4 25 C1- U7Rx - - - - - - - - - EPIOS7
PC5 24 Cl+ U7Tx — - — - — RTCCLK - — - EPI0S6
PC6 23 Co+ U5SRx — - - - - - - - - EPIOS5
PC7 22 Co- U5Tx - - - - - - - - - EPI0S4
PDO 1 AIN15 - 12C7SCL TOCCPO - C0o - - - - - SSI2XDAT1
PD1 2 AIN14 - I2C7SDA TOCCP1 - Clo - - - - - SSI2XDATO

(1) The TMPRn signals are digital signals enabled and configured by the Hibernation module. All other signals listed

in this column are analog signals.
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Table 4-4. GPIO Pins and Alternate Functions (continued)

ANALOG DIGITAL FUNCTION (GPIOPCTL PMCx BIT FIELD ENCODING)
1/0 PIN SPI(E:)gIAL

FUNCTION 1 2 3 4 5 6 8 11 13 14 15

@)
PD2 3 AIN13 - 12C8SCL T1CCPO — C2o0 — — - — - SSI2Fss
PD3 4 AIN12 - 12C8SDA T1CCP1 - - - - - - - SSI2Clk
PD4 125 AIN7 U2Rx - T3CCPO - - - - - - - SSI1IXDAT2
PD5 126 AIN6 U2Tx - T3CCP1 - - - - - - - SSI1IXDAT3
PD6 127 AINS U2RTS - T4CCPO - USBOEPEN - - - - - SSI2XDAT3
PD7 128 AIN4 U2CTS - T4CCP1 - USBOPFLT - NMI - - - SSI2XDAT2
PEO 15 AIN3 U1RTS — - — - — — - — - —
PE1 14 AIN2 U1DSR - - - - - - - - - -
PE2 13 AIN1 UlDCD - - - - - - - - - -
PE3 12 AINO U1DTR - - - - - - - - - -
PE4 123 AIN9 U1RI - - - - - - - - - SSI1IXDATO
PES5 124 AIN8 - - - - - - - - - - SSI1IXDAT1
PFO 42 — - — - — ENOLEDO MOPWMO — - — SSI3XDAT1 TRD2
PF1 43 - - - - - ENOLED2 MOPWM1 - - - SSI3XDATO TRD1
PF2 44 - - - - - - MOPWM2 - - - SSI3Fss TRDO
PF3 45 - - - - - - MOPWM3 - - - SSI3CIk TRCLK
PF4 46 - - - - - ENOLED1 MOFAULTO - - - SSI3XDAT2 TRD3
PGO 49 - - 12C1SCL - - ENOPPS MOPWM4 - - - - EPIOS11
PG1 50 — - 12C1SDA - — - MOPWM5 — - — - EPI0S10
PHO 29 - UORTS - - - - - - - - - EPIOSO
PH1 30 - UOCTS - - - - - - - - - EPIOS1
PH2 31 - uUoDCD - - - - - - - - - EPI0S2
PH3 32 - UODSR - - - - - - - - - EPIOS3
PJO 116 - U3Rx - - - ENOPPS - - - - - -
PJ1 117 — U3Tx — - — - — — - — - —
PKO 18 AIN16 U4Rx - - - - - - - - - EPIOSO
PK1 19 AIN17 U4Tx - - - - - - - - - EPIOS1
PK2 20 AIN18 U4RTS - - - - - - - - - EPI0S2
PK3 21 AIN19 U4CTS - - - - - - - - - EPIOS3
PK4 63 - - 12C3SCL - - ENOLEDO MOPWM6 - - - - EPI0S32
PK5 62 — - 12C3SDA - — ENOLED2 MOPWM7 — - — - EPIOS31
PK6 61 - - 12C4SCL - - ENOLED1 MOFAULT1 - - - - EPI0S25
PK7 60 - UORI 12C4SDA - - RTCCLK MOFAULT2 - - - - EPI0S24
PLO 81 - - 12C2SDA - - - MOFAULT3 - - - USBODO EPIOS16
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Table 4-4. GPIO Pins and Alternate Functions (continued)

ANALOG DIGITAL FUNCTION (GPIOPCTL PMCx BIT FIELD ENCODING)
1/0 PIN SPI(E:)EIAL

FUNCTION 1 2 3 4 5 6 7 8 11 13 14 15

@)
PL1 82 - - 12C2SCL - - - PhAO - - - - USBOD1 EPIOS17
PL2 83 - - - - - COo PhBO - - - - USBOD2 EPIOS18
PL3 84 - - - - - Clo IDX0 - - - - USBOD3 EPIOS19
PL4 85 - - - TOCCPO - - - - - - - USBOD4 EPI0S26
PL5 86 - - - TOCCP1 - - - - - - - USBOD5 EPIOS33
PL6 94 USBODP - - T1CCPO - - - - - - - - -
PL7 93 USBODM - - T1CCP1 - - - - - - - - -
PMO 78 - - - T2CCPO - - - - - - - - EPIOS15
PM1 77 - - - T2CCP1 - - - - - - - - EPI0OS14
PM2 76 - - - T3CCPO - - - - - - - - EPIOS13
PM3 75 - - - T3CCP1 - - - - - - - - EPIOS12
PM4 74 TMPR3 UOCTS - T4CCPO - - - - - - - - -
PM5 73 TMPR2 uobCD - T4CCP1 - - - - - - - - -
PM6 72 TMPR1 UODSR - T5CCPO - - - - - - - - -
PM7 71 TMPRO UORI - T5CCP1 - - - - - - - - -
PNO 107 - U1RTS - - - - - - - - - - -
PN1 108 - U1CTS - - - - - - - - - - -
PN2 109 - UibDCD U2RTS - - - - - - - - - EPI0S29
PN3 110 - U1DSR U2CTS - - - - - - - - - EPIOS30
PN4 111 - U1DTR U3RTS 12C2SDA - - - - - - - - EPI0OS34
PN5 112 - U1RI U3CTS 12C2SCL - - - - - - - - EPIOS35
PPO 118 C2+ UBRx - - - - - - - - - - SSI3XDAT2
PP1 119 C2- U6Tx - - - - - - - - - - SSI3XDAT3
PP2 103 - UODTR - - - - - - - - - USBONXT EPI0S29
PP3 104 - U1CTS uobCD - - - - RTCCLK - - - USBODIR EPIOS30
PP4 105 - U3RTS UODSR - - - - - - - - USBOD7 -
PP5 106 - U3CTS 12C2SCL - - - - - - - - USBOD6 -
PQO 5 - - - - - - - - - - - SSI3CIk EPI0S20
PQ1 6 - - - - - - - - - - - SSI3Fss EPI0S21
PQ2 11 - - - - - - - - - - - SSI3XDATO EPI0S22
PQ3 27 — - — - — - — - — - — SSI3XDAT1 EPI0S23
PQ4 102 - U1Rx - - - - - DIVSCLK - - - - -
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4.5 Buffer Type

Table 4-5 describes the buffer types that are referenced in Section 4.2.

Table 4-5. Buffer Type

NOMINAL OUTPUT
BUFFER TYPE NOMINAL PU OR PD DRIVE OTHER
(STANDARD) voLTAGE | HYSTERESIS | PUORPD | grpENGTH | STRENGTH CHARACTERISTICS
(HA) (mA)
@ See analog modules in
Analog 33V N N/A N/A N/A Section 5 for details.
See
Input/Output .
- See Typical
LVCMOS 33V Y@ Programmable Pin e
Characteristics Characteristics.
Power (VDD)®) 33V N N/A N/A N/A
Power (VDDA)® 33V N N/A N/A N/A
Power (GND and
GNDA)® oV N N/A N/A N/A

(1) This is a switch, not a buffer.
(2) Only for input pins
(3) This is supply input, not a buffer.

46 Connections for Unused Pins

Table 4-6 lists the recommended connections for unused pins.

Table 4-6 lists two options: an acceptable practice and a preferred practice for reduced power
consumption and improved EMC characteristics. If a module is not used in a system, and its inputs are
grounded, it is important that the clock to the module is never enabled by setting the corresponding bit in

the RCGCx register.

Table 4-6. Connections for Unused Pins

FUNCTION SIGNAL NAME PIN NUMBER Aggilg_l’r?gé_E PEIS:E?EIEED
ADC VREFA+ 9 VDDA VDDA
ENORXIN 53 NC NC
ENORXIP 54 NC NC
ENOTXON 56 NC NC
Ethernet ENOTXOP 57 NC NC
Connect to ground Connect to ground
RBIAS 59 through_ 4.87-kQ through_ 4.87-kQ
resistor. resistor.
PA1 (UOTX) 34 NC GND®
GPIO PA4 (SSIOXDATO) 37 NC GND®
All unused GPIOs NC GND
HIB 65 NC NC
VBAT 68 NC VDD
Hibernate WAKE 64 NC GND
XOSCO0 66 NC GND
XOSC1 67 NC NC

(1) PAL (UOTx) may be enabled as an output by the ROM bootloader if no code is present in the flash and PAO (UORX) receives a valid

boot signature. Ensure that this condition will not occur if PA1 is to be connected directly to GND.

(2) PA4 (SSIOXDATO) may be enabled as an output by the ROM bootloader if no code is present in the flash and the SSI0x (PA2, PA3,
PADS) receives a valid boot signature. Ensure that this condition will not occur if PA4 is to be connected directly to GND.
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Table 4-6. Connections for Unused Pins (continued)

ACCEPTABLE PREFERRED
FUNCTION SIGNAL NAME PIN NUMBER PRACTICE PRACTICE
0SCo 88 NC GND
System Control 0scC1 89 NC NC
S Pull up to VDD with 0 to
RST 70 VDD 100-kQ resistor. @)
Pull down to GND with
USBODM / PL7 03 NC sy
use Pull d to GND with
ull down to wi
USBODP / PL6 04 NC 1-kQ resistor.@

(3) For details, see the System Control chapter of the SimpleLink™ MSP432E4 Microcontrollers Technical Reference Manual
(4) The ROM bootloader may configure these pins as USB pins if no code is present in the flash. Therefore, they should not be connected

directly to ground.
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5 Specifications

5.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted) @ @

MIN MAX UNIT
Voo Vpp supply voltage 0 4 \
Vooa Vppa supply voltage 0 4 \
VBaT Vgat battery supply voltage 0 4 \%
VBATRMP Vpat battery supply voltage ramp time 0 0.7 V/ius
ViN_GPIO Input voltage -0.3 4 \Y
IGPIOMAX Maximum current per output pin 64 mA
Ts Unpowered storage temperature range -65 150 °C
Tivmax Maximum junction temperature 125 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, and functional operation of the device at these or any other conditions beyond those indicated under Recommended Operating
Conditions is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) Voltages are measured with respect to GND.

(3) Applies to static and dynamic signals including overshoot.

5.2 ESD Ratings
over operating free-air temperature range (unless otherwise noted)

VALUE UNIT

o Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001 () (2) +2000
V(Esb) Electrostatic discharge - — 3 \%
Charged-device model (CDM), per JEDEC specification JESD22-C101 +500

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process. Pins listed as
+2000 V may actually have higher performance.

(2) All pins are HBM compliant to +2000 V for all combinations as per JESD22-A114F, except for the following stress combinations:
* The Ethernet ENORXIN, ENOTXON, ENORXIP, and ENOTXOP pins to each other.
e The GPIO pins PM4, PM5, PM6, and PM7 to other pins.
These exceptions are compliant to 500 V and do not require any special handling beyond typical ESD control procedures during
assembly operations per JEDEC publication JEP155. These pins do meet the 500-V CDM specification.

(3) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process. Pins listed as +500 V
may actually have higher performance.

5.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)

MIN MAX UNIT
Tan Ambient operating temperature range Extended temperature -40 105 °C
T; Junction operating temperature range Extended temperature -40 125 °C
5.4 Recommended DC Operating Conditions
over operating free-air temperature (unless otherwise noted)
MIN NOM MAX UNIT
Vpp Vpp supply voltage 2.97 3.3 3.63 \%
Vpba Vppa supply voltage @ 2.97 33 3.63 \Y
Vppce Vppc supply voltage, run mode 1.14 1.2 1.32 Y
Vpocbs Vppc supply voltage, deep-sleep mode 0.85 0.95 \%

(1) To ensure proper operation, power on Vppa before Vpp if sourced from different supplies, or connect Vppa to the same supply as Vpp.
No restriction exists for powering off.

5.5 Recommended GPIO Operating Characteristics
The following sections describe the recommended GPIO operating characteristics for the device.

Two types of pads are provided on the device:
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Fast GPIO pads: These pads provide variable, programmable drive strength and optimized voltage
output levels.

Slow GPIO pads: These pads provide 2-mA drive strength and are designed to be sensitive to voltage
inputs. The PJ1 GPIOs port pins are slow GPIO pads. All other GPIOs have a fast GPIO pad type.

NOTE
Port pins PL6 and PL7 operate as fast GPIO pads, but have 4-mA drive capability only.
GPIO register controls for drive strength, slew rate and open drain have no effect on these
pins. The registers which have no effect are as follows: GPIODR2R, GPIODRA4R,
GPIODRS8R, GPIODR12R, GPIOSLR, and GPIOODR.

NOTE
Port pins PM[7:4] operate as fast GPIO pads but support only 2-, 4-, 6-, and 8-mA drive
capability. 10- and 12-mA drive are not supported. All standard GPIO register controls,
except for the GPIODR12R register, apply to these port pins.

5.6 Recommended Fast GPIO Pad Operating Conditions
over operating free-air temperature range (unless otherwise noted)

MIN NOM MAX| UNIT

Viy Fast GPIO high-level input voltage 0-6\,/50; 4 \%
m Fast GPIO high-level input current 300 nA
Vi Fast GPIO low-level input voltage 0 0'3{/5;; \%
e Fast GPIO low-level input current ) -200 nA
Vhys Fast GPIO input hysteresis 0.49 \%
Vou Fast GPIO high-level output voltage 2.4 \%
VoL Fast GPIO low-level output voltage 0.40 \%

2-mA drive 2.0

4-mA drive 4.0
lon Fast GPIO high-level source current, Voy = 2.4 V @ 8-mA drive 8.0 mA

10-mA drive 10.0

12-mA drive 12.0

2-mA drive 2.0

4-mA drive 4.0

8-mA drive 8.0
loL Fast GPIO low-level sink current, Vo = 0.4V @ 10-mA drive 10.0 mA

12-mA drive 12.0

12-mA drive

overdriven to 18.0

18 mA

(1) Output, pullup, and pulldown are disabled; only input is enabled.
(2) o specifications reflect the maximum current where the corresponding output voltage meets the Vgy or Vg, thresholds. I current can
exceed these limits (subject to absolute maximum ratings).

5.7 Recommended Slow GPIO Pad Operating Conditions
over operating free-air temperature range (unless otherwise noted)
MIN NOM MAX| UNIT
Viy Slow GPIO high-level input voltage O'?/SDZ 4 \%
Iy Slow GPIO high-level input current 4.1 nA
36 Specifications Copyright © 2017, Texas Instruments Incorporated

Submit Documentation Feedback
Product Folder Links: MSP432E401Y


http://www.ti.com/product/msp432e401y?qgpn=msp432e401y
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLASEN5&partnum=MSP432E401Y
http://www.ti.com/product/msp432e401y?qgpn=msp432e401y

13 TEXAS
INSTRUMENTS MSP432E401Y

www.ti.com SLASENS —-OCTOBER 2017

Recommended Slow GPIO Pad Operating Conditions (continued)

over operating free-air temperature range (unless otherwise noted)

MIN NOM MAX| UNIT
Vi Slow GPIO low-level input voltage 0 O'?;? * \%
DD
I Slow GPIO low-level input current @ -1 nA
Vhys Slow GPIO input hysteresis 0.49 \%
Von Slow GPIO high-level output voltage 2.4 \%
VoL Slow GPIO low-level output voltage 0.4 \%
loH Slow GPIO high-level source current, Voy = 2.4 V, 2-mA drive 2.0 mA
loL Slow GPIO low-level sink current, Vo, = 0.4 V @), 2-mA drive 2.0 mA

(1) Output, pullup, and pulldown are disabled; only input is enabled.
(2) Ilo specifications reflect the maximum current where the corresponding output voltage meets the Voy or Vg, thresholds. I current can
exceed these limits (subject to absolute maximum ratings).

5.8

GPIO Current Restrictions

over operating free-air temperature range (unless otherwise noted)

MIN NOM MAX UNIT
ImaxL Cumulative maximum GPIO current per side, left 112 mA
IMaxa Cumulative maximum GPIO current per side, bottom ) 97.6| mA
IMAXR Cumulative maximum GPIO current per side, right @ 112| mA
IMAXT Cumulative maximum GPIO current per side, top & 80| mA

(1) Based on design simulations, not tested in production.
(2) Sum of sink and source current for GPIOs as listed in Table 5-1.

Table 5-1. Maximum GPIO Package Side Assignments

SIDE GPIOs
Left PC[4-7], PD[0-3], PQ[0-3], PE[0-3], PK[0-3], PN[4-5], PH[0-3]
Bottom PA[0-7], PF[0-4],PG[0-1], PK[4-7]

Right PM[0-7], PL[0-7], PB[0-3]
Top PC[0-3], PQ[4], PP[0-5], PN[0-5], PJ[0-1], PB[4-5], PE[4-5], PD[4-7]
5.9 /O Reliability

For typical continuous drive applications, I/O pins configured in the range from 2 mA to 12 mA and
operating at —40°C to 85°C meet the standard 10-year lifetime reliability. If a continuous current sink of 18
mA is required, then operation is limited to 0 to 75°C to meet the standard 10-year reliability.

At 105°C, I/O pins configured for continuous drive meet the standard 2.5-year lifetime reliability.

In typical switching applications (40% switch rate) operating at —40°C to 85°C, all I/O configurations except
2 mA meet the standard 10-year lifetime reliability with 50-pF loading. By limiting the capacitive loading to
20 pF for an I/O configured to 2 mA, the 10-year lifetime reliability can be met at —40°C to 85°C.

In typical switching applications (40% switch rate) operating at 105°C, all I/O configurations except 2 mA
meet the standard 2.5-year lifetime reliability. By reducing the capacitive loading to 20 pF with a typical
switching rate at 105°C, a 2-mA /O configuration meets a 2.5-year lifetime reliability.
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5.10 Current Consumption
over operating free-air temperature (unless otherwise noted) ™

SYSTEM CLOCK TYP MAX
PARAMETER TEST CONDITIONS CLOCK ) ) ) ) [ 105°c | UNIT
FREQ SOURGE | —0°C | 25°C | &5°C | 105°C | 85°C B
120 MHz MO?ELW“h 96.4 | 1053 | 107.2 | 108.7 | 129.9 | 140.0
Vpp =33V, -
Vopa=3.3V, 60MHz | MOSCWIth | 674 | 766 | 786 | 79.9 | 1003 | 1125
Peripherals = All on PLL
including MAC and PHY | 16 MHz PIOSC 11.9 | 244 | 255 | 267 | 450 | 56.4
1 MHz PIOSC 575 | 109 | 121 | 133 | 313 | 426
120 MHz | MOSCWIth | 699 | 778 | 706 | 808 | 988 | 1084
Voo =33V, PLL
Vopa = 3.3V, ;
Perpherals = All on somHz | MOSCWIN | 400 | 402 | 500 | 521 | 692 | 808
including MAC but not
PHY 16 MHz PIOSC 113 | 236 | 250 | 262 | 431 | 543
Run mode 1 MHz PIOSC 510 | 101 | 115 | 127 | 293 | 405
flash loo| i
¢ 2 120 MHz Moﬁﬁ_""“h 681 | 760 | 776 | 786 | 96.6 | 106.0
Vpp =33V, -
Vopa=3.3V, 60MHz | MOSCWIth | 450 | 482 | 208 | 508 | 67.9 | 79.2
Peripherals = All on PLL
except MAC and PHY 16 MHz PIOSC 11.1 | 233 | 246 | 256 | 425 | 533
1 MHz PIOSC 507 | 101 | 11.3 | 123 | 290 | 39.8
120 MHz Moﬁﬁ_""“h 352 | 391 | 404 | 415 | 558 | 653
Vop = 3.3V, ;
Vooa =33V, 60 MHz MOE,ELW"h 232 | 294 | 307 | 317 | 458 | 555
Peripherals = All off
16 MHz PIOSC 738 | 179 | 190 | 200 | 345 | 441
1 MHz PIOSC 412 | 913 | 103 | 114 | 257 | 355
Io0_Run MOSC with mA
120 MHz PLLW' 038 | 103.6 | 111.6 | 1132 | 133.4 | 1446
Vpp =33V, -
Vopa=3.3V, 60MHz | MOSCWIth | 659 | 767 | 787 | 800 | 1000 | 111.9
Peripherals = All on PLL
including MAC and PHY | 16 MHz PIOSC 126 | 190 | 201 | 213 | 39.1 | 503
1 MHz PIOSC 573 | 106 | 117 | 128 | 309 | 422
120 MHz | MOSCWIth | 675 | 761 | 840 | 854 | 1023 | 1130
Voo =33V, PLL
Vopa = 3.3V, ;
Perpherals = All on somHz | MOSCWIN | 403 | 402 | 500 | 522 | 689 | 802
including MAC but not
PHY 16 MHz PIOSC 119 | 182 | 196 | 208 | 37.2 | 482
Run mode 1 MHz PIOSC 508 | 979 | 112 | 123 | 289 | 401
SRAM loo i
¢ ) 120 MHz Moﬁﬁ_""“h 65.4 | 743 | 820 | 832 | 100.1 | 1106
Vpp =33V, -
Vopa =33V, 60 MHz | MOSCWIth | 394 | 485 | 498 | 509 | 676 | 786
Peripherals =All on PLL
except MAC and PHY 16 MHz PIOSC 117 | 17.9 19.2 | 202 | 366 | 47.2
1 MHz PIOSC 505 | 975 | 11.0 | 11.9 | 286 | 39.4
120 MHz Moﬁﬁ_""“h 354 | 433 | 447 | 458 | 59.8 | 69.0
Vop = 3.3V, ;
Vooa =33V, 60 MHz MOE,ELW"h 234 | 294 | 307 | 317 | 455 | 549
Peripherals = All off
16 MHz PIOSC 708 | 124 | 136 | 146 | 287 | 380
1 MHz PIOSC 460 | 878 | 100 | 11.0 | 253 | 34.9

(1) Section 5.11 lists the current consumption that specific peripherals contribute to the run mode current consumption in Section 5.10. If
these peripherals are not powered, then the peripheral current consumption can be subtracted from the run mode consumption in
Section 5.10.

(2) Applicable to extended temperature devices only.
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Current Consumption (continued)

over operating free-air temperature (unless otherwise noted)

SYSTEM CLOCK TYP MAX
PARAMETER TEST CONDITIONS CLOCK i i i i . 105°C | UNIT
FREQ SOURGE | —40°C | 25°C | 85°C | 105°C | 85°C 2)
120 MHz MOE,&""““ 828 | 948 | 968 | 981 | 117.9 | 1291
Vpp = 3.3V,
Vppa = 3.3V, ;
Peripherals = Al on 60 MHz Moﬁﬁ_"‘”th 608 | 69.2 | 712 | 723 | 91.8 | 1029
including MAC and PHY,
LDO=12V 16 MHz PIOSC 11.2 | 168 | 181 | 191 | 354 | 459
1 MHz PlOSC ® 5.10 10.3 11.5 12.6 28.9 39.6
MOSC with
Voo = 3.3V, 120 MHz L 56.2 | 67.4 | 69.1 | 703 | 87.1 | 97.8
Vbpa =33V, 0
Peripherals = All on 60 MHz | MOSCWIth | 544 | 419 | 434 | 445 | 607 | 716
including MAC but not PLL
PHY, 16 MHz PIOSC @ | 106 16.2 17.5 18.5 345 45.1
LDO =12V
Sleep mode 1 MHz PlIOSC @ | 4.47 9.60 10.9 12.0 28.0 38.7
(FLASHPM = -
0x0) 120 MHz MOE,&""““ 544 | 656 | 671 | 681 | 849 | 954
Vpp = 3.3V,
Vppa = 3.3V, ;
Peripherals = Al on 60 MHz Moﬁﬁ_"‘”th 335 | 409 | 423 | 432 | 594 | 700
except MAC and PHY, @
LDO=12V 16 MHz PIOSC 104 | 15.9 171 | 17.9 | 339 | 441
1 MHz PIOSC® | 444 | 956 | 107 | 116 | 27.7 | 380
120 MHz MOE,&""““ 220 | 286 | 298 | 307 | 441 | 531
Vpp = 3.3V, -
Vopa = 3.3V, 60 MHz | MOSCwWith | g3 | 290 | 232 | 241 | 375 | 466
Peripherals = All off, PLL
LbO =12V 16 MHz PIOSC @ | 537 10.4 115 12.4 26.1 35.1
| 1 MHz PIOSC @ | 437 8.60 9.71 10.6 24.6 33.9 A
DD_SLEEP . m,
120 MHz MOE,&""““ 865 | 89.0 | 912 | 925 | 1121 | 1235
Vpp = 3.3V,
Vppa = 3.3V, -
Peripherals = Al on 60 MHz Moﬁﬁ_"‘”th 616 | 634 | 656 | 667 | 86.0 | 97.2
including MAC and PHY, @
LDO=12V 16 MHz PIOSC 104 | 111 124 | 135 | 298 | 404
1 MHz PIOSC @ | 4.45 4.49 5.83 6.98 23.4 34.2
MOSC with
Voo = 3.3V, 120 MHz L 509 | 617 | 634 | 647 | 813 | 921
Vbpa =33V, 0
Peripherals = All on 60 MHz | MOSCWith | 551 | 361 | 378 | 389 | 549 | 66.0
including MAC but not PLL
PHY, 16 MHz PIOSC ® | 975 10.4 11.8 12.9 28.9 39.6
LDO =12V
Sleep mode 1 MHz PlOSC ® 3.82 3.82 5.25 6.38 225 334
(FLASHPM = -
0x2) 120 MHz MOE,&""““ 581 | 599 | 614 | 625 | 791 | 897
Vpp = 3.3V,
Vppa = 3.3V, ;
Peripherals = Al on 60 MHz Moﬁﬁ_"‘”th 342 | 351 | 367 | 376 | 536 | 64.4
except MAC and PHY, @
LDO=12V 16 MHz PIOSC 950 | 10.1 114 | 123 | 283 | 386
1 MHz PIOSC® | 379 | 378 | 506 | 596 | 222 | 327
120 MHz MOE,&""““ 220 | 228 | 241 | 251 | 382 | 474
Vpp = 3.3V, o
Vopa =33V, 60 MHz | MOSCWith | 152 | 162 | 175 | 185 | 317 | 409
Peripherals = All off, PLL
Lbo =12V 16 MHz PIOSC® | 450 | 460 | 5.80 6.80 | 205 29.8
1 MHz PIOSC® | 300 | 280 | 410 | 520 | 19.1 | 287
(3) If the MOSC is the source of the run-mode system clock and is powered down in sleep mode, wake time is increased by tyosc_seTTLE-
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Current Consumption (continued)

over operating free-air temperature (unless otherwise noted)

SYSTEM CLOCK TYP MAX
PARAMETER TEST CONDITIONS CLOCK ) ) ) ) ) 105°C | UNIT
FREQ SOURCE | 40°C | 25°C | 85°C | 105°C | 85°C 2
Vpp = 3.3V, 16 MHz PIOSC 974 | 978 | 108 | 116 | 241 | 321
Vopa = 3.3V,
Peripherals = All on, 30 kHz LFIOSC 260 | 2583 | 383 | 460 | 171 | 253
LDO=12V
Vpp = 3.3V, 16 MHz PIOSC 453 | 405 | 488 | 553 | 159 | 227
Vppa =33V,
Deep-sleep Peripherals = All off, 30 kHz LFIOSC | 0.614 | 0.762 | 1.69 | 246 | 133 | 207
| mode LDO=12V "
DD_DEEPSLEEP (FLASHPM = |y, =33V, 16 MHz PIOSC 521 | 733 | 797 | 848 | 153 | 201
0x2) Vppa = 3.3V,
Peripherals = All on, 30 kHz LFIOSC 202 | 216 | 279 | 329 | 100 | 14.9
LDO =09V
Voo =33V, 16 MHz PIOSC 1.08 | 310 | 361 | 401 | 950 | 134
Vppa = 3.3V,
Peripherals = All off, 30 kHz LFIOSC | 0.367 | 0.454 | 0.954 | 1.36 | 6.86 | 10.8
LDO=09V ®
120 MHz MOE,ELW"h 261 | 266 | 268 | 266 | 3.03 | 3.35
Voo =33V, ;
All run modes | Voos = 3.3V, 60 MHz MOE,ELW"h 261 | 266 | 268 | 266 | 304 | 310
Peripherals = All on
16 MHz PIOSC 245 | 249 | 250 | 248 | 285 | 295
| | 1 MHz PIOSC 245 | 248 | 250 | 248 | 284 | 2.90 R
DDA_RUN: IDDA_SLEEP . m
120 MHz MO?,ELW"h 0.227 | 0.229 | 0.270 | 0.250 | 0.559 | 0.650
Voo =33V, ;
All sleep N somHz | MOSCWIN | 0209 | 0232 | 0.267 | 0.250 | 0579 | 0600
modes Peripherals = All off
16 MHz PIOSC 0.228 | 0.229 | 0.265 | 0.251 | 0.545 | 0.575
1 MHz PIOSC 0.227 | 0.227 | 0.267 | 0.247 | 0.549 | 0.555
Voo =33V, 16 MHz PIOSC 245 | 248 | 250 | 248 | 284 | 2.90
Vppa = 3.3V,
Peripherals = All on, 30 kHz LFIOSC 245 | 248 | 250 | 248 | 285 | 2.90
LDO=12V
Vpp = 3.3V, 16 MHz PIOSC 0.226 | 0.227 | 0.265 | 0.249 | 0.558 | 0.635
Vppa =3.3V,
Deep-sleep Peripherals = All off, 30 kHz LFIOSC | 0.228 | 0.227 | 0.272 | 0.247 | 0.558 | 0.600
| mode LDO=12V A
DDA DEEPSLEEP (FLASHPM = |y, =33V, 16 MHz PIOSC 214 | 242 | 244 | 242 | 278 | 288
0x2) Vppa = 3.3V,
Peripherals = All on, 30 kHz LFIOSC | 244 | 242 | 244 | 242 | 286 | 2.88
LDO=09V @
Vpp = 3.3V, 16 MHz PIOSC 0.216 | 0.166 | 0.209 | 0.193 | 0.563 | 0.580
Vppa =33V,
Peripherals = All off, 30 kHz LFIOSC | 0.223 | 0.167 | 0.209 | 0.189 | 0.508 | 0.580
LDO=09V ®
Hibernate xBAT :_%?/V Voo =0V,
DDA — ’
Ini NORTC mode (external | gt clock = OFF, 104 | 120 | 144 | 169 | 162 | 214 HA
B wake, RTC Hibernate module =
disabled) 32.768 kHz
Vgar = 3.0V,
Hibernate \\;DD :_OOV\’/
lhis_rTc mode (RTC S;gfer‘n Closk = OFF 112 | 129 | 154 | 18 | 1.75 | 2.33 HA
enabled) Hibernate module =
32.768 kHz

(4) See the System Control chapter of the MSP432E4 SimpleLink™ Microcontrollers Technical Reference Manual for information on

lowering the LDO voltage to 0.9 V.
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Current Consumption (continued)

over operating free-air temperature (unless otherwise noted)

SYSTEM CLOCK TYP MAX
PARAMETER TEST CONDITIONS CLOCK ) . . . . 105°C | UNIT
FREQ SOURCE —40°C | 25°C 85°C | 105°C | 85°C %)
Hibernate \\;BAT_:;;;OVV’
DD — 9 ’
mode Vpoa = 3.3 V.
(VDD3ON System clock = OFF, 6.78 7.99 17.0 22.1 31.0 46.2
mode, tamper Hib ¢ dule =
enabled) Ioernate module =
| 32.768 kHz A
HIB_VDD3ON _ [
Hibernate VBAT__ 30V,
Vpp =3.3V,
mode Vopa =33V,
(VDD3ON SDDA ook = 5.42 6.39 15.4 17.8 28.9 32.0
mode, tamper ystem clock = OFF,
disabI’ed) Hibernate module =
32.768 kHz
5.11 Peripheral Current Consumption
over operating free-air temperature (unless otherwise noted)
PARAMETER TEST CONDITIONS SYSTEM CLOCK TYP UNIT
USB (including USB PHY) run mode Vpp =3.3V, .
Ibbuss current Vppa = 3.3 V 120 MHz (MOSC with PLL) 4.0 mA
VDD =3.3 V, .
IbpEMAC Ethernet MAC run mode current _ 120 MHz (MOSC with PLL) 1.9 mA
Vppa = 3.3V
VDD =3.3 V, .
|IDDEMACPHY Ethernet MAC and PHY run mode current vV =33V 120 MHz (MOSC with PLL) 30 mA
DDA = 9.
5.12 LDO Regulator Characteristics
over operating free-air temperature (unless otherwise noted)
PARAMETER MIN TYP MAX UNIT
CLoo External filter capacitor size for internal power supply® 25 4.0 UF
ESR Filter capacitor equivalent series resistance 0 100 mQ
ESL Filter capacitor equivalent series inductance 0.5 nH
V.o LDO output voltage, run mode 1.13 1.2 1.27 \%
lINRUSH Inrush current 50 250 mA
(1) Connect the capacitor as close as possible to pin 115.
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5.13 Power Dissipation
over operating free-air temperature (unless otherwise noted) @ @

PARAMETER Ta Ty MIN MAX UNIT
p Extended temperature device power 105°C (extended 125°C (extended 452 mw
DE dissipation temperature part) temperature part)

(1) If the device exceeds the power dissipation value shown, then modifications such as heat sinks or fans must be used to conform to the
limits shown.
(2) A larger power dissipation allowance can be achieved by lowering T as long as Tjuyax shown in Section 5.1 is not exceeded.

5.14 Thermal Resistance Characteristics, 128-Pin PDT (TQFP) Package
over operating free-air temperature range (unless otherwise noted)

THERMAL METRIC VALUE UNIT

03 Thermal resistance (junction to ambient) @ 44.2 °C/W

035 Thermal resistance (junction to board) ) 22.4 °C/W

03¢ Thermal resistance (junction to case) 6.8 °C/W

YT Thermal metric (junction to top of package) 0.2 °CIW

Y8 Thermal metric (junction to board) 22.1 °CIW
Te+ (P x ¥y7) (2()3)

T; Junction temperature formula TPTiB ++('(3PXXG\JPAJ)B)(4) °C

Tg + (P x 0,8) ® ©

(1) Junction to ambient thermal resistance (8;,), junction to board thermal resistance (8;g), and junction to case thermal resistance (0;¢)
numbers are determined by a package simulator.

(2) T is the case temperature and P is the device power consumption.

