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Features Document No: AX58200/v0.10/11/22/19
@ ARM® Cortex® -M4 processor, running up to 192 B One USB 2.0 High Speed OTG with on-chip

MHz

B Built-in Memory Protection Unit (MPU)

B Built-in Nested Vectored Interrupt Controller
(NVIC)

B Hardware IEEE 754 compliant Floating-point
Unit (FPU)

B DSP extension with hardware divider and
single-cycle 32-bit hardware multiplier

@ On-chip Memory

B Dual bank 512-KB Flash size (APROM) for
Over-The-Air (OTA) upgrade

B On-chip Flash programming with In-Chip
Programming (ICP), In-System Programming
(ISP) and In-Application Programming (1AP)

B On-chip 160 KB SRAM

B 4 KB on-chip Flash for user-defined loader
(LDROM)

B 4 KB non-readble Security Protection ROM
(SPROM)

@ Boot Loader
B Factory pre-loaded 32 KB mask ROM for
secure boot procedure
B Uses SHA-256 and AES-256 to validate data in
on-chip Flash and external SPI Flash
B ISP for firmware upgrade via UART and high
speed USB device

@ Timers

B Supports four sets of 32-bit timers with 24-bit
up counter and one 8-bit pre-scale counter

B Supports twenty-four sets of 16-bit PWM
counters

B Supports 18-bit free running watchdog timer
counter

B Two Quadrature Encoder Interface (QEI) phase
inputs (QEI_A, QEI_B) and one Index input
(QEI_INDEX)

B Supports one Enhanced Capture (ECAP)
channels

@ Analog Interfaces
B One 12-hit, 16-ch 5 MSPS SAR ADC
B Two 12-bit, 1 MSPS voltage type DAC
B Two rail-to-rail Analog Comparators
B Two Operational Amplifiers with 0~AVpp
input voltage range.

@ Communication Interfaces

transceiver

B One IEEE Std. 802.3 10/100Mbps Ethernet
MAC with RMII

B Up to 6 sets of UARTS

B Three sets of ISO-7816-3

B Three sets of 12C devices with Master/Slave
mode

B One SPI Master supports maximum 32 MB
external SPI Flash memory

B One set of Quad-SPI controller with
Master/Slave mode

B One set of I12S interface with Master/Slave
mode

B Two sets of USCI, configured as UART, SPI or
12C function

B Two sets of CAN 2.0B controllers

B Two sets of Secure Digital Host Controllers,
compliant with SD Memory Card Specification
Version 2.0.

Supports Hardware ECC, AES, DES, 3DES, SHA,
HMAC accelerator cryptography engineers

Supports Real-Time Clock

Built-in Die Temperature Sensor (DTS) with 1C
resolution

EtherCAT Slave Controller (ESC) Sub-system

B 2 Integrated Fast Ethernet PHY's

m 3" Ethernet MII Port for flexible EtherCAT
network configuration

B 8 Fieldbus Memory Management Units
(FMMUs)

B 8 Sync Managers

B 64-bit distributed clock support allows
synchronization with other EtherCAT devices

B 9K bytes RAM

B Step & Direction Controller

B Incremental and Hall Encoder Interface

B SPI Master Controller

B Emergency Stop Input

B Configurable Watchdog for Outputs and Inputs

Monitoring
Integrates On-chip Power-on Reset Circuit

144-pin HSFBGA 10x10 mm, 0.8-mm pitch, RoHS
Compliant Package

Operating Temperature Range: -40 to +85°C, -40
to +105°C
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Target Applications
. B EtherCAT to 10-Link Converter
: I'\D/liOti'tg?/II/\/loogrifoqtrOI B Communication Module
grtal B Operator HMI Interfaces
B Robotics

B Sensors Data Acquisition

Typical Applications Diagram
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Figure 1.1-1: AX58200 Typical Applications Diagram
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DISCLAIMER

No part of this document may be reproduced or transmitted in any form or by any means, electronic or mechanical,
including photocopying and recording, for any purpose, without the express written permission of ASIX. ASIX may
make changes to the product specifications and descriptions in this document at any time, without notice.

ASIX provides this document “as is” without warranty of any kind, either expressed or implied, including without
limitation warranties of merchantability, fitness for a particular purpose, and non-infringement.

Designers must not rely on the absence or characteristics of any features or registers marked “reserved”, “undefined”
or “NC”. ASIX reserves these for future definition and shall have no responsibility whatsoever for conflicts or
incompatibilities arising from future changes to them. Always contact ASIX to get the latest document before starting
a design of ASIX products.

TRADEMARKS

ASIX, the ASIX logo are registered trademarks of ASIX Electronics Corporation. All other trademarks are the
property of their respective owners.

EtherCAT® is a registered trademark and patented technology, licensed by Beckhoff Automation GmbH, Germany.
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1 Introduction

1.1 General Description

The AX58200 is a 2/3-port EtherCAT Slave Controller SoC equipped with Arm® Cortex® -M4F with DSP extension
runs up to 192 MHz and EtherCAT Slave Controller (ESC) with two integrated Fast Ethernet PHY's which support
100Mbps full-duplex operation and HP Auto-MDIX. The AX58200 supports the CANopen (CoE), TFTP (FoE), Vender
specific application (VOE), etc. standard EtherCAT protocols and provides a cost-effective solution for industrial
automation, motion/motor control, robotics, digital 1/O control, sensors data acquisition, etc. industrial fieldbus
applications.

AX58200 embedded 512 KB Flash memory in dual-bank architecture supports Over-The-Air firmware upgrade. The
160 KB embedded SRAM includes 32 KB cache for speeding up code execution from the external SPI Flash. Built-in
4 KB Secure Protection ROM provides a safe space for saving confidential program or data.

The AX58200 is equipped with a large number of high speed digital peripherals, such as a USB 2.0 high speed interface
with on-chip transceiver working in device/host/OTG mode, a USB 2.0 full speed interface with on-chip transceiver
working in device/host mode, up to nine UART interfaces including three 1ISO-7816-3 interfaces, up to four composite
SPI/12S interfaces, a Quad-SPI interface, a SPI Flash interface supporting quad mode, three 12C interfaces, a 192
KHz/32-bit 12S interface, two SDIO interfaces, two CAN 2.0B interfaces, two QEI interfaces, a 10/100 Mbps Ethernet
MAC supporting RMII and two Universal Serial Control Interfaces which can be configured as UART, SPI or 12C. The
AX58200 also supports 16 channels peripheral DMA and up to 32 channels PWM running up to 192 MHz.

The AX58200 also provides high performance analog peripherals, such as a 12-bit 5SMSPS SAR ADC with up to 16
channels, two 12-bit IMSPS DAC, two analog comparators and two operational amplifiers, as well as a built-in
hardware cryptography accelerator that supports ECC, AES, DES, triple DES, SHA, HMAC and a random number
generator (RNG).

The AX58200’s ESC circuit provides a three-channel PWM controller or a one-channel Step/Direction controller, and
an increment/hall encode interface for closed-loop motor control, a SP1 master controller for data acquisition-and output,
and an 1/0 watchdog for functional safety.

The AX58200, in 144-pin HSFBGA 10x10 mm, 0.8-mm pitch, supports the RoOHS compliant package and industrial
grade operating temperature range from -40 to 85°C or from -40 to 105°C.
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1.2 Block Diagram
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Figure 1.2-1: AX58200 Block Diagram
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1.3 Pinout Diagram
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Figure 1.3-1: AX58200 Pinout Diagram
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1.4 Signal Description

Following abbreviations are used in “Type” column of below pin description tables. Note that some 1/O pins
with multiple signal definitions on the same pin may have different attributes in “Type” column for different
signal definition.

A Analog PU Internal Pull-Up

B5  Bi-directional I/O, 3.3V with 5V tolerant PD  Internal Pull-Down

15 Input, 3.3V with 5V tolerant P Power/Ground pin

O5  Output, 3.3V with 5V tolerant S Schmitt Trigger

B3  Bi-directional 1/0, 3.3V T Tri-state

13 Input, 3.3V 4m  4mA driving strength

O3  Output, 3.3V 8m  8mA driving strength
1.4.1 Main System Pin Description

Pin No | Pin Name Type MEFP Description

K10 NRESET B/S MFPO External reset .inp}lt: active LOW, With an internal

pull-up. Set this pin low reset to initial state.

I9 PA.O B5 MFPO | General purpose digital I/O pin.
SPIM_MOSI /0 MEFP2 SPIM MOSI (Master Out, Slave In) pin.
QSPI0_MOSIO 1/0 MFP3 Quad SPI0 MOSIO (Master Out, Slave In) pin.
SPI0 MOSI 1/0 MFP4 | SPI0 MOSI (Master Out, Slave In) pin.
SD1 _DATO 1/0 MEFP5 SD/SDIO1 data line bit 0.

SCO0 CLK 0 MFP6 Smart Card 0 clock pin.

UARTO RXD 1 MFP7 | UARTO data receiver input pin.

UARTI1 nRTS 0] MFP8 | UARTI request to Send output pin.
12C2_SDA 1/0 MFP9 12C2 data input/output pin.

BPWMO CHO 1/0 MFP12 | BPWMO channel 0 output/capture input.
EPWMO CHS5 /0 MFP13 | EPWMO channel 5 output/capture input.
DACO_ST 1 MFP15 | DACO external trigger input.

K9 PA.1 B5 MFP0O | General purpose digital I/O pin.
SPIM_MISO 1/0 MFP2 SPIM MISO (Master In, Slave Out) pin.
QSPIO_MISO0 1/0 MFP3 Quad SPI0 MISOO (Master In, Slave Out) pin.
SPI0_ MISO /0 MFP4 SPI0 MISO (Master In, Slave Out) pin.
SD1 DAT1 1/0 MFP5 SD/SDIO]1 data line bit 1.

SCO DAT 1/0 MFP6 | Smart Card 0 data pin.

UARTO TXD 0] MFP7 | UARTO data transmitter output pin.
UARTI1 nCTS 1 MFP8 | UART]1 clear to Send input pin.
12C2_SCL 1/0 MFP9 | 12C2 clock pin.

BPWMO CHI1 1/0 MFP12 | BPWMO channel 1 output/capture input.
EPWMO CH4 1/0 MFP13 | EPWMO channel 4 output/capture input.
DAC1 ST 1 MFP15 | DACI external trigger input.

I8 PA.2 B5 MFPO | General purpose digital I/O pin.

SPIM_CLK 1/0 MFP2 SPIM serial clock pin.
QSPI0_CLK /0 MFP3 Quad SPIO serial clock pin.
SPI0 CLK 1/0 MFP4 SPI0 serial clock pin.

SD1 DAT2 /0 MFP5 SD/SDIO!1 data line bit 2.

SCO_RST O MFP6 Smart Card 0 reset pin.

UART4 RXD I MFP7 | UART4 data receiver input pin.
14
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Pin No | Pin Name Type MEFP Description
UART1 RXD 1 MFP8 | UART!I data receiver input pin.
12C1_SDA 1/0 MFP9 12C1 data input/output pin.
BPWMO CH2 1/0 MFP12 | BPWMO channel 2 output/capture input.
EPWMO CH3 1/0 MFP13 | EPWMO channel 3 output/capture input.
K8 PA.3 B5 MFPO | General purpose digital I/O pin.
SPIM_SS /0 MFP2 SPIM slave select pin.
QSPIO_SS 1/0 MFP3 Quad SPIO slave select pin.
SPI0_SS 1/0 MFP4 | SPIO slave select pin.
SD1 DAT3 1/0 MFP5 | SD/SDIO1 data line bit 3.
SCO PWR 0 MFP6 Smart Card 0 power pin.
UART4 TXD o MFP7 | UART4 data transmitter output pin.
UART1 TXD O MFP8 UART1 data transmitter output pin.
12C1 SCL 1/0 MFP9 12C1 clock pin.
BPWMO CH3 /0 MFP12 | BPWMO channel 3 output/capture input.
EPWMO CH2 /0 MFP13 | EPWMO channel 2 output/capture input.
QEI0O B | MFP14 | Quadrature encoder 0 phase B input
K7 PA 4 B5 MFP0O | General purpose digital I/O pin.
SPIM D3 1/0 MFP2 | SPIM data 3 pin for Quad Mode 1/O.
QSPI0_ MOSI1 1/0 MFP3 Quad SPI0 MOSI1 (Master Out, Slave In) pin.
SPI0 12SMCLK /0 MFP4 SPIO0 12S master clock output pin
SD1 CLK O MEFP5 SD/SDIO1 clock output pin
SCO nCD I MFP6 Smart Card 0 card detect pin.
UARTO nRTS 0] MFP7 | UARTO request to Send output pin.
UARTS5 RXD 1 MFP8 | UARTS data receiver input pin.
12C0_SDA /0 MFP9 | 12CO0 data input/output pin.
CANO RXD 1 MFP10 | CANO bus receiver input.
BPWMO CH4 1/0 MFP12 | BPWMO channel 4 output/capture input.
EPWMO CHI1 1/0 MFP13 | EPWMO channel 1 output/capture input.
QEI0O_A 1 MFP14 | Quadrature encoder 0 phase A input
J7 PA.5 B5 MFP0O | General purpose digital 1/O pin.
SPIM D2 1/0 MFP2 | SPIM data 2 pin for Quad Mode I/O.
QSPIO_MISO1 1/0 MFP3 Quad SPI0 MISO1 (Master In, Slave Out) pin.
SPI1 12SMCLK /0 MFP4 SPI1 12S master clock output pin
SD1_CMD /0 MFP5 SD/SDIO1 command/response pin
SC2 nCD | MFP6 Smart Card 2 card detect pin.
UARTO nCTS 1 MFP7 | UARTO clear to Send input pin.
UARTS TXD 0] MFP8 | UARTS data transmitter output pin.
12C0_SCL 1/0 MFP9 | 12C0 clock pin.
CANO _TXD 0 MFP10 | CANO bus transmitter output.
BPWMO CHS5 1/0 MFP12 | BPWMO channel 5 output/capture input.
EPWMO CHO 1/0 MFP13 | EPWMO channel 0 output/capture input.
QEIO0_INDEX 1 MFP14 | Quadrature encoder 0 index input
K6 PA.6 B5 MFPO | General purpose digital I/O pin.
EBI AD6 1/0 MFP2 | EBI address/data bus bit 6.
EMAC RMII RXERR |1 MFP3 EMAC RMII Receive Data Error input pin.
SPI1 SS 1/0 MFP4 SPI1 slave select pin.
SD1 nCD 1 MFP5 SD/SDIO1 card detect input pin
SC2 CLK O MFP6 Smart Card 2 clock pin.
UARTO0 RXD 1 MFP7 | UARTO data receiver input pin.
12C1_SDA 1/0 MFP8 12C1 data input/output pin.
15
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Pin No | Pin Name Type MEFP Description
EPWMI1 CHS5 /0 MFP11 | EPWMI channel 5 output/capture input.
BPWMI1 CH3 1/0 MFP12 | BPWMI channel 3 output/capture input.
ACMP1 WLAT 1 MFP13 | Analog comparator 1 window latch input pin
TM3 1/0 MFP14 | Timer3 event counter input/toggle output pin.
INTO 1 MFP15 | External interrupt O input pin.
J6 PA.7 B5 MFPO | General purpose digital 1/O pin.
EBI AD7 1/0 MFP2 | EBI address/data bus bit 7.
EMAC_RMII_CRSDV | T MFP3 ]];Zil:l/['AC RMII Carrier Sense/Receive Data input
SPI1 CLK 1/0 MFP4 SPI1 serial clock pin.
SC2 DAT 1/0 MFP6 Smart Card 2 data pin.
UARTO TXD 0 MFP7 | UARTO data transmitter output pin.
12C1 SCL /0 MFP8 | 12C1 clock pin.
EPWMI1 CH4 1/0 MFP11 | EPWMI channel 4 output/capture input.
BPWMI1 CH2 1/0 MFP12 | BPWMI channel 2 output/capture input.
ACMPO WLAT I MFP13 | Analog comparator 0 window latch input pin
T™M2 /0 MFP14 | Timer2 event counter input/toggle output pin.
INT1 1 MFP15 | External interrupt 1 input pin.
G3 PA.8 B3 MFPO | General purpose digital I/O pin.
OPA1 P A MFP1 Operational amplifier 1 positive input pin.
EBI ALE 0 MFP2 | EBI address latch enable output pin.
SC2 CLK 0 MFP3 Smart Card 2 clock pin.
SPI2 MOSI /0 MFP4 SPI2 MOSI (Master Out, Slave In) pin.
SD1 DATO 1/0 MEFP5 SD/SDIO1 data line bit 0.
USCIO CTLI1 1/0 MFP6 | USCIO control 1 pin.
UART1 RXD 1 MFP7 | UART!I data receiver input pin.
BPWMO CH3 /0 MFP9 | BPWMO channel 3 output/capture input.
QEIl B | MFP10 | Quadrature encoder 1 phase B input
ECAPO_IC2 1 MFPI11 | Enhanced capture unit 0 input 2 pin.
TM3 EXT 1/0 MFP13 | Timer3 external capture input/toggle output pin.
INT4 1 MFP15 | External interrupt 4 input pin.
G2 PA.9 B3 MFPO | General purpose digital I/0 pin.
OPAI N A MFP1 Operational amplifier 1 negative input pin.
EBI MCLK 0] MFP2 | EBI external clock output pin.
SC2 DAT 1/0 MFP3 Smart Card 2 data pin.
SPI2 MISO /0 MFP4 SPI2 MISO (Master In, Slave Out) pin.
SD1 DAT1 1/0 MFP5 | SD/SDIO1 data line bit 1.
USCIO DAT1 1/0 MFP6 | USCIO data 1 pin.
UARTI1 _TXD 0] MFP7 | UARTI data transmitter output pin.
BPWMO CH2 1/0 MFP9 | BPWMO channel 2 output/capture input.
QEIl_A 1 MFP10 | Quadrature encoder 1 phase A input
ECAPQ_IC1 1 MFP11 | Enhanced capture unit 0 input 1 pin.
TM2 EXT 1/0 MFP13 | Timer2 external capture input/toggle output pin.
F1 PA.10 B3 MFPO General purpose digital I/O pin.
ACMPI1 PO A MFP1 Analog comparator 1 positive input 0 pin.
OPA1 O A MFP1 Operational amplifier 1 output pin.
EBI nWR O MFP2 | EBI write enable output pin.
SC2 RST O MFP3 Smart Card 2 reset pin.
SPI2 CLK 1/0 MFP4 SPI2 serial clock pin.
SD1 DAT2 1/0 MFP5 | SD/SDIO1 data line bit 2.
16
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Pin No | Pin Name Type MEFP Description
USCIO DATO 1/0 MFP6 | USCIO data 0 pin.
12C2_SDA 1/0 MFP7 12C2 data input/output pin.
BPWMO CHI1 1/0 MFP9 BPWMO channel 1 output/capture input.
QEIl_INDEX 1 MFP10 | Quadrature encoder 1 index input
ECAPO 1CO 1 MFP11 | Enhanced capture unit 0 input O pin.
TM1 EXT /0 MFP13 | Timerl external capture input/toggle output pin.
DACO ST 1 MFP14 | DACO external trigger input.
F2 PA.11 B3 MFP0O | General purpose digital 1/O pin.
ACMPO PO A MFP1 Analog comparator 0 positive input 0 pin.
EBI nRD 0 MFP2 | EBI read enable output pin.
SC2 PWR o MFP3 Smart Card 2 power pin.
SPI2 SS 1/0 MFP4 SPI2 slave select pin.
SD1 DAT3 1/0 MFP5 SD/SDIO1 data line bit 3.
USCI0 CLK 1/0 MFP6 | USCIO clock pin.
12C2 SCL 1/0 MFP7 | 12C2 clock pin.
BPWMO CHO /0 MFP9 | BPWMO channel 0 output/capture input.
EPWMO SYNC OUT | O MFP10 | EPWMO counter synchronous trigger output pin.
TMO0 EXT 1/0 MFP13 | Timer0 external capture input/toggle output pin.
DACI1 ST 1 MFP14 | DACI external trigger input.
El PB.0 B3 MFPO | General purpose digital I/O pin.
EADCO _CHO A MEFP1 EADCO channel 0 analog input.
OPAO P A MFP1 Operational amplifier 0 positive input pin.
EBI ADR9 O MFP2 | EBI address bus bit 9.
SD0 CMD /0 MFP3 SD/SDIO0 command/response pin
UART2 RXD 1 MFP7 | UART?2 data receiver input pin.
SPI0 12SMCLK 1/0 MFP8 | SPIO I2S master clock output pin
12C1_SDA 1/0 MFP9 12C1 data input/output pin.
EPWMO_CHS5 1/0 MFP11 | EPWMO channel 5 output/capture input.
EPWMI1 CHS5 /0 MFP12 | EPWMI channel 5 output/capture input.
EPWMO BRAKEI] I MFP13 | EPWMO Brake 1 input pin.
D2 PB.1 B3 MFP0O | General purpose digital I/O pin.
EADCO CHI1 A MFP1 EADCO channel 1 analog input.
OPAO N A MFP1 Operational amplifier 0 negative input pin.
EBI ADRS 0 MFP2 | EBI address bus bit 8.
SD0_CLK O MFP3 SD/SDIOO0 clock output pin
EMAC RMII RXERR |1 MFP4 | EMAC RMII Receive Data Error input pin.
SPI1 I12SMCLK 1/0 MFP5 SPI1 128 master clock output pin
SPI3 12SMCLK /0 MFP6 SPI3 12S master clock output pin
UART2 TXD 0 MFP7 | UART?2 data transmitter output pin.
USCI1_CLK 1/0 MFP8 | USCII clock pin.
12C1_SCL 1/0 MFP9 | 12C1 clock pin.
12S0 LRCK 0] MFP10 | 12S0 left right channel clock output pin.
EPWMO CH4 1/0 MFP11 | EPWMO channel 4 output/capture input.
EPWMI1 CH4 1/0 MFP12 | EPWMI channel 4 output/capture input.
EPWMO BRAKEOQ 1 MFP13 | EPWMO Brake 0 input pin.
D1 PB.2 B3 MFPO General purpose digital I/O pin.
EADCO _CH2 A MFP1 EADCO channel 2 analog input.
ACMP( _P1 A MFP1 Analog comparator 0 positive input 1 pin.
OPAO O A MFP1 Operational amplifier 0 output pin.
EBI ADR3 0 MFP2 | EBI address bus bit 3.
17
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Pin No | Pin Name Type MEFP Description
SD0_DATO0 1/0 MFP3 | SD/SDIOO data line bit 0.
EMAC RMIT_CRSDV | I MFP4 Iljil:l/l.AC RMII Carrier Sense/Receive Data input
SPI1_SS /0 MFP5 SPI1 slave select pin.
UART1 RXD 1 MFP6 UART]1 data receiver input pin.
UART5 nCTS 1 MEFP7 UARTS clear to Send input pin.
USCI1_DATO0 1/0 MFP8 | USCII data 0 pin.
SCO PWR 0 MFP9 Smart Card 0 power pin.
12S0 DO O MFP10 | 12S0 data output pin.
EPWMO CH3 1/0 MFP11 | EPWMO channel 3 output/capture input.
T™3 1/0 MFP14 | Timer3 event counter input/toggle output pin.
INT3 1 MFP15 | External interrupt 3 input pin.

C2 PB.3 B3 MFPO | General purpose digital I/O pin.
EADCO_CH3 A MEFP1 EADCO channel 3 analog input.
ACMP0O N A MEFP1 Analog comparator 0 negative input pin.
EBI_ADR2 O MFP2 | EBI address bus bit 2.
SD0 DATI 1/0 MFP3 | SD/SDIOO data line bit 1.
EMAC RMII RXDI I MFP4 | EMAC RMII Receive Data bus bit 1.
SPI1 CLK 1/0 MFP5 SPI1 serial clock pin.
UART1 TXD 0] MFP6 | UARTI data transmitter output pin.
UARTS5 nRTS 0 MFP7 | UARTS request to Send output pin.
USCI1 DAT1 1/0 MFP8 | USCII data 1 pin.
SCO_RST O MFP9 Smart Card 0 reset pin.
1250 DI I MFP10 | 12S0 data input pin.
EPWMO CH2 1/0 MFP11 | EPWMO channel 2 output/capture input.
T™M2 /0 MFP14 | Timer2 event counter input/toggle output pin.
INT2 1 MFP15 | External interrupt 2 input pin.

Cl PB.4 B3 MFPO | General purpose digital I/O pin.
EADCO CH4 A MFP1 EADCO channel 4 analog input.
ACMPI1 Pl A MEFP1 Analog comparator 1 positive input 1 pin.
EBI ADRI 0 MFP2 | EBI address bus bit 1.
SD0 DAT?2 1/0 MFP3 | SD/SDIOO data line bit 2.
EMAC RMII RXDO0 I MFP4 | EMAC RMII Receive Data bus bit 0.
SPI1_MOSI 1/0 MFP5 SPI1 MOSI (Master Out, Slave In) pin.
12C0_SDA 1/0 MFP6 12C0 data input/output pin.
UART5 RXD 1 MFP7 | UARTS data receiver input pin.
USCI1 CTL1 1/0 MFP8 | USCII control 1 pin.
SCO DAT 1/0 MFP9 | Smart Card 0 data pin.
12S0 MCLK 0] MFP10 | 12S0 master clock output pin.
EPWMO CHI1 1/0 MFP11 | EPWMO channel 1 output/capture input.
T™M1 1/0 MFP14 | Timerl event counter input/toggle output pin.
INT1 1 MFP15 | External interrupt 1 input pin.

B2 PB.5 B3 MFPO General purpose digital I/0 pin.
EADCO CHS5 A MFP1 EADCO channel 5 analog input.
ACMPI N A MFP1 Analog comparator 1 negative input pin.
EBI ADRO O MFP2 | EBI address bus bit 0.
SD0O DAT3 1/0 MFP3 | SD/SDIOO data line bit 3.
EMAC—RMH—REFCL | MFP4 | EMAC RMII reference clock input pin.
SPI1 MISO 1/0 MFP5 SPI1 MISO (Master In, Slave Out) pin.

18
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Pin No | Pin Name Type MEFP Description
12C0_SCL /0 MFP6 | 12CO clock pin.
UART5 TXD 0 MEFP7 UARTS data transmitter output pin.
USCI1 CTLO 1/0 MFP8 | USCII control 0 pin.
SC0 CLK O MFP9 | Smart Card 0 clock pin.
12S0 BCLK 0 MFP10 | 12S0 bit clock output pin.
EPWMO CHO /0 MFP11 | EPWMO channel 0 output/capture input.
T™MO 1/0 MFP14 | Timer0 event counter input/toggle output pin.
INTO 1 MFP15 | External interrupt 0 input pin.
B1 PB.6 B3 MFPO | General purpose digital I/O pin.
EADCO CH6 A MFP1 EADCO channel 6 analog input.
EBI nWRH o MFP2 | EBI high byte write enable output pin
EMAC PPS 0] MFP3 EMAC Pulse Per Second output pin.
USCI1 DATI 1/0 MFP4 | USCII data 1 pin.
CAN1 RXD 1 MFP5 CANT bus receiver input.
UART1 RXD 1 MFP6 | UARTI data receiver input pin.
SD1 CLK O MFP7 SD/SDIO1 clock output pin
EBI nCSl1 0] MEFP8 EBI chip select 1 output pin.
BPWMI1 CHS5 1/0 MFP10 | BPWMI channel 5 output/capture input.
EPWMI BRAKEI] I MFP11 | EPWMI Brake 1 input pin.
EPWMI1 CHS5 /0 MFP12 | EPWMI channel 5 output/capture input.
INT4 1 MFP13 | External interrupt 4 input pin.
USB VBUS EN O MFP14 | USB external VBUS regulator enable pin.
ACMPI1 O 0] MEFP15 | Analog comparator 1 output pin.
Al PB.7 B3 MFPO | General purpose digital I/O pin.
EADCO CH7 A MFP1 EADCO channel 7 analog input.
EBI nWRL 0] MEFP2 EBI low byte write enable output pin.
EMAC RMII TXEN 0 MFP3 EMAC RMII Transmit Enable output pin.
USCI1_DATO 1/0 MFP4 | USCII data 0 pin.
CAN1 TXD 0 MFP5 CANT bus transmitter output.
UART1 TXD 0 MFP6 | UARTI data transmitter output pin.
SD1_ CMD 1/0 MFP7 | SD/SDIO1 command/response pin
EBI nCS0 0] MFP8 | EBI chip select 0 output pin.
BPWMI1 CH4 /0 MFP10 | BPWMI channel 4 output/capture input.
EPWMI1 BRAKEO I MFP11 | EPWMI Brake 0 input pin.
EPWMI1 CH4 /0 MFP12 | EPWMI channel 4 output/capture input.
INTS 1 MFP13 | External interrupt 5 input pin.
USB VBUS ST I MFP14 | USB external VBUS regulator status pin.
ACMP0O O 0 MFP15 | Analog comparator 0 output pin.
A2 PB.8 B3 MFPO | General purpose digital I/O pin.
EADCO CHS A MFP1 EADCO channel 8 analog input.
EBI ADRI19 O MFP2 | EBI address bus bit 19.
EMAC RMII TXDI 0] MFP3 EMAC RMII Transmit Data bus bit 1.
USCI1_CLK 1/0 MFP4 | USCII clock pin.
UART(0 RXD 1 MFP5 UARTO data receiver input pin.
UARTI1 nRTS 0] MFP6 UART1 request to Send output pin.
12C1_SMBSUS 0 MFP7 ;er(l?) 1 SMBus SMBSUS pin (PMBus CONTROL
BPWMI1 CH3 1/0 MFP10 | BPWMI channel 3 output/capture input.
SPI3 MOSI 1/0 MFPI11 | SPI3 MOSI (Master Out, Slave In) pin.
INT6 1 MFP13 | External interrupt 6 input pin.
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C3 PB.9 B3 MFPO | General purpose digital I/O pin.
EADCO _CH9 A MFP1 EADCO channel 9 analog input.
EBI ADRIS O MFP2 | EBI address bus bit 18.
EMAC RMII TXDO O MFP3 EMAC RMII Transmit Data bus bit 0.
USCI1 CTLI /0 MFP4 | USCII control 1 pin.
UARTO0 TXD 0 MFP5 UARTO data transmitter output pin.
UART1 nCTS 1 MFP6 UART]1 clear to Send input pin.
12C1_SMBAL 0] MFP7 12C1 SMBus SMBALTER pin
BPWMI1 CH2 /0 MFP10 | BPWMI channel 2 output/capture input.
SPI3 MISO /0 MFPI11 | SPI3 MISO (Master In, Slave Out) pin.
INT7 1 MFP13 | External interrupt 7 input pin.
B3 PB.10 B3 MFPO | General purpose digital I/O pin.
EADCO _CHI10 A MFP1 EADCO channel 10 analog input.
EBI ADRI17 ) MFP2 | EBI address bus bit 17.
EMAC RMII MDIO /0 MFP3 EMAC RMII PHY Management Data pin.
USCI1 CTLO 1/0 MFP4 | USCII control 0 pin.
UARTO nRTS 0] MFP5 UARTO request to Send output pin.
UART4 RXD I MFP6 | UART4 data receiver input pin.
12C1_SDA /0 MFP7 | 12C1 data input/output pin.
CANO RXD 1 MFP8 CANO bus receiver input.
BPWMI1 CHI 1/0 MFP10 | BPWMI channel 1 output/capture input.
SPI3 SS 1/0 MFP11 | SPI3 slave select pin.
HSUSB VBUS EN O MFP14 | HSUSB external VBUS regulator enable pin.
C4 PB.11 B3 MFPO | General purpose digital I/O pin.
EADCO CHI11 A MFP1 EADCO channel 11 analog input.
EBI ADRI16 O MFP2 | EBI address bus bit 16.
EMAC RMII MDC 0] MFP3 EMAC RMII PHY Management Clock output pin.
UARTO nCTS 1 MFP5 UARTO clear to Send input pin.
UART4 TXD 0 MFP6 | UART4 data transmitter output pin.
12C1 SCL 1/0 MFP7 | 12CI clock pin.
CANO TXD 0 MFP8 CANO bus transmitter output.
SPI0 12SMCLK 1/0 MFP9 | SPIO I2S master clock output pin
BPWMI1 CHO /0 MFP10 | BPWMI channel 0 output/capture input.
SPI3 CLK /0 MFP11 | SPI3 serial clock pin.
HSUSB VBUS ST | MFP14 | HSUSB external VBUS regulator status pin.
D5 PB.12 B3 MFPO | General purpose digital I/O pin.
EADCO CHI12 A MFP1 EADCO channel 12 analog input.
DACO OUT A MFP1 DACO channel analog output.
ACMPO P2 A MFP1 Analog comparator 0 positive input 2 pin.
ACMPI1 P2 A MFP1 Analog comparator 1 positive input 2 pin.
EBI ADI15 1/0 MFP2 | EBI address/data bus bit 15.
SC1 CLK O MFP3 Smart Card 1 clock pin.
SPI0_ MOSI 1/0 MFP4 SPI0 MOSI (Master Out, Slave In) pin.
USCI0_CLK 1/0 MFP5 USCIO clock pin.
UARTO0 RXD 1 MFP6 | UARTO data receiver input pin.
UART3 nCTS 1 MFP7 UARTS3 clear to Send input pin.
12C2_SDA 1/0 MFP8 12C2 data input/output pin.
SD0 nCD 1 MFP9 SD/SDIOO card detect input pin
EPWMI1 CH3 1/0 MFP11 | EPWMI channel 3 output/capture input.
TM3 EXT 1/0 MFP13 | Timer3 external capture input/toggle output pin.
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D3 PB.13 B3 MFPO | General purpose digital I/O pin.

EADCO CHI13 A MFP1 EADCO channel 13 analog input.

DAC1 OUT A MFP1 DACI channel analog output.

ACMPO P3 A MEFP1 Analog comparator 0 positive input 3 pin.

ACMP1 P3 A MFP1 Analog comparator 1 positive input 3 pin.

EBI AD14 /0 MFP2 | EBI address/data bus bit 14.

SC1 DAT 1/0 MFP3 Smart Card 1 data pin.

SPI0_MISO 1/0 MFP4 SPI0 MISO (Master In, Slave Out) pin.

USCIO DATO 1/0 MFP5 | USCIO data 0 pin.

UARTO0 TXD 0 MFP6 | UARTO data transmitter output pin.

UART3 nRTS o MFP7 | UART3 request to Send output pin.

12C2_SCL 1/0 MFP8 12C2 clock pin.

EPWMI1 CH2 1/0 MFP11 | EPWMI channel 2 output/capture input.

TM2 EXT /0 MFP13 | Timer2 external capture input/toggle output pin.
C5 PB.14 B3 MFPO | General purpose digital I/O pin.

EADCO _CH14 A MFP1 EADCO channel 14 analog input.

EBI AD13 1/0 MFP2 | EBI address/data bus bit 13.

SC1 RST O MFP3 Smart Card 1 reset pin.

SPI0 CLK /0 MFP4 SPIO0 serial clock pin.

USCIO DAT1 1/0 MFP5 | USCIO data 1 pin.

UARTO nRTS 0] MFP6 | UARTO request to Send output pin.

UART3 RXD I MFP7 | UART3 data receiver input pin.

12C2 SMBSUS 0 MEPS L2H?)2 SMBus SMBSUS pin (PMBus CONTROL

EPWMI1 CHI1 1/0 MFP11 | EPWMI channel 1 output/capture input.

TM1 EXT /0 MFP13 | Timerl external capture input/toggle output pin.

CLKO ) MFP14 | Clock Out
D4 PB.15 B3 MFP0O | General purpose digital I/O pin.

EADCO _CHI15 A MFP1 EADCO channel 15 analog input.

EBI AD12 1/0 MFP2 | EBI address/data bus bit 12.

SC1 PWR 0 MFP3 Smart Card 1 power pin.

SPI0_SS /0 MFP4 SPI0 slave select pin.

USCIO CTLI 1/0 MEFP5 USCIO control 1 pin.

UARTO nCTS 1 MFP6 | UARTO clear to Send input pin.

UART3 _TXD 0] MFP7 | UARTS3 data transmitter output pin.

12C2 SMBAL ) MFP8 | 12C2 SMBus SMBALTER pin

EPWMI1 CHO /0 MFP11 | EPWMI channel 0 output/capture input.

TMO0 EXT 1/0 MFP13 | Timer0 external capture input/toggle output pin.

USB VBUS EN 0 MFP14 | USB external VBUS regulator enable pin.

HSUSB VBUS EN O MFP15 | HSUSB external VBUS regulator enable pin.
K12 PC.0 B5 MFPO | General purpose digital I/O pin.

EBI ADO 1/0 MFP2 | EBI address/data bus bit 0.

SPIM_MOSI 1/0 MFP3 SPIM MOSI (Master Out, Slave In) pin.

QSPI0O MOSIO 1/0 MFP4 | Quad SPI0 MOSIO (Master Out, Slave In) pin.

SC1 CLK O MFP5 Smart Card 1 clock pin.

12S0 LRCK O MFP6 | 12S0 left right channel clock output pin.

SPI1_SS 1/0 MEFP7 SPI1 slave select pin.

UART2 RXD 1 MFP8 UART?2 data receiver input pin.

12C0_SDA 1/0 MFP9 12C0 data input/output pin.

