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Features

@ A System-in-Package (SiP) product based on
STSTM32H755 microcontroller and ASIX EtherCAT

slave controller

B STM32H755 Dual-Core ARM® Cortex® -M7 &

Cortex® -M4 microcontroller

® 32-bit Arm® Cortex®-M?7 core with double-
precision FPU and L1 cache: 16 Kbytes of data
and 16 Kbytes of instruction cache; frequency
up to 480 MHz, MPU, 1027 DMIPS/ 2.14
DMIPS/MHz (Dhrystone 2.1), and DSP
instructions

® 32-bit Arm® 32-bit Cortex® -M4 core with
FPU, Adaptive real-time accelerator (ST ART
Accelerator™) for internal Flash memory and
external memories, frequency up to 240 MHz,
MPU, 300 DMIPS/1.25 DMIPS /MHz
(Dhrystone 2.1), and DSP instructions

B Memories

® 2 Mbytes of dual bank Flash memory with
read-while-write support

® 1 Mbyte of RAM: 192 Kbytes of TCM RAM
(inc. 64 Kbytes of ITCM RAM + 128 Kbytes
of DTCM RAM for time critical routines), 864
Kbytes of user SRAM, and 4 Kbytes of SRAM
in Backup domain

® Dual mode Quad-SPI memory interface
running up to 133 MHz

® Flexible external memory controller with up to
32-bit data bus: SRAM, PSRAM,
SDRAM/LPSDR SDRAM, NOR/NAND Flash
memory clocked up to 125 MHz in
Synchronous mode

® CRC calculation unit

B Security

® ROP, PC-ROP, active tamper, secure firmware
upgrade support, Secure access mode

B General-purpose input/outputs (GPI1O)
® Up to 97 1/O ports with interrupt capability

B Reset and power management
® 3 separate power domains which can be
independently clock-gated or switched off:
D1: high-performance capabilities
D2: communication peripherals and timers
D3: reset/clock control/power management
1.62 to 3.6 V application supply and 1/Os
POR, PDR, PVD and BOR
Dedicated USB power embedding a 3.3 V
internal regulator to supply the internal PHY's
Embedded regulator (LDO) to supply the
digital circuitry
® High power-efficiency SMPS step-down
converter regulator to directly supply VCORE
and/or external circuitry
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Voltage scaling in Run and Stop mode (6
configurable ranges)

Backup regulator (~0.9 V)

Voltage reference for analog peripheral/\VVREF+
1.210 3.6 V VBAT supply

Low-power modes: Sleep, Stop, Standby and
VBAT supporting battery charging

Low-power consumption

® VBAT battery operating mode with charging
capability

® CPU and domain power state monitoring pins

® 2.95 uA in Standby mode (Backup SRAM
OFF, RTC/LSE ON)

Clock management

® Internal oscillators: 64 MHz HSI, 48 MHz
HSI148, 4 MHz CSlI, 32 KHz LSl

® External oscillators: 4-48 MHz HSE, 32.768
KHz LSE

® 3x PLLs (1 for the system clock, 2 for kernel
clocks) with Fractional mode

Interconnect matrix

® 3 bus matrices (1 AXI and 2 AHB)

® Bridges (5x AHB2-APB, 2x AXI2-AHB)

4 DMA controllers to unload the CPU

® 1x high-speed master direct memory access
controller (MDMA) with linked list support

® 2x dual-port DMAs with FIFO

® 1x basic DMA with request router capabilities

Up to 35 communication peripherals

® 4x 12Cs FM+ interfaces (SMBus/PMBuSs)

® 4x USARTs/4x UARTS (ISO7816 interface,
LIN, IrDA, up to 12.5 Mbit/s) and 1x LPUART

® 6x SPIs, 3 with muxed duplex 12S audio class

accuracy via internal audio PLL or external

clock, 1x 12S in LP domain (up to 150 MHz)

4x SAIs (serial audio interface)

SPDIFRX interface

SWPMI single-wire protocol master I/F

MDIO Slave interface

2x SD/SDIO/MMC interfaces (up to 125 MHz)

2x CAN controllers: 2 with CAN FD, 1 with

time-triggered CAN (TT-CAN)

2x USB OTG interfaces (1FS, 1HS/FS) crystal-

less solution with LPM and BCD

® Ethernet MAC interface with DMA controller

® HDMI-CEC

® 8- to 14-bit camera interface (up to 80 MHz)

11 analog peripherals

® 3x ADCs with 16-bit max. resolution (up to 36
channels, up to 3.6 MSPS)

® Ix temperature sensor
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® 2x 12-hit D/A converters (1 MHz) ® HASH (MD5, SHA-1, SHA-2), HMAC
® 2x ultra-low-power comparators ® True random number generators
® 2x operational amplifiers (7.3 MHz bandwidth) m Debug mode
® 1x digital filters for sigma delta modulator ® SWD & JTAG interfaces
(DFSDM) with 8 channels/4 filters ® 4 Kbytes Embedded Trace Buffer
B Graphics

. B 96-bit Unique Identifier (UID)
® LCD-TFT controller up to XGA resolution
® ST Chrom-ART graphical hardware @ EtherCAT Slave Controller (ESC) Sub-system
Accelerator™ (DMA2D) to reduce CPU load B 2 Integrated Fast Ethernet PHY's
® Hardware JPEG Codec m 3" Ethernet MII Port for flexible EtherCAT
network configuration

® Up to 22 timers and watchdogs B 8 Fieldbus Memory Management Units

® 1x high-resolution timer (2.1 ns max (FMMUs)
resolutlgn). . B 8 Sync Managers
¢ 2x|32'b't tlmers(\i/wth gp to4 IQOC/PW'\:I or B 64-bit distributed clock support allows
pu sedcogntertan ?ug45aﬁ\ljlr|i (incremental) synchronization with other EtherCAT devices
enco er_lnpu (up to 2) _ B 9K bytes RAM
® 2x 16-bit advanced motor control timers (up to L
240 MHz) B Step & Direction Controller
® 10x 16-bit general-purpose timers (up to 240 B Incremental and Hall Encoder Interface
MH?z) B SPI Master Controller
® 5x 16-hit low-power timers (up to 240 MHz) W Emergency Stop Input
® 4x watchdogs (independent and window) ] Conf_lgu_rable Watchdog for Outputs and Inputs
® 2x SysTick timers %Ogg?gng led by EtherCAT direcl
® RTC with sub-second accuracy and hardware u s controled by Ether irecity
calendar @ 225LD EHS-TFBGA 13x13 mm, 0.8-mm pitch,

B Cryptographic acceleration RoHS Compliant Package

® AES 128, 192, 256, TDES, @ Operating Temperature Range: -40 to +85°C

Target Applications

B EtherCAT IO-Link Master

B EtherCAT Junction Slave Module
B Communication Module

B Operator HMI Interfaces

B Motion/Motor Control
B Digital 1/0 Control

B Robotics

B Sensors Data Acquisition

Typical Applications Diagram

EtherCAT EtherCAT EtherCAT
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T ‘ -
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Applications
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Functional Block Diagram

STM32H755 Microcontroller

Copyright © 2019 STMicroelectronics —All rights reserved.

