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RM46Lx40 16- and 32-Bit RISC Flash Microcontroller

1 Device Overview

1.1 Features

High-Performance Microcontroller for Safety-
Critical Applications

Dual CPUs Running in Lockstep
ECC on Flash and RAM Interfaces

Built-In Self-Test (BIST) for CPU and On-chip
RAMs

Error Signaling Module With Error Pin
Voltage and Clock Monitoring

ARM® Cortex®-R4F 32-Bit RISC CPU

— 1.66 DMIPS/MHz With 8-Stage Pipeline
FPU With Single- and Double-Precision

— 12-Region Memory Protection Unit (MPU)
— Open Architecture With Third-Party Support
Operating Conditions

— Up to 200-MHz System Clock

— Core Supply Voltage (VCC): 1.14t0 1.32 V
— 1/O Supply Voltage (VCCIO): 3.0t0 3.6 V
Integrated Memory

— 1.25MB of Program Flash With ECC
(RM46L840)

1MB of Program Flash With ECC (RM46L440)
192KB of RAM With ECC (RM46L840)
128KB of RAM With ECC (RM46L440)

64KB of Flash for Emulated EEPROM With
ECC

16-Bit External Memory Interface (EMIF)
Common Platform Architecture

Consistent Memory Map Across Family
Real-Time Interrupt (RTI) Timer (OS Timer)
128-Channel Vectored Interrupt Module (VIM)
— 2-Channel Cyclic Redundancy Checker (CRC)
Direct Memory Access (DMA) Controller

— 16 Channels and 32 Peripheral Requests

— Parity Protection for Control Packet RAM

— DMA Accesses Protected by Dedicated MPU

Frequency-Modulated Phase-Locked Loop
(FMPLL) With Built-In Slip Detector

Separate Nonmodulating PLL

IEEE 1149.1 JTAG, Boundary Scan and ARM
CoreSight™ Components

Advanced JTAG Security Module (AJSM)
Calibration Capabilities
— Parameter Overlay Module (POM)

16 General-Purpose Input/Output (GPIO) Pins
Capable of Generating Interrupts

Enhanced Timing Peripherals for Motor Control

— 7 Enhanced Pulse Width Modulator (ePWM)
Modules

— 6 Enhanced Capture (eCAP) Modules

— 2 Enhanced Quadrature Encoder Pulse (eQEP)
Modules

Two Next Generation High-End Timer (N2HET)
Modules

— N2HET1: 32 Programmable Channels
— N2HET2: 18 Programmable Channels

— 160-Word Instruction RAM Each With Parity
Protection

— Each N2HET Includes Hardware Angle
Generator

— Dedicated High-End Timer Transfer Unit (HTU)
for Each N2HET

Two 12-Bit Multibuffered Analog-to-Digital
Converter (MibADC) Modules

— ADCL1: 24 Channels
— ADC2: 16 Channels Shared With ADC1
— 64 Result Buffers Each With Parity Protection
Multiple Communication Interfaces
— 10/100 Mbps Ethernet MAC (EMAC)
» |EEE 802.3 Compliant (3.3-V I/O Only)
e Supports MIl, RMIIl, and MDIO
— Three CAN Controllers (DCANS)
* 64 Mailboxes Each With Parity Protection

» Compliant to CAN Protocol Version 2.0A and
2.0B

— Inter-Integrated Circuit (12C)

— Three Multibuffered Serial Peripheral Interface
(MibSPI) Modules

» 128 Words Each With Parity Protection
« 8 Transfer Groups

— Up to Two Standard Serial Peripheral Interface
(SPI) Modules

— Two UART (SCI) Interfaces, One With Local
Interconnect Network (LIN 2.1) Interface
Support

Packages
— 144-Pin Quad Flatpack (PGE) [Green]
— 337-Ball Grid Array (ZWT) [Green]

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.


http://www.ti.com/product/rm46l440?qgpn=rm46l440
http://www.ti.com/product/rm46l840?qgpn=rm46l840

13 TEXAS

RM46L.440, RM46L.840 INSTRUMENTS
SPNS183C —SEPTEMBER 2012—-REVISED JUNE 2015 www.ti.com
1.2 Applications
* Industrial Safety Applications » Medical Applications

— Industrial Automation — Ventilators

— Safe Programmable Logic Controllers (PLCs) — Defibrillators

— Power Generation and Distribution — Infusion and Insulin Pumps

— Turbines and Windmills — Radiation Therapy

— Elevators and Escalators — Robotic Surgery
1.3 Description

The RM46Lx40 device is a high-performance microcontroller family for safety systems. The safety
architecture includes dual CPUs in lockstep, CPU and memory BIST logic, ECC on both the flash and the
data SRAM, parity on peripheral memories, and loopback capability on peripheral 1/Os.

The RM46Lx40 device integrates the ARM Cortex-R4F floating-point CPU which offers an efficient
1.66 DMIPS/MHz, and can run up to 200 MHz providing up to 332 DMIPS. The device supports the little-
endian [LE] format.

The RM46L840 device has 1.25MB of integrated flash and 192KB of data RAM with single-bit error
correction and double-bit error detection. The RM46L440 device has 1MB of integrated flash and 128KB
of data RAM with single-bit error correction and double-bit error detection. The flash memory on this
device is a nonvolatile, electrically erasable and programmable memory, implemented with a 64-bit-wide
data bus interface. The flash operates on a 3.3-V supply input (same level as /O supply) for all read,
program, and erase operations. When in pipeline mode, the flash operates with a system clock frequency
of up to 200 MHz. The SRAM supports single-cycle read and write accesses in byte, halfword, word, and
double-word modes throughout the supported frequency range.

The RM46Lx40 device features peripherals for real-time control-based applications, including two Next
Generation High-End Timer (N2HET) timing coprocessors with up to 44 1/O terminals, seven Enhanced
Pulse Width Modulator (ePWM) modules with up to 14 outputs, six Enhanced Capture (eCAP) modules,
two Enhanced Quadrature Encoder Pulse (eQEP) modules, and two 12-bit Analog-to-Digital Converters
(ADCs) supporting up to 24 inputs.

The N2HET is an advanced intelligent timer that provides sophisticated timing functions for real-time
applications. The timer is software-controlled, using a reduced instruction set, with a specialized timer
micromachine and an attached I/O port. The N2HET can be used for pulse-width-modulated outputs,
capture or compare inputs, or general-purpose /O (GIO). The N2HET is especially well suited for
applications requiring multiple sensor information and drive actuators with complex and accurate time
pulses. A High-End Timer Transfer Unit (HTU) can perform DMA-type transactions to transfer N2HET data
to or from main memory. A Memory Protection Unit (MPU) is built into the HTU.

The ePWM module can generate complex pulse width waveforms with minimal CPU overhead or
intervention. The ePWM is easy to use and it supports both high-side and low-side PWM and deadband
generation. With integrated trip zone protection and synchronization with the on-chip MibADC, the ePWM
module is ideal for digital motor control applications.

The eCAP module is essential in systems where the accurately timed capture of external events is
important. The eCAP can also be used to monitor the ePWM outputs or for simple PWM generation when
the eCAP is not needed for capture applications.

The eQEP module is used for direct interface with a linear or rotary incremental encoder to get position,
direction, and speed information from a rotating machine as used in high-performance motion and
position-control systems.
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The device has two 12-bit-resolution MibADCs with 24 total inputs and 64 words of parity-protected buffer
RAM each. The MibADC channels can be converted individually or can be grouped by software for
sequential conversion sequences. Sixteen inputs are shared between the two MibADCs. Each MibADC
supports three separate groupings of channels. Each group can be converted once when triggered or
configured for continuous conversion mode. The MibADC has a 10-bit mode for use when compatibility
with older devices or faster conversion time is desired. MibADC1 also supports the use of external analog
multiplexers.

The device has multiple communication interfaces: three MibSPIs, two SPIs, one LIN, one SCI, three
DCANSs, one I°C, and one Ethernet. The SPI provides a convenient method of serial high-speed
communications between similar shift-register type devices. The LIN supports the Local Interconnect
standard 2.0 and can be used as a UART in full-duplex mode using the standard Non-Return-to-Zero
(NRz) format. The DCAN supports the CAN 2.0 (A and B) protocol standard and uses a serial,
multimaster communication protocol that efficiently supports distributed real-time control with robust
communication rates of up to 1 Mbps. The DCAN is ideal for systems operating in noisy and harsh
environments (for example, automotive and industrial fields) that require reliable serial communication or
multiplexed wiring. The Ethernet module supports MIl, RMIl, and MDIO interfaces.

The 12C module is a multimaster communication module providing an interface between the
microcontroller and an 1°C-compatible device through the 1°C serial bus. The I°C supports speeds of 100
and 400 Kbps.

A Frequency-Modulated Phase-Locked Loop (FMPLL) clock module is used to multiply the external
frequency reference to a higher frequency for internal use. The Global Clock Module (GCM) manages the
mapping between the available clock sources and the device clock domains.

The device also has an External Clock Prescaler (ECP) module that when enabled, outputs a continuous
external clock on the ECLK terminal. The ECLK frequency is a user-programmable ratio of the peripheral
interface clock (VCLK) frequency. This low-frequency output can be monitored externally as an indicator of
the device operating frequency.

The Direct Memory Access (DMA) controller has 16 channels, 32 peripheral requests, and parity
protection on its memory. An MPU is built into the DMA to protect memory against erroneous transfers.

The Error Signaling Module (ESM) monitors all device errors and determines whether an interrupt or
external error pin (ball) is triggered when a fault is detected. The nERROR terminal can be monitored
externally as an indicator of a fault condition in the microcontroller.

The External Memory Interface (EMIF) provides a memory extension to asynchronous and synchronous
memories or other slave devices.

A Parameter Overlay Module (POM) enhances the calibration capabilities of application code. The POM
can reroute flash accesses to internal memory or to the EMIF, thus avoiding the reprogramming steps
necessary for parameter updates in flash.

With integrated safety features and a wide choice of communication and control peripherals, the
RM46Lx40 device is an ideal solution for high-performance real-time control applications with safety-
critical requirements.

Table 1-1. Device Information®

PART NUMBER PACKAGE BODY SIZE
RM46Lx40ZWT NFBGA (337) 16.0 mm x 16.0 mm
RM46Lx40PGE LQFP (144) 20.0 mm x 20.0 mm

(1) For more information, see Section 9, Mechanical Packaging and Orderable Information.
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1.4 Functional Block Diagram
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A. For devices with 128KB RAM with ECC, the RAM #2 power domain is not supported.
B. The RM46L440 device only supports 1MB Flash with ECC.
Figure 1-1. Functional Block Diagram
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2 Revision History

This data manual revision history highlights the technical changes made to the SPNS183B device-specific
data manual to make it an SPNS183C revision.

Scope: Applicable updates to the Hercules™ RM MCU device family, specifically relating to the
RM46Lx40 devices, which are now in the production data (PD) stage of development have been

incorporated.
Changes from March 14, 2015 to June 30, 2015 (from B Revision (March 2015) to C Revision) Page
* Section 1.3 (Description): Corrected DMA description, 32 peripheral requests, not 32 control packets..............o... 3
» Table 4-18 (PGE Test and Debug Modules Interface): Specified size of pulldown on TDO during reset............... 20
e Table 4-41 (ZWT Test and Debug Modules Interface): Specified size of pulldown on TDO during reset............... 36
e Section 6.5.1 (Summary of ARM Cortex-R4F CPU Features): Added quantity of breakpoints and watchpoints ...... 56
e Table 6-21 (Device Memory Map): Corrected Bank 7 OTP SiZ€....cuuiiiuiiiuiiriniiiteiieisiessisssnsssiarsannsiansianes 73
e Section 7.11.1 ([MibSPI] Features): Corrected size of SPI baud rate generator, 11 bit, not 8 bit ..........cccvvvinnnts 146

* Figure 8-1 (RM46Lx40 Device Numbering Conventions): Updated/Changed figure to show the die revision letter.. @
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3 Device Comparison

Table 3-1 lists the features of the RM46Lx40 devices.

Table 3-1. RM46Lx40 Device Comparison®®

FEATURES DEVICES
‘Nssrr:qebnec; Part RM48L952ZWT® | RM46L852ZWT®) RM46L840ZWT RM46L840PGE RM46L440ZWT RM46L440PGE RM44L520PGE RM42L432PZ
Package 337 BGA 337 BGA 337 BGA 144 QFP 337 BGA 144 QFP 144 QFP 100 QFP
CPU ARM Cortex-R4F | ARM Cortex-R4F | ARM Cortex-R4F | ARM Cortex-R4F ARM Cortex-R4F ARM Cortex-R4F | ARM Cortex-R4F ARM Cortex-R4
Frequency (MHz) 220 220 200 200 200 200 200 100
Flash (KB) 3072 1280 1280 1280 1024 1024 768 384
RAM (KB) 256 192 192 192 128 128 128 32
Data Flash
[EEPROM] (KB) 64 64 64 64 64 64 64 16
USB OHCI + 2+0 or 1+1 240 or 1+1 - - - - - -
Device
EMAC 10/100 10/100 10/100 10/100 10/100 10/100 - -
CAN 3 3 3 3 3 3 3 2
MibADC
12-bit (Ch) 2 (24ch) 2 (24ch) 2 (24ch) 2 x (24ch) 2 (24ch) 2 (24ch) 2 (24ch) 1 (16ch)
N2HET (Ch) 2 (44) 2 (44) 2 (44) 2 (40) 2 (44) 2 (40) 2 (40) 1(19)
ePWM Channels - 14 14 14 14 14 14 -
eCAP Channels - 6 6 6 6 6 6 -
eQEP Channels - 2 2 2 2 2 2 1
MibSPI (CS) 3(6+6+4) 3(6+6+4) 3(6+6+4) 3(+6+1) 3(6+6+4) 3(6+6+1) 3(+6+1) 1(4)
SPI (CS) 2@2+1) 2(@2+1) 2(@2+1) 1(1) 2@2+1) 1(1) 1(1) 2(4+4)
SCI (LIN) 2 (1 with LIN) 2 (1 with LIN) 2 (1 with LIN) 2 (1 with LIN) 2 (1 with LIN) 2 (1 with LIN) 2 (1 with LIN) 1(with LIN)
12C 1 1 1 1 1 1 1 -
@ 144 (with 16 101 (with 16 101 (with 16 64 (with 10 interrupt| 101 (with 16 interrupt |64 (with 10 interrupt 64 (with 10 interrupt 45 (with 8 interrupt

GPIO (INT) . ) )

interrupt capable) | interrupt capable) | interrupt capable) capable) capable) capable) capable) capable)
EMIF 16-bit data 16-bit data 16-bit data - 16-bit data - - -
ETM [Trace]
(Data) ©2) - - - - - - -
RTP/DMM (Data) (16/16) - - - - - - -
?ggg";'r”a?ure -40°C t0 105°C | -40°Ct0105°C | -40°Ct0105°C | -40°C to 105°C -40°C to 105°C -40°C 10 105°C | -40°C 10 105°C | -40°C to 105°C
Core Supply (V) 1.14V-132V 1.14V-132V 1.14V-132V 1.14V-132V 1.14V-132V 114V -132V 1.14V-132V 1.14V-132V
1/0 Supply (V) 30V-36V 30V-36V 30V-36V 30V-36V 3.0V-36V 30V-36V 30V-36V 3.0V-36V

(1) For additional device variants, see www.ti.com/rm

(2) This table reflects the maximum configuration for each peripheral. Some functions are multiplexed and not all pins are available at the
same time.