(3) Tpcg is the temperature of the board acquired by following the steps listed in the EAI/JESD 51-8 standard summarized in Semiconductor
and IC Package Thermal Metrics. P is the device power consumption.

(4) Because 03, is highly variable and based on factors such as board design, chip size, pad size, altitude, and external ambient
temperature, Tl recommends using the equations that contain ¥;r and ¥, for best results.

(5) Tgis temperature of the board.

(6) 03 is not a pure reflection of the internal resistance of the package because it includes the resistance of the testing board and
environment. Tl recommends using equations that contain ¥;1 and ¥ ;g for best results.
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5.15 Timing and Switching Characteristics

5.15.1 Load Conditions

Table 5-2 shows the load conditions used for timing measurements, and Table 5-2 lists the load values for
the specified signals.

T

Figure 5-1. Load Conditions

Table 5-2. Load Conditions

SIGNALS

LOAD VALUE (C,)

EPI0S[35:0] SDRAM interface

EPIOS[35:0] general-purpose interface 30 pF
EPI0S[35:0] host-bus interface

EPI0S[35:0] PSRAM interface 40 pF
All other digital I/O signals 50 pF

5.15.2 Power Supply Sequencing

To ensure proper operation, power on Vppa before Vpp if sourced from different supplies, or connect Vppa
to the same supply as Vpp. No restriction exists for powering off.

5.15.2.1 Power and Brownout

Table 5-3. Power and Brownout Levels

over operating free-air temperature (unless otherwise noted)

NO. PARAMETER MIN TYP MAX UNIT

P1 typDA_RISE Analog supply voltage (Vppa) rise time 0 us

P2 tvpp_RISE 1/0 supply voltage (Vpp) rise time © us

P3 typpc_RISE Core supply voltage (Vppc) rise time 10 150 us
Power-on reset threshold (rising edge) 1.98 2.35 2.72

P4 Vpor Power-on reset threshold (falling edge) 1.84 2.20 2.56 \Y,
Power-on reset hysteresis 0.06 0.15 0.24

P5 Vbpa_pok Vppa power-OK threshold (rising edge) 2.67 2.82 2.97 \%

P6 Vbpa_BORO Vppa brownout reset threshold 2.71 2.80 2.89 \%
Vpp power-OK threshold (rising edge) 2.65 2.80 2.90

P7 Vbp_Pok X \
Vpp power-OK threshold (falling edge) 2.67 2.76 2.85

P8 Vbp_BORO Vpp brownout reset threshold 2.77 2.86 2.95 \%
Vppc power-OK threshold (rising edge) 0.85 0.95 1.10

P9 Vbbpe_pok X \
Vppc power-OK threshold (falling edge) 0.71 0.80 0.85
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5.15.2.1.1 Vppa Levels

The Vppa supply has three monitors:
e Power-on reset (POR)

e Power-OK (POK)

e Brownout reset (BOR)

The POR monitor is used to keep the analog circuitry in reset until the Vppa supply reaches the correct
range for the analog circuitry to begin operating. The POK monitor is used to keep the digital circuitry in
reset until the Vppa power supply is at an acceptable operational level. The digital reset is only released
when the Power-On Reset has deasserted and the Power-OK monitor for each supply indicates that
power levels are in operational ranges. The BOR monitor is used to generate a reset to the device or
assert an interrupt if the Vppa supply drops below its operational range.

NOTE

Vppa BOR and Vpp BOR events are a combined BOR to the system logic, such that if either

BOR event occurs, the following bits are affected:

e The BORRIS bit in the Raw Interrupt Status (RIS) register, System Control offset 0x050

e The BORMIS bit in the Masked Interrupt Status and Clear (MISC) register, System
Control offset 0x058. This bit is set only if the BORIM bit in the Interrupt Mask Control

(IMC) register has been set.

e« The BOR bit in the Reset Cause (RESC) register, System Control offset 0x05C. This bit
is set only if either of the BOR events have been configured to initiate a reset.

In addition, the following bits control both BOR events:

e The BORIM bit in the Interrupt Mask Control (IMC) register, System Control offset 0x054
¢ The VDDA _UBORO and VDD_UBORO bits in the Power-Temperature Cause (PWRTC)

register

See the System Control chapter of the MSP432E4 SimpleLink™ Microcontrollers Technical
Reference Manual for more information on how to configure these registers.

Figure 5-2 shows the relationship between Vppa, POK, POR, and a BOR event.

A
VDDAunN —1————

VDDA

P4

\ 4

—_—————d e ——— -

1
e 0
(¢}

o I

\ 4

\ 4

POK
o r
>

—_———— e -

\ 4

BOR
o r
e e

Figure 5-2. Power and Brownout Assertions vs Vppa Levels
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5.15.2.1.2 Vpp Levels

The Vpp supply has two monitors:
e Power-OK (POK)
e Brownout reset (BOR)

The POK monitor is used to keep the digital circuitry in reset until the Vpp power supply reaches an
acceptable operational level. The digital reset is only released when the POR has deasserted and the
POK monitor for each supply indicates that power levels are in operational ranges. The BOR monitor is
used to generate a reset to the device or assert an interrupt if the Vpp supply drops below its operational
range.

NOTE
Vppa BOR and Vpp BOR events are a combined BOR to the system logic, such that if either
BOR event occurs, the following bits are affected:
e The BORRIS bit in the Raw Interrupt Status (RIS) register, System Control offset 0x050
e The BORMIS bit in the Masked Interrupt Status and Clear (MISC) register, System
Control offset 0x058. This bit is set only if the BORIM bit in the Interrupt Mask Control
(IMC) register has been set.

e The BOR bit in the Reset Cause (RESC) register, System Control offset 0x05C. This bit
is set only if either of the BOR events have been configured to initiate a reset.

In addition, the following bits control both BOR events:

e The BORIM bit in the Interrupt Mask Control (IMC) register, System Control offset 0x054

¢ The VDDA _UBORO and VDD_UBORO bits in the Power-Temperature Cause (PWRTC)
register

See the System Control chapter of the MSP432E4 SimpleLink™ Microcontrollers Technical
Reference Manual for more information on how to configure these registers.

Figure 5-3 shows the relationship between Vpp, POK, POR, and a BOR event.
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Figure 5-3. Power and Brownout Assertions vs Vpp Levels
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5.15.2.1.3 Vppc Levels

The Vppc supply has one monitor, the Power-OK (POK). The POK monitor is used to keep the digital
circuitry in reset until the Vppc power supply reaches an acceptable operational level. The digital reset is
only released when the power-on reset has deasserted and the POK monitor for each supply indicates
that power levels are in operational ranges. Figure 5-4 shows the relationship between POK and Vppc.

VDDC

POK

o [l

—>
v

Figure 5-4. POK Assertion vs Vppc

5.15.2.1.4 Vpp Glitch Response
Figure 5-5 shows the response of the BOR and the POR circuit to glitches on the VDD supply.
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Figure 5-5. POR-BOR Vpp Glitch Response

5.15.2.1.5 Vpp Droop Response
Figure 5-6 shows the response of the BOR and the POR monitors to a drop on the VDD supply.
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Figure 5-6. POR-BOR Vpp Droop Response

5.15.3 Reset Timing

Table 5-4 lists the reset characteristics.
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Table 5-4. Reset Characteristics
over operating free-air temperature (unless otherwise noted)

NO. PARAMETER MIN TYP MAX | UNIT

R1 tDPORDLY Digital POR to internal reset assertion delay (see Figure 5-7) 0.44 126 us
Standard internal reset time 14 16

R2 tirrour @ @ - - - ms
Internal reset time with recovery code repair (program or erase) ©) 24.4 6400

R3 tsoropLy P BORO to internal reset assertion delay © (see Figure 5-8) 0.44 125 Hs

R4 trsTMIN Minimum RST pulse duration 0'25123())85 us

R5 tiRHWDLY RST to internal reset assertion delay (see Figure 5-9) 0.85 us

R6 fiRSWR I ::r};eurpeagti?)?t time-out after software-initiated system reset (see 244 us

R7 tirwor & Internal reset time-out after watchdog reset (see Figure 5-11) 2.44 us

R8 tirmer @ Internal reset time-out after MOSC failure reset (see Figure 5-12) 2.44 us

(1) These values are based on simulation.

(2) This is the delay from the time POR is released until the reset vector is fetched.

(3) This parameter applies only in situations where a power-loss or brownout event occurs during an EEPROM program or erase operation,
and EEPROM must be repaired (which is a rare case). For all other sequences, there is no change to normal POR timing. This delay is
in addition to other POR delays.

(4) This value represents the maximum internal reset time when the EEPROM reaches its endurance limit.

(5) Timing values depend on the Vpp power-down ramp rate.

(6) Standard operation

(7) Deep-sleep operation with PIOSC powered down

Digital POR —\:\ !
| |
| |

| | |

o g, —> h R2

Reset |

(Internal) \
|

Figure 5-7. Digital Power-On Reset Timing

The digital power-on reset is released only when the analog power-on reset has deasserted and the
Power-OK monitor for each supply indicates that power levels are in operational ranges.

|

e : :

| | “ e gl

! | : |

| |

Reset |

(Internal) \I\ /:

| |

| |

Figure 5-8. Brownout Reset Timing
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5.15.4 Clock Specifications

The following sections provide specifications on the various clock sources and mode.

5.15.4.1 PLL Specifications
Table 5-5 lists the PLL characteristics.

NOTE
If the integrated Ethernet PHY is used, frer xtaL @nd free gxr must be 25 MHz.

Table 5-5. Phase Locked Loop (PLL) Characteristics
over operating free-air temperature (unless otherwise noted)

PARAMETER MIN MAX UNIT
fREF XTAL Crystal reference 5 25 MHz
fREF_EXT External clock reference 5 25 MHz
foLLR PLL VCO frequency at 1.2 V) 100 480| MHz
foLLs PLL VCO frequency at 0.9 V@ 100 480| MHz

Enabling the PLL, when PLL is transitioning from power down to (refe?:rfc:

power up clock period)

. . 128 x

tREADY PLL lock time When the PLL VCO frequency is changed (PLL is already (reference us

enabled) )

clock period)

128 x

Changing the OSCSRC between MOSC and PIOSC (reference

clock period)

(1) PLL frequency is manually calculated using the values in the PLLFREQO and PLLFREQL registers.
(2) Ifthe LDO is dropped to 0.9 V, the system must be run 1/4 of the maximum frequency at most. The Q value in the PLLFREQL1 register
must be set to 0x3 rather than using the PSYSDIV field in the RSCLKCFG register for the divisor.

5.15.4.1.1 PLL Configuration

The PLL is disabled by default during power-on reset and is enabled later by software if required. Software
specifies the output divisor to set the system clock frequency and enables the PLL to drive the output. The
PLL is controlled using the PLLFREQO, PLLFREQ1, and PLLSTAT registers. Changes made to these
registers do not become active until after the NEWFREQ bit in the RSCLKCFG register is enabled. The
clock source for the main PLL is selected by configuring the PLLSRC field in the Run and Sleep Clock
Configuration (RSCLKCFG) register. The PLL allows for the generation of system clock frequencies in
excess of the reference clock provided. The reference clocks for the PLL are the PIOSC and the MOSC.

The PLL is controlled by two registers, PLLFREQO and PLLFREQ1. The PLL VCO frequency (fyco) is
determined through Equation 1.

where
o fin = fxrar / (Q+1)(N+1) or fpiosc / (Q+1)(N+1)
«  MDIV = MINT + (MFRAC / 1024) )

The Q and N values are programmed in the PLLFREQL1 register. To reduce jitter, program MFRAC to 0x0.

When the PLL is active, the system clock frequency (SysCIKk) is calculated using Equation 2.

SysClk = fyco / (1 + 1) )
The PLL system divisor factor (PSYSDIV) must be set as 1. Table 5-6 lists examples of the system clock
frequency.
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Table 5-6. Examples of System Clock Frequencies

System Clock
fvco (MHz) Q PSYSDIV + 1 (SYSCLK) Frequency
(MHz)
480 2 2 120
480 3 2 80
480 4 2 60
480 5 2 48
320 2 2 80
320 3 2 53
320 4 2 40

If the main oscillator provides the clock reference to the PLL, the translation provided by hardware and
used to program the PLL is available for software in the PLL Frequency n (PLLFREQnN) registers. The
internal translation provides a translation within £1% of the targeted PLL VCO frequency. Table 5-7 shows
the actual PLL frequency and error for a given crystal choice.

Table 5-7 provides examples of the programming expected for the PLLFREQO and PLLFREQL registers.
The CRYSTAL FREQUENCY column specifies the input crystal frequency and the PLL FREQUENCY
column displays the PLL frequency given the values of MINT and N, when Q = 0.

Table 5-7. Actual PLL Frequency®

CRYSTAL MINT X ADECIVAL N EFEESEENEE PLL FREQUENCY
FREQUENCY (MHz) | DECIMAL VALUE i (MH2)®@ (MH2)

64 0x40 0x0 5 320

160 0x35 0x2 2 320

40 0x28 0x0 8 320
10 32 0x20 0x0 10 320
12 80 0x50 0x2 4 320
16 20 0x14 0x0 16 320
18 160 OxAO 0x8 2 320
20 16 0x10 0x0 20 320
24 40 0x28 0x2 8 320
25 64 0x40 Ox4 5 320

96 0x60 0x0 5 480

80 0x50 0x0 6 480

60 0x3C 0x0 8 480
10 48 0x30 0x0 10 480
12 40 0x28 0x0 12 480
16 30 OX1E 0x0 16 480
18 80 0x50 0x2 6 480
20 24 0x18 0x0 20 480
24 20 0x14 0x0 24 480
25 96 0x60 Ox4 5 480

(1) For all examples listed, Q = 0.
(2) For a given crystal frequency, N should be chosen such that the reference frequency is 4 to 30 MHz.
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5.15.4.2 PIOSC Specifications
Table 5-8 lists the PIOSC characteristics.

Table 5-8. PIOSC Clock Characteristics

PARAMETER MIN NOM MAX| UNIT

Factory calibration, 0°C to 105°C:
Internal 16-MHz precision oscillator frequency variance across voltage and +6%
temperature range when factory calibration is used

friosc Factory calibration, —40°C to <0°C +10%
Recalibration:
Internal 16-MHz precision oscillator frequency variance when recalibration is used +1%
at a specific temperature

tsTART PIOSC start-up time® 1 us

(1) PIOSC start-up time is part of reset and is included in the internal reset time-out value (T\grtout) in Table 5-4. The TgarT Value is based

on simulation.

5.15.4.3 Low-

Frequency Oscillator Specifications

Table 5-9 lists the characteristics of the low-frequency oscillator.

Table 5-9. Low-Frequency Oscillator Characteristics

PARAMETER MIN NOM MAX UNIT
fLriosc Internal low-frequency oscillator frequency 10 33 75 kHz
5.15.4.4 Hibernation Low-Frequency Oscillator Specifications
Table 5-10. Hibernation External Oscillator (XOSC) Input Characteristics
PARAMETER MIN NOM MAX UNIT

fiiexose & Parallel resonance frequency 32.768 kHz
C1, Cp External load capacitance on XOSCO, XOSC1 pins @ 12 24 pF
Crka Device package stray shunt capacitance @ 0.5 pF
Ceca PCB stray shunt capacitance @ 0.5 pF
CshUNT Total shunt capacitance 4 pF
ESR Crystal effective series resistance, OSCDRV =0 @ 50 .

Crystal effective series resistance, OSCDRV =1 ® 75
DL Oscillator output drive level 0.25 uw
tsTART Oscillator start-up time, when using a crystal 4 600 1500 ® ms

CMOS input high level, when using an external oscillator with Vg ppry > 264
Vi 33V v

CMOS input high level, when using an external oscillator with 1.8 V < 0.8 x

Vsupply < 3.3 V Vsupply
v, © CMOS input low level, when using an external oscillator with 1.8 V < 0.2 % vV

Vsypply < 3.63 V Vsupply
Viys © Svg§p$2u§.ggﬁ\?r hysteresis, when using an external oscillator with 1.8 V 360 960 1390 mv
DChigosc_ExT External single-ended (bypass) reference duty cycle 30% 70%

(1) The Hibernation XOSC pins are not fail-safe and must follow the limits in Section 5.15.9.1.2.

(2) See the additional information about the load capacitors following this table.

(3) Crystal ESR specified by crystal manufacturer.

(4) Oscillator start-up time is specified from the time the oscillator is enabled to when it reaches a stable point of oscillation such that the
internal clock is valid.

(5) Only valid for recommended supply conditions. Measured with OSCDRYV bit set (high drive strength enabled, 24 pF).

(6) Specification is relative to the larger of Vpp or Vgar.
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Choose the load capacitors added on the board, C; and C,, such that Equation 3 is satisfied (see Table 5-
10 for typical values).

where

CL=(Cy xC)/(Cy+Cy) + Cspunr

« C, = load capacitance specified by crystal manufacturer
¢ Cghunt = Cpke + Cpcp + Cy (total shunt capacitance seen across XOSCO and XOSC1)
e Cpke: Cpcg @s measured across the XOSCO and XOSC1 pins excluding the crystal
+ Clear the OSCDRYV bit in the Hibernation Control (HIBCTL) register for C; , < 18 pF
+ Set the OSCDRYV bit for C;, > 18 pF

* Cy = Shunt capacitance of crystal specified by the crystal manufacturer 3)
Table 5-11 lists the characteristics of the Hibernation module low-frequency oscillator.
Table 5-11. Hibernation Internal Low-Frequency Oscillator Clock Characteristics
PARAMETER MIN NOM MAX| UNIT
friBLFIOSC Internal low-frequency hibernation oscillator frequency 10 33 90 kHz
5.15.4.5 Main Oscillator Specifications
Table 5-12 lists the required characteristics of the main oscillator input.
Table 5-12. Main Oscillator Input Characteristics
over operating free-air temperature (unless otherwise noted)®
PARAMETER MIN NOM MAX UNIT
fuosc Parallel resonance frequency 4@ 25| MHz
fREF_XTAL BYPASS External clock reference (PLL in BYPASS mode) 0 120 MHz
C1. Cp External load capacitance on OSC0, OSC1 pins @ 12 24 pF
Cpkc Device package stray shunt capacitance ®) 0.5 pF
Cpch PCB stray shunt capacitance @ 0.5 pF
CsHUNT Total shunt capacitance @ 4 pF
4 MHz @ ©® 300
6 MHz @ ©) 200
) ) ) 8 MHz ¥ ®) 130
ESR Crystal effective series resistance NG Q
12 MHz @ ® 120
16 MHz ¥ ® 100
25 MHz 4 ® 50
DL Oscillator output drive level® OSCpwr mw
TsTART Oscillator start-up time, when using a crystal ) 18 ms
ViH CMOS input high level, when using an external oscillator O.(i/S x Vb \%
DD
. . . 0.35 x
Vi CMOS input low level, when using an external oscillator GND vV \%
DD
Vhys CMOS input buffer hysteresis, when using an external oscillator 150 mV
DCosc Ext External clock reference duty cycle 45% 55%

(1) See Table 5-39 and Table 5-40 for additional Ethernet crystal requirements.

(2) 5 MHz is the minimum when using the PLL.

(3) See the additional information about the load capacitors following this table.

(4) Crystal ESR specified by crystal manufacturer.

(5) Crystal vendors can be contacted to confirm these specifications are met for a specific crystal part number if the vendors generic crystal
datasheet show limits outside of these specifications.

(6) OSCpwr = (2 x m x Fp x C__ x 2.5)? x ESR / 2. An estimation of the typical power delivered to the crystal is based on the C, Fp and
ESR parameters of the crystal in the circuit as calculated by the OSCpyr equation. Ensure that the value calculated for OSCp\yr does
not exceed the crystal's drive-level maximum.

(7) Oscillator start-up time is specified from the time the oscillator is enabled to when it reaches a stable point of oscillation such that the
internal clock is valid.
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The load capacitors added on the board, C; and C,, should be chosen such that Equation 4 is satisfied
(see Table 5-12 for typical values and Table 5-13 for detailed crystal parameter information).
CL=(Cy x Cy) / (Cy + Cy) + Cspunr

where
« C, = load capacitance specified by crystal manufacturer
¢ Cghunt = Cp + Cpye + Cpcp (total shunt capacitance seen across OSCO and OSC1 crystal inputs)
e Cpke: Cpcg = Mutual capacitance as measured across the OSCO and OSCL1 pins excluding the crystal
* Cy = Shunt capacitance of crystal specified by the crystal manufacturer (4)

Table 5-13 lists part numbers of crystals that have been simulated and confirmed to operate within the
specifications in Table 5-12. Other crystals that have nearly identical crystal parameters can be expected
to work as well.

In Table 5-13, the crystal parameters labeled CO, C1, and L1 are values that are obtained from the crystal
manufacturer. These numbers are usually a result of testing a relevant batch of crystals on a network
analyzer. The parameters labeled ESR, DL, and C, are maximum numbers usually available in the data
sheet for a crystal.

Table 5-13 also includes three columns of Recommended Component Values. These values apply to
system board components. C,; and C, are the values in picofarads of the load capacitors that should be
put on each leg of the crystal pins to ensure oscillation at the correct frequency. Ry is the value in kQ of a
resistor that is placed in series with the crystal between the OSC1 pin and the crystal pin. Ry dissipates
some of the power so the Max DI crystal parameter is not exceeded. Only use the recommended C4, C,,
and Ry values with the associated crystal part. The values in the table were used in the simulation to
ensure crystal start-up and to determine the worst-case drive level (WC DL). The value in the WC DL
column should not be greater than the Max DL crystal parameter. The WC DL value can be used to
determine if a crystal with similar parameter values but a lower Max DL value is acceptable.
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Table 5-13. Crystal Parameters

Crystal Parameters Recommended
Crystal ; Component Values
N AEED Manufacturer Part HiallsEn Package Size Frequency Specification IEERE e R VEES P VIS/E
Number (mm x mm) (MHz) (Tolerance / Max
Stability) CO | CL i mHy| BSR | bl |c | G | G2 | R | (W)
(pF) (fF) () (pF) (PF) | (k)
(LW)

NDK NxsgthsDG_g-Jzt%oom- NX8045GB 8x45 4 30 /50 ppm 100 | 270 | 59810 | 300 | 500 8 12 12 0 132

FOX FQ1045A-4 2-SMD 10 x 45 4 30/30 ppm 118 | 405 | 39600 | 150 | 500 | 10 | 14 | 14 0 | 103

NDK NX8045GB-5.000M- NX8045GB 8x45 5 30 /50 ppm 1.00 | 2.80 | 35650 | 250 | 500 8 12 12 0 164
STD-CSF-4

NDK NX8045GB-6.000M- NX8045GB 8x 45 6 30/50 ppm 130 | 410 | 17320 | 250 | 500 8 12 12 0 | 214
STD-CSF-4

FOX FQ1045A-6 2-SMD 10x 45 6 30/30 ppm 137 | 626 | 11230 | 150 | 500 | 10 | 14 | 14 0 | 200

NDK NX8045GB-8.000M- NX8045GB 8x 45 8 30/50 ppm 1.00 | 280 | 139.30 | 200 | 500 8 12 12 o | 277
STD-CSF-6

FOX FQ70508-8 4-SMD 7x5 8 30/30 ppm 195 | 669 | 5910 | 80 | 500 | 10 | 14 | 14 0 | 217

ECS ECS-80-16-28A-TR HC49/US 12.5 % 4.85 8 50 /30 ppm 182 | 490 | 8570 | 80 | 500 | 16 | 24 | 24 0 | 298

Abracon AABNIV- 12.0000MHz- ABMM 7.2%52 12 10/20 ppm 237 | 885 | 205 | 50 | 500 | 10 | 12 | 12 |[20® | 124

NDK NX32255A 12 000MHZ | Nx3225GA 32x25 12 20/30 ppm 070 | 220 | 8100 | 100 | 200 8 12 12 | 25 | 147

NDK NX5032E3¢'C1E2);200MHZ' NX5032GA 5x3.2 12 30/50 ppm 093 | 312 | 5640 | 120 | 500 8 12 12 o | 362

FOX FQ50328-12 4-SMD 5x32 12 30/30 ppm 116 | 416 | 4230 | 8 | 500 | 10 | 14 | 14 o | 370

Abracon AABNI 15, 0000MFiz- ABMM 7.2x52 16 10/ 20 ppm 300 [ 1100 | 930 | 50 | 500 | 10 | 12 | 12 |[20®| 143

Ecliptek ECX-6595-16.000M HC-49/UP 133x 4.85 16 15 /30 ppm 300 | 127 | 81 50 | 1000 | 10 | 12 | 12 |20® | 139

NDK NX3225GA-16.000MHZ- | 1y 350564 32x25 16 20/30 ppm 100 | 290 | 3390 | 8 | 200 8 12 12 2 188
STD-CRG-2

NDK NX5O3ZS\'?_'C1|§'_‘;°°MHZ' NX5032GA 5x3.2 16 30/ 50 ppm 102 | 382 | 2590 |120@| s00 8 10 10 0 | a37

ECS ECS-160-9-42-CKM-TR ECX-42 4x25 16 10710 ppm 147 | 300 | 2584 | 60 | 300 | 9 12 | 12 | o5 | 289

Abracon AABNIY-25.0000MHz- ABMM 72x52 25 10/ 20 ppm 300 [ 1100 | 370 | 50 | 500 | 10 | 12 | 12 |20®| 158

Ecliptek ECX-6593-25.000M HC-49/UP 13.3 x 4.85 25 15/ 30 ppm 3.00 12.8 3.2 40 1000 10 12 12 1.5® | 159

NDK NXSZZ;’E&?;Q?Z‘)MHZ' NX3225GA 32x25 25 20/ 30 ppm 110 | 470 | 870 50 | 200 8 12 12 2 181

(1) Rgvalues as low as 0 Q can be used. Using a lower Rg value causes the WC DL to increase toward the maximum DL of the crystal.
(2) Although this ESR value is outside of the recommended crystal ESR maximum for this frequency, this crystal has been simulated to confirm proper operation and is valid for use with this
device.
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Table 5-13. Crystal Parameters (continued)

Crystal Parameters Recommended
Crystal ; Component Values
T Manufacturer Part Holder Package Size Frequency Specification Upanzel Veluzs vk Eles : Vlgl(_:
Number (mm x mm) (MHz) (Tolerance / Max
Stability) CO | CL |y muy | ESR | bl | pn| S | C2 Rs | (W)
(PF) (fF) @) W (PF) | (pF) | (k)
(uw)
NX5032GA-25.000MHZ. 10 0 |108] 216
NDK Py : NX5032GA 5x3.2 25 30/50 ppm 1.3 5.1 7.1 70 500 8
LD-CD-1 PP 12 12 | %05 | 269
Q-25.000M-HC3225/4-
AURIS F-30-30-E-12-TR HC3225/4 3.2x25 25 30/ 30 ppm 1.58 5.01 8.34 50 500 12 16 16 1 331
FOX FQ5032B-25 4-SMD 5x3.2 25 30/ 30 ppm 1.69 7.92 5.13 50 500 10 14 14 0.5 433
TXC 7A2570018 NX5032GA 5x3.2 25 20/ 25 ppm 2.0 6.7 6.1 30 350 10 12 12 2.0® 124

(3) Rg values as low as 500 Q can be used. Using a lower Rg value causes the WC DL to increase toward the maximum DL of the crystal.
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5.15.4.6 Main Oscillator Specification With ADC

Table 5-14 lists the system clock characteristics with ADC operation.

Table 5-14. System Clock Characteristics With ADC Operation

PARAMETER MIN NOM MAX| UNIT

. System clock frequency when the ADC module is operating (when PLL is
sysade bypassed)

16 MHz

5.15.4.7 System Clock Characteristics With USB Operation

Table 5-15 lists the system clock characteristics with USB operation.

Table 5-15. System Clock Characteristics With USB Operation

PARAMETER MIN NOM MAX UNIT
f System clock frequency when the USB module is operating (MOSC must be the 30 MHz
sysusb clock source, either with or without using the PLL)

5.15.5 Sleep Modes

The following tables can be used to calculate the maximum wake time from sleep or deep sleep mode,
depending on the specific application. Depending on the application configuration, each parameter, except
for tg ash, adds sequential latency to the wake time. Flash restoration happens in parallel to the other
wake processes, and its wake time is normally absorbed by the other latencies. As an example, the wake
time for a device in deep sleep mode with the PIOSC and PLL turned off and the flash and SRAM in low-
power mode is calculated by Equation 5.

Wake Time = tpioscps + triios + tsramLrps (5)

trLasy does not contribute to this equation because the values of the other parameters are greater.

In sleep mode, the wake time due to a clock source is zero because the device uses the same clock
configuration in run mode; thus, there is no latency involved with respect to the clocks.

Table 5-16 lists the wake-up times from sleep mode.

Table 5-16. Wake From Sleep Characteristics
over operating free-air temperature (unless otherwise noted)

NO. PARAMETER MIN TYP MAX| UNIT
D1 tpiosc Time to restore PIOSC as system clock in sleep mode N/A us
D2 tmosc Time to restore MOSC as system clock in sleep mode N/A us
D3 tpLL Time to restore PLL as system clock in sleep mode N/A us
D4 tLoo Time to restore LDO to 1.2 V in sleep mode 39 us
D5 tFLASH Time to restore flash to active state from low-power state in sleep mode 96 us
D6 tsrAMLP Time to restore SRAM to active state from low-power state in sleep mode 15 us
D7 tsRAMSTBY Time to restore SRAM to active state from standby state in sleep mode 15 us
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Table 5-16 lists the wake-up times from deep sleep mode.

Table 5-17. Wake From Deep Sleep Characteristics
over operating free-air temperature (unless otherwise noted)

NO. PARAMETER MIN TYP MAX | UNIT
deep-
D8 trioscDs Time to restore PIOSC as system clock in deep sleep mode 14 ‘S:II?EE
cycles
D9 tmMoscbs Time to restore MOSC as system clock in deep sleep mode 18 ms
1 cycle of
deep sleep
D10 tpLLDS Time to restore PLL as system clock in deep sleep mode cyglz(';koJ; Sﬁ c(;lglceks
reference
clock @
D11 t.pobps Time to restore LDO to 1.2 V in deep sleep mode 39 us
D12 tELASHLPDS Time to restore flash to active state from low-power state 96 us
D13 tSRAMLPDS Time to restore SRAM to active state from low-power state 15 us
D14 tSRAMSTBYDS Time to restore SRAM to active state from standby state 15 us

(1) Deep sleep clock can vary. See the System Control chapter of the MSP432E4 SimpleLink™ Microcontrollers Technical Reference
Manual for the deep sleep clock options.

5.15.6 Hibernation Module

The Hibernation module requires special system implementation considerations because it is intended to
power down all other sections of its host device. See the Hibernation Module chapter of the MSP432E4

SimpleLink™ Microcontrollers Technical Reference Manual.

Table 5-18 lists the required characteristics of the Hibernation module battery.

Table 5-18. Hibernation Module Battery Characteristics
over operating free-air temperature (unless otherwise noted)

PARAMETER MIN NOM MAX | UNIT
VAT Battery supply voltage 1.8 3.0 3.6 \%
VBATRMP Vpat battery supply voltage ramp time 0 0.7 V/us
VBATSEL = 0x0 1.8 1.9 2.0
VBATSEL = 0x1 2.0 2.1 2.2
VL owBAT Low-battery detect voltage VBATSEL = 0x2 22 23 o4 \%
VBATSEL = 0x3 2.4 25 2.6
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Table 5-19 lists the timing characteristics of the HIB module.

Table 5-19. Hibernation Module Characteristics
over operating free-air temperature (unless otherwise noted) (see Figure 5-13)

NO. PARAMETER MIN TYP MAX UNIT
H1 tWAKE WAKE assertion time 100 ns
TACE os : HIB module
H2 twake_To_HIB WAKE assert to HIB desassert (wake-up time) 1 clock period
H3 tVDD_RAMP VDD ramp to 3.0V See @ us
H4 typp_cobe Vpp at 3 V to internal POR deassert; first instruction executes 500 us
Duty cycle for RTCCLK output signal, when using a o o
32.768-kHz crystal 40% 60%
H5 DCrrceik . -
Duty cycle for RTCCLK output signal, when using a 30% 70%
32.768-kHz external single-ended (bypass) clock source 0 ?
(1) Depends on characteristics of power supply.
WAKE e HL
HB H2
H3 ——»
Vbp /
«—— H4 —»
POR 1
Figure 5-13. Hibernation Module Timing
Table 5-20 lists the characteristics of the HIB module tamper detection.
Table 5-20. Hibernation Module Tamper I/O Characteristics
over operating free-air temperature (unless otherwise noted)
PARAMETER MIN TYP MAX | UNIT
Rtpu TMPRn pullup resistor 35 4.4 5.2 MQ
tsp TMPRn pulse duration with short glitch filter 62 us
tp TMPRn pulse duration with long glitch filter 94 ms
tmis TMPRn assertion to NMI (short glitch filter) 95 us
tmIL TMPRn assertion to NMI (long glitch filter) 94 ms
ViH TMPRn high-level input voltage when operating from Vgat )Y%Ag \Y
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5.15.7 Flash Memory

Table 5-21 lists the characteristics of the flash memory.

Table 5-21. Flash Memory Characteristics
over operating free-air temperature (unless otherwise noted)

PARAMETER MIN TYP MAX | UNIT
PEcve Number of program and erase cycles 100000 cycles
tReT Data retention with 100% power-on hours at T; = 85°C 20 years
tRET EXTEMP rI?ata retentign witEl 10% power-on hours at T; = 125°C and 90% power-on 11 years
- ours at T; = 100°C
tprOGE4 Program time for double-word-aligned (64 bits) data 30 100 300 us
<1k cycles 8 15
tERASE Page erase time 10k cycles 15 40 ms
100k cycles 75 500
<1k cycles 10 25
tve Mass erase time 10k cycles 20 70 ms
100k cycles 300 2500
5.15.8 EEPROM
Table 5-22 lists the characteristics of the EEPROM.
Table 5-22. EEPROM Characteristics
over operating free-air temperature (unless otherwise noted)
PARAMETER MIN TYP MAX| UNIT
EPEcyc Number of mass program and erase cycles of a single word 500000 cycles
ETret Data retention with 100% power-on hours at T; = 85°C 20 years
ETrer exremp E;tj?srztte_lr_ljtm:)nl\évgbclo% power-on hours at Ty = 125°C and 90% power-on 11 years
Program time for 32 bits of data with memory space available 110 600 ps

Program time for 32 bits of data in which a copy to the copy buffer is
required, the copy buffer has space, and less than 10% of EEPROM 30
endurance used

Program time for 32 bits of data in which a copy to the copy buffer is

required, the copy buffer has space, and more than 90% of EEPROM 900
ETproc endurance used
ms
Program time for 32 bits of data in which a copy of the copy buffer is
required, the copy buffer requires an erase, and less than 10% of 60
EEPROM endurance used
Program time for 32 bits of data a copy to the copy buffer is required, the
copy buffer requires an erase, and more than 90% of EEPROM endurance 1800
used
system
. 7+ 9+
ETreaAD Read access time JEWS AEWS clock
cycles
<1k cycles 8 15
ETve Mass erase time 10k cycles 15 40 ms
100k cycles 75 500
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5.15.9 Input/Output Pin Characteristics

NOTE
All GPIO signals are 3.3-V tolerant, except for PB1 (USBOVBUS) which is 5-V tolerant. See
the General-Purpose Input/Outputs (GPIOs) chapter of the MSP432E4 SimpleLink™
Microcontrollers Technical Reference Manual for more information on GPIO configuration.