System

SMPS, LDO, USB and

backup regulz

POR/PDR/PVD/E

Multi-power domains
Xtal oscillators

32 kHz + 4 ~48 MHz

Internal RC oscillators
32 kHz + 4, 48 & 64 MHz

Clock control

RTC/AWU

1x SysTick timer
2x watchdogs
(independent and
window
82/114/140/168 |/0s

clic redundan
o check (CRC 2

2x 16-bit motor control
PWM synchronized
AC timer

10x 16-bit timers
2x 32-bit timers

5x Low-power timer
16-bit High res. timer

Optional extended
temperature range
support (125°C)

Crypto/Hash processor

DES, AES 256, GCM, CCM

SHA-1, SHA-256, MD5,
HMAC

Security services
SFl and SB-SFU

2-Mbyte dual-bank
Flash memory
RAM 1056KB incl.
64KB ITCM
FMC/SRAM/NOR/NAND/
SDRAM
Dual Quad-SPI
1024-byte + 4-Kbyte
backup SRAM

Chrom-ART Accelerator™
JPEG Codec Acceleration

Cache I/D 16+16 Kbytes

TFT LCD controller

Arm®
Cortex® -M7
480 MHz

6x SPI, 3x I2S, 4x 12C
Camera interface

Ethernet MAC 10/100
with 1588

MDIO slave

2x FDCAN
lexible Data rate

1x USB 2.0 OTG FS/HS
1x USB 2.0 OTG FS
2x SDMMC

4x USART + 4 UART

LIN, smartcard, IrDA,
modem control

1x Low-power UART

4x SAl
Serial audio interface

SPDIF input x4
DFSDM (8 inputs/4 filters)

5
i

+

Arm®
Cortex® -M4
240 MHz

Floating point unit
(DP-FPU)
Nested vector
interrupt
controller (NVIC)
JTAG/SW debug/ETM

Memory Protection Unit
B )
ROP, PC-ROP
anti-tamper

i

ire Protoco

Analog
2x 12-bit, 2-channel DACs
3 x 16-bit ADC
(up to 3.6 Msps)

20 channels/up to 2 MSPS
Temperature sensor

AXI and Multi-AHB
bus matrix
| 4xDbMA

True random number
generator (RNG

2x OpAmp

EtherCAT Slave Controller (ESC) Sub-system

2x Fast Ethernet PHY Ports

1x Fast Ethernet MIl Port
8x FMMU

64-bit DC
8x Sync Manager
9K DPRAM
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Copyright © 2021 ASIX Electronics Corporation. All rights reserved.
Copyright © 2019 STMicroelectronics — All rights reserved for STM32H755 microcontroller.

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.

STM32, ART Accelerator™, Chrom-ART graphical hardware Accelerator™ are registered trademarks and patented
technologies, licensed by STMicroelectronics International N.V.

Arm® and Cortex® are registered trademarks and patented technologies, licensed by Arm Limited (or its subsidiaries).
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1 Introduction

1.1 General Description

The AX58400 EtherCAT Slave Controller with Dual-Core MCU is a System-in-Package (SiP) product based on the
STM32H755 microcontroller from STMicroelectronics. AX58400 is equipped with STM32 Dual-core Arm® Cortex® -
M7 and Cortex® - M4 32-bit RISC cores. The Cortex® -M7 core operates at up to 480 MHz and the Cortex® - M4 core
at up to 240 MHz. Both cores feature a floating point unit (FPU) which supports Arm® single- and double-precision
(Cortex® -M7 core) operations and conversions (IEEE 754 compliant), including a full set of DSP instructions and a
memory protection unit (MPU) to enhance application security. The EtherCAT Slave Controller (ESC) with two
integrated Fast Ethernet PHYs which support 100Mbps full-duplex operation and HP Auto-MDIX. The AX58400
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.

AX58400 incorporates high-speed embedded memories with a dual-bank Flash memory of 2 Mbytes, up to 1 Mbyte of
RAM (including 192 Kbytes of TCM RAM, up to 864 Kbytes of user SRAM and 4 Kbytes of backup SRAM), as well
as an extensive range of enhanced 1/Os and peripherals connected to APB buses, AHB buses, 2x32-bit multi-AHB bus
matrix and a multi-layer AXI interconnect supporting internal and external memory access.

AX58400 offers three ADCs, two DACs, two ultra-low power comparators, a low-power RTC, a high-resolution timer,
12 general-purpose 16-bit timers, two PWM timers for motor control, five low-power timers, a true random number
generator (RNG), and a cryptographic acceleration cell. The devices support four digital filters for external sigma-delta
modulators (DFSDM). They also feature standard and advanced communication interfaces.

o Standard peripherals
— Four I%Cs
— Four USARTS, four UARTs and one LPUART

— Six SPlIs, three 1?Ss in Half-duplex mode. To achieve audio class accuracy, the I12S peripherals can be
clocked by a dedicated internal audio PLL or by an external clock to allow synchronization.

— Four SAI serial audio interfaces
— One SPDIFRX interface
— One SWPMI (Single Wire Protocol Master Interface)
— Management Data Input/Output (MDIO) slaves
— Two SDMMC interfaces
— AUSB OTG full-speed and a USB OTG high-speed interface with full-speed capability (with the ULPI)
— One FDCAN plus one TT-FDCAN interface
— An Ethernet interface
— ST Chrom-ART Accelerator™
— HDMI-CEC
e Advanced peripherals including
— A flexible memory control (FMC) interface
— A Quad-SPI Flash memory interface
— A camera interface for CMOS sensors
— An LCD-TFT display controller

— A JPEG hardwarecompressor/decompressor
Refer to Table 1.1-1: AX58400 Features and Peripheral Counts for the list of peripherals available in detail.
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The AX58400’s ESC circuit also 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 SPI master controller for data acquisition-and
output, and an I/O watchdog for functional safety.

The AX58400, in 225LD EHS-TFBGA 13x13 mm, 0.8-mm pitch, supports the RoHS compliant package and industrial
grade operating temperature range from -40 to 85°C. For VDD power domain, supply voltage can drop down to 1.62 V
by using an external power supervisor (see Section 2.5.2: Power supply supervisor) and connecting the PDR_ON pin
to VSS. Otherwise the supply voltage must stay above 1.71 V with the embedded power voltage detector enabled.

Dedicated supply inputs for USB (OTG_FS and OTG_HS) are available on AX58400 to allow a greater power supply
choice. A comprehensive set of power-saving modes allows the design of low-power applications.

These features make AX58400 microcontrollers suitable for a wide range of the EtherCAT applications:

e Motor drive and application control

o Industrial applications: PLC, inverters, circuitbreakers
e Printers, and scanners

o Alarm systems, video intercom, and HVAC

e Home audio appliances

o Mobile applications, Internet of Things

e Field-Bus to EtherCAT converter
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Table 1.1-1: AX58400 Features and Peripheral Counts

Peripherals AX58400
Flash memory 2 Mbytes
SRAM mapped onto AXlbus 512
SRAM1 (D2 domain) 128
SRAM in Kbytes SRAM2 (D2 domain) 128
SRAM3 (D2 domain) 32
SRAM4 (D3 domain) 64
TCM RAM in ITCM RAM (instruction) 64
Kbytes DTCM RAM (data) 128
Backup SRAM (Kbytes) 4
FMC Yes
General-purpose input/outputs 97
Quad-SPI Yes
Ethernet Yes
High-resolution 1
General-purpose 10
Advanced-control (PWM) 2
Timers .
Basic 2
Low-power 5
Wakeup pins 4
Tamper pins 2
Random number generator Yes
Cryptographicaccelerator Yes
SPI/ 125 6/31
12C 4
USART/UART/ 4/4/
LPUART 1
SAl 4
SPDIFRX 4 inputs
Communication SWPMI Yes
interfaces MDIO Yes
SDMMC 2
FDCAN/TT-FDCAN 1/1
USB OTG_FS Yes
USB OTG_HS Yes
Camerainterface Yes
LCD-TFT Yes
JPEG Codec Yes
Chrom-ART Accelerator™ (DMA2D) Yes
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g wDn e

Peripherals AX58400
16-bit ADCs 3
Number of Direct channels 2
Number of Fast channels 6
Number of Slow channels 15
12-bit DAC Yes
Number of channels 2
Comparators 2
Operational amplifiers 2
Digital filters for sigma delta modulator (DFSDM) 1
480 MHz!?
Maximum CPU frequency 400 MHz®)
300 MHz®
Operating voltage (VDD) 1.62 to 3.6 V©®)
Operating Ambient temperature —40 up to +85 °C(®)
temperatures Junction temperature —-40to +125°C
Package 225LD EHS-TFBGA

The SPI1, SPI2 and SPI3 interfaces give the flexibility to work in an exclusive way in either the SPI mode or the 12S audio mode.
The product junction temperature must be kept within the —40 to +105 °C range.
The product junction temperature must be kept within the —40 to +125 °C range.