EPWMI1 CHS5 1/0 MFP12 | EPWMI channel 5 output/capture input.
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ACMPI O 0 MFP14 | Analog comparator 1 output pin.
K11 PC.1 B5 MFPO | General purpose digital I/O pin.
EBI ADI1 1/0 MFP2 | EBI address/data bus bit 1.
SPIM_MISO 1/0 MFP3 SPIM MISO (Master In, Slave Out) pin.
QSPI0 MISO0 1/0 MFP4 Quad SPI0 MISOO (Master In, Slave Out) pin.
SC1 DAT /0 MFP5 Smart Card 1 data pin.
12S0 DO O MFP6 | 12S0 data output pin.
SPI1 CLK 1/0 MEFP7 SPI1 serial clock pin.
UART2 TXD 0 MFP8 | UART?2 data transmitter output pin.
12C0_SCL /0 MFP9 | 12CO0 clock pin.
EPWMI1 CH4 /0 MFP12 | EPWMI channel 4 output/capture input.
ACMP0O O O MFP14 | Analog comparator 0 output pin.
L12 PC.2 B5 MFP0O | General purpose digital 1/O pin.
EBI AD2 /0 MFP2 | EBI address/data bus bit 2.
SPIM CLK /0 MFP3 SPIM serial clock pin.
QSPI0_CLK /0 MFP4 | Quad SPIO serial clock pin.
SC1 RST O MEFP5 Smart Card 1 reset pin.
12S0 DI I MEFP6 12S0 data input pin.
SPI1 _MOSI /0 MEFP7 SPI1 MOSI (Master Out, Slave In) pin.
UART2 nCTS 1 MFP8 | UART?2 clear to Send input pin.
12C0_SMBSUS 0 MFP9 113215)0 SMBus SMBSUS pin (PMBus CONTROL
CAN1 RXD | MFP10 | CANI bus receiver input.
UART3 RXD I MFP11 | UART3 data receiver input pin.
EPWMI1 CH3 1/0 MFP12 | EPWMI channel 3 output/capture input.
L1l PC.3 B5 MFPO | General purpose digital I/O pin.
EBI AD3 /0 MFP2 | EBI address/data bus bit 3.
SPIM_SS /0 MFP3 SPIM slave select pin.
QSPIO_SS 1/0 MFP4 | Quad SPIO slave select pin.
SC1 PWR O MEFP5 Smart Card 1 power pin.
12S0 MCLK 0 MFP6 | 12S0 master clock output pin.
SPI1_MISO /0 MEFP7 SPI1 MISO (Master In, Slave Out) pin.
UART2 nRTS 0] MFP8 | UART?2 request to Send output pin.
12C0_SMBAL 0] MFP9 12C0 SMBus SMBALTER pin
CAN1 TXD O MFP10 | CANI bus transmitter output.
UART3 TXD 0 MFP11 | UART3 data transmitter output pin.
EPWMI1 CH2 /0 MFP12 | EPWMI channel 2 output/capture input.
MI12 PC.4 B5 MFPO | General purpose digital I/O pin.
EBI AD4 1/0 MFP2 | EBI address/data bus bit 4.
SPIM D3 1/0 MEFP3 SPIM data 3 pin for Quad Mode 1/O.
QSPI0_MOSII /0 MFP4 Quad SPI0 MOSI1 (Master Out, Slave In) pin.
SC1 nCD 1 MFP5 Smart Card 1 card detect pin.
12S0 BCLK 0] MFP6 1280 bit clock output pin.
SPI1 12SMCLK 1/0 MFP7 SPI1 I2S master clock output pin
UART2 RXD 1 MFP8 | UART?2 data receiver input pin.
12C1_SDA 1/0 MFP9 | 12C1 data input/output pin.
CANO RXD 1 MFP10 | CANO bus receiver input.
UART4 RXD 1 MFP11 | UARTH4 data receiver input pin.
EPWMI1 CHI 1/0 MFP12 | EPWMI channel 1 output/capture input.
M1l PC.5 B5 MFPO | General purpose digital I/O pin.
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EBI ADS5 /0 MFP2 | EBI address/data bus bit 5.
SPIM D2 1/0 MFP3 SPIM data 2 pin for Quad Mode 1/O.
QSPI0_MISO1 1/0 MFP4 | Quad SPI0O MISO1 (Master In, Slave Out) pin.
UART2 TXD O MFP8 UART?2 data transmitter output pin.
12C1 SCL /0 MFP9 | 12C1 clock pin.
CANO TXD 0 MFP10 | CANO bus transmitter output.
UART4 TXD 0 MFP11 | UART4 data transmitter output pin.
EPWMI1 CHO 1/0 MFP12 | EPWMI channel 0 output/capture input.
K5 PC.6 B5 MFPO | General purpose digital 1/O pin.
EBI ADS8 /0 MFP2 | EBI address/data bus bit 8.
EMAC RMII RXD1 I MFP3 | EMAC RMII Receive Data bus bit 1.
SPI1 MOSI 1/0 MFP4 SPI1 MOSI (Master Out, Slave In) pin.
UART4 RXD 1 MEFP5 UART#4 data receiver input pin.
SC2 RST 0 MFP6 Smart Card 2 reset pin.
UARTO nRTS 0 MFP7 | UARTO request to Send output pin.
12C1_SMBSUS o MFPS8 II)ZHCli)l SMBus SMBSUS pin (PMBus CONTROL
EPWMI1 CH3 /0 MFP11 | EPWMI channel 3 output/capture input.
BPWMI1 CHI 1/0 MFP12 | BPWMI channel 1 output/capture input.
T™M1 1/0 MFP14 | Timerl event counter input/toggle output pin.
INT2 1 MFP15 | External interrupt 2 input pin.
K4 PC.7 B5 MFPO | General purpose digital 1/O pin.
EBI AD9 /0 MFP2 | EBI address/data bus bit 9.
EMAC RMII RXDO 1 MFP3 | EMAC RMII Receive Data bus bit 0.
SPI1_MISO 1/0 MFP4 SPI1 MISO (Master In, Slave Out) pin.
UART4 TXD 0 MFP5 UART#4 data transmitter output pin.
SC2 PWR 0 MFP6 Smart Card 2 power pin.
UARTO nCTS | MFP7 | UARTO clear to Send input pin.
12C1_SMBAL 0] MFP8 12C1 SMBus SMBALTER pin
EPWMI1 CH2 1/0 MFP11 | EPWMI channel 2 output/capture input.
BPWMI1 CHO /0 MFP12 | BPWMI channel 0 output/capture input.
TMO /0 MFP14 | Timer0 event counter input/toggle output pin.
INT3 1 MFP15 | External interrupt 3 input pin.
J5 PC.8 B5 MFP0O | General purpose digital I/O pin.
EBI ADRI16 O MFP2 | EBI address bus bit 16.
EMAC—RMH—REFCL I MFP3 EMAC RMII reference clock input pin.
12C0_SDA /0 MFP4 | 12C0 data input/output pin.
UART4 nCTS 1 MFP5 UART#4 clear to Send input pin.
UART1 _RXD | MFP8 | UART!I data receiver input pin.
EPWMI1 CHI 1/0 MFP11 | EPWMI channel 1 output/capture input.
BPWMI CH4 1/0 MFP12 | BPWMI channel 4 output/capture input.
Ab PC.14 BS5 MFPO | General purpose digital /O pin.
EBI ADI11 1/0 MFP2 | EBI address/data bus bit 11.
SC1 nCD 1 MFP3 Smart Card 1 card detect pin.
SPI0 I12SMCLK 1/0 MFP4 SPIO0 12S master clock output pin
USCIO0O CTLO /0 MFP5 USCIO control 0 pin.
QSPI0_CLK /0 MFP6 Quad SPIO0 serial clock pin.
EPWMO SYNC IN 1 MFP11 | EPWMO counter synchronous trigger input pin.
TM1 1/0 MFP13 | Timerl event counter input/toggle output pin.
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USB_VBUS ST 1 MFP14 | USB external VBUS regulator status pin.
HSUSB VBUS ST 1 MFP15 | HSUSB external VBUS regulator status pin.
D10 PE.O B5 MFPO | General purpose digital I/O pin.
EBI ADI11 1/0 MFP2 | EBI address/data bus bit 11.
QSPI0_ MOSIO 1/0 MFP3 Quad SPI0 MOSIO (Master Out, Slave In) pin.
SC2 CLK 0 MFP4 Smart Card 2 clock pin.
12S0 MCLK 0] MFP5 12S0 master clock output pin.
SPI1_MOSI 1/0 MFP6 SPI1 MOSI (Master Out, Slave In) pin.
UART3 RXD 1 MFP7 | UART3 data receiver input pin.
12C1 _SDA /0 MFP8 | 12C1 data input/output pin.
UART4 nRTS o MFP9 | UART4 request to Send output pin.
E11l PE.1 B5 MFPO | General purpose digital 1/O pin.
EBI ADI10 1/0 MFP2 | EBI address/data bus bit 10.
QSPIO_MISOO0 1/0 MFP3 Quad SPI0 MISOO (Master In, Slave Out) pin.
SC2_DAT 1/0 MFP4 | Smart Card 2 data pin.
12S0 BCLK O MFP5 1250 bit clock output pin.
SPI1_MISO 1/0 MFP6 | SPI1 MISO (Master In, Slave Out) pin.
UART3_TXD 0] MFP7 | UARTS3 data transmitter output pin.
12C1 SCL 1/0 MFP8 | 12CI clock pin.
UART4 nCTS 1 MFP9 | UARTH4 clear to Send input pin.
E12 PE.2 B3 MFP0O | General purpose digital I/O pin.
EBI ALE 0] MEFP2 EBI address latch enable output pin.
SDO0 DATO 1/0 MEFP3 SD/SDIOO0 data line bit 0.
SPIM_MOSI /0 MFP4 SPIM MOSI (Master Out, Slave In) pin.
SPI3 MOSI /0 MFP5 SPI3 MOSI (Master Out, Slave In) pin.
SC0 CLK O MFP6 | Smart Card O clock pin.
USCIO0 CLK 1/0 MFP7 | USCIO clock pin.
QEI0O B 1 MFPI11 | Quadrature encoder 0 phase B input
EPWMO_CHS5 /0 MFP12 | EPWMO channel 5 output/capture input.
BPWMO CHO /0 MFP13 | BPWMO channel 0 output/capture input.
F12 PE.3 B5 MFPO | General purpose digital I/O pin.
EBI MCLK 0] MFP2 | EBI external clock output pin.
SD0 DAT1 1/0 MFP3 | SD/SDIOO data line bit 1.
SPIM_MISO /0 MFP4 SPIM MISO (Master In, Slave Out) pin.
SPI3 MISO /0 MFP5 SPI3 MISO (Master In, Slave Out) pin.
SCO DAT 1/0 MFP6 | Smart Card 0 data pin.
USCIO DATO 1/0 MFP7 | USCIO data 0 pin.
QEI0O_A 1 MFPI11 | Quadrature encoder 0 phase A input
EPWMO CH4 /0 MFP12 | EPWMO channel 4 output/capture input.
BPWMO CHI1 1/0 MFP13 | BPWMO channel 1 output/capture input.
F11 PE 4 B5 MFPO General purpose digital I/O pin.
EBI nWR 0] MFP2 EBI write enable output pin.
SD0 DAT?2 1/0 MFP3 | SD/SDIOO data line bit 2.
SPIM_CLK 1/0 MFP4 SPIM serial clock pin.
SPI3 CLK 1/0 MFP5 SPI3 serial clock pin.
SCO RST O MFP6 Smart Card 0 reset pin.
USCIO DAT1 1/0 MFP7 | USCIO data 1 pin.
QEI0_INDEX 1 MFP11 | Quadrature encoder 0 index input
EPWMO0 CH3 1/0 MFP12 | EPWMO channel 3 output/capture input.
BPWMO CH2 1/0 MFP13 | BPWMO channel 2 output/capture input.
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G12 PE.5 B5 MFPO | General purpose digital 1/O pin.
EBI nRD 0] MFP2 | EBI read enable output pin.
SDO DAT3 1/0 MFP3 | SD/SDIOO data line bit 3.
SPIM_SS 1/0 MFP4 SPIM slave select pin.
SPI3 SS /0 MFP5 SPI3 slave select pin.
SCO PWR 0 MFP6 Smart Card 0 power pin.
USCIO CTL1 1/0 MFP7 | USCIO control 1 pin.
QEIl1 B 1 MFPI11 | Quadrature encoder 1 phase B input
EPWMO CH2 /0 MFP12 | EPWMO channel 2 output/capture input.
BPWMO CH3 /0 MFP13 | BPWMO channel 3 output/capture input.
F10 PE.6 B5 MFPO | General purpose digital 1/O pin.
SDO0 CLK O MFP3 SD/SDIOO clock output pin
SPIM D3 1/0 MFP4 | SPIM data 3 pin for Quad Mode 1/O.
SPI3 12SMCLK /0 MFP5 SPI3 12S master clock output pin
SCO0 nCD 1 MFP6 Smart Card 0 card detect pin.
USCIO CTLO 1/0 MFP7 | USCIO control 0 pin.
UARTS5 RXD I MFP8 | UARTS data receiver input pin.
CAN1 RXD 1 MFP9 | CANI bus receiver input.
QEIl A 1 MFPI11 | Quadrature encoder 1 phase A input
EPWMO CHI1 /0 MFP12 | EPWMO channel 1 output/capture input.
BPWMO CH4 1/0 MFP13 | BPWMO channel 4 output/capture input.
E10 PE.7 BS5 MFPO | General purpose digital 1/O pin.
SD0 CMD 1/0 MEFP3 SD/SDIO0 command/response pin
SPIM D2 /0 MFP4 SPIM data 2 pin for Quad Mode 1/O.
UARTS5 _TXD 0 MFP8 | UARTS data transmitter output pin.
CAN1 TXD O MFP9 | CANI bus transmitter output.
QEIl_INDEX 1 MFPI11 | Quadrature encoder 1 index input
EPWMO_CHO 1/0 MFP12 | EPWMO channel 0 output/capture input.
BPWMO CHS5 /0 MFP13 | BPWMO channel 5 output/capture input.
J4 PE.13 B5 MFP0O | General purpose digital 1/O pin.
EBI ADRIS5 O MFP2 | EBI address bus bit 15.
EMAC_PPS 0] MFP3 EMAC Pulse Per Second output pin.
12C0_SCL 1/0 MFP4 | 12C0 clock pin.
UART4 nRTS 0 MFP5 UART4 request to Send output pin.
UART1 _TXD O MFP8 | UART]1 data transmitter output pin.
EPWMO CHS5 1/0 MFP10 | EPWMO channel 5 output/capture input.
EPWMI1 CHO 1/0 MFP11 | EPWMI channel 0 output/capture input.
BPWMI1 CHS5 /0 MFP12 | BPWMI channel 5 output/capture input.
ECAP1 _ICO 1 MFP13 | Enhanced capture unit 1 input O pin.
MI10 PF.0 B5 MFPO | General purpose digital I/O pin.
UARTI1 _TXD 0] MFP2 UART]1 data transmitter output pin.
12C1_SCL 1/0 MFP3 | 12Cl1 clock pin.
BPWMI1 CHO 1/0 MFP12 | BPWMI channel 0 output/capture input.
ICE _DAT O MFP14 | Serial wired debugger data pin.
L10 PF.1 B5 MFPO | General purpose digital I/O pin.
UART1 RXD 1 MFP2 UART1 data receiver input pin.
12C1_SDA 1/0 MFP3 12C1 data input/output pin.
BPWMI1 CHI 1/0 MFP12 | BPWMI channel 1 output/capture input.
ICE CLK 1 MFP14 | Serial wired debugger clock pin.
J1 PF.2 B3 MFPO General purpose digital I/O pin.
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EBI nCS1 0 MFP2 | EBI chip select 1 output pin.
UARTO RXD 1 MFP3 UARTO data receiver input pin.
12C0_SDA 1/0 MFP4 | 12C0 data input/output pin.
QSPI0_CLK 1/0 MFP5 Quad SPIO serial clock pin.
XT1_OUT 0 MFP10 Eixnternal 4~24 MHz (high speed) crystal output
BPWMI1 CHI /0 MFP11 | BPWMI channel 1 output/capture input.
K1 PF.3 B3 MFPO | General purpose digital 1/O pin.
EBI nCS0 0] MFP2 EBI chip select 0 output pin.
UARTO TXD 0 MFP3 UARTO data transmitter output pin.
12C0_SCL 1/0 MFP4 | 12CO clock pin.
XT1 IN 1 MFP10 | External 4~24 MHz (high speed) crystal input pin.
BPWMI1 CHO /0 MFP11 | BPWMI channel 0 output/capture input.
Gl PF.4 B3 MFPO | General purpose digital I/O pin.
UART2 TXD 0] MFP2 | UART?2 data transmitter output pin.
UART2 nRTS 0] MFP4 | UART?2 request to Send output pin.
BPWMO CHS5 /0 MFP8 | BPWMO channel 5 output/capture input.
X32 OUT 0 MFP10 | External 32.768 KHz crystal output pin.
H1 PF.5 B3 MFPO | General purpose digital I/O pin.
UART2 RXD I MFP2 | UART?2 data receiver input pin.
UART2 nCTS 1 MFP4 | UART?2 clear to Send input pin.
BPWMO CH4 /0 MFP8 | BPWMO channel 4 output/capture input.
EPWMO SYNC OUT | O MFP9 | EPWMO counter synchronous trigger output pin.
X32 IN I MFP10 | External 32.768 KHz crystal input pin.
EADCO_ST I MEFPI11 | EADCO external trigger input.
H2 PF.6 B5 MFPO | General purpose digital I/O pin.
EBI ADRI9 ) MFP2 | EBI address bus bit 19.
SCO0_CLK 0] MFP3 Smart Card 0 clock pin.
12S0 LRCK 0] MFP4 | 12S0 left right channel clock output pin.
SPI0 MOSI 1/0 MEFP5 SPI0 MOSI (Master Out, Slave In) pin.
UART4 RXD 1 MFP6 | UART4 data receiver input pin.
EBI nCS0 0 MFP7 | EBI chip select 0 output pin.
TAMPERO 1/0 MFP10 | TAMPER detector loop pin 0.
C8 PH.8 B5 MFPO | General purpose digital I/O pin.
EBI ADI12 1/0 MFP2 | EBI address/data bus bit 12.
QSPI0_CLK 1/0 MFP3 Quad SPIO serial clock pin.
SC2_PWR ) MFP4 | Smart Card 2 power pin.
12S0 DI 1 MFP5 12S0 data input pin.
SPI1_CLK 1/0 MFP6 SPI1 serial clock pin.
UART3 nRTS O MFP7 | UARTS3 request to Send output pin.
12C1_SMBAL ) MFP8 | 12C1 SMBus SMBALTER pin
12C2_SCL 1/0 MFP9 | 12C2 clock pin.
UART1 _TXD 0] MFP10 | UARTI data transmitter output pin.
B8 PH.9 B5 MFPO General purpose digital I/O pin.
EBI AD13 1/0 MFP2 | EBI address/data bus bit 13.
QSPIO_SS /0 MFP3 Quad SPIO slave select pin.
SC2 RST O MFP4 Smart Card 2 reset pin.
12S0 DO 0] MFP5 12S0 data output pin.
SPI1 SS 1/0 MFP6 SPI1 slave select pin.
UART3 nCTS 1 MFP7 | UARTS3 clear to Send input pin.
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Pin No | Pin Name Type MEFP Description
12C1_SMBSUS o MFPS8 II)Zn(l?)l SMBus SMBSUS pin (PMBus CONTROL
12C2 SDA /0 MFP9 | 12C2 data input/output pin.
UART1 RXD 1 MFP10 | UART! data receiver input pin.
All HSUSB Internal power regulator output 1.2V
decoupling pin.
HSUSB_VDDI2_CAP | A MEPO Note: This pin needs to be connected with a 1uF
capacitor.
Al2 HSUSB D+ A MFP0O | HSUSB differential signal D+.
Bl11 HSUSB_ID 1 MFPO HSUSB identification.
B12 HSUSB D- A MFP(O | HSUSB differential signal D-.
Cl1 HSUSB VBUS P MFP0O | HSUSB Power supply from USB host or HUB.
Cl12 HSUSB VRES A MFP0O | HSUSB module reference resister
D11 HSUSB_VSS P MFPO | Ground pin for HSUSB.
DI12 HSUSB VDD33 P MFPO | Power supply for HSUSB VDD33
1.4.2 ESC Sub-system Pin Description

The multi-function pin settings are configured by the 12C Hardware Configuration EEPROM (HWCFGEE).
Please refer to Section 2.43.4.2 for details.

Pin No | Pin Name Type MEFP Description
D9 Test mode enable
TEST I5/PD/S For normal operation, please always tie to logic
low or NC.
C10 Reset Input, active low
RST N is the hardware reset input used to reset
RSTn 15/PU/S this chip. This input is AND with internal Power-
On-Reset (POR) circuit, which generates the main
system reset for this chip.
E9 RSTO\ Reset Output
RSTO_POL 05/3m This pin is input direction during chip reset stage
used to bootstrap the mode setting to decide the
RSTO polarity, please refer to Section 2.43.4.1.
F9 NC 13 Reserved. Please connect to GND.
L1 RUN LED
This pin is input direction during chip reset stage
EE?-;RIIZJE\ B5/4m used to bootstrap the mode setting to decide the
- EEPROM size configuration, please refer to
Section 2.43.4.1.
L2 Error LED
LED ERR\ This pin is input direction during chip resqt stage
3PORT MODE B5/4m used to bootstrap the mode s§tt1ng to decide the
- Port 2 MII enable configuration, please refer to
Section 2.43.4.1.
PHY 0 Link/Activity LED
PO ACT)\ This pin is input direction during chip reset stage
J10 PO FIBER B5/4m used to bootstrap the mode setting to decide the
- PHY 0 media mode, please refer to Section
2.434.1.
11 P1_ACT\ B5/4m PHY 1 Link/Activity LED
P1 FIBER This pin is input direction during chip reset stage
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Pin No | Pin Name Type MEFP Description
used to bootstrap the mode setting to decide the
PHY 1 media mode, please refer to Section
2.43.4.1.
E2 SYNC LATCH[I] B5/3m Distribgted ' Clocks SyncSignal output or
- LatchSignal input 1
E3 SYNC LATCHI0] B5/3m Distribgted ' Clocks SyncSignal output or
- LatchSignal input 0
K2 EEP_DONE 05/8m EEPROM is loaded, PDI is active.
B10 PDI EMU 15 PDI Emulation enable
D8 OE EXT 15 Output Enable
LRDn 15 Local bus Read
SCLK 15 SPI Clock
E4 SOF 05/8m Start-of-Frame
LECSn 15 Local bus ESC Chip Select
SCS_ESC 15 SPI Chip Select for ESC
E5 OUTVLD 05/8m Output data Valid/Output event
LWRn I5 Local bus Write
MOSI 15 SPI data MOSI
EOF 05/8m End-of-Frame
F4 LFCSn 15 Local bus Function Chip Select
SCS FUNC I5 SPI Chip Select for Function
G4 WD _TRIG 05/8m Watchdog Trigger
LINT 05/T Local bus Interrupt
SINT O5/T SPI Interrupt
A10 05/T/4m 12C S§rial C!ock line for 12C master control!er
SCL /S SCL is a tr1—stateab1e output, which requires an
external pull-up resistor.
B9 B5/T/4m 12C Sc?rial Dgta line for 12C master' controllfer.
SDA /S SDA is a tr1-stateab1e output, which requires an
external pull-up resistor.
H4 LAT IN 15 external data Latch
LRDY 05/T Local bus Ready
MISO 05 SPI data MISO
H10 10[0] B5/8m Digital /General Purpose 1/0[7:0]
LDAJO0] B5 Local bus Data bus [7:0]
MSCLK 05 SPI Master SCLK
G9 10[1] B5/8m Digital /General Purpose 1/0[7:0]
LDAJ1] BS5 Local bus Data bus [7:0]
MMOSI 05 SPI Master MOSI
10[2] B5/8m Digital /General Purpose 1/0[7:0]
F3 LDAJ2] B5 Local bus Data bus [7:0]
MMISO 15 SPI Master MISO
C9 10[4] B5/8m Digital /General Purpose 1/0[7:0]
LDA[4] B5 Local bus Data bus [7:0]
MSS[0] 05 SPI Master Slave Select
J12 10[16] B5/8m Digital /General Purpose 1/0[23:16]
LA[8] 15 Local bus Address bus
LINK
LINK IN] Provided by the PHY if a 100 Mbps (Full Duplex)
link is established.
G10 10[17] B5/8m Digital /General Purpose 1/0[23:16]
LA[9] 15 Local bus Address bus
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Pin No | Pin Name Type MEFP Description
PULAB 05 Eulse AB, toggle when programmable point A and
MDIO B5 PHY Management Interface data
HI11 10[18] B5/8m Digital /General Purpose 1/0[23:16]
LATJ10] 15 Local bus Address bus
PULC 05 Pulse C, PWM period central point
MDC 05 PHY Management Interface clock
Gl1 10[19] B5/8m Digital /General Purpose 1/0[23:16]
LA[11] 15 Local bus Address bus
PULZ 05 Pulse Z, PWM period start point
Transmit data [0]
These pins are input direction during chip reset use
TXD[O]\ LINK_POL 03 to bool:strap the pmode setting to (%ecidlé external
PHY’s LINK polarity, please refer to Section 3.1.
H9 10[20] B5/8m Digital /General Purpose 1/0[23:16]
LA[12] I5 Local bus Address bus
PULB 05 Pulse B, programmable point B
Transmit data [2:1]
TXD[1] This pin is input direction during chip reset stage
TXD[2:1]\ TX_SH[1:0] 05 used to bootst,rap the mode setting to decide the
- external PHY’s TXD phase shift, please refer to
Section 2.43.4.1.
A9 10[21] B5/8m Digital /General Purpose 1/0[23:16]
LAJ13] 15 Local bus Address bus
PULA 05 Pulse A, programmable point A
Transmit data [2:1]
TXD[2] This pin is input direction during chip resgt stage
TXD[2:1]\ TX_SH[1:0] 05 used to bootst’rap the mode setfung to decide the
external PHY’s TXD phase shift, please refer to
Section 2.43.4.1.
B7 10[22] B5/8m Digital /General Purpose 1/0[23:16]
LBHE 15 Local bus Byte High Enable (16-bit width only)
PWM3H O5/T PWM 3 High pin
TXD[3] 05 Transmit data [3]
A7 10[23] B5/8m Digital /General Purpose 1/0[23:16]
PWM3L O5/T PWM 3 Low pin
TX EN 05 Transmit enable
B6 10[24] B5/8m Digital/General Purpose 1/0[31:24]
LDAJ8] BS5 Local bus Data bus [15:8]
PWM2H O5/T PWM 2 High pin
RXD[0] 15 Receive data
BS 10[25] B5/8m Digital/General Purpose 1/0[31:24]
LDA[9] B5 Local bus Data bus [15:8]
PWM2L 05/T PWM 2 Low pin
RXDJ[1] 15 Receive data
B4 10[26] B5/8m Digital/General Purpose 1/0[31:24]
LDA[10] B5 Local bus Data bus [15:8]
PWMIH 05/T PWM 1 High pin or DIR pin
RXDJ[2] 15 Receive data
H3 10[27] B5/8m Digital/General Purpose 1/0[31:24]
LDAJ11] B5 Local bus Data bus [15:8]
PWMIL 05/T PWM 1 Low pin or STEP pin
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Pin No | Pin Name Type MEFP Description

RXD[3] 15 Receive data
12 10[28] B5/8m Digital/General Purpose 1/0[31:24]
LDA[12] B5 Local bus Data bus [15:8]
EMn 15 Emergency input, active low
RX ER 15 Receive error
J3 10[29] B5/8m Digital/General Purpose 1/0[31:24]
LDA[13] B5 Local bus Data bus [15:8]
ENCA 15 ENC input A, Sin., CW, CLK, or HALL A
RX DV 15 Receive data valid
K3 10[30] B5/8m Digital/General Purpose 1/0[31:24]
LDAJ[14] B5 Local bus Data bus [15:8]
ENCB 15 ENC input B, Cos., CCW, DIR, or HALL B
RX CLK 15 Receive Clock
M1 10[31] B5/8m Digital/General Purpose 1/0[31:24]
LDAJ15] B5 Local bus Data bus [15:8]
ENCZ 15 ENC input Z, Zero point or HALL C
MII Clock
MCLK 03 25 MHz clock source for Ethernet PHY's
L3 P1_TXON A PHY 1 differential Transmitted Negative signal
L4 P1_RXIN A PHY 1 differential Received Negative signal
L5 PHY 1 fiber mode Signal Detect
P1_SD A Same PO SD descriptgion
L6 PO TXON A PHY 0 differential Transmitted Negative signal
L7 PO RXIN A PHY 0 differential Received Negative signal
L8 PHY 0 fiber mode Signal Detect
SD < 0.2V, Copper mode-
PO _SD A 1.0V < SD < 1.8V, Fiber mode without detected
signal. Generate far-end fault
SD > 2.4V, Fiber mode with detected signal
L9 XSCI A Crystal 25MHz Input
M9 XSCO A Crystal 25MHz Output
M3 PHY 1 differential Transmitted Positive signal
PI_TXOP A Same as PHY0 TXOP/ON description ¢
M4 PHY 1 differential Received Positive signal
PI_RXIP A Same as PHY0 RXIP/IN description i
M6 PHY 0 differential Transmitted Positive signal
In the copper mode, the differential data is
transmitted to the media on the TXOP/TXON
PO_TXOP A signal pair in the MDI mode.
In the fiber mode, the signal pair should be
connected to the TX+/TX- pin of the fiber
transceiver.
M7 PHY 0 differential Received Positive signal
In the copper mode, the differential data from the
media is received on the RXIP/RXIN signal pair in
PO_RXIP A the MDI mode.
In the fiber mode, the signal pair should be
connected to the RX+/RX- pin of the fiber
transceiver.
RSET BG PHY off-chip Bias Resistor
H5 A Connects an external resistor of 12 KQ + 1% to
the PCB analog ground.
30

Copyright © 2019 ASIX Electronics Corporation. All rights reserved.

PRELIMINARY




R ASIX

AX58200

EtherCAT Slave Controller SoC

1.4.3 Power/Ground Pin Description

Pin No | Pin Name Type MFP Description
A3 AVss P MFPO Ground pin for ADC analog circuit.
A4 ADC reference voltage input.

VR&EF A MFPO | Note: This pin needs to be connected with a 1uF

capacitor.

A5 AVpp P MFPO | Power supply for internal ADC analog circuit.
Co, P MFP0O | Power supply for I/O ports and LDO source for
Do, Vb internal PLL and digital circuit.
E6
A8 LDO_CAP A MFPO | LDO output pin.
H12 Vobio P MFPO | Power supply for PA.O~PA.S.
F5,F6, | GND (Vss)
F7,F8, P Ground for all Analog and Digital Power
G5,G6, '
G7,G8
C7, Digital Power for core, 1.2V
D7, VCCK P Please add a 0.1uF bypass capacitor between each
E7 VCCK and GND.
E8 Analog Power for PLL, 1.2V.

VCCI12A PLL P Please add a 0.1uF bypass capacitor between

VCCI12A PLL and GND.
Heé, Digital Power for I/O pins, 3.3V
H7, VCC3IO P Please add a 0.1uF bypass capacitor between each
HS VCC3I0 and GND.
M2, Analog Power for Ethernet PHY, 3.3V
M5, VCC33A P Please add a 0.1uF bypass capacitor between
M8 VCC33A and GND.
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2 Function Description
2.1 ARM?® Cortex® -M4 Core

The Cortex®-M4 processor, a configurable, multistage, 32-bit RISC processor, has three AMBA AHB- Lite
interfaces for best parallel performance and includes an NVIC component. The processor with optional hardware
debug functionality can execute Thumb code and is compatible with other Cortex-M profile processors. The
profile supports two modes -Thread mode and Handler mode. Handler mode is entered as a result of an
exception. An exception return can only be issued in Handler mode. Thread mode is entered on Reset, and can
be entered as a result of an exception return. The Cortex®-M4F is a processor with the same capability as the
Cortex® -M4 processor and includes floating point arithmetic functionality. The AX58200 is embedded with
Cortex® -M4F processor. Throughout this document, the name Cortex®-M4 refers to both Cortex®-M4 and
Cortex® -M4F processors. Figure 2.1-1 shows the functional controller of the processor.

C;Jnexlﬁ }xorcassor
srcsbiejiehs vNe? ladd T Cortex-M4 td
ower control eCione O N0-Wby. O .
PR oot traalacrallll B Interrupt~ «—»  Cortex-M4F Embedded
Controlier Processor core . | 4  Trace
Macroced|
(NVIC)
k4 ’ L J L —— . > (ETM)
t ; ¥ 1 I
Wake-up v E
Interrupt 3 $ o
Controller Flash Patch Memary e
(wic) Breakpoint «—» Pmotection |le—» Watchpoint
(FPB) Unit (MPU) Bich Thincss
) d {DWT)
3 ; s - &y _ 4
vYyvw v v
¥ Senal-Wire ¢ + t
or JTAG AHB Instrumentation Trace Port
Debug Port <——» Access Port ™ Bus Matrix «—» Trace Macrocell Intertace Unit
(SW-DP or (AHB-AP) (IT™M) > (TPIU)
SWJ-DP)
i : E B ) ‘l
T ' 4 T * 4
v - T v
Seral-Wire or . S 1 — A
JTAG Debug v . v 1 CoreSight Trace Port
Intarface ICode DCode System | ROM table Interface
AHB-Lite AHB-Lite AHB-Lite PPB APB
instruction data system debug system
interface interface Interface interface
t For the Cortex-MAF processor, the core includes a Floating Point Unit (FPU)
1 Optional component

Figure 2.1-1:Cortex® -M4 Block Diagram
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Cortex®-M4 processor features:
® A low gate count processor core, with low latency interrupt processing that has:

- A subset of the Thumb instruction set, defined in the ARMv7-M Architecture Reference
Manual

- Banked Stack Pointer (SP)

- Hardware integer divide instructions, SDIV and UDIV
Handler and Thread modes
Thumb and Debug states

Support for interruptible-continued instructions LDM, STM, PUSH, and POP for low
interrupt latency

- Automatic processor state saving and restoration for low latency Interrupt Service Routine
(ISR) entry and exit

- Support for ARMv6 big-endian byte-invariant or little-endian accesses
- Support for ARMv6 unaligned accesses
®  Floating Point Unit (FPU) in the Cortex® -M4F processor providing:
- 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 three stage pipeline

® Nested Vectored Interrupt Controller (NVIC) closely integrated with the processor core to achieve
low latency interrupt processing. Features include:

- External interrupts. Configurable from 1 to 240 (the AX58200 configured with 64 interrupts)
- Bits of priority, configurable from 3 to 8
- Dynamic reprioritization of interrupts

- Priority grouping which enables selection of preempting interrupt levels and nonpreempting
interrupt levels

- Support for tail-chaining and late arrival of interrupts, which enables back-to-back interrupt
processing without the overhead of state saving and restoration between interrupts.

- Processor state automatically saved on interrupt entry, and restored on interrupt exit with on
instruction overhead

- Support for Wake-up Interrupt Controller (WIC) with Ultra-low Power Sleep mode
® Memory Protection Unit (MPU). An optional MPU for memory protection, including:

- Eight memory regions

- Sub Region Disable (SRD), enabling efficient use of memory regions

- The ability to enable a background region that implements the default memory map
attributes

® | ow-cost debug solution that features:

- Debug access to all memory and registers in the system, including access to memory
mapped devices, access to internal core registers when the core is halted, and access to
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debug control registers even while SYSRESETNn is asserted.
- Serial Wire Debug Port (SW-DP) or Serial Wire JTAG Debug Port (SWJ-DP) debug access

- Optional Flash Patch and Breakpoint (FPB) unit for implementing breakpoints and code
patches

- Optional Data Watchpoint and Trace (DWT) unit for implementing watchpoints, data
tracing, and system profiling

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

Optional Trace Port Interface Unit (TPIU) for bridging to a Trace Port Analyzer (TPA),
including Single Wire Output (SWO) mode

Optional Embedded Trace Macrocell (ETM) for instruction trace.
® Bus interfaces:

- Three Advanced High-performance Bus-Lite (AHB-Lite) interfaces: 1Code, Dcode, and
System bus interfaces

- Private Peripheral Bus (PPB) based on Advanced Peripheral Bus (APB) interface
- Bit-band support that includes atomic bit-band write and read operations.

- Memory access alignment

- Write buffer for buffering of write data

- Exclusive access transfers for multiprocessor systems
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2.2 System Manager
2.2.1  Overview

System management includes the following sections:
System Reset

System Power Distribution

SRAM Memory Organization

System Timer (SysTick)

Nested Vectored Interrupt Controller (NVIC)

System Control register

2.2.2  System Reset

The system reset can be issued by one of the events listed below. These reset event flags can be read from
SYS_RSTSTS register to determine the reset source. Hardware reset sources are from peripheral signals. Software
reset can trigger reset through setting control registers.

® Hardware Reset Sources
- Power-on Reset
- Low level on the nNRESET pin
- Watchdog Time-out Reset and Window Watchdog Reset (WDT/WWDT Reset)
- Low Voltage Reset (LVR)
- Brown-out Detector Reset (BOD Reset)
- CPU Lockup Reset
®  Software Reset Sources
- CHIP Reset will reset whole chip by writing 1 to CHIPRST (SYS_IPRSTO[0])

- MCU Reset to reboot but keeping the booting setting from APROM or LDROM by writing
1to SYSRESETREQ (AIRCR][2])

- CPU Reset for Cortex®-M4 core only by writing 1 to CPURST (SYS_IPRSTO[1])
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NRESET

VDD

AVpp

~50k ohm
@3.3v

Glitch Filter

1]

POROFF(SYS_PORCTL[15:0])

Power-on

.