(3) Superset device.

(4) Total number of pins that can be used as general purpose input or output when not used as part of a peripheral.
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4 Terminal Configuration and Functions

4.1 PGE QFP Package Pinout (144-Pin)
b ¥ &8 & ¢
— zz2zz =z z Z
) 82<< =o 085498 9 9 8
ge8  $3588433m% S
TC Loob=-—---xx QRS NEEESSERS
Loge gooooooal S gZzzzzzzzzzzzZzZ
2TiagPnlecnannannlizZ2850000000000000
FZZ=2>5>53>5>53=22=2=2=2=2=2=2Z2Z200>3>4CCC<CCICCICICICI<CC
( O~ OUTONTODONOUUTONTODONOUTOHNTODONMNOLWSTM )
8‘99‘c_>89‘9g\gc:camc:camc:cvcac:oocoooaocoooaooooocor\r\r\r\r\r\r\
nTRST 1] 109 72 == AD1IN[10] / AD2IN[10]
TDI —T—} 110 71 |=1— AD1IN[1]
TDO —1— 1M1 70 |=T—1 AD1IN[9]/ AD2IN[9]
TCK 1T 112 69 |—T— VCCAD
RTCK T/} 113 68 |—T— VSSAD
VCC 1 114 67 —T— ADREFLO
VSS 1 115 66 |—1T— ADREFHI
nRST 1] 116 65 |—T—1 AD1IN[21]/ AD2IN[5]
nERROR T 117 64 |—1—1 AD1IN[20] / AD2IN[4]
N2HET1[10] C—T—] 118 63 |—1—1 AD1IN[19] / AD2IN[3]
ECLK —— 119 62 |—T— AD1IN[18] / AD2IN[2]
VCCIO 1] 120 61 =T AD1IN[7]
VSS 1] 121 60 |—T— AD1IN[0]
VSS I 122 59 |—T—1 AD1IN[17]/ AD2IN[1]
VCC ] 123 58 |—T—1 AD1IN[16] / AD2IN[0]
N2HET1[12] 1] 124 57 == vCC
N2HET1[14] =] 125 56 f—T—1 VSS
GIOB[0] —1—] 126 55 —T—1 MIBSPI3NCS[0]
N2HET1[30] 1 127 54 I—1T—1 MIBSPI3NENA
CAN2TX —1—] 128 53 |—T— MIBSPI3CLK
CAN2RX 1| 129 52 —1T—1 MIBSPI3SIMO
MIBSPIMNCS[1] 1 130 51 |—1T— MIBSPI3SOMI
LINRX —1—] 131 50 |—— VSS
LINTX 1] 132 49 T VCC
GIOB[1] 1 133 48 =Tt VCC
VCCP 1] 134 47 1 VSS
VSS 1 135 46 —T 1 nPORRST
VCCIO T} 136 45 T VCC
VCC 1 137 44 1T VSS
VSS 1] 138 43 T VSS
N2HET1[16] T—T—] 139 42 |=T=1 VCCIO
N2HET1[18] —1—] 140 41 |11 N2HET1[15]
N2HET1[20] ——— 141 40 |—T— MIBSPI1NCS|2]
GIOB[2] =1 142 39 == N2HET1[13]
VCC 1] 143 38 |—1— N2HET1[6]
VSS 1 144 37 |——— MIBSPI3NCS[1]
(- ot 0oro0o2rd2YRe-223 Q3 R8RNRR3588388
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Figure 4-1. PGE QFP Package Pinout (144-Pin)

Note: Pins can have multiplexed functions. Only the default function is depicted in above diagram.
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4.2 ZWT BGA Package Ball-Map (337 Ball Grid Array)

A B c D E F G H J K L M N P R T u v w
AD1IN[22] ADAIN[11]
N2HET1 | MIBSPI5 | MIBSPI1 | MIBSPI1 | MIBSPIS | MIBSPI5 | N2HET1 AD1IN
19| vss | vss | Tms or (Reecarer IRl e (et e NC | CAN3RX | AD1EVT ADZ:N[G] B | aog o VSSAD | VSSAD (19
1l vss TeK 00 N2HET1 | MIBSPI1 | MIBSPI1 | MIBSPI5 | MIBSPI5 | N2HET1 AD1INIE] | ADTIN[14]| AD1IN[13]| Apqiy | AD1IN
nTRST NC | cAN3TX I | I VSSAD |18
18] CLIKC| S SOMIE = NENAT | SOMI[0]f| (0] AD2IN[8] |AD2iN[14] |aD2iNp13]| 4] 12]
N ARST MIBSPI5 MIBSPI5 | MIBSPIS | N2HET1 ADUN | ADtN [ADTINIION ppqy | ADTINIST )
SOMI[1] SIMO[3] | SIMO[2] | [31] 5] Bl |apz2inpiog| M | Ap2inge)

MIBSPI5 MIBSPI5 | MIBSPI5
SIMO[1] SOMI[3] | SOMI[2]

AD1IN[23] |AD1IN[12] | AD1IN[19]
16| RTCK / / /" |ADREFLO| VSSAD (16

AD2IN[12]| AD2IN[3]

AD1IN[21]| AD1IN[20]
/ / ADREFHI | VCCAD |15

AD2IN[5] | AD2IN[4]

N2HET1
[26]

AD1IN AD1IN

N2HET1 | N2HET1
17 [19]

N2HET1
[4]

NCS[3]

N2HET1
[14]

N2HET1
[30]

N2HET1
[27]

N2HET1

191 nPORRST |7

MIBSPI5
NCS[1]

MIBSPI5

N2HET1
6| GIOA[4] 51 NCS[2]

o

5| GIOA[0] | GIOA[5]

o

N2HET1
[2]

N2HET1 | N2HET1
[16] [12]

N2HET1
[21]

N2HET1
[23]

N2HET1 | N2HET1
[29] [22]

N2HET1 | MIBSPI1
NENA [11] NCS[1]

MIBSPI
NCS[2]

MIBSPI1
NCS[3]

N2HET1 SPI2
[25] NCSsJ0]

N2HET1
[6]

GIOA[6]

©

2| vss GIOA[1] Ssgllﬁl SPI2 CLK | GIOB[2] | GIOBIS5] GIOBI6] GIOBI[0] "2[:':-]" N"’[;"')E]“ ":"ggro'; TEST Nzrﬁﬂ vss |2
1| vss vss | GloAz] | SMZ | GIOA[3] | GIOBI7] | GIOB[4] Nz[:':']“ GIOA[7] Nz[:'sE]“ Nz[’z'f]“ NZFI']E“ "2?3']571 vss vss |1
A B c D E F G H J K L M N P R T U v w
Figure 4-2. ZWT Package Pinout. Top View
Note: Balls can have multiplexed functions. Only the default function is depicted in above diagram.
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4.3 Terminal Functions

Section 4.3.1 and Section 4.3.2 identify the external signal names, the associated pin/ball numbers along
with the mechanical package designator, the pin/ball type (Input, Output, 10, Power or Ground), whether
the pin/ball has any internal pullup/pulldown, whether the pin/ball can be configured as a GPIO, and a
functional pin/ball description. The first signal name listed is the primary function for that terminal. The
signal name in Bold is the function being described. Refer to the 1/O Multiplexing Module (IOMM) chapter
of the RM46x Technical Reference Manual (SPNU514).

NOTE

In the Terminal Functions table below, the "Reset Pull State" is the state of the pull applied to
the terminal while nPORRST is low and immediately after nPORRST goes High. The default
pull direction may change when software configures the pin for an alternate function. The
"Pull Type" is the type of pull asserted when the signal name in bold is enabled for the given
terminal by the IOMM control registers.

All 1/0 signals except nRST are configured as inputs while nPORRST is low and
immediately after nPORRST goes High. While nPORRST is low, the input buffers
are disabled, and the output buffers are disabled with the default pulls enabled.

All output-only signals have the output buffer disabled and the default pull enabled
while nPORRST is low, and are configured as outputs with the pulls disabled

immediately after nPORRST goes High.

4.3.1 PGE Package

4.3.1.1 Multibuffered Analog-to-Digital Converters (MibADC)

Table 4-1. PGE Multibuffered Analog-to-Digital Converters (MibADC1, MibADC?2)

Terminal Signal | Reset Pull Pull Type Description
Signal Name 144 Wes Slialis
PGE
ADREFHI® 66 | Power N/A None ADC high reference
supply
ADREFLO® 67 | Power ADC low reference supply
vccaDp® 69 Power Operating supply for ADC
VSSAD® 68 | Ground
ADI1EVT/MII_RX_ER/RMII_RX_ER 86 /10 Pulldown | Programmable, | ADC1 event trigger input,
20 pA or GPIO

MIBSPI3NCS[0]/AD2EVT/GIOBJ[2)/ 55 1/0 Pullup Programmable, | ADC2 event trigger input,
EQEP1I/N2HET2_PIN_nDIS 20 pA or GPIO
AD1IN[O] 60 Input N/A None ADC1 analog input
AD1IN[1] 71
AD1IN[2] 73
AD1IN[3] 74
AD1IN[4] 76
AD1IN[5] 78
AD1IN[6] 80
AD1IN[7] 61

(1) The ADREFHI, ADREFLO, VCCAD and VSSAD connections are common for both ADC cores.
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Table 4-1. PGE Multibuffered Analog-to-Digital Converters (MibADC1, MibADC2) (continued)

Terminal Signal | Reset Pull Pull Type Description
Signal Name 144 R S
PGE

AD1IN[8] / AD2IN[8] 83 Input N/A None ADC1/ADC?2 shared

ADL1IN[9] / AD2IN[9] 70 analog inputs

AD1IN[10] / AD2IN[10] 72

AD1IN[11] / AD2IN[11] 75

AD1IN[12] / AD2IN[12] 77

AD1IN[13] / AD2IN[13] 79

AD1IN[14] / AD2IN[14] 82

AD1IN[15] / AD2IN[15] 85

AD1IN[16] / AD2IN[0] 58

AD1IN[17] / AD2IN[1] 59

AD1IN[18] / AD2IN[2] 62

AD1IN[19] / AD2IN[3] 63

AD1IN[20] / AD2IN[4] 64

AD1IN[21] / AD2IN[5] 65

AD1IN[22] / AD2IN[6] 81

AD1IN[23] / AD2IN[7] 84

MIBSPI3SOMI[0JJAWM1_EXT_ENA/ECAP2 51 Output Pullup None AWML external analog
mux enable

MIBSPI3SIMO[0OJ/AWM1_EXT_SEL[0]/ECAP3 52 | Output | Pullup None AWM1 external analog
mux select line0

MIBSPI3CLK/AWM1_EXT_SEL[1]/EQEP1A 53 Output Pullup None AWML external analog
mux select line0
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4.3.1.2 Enhanced High-End Timer Modules (N2HET)

Table 4-2. PGE Enhanced High-End Timer Modules (N2HET)

Terminal Signal Reset Pull Pull Type Description
Signal Name 144 R SR
PGE
N2HET1[0]/SPI4CLK/IEPWM2B 25 110 Pulldown Programmable, ) )
N2HET1[1]/SPI4NENA/N2HET2[8/EQEP2A 23 20 pA NZ'?ETl ame Ir;pu:
capture or outpu
N2HET1[2]/SPI14SIMO[0J/EPWM3A 30 compare, or GIO.
N2HET1[3]/SPI4NCS[0}/N2HET2[10)/EQEP2B 24 Each terminal has a
NZHETA[)EPwI4E a e .
N2HET1[5]/SPI4SOMI[0}/N2HET2[12)/EPWM3B 31
N2HET1[6]/SCIRX/EPWMS5A 38
N2HET1[7]/N2HET2[14//EPWMT7B 33
N2HET1[8]/MIBSPI1SIMO[1]/MII_TXD[3] 106
N2HET1[9]/N2HET2[16]/EPWM7A 35
N2HET1[10])/MII_TXCLK/MII_TX_VCLKA4/nTZ3 118
N2HET1[11]/MIBSPI3NCS[4]/N2HET2[18)/ EPWM1SYNCO 6
N2HET1[12]/MIl_CRS/RMII_CRS_DV 124
N2HET1[13]/SCITX/EPWM5B 39
N2HET1[14] 125
N2HET1[15]/MIBSPI1INCS[4//ECAP1 41
N2HET1[16]/EPWM1SYNCI/EPWM1SYNCO 139
MIBSPIINCS[1)/N2HET1[17]/MIl_COL/EQEP1S 130 Pullup
N2HET1[18)/EPWMBA 140 Pulldown
MIBSPIINCS[2)/N2HET1[19]/MDIO 40 Pullup
N2HET1[20]/EPWM6B 141 Pulldown
N2HET1[22] 15
MIBSPIINENA/N2HET1[23]/MIl_RXD[2)/ECAP4 96 Pullup
N2HET1[24]/MIBSPIINCSI[5]/MIl_RXD[0}/RMII_RXDI[0] 91 Pulldown
MIBSPI3NCS[1)/N2HET1[25]/MDCLK 37 Pullup
N2HET1[26]/MIl_RXD[1}/RMII_RXD[1] 92 Pulldown
MIBSPI3NCS[2)/12C_SDA/N2HET1[27]/nTZ2 4 Pullup
N2HET1[28]/MIl_RXCLK/RMII_REFCLK/MII_RX_VCLKA4 107 Pulldown
MIBSPI3NCS[3])/12C_SCL/N2HET1[29]/nTZ1 3 Pullup
N2HET1[30]/MIl_RX_DV/EQEP2S 127 Pulldown
MIBSPI3NENA/MIBSPI3NCS[5]/N2HET1[31]/EQEP1B 54 Pullup
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Table 4-2. PGE Enhanced High-End Timer Modules (N2HET) (continued)

EQEP1I/N2HET2_PIN_nDIS

Terminal Signal | Reset Pull Pull Type Description
Signal Name 144 Type State
PGE
GIOA[5]/EXTCLKIN/EPWM1A/N2HET1_PIN_nDIS 14 1/0 Pulldown Programmable, | Disable selected PWM
20 pA® outputs
GIOA[2]/N2HET2[0]/ EQEP2I 9 110 Pulldown Programmable, ) .
20 pA N2HET2 time  input
GlOA[G]/NZHET2[4]/EPWMlB 16 Capture or Output
GIOA[7)/N2HET2[6]/EPWM2A 22 compare, or GPIO
N2HET1[1]/SPI4NENA/N2HET2[8]/EQEP2A 23 Each terminal has a
suppression filter with a
N2HET1[3]/SPI4NCS[0}/N2HET2[10]/EQEP2B 24 programmable duration.
N2HET1[5]/SPI4SOMI[0]/N2HET2[12]/EPWM3B 31
N2HET1[7]/N2HET2[14]/EPWM7B 33
N2HET1[9]/N2HET2[16]/EPWM7A 35
N2HET1[11]/MIBSPI3NCS[4]/N2HET2[18]/ EPWM1SYNCO 6
MIBSPI3NCS[0]/AD2EVT/GIOB[2]/ 55 110 Pullup Programmable, | Disable selected PWM

20 pA@®

outputs

(1) The N2HETx_PIN_nDIS function is always available on this terminal. There is no mux control to select this function. The pull direction is
controlled by the function which is selected by the output mux control for this terminal.