Up to 300 MHz for STM32H755xxx3 sales types (extended industrial temperature range).

Vpp/Vppa can drop down to 1.62 V by using an external power supervisor (see Section 2.5.2: Power supply supervisor) and
connecting PDR_ON pin to Vss. Otherwise the supply voltage must stay above 1.71 V with the embedded power voltage detector

enabled.

Using appropriate cooling methods to guarantee that the maximum junction temperature (125 °C) is not exceeded, the maximum
ambient temperature (85°C) can be exceeded.
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1.2 Block Diagram
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SD, SCK, FS, MCLK asAF SAI3 K= RX. TX as AF
o 2 <:> MOSI, MISO, SCK, NSS/SDO,
SD, SCK, S, MCLK as AR SAl2 E SDI, CK, WS, MCK, as AF
&)
SD, SCK, FS, MCLK, D[3:1] <:> MOSI, MISO, SCK, NSS/SDO,
cK(z 113[!.,\; SAn = SDI, CK, WS, MCK, as AF
MOSI, MISO, SCK, NSS as AF SPI5 C:?E SRR = 12C1/SMBUS o SCL, SDA, SMBAL as AF
&
1 compl. chan.(TIM17_CH1N), K= = é =1 s
1 chan. (TIMA7_GH1, BKIN as AR TIM17 £ Mux2 3 § z 12C2/SMBUS B SCL, SDA, SMBAL as AF
1 I. chan. (TIM16_CH1N); AHB4 z @ g
1 chan. (TIM18, CH1, BKIN 25 AF TIM16 =) "’m £ B DAP 4 12C3/SMBUS| SCL, SDA, SMBAL as AF
2 compl. chan.(TIM15_CH1[1:2]N] TIM15 k=i ' -
2 chan. (TIM_CH15{1:2], BKIN as AE. H l MDIoS MbG, MDIO
MOSI, MISO, SCK, NSS as AF SPI4 <[ woo1 \ 32-bit AHB BUS-MATRIX RAM| FDCAN1 |4 TX, RX
VF pd
MOSI, MISO, SCK, NSS / SPI/1251 H FDCANZ |0 TX, RX
SDO. SDI, CK, WS, MCK, as AF ¢ IWDG2 =
RX,TX, SCK, CTS, RTS as AF o USART6 g 0 0 = CRS
RX,TX, SCK, CTS, RTS as AF oA USART1 g 64 KB SRAM 4 IgiaKP k—{ SPDIFRX1 IN[1:4] as AF
L s
4 compl. chan. (TIM1_CH1[1 4]Nﬂ TIMI/PWM ] B K=y HDMI-CEC CEC as AF
4 chan. (TIMT_CH1[{:4]ETR, BKIN as AF .
compl. chan tTlms,CH1[1a]N):| HSEM k= k=1 DAC1&2 DAC1_OUT, DAC2 OUT as AR
4 chan. (TIM8_CH1[1:4], ETR, BKIN as TIMB/PWM g, LPTIM1_IN1, LPTIM1_INZ,
AR - =i LPTIM1 g LPTIMA_OUT as AF
(:)l OPAMP1&2
B OPAMPx_VINM
Up to 17 analog inputs DG ﬁ = k= wWwbG2 OPAMPCVING
common to ADC1 and 2 fF—> 5 L NDD33 DPAMP)(:VDUT as AF
VDDREF_ADG Tem. sensor 3 RCC S VDD12 POWER MANAGEMENT VDD = 1.62 10 3.6V
B VDD33USB = 3.0 to 3.6V
= Reset & 2 Voltage regulator
PA.J15:0] GPIO PORTA.. Jk—> ol I 33t012v N ]VES
— SMPS step-down VDDMMC33 = 1.8 to 3.6V
Prarol GPIO PORTK wmeﬁer VDDSMPS, VSSSMPS
VLXSMP, VFBSMPS,
SD, SCK, FS, MCI;\KJ SAl
PDM_DI/CK[4:1] as YAl 52 05C32_IN
COMPx_INF, COMPxilNM] COMP182 < 9 0sC32_ouT
GOMPx_OUT as AE] RTC c1s
LPTIMS_OUT ss»\F:l LPTIMS N @voo g Backup registers RTC:E'\«J&F'H 3
& AWU -~
LPTIM4_OUT a:’.Aﬂ LPTIM4 5 - = 4 RTC_REFIN
i _svsers cie] §
LPT”"“,OUTB“‘E' € I EXTIWKUP wsi < [FEWrzrsiRe H—2 - K VBAT =1.210 36V
SCL, SDA, SMBAL as AF 12Cc4 +
g 1 [ 2 KHzLSIRC 3 — ESC'N
MISO, MOSI, SCK, NSS asAF SPIB Lz PaHd < 448 MHz sc_out
RX, TX, CK, CTS, RTS as AF LPUART1 K=
Lz ouTas AF] LTz = UPPLY SUPERVISION
POR <] VDDA, VSSA
el ey
- ] Kurea
||
ESC Sub-system ~ 7 PO_XSCI, PO_XSCO,
SCL, SDA, — PO_TXOP, PO_TXON,
10[0:4], 10[16:31], — PO_RXIP, PO_RXIN,
e e r ® P1_TXOP, P1_TXON,
P1_RXIP, P1_RXIN

Figure 1.2-1: AX58400 Block Diagram
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AX58400
EtherCAT Slave Controller w/ Dual-Core MCU

\ ASIX

1.3 Pinout Diagram

1 2 3 4 5 6 7 8 9 10 11 7 13 14 15
A |vDDLDO| PE13 | PE1L | PEl0 | PES8 | PF15 | PF11 | scLKk | PBL | SDA | PA7 | PAa4 | PA3 | VREF+ | vssa
B| GND | PBlO | PE15 | PE14 | PE12 | PE9 PE7 | PF14 | PB2 | PBO PC4 | PA5S | RSTO | VREF- | VDDA
c | vcap [scsEsc| PBil | I10[24] | Mosl | vbp |vcesio| 101231 | GND | veck |PpiEmuU| PA6 | RsTn | PA2 |GND_PLL
D| PBI2 | PBI3 | PB14 |SCSFUNC| SINT | VDD |vecsio| 1022 | GND | Vook | ScL | pcs | par | pao |YVGeA
E| PB15 | PD8 | PD9 | PD10 | I0[26] | VDD |vcc3io| 1021] | GND | veek | 1op4] | TEST | Pci | pcac | Pc2c
F| pour | poiz | po13 | SYNC | jops) | vop |vecsio| onp | oND | veck | eND | NG pco | pri0 | Ht
LATCH[0] 0SC_oUT
SYNC_ PHO-
G| Pp14 | PDIS | PGS | aYAir | 102l | VDD | GND | GND | GND | GND | NRST | 10[19] | PF7 P8 | oo
VDD33US
H [VPPS PG8 | PG7 | MISO | 10@27]1 | VDD | GND | GND | GND | GND | IO[17] | IO[18] | PF9 |[VFBSMPS\VDDSMPS
3 |VPPOUS| pcg | pes Pc7 | 10%28] | vDD | GND | GND | GND | vbD | iof] | iof | PFe | GND |[VLXSMPS
K| Pato | Pas | PAg PCO | 10@29] | vDD | VDD | GND | GND | VDD | I10[16] | PE5S | PC13 | VBAT |VSSSMPS
L| Pat2 | PA1Ll | PA13 | 10[31 | 10[30] | PD6 | PGIL | PGL2 PO—EzET— PB4 | I10[20] | PEL PE6 | PO_ACT P§2156%STC
M |LED_RUN|LED_ERR| So0= | PAl4 | PAIS | PG | PGI0 | PGI3 | PG4 | PB3 PB6 PE4 | PLACT |PDR_ON PC3124'|?\ISC
N| vcap | pcio | pciz | PpO PD7 | GND | GND | GND | GND | GND | PBS | PBO PEQ PE2 PE3
P| oND | Pci2 | PD1 PD3 | GND |PLTXON|PLRXIN| P1SD |Po_TXON|PO_RXIN| P0_SD |P0_Xscl| BOOTO | PB8 | GND
R |vDDLDO| PD2 | PD4 PD5  |VCC33A|P1_TXOP|PL_RXIP | VCC33A |PO_TXOP| PO_RXIP | VCC33A |PO_XSCO| PB7 | VCAP |VDDLDO
1 2 3 4 5 6 7 8 9 10 11 P 13 14 15

m O O @ >

T U oz Z

Figure 1.3-1: AX58400 Pinout Diagram
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AX58400