Reset

LVREN(SYS_BODCTLI[7])

Low Voltage 4(%} ]
Reset —

BODRSTEN(SYS_BODCTL(3])

Brown-out

L

Reset

WDT/WWDT

Reset Pulse Width
~3.2ms

32us

Reset Pulse Width

Reset

CPU Lockup

64 WDT clocks

Reset Pulse Width

Reset

CHIP Reset

CHIPRST(SYS_IPRSTO[0])

MCU Reset

SYSRSTREQ(AIRCR[2])

Software Reset

‘/\ System Reset

2 system clocks

Reset Pulse Width

=T
)

CPU Reset

CPURST(SYS_IPRSTO[1])

2 system clocks

Figure 2.2-1: System Reset Sources

There are a total of 9 reset sources in the family. In general, CPU reset is used to reset Cortex® -M4 only; the other
reset sources will reset Cortex® -M4 and all peripherals. However, there are small differences between each reset
source and they are listed in Table 2.2-1.
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Reset Sources
i POR NRESET WDT LVR BOD Lockup CHIP MCU CPU

Register
SYS_RSTSTS Bit0O=1 | Bitl=1 | Bit2=1 | Bit3=1 | Bit4=1 | Bit8=1 | Bit0O=1 | Bit5=1 | Bit7=1
CHIPRST

0x0 - - - - - - -
(SYS_IPRSTO[0])
BODEN
(SYS_BODCTLI[0])
BODVL Reload Reload Reload Reload Reload Reload Reload

from from from from - from from -
(SYS_BODCTL[2:1]) | CONFIGO | CONFIGO | CONFIGO | CONFIGO CONFIGO | CONFIGO | CONFIGO
BODRSTEN
(SYS_BODCTLI3])
HXTEN Reload Reload Reload Reload Reload Reload Reload Reload

from from from from from from from
(CLK_PWRCTLIO]) CONFIGO | CONFIGO | CONFIGO | CONFIGO | CONFIGO [ CONFIGO | CONFIGO | CONFIGO
LXTEN

0x0 - - - - - - -
(CLK_PWRCTL[1])
WDTCKEN

0x1 - 0x1 - - - 0x1 - -
(CLK_APBCLKO[0])
HCLKSEL Reload Reload Reload Reload Reload Reload Reload Reload

. from from from from from from from from -
(CLK_CLKSELO[2:0)) CONFIGO | CONFIGO | CONFIGO | CONFIGO | CONFIGO [ CONFIGO | CONFIGO | CONFIGO
WDTSEL 0x3 0x3 - - - - - - -
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(CLK_CLKSEL1[1:0])
HXTSTB
0x0 - - - - - - -
(CLK_STATUSIO0])
LXTSTB
0x0 - - - - - - -
(CLK_STATUS[1])
PLLSTB
0x0 - - - - - - -
(CLK_STATUS[2])
HIRCSTB
0x0 - - - - - - -
(CLK_STATUS[4])
CLKSFAIL
0x0 0x0 - - - - - -
(CLK_STATUS[7])
RSTEN
(WDT_CTLI1]) Reload Reload Reload Reload Reload Reload
from from from from from from - -
WDTEN CONFIGO | CONFIGO | CONFIGO | CONFIGO | CONFIGO CONFIGO
(WDT_CTLIT7])
WDT_CTL
- . 0x0700 0x0700 0x0700 0x0700 0x0700 0x0700 - -
except bit 1 and bit 7.
WDT_ALTCTL 0x0000 0x0000 0x0000 0x0000 0x0000 0x0000 - -
WWDT_RLDCNT 0x0000 0x0000 0x0000 0x0000 0x0000 0x0000 - -
WWDT_CTL 0x3F0800 | 0x3F0800 | 0x3F0800 | 0x3F0800 | 0x3F0800 0x3F0800 - -
WWDT_STATUS 0x0000 0x0000 0x0000 0x0000 0x0000 0x0000 - -
WWDT_CNT O0x3F O0x3F 0x3F O0x3F 0x3F 0x3F - -
BS
(FMC_ISPCTL[1]) Reload Reload Reload Reload Reload Reload
from from from from from from - -
BL CONFIGO | CONFIGO | CONFIGO | CONFIGO | CONFIGO CONFIGO
(FMC_ISPCTL[16])
FMC_DFBA Reload Reload Reload Reload Reload Reload
from from from from from from - -
CONFIG1 | CONFIG1 | CONFIG1 | CONFIG1 | CONFIG1 CONFIG1
CBS Reload Reload Reload Reload Reload Reload
(FMC_ISPSTS[2:1)) from from from from from from - -
CONFIGO | CONFIGO | CONFIGO | CONFIGO | CONFIGO CONFIGO
VECMAP Reload Reload Reload Reload Reload Reload
. base on base on base on base on base on base on - -
(FMC_ISPSTS[23:9]) CONFIGO | CONFIGO | CONFIGO | CONFIGO | CONFIGO CONFIGO
Other Peripheral Reset Value -
Registers
FMC Registers Reset Value

Note: ‘-* means that the value of register keeps original setting.

Table 2.2-1: Reset Value of Registers
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2.2.2.1 nRESET Reset

The nRESET reset means to generate a reset signal by pulling low nRESET pin, which is an asynchronous reset
input pin and can be used to reset system at any time. When the nRESET voltage is lower than 0.2 Vpp and the
state keeps longer than 32 us (glitch filter), chip will be reset. The nRESET reset will control the chip in reset state
until the nRESET voltage rises above 0.7 Vpp and the state keeps longer than 32 us (glitch filter). The
PINRF(SYS_RSTSTS[1]) will be set to 1 if the previous reset source is NRESET reset. Figure 2.2-2 shows the
NRESET reset waveform.

nikEsSEL

0.7 Vor

32 us
0.2 Voe

A2 us
nRESET Rezet

—

Figure 2.2-2: nRESET Reset Waveform

2.2.2.2 Power-on Reset (POR)

The Power-on reset (POR) is used to generate a stable system reset signal and force the system to be reset when
power-on to avoid unexpected behavior of MCU. When applying the power to MCU, the POR module will detect
the rising voltage and generate reset signal to system until the voltage is ready for MCU operation. At POR reset,
the PORF(SYS_RSTSTS[0]) will be set to 1 to indicate there is a POR reset event. The PORF(SYS_RSTSTS[0])
bit can be cleared by writing 1 to it. Figure 2.2-3 shows the power-on reset waveform.

VDD

Power-on
Reset

Figure 2.2-3: Power-on Reset (POR) Waveform
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2.2.2.3 Low Voltage Reset (LVR)

If the Low Voltage Reset function is enabled by setting the Low Voltage Reset Enable Bit LVREN
(SYS_BODCTL][7]) to 1, after 200us delay, LVR detection circuit will be stable and the LVR function will be
active. Then LVR function will detect AVpp during system operation. When the AVpp voltage is lower than Vi vr
and the state keeps longer than De-glitch time set by LVRDGSEL (SYS_BODCTL[14:12]), chip will be reset.
The LVR reset will control the chip in reset state until the AVpp voltage rises above Vivr and the state keeps
longer than De-glitch time set by LVRDGSEL (SYS_BODCTL[14:12]). The default setting of Low Voltage Reset
is enabled without De-glitch function. Figure 2.2-4 shows the Low Voltage Reset waveform.

o
( < LVRDGSEL) ( =LVRDGSEL)
T3
( =LVRDGSEL)
Low Voltage Reset
200 us ' Delay for LVR stable

Figure 2.2-4: Low Voltage Reset (LVR) Waveform

2.2.2.4 Brown-out Detector Reset (BOD Reset)

If the Brown-out Detector (BOD) function is enabled by setting the Brown-out Detector Enable Bit BODEN
(SYS_BODCTL[0]), Brown-out Detector function will detect AVpp during system operation. When the AVpp
voltage is lower than Vsop which is decided by BODEN and BODVL (SYS_BODCTL[18:16]) and the state keeps
longer than De-glitch time set by BODDGSEL (SYS_BODCTL[10:8]), chip will be reset. The BOD reset will
control the chip in reset state until the AVpp voltage rises above Veop and the state keeps longer than De-glitch
time set by BODDGSEL. The default value of BODEN, BODVL and BODRSTEN (SYS_BODCTL][3]) is set by
Flash controller user configuration register CBODEN (CONFIGO [19]), CBOV (CONFIGO [23:21]) and
CBORST(CONFIGO0[20]) respectively. User can determine the initial BOD setting by setting the CONFIGO
register. Figure 2.2-5 shows the Brown-out Detector waveform.
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AVpp

VBODH
Hysteresis

VBODL -

T T,
(< BODDGSEL) (= BODDGSEL)

|
|
I
|
|
|
|
|
BODOUT <—>:
Ts
(= BODDGSEL)

BODRSTEN

Brown-out
Reset

Figure 2.2-5: Brown-out Detector (BOD) Waveform

2.2.2.5 Watchdog Timer Reset (WDT)

In most industrial applications, system reliability is very important. To automatically recover the MCU from failure
status is one way to improve system reliability. The watchdog timer (WDT) is widely used to check if the system
works fine. If the MCU is crashed or out of control, it may cause the watchdog time-out. User may decide to enable
system reset during watchdog time-out to recover the system and take action for the system crash/out-of-control
after reset.

Software can check if the reset is caused by watchdog time-out to indicate the previous reset is a watchdog reset
and handle the failure of MCU after watchdog time-out reset by checking WDTRF(SYS_RSTSTS[2]).

2.2.2.6 CPU Lockup Reset

CPU enters lockup status after CPU produces hardfault at hardfault handler and chip gives immediate indication
of seriously errant kernel software. This is the result of the CPU being locked because of an unrecoverable
exception following the activation of the processor’s built-in system state protection hardware. When chip enters
debug mode, the CPU lockup reset will be ignored.

2.2.2.7 CPU Reset, CHIP Reset and MCU Reset

The CPU Reset means only Cortex®-M4 core is reset and all other peripherals remain the same status after CPU
reset. User can set the CPURST(SYS_IPRSTO[1]) to 1 to assert the CPU Reset signal.

The CHIP Reset is the same with Power-on Reset. The CPU and all peripherals are reset and BS(FMC_ISPCTL[1])
bit is automatically reloaded from CONFIGO setting. User can set the CHIPRST(SYS_IPRSTO[1]) to 1 to assert
the CHIP Reset signal.

The MCU Reset is similar with CHIP Reset. The difference is that BS(FMC_ISPCTL[1]) will not be reloaded
from CONFIGO setting and keep its original software setting for booting from APROM or LDROM. User can set
the SYSRESETREQ(AIRCR[2]) to 1 to assert the MCU Reset.
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2.2.3  System Power Distribution

In this chip, power distribution is divided into four segments:

The outputs of internal voltage regulators, LDO and VDD33, require an external capacitor which should be located
close to the corresponding pin. Analog power (AVpp) should be the same voltage level of the digital power (Vpp).

Analog power from AVpp and AVss provides the power for analog components operation.

Digital power from VDD and VSS supplies the power to the internal regulator which provides a
fixed 1.8 V power for digital operation and 1/O pins.

USB transceiver power from VVBUS offers the power for operating the USB transceiver.

RTC power from VDD provides the power for RTC and 80 bytes backup registers.

Figure 2.2-6 shows the AX58200 power distribution.
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Figure 2.2-6: Power Distribution Diagram
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2.2.4 Power M

odes and Wake-up Sources

The AX58200 has power manager unit to support several operating modes for saving power. Table 2.2-2 lists all
power modes in the AX58200.

CPU Operating Maximum Speed

LDO_CAP

(DPD)

Mode Clock Disable
(MHz) %)
Normal mode 160 1.20 All clocks are disabled by control register.
Turbo mode 192 1.26 All clocks are disabled by control register.
Idle mode CPU enter Sleep mode 1.20/1.26  |Only CPU clock is disabled.
Most clocks are disabled except LIRC/LXT,
Fast Wakeup Power- and only RTC/WDT/Timer/UART peripheral
down mode (FWPD) CPU enters Deep Sleep mode 1.20/1.26 clocks still enable if their clock sources are
selected as LIRC/LXT.
Normal Power-down Most clocks are disabled except LIRC/LXT,
mode CPU enters Deep Sleep mode 1.20/1.26 ard Enly !TITC/Vt\)IID'I_']{T;]m.er/lIJAET peripheral
(NPD) clocks still enable if their clock sources are
selected as LIRC/LXT.
Low leakade Power-down Most clocks are disabled except LIRC/LXT,
mode 9 CPU enters Deep Sleen mode 09 and only RTC/WDT/Timer/UART peripheral
(LLPD) P P ' clocks still enable if their clock sources are
selected as LIRC/LXT.
Standby  Power-down _lonly LIRC/LXT still enable for RTC
mode 0 Power off Floating function and wake-up timer usage
(SPDO) ™ p g
Standby Power-down .
(spD1) ™ p g
Deep Power-down mode Power off Floating Only LIRC/LXT still enable for RTC

function and wake-up timer usage

Note: [

User must turn on LIRC before entering SPD0/1 mode.

Table 2.2-2: Power Mode Table

There are different power mode entry settings. Each power mode has different entry setting and leaving
condition. Table 2.2-3 shows the entry setting for each power mode. When chip power-on, chip is running as
normal mode. User can enter each mode by setting SLEEPDEEP (SCR[2]), PDEN (CLK_PWRCT:[7]) and

PDMSEL (CLK_PMUCTL[2:0]) and execute WFI instruction.

Register/Instruction Mode (Ssl'gg[ZBEEP I(DCDI_If('\iPWRCTL[Y]) ?gi:%i%k/lucn CELSJtEJucr;iX\:]FI
Normal mode 0 0 0 NO
Idle mode 0 0 0 YES
Fast Wakeup Power-down mode 1 1 2 YES
Normal Power-down mode 1 1 0 YES
Low leakage Power-down mode 1 1 1 YES
Standby Power-down mode 0 1 1 4 YES
Standby Power-down mode 1 1 1 5 YES
Deep Power-down mode 1 1 6 YES

Table 2.2-3; Power Mode Difference Table
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There are several wake-up sources in Idle mode and Power-down mode. Table 2.2-4 lists the available clocks for

each power mode.

Power Mode Normal Mode Idle Mode Power-Down Mode
CPU is in sleep state and all
Definition CPU is in active state CPU is in sleep state clocks stop except LXT and

LIRC. SRAM content retended.

Entry Condition

Chip is in normal mode after
system reset released

CPU executes WFI instruction.

CPU sets sleep mode enable
and power down enable and
executes WFI instruction.

RTC, WDT, I2C, Timer, UART,

Wake-up Sources N/A All interrupts BOD, GPIO, EINT, USCI,
USBD, ACMP and BOD.

Available Clocks All All except CPU clock LXT and LIRC

After Wake-up N/A CPU back to normal mode CPU back to normal mode

Table 2.2-4: Power Mode Definition Table

CPU executes WFI

CPU Clock OFF
HXT, HIRC, PCLK ON
LXT, LIRC ON

System reset released

Flash ON

Interrupts occur

Normal Mode

CPU Clock ON
HXT, HIRC, LXT, LIRC, HCLK, PCLK ON

1. SLEEPDEEP(SCR[2]) = 1
2. PDEN(CLK_PWRCTL[7]) =1
3. CPU executes WFI

Power-down Mode
CPU Clock OFF
HXT, HIRC, PCLK OFF
LXT, LIRC ON
Flash Halt

Wake-up events occur

Figure 2.2-7: Power

Mode State Machine
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Idle Mode NPD, LLPD, FWPD SPDO, SPD1, DPD
HXT ON Halt Halt Halt
HIRC ON Halt Halt Halt
LXT ON ON/OFFW ON/OFFH! ON/OFFH
LIRC ON ON/OFF® ON/OFF® ON/OFF®
PLL ON Halt Halt Halt
HCLK/PCLK ON Halt Halt Halt
CPU Halt Halt Halt Halt
SRAM Retention ON ON Halt Halt
FLASH ON Halt Halt Halt
TIMER ON ON/OFF®! ON/OFF®! Halt
WDT ON ON/OFF# ON/OFFH Halt
RTC ON ON/OFFB! ON/OFFB! ON/OFFB!
UART ON ON/OFF! ON/OFF! Halt
Others ON Halt Halt Halt

Note:

S A

Table 2.2-5: Clocks in Power Modes

LXT ON or OFF depends on SW setting in normal mode.

LIRC ON or OFF depends on S/W setting in normal mode.

If TIMER clock source is selected as LIRC/LXT and LIRC/LXT is on.
If WDT clock source is selected as LIRC and LIRC is on.

If RTC clock source is selected as LXT and LXT is on.

6. If UART clock source is selected as LXT and LXT is on.
Wake-up sources in Normal Power-down mode (NPD):

RTC, WDT, IZC, Timer, UART, USCI, BOD, EBOD, GPIO, USBD, and ACMP.

After chip enters power down, the following wake-up sources can wake chip up to normal mode. Table 2.2-6
lists the condition about how to enter Power-down mode again for each peripheral.

User needs to wait this condition before setting PDEN(CLK_PWRCTL[7]) and executing WFI to enter Power-

down mode.
Power-Down Mode
talels Wake-Up Condition Re-Entering Power-Down Mode Condition
Source p NPD/ |SPDo/1 |DPD 9
FWPD/
LLPD
Brown-Out Detector After software writes 1 to clear BODIF
BOD Reset / Interrupt (SYS_BODCTL[4]).
Brown-Out Detector Vv After software writes 1 to clear BODWK
Reset (CLK_PMUSTSJ[13]) when SPD mode is entered.
After software writes 1 to clear LVRF
(SYS_RSTSTS[3))
LVR LVR Reset
vV After software writes 1 to clear LVRWK
(CLK_PMUSTSJ[12]) when SPD mode is entered.
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After software writes 1 to clear PORF

POR POR Reset (SYS_RSTSTS[O])
INT External Interrupt After software write 1 to clear the Px_INTSRCI[n] bit.
GPIO GPIO Interrupt After software write 1 to clear the Px_INTSRCIn] bit.
GPIO(PA~PD)| rising or falling edge After software writes 1 to clear GPxWK
Wake-up pin event, 64-pin (CLK_PMUSTSJ[11:8]) when SPD mode is entered.
GPIO(PC.0) rising or falling edge After software writes 1 to clear PINWK
Wake-up pin event, 1-pin (CLK_PMUSTSJ1]) when DPD mode is entered.
TIMER Timer Interrupt After software writes 1 to clear TWKF

(TIMERX_INTSTS[1]) and TIF (TIMERx_INTSTS[0]).

Wakeup timer

Wakeup by wake-up
timer time-out

After software writes 1 to clear TMRWK
(CLK_PMUSTSJ1]) when SPD or DPD mode is
entered.

After software writes 1 to clear WKF (WDT_CTL[5])

WDT WDT Interrupt (Write Protect).
After software writes 1 to clear ALMIF
Alarm Interrupt (RTC_INTSTS[0)).
Time Tick Interrupt After software writes 1 to clear TICKIF
P (RTC_INTSTS[1]).
After software writes 1 to clear RTCWK
RTC Wakeup by RTC alarm (CLK_PMUSTSJ2]) when SPD mode is entered.
Wakeup by RTC tick After software writes 1 to clear RTCWK
time (CLK_PMUSTSJ2]) when SPD mode is entered.
Wakeup by tamper After software writes 1 to clear RTCWK
event (CLK_PMUSTSJ2]) when SPD mode is entered.
nCTS wake-u After software writes 1 to clear CTSWKF
p (UARTX_WKSTS[O]).
RX Data wake-u After software writes 1 to clear DATWKF
p (UARTX_WKSTSI1]).
Received FIFO After software writes 1 to clear RFRTWKF
UART Threshold Wake-up (UARTX_WKSTS[2)).
RS-485 AAD Mode After software writes 1 to clear RS485WKF
Wake-up (UARTX_WKSTS[3)).
ThT:sCt?cl)\llc?c'jl'i':r:Z%ut After software writes 1 to clear TOUTWKF
Wake-up (UARTX_WKSTS[4]).
After software writes 1 to clear WKF
CTS Toggle (UUART_WKSTS[0]).
USCI UART :
Data Togale After software writes 1 to clear WKF
99 (UUART_WKSTS[0]).
Data togale After software writes 1 to clear WKF
99 (UI2C_WKSTS[0]).
UsCli2C After software writes 1 to clear WKAKDONE
Address match (UI2C_PROTSTSJ[16], then writes 1 to clear WKF
(UI2C_WKSTS[0]).
After software writes 1 to clear WKF
USCI SPI SS Toggle (USPI_WKSTS[0]).
After software writes 1 to clear WKAKDONE
12C Address match wake-up (I2C_WKSTS[1]). Then software writes 1 to clear
WKIF(12C_WKSTS[0]).
After software writes 1 to clear BUSIF
USBD Remote Wake-up (USBD_INTSTS[0)).
ACMP Comparator Power- After software writes 1 to clear WKIFO
Down Wake-Up Interrupt (ACMP_STATUS[8]) and WKIF1 (ACMP_STATUS[9]).
ACMP ACMPO status change After software writes 1 to clear ACMPWK

(CLK_PMUSTSJ[14]) when SPD mode is entered.
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Table 2.2-6: Re-Entering Power-down Mode Condition

2.2.5 Power Modes Transition

Wake-up, reset Wake-up resg#”
! N !i \ Z

|
|
| /
|

POR Reset
nReset pin
WDT reset
CHIP reset

LVR
BOD reset
Lockup reset
System reset

LDO_PLORUN [«
Run mode I Core Voltag} Syvitching
‘ LDO_PL1_RUN }:
LDO_RUN
‘ LDO_PL1_IDLE }:
Idle mode \

‘ LDO_PLO_IDLE }1

LDO_IDLE

Figure 2.2-8: Power Distribution Diagram
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2.2.6

The AX58200 provides 4G-byte addressing space. The memory locations assigned to each on-chip controllers are
shown in Table 2.2-7. The detailed register definition, memory space, and programming will be described in the
following sections for each on-chip peripheral. The AX58200 only supports little-endian data format.

System Memory Map

Address Space Token Controllers

Flash and SRAM Memory Space

0x0000_0000 — 0x0003_FFFF FLASH_BA FLASH Memory Space (256KB)

0x0000_0000 — 0x0007_FFFF FLASH_BA FLASH Memory Space (512KB)

0x0800_0000 — 0X09FF_FFFF SPIM_BA SPIM Memory Space (32MB)

0x2000_0000 — 0x2000_7FFF SRAMO_BA SRAM Memory Space (32KB)

0x2000_8000 — 0x2001_FFFF SRAM1_BA SRAM Memory Space (96KB)

0x2002_0000 — 0x2002_7FFF SRAM2_BA S;:Ah';/l Memory Space (32KB) for CPU only and share with SPIM
0x6000_0000 — OX6FFF_FFFF EXTMEM_BA External Memory Space (256MB)

Peripheral Controllers Space (0x4000_0000 — 0x400F _

FFFF)

0x4000_0000 — 0x4000_01FF SYS_BA System Control Registers
0x4000_0200 — 0x4000_02FF CLK_BA Clock Control Registers
0x4000_0300 — 0x4000_03FF NMI_BA NMI Control Registers
0x4000_4000 — 0x4000_4FFF GPIO_BA GPIO Control Registers
0x4000_7000 — 0x4000_7FFF SPIM_BA SPIM Control Registers
0x4000_8000 — 0x4000_8FFF PDMA_BA Peripheral DMA Control Registers
0x4000_9000 — 0x4000_9FFF USBH_BA USB Host Control Registers
0x4000_B000 — 0x4000_BFFF EMAC_BA Ethernet MAC Control Registers
0x4000_C000 — 0x4000_CFFF FMC_BA Flash Memory Control Registers
0x4000_DO000 — 0x4000_DFFF SDHO_BA SDHOSTO Control Registers
0x4000_EO00 — 0x4000_EFFF SDH1_BA SDHOST1 Control Registers
0x4001_0000 — 0x4001_OFFF EBI_BA External Bus Interface Control Registers
0x4001_9000 — 0x4001_9FFF HSUSBD_BA HSUSBD Control Registers
0x4001_A000 — 0x4001_AFFF HSUSBH _BA HSUSBH Host Control Registers
0x4003_1000 — 0x4003_1FFF CRC_BA CRC Generator Registers
0x4003_E000 — 0x4003_EFFF SWDC_BA SWD Control Registers
0x4003_F000 — 0x4003_FFFF ETMC_BA ETM Control Registers
0x5008_0000 — 0x5008_0FFF CRYP_BA Cryptographic Accelerator Registers

APB Controllers Space (0x4000_0000 ~ 0x400F_FFFF)

0x4004_0000 — 0x4004_OFFF WDT_BA Watchdog Timer Control Registers

0x4004_1000 — 0x4004_1FFF RTC_BA Real Time Clock (RTC) Control Register

0x4004_3000 — 0x4004_3FFF EADC_BA Enhanced Analog-Digital-Converter (EADC) Control Registers
0x4004_5000 — 0x4004_5FFF ACMPO1_BA Analog Comparator 0/ 1 Control Registers
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0x4004_6000 — 0x4004_6FFF OPA_BA OP Amplifier Control Registers
0x4004_7000 — 0x4004_7FFF DAC_BA DAC Control Registers
0x4004_8000 — 0x4004_8FFF 12S0_BA 12S0 Interface Control Registers
0x4004_DO000 — 0x4004_DFFF OTG_BA OTG Control Registers
0x4004_F000 — 0x4004_FFFF HSOTG_BA HSOTG Control Registers
0x4005_0000 — 0x4005_0FFF TMRO1_BA TimerO/Timerl Control Registers
0x4005_1000 — 0x4005_1FFF TMR23_BA Timer2/Timer3 Control Registers
0x4005_8000 — 0x4005_8FFF EPWMO_BA PWMO Control Registers
0x4005_9000 — 0x4005_9FFF EPWM1_BA PWM1 Control Registers
0x4005_A000 — 0x4005_AFFF BPWMO_BA BPWMO Control Registers
0x4005_B000 — 0x4005_BFFF BPWM1_BA BPWML1 Control Registers
0x4006_0000 — 0x4006_OFFF QSPIO_BA Quad SPI0 Control Registers
0x4006_1000 — 0x4006_1FFF SPIO_BA SPI0 Control Registers
0x4006_2000 — 0x4006_2FFF SPI1_BA SPI1 Control Registers
0x4006_3000 — 0x4006_3FFF SPI2_BA SPI2 Control Registers
0x4006_4000 — 0x4006_4FFF SPI3_BA SPI3 Control Registers
0x4007_0000 — 0x4007_OFFF UARTO_BA UARTO Control Registers
0x4007_1000 — 0x4007_1FFF UART1_BA UART1 Control Registers
0x4007_2000 — 0x4007_2FFF UARTZ2_BA UART2 Control Registers
0x4007_3000 — 0x4007_3FFF UART3_BA UARTS3 Control Registers
0x4007_4000 — 0x4007_A4AFFF UART4_BA UART4 Control Registers
0x4007_5000 — 0x4007_5FFF UART5_BA UARTS5 Control Registers
0x4008_0000 — 0x4008_OFFF 12C0_BA 12C0 Control Registers
0x4008_1000 — 0x4008_1FFF 12C1_BA 12C1 Control Registers
0x4008_2000 — 0x4008_2FFF 12C2_BA 12C2 Control Registers
0x4009_0000 — 0x4009_OFFF SCO0_BA Smartcard Host 0 Control Registers
0x4009_1000 — 0x4009_1FFF SC1_BA Smartcard Host 1 Control Registers
0x4009_2000 — 0x4009_2FFF SC2_BA Smartcard Host 2 Control Registers
0x4009_3000 — 0x4009_3FFF SC3_BA Smartcard Host 3 Control Registers
0x400A_0000 — 0x400A_OFFF CANO_BA CANO Bus Control Registers
0x400A_1000 — 0x400A_1FFF CAN1_BA CAN1 Bus Control Registers
0x400B_0000 — 0x400B_OFFF QEIO_BA QEIO Control Registers
0x400B_1000 — 0x400B_1FFF QEI1_BA QEI1 Control Registers
0x400B_4000 — 0x400B_4FFF ECAPO_BA ECAPO Control Registers
0x400B_5000 — 0x400B_5FFF ECAP1_BA ECAPL1 Control Registers
0x400C_0000 — 0x400C_OFFF USBD_BA USB Device Control Register
0x400D_0000 — 0x400D_OFFF USCIO_BA USCIO Control Registers
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0x400D_1000 — 0x400D_1FFF USCI1_BA USCI1 Control Registers

System Controllers Space (OxE000_EO00 ~ OxEQ00_EFFF)

0xE000_E010 — OXEO00_EOFF SCS_BA System Timer Control Registers
0xEO000_E100 — OXEOO0_ECFF SCS_BA External Interrupt Controller Control Registers
0xEO00_EDOO — OXEOO0O_ED8F SCS_BA System Control Registers

Table 2.2-7: Address Space Assignments for On-Chip Controllers

2.2.7 SRAM Memory Organization

The AX58200 supports embedded SRAM with total 160 Kbytes size and the SRAM organization is separated to
three banks: SRAM bank0 and SRAM bank1 and SRAM bank2. The first bank has 32 Kbytes address space, the
second bank has 96 Kbyte address space and the third bank has 32Kbyte. These three banks address space can be
accessed simultaneously. The SRAM bankQ supports parity error check to make sure chip operating more stable.
The SRAM bank2 is shared with SPIM cache, it can switch to external SPI Flash cache memory. Note that SRAM

bank2 has additional two wait cycles when reading data.
®  Supports total 160 Khytes SRAM
Supports byte / half word / word write
Supports fixed 32 Kbytes SRAM bank0 for independent access
Supports parity error check function for SRAM bankO0

Supports oversize response error

Supports remap address to 0x1000_0000

AHB interface
] «—» SRAMdecoder |<-— SRAM bank0
controller
g
2 AHB interface —> SRAM decoder  |<—®| SRAM bankl
@ controller
<
AI—LI?) rlll:rtslll’ﬁce «—> SRAM decoder <—p SRAM bank?2

Figure 2.2-9: SRAM Block Diagram

Figure 2.2-9 shows the SRAM organization of AX58200. There are three SRAM banks in AX58200. The bank0
is addressed to 32 Kbytes, the bank1 is addressed to 96 Kbytes and the bank?2 is addressed to 32 Kbyte. The bank0
address space is from 0x2000_0000 to 0x2000_7FFF. The bankl address space is from 0x2000_8000 to
0x2001_FFFF. The bank2 address space is from 0x2002_0000 to 0x2002_7FFF. The address between
0x2002_8000 to 0x3FFF_FFFF is illegal memory space and chip will enter hardfault if CPU accesses these illegal

memory addresses.

The address of each bank is remapping from 0x2000_0000 to 0x1000_0000. CPU can access SRAM bank0 through
0x2000_0000 to 0x2000_7FFF or 0x1000_0000 to 0x1000_7FFF, and access SRAM bank1 through 0x2000_8000
to 0x2001_FFFF or 0x1000 8000 to 0x1001 FFFF, and access SRAM bank2 through 0x2002_0000 to
0x2002_7FFF or 0x1002_0000 to 0x1002_7FFF.
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When setting the control register CCMEN(SPIM_CTL1[2]) to 0, SRAM bank2 is switched to external SPI Flash
cache memory. In this case, the SRAM bank2 can’t be accessed as general SRAM. If user access SRAM bank?2
by AHB bus master, the SPI Flash controller will send error response via HRESP AHB bus signal to bus master.

A Ox3FFF_FFFF
Reserved
0x2002_8000
0x2002_7FFF 0x1002_7FFF
o 32K byte remapping 32K byte
= SRAM bank2 — SRAM bank2
A
0x2002_0000 0x1002_0000
0x2001_FFFF 0x1001_FFFF
96K byte remapping 96K byte
—_—»
SRAM bank1 SRAM bank1
0x2000_8000 0x1000_8000
0x2000_7FFF 0x1000_7FFF
32K byte remapping 32K byte
SRAM bank0 SRAM bank0
' 0x2000_0000 0x1000_0000
160K byte device 160K byte device

Figure 2.2-10: SRAM Memory Organization

SRAM bank0 has byte parity error check function. When CPU is accessing SRAM bankO, the parity error checking
mechanism is dynamic operating. As parity error occurred, the PERRIF (SYS_SRAM_STATUS[O0]) will be
asserted to 1 and the SYS_SRAM_ERRADDR register will recode the address with parity error. Chip will enter
interrupt when SRAM parity error occurred if PERRIEN (SYS_SRAM_INTCTLIO0]) is set to 1. When SRAM
parity error occurred, chip will stop detecting SRAM parity error until user writes 1 to clear the
PERRIF(SYS_SRAM_STATUS[O0]) bit.

2.2.8 Bus Matrix

The AX58200 supports Bus Matrix to manage the access arbitration between masters. The access arbitration can
be selected by INTACTEN (SYS_AHBMCTL[0]) to use round-robin algorithm or set Cortex®-M4 CPU as the
highest bus priority.
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229 HIRC Auto Trim

This chip supports auto-trim function: the HIRC trim (48 MHz RC oscillator), according to the accurate external
32.768 KHz crystal oscillator or internal USB synchronous mode, automatically gets accurate HIRC output
frequency, 0.25 % deviation within all temperature ranges.

Figure 2.2-11: Bus Matrix Diagram

For instance, the system needs an accurate 12 MHz clock. In such case, if neither using use PLL as the system
clock source nor soldering 32.768 KHz crystal in system, user has to set REFCKSEL (SYS_IRCTCTL[10]
reference clock selection) to “1”, set FREQSEL (SYS_IRCTCTLJ[1:0] trim frequency selection) to “01”, and the
auto-trim function will be enabled. Interrupt status bit FREQLOCK (SYS_IRCTISTS[8] HIRC frequency lock

status) “1” indicates the HIRC output frequency is accurate within 0.25% deviation.

2.2.10 Register Lock Control

Some of the system control registers need to be protected to avoid inadvertent write and disturb the chip
operation. These system control registers are protected after the power-on reset till user to disable register
protection. For user to program these protected registers, a register protection disable sequence needs to be
followed by a special programming. The register protection disable sequence is writing the data “59h”, “16h”
“88h” to the register SYS REGLCTL address at 0x4000_ 0100 continuously. Any different data value, different
sequence or any other write to other address during these three data writing will abort the whole sequence.

SYS_IPRSTO Address 0x4000_0008
SYS_ALTCTL address 0x4000_0014
SYS_BODCTL address 0x4000_0018
SYS_PORCTL address 0x4000_0024

SYS_VREFCTL

address 0x4000_0028
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SYS_USBPHY

address 0x4000_002C

SYS_SRAM_BISTCTL

address 0x4000_00D0

SYS_CVCTL

address 0x4000_01F8

CLK_PWRCTL

address 0x4000_0200

CLK_APBCLKO

address 0x4000_0208

CLK_CLKSELO

address 0x4000_0210

CLK_CLKSEL1

address 0x4000_0214

CLK_PLLCTL address 0x4000_0240
CLK_PMUCTL address 0x4000_0290
NMIEN address 0x4000_0300
AHBMCTL address 0x4000_0400
FMC_FTCTL address 0x4000_5018
FMC_ICPCMD address 0x4000_501C
FMC_ISPCTL address 0x4000_C000
FMC_ISPTRG address 0x4000_C010
FMC_ISPSTS address 0x4000_C040
FMC_CYCCTL address 0x4000_C04C

FMC_KPKEYTRG

address 0x4000_C05C

FMC_KPKEYSTS

address 0x4000_C060

WDT_CTL address 0x4004_0000
WDT_ALTCTL address 0x4004_0004
TIMERO_CTL address 0x4005_0000
TIMER1_CTL address 0x4005_0100
TIMER2_CTL address 0x4005_1000
TIMER3_CTL address 0x4005_1100

TIMERO_PWMCTL

address 0x4005_0040

TIMER1_PWMCTL

address 0x4005_0140

TIMER2_PWMCTL

address 0x4005_1040

TIMER3_PWMCTL

address 0x4005_1140

TIMERO_PWMDTCTL

address 0x4005_0058

TIMER1_PWMDTCTL

address 0x4005_0158

TIMER2_PWMDTCTL

address 0x4005_1058

TIMER3_PWMDTCTL

address 0x4005_1158

TIMERO_PWMBRKCTL

address 0x4005_0070

TIMER1_PWMBRKCTL

address 0x4005_0170

TIMER2_PWMBRKCTL

address 0x4005_1070

TIMER3_PWMBRKCTL

address 0x4005_1170
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TIMERO_PWMSWBRK

address 0x4005_007C

TIMER1_PWMSWBRK

address 0x4005_017C

TIMER2_PWMSWBRK

address 0x4005_107C

TIMER3_PWMSWBRK

address 0x4005_117C

TIMERO_PWMINTEN1

address 0x4005_0084

TIMER1_PWMINTEN1

address 0x4005_0184

TIMER2_PWMINTEN1

address 0x4005_1084

TIMER3_PWMINTEN1

address 0x4005_1184

TIMERO_PWMINTSTS1

address 0x4005_008C

TIMER1_PWMINTSTS1

address 0x4005_018C

TIMER2_PWMINTSTS1

address 0x4005_108C

TIMER3_PWMINTSTS1

address 0x4005_118C

EPWM_CTLO

address 0x4005_8000/0x4005_9000

EPWM_CTL1

address 0x4005_8000/0x4005_9000

EPWM_DTCTLO_1

address 0x4005_8070/0x4005_9070

EPWM_DTCTL2_3

address 0x4005_8074/0x4005_9074

EPWM_DTCTL4 5

address 0x4005_8078/0x4005_9078

EPWM_BRKCTLO_1

address 0x4005_80C8/0x4005_90C8

EPWM_BRKCTL2_3

address 0x4005_80CC/0x4005_90CC

EPWM_BRKCTL4_5

address 0x4005_80D0/0x4005_90D0

EPWM_SWBRK

address 0x4005_80DC/0x4005_90DC

EPWM_INTEN1

address 0x4005_80E4/0x4005_90E4

EPWM_INTSTS1

address 0x4005_80EC/0x4005_90EC

BPWM_CTLO

address 0x4005_A000/0x4005_B000

SYST_ VAL

address OxEO00_EO018
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2.2.11 System Timer (SysTick)

The Cortex®-M4 includes an integrated system timer, SysTick, which provides a simple, 24-bit clear-on-write,
decrementing, wrap-on-zero counter with a flexible control mechanism. The counter can be used as a Real Time
Operating System (RTOS) tick timer or as a simple counter.

When system timer is enabled, it will count down from the value in the SysTick Current Value Register
(SYST_VAL) to zero, and reload (wrap) to the value in the SysTick Reload Value Register (SYST_LOAD) on
the next clock cycle, and then decrement on subsequent clocks. When the counter transitions to 0, the
COUNTFLAG status bit is set. The COUNTFLAG bit clears on reads.

The SYST_VAL value is UNKNOWN on reset. Software should write to the register to clear it to zero before
enabling the feature. This ensures the timer will count from the SYST_LOAD value rather than an arbitrary value
when it is enabled.

If the SYST_LOAD is zero, the timer will be maintained with a current value of zero after it is reloaded with this
value. This mechanism can be used to disable the feature independently from the timer enable bit.

For more detailed information, please refer to the “ARM® Cortex®-M4 Technical Reference Manual” and “ARM®
Vv6-M Architecture Reference Manual”.