4.3.1.3 Enhanced Capture Modules (eCAP)

Table 4-3. PGE Enhanced Capture Modules (eCAP)®

Terminal Signal | Reset Pull Pull Type Description
Signal Name 144 R Szl
PGE

N2HET1[15]/MIBSPI1NCS[4]/ECAP1 41 1/0 Pulldown Fixed 20 pA Enhanced Capture
Pullup Module 1 1/0

MIBSPI3SOMI[OJ/AWM1_EXT_ENA/ECAP2 51 Pullup Enhanced Capture
Module 2 1/0

MIBSPI3SIMO[0JAWM1_EXT_SEL[0J/ECAP3 52 Enhanced Capture
Module 3 1/0

MIBSPILNENA/N2HET1[23]/MII_RXD[2)/ECAP4 96 Enhanced Capture
Module 4 1/0

MIBSPISNENA/MII_RXD[3)/MIBSPI5SOMI[1]/ ECAP5 97 Enhanced Capture
Module 5 I/0

MIBSPI1INCSI[0)/MIBSPI1SOMI[1])/MII_TXD[2)/ECAP6 105 Enhanced Capture
Module 6 1/0

(1) These signals, when used as inputs, are double-synchronized and then optionally filtered with a 6-cycle VCLK4-based counter.
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4.3.1.4 Enhanced Quadrature Encoder Pulse Modules (eQEP)

Table 4-4. PGE Enhanced Quadrature Encoder Pulse Modules (eQEP)®

Terminal Signal | Reset Pull Pull Type Description
Signal Name 144 Wes Slialis
PGE

MIBSPI3CLK/AWM1_EXT_SEL[1[/JEQEP1A 53 Input Pullup Fixed 20 pA Enhanced QEP1 Input A
MIBSPI3NENA/MIBSPI3NCS[5]/N2HET1[31)/EQEP1B 54 Input Pullup Enhanced QEP1 Input B
MIBSPI3NCSI[0]/AD2EVT/GIOB[2]/ 55 1/0 Enhanced QEP1 Index
EQEP1I/N2HET2_PIN_nDIS

MIBSPIINCS[1]/N2HET1[17)/MIl_COL/EQEP1S 130 110 Enhanced QEP1 Strobe
N2HET1[1]/SPI4ANENA/N2HET2[8)/EQEP2A 23 Input | Pulldown Enhanced QEP2 Input A
N2HET1[3]/SPI4NCS[0]/N2HET2[10)/EQEP2B 24 Input Enhanced QEP2 Input B
GIOA[2)/N2HET2[0)/ EQEP2I 9 110 Enhanced QEP2 Index
N2HET1[30]/MII_RX_DV/EQEP2S 127 110 Enhanced QEP2 Strobe

(1) These signals are double-synchronized and then optionally filtered with a 6-cycle VCLK4-based counter.

4.3.1.5 Enhanced Pulse-Width Modulator Modules (ePWM)

Table 4-5. PGE Enhanced Pulse-Width Modulator Modules (ePWM)

Terminal Signal | Reset Pull Pull Type Description
Signal Name 144 e Szl
PGE

GIOA[5]/EXTCLKIN/EPWM1A/N2HET1_PIN_nDIS 14 Output | Pulldown None Enhanced PWM1 Output
A

GIOA[6]/N2HET2[4)/EPWM1B 16 Enhanced PWM1 Output
B

N2HET1[11])/MIBSPI3NCS[4]/N2HET2[18]/EPWM1SYNCO 6 External ePWM Sync
Pulse Output

N2HET1[16]/EPWM1SYNCI/EPWM1SYNCO 139 Input Fixed 20 pA External ePWM Sync

Pullup Pulse Input

GIOA[7]/N2HET2[6)//EPWM2A 22 Output None Enhanced PWM2 Output
A

N2HET1[0])/SPI4CLK/EPWM2B 25 Enhanced PWM2 Output
B

N2HET1[2]/SPI4SIMO[0J/EPWM3A 30 Enhanced PWM3 Output
A

N2HET1[5]/SPI4SOMI[0]/N2HET2[12]/EPWM3B 31 Enhanced PWM3 Output
B

MIBSPISNCS[0]/EPWM4A 32 Pullup Enhanced PWM4 Output
A

N2HET1[4)/EPWM4B 36 Pulldown Enhanced PWM4 Output
B

N2HET1[6)/SCIRX/EPWM5A 38 Enhanced PWM5 Output
A

N2HET1[13]/SCITX/EPWM5B 39 Enhanced PWM5 Output
B

N2HET1[18/EPWM6A 140 Enhanced PWM6 Output
A

N2HET1[20)/EPWM6B 141 Enhanced PWM6 Output
B

N2HET1[9)/N2HET2[16)/EPWM7A 35 Enhanced PWM7 Output
A

N2HET1[7]/N2HET2[14)/EPWM7B 33 Enhanced PWM7 Output
B
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Table 4-5. PGE Enhanced Pulse-Width Modulator Modules (ePWM) (continued)

Terminal Signal | Reset Pull Pull Type Description
Type State

Signal Name 144
PGE
MIBSPI3NCSJ[3]/I2C_SCL/N2HET1[29]/nTZ1 3 Input Pullup Fixed 20 pA | Trip Zone Inputs 1, 2 and
MIBSPI3NCS[2]/12C_SDA/N2HETL[27)/nTZ2 4 Pullup 3. These signals are
either connected
N2HET1[10)/MII_TXCLK/MII_TX_VCLKA4/nTZ3 118 Pulldown asynchronously to the

ePWNMx trip zone inputs,
or double-synchronized
with VCLK4, or double-
synchronized and then
filtered with a 6-cycle
VCLK4-based counter
before connecting to the
ePWNMXx trip zone inputs.

4.3.1.6 General-Purpose Input / Output (GPIO)

Table 4-6. PGE General-Purpose Input / Output (GPIO)

Terminal Signal | Reset Pull Pull Type Description
Signal Name 144 Type State
PGE
GIOA[O0] 2 110 Pulldown | Programmable, | General-purpose I/O.
GIOA[1] 5 20 pA All GPIO terminals are
capable of generating
GIOA[2]/N2HET2[0] /EQEP2I 9 interrupts to the CPU on
GIOA[5]/EXTCLKIN/EPWMLA/N2HETL_PIN_nDIS 14 gfj'ggls’ falling / both
GIOA[6]/N2HET2[4)/EPWM1B 16 '
GIOA[7]/N2HET2[6]/EPWM2A 22
GIOB[0] 126
GIOBJ[1] 133
GIOB[2] 142
MIBSPI3NCS[0[/AD2EVT/GIOB[2]/ 551 Pullup
EQEP1I/N2HET2_PIN_nDIS
GIOBJ3] 1 Pulldown

(1) GIOB[2] cannot output a level on to pin 55. Only the input functionality is supported so that the application can generate an interrupt
whenever the N2HET2_PIN_nDIS is asserted (driven low). Also, a pullup is enabled on the input. This is not programmable using the
GIO module control registers.

4.3.1.7 Controller Area Network Controllers (DCAN)

Table 4-7. PGE Controller Area Network Controllers (DCAN)

Terminal Signal | Reset Pull Pull Type Description
Signal Name 144 e i
PGE
CAN1RX 90 1/0 Pullup Programmable, | CANL1 receive, or GPIO
CAN1TX 89 20 kA CANL transmit, or GPIO
CAN2RX 129 CAN2 receive, or GPIO
CAN2TX 128 CAN2 transmit, or GPIO
CAN3RX 12 CAN3 receive, or GPIO
CAN3TX 13 CANS3 transmit, or GPIO
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4.3.1.8 Local Interconnect Network Interface Module (LIN)

Table 4-8. PGE Local Interconnect Network Interface Module (LIN)

Terminal Signal | Reset Pull Pull Type Description
Signal Name 144 Wes Slialis
PGE
LINRX 131 1/0 Pullup Programmable, | LIN receive, or GPIO
LINTX 132 20 pA LIN transmit, or GPIO

4.3.1.9 Standard Serial Communication Interface (SCI)

Table 4-9. PGE Standard Serial Communication Interface (SCI)

Terminal Signal | Reset Pull Pull Type Description
Signal Name 144 e Slalte
PGE
N2HET1[6])/SCIRX/EPWM5A 38 /0 Pulldown | Programmable, | SCI receive, or GPIO
N2HETL[L3)/SCITX/EPWM5B 39 20 4A SCI transmit, or GPIO

4.3.1.10

Table 4-10. PGE Inter-Integrated Circuit Interface Module (12C)

Inter-Integrated Circuit Interface Module (12C)

Terminal Signal | Reset Pull Pull Type Description
Signal Name 144 Lipe Slalfe
PGE
MIBSPI3NCS[2]/12C_SDA/N2HET1[27]/nTZ2 4 1/0 Pullup Programmable, |12C serial data, or GPIO
MIBSPI3NCS[3]/12C_SCL/N2HET1[29)/nTZ1 3 20 pA 12C serial clock, or GPIO

4.3.1.11 Standard Serial Peripheral Interface (SPI)

Table 4-11. PGE Standard Serial Peripheral Interface (SPI)

Terminal Signal | Reset Pull Pull Type Description
Signal Name 144 e i
PGE
N2HET1[0]/SPI4CLK/EPWM2B 25 /10 Pulldown | Programmable, | SPI4 clock, or GPIO
N2HET1[3]/SPI4NCS[0]/N2HET2[10/EQEP2B 24 20 pA SPI4 chip select, or GPIO
N2HET1[1)/SPI4ANENA/N2HET2[8[/EQEP2A 23 SPI4 enable, or GPIO
N2HET1[2]/SPI4SIMO[0]/EPWM3A 30 SPI4 slave-input master-
output, or GPIO
N2HET1[5]/SPI4SOMI[0]/N2HET2[12/EPWM3B 31 SPI4 slave-output master-
input, or GPIO
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Terminal Signal | Reset Pull Pull Type Description
Signal Name 144 Rt SIEE
PGE
MIBSPI1CLK 95 1/0 Pullup Programmable, | MibSPI1 clock, or GPIO
MIBSPI1INCS[0]/MIBSPI1SOMI[1]/MII_TXD[2)/ECAP6 105 20 uA MibSPI1 chip select, or
MIBSPIINCS[1]/N2HET1[17}/MI|_COL/EQEP1S 130 GPIO
MIBSPI1INCS[2]/N2HET1[19]/MDIO 40
N2HET1[15]/MIBSPIINCS[4]/ECAP1 41 Pulldown | Programmable, | MibSPI1 chip select, or
N2HET1[24)/MIBSPILNCS[5]/MI|_RXD[0}/RMII_RXD[0] 91 20 4A GPIO
MIBSPIINENA/N2HET1[23]/MII_RXD[2]/ECAP4 96 Pullup Programmable, | MibSPI1 enable, or GPIO
MIBSPI1SIMO[0] 93 20 uA MibSPI1 slave-in master-
out, or GPIO
N2HET1[8])/MIBSPI1SIMO[1]/MII_TXDI[3] 106 Pulldown | Programmable, | MibSPI1 slave-in master-
20 pA out, or GPIO
MIBSPI1SOMI[0] 94 Pullup Programmable, | MibSPI1 slave-out master-
20 pA in, or GPIO
MIBSPI1NCS[0)/MIBSPI1SOMI[1]/MIl_TXD[2)/ECAP6 105
MIBSPI3CLK/AWM1_EXT_SEL[1/EQEP1A 53 1/0 Pullup Programmable, | MibSPI3 clock, or GPIO
MIBSPI3NCS[0]/AD2EVT/GIOB[2]/ 55 20 pA MibSPI3 chip select, or
EQEP1I/N2HET2_PIN_nDIS GPIO
MIBSPI3NCS[1]/N2HET1[25]/MDCLK 37
MIBSPI3NCS[2]/12C_SDA/N2HET1[27)/nTZ2
MIBSPI3NCS[3]/12C_SCL/N2HET1[29)/nTZ1
N2HET1[11]/MIBSPI3NCS[4]/N2HET2[18]/EPWM1SYNCO Pulldown | Programmable, | MibSPI3 chip select, or
20 pA GPIO
MIBSPI3BNENA /MIBSPI3NCS[5]/N2HET1[31/EQEP1B 54 Pullup Programmable, | MibSPI3 chip select, or
20 pA GPIO
MIBSPI3NENA/MIBSPI3NCS[5]/N2HET1[31]/EQEP1B 54 MibSPI3 enable, or GPIO
MIBSPI3SIMO[0]/AWM1_EXT_SEL[0)/ECAP3 52 MibSPI3 slave-in master-
out, or GPIO
MIBSPI3SOMI[O]/AWM1_EXT_ENA/ECAP2 51 MibSPI3 slave-out master-
in, or GPIO
MIBSPISCLK/MII_TXEN/RMII_TXEN 100 1/0 Pullup Programmable, | MibSPI5 clock, or GPIO
MIBSPISNCS[OJ/EPWM4A 32 20 pA MibSPI5 chip select, or
GPIO
MIBSPISNENA/MII_RXD[3])/MIBSPI5SOMI[1])/ ECAP5 97 MibSPI5 enable, or GPIO
MIBSPI5SIMO[0]/MII_TXD[1]/RMII_TXD[1}/MIBSPI5SOMI[2] 99 MibSPI5 slave-in master-
out, or GPIO
MIBSPISSOMI[0]/MII_TXD[O)/RMII_TXD[0] 98 MibSPI5 slave-out master-
in, or GPIO
MIBSPISNENA/MII_RXDI[3]/MIBSPI5SOMI[1]/ ECAP5 97 MibSPI5 slave-out master-
in, or GPIO
MIBSPI5SIMO[0)/MII_TXD[1/RMII_TXD[1)/MIBSPI5SOMI[2] 99 MibSPI5 slave-out master-
in, or GPIO
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4.3.1.13 Ethernet Controller

Table 4-13. PGE Ethernet Controller: MDIO Interface

Terminal Signal | Reset Pull Pull Type Description
Signal Name 144 Wes Slialis
PGE
MIBSPI3NCS[1]/N2HET1[25)/MDCLK 37 Output Pullup None Serial clock output
MIBSPILINCS[2]/N2HET1[19]/MDIO 40 1/0 Pullup Fixed II20 WA | Serial data input/output
Pullup