EtherCAT Slave Controller w/ Dual-Core MCU

1.4 Signal Description

1.4.1 Main System Pin Description

Name Abbreviation Definition
Pin name Unless otherwise specified in brackets below the pin name, the pin function during and after
reset is the same as the actual pin name
S Supply pin
| Input only pin
Pin type .
1/0 Input / output pin
ANA Analog-only Input
FT 5V tolerant I/O
TT 3.3 Vtolerant|/O
B Dedicated BOOTO pin
RST Bidirectional reset pin with embedded weak pull-up resistor
1/0 structure Option for TT and FT 1/Os
f 12C FM+ option
_a analog option (supplied by Vppa)
—u USB option (supplied by Vpp33usg)
_h High-speed low-voltagel/O
Notes Unless otherwise specified by a note, all I/Os are set as floating inputs during and after reset.
Alterr.mte Functions selected through GPIOx_AFRregisters
functions
Pinfunctions Additional
|t|'ona Functions directly selected/enabled through peripheral registers
functions

Table 1.4-1: Legend/abbreviations used in the pinout table
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A ASIX

AX58400

EtherCAT Slave Controller w/ Dual-Core MCU

By ball definitions

Pin
No

Pin name
(function after
reset)

Pin
type

110
structure

Notes

Alternate functions

Additional functions

N14

PE2

110

FT h

TRACECLK, SAI1_CK1,
SP14_SCK,
SAIL_MCLK_A,
SAI4_MCLK_A,
QUADSPI_BK1_102,
SAl4_CK1,
ETH_MII_TXD3,
FMC_A23, EVENTOUT

N15

PE3

/0

FT_h

TRACEDO, TIM15_BKIN,
SAI1_SD_B,SAl4_SD_B,
FMC_A19, EVENTOUT

M12

PE4

/0

FT_h

TRACEDL, SAI1_D2,
DFSDM1_DATIN3,
TIM15_CHIN,SPI4_NSS,
SAIL_FS_A, SAI4_FS A,
SAIl4_D2, FMC_A20,
DCMI_D4, LCD_BO,
EVENTOUT

K12

PE5

I/0

FT_h

TRACED?2, SAI1_CK2,
DFSDM1_CKIN3,
TIM15_CH1,SP14_MISO,
SAI1_SCK_A,
SAl4_SCK_A,SAl4_CK2,
FMC_A21, DCMI_DS,
LCD_GO, EVENTOUT

L13

PEG6

110

FT_h

TRACED3, TIM1_BKIN2,
SAI1_D1, TIM15_CH?2,
SP14_MOSI,SAIL_SD_A,
SAI4_SD_A, SAl4 D1,
SAI2_MCLK_B,
TIM1_BKIN2_COMP12,
FMC_A22, DCMI_D7,
LCD_G1, EVENTOUT

K13

PC13

1/0

FT

EVENTOUT

RTC_TAMPL/RTC_
TS/IWKUP2

M15

PC14-0SC32_IN
(0SC32_IN)®

1/0

FT

EVENTOUT

0SC32_IN

L15

PC15-
0SC32_0UT
(0SC32_OUT)®

110

FT

EVENTOUT

0SC32_0OuT

J13

PF6

110

FT _ha

TIM16_CH1, SPI5_NSS,
SAI1_SD_B,UART7_RX,
SAl4 SD B,

ADC3_INN4,
ADC3_INP8
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AX58400

EtherCAT Slave Controller w/ Dual-Core MCU

Pin name
(function after
reset)

Pin
type

110
structure

Notes

Alternate functions

Additional functions

QUADSPI_BKL_103,
EVENTOUT

G13

PF7

110

FT ha

TIM17_CH1, SPI5_SCK,
SAIL_MCLK_B,
UART7_TX,
SAl4_MCLK_B,
QUADSPI_BKI_102,
EVENTOUT

ADC3_INP3

Gl4

PF8

1/0

FT_ha

TIM16_CH1N,
SPI5_MISO,
SAI1_SCK_B,
UART7_RTS/UART7_DE,
SAIl4_SCK_B,
TIM13_CH]1,
QUADSPI_BK1_I00,
EVENTOUT

ADC3_INN3,
ADC3_INP7

H13

PF9

1/0

FT_ha

TIM17_CHIN,
SPI5_MOSI, SAI1_FS_B,
UART7_CTS,
SAl4_FS_B, TIM14_CHL1,
QUADSPI_BK1_101,
EVENTOUT

ADC3_INP2

F14

PF10

110

FT_ha

TIM16_BKIN, SAI1_D3,
QUADSPI_CLK,
SAl4_D3, DCMI_D11,
LCD_DE, EVENTOUT

ADC3_INN2,
ADC3_INP6

G15

PHO-OSC_IN
(PHO)

110

FT

EVENTOUT

0SC_IN

F15

PH1-OSC_OUT
(PH1)

110

FT

EVENTOUT

0SC_ouT

G11

NRST

110

RST

F13

PCO

110

FT_ a

DFSDM1_CKINO,
DFSDM1_DATIN4,
SAI2_FS_B,
OTG_HS_ULPI_STP,
FMC_SDNWE, LCD_R5,
EVENTOUT

ADC123_INP10

E13

PC1

110

FT _ha

TRACEDO, SAI1_D1,
DFSDM1_DATINO,
DFSDM1_CKIN4,
SPI2_MOSI/1252_SDO,
SAI1_SD_A,
SAl4_SD_A,
SDMMC2_CK, SAl4_D1,
ETH_MDC,

ADC123_INN10,

ADC123_INP11,

RTC_TAMP3/WK
UP5
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AX58400

EtherCAT Slave Controller w/ Dual-Core MCU

Pin name
(function after
reset)

Pin
type

110
structure

Notes

Alternate functions

Additional functions

MDIOS_MDC,
EVENTOUT

E15

PC2_C

ANA

TT a

C1DSLEEP,
DFSDM1_CKIN1,
SPI2_MISO/12S2_SDI,
DFSDM1_CKOUT,
OTG_HS_ULPI_DIR,
ETH_MII_TXD2,
FMC_SDNED,
EVENTOUT

ADC3_INNL1,
ADC3_INPO

El4

PC3_C

ANA

TT_a

C1SLEEP,
DFSDM1_DATIN,
SP12_MOSI/12S2_SDO,
OTG_HS_ULPI_NXT,
ETH_MII_TX_CLK,
FMC_SDCKEQO,
EVENTOUT

ADC3_INP1

D14

PAO

1/0

FT_a

TIM2_CHL/TIM2_ETR,
TIM5_CH1, TIM8_ETR,
TIM15_BKIN,
USART2_CTS/USART2_
NSS, UART4_TX,
SDMMC2_CMD,
SAI2_SD_B,
ETH_MII_CRS,
EVENTOUT