2.2.12 Nested Vectored Interrupt Controller (NVIC)

The NVIC and the processor core interface are closely coupled to enable low latency interrupt processing and
efficient processing of late arriving interrupts. The NVIC maintains knowledge of the stacked, or nested, interrupts
to enable tail-chaining of interrupts. You can only fully access the NVIC from privileged mode, but you can cause
interrupts to enter a pending state in user mode if you enable the Configuration and Control Register. Any other
user mode access causes a bus fault. You can access all NVIC registers using byte, halfword, and word accesses
unless otherwise stated. NVIC registers are located within the SCS (System Control Space). All NVIC registers
and system debug registers are little-endian regardless of the endianness state of the processor.

The NVIC supports:
®  Animplementation-defined number of interrupts, in the range 1-240 interrupts.

® A programmable priority level of 0-16 for each interrupt; a higher level corresponds to a lower
priority, so level 0 is the highest interrupt priority.

Level and pulse detection of interrupt signals.

Dynamic reprioritization of interrupts.

Grouping of priority values into group priority and subpriority fields.
Interrupt tail-chaining.

An external Non Maskable Interrupt (NMI)

®  WIC with Ultra-low Power Sleep mode support

The processor automatically stacks its state on exception entry and unstacks this state on exception exit, with no
instruction overhead. This provides low latency exception handling.
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2.3 Clock Controller
2.3.1 Overview

The clock controller generates clocks for the whole chip, including system clocks and all peripheral clocks. The
clock controller also implements the power control function with the individually clock ON/OFF control, clock
source selection and a clock divider. The chip will not enter Power-down mode until CPU sets the Power-down
enable bit PDEN(CLK_PWRCTL[7]) and Cortex® -M4 core executes the WFI instruction. After that, chip enters
Power-down mode and wait for wake-up interrupt source triggered to leave Power-down mode. In Power-down
mode, the clock controller turns off the 4~24 MHz external high speed crystal (HXT) and 12 MHz internal high
speed RC oscillator (HIRC) to reduce the overall system power consumption. Figure 2.3-1 shows the clock
generator and the overview of the clock source control.
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Figure 2.3-1: Clock Generator Global View Diagram
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2.3.2 Clock Generator
The clock generator consists of 5 clock sources, which are listed below:

®  32.768 KHz external low speed crystal oscillator (LXT)
®  4~24 MHz external high speed crystal oscillator (HXT)

®  Programmable PLL output clock frequency (PLLFOUT), PLL source can be selected from

external 4~24 MHz external high speed crystal (HXT) or 12 MHz internal high speed oscillator
(HIRC)

12 MHz internal high speed RC oscillator (HIRC)
10 KHz internal low speed RC oscillator (LIRC)

LXTEN (CLK_PWRCTL[1])

External 32.768
LXT
kHz Crystal >
(LXT)
HXTEN (CLK_PWRCTL[0])
HXT -
External 4~24
MHz Crystal PLLSRC (CLK_PLLCTL[19])
(HXT) N
>0 PLL FOUT
> L=
HIRCEN (CLK_PWRCTL[2]) 1 PLL
Ll

Internal 12 MHz
Oscillator
(HIRC)

HIRC

\j

LIRCEN (CLK_PWRCTL[3])

Internal 10 kHz
Oscillator
(LIRC)

LIRC

\j

Figure 2.3-2: Clock Generator Block Diagram
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2.3.3 System Clock and SysTick Clock

The system clock has 5 clock sources, which were generated from clock generator block. The clock source switch
depends on the register HCLKSEL (CLK_CLKSELO[2:0]). The block diagram is shown in Figure 2.3-3.

| HCLKSEL
(CLK_CLKSELO[2:0])
\ 4

RS CPUCLK

_LIRC 441 === CPU |
e

PLLFOUT | 110 1/(HCLKDIV+1) |+ HCLK JaHE ]

LXT HCLKDIV PCLKO
"

o (CLK_CLKDNO[@3:0) [ > APBO]
L LN " PCLK1

CPU in Power Down Mode 4’-/'\’351

Figure 2.3-3: System Clock Block Diagrams

There are two clock fail detectors to observe HXT and LXT clock source and they have individual enable and
interrupt control. When HXT detector is enabled, the HIRC clock is enabled automatically. When LXT detector
is enabled, the LIRC clock is enabled automatically.

When HXT clock detector is enabled, the system clock will auto switch to HIRC if HXT clock stop being detected
on the following condition: system clock source comes from HXT or system clock source comes from PLL with
HXT as the input of PLL. If HXT clock stop condition is detected, the HXTFIF (CLK_CLKDSTS|O0]) is set to 1
and chip will enter interrupt if HXTFIE (CLK_CLKDCTL[5]) is set to 1. User can try to recover HXT by disable
HXT and enable HXT again to check if the clock stable bit is set to 1 or not. If HXT clock stable bit is set to 1, it
means HXT is recover to oscillate after re-enable action and user can switch system clock to HXT again.

Figure 2.3-4 shows the HXT clock stops detection and system clock switches to HIRC procedure.
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Set HXTFDEN To enable
HXT clock detector

/{ystem clock source =~
< “HXT” or “PLLwith S>——NO—p>
— HXT" ? -
\\ //

System clock keep
original clock

YES

Switch system clock to
HIRC

Figure 2.3-4: HXT Stop Protect Procedure

The clock source of SysTick in Cortex®-M4 core can use CPU clock or external clock (SYST_CTRL[2]). If using
external clock, the SysTick clock (STCLK) has 5 clock sources. The clock source switch depends on the setting
of the register STCLKSEL (CLK_CLKSELDOJ[5:3]). The block diagram is shown in Figure 2.3-5.

STCLKSEL
(CLK_CLKSELO[5:3])

HIRC 1/2 111
HCLK
1/2 011
HXT STCLK
1/2 010 >
LXT
» 001
HXT
000

Figure 2.3-5: SysTick Clock Control Block Diagram
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2.3.4 Peripherals Clock

Each peripheral clock has its own clock source selection. Refer to the CLK_CLKSEL1, CLK_CLKSEL?2 and
CLK_CLKSELS3 register.

2.3.5 Power-down Mode Clock

When entering Power-down mode, system clocks, some clock sources and some peripheral clocks are disabled.
Some clock sources and peripherals clock are still active in Power-down mode.

For theses clocks, which still keep active, are listed below:
®  Clock Generator
- 10 KHz internal low speed RC oscillator (LIRC) clock
- 32.768 KHz external low speed crystal oscillator (LXT) clock
®  Peripherals Clock (When the modules adopt LXT or LIRC as clock source)

2.3.6 Clock Output

This device is equipped with a power-of-2 frequency divider which is composed of 16 chained divide-by-2 shift
registers. One of the 16 shift register outputs selected by a sixteen to one multiplexer is reflected to CLKO function
pin. Therefore, there are 16 options of power-of-2 divided clocks with the frequency from Fin/2! to Fin/2'® where
Fin is input clock frequency to the clock divider.

The output formula is Fout = Fin/2N*D, where Fin is the input clock frequency, Fou is the clock divider output
frequency and N is the 4-bit value in FREQSEL (CLK_CLKOCTL[3:0]).

When writing 1 to CLKOEN (CLK_CLKOCTL[4]), the chained counter starts to count. When writing 0 to
CLKOEN (CLK_CLKOCTL[A4]), the chained counter continuously runs till divided clock reaches low state and
stays in low state.

CLKOEN Enable
(CLK_CLKOCTL[4]) divide-by-2 counter ) FREQSEL
Y 16 chained (CLK_CLKOCTL[3:0])
divide-by-2 counter
xl 2 3 15 16 DIVIEN
rl 12 1/2 2° | ... 1/2 1/2 L CLK_CLKOCTL[5]) CLKIHZEN
[ I 10000, (CLK_CLKOCTL[6])
[ 10001,
HIRC | | : © 4»| 16101
11110 MUx
HCLK
- 7”10 11111
| I
_XT oy > AN
HXT ) 0o > /

RTCSEL(CLK_CLKSEL3[8])
CLKOSEL (CLK_CLKSEL1[29:28])

LIRC 0
- = 3
1 Hz clock from RTC

LXT /32768
AL U ]

Figure 2.3-6: Clock Output Block Diagram
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2.3.7 USB Clock Source

The clock sources of USB 1.0 and 2.0 systems are generated from USB2.0 PHY clock or programmable PLL
output. The generated clocks are shown in Figure 2.3-7.

USB2.0 OTG
Controller

HXT USB2.0 OTG 30MHz USB2.0 Device
PHY Controller

USB2.0 Host
Controller

USB1.1 OTG
PHY

USB1.1 Host
Controller

PLLFOUT 48MHz USB1.1 Device

———— | /(USBDIV + 1) \ { Controller

USB1.1 OTG
Controller

Figure 2.3-7: USB Clock Source
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2.3.8 HXT clock
The High Speed Crystal (HXT) can be generated from two possible clock sources:
®  HXT external crystal oscillator

() HXT user external clock

Crystal oscillator External clock

| | XT_IN D4 External Clock

1

xT_n [}
1L
L1

XT_OuT | *lil— xt_out [_|iGrio)

Figure 2.3-8:HXT Clock Source

External source (HXT OSC Mode)

The clock sources can be input from the external pin (PF.3).

When writing 1 to CFGXT1(CONFIGO0[27]), HXT work as crystal mode. PF.2 and PF.3 are configured as
external high speed crystal (HXT) pins. When writing 0 to CFGXT1 (CONFIGO0[27]), HXT work as external
clock mode. PF.3 is configured as external clock input pin. PF.3 MFP should be setting as GPIO mode. The DC

characteristic of XT1_IN is the same as GPIO
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2.4 True Random Number Generator (TRNG)
2.4.1 Overview

The True Random Number Generator (TRNG) is used to generate the randomness by extracting from physical
phenomena.

2.4.2 Features

®  Generates 800 random bits per second

2.5 Flash Memory Controller (FMC)
2.5.1 Overview

The FMC is equipped with dual-bank on-chip embedded Flash (BANKO and BANK1) for application and
configurable Data Flash to store some application dependent data. Both BANKO and BANK1 have 64/128/256
Kbytes space. Thus, the total size of application rom (APROM) is 128K/256K/512K. A User Configuration
block provides for system initiation in BANKO. A 4 Kbytes loader ROM (LDROM) is used for In-System-
Programming (ISP) function in BANKO. A 4 Kbytes security protection ROM (SPROM) can conceal user
program. A 2 Kbytes one-time-program ROM (OTP) is used for recording one-time-program data in BANK1. A
32K Boot Loader consists of native ISP functions. A 4KB cache with zero wait cycle is used to improve Flash
access performance. This chip also supports In-Application-Programming (IAP) function. User switches the
code executing without chip reset after the embedded Flash is updated.

25.2 Features
Supports dual-bank Flash macro for safe firmware upgrade
Supports 128/256/512 Kbytes application ROM (APROM)
Supports 4 Kbytes loader ROM (LDROM)
Supports 4 Kbytes security protection ROM (SPROM) to conceal user program
Supports mirror SPROM in dual-bank Flash macro to read SPROM code while writing other ROM

°

°

°

°

°

®  Supports Data Flash with configurable memory size

®  Supports 16 bytes User Configuration block to control system initiation

®  Supports 2 Kbytes one-time-program ROM (OTP)

®  Supports 4 Kbytes page erase for all embedded Flash

®  Supports Boot Loader with native In-System-Programming (ISP) functions
°

Supports Security Key protection function for APROM, LDROM, SPROM, User Configuration
block and KPROM protection

Supports 32-bit/64-bit and multi-word Flash programming function
Supports fast Flash programming verification function
Supports CRC32 checksum calculation function

Supports Flash all one verification function

Supports In-System-Programming (ISP) / In-Application-Programming (IAP) to update embedded
Flash memory

Supports cache memory to improve Flash access performance and reduce power consumption

Supports auto-tuning Flash access cycle function to optimize the Flash access performance
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2.6 General Purpose 1/0 (GPIO)
2.6.1 Overview

This chip has up to 56 General Purpose 1/0 pins to be shared with other function pins depending on the chip
configuration. These 56 pins are arranged in 6 ports named as PA, PB, PC, PE, PF and PH. Each of the 56 pins is
independent and has the corresponding register bits to control the pin mode function and data.

The EtherCAT slave controller (ESC) sub-system has up to 20 General Purpose 1/0 pins (names as 10[x]) to be
shared with other function pins depending on the chip configuration.

The 1/0 type of each of 1/0 pins can be configured by software individually as Input, Push-pull output, Open-
drain output or Quasi-bidirectional mode. After the chip is reset, the I/0 mode of all pins are depending on
CIOINI (CONFIGO[10]).

2.6.2 Features
®  Four I/O modes:
- Quasi-bidirectional mode
- Push-Pull Output mode
- Open-Drain Output mode
- Input only with high impendence mode
TTL/Schmitt trigger input selectable
1/0 pin can be configured as interrupt source with edge/level setting
Supports High Drive and High Slew Rate I/0 mode
Configurable default I/0 mode of all pins after reset by CIOINI (CONFIGO[10]) setting
- CIOINI =0, all GPIO pins in Quasi-bidirectional mode after chip reset

- CIOINI = 1, all GPIO pins in input mode after chip reset
1/0 pin internal pull-up resistor enabled only in Quasi-bidirectional 1/0 mode

Enabling the pin interrupt function will also enable the wake-up function
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2.7 PDMA Controller (PDMA)
2.7.1 Overview

The peripheral direct memory access (PDMA) controller is used to provide high-speed data transfer. The PDMA
controller can transfer data from one address to another without CPU intervention. This has the benefit of
reducing the workload of CPU and keeps CPU resources free for other applications. The PDMA controller has a
total of 16 channels and each channel can perform transfer between memory and peripherals or between memory
and memory.

2.7.2 Features

Supports 16 independently configurable channels

Selectable 2 level of priority (fixed priority or round-robin priority)
Supports transfer data width of 8, 16, and 32 bits

Supports source and destination address increment size can be byte, half-word, word or no
increment

Supports software and SPI1, UART, DAC, ADC and PWM request

Supports Scatter-Gather mode to perform sophisticated transfer through the use of the descriptor
link list table

Supports single and burst transfer type
Supports time-out function on channel 0 and channel 1

Supports stride function from channel 0 to channel 5

2.8 Timer Controller (TMR)
2.8.1 Overview

The timer controller includes four 32-bit timers, Timer0 ~ Timer3, allowing user to easily implement a timer
control for applications. The timer can perform functions, such as frequency measurement, delay timing, clock
generation, and event counting by external input pins, and interval measurement by external capture pins.

The timer controller also provides four PWM generators. Each PWM generator supports two PWM output
channels in independent mode and complementary mode. The output state of PWM output pin can be controlled
by pin mask, polarity and break control, and dead-time generator.

2.8.2 Features

2.8.2.1 Timer Function Features
Four sets of 32-bit timers, each timer having one 24-bit up counter and one 8-bit prescale counter

Independent clock source for each timer

Provides one-shot, periodic, toggle-output and continuous counting operation modes
24-bit up counter value is readable through CNT (TIMERx_CNT[23:0])

Supports event counting function

24-bit capture value is readable through CAPDAT (TIMERx_CAP[23:0])

Supports external capture pin event for interval measurement

Supports external capture pin event to reset 24-bit up counter

Supports chip wake-up from Idle/Power-down mode if a timer interrupt signal is generated
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Support Timer0 ~ Timer3 time-out interrupt signal or capture interrupt signal to trigger EPWM,
EADC, DAC and PDMA function

Supports internal capture triggered while internal ACMP output signal transition
Supports Inter-Timer trigger mode

Supports event counting source from internal USB SOF signal

2.8.2.2 PWM Function Features

Supports maximum clock frequency up to maximum PCLK

Supports independent mode for PWM generator with two output channels

Supports complementary mode for PWM generator with paired PWM output channel
12-bit dead-time insertion with 12-bit prescale

Supports 12-bit prescale from 1 to 4096

Supports 16-bit PWM counter

- Up, down and up-down count operation type

- One-shot or auto-reload counter operation mode

Supports mask function and tri-state enable for each PWM output pin

Supports brake function

- Brake source from pin, analog comparator and system safety events (clock failed, Brown-out
detection, SRAM parity error and CPU lockup)

- Brake pin noise filter control for brake source

- Edge detect brake source to control brake state until brake status cleared

- Level detect brake source to auto recover function after brake condition removed
Supports interrupt on the following events:

- PWM zero point, period point, up-count compared or down-count compared point events
- Brake condition happened

Supports trigger EADC on the following events:

- PWM zero point, period, zero or period point, up-count compared or down-count compared
point events
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2.9 Watchdog Timer (WDT)
2.9.1 Overview

The Watchdog Timer (WDT) is used to perform a system reset when system runs into an unknown state. This
prevents system from hanging for an infinite period of time. Besides, this Watchdog Timer supports the function
to wake up system from Idle/Power-down mode.

2.9.2 Features
18-bit free running up counter for WDT time-out interval

Selectable time-out interval (2* ~ 218) and the time-out interval is 1.6 ms ~ 26.214 s if WDT_CLK
=10 KHz.

System kept in reset state for a period of (1/ WDT_CLK) * 63

Supports selectable WDT reset delay period, including 1026 ~ 130 ~ 18 or 3 WDT_CLK reset
delay period

®  Supports to force WDT enabled after chip powered on or reset by setting CWDTEN[2:0] in
ConfigO0 register

®  Supports WDT time-out wake-up function only if WDT clock source is selected as 10 KHz or
LXT.

2.10 Window Watchdog Timer (WWDT)
2.10.1 Overview

The Window Watchdog Timer (WWDT) is used to perform a system reset within a specified window period to
prevent software running to uncontrollable status by any unpredictable condition.

2.10.2 Features

® 6-bit down counter value (CNTDAT, WWDT_CNT[5:0]) and 6-bit compare value (CMPDAT,
WWDT_CTL[21:16]) to make the WWDT time-out window period flexible

®  Supports 4-bit value (PSCSEL, WWDT_CTL[11:8]) to programmable maximum 11-bit prescale
counter period of WWDT counter

® \WWDT counter suspends in Idle/Power-down mode

2.11 Real Time Clock (RTC)

2.11.1 Overview

The Real Time Clock (RTC) controller provides the real time and calendar message. The RTC offers
programmable time tick and alarm match interrupts. The data format of time and calendar messages are
expressed in BCD format. A digital frequency compensation feature is available to compensate external crystal
oscillator frequency accuracy.
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2.11.2 Features

®  Supports real time counter in RTC_TIME (hour, minute, second) and calendar counter in
RTC_CAL (year, month, day) for RTC time and calendar check.

®  Supports alarm time (hour, minute, second) and calendar (year, month, day) settings in
RTC_TALM and RTC_CALM.

®  Supports alarm time (hour, minute, second) and calendar (year, month, day) mask enable in
RTC_TAMSK and RTC_CAMSK.

Selectable 12-hour or 24-hour time scale in RTC_CLKFMT register.
Supports Leap Year indication in RTC_LEAPYEAR register.

Supports Day of the Week counter in RTC_WEEKDAY register.
Frequency of RTC clock source compensate by RTC_FREQADJ register.
All time and calendar message expressed in BCD format.

Supports periodic RTC Time Tick interrupt with 8 period interval options 1/128, 1/64, 1/32, 1/16,
1/8, 1/4, 1/2 and 1 second.

Supports RTC Time Tick and Alarm Match interrupt.

Supports 1 Hz clock output.
Supports chip wake-up from Idle or Power-down mode while a RTC interrupt signal is generated.
Supports Daylight Saving Time software control in RTC_DSTCTL.

Supports up 3 pairs dynamic loop tamper pin or 6 individual tamper pin.

Supports 80 bytes spare registers and tamper pins detection to clear the content of these spare
registers.
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2.12 EPWM Generator and Capture Timer (EPWM)
2.12.1 Overview

The chip provides two EPWM generators — EPWMO0 and EPWML1. Each EPWM supports 6 channels of EPWM
output or input capture. There is a 12-bit prescaler to support flexible clock to the 16-bit EPWM counter with 16-
bit comparator. The EPWM counter supports up, down and up-down counter types. EPWM uses comparator
compared with counter to generate events. These events use to generate EPWM pulse, interrupt and trigger
signal for EADC/DAC to start conversion.

The EPWM generator supports two standard EPWM output modes: Independent mode and Complementary
mode, they have difference architecture. There are two output functions based on standard output modes: Group
function and Synchronous function. Group function can be enabled under Independent mode or complementary
mode. Synchronous function only enabled under complementary mode. Complementary mode has two
comparators to generate various EPWM pulse with 12-bit dead-time generator and another free trigger
comparator to generate trigger signal for EADC. For EPWM output control unit, it supports polarity output,
independent pin mask and brake functions.

The EPWM generator also supports input capture function. It supports latch EPWM counter value to
corresponding register when input channel has a rising transition, falling transition or both transition is
happened. Capture function also supports PDMA to transfer captured data to memory.

2.12.2 Features

2.12.2.1 EPWM Function Features
®  Supports maximum clock frequency up to maximum PLL frequency

®  Supports up to two EPWM modules, each module provides 6 output channels
® Supports independent mode for EPWM output/Capture input channel

®  Supports complementary mode for 3 complementary paired EPWM output channel
- Dead-time insertion with 12-bit resolution

- Synchronous function for phase control

- Two compared values during one period

Supports 12-bit prescaler from 1 to 4096

Supports 16-bit resolution EPWM counter

- Up, down and up/down counter operation type

Supports one-shot or auto-reload counter operation mode

Supports group function

Supports synchronous function

Supports mask function and tri-state enable for each EPWM pin

Supports brake function

- Brake source from pin, analog comparator and system safety events (clock failed, SRAM
parity error, Brown-out detection and CPU lockup).

- Noise filter for brake source from pin

- Leading edge blanking (LEB) function for brake source from analog comparator
- Edge detect brake source to control brake state until brake interrupt cleared

- Level detect brake source to auto recover function after brake condition removed

®  Supports interrupt on the following events:
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EPWM counter matches 0, period value or compared value
- Brake condition happened
®  Supports trigger EADC/DAC on the following events:
- EPWM counter matches 0, period value or compared value

- EPWM counter match free trigger comparator compared value (only for EADC)

2.12.2.2 Capture Function Features
Supports up to 12 capture input channels with 16-bit resolution

Supports rising or falling capture condition

°

°

®  Supports input rising/falling capture interrupt

®  Supports rising/falling capture with counter reload option
°

Supports PDMA transfer function for EPWM all channels
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2.13 Basic PWM Generator and Capture Timer (BPWM)
2.13.1 Overview

The chip provides two BPWM generators — BPWMO0 and BPWML1. Each BPWM supports 6 channels of
BPWM output or input capture. There is a 12-bit prescaler to support flexible clock to the 16-bit BPWM counter
with 16-bit comparator. The BPWM counter supports up, down and up-down counter types, all 6 channels share
one counter. BPWM uses the comparator compared with counter to generate events. These events are used to
generate BPWM pulse, interrupt and trigger signal for EADC to start conversion. For BPWM output control
unit, it supports polarity output, independent pin mask and tri-state output enable.

The BPWM generator also supports input capture function to latch BPWM counter value to corresponding
register when input channel has a rising transition, falling transition or both transition is happened.

2.13.2 Features

2.13.2.1 BPWM Function Features
Supports maximum clock frequency up to maximum PLL frequency.

Supports up to two BPWM modules; each module provides 6 output channels
Supports independent mode for BPWM output/Capture input channel
Supports 12-bit prescalar from 1 to 4096

Supports 16-bit resolution BPWM counter; each module provides 1 BPWM counter
- Up, down and up/down counter operation type

Supports mask function and tri-state enable for each BPWM pin

Supports interrupt in the following events:

- BPWM counter matches 0, period value or compared value

®  Supports trigger EADC in the following events:

- BPWM counter matches 0, period value or compared value

2.13.2.2 Capture Function Features
Supports up to 12 capture input channels with 16-bit resolution
Supports rising or falling capture condition

Supports input rising/falling capture interrupt

Supports rising/falling capture with counter reload option
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2.14 Quadrature Encoder Interface (QEI)
2.14.1 Overview

There are two QEI controllers in this device. The Quadrature Encoder Interface (QEI) decodes speed of rotation
and motion sensor information. It can be used in any application that uses a quadrature encoder for feedback.

2.14.2 Features

2.14.2.1 Quadrature Encoder Interface (QEI) Features
Up to two QEI controllers, QEIO and QEI1.

Two QEI phase inputs, QEA and QEB; One Index input.

A 32-bit up/down Quadrature Encoder Pulse Counter (QEI_CNT)

A 32-bit software-latch Quadrature Encoder Pulse Counter Hold Register (QEI_CNTHOLD)
A 32-bit Quadrature Encoder Pulse Counter Index Latch Register (QEI_CNTLATCH)

A 32-bit Quadrature Encoder Pulse Counter Compare Register (QEl_CNTCMP) with a Pre-set
Maximum Count Register (QEI_CNTMAX)

One QEI control register (QEI_CTL) and one QEI Status Register (QEI_STATUS)

Four Quadrature encoder pulse counter operation modes

- Support x4 free-counting mode

- Support x2 free-counting mode

- Support x4 compare-counting mode

- Support x2 compare-counting mode

Encoder Pulse Width measurement mode

Input frequency of QEA/QEB/IDX without noise filter must lower than PCLK/4

Input frequency of QEA/QEB/IDX with noise filter must lower than Noise Filter Clk/8
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2.15 Enhanced Input Capture Timer (ECAP)
2.15.1 Overview

This device provides up to two units of Input Capture Timer/Counter whose capture function can detect the
digital edge-changed signal at channel inputs. Each unit has three input capture channels. The timer/counter is
equipped with up counting, reload and compare-match capabilities.

2.15.2 Features

Up to two Input Capture Timer/Counter units, CAPO and CAP1.
Each unit has 3 input channels.

Each unit has its own interrupt vector.

Each input channel has its own capture counter hold register.
24-bit Input Capture up-counting timer/counter.

With noise filter in front end of input ports.

Edge detector with three options:

- Rising edge detection

- Falling edge detection

- Both edge detection

Captured events reset and/or reload capture counter.

Supports compare-match function.
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2.16 UART Interface Controller (UART)
2.16.1 Overview

The chip provides six channels of Universal Asynchronous Receiver/Transmitters (UART). The UART
controller performs Normal Speed UART and supports flow control function. The UART controller performs a
serial-to-parallel conversion on data received from the peripheral and a parallel-to-serial conversion on data
transmitted from the CPU. Each UART controller channel supports ten types of interrupts. The UART controller
also supports IrDA SIR, LIN and RS-485 function modes and auto-baud rate measuring function.

2.16.2 Features

Full-duplex asynchronous communications

Separates receive and transmit 16/16 bytes entry FIFO for data payloads
Supports hardware auto-flow control

Programmable receiver buffer trigger level

Supports programmable baud rate generator for each channel individually

Supports nCTS, incoming data, Received Data FIFO reached threshold and RS-485 Address
Match (AAD mode) wake-up function

Supports 8-bit receiver buffer time-out detection function

Programmable transmitting data delay time between the last stop and the next start bit by setting
DLY (UART_TOUT [15:8])

®  Supports Auto-Baud Rate measurement and baud rate compensation function
- Support 9600 bps for UART_CLK is selected LXT.

®  Supports break error, frame error, parity error and receive/transmit buffer overflow detection
function

® Fully programmable serial-interface characteristics
- Programmable number of data bit, 5-, 6-, 7-, 8- bit character
- Programmable parity bit, even, odd, no parity or stick parity bit generation and detection
- Programmable stop bit, 1, 1.5, or 2 stop bit generation
®  Supports IrDA SIR function mode
- Supports for 3/16 bit duration for normal mode
®  Supports LIN function mode (Only UARTO /UART1 with LIN function)
- Supports LIN master/slave mode
- Supports programmable break generation function for transmitter
- Supports break detection function for receiver
®  Supports RS-485 function mode
- Supports RS-485 9-bit mode

- Supports hardware or software enables to program nRTS pin to control RS-485 transmission
direction

®  Supports PDMA transfer function
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UART Feature UARTO/ UART1 HQELZJ 82212/ SC_UART USCI-UART

FIFO 16 Bytes 16 Bytes 4 Bytes TX: lbyte
RX: 2byte

Auto Flow Control (CTS/RTS) V N - N

IrDA v \ - -

LIN v - - -

RS-485 Function Mode \/ \/ - N

nCTS Wake-up N N ; N

Imcoming Data Wake-up V J - N

Received Data FIFO reached N N i -

threshold Wake-up

RS-485 Address Match (AAD mode) N N i -

Wake-up

Auto-Baud Rate Measurement \/ \/ - N

STOP Bit Length 1, 1.5, 2 bit 1, 1.5, 2 bit 1, 2 bit 1, 2 bit

Word Length 5, 6, 7, 8 bits 5, 6, 7, 8 bits 5, 6, 7, 8 bits 6~13 bits

Even / Odd Parity J v N N

Stick Bit J V . -

Note: V= Supported

Table 2.16-1: UART Features
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2.17 Ethernet MAC Controller (EMAC)
2.17.1 Overview

This chip provides an Ethernet MAC Controller (EMAC) for Network application. The Ethernet MAC controller
consists of IEEE 802.3/Ethernet protocol engine with internal CAM function for recognizing Ethernet MAC
addresses, Transmit-FIFO, Receive-FIFO, TX/RX state machine controller, time stamping engine for IEEE
1588, Magic Packet parsing engine and status controller. The EMAC supports the RMII (Reduced MII) interface
to connect with external Ethernet PHY..

2.17.2 Features
Supports IEEE Std. 802.3 CSMA/CD protocol
Supports Ethernet frame time stamping for IEEE Std. 1588 — 2002 protocol
Supports both half and full duplex for 10 Mbps or 100 Mbps operation
Supports RMII interface

Supports MII Management function to control external Ethernet PHY

°

°

°

°

°

®  Supports pause and remote pause function for flow control

®  Supports long frame (more than 1518 bytes) and short frame (less than 64 bytes) reception
®  Supports 16 entries CAM function for Ethernet MAC address recognition

® Supports Magic Packet recognition to wake system up from Power-down mode

®  Supports 256 bytes transmit FIFO and 256 bytes receive FIFO

°

Supports DMA function
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2.18 Smart Card Host Interface (SC)
2.18.1 Overview

The Smart Card Interface controller (SC controller) is based on ISO/IEC 7816-3 standard and fully compliant
with PC/SC Specifications. It also provides status of card insertion/removal.

2.18.2 Features

ISO 7816-3 T =0, T = 1 compliant

EMV2000 compliant

Three 1SO 7816-3 ports

Separates receive/transmit 4 byte entry FIFO for data payloads

Programmable transmission clock frequency

Programmable receiver buffer trigger level

Programmable guard time selection (11 ETU ~ 267 ETU)

One 24-bit timer and two 8-bit timers for Answer to Request (ATR) and waiting times processing
Supports auto direct / inverse convention function

Supports transmitter and receiver error retry and error number limiting function

Supports hardware activation sequence process, and the time between PWR on and CLK start is
configurable

Supports hardware warm reset sequence process

Supports hardware deactivation sequence process

Supports hardware auto deactivation sequence when detected the card removal
Supports UART mode

- Full duplex, asynchronous communications

- Separates receiving / transmitting 4 bytes entry FIFO for data payloads

- Supports programmable baud rate generator

- Supports programmable receiver buffer trigger level

- Programmable transmitting data delay time between the last stop bit leaving the TX-FIFO and
the de-assertion by setting EGT (SCn_EGT[7:0])

- Programmable even, odd or no parity bit generation and detection

- Programmable stop bit, 1- or 2- stop bit generation
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2.19 12S Controller (12S)
2.19.1 Overview

The 12S controller consists of I2S protocol to interface with external audio CODEC. Two 16-level depth FIFO for
reading path and writing path respectively are capable of handling 8/16/24/32 bits audio data sizes. A PDMA
controller handles the data movement between FIFO and memory.

2.19.2 Features

Supports Master mode and Slave mode

Capable of handling 8, 16, 24 and 32 bits data sizes in each audio channel

Supports monaural and stereo audio data

Supports 12S protocols: Philips standard, MSB-justified, and LSB-justified data format
Supports PCM protocols: PCM standard, MSB-justified, and LSB-justified data format

PCM protocol supports TDM multi-channel transmission in one audio sample, and the number of
data channel can be set as 2, 4, 6, or 8

Provides two 16-level FIFO data buffers, one for transmitting and the other for receiving
Generates interrupt requests when buffer levels cross a programmable boundary

Supports two PDMA requests, one for transmitting and the other for receiving
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2.20 Serial Peripheral Interface (SPI)
2.20.1 Overview

The Serial Peripheral Interface (SPI) applies to synchronous serial data communication and allows full duplex
transfer. Devices communicate in Master/Slave mode with the 4-wire bi-direction interface. The AX58200
contains up to four sets of SPI controllers performing a serial-to-parallel conversion on data received from a
peripheral device, and a parallel-to-serial conversion on data transmitted to a peripheral device. Each SPI
controller can be configured as a master or a slave device and supports the PDMA function to access the data
buffer. Each SPI controller also supports 1°S mode to connect external audio CODEC.

2.20.2 Features
® SPI Mode

Up to four sets of SPI controllers
Supports Master or Slave mode operation

Master mode up to 100 MHz and Slave mode up to 100 MHz (when chip works at Vpp =
2.7~3.6V)

Configurable bit length of a transaction word from 8 to 32-bit
Provides separate 4-level depth transmit and receive FIFO buffers
Supports MSB first or LSB first transfer sequence

Supports Byte Reorder function

Supports Byte or Word Suspend mode

Supports PDMA transfer

Supports one data channel half-duplex transfer

Supports receive-only mode

® [2S Mode

Supports Master or Slave

Capable of handling 8-, 16-, 24- and 32-bit word sizes

Each provides two 4-level FIFO data buffers, one for transmitting and the other for receiving
Supports monaural and stereo audio data

Supports PCM mode A, PCM mode B, 12S and MSB justified data format

Supports two PDMA requests, one for transmitting and the other for receiving

QSPIx SPIx
Dual/Quad 1/0 Mode \Y X
Two-bit Transfer Mode \Y/ X

SP1 mode 8~16 bits data length: 8-level

FIFO Depth 8evel Otherwise: 4-level
Slave Time-out Function \Y X
Slave 3-Wired Mode \Y X
12S Mode X \Y
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2.21 Quad Serial Peripheral Interface (QSPI)
2.21.1 Overview

The Quad Serial Peripheral Interface (QSPI) applies to synchronous serial data communication and allows full
duplex transfer. Devices communicate in Master/Slave mode with the 4-wire bi-direction interface. The
AX58200 contains one QSPI controller performing a serial-to-parallel conversion on data received from a
peripheral device, and a parallel-to-serial conversion on data transmitted to a peripheral device.

The QSPI controller supports 2-bit Transfer mode to perform full-duplex 2-bit data transfer and also supports
Dual and Quad 1/0 Transfer mode and the controller supports the PDMA function to access the data buffer.

2.21.2 Features

Supports Master or Slave mode operation

Master mode up to 100 MHz and Slave mode up to 100 MHz (when chip works at VDD =
2.7~3.6V)

Supports 2-bit Transfer mode

Supports Dual and Quad 1/0 Transfer mode

Configurable bit length of a transaction word from 8 to 32-bit
Provides separate 8-level depth transmit and receive FIFO buffers
Supports MSB first or LSB first transfer sequence

Supports Byte Reorder function

Supports Byte or Word Suspend mode

Supports PDMA transfer

Supports 3-Wire, no slave selection signal, bi-direction interface
Supports one data channel half-duplex transfer

Supports receive-only mode
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2.22 SPI1 Synchronous Serial Interface Controller (SP1 Master mode)
2.22.1 Overview

The SPI Synchronous serial Interface Controller for SPI master mode performs a serial-to-parallel conversion on
data received from the peripheral, and a parallel-to-serial conversion on data received from MCU. This SPI
controller can drive one external peripheral (External SPI Flash) and it is seen as the SPI master mode. It can
generate an interrupt signal when data transfer is finished and can be cleared by writing 1 to the interrupt flag.
The active level of device/slave select signal can be chosen to low active or high active, which depends on the
peripheral. Writing a divisor into the SPIM_CTL1 register can program the frequency of serial clock output to
the peripheral.

In SPI Flash controller, normal 1/0 mode contains four 32-bit transmit/receive buffers, and can provide 1to 4
burst mode operation. The number of bits in each transaction can be 8, 16, 24, or 32; data can be
transmitted/received up to four successive transactions in one transfer.

By DMA write mode, user can move data from SRAM to external SP1 Flash component. In DMA read mode,
user can move data from external SPI Flash component to SRAM. In direct memory mapping mode (DMM
mode), this SPI Flash controller will translate the AHB bus commands into SPI Flash operations without MCU
setting related SPI Flash command. Therefore, users can access external SPI Flash as a ROM module.

In direct memory mapping mode with cache off mode, it will pre-fetch 4-word Flash data after a direct memory
mapping access. When using direct memory mapping mode with cache on mode, it will use 32 Kbytes cache
memory to reduce the number of accessing external SPI Flash component and the performance of SPI Flash
access can be improved. To improve the read operation of SPI Flash without increasing the serial clock
frequency, this SPI Flash controller supports DTR/DDR (Double Transfer Rate/Double Data Rate) read
command codes that support Standard/Dual/Quad SP1 modes. The one byte command code is still latched into
the device on the rising edge of the serial clock similar to all other SPI commands. Once a DTR/DDR instruction
code is accepted by the device, the address input and data output will be latched on both rising and falling edges
of the serial clock.

In core coupled memory mode (CCM mode), the cache function is disabled by hardware automatically, and
MCU can access this 32 Kbytes cache memory as general SRAM. For data protection, this SPI Flash controller
supports cipher encryption and decryption circuits to protect data which user places into external SPI Flash when
DMA read/write mode and direct memory mapping mode are used.

2.22.2 Features

Supports maximum 32M bytes SPI Flash size

Supports SPI master mode

Supports Direct Memory Mapping Mode and Normal 1/0 Mode
Supports 8/16/24/32 bits transaction for Normal 1/0 mode

Provides burst mode operation in Normal I/O mode, which can transmit/receive data up to four
successive transactions in one transfer

Supports DMA mode read/write

Supports standard (1-bit), dual (2-bit), and quad (4-bit) 1/O transfer mode
Supports Double Transfer Rate (DTR) / Double Data Rate (DDR) transfer mode
Supports 32 Kbytes cache memory

Supports 32 Kbytes Core Coupled Memory (CCM) when cache function disable
Supports Cipher encryption/decryption

One slave/device select line for external SPI Flash component
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2.23 12C Serial Interface Controller (1%C)
2.23.1 Overview
I2C is a two-wire, bi-directional serial bus that provides a simple and efficient method of data exchange between

devices. The I2C standard is a true multi-master bus including collision detection and arbitration that prevents
data corruption if two or more masters attempt to control the bus simultaneously.