Table 4-14. PGE Ethernet Controller:

Reduced Media Indep

endent Interface (RMII)

Terminal Signal | Reset Pull Pull Type Description
Signal Name 144 Lipe Slalfe
PGE
N2HET1[12]/MII_CRS/RMII_CRS_DV 124 Input Pulldown Fixed 20 pA RMII carrier sense and
Pulldown data valid
N2HET1[28]/MII_RXCLK/RMII_REFCLK/MII_RX_VCLKA4 107 RMII synchronous
reference clock for
receive, transmit and
control interface
AD1EVT/MII_RX_ER/RMII_RX_ER 86 RMII receive error
N2HET1[24]/MIBSPILNCS[5)/MIl_RXD[0]/RMI_RXD[0] 91 RMII receive data
N2HET1[26])/MII_RXD[1}/RMII_RXD[1] 92
MIBSPI5SSOMI[0]/MII_TXD[0)/RMII_TXD[0] 98 Output Pullup None RMII transmit data
MIBSPI5SIMO[0]/MII_TXD[1}/RMII_TXD[1]/MIBSPI5SOMI[2] 99
MIBSPISCLK/MII_TXEN/RMII_TXEN 100 RMII transmit enable
Table 4-15. PGE Ethernet Controller: Media Independent Interface (MIl)
Terminal Signal | Reset Pull Pull Type Description
Signal Name 144 RS i
PGE
MIBSPILINCS[1])/N2HET1[17]/MII_COL/EQEP1S 130 Input Pullup None Collision detect
N2HET1[12])/MII_CRS/RMII_CRS_DV 124 Pulldown Fixed 20 pA | Carrier sense and receive
Pulldown data valid
N2HET1[28]/MII_RXCLK/RMII_REFCLK/MII_RX_VCLKA4 107 1/0 Pulldown None MII output receive clock
N2HET1[30]/MII_RX_DV/EQEP2S 127 Input Pulldown Fixed 20 pA | Received data valid
ADI1EVT/MII_RX_ER/RMII_RX_ER 86 Pulldown Receive error
N2HET1[28]/MII_RXCLK/RMIl_REFCLK/MII_RX_VCLKA4 107 1/0 Receive clock
N2HET1[24]/MIBSPIINCS[5]/MII_RXD[0]/RMII_RXD[0] 91 Input Receive data
N2HET1[26]/MIl_RXD[1]/RMII_RXDI[1] 92
MIBSPIINENA/N2HET1[23]/MII_RXD[2]/ECAP4 96 Pullup Fixed 20 pA
MIBSPISNENA/MII_RXD[3]/MIBSPISSOMI[1]/ ECAP5 97 Pulldown
N2HET1[10/MII_TXCLK/MII_TX_VCLKA4/nTZ3 118 110 Pulldown None MII output transmit clock
N2HET1[10)/MII_TXCLK/MII_TX_VCLKA4/nTZ3 118 Fixed 20 pA Transmit clock
Pulldown
MIBSPI5SOMI[0}/MII_TXD[0]/RMII_TXD[0] 98 Output Pullup None Transmit data
MIBSPI5SIMO[0)/MIBSPISSOMI[2]/MII_TXD[1]/RMII_TXD[1] 99
MIBSPI1NCS[0}/MIBSPI1SOMI[1]/MII_TXD[2]/ECAP6 105
N2HET1[8]/MIBSPI1SIMO[1]/MII_TXD[3] 106 Pulldown
MIBSPISCLK/MII_TXEN/RMII_TXEN 100 Pullup Transmit enable
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4.3.1.14 System Module Interface

Table 4-16. PGE System Module Interface

Terminal

Signal Name

144
PGE

Signal
Type

Reset Pull
State

Pull Type

Description

NnPORRST

46

Input

Pulldown

Fixed 100 pA
Pulldown

Power-on reset, cold reset
External power supply
monitor circuitry must
drive NnPORRST low when
any of the supplies to the
microcontroller fall out of
the specified range. This
terminal has a glitch filter.
See Section 6.8.

nRST

116

/10

Pullup

Fixed 100 pA
Pullup

System reset, warm reset,
bidirectional.

The internal circuitry
indicates any reset
condition by driving nRST
low.

The external circuitry can
assert a system reset by
driving nRST low. To
ensure that an external
reset is not arbitrarily
generated, Tl
recommends that an
external pullup resistor is
connected to this terminal.
This terminal has a glitch
filter. See Section 6.8.

NERROR

117

/10

Pulldown

Fixed 20 pA
Pulldown

ESM Error Signal
Indicates error of high
severity. See

Section 6.18.

4.3.1.15 Clock Inputs and Outputs

Table 4-17. PGE Clock Inputs and Outputs

Terminal

Signal Name

144
PGE

Signal
Type

Reset Pull
State

Pull Type

Description

OSCIN

18

Input

KELVIN_GND

19

Input

OSCouT

20

Output

N/A

None

From external
crystal/resonator, or
external clock input

Kelvin ground for oscillator

To external
crystal/resonator

ECLK

119

110

Pulldown

Programmable,
20 pA

External prescaled clock
output, or GPIO.

GIOA[S)/EXTCLKIN/EPWM1A /N2HET1_PIN_nDIS

14

Input

Pulldown

Fixed 20 pA
Pulldown

External clock input #1
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4.3.1.16 Test and Debug Modules Interface

Table 4-18. PGE Test and Debug Modules Interface

Terminal Signal | Reset Pull Pull Type Description
Signal Name 144 Wes Slialis
PGE
TEST 34 Input Pulldown Fixed 100 pA | Test enable. This terminal
Pulldown must be connected to
ground directly or via a
pulldown resistor.
nTRST 109 Input JTAG test hardware reset
RTCK 113 | Output N/A None JTAG return test clock
TCK 112 Input Pulldown Fixed 100 pA | JTAG test clock
Pulldown
TDI 110 Input Pullup Fixed 100 pA | JTAG test data in
Pullup
TDO 111 Output 100 pA None JTAG test data out
Pulldown
TMS 108 Input Pullup Fixed 100 pA | JTAG test select
Pullup

4.3.1.17 Flash Supply and Test Pads

Table 4-19. PGE Flash

Supply and Test Pads

Terminal

Signal

Signal Name

144
PGE

Type

Reset Pull
State

Pull Type

Description

VCCP

134

3.3V
Power

N/A

None

Flash pump supply

FLTP1

FLTP2

N/A-

None

Flash test pads. These
terminals are reserved for
Tl use only. For proper
operation these terminals
must connect only to a
test pad or not be
connected at all [no
connect (NC)].

20
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4.3.1.18 Supply for Core Logic: 1.2V nominal

Table 4-20. PGE Supply for Core Logic: 1.2V nominal

Terminal Signal | Reset Pull Pull Type Description
Signal Name 144 Rt SIEE
PGE
VCC 17 1.2v N/A None Core supply
VCC 29 Power
VCC 45
VCC 48
VCC 49
VCC 57
VCC 87
VCC 101
VCC 114
VCC 123
VCC 137
VCC 143

4.3.1.19 Supply for I/O Cells: 3.3V nominal

Table 4-21. PGE Supply for I/O Cells: 3.3V nominal

Terminal Signal | Reset Pull Pull Type Description
Signal Name 144 e Slalte
PGE
VCCIO 10 3.3V N/A None Operating supply for I/Os
VCCIO 26 | Power
VCCIO 42
VCCIO 104
VCCIO 120
VCCIO 136
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4.3.1.20 Ground Reference for All Supplies Except VCCAD

Table 4-22. PGE Ground Reference for All Supplies Except VCCAD

Terminal Signal | Reset Pull Pull Type Description
Signal Name 144 Rt SIEE
PGE
VSS 11 Ground N/A None Ground reference
VSS 21
VSS 27
VSS 28
VSS 43
VSS 44
VSS a7
VSS 50
VSS 56
VSS 88
VSS 102
VSS 103
VSS 115
VSS 121
VSS 122
VSS 135
VSS 138
VSS 144
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4.3.2 ZWT Package
4.3.2.1 Multibuffered Analog-to-Digital Converters (MibADC)

Table 4-23. ZWT Multibuffered Analog-to-Digital Converters (MibADC1, MibADC2)

Terminal Signal | Reset Pull Pull Type Description
Signal Name 337 RS i
ZWT
ADREFHI® V15 | Power N/A None ADC high reference
supply
ADREFLO® V16 | Power ADC low reference supply
vccaDp® W15 | Power Operating supply for ADC
VSSAD V19 | Ground N/A None ADC supply power
VSSAD W16
VSSAD w18
VSSAD W19
ADI1EVT/MII_RX_ER/RMII_RX_ER N19 110 Pulldown | Programmable, | ADC1 event trigger input,
20 pA or GPIO
MIBSPI3NCS[0)/AD2EVT/GIOB[2)/ V10 /0 Pullup Programmable, | ADC2 event trigger input,
EQEP1I/N2HET2_PIN_nDIS 20 pA or GPIO
AD1IN[O] w14 Input N/A None ADC1 analog input
AD1IN[1] V17
AD1IN[2] V18
AD1IN[3] T17
AD1IN[4] u1s
AD1IN[5] R17
AD1IN[6] T19
AD1IN[7] V14
AD1IN[8] / AD2IN[8] P18 | Input N/A None ADC1/ADC?2 shared
AD1IN[9] / AD2IN[9] W17 analog inputs
AD1IN[10] / AD2IN[10] u17
AD1IN[11] / AD2IN[11] u19
AD1IN[12] / AD2IN[12] T16
AD1IN[13] / AD2IN[13] T18
AD1IN[14] / AD2IN[14] R18
AD1IN[15] / AD2IN[15] P19
AD1IN[16] / AD2IN[0] V13
AD1IN[17] / AD2IN[1] u13
AD1IN[18] / AD2IN[2] u14
AD1IN[19] / AD2IN[3] u16
AD1IN[20] / AD2IN[4] u15
AD1IN[21] / AD2IN[5] T15
AD1IN[22] / AD2IN[6] R19
AD1IN[23] / AD2IN[7] R16
MIBSPI3SOMI[OJAWM1_EXT_ENA/ECAP2 V8 Output Pullup None AWM1 external analog
mux enable
MIBSPI3SIMO[OJAWM1_EXT_SEL[0]/ECAP3 w8 AWM1 external analog
mux select line0
MIBSPI3CLK/AWM1_EXT_SEL[1]/EQEP1A V9 AWML external analog
mux select line0

(1) The ADREFHI, ADREFLO, VCCAD and VSSAD connections are common for both ADC cores.
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4.3.2.2 Enhanced High-End Timer Modules (N2HET)

Table 4-24. ZWT Enhanced High-End Timer Modules (N2HET)

Terminal Signal | Reset Pull Pull Type Description
Signal Name 337 Rt SIEE
ZWT
N2HET1[0]/SPI4CLK/IEPWM2B K18 1/0 Pulldown | Programmable, . )
N2HET1[1]/SPI4NENA/N2HET2[8/EQEP2A V2 20 uA NZTETI ame Ir;pu:
capture or outpu
N2HET1[2]/SPI14SIMO[0J/EPWM3A W5 compare, or GIO.
N2HET1[3]/SPI4NCS[0}/N2HET2[10)/EQEP2B U1 Each terminal has a
NZHETI4/EPINAS e o,
N2HET1[5]/SPI4SOMI[0}/N2HET2[12)/EPWM3B V6
N2HET1[6]/SCIRX/EPWMS5A w3
N2HET1[7]/N2HET2[14//EPWMT7B T1
N2HET1[8]/MIBSPI1SIMO[1]/MII_TXD[3] E18
N2HET1[9]/N2HET2[16]/EPWM7A V7
N2HET1[10])/MII_TXCLK/MII_TX_VCLKA4/nTZ3 D19
N2HET1[11]/MIBSPI3NCS[4]/N2HET2[18/EPWM1SYNCO E3
N2HET1[12]/MIl_CRS/RMII_CRS_DV B4
N2HET1[13]/SCITX/EPWM5B N2
N2HET1[14] All
N2HET1[15]/MIBSPI1INCS[4//ECAP1 N1
N2HET1[16]/EPWM1SYNCI/EPWM1SYNCO A4
N2HET1[17] Al13
MIBSPIINCS[1)/N2HET1[17]/MIl_COL/ EQEP1S F3
N2HET1[18)/EPWMBA Ji
N2HET1[19] B13
MIBSPIINCS[2)/N2HET1[19]/MDIO G3
N2HET1[20]/EPWM6B P2
N2HET1[21] H4
MIBSPIINCS[3)/N2HET1[21] J3
N2HET1[22] B3
N2HET1[23] Ja
MIBSPIINENA/N2HET1[23]/MIl_RXD[2)/ECAP4 G19 Pullup
N2HET1[24]/MIBSPIINCSI[5]/MIl_RXD[0}/RMII_RXDI[0] P1 Pulldown
N2HET1[25] M3
MIBSPI3NCS[1)/N2HET1[25]/MDCLK V5
N2HET1[26]/MIl_RXD[1}/RMII_RXD[1] Al4
N2HET1[27] A9
MIBSPI3NCS[2)/12C_SDA/N2HET1[27]/nTZ2 B2 Pullup
N2HET1[28]/MIl_RXCLK/RMII_REFCLK/MII_RX_VCLKA4 K19 Pulldown
N2HET1[29] A3
MIBSPI3NCS[3])/12C_SCL/N2HET1[29]/nTZ1 C3
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Table 4-24. ZWT Enhanced High-End Timer Modules (N2HET) (continued)

EQEP1I/N2HET2_PIN_nDIS

20 pA®

Terminal Signal | Reset Pull Pull Type Description
Signal Name 337 R S

ZWT
N2HET1[30]/MII_RX_DV/EQEP2S B11 1/0 Pulldown | Programmable,
N2HET1[31] 17 20 4A
MIBSPI3NENA/MIBSPI3NCS[5/N2HET1[31]/EQEP1B W9 Pullup
GIOA[5]/EXTCLKIN/EPWM1A/N2HET1_PIN_nDIS B5 input Pulldown | Programmable, | Disable selected PWM

20 pA® outputs
GIOA[2)/N2HET2[0] /[EQEP2I c1 110 Pulldown | Programmable, ) _
EMIF_ADDR[OJ/N2HET2[1] D4 20 uA NZTETZ ame ":pu:
capture or outpu