ADC1_INP16,
WKUPO

D13

PAl

I/0

FT_ha

TIM2_CH2, TIM5_CH2,
LPTIM3_OUT,
TIM15_CH1N,

USART2_RTS/USART2_

DE, UART4_RX,
QUADSPI_BK1_103,
SAI2_MCLK_B,
ETH_MII_RX_CLK/ETH_
RMII_REF_CLK,
LCD_R2, EVENTOUT

ADCL1_INN16,
ADC1_INP17

Cl4

PA2

110

FT_ a

TIM2_CH3, TIM5_CH3,
LPTIM4_OUT,
TIM15_CH1,
USART2_TX,
SAI2_SCK_B,
ETH_MDIO,
MDIOS_MDIO, LCD_R1,
EVENTOUT

ADC12_INP14,
WKUP1

Al3

PA3

1/0

FT_ha

TIM2_CH4, TIM5_CH4,
LPTIM5_OUT,
TIM15_CHZ2,

ADC12_INP15
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Pin name
(function after
reset)

Pin
type

110
structure

Notes

Alternate functions

Additional functions

USART2_RX, LCD_B2,
OTG_HS_ULPI_DO,
ETH_MII_COL,LCD_BS,
EVENTOUT

Al2

PA4

1/0

TT a

D1PWREN, TIM5_ETR,
SPI1_NSS/12S1_WS,
SPI3_NSS/12S3_WS,

USART2_CK,
SPI16_NSS,
OTG_HS_SOF,
DCMI_HSYNC,
LCD_VSYNC,
EVENTOUT

ADC12_INP18,
DAC1_0OUT1

B12

PAS5

1/0

TT_ha

D2PWREN,
TIM2_CHL/TIM2_ETR,
TIM8_CHA1N,
SPI1_SCK/I2S1_CK,
SPI16_SCK,
OTG_HS_ULPI_CK,
LCD_R4, EVENTOUT

ADC12_INN18,
ADC12_INP19,
DAC1_OUT2

C12

PA6

I/0

FT_a

TIM1_BKIN, TIM3_CH1,
TIM8_BKIN,
SPI1_MISO/12S1_SDI,
SP16_MISO, TIM13_CHL1,
TIM8_BKIN_COMP12,
MDIOS_MDC,
TIM1_BKIN_COMP12,
DCMI_PIXCLK,LCD_G2,
EVENTOUT

ADC12_INP3

All

PA7

I/0

TT_a

TIM1_CHIN, TIM3_CH2,
TIM8_CHA1N,
SPI1_MOSI/I12S1_SDO,
SP16_MOSI, TIM14_CH]1,
ETH_MII_RX_DV/ETH_R
MII_CRS_DV,
FMC_SDNWE,
EVENTOUT

ADC12_INN3,
ADC12_INP7,
OPAMPZ1_VINM

B11

PC4

1/0

TT_a

C2DSLEEP,
DFSDM1_CKIN2,
1251_MCK,
SPDIFRX1_IN3,
ETH_MII_RXDO/ETH_R
MII_RXDO, FMC_SDNED,
EVENTOUT

ADC12_INP4,
OPAMP1_VOUT,
COMP1_INM

D12

PC5

110

TT a

C2SLEEP, SAI1_D3,
DFSDM1_DATIN2,

SPDIFRX1_IN4,

ADC12_INN4,
ADC12_INPS,
OPAMP1_VINM
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Pin name
(function after
reset)

Pin
type

110
structure

Notes

Alternate functions

Additional functions

SAl4_D3,
ETH_MII_RXD1/ETH_R
MII_RXD1,
FMC_SDCKEDO,
COMP1_OUT,
EVENTOUT

B10

PBO

1/0

FT a

TIM1_CH2N, TIM3_CH3,
TIM8_CH2N,
DFSDM1_CKOUT,
UART4_CTS, LCD_R3,
OTG_HS_ULPI_D1,
ETH_MII_RXD2,
LCD_G1, EVENTOUT

ADC12_INNS5,
ADC12_INP9,
OPAMP1_VINP,
COMP1_INP

A9

PB1

1/0

TT_ u

TIM1_CH3N, TIM3_CH4,
TIM8_CH3N,
DFSDM1_DATIN,
LCD_RS,
OTG_HS_ULPI_D2,
ETH_MII_RXD3,
LCD_GO, EVENTOUT

ADC12_INP5,
COMP1_INM

B9

PB2

110

FT_ha

RTC_OUT, SAI1_D1,
DFSDM1_CKINL,
SAIL_SD_A,
SPI3_MOSI/I2S3_SDO,
SAl4_SD_A,
QUADSPI_CLK,
SAl4_D1, EVENTOUT

COMPL_INP

AT

PF11

110

FT_a

SPI5_MOSI,SAI2_SD_B,
FMC_SDNRAS,
DCMI_D12, EVENTOUT

ADC1_INP2

B8

PF14

110

FT_fha

DFSDM1_CKINGS,
12C4_SCL, FMC_AS,
EVENTOUT

ADC2_INN2,
ADC2_INP6

A6

PF15

110

FT_fh

12C4_SDA, FMC_AQ9,
EVENTOUT

B7

PE7

110

TT ha

TIML_ETR,
DFSDM1_DATIN2,
UART7_RX,
QUADSPI_BK2_I00,
FMC_D4/FMC_DA4,
EVENTOUT

OPAMP2_VOUT,
COMP2_INM

A5

PES

1/0

TT_ha

TIML_CHIN,
DFSDM1_CKIN2,
UART7_TX,
QUADSPI_BK2 101,

OPAMP2_VINM
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Pin name
(function after
reset)

Pin
type

110
structure

Notes

Alternate functions

Additional functions

FMC_D5/FMC_DAS5,
COMP2_OUT,
EVENTOUT

B6

PE9

1/0

TT ha

TIM1_CH1,
DFSDM1_CKOUT,
UART7_RTS/UART7_DE,
QUADSPI_BK2_102,
FMC_D6/FMC_DAG,
EVENTOUT

OPAMP2_VINP,
COMP2_INP

A4

PE10

1/0

FT_ha

TIM1_CH2N,
DFSDM1_DATIN4,
UART7_CTS,
QUADSPI_BK2_|03,
FMC_D7/FMC_DA?7,
EVENTOUT

COMP2_INM

A3

PE11

1/0

FT_ha

TIM1_CH?2,
DFSDM1_CKIN4,
SP14_NSS, SAI2_SD_B,
FMC_D8/FMC_DAS,
LCD_G3, EVENTOUT

COMP2_INP

B5

PE12

I/0

FT_h

TIM1_CH3N,
DFSDM1_DATINS,
SP14_SCK, SAI2_SCK_B,
FMC_D9/FMC_DASY,
COMP1_OUT,LCD_B4,
EVENTOUT

A2

PE13

I/0

FT_h

TIM1_CH3,
DFSDM1_CKINS,
SP14_MISO,SAI2_FS_B,
FMC_D10/FMC_DAL10,
COMP2_OUT, LCD_DE,
EVENTOUT

B4

PE14

1/0

FT_h

TIM1_CH4, SP14_MOSI,
SAI2_MCLK_B,
FMC_D11/FMC_DALL,
LCD_CLK, EVENTOUT

B3

PE15

1/0

FT_h

TIM1_BKIN,
FMC_D12/FMC_DA12,
TIM1_BKIN_COMP12/C
OMP_TIM1_BKIN,
LCD_R7, EVENTOUT

B2

PB10

110

FT_f

TIM2_CH3,
HRTIM_SCOUT,
LPTIM2_IN1,12C2_SCL,
SPI2_SCK/I2S2_CK,
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] Pin name -
R | (function after the strlIJ/c(t)ure
reset) o