Two types of pads are provided on the device:

e Fast GPIO pads: These pads provide variable, programmable drive strength and optimized voltage
output levels.

» Slow GPIO pads: These pads provide 2-mA drive strength and are designed to be sensitive to voltage
inputs. The following GPIOs port pins are designed with slow GPIO pads:
- P

NOTE
Port pins PL6 and PL7 operate as fast GPIO pads, but have 4-mA drive capability only.
GPIO register controls for drive strength, slew rate, and open drain have no effect on these
pins. The following registers have no effect: GPIODR2R, GPIODR4R, GPIODRSR,
GPIODR12R, GPIOSLR, and GPIOODR.

NOTE
Port pins PM[7:4] operate as fast GPIO pads but support only 2-, 4-, 6-, and 8-mA drive
capability. All standard GPIO register controls, except for the GPIODR12R register, apply to
these port pins.
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Table 5-23 lists the characteristics of the fast GPIOs.

Table 5-23. Fast GPIO Module Characteristics

over operating free-air temperature (unless otherwise noted) @ @ &) 4

PARAMETER MIN TYP MAX | UNIT
CLcprio Capacitive loading for measurements given in this table © 50 pF
RGPIOPU Fast GPIO internal pullup resistor © 12.1 16.0 20.2 kQ
Rgpiopusma Fast GPIO PL6 and PL7 (4 mA only) pullup resistor 25 40 kQ
RGPIOPD Fast GPIO internal pulldown resistor ® 13.0 20.5 355 kQ
RgpiopPpama Fast GPIO PL6 and PL7 (4 mA only) pulldown resistor 10 14.3 17 kQ
Fast GPIO input leakage current, 0 V £ V|5 £ Vpp GPIO pins(” 400
lLka+ Fast GPIO input leakage current, 0V < V)y = Vpp, fast GPIO pins configured 400 nA
as ADC or analog comparator inputs
ling- DC injection current, Viy <0 V 60 HA
IMAXINI- Maximum negative injection if not voltage protected ®) -0.5 mA
2-mA drive 7.85 11.73
4-mA drive 4.15 6.35
8-mA drive 2.33 3.73
tepior Fast GPIO rise time® 8-mA drive with slew rate ns
control 3.77 5.76
10-mA drive 1.98 3.22
12-mA drive 1.75 2.9
2-mA drive 10.3 16.5
4-mA drive 5.15 8.29
8-mA drive 2.58 4.16
tepioF Fast GPIO fall time (%) 8-mA drive with slew rate 3.54 5.55 ns
control ' '
10-mA drive 2.07 3.34
12-mA drive 1.73 2.78

®)
(9

Vpp must be within the range specified in Section 5.4.

Leakage and Injection current characteristics specified in this table also apply to XOSCO0 and XOSC1 inputs.

For the external reference inputs of the ADC, avoid a current-limiting resistor (see the lyrer specification in Table 5-33).

1/0 pads should be protected if the 1/0O voltage may go outside the limits shown in the table. If the part is unpowered, the 1/O pad voltage
or current must be limited (as shown in this table) to avoid powering the part through the 1/0 pad, which can potentially cause
irreversible damage.

See the individual peripheral sections for specific loading information.

This value includes all GPIO except for port pins PL6 and PL7.

The leakage current is measured with V,y applied to the corresponding pins. The leakage of digital port pins is measured individually.
The port pin is configured as an input and the pullup/pulldown resistor is disabled.

If the I/O pad is not voltage limited, it should be current limited (to l;y; + and I,\y.) if there is any possibility of the pad voltage exceeding
the Vg limits (including transient behavior during supply ramp up, or at any time when the part is unpowered).

Time measured from 20% to 80% of Vpp.

(10) Time measured from 80% to 20% of Vpp.
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Table 5-24 lists the characteristics of the slow GPIOs.

Table 5-24. Slow GPIO Module Characteristics
over operating free-air temperature (unless otherwise noted)®®@®)

PARAMETER MIN TYP MAX| UNIT
CLcprio Capacitive loading for measurements given in this table® 50 pF
Rgpiopy  Slow GPIO internal pullup resistor 13.8 20.0 31.4 kQ
Rgpiopp  Slow GPIO internal pulldown resistor 13.0 20.5 35.5 kQ
Slow GPIO input leakage current, 0 V < Viy < Vpp, GPIO pins® 3.25
LKG+ ow input leakage current, <V £ Vpp, pins configured as
I Slow GPIO input leak 0V < Vyy £ Vpp, GPIO pi figured as ADC 305 "MA
or analog comparator inputs ’
ling- DC injection current, Viy< 0V 3.42 HA
tepIOR Slow GPIO rise time, 2-mA drive © 19.3 29.8 ns
tepIoF Slow GPIO fall time, 2-mA drive? 12.8 21.1 ns

(1) Vpp must be within the range specified in Section 5.4.

(2) VN must be within the range specified in Section 5.1. Leakage current outside of this maximum voltage is not ensured and can result in
permanent damage of the device.

(3) To avoid potential damage to the part, externally limit either the voltage or current on the I/Os other than power and WAKE as listed in
this table.

(4) See the individual peripheral sections for specific loading information.

(5) The leakage current is measured with V,\ applied to the corresponding pins. The leakage of digital port pins is measured individually.
The port pin is configured as an input and the pullup/pulldown resistor is disabled.

(6) Time measured from 20% to 80% of Vpp.

(7) Time measured from 80% to 20% of Vpp.
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5.15.9.1 Types of I/O Pins and ESD Protection

CAUTION

All device 1/Os pins, except for PB1, are NOT 5-V tolerant; voltages in excess
of the limits in Section 5.4 can permanently damage the device. PB1 is used for
the USBOVBUS signal, which requires a 5-V input.

5.15.9.1.1 Hibernate WAKE pin

The Hibernate WAKE pin uses ESD protection, similar to the one shown in Figure 5-14. This ESD
protection prevents a direct path between this pad and any power supply rails in the device. The WAKE
pad input voltage should be kept inside the maximum ratings specified in Section 5.1 to ensure current
leakage and current injections are within acceptable range. Table 5-25 lists current leakages and current
injection for these pins.

Figure 5-14. ESD Protection

Table 5-25. Pad Voltage and Current Characteristics for Hibernate WAKE Pin
over operating free-air temperature (unless otherwise noted)®®

PARAMETER MIN TYP MAX | UNIT
I kG+ Positive 1/0O leakage for Vpp £ V|y £ Vgar + 0.3V 300 nA
LK. Negative I/O leakage for -0.3 V <V, <0 V® 43.3 HA
liNg+ Maximum positive injection if not voltage protected 2 mA
IiNg- Maximum negative injection if not voltage protected -0.5 mA

(1) VN must be within the range specified in Section 5.1. Leakage current outside of this maximum voltage is not ensured and can result in
permanent damage of the device.

(2) VDD must be within the range specified in Section 5.4.

(3) Leakage outside the minimum range (-0.3 V) is unbounded and must be limited to I ;. using an external resistor.

(4) Ifthe I/O pad is not voltage limited, it should be current limited (to I,y; + and ln3.) if there is any possibility of the pad voltage exceeding
the V|o limits (including transient behavior during supply ramp up, or at any time when the part is unpowered).
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5.15.9.1.2 Nonpower I/O Pins

Most nonpower I/Os (with the exception of the 1/O pad for Hibernate WAKE input) have ESD protection as
shown in Figure 5-15.

These 1/0Os have an ESD clamp to ground and a diode connection to the corresponding power supply rail.
To prevent potential damage to the device, follow the specifications in Table 5-26 for the voltage and
current of these 1/0s. In addition, comply with that the ADC external reference specifications in Table 5-33
to prevent gain error.

VDD

I/OEP=ad f

ESD
Clamp

S

GND
Figure 5-15. ESD Protection for Nonpower Pins (Except WAKE Signal)

Table 5-26. Nonpower 1/0O Pad Voltage and Current Characteristics

over operating free-air temperature (unless otherwise noted) ® @ ©
PARAMETER MIN TYP MAX UNIT
Vio 1/O pad voltage limits if voltage protected -0.3 Vpp Vpp + 0.3 \%
ILkG+ Positive 1/0 leakage for Vpp < Vi <Vo ¥ 400 nA
kG- Negative 1/O leakage for V,o MIN < V,y < 0V ) 60 HA
ling+ Maximum positive injection if not voltage protected® 2 mA
liNg- Maximum negative injection if not voltage protected ® -0.5 mA
(1) To avoid potential damage to the part, externally limit either the voltage or current on I/Os other than power and WAKE as listed in this

table.

(2) For the external reference inputs of the ADC, avoid a current-limiting resistor (see the lygregr specification in Table 5-33).

(3) /O pads should be protected if at any point the 1/O voltage has a possibility of going outside the limits shown in the table. If the part is
unpowered, the 1/O pad voltage and current must be limited (as shown in this table) to avoid powering the part through the /O pad,
which can potentially cause irreversible damage.

(4) MIN and MAX leakage current for the case when the I/O is voltage protected to V,o MIN or V,g MAX.

(5) Ifthe I/O pad is not voltage limited, it should be current limited (to I3+ and l;y;.) if there is any possibility of the pad voltage exceeding
the V|o limits (including transient behavior during supply ramp up, or at any time when the part is unpowered).
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5.15.10 External Peripheral Interface (EPI)

Table 5-27 lists the load conditions used to characterize the EPI interface.

Table 5-27. EPI Interface Load Conditions

SIGNALS LOAD VALUE (C))
EPIOS[35:0] SDRAM interface
EPIOS[35:0] General-Purpose interface 30 pF
EPIOS[35:0] Host-Bus interface
EPIOS[35:0] PSRAM interface 40 pF

When the EPI module is in SDRAM mode, EPI CLK (EPI0S31) must be configured to 12 mA. The EPI
data bus can be configured to 8 mA. Table 5-28 lists the rise and fall times in SDRAM mode.

Table 5-28. EPI SDRAM Characteristics

over operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
tsDRAMR EPI rise time (from 20% to 80% of Vpp) 12-mA drive, C_ = 30 pF 2 3 ns
tSDRAME EPI fall time (from 80% to 20% of Vpp) 12-mA drive, C_ = 30 pF 2 3 ns

Table 5-29 lists the switching characteristics of the SDRAM interface.

Table 5-29. EPI SDRAM Interface Characteristics
over operating free-air temperature (unless otherwise noted) ® (see Figure 5-16, Figure 5-17, and Figure 5-18)

NO. PARAMETER MIN TYP MAX | UNIT
El tek SDRAM clock period 16.67 ns
E2 tcH SDRAM clock high time 8.33 ns
E3 toL SDRAM clock low time 8.33 ns
E4 tcov CLK to output valid 4 ns
E5 tcol CLK to output invalid ns
E6 tcot CLK to output tristate 4 ns
E7 ts Input set up to CLK 8.5 ns
E8 th CLK to input hold 0 ns
E9 tpy Power-up time 100 us
E10 trp Precharge all banks 20 ns
Ell trRrc Auto refresh 66 ns
E12 tMRD Program mode register 2 EPI CLK

(1) The EPI SDRAM interface must use 12-mA drive.
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Command
(eproszs s WO POKPRE] M@@M Pre 0"0@0”0@00@00@0
DQMH, DQML[Ar A A A= A T A
(EPIOS[HJ?])J\’ [l [l l\’ [l | l\’ [l | B l\’ [l [l j l\’ | j | : A" :
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erosisig XD —— A A A ————— A OKETO—
AD[15,12] | L L L L, N L | | A
(EPI0S [15,12))[ V ! ! v ! ! v ! | v ! ! v ! ! v !
“E —E10—pla—E1l—» [—E12—p : !

(1) If CSis high at clock high time, all applied commands are NOP.
(2) The Mode register can be loaded before the autorefresh cycles.
(3) JEDEC and PC100 specify 3 clock cycles.

(4) Outputs are Hi-Z after the command is issued.

Figure 5-16. SDRAM Initialization and Load Mode Register Timing

» | . | | | |
(EPI0S31) N | M/m/—
| |
i
|
|
‘

CKE
(EPI0S30)

CSn (EPI0S29)

WEn (EPI0S28)

RASN
(EPI0S19)

CASn
(EPI0S18)

DQMH, DQML
(EPIOS [17:16])

AD [15:0] (EPIOS
[15:0))

] | ] | |

| | | | |

| . | | |

| Activate | NOP | Read | NOP } Burst Term
| | | | |

I | I | |

| | | | |

I |

|

>

- AD [15:0] driven in —_—
|

|
i . . 1
AD [15:0] driven out AD [15:0] driven out

Figure 5-17. SDRAM Read Timing
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(EPI0S30)

| |
CLK . |
(EPI0S31) ) !
|

CKE ;
E4—» \t E5 »I [ i

|

Csn (EPI0S29)

WERn (EPI0S28)

RASN
(EPI0S19)

N

CASn
(EPI0S18)

DQMH, DQML
(EPIOS [17:16])

AD [15:0] (EPI0S

[15:0]) |
| | | | | | |
| | I | | | | |
} Activate } NOP } Write Burst Term }
| | | |
| | | |
‘ ‘ 14 AD [15:0] driven out =l
| | |

AD [15:0] driven out
Figure 5-18. SDRAM Write Timing
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Table 5-30 lists the characteristics of the Host-Bus 8 and Host-Bus 16 interface.

Table 5-30. EPI Host-Bus 8 and Host-Bus 16 Interface Characteristics
over operating free-air temperature (unless otherwise noted) (see Figure 5-19, Figure 5-20, Figure 5-21, and Figure 5-22)

NO. PARAMETER MIN TYP MAX | UNIT
El4 tisu Read data set up time 10 ns
E15 tiH Read data hold time 0 ns
E16 tov WRn to write data valid 3.6 ns
. B EPI clock
E17 oy Data hold from WRn invalid 1 cycles
E18 tov ALE/CSn to output valid 4 ns
E19 toinv CShn to output invalid 4 ns
. EPI clock
E20 tsTLow WRn / RDn strobe duration low 1 cycles
. . EPI clock
E21 tALEH|GH ALE duration hlgh 1 Cycles
. EPI clock
E22 tcsLow CSn duration low 2 cycles
E23 taLEST ALE rising to WRn / RDn strobe falling 2 EPI clock
cycles
E24 tALEADD ALE falling to Address high impedance 1 EP! clock
cycles
l—— E21
ALE (EPI0S30) 7
- |
E18 |< E22 >
CSn (EPI0S30) \i\ ;/
WRn (EPI0S29) E19 —| e
< E23 »
RDN/OEN \[* E20 > 7
(EPI0S28) \ N /(/‘
BSELON/ \| 7z
BSEL1n* \ N A

Address )<>K ><><

E14 <+—E15
Data Data

@ BSELOn and BSEL1n are available in Host-Bus 16 mode only.

Figure 5-19. Host-Bus 8/16 Asynchronous Mode Read Timing

68 Specifications Copyright © 2017, Texas Instruments Incorporated
Submit Documentation Feedback
Product Folder Links: MSP432E401Y


http://www.ti.com/product/msp432e401y?qgpn=msp432e401y
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLASEN5&partnum=MSP432E401Y
http://www.ti.com/product/msp432e401y?qgpn=msp432e401y

13 TEXAS
INSTRUMENTS MSP432E401Y

www.ti.com SLASENS5 —OCTOBER 2017

l——E21
ALE
(EP10S30) /|
E18 —»{ (4
CSn N\
(EP10S30)

E22

A

I\

Y\ v

E18 —»|

WRn
(EPI0S29) \\

E23

E19

E20

A 4

/l A?

Al

A

RDn/Oen
(EP10S28)

BSELOn \|
BSEL1n? \ N

Address X >< |

N E16 «—E17
Data < Data

# BSELOn and BSEL1n are available in Host-Bus 16 mode only.

AN

Figure 5-20. Host-Bus 8/16 Asynchronous Mode Write Timing

—— E21 —»
ALE (EPI0S30) K X
> e
E18 < E22 >
CSn (EPI0S30) \\ 7/
WRn (EPI0S29) E18 - e E10 b le—
» E23 >
< E20 >
RDn/OEnN N VN4
(EPI0S28) \ N A/
«— E24 —»|
BSELON/ \ /_7_
BSEL1n \ N /)
|</7 El4—» |«—E15 4>'
Muxed Address/ O <
Data ><>K Address Data Vi

/

# BSELON and BSEL1n are available in Host-Bus 16 mode only.

Figure 5-21. Host-Bus 8/16 Mode Asynchronous Muxed Read Timing

Copyright © 2017, Texas Instruments Incorporated Specifications 69
Submit Documentation Feedback
Product Folder Links: MSP432E401Y


http://www.ti.com/product/msp432e401y?qgpn=msp432e401y
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLASEN5&partnum=MSP432E401Y
http://www.ti.com/product/msp432e401y?qgpn=msp432e401y

13 TEXAS
MSP432E401Y INSTRUMENTS

SLASENS5 —-OCTOBER 2017 www.ti.com

l—— E21
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(EPI10S30) 7
E18 | |4
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(EP10S30) /]
_»

E18
V.o

A

E20

A 4

WRn
(EPI10S29) \\

E23

Y

A

A 4

RDn/Oen
(EPI0S28)

BZSEELJ.ag \X\ A

—P| E16
Muxed Address/ ><> Address Data >O<
Data

@ BSELOn and BSEL1n are available in Host-Bus 16 mode only.

Figure 5-22. Host-Bus 8/16 Mode Asynchronous Muxed Write Timing
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Table 5-31 lists the switching characteristics of the general-purpose interface.

Table 5-31. EPI General-Purpose Interface Characteristics
over operating free-air temperature (unless otherwise noted) (see Figure 5-23)

NO. PARAMETER MIN TYP MAX| UNIT
E25 tek General-purpose clock period 16.67 ns
E26 tcH General-purpose clock high time 8.33 ns
E27 toL General-purpose clock low time 8.33 ns
E28 tisu Input signal set up time to rising clock edge 8.50 ns
E29 tiH Input signal hold time from rising clock edge 0 ns
E30 tov Falling clock edge to output valid 4 ns
E31 o) Falling clock edge to output invalid 4 ns
E25 ¢ E26 »
Clock — \l

Frame N
(EPI0S30) / \\ N\

%

(EPI0S31)

RD
(EPI0S29) A

WR N
(EPI0S28) / \‘ \

Address X >< ><><
E28 —»] « 7 B30 E3l
Data Data Data
E29 —» L
|¢——— Read ——————pi4—— Write —p|

NOTE: This figure shows accesses when the FRM50 bit is clear, the FRMCNT field is 0x0, and the WR2CYC bit is clear.
Figure 5-23. General-Purpose Mode Read and Write Timing
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Table 5-32 lists the switching characteristics of the PSRAM interface.

Table 5-32. EPI PSRAM Interface Characteristics
over operating free-air temperature (unless otherwise noted) (see Figure 5-24 and Figure 5-25)

NO. PARAMETER MIN TYP MAX| UNIT
E33 tEpPICLK EPI_CLK period 20 ns
E34 tRTET EPI_CLK rise or fall time 1.8 ns
E35 tov Falling EPI_CLK to address/write data or control output valid @ 4.5 20 ns
E36 thT Falling EPI_CLK to address/write data or control hold time 2 ns
E37 tsup Read data setup time from EPI_CLK rising 9 ns
E38 toH Read data output hold from EPI_CLK rising 0 ns
E39 firv iRDY setup time 9 ns
E40 tiRH iRDY hold time 9 ns

(1) Control output includes WRn, RDn, OEn, BSELnN, ALE, and CSn.

EPICLK i

EPI0S31 _\ / ‘i\ /

—p

EPIOS [19:0] D ADDRESS
|
|
|

l«—E36

E—

N

T T T T T
I I I I I
l ! ! ! !
ALE | I I I I I
1/ I I I I
I [ I I I I
I I I I I I
I I I I E36 I I
| I I I | |
csn i~ l l l i i
I I I I I I
I —»i l¢F36 I I I I
WRn | | 1 1 1 1
EPI0S29 _/ |
I I T T T T T
I I I I I I I
I I I I I I I
I I
BSELn \ : : /
| | | | | | |
i i i 11839, | B49 i i
I [ AR I D i I I
iRDY | | | =T | | |
EPI0S32 _}—r( i A 1T ! !
I I I I I I I
I I I | I I I
I I I I I I
EPI0S[15:0] ; ’ . DATA : . .
I I I I I I
I I I I I I I
I I I I I I I
I I I I I I I
I I I | E37 [E38 | I I
I I I I I I I
Figure 5-24. PSRAM Single Burst Read
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Figure 5-25. PSRAM Single Burst Write
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5.15.11 Analog-to-Digital Converter (ADC)
Table 5-33 lists the electrical characteristics for the ADC at 1 Msps.

Table 5-33. Electrical Characteristics for ADC at 1 Msps
Vrers = 3.3V, fapc = 16 MHz (unless otherwise noted)®

PARAMETER ‘ MIN TYP MAX UNIT
Power supply requirements
Vppa ADC supply voltage 2.97 3.3 3.63 \%
GNDA ADC ground voltage 0 \%
VDDA and GNDA voltage reference
CRrer Voltage reference decoupling capacitance 1.0//0.01 @ uF
External voltage reference input
VReras ’IZoDs(i:té\:/_lgLe;:e_rnal v_oltage(3r)eference for ADC, when VREF field in the 24 Vooa Vopa v
gister is Ox1
Vrera. EIeDgCaCt:I}I/'i ?é(;?sr?eil i\éoét)illgg)reference for ADC, when VREF field in the GNDA GNDA 0.3 vV
IvREFE Current on VREF+ input, using external Vggg+ = 3.3V 330.5 440 HA
ILVREF DC leakage current on VREF+ input when external VREF disabled 2.0 HA
Crer External reference decoupling capacitance © 1.0//0.01 @ UF
Analog input
Single-ended, full-scale analog input voltage, internal reference ¢ ©) 0 Vbpa
Differential, full-scale analog input voltage, internal reference ()(® —Vppa VDDA
VapcIN gi)ngle-ended, full-scale analog input voltage, external reference © Veera. VReras Vv
Differential, full-scale analog input voltage, external reference ®() :(\\//FTEEFFAA; Vrera+ — VREFA-
[(VrReFa+ +
VINcy  Input common-mode voltage, differential mode ) Vrera) / 2] v
+0.025
I ADC input leakage current® 2.0 PA
Rapc ADC equivalent input resistance 25 kQ
Capc ADC equivalent input capacitance 10 pF
Rs Analog source resistance © 500 Q
Sampling dynamics
fanc ADC conversion clock frequency 9 16 MHz
fconv ADC conversion rate 1 Msps
ts ADC sample time 250 ns
tc ADC conversion time 9 1 us

(1) Best design practices suggest placing static or quiet digital /O signals adjacent to sensitive analog inputs to reduce capacitive coupling
and crosstalk. Unexpected results can occur if a switching digital I/O is placed adjacent to an ADC input channel or voltage reference
input. In addition, analog signals that are adjacent to ADC input channels or reference inputs must meet the Rapc equivalent input
resistance given in this table and must be band-limited to 100 kHz or lower.

(2) Two capacitors in parallel. These capacitors should be as close to the die as possible.

(3) Assumes external filtering network between VREFA+ and VREFA- as shown in Figure 5-26. External reference noise level must be
under 12-bit (=74 dB) full-scale input, over input bandwidth, measured at VREFA+ — VREFA-.

(4) Internal reference is connected directly between Vppa and GNDA (VREFi = Vppa — GNDA). In this mode, Eq, Eg, Et, and dynamic
specifications are adversely affected due to internal voltage drop and noise on Vppa and GNDA. Internal reference voltage is selected
when VREF field in the ADCCTL register is 0x0.

(5 Vabcin = Vine = Vinn

(6) With signal common-mode voltage as Vppa / 2.

(7) With signal common-mode voltage as Vygg+ + GNDA.

(8) This parameter is defined as the average of the differential inputs.

(9) As shown in Figure 5-27, Rppc is the total equivalent resistance in the input line all the way up to the sampling node at the input of the
ADC.

(10) See Table 5-14 for full ADC clock frequency specification.

(11) ADC conversion time (tc) includes the ADC sample time (tg).
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Table 5-33. Electrical Characteristics for ADC at 1 Msps (continued)

Vrers = 3.3V, fapc = 16 MHz (unless otherwise noted)®

PARAMETER MIN TYP MAX UNIT
ADC
Lt Latency from trigger to start of conversion 2 clock
cycles
System performance when using external reference (12 (13)
N Resolution 12 bits
INL Integral nonlinearity error, over full input range +15 +3.0 LSB
DNL Differential nonlinearity error, over full input range +0.8 +2.0/-1.0 4 LSB
Eo Offset error +1.0 +3.0 LSB
Eg Gain error (19 2.0 +3.0| LSB
Er Total unadjusted error, over full input range +25 +#4.0| LSB
System performance when using internal reference
N Resolution 12 bits
INL Integral nonlinearity error, over full input range +15 +3.0 LSB
DNL Differential nonlinearity error, over full input range +0.8 +2.0/-1.0 @4 LSB
Eo Offset error 5.0 +15.0 LSB
Eg Gain error (9 £10.0 +#30.0| LSB
Er Total unadjusted error, over full input range +10.0 +30.0| LSB
Dynamic characteristics 12 (17)
SNRp Signal-to-noise-ratio, Differential input, Vapcin: —20 dB FS, 1 kHz (18 70 72 dB
SDRp (Sligg;n(%;tt()z-gistortion ratio, Differential input, Vapcin: =3 dB FS, 1 kHz 72 75 dB
SNDRp figﬂil—(tl%sI\(Igli)st(ezzPistortion ratio, Differential input, Vapcn: =3 dB FS, 68 70 dB
SNRs (Szgnal-to-noise-ratio, Single-ended input, Vapcin: —20 dB FS, 1 kHz 60 65 dB
SDRs EEan(illégo(—z%i)stortion ratio, Single-ended input, Vapcin: —3 dB FS, 1 70 72 dB
SNDRs Eisgynfll-(tg-zN(g:i)’??;ll)Di(sztzc))rtion ratio, Single-ended input, Vapcin: —3 dB 60 63 dB
Temperature sensor
VTsens Temperature sensor voltage, junction temperature 25°C 1.633 \%
Stsens Iigz%etrgul](r)esfgr:rﬁ[)iﬂﬁf ?ei:énded temperature part) -133 mv/°C

(12) A low-noise environment is assumed to obtain values close to specifications. The board must have good ground isolation between
analog and digital grounds and a clean reference voltage. The input signal must be band-limited to Nyquist bandwidth. No antialiasing

filter is provided internally.

(13) ADC static measurements taken by averaging over several samples. At least 20-sample averaging is assumed to obtain expected

typical or maximum specification values.
(14) 12-bit DNL

(15) Gain error is measured at maximum code after compensating for offset. Gain error is equivalent to the full-scale error. It can be given

in % of slope error, or in LSB, as done here.

(16) Total unadjusted error is the maximum error at any one code versus the ideal ADC curve. It includes all other errors (offset error, gain

error and INL) at any given ADC code.

(17) ADC dynamic characteristics are measured using low-noise board design, with low-noise reference voltage (< —74-dB noise level in
signal bandwidth) and low-noise analog supply voltage. Board noise and ground bouncing couple into the ADC and affect dynamic

characteristics. A clean external reference must be used to achieve the listed specifications.

(18) Differential signal with correct common-mode voltage, applied between two ADC inputs.

(19) SDR =-THD in dB.
(20) For higher-frequency inputs, expect degradation in SDR.
(21) SNDR = S/(N+D) = SINAD (in dB)

(22) Effective number of bits (ENOB) can be calculated from SNDR: ENOB = (SNDR - 1.76) / 6.02.

(23) Single-ended inputs are more sensitive to board and trace noise than differential inputs; SNR and SNDR measurements on single-
ended inputs are highly dependent on how clean the test setup is. If the input signal is not well isolated on the board, higher noise than

specified could be seen at the ADC output.
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Table 5-33. Electrical Characteristics for ADC at 1 Msps (continued)

Vrers = 3.3V, fapc = 16 MHz (unless otherwise noted)®

PARAMETER MIN TYP MAX UNIT
E Temperature sensor accuracy @4 at: 15 oc
TSENS  _40°C to 105°C ambient (extended temperature part) -

(24) This parameter does not include ADC error.
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Table 5-34 lists the electrical characteristics for the ADC at 2 Msps.

Table 5-34. Electrical Characteristics for ADC at 2 Msps
Vgrers = 3.3V, fapc = 32 MHz, over operating free-air temperature (unless otherwise noted) (see Figure 5-26 and Figure 5-

27)®

PARAMETER ‘ MIN TYP MAX UNIT
Power supply requirements
Vppa ADC supply voltage 2.97 3.3 3.63 \%
GNDA ADC ground voltage \%
VDDA and GNDA voltage reference
CRrer Voltage reference decoupling capacitance 1.0//0.01 @ uF
External voltage reference input
VReras ’IZoDs(i:té\:/_lgLe;:e_rnal v_oltage(3r)eference for ADC, when VREF field in the 24 Vooa Vopa v
gister is Ox1
Vrera. EIeDgCaCt:I}I/'i ?é(;?sr?eil i\éoét)illg?s)reference for ADC, when VREF field in the GNDA GNDA 0.3 vV
IvREFE Current on VREF+ input, using external Vggg+ = 3.3V 330.5 440 HA
ILVREF DC leakage current on VREF+ input when external VREF disabled 2.0 HA
Crer External reference decoupling capacitance © 1.0//0.01 @ UF
Analog input
Single-ended, full-scale analog input voltage, internal reference )®) 0 Vbpa
Differential, full-scale analog input voltage, internal reference ()(® —Vppa VDDA
VapcIN gi)ngle-ended, full-scale analog input voltage, external reference © Veera. VReras Vv
Differential, full-scale analog input voltage, external reference ) :(\\//FTEEFFAA; Vrera+ — VREFA-
[(VrReFa+ +
VINcy  Input common-mode voltage, differential mode © Vrera) / 2] v
+0.025
I ADC input leakage current® 2.0 PA
Rapc ADC equivalent input resistance 25 kQ
Capc ADC equivalent input capacitance 10 pF
Rs Analog source resistance © 250 Q
Sampling dynamics
fanc ADC conversion clock frequency 9 32 MHz
fconv ADC conversion rate 2| Msps
ts ADC sample time 125 ns
tc ADC conversion time 9 0.5 us

(1) Best design practices suggest placing static or quiet digital /O signals adjacent to sensitive analog inputs to reduce capacitive coupling
and crosstalk. Unexpected results can occur if a switching digital I/O is placed adjacent to an ADC input channel or voltage reference
input. In addition, analog signals configured adjacent to ADC input channels or reference inputs must meet the Rapc equivalent input
resistance given in this table and must be band-limited to 100 kHz or lower.

(2) Two capacitors in parallel. These capacitors should be as close to the die as possible.

(3) Assumes external filtering network between VREFA+ and VREFA- as shown in Figure 5-26. External reference noise level must be
under 12-bit (-74-dB) full scale input, over input bandwidth, measured at VREFA+ — VREFA-.

(4) Internal reference is connected directly between Vppa and Venpa (Vreri = Vopa — Venpa)- In this mode, Eq, Eg, Et, and dynamic
specifications are adversely affected due to internal voltage drop and noise on Vppa and GNDA. Internal reference voltage is selected
when VREF field in the ADCCTL register is 0x0.

(5 Vabcin = Vine = Vinn

(6) With signal common-mode voltage as Vppa / 2.

(7) With signal common-mode voltage as (Vgrer+ + Vrer,) / 2.

(8) This parameter is defined as the average of the differential inputs.

(9) As shown in Figure 5-27, Rppc is the total equivalent resistance in the input line all the way up to the sampling node at the input of the
ADC.

(10) See Table 5-14 for full ADC clock frequency specification.

(11) ADC conversion time (tc) includes the ADC sample time (tg).
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Table 5-34. Electrical Characteristics for ADC at 2 Msps (continued)

Vrers = 3.3V, fape = 32 MHz, over operating free-air temperature (unless otherwise noted) (see Figure 5-26 and Figure 5-
27)®

PARAMETER MIN TYP MAX UNIT

ADC

tr Latency from trigger to start of conversion 2 clock
cycles

System performance when using external reference (12 (13)

N Resolution 12 bits
INL Integral nonlinearity error, over full input range +1.5 +3.0 LSB
DNL Differential nonlinearity error, over full input range +0.8 +2.0/-1.0 19| LsSB
Eo Offset error +1.0 +3.0 LSB
Eg Gain error (19 +2.0 +3.0| LSB
Er Total unadjusted error, over full input range 6 25 +4.0| LSB

System performance when using internal reference

N Resolution 12 bits
INL Integral nonlinearity error, over full input range +1.5 +3.0 LSB
DNL Differential nonlinearity error, over full input range +0.8 +2.0/-1.0 19| LsSB
Eo Offset error +5.0 +15.0 LSB
Eg Gain error (19 +10.0 +30.0| LSB
Er Total unadjusted error, over full input range 6 +10.0 +30.0| LSB
Dynamic characteristics (17) (18)
SNRp Signal-to-noise-ratio, differential input, Vapcin: =20 dB FS, 1 kHz 19 68 72 dB
Signal-to-distortion ratio, differential input, V :=3dBFS, 1kHz
SDRp a8 60 ¢o1) Put, Vapcin 70 75 dB
SNDR; Egzn?llégo(-zgg)l(szg;rd|stort|0n ratio, differential input, Vapcin: =3 dB FS, 1 65 70 dB
SNRs (Szlgnal-to-nmse-ratlo, single-ended input, Vapcin: —20 dB FS, 1 kHz 58 65 dB
SDRs Egzn?zlg)go(-zq;stortlon ratio, single-ended input, Vapcin: =3 dB FS, 1 68 72 dB
Signal-to-noise+distortion ratio, single-ended input, V, :-3dB
SNDRg FS?’ el @ ) 9 g put, Vacin 58 63 dB

(12) A low-noise environment is assumed to obtain values close to specifications. The board must have good ground isolation between
analog and digital grounds, a clean reference voltage is assumed, and input signal must be bandlimited to Nyquist bandwidth. No
antialiasing filter is provided internally.

(13) ADC static measurements taken by averaging over several samples. At least 20-sample averaging is assumed to obtain expected
typical or maximum specification values.