GIOA[3)/N2HET2[2] E1 compare, or GIO.
EMIF_ADDR[1])/N2HET2[3] D5 Each tgrmingl ha_s a
GIOA[6]/N2HET2[4]/EPWM1B H3 ;‘rj(’)’grraerffr;?;bl ef";‘f;ra‘t’iv(ﬂ a
EMIF_BA[1]/N2HET2[5] D16
GIOA[7)/N2HET2[6]/EPWM2A M1
EMIF_nCS[0/N2HET2[7] N17
N2HET1[1]/SPI4ANENA/ N2HET2[8]/EQEP2A V2
EMIF_nCS[3]/N2HET2[9] K17
N2HET1[3]/SPI4NCS[0}/N2HET2[10]/EQEP2B u1l
EMIF_ADDRI[6]/N2HET2[11] C4
N2HET1[5]/SPI4SOMI[0]/N2HET2[12]/EPWM3B V6
EMIF_ADDRJ[7]/N2HET2[13] c5
N2HET1[7]/N2HET2[14]/EPWM7B T1
EMIF_ADDRI[8]/N2HET2[15] C6
N2HET1[9]/N2HET2[16]/EPWM7A V7
N2HET1[11]/MIBSPI3NCS[4]/N2HET2[18]/EPWM1SYNCO E3
MIBSPI3NCS[0]/AD2EVT/GIOB[2]/ V10 1/0 Pullup Programmable, | Disable selected PWM

outputs

(1) The N2HETx_PIN_nDIS function is always available on this terminal. There is no mux control to select this function. The pull direction is
controlled by the function which is selected by the output mux control for this terminal.
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4.3.2.3 Enhanced Capture Modules (eCAP)

Table 4-25. ZWT Enhanced Capture Modules (eCAP)®

Terminal Signal | Reset Pull Pull Type Description
Signal Name 337 Wes Slialis
ZWT

N2HET1[15]/MIBSPI1NCS[4]/ECAP1 N1 1/0 Pulldown Fixed 20 pA Enhanced Capture
Pullup Module 1 1/0

MIBSPI3SOMI[0JJAWM1_EXT_ENA/ECAP2 V8 1/0 Pullup Enhanced Capture
Module 2 I/O

MIBSPI3SIMO[0)/AWMI1_EXT_SEL[0)/ECAP3 w8 110 Enhanced Capture
Module 3 1/0

MIBSPILNENA/N2HET1[23]/MII_RXD[2)/ECAP4 G19 1/0 Enhanced Capture
Module 4 I/O

MIBSPISNENA/MII_RXD[3]/MIBSPI5SOMI[1])/ ECAP5 H18 110 Enhanced Capture
Module 5 1/0

MIBSPIINCS[0]/MIBSPI1SOMI[1]/MII_TXD[2]/ ECAP6 R2 110 Enhanced Capture
Module 6 I/O

(1) These signals, when used as inputs, are double-synchronized and then optionally filtered with a 6-cycle VCLK4-based counter.

4.3.2.4 Enhanced Quadrature Encoder Pulse Modules (eQEP)

Table 4-26. ZWT Enhanced Quadrature Encoder Pulse Modules (eQEP)®

Terminal Signal | Reset Pull Pull Type Description
Signal Name 337 Lipe Slalfe
ZWT

MIBSPI3CLK/AWM1_EXT_SEL[1J/JEQEP1A V9 Input Pullup Fixed 20 pA Enhanced QEP1 Input A
MIBSPI3NENA/MIBSPI3NCS[5/N2HET1[31)/EQEP1B W9 | Input Pullup Enhanced QEP1 Input B
MIBSPI3NCS[0)/AD2EVT/GIOB[2]/ V10 110 Enhanced QEP1 Index
EQEP1I/N2HET2_PIN_nDIS

MIBSPILINCS[1])/N2HET1[17]/MIl_COL/ EQEP1S F3 1/0 Enhanced QEP1 Strobe
N2HET1[1)/SPIANENA/N2HET2[8)/EQEP2A V2 Input Pulldown Enhanced QEP2 Input A
N2HET1[3]/SPI4NCS[0]/N2HET2[10)/EQEP2B U1l Input | Pulldown Enhanced QEP2 Input B
GIOA[2]/N2HETZ2[0])/ EQEP2I C1 1/0 Pulldown Enhanced QEP2 Index
N2HET1[30]/MII_RX_DV/EQEP2S B11 1/0 Pulldown Enhanced QEP2 Strobe

(1) These signals are double-synchronized and then optionally filtered with a 6-cycle VCLK4-based counter.
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4.3.2.5 Enhanced Pulse-Width Modulator Modules (ePWM)

Table 4-27. ZWT Enhanced Pulse-Width Modulator Modules (ePWM)

TERMINAL SIGNA | Reset Pull
eset Pu
SR NS 337 || TYPE State PULL TYPE DESCRIPTION
ZWT
GIOA[5]/EXTCLKIN/EPWM1A/N2HET1_PIN_nDIS B5 Output | Pulldown None Enhanced PWM1 Output A
GIOA[6])/N2HET2[4]/EPWM1B H3 Enhanced PWM1 Output B
N2HET1[11])/MIBSPI3NCS[4]/N2HET2[18]/EPWM1SYNCO E3 External ePWM Sync Pulse
Output
N2HET1[16)/EPWM1SYNCI/EPWM1SYNCO A4 Input Fixed 20 pA | External ePWM Sync Pulse
Pullup Input
GIOA[7]/N2HET2[6)//EPWM2A M1 Output None Enhanced PWM2 Output A
N2HET1[0]/SPI4CLK/EPWM2B K18 Enhanced PWM2 Output B
N2HET1[2]/SPI4SIMO[0)/EPWM3A W5 Enhanced PWM3 Output A
N2HET1[5]/SPI4SOMI[0)/N2HET2[12]/EPWM3B V6 Enhanced PWM3 Output B
MIBSPISNCS[0)//EPWM4A E19 Pullup Enhanced PWM4 Output A
N2HET1[4)/EPWM4B B12 Pulldown Enhanced PWM4 Output B
N2HET1[6]/SCIRX/EPWM5A w3 Enhanced PWM5 Output A
N2HET1[13)/SCITX/EPWM5B N2 Enhanced PWM5 Output B
N2HET1[18)/EPWM6A J1i Enhanced PWM6 Output A
N2HET1[20)/EPWM6B P2 Enhanced PWM6 Output B
N2HET1[9)/N2HET2[16)/EPWM7A V7 Enhanced PWM7 Output A
N2HET1[7]/N2HET2[14)/EPWM7B T1 Enhanced PWM7 Output B
MIBSPI3NCSJ[3]/I2C_SCL/N2HET1[29]/nTZ1 C3 Input Pullup Fixed 20 pA | Trip Zone Inputs 1, 2 and 3.
MIBSPI3NCS[2]/12C_SDA/N2HET1[27]/nTZ2 B2 Pullup | These signals are either
connected asynchronously to
N2HET1[10)/MII_TXCLK/MII_TX_VCLKA4/nTZ3 D19 Pulldown the ePWMX trip zone inputs,
or double-synchronized with
VCLK4, or double-
synchronized and then
filtered with a 6-cycle
VCLK4-based counter before
connecting to the ePWMx
trip zone inputs.
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4.3.2.6 General-Purpose Input / Output (GPIO)

Table 4-28. ZWT General-Purpose Input / Output (GPIO)

Terminal Signal | Reset Pull Pull Type Description
Signal Name 337 Wes Slialis
ZWT
GIOA[0] A5 1/0 Pulldown | Programmable, | General-purpose 1/O.
GIOA[1] c2 20 pA All GPIO termmals_are
capable of generating
GIOA[2]/N2HET2[0] /EQEP2I c1 interrupts to the CPU on
GIOA[3]/N2HET2[2] E1 rising / falling / both
edges.
GIOA[4] A6
GIOA[5]/EXTCLKIN/EPWM1A/N2HET1_PIN_nDIS B5
GIOA[6]/N2HET2[4)/EPWM1B H3
GIOA[7]/N2HET2[6//EPWM2A M1
GIOB[0] M2
GIOB[1] K2
GIOB[2] F2
MIBSPI3NCS[0]/AD2EVT/GIOB[2]/ vio®
EQEP1I/N2HET2_PIN_nDIS
GIOBJ3] W10
GIOBI[4] G1
GIOBJ5] G2
GIOB[6] J2
GIOB[7] F1

(1) GIOB[2] cannot output a level on to terminal V10. Only the input functionality is supported so that the application can generate an
interrupt whenever the N2HET2_PIN_nDIS is asserted (driven low). Also, a pullup is enabled on the input. This is not programmable

using the GIO module control registers.
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4.3.2.7 Controller Area Network Controllers (DCAN)

Table 4-29. ZWT Controller Area Network Controllers (DCAN)

Terminal Signal | Reset Pull Pull Type Description
Signal Name 337 Wes Slialis
ZWT
CAN1RX B10 1/0 Pullup Programmable, | CAN1 receive, or GPIO
CANLTX A10 20 pA CANL transmit, or GPIO
CAN2RX H1 CAN2 receive, or GPIO
CAN2TX H2 CAN2 transmit, or GPIO
CAN3RX M19 CANS receive, or GPIO
CAN3TX M18 CANS transmit, or GPIO

4.3.2.8 Local Interconnect Network Interface Module (LIN)

Table 4-30. ZWT Local Interconnect Network Interface Module (LIN)

Terminal Signal | Reset Pull Pull Type Description
Signal Name 337 RS i
ZWT
LINRX A7 /0 Pullup Programmable, |LIN receive, or GPIO
LINTX B7 20 WA LIN transmit, or GPIO

4.3.2.9 Standard Serial Communication Interface (SCI)

Table 4-31. ZWT Standard Serial Communication Interface (SCI)

Terminal Signal | Reset Pull Pull Type Description
Signal Name 337 Lipe Slalfe
ZWT
N2HET1[6])/SCIRX/EPWM5A w3 1/0 Pulldown | Programmable, | SCI receive, or GPIO
N2HET1[13)/SCITX/EPWMSB N2 20 pA SCI transmit, or GPIO
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4.3.2.10

Table 4-32. ZWT Inter-Integrated Circuit Interface Module (12C)

Inter-Integrated Circuit Interface Module (12C)

Terminal Signal | Reset Pull Pull Type Description
Signal Name 337 Wes Slialis
ZWT
MIBSPI3NCS[2]/12C_SDA/N2HET1[27]/nTZ2 B2 1/0 Pullup Programmable, | 12C serial data, or GPIO
MIBSPI3NCS[3]/12C_SCL/N2HET1[29)/nTZ1 c3 20 uA I2C serial clock, or GPIO

4.3.2.11 Standard Serial Peripheral Interface (SPI)

Table 4-33. ZWT Standard Serial Peripheral Interface (SPI)

Terminal Signal | Reset Pull Pull Type Description
Signal Name 337 RS i
ZWT
SPI2CLK E2 /0 Pullup Programmable, | SPI2 clock, or GPIO
SPI2NCS[0] N3 20 4A SPI2 chip select, or GPIO
SPI2NENA/SPI2NCSJ[1] D3 SPI2 chip select, or GPIO
SPI2NENA/SPI2NCS[1] D3 SPI2 enable, or GPIO
SPI2SIMOJ[0] D1 SPI2 slave-input master-
output, or GPIO
SPI2SOMI[0] D2 SPI2 slave-output master-
input, or GPIO
N2HET1[0]/SPI4CLK/EPWM2B K18 /10 Pulldown | Programmable, | SPI4 clock, or GPIO
N2HET1[3]/SPI4NCS[0]/N2HET2[10)/EQEP2B U1l 20 pA SPI4 chip select, or GPIO
N2HET1[1)/SPI4ANENA/N2HET2[8[/EQEP2A V2 SPI4 enable, or GPIO
N2HET1[2]/SPI4SIMO[0]/EPWM3A W5 SPI4 slave-input master-
output, or GPIO
N2HET1[5]/SPI4SOMI[0]/N2HET2[12]/EPWM3B V6 SPI4 slave-output master-
input, or GPIO
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4.3.2.12 Multibuffered Serial Peripheral Interface Modules (MibSPI)

Table 4-34. ZWT Multibuffered Serial Peripheral Interface Modules (MibSPI)

Terminal Signal | Reset Pull Pull Type Description
Signal Name 337 Rt SIEE
ZWT
MIBSPI1CLK F18 1/0 Pullup Programmable, | MibSPI1 clock, or GPIO
MIBSPILNCS[0]/MIBSPILSOMI[1}/MIl_TXD[2/ECAP6 R2 20 pA MibSPIL chip select, or
MIBSPIINCS[1]/N2HET1[17}/MI|_COL/EQEP1S F3 GPIO
MIBSPIINCS[2]/N2HET1[19/MDIO G3
MIBSPIINCS[3]/N2HET1[21] J3
N2HET1[15]/MIBSPIINCS[4]/ECAP1 N1 Pulldown | Programmable, | MibSPI1 chip select, or
N2HET1[24)/MIBSPILNCS[5]/MI_RXD[0}/RMII_RXD[0] P1 20 uA GPIO
MIBSPIINENA/N2HET1[23]/MII_RXD[2]/ECAP4 G19 Pullup Programmable, | MibSPI1 enable, or GPIO
MIBSPI1SIMO[0] F19 20 uA MibSPI1 slave-in master-
out, or GPIO
N2HET1[8])/MIBSPI1SIMO[1]/MII_TXDI[3] E18 Pulldown | Programmable, | MibSPI1 slave-in master-
20 pA out, or GPIO
MIBSPI1SOMI[0] G18 Pullup Programmable, | MibSPI1 slave-out master-
MIBSPILNCS[OJ/MIBSPI1SOMI[L]/MIl_TXD[2J/ECAP6 R2 20 uA in, or GPIO
MIBSPI3CLK/AWML_EXT_SEL[1J/EQEP1A Vo e Pullup | Programmable, | MibSPI3 clock, or GPIO
MIBSPI3NCS[0/AD2EVT/GIOB[2]/ V10 20 pA MibSPI3 chip select, or
EQEP1I/N2HET2_PIN_nDIS GPIO
MIBSPI3NCS[1]/N2HET1[25}/MDCLK V5
MIBSPI3NCS[2]/12C_SDA/N2HET1[27)/nTZ2 B2
MIBSPI3NCS[3]/12C_SCL/N2HET1[29)/nTZ1 c3
N2HET1[11]/MIBSPI3NCS[4]/N2HET2[18]/EPWM1SYNCO E3 Pulldown | Programmable, | MibSPI3 chip select, or
20 pA GPIO
MIBSPI3NENA/MIBSPI3NCS[5]/N2HET1[31)/EQEP1B w9 Pullup | Programmable, | MibSPI3 chip select, or
20 A GPIO
MIBSPI3NENA/MIBSPI3NCS[5]/N2HETL[31)/EQEP1B w9 MibSPI3 enable, or GPIO
MIBSPI3SIMO[O]/AWML_EXT_SEL[OJ/ECAP3 w8 MibSPI3 slave-in master-
out, or GPIO
MIBSPI3SOMI[0]/AWML_EXT_ENA/ECAP2 V8 MibSPI3 slave-out master-
in, or GPIO
MIBSPISCLK/MII_TXEN/RMII_TXEN H19 | 10 Pullup | Programmable, | MibSPI5 clock, or GPIO
MIBSPISNCS[OJ/EPWM4A E19 20 pA MibSPI5 chip select, or
MIBSPISNCS[1] B6 GPIO
MIBSPISNCS[2] W6
MIBSPISNCSI[3] T12
MIBSPISNENA/MII_RXD[3]/MIBSPISSOMI[1/ECAP5 H18 MibSPI5 enable, or GPIO
MIBSPI5SIMO[0]/MIBSPISSOMI[2}/MII_TXD[1/RMII_TXD[1] | J19 MibSPI5 slave-in master-
MIBSPI5SIMO[1] E16 out, or GPIO
MIBSPI5SIMO[2] H17
MIBSPI5SIMO[3] G17
MIBSPISSOMI[0}/MII_TXD[OJ/RMII_TXD[0] J18 MibSPI5 slave-out master-
MIBSPISSOMI[1] E17 in, or GPIO
MIBSPISNENA/MII_RXD[3)/MIBSPI5SOMI[1]/ECAPS H18
MIBSPISSOMI[2] H16
MIBSPISSIMO[O)/MIBSPISSOMI[2]/MII_TXD[1/RMII_TXD[1] | J19
MIBSPISSOMI[3] G16
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4.3.2.13 Ethernet Controller