Notes Alternate functions Additional functions

DFSDMI_DATIN?,
USART3_TX,
QUADSPI_BK1_NCS,
OTG_HS_ULPI_D3,
ETH_MII_RX_ER,
LCD_G4, EVENTOUT

TIM2_CH4,
HRTIM_SCIN,
LPTIM2_ETR, 12C2_SDA,
DFSDM1_CKIN?,

USART3_RX, -
OTG_HS_ULPI_D4,
ETH_MII_TX_EN/ETH_R
MII_TX_EN, LCD_G5,
EVENTOUT

C3 PB11 1/0 FT_f -

TIM1_BKIN,
12C2_SMBA,
SPI2_NSS/1252_WS,
DFSDM1_DATIN,
USART3_CK,

FT u - FDCAN2_RX, -
OTG_HS_ULPI_DS,

ETH_MII_TXDO/ETH_R
MII_TXDO, OTG_HS_ID,
TIM1_BKIN_COMP12,
UART5_RX, EVENTOUT

D1 PB12 110

TIM1_CHIN,
LPTIM2_OUT,
SPI2_SCK/I252_CK,
DFSDM1_CKINL,

USART3_CTS/USART3

D2 PB13 110 | FT_u - NSS, FDCANZ TX, OTG_HS_VBUS

OTG_HS_ULPI_DS,

ETH_MII_TXD1/ETH_R

MII_TXD1, UART5_TX,
EVENTOUT

TIML_CH2N,
TIM12_CHL1,
TIM8_CH2N,
USARTL_TX,
SPI2_MISO/I252_SDI,
DFSDM1_DATINZ,
D3 PB14 VO | FT_u | - | USART3 RTS/USARTS.
DE,
UART4_RTS/UART4_DE,
SDMMC2_DO,
OTG_HS_DM,
EVENTOUT
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Pin name
(function after
reset)

Pin
type

110
structure

Notes

Alternate functions

Additional functions

El

PB15

1/0

FT u

RTC_REFIN,
TIM1_CHS3N,
TIM12_CH2,
TIM8_CH3N,
USART1_RX,

SPI2_MOSI/12S2_SDO,

DFSDM1_CKIN2,
UART4_CTS,
SDMMC2_D1,
OTG_HS_DP,
EVENTOUT

E2

PD8

1/0

FT_h

DFSDM1_CKIN3,
SAI3_SCK_B,
USART3_TX,

SPDIFRX1_IN2,
FMC_D13/FMC_DA13,
EVENTOUT

E3

PD9

1/0

FT_h

DFSDM1_DATINS3,
SAI3_SD_B,
USART3_RX,
FDCAN2_RXFD_MODE,
FMC_D14/FMC_DA14,
EVENTOUT

E4

PD10

110

FT h

DFSDM1_CKOUT,
SAI3_FS_B,
USART3_CK,
FDCAN2_TXFD_MODE,
FMC_D15/FMC_DA15,
LCD_B3, EVENTOUT

F1

PD11

110

FT_h

LPTIM2_IN2,
12C4_SMBA,
USART3_CTS/USART3_
NSS,
QUADSPI_BKZ1_100,
SAI2_SD_A, FMC_A16,
EVENTOUT

F2

PD12

110

FT_fh

LPTIML_IN1, TIM4_CH1,
LPTIM2_IN1, 12C4_SCL,
USART3_RTS/USART3_
DE,QUADSPI_BK1_|01,
SAI2_FS_A, FMC_A17,
EVENTOUT

F3

PD13

1/0

FT_fh

LPTIM1_OUT,
TIM4_CH2, 12C4_SDA,
QUADSPI_BK1_103,
SAI2_SCK_A,FMC_A18,
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Pin name Pin /0

(function after Notes Alternate functions  |Additional functions
reset) type |structure

EVENTOUT

TIM4_CH3,
SAI3_MCLK_B,
Gl PD14 /0 | FT_h - UART8_CTS, -
FMC_DO/FMC_DAO,
EVENTOUT

TIM4_CH4,
SAI3_MCLK_A,
G2 PD15 /0 | FT_h - |UART8_RTS/UART8_DE, -
FMC_D1/FMC_DAL,

EVENTOUT

TIM17_BKIN,
HRTIM_CHEL1,
G3 PG6 110 | FT_h - | QUADSPI_BK1_NCS, -
FMC_NE3, DCMI_D12,
LCD_R7, EVENTOUT

HRTIM_CHE2,
SAIL_MCLK_A,
H3 PG7 110 | FT_h - | USART6_CK,FMC_INT, -
DCMI_D13, LCD_CLK,
EVENTOUT

TIM8_ETR, SPI6_NSS,

USART6_RTS/USARTG6_
DE, SPDIFRX1_IN3, i

H2 PG8 110 FT_h - ETH_PPS_OUT,

FMC_SDCLK, LCD_G7,

EVENTOUT

HRTIM_CHAL1,
TIM3_CH1, TIM8_CH]1,
DFSDM1_CKINS3,
1252_MCK,USART6_TX,
SDMMC1_DODIR,

J3 PC6 110 FT_h - FMC_NWAIT, SWPMI_IO
SDMMC2_D6,
SDMMC1_D6,DCMI_DO,
LCD_HSYNC,
EVENTOUT

TRGIO, HRTIM_CHAZ2,
TIM3_CH2, TIM8_CH2,
DFSDM1_DATINS,
12S3_MCK,

J4 PC7 1/10 FT _h - USART6 RX, -
SDMMC1_D123DIR,
FMC_NE1,
SDMMC2_D7,
SWPMI_TX,

28



A ASIX

AX58400

EtherCAT Slave Controller w/ Dual-Core MCU

Pin name
(function after
reset)

Pin
type

110
structure

Notes

Alternate functions

Additional functions

SDMMC1_D7, DCMI_D1,
LCD_G6, EVENTOUT

J2

PC8

1/0

FT_h

TRACED1,
HRTIM_CHBL,
TIM3_CH3, TIM8_CH3,
USARTG6_CK,
UART5_RTS/UARTS5_DE,
FMC_NE2/FMC_NCE,
SWPMI_RX,
SDMMC1_D0,DCMI_D2,
EVENTOUT

K4

PC9

1/0

FT_fh

MCO2, TIM3_CH4,
TIM8_CH4, 12C3_SDA,
12S_CKIN, UART5_CTS,

QUADSPI_BK1_100,
LCD_G3,

SWPMI_SUSPEND,

SDMMC1_D1,DCMI_D3,
LCD_B2, EVENTOUT

K2

PAS8

110

FT_fha

MCO1, TIM1_CH1,
HRTIM_CHB2,
TIM8_BKIN2, 12C3_SCL,
USART1_CK,
OTG_FS_SOF,
UART7_RX,
TIM8_BKIN2_COMP12,
LCD_B3, LCD_R,
EVENTOUT

K3

PA9

110

FT_ u

TIM1_CH2,
HRTIM_CHC,
LPUART1_TX,

12C3_SMBA,
SPI2_SCK/12S2_CK,
USART1_TX,
FDCAN1_RXFD_MODE,
DCMI_DO, LCD_R5,
EVENTOUT

OTG_FS_VBUS

K1

PA10

110

FT u

TIM1_CHS3,
HRTIM_CHC2,
LPUART1_RX,

USART1_RX,
FDCAN1_TXFD_MODE,
OTG_FS_ID,
MDIOS_MDIO, LCD_B4,
DCMI_D1, LCD_B1,
EVENTOUT

L2

PAll

1/0

FT_u

TIM1_CH4,

29



- AX58400
JASITX EtherCAT Slave Controller w/ Dual-Core MCU

Pin name Pin /0

(function after Notes Alternate functions  |Additional functions
reset) type |structure

HRTIM_CHDL,
LPUARTL_CTS,
SPI2_NSS/12S2_WS,
UART4_RX,
USART1_CTS/USART1_
NSS, FDCANZ1_RX,
OTG_FS_DM, LCD_R4,
EVENTOUT

TIM1_ETR,
HRTIM_CHD2,
LPUART1_RTS/LPUART
1_DE,
SPI2_SCK/I252_CK,
L1 PA12 110 | FT_u - UART4_TX, -
USART1_RTS/USART1_
DE, SAI2_FS_B,
FDCAN1_TX,
OTG_FS_DP, LCD RS,
EVENTOUT

PAIBUTMS/ | o | r ) JTMS-SWDIO, ]