There are two sets of 12C controllers which support Power-down wake-up function.

2.23.2 Features

The 1°C bus uses two wires (SDA and SCL) to transfer information between devices connected to the bus. The
main features of the 12C bus include:

Supports up to three I2C ports

Master/Slave mode

Bidirectional data transfer between masters and slaves

Multi-master bus (no central master)

Supports Standard mode (100 kbps), Fast mode (400 kbps) and Fast mode plus (1 Mbps)

Avrbitration between simultaneously transmitting masters without corruption of serial data on the
bus

Serial clock synchronization allow devices with different bit rates to communicate via one serial
bus

Serial clock synchronization used as a handshake mechanism to suspend and resume serial transfer

Built-in 14-bit time-out counter requesting the 12C interrupt if the 1°C bus hangs up and timer-out
counter overflows

Programmable clocks allow for versatile rate control

Supports 7-bit addressing and 10-bit addressing mode

Supports multiple address recognition (four slave address with mask option)
Supports Power-down wake-up function

Supports PDMA with one buffer capability

Supports setup/hold time programmable

Supports Bus Management (SM/PM compatible) function
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2.24 USCI - Universal Serial Control Interface Controller (USCI)
2.24.1 Overview

The Universal Serial Control Interface (USCI) is a flexible interface module covering several serial
communication protocols. The user can configure this controller as UART, SPI, or 12C functional protocol.

2.24.2 Features

The controller can be individually configured to match the application needs. The following protocols are
supported:

® UART
® SPI
® |IC

2.25 USCI — UART Mode
2.25.1 Overview

The asynchronous serial channel UART covers the reception and the transmission of asynchronous data frames.
It performs a serial-to-parallel conversion on data received from the peripheral, and a parallel-to-serial
conversion on data transmitted from the controller. The receiver and transmitter being independent, frames can
start at different points in time for transmission and reception.

The UART controller also provides auto flow control. There are two conditions to wake-up the system.

2.25.2 Features
®  Supports one transmit buffer and two receive buffer for data payload
®  Supports hardware auto flow control function
®  Supports programmable baud-rate generator
®  Support 9-bit Data Transfer (Support 9-bit RS-485)
® Baud rate detection possible by built-in capture event of baud rate generator
®  Supports PDMA capability
®  Supports Wake-up function (Data and nCTS Wakeup Only)
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2.26 USCI - SPI Mode
2.26.1 Overview

The SPI protocol of USCI controller applies to synchronous serial data communication and allows full duplex
transfer. It supports both master and Slave operation mode with the 4-wire bi-direction interface. SPI mode of
USCI controller performs a serial-to-parallel conversion on data received from a peripheral device, and a
parallel-to-serial conversion on data transmitted to a peripheral device. The SPI mode is selected by FUNMODE
(USCI_CTL[2:0]) = Ox1.

This SPI protocol can operate as master or Slave mode by setting the SLAVE (USCI_PROTCTL[0]) to
communicate with the off-chip SPI Slave or master device. The application block diagrams in master and Slave
mode are shown below.

USCI SPI Master
SPI Slave Device

Master Transmit Data
: SPL MO » SPI_MOSI

Master Receive Data
SP1_MISO | o ~ SPI_MISO
3 Serial Bus Clock
SPLGK » SPI_CLK
Slave Select
5""-55. » SPI_SS

Note: x=0, 1
Figure 2.26-1: SPI Master Mode Application Block Diagram

USCI SPI Slave
SPI Master Device
SPI MOSI Slave Receive Data

= -$

DS SPI_MOSI
SPI_MISO | SveTransmitData [} oo \iso
SP'_CLK < Serial Bus Clock SP|_CLK
SPISS |, Saveselea SPI_SS

Note: x=0, 1

Figure 2.26-2: SPI Slave Mode Application Block Diagram

2.26.2 Features

®  Supports Master or Slave mode operation (the maximum frequency -- Master = fpcik / 2, Slave <
frcLk 1 5)

Configurable bit length of a transfer word from 4 to 16-bit

Supports one transmit buffer and two receive buffers for data payload
Supports MSB first or LSB first transfer sequence

Supports Word Suspend function

Supports PDMA transfer

Supports 3-wire, no slave select signal, bi-direction interface
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®  Supports wake-up function by slave select signal in Slave mode

®  Supports one data channel half-duplex transfer

2.27 USCI - I1°C Mode
2.27.1 Overview

On I2C bus, data is transferred between a Master and a Slave. Data bits transfer on the SCL and SDA lines are
synchronously on a byte-by-byte basis. Each data byte is 8-bit. There is one SCL clock pulse for each data bit
with the MSB being transmitted first, and an acknowledge bit follows each transferred byte. Each bit is sampled
during the high period of SCL; therefore, the SDA line may be changed only during the low period of SCL and
must be held stable during the high period of SCL. A transition on the SDA line while SCL is high is interpreted
as a command (START or STOP). Please refer to Figure 2.27-1 for more detailed 12C BUS Timing.

Repeated
STOP  START START STOP
SDA
teur
SCL J
.
thp_sTa tp,_pAT tsu_par tsu_sta tsy_sto

Figure 2.27-1: 1>C Bus Timing

The device’s on-chip I12C provides the serial interface that meets the 12C bus standard mode specification. The
12C port handles byte transfers autonomously. The 12C mode is selected by FUNMODE (USCI_CTL [2:0]) =
100B. When enable this port, the USCI interfaces to the 1C bus via two pins: SDA and SCL. When 1/O pins are
used as 1?C ports, user must set the pins function to 12C in advance.

Note: Pull-up resistor is needed for 1°C operation because the SDA and SCL are set to open-drain pins when
USCI is selected to 1°C operation mode.

2.27.2 Features
® Full master and slave device capability

®  Supports of 7-bit addressing, as well as 10-bit addressing

® Communication in standard mode (100 kBit/s) or in fast mode (up to 400 kBit/s)
®  Supports multi-master bus

® Supports one transmit buffer and two receive buffer for data payload

®  Supports 10-bit bus time-out capability

®  Supports bus monitor mode.

®  Supports Power down wake-up by data toggle or address match

®  Supports setup/hold time programmable

°

Supports multiple address recognition (two slave address with mask option)
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2.28 Controller Area Network (CAN)
2.28.1 Overview

The C_CAN consists of the CAN Core, Message RAM, Message Handler, Control Registers and Module
Interface. The CAN Core performs communication according to the CAN protocol version 2.0 part A and B. The
bit rate can be programmed to values up to 1MBit/s. For the connection to the physical layer, additional
transceiver hardware is required.

For communication on a CAN network, individual Message Objects are configured. The Message Objects and
Identifier Masks for acceptance filtering of received messages are stored in the Message RAM. All functions
concerning the handling of messages are implemented in the Message Handler. These functions include
acceptance filtering, the transfer of messages between the CAN Core and the Message RAM, and the handling of
transmission requests as well as the generation of the module interrupt.

The register set of the C_CAN can be accessed directly by the software through the module interface. These
registers are used to control/configure the CAN Core and the Message Handler and to access the Message RAM.

2.28.2 Features

Supports CAN protocol version 2.0 part A and B

Bit rates up to 1 MBit/s

32 Message Objects

Each Message Object has its own identifier mask

Programmable FIFO mode (concatenation of Message Objects)

Maskable interrupt

Disabled Automatic Re-transmission mode for Time Triggered CAN applications
Programmable loop-back mode for self-test operation

16-bit module interfaces to the AMBA APB bus

Supports wake-up function

2.29 Secure Digital Host Controller (SDH)
2.29.1 Overview

The Secure Digital Host Controller (SD Host) has DMAC unit and SD unit. The DMAC unit provides a DMA
(Direct Memory Access) function for SD to exchange data between system memory and shared buffer (128
bytes), and the SD unit controls the interface of SD/SDHC. The SDHOST controller can support SD/SDHC and
cooperated with DMAC to provide a fast data transfer between system memory and cards.

2.29.2 Features
® AMBA AHB master/slave interface compatible, for data transfer and register read/write.

®  Supports single DMA channel.

®  Supports hardware Scatter-Gather function.

® Using single 128 Bytes shared buffer for data exchange between system memory and cards.
®  Synchronous design for DMA with single clock domain, AHB bus clock (HCLK).

® Interface with DMAC for register read/write and data transfer.

®  Supports SD/SDHC card.

°

Completely asynchronous design for Secure Digital with two clock domains, HCLK and Engine
clock, note that frequency of HCLK should be higher than the frequency of peripheral clock.
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2.30 External Bus Interface (EBI)
2.30.1 Overview
This chip is equipped with an external bus interface (EBI) for external device use. To save the connections

between an external device and a chip, EBI is operating at address bus and data bus multiplex mode. The EBI
supports three chip selects that can connect three external devices with different timing setting requirements.

2.30.2 Features

Supports up to three memory banks
Supports dedicated external chip select pin with polarity control for each bank

Supports accessible space up to 1 Mbytes for each bank, actually external addressable space is
dependent on package pin out

Supports 8-/16-bit data width

Supports byte write in 16-bit data width mode

Supports Address/Data multiplexed Mode

Supports Timing parameters individual adjustment for each memory block
Supports LCD interface i80 mode

Supports PDMA mode

Supports variable external bus base clock (MCLK) which based on HCLK

Supports configurable idle cycle for different access condition: Idle of Write command finish
(W2X) and Idle of Read-to-Read (R2R)

Supports address bus and data bus separate mode
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2.31 USB 1.1 Device Controller (USBD)
2.31.1 Overview

There is one set of USB 2.0 full-speed device controller and transceiver in this device. It is compliant with USB
2.0 full-speed device specification and supports control/bulk/interrupt/ isochronous transfer types.

In this device controller, there are two main interfaces: the APB bus and USB bus which comes from the USB
PHY transceiver. For the APB bus, the CPU can program control registers through it. There are 1KBytes internal
SRAM as data buffer in this controller. For IN or OUT transfer, it is necessary to write data to SRAM or read
data from SRAM through the APB interface or SIE. User needs to set the effective starting address of SRAM for
each endpoint buffer through buffer segmentation register (USBD_BUFSEGKX).

There are 12 endpoints in this controller. Each of the endpoint can be configured as IN or OUT endpoint. All the
operations including Control, Bulk, Interrupt and Isochronous transfer are implemented in this block. The block
of “Endpoint Control” is also used to manage the data sequential synchronization, endpoint states, current start
address, transaction status, and data buffer status for each endpoint.

There are four different interrupt events in this controller. They are the no-event-wake-up, device plug- in or
plug-out event, USB events, like IN ACK, OUT ACK, etc, and BUS events, like suspend and resume, etc. Any
event will cause an interrupt, and users just need to check the related event flags in interrupt event status register
(USBD_INTSTS) to acknowledge what kind of interrupt occurring, and then check the related USB Endpoint
Status Register (USBD_EPSTS0 and USBD_EPSTS1) to acknowledge what kind of event occurring in this
endpoint.

A software-disconnect function is also supported for this USB controller. It is used to simulate the disconnection
of this device from the host. If user enables SEOQ bit (USBD_SEOQ), the USB controller will force the output of
USB_D+ and USB_D- to level low and its function is disabled. After disable the SEO bit, host will enumerate
the USB device again.

For more information on the Universal Serial Bus, please refer to Universal Serial Bus Specification Revision
1.1.

2.31.2 Features
Compliant with USB 2.0 Full-Speed specification

Provides 1 interrupt vector with 4 different interrupt events (NEVWK, VBUSDET, USB and
BUS)

Supports Control/Bulk/Interrupt/Isochronous transfer type
Supports suspend function when no bus activity existing for 3 ms

Supports 12 endpoints for configurable Control/Bulk/Interrupt/Isochronous transfer types and
maximum 1 Kbyte buffer size

® Provides remote wake-up capability
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2.32 High Speed USB 2.0 Device Controller (HSUSBD)
2.32.1 Overview

The USB device controller interfaces the AHB bus and the UTMI bus. The USB controller contains both the
AHB master interface and AHB slave interface. CPU programs the USB controller registers through the AHB
slave interface. For IN or OUT transfer, the USB device controller needs to write data to memory or read data
from memory through the AHB master interface. The USB device controller is complaint with USB 2.0
specification and it contains 12 configurable endpoints in addition to control endpoint. These endpoints could be
configured to BULK, INTERRUPT or I1SO. The USB device controller has a built-in DMA to relieve the load of
CPU.

2.32.2 Features

USB Specification reversion 2.0 compliant

®  Supports 12 configurable endpoints in addition to Control Endpoint

®  Each of the endpoints can be Isochronous, Bulk or Interrupt and either IN or OUT direction

®  Three different operation modes of an in-endpoint — Auto Validation mode, Manual Validation mode,
Fly mode

®  Supports DMA operation

4092 Bytes Configurable RAM used as endpoint buffer
Supports Endpoint Maximum Packet Size up to 1024 bytes

2.33 USB 2.0 Host Controller (USBH)
2.33.1 Overview

This chip is equipped with a USB 2.0 HS/FS Host Controller (USBH) that supports Enhanced Host Controller
Interface (EHCI) and Open Host Controller Interface (OpenHCI, OHCI) Specification, a register-level
description of a host controller, to manage the devices and data transfer of Universal Serial Bus (USB).

The USBH supports an integrated Root Hub with a USB port, a DMA for real-time data transfer between system
memory and USB bus, port power control and port over current detection.

The USBH is responsible for detecting the connect and disconnect of USB devices, managing data transfer,
collecting status and activity of USB bus, providing power control and detecting over current of attached USB
devices.

2.33.2 Features

Compliant with Universal Serial Bus (USB) Specification Revision 2.0.

Supports Enhanced Host Controller Interface (EHCI) Specification Revision 1.0

Supports Open Host Controller Interface (OpenHCI) Specification Revision 1.0.

Supports high-speed (480Mbps), full-speed (12Mbps) and low-speed (1.5Mbps) USB devices.
Supports Control, Bulk, Interrupt, Isochronous and Split transfers.

Supports an integrated Root Hub.

Supports a port routing logic to route full/low speed device to OHCI controller.

Supports two USB host port shared with USB device (OTG function).

Supports port power control and port over current detection.

Supports DMA for real-time data transfer.
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2.34 USB On-The-Go (OTG)
2.34.1 Overview
The OTG controller interfaces to USB PHY and USB controllers which consist of a USB 1.1 host controller and

a USB 2.0 FS device controller. The OTG controller supports HNP and SRP protocols defined in the “On-The-
Go and Embedded Host Supplement to the USB 2.0 Revision 2.0 Specification”.

USB frame, including USB host, USB device, and OTG controller, can be configured as Host-only, Device-only,
ID-dependent or OTG Device mode defined in USBROLE (SYS_USBPHY[1:0]). In Host- only mode, USB
frame acts as USB host. USB frame can support both full-speed and low-speed transfer. In Device-only mode,
USB frame acts as USB device. USB frame only supports full-speed transfer. In ID-dependent mode, USB frame
can be USB Host or USB device depending on USB_ID pin state. In OTG device mode, the role of USB frame
depends on the definition of OTG specification. USB frame only supports full-speed transfer when OTG device
acts as a peripheral.

2.34.2 Features
Built-in USB PHY
Configurable to operate as:
- Host-only
- Device-only

- ID-dependent: The role of USB frame is only dependent on USB_ID pin value--as USB Host
(USB_ID pin is low) or USB Device (USB_ID pin is high). Not support HNP or SRP protocol.

- OTG device: dependent on USB_ID pin status to be A-device (USB_ID pin is low) or B-
device (USB_ID pin is high). Support HNP and SRP protocols.
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2.35 High Speed USB On-The-Go (HSOTG)
2.35.1 Overview

The HSOTG controller interfaces to USB PHY and USB controllers which consist of a USB 2.0 host controller
and a USB 2.0 HS device controller. The OTG controller supports HNP and SRP protocols defined in the “On-
The-Go and Embedded Host Supplement to the USB 2.0 Revision 1.3 Specification”.

USB frame, including USB host, USB device, and OTG controller, can be configured as Host-only, Device-only,
ID-dependent or OTG Device mode defined in HSUSBROLE (SYS_USBPHY[17:16]). In Host-only mode,
USB frame acts as USB host. USB frame can support high-speed, full-speed and low- speed transfer. In Device-
only mode, USB frame acts as USB device. USB frame supports high-speed and full-speed transfer. In ID-
dependent mode, USB frame can be USB Host or USB device depends on USB_ID pin state. In OTG device
mode, the role of USB frame depends on the definition of OTG specification. USB frame supports high-speed
and full-speed transfer when OTG device acts as a peripheral.

2.35.2 Features
Built in USB PHY
Configurable to operate as:
- Host-only
- Device-only

- ID-dependent: The role of USB frame is only dependent on USB_ID pin value--as USB Host
(USB_ID pin is low) or USB Device (USB_ID pin is high). Not support HNP or SRP protocol.

- OTG device: dependent on USB_ID pin status to be A-device (USB_ID pin is low) or B-
device (USB_ID pin is high). Support HNP and SRP protocols.

2.36 CRC Controller (CRC)
2.36.1 Overview

The Cyclic Redundancy Check (CRC) generator can perform CRC calculation with four common polynomials
CRC-CCITT, CRC-8, CRC-16, and CRC-32 settings.

2.36.2 Features
®  Supports four common polynomials CRC-CCITT, CRC-8, CRC-16, and CRC-32
- CRC-CCITT: X¥+ X2+ X5+ 1
- CRC-8: X8B+X2+X+1
- CRC-16: X+ X5+ X2 +1
- CRC-32: X% + X% + X28 + X22 4 X6 4+ X124 X1 4+ X104+ X8+ X7+ X5+ X4+ X2+ X + 1
Programmable seed value
Supports programmable order reverse setting for input data and CRC checksum
Supports programmable 1°s complement setting for input data and CRC checksum
Supports 8/16/32-bit of data width

- 8-bit write mode: 1-AHB clock cycle operation
- 16-bit write mode: 2-AHB clock cycle operation
- 32-bit write mode: 4-AHB clock cycle operation
®  Supports using PDMA to write data to perform CRC operation
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2.37 Cryptographic Accelerator (CRYPTO)
2.37.1 Overview

The Crypto (Cryptographic Accelerator) includes a secure pseudo random number generator (PRNG) core and
supports AES, DES/TDES, SHA and HMAC algorithms.

The PRNG core supports 64 bits, 128 bits, 192 bits, and 256 bits random number generation.

The AES accelerator is an implementation fully compliant with the AES (Advance Encryption Standard)
encryption and decryption algorithm. The AES accelerator supports ECB, CBC, CFB, OFB, CTR, CBC-CS1,
CBC-CS2, and CBC-CS3 mode.

The DES/TDES accelerator is an implementation fully compliant with the DES and Triple DES
encryption/decryption algorithm. The DES/TDES accelerator supports ECB, CBC, CFB, OFB, and CTR mode.

The SHA accelerator is an implementation fully compliant with the SHA-160, SHA-224, SHA-256, SHA- 384,
and SHA-512 and corresponding HMAC algorithms.

The ECC accelerator is an implementation fully compliant with elliptic curve cryptography by using polynomial
basis in binary field and prime filed.

2.37.2 Features

PRNG

- Supports 64 bits, 128 bits, 192 bits, and 256 bits random number generation

AES

- Supports FIPS NIST 197

- Supports SP800-38A and addendum

- Supports 128, 192, and 256 bits key

- Supports both encryption and decryption

- Supports ECB, CBC, CFB, OFB, CTR, CBC-CS1, CBC-CS2, and CBC-CS3 mode

- Supports key expander

DES

- Supports FIPS 46-3

- Supports both encryption and decryption

- Supports ECB, CBC, CFB, OFB, and CTR mode
TDES

- Supports FIPS NIST 800-67

- Implemented according to the X9.52 standard

- Supports two keys or three keys mode

- Supports both encryption and decryption

- Supports ECB, CBC, CFB, OFB, and CTR mode
SHA

- Supports FIPS NIST 180, 180-2

- Supports SHA-160, SHA-224, SHA-256, SHA-384, and SHA-512
HMAC
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Supports FIPS NIST 180, 180-2

- Supports HMAC-SHA-160, HMAC-SHA-224, HMAC-SHA-256, HMAC-SHA-384, and
HMAC-SHA-512

® ECC
- Supports both prime field GF(p) and binary filed GF(2™)
- Supports NIST P-192, P-224, P-256, P-384, and P-521
- Supports NIST B-163, B-233, B-283, B-409, and B-571
Supports NIST K-163, K-233, K-283, K-409, and K-571
Supports point multiplication, addition and doubling operations in GF(p) and GF(2m)

Supports modulus division, multiplication, addition and subtraction operations in GF(p)
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2.38 Enhanced 12-bit Analog-to-Digital Converter (EADC)
2.38.1 Overview

The chip contains one 12-bit successive approximation analog-to-digital converter (SAR ADC converter) with
16 external input channels and 3 internal channels. The ADC converter can be started by software trigger,
PWMO/1 triggers, BPWMO/1 triggers, timer0~3 overflow pulse triggers, ADINTO, ADINTL1 interrupt EOC (End
of conversion) pulse trigger and external pin (EADCO_ST) input signal.

2.38.2 Features

Analog input voltage range: 0~ Vrer (Max to 3.6V)

Reference voltage from Vger pin

12-hit resolution and 10-bit accuracy is guaranteed

Up to 16 single-end analog external input channels or 8 pair differential analog input channels

Up to 3 internal channels, they are band-gap voltage (Vsc), temperature sensor (Vteme), and Vpp
power

Four ADC interrupts (ADINTO0~3) with individual interrupt vector addresses
Maximum ADC clock frequency is 72 MHz

Up to 5.14 MSPS conversion rate

Configurable ADC internal sampling time

12-bit, 10-bit, 8-bit, 6-bit configurable resolution

Supports calibration and load calibration words capability

Supports internal reference voltage Vger: 1.6V, 2.0V, 2.5V, and 3.0V.
Supports three power saving modes:

- Deep Power-down mode

- Power-down mode

- Standby mode

Up to 19 sample modules

- Each of sample modules which is configurable for ADC converter channel EADC_CHO0~15
and trigger source

- Sample module 16~18 is fixed for ADC channel 16, 17, 18 input sources as band-gap voltage,
temperature sensor, and Vpp power

- Double buffer for sample control logic module 0~3

- Configurable sampling time for each sample module

- Conversion results are held in 19 data registers with valid and overrun indicators
An ADC conversion can be started by:

- Write 1 to SWTRGn (EADC_SWTRGI[n], n = 0~18)

- External pin EADC_ST

- Timer0~3 overflow pulse triggers

- ADINTO and ADINTZ1 interrupt EOC (End of conversion) pulse triggers

- EPWM/BPWM triggers

Supports PDMA transfer

Conversion Result Monitor by Compare Mode
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2.39 Digital to Analog Converter (DAC)
2.39.1 Overview

The DAC module is a 12-bit, voltage output digital-to-analog converter. It can be configured to 12- or 8- bit
output mode and can be used in conjunction with the PDMA controller. The DAC integrates a voltage output
buffer that can be used to reduce output impendence and drive external loads directly without having to add an
external operational amplifier.

2.39.2 Features

Analog output voltage range: 0~AVDD.

Supports 12- or 8-bit output mode.

Rail to rail settle time 8us.

Supports up to two 12-bit 1 MSPS voltage type DAC.

Reference voltage from internal reference voltage (INT_VREF), Vrer pin.
DAC maximum conversion updating rate 1 MSPS.

Supports voltage output buffer mode and bypass voltage output buffer mode.

Supports software and hardware trigger, including Timer0~3, EPWMO0, EPWM1, and external
trigger pin to start DAC conversion.

Supports PDMA mode.
Supports group mode of synchronized update capability for two DACs.
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2.40 Analog Comparator Controller (ACMP)
2.40.1 Overview

The chip provides two comparators. The comparator output is logic 1 when positive input is greater than
negative input; otherwise, the output is 0. Each comparator can be configured to generate an interrupt when the
comparator output value changes.

2.40.2 Features
Analog input voltage range: 0 ~ AVDD (voltage of AVDD pin)
Up to two rail-to-rail analog comparators
Supports hysteresis function
Supports programmable hysteresis window: 0OmV, 10mV, 20mV and 30mV
Supports wake-up function
Supports programmable propagation speed and low power consumption
Selectable input sources of positive input and negative input
ACMPO supports:
- 4 multiplexed 1/O pins at positive sources:
¢ ACMPO_P0O, ACMPO_P1, ACMPO_P2, or ACMPO_P3
- 4 negative sources:
4 ACMPO_N
€ Comparator Reference Voltage (CRV)
€ Internal band-gap voltage (VBG)
4 DACO output (DACO_OUT)
® ACMP1 supports

- 4 multiplexed 1/O pins at positive sources:
¢ ACMP1_P0O, ACMP1_P1, ACMP1_P2, or ACMP1_P3
- 4 negative sources:
¢ ACMPL N
€ Comparator Reference Voltage (CRV)
€ Internal band-gap voltage (VBG)
4 DACO output (DACO_OUT)
Shares one ACMP interrupt vector for all comparators
Interrupts generated when compare results change (Interrupt event condition is programmable)

Supports triggers for break events and cycle-by-cycle control for EPWM

Supports window compare mode and window latch mode
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2.41 OP Amplifier (OPA)
2.41.1 Overview

This device is equipped with three operational amplifiers. Users can enable each of them individually, by their
application purpose. One of these OP amplifier outputs is connected to ADC channel for measurement
requirement. The OP amplifier circuit also can be used in the application of Programmable Gain Amplifier
(PGA).

2.41.2 Features

Analog input voltage range: 0~VDD.

Supports up to 3 operator amplifiers.

Supports to use Schmitt trigger buffer output for simple comparator function.

Supports to Schmitt trigger buffer output interrupts.
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2.42 Peripherals Interconnection
2.42.1 Overview

Some peripherals have interconnections which allow autonomous communication or synchronous action
between peripherals without needing to involve the CPU. Peripherals interact without CPU saves CPU resources,
reduces power consumption, operates with no software latency and fast responds.

2.42.2 Peripherals Interconnect Matrix Table

Destination
Source
BPWM [DAC |[EADC |ECAP |EPWM |HIRC |IRCTRIM |RC48M |TIMERPWM QEI

ACMP - - - - 3 - - - 36

BOD 3 - 3

BPWM 4 1 4 . .

Clock Fail 3 - 3

CPU Lockup 3 - 3

EADC 3 - -

EPWM 4 1 1 4 . -

IRCTRIM 2 2 -

LIRC = = 5 5 5 - - - 6

LXT = = 5 5 5 - 2 -

QEI 8 . - B

SRAM 3 . 3
TIMERPWM 5 1 1 5 - 7 9
USB11Device - - - - - - 2 - -

Table 2.42-1: Peripherals Interconnect Matrix Table
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2.42.3 Functional Description

2.42.3.1 From EPWM, TIMER to EADC/DAC

EPWM Trigger EADC Conversion
EPWM can be one of the EADC conversion trigger source.

EPWM Trigger DAC Conversion
EPWM can also be used to trigger DAC conversion.

BPWM Trigger EADC Conversion
BPWM can be one of the EADC conversion trigger source.

Timer Trigger EADC Conversion

Timer0 ~ Timer3 can be one of the EADC conversion trigger source. When timer counter value matches the
timer compared value or when the TMx_EXT pin edge transition meets setting, timer will trigger the ADC to
start the conversion.

Timer Trigger DAC Conversion

2.42.3.2 From LXT and USB 1.1 Device to HIRC TRIM & RC 48 MHz

Use LXT or USB Synchronous Mode to System Auto-trim HIRC Circuit

This chip supports auto-trim function: the HIRC trim (12 MHz RC oscillator) and RC 48 MHz oscillator,
according to the accurate external 32.768 KHz crystal oscillator or internal USB synchronous mode,
automatically gets accurate output frequency, 0.25 % deviation within all temperature ranges.

2.42.3.3 From ACMP, BOD, Clock Fail, SRAM Parity Error and CPU Lockup to EPWM/
TIMERPWM

EPWM Brake Source

EPWM brake source can be ACMPO/1_O output signal or EADC result monitor or several different system fail
conditions include clock fail, Brown-out detect, and Core lockup and SRAM Parity Error. When system fault,
EPWM brake signal generated, EPWM output will be set to protect the power switch controlled by EPWM.

TIMERPWM Brake Source

TIMERPWM brake source can be ACMPO0/1_0O output signal or several different system fail conditions include
clock fail, Brown-out detect, and Core lockup and SRAM Parity Error. When system fault, EPWM brake signal
generated, EPWM output will be set to protect the power switch controlled by EPWM.

2.42.3.4 From EPWM/ BPWM to EPWM/ BPWM

EPWM Synchronous Start Function

Select synchronous source from EPWMO or EPWM1 or BPWMO or BPWML1, and select EPWM channels. The
chosen EPWM channels will start counting at the same time once the synchronous start function is enabled and
CNTSEN(EPWM_SSTRGI0]) is set.

BPWM Synchronous Start Function

Select synchronous source from EPWMO or EPWM1 or BPWMO or BPWML, and select BPWM channels. The
chosen BPWM channels will start counting at the same time once the synchronous start function is enabled and
CNTSEN(BPWM_SSTRGIO0]) is set.
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2.42.3.5 From TIMER to EPWM/BPWM

Timer Generates Trigger Pulses as EPWM External Clock Source
Timer0 ~ Timer3 can generates trigger pules as EPWM/BPWM external clock source.

2.42.3.6 From ACMP and LIRC to Timer Capture Function

Measure the Time Interval of ACMPO0/1 Output Signal or LIRC Clock Speed

Sets the timer capture source from ACMPO/1 output signal or LIRC clock and measures the time interval of the
signal by using timer capture function. Users can use the results of time interval to trim LIRC through software
or to get the ACMPO/1 output pulse width.

2.42.3.7 From Timer0/2 to Timerl/3

Inter-Timer Trigger Capture Mode

Timer0/2 will be forced in event counting mode, counting with external event, and will generate an internal
signal (INTR_TMR_TRG) to trigger Timer1/3 start or stop counting. The Timer1/3 will be forced in capture
mode and start/stop trigger-counting by Timer0/2 counter status.

2.42.3.8 From QEI to ECAP

ECAP Input Noise Filter

The architecture of ECAP input noise filter is similar to that one used for QEI. With 6 sampling-rate options, it
supports a wide range of filtering noise, the duration of filtered noise and the duration of the signal that is
guaranteed to be sampled.

2.42.3.9 From TIMER to QEI

TIMER TIF Event to QEI

When QEI bit HOLDCNT(QEI_CTL[24]) set, the CNT(QEI_CNT[31:0]) content will be captured into QEI
Counter Hold Register CNTHOLD(QEI_CNTHOLDIJ31:0]), the data will be held until the next HOLDCNT
(QEI_CTL[24]) trigger comes. The bit HOLDCNT can be set by writing 1 to it or the rising edge of timers
interrupt flags TIF (TIMERX_INTSTS|O0]).
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2.43 ESC (EtherCAT) Sub-system
2.43.1 Overview

The AX58200 implements a 2/3-port EtherCAT slave controller (ESC), licensed from Beckhoff Automation, with
9 Kbytes Process Data RAM, 8 Fieldbus Memory Management Units (FMMUSs), 8 Sync-Managers and a 64-bit
Distributed Clock.

Port 0 and 1 integrate embedded Ethernet PHY's, and port 2 is an optional MII interface which are multi-function
pins shared with other interfaces (i.e. PWM, Hall, etc.). Packets are forwarded in the following order: Port O-
>EtherCAT Processing Unit->Port 1->Port 2.

The AX58200 supports function register mirror from/to ESC memory space. The mirror registers located at process
data memory address from 0x3000 to Ox33FF.

For detailed information about the EtherCAT technology, the EtherCAT core mechanisms, and major features, we
refer to the official standard documentations and guidelines available from ETG (www.ethercat.org, ETG.1000),
IEC (http://www.iec.ch, IEC61158, IEC61784-2, IEC 61800-7), and Beckhoff (http://www.beckhoff.de, technical
specification) web sites.

The AX58200 requires a crystal (25MHz, +25 PPM at room temperature) as the clock source. Internal PLL
generates the 100MHz clock for EtherCAT Slave Controller (ESC) and also for other functions.

The AX58200 has three reset sources. First, during the VCCK power-on, the internal Power-On-Reset (POR) can
generate a reset pulse to reset all the function blocks when the VCCK power pin rises to a certain threshold voltage
level. The second reset is RSTn pin, which is to do the fundamental reset. And third, EtherCAT command reset,
the EtherCAT master can send reset sequence to force AX58200 reset. AX58200 also supports a reset output
RSTO polarity bootstrap configuration (RSTO_POL).
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2.43.2 Features

®  2/3-port EtherCAT Slave Controller (ESC) with 2 Integrated Fast Ethernet PHY's
Standard EtherCAT Slave Controller (ESC)
8 Fieldbus Memory Management Units (FMMUSs)
8 Sync Managers
64-bit distributed clock
9K bytes RAM
® Integrated Fast Ethernet PHY's
- Compliant with IEEE 802.3/802.3u 100BASE-TX/100BASE-FX
- PHY loopback mode

- Supports twisted pair crossover detection and auto-correction (HP Auto-MDIX)

- Automatic polarity detection and correction

3rd Ethernet MII Port for Flexible EtherCAT Network Configurations
SPI Slave Interface for PDI and Function Access

3-channel PWM Controller for simple Motion Control

Step & Direction Controller for simple Motion Control
Incremental and Hall Encoder Interface for simple Motion Control
Emergency Stop Input

Configurable Watchdog for Outputs and Inputs Monitoring

IRQ Event Output

SPI Master Interface for ADC/DAC application

Supports 12C Master Interface
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2.43.3 Block Diagram
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Figure 2.43-1: ESC Sub-system Block Diagram
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2.43.4 ESC Configuration

2.43.4.1 Bootstrap Pins for Chip Configuration

The AX58200 supports five multi-function bootstrap pins (pin L1, L2, E9, J10 and J11) for five hardware
configurations, i.e. external 12C EEPROM size, ESC supported port number, RSTO polarity and integrated port
0/1 PHY media mode; and it also supports other three multi-function bootstrap pins (pin A9, H9, G11) for the
configuration of port 2 Ml signals. User needs to utilize an external resistor to pull up / down these bootstrap pins.

Pins Signal Name Description
12C EEPROM Size
L1 EEP_SIZE 0: 1 Kbit to 16Kbit
1: 32Kbit to 4Mbit
ESC port number

L2 3PORT_MODE 0: 2 ports mode
1: 3 ports mode
RSTO Reset Output Polarity

E9 RSTO_POL 0: Active Low
1: Active High
Device emulation (0x0141.0)
B10 PDI_EMU 0: Device status register is controlled by PDI

1: Device status register is identical to device control register
Port 0 PHY media mode

J10 PO_FIBER 0: Copper mode
1: Fiber mode
Port 1 PHY Media mode
J11 P1 FIBER 0: Copper mode
1: Fiber mode
A9 TX_SH [1] Port 2 MII TXD Align position

2‘b00: Align with MCLK,
2’b01: Delay 1/4 phase with MCLK

H9 TX_SHI0] 2’b10: Delay 1/2 phase with MCLK
2’b11: Delay 3/4 phase with MCLK
Port 2 MII LINK Polarity
G11 LINK_POL 0: Active Low

1: Active High
Table 2.43-1: ESC Bootstrap Pins Configuration
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2.43.4.2 Hardware Configuration EEPROM (HWCFGEE)

The AX58200 IC master controller supports the communication to external 12C devices and an 12C Hardware
Configuration EEPROM Loader to support loading the EtherCAT Slave Information (ESI) from external 12C
EEPROM during chip reset. The AX58200 supports 1°C EEPROM with EEPROM size from 1 Kbit (128 bytes)
to 4 Mbit (500K bytes).

The AX58200 I°C Hardware Configuration EEPROM layout is shown in following table.