Table 4-35. ZWT Ethernet Controller: MDIO Interface

Terminal Signal | Reset Pull Pull Type Description
Signal Name 337 Rt SIEE
ZWT
MIBSPI3NCS[1]/N2HET1[25)/MDCLK V5 Output Pullup None Serial clock output
MIBSPILINCS[2]/N2HET1[19]/MDIO G3 1/0 Pullup Fixed 20 pA | Serial data input/output
Pullup
Table 4-36. ZWT Ethernet Controller: Reduced Media Independent Interface (RMII)
Terminal Signal | Reset Pull Pull Type Description
Signal Name 337 Lipe Slalfe
ZWT
N2HET1[12]/MII_CRS/RMII_CRS_DV B4 Input Pulldown Fixed 20 pA RMII carrier sense and
Pulldown receive data valid
N2HET1[28]/MII_RXCLK/RMII_REFCLK/MII_RX_VCLKA4 K19 RMII synchronous
reference clock for
receive, transmit and
control interface
AD1EVT/MII_RX_ER/RMII_RX_ER N19 RMII receive error
N2HET1[24]/MIBSPILNCS[5]/MI_RXD[0}/RMII_RXDI[0] P1 RMII receive data
N2HET1[26]/MIl_RXD[1}/RMII_RXDI[1] Al4
MIBSPI5SSOMI[0]/MII_TXD[0)/RMII_TXD[0] Ji8 Output Pullup None RMII transmit data
MIBSPI5SIMO[0)/MIBSPISSOMI[2)/MII_TXD[1J/RMII_TXD[1] | J19
MIBSPISCLK/MII_TXEN/RMII_TXEN H19 RMII transmit enable
Table 4-37. ZWT Ethernet Controller: Media Independent Interface (Mll)
Terminal Signal | Reset Pull Pull Type Description
Signal Name 337 RS i
ZWT
MIBSPILINCS[1])/N2HET1[17]/MII_COL/EQEP1S F3 Input Pullup None Collision detect
N2HET1[12])/MII_CRS/RMII_CRS_DV B4 Pulldown Fixed 20 pA | Carrier sense and receive
Pulldown data valid
N2HET1[28]/MII_RXCLK/RMII_REFCLK/MII_RX_VCLKA4 K19 1/0 Pulldown None MII output receive clock
N2HET1[30]/MII_RX_DV/EQEP2S B11 Input Pulldown Fixed 20 pA | Received data valid
ADI1EVT/MII_RX_ER/RMII_RX_ER N19 Pulldown Receive error
N2HET1[28]/MII_RXCLK/RMIl_REFCLK/MII_RX_VCLKA4 K19 1/0 Receive clock
N2HET1[24]/MIBSPIINCS[5]/MII_RXD[0]/RMII_RXD[0] P1 Input Receive data
N2HET1[26]/MIl_RXD[1]/RMII_RXD[1] Al4
MIBSPILINENA/N2HET1[23]/MII_RXD[2]/ECAP4 G19 Pullup Fixed 20 pA
MIBSPISNENA/MII_RXD[3]/MIBSPI5SSOMI[1)/ ECAP5 H18 Pulldown
N2HET1[10/MII_TXCLK/MII_TX_VCLKA4/nTZ3 D19 110 Pulldown None MII output transmit clock
N2HET1[10)/MII_TXCLK/MII_TX_VCLKA4/nTZ3 D19 Fixed 20 pA Transmit clock
Pulldown
MIBSPI5SOMI[0}/MII_TXD[0]/RMII_TXD[0] J18 | Output Pullup None Transmit data
MIBSPI5SIMO[0]/MIBSPISSOMI[2)/MII_TXD[1]/RMII_TXD[1] | J19
MIBSPI1NCS[0]/MIBSPI1SOMI[1]/MII_TXD[2]/ECAP6 R2
N2HET1[8]/MIBSPI1SIMO[1}/MIl_TXDI[3] E18 Pulldown
MIBSPISCLK/MII_TXEN/RMII_TXEN H19 Pullup Transmit enable
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4.3.2.14 External Memory Interface (EMIF)

Table 4-38. External Memory Interface (EMIF)

Terminal Signal | Reset Pull Pull Type Description
Signal Name 337 Rt SIEE
ZWT

EMIF_CKE L3 Output Pullup None EMIF Clock Enable

EMIF_CLK K3 1/0 None EMIF clock. This is an
output signal in functional
mode. It is gated off by
default, so that the signal
is pulled up. PINMUX29[8]
must be cleared to enable
this output.

EMIF_nOE E12 | Output Pullup None EMIF Read Enable

EMIF_nWAIT P3 1/0 Pullup Fixed 20 pA EMIF Extended Wait

Pullup Signal

EMIF_nWE D17 | Output Pullup None EMIF Write Enable

EMIF_nCAS R4 Output EMIF column address
strobe

EMIF_nRAS R3 Output EMIF row address strobe

EMIF_nCS[0]/N2HET2[7]® N17 | Output EMIF chip select,
synchronous

EMIF_nCS[2] L17 | Output EMIF chip selects,

o) asynchronous
EMIF_nCS[3]/N2HET2[9] K17 | Output This applies to chip
EMIF_nCS[4] M17 | Output selects 2, 3 and 4
EMIF_nDQM[0] E10 | Output EMIF Data Mask or Write

Strobe.

EMIF_nDQM[1] El1l Output Data mask for SDRAM
devices, write strobe for
connected asynchronous
devices.

EMIF_BA[O] E13 | Output EMIF bank address or
address line

EMIF_BA[1]/N2HET2[5]® D16 | Output EMIF bank address or
address line

EMIF_ADDR[O0]/N2HET2[1]® D4 | Output EMIF address

EMIF_ADDR[1]/N2HET2[3]® D5 | Output

EMIF_ADDR[2] E6 | Output

EMIF_ADDR[3] E7 | Output

EMIF_ADDR[4] E8 | Output

EMIF_ADDR[5] E9 | Output

EMIF_ADDR[6]/N2HET2[11]® C4 | Output

EMIF_ADDR[7]/N2HET2[13]® C5 | Output

EMIF_ADDR[8]/N2HET2[15]® C6 | Output

EMIF_ADDR[9] C7 | Output

EMIF_ADDR[10] C8 | Output

EMIF_ADDR[11] C9 | Output

EMIF_ADDR[12] C10 | Output

(1) These signals are tri-stated and pulled up by default after power-up. Any application that requires the EMIF must set the bit 31 of the
system module general-purpose register GPREGL1.
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Table 4-38. External Memory Interface (EMIF) (continued)

Terminal Signal | Reset Pull Pull Type Description
Signal Name 337 R S
ZWT
EMIF_DATA[O] K15 110 Pullup Fixed 20 pA | EMIF Data
EMIF_DATA[1] L15 110 Pullup
EMIF_DATA[2] M15 110
EMIF_DATA[3] N15 110
EMIF_DATA[4] E5 110
EMIF_DATA[5] F5 110
EMIF_DATA[6] G5 110
EMIF_DATA[7] K5 110
EMIF_DATA[8] L5 110
EMIF_DATA[9] M5 110
EMIF_DATA[10] N5 110
EMIF_DATA[11] P5 110
EMIF_DATA[12] R5 110
EMIF_DATA[13] R6 110
EMIF_DATA[14] R7 110
EMIF_DATA[15] R8 110
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4.3.2.15 System Module Interface

Table 4-39. ZWT System Module Interface

Terminal

Signal Name

337
ZWT

Signal
Type

Reset Pull
State

Pull Type

Description

NnPORRST

w7

Input

Pulldown

Fixed 100 pA
Pulldown

Power-on reset, cold reset
External power supply
monitor circuitry must
drive NnPORRST low when
any of the supplies to the
microcontroller fall out of
the specified range. This
terminal has a glitch filter.
See Section 6.8.

nRST

B17

/10

Pullup

Fixed 100 pA
Pullup

System reset, warm reset,
bidirectional.

The internal circuitry
indicates any reset
condition by driving nRST
low.

The external circuitry can
assert a system reset by
driving nRST low. To
ensure that an external
reset is not arbitrarily
generated, Tl
recommends that an
external pullup resistor is
connected to this terminal.
This terminal has a glitch
filter. See Section 6.8.

NERROR

B14

/10

Pulldown

Fixed 20 pA
Pulldown

ESM Error Signal
Indicates error of high
severity. See

Section 6.18.

4.3.2.16 Clock Inputs and Outputs

Table 4-40. ZWT Clock Inputs and Outputs

Terminal

Signal Name

337
ZWT

Signal
Type

Reset Pull
State

Pull Type

Description

OSCIN

K1

Input

KELVIN_GND

L2

Input

OSCouT

L1

Output

N/A

None

From external
crystal/resonator, or
external clock input

Kelvin ground for oscillator

To external
crystal/resonator

ECLK

Al2

110

Pulldown

Programmable,
20 pA

External prescaled clock
output, or GIO.

GIOA[5)/EXTCLKIN/EPWM1A/N2HET1_PIN_nDIS

B5

Input

EXTCLKIN2

R9

Input

Pulldown

20 pA

External clock input #1

External clock input #2

VCCPLL

P11

1.2v
Power

N/A

None

Dedicated core supply for
PLL's

Copyright © 2012-2015, Texas Instruments Incorporated

Submit Documentation Feedback

Product Folder Links: RM46L440 RM46L.840

Terminal Configuration and Functions 35


http://www.ti.com/product/rm46l440?qgpn=rm46l440
http://www.ti.com/product/rm46l840?qgpn=rm46l840
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SPNS183C&partnum=RM46L440
http://www.ti.com/product/rm46l440?qgpn=rm46l440
http://www.ti.com/product/rm46l840?qgpn=rm46l840

13 TEXAS
RM46L440, RM46L.840 INSTRUMENTS
SPNS183C —SEPTEMBER 2012—-REVISED JUNE 2015 www.ti.com

4.3.2.17 Test and Debug Modules Interface

Table 4-41. ZWT Test and Debug Modules Interface

Terminal Signal | Reset Pull Pull Type Description
Signal Name 337 Wes Slialis
ZWT
TEST u2 Input Pulldown Fixed 100 pA | Test enable. This terminal
Pulldown must be connected to
ground directly or via a
pulldown resistor.
nTRST D18 Input JTAG test hardware reset
RTCK Al16 | Output N/A None JTAG return test clock
TCK B18 Input Pulldown Fixed 100 pA | JTAG test clock
Pulldown
TDI Al7 Input Pullup Fixed 100 pA | JTAG test data in
Pullup
TDO C18 | Output 100 pA None JTAG test data out
Pulldown
TMS C19 Input Pullup Fixed 100 pA | JTAG test select
Pullup

4.3.2.18 Flash Supply and Test Pads

Table 4-42. ZWT Flash Supply and Test Pads

Terminal Signal | Reset Pull Pull Type Description
Signal Name 337 Tipe Szl
ZWT
VCCP F8 3.3V N/A None Flash pump supply
Power
FLTP1 J5 - N/A None Flash test pads. These
FLTP2 H5 terminals are reserved for

Tl use only. For proper
operation these terminals
must connect only to a
test pad or not be
connected at all [no
connect (NC)].

4.3.2.19 Reserved

Table 4-43. Reserved

Terminal Signal | Reset Pull Pull Type Description
Signal Name 337 e Szl
ZWT
Reserved Al5 - N/A None Reserved. These balls are
Reserved B15 _ N/A None connected to internal logic
but are not outputs nor do
Reserved B16 - N/A None they have internal pulls.
Reserved A8 - N/A- None They are subject to +1 pA
leakage current.
Reserved B8 - N/A None
Reserved B9 - N/A None
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4.3.2.20 No Connects

Table 4-44. No Connects

Terminal Signal | Reset Pull Pull Type Description
Signal Name 337 Rt SIEE
ZWT
NC C11 - N/A None No Connects. These balls
X ciz |- wa | e |mepolcomenectoay
NC C13 - N/A None connected to the PCB
NC cl4a ~ N/A None ground without affecting
the functionality of the
NC C15 - N/A None device.
NC C16 - N/A None
NC C17 - N/A None
NC D6 - N/A None
NC D7 - N/A None
NC D8 - N/A None
NC D9 - N/A None
NC D10 - N/A None
NC D11 - N/A None
NC D12 - N/A None
NC D13 - N/A None
NC D14 - N/A None
NC D15 - N/A None
NC E4 - N/A None
NC E14 - N/A None
NC E15 - N/A None
NC F4 - N/A None
NC F15 - N/A None
NC F16 - N/A None
NC F17 - N/A None
NC G4 - N/A None
NC G15 - N/A None
NC H15 - N/A None
NC J15 - N/A None
NC J16 - N/A None
NC K4 - N/A None
NC K16 - N/A None
NC L4 - N/A None
NC L16 - N/A None
NC L18 - N/A None
NC L19 - N/A None
NC M4 - N/A None
NC M16 - N/A None
NC N4 - N/A None
NC N16 - N/A None
NC N18 - N/A None
NC P4 - N/A None
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Table 4-44. No Connects (continued)

Terminal Signal | Reset Pull Pull Type Description
Signal Name 337 R S
ZWT
NC P15 - N/A None No Connects. These balls
e o | A | nene | merasomerctay
NC P17 - N/A None connected to the PCB
NC R1 ~ N/A None ground without affecting
the functionality of the

NC R10 - N/A None device.