(14) 12-bit DNL

(15) Gain error is measured at maximum code after compensating for offset. Gain error is equivalent to"Full Scale Error." It can be given
in % of slope error, or in LSB, as done here.

(16) Total Unadjusted Error is the maximum error at any one code versus the ideal ADC curve. It includes all other errors (offset error, gain
error and INL) at any given ADC code.

(17) A low noise environment is assumed to obtain values close to spec. The board must have good ground isolation between analog and
digital grounds and a clean reference voltage. The input signal must be band-limited to Nyquist bandwidth. No antialiasing filter is
provided internally.

(18) ADC dynamic characteristics are measured using low-noise board design, with low-noise reference voltage (< —74 dB noise level in
signal BW) and low-noise analog supply voltage. Board noise and ground bouncing couple into the ADC and affect dynamic
characteristics. Clean external reference must be used to achieve the listed specifications.

(19) Differential signal with correct common-mode voltage, applied between two ADC inputs.

(20) SDR =-THD in dB.

(21) For higher-frequency inputs, expect degradation in SDR.

(22) SNDR = S/(N+D) = SINAD (in dB)

(23) Effective number of bits (ENOB) can be calculated from SNDR: ENOB = (SNDR - 1.76) / 6.02.

(24) Single-ended inputs are more sensitive to board and trace noise than differential inputs; SNR and SNDR measurements on single-
ended inputs are highly dependent on how clean the test setup is. If the input signal is not well isolated on the board, higher noise than
specified could be seen at the ADC output.
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Figure 5-26. ADC External Reference Filtering
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Figure 5-27. ADC Input Equivalency
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5.15.12 Synchronous Serial Interface (SSI)

over operating free-air temperature (unless otherwise noted) (see Figure 5-28, Figure 5-29, and Figure 5-30)

Table 5-35. SSI Characteristics

NO. PARAMETER MIN TYP MAX | UNIT
Kk ovele i As master® 16.67
S1 tcLk_PER SSICIk cycle time s slave @ 100 ns
L As master 8.33
S2 tCLK_HIGH SSIClk hlgh time As slave 50 ns
. As master 8.33
S3 teLk_Low SSICIK low time s slave 50 ns
s4 toLkr SSICIk rise time® 1.25 ns
S5 toLke SSICIk fall time @) 1.25 ns
Master mode: master Tx data output (to slave) valid time from
S6 tTxpmov edge of SSICIk 4.00 ns
Master mode: master Tx data output (to slave) hold time after
S7 | trxomon next SSICIk 0.60 ns
S8 trRxDMS Master mode: master Rx data In (from slave) setup time 7.89 ns
S9 tRXDMH Master mode: master Rx data In (from slave) hold time 0 ns
Slave mode: master Tx data output (to master) valid time from @
S10 | trxosov edge of SSICIk 47.60 ns
Slave mode: slave Tx data output (to master) hold time from next
S11 | trxpsoH SsICk put ( ) 37.40 ns
S13 trRXxDSSU Slave mode: Rx data in (from master) setup time 0 ns
S14 | trxpsH Slave mode: Rx data in (from master) hold time 37.03© ns

(1) In master mode, the system clock must be at least twice as fast as the SSICIk.
(2) In slave mode, the system clock must be at least 12 times faster than the SSICIk.
(3) The delays shown are using 12-mA drive strength.
(4) This MAX value is for the minimum slave mode tsysc k period (8.33 ns). To find the MAX tryxpsoyv Vvalue for a larger tsyscik, use the
equation: 4 x tgysc i + 14.25.
(5) This MIN value is for the minimum slave mode tsysc k (8.33 ns). To find the MIN trxpson value for a larger tsyscLk, use the equation: 4
X tsysciLk + 4.08.
(6) This MIN value is for the minimum slave mode tsysc k (8.33 ns). To find the MIN trxpsy value for a larger tsyscik, use the equation: 4 x
tsyscik + 3.70.
—— S1—p
-+ S2 S5 - S4
ssiClk ﬂ_/
< S3 >
SSIFss / \\ /\/
SSITx
SSIRx MSB >< >< b< LSB
< 4 to 16 bits »
Figure 5-28. SSI Timing for Tl Frame Format (FRF = 01), Single Transfer Timing Measurement
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ssick — N
(SPO=1)

sSIClk
(SPO=0)

SSITx
(to slave)

SSIRx
(from slave)

SSIFss

ssiclk
(SPO=1)

ssICk
(SPO=0)

SSITx
(to master)

S12 >
¢ SI3 >
SSIRX AN
( from master) AN MSB X /C/_—>< >< LSB /

SSIFss ﬁ l\l ﬁ

Figure 5-30. Slave Mode SSI Timing for SPI Frame Format (FRF = 00), With SPH =1
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Table 5-36 lists the characteristics for Bi-SSI and Quad-SSI.

Table 5-36. Bi- and Quad-SSI Characteristics®
over operating free-air temperature (unless otherwise noted)

NO. PARAMETER MIN TYP MAX | UNIT
S15 | fcik per SSICIk cycle time, as master @ 16.67 ns
S16 teLk_HIGH SSICIk high time, as master 8.33 ns
S17 tcLk_Low SSICIk low time, as master 8.33 ns
S18  |teikr SSICIk rise time ©) 1.25 ns
S19  |teikre SSICIk fall time @) 1.25 ns
Master mode: master SSINXDATn data output (to slave) valid time
S20 | trxomov from edge of SSICIk 4.04 ns
Master mode: master SSINXDATn data output (to slave) hold time
S21 | trxomoH after next SSICIk 0.60 ns
S22 trRxDMS Master mode: master SSINXDATn data in (from slave) setup time 5.78 ns
S23 tRXDMH Master mode: master SSINXDATn data in (from slave) hold time 0 ns

(1) Parameters S15 to S23 correspond to parameters S1 to S9 in Figure 5-28 and Figure 5-29.
(2) In master mode, the system clock must be at least twice as fast as the SSICIk.
(3) The delays shown are using 12-mA drive strength.
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5.15.13 Inter-Integrated Circuit (IC) Interface
Table 5-37 lists the characteristics for the 1°C interface.
Table 5-37. I°C Characteristics

over operating free-air temperature (unless otherwise noted) (see Figure 5-31)
NO. PARAMETER MIN TYP MAX | UNIT

system
11O Jtgen Start condition hold time 36 clock
cycles

system
2O |tp Clock low period 36 clock
cycles

3@  |tsgr I2CSCL and I2CSDA rise time (V). =05V to V y = 2.4 V) See @ ns

Slave 2 system
14 toH Data hold time clock

Master 7 cycles
156 | tger I2CSCL and I2CSDA fall time (Vjy = 2.4 Vto V. = 0.5 V) 9 10 ns

system
6@ |ty Clock high time 24 clock
cycles

system
17 tps Data setup time 18 clock
cycles

system
18 @ tscsr Start condition setup time (for repeated start condition only) 36 clock
cycles

system
190 |tges Stop condition setup time 24 clock
cycles

system
Slave 2 clock
cycles

110 t Data valid
v (6x(1+ system
Master TPR)) + clock
1 cycles

(1) Values depend on the value programmed into the TPR bit in the 1°C Master Timer Period (I2CMTPR) register; a TPR programmed for
the maximum I12CSCL frequency (TPR = 0x2) results in a minimum output timing listed in this table. The I2C interface is designed to
scale the actual data transition time to move it to the middle of the I2CSCL low period. The actual position is affected by the value
programmed into the TPR; however, the values in this table are minimum values.

(2) Because I2CSCL and 12CSDA operate as open-drain-type signals, which the controller can only actively drive low, the time 12CSCL or
I2CSDA takes to reach a high level depends on external signal capacitance and pullup resistor values.

(3) Specified at a nominal 50-pF load

12CSCL
13 19
12CSDA >
Figure 5-31. I°C Timing
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5.15.14 Ethernet Controller

5.15.14.1 DC Characteristics

The parameters listed in Table 5-38, with the exception of Rgas, apply to transmit pins of the Ethernet
PHY, which are generally the ENOTXOP and ENOTXON signals during standard operation but can also be
the ENORXIN and ENORXIP signals if Auto-MDIX is enabled.

Table 5-38. Ethernet PHY DC Characteristics

over operating free-air temperature (unless otherwise noted)

PARAMETER MIN TYP MAX | UNIT
Rgias Value of the pulldown resistor on the RBIAS pin 4.82 4.87 4.92 kQ
V1PTD_100 100M transmit voltage 0.95 1 1.05 \%
V1pTDSYM 100M transmit voltage symmetry 2% 2%
VOVRSHT Output overshoot 5%
V1pTD_10 10M transmit voltage 2.2 25 2.8 \%
VTH1 10Base-T Receive threshold 200 mV

5.15.14.2 Clock Characteristics for Ethernet
Table 5-39 lists the specifications of the MOSC 25-MHz crystal.

Table 5-39. MOSC 25-MHz Crystal Specification®
over operating free-air temperature (unless otherwise noted) (see Figure 5-32)

NO. PARAMETER MIN TYP MAX| UNIT
N1 fmoscas Frequency 25 MHz
froL Frequency tolerance at operational temperature 0 +50 ppm
fsta Frequency stability at 1-year aging +5 ppm

(1) See Table 5-12 for additional MOSC requirements.

4¢—— NI ——»

0OSCo

Figure 5-32. MOSC Crystal Characteristics for Ethernet
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Table 5-40 lists the specifications of the single-ended 25-MHz oscillator.
Table 5-40. MOSC Single-Ended 25-MHz Oscillator Specification @
over operating free-air temperature (unless otherwise noted) (see Figure 5-33)
NO. PARAMETER MIN TYP MAX UNIT
N4 fosc Frequency 25 MHz
froL Frequency tolerance at operational temperature 0 +50 ppm
tsTa Frequency stability at 1-year aging +50 ppm
N5 tre Frequency rise and fall time 1 ns
Cycle to cycle 50 5
t; Jitter Y Y P
Over 10 ms 1 ns
DC Duty cycle 40% 60%
(1) See Table 5-12 for additional MOSC requirements.
| | | | | |
I'd— N4 —NI N5 —>: :4— —>: :4— N5
: : : :
0sCo ' ' : :
| )
| | | |
Figure 5-33. Single-Ended MOSC Characteristics for Ethernet
Copyright © 2017, Texas Instruments Incorporated Specifications 85

Submit Documentation Feedback
Product Folder Links: MSP432E401Y


http://www.ti.com/product/msp432e401y?qgpn=msp432e401y
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLASEN5&partnum=MSP432E401Y
http://www.ti.com/product/msp432e401y?qgpn=msp432e401y

MSP432E401Y
SLASENS5 —OCTOBER 2017

13 TEXAS
INSTRUMENTS

www.ti.com

5.15.14.3 AC Characteristics

Table 5-41 lists the timing characterists of the enable and reset.

Table 5-41. Ethernet Controller Enable and Software Reset Timing
over operating free-air temperature (unless otherwise noted) (see Figure 5-34)

NO. PARAMETER MIN TYP MAX UNIT
Time from the System Control enable of the PHY to energy on the

N16 | ten PMD output pin ) @ 45 HS

N17 tswrsT Time from software reset of the PHY to energy on the PMD output pin 110 ns

(1) The PHY is enabled through System Control by setting the PO bit in the PCEPHY register and the RO bit in the RCGCPHY register.

(2) This minimum timing assumes the PHYHOLD bit in the EMACPC register is not set.

« JUUUL JUYUYUYUY YL Y

)

[ « «
) )
PHY Enable
/l
|
|
l€— N16 —p \
| |
PHY SW Reset | , ‘
: « | «
|
|

)
PMD Output Pair —K:X:X:X:XSS:X:X:X:X:} K__X:X:X:XSS:X:X:X:X:X

Figure 5-34. Reset Timing
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Table 5-42 lists the 100Base-TX transmit timing.

Table 5-42. 100Base-TX Transmit Timing
over operating free-air temperature (unless otherwise noted) (see Figure 5-35)

NO. PARAMETER MIN TYP MAX UNIT

- tre 100-Mbps PMD output pair tg and tg @ 3 4 5 ns
tRE_ MM 100-Mbps tg and tx symmetry @ @) 500 ps

N39 tRE_JTTR 100-Mbps PMD output pair transmit jitter 1.4 ns

(1) Rise and fall times taken at 10% and 90% of the +1 or —1 amplitude.
(2) Normal mismatch is the difference between the maximum and minimum of all rise and fall times
(3) Choice of Ethernet transformer magnetics can affect this parameter.

PMD Output Pair - - -p—-4 L

|
|
N38 N38 :
|

|
-Lfall —») je—

I an an an an
== —

Figure 5-35. 100 Base-TX Transmit Timing

Table 5-43 lists the 10Base-T normal link pulse timing.

Table 5-43. 10Base-T Normal Link Pulse Timing
over operating free-air temperature (unless otherwise noted) (see Figure 5-36)

NO. PARAMETER MIN TYP MAX | UNIT
N69 tLp pER Link pulse period 76 ms
N70 tLP_WlD Link pUISe width 100 Us
| |
¢ N69 >
| |
[ |
—>: :4— N70 :

Normal Link
Pulse(s) '$'

Figure 5-36. 10Base-TX Normal Link Pulse Timing
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Table 5-44 lists the Auto-Negotiation FLP timing.

Table 5-44. Auto-Negotiation Fast Link Pulse (FLP) Timing
over operating free-air temperature (unless otherwise noted) (see Figure 5-37)

NO. PARAMETER MIN TYP MAX | UNIT
N72 tcLkp Clock pulse to clock pulse period 125 us
N73 tcLkpp Clock pulse to data pulse period 62 us
N74 tpuL Clock, data pulse width 110 ns
N75 tBrSTP FLP burst to flp burst period 16 ms
N76 tBRSTW Burst width 2 ms

1

- N76 >

— N2 ———»
| .
— N73 —»

|
N74 ! 4= -+« N74
Fast Link Pulse(s) |_| |_| | | | | |_|
Clock Data Clock ‘()()’ >
kE‘uIse Pulse Pulse -
\ -~ -
\\ | -~ |
N < N75_—= >l
\ | _- |
A | - |
AN :4— N76 —N‘ Pt :
FLP Burst FLP Burst

Figure 5-37. Auto-Negotiation Fast Link Pulse Timing
Table 5-45 lists the 100Base-TX signal detect timing.

Table 5-45. 100Base-TX Signal Detect Timing
over operating free-air temperature (unless otherwise noted) (see Figure 5-38)

MR, ——

Signal Detect I I
(Internal) | |

Figure 5-38. 100Base-TX Signal Detect Timing
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5.15.15 Universal Serial Bus (USB) Controller

The USB controller electrical specifications are compliant with the Universal Serial Bus Specification

Rev 2.0 (full-speed and low-speed support) and the On-The-Go Supplement to the USB 2.0 Specification

Rev 1.0. Some components of the USB system are integrated within the microcontroller and specific to the

microcontroller design.

NOTE

GPIO pin PB1, which can be configured as the USBOVBUS signal, is the only pin that is 5-V

tolerant on the device.

Table 5-46 lists the timing characteristics of the ULPI interface.

Table 5-46. ULPI Interface Timing
over operating free-air temperature (unless otherwise noted) (see Figure 5-39)

NO. PARAMETER ‘ MIN TYP MAX| UNIT
Timings with respect to external clock source input to USBOCLK
Ul tsuc Setup time (control in) USBODIR, USBONXT 4.8 ns
u2 tsup Setup time (data in) USBODn 3.5 ns
U3 thTte Hold time (control in) USBODIR, USBONXT 0 ns
U4 tHtD Hold time (data in) USBODn 0 ns
U5 tobc Output delay (control out) USBOSTP 3.7 9.5 ns
ué tobp Output delay (data out) USBODnN 3.7 9.5 ns
Timings with USBOCLK as clock output
Ul tsuc Setup time (control in) USBODIR, USBONXT 6.0 ns
u2 tsup Setup time (data in) USBODn 4.6 ns
u3 thTte Hold time (control in) USBODIR, USBONXT 0 ns
U4 tHtD Hold time (data in) USBODn 0 ns
U5 tobc Output delay (control out) USBOSTP 4.0 10.6 ns
ué tobp Output delay (data out) USBODnN 4.0 10.6 ns

|
USBoCLK m
|
|

|
l
|
‘ 1
us , 1 1
! | :
|
! | I I
USBOSTP ! ! !
! I | |
U T T
! ue ! |
g : :
USBODN o\ ; ;
Write ] ! !
! ! ; ;
1 1 1
| 1 — Ul —e— U3 —»
USBODIR/ i | i | }
| |
USBONXT | ! | ! |
; | | : ;
| ! — U2 e U4,
| L
USBODN } ; 1
Read !
| | |
! |
! |

Figure 5-39. ULPI Interface Timing Diagram
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5.15.16 Analog Comparator

Table 5-47 lists the characteristics of the comparator.

Table 5-47. Analog Comparator Characteristics

over operating free-air temperature (unless otherwise noted) @ @
PARAMETER MIN TYP MAX| UNIT

x::,z @  Input voltage range GNDA VoA \Y
Vem Input common-mode voltage range GNDA Vbpa \%
Vos Input offset voltage #10 50 @| mv
Ines e Input leakage current over full voltage range 2.0 A
CMRR Common-mode rejection ratio 50 dB
trT Response time 1.0 ® Us
tme Comparator mode change to output valid 10 us
(1) Best design practices suggest placing static or quiet digital I/O signals adjacent to sensitive analog inputs to reduce capacitive coupling

and crosstalk.

(2) To achieve best analog results, keep the source resistance driving the analog inputs, V\\p and Vi, low.

(3) The external voltage inputs to the analog comparator are designed to be highly sensitive and can be affected by external noise on the
board. For this reason, Viyp and V|yy must be set to different voltage levels during idle states to ensure the analog comparator triggers
are not enabled. If an internal voltage reference is used, it should be set to a mid-supply level. When operating in sleep or deep-sleep
modes, disable the analog comparator module or set the external voltage inputs to different levels (greater than the input offset voltage)
to achieve minimum current draw.

(4) Measured at Vggr = 100 mV

(5) Measured at external Vgge = 100 mV, input signal switching from 75 mV to 125 mV

Table 5-48 lists the characteristics for the comparator.
Table 5-48. Analog Comparator Characteristics

over operating free-air temperature (unless otherwise noted)

PARAMETER MIN TYP MAX UNIT
RuR Resolution in high range Vppa / 29.4 \%
Rr Resolution in low range Vppa / 22.12 \%
AHR Absolute accuracy high range +*Ruyr/ 2 \%
AR Absolute accuracy low range +*Rg/2 \%
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Table 5-49 and Table 5-50 list the reference voltages for the comparator under different conditions.

Table 5-49. Analog Comparator Voltage Reference Characteristics
Vopa = 3.3V, EN = 1, RNG = 0, over operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

VREF = 0x0 0.731 0.786 0.841
VREF = 0x1 0.843 0.898 0.953
VREF = 0x2 0.955 1.010 1.065
VREF = 0x3 1.067 1.122 1.178
VREF = 0x4 1.180 1.235 1.290
VREF = 0x5 1.292 1.347 1.402
VREF = 0x6 1.404 1.459 1.514

Virer Reference voltage VREF = 0x7 1.516 1.571 1.627 v
VREF = 0x8 1.629 1.684 1.739
VREF = 0x9 1.741 1.796 1.851
VREF = OxA 1.853 1.908 1.963
VREF = 0xB 1.965 2.020 2.076
VREF = 0xC 2.078 2.133 2.188
VREF = 0xD 2.190 2.245 2.300
VREF = OXE 2.302 2.357 2.412
VREF = OxF 2.414 2.469 2.525

Table 5-50. Analog Comparator Voltage Reference Characteristics
Vopa = 3.3V, EN =1, RNG = 1, over operating free-air temperature (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

VREF = 0x0 0.000 0.000 0.074
VREF = 0x1 0.076 0.149 0.223
VREF = 0x2 0.225 0.298 0.372
VREF = 0x3 0.374 0.448 0.521
VREF = 0x4 0.523 0.597 0.670
VREF = 0x5 0.672 0.746 0.820
VREF = 0x6 0.822 0.895 0.969

Vines Reference voltage VREF = 0x7 0.971 1.044 1.118 v
VREF = 0x8 1.120 1.193 1.267
VREF = 0x9 1.269 1.343 1.416
VREF = 0xA 1.418 1.492 1.565
VREF = 0xB 1.567 1.641 1.715
VREF = 0xC 1.717 1.790 1.864
VREF = 0xD 1.866 1.939 2.013
VREF = OxE 2.015 2.089 2.162
VREF = OxF 2.164 2.238 2.311
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5.15.17 Pulse-Width Modulator (PWM)
Table 5-51 lists the PWM timing characteristics.

Table 5-51. PWM Timing Characteristics
over operating free-air temperature (unless otherwise noted)

PARAMETER MIN TYP MAX UNIT
PWM
trLTw Minimum fault pulse width 2 clqck
periods
24+ (1
tritmax ~ MNFAULTR assertion to PWM inactive @ PWM ns
clock)
teermin' MNFAULTN deassertion to PWM active @ 5 ns

(1) This parameter value can vary depending on the PWM clock frequency which is controlled by the System Clock and a programmable
divider field in the PWMCC register.
(2) The latch and minimum fault period functions that can be enabled in the PWMnCTL register can change the timing of this parameter.

5.15.18 Emulation and Debug
Table 5-52 lists the JTAG characteristics.

Table 5-52. JTAG Characteristics
over operating free-air temperature (unless otherwise noted) (see Figure 5-40 and Figure 5-41)

NO. PARAMETER MIN TYP MAX UNIT
Ji frek TCK operational clock frequency 0 10 MHz
J2 trek TCK operational clock period 100 ns
J3 trek_Low TCK clock low time trek / 2 ns
Ja trCK_HIGH TCK clock high time trek / 2 ns
J5 trek R TCK rise time 0 10 ns
J6 trek_F TCK fall time 0 10 ns
J7 trvs_su TMS setup time to TCK rise 8 ns
J8 trmMs_HLD TMS hold time from TCK rise 4 ns
J9 trpi_su TDI setup time to TCK rise 18 ns
J10 | trp_HiD TDI hold time from TCK rise 4 ns
2-mA drive 13 35
4-mA drive 9 26
J11 trpo zpv TCK fall to data valid from Hi-Z §-mA drfve - 8 26 ns
= 8-mA drive with slew rate control 10 29
10-mA drive 11 13
12-mA drive 11 14
2-mA drive 14 20
4-mA drive 10 26
312 | troo ov ;CK fall to data valid from 8-mA drfve _ 8 2 .
- ata valid 8-mA drive with slew rate control 10 26
10-mA drive 12 14
12-mA drive 12 15
2-mA drive 7 16
4-mA drive 7 16
J13 trpo pvz TCK fall to Hi-Z from data valid §-mA drfve - ! 16 ns
- 8-mA drive with slew rate control 8 19
10-mA drive 20 22
12-mA drive 20 25
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< J2 >
< J3 t‘: Ja >
TCK N
J6 J5
Figure 5-40. JTAG Test Clock Input Timing
TCK 5< 7‘ 5< 7‘ 5<
J7 »<¢—J8 J7 —»4+—J8
T™S K _TMS Input Valid 3y K _TMS Input Valid 3y
J9 —»e—J10 J9 —»e—J10
TDI K TDI Input Valid 7 K TDI Input Valid 7
« J11 « J12 « J13
TDO TDO Output Valid TDO Output Valid
Figure 5-41. JTAG Test Access Port (TAP) Timing
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6 Detailed Description

6.1 Overview
The SimpleLink MSP432E401Y Arm Cortex-M4 microcontroller (MCU) provides top performance and
advanced integration. The MSP432E4 product family is positioned for cost-effective applications requiring
significant control processing and connectivity capabilities such as the following:
» Industrial communication equipment
» Network appliances, gateways, and adapters
» Residential and commercial site monitoring and control
* Remote connectivity and monitoring
» Security and access systems
» HMI control panels
» Factory automation control
» Test and measurement equipment
» Fire and security systems
* Motion control and power inversion
» Medical instrumentation
* Gaming equipment
» Electronic point-of-sale (POS) displays
» Smart energy and smart grid solutions
* Intelligent lighting control
* Vehicle tracking
The MSP432E401Y MCU integrates a large variety of rich communication features to enable a new class
of highly connected designs that can support critical, real-time control with a balance between
performance and power. The MCU features integrated communication peripherals and other high-
performance analog and digital functions to offer a strong foundation for many different target uses, from
human-machine interface to networked system management controllers.
In addition, the MSP432E401Y MCU offers the advantages of widely available development tools from
Arm, System-on-Chip (SoC) infrastructure, and a large user community. Additionally, this MCU uses the
Thumb-compatible Thumb-2 instruction set from Arm to reduce memory requirements and, thereby, cost.
Finally, when using the SimpleLink SDK, the MSP432E401Y MCU is code-compatible with all members of
the SimpleLink series, providing flexibility to fit precise needs.
Tl offers a complete solution to get to market quickly, with evaluation and development boards; white
papers and application notes; an easy-to-use peripheral driver library; and a strong support, sales, and
distributor network.
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6.2 Functional Block Diagram

Figure 6-1 shows the features on the MSP432E401Y MCU. Two on-chip buses connect the core to the
peripherals. The Advanced Peripheral Bus (APB) bus is the legacy bus. The Advanced High-Performance
Bus (AHB) bus provides better back-to-back access performance than the APB bus.
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Figure 6-1. MSP432E401Y High-Level Block Diagram
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6.3 Arm Cortex-M4F Processor Core

All members of the MSP432E4 family are designed around an Arm Cortex-M processor core. The Arm
Cortex-M processor provides the core for a high-performance low-cost platform that meets the needs of
minimal memory implementation, reduced pin count, and low power consumption, while delivering
outstanding computational performance and exceptional system response to interrupts.

6.3.1 Processor Core
Features of the processor core include:
» 32-bit Arm Cortex-M4F architecture optimized for small-footprint embedded applications
* 120-MHz operation; 150 DMIPS performance
» Outstanding processing performance combined with fast interrupt handling
*  Thumb-2 mixed 16- and 32-bit instruction set delivers the high performance expected of a 32-bit Arm
core in a compact memory size usually associated with 8- and 16-bit devices, typically in the range of
a few kilobytes of memory for MCU-class applications.
— Single-cycle multiply instruction and hardware divide
— Atomic bit manipulation (bit-banding), delivering maximum memory use and streamlined peripheral
control
— Unaligned data access, enabling data to be efficiently packed into memory
» |EEE 754-compliant single-precision floating-point unit (FPU)
» 16-bit SIMD vector processing unit
» Fast code execution permits slower processor clock or increases sleep mode time
» Harvard architecture characterized by separate buses for instruction and data
» Efficient processor core, system, and memories
» Hardware division and fast digital-signal-processing orientated multiply accumulate
» Saturating arithmetic for signal processing
» Deterministic high-performance interrupt handling for time-critical applications
» Memory protection unit (MPU) to provide a privileged mode for protected operating system functionality
» Enhanced system debug with extensive breakpoint and trace capabilities
» Serial Wire Debug and Serial Wire Trace reduce the number of pins required for debugging and tracing
+ Migration from the Arm7® processor family for better performance and power efficiency
» Optimized for single-cycle flash memory use up to specific frequencies; see the Internal Memory
chapter of the MSP432E4 SimpleLink™ Microcontrollers Technical Reference Manual for more
information.
» Ultra-low-power consumption with integrated sleep modes
6.3.2 System Timer (SysTick)
SysTick provides a simple, 24-bit, clear-on-write, decrementing, wrap-on-zero counter with a flexible
control mechanism. The counter can be used in several different ways, for example:
* An RTOS tick timer that fires at a programmable rate (for example, 100 Hz) and invokes a SysTick
routine
» A high-speed alarm timer using the system clock
» Avariable rate alarm or signal timer—the duration is range-dependent on the reference clock used and
the dynamic range of the counter
* A simple counter used to measure time to completion and time used
* Aninternal clock-source control based on missing or meeting durations
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6.3.3 Nested Vectored Interrupt Controller (NVIC)

The NVIC and Cortex-M4F core prioritize and handle all exceptions in handler mode. The processor state
is automatically stored to the stack on an exception and automatically restored from the stack at the end
of the interrupt service routine (ISR). The interrupt vector is fetched in parallel to the state saving, enabling
efficient interrupt entry. The processor supports tail-chaining, meaning that back-to-back interrupts can be
performed without the overhead of state saving and restoration. Software can set 8 priority levels on 7
exceptions (system handlers) and 109 interrupts.

» Deterministic, fast interrupt processing: always 12 cycles, or just 6 cycles with tail-chaining (these
values reflect no FPU stacking)

» External nonmaskable interrupt signal (NMI) available for immediate execution of NMI handler for
safety critical applications

» Dynamically reprioritizable interrupts
» Exceptional interrupt handling through hardware implementation of required register manipulations

Table 6-1 lists the interrupts.

Table 6-1. Interrupts

VECTOR NUMBER ”\(gFI'RIELIlELyRURIVLIJ%’I‘EFR VECTO%I'SFDSDEBI.ESS SR DESCRIPTION
REGISTERS)

Oto 15 Oéggggoogggéo Processor exceptions
16 0 0x0000.0040 GPIO Port A
17 1 0x0000.0044 GPIO Port B
18 2 0x0000.0048 GPIO Port C
19 3 0x0000.004C GPIO Port D
20 4 0x0000.0050 GPIO Port E
21 5 0x0000.0054 UARTO
22 6 0x0000.0058 UART1
23 7 0x0000.005C SSI0
24 8 0x0000.0060 12C0
25 9 0x0000.0064 PWM fault
26 10 0x0000.0068 PWM generator 0
27 11 0x0000.006C PWM generator 1
28 12 0x0000.0070 PWM generator 2
29 13 0x0000.0074 QEIO
30 14 0x0000.0078 ADCO sequence 0
31 15 0x0000.007C ADCO sequence 1
32 16 0x0000.0080 ADCO sequence 2
33 17 0x0000.0084 ADCO sequence 3
34 18 0x0000.0088 Watchdog timers 0 and 1
35 19 0x0000.008C 16-/32-Bit Timer OA
36 20 0x0000.0090 16-/32-Bit Timer 0B
37 21 0x0000.0094 16-/32-Bit Timer 1A
38 22 0x0000.0098 16-/32-Bit Timer 1B
39 23 0x0000.009C 16-/32-Bit Timer 2A
40 24 0x0000.00A0 16-/32-Bit Timer 2B
41 25 0x0000.00A4 Analog comparator 0
42 26 0x0000.00A8 Analog comparator 1
43 27 0x0000.00AC Analog comparator 2
44 28 0x0000.00B0 System control
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Table 6-1. Interrupts (continued)

VECTOR NUMBER I’\(‘;FI'F\)IELI’IELQIRUR’\/L'J?:’I'EFR VECTO%I'S‘FDSD;_ESS R DESCRIPTION
REGISTERS)
45 29 0x0000.00B4 Flash memory control
46 30 0x0000.00B8 GPIO port F
a7 31 0x0000.00BC GPIO port G
48 32 0x0000.00CO GPIO port H
49 33 0x0000.00C4 UART2
50 34 0x0000.00C8 SSi1
51 35 0x0000.00CC 16-/32-Bit Timer 3A
52 36 0x0000.00D0 16-/32-Bit Timer 3B
53 37 0x0000.00D4 12C1
54 38 0x0000.00D8 CANO
55 39 0x0000.00DC CAN1
56 40 0x0000.00E0 Ethernet MAC
57 41 0x0000.00E4 HIB
58 42 0x0000.00E8 USB MAC
59 43 0x0000.00EC PWM generator 3
60 44 0x0000.00F0 UDMA 0 Software
61 45 0x0000.00F4 UDMA 0O Error
62 46 0x0000.00F8 ADC1 sequence 0
63 47 0x0000.00FC ADC1 sequence 1
64 48 0x0000.0100 ADC1 sequence 2
65 49 0x0000.0104 ADC1 sequence 3
66 50 0x0000.0108 EPIO
67 51 0x0000.010C GPIO port J
68 52 0x0000.0110 GPIO port K
69 53 0x0000.0114 GPIO port L
70 54 0x0000.0118 SSI2
71 55 0x0000.011C SSI3
72 56 0x0000.0120 UART3
73 57 0x0000.0124 UART4
74 58 0x0000.0128 UART5
75 59 0x0000.012C UART6
76 60 0x0000.0130 UART7
77 61 0x0000.0134 12C2
78 62 0x0000.0138 12C3
79 63 0x0000.013C Timer 4A
80 64 0x0000.0140 Timer 4B
81 65 0x0000.0144 Timer 5A
82 66 0x0000.0148 Timer 5B
83 67 0x0000.014C Floating-Paint Exception (imprecise)
84 68 - Reserved
85 69 - Reserved
86 70 0x0000.0158 12C4
87 71 0x0000.015C 12C5
88 72 0x0000.0160 GPIO port M
89 73 0x0000.0164 GPIO port N
90 74 - Reserved
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Table 6-1. Interrupts (continued)

VECTOR NUMBER I’\(l;FI'I:\)IELI'IE$SRURNL|J?:’I§I'R VECTO%I'S‘FDSDS_ESS R DESCRIPTION
REGISTERS)
91 75 0x0000.016C Tamper
92 76 0x0000.017 GPIO port P (Summary or P0)
93 i 0x0000.0174 GPIO port P1
94 78 0x0000.0178 GPIO port P2
95 79 0x0000.017C GPIO port P3
96 80 0x0000.0180 GPIO port P4
97 81 0x0000.0184 GPIO port P5
98 82 0x0000.0188 GPIO port P6
99 83 0x0000.018C GPIO port P7
100 84 0x0000.0190 GPIO port Q (summary or Q0)
101 85 0x0000.0194 GPIO port Q1
102 86 0x0000.0198 GPIO port Q2
103 87 0x0000.019C GPIO port Q3
104 88 0x0000.01A0 GPIO port Q4
105 89 0x0000.01A4 GPIO port Q5
106 90 0x0000.01A8 GPIO port Q6
107 91 0x0000.01AC GPIO port Q7
108 92 - Reserved
109 93 - Reserved
110 94 0x0000.01B8 SHA/MD5
111 95 0x0000.01BC AES
112 96 0x0000.01CO DES
113 97 - Reserved
114 98 0x0000.01C8 16-/32-Bit Timer 6A
115 99 0x0000.01CC 16-/32-Bit Timer 6B
116 100 0x0000.01D0 16-/32-Bit Timer 7A
117 101 0x0000.01D4 16-/32-Bit Timer 7B
118 102 0x0000.01D8 12C6
119 103 0x0000.01DC 12C7
120 104 - Reserved
121 105 - Reserved
122 106 - Reserved
123 107 - Reserved
124 108 - Reserved
125 109 0x0000.01F4 12C8
126 110 0x0000.01F8 12C9
127 111 - Reserved

6.3.4 System Control Block (SCB)

The SCB provides system implementation information and system control, including configuration, control,

and reporting of system exceptions.