L3 SWDIO) EVENTOUT

PA14(JTCK/ /0 eT i JTCK-SWCLK, i

M4 SWCLK) EVENTOUT

JTDI,
TIM2_CH1/TIM2_ETR,
HRTIM_FLT1, CEC,
SPI1_NSS/12S1_WS,
M5 PA15(JTDI) 110 FT - SPI3_NSS/I253 WS, -
SPI6_NSS,
UART4_RTS/UART4_DE,

UART7_TX, EVENTOUT

HRTIM_EEV1,
DFSDM1_CKINS,
SPI3_SCK/12S3_CK,
USART3_TX,
N2 PC10 /0 | FT ha | - UART4 TX, -
QUADSPI_BK1_101,
SDMMC1_D2,DCMI_DS8,

LCD_R2, EVENTOUT

HRTIM_FLT2,
DFSDM1_DATINS,
SPI3_MISO/12S3_SDl,
N3 PC11 1/10 FT _h - USART3 RX, -
UART4_RX,
QUADSPI_BK2_NCS,
SDMMC1 D3, DCMI_D4,
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Pin name
(function after
reset)

Pin
type

110
structure

Notes

Alternate functions

Additional functions

EVENTOUT

P2

PC12

1/0

FT h

TRACEDS,
HRTIM_EEV2,
SPI3_MOSI/I2S3_SDO,
USART3_CK,
UART5_TX,
SDMMC1_CK,
DCMI_D9, EVENTOUT

N4

PDO

1/0

FT_h

DFSDM1_CKINS,
SAI3_SCK_A,
UART4_RX,
FDCAN1_RX,
FMC_D2/FMC_DA?,
EVENTOUT

P3

PD1

/0

FT h

DFSDM1_DATINS,
SAI3_SD_A,UART4_TX,
FDCAN1_TX,
FMC_D3/FMC_DA3,
EVENTOUT

R2

PD2

110

FT_h

TRACED2, TIM3_ETR,
UARTS5_RX,
SDMMC1_CMD,
DCMI_D11,EVENTOUT

P4

PD3

110

FT_h

DFSDM1_CKOUT,
SPI2_SCK/12S2_CK,
USART2_CTS/USART2_
NSS, FMC_CLK,
DCMI_D5, LCD_G7,
EVENTOUT

R3

PD4

110

FT_h

HRTIM_FLTS3,
SAI3_FS_A,
USART2_RTS/USART2_
DE,
FDCAN1_RXFD_MODE,
FMC_NOE, EVENTOUT

R4

PD5

110

FT_h

HRTIM_EEVS,
USART2_TX,
FDCAN1_TXFD_MODE,
FMC_NWE, EVENTOUT

L6

PD6

1/0

FT_h

SAIL_D1,
DFSDM1_CKIN4,
DFSDM1_DATINI,
SPI3_MOSI/12S3_SDO,
SAIL_SD_A,
USART2_RX,
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Pin name
(function after
reset)

Pin
type

110
structure

Notes

Alternate functions

Additional functions

SAI4_SD_A,
FDCAN2_RXFD_MODE,
SAl4_D1,SDMMC2_CK,
FMC_NWAIT,
DCMI_D10, LCD_B2,
EVENTOUT

N5

PD7

1/0

FT_h

DFSDM1_DATIN4,
SPI1_MOSI/I2S1_SDO,
DFSDM1_CKINL,
USART2_CK,
SPDIFRX1_IN1,
SDMMC2_CMD,
FMC_NE1, EVENTOUT

M6

PG9

1/0

FT_h

SPI1_MISO/I2S1_SDI,
USART6_RX,
SPDIFRX1_IN4,
QUADSPI_BK2_102,
SAI2_FS_B,
FMC_NE2/FMC_NCE,
DCMI_VSYNC,
EVENTOUT

M7

PG10

110

FT_h

HRTIM_FLTS5,
SPI1_NSS/12S1_WS,
LCD_G3, SAI2_SD_B,
FMC_NE3, DCMI_D2,
LCD_B2, EVENTOUT

L7

PG11

110

FT h

LPTIML_IN2,
HRTIM_EEV4,
SPI1_SCK/12S1_CK,
SPDIFRX1_IN1,
SDMMC2_D2,
ETH_MII_TX_EN/ETH_R
MII_TX_EN, DCMI_D3,
LCD_B3, EVENTOUT

L8

PG12

110

FT_h

LPTIMZL_IN1,
HRTIM_EEVS5,
SPI16_MISO,
USART6_RTS/USART6_
DE, SPDIFRX1_IN2,
LCD_B4,
ETH_MII_TXD1/ETH_R
MII_TXD1, FMC_NE4,
LCD_B1, EVENTOUT

M8

PG13

1/0

FT_h

TRACEDO,LPTIM1_OUT,
HRTIM_EEV10,
SPI6_SCK,
USART6_CTS/USARTG6_
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Pin name
(function after
reset)

Pin
type

110
structure

Notes

Alternate functions

Additional functions

NSS,
ETH_MII_TXDO/ETH_R
MII_TXDO, FMC_A24,
LCD_RO, EVENTOUT

M9

PG14

1/0

FT_h

TRACED],
LPTIM1_ETR,
SP16_MOSI,
USART6_TX,
QUADSPI_BK2_103,
ETH_MII_TXDL/ETH_R
MII_TXD1, FMC_AZ25,
LCD_BO, EVENTOUT

M10

PB3(JTDO/T
RACESWO)

1/0

FT

JTDO/TRACESWO,
TIM2_CH2,
HRTIM_FLT4,
SPI1_SCK/12S1_CK,
SPI3_SCK/12S3_CK,
SP16_SCK,
SDMMC2_D2,
CRS_SYNC,
UART7_RX, EVENTOUT

L10

PB4(NJTRST)

110

FT

NJTRST, TIM16_BKIN,
TIM3_CH1,
HRTIM_EEVES,
SPI1_MISO/12S1_SDl,
SPI3_MISO/12S3_SDl,
SPI12_NSS/12S2_WS,
SP16_MISO,
SDMMC2_D3,
UART7_TX,EVENTOUT

N11

PB5

110

FT

TIM17_BKIN, TIM3_CH2,
HRTIM_EEV7,
12C1_SMBA,
SPI1_MOSI/12S1_SDO,
12C4_SMBA,
SPI3_MOSI/12S3_SDO,
SP16_MOSI,
FDCAN2_RX,
OTG_HS_ULPI_D?7,
ETH_PPS_OUT,
FMC_SDCKEL,
DCMI_D10, UART5_RX,
EVENTOUT

M11

PB6

1/0

FT_f

TIM16_CHIN,
TIM4_CH1,
HRTIM_EEVS,
12C1_SCL, CEC,
12C4_SCL,USARTL_TX,
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Pin name
(function after
reset)

Pin
type

110
structure

Notes

Alternate functions

Additional functions

LPUARTL_TX,
FDCAN2_TX,
QUADSPI_BK1_NCS,
DFSDM1_DATINS,
FMC_SDNE1,DCMI_D5,
UART5_TX, EVENTOUT

R13

PB7

1/0

FT_fa

TIM17_CHA1N,
TIM4_CH?2,
HRTIM_EEVS9,
12C1_SDA, 12C4_SDA,
USART1_RX,
LPUARTZ_RX,
FDCAN2_TXFD_MODE,
DFSDM1_CKINS,
FMC_NL,
DCMI_VSYNC,
EVENTOUT

PVD_IN

P13

BOOTO

VPP

P14

PB8

I/0

FT_fh

TIM16_CH1, TIM4_CHS3,
DFSDM1_CKIN?,
12C1_SCL, 12C4_SCL,
SDMMC1_CKIN,
UART4_RX,
FDCAN1_RX,
SDMMC2_D4,
ETH_MII_TXD3,
SDMMC1_D4,DCMI_DS,
LCD_B6, EVENTOUT

N12

PB9

I/0

FT_fh

TIM17_CH1, TIM4_CH4,
DFSDM1_DATIN?,
12C1_SDA,
SPI2_NSS/1252_WS,
12C4_SDA,
SDMMC1_CDIR,
UART4_TX,
FDCAN1_TX,
SDMMC2_D5,
12C4_SMBA,
SDMMC1_D5,DCMI_D7,
LCD_B7, EVENTOUT

N13

PEO

110

FT_h

LPTIM1_ETR,
TIM4_ETR,
HRTIM_SCIN,
LPTIM2_ETR,
UART8_RX,
FDCAN1_RXFD_MODE,
SAI2_MCLK_A,
FMC_NBLO, DCMI_D2,
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pi Pin name pi /0

in (function after in Notes Alternate functions Additional functions

No type |structure

reset)

EVENTOUT
LPTIM1_IN2,
HRTIM_SCOUT,
UARTS8 TX,

L12 PE1 Vo | FT_h " |FDCAN1_TXFD_MODE, i

FMC _NBL1, DCMI_D3,

EVENTOUT

M14 PDR_ON | FT - - -

When this ball was previously configured as an oscillator, the oscillator function is kept during and after a reset. This is valid
for all resets except for power-on reset.