NC R11 - N/A None

NC R12 - N/A None

NC R13 - N/A None

NC R14 - N/A None

NC R15 - N/A None

NC T2 - N/A None

NC T3 - N/A None

NC T4 - N/A None

NC T5 - N/A None

NC T6 - N/A None

NC T7 - N/A None

NC T8 - N/A None

NC T9 - N/A None

NC T10 - N/A None

NC T11 - N/A None

NC T13 - N/A None

NC T14 - N/A None

NC u3 - N/A- None

NC u4 - N/A None

NC us - N/A None

NC u6 - N/A None

NC u7 - N/A None

NC us - N/A None

NC u9 - N/A None

NC u10 - N/A None

NC ul11 - N/A None

NC u12 - N/A None

NC V3 - N/A None

NC V4 - N/A None

NC Vil - N/A None

NC V12 - N/A None

NC w4 - N/A None

NC w11 - N/A None

NC w12 - N/A None

NC w13 - N/A None
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4.3.2.21 Supply for Core Logic: 1.2V nominal

Table 4-45. ZWT Supply for Core Logic: 1.2V nominal

Terminal Signal | Reset Pull Pull Type Description
Signal Name 337 Rt SIEE
ZWT

VCC F9 1.2v N/A None Core supply

vce F10 | Power

VCC H10

VCC Ji14

VCC K6

VCC K8

VCC K12

VCC K14

VCC L6

VCC M10

VCC P10
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4.3.2.22 Supply for I/O Cells: 3.3V nominal

Table 4-46. ZWT Supply for /O Cells: 3.3V nominal

Terminal Signal | Reset Pull Pull Type Description
Signal Name 337 Rt SIEE
ZWT
VCCIO F6 3.3V N/A None Operating supply for 1/Os
vcelo F7 | Power
VCCIO F11
VCCIO F12
VCCIO F13
VCCIO F14
VCCIO G6
VCCIO G14
VCCIO H6
VCCIO H14
VCCIO J6
VCCIO L14
VCCIO M6
VCCIO M14
VCCIO N6
VCCIO N14
VCCIO P6
VCCIO P7
VCCIO P8
VCCIO P9
VCCIO P12
VCCIO P13
VCCIO P14
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4.3.2.23 Ground Reference for All Supplies Except VCCAD

Table 4-47. ZWT Ground Reference for All Supplies Except VCCAD

Terminal Signal | Reset Pull Pull Type Description
Signal Name 337 Rt SIEE

ZWT

VSS Al Ground N/A None Ground reference

VSS A2

VSS A18

VSS A19

VSS B1

VSS B19

VSS H8

VSS H9

VSS H11

VSS H12

VSS J8

VSS J9

VSS J10

VSS J11

VSS J12

VSS K9

VSS K10

VSS K11

VSS L8

VSS L9

VSS L10

VSS L11

VSS L12

VSS M8

VSS M9

VSS M11

VSS M12

VSS V1

VSS w1

VSS W2

Copyright © 2012-2015, Texas Instruments Incorporated Terminal Configuration and Functions 41

Submit Documentation Feedback
Product Folder Links: RM46L440 RM46L.840


http://www.ti.com/product/rm46l440?qgpn=rm46l440
http://www.ti.com/product/rm46l840?qgpn=rm46l840
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SPNS183C&partnum=RM46L440
http://www.ti.com/product/rm46l440?qgpn=rm46l440
http://www.ti.com/product/rm46l840?qgpn=rm46l840

13 TEXAS
RM46L440, RM46L.840 INSTRUMENTS

SPNS183C —SEPTEMBER 2012—-REVISED JUNE 2015 www.ti.com

5 Specifications

5.1 Absolute Maximum Ratings Over Operating Free-Air Temperature Range @

MIN MAX UNIT

Vec® -0.3 1.43 v
Supply voltage range: Veeion Vecp® 0.3 46 \Y

Veean 0.3 6.25 \Y

All input pins, with exception of ADC pins -0.3 4.6 \%
Input voltage range: - -

ADC input pins -0.3 6.25 \%

%l (;ﬂm: %che\;/)'ti\\éiﬁl\lo[)23:01 or AD2IN[15:0] -20 *201  mA
ot clemp eurtent ADAIN(Z2:0] of ADSIA5) 10 #0)  ma

Total -40 +40 mA
Operating free-air temperature range, Ta: -40 105 °C
Operating junction temperature range, T;: -40 130 °C
Storage temperature range, Ty -65 150 °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) Maximum-rated conditions for extended periods may affect device reliability. All voltage values are with respect to their associated
grounds.

5.2 ESD Ratings

VALUE UNIT
Human body model (HBM), per ANSI/ESDA/JEDEC JS001®) +2 kv
Charged device model (CDM), per JESD22-C101@ | All pins +250 Y,

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.

Vesp  Electrostatic discharge (ESD) performance:

5.3 Power-On Hours (POH)®®

NOMINAL CORE VOLTAGE (Vec) TEM;ES%'UOF'{\‘E - LIFETIME POH
12 105°C 100K

(1) This information is provided solely for your convenience and does not extend or modify the warranty provided under TI's standard terms
and conditions for TI semiconductor products.
(2) To avoid significant degradation, the device power-on hours (POH) must be limited to those specified in this table. To convert to

equivalent POH for a specific temperature profile, see the Calculating Equivalent Power-on-Hours for Hercules Safety MCUs Application
Report (SPNA207).
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5.4 Device Recommended Operating Conditions®

MIN NOM MAX | UNIT
Vee Digital logic supply voltage (Core) 1.14 1.2 1.32 \%
VeepLL PLL Supply Voltage 1.14 1.2 1.32 \%
Vecio Digital logic supply voltage (1/O) 3 3.3 3.6 \%
Veeap MibADC supply voltage 3 5.25 \%
Veep Flash pump supply voltage 3 3.3 3.6 \%
Vss Digital logic supply ground \%
Vssap MibADC supply ground -0.1 0.1 \%
V ADREFHI A-to-D high-voltage reference source Vssap Veeap \%
V ADREFLO A-to-D low-voltage reference source Vssap Veeap \%
VsLew Maximum positive slew rate for Vccio, Vecap and Veep supplies 1| Vlus
Ta Operating free-air temperature -40 105| °C
T, Operating junction temperature ? -40 130| °C
(1) All voltages are with respect to Vgg, except Vcecap, Which is with respect to Vssap
(2) Reliability data is based upon a temperature profile that is equivalent to 100,000 power-on hours at 105°C junction temperature.
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5.5 Switching Characteristics Over Recommended Operating Conditions for Clock Domains

Table 5-1. Clock Domain Timing Specifications

PARAMETER DESCRIPTION CONDITIONS MAX UNIT
Pipeline mode
enabled 200 MHz
fhcik HCLK - System clock frequency —
Pipeline mode 50 MHz
disabled
fecLk GCLK - CPU clock frequency fHoLk MHz
fvcLk VCLK - Primary peripheral clock frequency 100 MHz
VCLK2 - Secondary peripheral clock
fucLke frequency Y perp 100 MHz
VCLK3 - Secondary peripheral clock
fVCLK3 frequency y perip 100 MHz
VCLK4 - Secondary peripheral clock
fucLka frequency Y perp 150 MHz
VCLKAL1 - Primary asynchronous
fveLkat peripheral clock frequency 100 MHz
VCLKAZ2 - Secondary asynchronous
fvoLkaz peripheral clock frequency 100 MHz
VCLKAS3 - Primary asynchronous
fveLkas peripheral clock frequency 100 MHz
VCLKA4 - Secondary asynchronous
fveLkaa peripheral clock frequency 100 MHz
fRTICLK RTICLK - clock frequency fvcik MHz
5.6 Wait States Required
RAM
Address Wait States | 0 |
OMHz f
HCLK(max)
Data Wait States | 0 |
. OMHz fHCLK(max)
Flash (Main Memory)
Address Wait States | | 1 |
0MHz 150MHz Fucimax
Data Wait States |_ 0 | | 2 3 |
OMHz 50MHz 100MHz 150MHz f
HCLK(max)
Flash (Data Memory) 0 2 3 |
Data Wait States OMHz 50MHz 100MHz 150MHz frcikmax

Figure 5-1. Wait States Scheme

As shown in the figure above, the TCM RAM can support program and data fetches at full CPU speed without
any address or data wait states required.

The TCM flash can support zero address and data wait states up to a CPU speed of 50 MHz in nonpipelined
mode. The flash supports a maximum CPU clock speed of 200 MHz in pipelined mode with one address wait
state and three data wait states.

The flash wrapper defaults to non-pipelined mode with zero address wait state and one random-read data wait

state.
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5.7 Power Consumption Over Recommended Operating Conditions

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Vcc digital supply current (operating mode) _ @ @
fuerk = fuoLk/2; Flash in pipelined mode: Vega, | HELK = 200MHZ 205 340%) mA
lec
Vcc Digital supply current (LBIST/PBIST mode) LBIST/PBIST clock 265 M 455 @ | mA
frequency = 100MHz
lccpLL Vcepoo digital supply current (operating mode) VeerLl = VeepLimax 10| mA
lccio Vccio Digital supply current (operating mode. No DC load, Vcemax 10| mA
Single ADC
operational, 15
) Vecabmax
| V supply current (operating mode mA
CCAD ccAD Supply (op 9 ) Both ADCs
operational, 30
Vecabmax
Single ADC
operational, 3
AD
IADREFHI ADREFHI Supply current (Operating mode) Bot’:]E;'—gnéasx mA
operational, 6
ADREFHImax
read from 1 bank
and program
lccp Vcep supply current another bank, 55| mA
Vecpmax

(1) The typical value is the average current for the nominal process corner and junction temperature of 25C.

(2) The maximum Icc, value can be derated
» linearly with voltage
* by 1 ma/MHz for lower operating frequency when fyc k= 2 * fycLk
» for lower junction temperature by the equation below where T is the junction temperature in Kelvin and the result is in milliamperes.
120 - 0.068 00185 T
(3) The maximum Icc, value can be derated
* linearly with voltage
* by 1.5 ma/MHz for lower operating frequency
« for lower junction temperature by the equation below where T is the junction temperature in Kelvin and the result is in milliamperes.
120 - 0.068 e00185 T
(4) LBIST and PBIST currents are for a short duration, typically less than 10ms. They are usually ignored for thermal calculations for the
device and the voltage regulator
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5.8 Input/Output Electrical Characteristics Over Recommended Operating Conditions®
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Vhys Input hysteresis All inputs 180 mV
Vi Low-level input voltage All inputs -0.3 0.8 \%
Viy High-level input voltage All inputs 2 Vccio + 0.3 \%
loL = loLmax 0.2 Vceio
loL = 50 pA, standard 0.2
VoL Low-level output voltage output mode Vv
loL = 50 pA, low-EMI
output mode (see 0.2 Vccio
Section 5.13)
lon = loHmax 0.8 Vccio
lon = 50 pA, standard
VoH High-level output voltage output mode Y
lon = 50 pA, low-EMI
output mode (see 0.8 Vecio
Section 5.13)
N V| <Vsgsio - 0.3 0rV, B
Ik Input clamp current (1/O pins) > Voo + 0.3 3.5 35| mA
||H Pulldown ZOHA V| = VCClO 5 40
||H Pulldown lOOIJ.A V| = VCClO 40 195
I Input current (I/O pins) IiL Pullup 20pA V| =Vss -40 5 pA
|||_ PU”Up 100HA V| = VSS -195 -40
All other pins No pullup or pulldown -1 1
C Input capacitance pF
Co Output capacitance pF

(1) Source currents (out of the device) are negative while sink currents (into the device) are positive.

@

5.9 Thermal Resistance Characteristics

Table 5-2 shows the thermal resistance characteristics for the QFP - PGE mechanical package.

Table 5-3 shows the thermal resistance characteristics for the BGA - ZWT mechanical package.

Table 5-2. Thermal Resistance Characteristics (PGE Package)

If the input voltage extends outside of the range V|_to V4 then the input current must be limited to I,k to maintain proper operation. See
the application note SPNA201 for more information on limiting input clamp currents.

°C/W
RO, Junction-to-free air thermal resistance, Still 20
air using JEDEC 2S2P test board
RO, Junction-to-board thermal resistance 27.2
RO;c Junction-to-case thermal resistance 7.3
Yir Junction-to-package top, Still air 0.10
Table 5-3. Thermal Resistance Characteristics (ZWT Package)
°C/IW
Junction-to-free air thermal resistance, Still
RO ;A air (includes 5x5 thermal via cluster in 2s2p 18.8
PCB connected to 1st ground plane)
RO;p Junction-to-board thermal resistance 141
RO;c Junction-to-case thermal resistance 7.1
46 Specifications Copyright © 2012-2015, Texas Instruments Incorporated

Submit Documentation Feedback
Product Folder Links: RM46L440 RM46L.840


http://www.ti.com/product/rm46l440?qgpn=rm46l440
http://www.ti.com/product/rm46l840?qgpn=rm46l840
http://www.ti.com
http://www.ti.com/lit/pdf/SPNA201
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SPNS183C&partnum=RM46L440
http://www.ti.com/product/rm46l440?qgpn=rm46l440
http://www.ti.com/product/rm46l840?qgpn=rm46l840

13 TEXAS
INSTRUMENTS

www.ti.com

RM46L440, RM46L.840
SPNS183C —SEPTEMBER 2012—REVISED JUNE 2015

Table 5-3. Thermal Resistance Characteristics (ZWT Package) (continued)

°C/W

Wit

Junction-to-package top, Still air (includes
5x5 thermal via cluster in 2s2p PCB 0.33
connected to 1st ground plane)

5.10 Output Buffer Drive Strengths

Table 5-4. Output Buffer Drive Strengths

LOW-LEVEL OUTPUT CURRENT,
loL for Vi=VoLmax
or
HIGH-LEVEL OUTPUT CURRENT,
lon for Vi=Vopmin

SIGNALS

MIBSPISCLK, MIBSPISSOMI[0], MIBSPISSOMI[1], MIBSPI5SOMI[2], MIBSPISSOMI[3],
MIBSPI5SIMO[0], MIBSPI5SSIMOI[1], MIBSPI5SIMO[2], MIBSPI5SIMOI[3],

TMS, TDI, TDO, RTCK,
SPI4CLK, SPI4SIMO, SPI4SOMI, nERROR,

N2HET2[1], N2HET2[3], N2HET2[5], N2HET2[7], N2HET2[9], N2HET2[11], N2HET2[13],
N2HET2[15]

ECAP1, ECAP4, ECAPS5, ECAP6

2 mA zero-dominant

8 mA
EQEP1I, EQEP1S, EQEP2I, EQEP2S
EPWM1A, EPWMI1B, EPWM1SYNCO, ETPW2A, EPWM2B, EPWMB3A, EPWMS3B,
EPWM4A, EPWM4B, EPWMSA, EPWM5B, EPWM6A, EPWM6EB, EPWM7A, EPWM7B
EMIF_ADDR[0:12], EMIF_BA[0:1], EMIF_CKE, EMIF_CLK, EMIF_DATA[0:15], EMIF_nCAS,
EMIF_nCSJ[0:4], EMIF_nDQM[0:1], EMIF_nOE, EMIF_nRAS, EMIF_nWAIT, EMIF_nWE,
EMIF_RNW
MDCLK, MDIO, MII_RX_VCLKA4, MII_TX_VCLKA4, MII_TXD[0:3], MII_TXEN,
RMII_REFCLK, RMII_TXD[0:1], RMII_TXEN
TEST,

4mA MIBSPI3SOMI, MIBSPI3SIMO, MIBSPI3CLK, MIBSPI1SIMO, MIBSPI1SOMI, MIBSPI1CLK,
ECAP2, ECAP3
nRST
ADI1EVT,

CANIRX, CANLITX, CAN2RX, CAN2TX, CAN3RX, CAN3TX,
GIOA[0-7], GIOB[0-7],
LINRX, LINTX,

MIBSPI1nCS[0], MIBSPI1nCS[1-3], MIBSPI1NnENA, MIBSPI3nCS[0-3], MIBSPI3nENA,
MIBSPI5nCS[0-3], MIBSPISNENA,

N2HET1[0-31], N2HET2[0], N2HET2[2], N2HET2[4], N2HET2[5], N2HET2[6], N2HET2[7],
N2HET2[8], N2HET2[9], N2HET2[10], N2HET2[11], N2HET2[12], N2HET2[13], N2HET2[14],
N2HET2[15], N2HET2[16], N2HET2[18],

SPI2nCS[0], SPI2nENA, SP14nCS[0], SPI4nENA

selectable 8 mA /2 mA

ECLK,
SPI2CLK, SPI2SIMO, SPI2SOMI

The default output buffer drive strength is 8 mA for these signals.
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Table 5-5. Selectable 8 mA/2 mA Control

Signal Control Bit Address 8 mA 2 mA

ECLK SYSPC10[0] OXFFFF FF78 0 1
SPI2CLK SPI2PCY[9] OXFFF7 F668 0 1
SPI2SIMO SPI2PCY[10] OXFFF7 F668 0 1
SPI2SOMI SPI2PC9[11]® OXFFF7 F668 0 1

(1) Either SPI2PC9[11] or SPI2PC9[24] can change the output strength of the SPI2SOMI pin. In case of a 32-bit write where these two bits
differ, SPI2PC9[11] determines the drive strength.