EEPROM EEPROM Parameter ESC Register
Byte Offset Word Offset Offset
ESC Configuration Area
0x00 PDI Control 0x0140
0x00 ESC Configuration
ek (bit 2 is alsg mapped to ESC register 0x0110.2) ol
0x02 0x01 PDI Configuration 0x0150
0x03 Sync/Latch [1:0] Configuration 0x0151
0x05 - 0x04 0x02 Pulse Length of SyncSignals 0x0983 - 0x0982
0x07 - 0x06 0x03 Extended PDI Configuration 0x0153 - 0x0152
0x09 - 0x08 0x04 Configured Station Alias 0x0013 - 0x0012
0x0A 0x05 Host Interface Extend Setting and Drive Strength
0x0B Reserved, shall be zero
0x0C 0x06 Reserved, shall be zero
0x0D Multi-Function Select and Drive Strength
OxOF - Ox0E 0x07 Checksum
0x13 - 0x10 0x09 — 0x08 | Vendor ID
0x17 - 0x14 0x0B — 0x0OA | Product Code
0x1B - 0x18 0x0D — 0x0C | Revision Number
Ox1F - 0x1C OXOF — OXOE | Serial Number
0x27 - 0x20 0x13 - 0x10 | Reserved
Bootstrap Mailbox Config
0x29 - 0x28 0x14 Bootstrap Receive Mailbox Offset
0x2B - 0x2A 0x15 Bootstrap Receive Mailbox Size
0x2D - 0x2C 0x16 Bootstrap Send Mailbox Offset
0x2F - Ox2E 0x17 Bootstrap Send Mailbox Size
Mailbox Sync Man Config
0x31 - 0x30 0x18 Standard Receive Mailbox Offset
0x33 - 0x32 0x19 Standard Receive Mailbox Size
0x35 - 0x34 Ox1A Standard Send Mailbox Offset
0x37 - 0x36 0x1B Standard Send Mailbox Size
0x39 - 0x38 0x1C Mailbox Protocol
0x3F - 0x3A Ox1F — 0x1D | Reserved
0x7B - 0x40 0x3D — 0x20 | Reserved
0x7D - 0x7C O0x3E Size
0x7F - OX7E O0x3F Version
ESC Category 1 (for AX58200 Bridge Access Configuration if used) *Notel
0x81 ~ 0x80 0x40 Category 1 Type (Default: 0x0001)
0x83 ~ 0x82 0x41 Category 1 Data Size (words) (Default: 0x0021)
0x84 0x42 MCTLR Access Control 0x0580
0x85 PXCFGR Access Control 0x0581
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EEPROM EEPROM Parameter ESC Register
Byte Offset Word Offset Offset

0x86 0x43 PTAPPR Access Control 0x0582
0x87 x PTBPPR Access Control 0x0583
0x88 Oxdd PPCR Access Control 0x0584
0x89 PBBMR Access Control 0x0585
0x8A 0x45 P1CTRLR Access Control 0x0586
0x8B x P1SHR Access Control 0X0587
0x8C 0x46 P1HPWR Access Control 0x0588
0x8D P2CTRLR Access Control 0x0589
0x8E 0x47 P2SHR Access Control 0x058A
0x8F x P2HPWR Access Control 0x058B
0x90 0x48 P3CTRLR Access Control 0x058C
0x91 P3SHR Access Control 0x058D
0x92 0x49 P3HPWR Access Control 0x058E
0x93 SGTR Access Control 0x058F
0x94 Ox4A SHPWR Access Control 0x0590
0x95 TDLYR Access Control 0x0591
0x96 0x4B STNR Access Control 0x0592
0x97 SCFGR Access Control 0x0593
0x98 0x4C SCTRLR Access Control 0x0594
0x99 SCNTR Access Control 0x0595
0x9A 0x4D ECNTVR Access Control 0x0596
0x9B ECNSTR Access Control 0x0597
0x9C 0x4E ELATR Access Control 0x0598
0x9D EMODR Access Control 0x0599
0x9E O0xAF ECLRR Access Control 0x059A
0x9F HALSTR Access Control 0x059B
0xA0 0x50 WTR Access Control 0x059C
0xAl WCFGR Access Control 0x059D
0xA2 0x51 WTPVCR Access Control 0x059E
0xA3 WMSPR Access Control 0x059F
0xA4 0x52 WMMR Access Control 0x05A0
0xA5 WOMR Access Control 0x05A1
0xA6 053 WOER Access Control 0x05A2
0xA7 WOPR Access Control 0x05A3
0xAS8 0x54 WTPVR Access Control 0x05A4
0xA9 X SPICFGR Access Control 0x05A5
0xAA 055 SPIBRR Access Control 0x05A6
0xAB x SPIDBSR Access Control 0X05A7
0xAC 0x56 SPIDTR Access Control 0x05A8
0xAD SPIRPTR Access Control 0x05A9
0xAE 0x57 SPILTR Access Control O0x05AA
0xAF x SPIPRLR Access Control 0x05AB
0xB0 0x58 SPI01BCR Access Control 0x05AC
0xB1 SPI123BCR Access Control 0x05AD
0xB2 0x59 SP145BCR Access Control 0x05AE
0xB3 SP167BCR Access Control 0x05AF
0xB4 Ox5A SPI03SSR Access Control 0x05B0
0xB5 SP147SSR Access Control 0x05B1
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EEPROM EEPROM Parameter ESC Register
Byte Offset Word Offset Offset
0xB6 0x5B SPIINTSR Access Control 0x05B2
0xB7 SPITSR Access Control 0x05B3
0xB8 SPIPOSR Access Control 0x05B4
0x5C SPI Data Status (SPIDSR and SPIDSMR
0xB9 Access Control ( : 0x05B5
0xBA SPICODR Access Control 0x05B6
0xBB 0x5D SPICIDR Access Control 0X05B7
0xBC SPIC2DR Access Control 0x05B8
0xBD OxSE SPIC3DR Access Control 0x05B9
0xBE SPIC4DR Access Control 0x05BA
OxBF OxSF SPIC5DR Access Control 0X05BB
0xCO0 SPIC6DR Access Control 0x05BC
0xCl1 0x60 SPIC7DR Access Control 0x05BD
0xC2 0x61 SPIMCR Access Control 0x05BE
0xC3 INTCR Access Control 0x05BF
0xC4 0x62 INTSR Access Control 0x05C0
0xC5 Function Mirror Enable 0x05C1
Other ESC Categories Information (Subdivided in Categories)

Category Strings

Category Generals

Category FMMU

Category SyncManager

Category Tx - / RxPDO for each PDO

Table 2.43-2: ESC 1°C EEPROM Layout

Note 1: Reserved words or reserved bits of the ESC Configuration Area should be filled with 0.

Note 2: When (re-) configuring the EEPROM from an EtherCAT master system special care must be taken.
Not every master allows writing a category 1 entry to the EEPROM. There are different ways to write
this into the EEPROM for automatically loading access control configuration when AX58200 booting.

1. Use preprogrammed 1°C EEPROM.
2. Use a different category, e.g., 2049, first. Then overwrite the upper byte with 0 with a single
EEPROM byte writes.

The AX58200 HWCFGEE contents from offset 0x00 to 0x7F are mandatory, as well as the general category (at
least the minimum 12C EEPROM size is 2Kbit, and for the complex devices with many categories should be
equipped with 32 Kbit EEPROMSs or larger one). The ESC Configuration Area is used for AX58200 hardware
configuration. All other areas are used by the EtherCAT master or the local application.

The ESC Configuration Area (EEPROM offset 0x00 to 0x0F) is automatically read by AX58200 after power-
on or reset. It contains the PDI configuration, Distributed Clocks settings, and Configured Station Alias. The
consistency of the ESC Configuration Areadata is secured with a checksum.

The EtherCAT Master can invoke reloading the EEPROM contents. In this case, the Configured Station Alias
register 0x0012:0x0013 and ESC Configuration register bits 0x0141 [1,4,5,6,7] (enhanced link detection) are
not transferred into the registers. They are only transferred at the initial EEPROM loading after power-on or
reset.

To use AX58200 bridge functionalities, users should define the Bridger Access Configuration parameters in the
first category located at EEPROM offset 0x80. The Category Type must be 0x0001and the Category Data Size
must be 0x0020 so the AX58200 will automatically load the EEPROM Bridger Access Configuration parameters
into the Bridge Access Configuration registers memory area starting at 0x0580 after power-on or reset.
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2.43.4.3 EEPROM Contents Detailed Descriptions

PDI Control (0x00)

Bit Description
PDI Control [7:0]
0x00: Interface deactivated (no PDI)
0x04: Digital 1/0
7:0 | Ox05: SPI Slave
0x08: 16-bit Asynchronous Local Bus
0x09: 8-bit Asynchronous Local Bus
Others: reserved
ESC Configuration (0x01)
Bit Description
0 | Device emulation enables (control of AL status)
1 | Enhanced Link detection all ports
3:2 | Reserved
4 | Enhanced Link port 0
5 | Enhanced Link port 1
6 | Enhanced Link port 2
7 | Reserved

PDI Configuration (0x02)

Digital 1/0
Bit Description
0 | OUTVALID polarity
1 | OUTVALID mode
2 | Unidirectional/Bidirectional mode
3 | Watchdog behavior
5:4 | Input DATA is sampled
7:6 | Output DATA is updated
SPI Slave
Bit Description
1:0 | SPI mode
3:2 | SPI_IRQ output driver/polarity
4 | SPI_SEL polarity
5 | Data Out sample mode
7:6 | Reserved
Asynchronous Local Bus
Bit Description
1:0 | BUSY/RDY driver/polarity
3:2 | IRQ driver/polarity
4 | BHE/Byte Enable polarity
7:5 | Reserved
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Sync/Latch[1:0] Configuration (0x03)

Bit

Description

1.0

SYNCO output driver/polarity

2

SYNCO/LATCHO configuration

3

SYNCO mapped to AL Event Request

5:4

SYNC1 output driver/polarity

6

SYNC1/LATCHL1 configuration

7

SYNC1 mapped to AL Event Request

Pulse Length SyncSignals (0x05 - 0x04)

Bit

Description

15:0

Pulse length of SyncSignal

Extended PDI Configuration (0x07 - 0x06)

Digital 1/0 / SPI Slave (for GP10)

Bit Description

Digital 1/0 or GPIO

Digital 1/0 or GPIO are configured in pairs (1:0) as inputs or outputs:
0 .

0: Input
1: Output

1 | 3:2 pair (0: Input, 1: Output)
2 | 5:4 pair (0: Input, 1: Output)
3 | 7:6 pair (0: Input, 1: Output)
4 | 9:8 pair (0: Input, 1: Output)
5 | 11:10 pair (0: Input, 1: Output)
6 | 13:12 pair (0: Input, 1: Output)
7 | 15:14 pair (0: Input, 1: Output)
8 | 17:16 pair (0: Input, 1: Output)
9 | 19:18 pair (0: Input, 1: Output)
10 | 21:20 pair (0: Input, 1: Output)
11 | 23:22 pair (0: Input, 1: Output)
12 | 25:24 pair (0: Input, 1: Output)
13 | 27:26 pair (0: Input, 1: Output)
14 | 29:28 pair (0: Input, 1: Output)
15 | 31:30 pair (0: Input, 1: Output)

Asynchronous Local Bus

Bit

Description

0

Read BUSY delay

1 Perform internal write

10:2 | Reserved
11 | 23:22 pair (data bus 8-bit width only) (0: Input, 1: Output)
12 | 25:24 pair (data bus 8-bit width only) (0: Input, 1: Output)
13 | 27:26 pair (data bus 8-bit width only) (0: Input, 1: Output)
14 | 29:28 pair (data bus 8-bit width only) (0: Input, 1: Output)
15 | 31:30 pair (data bus 8-bit width only) (0: Input, 1: Output)

Configured Station Alias (0x09 - 0x08)

Bit

Description

15:0

Alias Address used for node addressing
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Host Interface Extend Setting and Drive Strength (0x0A)

Digital I/O
Bit Description
4:0 | Reserved
Control Driving Select:
5 0: 4mA
1: 8mA
10 [9:0] Driving Select:
6 0: 4mA
1: 8mA
10 [15:10] Driving Select:
7 0: 4mA
1: 8mA
SPI Slave / Asynchronous Local Bus
Bit Description
30 Interrupt Edge Pulse Length (INTP_LEN)
) Interrupt Edge Pulse = (INTP_LEN+1) * 100ns
The trigger type of interrupt signal, SINT / LINT
4 0: Level trigger.
1: Edge trigger.
Control Driving Select:
5 0: 4mA
1: 8mA
10 [9:0] Driving Select:
6 0: 4mA
1: 8mA
10 [15:10] Driving Select:
7 0: 4mA
1: 8mA

Multi-Function Select and Drive Strength (0x0D)

Bit Description
10 [9:0] select:
0 0:10[9:0]
1: MTRG, MDRLD, MSS [3:0], MINT, MMISO, MMOSI, MSCLK,
Note: in Local Bus mode this bit no function
10 [15:10] (SPI slave separates) select:
1 0: 10 [15:10]
1: 10 [15:14], FMOSI, FSCLK, FMISO, SFINT
Note: in Local Bus mode this bit no function
10 [21:16] select:
2 0: 10 [21:16]
1: PULA, PULB, PULZ, PULZ, PULAB, IO [16]
Note: in Local Bus mode this bit no function
10 [25:22] select:
3 0: 10 [25:22]
1: PWM2L, PWM2H, PWM3L, PWM3H
Note: in Local Bus 16 bits mode this bit no function
10 [28:26] select:
4 0: 10 [28:26]
1. EM, PWMLL, PWM1H
Note: in Local Bus 16 bits mode this bit no function
10 [31:29] select:
5 0: 10 [31:29]

1: ENCZ, ENCB, ENCA
Note: in Local Bus 16 bits mode this bit no function
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10 [21:16] Driving Select:
6 0: 4mA
1: 8mA
10 [31:22] Driving Select:
7 0: 4mA
1: 8mA
Note: When MII port 2 enable, the 10 [31:16] pins are forced to Ml port 2

Checksum (0xOF - Ox0E)

Bit Description

Checksum

Low byte contains remainder of division of EEPROM offset 0x00 to 0xOD as unsigned
number divided by the polynomial X"8+X"2+X+1 (initial value OxFF)

15:0

For debugging purposes, it is possible to disable the checksum validation with a checksum
value of 0x88A4. Note that NEVER use this for production!

Category 1 Type (0x81 - 0x80)

Bit Description
150 Category 1 Type

) MUST be 0x0001

Category 1 Data Size (0x83 - 0x82)

Bit Description
15:0 Category 1 Data Size (words)

"~ | MUST be 0x0021

MCTLR Access Control (0x84)
Bit Description
Sync. Source Select
0x0: Always triggered
0x1: Start Of Frame (SOF)
0x2: End Of Frame (EOF)
0x3: SYNCO signal
Ox4: LATCHO signal
0x5: SYNC1 signal
0x6: LATCHL1 signal
Ox7: After write access
0x8: Trigger when data value changes
0x9: PDI Chip Select Assert
0xA: PDI Chip Select De-assert
0xB: FUNC Chip Select Assert
0xC: FUNC Chip Select De-assert
0xD: Trigger at start of MFC PWM cycle
Others: Always triggered
ESC Access Enable
4 0: Writeable with Function Host Interface
1: Writeable with ESC
7:5 | Reserved

3.0

The Bit Definitions of the other parameters from EEPROM offset 0x85 to 0xC4 are the same as the Bit
Definitions of EEPROM offset 0x84.
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Function mirror enable (0xC5)

Bit Description
PWM function register mirror:
0 0: Disable PWM function register mirror
1: Enable PWM function register mirror
ENC function register mirror:
1 0: Disable ENC function register mirror
1: Enable ENC function register mirror
SPI Master function register mirror:
2 0: Disable SPI Master function register mirror
1: Enable SP1 Master function register mirror
IO Watchdog function register mirror:
3 0: Disable 10 Watchdog function register mirror
1: Enable 10 Watchdog function register mirror
7:4 | Reserved
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2.43.5 Memory Map

This section introduces the memory mapping in AX58200. AX58200 provides SPI and Local Bus slave interfaces
for both ESC PDI and Function to access the internal registers. Section 2.43.5.1 introduces the ESC memory map
which can be accessed by PDI SPI or Local bus interface ,and section 2.43.5.2 introduces the Function register
map which can be accessed by Function SPI or Local Bus interface. Due to the Function registers can be accessed
by PDI interface and EtherCAT Master directly. So, section 2.43.5.3 introduces the relationship between Function
and ESC PDI through the Bridge function.

2.43.5.1 ESC Memory Map

ESC Address (L;;gtsf; Description
ESC Information
0x0000 1 Type
0x0001 1 Revision
0x0002 2 Build
0x0004 1 FMMUs supported
0x0005 1 SyncManagers supported
0x0006 1 RAM Size
0x0007 1 Port Descriptor
0x0008 2 ESC Features supported
Station Address
0x0010 2 Configured Station Address
0x0012 2 Configured Station Alias
Write Protection
0x0020 1 Write Register Enable
0x0021 1 Write Register Protection
0x0030 1 ESC Write Enable
0x0031 1 ESC Write Protection
Data Link Layer
0x0040 1 ESC Reset ECAT
0x0041 1 ESC Reset PDI
0x0100 4 ESC DL Control
0x0108 2 Physical Read/Write Offset
0x0110 2 ESC DL Status
Application Layer
0x0120 2 AL Control
0x0130 2 AL Status
0x0134 2 AL Status Code
0x0138 1 RUN LED Override
0x0139 1 ERR LED Override
PDI
0x0140 1 PDI Control
0x0141 1 ESC Configuration
0x0150 1 PDI Configuration
0x0151 1 Sync/Latch PDI Configuration
0x0152 2 Extended PDI Configuration
Interrupts
0x0200 2 ECAT Event Mask
0x0204 4 AL Event Mask
0x0210 2 ECAT Event Request
0x0220 4 AL Event Request

Error Counters
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0x0300 4x2 RX Error Counter [3:0]
0x0308 4x1 Forwarded RX Error counter [3:0]
0x030C 1 ECAT Processing Unit Error Counter
0x030D 1 PDI Error Counter
0x030E 1 PDI Error Code
0x0310 4x1 Lost Link Counter [3:0]
Watchdogs
0x0400 2 Watchdog Divider
0x0410 2 Watchdog Time PDI
0x0420 2 Watchdog Time Process Data
0x0440 2 Watchdog Status Process Data
0x0442 1 Watchdog Counter Process Data
0x0443 1 Watchdog Counter PDI
1°C EEPROM Interface

0x0500 1 EEPROM Configuration
0x0501 1 EEPROM PDI Access State
0x0502 2 EEPROM Control/Status
0x0504 4 EEPROM Address
0x0508 4 EEPROM Data

MI1 Management Interface
0x0510 2 MII Management Control/Status
0x0512 1 PHY Address
0x0513 1 PHY Register Address
0x0514 2 PHY Data
0x0516 1 MII Management ECAT Access State
0x0517 1 MII Management PDI Access State
0x0518 4 PHY Port Status

Bridge Access Configuration
0x0580 1 MCTLR Access Control Register
0x0581 1 PXCFGR Access Control Register
0x0582 1 PTAPPR Access Control Register
0x0583 1 PTBPPR Access Control Register
0x0584 1 PPCR Access Control Register
0x0585 1 PBBMR Access Control Register
0x0586 1 P1CTRLR Access Control Register
0x0587 1 P1SHR Access Control Register
0x0588 1 P1IHPWR Access Control Register
0x0589 1 P2CTRLR Access Control Register
0x058A 1 P2SHR Access Control Register
0x058B 1 P2HPWR Access Control Register
0x058C 1 P3CTRLR Access Control Register
0x058D 1 P3SHR Access Control Register
0x058E 1 P3HPWR Access Control Register
0x058F 1 Step Gap Time Access Control Register
0x0590 1 SHPWR Access Control Register
0x0591 1 TDLYR Access Control Register
0x0592 1 Step Target Number Access Control Register
0x0593 1 SCFGR Access Control Register
0x0594 1 SCTRLR Access Control Register
0x0595 1 Step Counter Content Access Control Register
0x0596 1 Encoder Counter Value Access Control Register
0x0597 1 Encoder Constant Access Control Register
0x0598 1 Encoder Latched Access Control Register
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0x0599 1 EMODR Access Control Register
0x059A 1 ECLRR Access Control Register
0x059B 1 HALSTR Access Control Register
0x059C 1 Watchdog Timer Access Control Register
0x059D 1 WCFGR Access Control Register
0x059E 1 WTPVCR Access Control Register
0x059F 1 Watchdog monitored Polarity Access Control Register
0x05A0 1 Watchdog monitored Mask Access Control Register
0x05A1 1 Watchdog Output Mask Access Control Register
0x05A2 1 Watchdog Output Enable Access Control Register
0x05A3 1 Watchdog Output Polarity Access Control Register
0x05A4 1 Watchdog Timer Peak value Access Control Register
0x05A5 1 SPICFGR Access Control Register
0x05A6 1 SPIBRR Access Control Register
Ox05A7 1 SPIDBSR Access Control Register
0x05A8 1 SPIDTR Access Control Register
0x05A9 1 SPIRPTR Access Control Register
O0x05AA 1 SPILTR Access Control Register
0x05AB 1 SPIPRLR Access Control Register
0x05AC 1 SPI01BCR Access Control Register
0x05AD 1 SP123BCR Access Control Register
0x05AE 1 SPI45BCR Access Control Register
Ox05AF 1 SP167BCR Access Control Register
0x05B0 1 SPI03SSR Access Control Register
0x05B1 1 SP147SSR Access Control Register
0x05B2 1 SPINTSR Access Control Register
0x05B3 1 SPITSR Access Control Register
0x05B4 1 SPIPOSR Access Control Register
0x05B5 1 SPI Data Status (SPIDSR and SPIDSMR) Access Control Register
0x05B6 1 SPICODR Access Control Register
0x05B7 1 SPIC1DR Access Control Register
0x05B8 1 SPIC2DR Access Control Register
0x05B9 1 SPIC3DR Access Control Register
0x05BA 1 SPIC4DR Access Control Register
0x05BB 1 SPIC5DR Access Control Register
0x05BC 1 SPIC6DR Access Control Register
0x05BD 1 SPIC7DR Access Control Register
0x05BE 1 SPIMCR Access Control Register
0x05BF 1 INTCR Access Control Register
0x05C0 1 INTSR Access Control Register
0x05C1 1 Function Mirror Enable Register
0x0600:0x067F FMMUJ7:0]
+0x0 4 Logical Start Address
+0x4 2 Length
+0x6 1 Logical Start bit
+0x7 1 Logical Stop bit
+0x8 2 Physical Start Address
+0xA 1 Physical Start bit
+0xB 1 Type
+0xC 1 Activate
+0xD 3 Reserved
0x0800:0x083F SyncManager([7:0]
+0X0 2 | Physical Start Address
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+0x2 2 Length
+0x4 1 Control Register
+0x5 1 Status Register
+0x6 1 Activate
+0x7 1 PDI Control
0x0900:0x09FF Distributed Clocks (DC)
DC — Receive Times
0x0900 4 Receive Time Port 0
0x0904 4 Receive Time Port 1
0x0908 4 Receive Time Port 2
0x090C 4 Receive Time Port 3
DC — Time Loop Control Unit
0x0910 4(W)/8(R)| System Time
0x0918 8 Receive Time ECAT Processing Unit
0x0920 8 System Time Offset
0x0928 4 System Time Delay
0x092C 4 System Time Difference
0x0930 2 Speed Counter Start
0x0932 2 Speed Counter Diff
0x0934 1 System Time Difference Filter Depth
0x0935 1 Speed Counter Filter Depth
DC — Cyclic Unit Control
0x0980 | 1 | cyclic Unit Control
DC — SYNC Out Unit
0x0981 1 Activation
0x0982 2 Pulse Length of SyncSignals
0x0984 1 Activation Status
0x098E 1 SYNCO Status
0x098F 1 SYNC1 Status
0x0990 8 Start Time Cyclic Operation/Next SYNCO Pulse
0x0998 8 Next SYNC1 Pulse
0x09A0 4 SYNCO Cycle Time
0x09A4 4 SYNC1 Cycle Time
DC — Latch In Unit
0x09A8 1 LatchQ Control
0x09A9 1 Latchl Control
O0x09AE 1 LatchO Status
Ox09AF 1 Latchl Status
0x09B0 8 LatchQ Time Positive Edge
0x09B8 8 LatchO Time Negative Edge
0x09C0 8 Latchl Time Positive Edge
0x09C8 8 Latchl Time Negative Edge
DC - SyncManager Event Times
0x09F0 4 EtherCAT Buffer Change Event Time
0x09F8 4 PDI Buffer Start Event Time
0x09FC 4 PDI Buffer Change Event Time
ESC specific
0x0EQ0 8 Product ID
0x0E08 8 Vendor ID
Digital Input/Output
0x0F00 4 Digital 1/0 Output Data
0x0F10 4 General Purpose Outputs

Copyright © 2019 ASIX Electronics Corporation. All rights reserved.

116

PRELIMINARY




R ASIX

AX58200

EtherCAT Slave Controller SoC

O0x0F18 | 4 | General Purpose Inputs
User RAM/Extended ESC features

0XO0F80 | 128 | User RAM/Extended ESC Features

Process Data RAM
0x1000 4 Digital 1/0 Input Data
0x1000 8KB Process Data RAM

Function Register Mirror
Write / Read

0x3000 2 Motor Control Register
0x3002 2 PWM Pulse X Configure Register
0x3004 2 PWM Trigger A Pulse Position Register
0x3006 2 PWM Trigger B Pulse Position Register
0x3008 2 PWM Period Cycle Register
0x300A 2 PWM Pulse Break Before Make Register
0x300C 2 PWM1Control Register
0x300E 2 PWM1 Counter Shift Register
0x3010 2 PWM1 High Pulse Width Register
0x3012 2 PWM2 Control Register
0x3014 2 PWM?2 Shift Register
0x3016 2 PWM?2 High Pulse Width Register
0x3018 2 PWM3 Control Register
0x301A 2 PWM3 Counter Shift Register
0x301C 2 PWM3 High Pulse Width Register
0x3020 4 Step Gap Time Register
0x3024 2 Step High Pulse Width Register
0x3026 2 Direction Transform Delay Step Register
0x3028 4 Step Target Number Register
0x302C 2 Step Configure Register
0x302E 2 Step Control Register
0x3040 4 Encoder Counter Value Register
0x3044 4 Encoder Constant Register
0x304C 2 Encoder Mode configuration Register
0x304E 2 Encoder Clear Register
0x3060 4 Watchdog Timer Register
0x3064 2 Watchdog Control Register
0x3066 2 Watchdog Timer Peak Value Clear Register
0x3068 4 Watchdog Monitored Signals Polarity Register
0x306C 4 Watchdog Monitored Signals Mask Register
0x3070 4 Watchdog Output Mask Register
0x3074 4 Watchdog Output Enable Register
0x3078 4 Watchdog Output Polarity Register
0x3080 2 SPI Configure Register
0x3082 2 SPI Baud Rate Register
0x3084 2 SPI Delay Byte and SS Register
0x3086 2 SPI Delay Transfer Register
0x3088 2 SPI RDY / Pulse Time Register
0x308A 2 SPI LDAC Time Register
0x308C 2 SPI1 Pulse/ RDY/ LDAC Register
0x3090 2 SPI1 0/1 Byte Count Register
0x3092 2 SPI1 2/3 Byte Count Register
0x3094 2 SPI1 4/5 Byte Count Register
0x3096 2 SPI1 6/7 Byte Count Register
0x3098 2 SPI1 0/1/2/3 slave Select Register
0x309A 2 SPI1 4/5/6/7 slave Select Register
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0x30B0 8 SPI Channel 0 Data Register
0x30B8 8 SPI Channel 1 Data Register
0x30C0 8 SPI Channel 2 Data Register
0x30C8 8 SPI Channel 3 Data Register
0x30D0 8 SPI Channel 4 Data Register
0x30D8 8 SPI Channel 5 Data Register
0x30EQ 8 SPI Channel 6 Data Register
0x30E8 8 SPI Channel 7 Data Register
0x30F2 2 SPI Master Control Register
0x3100 2 Interrupt Configure Register
0x3102 2 Interrupt Status Register

Read Only
0x3230 4 Step Counter Content Register
0x3248 4 Encoder Latched Register
0x3250 2 Hall State Register
0x327C 4 Watchdog Timer Peak Value Register
0x32A8 2 SPI Interrupt Status Register
0x32AA 2 SPI Timeout Status Register
0x32AC 2 SPI Pulse Overrun Status Register
0x32AE 2 SPI Data Status Register
0x32B0 8 SPI Channel 0 Data Register
0x32B8 8 SPI Channel 1 Data Register
0x32C0 8 SPI Channel 2 Data Register
0x32C8 8 SPI Channel 3 Data Register
0x32D0 8 SPI Channel 4 Data Register
0x32D8 8 SPI Channel 5 Data Register
0x32E0 8 SPI Channel 6 Data Register
0x32E8 8 SPI Channel 7 Data Register
0x32F0 2 SPI Data Status Mirror Register

Table 2.43-3: ESC Memory Map
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2.43.5.2 Function Register Map

Address

Offset Name Description
0x000 MCTLR Motor Control Register

0x002 PXCFGR PWM Pulse X Configure Register

0x004 PTAPPR PWM Trigger A Pulse Position Register
0x006 PTBPPR PWM Trigger B Pulse Position Register
0x008 PPCR PWM Period Cycle Register

0x00A PBBMR PWM Pulse Break Before Make Register
0x00C P1CTRLR PWM1Control Register

0x00E P1SHR PWM1 Counter Shift Register

0x010 P1IHPWR PWM1 High Pulse Width Register

0x012 P2CTRLR PWM2 Control Register

0x014 P2SHR PWM2 Shift Register

0x016 P2HPWR PWM2 High Pulse Width Register

0x018 P3CTRLR PWM3 Control Register

0x01A P3SHR PWM3 Counter Shift Register

0x01C P3HPWR PWM3 High Pulse Width Register

0x020 SGTLR Step Gap Time Low Register

0x022 SGTHR Step Gap Time High Register

0x024 SHPWR Step High Pulse Width Register

0x026 TDLYR direction Transform Delay step Register
0x028 STNLR Step Target Number Low Word Register
0x02A STNHR Step Target Number High Word Register
0x02C SCFGR Step Configure Register

0x02E SCTRLR Step Control Register

0x030 SCNTLR Step Counter Content Low Register
0x032 SCNTHR Step Counter Content High Register
0x040 ECNTVLR Encoder Counter value Low Register
0x042 ECNTVHR Encoder Counter value High Register
0x044 ECNSTLR Encoder Constant Low Register

0x046 ECNSTHR Encoder Constant High Register

0x048 ELATLR Encoder Latched Low Register

0x04A ELATHR Encoder Latched High Register

0x04C EMODR Encoder Mode Configuration Register
Ox04E ECLRR Encoder Clear Register

0x050 HALSTR Hall State Register

0x060 WTLR Watchdog Timer Low Register

0x062 WTHR Watchdog Timer High Register

0x064 WCFGR Watchdog Configure Register

0x066 WTPVCR Watchdog Timer Peak Value Clear Register
0x068 WMPLR Watchdog Monitored Polarity Low Register
0x06A WMPHR Watchdog Monitored Polarity High Register
0x06C WMMLR Watchdog Monitored Mask Low Register
0x06E WMMHR Watchdog Monitored Mask High Register
0x070 WOMLR Watchdog Output Mask Low Register
0x072 WOMHR Watchdog Output Mask High Register
0x074 WOELR Watchdog Output Enable Low Register
0x076 WOEHR Watchdog Output Enable High Register
0x078 WOPLR Watchdog Output Polarity Low Register
0x07A WOPHR Watchdog Output Polarity High Register
0x07C WTPVLR Watchdog Timer Peak Value Low Register
0xQ7E WTPVHR Watchdog Timer Peak Value High Register
0x080 SPICFGR SPI Configure Register

0x082 SPIBRR SPI Baud Rate Register

0x084 SPIDBSR SPI Delay Byte and SS Register
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0x086 SPIDTR SPI Delay Transfer Register
0x088 SPIRPTR SPI RDY / Pulse Time Register
0x08A SPILTR SPI LDAC Time Register
0x08C SPIPRLR SPI Pulse/ RDY/ LDAC Register
0x090 SPI01BCR SPI1 0/1 Byte Count Register
0x092 SPI23BCR SPI1 2/3 Byte Count Register
0x094 SPI45BCR SPI1 4/5 Byte Count Register
0x096 SPI67BCR SPI1 6/7 Byte Count Register
0x098 SPI03SSR SP1 0/1/2/3 slave Select Register
0x09A SP147SSR SPI1 4/5/6/7 slave Select Register
0x0A8 SPINTSR SPI Interrupt Status Register
0X0AA SPITSR SPI Timeout Status Register
0x0AC SPIPOSR SPI Pulse Overrun Status Register
0xX0AE SPIDSR SPI Data Status Register

0x0B0 SPICODR SPI Channel 0 Data Register
0x0B8 SPIC1DR SPI Channel 1 Data Register
0x0CO0 SPIC2DR SPI Channel 2 Data Register
0x0C8 SPIC3DR SPI Channel 3 Data Register
0x0D0 SPIC4DR SPI Channel 4 Data Register
0x0D8 SPIC5DR SPI Channel 5 Data Register
0x0EOQ SPIC6DR SPI Channel 6 Data Register
OxO0ES8 SPIC7DR SPI Channel 7 Data Register
0x0FO0 SPIDSMR SPI Data Status Mirror Register
0x0F2 SPIMCR SPI Master Control Register
0x100 INTCR Interrupt Configure Register
0x102 INTSR Interrupt Status Register

0x104 ESTOR ESC State Override register
0x106 HSTSR Host interface Status Register
Others Reserved Reserved

Table 2.43-4: ESC Function Register Map
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2.43.5.3 Memory Map between ESC Memory and Function Registers

Function

ESC Address

Address RIW RO Name Description
0x000 0x3000 - MCTLR Motor Control Register
0x002 0x3002 - PXCFGR PWM Pulse X Configure Register
0x004 0x3004 - PTAPPR PWM Trigger A Pulse Position Register
0x006 0x3006 - PTBPPR PWM Trigger B Pulse Position Register
0x008 0x3008 - PPCR PWM Period Cycle Register
0x00A 0x300A - PBBMR PWM Pulse Break Before Make Register
0x00C 0x300C - P1CTRLR PWMZ1Control Register
0x00E 0x300E - P1SHR PWM1 Counter Shift Register
0x010 0x3010 - P1HPWR PWM1 High Pulse Width Register
0x012 0x3012 - P2CTRLR PWM2 Control Register
0x014 0x3014 - P2SHR PWM2 Shift Register
0x016 0x3016 - P2HPWR PWM2 High Pulse Width Register
0x018 0x3018 - P3CTRLR PWM3 Control Register
0x01A 0x301A - P3SHR PWM3 Counter Shift Register
0x01C 0x301C - P3HPWR PWM3 High Pulse Width Register
0x020 0x3020 i SGTLR Step Gap Time Low Register
0x022 SGTHR Step Gap Time High Register
0x024 0x3024 - SHPWR Step High Pulse Width Register
0x026 0x3026 - TDLYR direction Transform Delay step Register
0x028 0x3028 i STNLR Step Target Number Low Word Register
0x02A STNHR Step Target Number High Word Register
0x02C 0x302C - SCFGR Step Configure Register
0x02E 0x302E - SCTRLR Step Control Register
0x030 i 0x3230 SCNTLR Step Counter Content Low Register
0x032 SCNTHR Step Counter Content High Register
0x040 0x3040 i ECNTVLR Encoder Counter value Low Register
0x042 ECNTVHR | Encoder Counter value High Register
0x044 0x3044 i ECNSTLR Encoder Constant Low Register
0x046 ECNSTHR Encoder Constant High Register
0x048 i 0x3248 ELATLR Encoder Latched Low Register
0x04A ELATHR Encoder Latched High Register
0x04C 0x304C - EMODR Encoder Mode Configuration Register
0x04E 0x304E - ECLRR Encoder Clear Register
0x050 - 0x3250 HALSTR Hall State Register
0x060 0x3060 i WTLR Watchdog Timer Low Register
0x062 WTHR Watchdog Timer High Register
0x064 0x3064 - WCFGR Watchdog Configure Register
0x066 0x3066 - WTPVCR Watchdog Timer Peak Value Clear Register
0x068 0x3068 i WMPLR Watchdog Monitored Polarity Low Register
0x06A WMPHR Watchdog Monitored Polarity High Register
0x06C 0x306C i WMMLR Watchdog Monitored Mask Low Register
0x06E WMMHR Watchdog Monitored Mask High Register
0x070 0x3070 i WOMLR Watchdog Output Mask Low Register
0x072 WOMHR Watchdog Output Mask High Register
0x074 0x3074 i WOELR Watchdog Output Enable Low Register
0x076 WOEHR Watchdog Output Enable High Register
0x078 0x3078 i WOPLR Watchdog Output Polarity Low Register
0x07A WOPHR Watchdog Output Polarity High Register
0x07C i 0x327C WTPVLR Watchdog Timer Peak Value Low Register
0xQ7E WTPVHR Watchdog Timer Peak Value High Register
0x080 0x3080 - SPICFGR SPI Configure Register
0x082 0x3082 - SPIBRR SPI Baud Rate Register
0x084 0x3084 - SPIDBSR SPI Delay Byte and SS Register
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0x086 0x3086 - SPIDTR SPI Delay Transfer Register
0x088 0x3088 - SPIRPTR SPI RDY / Pulse Time Register
0x08A 0x308A - SPILTR SPI LDAC Time Register
0x08C 0x308C - SPIPRLR SPI Pulse/ RDY/ LDAC Register
0x090 0x3090 - SPI01BCR SP1 0/1 Byte Count Register
0x092 0x3092 - SPI23BCR SPI1 2/3 Byte Count Register
0x094 0x3094 - SPI45BCR SPI 4/5 Byte Count Register
0x096 0x3096 - SPI67BCR SPI1 6/7 Byte Count Register
0x098 0x3098 - SPI03SSR SPI1 0/1/2/3 slave Select Register
0x09A 0x309A - SPI47SSR SPI1 4/5/6/7 slave Select Register
0x0A8 - 0x32A8 SPINTSR SPI Interrupt Status Register
0X0AA - 0x32AA | SPITSR SPI Timeout Status Register
0x0AC - 0x32AC | SPIPOSR SPI Pulse Overrun Status Register
0X0AE - 0x32AE | SPIDSR SPI Data Status Register

0x0B0O 0x30B0 0x32B0 | SPICODR SPI Channel 0 Data Register
0x0B8 0x30B8 0x32B8 | SPIC1DR SPI Channel 1 Data Register
0x0C0 0x30C0 0x32C0 | SPIC2DR SPI Channel 2 Data Register
0x0C8 0x30C8 0x32C8 | SPIC3DR SPI Channel 3 Data Register
0x0D0 0x30D0 0x32D0 | SPIC4DR SPI Channel 4 Data Register
0x0D8 0x30D8 0x32D8 | SPIC5DR SPI Channel 5 Data Register
0x0EOQ 0x30E0 0x32E0 | SPIC6DR SPI Channel 6 Data Register
0xOE8 0x30E8 0x32E8 | SPIC7DR SPI Channel 7 Data Register
0x0FO0 - 0x32F0 SPIDSMR SPI Data Status Mirror Register
0x0F2 0x30F2 - SPIMCR SPI Master Control Register
0x100 0x3100 - INTCR Interrupt Configure Register
0x102 0x3102 - INTSR Interrupt Status Register

Table 2.43-5: ESC Memory and Function Registers Mirror Mapping Table
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3 Electrical Specifications

3.1 Absolute Maximum Ratings

Symbol Parameter Rating Units
Vop, AVpp  |DC Power Supply and Analog Voltage -0.3t04 \Y
Vbbio Vopio Power Supply Voltage -03t04 V
VCC3IO,
VCC33A Power supply of 3.3V 1/O for ESC sub-system and Ethernet PHY -0.3t04 \Y
VCCK Digital core power supply for ESC sub-system -05t016 V
VCC12A _PLL |Analog power supply for PLL for ESC sub-system -05t016 \Y
[Vooio - Vop| | Variations between different power pins <50 mV
Voo - AVpp|  |Variations between different power pins <50 mV
IGND - AVss| [Variations between different ground pins <50 mvV
Input voltage of 3.3V 1/O with 5V tolerant. -0.3t055
VN Input Voltage on RTC domain (PF.6) Vop V
Input Voltage on any other pin® o
Tste Storage temperature. - 6510 150 °C
lin DC input current. 50 mA
lout Output short circuit current. 50 mA

(1): Permanent device damage may occur if absolute maximum ratings are exceeded. Functional operation

should be restricted in the recommended operating condition section of this datasheet. Exposure to absolute
maximum rating condition for extended periods may affect device reliability.