6.3.5 Memory Protection Unit (MPU)

The MPU supports the standard Arm7 Protected Memory System Architecture (PMSA) model. The MPU
provides full support for protection regions, overlapping protection regions, access permissions, and
exporting memory attributes to the system.
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6.3.6 Floating-Point Unit (FPU)

The FPU fully supports single-precision add, subtract, multiply, divide, multiply-and-accumulate, and
square root operations. It also provides conversions between fixed-point and floating-point data formats,
and floating-point constant instructions.

» 32-bit instructions for single-precision (C float) data-processing operations
» Combined multiply and accumulate instructions for increased precision (fused MAC)

» Hardware support for conversion, addition, subtraction, multiplication with optional accumulate,
division, and square-root

» Hardware support for denormals and all IEEE rounding modes
» 32 dedicated 32-bit single-precision registers, also addressable as 16 double-word registers
» Decoupled 3-stage pipeline

6.4 On-Chip Memory
The following on-chip memories are supported:
» 256KB of single-cycle SRAM
» 1024KB of flash memory
 6KB of EEPROM
» Internal ROM loaded with SimpleLink SDK software:

— Peripheral driver library
— Bootloader

6.4.1 SRAM
The MSP432E401Y MCU provides 256KB of single-cycle on-chip SRAM. The internal SRAM of the device
is at offset 0x2000.0000 of the device memory map.
The SRAM is implemented using four 32-bit-wide interleaving SRAM banks (separate SRAM arrays),
which allow for increased speed between memory accesses. The SRAM memory provides nearly 2 GBps
of memory bandwidth at a 120-MHz clock frequency.
Because read-modify-write (RMW) operations are time consuming, Arm has introduced bit-banding
technology in the Cortex-M4F processor. With a bit-band-enabled processor, certain regions in the
memory map (SRAM and peripheral space) can use address aliases to access individual bits in an atomic
operation.
Data can be transferred to and from SRAM by the following masters:
« UDMA
» USB
» Ethernet controller

6.4.2 Flash Memory
The MSP432E401Y MCU provides 1024KB of on-chip flash memory. The flash memory is configured as
four banks of 16K x 128 bits (4 x 256KB total) that are 2-way interleaved. Memory blocks can be marked
as read only or execute only, providing different levels of code protection. Read-only blocks cannot be
erased or programmed, protecting the contents of those blocks from being modified. Execute-only blocks
cannot be erased or programmed, and can only be read by the controller instruction fetch mechanism,
protecting the contents of those blocks from being read by either the controller or a debugger.
Two sets of instruction prefetch buffers provide enhanced performance and power savings. Each prefetch
buffer is 2 x 256 bits and can be combined as a 4 x 256-bit prefetch buffer.
The flash can also be accessed by the uDMA in run mode.
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6.4.3 ROM

6.4.4

The ROM is preprogrammed with the following software and programs:
» Peripheral driver library
* Bootloader

The SimpleLink MSP432E4 SDK driver library is a royalty-free software library for controlling on-chip
peripherals with a bootloader capability. The library performs both peripheral initialization and control
functions, with a choice of polled or interrupt-driven peripheral support. In addition, the library is designed
to take full advantage of the stellar interrupt performance of the Arm Cortex-M4F core. No special
pragmas or custom assembly code prologue or epilogue functions are required. For applications that
require in-field programmability, the royalty-free bootloader can act as an application loader and support
in-field firmware updates.

EEPROM

The EEPROM includes the following features:

» 6KB of memory accessible as 1536 32-bit words
* 96 blocks of 16 words (64 bytes) each

» Built-in wear leveling

» Access protection per block

» Lock protection option for the whole peripheral as well as per block using 32-bit to 96-bit unlock codes
(application selectable)

» Interrupt support for write completion to avoid polling

» Endurance of 500k writes (when writing at fixed offset in every alternate page in circular fashion) to
15M operations (when cycling through two pages) per each 2-page block.
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6.4.5 Memory Map

The device supports a 4GB address space that is divided into eight 512MB zones (see Figure 6-2).

OXFFFF.FFFF

Private Peripheral Bus

0xE000.0000
OXDFFF.FFFF

External Device

0xC000.0000
OXBFFF.FFFF

External Device

0xA000.0000
OX9FFF.FFFF

External RAM

0x8000.0000
OX9FFF.FFFF

External RAM
0x6000.0000

O0x5FFF.FFFF
Peripherals

0x4000.0000

0x3FFF.FFFF
SRAM

0x2000.0000

Ox1FFF.FFFF
Code

0x0000.0000

Figure 6-2. Device Memory Zones

6.5 Peripherals
6.5.1 External Peripheral Interface (EPI)
The EPI provides access to external devices using a parallel path. Unlike communications peripherals
such as SSI, UART, and I?C, the EPI acts as a bus to external peripherals and memory.
The EPI has the following features:
» 8-, 16-, or 32-bit dedicated parallel bus for external peripherals and memory
» Memory interface supports contiguous memory access independent of data bus width, thus enabling
code execution directly from SDRAM, SRAM, and flash memory
» Blocking and nonblocking reads
e Separates processor from timing details through use of an internal write FIFO
» Efficient transfers using uDMA
— Separate channels for read and write
— Read channel request asserted by programmable levels on the internal Nonblocking Read FIFO
(NBRFIFO)
— Write channel request asserted by empty on the internal Write FIFO (WFIFO)
The EPI supports three primary functional modes: SDRAM mode, traditional host-bus mode, and general-
purpose mode. The EPI module also provides custom GPIOs; however, unlike regular GPIOs, the EPI
module uses a FIFO in the same way as a communication mechanism and is speed-controlled using
clocking.
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* SDRAM mode

Supports x16 (single data rate) SDRAM at up to 60 MHz

Supports low-cost SDRAMs up to 64MB (512 Mb)

Includes automatic refresh and access to all banks and rows

Includes a sleep (standby) mode to keep contents active with minimal power draw
Multiplexed address and data interface for reduced pin count

* Host-bus mode

Traditional x8 and x16 MCU bus interface capabilities
Similar device compatibility options as PIC, ATmega, 8051, and others

Access to SRAM, NOR flash memory, and other devices, with up to 1MB of addressing in
nonmultiplexed mode and 256MB in multiplexed mode (512MB in host bus 16 mode with no byte
selects)

Support for up to 512Mb PSRAM in quad chip select mode, with dedicated configuration register
read and write enable

Support of both muxed and demuxed address and data

Access to a range of devices supporting the nonaddress FIFO x8 and x16 interface variant, with
support for external FIFO (XFIFO) EMPTY and FULL signals

Speed controlled, with read and write data wait-state counters

Support for read or write burst mode to Host Bus

Multiple chip-select modes including single, dual, and quad chip selects, with and without ALE
External iRDY signal provided for stall capability of reads and writes

Manual chip-enable (or use extra address pins)

* General-purpose mode

Wide parallel interfaces for fast communications with CPLDs and FPGAs
Data widths up to 32 bits

Data rates up to 150 MB/second

Optional "address" sizes from 4 bits to 20 bits

Optional clock output, read and write strobes, framing (with counter-based size), and clock-enable
input

» General parallel GPIO

1 to 32 bits, FIFO with speed control
Useful for custom peripherals or for digital data acquisition and actuator controls

6.5.2 Cyclical Redundancy Check (CRC)

The CRC computation module is for uses such as message transfer and safety system checks. This
module can be used with the AES and DES modules. The CRC has the following features:

e Support four major CRC forms:

CRC16-CCITT as used by CCITT/ITU X.25
CRC16-IBM as used by USB and ANSI
CRC32-IEEE as used by IEEE 802.3 and MPEG-2
CRC32C as used by G.Hn

» Allows word and byte feed

e Supports automatic initialization and manual initialization
e Supports MSb and LSb

e Supports CCITT post-processing

e Can be fed by uDMA, flash memory, and code
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6.5.3 Advanced Encryption Standard (AES) Accelerator

6.5.4

6.5.5

The AES accelerator module provides hardware-accelerated data encryption and decryption operations
based on a binary key. The AES module is a symmetric cipher module that supports a 128-, 192-, or 256-
bit key in hardware for both encryption and decryption.
The AES has following features:
» Support for basic AES encryption and decryption operations:
— Galois/counter mode (GCM) with basic GHASH operation
— Counter mode with CBC-MAC (CCM)
— XTS mode
» Availability of the following feedback operating modes:
— Electronic code book mode (ECB)
— Cipher block chaining mode (CBC)
— Counter mode (CTR)
— Cipher feedback mode (CFB), 128-hit
— F8 mode
* Key sizes 128-, 192-, and 256-bits
* Support for CBC_MAC and Fedora 9 (F9) authentication modes
» Basic GHASH operation (when selecting no encryption)
» Key scheduling in hardware
» Support for uDMA transfers
* Fully synchronous design

Data Encryption Standard (DES) Accelerator

The DES module provides hardware accelerated data encryption and decryption functions. The module
runs either the single DES or the triple DES (3DES) algorithm and supports electronic codebook (ECB),
cipher block chaining (CBC), and cipher feedback (CFB) modes of operation.

The DES accelerator includes the following main features:

» DES/3DES encryption and decryption algorithm compliant with the FIPS 180-3 standard

* Feedback modes: ECB, CBC, CFB

» Host interrupt or uDMA driven modes of operation. hpDMA support for data and context in and result
out

* Fully synchronous design
* Internal wide-bus interface

Secure Hash Algorithm/Message Digest Algorithm (SHA/MD5) Accelerator

The SHA/MD5 module provides hardware-accelerated hash functions and can run:

» MD5 message digest algorithm developed by Ron Rivest in 1991

» SHA-1 algorithm compliant with the FIPS 180-3 standard

* SHA-2 (SHA-224 and SHA-256) algorithm compliant with the FIPS 180-3 standard

» Hash message authentication code (HMAC) operation

The algorithms produce a condensed representation of a message or a data file, which can then be used
to verify the message integrity.

The SHA/MD5 accelerator module includes the following main features:

« Hashing of 0 to (2% — 2) bytes of data [of which (232 — 1) bytes are in one pass] using the MD5, SHA-
1, SHA-224, or SHA-256 hash algorithm (byte granularity only, no support for bit granularity)

* Automatic HMAC key preprocessing for HMAC keys up to 64 bytes
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Host-assisted HMAC key preprocessing for HMAC keys larger than 64 bytes

HMAC from precomputes (inner and outer digest) for improved performance on small blocks
Supports uDMA operation for data and context in and result out transfers

Supports interrupt to read the digest (signature)

6.5.6 Serial Communications Peripherals

Both asynchronous and synchronous serial communications are supported with:

10/100 Ethernet MAC with advanced IEEE 1588 PTP hardware; integrated PHY provided
Two CAN 2.0 A and B controllers

USB 2.0 controller OTG, host, or device with optional high speed using external PHY through ULPI

interface

Eight UARTSs with IrDA, 9-bit, and 1ISO 7816 support

Ten 12C modules with four transmission speeds including high-speed mode

Four Quad Synchronous Serial Interface (QSSI) modules with bi- and quad-SSI support

The following sections provide more detail on each of these communications functions.

6.5.6.1 Ethernet MAC and PHY

The Ethernet controller consists of a fully integrated media access controller (MAC) and network physical
(PHY) interface with the following features:

Conforms to the IEEE 802.3 specification

— 10BASE-T and 100BASE-TX IEEE-802.3 compliant

— Supports 10- and 100-Mbps data transmission rates

— Supports full-duplex and half-duplex (CSMA/CD) operation
— Supports flow control and back pressure

— Full-featured and enhanced auto-negotiation

— Supports IEEE 802.1Q VLAN tag detection

Conforms to IEEE 1588-2002 timestamp PTP protocol and the IEEE 1588-2008 advanced timestamp

specification

Transmit and receive frame timestamping

Precision time protocol

Flexible pulse per second output

Supports coarse and fine correction methods

Multiple addressing modes

— Four MAC address filters

— Programmable 64-bit hash filter for multicast address filtering

— Promiscuous mode support

Processor offloading

— Programmable insertion (TX) or deletion (RX) of preamble and start-of-frame data
— Programmable generation (TX) or deletion (RX) of CRC and pad data

— IP header and hardware checksum checking (IPv4, IPv6, TCP, UDP, ICMP)
Highly configurable

— LED activity selection

— Supports network statistics with RMON and MIB counters

— Supports magic packet and wake-up frames
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» Efficient transfers using integrated uDMA
Dual-buffer (ring) or linked-list (chained) descriptors
Round-robin or fixed priority arbitration between TX and RX
Descriptors support transfer blocks size up to 8KB
Programmable interrupts for flexible system implementation
» Physical media manipulation

— MDI/MDI-X cross-over support

— Register-programmable transmit amplitude

— Automatic polarity correction and 10BASE-T signal reception

6.5.6.2 Controller Area Network (CAN)

CAN is a multicast shared serial-bus standard for connecting electronic control units (ECUs). CAN was
specifically designed to be robust in electromagnetically noisy environments and can use a differential
balanced line like RS-485 or twisted-pair wire. Originally created for automotive purposes, it is now used in
many embedded control applications (for example, industrial or medical). Bit rates up to 1 Mbps are
possible at network lengths below 40 meters. Decreased bit rates allow longer network distances (for
example, 125 kbps at 500 m).

A transmitter sends a message to all CAN nodes (broadcasting). Each node decides on the basis of the
identifier received whether it should process the message. The identifier also determines the priority that
the message enjoys in competition for bus access. Each CAN message can transmit from 0 to 8 bytes of
user information.

Each of the two CAN units includes the following features:

» CAN protocol version 2.0 part A/B

» Bitrates up to 1 Mbps

» 32 message objects with individual identifier masks

* Maskable interrupt

» Disable Automatic Retransmission mode for Time-Triggered CAN (TTCAN) applications

» Programmable loopback mode for self-test operation

» Programmable FIFO mode enables storage of multiple message objects

* Gluelessly attaches to an external CAN transceiver through the CANNnTX and CANNnRX signals

6.5.6.3 Universal Serial Bus (USB)

USB is a serial bus standard designed to allow connection and disconnection of peripherals using a
standardized interface without rebooting the system.

One USB controller supports high-speed and full-speed multiple-point communications and complies with
the USB 2.0 standard for high-speed function. The USB controller can have three configurations: USB
device, USB host, and USB OTG (negotiated on-the-go as host or device when connected to other USB-
enabled systems). Support for full-speed communication is provided by using the integrated USB PHY or
optionally, a high-speed ULPI can communicate to an external PHY.

The USB module has the following features:
» Complies with USB-IF (Implementer's Forum) certification standards

* USB 2.0 high-speed (480 Mbps) operation with the integrated ULPI communicating with an external
PHY

» Link power-management support that uses link-state awareness to reduce power usage
» Four transfer types: control, interrupt, bulk, and isochronous
* 16 endpoints

— 1 dedicated control IN endpoint and 1 dedicated control OUT endpoint

— 7 configurable IN endpoints and 7 configurable OUT endpoints
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6.5.6.4
A

4KB of dedicated endpoint memory: one endpoint may be defined for double-buffered 1023-byte
isochronous packet size

VBUS droop detection and interrupt

Integrated USB DMA with bus master capability

— Up to eight RX endpoint channels and up to eight TX endpoint channels are available.
— Each channel can be separately programmed to operate in different modes.

— Incremental burst transfers of 4, 8, 16, or unspecified length supported

Universal Asynchronous Receiver/Transmitter (UART)

UART is an integrated circuit used for RS-232C serial communications, containing a transmitter

(parallel-to-serial converter) and a receiver (serial-to-parallel converter), each clocked separately.

Eight fully programmable 16C550-type UARTs are integrated. Although the functionality is similar to a
16C550 UART, this UART design is not register compatible. The UART can generate individually masked
interrupts from the RX, TX, modem flow control, modem status, and error conditions. The module
generates one combined interrupt when any of the interrupts are asserted and are unmasked.

The UARTS have the following features:

Programmable baud-rate generator allowing speeds up to 7.5 Mbps for regular speed (divide by 16)
and 15 Mbps for high speed (divide by 8)

Separate 16x8 transmit (TX) and receive (RX) FIFOs to reduce CPU interrupt service loading

Programmable FIFO length, including a 1-byte-deep operation providing conventional double-buffered

interface

FIFO trigger levels of 1/8, 1/4, 1/2, 3/4, and 7/8

Standard asynchronous communication bits for start, stop, and parity

Line-break generation and detection

Fully programmable serial interface characteristics

— 5,6, 7, or 8 data bits

— Even, odd, stick, or no-parity bit generation/detection

— 1 or 2 stop bit generation

IrDA serial-IR (SIR) encoder and decoder providing

— Programmable use of IrDA Serial Infrared (SIR) or UART /O

— Support of IrDA SIR encoder and decoder functions for data rates up to 115.2 kbps half-duplex

— Support of normal 3/16 and low-power (1.41 to 2.23 ps) bit durations

— Programmable internal clock generator enabling division of reference clock by 1 to 256 for low-
power mode bit duration

Support for communication with ISO 7816 smart cards

Modem functionality available on the following UARTS:

— UARTO (modem flow control and modem status)

— UART1 (modem flow control and modem status)

— UART2 (modem flow control)

— UART3 (modem flow control)

— UART4 (modem flow control)

EIA-485 9-bit support

Standard FIFO-level and end-of-transmission interrupts
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» Efficient transfers using upDMA
— Separate channels for transmit and receive
— Receive single request asserted when data is in the FIFO; burst request asserted at programmed
FIFO level
— Transmit single request asserted when there is space in the FIFO; burst request asserted at
programmed FIFO level

» The Global Alternate Clock (ALTCLK) resource or System Clock (SYSCLK) can be used to generate
the baud clock

6.5.6.5 Inter-Integrated Circuit (12C)

The 1°C bus provides bidirectional data transfer through a 2-wire design (a serial data line SDA and a
serial clock line SCL). The I1°C bus interfaces to external IC devices such as serial memory (RAMs and
ROMSs), networking devices, LCDs, tone generators, and so on. The 1°C bus can also be used for system
testing and diagnostic purposes in product development and manufacture.

Each device on the I°C bus can be designated as either a master or a slave. The 12C module supports
both sending and receiving data as either a master or a slave and can operate simultaneously as both a
master and a slave. Both the I1°C master and slave can generate interrupts.

The 12C modules include the following features:
« Devices on the I°C bus can be designated as either a master or a slave
— Supports both transmitting and receiving data as either a master or a slave
— Supports simultaneous master and slave operation
« Four I°C modes
— Master transmit
— Master receive
— Slave transmit
— Slave receive
* Two 8-entry FIFOs for receive and transmit data
— FIFOs can be independently assigned to master or slave
e Four transmission speeds:
— Standard (100 kbps)
— Fast-mode (400 kbps)
— Fast-mode plus (1 Mbps)
— High-speed mode (3.33 Mbps)
e Glitch suppression
e SMBus support through software
— Clock low time-out interrupt
— Dual slave address capability
— Quick command capability
* Master and slave interrupt generation

— Master generates interrupts when a transmit or receive operation completes (or aborts due to an
error)

— Slave generates interrupts when data has been transferred or requested by a master or when a
START or STOP condition is detected

» Master with arbitration and clock synchronization, multiple-master support, and 7-bit addressing mode
» Efficient transfers using uDMA

— Separate channels for transmit and receive

— Ability to execute single data transfers or burst data transfers using the RX and TX FIFOs in the 1°C
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6.5.6.6 Quad Synchronous Serial Interface (QSSI)

QSSil is a bidirectional communications interface that converts data between parallel and serial. The QSSI
module performs serial-to-parallel conversion on data received from a peripheral device and performs
parallel-to-serial conversion on data transmitted to a peripheral device. The QSSI module can be
configured as either a master or slave device. As a slave device, the QSSI module can also be configured
to disable its output, which allows a master device to be coupled with multiple slave devices. The TX and
RX paths are buffered with separate internal FIFOs.

The QSSI module also includes a programmable bit rate clock divider and prescaler to generate the
output serial clock derived from the input clock of the QSSI module. Bit rates are generated based on the
input clock, and the maximum bit rate is determined by the connected peripheral.

The four QSSI modules each support the following features:

6.5.7

Four QSSI channels with advanced, bi-SSI, and quad-SSI functionality

Programmable interface operation for Freescale SPI or Tl synchronous serial interfaces in legacy

mode. Support for Freescale interface in Bi- and Quad-SSI mode.

Master or slave operation

Programmable clock bit rate and prescaler

Separate transmit and receive FIFOs, each 16 bits wide and 8 locations deep
Programmable data frame size from 4 to 16 bits

Internal loopback test mode for diagnostic/debug testing

Standard FIFO-based interrupts and end-of-transmission interrupt

Efficient transfers using uDMA

— Separate channels for transmit and receive

— Receive single request asserted when data is in the FIFO; burst request asserted when FIFO

contains four entries

— Transmit single request asserted when there is space in the FIFO; burst request asserted when

four or more entries are available to be written in the FIFO
— Maskable uDMA interrupts for receive and transmit complete

Global alternate clock (ALTCLK) resource or system clock (SYSCLK) can be used to generate baud

clock.

System Integration

A variety of standard system functions are integrated into the device, including:

Direct memory access (DMA) controller (see Section 6.5.7.1)

System control and clocks including on-chip precision 16-MHz oscillator (see Section 6.5.7.2)
Eight 32-bit timers (each timer can be configured as two 16-bit timers) (see Section 6.5.7.3)
Lower-power battery-backed Hibernation module (see Section 6.5.7.5)

RTC in Hibernation module

Two watchdog timers (see Section 6.5.7.6)

— One timer runs off the main oscillator.

— One timer runs off the precision internal oscillator.

90 GPIOs, depending on configuration (see Section 6.5.7.7)

— Highly flexible pin multiplexing allows use as GPIO or one of several peripheral functions.
— GPIOs are independently configurable to 2-, 4-, 8-, 10-, or 12-mA drive capability.

— Up to 4 GPIOs can have 18-mA drive capability.
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6.5.7.1 Direct Memory Access (DMA)

The DMA controller is known as micro-DMA (uUDMA). The uDMA controller provides a way to offload data
transfer tasks from the Cortex-M4F processor, allowing for more efficient use of the processor and the
available bus bandwidth. The uDMA controller can perform transfers between memory and peripherals. It
has dedicated channels for each supported on-chip module and can be programmed to automatically
perform transfers between peripherals and memory as the peripheral is ready to transfer more data. The
UDMA controller provides the following features:

e Arm PrimeCell 32-channel configurable uDMA controller

e Support for memory-to-memory, memory-to-peripheral, and peripheral-to-memory in multiple transfer
modes

— Basic for simple transfer scenarios

— Ping-pong for continuous data flow

— Scatter-gather for a programmable list of up to 256 arbitrary transfers initiated from one request
» Highly flexible and configurable channel operation

— Independently configured and operated channels

— Dedicated channels for supported on-chip modules

— Flexible channel assignments

— One channel each for receive and transmit path for bidirectional modules

— Dedicated channel for software-initiated transfers

— Per-channel configurable priority scheme

— Optional software-initiated requests for any channel
e Two levels of priority

e Design optimizations for improved bus access performance between uUDMA controller and the
processor core

— MDMA controller access is subordinate to core access
— RAM striping
— Peripheral bus segmentation
» Data sizes of 8, 16, and 32 bits
» Transfer size is programmable in binary steps from 1 to 1024
» Source and destination address increment size of byte, halfword, word, or no increment
» Maskable peripheral requests
» Interrupt on transfer completion, with a separate interrupt per channel

Each DMA channel has up to nine possible assignments that are selected using the DMA Channel Map
Select n (DMACHMAPN) registers with 4-bit assignment fields for each uDMA channel.
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OxF are reserved. The Type column indicates if a particular peripheral uses a single request (S), burst request (B), or either (SB).

NOTE

Channels or encodings marked as Reserved cannot be used for uDMA transfers. Channels designated in the table as only "Software" are
dedicated software channels. When only one software request is required in an application, dedicated software channels can be used. If
multiple software requests in code are required, then peripheral channel software requests should be used for proper uDMA completion

Table 6-2 lists the phDMA channel mapping. The Encoding column lists the encoding for the respective DMACHMAPN bit field. Encodings 0x9 to

acknowledgement.
Table 6-2. uDMA Channel Assignments
3 Encoding
c
S 0 1 2 3 4 5 6 7 8
5 Peripheral Type Peripheral Type Peripheral Type Peripheral Type Peripheral Type Peripheral Type Peripheral Type Peripheral Type Peripheral Type
o] Reserved - UART2 RX SB Reserved - GPTimer 4A » B Reserved - Reserved - 12C0 RX ‘ SB Reserved - Reserved -
1 Reserved - UART2 TX SB Reserved - GPTimer 4B B Reserved - Reserved - 12C0 TX SB Reserved - Reserved -
2 Reserved - GPTimer 3A B Reserved - Reserved - Reserved - Reserved - 12C1RX SB Reserved - Reserved -
3 Reserved - GPTimer 3B B Reserved - Software S Reserved - Reserved - 12C1 TX SB Reserved - Reserved -
4 Reserved - GPTimer 2A B Reserved - GPIO A B Reserved - SHA/MD5 0 Cin B 12C2 RX SB Reserved - Reserved -
5 Reserved - GPTimer 2B B Reserved - GPIOB B Reserved - SHA/MD5 0 Din B 12C2 TX SB Reserved - Reserved -
6 Reserved - GPTimer 2A B UART5 RX SB GPIOC B 12C0 RX SB | SHA/MDS5 0 Cout B Reserved - Reserved - Reserved -
7 Reserved - GPTimer 2B B UART5 TX SB GPIO D B 12C0 TX SB Reserved - Reserved - Reserved - Reserved -
8 UARTO RX SB UART1 RX SB Reserved - GPTimer 5A B 12C1RX SB Reserved - Reserved - Reserved - Reserved -
9 UARTO TX SB UART1 TX SB Reserved - GPTimer 5B B 12C1 TX SB Reserved - Reserved - Reserved - Reserved -
10 SSI0 RX SB SSI1 RX SB UART6 RX SB Reserved - 12C2 RX SB Reserved - Reserved - GPTimer 6A B Reserved -
11 SSI0 TX SB SSI1 TX SB UART6 TX SB Reserved - 12C2 TX SB Reserved - Reserved - GPTimer 6B B Reserved -
12 Reserved - UART2 RX SB SSI2 RX SB Reserved - GPIO K B AESO Cin B Reserved - GPTimer 7A B Reserved -
13 Reserved - UART2 TX SB SSI2 TX SB Reserved - GPIO L B AESO Cout B Reserved - GPTimer 7B B Reserved -
14 ADCO SS0 SB GPTimer 2A B SSI3 RX SB GPIO E GPIOM B AESO Din B Reserved - Reserved - Reserved -
15 ADCO SS1 SB GPTimer 2B SSI3 TX SB GPIOF GPION B AESO Dout B Reserved - Reserved - Reserved -
16 ADCO SS2 SB Reserved - UART3 RX SB Reserved - GPIO P B Reserved - Reserved - Reserved - Reserved -
17 ADCO SS3 SB Reserved - UART3 TX SB Reserved - Reserved - Reserved - Reserved - Reserved - Reserved -
18 GPTimer OA B GPTimer 1A B UART4 RX SB GPIO B B 12C3 RX SB Reserved - Reserved - Reserved - Reserved -
19 GPTimer 0B B GPTimer 1B B UART4 TX SB GPIO G B 12C3 TX SB Reserved - Reserved - Reserved - Reserved -
20 GPTimer 1A B EPIO RX Software B UART7 RX SB GPIOH B 12C4 RX SB DESO Cin B Reserved - Reserved - Reserved -
21 GPTimer 1B B EPIO TX Software B UART7 TX SB GPIOJ B 12C4 TX SB DESO Din B Reserved - Reserved - Reserved -
22 UART1 RX SB Software B Reserved - Software B 12C5 RX SB DESO Dout B Reserved - Reserved - 12C8 RX B
23 UART1 TX SB Software B Reserved - Software B 12C5 TX SB Reserved - Reserved - Reserved - 12C8 TX B
24 SSI1 RX SB ADC1 SS0 SB Reserved - Reserved - GPIO Q B Reserved - Reserved - Reserved - 12C9 RX B
25 SSI1 TX SB ADC1 SS1 SB Reserved - Reserved - Reserved - Reserved - Reserved - Reserved - 12C9 TX B
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Table 6-2. uDMA Channel Assignments (continued)

5 Encoding

§ 0 1 2 3 4 5 6 7 8

5 Peripheral Type Peripheral Type Peripheral ‘ Type Peripheral Type Peripheral ‘ Type Peripheral ‘ Type Peripheral Type Peripheral Type Peripheral Type

26 Software B ADC1 SS2 SB Reserved - Reserved - Reserved - Reserved - Reserved - Reserved - 12C6 RX B

27 Software B ADC1 SS3 SB Reserved - Reserved - Reserved - Reserved - Reserved - Reserved - 12C6 TX B

28 Reserved - Reserved - Reserved - Reserved - Reserved - Reserved - Reserved - Reserved - 12C7 RX B

29 Reserved - Reserved - Reserved - Reserved - Reserved - Reserved - Reserved - Reserved - 12C7 TX B

30 Software B Software B Reserved - Software B Reserved - Reserved - Reserved - EPIO RX B Reserved -

31 Reserved - Reserved - Reserved - Reserved B Reserved - Reserved - Reserved - EPIO TX B Reserved -
112 Detailed Description Copyright © 2017, Texas Instruments Incorporated
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6.5.7.2 System Control and Clocks

System control determines the overall operation of the device. It provides information about the device,
controls power-saving features, controls the clocking of the device and individual peripherals, and handles
reset detection and reporting.

« Device identification information: version, part number, SRAM size, flash memory size, and so on
» Power control

On-chip fixed low dropout (LDO) voltage regulator

Hibernation module manages the power-up and power-down 3.3-V sequencing and control for the
core digital logic and analog circuits

Low-power options for MCU: sleep and deep-sleep modes with clock gating

Low-power options for on-chip modules: software controls shutdown of individual peripherals and
memory

3.3-V supply brownout detection and reporting through interrupt or reset

» Multiple clock sources for the system clock. The MCU is clocked by the system clock (SYSCLK) that is
distributed to the processor and integrated peripherals after clock gating. The SYSCLK frequency is
based on the frequency of the clock source and a divisor factor. A PLL is provided for the generation of
system clock frequencies in excess of the reference clock provided. The reference clocks for the PLL
are the PIOSC and the main crystal oscillator. The following clock sources are provided to the MCU:

16-MHz precision oscillator (PIOSC)

Main oscillator (MOSC): A frequency-accurate clock source by one of two means: an external
single-ended clock source is connected to the OSCO input pin, or an external crystal is connected
across the OSCO input and OSC1 output pins.

Low-frequency internal oscillator (LFIOSC): On-chip resource used during power-saving modes.
Hibernate RTC oscillator (RTCOSC): A clock that can be configured to be the 32.768-kHz external
oscillator source from the HIB module or the HIB low-frequency clock source (HIB LFIOSC), which
is in the HIB module.

* Flexible reset sources

Power-on reset (POR)

Reset pin assertion

Brownout reset (BOR) detector alerts to system power drops
Software reset

Watchdog timer reset

Hibernation module event

MOSC failure

e 128-bit unique identifier for individual device identification

6.5.7.3 Programmable Timers

Programmable timers can be used to count or time external events that drive the Timer input pins. Each
16- or 32-bit General-Purpose Timer Module (GPTM) block provides two 16-bit timers/counters that can
be configured to operate independently as timers or event counters. These two timers/counters can also
be configured to operate as one 32-bit timer or one 32-bit RTC. Timers can also be used to trigger analog-
to-digital conversions and DMA transfers.

The GPTM contains eight 16- or 32-bit GPTM blocks with the following functional options:
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Operating modes

— 16- or 32-hit programmable one-shot timer

— 16- or 32-bit programmable periodic timer

— 16-bit general-purpose timer with an 8-bit prescaler

— 32-bit RTC when using an external 32.768-kHz clock as the input

— 16-bit input-edge count- or time-capture modes with an 8-bit prescaler

— 16-bit PWM mode with an 8-bit prescaler and software-programmable output inversion of the PWM
signal

Count up or down

Sixteen 16- or 32-bit capture/compare PWM (CCP) pins

Daisy-chaining of timer modules lets one timer initiate multiple timing events

Timer synchronization lets selected timers start counting on the same clock cycle

ADC event trigger

User-enabled stalling when the MCU asserts the CPU halt flag during debug (excluding RTC mode)

Can determine the elapsed time between the assertion of the timer interrupt and entry into the ISR

Efficient transfers using uDMA

— Dedicated channel for each timer

— Burst request generated on timer interrupt

6.5.7.4 Capture Compare PWM (CCP) Pins

CCP pins can be used by the General-Purpose Timer module to time or count external events using the
CCP pin as an input. Alternatively, the GPTM can generate a simple PWM output on the CCP pin.

The 16/32-bit CCP pins can be programmed to operate in the following modes:

Capture: The GP timer is incremented or decremented by programmed events on the CCP input. The
GP timer captures and stores the current timer value when a programmed event occurs.

Compare: The GP timer is incremented or decremented by programmed events on the CCP input. The
GP timer compares the current value with a stored value and generates an interrupt when a match
occurs.

PWM: The GP timer is incremented or decremented by the system clock. A PWM signal is generated
based on a match between the counter value and a value stored in a match register and is output on
the CCP pin.

6.5.7.5 Hibernation (HIB) Module

The HIB module provides logic to switch power off to the main processor and peripherals and to wake on
external or time-based events. The HIB module includes power-sequencing logic and has the following
features:

32-bit RTC with 1/32768-second resolution and a 15-bit subseconds counter

— 32-bit RTC seconds match register and a 15-bit subseconds match for timed wakeup and interrupt
generation with 1/32768-second resolution

— RTC predivider trim for making fine adjustments to the clock rate
Hardware calendar function

— Year, month, day, day of week, hours, minutes, and seconds

— Four-year leap compensation

— 24-hour or AM and PM configuration

Two mechanisms for power control

— System power control using a discrete external regulator

— On-chip power control using internal switches under register control
Vpp supplies power when valid, even if Vgat > Vpp
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» Dedicated pin for wake using an external signal

» Can configure the external reset (RST) pin or up to four GPIO port pins as wake sources, with
programmable wake level

» Tamper functionality

— Support for four tamper inputs

— Configurable level, weak pullup, and glitch filter

— Configurable tamper event response

— Logging of up to four tamper events

— Optional BBRAM erase on tamper detection

— Tamper detection and wake-from-hibernate capability

— Hibernation clock input failure detect with a switch to the internal oscillator on detection
e RTC operational and hibernation memory valid as long as Vpp or Vgat is valid
» Low-battery detection, signaling, and interrupt generation, with optional wake on low battery
» GPIO pin state can be retained during hibernation

» Clock source from an internal low-frequency oscillator (HIB LFIOSC) or a 32.768-kHz external crystal
or oscillator

» Sixteen 32-bit words of battery-backed memory to save state during hibernation
» Programmable interrupts for:

— RTC match

— External wake

— Low battery

6.5.7.6 Watchdog Timers

A watchdog timer is used to regain control when a system has failed due to a software error or to the
failure of an external device to respond in the expected way. The watchdog timer can generate an
interrupt, a nonmaskable interrupt, or a reset when a time-out value is reached. In addition, the watchdog
timer is Arm FiRM-compliant and can be configured to generate an interrupt to the MCU on its first time-
out, and to generate a reset signal on its second time-out. After the watchdog timer has been configured,
the lock register can be written to prevent inadvertently altering the timer configuration.