5.11 Input Timings

Input

—  ty, —>
L Vo

Vi Vin

v|L V"_ 0

Figure 5-2. TTL-Level Inputs

Table 5-6. Timing Requirements for Inputs®

Parameter MIN MAX Unit
tow Input minimum pulse width teverky + 102 ns
tin_slew Time for input signal to go from V,_to V4 or from V|4 to V,_ 1 ns

(1) teverky = peripheral VBUS clock cycle time = 1/ fycik)
(2) The timing shown above is only valid for pin used in general-purpose input mode.

5.12 Output Timings

Table 5-7. Switching Characteristics for Output Timings versus Load Capacitance ©,)

Parameter MIN MAX Unit
Rise time, t; 8 mA low EMI pins CL =15 pF 25 ns
(see Table 5-4) CL =50 pF 4
CL =100 pF 7.2
CL =150 pF 125
Fall time, t; CL =15 pF 25 ns
CL =50 pF 4
CL =100 pF 7.2
CL =150 pF 125
Rise time, t; 4 mA low EMI pins CL =15 pF 5.6 ns
(see Table 5-4) CL =50 pF 10.4
CL =100 pF 16.8
CL =150 pF 23.2
Fall time, t; CL =15 pF 5.6 ns
CL= 50 pF 104
CL =100 pF 16.8
CL =150 pF 23.2
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Table 5-7. Switching Characteristics for Output Timings versus Load Capacitance ©,) (continued)

Parameter MIN MAX Unit
Rise time, t, 2 mA-z low EMI pins CL =15 pF 8 ns
(see Table 5-4) CL =50 pF 15
CL =100 pF 23
CL = 150 pF 33
Fall time, t; CL =15 pF 8 ns
CL =50 pF 15
CL =100 pF 23
CL = 150 pF 33
Rise time, t, S_electable 8 mA/2 mA-z |8 mA mode CL =15 pF 25 ns
B e 54 CL=507 :
CL =100 pF 7.2
CL = 150 pF 125
Fall time, t; CL =15 pF 25 ns
CL =50 pF 4
CL =100 pF 7.2
CL = 150 pF 125
Rise time, t, 2 mA-z mode CL =15 pF 8 ns
CL =50 pF 15
CL =100 pF 23
CL = 150 pF 33
Fall time, t; CL =15 pF 8 ns
CL =50 pF 15
CL =100 pF 23
CL = 150 pF 33
-+ tle -t le
I ol Veeo
Output | #'Von Vo |
\ \
VoL Vo__ 0

Figure 5-3. CMOS-Level Outputs

Table 5-8. Timing Requirements for Outputs®

Parameter MIN MAX UNIT

ta(parallel_out) Delay between low to high, or high to low transition of general-purpose output signals 6 ns
that can be configured by an application in parallel, e.g. all signals in a GIOA port, or
all N2HET1 signals, etc.

(1) This specification does not account for any output buffer drive strength differences or any external capacitive loading differences. Check
Table 5-4 for output buffer drive strength information on each signal.
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5.13 Low-EMI Output Buffers

The low-EMI output buffer has been designed explicitly to address the issue of decoupling sources of
emissions from the pins which they drive. This is accomplished by adaptively controlling the impedance of
the output buffer, and is particularly effective with capacitive loads.

This is not the default mode of operation of the low-EMI output buffers and must be enabled by setting the
system module GPCR1 register for the desired module or signal, as shown in . The adaptive impedance
control circuit monitors the DC bias point of the output signal. The buffer internally generates two
reference levels, VREFLOW and VREFHIGH, which are set to approximately 10% and 90% of Vccio,
respectively.

Once the output buffer has driven the output to a low level, if the output voltage is below VREFLOW, then
the output buffer's impedance will increase to hi-Z. A high degree of decoupling between the internal
ground bus and the output pin will occur with capacitive loads, or any load in which no current is flowing,
e.g. the buffer is driving low on a resistive path to ground. Current loads on the buffer which attempt to pull
the output voltage above VREFLOW will be opposed by the buffer’s output impedance so as to maintain
the output voltage at or below VREFLOW.

Conversely, once the output buffer has driven the output to a high level, if the output voltage is above
VREFHIGH then the output buffer’'s impedance will again increase to hi-Z. A high degree of decoupling
between internal power bus ad output pin will occur with capacitive loads or any loads in which no current
is flowing, e.g. buffer is driving high on a resistive path to VCCIO. Current loads on the buffer which
attempt to pull the output voltage below VREFHIGH will be opposed by the buffer’'s output impedance so
as to maintain the output voltage at or above VREFHIGH.

The bandwidth of the control circuitry is relatively low, so that the output buffer in adaptive impedance
control mode cannot respond to high-frequency noise coupling into the buffer's power buses. In this
manner, internal bus noise approaching 20% peak-to-peak of VCCIO can be rejected.

Unlike standard output buffers which clamp to the rails, an output buffer in impedance control mode will
allow a positive current load to pull the output voltage up to VCCIO + 0.6V without opposition. Also, a
negative current load will pull the output voltage down to VSSIO — 0.6V without opposition. This is not an
issue since the actual clamp current capability is always greater than the IOH / IOL specifications.

The low-EMI output buffers are automatically configured to be in the standard buffer mode when the
device enters a low-power mode.

Table 5-9. Low-EMI Output Buffer Hookup

Module or Signal Name Control Register to Enable Low-EMI Mode
Module: MibSPI1 GPREGL1.0

Module: SPI2 GPREG1.1

Module: MibSPI3 GPREG1.2

Reserved GPREG1.3

Module: MibSPI5 GPREG1.4

Reserved GPREG1.5

Module: EMIF GPREGL1.6

Reserved GPREG1.7

Signal: TMS GPREG1.8

Signal: TDI GPREG1.9

Signal: TDO GPREG1.10

Signal: RTCK GPREG1.11

Signal: TEST GPREG1.12

Signal: NERROR GPREG1.13

Signal: AD1EVT GPREG1.14
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6 System Information and Electrical Specifications

6.1 Device Power Domains
The device core logic is split up into multiple power domains to optimize the Self-Test Clock Configuration
power for a given application use case. There are 6 power domains in total: PD1, PD2, PD3, PD5,
RAM_PD1, and RAM_PD?2. Refer to Section 1.4 for more information.
PD1 is an "always-ON" power domain, which cannot be turned off. Each of the other power domains can
be turned OFF one time during device initialization as per the application requirement. Refer to the Power
Management Module (PMM) chapter of RM46x Technical Reference Manual (SPNU514) for more details.
NOTE
The clocks to a module must be turned off before powering down the core domain that
contains the module.
NOTE
The logic in the modules that are powered down loses its power completely. Any access to
modules that are powered down results in an abort being generated. When power is
restored, the modules power-up to their default states (after normal power-up). No register or
memory contents are preserved in the core domains that are turned off.
6.2 Voltage Monitor Characteristics
A voltage monitor is implemented on this device. The purpose of this voltage monitor is to eliminate the
requirement for a specific sequence when powering up the core and I/O voltage supplies.
6.2.1 Important Considerations
* The voltage monitor does not eliminate the need of a voltage supervisor circuit to ensure that the device is held in
reset when the voltage supplies are out of range.
¢ The voltage monitor only monitors the core supply (VCC) and the 1/O supply (VCCIO). The other supplies are not
monitored by the VMON. For example, if the VCCAD or VCCP are supplied from a source different from that for
VCCIO, then there is no internal voltage monitor for the VCCAD and VCCP supplies.
6.2.2 Voltage Monitor Operation
The voltage monitor generates the Power Good MCU signal (PGMCU) as well as the 1/0s Power Good IO
signal (PGIO) on the device. During power-up or power-down, the PGMCU and PGIO are driven low when
the core or I/O supplies are lower than the specified minimum monitoring thresholds. The PGIO and
PGMCU being low isolates the core logic as well as the I/O controls during the power-up or power-down
of the supplies. This allows the core and 1/O supplies to be powered up or down in any order.
When the voltage monitor detects a low voltage on the I/O supply, it will assert a power-on reset. When
the voltage monitor detects an out-of-range voltage on the core supply, it asynchronously makes all output
pins high impedance, and asserts a power-on reset. The voltage monitor is disabled when the device
enters a low power mode.
The VMON also incorporates a glitch filter for the nPORRST input. Refer to Section 6.3.3.1 for the timing
information on this glitch filter.
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Table 6-1. Voltage Monitoring Specifications

PARAMETER MIN TYP MAX UNIT
VCC low - VCC level below this 0.75 0.9 1.13 \%
threshold is detected as too low.
Vv Voltage monitoring VCC high - VCC level above this 1.40 1.7 2.1
MON thresholds threshold is detected as too high.
VCCIO low - VCCIO level below this 1.85 2.4 2.9
threshold is detected as too low.

6.2.3 Supply Filtering
The VMON has the capability to filter glitches on the VCC and VCCIO supplies.

The following table shows the characteristics of the supply filtering. Glitches in the supply larger than the
maximum specification cannot be filtered.

Table 6-2. VMON Supply Glitch Filtering Capability

Parameter MIN MAX

Width of glitch on VCC that can be filtered 250 ns 1ps

Width of glitch on VCCIO that can be filtered 250 ns 1ps
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6.3 Power Sequencing and Power On Reset

6.3.1 Power-Up Sequence

There is no timing dependency between the ramp of the VCCIO and the VCC supply voltage. The power-
up sequence starts with the I/O voltage rising above the minimum 1I/O supply threshold, (see Table 6-4 for
more details), core voltage rising above the minimum core supply threshold and the release of power-on
reset. The high frequency oscillator will start up first and its amplitude will grow to an acceptable level. The
oscillator start up time is dependent on the type of oscillator and is provided by the oscillator vendor. The
different supplies to the device can be powered up in any order.

The device goes through the following sequential phases during power up.

Table 6-3. Power-Up Phases

Oscillator start-up and validity check

1032 oscillator cycles

eFuse autoload

1160 oscillator cycles

Flash

pump power-up 688 oscillator cycles

Flash

bank power-up 617 oscillator cycles

Total 3497 oscillator cycles

6.3.2

6.3.3

The CPU reset is released at the end of the above sequence and fetches the first instruction from address

0x00000000.

Power-Down Sequence

The different supplies to the device can be powered down in any order.

Power-On Reset: nPORRST

This is the power-on reset. This reset must be asserted by an external circuitry whenever the 1/0O or core
supplies are outside the specified recommended range. This signal has a glitch filter on it. It also has an

internal pulldown.

6.3.3.1 nPORRST Electrical and Timing Requirements
Table 6-4. Electrical Requirements for nPORRST
NO | Parameter MIN MAX Unit
VcePorL Vcc low supply level when nPORRST must be active during power- 0.5 \%
up
VccPORH Ve high supply level when nPORRST must remain active during 1.14 \%
power-up and become active during power down
VccloPoRL Vecio ! Veep low supply level when nPORRST must be active during 11 \%
power-up
VccloPoRH Vceio ! Veep high supply level when nPORRST must remain active 3.0 \%
during power-up and become active during power down
VIL(PORRST) Low-level input voltage of NPORRST Vcc|o > 2.5V 0.2* Vcc|o \Y
Low-level input voltage of NPORRST V¢¢io < 2.5V 0.5 \%
3 tSU(PORRST) Setup time, nPORRST active before Vcc|o and Vccp > VCCIOPORL 0 ms
during power-up
th(PORRST) Hold time, nPORRST active after Vce > Vecporn ms
tsu(PORRST) Setup time, nPORRST active before Ve < Vecporn during power us
down
th(PORRST) Hold time, nPORRST active after Vcc|o and VCCP > VCCIOPORH ms
th(PORRST) Hold time, nPORRST active after VCC < VCCPORL ms
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Table 6-4. Electrical Requirements for nPORRST (continued)

NO | Parameter MIN MAX Unit

t 475 2000 ns
f(nPORRST) Filter time NnPORRST pin;

pulses less than MIN will be filtered out, pulses greater than MAX
will generate a reset.
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NOTE: There is no timing dependency between the ramp of the VCCIO and the VCC supply voltage; this is just an exemplary drawing.

Figure 6-1. nPORRST Timing Diagram

54 System Information and Electrical Specifications Copyright © 2012-2015, Texas Instruments Incorporated
Submit Documentation Feedback
Product Folder Links: RM46L440 RM46L.840


http://www.ti.com/product/rm46l440?qgpn=rm46l440
http://www.ti.com/product/rm46l840?qgpn=rm46l840
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SPNS183C&partnum=RM46L440
http://www.ti.com/product/rm46l440?qgpn=rm46l440
http://www.ti.com/product/rm46l840?qgpn=rm46l840

13 TEXAS
INSTRUMENTS

RM46L440, RM46L.840
www.ti.com SPNS183C —SEPTEMBER 2012-REVISED JUNE 2015

6.4 Warm Reset (NRST)

This is a bidirectional reset signal. The internal circuitry drives the signal low on detecting any device reset

condition. An external circuit can assert a device reset by forcing the signal low. On this terminal, the

output buffer is implement