(2): Non 5V-tolerance PIN: PA.8 ~ 11; PB.0 ~ 15; PF.2, 3, 4, 5; All USB High Speed pins and nRESET pin.
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3.2 Recommended Operating Conditions

Symbol Parameter Conditions Min | Typ | Max | Units
freLk Internal AHB clock frequency 192 |MHz
Vb DC Power Supply Voltage 1.8 3.6 V

AVpp® Analog Operation Voltage Vob \Y
Vbbio Power supply for PA.0 ~5 1.8 3.6 V
VRer Analog reference voltage 1.8 AVpp| V
Vipo LDO Output Voltage 1.26 \Y
Vas Band-gap-Veltage forADC VDD =18V-~-36V 147 123 | V¥V

VCC310 Power supply of 3.3V 1/0 for ESC sub- 297 | 33 |363| V

system
VCC33A Analog power supply for Ethernet PHY 297 | 33 [363| V
VCCK Digital core power supply for ESC sub- 108 12 |132] v
system
VCC12A_PLL g/r:écrz? power supply for PLL for ESC sub- 1081 12 |132] v
CLpo?® LDO Output capacitance on each pin 2.2 uF
VDD rise time rate 10
BOD Disabled, LVR
Enabled(3) 400
t BOD Disabled, LVR us/v
VPP VDD fall time rate Enabled(4) 500
BOD 1.6V Enabled 80
BOD 3.0V Enabled 60
T, Operating junction temperature 40 | 25 | 125 | °C
Ta Operating ambient temperature -40 - 105 | °C

(1): 1t is recommended to power Vpp and AVpp from the same source. A maximum difference of 0.3 V between
Vop and AVpp can be tolerated during power-on and power-off operation.

(2): To ensure stability, an external 2.2 pF output capacitor, CLoo must be connected between the LDO_CAP pin
and the closest GND pin of the device. Solid tantalum and multilayer ceramic capacitors are suitable as
output capacitor. Additional 2.2 uF bypass capacitor between LDO_CAP pin and the closest GND pin of the
device helps decrease output noise and improves the load transient response.

(3): LVR in active mode

(4): LVR in low power mode

124

Copyright © 2019 ASIX Electronics Corporation. All rights reserved.

PRELIMINARY




R ASIX

AX58200

EtherCAT Slave Controller SoC

3.3 DC Electrical Characteristics

3.3.1 Leakage Current and Capacitance
Symbol Parameter Conditions Min | Typ | Max |Units
| Input leakage current. 3.3V with 5V tolerant I/O pins.| <+1 A
"N INo pull-up or pull-down. Vin=5or 0V. - K
Cin  |Input capacitance. 3.3V with 5V tolerant 1/O pins. - 2.3 pF
3.3.2 DC Characteristics of 3.3V (with 5V Tolerant) 1/O Pins
Symbol Parameter Conditions Min | Typ | Max | Units
VDD:VDD|o:VCC3|O: 0.8 Vv
ViL Input low voltage. 3.6V '
VDD:VDD|o:1.8V 0.56 V
VDD:VDD|o:VCC3|O: 20 Vv
ViH Input high voltage. 3.6V )
VDD:VDD|o:l.8V 1.04 V
L . . _ 0.3* | 0.4*
Vi- Schmitt trigger negative going threshold Vbp=VopIO Voo | Vop \%
voltage. VCC3I0=3.6V 08 | L1 Y
. . . . _ 0.6* | 0.7*
Vit Schmitt trigger positive going threshold Vop=VbbIio Voo | Vop \%
voltage VCC3I0=3.6V 16 | 2.0
Vol Output low voltage. lol =4 ~8mA - - 04 | V
Voh Output high voltage. loh=4~8mA 24 - - \Y
With internal pull-up VeC
Vopu @ Output pull-up voltage for 5V tolerant 10 , 31I0-| - - V
resistor 0.9
. For Vpp and Vppio 10 pad 50 KQ
Rpu Input pull-up resistance. For VCC31010pad | 40 | 75 | 190 | KQ
. For Vpp and Vppio 10 pad 50 KQ
Rpd Input pull-down resistance. For VCC3I0 10 pad 20 75 1190 | KO
Input leakage current. Vin=5or 0V - +1 - LA
Inp_ut leakage current with pull-up Vin=0V i 45 i HA
lin resistance. _
Inp_ut leakage current with pull-down Vin = VCC3I10 i 45 i HA
resistance.
Cio 1/0 pin capacitance 5 pF

Note: This parameter indicates that the pull-up resistor for the 5V tolerant I/O pins cannot reach VCC3I0 DC
level even without DC loading current.
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3.4 AC Electrical Characteristics
3.4.1 External 4~24 MHz High Speed Crystal (HXT) Characteristics

HXT Crystal AC Characteristics

Symbol Parameter Conditions Min | Typ | Max | Units
Ry Feedback resister 1000 kQ
fuxt Oscillator frequency Vpp=1.8~3.6V 4 24 MHz
Tuxt Temperature Range -40 105 °C
4MHz 650
et o Current Consumption 12MHz 1600 A
- (INV-type Crystal) 16MHz 2000
24MHz 4000
4MHz 160
. Current Consumption 12MHz 280 uA
- (GM-type Crystal) 16MHz 400
24MHz 600
4MHz, -40 °C 1545 1752
4MHz, 25 °C 1630 1757
4MHz, 105 °C 1054 1988
12MHz, -40 °C 484 512
12MHz, 25 °C 484 544
Stable time G-p) Towits 0°C T a8 ] v
16MHz, 25 °C 337 399
16MHz, 105 °C 281 444
24MHz, -40 °C 259 303
24MHz, 25 °C 248 330
24MHz, 105 °C 210 403
4MHz, -40 °C 1490 23432
4MHz, 25 °C 1479 2352
4MHz, 105 °C 1052 2105
12MHz, -40 °C 464 558
12MHz, 25 °C 481 554
Ts v Stable time (INV-type) 112',\\1:22 123 5 (C: gg igz us
16MHz, 25 °C 326 407
16MHz, 105 °C 290 472
24MHz, -40 °C 226 382
24MHz, 25 °C 228 388
24MHz, 105 °C 210 441
Clock Duty 45 50 55 %
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HXT Crystal Typical Crystal Application Circuits

CRYSTAL C1l C2 R
4MHz ~ 24 MHz 20pF 20pF without
XT_OUT XT_IN
.p_W\/\_p
c2 = RL —
777 777
3.4.2 External 4~24 MHz High Speed Clock Input (OSC) Characteristics
Symbol Parameter Conditions Min | Typ | Max | Units
tcHex Clock High Time 18 - - ns
tcLex Clock Low Time 18 - ns
toLeH Clock Rise Time - 10 nS
tcHeL Clock Fall Time _ 10 nS
i 0.7*V
Vi Input High Voltage oo \%
Vi Input Low Voltage O'EZV \%
Note: Duty cycle is 50%.
Vin
VIL ”””
teHel

127

Copyright © 2019 ASIX Electronics Corporation. All rights reserved.

PRELIMINARY




R ASIX

AX58200
EtherCAT Slave Controller SoC

3.4.3 External 32.768 KHz Low Speed Crystal (LXT) characteristics
LXT Crystal AC Characteristics
Symbol Parameter Conditions Min | Typ | Max | Units
Vb Operation Voltage 1.8 3.6 \Y
fuxT Oscillator frequency Vop=18~36V 32.768 KHz
Tixr Temperature -40 105 °C
luxt Operating current Vop = 3.3V 0.5 A
Duty cycle 45 55 %
Ts Stable Time 500 ms
LXT Crystal Typical Crystal Application Circuits
CRYSTAL C1l C2 R1
32.768 KHz 20pF 20pF without
XT_OUT XT_IN
.._/\N\/\_.
c2 = RL L~
777 777
3.4.4 External 32.768 KHz Low Speed Clock Input (OSC) Characteristics
Symbol Parameter Conditions Min | Typ | Max | Units
tcHex Clock High Time 450 - - nS
teLex Clock Low Time 450 - - nS
teLcH Clock Rise Time - - 50 ns
teHeL Clock Fall Time - - 50 nS
Xin_VIH LXT Input Pin Input High Voltage O'Z:V \Y,
Xin_VIL LXT Input Pin Input Low Voltage 0'§:V \%

Note: Duty cycle is 50%.
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3.45 12 MHz Internal High Speed RC Oscillator (HIRC)
Symbol Parameter Conditions Min | Typ | Max | Units
VHRre Supply voltage 1.8 3.6 \
Center Frequency 12 MHz
frre Internal Oscillator Frequency[*1] Ta=25°C, -1 1 %
Vop = 3.3V
lire ~40°C = +105 °C, -2 2 | %
Vop =1.8~3.6V
Ts Operating current 155 A
3.4.6 10 KHz Internal Low Speed RC Oscillator (LIRC)
Symbol Parameter Conditions Min | Typ | Max | Units
VLRre Supply voltage 1.8 3.6 \
. N Vop=1.8V~3.6V, Ta=-
FLre Oscillator Frequency[*1] 40~105°C 5 20 | KHz
ILrc Operating current Vop = 3.3V 0.5 uA
Ts Stable time 200 us
3.4.7 PLL characteristics
Symbol Parameter Conditions Min | Typ | Max | Units
fPLLfIN PLL input clock 4 24 MHz
fpuﬁom PLL multiplier output clock 50 500 MHz
T PLL stable time[*1] 100 200 us
Jitter Cycle-to-cycle Jitter[*2] Peak to peak @ 480M 250 ps
loo Power consumption VDD=3.3V@500MHz 3 mA
3.4.8 External Ethernet Crystal Characteristics
TDB
3.4.9 External Ethernet Clock Input (OSC) Characteristics
TBD
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3.5 Analog Electrical Characteristics

351 LDO
Symbol Parameter Conditions Min | Typ | Max | Units
Voo DC Power Supply 1.8 3.6 \Y
Vipo Output Voltage 1.08 1.26 1.32 \Y
Ta Temperature -40 105 T
1. Itis recommended a 0.1uF bypass capacitor is connected between Vpp and the closest Vss pin of
the device.

2. For ensuring power stability, a 2.2uF capacitor must be connected between LDO_CAP pin and the
closest Vss pin of the device.

3.5.2 Low-Voltage Reset

Symbol Parameter Conditions Min | Typ | Max | Units
AVop Supply Voltage 0 3.6 \Y
Ta Temperature - -40 105 | C
ILvr Operating Current AVpp = 3.6V 0.5 UuA
Ta=105°C 140 | 1.48 | 1.56 \Y
ViR Threshold Voltage Ta=25°C 140 | 1.48 | 1.56 \%
Ta=-40°C 140 | 1.48 | 1.56 \Y

3.5.3 Brown-out Detector

Symbol Parameter Conditions Min | Typ | Max | Units
AVop Supply Voltage - 0 3.6 \Y
Ta Temperature - -40 105 | C
IsoD Operating Current AVpp = 3.6V 66 LA
BODVL [2:0] =111 2.9 3.0 3.1 V
BODVL [2:0] =110 2.7 2.8 2.9 V
BODVL [2:0] =101 25 2.6 2.7 V
Vo Brown-out Voltage BODVL [2:0] = 100 2.3 24 25 V
- (Falling edge) BODVL [2:0] =011 21 [ 22 [ 23| V
BODVL [2:0] =010 1.9 2.0 2.1 V
BODVL [2:0] =001 1.7 1.8 1.9 V
BODVL [2:0] =000 2.9 3.0 3.1 V
BODVL [2:0] =111 3.0 3.1 3.2 V
BODVL [2:0] =110 2.8 2.9 3.0 V
BODVL [2:0] =101 2.6 2.7 2.8 V
Veob & Brown-out VVoltage BODVL [2:0] =100 2.4 2.5 2.6 V
- (Rising edge) BODVL [2:0] = 011 22 | 23 | 24 [ V
BODVL [2:0] =010 2.0 2.1 2.2 V
BODVL [2:0] =001 1.8 1.9 2.0 V
BODVL [2:0] =000 1.6 1.7 1.8 Vv
Teop_RE Respond Time Respond Time 1 ms
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3.5.4 Power-on Reset for Vpp

Symbol Parameter Conditions Min | Typ | Max | Units
Ta Temperature -40 - |+105] C
VPor Reset Voltage 1.47 \Y
Vop Raising Rate to Ensure
RRVop Power-on Reset[*1] 10 us/v
Vo Falling Rate to Ensure
FRVoo Power-on Reset[*1] 320 usiv
Vbp
__t(don’t care)_
FRVDD RRVDD
Vpeor
Time
Power-up Ramp Condition
3.5.5 Power-on Reset for VCCK
Below figures and table show the two POR circuit spec during power ramp-up/down.
I I
- o Vi
A U
VCCK I I N\ Vi
I I
L iy
| RN
POR Output | i |
L N
-~ -
1 Tl |Tdrod

Figure 3.5-1: Power On Reset (POR) Timing Diagram
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Symbol Description Conditions Min. | Typ. | Max. | Units

VCCK | Power supply voltage to be detected - 1.0 1.2 1.32 \Y
V., VCCK rise relax voltage - - 0.72 0.9 \%
V, | VCCK fall release voltage - - 0.63 | 085 | V

. . VCCK slew rate
Trst Reset time after POR trigger up = 1.0V / 1us 1.8 2.5 4.8 us

. VCCK slew rate
Tarop Drop time of VCCK to reset =25V 1us 0.2 0.4 0.9 us

Table 3.5-1: Power On Reset (POR) Timing Table

3.5.6 Internal Voltage Reference

Symbol Parameter Conditions Min | Typ | Max | Units
1.6
2.0 \
VRer_INT Internal reference voltage 25
3.0
2
2.2
AV0pp_min AVpp minimum voltage 57 v
3.2
CL =4.7 UF, Vrer initial=0 07 | 2 ms
Ts Stable time CL =0.1 UF, Vier initial=0 35 | 48 |

f__[] VRer

1uF

Typical connection with internal voltage reference
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3.5.7

12-bit ADC

Fast Speed Channel

Symbol Parameter Conditions Min | Typ | Max | Units
AVpp Operating voltage AVpp = Vpp 1.8 3.6 Vv
VRer Reference voltage 1.6 AVpp \Y
Ta Temperature -40 105 C
. AVpp = Vpp = Vger = 3.3V
Operating current (AVpp current _
laoc (E%able g\DC and Ejisable all othe):r analog modules) ADC Clock Rate = 70 MHz 478 523 uA
High speed channel
Resolution 12 Bit
Vin ADC channel input voltage 0 VRer Vv
Fapc ADC Clock frequency High speed channel 0.14 70 MHz
Tswp Sampling Time 2 1/Fapc
Tcony Conversion time Tcony = Tawp + 12 14 1/Fanc
Fses Sampling Rate (Fapc/Tcony) High speed channel 5 MSPS
Tru Power-up time 20 us
INL Integral Non-Linearity Error Vrer = AVp -4.29 -3.71 | LSB
DNL Differential Non-Linearity Error Vrer = AVp 3.25 3.28 LSB
Eg Gain error Vgrer = AVip 2.25 231 LSB
EorrseT Offset error Vgrer = AVpp 1.56 2.87 LSB
Ea Absolute Error Vgrer = AVip 4.5 4.94 LSB
Cin Internal Capacitance[*1] 5 pF
- Monotonic Guaranteed
Low Speed Channel
Symbol Parameter Conditions Min | Typ | Max | Units
AVpp Operating voltage AVpp = Vpp 1.8 3.6 \Y
VRer Reference voltage AVpp \Y
Ta Temperature -40 105 C
AVpp = Vpp = Vger = 3.3V
ADC Clock Rate = 28 MHz 210 231
low speed channel
lapct
AVDD = VDD :VREF =18V
ADC Clock Rate = 28 MHz 131 142
Operating current (AVpp current) low speed channel UA
(Enable ADC and disable all other analog modules)  |AVpp = Voo = Veer = 3.3V
ADC Clock Rate = 14 MHz 111 123
low speed channel
lapc2
AVDD = VDD :VREF =1.8V
ADC Clock Rate = 14 MHz 70 78
low speed channel
Resolution 12 Bit
Vin ADC channel input voltage 0 VRee Vv
Fanc ADC Clock frequency Low speed channel 0.14 28 MHz
Tswe Sampling Time 2 1/Fapc
Tconv Conversion time Tconv = Tswp + 12 14 1/FADC
Fsps Sampllng Rate (FADC/TCONV) Low Speed channel 2 MSPS
Try Power-up time 20 us
INL Integral Non-Linearity Error Vgrer = AVp -2.94 -1.32 | LSB
DNL Differential Non-Linearity Error Vrer = AVp 1.25 2 LSB
Eg Gain error Vgrer = AVp 25 3.12 LSB
Eorrser Offset error Vgrer = AVip 244 3.69 LSB
Ea Absolute Error Vgrer = AVp 4.69 6.75 LSB
Cin Internal Capacitance[*1] 5 pF
- Monotonic Guaranteed
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Er (Full scale error) = Eq + Eg
Gain Error  Offset Error
A
4095 F —-—-—
4094
4093 —
4092
7 L Ideal transfer curve
6
ADC i
output 5 7/ Actual transfer curve
code ya
4 S L
/s /s
3 L ~ / /
VZ / /
2 + 7 DNL
y e |
1 1LSB
/s
| A | | | | [ | | | | >
|<_>| . 4095
Analog input voltage
Offset Error LSB)
Eo (

Note: The INL is the peak difference between the transition point of the steps of the calibrated transfer curve and
the ideal transfer curve. A calibrated transfer curve means it has calibrated the offset and gain error from the

actual transfer curve.

EADC_CHx [

VDE
N
L R”\(‘D _ 12-bit
- l Converter
A T ClN(l)
il Il

Note: GND < EADC_CHXx < VRer

(1) Refer to ADC spec for the values of Rin, Cin
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3.5.8 Temperature sensor

Symbol Parameter Conditions Min | Typ | Max | Units

Voo Operating Voltage 1.8 3.6 v
Ta Temperature Range -40 105 °C

Iremp Current Consumption [*3] 16 LA
T, Temperature Coefficient [*3] 477 | 182 | 184 rr::://
Vos Offset Voltage when Ta = 0°C [*3] 710.2 7168 | mv
t Stable time[*2] 1 us
< ADC sampling time when reading the temperature 3 us
—eme (5pF cap load) [*1]

Note:
1. Vremp (MV) = Tc (MV/°C) x Temperature (°C) + Vos (MV)
2. Guaranteed by design, not tested in production
3. Guaranteed by characteristic, not tested in production
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3.5.9 Digital to Analog Converter (DAC)

Symbol Parameter Conditions Min | Typ | Max | Units
AV, Analog supply voltage 1.8 - 3.6 \Y
N Resolution 12 bit
Veer Reference supply voltage Ve SAV 1.5 - AV | Vv

12-bit mode - - +2 LSB
Diff tial -li it *4
DNL ifferential non-linearity error[*4] 10-bit mode - - 105 T
12-bit mode - - +4 LSB
Int | -li it *4
INL ntegral non-linearity error[*4] 10-bit mode - - o T
12-bit mode 16 LSB
DACOUT buffer ON ) ) -
OE Offset E *4 12-bit mod
set Error[*4] it mode ) ) +4 LSB
DACOUT buffer OFF
10-bit mode - - +2 LSB
12-bit mode +5 LSB
DACOUT buffer ON ) ) -
Gain E *4 -bi
GE ain Error[*4] 12-bit mode ) ) 4 LSB
DACOUT buffer OFF
10-bit mode - - +2 LSB
12-bit mode +8 LSB
DACOUT buffer ON ) ) -
Absolute E *4 -bi
AE solute Error[*4] 12-bit mode ) ) 4 LSB
DACOUT buffer OFF
10-bit mode - - +2 LSB
- Monotonic 10-bit guaranteed
AV__ _
Vo Output Voltage DACOUT buffer ON 0.2 ODZD \%
Rioap Resistive load[*2] DACOUT buffer ON 7.5 - - kQ
Ro Output impedance[*4] DACOUT buffer OFF 10 12 kQ
Croap Capacitive load[*3] - - - 50 pF
AV___
oo = 3.6V, no load, lowest ) ) 180
. code (0x000)
lavop Current consumption on AVpp supply[*4] pA
AVpp = 3.6V, no load, middle ) | az0
code (0x800)
Vrer =3.6V, no load, middle cod
ler Current consumption on Vger supply[*4] ReF no loac, middle code - 150 240 pA
(0x800)
Full scale: for a 12-bit input
code transition between the
R . lowest and the highest input
T -
s Settling Time codes when DAC_OUT reaches > 6 us
final value +/-1 LSB,
Croap < 50pF, Rioap 2 7.5kQ
Max. frequency for a correct
DAC_OUT change from coreito
Fs ot - -
Update Rate i+1LSB, Cioan < 50pF, Rioap 2 1| Mss
7.5kQ
Wakeup time from OFF state.
] Input code between lowest and
Twakeup Wake-up Time highest possible codes. - 9 15 us
DAC clock source = 1IMHz
PSRR Power Supply Rejection Ratio[*1] No Rioap, Croap = 50pF - -60 -40 dB
Note:

PonNPE

Guaranteed by design, not tested in production.
Resistive load between DACOUT and AVss.
Capacitive load at DACOUT pin.

Guaranteed based on test during characterization.
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3.5.10 Analog Comparator Controller (ACMP)

The maximum values are obtained for VDD = 3.6 V and maximum ambient temperature (Ta), and the typical

values for Ta= 25 °C and Vop = 3.3 V unless otherwise specified.

Symbol Parameter Conditions Min | Typ | Max | Units
AV, Analog supply voltage 1.8 3.6 v
Ta Temperature -40 105 C
MODESEL[1:0] =00 1.2 JIAN
) MODESEL[1:0] =01 3
loo Operating current
MODESEL[1:0] =10 10
MODESEL[1:0] = 11 75
0.1 12 | AVp,
Vem Input common mode voltage range [*2] AVoo | 01
Vo Differential input voltage sensitivity [*2] Hysteresis disable 10 20 mv
Voffset Input offset voltage Hysteresis disable, 5 10 mv
HYSSEL[1:0] = 00 0 mV
HYSSEL[1:0] =01 10
Vhys Hysteresis window HYSSEL[L:0] = 10 20
HYSSEL[1:0] = 11 30
A, DC voltage Gain[*1] 70 dB
Hysteresis disable 0.2 us
MODESEL[1:0] = 00 ]
Hysteresis disable 0.6
] MODESEL[1:0] =01 )
To Propagation delay[*2] Hysteresis disable 5
MODESEL[1:0] = 10
Hysteresis disable 45
MODESEL[1:0] = 11 '
Hysteresis disable 0.45 usS
MODESEL[1:0] = 00
Hysteresis disable 0.85
i MODESEL[1:0] = 01
Tsetwp Setup time[*2] Hysteresis disable 295
MODESEL[1:0] = 10 '
Hysteresis disable 4.75
MODESEL[1:0] = 11
Note:
1. Guaranteed by design, not tested in production
2. Guaranteed by characteristic, not tested in production
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3.5.11 OP Amplifier (OPA)

The maximum values are obtained for Vpp = 3.6 VV and maximum ambient temperature (T ), and the typical

values for Ta= 25 °C and Vpp = 3.3 V unless otherwise specified.

Symbol Parameter Conditions Min | Typ | Max | Units
AVpD Analog supply voltage 2.4 3.6 \Y
Ta Temperature -40 105 T
loo Consumption current Avop=3.3V, Temperature=25 C 690 LA
CMIR Common mode input range 0 AV, \Y

Tj = 25°C, No Load 4 mV
v Input offset voltage(maximum calibration range)

OFFSETO [*2] Vewm = AVpp-10mV ~ AVpp-0.8V, 6

All Temp.

CALRVS =0: Other Vcu 3.2 mV
VorrseT1 Input offset voltage(After offset calibration) [*2] CALRVS=0: Ve = AVpp-10mV.

—VJ. M = DD~

-~ AVDD'O.BV 65

CALRVS =1: Other VCM 3 mV
Voreser2 Input offset voltage(After offset calibration) [*2] CALRVS =1: Vey = AVeoo-10mV

—4i. VC™M — DD~

-~ AVDD'O.BV 52
CMRR Common Mode Rejection Ratio [*1] 90 dB
PSRR Power Supply Rejection Ratio [*1] 73 117 dB
GBW Bandwidth [*2] 8.2 MHz
SR Slew rate [*2] 4.7 Vius

Rload=min. INPUT at AVDD As/ "1"' v
Vonsat High saturation voltage [*2]

Rload=20K, INPUT at AVDD | V00"

0.02

Rload=min. INPUT at 0 100 mV
Vorsat Low saturation voltage [*2]

Rload=20K, INPUT at 0 20
PM Phase Margin [*1] 62 degree
Twakeup Wake up time from OFF state [*2] 2.8 5 us
Rioap Resistive load 4 kQ
Cioap Capacitive load 50 pF

Note:
1. Guaranteed by design, not tested in production
2. Guaranteed by characteristic, not tested in production
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3.6 USB Electrical Characteristics

USB Full-Speed

Symbol Parameter Min. Typ. Max. Unit Test Conditions
\m Input High (driven) 2.0 - - \Y% -
Vi Input Low - - 0.8 \Y -
Y Differential Input Sensitivity 0.2 - - \Y |PADP-PADM|
Vem Differential 0.8 - 25 \Y Includes Vp, range
Common-mode Range
Vee Single-ended Receiver Threshold 0.8 - 2.0 \Y% -
Receiver Hysteresis - 200 - mVv -
VoL Output Low (driven) 0 - 0.3 \Y% -
Vou Output High (driven) 2.8 - 3.6 \Y -
Vcrs Output Signal Cross Voltage 1.3 - 2.0 \Y -
Rey Pull-up Resistor 1.425 - 1.575 kQ -
Rep Pull-down Resistor 14.25 - 15.75 kQ
I oY IR R BT
Zprv Driver Output Resistance - 13 - Q Steady state drive*
Cin Transceiver Capacitance - - 20 pF Pin to GND
USB Full-Speed PHY characteristics
Symbol Parameter Min. Typ. Max. Unit Test Conditions
Ter Rise Time 4 - 20 ns C.=50p
Tre Fall Time 4 - 20 ns C.=50p
Terer Rise and Fall Time Matching 90 - 111.11 % Terer=Trr/ Ter
USB High-Speed characteristics
Symbol Parameter Min Typ Max Unit Test Condition
Ter High Speed Driver Rise Time 500 - ps CL=5pF
Tee High Speed Driver Fall Time 500 - ps CL=5pF
Terer Rise and Fall Time Matching 90 111.11 % Terer=Trr/ Ter
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3.7 Ethernet PHY Electrical Characteristics

Symbol Parameter Conditions Min | Typ | Max | Units
Vperx Peak-to-peak differential output voltage 100BASE-TX mode 1.9 20| 21 v
Tr/Tf Signal rise/fall time 100BASE-TX mode 3.0 4.0 5.0 ns
Output Jitter 1OOBASE'TX mpde, 14 ns
Scrambled idle signal
Overshoot 100BASE-TX mode 5.0 %
Error-free cable length meter 100 m
Fiber Mode
VOL TX Output low voltage 1.0 1.5 2.0 Vv
VOH TX Output high voltage 2.0 2.4 2.75 Vv
|VOD| TX Differential threshold voltage 0.52 0.83 1.3 \"
Vicm RX Input common-mode voltage 1.67 2.0 2.33 Vv
|Vidth| RX Input differential threshold voltage 0.2 0.83 1.0 \Y
Copper mode SD< 0.2V
D Fiber mode without detected signal 1.0V<SD< 1.8V
Generate far-end fault
Fiber mode with detected signal SD > 2.4V
3.8 Flash Electrical Characteristics
Symbol Parameter Conditions Min | Typ | Max | Units
Vel Supply Voltage Ta=25C 1.08 1.32 \Y
Nenour Endurance 10000 - - |cycles®
Trer Data Retention 10 - - year
Terase Page Erase Time 92 - 160 mS
Twmer Mass Erase Time 201 - 320 mS
Trros Program Time 42 - 50 us
[ Read Current - - 4.12 mA
[ Program Current - - 5 mA
[ Erase Current - - 5 UA
Note:
1. VFLa is source from chip LDO output voltage.
2. Number of program/erase cycles.
3. This table
4. is guaranteed by design, not test in production.
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3.9 Power Consumption
3.9.1 Main System

TBD

3.9.2 ESC Sub-system

Item Conditions VCCIO + VCC33A VCCK + VCC12A_PLL |Units
Digital 10 |20 1/O Output (Typ.) 160 50 mA

Note: Above current value are typical values measured on AX58200 Test board.

Table 3.9-1: Power Consumption

3.9.3 Package Thermal Characteristics

Symbol Description Condition | Min | Typ | Max | Unit
©ic | Thermal resistance of junction to case - 134 - °CIW
©.a | Thermal resistance of junction to ambient Still air - 24.24 - °C/W
P Junction to Top of the Package Characterization i 8.64 i oCIW

Parameter

Note: Above information is based on using 6 layers PCB.

Table 3.9-2: Thermal Characteristics
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3.10 Power—up Sequence

Trise3

A

VCC3IO/VCC33A

P Trise2
al

T

VCCK

4
\

/VCC12A PLL

RSTn

TrSt
P
<

> //

)

Teik

»:
L}

>
<«

3.3V

ov

1.2v

ov

wa e JUUUHTUUUTUUUL

Figure 3.10-1: Power-up Sequence Timing Diagram

Symbol Parameter Conditions Min | Typ | Max | Units

Trses  |3.3V power supply rise time. From OV to 3.3V. - 400 - us

Trsez  |1.2V power supply rise time. From OV to 1.2V. - 200 - us

Tos \_/(.?CK rising_to 1.2V to VCC3IO i 200 i us

rising to 3.3V interval.

Trst RSTn asserted low level interval. Erso_lr_r:] g/()?r%s:]%hr_'S'ng 0 33Vio 40 - us
From VCC3IO rising to 3.3V to

Teik 25MHz crystal oscillator start-up time.|clock stable of 25MHz crystal| - - 60 ms
oscillator.
PDI operational after power good,

Tswarp |Startup time without 12C EEPROM loading| - - 70 ms
error

Note: The above typical timing data is measured from AX58200 test board.

Table 3.10-1: Power-up Sequence Timing Table
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3.11 AC Timing Characteristics

3.11.1 12C Dynamic Characteristics
Symbol Parameter Standard Mode!*/? Fast Mode!? Units
Min Max Min Max
tLow SCL low period 4.7 - 1.2 - us
thicH SCL high period 4 - 0.6 - us
L . 4.7 1.2
tsu; sTA Repeated START condition setup time - - us
thp; st START condition hold time 4 - 0.6 - us
tsu; sTo STOP condition setup time 4 - 0.6 - us
taur Bus free time 4,78 - 1.26 - us
tsupat Data setup time 250 - 100 - nS
tHp;DAT Data hold time o 3.4501 o™ 0.8 us
t SCL/SDA rise time - 1000 2040.1C, | 300 ns
t SCL/SDA fall time - 300 - 300 ns
Ch Capacitive load for each bus line - 400 - 400 pF
Note:
1. Guaranteed by characteristic, not tested in production
2. HCLK must be higher than 2 MHz to achieve the maximum standard mode 12C frequency. It must
be higher than 8 MHz to achieve the maximum fast mode 12C frequency.
3. 12C controller must be retriggered immediately at slave mode after receiving STOP condition.
4. The device must internally provide a hold time of at least 300 ns for the SDA signal in order to
bridge the undefined region of the falling edge of SCL.
5. The maximum hold time of the Start condition has only to be met if the interface does not stretch the
low period of SCL signal.
Repeated
STOP START START STOP
SDA
taur
SCL
tho;sTA . touoAT tsu:sTA tsu:sto

Figure 3.11-1 I>C Timing Diagram
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3.11.2 SPI Dynamic Characteristics

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
SPI MASTER MODE (VDD =3.0~3.6 V, 30 PF LOADING CAPACITOR)
terku Clock output High time [*1] Tspicrx/ 2 ns
toLke Clock output Low time [*1] Tspicrx/ 2 ns
tps Data setup time 0 - - ns
tou Data hold time 2 - - ns
ty Data output valid time - 0 1 ns
SPI MASTER MODE (VDD = 1.8~2.0 V, 30 PF LOADING CAPACITOR)
teLkn Clock output High time [*1] Tspicik/ 2 ns
terkL Clock output Low time [*1] Tspicix/ 2 ns
tps Data setup time 0 - - ns
tou Data hold time 2 - - ns
ty Data output valid time - - 1 ns
Note:
1. The minimum clock period for SPICLK is 10.4 ns (96 MHz).

SPICLK

|<_tCLKH_>|<_tCLKL_>|

CLKP=0

CLKP=1

Laen [N N

| S W

MOSI

_.It
X Data Valid Y Data Valid ><

MISO

tDS_>|<_tDH
X Data Valid Data Valid

CLKP=0, TX_NEG=1, RX_NEG=0

MOSI

_’lt
y Data Valid >< Data Valid ><

tDs_>|<_tDH

MISO

Data Valid

Data Valid

\

or
x CLKP=1, TX_NEG=0, RX_NEG=1

CLKP=0, TX_NEG=0, RX_NEG=1
or
CLKP=1, TX_NEG=1, RX_NEG=0

Figure 3.11-2 SPI Master Mode Timing Diagram
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SYMBOL PARAMETER MIN. TYP. MAX. UNIT
SPI SLAVE MODE (VDD = 3.0~3.6V, 30 PF LOADING CAPACITOR)
teLkn Clock output High time [*1] - Tspicix/ 2 ns
torke Clock output Low time [*1] - Tspicik/ 2 ns
tss Slave select setup time 1 Tspicik + 2NS - ns
tsh Slave select hold time 1 Tspicik - ns
tos Data input setup time 0 - ns
ton Data input hold time 2 - ns
ty Data output valid time - 8 ns
teLkn Clock output High time [*1] - Tspicix/ 2 ns
SPI SLAVE MODE (VDD = 1.8V ~ 2.0V, 30 PF LOADING CAPACITOR)
teLkn Clock output High time [*1] - Tspicrk / 2 ns
toLke Clock output Low time [*1] - Tspicik / 2 ns
tss Slave select setup time 1 Tspicik + 3NS - ns
tsh Slave select hold time 1 Tspicik - ns
tos Data input setup time 0 - ns
ton Data input hold time 2 - ns
ty Data output valid time - 10 ns
Note:

1. The minimum clock period for SPICLK is 10.4 ns (96 MHz).
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SSACTPOL=1 /
tss

SPI SS L 4 ‘ ten
SSACTPOL=0 \ /
CLKPOL=0 |ty tou ]
TXNEG=1 ——
RXNEG=0
SPI Clock
CLKPOL=1
TXNEG=0 L
RXNEG=1 Y K
SPI data output ( _ X ‘ X -—
(SPI_MISO) Data Valid Data Valid L >
tps
|4—N— ton —bl
SPI data input >< i : ——
(SPI_MOSI) Data Valid Data Valid L
SSACTPOL=1 | \
SPISS S5 AR
SSACTPOL=0 \ /
CLKPOL=0 —te Pt ] N
TXNEG=0
RXNEG=1
SPI Clock
CLKPOL=1 /7
TXNEG=1 )
RXNEG=0 «ty
SPI data output ( X _ X : ——
(SPI_MISO) Data Valid Data Valid o >7
b
|4—§<— tor | ——
SPI data input X i X _ - =
(SPI_MOSI) Data Valid Data Valid o

Figure 3.11-3 SPI Slave Mode Timing Diagram
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3.11.3 12S Dynamic Characteristics
Symbol Parameter Min Max Unit Test Conditions
2 1 1 -
buckry I'S clock high time 40 Master fperx = MHz, data: 24 bits, audio
tueky) IS clock low time 40 - frequency =256 KHz
tuws) WS valid time 4 16 Master mode
ns
thows) WS hold time 1 - Master mode
tsuews) WS setup time 24 - Slave mode
thews) WS hold time 0 - Slave mode
I’S slave input clock 0
DuCysck) duty cycle 30 70 % Slave mode
tsu;so_MmR) 10 - Master receiver
Data input setup time
tsusp_sr) 7 - Slave receiver
thisp_mRr) 7 - Master receiver
Data input hold time
th(sp_sr) 4 - Slave receiver
ns
tysp_sm) Data output valid time - 10 Slave transmitter (after enable edge)
th(sp_sT) Data output hold time 4 - Slave transmitter (after enable edge)
tyso_mm) Data output valid time - 4 Master transmitter (after enable edge)
thso_m) Data output hold time 0 - Master transmitter (after enable edge)
3 t,(CKH) «—»
4 | p— | pe— peeess
O / \
cPOL=1 \ / \\_/_
- > t,(CKL) —» th(WS)
wsoutput N ___ o
t,(SD_ST) ty(SD_ST)
SDyansmit X LSB transmit® X MSB transmit Bitn transmit LSB transmit
tsu(SD_MR) th(SD_MR)
SDseceive X LSB receive® MSB receive Bitn receive LSB receive

Figure 3.11-4 12S Master Mode Timing Diagram
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e SN N N
e N\ N TN

£,(CKH)

> > t,(CKL) —» th(WS)
wsipput — N___
tsu(WS) t(SD_ST) t,(SD_ST)
SDyansmit X LSB transmit® X MSB transmit Bitn transmit LSB transmit

t-(SD_SR) t(SD_SR)
SDreceive X LSB receive® MSB receive Bitn receive X LSB receive

CK Input

I

Figure 3.11-5 I2S Slave Mode Timing Diagram
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3.11.4 USCI - 12C Dynamic Characteristics

Standard ModeZ Fast Model
Symbol Parameter .