Two watchdog timer modules are supported: Watchdog Timer 0 uses the system clock for its timer clock;
Watchdog Timer 1 uses the PIOSC as its timer clock. The watchdog timer module has the following
features:

e 32-bit down counter with a programmable load register

e Separate watchdog clock with an enable

e Programmable interrupt generation logic with interrupt masking and optional NMI function
e Lock register protection from runaway software

* Reset generation logic with an enable/disable

e User-enabled stalling when the MCU asserts the CPU Halt flag during debug

6.5.7.7 Programmable GPIOs

General-purpose input/output (GPIO) pins offer flexibility for a variety of connections. The GPIO module is
composed of 15 physical GPIO blocks, each corresponding to an individual GPIO port. The GPIO module
is FIRM-compliant (compliant to the Arm Foundation IP for Real-Time MCUs specification) and supports 0
to 90 programmable 1/0O pins. The number of GPIOs available depends on the peripherals being used.

» Up to 90 GPIOs, depending on configuration
» Highly flexible pin multiplexing allows use as GPIO or one of several peripheral functions
» 3.3-Vtolerant in input configuration
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6.5.8

» Advanced high-performance bus (AHB) accesses all ports:
— PortsAtoH,KtoN, P,and Q
» Fast toggle capable of a change every clock cycle for ports on AHB
» Programmable control for GPIO interrupts
Interrupt generation masking
Edge-triggered on rising, falling, or both
Level-sensitive on high or low values
Per-pin interrupts available on port P and port Q
» Bit masking in both read and write operations through address lines
e Can be used to initiate an ADC sample sequence or a UuDMA transfer
» Pin state can be retained during hibernation mode; pins on port P can be programmed to wake on
level in hibernation mode
» Pins configured as digital inputs are Schmitt triggered
» Programmable control for GPIO pad configuration
— Weak pullup or pulldown resistors

- 2-,4-, 6-, 8-, 10-, or 12-mA pad drive for digital communication; up to four pads can sink 18-mA for
high-current applications

— Slew rate control for 8-, 10-, and 12-mA pad drive
— Open-drain enables
— Digital-input enables

Advanced Motion Control

The motion control functions that are integrated into the device support the following features:
» Eight advanced PWM outputs for motion and energy applications

» Four fault inputs to promote low-latency shutdown

» One quadrature encoder input (QEI)

The following sections provides more detail on these motion control functions.

6.5.8.1 Pulse Width Modulation (PWM)

PWM is a powerful technique for digitally encoding analog signal levels. High-resolution counters are used
to generate a square wave, and the duty cycle of the square wave is modulated to encode an analog
signal. Typical applications include switching power supplies and motor control.

One PWM module is included, with four PWM generator blocks and a control block, for a total of eight
PWM outputs. Each PWM generator block contains one timer (16-bit down or up/down counter), two
comparators, a PWM signal generator, a dead-band generator, and an interrupt or ADC-trigger selector.

Each PWM generator block produces two PWM signals that can be either independent signals or a pair of
complementary signals with dead-band delays inserted.

Each PWM generator has the following features:
e Four fault-condition handling inputs to quickly provide low-latency shutdown and prevent damage to
the motor being controlled
» One 16-bit counter
— Runs in down or up/down mode
— Output frequency controlled by a 16-bit load value
— Synchronized load value updates
— Produces output signals at zero and load value
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Two PWM comparators

— Synchronized comparator value updates
— Produces output signals on match

PWM signal generator

— Output PWM signal is constructed based on actions taken as a result of the counter and PWM
comparator output signals.

— Produces two independent PWM signals

Dead-band generator

— Produces two PWM signals with programmable dead-band delays suitable for driving a half-H
bridge

— Can be bypassed, leaving input PWM signals unmodified

Can initiate an ADC sample sequence

The control block determines the polarity of the PWM signals and which signals are passed through to the
pins. The output of the PWM generation blocks are managed by the output control block before being
passed to the device pins. The PWM control block has the following options:

PWM output enable of each PWM signal

Optional output inversion of each PWM signal (polarity control)

Optional fault handling for each PWM signal

Synchronization of timers in the PWM generator blocks

Synchronization of timer/comparator updates across the PWM generator blocks

Extended PWM synchronization of timer/comparator updates across the PWM generator blocks
Interrupt status summary of the PWM generator blocks

Extended PWM fault handling, with multiple fault signals, programmable polarities, and filtering
PWM generators can be operated independently or synchronized with other generators

6.5.8.2 Quadrature Encoder With Index (QEI) Module

A quadrature encoder, also known as a 2-channel incremental encoder, converts linear displacement into
a pulse signal. By monitoring both the number of pulses and the relative phase of the two signals, the
position, direction of rotation, and speed can be tracked. In addition, a third channel, or index signal, can
be used to reset the position counter. The QEI module interprets the code produced by a quadrature
encoder wheel to integrate position over time and determine direction of rotation. In addition, it can
capture a running estimate of the velocity of the encoder wheel. The input frequency of the QEI inputs
may be as high as 1/4 of the system frequency (for example, 30 MHz for a 120-MHz system).

One QEI module provides control of one motor with the following features:

Position integrator that tracks the encoder position
Programmable noise filter on the inputs
Velocity capture using built-in timer

The input frequency of the QEI inputs may be as high as 1/4 of the system frequency (for example,
12.5 MHz for a 50-MHz system)

Interrupt generation on:

— Index pulse

— Velocity-timer expiration
— Direction change

— Quadrature error detection

6.5.9 Analog

Integrated analog functions include:
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» Two 12-bit ADCs with a total of 20 analog input channels and each with a sample rate of 2 Msps (see
Section 6.5.9.1)

» Three analog comparators (see Section 6.5.9.2)
* On-chip voltage regulator

6.5.9.1 ADC

An ADC is a peripheral that converts a continuous analog voltage to a discrete digital number. The ADC
module features 12-bit conversion resolution and supports 20 input channels plus an internal temperature
sensor. Four buffered sample sequencers allow rapid sampling of up to 20 analog input sources without
controller intervention. Each sample sequencer provides flexible programming with fully configurable input
source, trigger events, interrupt generation, and sequencer priority. Each ADC module has a digital
comparator function that lets the conversion value be sent to a comparison unit that provides eight digital
comparators.

Both ADC modules support the following features:
e 20 shared analog input channels
e 12-bit precision ADC
» Single-ended and differential-input configurations
e On-chip internal temperature sensor
e Maximum sample rate of two million samples/second
e Optional, programmable phase delay
e Sample and hold window programmability
e Four programmable sample conversion sequencers from one to eight entries long, with corresponding
conversion result FIFOs
» Flexible trigger control
— Controller (software)
— Timers
— Analog comparators
- PWM
- GPIO
» Hardware averaging of up to 64 samples
» Eight digital comparators
» Converter uses two external reference signals (VREFA+ and VREFA-) or VDDA and GNDA as the
voltage reference
» Power and ground for the analog circuitry is separate from the digital power and ground
» Efficient transfers using uDMA
— Dedicated channel for each sample sequencer
— ADC module uses burst requests for DMA

» Global Alternate Clock (ALTCLK) resource or System Clock (SYSCLK) can be used to generate ADC
clock.

6.5.9.2 Analog Comparators

An analog comparator is a peripheral that compares two analog voltages and provides a logical output
that signals the comparison result. The independent integrated analog comparators can be configured to
drive an output or generate an interrupt or ADC event.
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The comparator can provide its output to a device pin, acting as a replacement for an analog comparator
on the board, or it can be used to signal the application via interrupts or triggers to the ADC to cause it to
start capturing a sample sequence. The interrupt generation and ADC triggering logic is separate. This
means, for example, that an interrupt can be generated on a rising edge and the ADC triggered on a
falling edge.
Each analog comparator supports the following functions:
» Compare external pin input to external pin input or to internal programmable voltage reference
» Compare a test voltage against any one of the following voltages:

— An individual external reference voltage

— A shared single external reference voltage

— A shared internal reference voltage

6.5.10 JTAG and Arm Serial Wire Debug

The Joint Test Action Group (JTAG) port is an IEEE standard that defines a Test Access Port (TAP) and
Boundary Scan Architecture for digital integrated circuits and provides a standardized serial interface for
controlling the associated test logic. The TAP, Instruction Register (IR), and Data Register (DR) can be
used to test the interconnections of assembled printed circuit boards and obtain manufacturing information
on the components. The JTAG port also provides a means of accessing and controlling design-for-test
features such as I/O pin observation and control, scan testing, and debugging. Tl replaces the Arm SW-
DP and JTAG-DP with the Arm Serial Wire JTAG Debug Port (SWJ-DP) interface. The SWJ-DP interface
combines the SWD and JTAG debug ports into one module. This module provides the standard JTAG
debug and test functionality plus real-time access to system memory without halting the core or requiring
any target resident code. The SWJ-DP interface has the following features:
e |EEE 1149.1-1990 compatible TAP controller
» Four-bit IR chain for storing JTAG instructions
» |EEE standard instructions: BYPASS, IDCODE, SAMPLE/PRELOAD, and EXTEST
* Arm additional instructions: APACC, DPACC, and ABORT
» Integrated Arm Serial Wire Debug (SWD)

— Serial Wire JTAG Debug Port (SWJ-DP)

— Flash Patch and Breakpoint (FPB) unit for implementing breakpoints

— Data Watchpoint and Trace (DWT) unit for implementing watchpoints, trigger resources, and

system profiling

— Instrumentation Trace Macrocell (ITM) for support of printf-style debugging

— Embedded Trace Macrocell (ETM) for instruction trace capture

— Trace Port Interface Unit (TPIU) for bridging to a Trace Port Analyzer

6.5.11 Peripheral Memory Map

Table 6-3 lists the address for each peripheral.

NOTE
Within the memory map, attempts to read or write addresses in reserved spaces result in a
bus fault. In addition, attempts to write addresses in the flash range also result in a bus fault.

Table 6-3. Memory Map

START END DESCRIPTION REGISTERS
0x4000.0000 0x4000.0FFF Watchdog Timer O Table 6-32
0x4000.1000 0x4000.1FFF Watchdog Timer 1 Table 6-32
0x4000.2000 0x4000.3FFF Reserved
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Table 6-3. Memory Map (continued)

START END DESCRIPTION REGISTERS
0x4000.4000 0x4000.4FFF GPIO Port A Table 6-17
0x4000.5000 0x4000.5FFF GPIO Port B Table 6-17
0x4000.6000 0x4000.6FFF GPIO Port C Table 6-17
0x4000.7000 0x4000.7FFF GPIO Port D Table 6-17
0x4000.8000 0x4000.8FFF SSI0 Table 6-25
0x4000.9000 0x4000.9FFF SSi1 Table 6-25
0x4000.A000 0x4000.AFFF SSI2 Table 6-25
0x4000.B000 0x4000.BFFF SSI3 Table 6-25
0x4000.C000 0x4000.CFFF UARTO Table 6-30
0x4000.D000 0x4000.DFFF UART1 Table 6-30
0x4000.E000 0x4000.EFFF UART2 Table 6-30
0x4000.F0O00 0x4000.FFFF UART3 Table 6-30
0x4001.0000 0x4001.0FFF UART4 Table 6-30
0x4001.1000 0x4001.1FFF UARTS Table 6-30
0x4001.2000 0x4001.2FFF UART6 Table 6-30
0x4001.3000 0x4001.3FFF UART7 Table 6-30
0x4001.4000 0x4001.FFFF Reserved
0x4002.0000 0x4002.0FFF 12C0 Table 6-20
0x4002.1000 0x4002.1FFF 12C 1 Table 6-20
0x4002.2000 0x4002.2FFF 12C 2 Table 6-20
0x4002.3000 0x4002.3FFF 12C 3 Table 6-20
0x4002.4000 0x4002.4FFF GPIO Port E Table 6-17
0x4002.5000 0x4002.5FFF GPIO Port F Table 6-17
0x4002.6000 0x4002.6FFF GPIO Port G Table 6-17
0x4002.7000 0x4002.7FFF GPIO Port H Table 6-17
0x4002.8000 0x4002.8FFF PWM 0 Table 6-23
0x4002.9000 0x4002.BFFF Reserved
0x4002.C000 0x4002.CFFF QEIO Table 6-24
0x4002.D000 0x4002.FFFF Reserved
0x4003.0000 0x4003.0FFF 16/32-bit Timer 0 Table 6-18
0x4003.1000 0x4003.1FFF 16/32-bit Timer 1 Table 6-18
0x4003.2000 0x4003.2FFF 16/32-bit Timer 2 Table 6-18
0x4003.3000 0x4003.3FFF 16/32-bit Timer 3 Table 6-18
0x4003.4000 0x4003.4FFF 16/32-bit Timer 4 Table 6-18
0x4003.5000 0x4003.5FFF 16/32-bit Timer 5 Table 6-18
0x4003.6000 0x4003.7FFF Reserved
0x4003.8000 0x4003.8FFF ADCO Table 6-6
0x4003.9000 0x4003.9FFF ADC1 Table 6-6
0x4003.A000 0x4003.BFFF Reserved
0x4003.C000 0x4003.CFFF Analog Comparator Table 6-8
0x4003.D000 0x4003.DFFF GPIO Port J Table 6-17
0x4003.E000 0x4003.FFFF Reserved
0x4004.0000 0x4004.0FFF CANO Controller Table 6-7
0x4004.1000 0x4004.1FFF CANL1 Controller Table 6-7
0x4004.2000 0x4004.FFFF Reserved
0x4005.0000 0x4005.0FFF usB Table 6-31
0x4005.1000 0x4005.7FFF Reserved
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Table 6-3. Memory Map (continued)

START END DESCRIPTION REGISTERS
0x4005.8000 0x4005.8FFF GPIO Port A (AHB aperture) Table 6-17
0x4005.9000 0x4005.9FFF GPIO Port B (AHB aperture) Table 6-17
0x4005.A000 0x4005.AFFF GPIO Port C (AHB aperture) Table 6-17
0x4005.B000 0x4005.BFFF GPIO Port D (AHB aperture) Table 6-17
0x4005.C000 0x4005.CFFF GPIO Port E (AHB aperture) Table 6-17
0x4005.D000 0x4005.DFFF GPIO Port F (AHB aperture) Table 6-17
0x4005.E000 0x4005.EFFF GPIO Port G (AHB aperture) Table 6-17
0x4005.F000 0x4005.FFFF GPIO Port H (AHB aperture) Table 6-17
0x4006.0000 0x4006.0FFF GPIO Port J (AHB aperture) Table 6-17
0x4006.1000 0x4006.1FFF GPIO Port K (AHB aperture) Table 6-17
0x4006.2000 0x4006.2FFF GPIO Port L (AHB aperture) Table 6-17
0x4006.3000 0x4006.3FFF GPIO Port M (AHB aperture) Table 6-17
0x4006.4000 0x4006.4FFF GPIO Port N (AHB aperture) Table 6-17
0x4006.5000 0x4006.5FFF GPIO Port P (AHB aperture) Table 6-17
0x4006.6000 0x4006.6FFF GPIO Port Q (AHB aperture) Table 6-17
0x4006.7000 Ox400A.EFFF Reserved
0x400A.F000 O0x400A.FFFF EEPROM and Key Locker Table 6-12
0x400B.0000 0x400B.5FFF Reserved
0x400B.6000 0x400B.6FFF Reserved
0x400B.7000 0x400B.7FFF Reserved
0x400B.8000 0x400B.8FFF 12C 8 Table 6-20
0x400B.9000 0x400B.9FFF 12C 9 Table 6-20
0x400B.A000 0x400B.FFFF Reserved
0x400C.0000 0x400C.OFFF 12C 4 Table 6-20
0x400C.1000 0x400C.1FFF 12C5 Table 6-20
0x400C.2000 0x400C.2FFF 12C 6 Table 6-20
0x400C.3000 0x400C.3FFF 12C 7 Table 6-20
0x400C.4000 0x400C.FFFF Reserved
0x400D.0000 0x400D.0FFF EPIO Table 6-13
0x400D.1000 0x400D.FFFF Reserved
0x400E.0000 0x400E.OFFF 16/32-bit Timer 6 Table 6-18
0x400E.1000 O0x400E.1FFF 16/32-bit Timer 7 Table 6-18
0x400E.2000 0x400E.BFFF Reserved
0x400E.C000 Ox400E.CFFF Ethernet Controller Table 6-14
0x400E.D000 0x400F.8FFF Reserved
0x400F.9000 0x400F.9FFF System Exception Table 6-29
0x400F.A000 0x400F.BFFF Reserved
0x400F.C000 0x400F.CFFF Hibernation Table 6-19
0x400F.D000 0x400F.DFFF Flash Memory Control Table 6-16
0x400F.E000 0x400F.EFFF System Control Table 6-28
0x400F.F000 0x400F.FFFF UDMA Table 6-21
0x4010.0000 Ox41FF.FFFF Reserved
0x4200.0000 0x43FF.FFFF Bit-banded alias of 0x4000.0000 through 0x400F.FFFF
0x4400.0000 0x4402.FFFF Reserved
0x4403.0000 0x4403.0FFF CRC and Cryptographic Control Table 6-9

0x4403.1000

0x4403.1FFF

Reserved (4KB)

0x4403.2000

0x4403.3FFF

Reserved (8KB)
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Table 6-3. Memory Map (continued)

START END DESCRIPTION REGISTERS
0x4403.4000 0x4403.5FFF SHA/MD5 Table 6-26
0x4403.6000 0x4403.7FFF AES Table 6-4, Table 6-5
0x4403.8000 0x4403.9FFF DES Table 6-10, Table 6-11
0x4403.A000 0x4403.EFFF Reserved
0x4403.F000 0x4403.FFFF Reserved (4KB)
0x4404.0000 0x4404.FFFF Reserved (64KB)
0x4405.0000 0x4405.0FFF Reserved
0x4405.1000 0x4405.3FFF Reserved
0x4405.4000 0x4405.4FFF EPHY 0 Table 6-15
0x4405.5000 OX5FFF.FFFF Reserved
0x6000.0000 OXDFFF.FFFF EPIO Mapped Peripheral and RAM Table 6-13

Table 6-4. AES Registers
OFFSET ACRONYM REGISTER NAME
0x00C AES_KEY2_5 AES Key 2 5
0x010 AES_KEY2_2 AES Key 2_2
0x014 AES_KEY2_3 AES Key 2_3
0x018 AES_KEY2_0 AES Key 2 0
0x01C AES_KEY2_1 AES Key 2 1
0x020 AES_KEY1_6 AES Key 1 6
0x024 AES_KEY1_7 AES Key 1 7
0x028 AES_KEY1_4 AES Key 1 4
0x02C AES_KEY1_5 AESKey 1 5
0x030 AES_KEY1_2 AES Key 1 2
0x034 AES_KEY1_3 AES Key 1 3
0x038 AES_KEY1_0 AES Key 1 0
0x03C AES_KEY1_1 AESKey 1 1

0x40 to 0x4C

AES_IV_IN_O to AES_IV_IN_3

AES Initialization Vector Input 0 to AES Initialization Vector Input 3

0x50

AES_CTRL

AES Control

0x54 to 0x58

AES_C_LENGTH_O to
AES_C_LENGTH_1

AES Crypto Data Length O to AES Crypto Data Length 1

0x5C

AES_AUTH_LENGTH

AES Authentication Data Length

0x60 to 0x6C

AES_DATA_IN_O to
AES_DATA_IN_3

AES Data R/W Plaintext/Ciphertext 0 to AES Data R/W Plaintext/Ciphertext
3

0x70 to Ox7C

AES_TAG_OUT 0to
AES_TAG_OUT_3

AES Hash Tag Out 0 to AES Hash Tag Out 3

0x80 AES_REVISION AES IP Revision Identifier
0x84 AES_SYSCONFIG AES System Configuration
0x88 AES_SYSSTATUS AES System Status
0x8C AES_IRQSTATUS AES Interrupt Status
0x90 AES_IRQENABLE AES Interrupt Enable
0x94 AES_DIRTYBITS AES Dirty Bits

Table 6-5. AES uDMA Registers
OFFSET ACRONYM REGISTER NAME
0x20 AES_DMAIM AES DMA Interrupt Mask
0x24 AES_DMARIS AES DMA Raw Interrupt Status
0x28 AES_DMAMIS AES DMA Masked Interrupt Status
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Table 6-5. AES pDMA Registers (continued)

OFFSET ACRONYM REGISTER NAME
0x2C AES_DMAIC AES DMA Interrupt Clear

Table 6-6. ADC Registers
OFFSET ACRONYM REGISTER NAME
0x0 ADCACTSS ADC Active Sample Sequencer
0x4 ADCRIS ADC Raw Interrupt Status
0x8 ADCIM ADC Interrupt Mask
0xC ADCISC ADC Interrupt Status and Clear
0x10 ADCOSTAT ADC Overflow Status
0x14 ADCEMUX ADC Event Multiplexer Select
0x18 ADCUSTAT ADC Underflow Status
0x1C ADCTSSEL ADC Trigger Source Select
0x20 ADCSSPRI ADC Sample Sequencer Priority
0x24 ADCSPC ADC Sample Phase Control
0x28 ADCPSSI ADC Processor Sample Sequence Initiate
0x30 ADCSAC ADC Sample Averaging Control
0x34 ADCDCISC ADC Digital Comparator Interrupt Status and Clear
0x38 ADCCTL ADC Control
0x40 ADCSSMUXO0 ADC Sample Sequence Input Multiplexer Select 0
0x44 ADCSSCTLO ADC Sample Sequence Control 0
0x48 ADCSSFIFO0 ADC Sample Sequence Result FIFO 0
0x4C ADCSSFSTATO ADC Sample Sequence FIFO 0 Status
0x50 ADCSSOPO ADC Sample Sequence 0 Operation
0x54 ADCSSDCO ADC Sample Sequence 0 Digital Comparator Select
0x58 ADCSSEMUXO0 ADC Sample Sequence Extended Input Multiplexer Select O
0x5C ADCSSTSHO ADC Sample Sequence 0 Sample and Hold Time
0x60 ADCSSMUX1 ADC Sample Sequence Input Multiplexer Select 1
0x64 ADCSSCTL1 ADC Sample Sequence Control 1
0x068 ADCSSFIFO1 ADC Sample Sequence Result FIFO 1
0x06C ADCSSFSTAT1 ADC Sample Sequence FIFO 1 Status
0x70 ADCSSOP1 ADC Sample Sequence 1 Operation
0x74 ADCSSDC1 ADC Sample Sequence 1 Digital Comparator Select
0x78 ADCSSEMUX1 ADC Sample Sequence Extended Input Multiplexer Select 1
0x7C ADCSSTSH1 ADC Sample Sequence 1 Sample and Hold Time
0x080 ADCSSMUX2 ADC Sample Sequence Input Multiplexer Select 2
0x084 ADCSSCTL2 ADC Sample Sequence Control 2
0x088 ADCSSFIFO2 ADC Sample Sequence Result FIFO 2
0x08C ADCSSFSTAT?2 ADC Sample Sequence FIFO 2 Status
0x090 ADCSSOP2 ADC Sample Sequence 2 Operation
0x094 ADCSSDC2 ADC Sample Sequence 2 Digital Comparator Select
0x098 ADCSSEMUX2 ADC Sample Sequence Extended Input Multiplexer Select 2
0x09C ADCSSTSH2 ADC Sample Sequence 2 Sample and Hold Time
0xA0 ADCSSMUX3 ADC Sample Sequence Input Multiplexer Select 3
0xA4 ADCSSCTL3 ADC Sample Sequence Control 3
0x0A8 ADCSSFIFO3 ADC Sample Sequence Result FIFO 3
0x0AC ADCSSFSTAT3 ADC Sample Sequence FIFO 3 Status
0xBO ADCSSOP3 ADC Sample Sequence 3 Operation
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Table 6-6. ADC Registers (continued)

OFFSET ACRONYM REGISTER NAME

0xB4 ADCSSDC3 ADC Sample Sequence 3 Digital Comparator Select

0xB8 ADCSSEMUX3 ADC Sample Sequence Extended Input Multiplexer Select 3
0xBC ADCSSTSH3 ADC Sample Sequence 3 Sample and Hold Time

0xD00 ADCDCRIC ADC Digital Comparator Reset Initial Conditions

OxEO0O0 to OXE1C

ADCDCCTLO to ADCDCCTL7

ADC Digital Comparator Control 0 to ADC Digital Comparator Control 7

O0xE40 to OXE5C

ADCDCCMPO to ADCDCCMP7

ADC Digital Comparator Range 0 to ADC Digital Comparator Range 7

0xFCO ADCPP ADC Peripheral Properties

OxFC4 ADCPC ADC Peripheral Configuration

0xFC8 ADCCC ADC Clock Configuration
Table 6-7. CAN Registers

OFFSET ACRONYM REGISTER NAME

0x0 CANCTL CAN Control

0x4 CANSTS CAN Status

0x8 CANERR CAN Error Counter

0xC CANBIT CAN Bit Timing

0x10 CANINT CAN Interrupt

0x14 CANTST CAN Test

0x18 CANBRPE CAN Baud Rate Prescaler Extension

0x20 CANIF1CRQ CAN IF1 Command Request

0x24 CANIF1CMSK CAN IF1 Command Mask

0x28 CANIF1IMSK1 CAN IF1 Mask 1

0x2C CANIF1IMSK2 CAN IF1 Mask 2

0x30 CANIF1ARB1 CAN IF1 Arbitration 1

0x34 CANIF1ARB2 CAN IF1 Arbitration 2

0x38 CANIF1IMCTL CAN IF1 Message Control

0x3C CANIF1DA1 CAN IF1 Data Al

0x40 CANIF1DA2 CAN IF1 Data A2

0x44 CANIF1DB1 CAN IF1 Data B1

0x48 CANIF1DB2 CAN IF1 Data B2

0x80 CANIF2CRQ CAN IF2 Command Request

0x84 CANIF2CMSK CAN IF2 Command Mask

0x88 CANIF2MSK1 CAN IF2 Mask 1

0x8C CANIF2MSK2 CAN IF2 Mask 2

0x90 CANIF2ARB1 CAN IF2 Arbitration 1

0x94 CANIF2ARB2 CAN IF2 Arbitration 2

0x98 CANIF2MCTL CAN IF2 Message Control

0x9C CANIF2DA1 CAN IF2 Data Al

0xA0 CANIF2DA2 CAN IF2 Data A2

0xA4 CANIF2DB1 CAN IF2 Data B1

0xA8 CANIF2DB2 CAN IF2 Data B2

0x100 CANTXRQ1 CAN Transmission Request 1

0x104 CANTXRQ2 CAN Transmission Request 2

0x120 CANNWDA1 CAN New Data 1

0x124 CANNWDA2 CAN New Data 2

0x140 CANMSGLIINT CAN Message 1 Interrupt Pending

0x144 CANMSG2INT CAN Message 2 Interrupt Pending
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Table 6-7. CAN Registers (continued)

OFFSET ACRONYM REGISTER NAME
0x160 CANMSGI1VAL CAN Message 1 Valid
0x164 CANMSG2VAL CAN Message 2 Valid
Table 6-8. Comparator Registers
OFFSET ACRONYM REGISTER NAME
0x0 ACMIS Analog Comparator Masked Interrupt Status
0x4 ACRIS Analog Comparator Raw Interrupt Status
0x8 ACINTEN Analog Comparator Interrupt Enable
0x10 ACREFCTL Analog Comparator Reference Voltage Control
0x20 ACSTATO Analog Comparator Status 0
0x24 ACCTLO Analog Comparator Control 0
0x40 ACSTAT1 Analog Comparator Status 1
0x44 ACCTL1 Analog Comparator Control 1
0x60 ACSTAT2 Analog Comparator Status 2
0x64 ACCTL2 Analog Comparator Control 2
0xFCO ACMPPP Analog Comparator Peripheral Properties
Table 6-9. CRC Registers
OFFSET ACRONYM REGISTER NAME
400h CRCCTRL CRC Control
410h CRCSEED CRC SEED/Context
414h CRCDIN CRC Data Input
418h CRCRSLTPP CRC Post Processing Result
Table 6-10. DES Registers
OFFSET ACRONYM REGISTER NAME
0x00 DES_KEY3_L DES Key 3 LSW for 192-Bit Key
0x04 DES_KEY3_H DES Key 3 MSW for 192-Bit Key
0x08 DES_KEY2_L DES Key 2 LSW for 128-Bit Key
0x0C DES_KEY2_H DES Key 2 MSW for 128-Bit Key
0x10 DES_KEY1_L DES Key 1 LSW for 64-Bit Key
0x14 DES_KEY1 H DES Key 1 MSW for 64-Bit Key
0x18 DES_IV_L DES Initialization Vector
0x1C DES_IV_H DES Initialization Vector
0x20 DES_CTRL DES Control
0x24 DES_LENGTH DES Cryptographic Data Length
0x28 DES_DATA L DES LSW Data RW
0x2C DES_DATA_H DES MSW Data RW
0x30 DES_REVISION DES Revision Number
0x34 DES_SYSCONFIG DES System Configuration
0x38 DES_SYSSTATUS DES System Status
0x3C DES_IRQSTATUS DES Interrupt Status
0x40 DES_IRQENABLE DES Interrupt Enable
0x44 DES_DIRTYBITS DES Dirty Bits
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Table 6-11. DES uDMA Registers

OFFSET ACRONYM REGISTER NAME
0x30 DES_DMAIM DES DMA Interrupt Mask
0x34 DES_DMARIS DES DMA Raw Interrupt Status
0x38 DES_DMAMIS DES DMA Masked Interrupt Status
0x3C DES_DMAIC DES DMA Interrupt Clear

Table 6-12. EEPROM Registers
OFFSET ACRONYM REGISTER NAME
0x0 EESIZE EEPROM Size Information
0x4 EEBLOCK EEPROM Current Block
0x8 EEOFFSET EEPROM Current Offset
0x10 EERDWR EEPROM Read-Write
0x14 EERDWRINC EEPROM Read-Write with Increment
0x18 EEDONE EEPROM Done Status
0x1C EESUPP EEPROM Support Control and Status
0x20 EEUNLOCK EEPROM Unlock
0x30 EEPROT EEPROM Protection
0x34 to 0x3C EEPASSO to EEPASS2 EEPROM Password 0 to EEPROM Password 2
0x40 EEINT EEPROM Interrupt
0x50 EEHIDEO EEPROM Block Hide 0
0x54 EEHIDE1 EEPROM Block Hide 1
0x58 EEHIDE2 EEPROM Block Hide 2
0x80 EEDBGME EEPROM Debug Mass Erase
O0xFCO EEPROMPP EEPROM Peripheral Properties

Table 6-13. EPI Registers

OFFSET ACRONYM REGISTER NAME
0x000 EPICFG EPI Configuration
0x004 EPIBAUD EPI Main Baud Rate
0x008 EPIBAUD2 EPI Main Baud Rate
0x010 EPISDRAMCFG EPI SDRAM Configuration
0x010 EPIHB8CFG EPI Host-Bus 8 Configuration
0x010 EPIHB16CFG EPI Host-Bus 16 Configuration
0x010 EPIGPCFG EPI General-Purpose Configuration
0x014 EPIHB8CFG2 EPI Host-Bus 8 Configuration 2
0x014 EPIHB16CFG2 EPI Host-Bus 16 Configuration 2
0x01C EPIADDRMAP EPI Address Map
0x020 EPIRSIZEO EPI Read Size 0
0x024 EPIRADDRO EPI Read Address 0
0x028 EPIRPSTDO EPI Non-Blocking Read Data 0
0x030 EPIRSIZE1 EPI Read Size 1
0x034 EPIRADDR1 EPI Read Address 1
0x038 EPIRPSTD1 EPI Non-Blocking Read Data 1
0x060 EPISTAT EPI Status
0x06C EPIRFIFOCNT EPI Read FIFO Count
0x70 to 0x8C EPIREADFIFOO to EPIREADFIFO7 | EPI Read FIFO 0 to EPI Read FIFO 7
0x200 EPIFIFOLVL EPI FIFO Level Selects
0x24 EPIWFIFOCNT EPI Write FIFO Count
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Table 6-13. EPI Registers (continued)

OFFSET ACRONYM REGISTER NAME
0x28 EPIDMATXCNT EPI DMA Transmit Count
0x210 EPIIM EPI Interrupt Mask
0x214 EPIRIS EPI Raw Interrupt Status
0x218 EPIMIS EPI Masked Interrupt Status
0x21C EPIEISC EPI Error and Interrupt Status and Clear
0x308 EPIHB8CFG3 EPI Host-Bus 8 Configuration 3
0x308 EPIHB16CFG3 EPI Host-Bus 16 Configuration 3
0x30C EPIHB8CFG4 EPI Host-Bus 8 Configuration 4
0x30C EPIHB16CFG4 EPI Host-Bus 16 Configuration 4
0x310 EPIHBSTIME EPI Host-Bus 8 Timing Extension
0x310 EPIHB16TIME EPI Host-Bus 16 Timing Extension
0x314 EPIHBSTIME2 EPI Host-Bus 8 Timing Extension
0x314 EPIHB16TIME2 EPI Host-Bus 16 Timing Extension
0x318 EPIHBSTIME3 EPI Host-Bus 8 Timing Extension
0x318 EPIHB16TIME3 EPI Host-Bus 16 Timing Extension
0x31C EPIHBSTIME4 EPI Host-Bus 8 Timing Extension
0x31C EPIHB16TIME4 EPI Host-Bus 16 Timing Extension
0x360 EPIHBPSRAM EPI Host-Bus PSRAM