Min. Max. Min. Max. unit
tLow SCL low period 4.7 1.2 - us
thicH SCL high period 4 0.6 - us
tsu: sTA Repeated START condition setup time 4.7 1.2 - us
thp; sTA START condition hold time 4 0.6 - us
tsu: sto STOP condition setup time 4 0.6 - us
taur Bus free time 4,76 1.281 - us
tsu:paT Data setup time 250 100 - nS
tHD;DAT Data hold time o 3.4501 o™ 0.8 us
tr SCL/SDA rise time - 1000 20+0.1C, 300 nsS
t SCL/SDA fall time - 300 300 nsS
Cp Capacitive load for each bus line - 400 400 pF
Note:

1. Guaranteed by characteristic, not tested in production

2. HCLK must be higher than 2 MHz to achieve the maximum standard mode I12C frequency. It must
be higher than 8 MHz to achieve the maximum fast mode 12C frequency.

3. 12C controller must be retriggered immediately at slave mode after receiving STOP condition.

4. The device must internally provide a hold time of at least 300 ns for the SDA signal in order to

bridge the undefined region of the falling edge of SCL.

5. The maximum hold time of the Start condition has only to be met if the interface does not stretch

the low period of SCL signal.

STOP START

thp;pAT tsu,pat

Repeated
START

tsusta

STOP

Figure 3.11-6 1°C Timing Diagram
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3.11.5 USCI - SPI Dynamic Characteristics

SYMBOL PARAMETER MIN. TYP. MAX. UNIT

SPI MASTER MODE (VDD =3.0~3.6 V, 30 PF LOADING CAPACITOR)

terku Clock output High time [*1] Tspicrx/ 2 ns

toLke Clock output Low time [*1] Tspicrx/ 2 ns

tps Data setup time 0 - - ns

tou Data hold time 2 - - ns

ty Data output valid time - 0 1 ns
SPI MASTER MODE (VDD = 1.8~2.0 V, 30 PF LOADING CAPACITOR)

teLkn Clock output High time [*1] Tspicik/ 2 ns

terkL Clock output Low time [*1] Tspicix/ 2 ns

tps Data setup time 0 - - ns

tou Data hold time 2 - - ns

ty Data output valid time - - 1 ns

Note:
1.  The minimum clock period for SPICLK is 10.4 ns (96 MHz).

SPICLK

|<_tCLKH_>|<_tCLKL_>|

CLKP=0

CLKP=1

Laen [N N
\_/ -

MOSI

_.It
X Data Valid Y Data Valid ><

MISO

X Data Valid I

tDS_>|<_tDH
Data Valid

MOSI

_’lt
y Data Valid >< Data Valid ><

tDs_>|<_tDH

MISO

Data Valid

Data Valid

\

CLKP=0, TX_NEG=1, RX_NEG=0
or
CLKP=1, TX_NEG=0, RX_NEG=1

CLKP=0, TX_NEG=0, RX_NEG=1
or
CLKP=1, TX_NEG=1, RX_NEG=0

Figure 3.11-7 SPI Master Mode Timing Diagram
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SYMBOL PARAMETER MIN. TYP. MAX. UNIT
SPI SLAVE MODE (VDD = 3.0~3.6V, 30 PF LOADING CAPACITOR)
teLkn Clock output High time [*1] - Tspicix/ 2 ns
torke Clock output Low time [*1] - Tspicik/ 2 ns
tss Slave select setup time 1 Tspicik + 2nS - ns
tsH Slave select hold time 1 Tspicik - ns
tos Data input setup time 0 - ns
ton Data input hold time 2 - ns
ty Data output valid time - 8 ns
teLkn Clock output High time [*1] - Tspicix/ 2 ns
SPI SLAVE MODE (VDD = 1.8V ~ 2.0V, 30 PF LOADING CAPACITOR)
teLkn Clock output High time [*1] - Tspicrx / 2 ns
teLke Clock output Low time [*1] - Tspicrk / 2 ns
tss Slave select setup time 1 Tspicik + 3ns - ns
tsn Slave select hold time 1 Tspicix - ns
tos Data input setup time 0 - ns
ton Data input hold time 2 - ns
tv Data output valid time - 10 ns
Note:
1. The minimum clock period for SPICLK is 10.4 ns (96 MHz).
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SSACTPOL=1 /
tss

SPI SS L 4 ‘ ten
SSACTPOL=0 \ /
CLKPOL=0 |ty tou ]
TXNEG=1 ——
RXNEG=0
SPI Clock
CLKPOL=1
TXNEG=0 L
RXNEG=1 Y K
SPI data output ( _ X ‘ X -—
(SPI_MISO) Data Valid Data Valid L >
tps
|4—N— ton —bl
SPI data input >< i : ——
(SPI_MOSI) Data Valid Data Valid L
SSACTPOL=1 | \
SPISS S5 AR
SSACTPOL=0 \ /
CLKPOL=0 —te Pt ] N
TXNEG=0
RXNEG=1
SPI Clock
CLKPOL=1 /7
TXNEG=1 )
RXNEG=0 «ty
SPI data output ( X _ X : ——
(SPI_MISO) Data Valid Data Valid o >7
b
|4—§<— tor | ——
SPI data input X i X _ - =
(SPI_MOSI) Data Valid Data Valid o

Figure 3.11-8 SPI Slave Mode Timing Diagram
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3.11.6 Ethernet Characteristics
RMII Interface Timing

Symbol Parameter Min Typ Max Unit Test Condition
Tp_rMn_rEFCLK RMII_REFCLK Period - 20.04/-30 - ns -

- B ppm
Th rmu REFCLK RMII_REFCLK High Time 8.0 10.0 12.0 ns -
To_rmn_rEFCLK RMII_REFCLK Low Time 8.0 10.0 12.0 ns -

RMII REFCLK Rising to Valid
TDLYfRMIIfTX RMHiTXEN, RMHiTXDATAO and - - 10 ns -
RMII TXDATAI Delay

RMII CRSDV, RMII RXDATAQ and
TSUfRMlliRX RMH_RXDATA] Setup Time to 5 - - ns -
RMII REFCLK Rising

RMII_CRSDV, RMII_RXDATAO
THDfRMI]fRX and RMH_RXDATAI HOld Tlme 2 - - ns -
from RMII_REFCLK Rising

4—Tp rmi REFCLK P

€Ty rvi_rercLc P 4T rmi_rercLc

><

4— ToLy_RMILTX

RMIIx_REFCLK

RMIIx_TXEN
RMIIX_TXDATAOQ
RMIIXx_TXDATAL

—>

RMIIx_CRSDV §
RMIIX_RXDATAO ;

RMIIXx_RXDATAL

Tsu_rRMII_RX 45‘ ‘4* §
’; ; THp_RrRMILRX
Figure 3.11-9 RMII Interface Timing Diagram
Ethernet PHY Management Interface Timing
Symbol Parameter Min Typ Max Unit Test Condition

Tp rRvi MDC RMII_MDC Period 400 - - ns _
THfRMIIfMDC RMlliMDC High Time 200 - - ns -
TLfRMIIfMDC RMII_M DC Low Time 200 - - ns -

T RMII MDC Falling to Valid 10 ns
DLY_RMII_MDIOWR RMIIiMDlO Delay - - -

T RMII_MDIO Setup Time to 10 ns
SU_RMII_MDIORD RMII_MDC Rising . ) .

T RMII_MDIO Hold Time from 10 ns
HD_RMII_MDIORD RMII_MDC Rising . ) .
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HTFLRMILMDC
H*TH_RMH_MDC—VH*TL_RMH_MDC—H

RMIIx_MDC

RMIIx_MDIO
(Write) 3

‘
ToLy_rRmi_Mpiowr >
‘
‘

“—
RMIIx_MDIO § §
(Read) i i i
) 3 |

4’ 47 Thp_RMI_MDIORD

Tsu_rRMi_MDIORD

Figure 3.11-10 Ethernet PHY Management Interface Timing Diagram

i« Tespac——W
FTLfSDfCLK—*iTHisDicLK—>

SDx_CLK I

SDx_CMD
SDx_DATA[3:0]
(Input Mode)

Tsuisp N 4’; <

4’1 147 Thp_sp_IN
SDx_CMD
SDx_DATA[3:0]
(Output Mode)
ToLy_sp_out 4’; ;‘*

Figure 3.11-11 SDIO default mode
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3.11.7 SDIO Dynamic characteristics

SDIO Default Mode Timing

EE Parameter Min Typ Max Unit Test Condition
SD_CLK Period
Tp s crx 40 - - ns -
(Data Transfer Mode)
SD_CLK Period
Tp sp cLk D ] . 2,500 - - ns
(Identification Mode)
Tu sp cLk SD_CLK High Time - 20 _ ns R
TL sp cLx SD_CLK Low Time - 20 _ ns R

SD_DATA Setup Time to
Tsu_sp_n .. 5 - - ns -
SD_CLK Rising

T SD_DATA Hold Time from
HD_SD_IN SD_CLK Rising

SD_CLK Falling to
Tory sp our . - - 14 ns -
Valid SD_DATA Delay

SDIO high-speed mode

Symbol Parameter Min Typ Max Unit Test Condition
Tpﬁs[)i(_‘u( SD7CLK Period 20 - - ns -
T sp_crx SD_CLK High Time 7 - - as _
TL sp ck SD_CLK Low Time 7 - - ns _
SD_DATA Setup Time to
Tsu sp IN o 6 - - ns -
SD_CLK Rising
T SD_DATA Hold Time from 3 ) ) N )
HD_SD_IN SD_CLK Rising s

SD_CLK Falling to
Tbry sp our - - 14 ns -

Valid SD_DATA Delay

SD_DATA Hold Time from SD_CLK

Tup sp_ our Rising
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Tp spclk————— P
4—T_ sp clk—P»4—Ty _sp ck—P

SDx_CLK

SDx_CMD
SDx_DATA[3:0]
(Input Mode)

Tsu sp N 4’; <«
—> ;‘7 Thp_sp_IN
SDx_CMD
SDx_DATA[3:0]
(Output Mode)
HTDLY_SD_OUT—»‘; —> 147 Thp_sp_out

Figure 3.11-12 SDIO high-speed mode

3.11.8 ESC I12C Timing

I Wene

San Control Byte Low Aadress Byte |

I e

SDA |

Figure 3.11-13: Write access (1 address byte, up to 16 Kbit EEPROMS)
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ser L T e
8 I N N A B O O N (B R
| [oe) e s [l maf wof o fose] re oo faa]

SDA © ! !
i High Address Byte

SCL: \

: : ! e . : ! : 3 ; : : R .
soa: () E e e e e e =) e
' . I I | ' | Da.(aB);teo ' '||

Low Address Byte
/

T Wate

SCL

SDA

Figure 3.11-14: Write access (2 address bytes, 32 Kbit - 4 Mbit EEPROMS)

Optional: High
Addrass Byle
™~ //

! ] { H i ' : i 4 ' ] ! o
| —— ey ' VR v R
x\n‘mox.\ax:.s RW ux‘ArlAslA&’Aa’mlulml-\o!xm! \
r 1 1 1 t — g ! 1 ! } i i |
{ ; )

Low Address Byta t )1

ThResd

SCL

SDA |
Control Byte

scL i\ ] [ L L L L)L L
PN P T T P
n i o Gala) .':(;‘lgm‘;x o ';fm\:;f;m@\

SDA |

Data Byte 0

| Start |

SCL | s HBHBHEHEE P
SDA ! msgDuZDu’(mzf,ongmo@09'5'05 -|mqous§ owﬂom’on;’mz'om,nhoan\ ’
: : “Stop !

Figure 3.11-15: Read access (1 address byte, up to 16 Kbit EEPROMS)
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Symbol Parameter Up to 16 Kb;ypllc:i Kbit-4 Mbit | Mt
Tek EEPROM clock period 6.72 (= 150 KHz) us
Twrite Write access time (without errors) 250 310 us
- Read access timel 2 words 440 500 us

Read (withouterrors): | configuration (8 Words) 1.16 1.22 ms
T sty ;Fflt?reéjg;célt?ggfc;ggratlon loading begins 655 us

Table 3.11-1: 12C EEPROM Timing Table

3.11.9 ESC Port 2 MII Timing

i TT.\',d—!m'
' .« > T A T
» D e NE_TX_ENA NE_TX_ENA W_TX_ENA MI_TX_ENA
TX_ENTXD[30] | X vom X mmiam X o X wveom X X]
10 ' \ Wrong Setupdicid Timing violsod
IX EN, TXD[3:0] : Wo_TX_ENA W TX_ENA Wo_TX_ENA WI_TX_ENA
+10 ns addilional delay M_TX_DATA VI_TX_DATA Mi_TX_DATA ME_TX_DATA
: 20 ms ! ! ! 4
i H H ; '
TX_EN, TXD[3:0] W TX_ENA Wi TX_ENA Wil TX_ENA WE_TX_ENA
+20 Tes addilional deiay A Wil TX DATA Wi TX_DATA ME_TX_DATA Ml TX_DATA
30 ns ! ! ; { ! Good. SetigiHoid Tming mst
I'X EN, TXD[3:0] S W TR ENA WL TX_ENA W TX_ENA Wil TA_ENA
+30 fvs acditional delay Mii_TX_DATA Ma_TX_DATA Ma_TX_DATA ME_TX_DATA
X : 1 ll'H\.':_l.\'.rm;n :
M 3 g i
IR OLE S ; bty T boid
- — R

max T L L L L1

Figure 3.11-16: Port 2 M1l TX Timing Diagram

Symbol Description Min Typ Max | Units
Teikes MCLK output - 40 - ns
TX_EN/TXD[3:0] delay after rising edge of
TTX_deIay MCLK - - 2 ns
T Delay between MCLK and TX_CLK output of i PHY i ns
PHY_TX_CLK the PHY dependent
; PHY
TeHy_TX_setup PHY setup time dependent - - ns
; PHY
TrHY_TX_hold PHY hold time dependent - . ns

Table 3.11-2: Port 2 MII TX Timing Table
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A ———
RX CLK
TR s T st
RX DV

RXD]3:0]
RX ERR RX signals valid

Figure 3.11-17: Port 2 MIlI RX Timing Diagram

Symbol Description Min Typ Max | Units
RX_CLK period (100 PPM with maximum FIFO ) )
Trx ok Size only) 40 ns
T RX_DV/RX_ER/RXDI[3:0] valid before rising 21 ) ) ns
RX_setup edge of RX_CLK '
RX_DV/RX_ER/RXDI[3:0] valid after risin
Trx ol e C/LK_ / [3:0] valid after rising edge 05 ) ) ns

Table 3.11-3: Port 2 MIl RX Timing Table
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MDC

"Llllllglll;l;lll |

o TS oo :
Preambie (32x '1') Stant 0P code ‘ PHY Register Address
MDC
I’ULI”LIIII’LIIIIII’L
MDIO s y i3 Yoz Y orY oo
I'Rest
PR o S
i ‘1‘.-
MDC 1
‘ ' )
! u AANANANANNANG
MDIO i Ao 00000000 0,
Kile Praambie {32x'1") Star OP code
T
MDC ' ' | |
k lllllllllll;ll;lll
~ : i ! . : : e r—
MDIO . '(.’!'- ‘I’N (11\ l’l| "U [|I . (1] . i i ’ " i (15] | o2 ‘ D1} D(I :
' 51(‘;':;0 ' High Data Byte ' Low Data Byte E Kle
Figure 3.11-19: MDC/MDIO Read access
Symbol Description Min Typ Max | Units
Twmoc MDC period 400 (= 2.5 MHz) ns
Tovrite MI Write access time 25.6 us
Tread MI Read access time 25.4 us
T Time between reset end and the first access of MI Link 134 ms
MILsatp| - gatection and configuration '

Table 3.11-4: MDC/MDIO Timing Table
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3.11.10 Distributed Clocks SYNC/LATCH

Symbol Description Min Typ Max Units
Toc_LATCH Time between LATCH 0/1 events 12 ns
Toc_sync _itter SYNC 0/1 output jitter 12 ns

Table 3.11-5: DC SYNC/LATCH timing characteristics

Toc 1aTeH - Toc 1 Ao
SYNC_LATCH1/0

Figure 3.11-20: LATCH timing

QOutpul event time
¥ p

Too_svme_sme Toe_svae_smw
—— A——.,

SYNC_LATCH1/0 / / \ !

Figure 3.11-21: SYNC timing
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3.11.11 ESC Digital 1/0 Timing

TS‘)F
S
SOF
TS()P 1o DATA S-ﬂupTSU['»lo»Uo\lA hold
| 0 ) " 4% )

Figure 3.11-22: Digital Input: Input data sampled at SOF, 10 can be read in the same frame

Tquml”v\*rnl?dtln_y

< >

¢ TK.AI IN >

| L |

LAT IN

TU:\l»\_mup TD‘\IA_hold
L e

10[31:0)

Figure 3.11-23: Digital Input: Input data sampled with LATCH_IN

Tmlpu ovenl deday
< >

l()l'l\'ll)

OUTVLD I'—I "_

1 DATA w OUTYLD
L e &

10[31:0) Cugmt DATA Xha: o Wigh Inpedases )
T“I’ EXT 10 DATA invahe
—p
OE EXT Toata o wo TRIG l
-~
I'h'[l TRIG
<

WD _TRIG —I

Figure 3.11-24: Digital Output timing

Tovrvin
.-

OUTVLD _]

TUI EXT vald TUE EXT _umeadid
—p -—p

OE_EXT , |

Figure 3.11-25: OE_EXT timing
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Symbol Description Min Typ Max | Units
ToATA setup Input data valid before LAT IN 5 - - ns
TbATA hold Input data valid after LAT IN 2 - - ns
Tiat N LAT IN high time 4 - - ns
Tsor SOF high time - 40 - ns
TSOF 10, DATA settp lgsgtl r?atlﬁie \grl:ea:;t:rrn iOF, so that Inputs can be 0 i 12 Us
TsoF to DATA hold Input data invalid after SOF 1.6 - - us
Tinput event delay Time between consecutive input events 440 - - ns
Toutvip OUTVLD high time - 80 - ns
TDATA to OUTVLD Output data valid before OUTVLD 79 - - ns
Two TRIG WD_TRIG high time - 40 - ns
TDATA to WD TRIG Output data valid after WD_TRIG - - 20 ns
ToE EXT to_DATA.invalid :)utputs zero or Outputs hi-Z after OE_EXT set 0 ) 95 ns

0 low
Toutput event delay Time between consecutive output events 320 - - ns
TouT EXT valid OUT_EXT valid before OUTVLD - 80 - ns
Tout EXT invalid OUT EXT invalid after OUTVLD - 80 - ns

Table 3.11-6: Digital 1/0 timing Table
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3.11.12 ESC PDI SPI Slave Timing

SCLK*

i TMOS! setup 1MOSI_hokd |
L ——

MOSI X ,’; X

§T.<v:;x K_to_MISO_vabd  TSCLK_to_MISO_invalid

wso T T )

*Refer to timing diagram for relevant edges of SCLK

Figure 3.11-26: Basic MOSI/MISO timing

Symbol Description Min Typ | Max | Units
TscLk SCLK frequency (5472I\%IH2) - - ns
TseL to cLk First SCLK cycle after SCS_ESC asserted 5 - - ns

. SPI mode 0/2, SPI mode 1/3
Telk © SEL ;?:ﬁ:g'gg&f(scigfsc with normal datg out sample S i i ns
- SPI mode 1/3 with late data out
Tewk/2+5
sample
Only for read access between address/command and first
Tread data byte. Can be ignored if BUSY or Wait State Bytes are 240 - - ns
used.
Taccess delay Delay between SPI accesses 40 - - ns
Twmosi_setup MOSI valid before SCLK edge 3 - - ns
Twmos! hold MOSI valid after SCLK edge 0 - - ns
Tscik o miso vaiid  |MISO valid after SCLK edge - - 10.5 ns
TscLK to MISO invalid MISO invalid after SCLK edge 0 - - ns
Tiro e Internal delay bet\{veen AL event and SINT output to i 180 i ns
ey enable correct reading of the interrupt registers.

Table 3.11-7: PDI SPI Slave Timing Table
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Figure 3.11-27: PDI SPI Slave read access (2 byte addressing, 1 byte read data) with Wait State byte
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. [ AddressCommandBviet 10 Woj State bte 3 Data fyte 0 11 Data Byte 1 i

SCS_ESC | | —
o~ SCLK? irtl_n-.“l T,&'_ ._‘ o - TC\.-;::&'I
S modeo: & OLELTITLILIHIU AL UL UL L FUNUT UL R UL LU L Eu'_ﬂ_ﬂ_ﬂ_ﬂ_. __;_
§ SCLX g :ﬂfﬂ.ﬂﬁﬂﬂﬂfu—f _L J‘Lﬂ J’U’Lﬂf '_L,'_'.fLI_U"LJ_LFU_f _LH.",'_U—I J—LJ—LI'U_ L TJ_LJ_LJ"U" L .' ;
E P L : A SR =
&
L2

|ate sample, mode V2 :
SCLK! }I’u_j._mlz‘,l'. T :u?;:‘_m e

o ’":g"u: _ '_;_'“.J'U'U'l l"LJ_L-'_'.__'lI_LJ_LF LMLTLELS, ,_TM'_‘J_I LU ._’“-.I“_I'U'] REQEp SN gl Ny Ll'l_.’lf':_,_‘_
T moded; | | L NN NN L NN NN N L
u .
o
o

normal sample, mode 173 |
MISO |
late sample, mode 173

Figure 3.11-28: PDI SPI Slave read access (2 byte addressing, 2 byte read data) with Wait State byte
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‘ Address/Command Byte 0 ‘ ‘ Address/Command Byte 1 ‘ ‘ Data Byte 0 ‘ Taccess_delsy
SCS_ESC Next access
Towk
i Towk_to)seL

TseL to_cLk
< .

S T AL UL U T

S mode 2 nahnnhnighahninaighnnhnnn ||
[ ! P Lo '
T | i n |
£ most ¢ >@@ . 669990 5O AT/ 66886080 X

TsEL to_DO) val

MISO | >
normal sample, mode 0/2 7

late sample, modlgllli’g Staws 33393939999990 f X ) .

— I

T TEEL_to) DO _inval
GLE : e
TSEL_fo_cLicr— | TeLk_to_SEL

moses LU UL LT L
mode 3 J_MMIMJ—IUWU _l_

vos T DY EEEOOOOONOOOO A\ ADDEEEEOEE X
normal sample, modglﬁg “TJ . 9339““ s 9999 I1|1 (il‘; X . F I?T

MISO oV oV o Vi Vie Vie Vio T\

Status
late sample, mode 1/3 A NS A2 A A2 A\ 0 T A NS ALAS AN 0

SPl mode 1/3

Figure 3.11-29: PDI SPI Slave write access (2 byte addressing, 1 byte write data)
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| AddressiCommand Byte 0 ] [_ Address/Command Byte 1 | [*A_daress/mmmand Bytez | | Data Byte 0 ]T ...... i
| —
scs ESC || ] g RO

E :T'CL' ol Tew ot t:L

moce0 :]‘IMUUIHMIMIJMMUULMUWWLW—FIJ
iz [T L_LULHILFLFU_LTUUUUII—IMFLFLFUUWUMHJWU—_L'U

SPI mode 0/2

normal sample, mode 02 !
MISO |
late sample, mode V2 |

..................................... e s e R e R e S e A e e S ST e N S
t v O V T '

!A'DD'\'VOG '
- |

SPImode 1/3

MISO |
normal sample. mode 1/3 '

MISO |
late sample, mode 1/3 |

Figure 3.11-30: PDI SPI Slave write access (3 byte addressing, 1 byte write data)
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3.11.13 Function SPI Slave Timing

SCLK e Tscux > —y —
/ s \ /
Ty Tup Tsy | Tan
< »ie > <« >a >
MOST = MSB §57¢ —
I Too,
MISO . MSB $57¢ X -
l‘(-’;_\-y; - »‘l.«:m T
&P ON
SCS_FUNC Towor 2 —

Figure 3.11-31: Function SPI Slave with share pin Timing Diagram

Symbol Description Min Typ | Max | Units
Tscik  |SCLK clock frequency - - 50 | MHz
Too MISO data valid time after SCLK edge 9.2 - - ns
Tsu MOSI data setup time before SCLK edge 2 - - ns
THp MOSI data hold time after SCLK edge 2 - - ns
Tesse | SCS setup time before MISO active 7.6 - - ns
Toup  |SCS hold time after SCLK edge 21 - - ns
Tcsup  [MISO data hold time after SCS de-assert 2.6 - - ns
Ton SCS negation to next SCS assertion time 40 - - ns

Table 3.11-8: Function SPI with share pin Timing Table

sak@ompzp 000 - sox: =i . R
v Tap Ty | Tup
- > 1ol - e »
vostao0s) [ MsB X 557 X A
»Tg0 2 Tno,
MISO ({11 I3 VB 557 X .
r‘.‘&.sP < »‘T -
CSHD
il Touns Tox

SCS_FUNC (EOF) ) A

Figure 3.11-32: Function SPI Slave with individual pin Timing Diagram

Symbol Description Min | Typ | Max | Units
Tscik  |SCLK clock frequency - - 475 | MHz
Too MISQO data valid time after SCLK edge 10.5 - - ns
Tsu MOSI data setup time before SCLK edge 2 - - ns
Thp MOSI data hold time after SCLK edge 2 - - ns
Tcsse | SCS setup time before MISO active 7.7 - - ns
Touo  |SCS hold time after SCLK edge 21 - - ns
Tesup  |MISO data hold time after SCS de-assert 25 - - ns
Ten SCS negation to next SCS assertion time 40 - - ns

Table 3.11-9: Function SPI with individual pin Timing Table
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3.11.14 PWM Motor Controller Timing

PWM=L/H

PULZ

PULC

PULA

PULB

PULAB

Ll T

ml

—» Ty

> Tprpp
—» 4 Tpgpw

> Terc -~
N Tefe 14—
_‘ Tpxppw "'H"_ Teorr P
—l'" i"‘_T'F'.‘{H'F'ii'

-
— E"—Tpmlg"

:

L]

Note: PWMx mean PWM 1 to PWM 3

Figure 3.11-33: PWMx Timing

Symbol Description EN8X | Min Typ Max | Units
. x1 - PPC * 10 - ns
Terc PWM Period Cycle 8 - PPC * 80 - ns
. . x1 - PXHPV * 10™ - ns
Texwe  |[PWM x High pulse Width set by PXHPWR 8 - PxHPV * 80°1 - ns
. x1 - PXHPV * 10™ - ns
Texe  |PWM x Low pulse Width set by PXHPWR 8 - PxHPV * 80°1 - ns
T Pulse width for PULZ, PULC, PULA, PULB, and| x1 - PXHPW * 10 - ns
PXHPW  IPULAB x8 - PXHPW * 80 - ns
T PWM Trigger Pulse A Position in PWM Period x1 - PTAPP * 10 - ns
PAPPICycle x8 - PTAPP * 80 - ns
T PWM Trigger Pulse B Position in PWM Period x1 - PTBPP * 10 - ns
PBPPICycle x8 - PTBPP * 80 - ns

Note *1: “x”=1~3

Table 3.11-10: PWMx Timing Table
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Original PWM: R 7 i
0 T

PWM1 .|THP1'-'1 |4— i |
PWM2 —-| Tipwn 4 :
PWM3 o T |
Phase Shifi: :
PWM 2 anly L Ty “ ;
FWMI | * gy 4 E
> e e :
PWM2 t-| jp— |< ‘
PWM3 T [ |

MNote: *l:x=1-3

Figure 3.11-34: Only PWM Channel 2 Shift Diagram

Symbol Description EN8X | Min Typ Max| Units
PWM pulse was postponed raising time x1 - P1SHIFT * 10 - ns
TrisHT Eﬁceids;t:gg with P1SHR) and the pulse width stays «8 i P1SHIET * 80 i ns
Teosut  |Please reference Teisnt content ié EggEE : ég :2
Tessnt  |Please reference Teisnt content ié EggEE : ég :2

Table 3.11-11: PWMx Shift Timing Table
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> ]‘I‘Pf.' <
PWMxH ‘ 5 ‘
| ' |
PWMxL ‘ _ i
PWMxH (BBM) ‘ Topyn ¥ |[*
— ‘ - , —
PWMAxL (BBM) ; ‘
’ *Tgpg!
Figure 3.11-35: BBM (Break Before Make) Timing Diagram
Symbol Description EN8X | Min Typ Max | Units
T High pulse was postponed raising and x1 - PBBMH * 10 - ns
BBMHIreduce pulse width X8 - PBBMH * 80 - ns
T Low pulse was postponed falling and x1 - PBBML * 10 - ns
BBML  laddition pulse width X8 - PBBML * 80 - ns
Table 3.11-12: PWMx BBM Timing Table
. CMDI CMD2
STP (PWMIL) »j trw.‘\. r l o TeorTeemr ]
- L ! _
DIR (PWMIH) ; 5 A IR
Note i j (e
CMD! set STN =3 and FRM =0 StT
CMD2 set STN = 2 and FRM = 0
Figure 3.11-36: One Shot with multi Step Timing Diagram
Symbol Description Min Typ Max | Units
Tser  |Step Pulse to Pulse Gap time set by SGTLR and SGTHR - SGT * 10 - ns
Step Pulse Width set by SHPWR
Tspw - SPW * 10 - ns
Note: Step frequency = 1/ (Tspw +TscT)
Tseoy  |Direction Transform Delay Time set by TDLYR - SPDT * 10 - ns

Table 3.11-13: Step function timing table
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3.11.15 Incremental and Hall Encoder Interface Timing

ENCA | |

ENCB
P Tag ' Tax ! Tsx; Tk r__,
ENCZ L
Figure 3.11-37: ABZ Timing Diagram
CW (ENCA) [
Tewn oo
CCW (ENCB) e ]
ENCZ [ T 1
Figure 3.11-38: CW/CCW Timing Diagram
CLK (ENCA) > | |
Taxs Tox
DIR (ENCB) . :
Tea {Toued |::: |
ENCZ %
Figure 3.11-39: CLK/DIR Timing Diagram
A (ENCA)
B (ENCB) .
C (ENCZ) .

P> TTTTF . >
Tik  Tux Tiax Tex Tux Ty

Figure 3.11-40: Hall Timing Diagram
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Symbol Description Min Typ Max Units
Tsk AB state keep time 30 - - ns
Tz Z Pulse Width 30 - - ns

Tewn  |CW high time 30 - - ns
Towe  |CW low time 30 - - ns

Tcewn  |CCW high time 30 - - ns

Tcewe  |[CCW low time 30 - - ns

Tcokn  |CLK high time 30 - - ns

Toke  |CLK low time 30 - - ns
Tcop |CLK to DIR time 30 - - ns
Tozc  |DIRto CLK time 30 - - ns
Thk Hall state keeps time 60 - - ns

Table 3.11-14: Incremental and Hall Encoder Timing Table
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3.11.16 ESC SPI Master Timing

MSS[x] —\ ,—\

1
1

[ [ | |
! —re—

) Tossl : . Toes2 : ) Toess : Tom :

o : T o

| | | [ | | |

Lagl
MSCLK gg gg
8b|ts 8b|ts

Figure 3.11-41: SPI Master Timing

MSCLK

MMISO

b

:

Twiser

|

1
: Twmiser
|
s OB BB
1
-~

TwvobLy

Figure 3.11-42: MMISO /MMOSIO Timing
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MSS[x]

woveizo L1/ AN

Figure 3.11-43: SPI MDRLD Ready Timeout Timing

MSS[X]

MINT

MTRG
(Pulse pol=0) [/ / /

Figure 3.11-44: SPI MTRG Trigger Pulse Timeout

MSS[x]
: Tipace i
— -
MDRLD
(LDAC_pol =0)
<>
Tipacw

Figure 3.11-45: SPI MDRLD Trigger LDAC Gap and Width Timing
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Symbol | Description | Min | Typ |Max | Units
Clock
Tscik  |MSCLK Period ) Tscii+ - | ns
TscLkL
TscLkH MSCLK hlgh - 5 * Divide - ns
TscikL MSCLK low - 5 * Divide - ns
Bus Timin
MSS[x] to MSCLK (Mode0/1 without DBS1K) | - (DBS + 1) * Tsclk - | ns
MSS[x] to MSCLK (Mode2/3 without DBS1K) | - (DBS + 0.5) * Tsclk - | ns
Toss:  |MSS[x] to MSCLK (Mode0/1 with DBS1K) - | (2024 (DTE’;; M*D* | s
- * *
MSS[x] to MSCLK (Mode2/3 with DBS1K) (1024 (D?SSC P FOST s
Byte to byte (Mode0/1 without DBS1K) - (DBS + 0.5) * Tsclk - ns
Byte to byte (Mode2/3 without DBS1K) - (DBS + 0.5) * Tsclk - ns
Toss2 |Byte to byte (Mode0/1 with DBS1K) - | (1024 (D_?SSC:l-(l)) +05) - | ns
Byte to byte (Mode2/3 with DBS1K) - | (1024 (D_?SSC:l-(l)) +05) - | ns
MSCLK to MSS[x] (Mode0/1 without DBS1K) - (DBS + 0.5) * Tsclk - ns
MSCLK to MSS[x] (Mode2/3 without DBS1K) - (DBS +1.0) * Tsclk - ns
Tosss  |MSCLK to MSS[x] (Mode0/1 with DBS1K) - | (024 (D_Er‘SSC PO n
MSCLK to MSS[x] (Mode2/3 with DBS1K) - | (1024 (D.Erfc I’IL(l)) FLO* L | ps
T MSS[x] gap (without DT1K) - (DT + 2) * Tsclk - ns
BT IMSS[x] gap (with DT1K) - (1024 * (DT +1)+2)*Tsclk| - | ns
Twmiser  |MMISO setup time 10.5 - - ns
Tmivo  [MMISO hold time 0 - - ns
Twmoory  |MMOSI output delay - - 05| ns
Trt MDRLD ready timeout (RDY mode) - | (1 +SPIRPT) *1024 * Tsclk | - ns
Ter MTRG timeout - | (1 +SPIRPT) *1024 * Tsclk | - ns
- | (LDACG1K *1023) + 1) * |
Tipace |MDRLD Gap (LDAC mode) (LDGAP + 1) * Tsclk ns
. - | (LDACG1K*1023+1)* | _

Tipacw |MDRLD Width (LDAC mode) (LDWID + 1) * Tsclk ns

Table 3.11-15: SPI Master Timing Table

177

Copyright © 2019 ASIX Electronics Corporation. All rights reserved.

PRELIMINARY




& AX58200
A\ SIX EtherCAT Slave Controller SoC

4 Package Information

2X
< D > ]aaalC] D1 A
e
B e g 9bl g Feee@ [C]A]B]
PN #1 2 Fi®[C
: W —'L-Jlfr_,\.'nvuuu)-;;
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K DoOoOoOOoQoo0 000
o oOcoO0OOCOQICOOD O OO
H o oo o0gQ|coo 0 a
G O 000 QQICDD 0000 —
| E— — (] F o C.f'ﬁ ] ."J.f‘ oo l."J o o .f'ﬁ__ Ll
E o oDOoOOC|CDOoO O OO
o SccoO0OoOOQOCDOO0ODOCOO
Cloocooogc|jlooooco o
B OO0 OQOQICDDO OO0
Ah:-tr:_:j:-t.ic::.t:::¢
81 3 5 7 8 11
5
TOP VIEW @ﬂm ‘/i Z 4 & B 10 12
B i ! 3 ) .
—_ 2X BOTTOM VIEW
T — . Dimension in mm Dimension in inch
: Symbol
.a"l 7 I ymEe N NOM MAX MIN NOM BAY
L ! A 1.23 | 1.30 | 1.7 | 0.048 | 0.051 | 0.054
T AT | 0.6 | 0.21 | 0.26 | 0.006 | 0.008 | 0.010
AZ 0.91 0.96 1.01 0.036 | 0.038 | 0.040
“L"'-,“ - 0.22 0.26 0,30 0.009 | 0.0 | 0D.01Z2
d D 9.80 10.00 10,10 | 0.390 | 0.3%4 | 0.388
E 9.90 | 10.00 | 1090 | 0.390 | 0.394 | 0.398
— CAVITY D1 ——— | BBD | ——= | ——= | 0.346 | ——=
= " "
— 3 — : ~ — — 0.3 —
3 HEAT SINK . E 8.80 0.346
— = “ ) ——— [ D80 | ——= | ——= | 0.031 | ——=
MY —_ - =
3 (0.10 MAX) \ Y = b 0.25 | 0.30 | 0.35 | 0.010 | 0.012 | 0.014
E]x \"' \\ — aaa 0.15 0.006
//lece|C 4 cee 0.10 0.004
v ddd 0.08 0.003
1 2l ese 0.15 0.0086
5 T 0.08 0.003
o 0 MO,/ ME 12/12
NOTE
SOLDER BALL = .
al < 1. CONTROLLING DIMENSION : MILLIMETER.
SEATING PLANE /2\ PRIMARY DATUM C AND SEATING PLANE ARE
i\_ DEFINED BY THE SPHERICAL CROWNS OF
THE SOLDER BALLS.
DETAIL "’;_\1“ /3; DIMENSION b 15 MEASURED AT THE MAXIMUM

SOLDER BaLL DIAMETER, PARALLEL TO
FPRIMARY DATUM C.
4. SPECIAL CHARACTERISTICS C CLASS: cec, ddd (SPIL STANDARD)

& THE PATTERN OF PIN 1 FIDUCIAL IS5 FOR
REFERENCE OMNLY .

6. REFERANCE DOCUMENT : JEDEC PUBLICATION 95
DESICN CUIDE 4.5
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5 Ordering Information

Part Number

Description
AX58200 BI 144-pin HSFBGA RoHS compliant package, temperature range: -40 to 85°C.
AX58200 BT

144-pin HSFBGA RoHS compliant package, temperature range: -40 to 105°C.

6 Revision History

Revision Date

Comments
V0.10 2019/11/22 |Preliminary release.
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? A\ §][ )\Y Electronics Corporation.

4F, No. 8, Hsin Ann Rd., HsinChu Science Park,
HsinChu, Taiwan, R.O.C.

TEL: 886-3-5799500
FAX: 886-3-5799558

Email: support@asix.com.tw
Web: https://www.asix.com.tw/
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