Table 6-14. Ethernet MAC (EMAC) Registers
OFFSET ACRONYM REGISTER NAME
0x0 EMACCFG Ethernet MAC Configuration
0x4 EMACFRAMEFLTR Ethernet MAC Frame Filter
0x8 EMACHASHTBLH Ethernet MAC Hash Table High
oxC EMACHASHTBLL Ethernet MAC Hash Table Low
0x10 EMACMIIADDR Ethernet MAC MII Address
0x14 EMACMIIDATA Ethernet MAC MII Data Register
0x18 EMACFLOWCTL Ethernet MAC Flow Control
0x1C EMACVLANTG Ethernet MAC VLAN Tag
0x24 EMACSTATUS Ethernet MAC Status
0x28 EMACRWUFF Ethernet MAC Remote Wake-Up Frame Filter
0x2C EMACPMTCTLSTAT Ethernet MAC PMT Control and Status
0x30 EMACLPICTLSTAT LPI Control and Status
0x34 EMACLPITIMERCTRL LPI Timers Control
0x38 EMACRIS Ethernet MAC Raw Interrupt Status
0x3C EMACIM Ethernet MAC Interrupt Mask
0x40 EMACADDROH Ethernet MAC Address 0 High
0x44 EMACADDROL Ethernet MAC Address 0 Low Register
0x48 EMACADDR1H Ethernet MAC Address 1 High
0x4C EMACADDRIL Ethernet MAC Address 1 Low
0x50 EMACADDR2H Ethernet MAC Address 2 High
0x54 EMACADDR2L Ethernet MAC Address 2 Low
0x58 EMACADDR3H Ethernet MAC Address 3 High
0x5C EMACADDRS3L Ethernet MAC Address 3 Low
0xDC EMACWDOGTO Ethernet MAC Watchdog Time-out
0x100 EMACMMCCTRL Ethernet MAC MMC Control
0x104 EMACMMCRXRIS Ethernet MAC MMC Receive Raw Interrupt Status
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Table 6-14. Ethernet MAC (EMAC) Registers (continued)

OFFSET ACRONYM REGISTER NAME

0x108 EMACMMCTXRIS Ethernet MAC MMC Transmit Raw Interrupt Status

0x10C EMACMMCRXIM Ethernet MAC MMC Receive Interrupt Mask

0x110 EMACMMCTXIM Ethernet MAC MMC Transmit Interrupt Mask

0x118 EMACTXCNTGB Ethernet MAC Transmit Frame Count for Good and Bad Frames
0xX14C EMACTXCNTSCOL (E::;ﬁ;?oer: MAC Transmit Frame Count for Frames Transmitted After Single
Ox150 EMACTXCNTMCOL CE:tc?Iﬁ;?oer:sMAC Transmit Frame Count for Frames Transmitted After Multiple
0x164 EMACTXOCTCNTG Ethernet MAC Transmit Octet Count Good

0x180 EMACRXCNTGB Ethernet MAC Receive Frame Count for Good and Bad Frames
0x194 EMACRXCNTCRCERR Ethernet MAC Receive Frame Count for CRC Error Frames
0x198 EMACRXCNTALGNERR Ethernet MAC Receive Frame Count for Alignment Error Frames
0x1C4 EMACRXCNTGUNI Ethernet MAC Receive Frame Count for Good Unicast Frames
0x584 EMACVLNINCREP Ethernet MAC VLAN Tag Inclusion or Replacement

0x588 EMACVLANHASH Ethernet MAC VLAN Hash Table

0x700 EMACTIMSTCTRL Ethernet MAC Timestamp Control

0x704 EMACSUBSECINC Ethernet MAC Sub-Second Increment

0x708 EMACTIMSEC Ethernet MAC System Time - Seconds

0x70C EMACTIMNANO Ethernet MAC System Time - Nanoseconds

0x710 EMACTIMSECU Ethernet MAC System Time - Seconds Update

0x714 EMACTIMNANOU Ethernet MAC System Time - Nanoseconds Update

0x718 EMACTIMADD Ethernet MAC Timestamp Addend

0x71C EMACTARGSEC Ethernet MAC Target Time Seconds

0x720 EMACTARGNANO Ethernet MAC Target Time Nanoseconds

0x724 EMACHWORDSEC Ethernet MAC System Time-Higher Word Seconds

0x728 EMACTIMSTAT Ethernet MAC Timestamp Status

0x72C EMACPPSCTRL Ethernet MAC PPS Control

0x760 EMACPPSOINTVL Ethernet MAC PPSO Interval

0x764 EMACPPSOWIDTH Ethernet MAC PPSO0 Width

0xC00 EMACDMABUSMOD Ethernet MAC DMA Bus Mode

0xC04 EMACTXPOLLD Ethernet MAC Transmit Poll Demand

0xC08 EMACRXPOLLD Ethernet MAC Receive Poll Demand

0xCoC EMACRXDLADDR Ethernet MAC Receive Descriptor List Address

0xC10 EMACTXDLADDR Ethernet MAC Transmit Descriptor List Address

0xC14 EMACDMARIS Ethernet MAC DMA Interrupt Status

0xC18 EMACDMAOPMODE Ethernet MAC DMA Operation Mode

0xC1C EMACDMAIM Ethernet MAC DMA Interrupt Mask Register

0xC20 EMACMFBOC Ethernet MAC Missed Frame and Buffer Overflow Counter
0xC24 EMACRXINTWDT Ethernet MAC Receive Interrupt Watchdog Timer

0xC48 EMACHOSTXDESC Ethernet MAC Current Host Transmit Descriptor

0xc4cC EMACHOSRXDESC Ethernet MAC Current Host Receive Descriptor

0xC50 EMACHOSTXBA Ethernet MAC Current Host Transmit Buffer Address

0xC54 EMACHOSRXBA Ethernet MAC Current Host Receive Buffer Address

O0xFCO EMACPP Ethernet MAC Peripheral Property Register

OxFC4 EMACPC Ethernet MAC Peripheral Configuration

0xFC8 EMACCC Ethernet MAC Clock Configuration

0xFDO EPHYRIS Ethernet PHY Raw Interrupt Status

OxFD4 EPHYIM Ethernet PHY Interrupt Mask
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Table 6-14. Ethernet MAC (EMAC) Registers (continued)

OFFSET

ACRONYM

REGISTER NAME

OxFD8

EPHYMISC

Ethernet PHY Masked Interrupt Status and Clear

Table 6-15. Ethernet MIl Management (EPHY) Registers (Accessed Through the EMACMIIADDR Register)

ADDRESS ACRONYM REGISTER NAME
0x00 EPHYBMCR Ethernet PHY Basic Mode Control - MRO
0x01 EPHYBMSR Ethernet PHY Basic Mode Status - MR1
0x02 EPHYID1 Ethernet PHY Identifier Register 1 - MR2
0x03 EPHYID2 Ethernet PHY Identifier Register 2 - MR3
0x04 EPHYANA Ethernet PHY Auto-Negotiation Advertisement - MR4
0x05 EPHYANLPA Ethernet PHY Auto-Negotiation Link Partner Ability -MR5
0x06 EPHYANER Ethernet PHY Auto-Negotiation Expansion - MR6
0x07 EPHYANNPTR Ethernet PHY Auto-Negotiation Next Page TX - MR7
0x08 EPHYANLNPTR Ethernet PHY Auto-Negotiation Link Partner Ability Next Page - MR8
0x09 EPHYCFG1 Ethernet PHY Configuration 1 - MR9
0x0A EPHYCFG2 Ethernet PHY Configuration 2 - MR10
0x0B EPHYCFG3 Ethernet PHY Configuration 3 - MR11
0x0D EPHYREGCTL Ethernet PHY Register Control - MR13
OXOE EPHYADDAR Ethernet PHY Address or Data - MR14
0x10 EPHYSTS Ethernet PHY Status - MR16
0x11 EPHYSCR Ethernet PHY Specific Control - MR17
0x12 EPHYMISR1 Ethernet PHY MII Interrupt Status 1 - MR18
0x13 EPHYMISR2 Ethernet PHY MII Interrupt Status 2 - MR19
0x14 EPHYFCSCR Ethernet PHY False Carrier Sense Counter - MR20
0x15 EPHYRXERCNT Ethernet PHY Receive Error Count - MR21
0x16 EPHYBISTCR Ethernet PHY BIST Control - MR22
0x18 EPHYLEDCR Ethernet PHY LED Control - MR24
0x19 EPHYCTL Ethernet PHY Control - MR25
Ox1A EPHY10BTSC Ethernet PHY 10Base-T Status/Control - MR26
0x1B EPHYBICSR1 Ethernet PHY BIST Control and Status 1 - MR27
0x1C EPHYBICSR2 Ethernet PHY BIST Control and Status 2 - MR28
Ox1E EPHYCDCR Ethernet PHY Cable Diagnostic Control - MR30
Ox1F EPHYRCR Ethernet PHY Reset Control - MR31
0x25 EPHYLEDCFG Ethernet PHY LED Configuration - MR37
Table 6-16. Flash Registers
OFFSET ACRONYM REGISTER NAME
0x0 FMA Flash Memory Address
0x4 FMD Flash Memory Data
0x8 FMC Flash Memory Control
0xC FCRIS Flash Controller Raw Interrupt Status
0x10 FCIM Flash Controller Interrupt Mask
0x14 FCMISC Flash Controller Masked Interrupt Status and Clear
0x20 FMC2 Flash Memory Control 2
0x30 FWBVAL Flash Write Buffer Valid
0x3C FLPEKEY Flash Program/Erase Key
0x100 to 0x17C FWBO to FWB31 Flash Write Buffer 0 to Flash Write Buffer 32
0xFCO FLASHPP Flash Peripheral Properties
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Table 6-16. Flash Registers (continued)

OFFSET ACRONYM REGISTER NAME

OxFC4 SSIZE SRAM Size

OxFC8 FLASHCONF Flash Configuration Register

OxFCC ROMSWMAP ROM Third-Party Software

0xFDO FLASHDMASZ Flash DMA Address Size

OxFD4 FLASHDMAST Flash DMA Starting Address
Table 6-17. GPIO Registers

OFFSET ACRONYM REGISTER NAME

0x0 GPIODATA GPIO Data

0x400 GPIODIR GPIO Direction

0x404 GPIOIS GPIO Interrupt Sense

0x408 GPIOIBE GPIO Interrupt Both Edges

0x40C GPIOIEV GPIO Interrupt Event

0x410 GPIOIM GPIO Interrupt Mask

0x414 GPIORIS GPIO Raw Interrupt Status

0x418 GPIOMIS GPIO Masked Interrupt Status

0x41C GPIOICR GPIO Interrupt Clear

0x420 GPIOAFSEL GPIO Alternate Function Select

0x500 GPIODR2R GPIO 2-mA Drive Select

0x504 GPIODR4R GPIO 4-mA Drive Select

0x508 GPIODR8R GPIO 8-mA Drive Select

0x50C GPIOODR GPIO Open Drain Select

0x510 GPIOPUR GPIO Pullup Select

0x514 GPIOPDR GPIO Pulldown Select

0x518 GPIOSLR GPIO Slew Rate Control Select

0x51C GPIODEN GPIO Digital Enable

0x520 GPIOLOCK GPIO Lock

0x524 GPIOCR GPIO Commit

0x528 GPIOAMSEL GPIO Analog Mode Select

0x52C GPIOPCTL GPIO Port Control

0x530 GPIOADCCTL GPIO ADC Control

0x534 GPIODMACTL GPIO DMA Control

0x538 GPIOSI GPIO Select Interrupt

0x53C GPIODR12R GPIO 12-mA Drive Select

0x540 GPIOWAKEPEN GPIO Wake Pin Enable

0x544 GPIOWAKELVL GPIO Wake Level

0x548 GPIOWAKESTAT GPIO Wake Status

0xFCO GPIOPP GPIO Peripheral Property

0xFC4 GPIOPC GPIO Peripheral Configuration

0xFDO GPIOPeriphiD4 GPIO Peripheral Identification 4

0xFD4 GPIOPeriphlD5 GPIO Peripheral Identification 5

0xFD8 GPIOPeriphlD6 GPIO Peripheral Identification 6

O0xFDC GPIOPeriphlD7 GPIO Peripheral Identification 7

OXFEO GPIOPeriphiDO GPIO Peripheral Identification 0

OXFE4 GPIOPeriphiD1 GPIO Peripheral Identification 1

OXFE8 GPIOPeriphiD2 GPIO Peripheral Identification 2

OXFEC GPIOPeriphiD3 GPIO Peripheral Identification 3
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Table 6-17. GPIO Registers (continued)

OFFSET ACRONYM REGISTER NAME

OxFFO GPIOPCelllIDO GPIO PrimeCell Identification 0

OxFF4 GPIOPCelllID1 GPIO PrimeCell Identification 1

OxFF8 GPIOPCelllD2 GPIO PrimeCell Identification 2

OXFFC GPIOPCelllID3 GPIO PrimeCell Identification 3
Table 6-18. GPTM Registers

OFFSET ACRONYM REGISTER NAME

0x0 GPTMCFG GPTM Configuration

0x4 GPTMTAMR GPTM Timer A Mode

0x8 GPTMTBMR GPTM Timer B Mode

0xC GPTMCTL GPTM Control

0x10 GPTMSYNC GPTM Synchronize

0x18 GPTMIMR GPTM Interrupt Mask

0x1C GPTMRIS GPTM Raw Interrupt Status

0x20 GPTMMIS GPTM Masked Interrupt Status

0x24 GPTMICR GPTM Interrupt Clear

0x28 GPTMTAILR GPTM Timer A Interval Load

0x2C GPTMTBILR GPTM Timer B Interval Load

0x30 GPTMTAMATCHR GPTM Timer A Match

0x34 GPTMTBMATCHR GPTM Timer B Match

0x38 GPTMTAPR GPTM Timer A Prescale

0x3C GPTMTBPR GPTM Timer B Prescale

0x40 GPTMTAPMR GPTM TimerA Prescale Match

0x44 GPTMTBPMR GPTM TimerB Prescale Match

0x48 GPTMTAR GPTM Timer A

0x4C GPTMTBR GPTM Timer B

0x50 GPTMTAV GPTM Timer A Value

0x54 GPTMTBV GPTM Timer B Value

0x58 GPTMRTCPD GPTM RTC Predivide

0x5C GPTMTAPS GPTM Timer A Prescale Snapshot

0x60 GPTMTBPS GPTM Timer B Prescale Snapshot

0x6C GPTMDMAEV GPTM DMA Event

0x70 GPTMADCEV GPTM ADC Event

0xFCO GPTMPP GPTM Peripheral Properties

O0xFC8 GPTMCC GPTM Clock Configuration

Table 6-19. HIB Registers

OFFSET ACRONYM REGISTER NAME

0x0 HIBRTCC Hibernation RTC Counter

0x4 HIBRTCMO Hibernation RTC Match 0

0xC HIBRTCLD Hibernation RTC Load

0x10 HIBCTL Hibernation Control

0x14 HIBIM Hibernation Interrupt Mask

0x18 HIBRIS Hibernation Raw Interrupt Status

0x1C HIBMIS Hibernation Masked Interrupt Status

0x20 HIBIC Hibernation Interrupt Clear

0x24 HIBRTCT Hibernation RTC Trim
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Table 6-19. HIB Registers (continued)

OFFSET ACRONYM REGISTER NAME

0x28 HIBRTCSS Hibernation RTC Sub Seconds

0x2C HIBIO Hibernation 10 Configuration

0x30 to Ox6F HIBDATA Hibernation Data

0x300 HIBCALCTL Hibernation Calendar Control

0x310 HIBCALO Hibernation Calendar 0

0x314 HIBCAL1 Hibernation Calendar 1

0x320 HIBCALLDO Hibernation Calendar Load 0O

0x324 HIBCALLD1 Hibernation Calendar Load 1

0x330 HIBCALMO Hibernation Calendar Match O

0x334 HIBCALM1 Hibernation Calendar Match 1

0x360 HIBLOCK Hibernation Lock

0x400 HIBTPCTL HIB Tamper Control

0x404 HIBTPSTAT HIB Tamper Status

0x410 HIBTPIO HIB Tamper I/O Control

0x4EO0 HIBTPLOGO HIB Tamper Log 0

Ox4E4 HIBTPLOG1 HIB Tamper Log 1

0x4E8 HIBTPLOG2 HIB Tamper Log 2

Ox4EC HIBTPLOG3 HIB Tamper Log 3

0x4F0 HIBTPLOG4 HIB Tamper Log 4

0x4F4 HIBTPLOG5 HIB Tamper Log 5

0x4F8 HIBTPLOG6 HIB Tamper Log 6

0x4FC HIBTPLOG7 HIB Tamper Log 7

O0xFCO HIBPP Hibernation Peripheral Properties

0xFC8 HIBCC Hibernation Clock Control
Table 6-20. 12C Registers

OFFSET ACRONYM REGISTER NAME

0x0 I2CMSA 12C Master Slave Address

0x4 I2CMCS 12C Master Control/Status

0x8 I2CMDR 12C Master Data

oxC I2CMTPR 12C Master Timer Period

0x10 I2CMIMR 12C Master Interrupt Mask

0x14 I2CMRIS 12C Master Raw Interrupt Status

0x18 12CMMIS 12C Master Masked Interrupt Status

0x1C I2CMICR 12C Master Interrupt Clear

0x20 I2CMCR 12C Master Configuration

0x24 I2CMCLKOCNT 12C Master Clock Low Time-out Count

0x2C 12CMBMON 12C Master Bus Monitor

0x30 I2CMBLEN 12C Master Burst Length

0x34 I2CMBCNT 12C Master Burst Count

0x800 I2CSOAR I12C Slave Own Address

0x804 I2CSCSR 12C Slave Control/Status

0x808 I2CSDR 12C Slave Data

0x80C I2CSIMR 12C Slave Interrupt Mask

0x810 I2CSRIS 12C Slave Raw Interrupt Status

0x814 12CSMIS I12C Slave Masked Interrupt Status

0x818 I2CSICR 12C Slave Interrupt Clear
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Table 6-20. 12C Registers (continued)

OFFSET ACRONYM REGISTER NAME
0x81C I2CSOAR2 I12C Slave Own Address 2
0x820 I2CSACKCTL I12C Slave ACK Control
0xF00 I2CFIFODATA 12C FIFO Data
0xF04 I2CFIFOCTL 12C FIFO Control
0xF08 I2CFIFOSTATUS 12C FIFO Status
O0xFCO 12CPP 12C Peripheral Properties
OxFC4 12CPC 12C Peripheral Configuration
Table 6-21. uDMA Registers
OFFSET ACRONYM REGISTER NAME
0x0 DMASTAT DMA Status
0x4 DMACFG DMA Configuration
0x8 DMACTLBASE DMA Channel Control Base Pointer
oxC DMAALTBASE DMA Alternate Channel Control Base Pointer
0x10 DMAWAITSTAT DMA Channel Wait-on-Request Status
0x14 DMASWREQ DMA Channel Software Request
0x18 DMAUSEBURSTSET DMA Channel Useburst Set
0x1C DMAUSEBURSTCLR DMA Channel Useburst Clear
0x20 DMAREQMASKSET DMA Channel Request Mask Set
0x24 DMAREQMASKCLR DMA Channel Request Mask Clear
0x28 DMAENASET DMA Channel Enable Set
0x2C DMAENACLR DMA Channel Enable Clear
0x30 DMAALTSET DMA Channel Primary Alternate Set
0x34 DMAALTCLR DMA Channel Primary Alternate Clear
0x38 DMAPRIOSET DMA Channel Priority Set
0x3C DMAPRIOCLR DMA Channel Priority Clear
0x4C DMAERRCLR DMA Bus Error Clear
0x510 DMACHMAPO DMA Channel Map Select 0
0x514 DMACHMAP1 DMA Channel Map Select 1
0x518 DMACHMAP2 DMA Channel Map Select 2
0x51C DMACHMAP3 DMA Channel Map Select 3
0xFDO DMAPeriphlD4 DMA Peripheral Identification 4
OXFEO DMAPeriphIDO DMA Peripheral Identification O
OXFE4 DMAPeriphID1 DMA Peripheral Identification 1
OXFE8 DMAPeriphlD2 DMA Peripheral Identification 2
OXFEC DMAPeriphID3 DMA Peripheral Identification 3
O0xFFO DMAPCelllDO DMA PrimeCell Identification O
OxFF4 DMAPCelllD1 DMA PrimeCell Identification 1
OxFF8 DMAPCelllD2 DMA PrimeCell Identification 2
OXFFC DMAPCellID3 DMA PrimeCell Identification 3
Table 6-22. uDMA Channel Control Structure Registers
OFFSET ACRONYM REGISTER NAME
0x0 DMASRCENDP DMA Channel Source Address End Pointer
0x4 DMADSTENDP DMA Channel Destination Address End Pointer
0x8 DMACHCTL DMA Channel Control Word
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Table 6-23. PWM Registers

OFFSET ACRONYM REGISTER NAME

0x0 PWMCTL PWM Master Control

0x4 PWMSYNC PWM Time Base Sync

0x8 PWMENABLE PWM Output Enable

0xC PWMINVERT PWM Output Inversion

0x10 PWMFAULT PWM Output Fault

0x14 PWMINTEN PWM Interrupt Enable

0x18 PWMRIS PWM Raw Interrupt Status

0x1C PWMISC PWM Interrupt Status and Clear
0x20 PWMSTATUS PWM Status

0x24 PWMFAULTVAL PWM Fault Condition Value

0x28 PWMENUPD PWM Enable Update

0x40 PWMOCTL PWMO Control

0x44 PWMOINTEN PWMO Interrupt and Trigger Enable
0x48 PWMORIS PWMO Raw Interrupt Status

0x4C PWMOISC PWMO Interrupt Status and Clear
0x50 PWMOLOAD PWMO Load

0x54 PWMOCOUNT PWMO Counter

0x58 PWMOCMPA PWMO Compare A

0x5C PWMOCMPB PWMO Compare B

0x60 PWMOGENA PWMO Generator A Control

0x64 PWMOGENB PWMO Generator B Control

0x68 PWMODBCTL PWMO0 Dead-Band Control

0x6C PWMODBRISE PWMO Dead-Band Rising-Edge Delay
0x70 PWMODBFALL PWMO Dead-Band Falling-Edge-Delay
0x74 PWMOFLTSRCO PWMO Fault Source 0

0x78 PWMOFLTSRC1 PWMO Fault Source 1

0x7C PWMOMINFLTPER PWMO Minimum Fault Period
0x080 PWMI1CTL PWM1 Control

0x084 PWM1INTEN PWM1 Interrupt and Trigger Enable
0x088 PWM1RIS PWM1 Raw Interrupt Status

0x08C PWM1ISC PWM1 Interrupt Status and Clear
0x090 PWM1LOAD PWM1 Load

0x094 PWM1COUNT PWM1 Counter

0x098 PWM1CMPA PWM1 Compare A

0x09C PWM1CMPB PWM1 Compare B

0x0A0 PWM1GENA PWM1 Generator A Control

0x0A4 PWM1GENB PWM1 Generator B Control

0x0A8 PWM1DBCTL PWM1 Dead-Band Control

0x0AC PWM1DBRISE PWM1 Dead-Band Rising-Edge Delay
0x0BO PWM1DBFALL PWM1 Dead-Band Falling-Edge-Delay
0x0B4 PWM1FLTSRCO PWM1 Fault Source 0

0x0B8 PWM1FLTSRC1 PWM1 Fault Source 1

0x0BC PWM1MINFLTPER PWM1 Minimum Fault Period
0x0CO0 PWM2CTL PWM2 Control

0x0C4 PWM2INTEN PWM2 Interrupt and Trigger Enable
0x0C8 PWMZ2RIS PWM2 Raw Interrupt Status
0x0CC PWM2ISC PWM2 Interrupt Status and Clear
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Table 6-23. PWM Registers (continued)

OFFSET ACRONYM REGISTER NAME
0x0D0 PWM2LOAD PWM2 Load
0x0D4 PWM2COUNT PWM2 Counter
0x0D8 PWM2CMPA PWM2 Compare A
0x0DC PWM2CMPB PWM2 Compare B
0xOEO PWM2GENA PWM2 Generator A Control
OxOE4 PWM2GENB PWM2 Generator B Control
OxOE8 PWM2DBCTL PWM2 Dead-Band Control
Ox0EC PWM2DBRISE PWM2 Dead-Band Rising-Edge Delay
O0xOF0 PWM2DBFALL PWM2 Dead-Band Falling-Edge-Delay
O0x0F4 PWM2FLTSRCO PWM2 Fault Source 0
0x0F8 PWM2FLTSRC1 PWM2 Fault Source 1
0xOFC PWM2MINFLTPER PWM2 Minimum Fault Period
0x100 PWM3CTL PWM3 Control
0x104 PWM3INTEN PWM3 Interrupt and Trigger Enable
0x108 PWM3RIS PWM3 Raw Interrupt Status
0x10C PWM3ISC PWM3 Interrupt Status and Clear
0x110 PWM3LOAD PWM3 Load
0x114 PWM3COUNT PWM3 Counter
0x118 PWM3CMPA PWM3 Compare A
0x11C PWM3CMPB PWM3 Compare B
0x120 PWM3GENA PWM3 Generator A Control
0x124 PWM3GENB PWM3 Generator B Control
0x128 PWM3DBCTL PWM3 Dead-Band Control
0x12C PWM3DBRISE PWM3 Dead-Band Rising-Edge Delay
0x130 PWM3DBFALL PWM3 Dead-Band Falling-Edge-Delay
0x134 PWM3FLTSRCO PWM3 Fault Source 0
0x138 PWM3FLTSRC1 PWM3 Fault Source 1
0x13C PWM3MINFLTPER PWM3 Minimum Fault Period
0x800 PWMOFLTSEN PWMO Fault Pin Logic Sense
0x804 PWMOFLTSTATO PWMO Fault Status 0
0x808 PWMOFLTSTAT1 PWMO Fault Status 1
0x880 PWM1FLTSEN PWM1 Fault Pin Logic Sense
0x884 PWM1FLTSTATO PWM1 Fault Status 0
0x888 PWM1FLTSTAT1 PWM1 Fault Status 1
0x900 PWM2FLTSEN PWM2 Fault Pin Logic Sense
0x904 PWM2FLTSTATO PWM2 Fault Status 0
0x908 PWM2FLTSTAT1 PWM2 Fault Status 1
0x980 PWM3FLTSEN PWMS3 Fault Pin Logic Sense
0x984 PWM3FLTSTATO PWM3 Fault Status 0
0x988 PWM3FLTSTAT1 PWM3 Fault Status 1
O0xFCO PWMPP PWM Peripheral Properties
OxFC8 PWMCC PWM Clock Configuration
Table 6-24. QEI Registers
OFFSET ACRONYM REGISTER NAME
0x0 QEICTL QEI Control
0x4 QEISTAT QEI Status
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Table 6-24. QEI Registers (continued)

OFFSET ACRONYM REGISTER NAME

0x8 QEIPOS QEI Position

0xC QEIMAXPOS QEI Maximum Position

0x10 QEILOAD QEI Timer Load

0x14 QEITIME QEI Timer

0x18 QEICOUNT QEI Velocity Counter

0x1C QEISPEED QEI Velocity

0x20 QEIINTEN QEI Interrupt Enable

0x24 QEIRIS QEI Raw Interrupt Status

0x28 QEIISC QEI Interrupt Status and Clear

Table 6-25. QSSI Registers

OFFSET ACRONYM REGISTER NAME

0x0 SSICRO QSSI Control 0

0x4 SSICR1 QSSI Control 1

0x8 SSIDR QSSI Data

0xC SSISR QSSI Status

0x10 SSICPSR QSSI Clock Prescale

0x14 SSIIM QSSI Interrupt Mask

0x18 SSIRIS QSSI Raw Interrupt Status

0x1C SSIMIS QSSI Masked Interrupt Status

0x20 SSIICR QSSI Interrupt Clear

0x24 SSIDMACTL QSSI DMA Control

0xFCO SSIPP QSSI Peripheral Properties

O0xFC8 SSICC QSSI Clock Configuration

0xFDO SSIPeriphlD4 QSSI Peripheral Identification 4

0xFD4 SSIPeriphlD5 QSSI Peripheral Identification 5

0xFD8 SSIPeriphlD6 QSSI Peripheral Identification 6

OxFDC SSIPeriphlD7 QSSI Peripheral Identification 7

OXFEO SSIPeriphlDO QSSI Peripheral Identification 0

OXFE4 SSIPeriphlD1 QSSI Peripheral Identification 1

OXFE8 SSIPeriphlD2 QSSI Peripheral Identification 2

OXFEC SSIPeriphlD3 QSSI Peripheral Identification 3

O0xFFO SSIPCellIDO QSSI PrimeCell Identification O

OxFF4 SSIPCelllD1 QSSI PrimeCell Identification 1

OxFF8 SSIPCelllID2 QSSI PrimeCell Identification 2

OxFFC SSIPCelllID3 QSSI PrimeCell Identification 3
Table 6-26. SHA/MD5 Registers

OFFSET ACRONYM REGISTER NAME

0x000 SHA_ODIGEST_A SHA Outer Digest A

0x004 SHA_ODIGEST_B SHA Outer Digest B

0x008 SHA_ODIGEST_C SHA Outer Digest C

0x00C SHA_ODIGEST_D SHA Outer Digest D

0x010 SHA_ODIGEST_E SHA Outer Digest E

0x014 SHA_ODIGEST_F SHA Outer Digest F

0x018 SHA_ODIGEST_G SHA Outer Digest G

0x01C SHA_ODIGEST_H SHA Outer Digest H
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Table 6-26. SHA/MD5 Registers (continued)

OFFSET ACRONYM REGISTER NAME

0x020 SHA_IDIGEST_A SHA Inner Digest A

0x024 SHA_IDIGEST_B SHA Inner Digest B

0x028 SHA_IDIGEST_C SHA Inner Digest C

0x02C SHA_IDIGEST_D SHA Inner Digest D

0x030 SHA_IDIGEST_E SHA Inner Digest E

0x034 SHA_IDIGEST_F SHA Inner Digest F

0x038 SHA_IDIGEST_G SHA Inner Digest G

0x03C SHA_IDIGEST_H SHA Inner Digest H

0x40 SHA_DIGEST_COUNT SHA Digest Count

0x44 SHA_MODE SHA Mode

0x48 SHA_LENGTH SHA Length

0x080 SHA_DATA_O_IN SHA Data 0 Input

0x084 SHA DATA_1_IN SHA Data 1 Input

0x088 SHA_DATA_2_IN SHA Data 2 Input

0x08C SHA_DATA_3_IN SHA Data 3 Input

0x090 SHA_DATA_4_IN SHA Data 4 Input

0x094 SHA_DATA_5_IN SHA Data 5 Input

0x098 SHA_DATA_6_IN SHA Data 6 Input

0x09C SHA_DATA_7_IN SHA Data 7 Input

0x0A0 SHA_DATA_8_IN SHA Data 8 Input

0x0A4 SHA_DATA_9_IN SHA Data 9 Input

0x0A8 SHA_DATA_10_IN SHA Data 10 Input

0x0AC SHA_DATA_11_IN SHA Data 11 Input

0x0BO SHA_DATA_12_IN SHA Data 12 Input

0x0B4 SHA_DATA_13 IN SHA Data 13 Input

0x0B8 SHA_DATA_14_IN SHA Data 14 Input

0x0BC SHA_DATA_15_IN SHA Data 15 Input

0x100 SHA_REVISION SHA Revision

0x110 SHA_SYSCONFIG SHA System Configuration

0x114 SHA_SYSSTATUS SHA System Status

0x118 SHA_IRQSTATUS SHA Interrupt Status

0x11C SHA_IRQENABLE SHA Interrupt Enable

Table 6-27. SHA/MD5 uDMA Registers

OFFSET ACRONYM REGISTER NAME

0x10 SHA_DMAIM SHA DMA Interrupt Mask

0x14 SHA_DMARIS SHA DMA Raw Interrupt Status

0x18 SHA_DMAMIS SHA DMA Masked Interrupt Status

0x1C SHA_DMAIC SHA DMA Interrupt Clear
Table 6-28. System Control Memory Registers

OFFSET ACRONYM REGISTER NAME

0xD4 RVP Reset Vector Pointer

0x1D0 BOOTCFG Boot Configuration

0x1EO to OX1EC

USER_REG_0 to USER_REG_3

User Register 0 to User Register 3

0x200 to 0x23C

FMPRE_O to FMPRE_15

Flash Memory Protection Read Enable O to Flash Memory Protection Read
Enable 15
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Table 6-28. System Control Memory Registers (continued)

OFFSET ACRONYM REGISTER NAME
0x400 to Ox43C FMPPE_0 to FMPPE_15 Elr?)sgl:al\r/l]eg?gjlgrféection Program Enable 0 to Flash Memory Protection
Table 6-29. System Exception Registers
OFFSET ACRONYM REGISTER NAME
0x0 SYSEXCRIS System Exception Raw Interrupt Status
0x4 SYSEXCIM System Exception Interrupt Mask
0x8 SYSEXCMIS System Exception Masked Interrupt Status
0xC SYSEXCIC System Exception Interrupt Clear
Table 6-30. UART Registers
OFFSET ACRONYM REGISTER NAME
0x0 UARTDR UART Data
0x4 UARTRSR/UARTECR UART Receive Status/Error Clear
0x18 UARTFR UART Flag
0x20 UARTILPR UART IrDA Low-Power Register
0x24 UARTIBRD UART Integer Baud-Rate Divisor
0x28 UARTFBRD UART Fractional Baud-Rate Divisor
0x2C UARTLCRH UART Line Control
0x30 UARTCTL UART Control
0x34 UARTIFLS UART Interrupt FIFO Level Select
0x38 UARTIM UART Interrupt Mask
0x3C UARTRIS UART Raw Interrupt Status
0x40 UARTMIS UART Masked Interrupt Status
0x44 UARTICR UART Interrupt Clear
0x48 UARTDMACTL UART DMA Control
0xA4 UART9BITADDR UART 9-Bit Self Address
0xA8 UARTIBITAMASK UART 9-Bit Self Address Mask
O0xFCO UARTPP UART Peripheral Properties
OxFC8 UARTCC UART Clock Configuration
0xFDO UARTPeriphlD4 UART Peripheral Identification 4
OxFD4 UARTPeriphID5 UART Peripheral Identification 5
OxFD8 UARTPeriphlD6 UART Peripheral Identification 6
OxFDC UARTPeriphID7 UART Peripheral Identification 7
OXFEO UARTPeriphlDO UART Peripheral Identification O
OxFE4 UARTPeriphID1 UART Peripheral Identification 1
OXFE8 UARTPeriphlD2 UART Peripheral Identification 2
OXFEC UARTPeriphID3 UART Peripheral Identification 3
OxFFO UARTPCellIDO UART PrimeCell Identification O
OxFF4 UARTPCelliD1 UART PrimeCell Identification 1
OxFF8 UARTPCellID2 UART PrimeCell Identification 2
OXFFC UARTPCellID3 UART PrimeCell Identification 3
Table 6-31. USB Registers
OFFSET ACRONYM REGISTER NAME
0x0 USBFADDR USB Device Functional Address
0ox1 USBPOWER USB Power

138 Detailed Description

Copyright © 2017, Texas Instruments Incorporated

Submit Documentation Feedback
Product Folder Links: MSP432E401Y


http://www.ti.com/product/msp432e401y?qgpn=msp432e401y
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLASEN5&partnum=MSP432E401Y
http://www.ti.com/product/msp432e401y?qgpn=msp432e401y

13 TEXAS

INSTRUMENTS

www.ti.com

MSP432E401Y
SLASENS5 —OCTOBER 2017

Table 6-31. USB Registers (continued)

OFFSET ACRONYM REGISTER NAME

0x2 USBTXIS USB Transmit Interrupt Status

0x4 USBRXIS USB Receive Interrupt Status

0x6 USBTXIE USB Transmit Interrupt Enable

0x8 USBRXIE USB Receive Interrupt Enable

OxA USBIS USB General Interrupt Status

0xB USBIE USB Interrupt Enable

0xC USBFRAME USB Frame Value

OXE USBEPIDX USB Endpoint Index

OxF USBTEST USB Test Mode

0x20 USBFIFO0 USB FIFO Endpoint O

0x24 USBFIFO1 USB FIFO Endpoint 1

0x28 USBFIFO2 USB FIFO Endpoint 2

0x2C USBFIFO3 USB FIFO Endpoint 3

0x30 USBFIFO4 USB FIFO Endpoint 4

0x34 USBFIFO5 USB FIFO Endpoint 5

0x38 USBFIFO6 USB FIFO Endpoint 6

0x3C USBFIFO7 USB FIFO Endpoint 7

0x60 USBDEVCTL USB Device Control

0x61 USBCCONF USB Common Configuration

0x62 USBTXFIFOSZ USB Transmit Dynamic FIFO Sizing

0x63 USBRXFIFOSZ USB Receive Dynamic FIFO Sizing

0x64 USBTXFIFOADD USB Transmit FIFO Start Address

0x66 USBRXFIFOADD USB Receive FIFO Start Address

0x70 ULPIVBUSCTL USB ULPI VBUS Control

0x74 ULPIREGDATA USB ULPI Register Data

0x75 ULPIREGADDR USB ULPI Register Address

0x76 ULPIREGCTL USB ULPI Register Control

0x78 USBEPINFO USB Endpoint Information

0x79 USBRAMINFO USB RAM Information

OX7A USBCONTIM USB Connect Timing

0x7B USBVPLEN USB OTG VBUS Pulse Timing

0x7C USBHSEOF USB High-Speed Last Transaction to End of Frame Timing
0x7D USBFSEOF USB Full-Speed Last Transaction to End of Frame Timing
OX7E USBLSEOF USB Low-Speed Last Transaction to End of Frame Timing
0x80 USBTXFUNCADDRO USB Transmit Functional Address Endpoint O
0x82 USBTXHUBADDRO USB Transmit Hub Address Endpoint O

0x83 USBTXHUBPORTO USB Transmit Hub Port Endpoint O

0x88 USBTXFUNCADDR1 USB Transmit Functional Address Endpoint 1
O0x8A USBTXHUBADDR1 USB Transmit Hub Address Endpoint 1

0x8B USBTXHUBPORT1 USB Transmit Hub Port Endpoint 1

0x8C USBRXFUNCADDR1 USB Receive Functional Address Endpoint 1
Ox8E USBRXHUBADDR1 USB Receive Hub Address Endpoint 1

Ox8F USBRXHUBPORT1 USB Receive Hub Port Endpoint 1

0x90 USBTXFUNCADDR2 USB Transmit Functional Address Endpoint 2
0x92 USBTXHUBADDR2 USB Transmit Hub Address Endpoint 2

0x93 USBTXHUBPORT2 USB Transmit Hub Port Endpoint 2

0x94 USBRXFUNCADDR2 USB Receive Functional Address Endpoint 2
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Table 6-31. USB Registers (continued)

OFFSET ACRONYM REGISTER NAME

0x96 USBRXHUBADDR2 USB Receive Hub Address Endpoint 2

0x97 USBRXHUBPORT2 USB Receive Hub Port Endpoint 2

0x98 USBTXFUNCADDR3 USB Transmit Functional Address Endpoint 3
0x9A USBTXHUBADDR3 USB Transmit Hub Address Endpoint 3

0x9B USBTXHUBPORT3 USB Transmit Hub Port Endpoint 3

0x9C USBRXFUNCADDR3 USB Receive Functional Address Endpoint 3
Ox9E USBRXHUBADDR3 USB Receive Hub Address Endpoint 3

Ox9F USBRXHUBPORT3 USB Receive Hub Port Endpoint 3

0xAO0 USBTXFUNCADDR4 USB Transmit Functional Address Endpoint 4
0xA2 USBTXHUBADDR4 USB Transmit Hub Address Endpoint 4

O0xA3 USBTXHUBPORT4 USB Transmit Hub Port Endpoint 4

0xA4 USBRXFUNCADDR4 USB Receive Functional Address Endpoint 4
0xA6 USBRXHUBADDR4 USB Receive Hub Address Endpoint 4

OxA7 USBRXHUBPORT4 USB Receive Hub Port Endpoint 4

0xA8 USBTXFUNCADDRS5 USB Transmit Functional Address Endpoint 5
OxAA USBTXHUBADDRS USB Transmit Hub Address Endpoint 5

OxAB USBTXHUBPORT5 USB Transmit Hub Port Endpoint 5

OxAC USBRXFUNCADDRS5 USB Receive Functional Address Endpoint 5
OXAE USBRXHUBADDRS5 USB Receive Hub Address Endpoint 5

OxAF USBRXHUBPORTS USB Receive Hub Port Endpoint 5

0xBO USBTXFUNCADDRG6 USB Transmit Functional Address Endpoint 6
0xB2 USBTXHUBADDRG6 USB Transmit Hub Address Endpoint 6

0xB3 USBTXHUBPORTG6 USB Transmit Hub Port Endpoint 6

0xB4 USBRXFUNCADDRG6 USB Receive Functional Address Endpoint 6
0xB6 USBRXHUBADDR6 USB Receive Hub Address Endpoint 6

0xB7 USBRXHUBPORT6 USB Receive Hub Port Endpoint 6

0xB8 USBTXFUNCADDR7 USB Transmit Functional Address Endpoint 7
OxBA USBTXHUBADDR7 USB Transmit Hub Address Endpoint 7

0xBB USBTXHUBPORT7 USB Transmit Hub Port Endpoint 7

0xBC USBRXFUNCADDRY USB Receive Functional Address Endpoint 7
OxBE USBRXHUBADDR7 USB Receive Hub Address Endpoint 7

OxBF USBRXHUBPORT?7 USB Receive Hub Port Endpoint 7

0x102 USBCSRLO USB Control and Status Endpoint 0 Low
0x103 USBCSRHO USB Control and Status Endpoint 0 High
0x108 USBCOUNTO USB Receive Byte Count Endpoint O

0x10A USBTYPEO USB Type Endpoint 0

0x10B USBNAKLMT USB NAK Limit

0x110 USBTXMAXP1 USB Maximum Transmit Data Endpoint 1
0x112 USBTXCSRL1 USB Transmit Control and Status Endpoint 1 Low
0x113 USBTXCSRH1 USB Transmit Control and Status Endpoint 1 High
0x114 USBRXMAXP1 USB Maximum Receive Data Endpoint 1
0x116 USBRXCSRL1 USB Receive Control and Status Endpoint 1 Low
0x117 USBRXCSRH1 USB Receive Control and Status Endpoint 1 High
0x118 USBRXCOUNT1 USB Receive Byte Count Endpoint 1

Ox11A USBTXTYPE1 USB Host Transmit Configure Type Endpoint 1
0x11B USBTXINTERVAL1 USB Host Transmit Interval Endpoint 1

0x11C USBRXTYPE1 USB Host Configure Receive Type Endpoint 1
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Table 6-31. USB Registers (continued)

OFFSET ACRONYM REGISTER NAME

0x11D USBRXINTERVAL1 USB Host Receive Polling Interval Endpoint 1
0x120 USBTXMAXP2 USB Maximum Transmit Data Endpoint 2

0x122 USBTXCSRL2 USB Transmit Control and Status Endpoint 2 Low
0x123 USBTXCSRH2 USB Transmit Control and Status Endpoint 2 High
0x124 USBRXMAXP2 USB Maximum Receive Data Endpoint 2

0x126 USBRXCSRL2 USB Receive Control and Status Endpoint 2 Low
0x127 USBRXCSRH2 USB Receive Control and Status Endpoint 2 High
0x128 USBRXCOUNT2 USB Receive Byte Count Endpoint 2

0x12A USBTXTYPE2 USB Host Transmit Configure Type Endpoint 2
0x12B USBTXINTERVALZ2 USB Host Transmit Interval Endpoint 2

0x12C USBRXTYPE2 USB Host Configure Receive Type Endpoint 2
0x12D USBRXINTERVAL2 USB Host Receive Polling Interval Endpoint 2
0x130 USBTXMAXP3 USB Maximum Transmit Data Endpoint 3

0x132 USBTXCSRL3 USB Transmit Control and Status Endpoint 3 Low
0x133 USBTXCSRH3 USB Transmit Control and Status Endpoint 3 High
0x134 USBRXMAXP3 USB Maximum Receive Data Endpoint 3

0x136 USBRXCSRL3 USB Receive Control and Status Endpoint 3 Low
0x137 USBRXCSRH3 USB Receive Control and Status Endpoint 3 High
0x138 USBRXCOUNT3 USB Receive Byte Count Endpoint 3

0x13A USBTXTYPE3 USB Host Transmit Configure Type Endpoint 3
0x13B USBTXINTERVAL3 USB Host Transmit Interval Endpoint 3

0x13C USBRXTYPE3 USB Host Configure Receive Type Endpoint 3
0x13D USBRXINTERVALS3 USB Host Receive Polling Interval Endpoint 3
0x140 USBTXMAXP4 USB Maximum Transmit Data Endpoint 4

0x142 USBTXCSRL4 USB Transmit Control and Status Endpoint 4 Low
0x143 USBTXCSRH4 USB Transmit Control and Status Endpoint 4 High
0x144 USBRXMAXP4 USB Maximum Receive Data Endpoint 4

0x146 USBRXCSRL4 USB Receive Control and Status Endpoint 4 Low
0x147 USBRXCSRH4 USB Receive Control and Status Endpoint 4 High
0x148 USBRXCOUNT4 USB Receive Byte Count Endpoint 4

0x14A USBTXTYPE4 USB Host Transmit Configure Type Endpoint 4
0x14B USBTXINTERVAL4 USB Host Transmit Interval Endpoint 4

0x14C USBRXTYPE4 USB Host Configure Receive Type Endpoint 4
0x14D USBRXINTERVAL4 USB Host Receive Polling Interval Endpoint 4
0x150 USBTXMAXP5 USB Maximum Transmit Data Endpoint 5

0x152 USBTXCSRL5 USB Transmit Control and Status Endpoint 5 Low
0x153 USBTXCSRH5 USB Transmit Control and Status Endpoint 5 High
0x154 USBRXMAXP5 USB Maximum Receive Data Endpoint 5

0x156 USBRXCSRL5 USB Receive Control and Status Endpoint 5 Low
0x157 USBRXCSRH5 USB Receive Control and Status Endpoint 5 High
0x158 USBRXCOUNT5 USB Receive Byte Count Endpoint 5

0x15A USBTXTYPES USB Host Transmit Configure Type Endpoint 5
0x15B USBTXINTERVALS USB Host Transmit Interval Endpoint 5

0x15C USBRXTYPES USB Host Configure Receive Type Endpoint 5
0x15D USBRXINTERVALS USB Host Receive Polling Interval Endpoint 5
0x160 USBTXMAXP6 USB Maximum Transmit Data Endpoint 6

0x162 USBTXCSRL6 USB Transmit Control and Status Endpoint 6 Low
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Table 6-31. USB Registers (continued)

OFFSET ACRONYM REGISTER NAME

0x163 USBTXCSRH6 USB Transmit Control and Status Endpoint 6 High
0x164 USBRXMAXP6 USB Maximum Receive Data Endpoint 6

0x166 USBRXCSRL6 USB Receive Control and Status Endpoint 6 Low
0x167 USBRXCSRH6 USB Receive Control and Status Endpoint 6 High
0x168 USBRXCOUNT®6 USB Receive Byte Count Endpoint 6

O0x16A USBTXTYPE6 USB Host Transmit Configure Type Endpoint 6
0x16B USBTXINTERVALG6 USB Host Transmit Interval Endpoint 6

0x16C USBRXTYPEG6 USB Host Configure Receive Type Endpoint 6
0x16D USBRXINTERVALG6 USB Host Receive Polling Interval Endpoint 6
0x170 USBTXMAXP7 USB Maximum Transmit Data Endpoint 7

0x172 USBTXCSRL7 USB Transmit Control and Status Endpoint 7 Low
0x173 USBTXCSRH7 USB Transmit Control and Status Endpoint 7 High
0x174 USBRXMAXP7 USB Maximum Receive Data Endpoint 7

0x176 USBRXCSRL7 USB Receive Control and Status Endpoint 7 Low
0x177 USBRXCSRH7 USB Receive Control and Status Endpoint 7 High
0x178 USBRXCOUNT?7 USB Receive Byte Count Endpoint 7

0x17A USBTXTYPE7 USB Host Transmit Configure Type Endpoint 7
0x17B USBTXINTERVAL7 USB Host Transmit Interval Endpoint 7

0x17C USBRXTYPE7 USB Host Configure Receive Type Endpoint 7
0x17D USBRXINTERVAL7 USB Host Receive Polling Interval Endpoint 7
0x200 USBDMAINTR USB DMA Interrupt

0x204 USBDMACTLO USB DMA Control 0

0x208 USBDMAADDRO USB DMA Address 0

0x20C USBDMACOUNTO USB DMA Count 0

0x214 USBDMACTL1 USB DMA Control 1

0x218 USBDMAADDR1 USB DMA Address 1

0x21C USBDMACOUNT1 USB DMA Count 1

0x224 USBDMACTL2 USB DMA Control 2

0x228 USBDMAADDR2 USB DMA Address 2

0x22C USBDMACOUNT2 USB DMA Count 2

0x234 USBDMACTL3 USB DMA Control 3

0x238 USBDMAADDR3 USB DMA Address 3

0x23C USBDMACOUNT3 USB DMA Count 3

0x244 USBDMACTL4 USB DMA Control 4

0x248 USBDMAADDR4 USB DMA Address 4

0x24C USBDMACOUNT4 USB DMA Count 4

0x254 USBDMACTL5 USB DMA Control 5

0x258 USBDMAADDRS USB DMA Address 5

0x25C USBDMACOUNT5 USB DMA Count 5

0x264 USBDMACTL6 USB DMA Control 6

0x268 USBDMAADDRG6 USB DMA Address 6

0x26C USBDMACOUNT6 USB DMA Count 6

0x274 USBDMACTL7 USB DMA Control 7

0x278 USBDMAADDR7 USB DMA Address 7

0x27C USBDMACOUNT7 USB DMA Count 7

0x304 USBRQPKTCOUNT1 USB Request Packet Count in Block Transfer Endpoint 1
0x308 USBRQPKTCOUNT2 USB Request Packet Count in Block Transfer Endpoint 2
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Table 6-31. USB Registers (continued)

OFFSET ACRONYM REGISTER NAME
0x30C USBRQPKTCOUNT3 USB Request Packet Count in Block Transfer Endpoint 3
0x310 USBRQPKTCOUNT4 USB Request Packet Count in Block Transfer Endpoint 4
0x314 USBRQPKTCOUNT5 USB Request Packet Count in Block Transfer Endpoint 5
0x318 USBRQPKTCOUNT6 USB Request Packet Count in Block Transfer Endpoint 6
0x31C USBRQPKTCOUNT7 USB Request Packet Count in Block Transfer Endpoint 7
0x340 USBRXDPKTBUFDIS USB Receive Double Packet Buffer Disable
0x342 USBTXDPKTBUFDIS USB Transmit Double Packet Buffer Disable
0x344 USBCTO USB Chirp Time-out
0x346 USBHHSRTN USB High Speed to UTM Operating Delay
0x348 USBHSBT USB High Speed Time-out Adder
0x360 USBLPMATTR USB LPM Attributes
0x362 USBLPMCNTRL USB LPM Control
0x363 USBLPMIM USB LPM Interrupt Mask
0x364 USBLPMRIS USB LPM Raw Interrupt Status
0x365 USBLPMFADDR USB LPM Function Address
0x400 USBEPC USB External Power Control
0x404 USBEPCRIS USB External Power Control Raw Interrupt Status
0x408 USBEPCIM USB External Power Control Interrupt Mask
0x40C USBEPCISC USB External Power Control Interrupt Status and Clear
0x410 USBDRRIS USB Device RESUME Raw Interrupt Status
0x414 USBDRIM USB Device RESUME Interrupt Mask
0x418 USBDRISC USB Device RESUME Interrupt Status and Clear
0x41C USBGPCS USB General-Purpose Control and Status
0x430 USBVDC USB VBUS Droop Control
0x434 USBVDCRIS USB VBUS Droop Control Raw Interrupt Status
0x438 USBVDCIM USB VBUS Droop Control Interrupt Mask
0x43C USBVDCISC USB VBUS Droop Control Interrupt Status and Clear
O0xFCO USBPP USB Peripheral Properties
OxFC4 USBPC USB Peripheral Configuration
0xFC8 USBCC USB Clock Configuration
Table 6-32. WDT Registers
OFFSET ACRONYM REGISTER NAME
0x0 WDTLOAD Watchdog Load
0x4 WDTVALUE Watchdog Value
0x8 WDTCTL Watchdog Control
0xC WDTICR Watchdog Interrupt Clear
0x10 WDTRIS Watchdog Raw Interrupt Status
0x14 WDTMIS Watchdog Masked Interrupt Status
0x418 WDTTEST Watchdog Test
0xC00 WDTLOCK Watchdog Lock
0xFDO WDTPeriphlD4 Watchdog Peripheral Identification 4
0xFD4 WDTPeriphlD5 Watchdog Peripheral Identification 5
0xFD8 WDTPeriphlD6 Watchdog Peripheral Identification 6
O0xFDC WDTPeriphlD7 Watchdog Peripheral Identification 7
OXFEO WDTPeriphiDO Watchdog Peripheral Identification 0
OXFE4 WDTPeriphiD1 Watchdog Peripheral Identification 1
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Table 6-32. WDT Registers (continued)

OFFSET ACRONYM REGISTER NAME

OXFE8 WDTPeriphlD2 Watchdog Peripheral Identification 2
OXFEC WDTPeriphiD3 Watchdog Peripheral Identification 3
O0xFFO WDTPCellIDO Watchdog PrimeCell Identification 0
OxFF4 WDTPCelllID1 Watchdog PrimeCell Identification 1
OxFF8 WDTPCellID2 Watchdog PrimeCell Identification 2
OXFFC WDTPCellID3 Watchdog PrimeCell Identification 3
6.6 Identification

6.7

Device ldentification

Read-only registers in the system control module provide information about the MCU, such as version,
part number, pin count, operating temperature range, and available peripherals on the device. The Device
Identification 0 (DIDO) and Device Identification 1 (DID1) registers provide details about the version,
package, and temperature range of the device. The peripheral present registers starting at system control
offset 0x300, such as the Watchdog Timer Peripheral Present (PPWD) register, provide information on
how many of each type of module are included on the device. Finally, information about the capabilities of
the on-chip peripherals are provided at offset OxFCO in the register space of each peripheral in the
peripheral properties registers, such as the GPTM Peripheral Properties (GPTMPP). In addition, four
unique identifier registers, Unique Identifier n (UNIQUEIDnN), provide a 128-bit unique identifier that cannot
be modified for each device.

JTAG Identification

Figure 6-3 shows the format for the 32-bit IDCODE Data Register defined by the IEEE Standard 1149.1.
The major uses of the JTAG port are for manufacturer testing of component assembly and program
development and debug. To facilitate the use of auto-configuration debug tools, the IDCODE instruction
outputs a value of Ox4BA0.0477. This value lets the debuggers automatically configure themselves to
work correctly with the Cortex-M4F during debug.

31 28 27 1211 10

TDI 10O
——P»| Version Part Number Manufacturer ID 11—

Figure 6-3. IDCODE Register Format

ROM Version
The internal ROM is at address 0x0100.0000 of the device memory map.

Boot Modes

After POR and device initialization occurs, the hardware loads the stack pointer from either flash or ROM,
based on the presence of an application in flash and the state of the EN bit in the BOOTCFG register.

If the flash address 0x0000.0004 contains an erased word (value OXFFFF.FFFF) or the EN bit is of the
BOOTCEFG register is clear, the stack pointer and reset vector pointer are loaded from ROM at address
0x0100.0000 and 0x0100.0004, respectively. The bootloader executes and configures the available boot
slave interfaces and waits for a programmer, host PC, or boot server to load its software. The bootloader
uses a simple packet interface to provide synchronous communication with the device for 1°C, SSI, and
UART. The speed of the bootloader is determined by the frequency of the internal oscillator (PIOSC) or
external crystal (if connected).

The ROM invokes the USB and Ethernet bootloader only when an external crystal is detected. Also, the
Ethernet bootloader works only when a 25-MHz crystal is detected.

The following serial interfaces can be used:
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UARTO
SSI0
12C0
USB

Ethernet MAC and Integrated PHY

If the check of the flash at address 0x0000.0004 contains a valid reset vector value and the EN bit in the
BOOTCFG register is set, the stack pointer and reset vector values are fetched from the beginning of
flash. This application stack pointer and reset vector are loaded and the processor executes the
application directly. Otherwise, the stack pointer and reset vector values are fetched from the beginning of
ROM.
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7 Applications, Implementation, and Layout

NOTE
Information in the following Applications section is not part of the TI component specification,
and TI does not warrant its accuracy or completeness. Tl's customers are responsible for
determining suitability of components for their purposes. Customers should validate and test
their design implementation to confirm system functionality.

7.1 System Design Guidelines

The SimpleLink MSP432E4 microcontrollers are highly-integrated system-on-chip (SoC) devices with
extensive interface and processing capabilities. Consequently, there are many factors to consider when
creating a schematic and designing a circuit board. By following the recommendations in this design
guide, your confidence will increase that the board will work successfully upon initial power up.

System Design Guidelines for MSP432E4 SimpleLink™ Microcontrollers
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8 Device and Documentation Support

8.1 Getting Started and Next Steps
Tl offers an extensive line of development tools. Tools and software to evaluate the performance of the
device, generate code, and develop solutions follow.

8.2 Device Nomenclature
To designate the stages in the product development cycle, Tl assigns prefixes to the part numbers of all
microprocessors (MPUs) and support tools. Each device has one of three prefixes: XMS, PMS, or MSP.
These prefixes represent evolutionary stages of product development from engineering prototypes through
fully qualified production devices and tools.
Device development evolutionary flow:
XMS Experimental device that is not necessarily representative of the final device's electrical

specifications and may not use production assembly flow.
PMS Prototype device that is not necessarily the final silicon die and may not necessarily meet
final electrical specifications.

MSP Production version of the silicon die that is fully qualified.
Experimental devices and tools are shipped against the following disclaimer:
"Developmental product is intended for internal evaluation purposes.”
Production devices and development-support tools have been characterized fully, and the quality and
reliability of the device have been demonstrated fully. TI's standard warranty applies.
Predictions show that prototype devices have a greater failure rate than the standard production devices.
Tl recommends that these devices not be used in any production system because their expected end-use
failure rate still is undefined. Only qualified production devices are to be used.
Tl device nomenclature also includes a suffix with the device family name. This suffix indicates the
package type (for example, ZAD) and the temperature range (for example, blank is the default commercial
temperature range). Figure 8-1 shows a legend for reading the complete device name for the device.
For orderable part numbers of the device, see the Package Option Addendum of this document, ti.com, or
contact your Tl sales representative.
For additional description of the device nomenclature markings on the die, see the device-specific silicon
errata.

Copyright © 2017, Texas Instruments Incorporated Device and Documentation Support 147

Submit Documentation Feedback
Product Folder Links: MSP432E401Y


http://www.ti.com/product/msp432e401y?qgpn=msp432e401y
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLASEN5&partnum=MSP432E401Y
http://www.ti.com/product/msp432e401y?qgpn=msp432e401y
http://www.ti.com

13 TEXAS
INSTRUMENTS

www.ti.com

MSP432E401Y
SLASENS —~OCTOBER 2017

MSP 432 E 411Y T ZAD R

Processor Family
Platform Optional: Distribution Format
Series Packaging
Feature Set Optional: Temperature Range
Processor Family MSP = Mixed-Signal Processor
XMS = Experimental Silicon
Platform 432 = TI’s 32-Bit Low-Power Microcontroller Platform
Series E = Ethernet and Wired Connectivity Series
Feature Set First Digit Second Digit Third Digit Fourth Digit
4 = Flash-based devices| 1=LCD 1=ADC Y = 1MB Flash
up to 120 MHz 0=NoLCD 0=NoADC
Optional: T =-40°C to 105°C
Temperature Range
Packaging http://lwww.ti.com/packaging
Optional: T = Small reel
Distribution R = Large reel
Format No markings = Tube or tray

Figure 8-1. Device Nomenclature
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8.3

Tools and Software

Design Kits and Evaluation Modules

MSP432E401Y SimpleLink Microcontroller LaunchPad Development Kit The SimpleLink Ethernet
MSP432E401Y microcontroller LaunchPad development kit is a low-cost evaluation platform
for SimpleLink Arm Cortex-M4F-based Ethernet microcontrollers. The Ethernet LaunchPad
development kit design highlights the MSP432E401Y microcontroller with its on-chip 10/100
Ethernet MAC and PHY, USB 2.0, hibernation module, motion control pulse-width
modulation, and a multitude of simultaneous serial connectivity.

Software

SimpleLink MSP432E4 Software Development Kit (SDK) The MSP432E4 SDK is a comprehensive
software package that enables engineers to quickly develop highly functional applications on
Texas Instruments MSP432E4 MCUs. The MSP432E4 SDK is composed of multiple
compatible software components including RTOS, drivers, and middleware as well as
examples of how to use these components together. In addition, examples are provided to
demonstrate the use of each functional area and each supported device and as a starting
point for your own projects.

Development Tools

Code Composer Studio™ Integrated Development Environment for MSP Microcontrollers Code
Composer Studio is an integrated development environment (IDE) that supports all MSP430
and SimpleLink MSP432 microcontroller devices. Code Composer Studio comprises a suite
of embedded software utilities used to develop and debug embedded applications. It
includes an optimizing C/C++ compiler, source code editor, project build environment,
debugger, profiler, and many other features. The integrated Tl resource explorer gives you
access to additional examples, libraries, executables and documentation for your device and
development board. For more information, see the Code Composer Studio™ IDE for
SimpleLink™ MSP432™ Microcontrollers User’s Guide.

IAR Embedded Workbench Kickstart IAR Embedded Workbench Kickstart for MSP is a complete
debugger and C/C++ compiler toolchain for building and debugging embedded applications
based on MSP430 and SimpleLink MSP432 microcontrollers. The code size limitation of
C/C++ compiler is set to 8KB for MSP430 devices and 32KB for MSP432 devices. For more
information, see the IAR Embedded Workbench® for Arm ® for SimpleLink™ MSP432™
Microcontrollers User’s Guide.

Arm® Keil® MDK — Free 32KB IDE The Arm Keil MDK is a complete debugger and C/C++ compiler
toolchain for building and debugging embedded applications. Keil MDK supports the low-
power and high-performance SimpleLink MSP432 MCU family, and includes a fully
integrated debugger for source and disassembly level debugging with support for complex
code and data breakpoint. For this IDE, only non-RTOS examples are supported in the
SimpleLink MSP432 Software Development Kit (SDK). For more information, see the Arm®
Keil® MDK for SimpleLink™ MSP432™ Microcontrollers User's Guide.

MSP432E CMSIS Device Family Pack TI provides a CMSIS-compliant device family pack for MSP432E
devices. This pack adds MSP432E device support to IAR EWArm 8.x, Keil MDK 5.x, and
Atollic True Studio 7.x. In IAR EWArm, this pack is optional as the IDE supports the devices
natively.

Debuggers for MSP432 SimpleLink MSP432E MCUs are designed to work with a variety of debuggers
from Tl and third party vendors. MSP-FET does not support the MSP432E device family.
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8.4 Documentation Support

To receive notification of documentation updates, navigate to the device product folder on ti.com. In the
upper-right corner, click on Alert me to register and receive a weekly digest of any product information that
has changed. For change details, review the revision history included in any revised document.

The following documentation describes the MCU, related peripherals, and other technical collateral.

Errata

MSP432E4 SimpleLink™ Microcontrollers Silicon Errata Describes silicon behavior that differs from
the published specifications

Application Reports

System Design Guidelines for SimpleLink™ MSP432E4 Microcontrollers The SimpleLink MSP432E4
microcontrollers are highly-integrated system-on-chip (SOC) devices with extensive interface
and processing capabilities. Consequently, there are many factors to consider when creating
a schematic and designing a circuit board. By following the recommendations in this design
guide, you will increase your confidence that the board will work successfully the first time it
is powered it up.

Using Feature Set of 1°C Master on SimpleLink MSP432E4 Microcontrollers ~ The inter-integrated
circuit (1°C) is a multiple-master, multiple-slave, single-ended bus that is typically used for
attaching lower-speed peripheral ICs to processors and microcontrollers. The type of slave
devices range from nonvolatile memory to data-acquisition devices like analog-to-digital
converters (ADCE, sensors, and so forth. This application report demonstrates how to use
the feature rich 1°C master on the SimpleLink MSP432E4 microcontrollers to communicate
with a host of slave devices in a system.

Using SimpleLink MSP432E4 Microcontrollers Over JTAG Interface The IEEE Standard 1149.1-1990,
IEEE Standard Test Access Port and Boundary-Scan Architecture (JTAG) is a method for
verifying designs and testing printed circuit boards after assembly. It is used as the primary
means for transferring data to a nonvolatile memory of an embedded system and debugging
embedded software. This application report describes the physical connections for JTAG and
design considerations to be taken into account for a custom board. It also shows how to use
the JTAG interface on the SimpleLink MSP432E4 LaunchPad development kit for debugging
the onboard microcontroller using an external debugger, or by using the onboard debugger
for debugging an off-board microcontroller.

User's Guides

MSP432E4 SimpleLink™ Microcontrollers Technical Reference Manual Describes the MSP432E4
family of microcontrollers, including the functional blocks of the system-on-chip (SoC) device
designed around the Arm Cortex-M4F core.

Bootloader for MSP432E4 SimpleLink™ Microcontrollers User's Guide The bootloader is a small
piece of code that can be programmed at the beginning of flash to act as an application
loader as well as an update mechanism for applications running on a SimpleLink MSP432E4
Arm Cortex-M4-based microcontroller. The bootloader can be built to use the UART, SSI,
I2C, CAN, Ethernet, or USB ports to update the code on the microcontroller. The bootloader
is customizable through source code modifications, or simply deciding at compile time which
routines to include. Because full source code is provided, the bootloader can be completely
customized
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8.5

8.6

8.7

8.8

8.9

Community Resources

The following links connect to TI community resources. Linked contents are provided "AS IS" by the
respective contributors. They do not constitute Tl specifications and do not necessarily reflect TI's views;
see TI's Terms of Use.

TI E2E™ Online Community The TI engineer-to-engineer (E2E) community was created to foster
collaboration among engineers. At e2e.ti.com, you can ask questions, share knowledge,
explore ideas and help solve problems with fellow engineers.

Tl Embedded Processors Wiki Established to help developers get started with Embedded Processors
from Texas Instruments and to foster innovation and growth of general knowledge about the
hardware and software surrounding these devices.

Trademarks

SimpleLink, LaunchPad, MSP432, E2E are trademarks of Texas Instruments.

Arm, Cortex, Thumb, Thumb-2, PrimeCell, Arm7 are registered trademarks of Arm Limited.
Bluetooth is a registered trademark of Bluetooth SIG.

Wi-Fi is a registered trademark of Wi-Fi Alliance.

All other trademarks are the property of their respective owners.

Electrostatic Discharge Caution

This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled with
appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may be more
susceptible to damage because very small parametric changes could cause the device not to meet its published specifications.

Export Control Notice

Recipient agrees to not knowingly export or re-export, directly or indirectly, any product or technical data
(as defined by the U.S., EU, and other Export Administration Regulations) including software, or any
controlled product restricted by other applicable national regulations, received from disclosing party under
nondisclosure obligations (if any), or any direct product of such technology, to any destination to which
such export or re-export is restricted or prohibited by U.S. or other applicable laws, without obtaining prior
authorization from U.S. Department of Commerce and other competent Government authorities to the
extent required by those laws.

Glossary
Tl Glossary This glossary lists and explains terms, acronyms, and definitions.
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9 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the
most current data available for the designated devices. This data is subject to change without notice and
revision of this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)

MSP432E401YTPDT Active Production TQFP (PDT) | 128 90 | JEDEC Yes NIPDAU Level-3-260C-168 HR -40 to 105 MSP432
TRAY (5+1) E401YT
MSP432E401YTPDT.B Active Production TQFP (PDT) | 128 90 | JEDEC Yes NIPDAU Level-3-260C-168 HR -40 to 105 MSP432
TRAY (5+1) E401YT
MSP432E401YTPDTR Active Production TQFP (PDT) | 128 1000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 105 MSP432
E401YT
MSP432E401YTPDTR.B Active Production TQFP (PDT) | 128 1000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 105 MSP432
E401YT

@ status: For more details on status, see our product life cycle.

@ material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the TI RoHS Statement for additional information and value definition.

@ | ead finish/Ball material: Parts may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two lines if the finish value exceeds the maximum
column width.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

© part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

Multiple part markings will be inside parentheses. Only one part marking contained in parentheses and separated by a "~" will appear on a part. If a line is indented then it is a continuation of the previous line and the two
combined represent the entire part marking for that device.

Important Information and Disclaimer:The information provided on this page represents TI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information provided by third parties, and
makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and continues to take reasonable steps to provide representative
and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals. Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers
and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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PACKAGE OUTLINE
TQFP - 1.2 mm max height
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NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.
2. This drawing is subject to change without notice.
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EXAMPLE BOARD LAYOUT
PDTO128A TQFP - 1.2 mm max height
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NOTES: (continued)

3. Publication IPC-7351 may have alternate designs.

4. Solder mask tolerances between and around signal pads can vary based on board fabrication site.

5. For more information, see Texas Instruments literature numbers SLMAQ002 (www.ti.com/lit/sima002) and
SLMAO004 (www.ti.com/lit/sima004).
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EXAMPLE STENCIL DESIGN
PDTO128A TQFP - 1.2 mm max height
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NOTES: (continued)

6. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
7. Board assembly site may have different recommendations for stencil design.
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you fully
indemnify Tl and its representatives against any claims, damages, costs, losses, and liabilities arising out of your use of these resources.

TI's products are provided subject to TI's Terms of Sale, TI's General Quality Guidelines, or other applicable terms available either on
ti.com or provided in conjunction with such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable
warranties or warranty disclaimers for Tl products. Unless Tl explicitly designates a product as custom or customer-specified, TI products
are standard, catalog, general purpose devices.

Tl objects to and rejects any additional or different terms you may propose.

Copyright © 2025, Texas Instruments Incorporated
Last updated 10/2025
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