Pxy_C and Pxy balls are two separate pads (analog switch open). The analog switch is configured through a SYSCFG register.
Refer to the product reference manual for a detailed description of the switch configuration bits.

There is a direct path between Pxy_C and Pxy balls, through an analog switch. Pxy alternate functions are available on Pxy_C
when the analog switch is closed. The analog switch is configured through a SYSCFG register. Refer to the product reference
manual for a detailed description of the switch configuration bits.
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By port functions

Table 1.4-2: Port A alternate functions

AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7 AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
SAl4/
FDCAN1/2/ SAI2/4/ 12C4/UART7/
LPUART/ 12c1/2/3/4/ SPI6/SAI2/ TIM8/ SWPMI1/ TIM1/8/FM
SPI2/3/SAIL | SPI2/3/6/ TIM13/14/
Port TIM1/2/16/1 | SAI1/TIM3/ TIM8/ USART1/ spij2/3/a) | J3jaca USARTL/2/ 4/UART4/5 QUADSPI/ QUADSPI/ TIM1/8/ C/SDMMC1 TIM1/ UARTS)
SYs 7/LPTIM1/ 4/5/12/ | LPTIM2/3/4 TIM15/ 5/6/CEC / 3/6/UART7 | /8/LPUART e/ sbmMmc2/ DFSDM/ /MDIOS/ | DCmi/LCD/ e SYs
HRTIM1 HRTIM1 | /5/HRTIM1/ LPTIM2/ UARTA/ Jsommcy | /SPMMCY | onuneos OTG1_HS/ SDMMC2/ | OTG1_FS/LCD comp
DFSDM DFSDM/CEC BT SPDIFRX1 LcD/ OTG2_FS/ | MDIOS/ETH
SPDIFRX1 ey
USART2_
TIM2_CH1/ cTs/ SDMMC2_ ETH_MII_ EVENT
PAO - TIMZ_ETR TIM5_CH1 | TIM8_ETR | TIM15_BKIN - - USART2 Nss | UARTATX cMD SAI2_SD_B Rs - - - ouT
USART2_ ETH_MII_RX
LPTIM3_ TIM15_ RTS/ QUADSPI_ SAI2_ _CLK/ETH_ EVENT
PAL ) TIM2_CH2 TIM5_CH2 out CHIN ) ) UsaRT2_DE | UARTARX BK1_103 MCLK_B RMII_REF_CLK ) ) LCD_R2 ouT
LPTIM4_ USART2_ SAI2_SCK MDIOS_ EVENT
PA2 - TIM2_CH3 | TIM5_CH3 ouT TIM15_CH1 - - Y "B - - ETH_MDIO MDIO - LCD_R1 ouT
LPTIM5_ USART2_ OTG_HS_ ETH_MII_ EVENT
PA3 - TIM2_CH4 | TIM5_CH4 out TIM15_CH2 - - RX - LCD_B2 ULPL DO oL - - LCD_BS ouT
D1PWR SPI1_NSS/ SPI3_NSS/ USART2_ OTG_HS_ DCMI_ LcD_ EVENT
PA4 EN ° TIM5_ETR . ° 1251_WS 12S3_WS cK SPIB_NSS B ° B SOF HSYNC VSYNC ouT
D2PWR | TIM2_CH1/ TIM8_ SPI1_SCK/ OTG_HS_ EVENT
PAS EN TIM2_ETR B CHIN B 1251_CK B B SPI6_SCK B ULPI_CK B B B LCD_R4 ouT
P SPIL SPI6 TIM8_BKIN MDIOS, TIM1_BKIN | DCMI_PIX EVENT
S _ _ _ _ — | — - -
&| Pa6 TIM1_BKIN | TIM3_CH1 | TIM8_BKIN MISC;/[;IZSI MISO TIMI3_CHL | o1 MDC comp12 oy LCD_G2 ouT
i1 ETH_MII_RX
TIM8_ - SPI6_ _DV/ETH_ FMC_SDN EVENT
PA7 - TIMI_CHIN | TIM3_CH2 CHIN - MOSSIéI;SI - - VoS TIM14_CH1 - RMIL CRS. BV e ouT
HRTIM_ TIM8_BKIN2 USART1_ OTG_FS_ TIM8_BKIN EVENT
PA8 | MCO1 TIM1_CH1 CHB2 12€3_sCL - - o« - - SOF UARTZ_RX | "oy LCD_B3 LCD_R6 ouT
FDCAN1_
PA9 - TIM1_CH2 HRTIM._ LPUARTLTX | 15¢3_smisa SPI2_SCK/ - USARTL_ - RXFD_ - - - DCMI_DO Lco_rs | EVENT
CHC1 1252_CK 1 out
MODE
FDCAN1
HRTIM LPUARTL USARTL - OTG_FS_ID MDIOS, EVENT
- - - - - - - - D_MODE > -
PA10 TIM1_CH3 CHC RY RX TXFD_MO MDIO LCD_B4 DCMI_D1 LCD_B1 ouT
USART1_
HRTIM_ LPUART1_ SPI2_NSS/ cTs/ FDCAN1_ OTG_FS_ EVENT
PALL ) TIM1_CH4 CHD1 cTS ) 1252_WS UART4_RX USART1_NSS ) RX DM ) ) ) LCD_R4 ouT
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AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7 AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
SAI4,
. 1/ 12/ SAI2/4/ 12C4/UART7/
LPUART/ 12¢1/2/3/4/ sPI2/3/sAlL | spi2/3/e/ SPIB/SAI2/ | \to 4 TIM8/ SWPMI1/ | TIM1/8/FM
Port TIM1/2/16/1 | SAIL/TIM3/ TIM8/ USARTL/ | oo ormrar | Jajica UsART1/2/ | Y/UART4/S | o anspyy QUADSPI/ TIM1/8/ C/SDMMC1 TIM1/ UARTS/
SYS 7/LPTIM1/ 4/5/12/ | LPTIM2/3/4 TIM15/ 5/6/CEC / SR /8/LPUART FMC/ SsbmMmc2/ DFSDM/ /MDIOS/ | DCmi/LcD/ e SYs
HRTIM1 HRTIM1 | /5/HRTIM1/ LPTIM2/ UARTA/, /SOMMCL /sommcy/ | / OTG1_HS/ SDMMC2/ | OTG1_FS/LCD comp
DFSDM DFSDM/CEC ST SPDIFRX1 LcD/ OTG2_FS/ | MDIOS/ETH
SPDIFRX1 SCD/CHS
LPUART1_ USART1_

HRTIM_ RTS/ SPI2_SCK/ RTS/ FDCAN1_ OTG_FS_ EVENT

PAL2 TIM1_ETR CHD2 LPUART1_DE ) 1252_CK UART4_TX USART1_DE SAI2_FS_ B T DP ) ) ) LCD_RS ouT

JTMS- EVENT

< PAI3 | swoio ) ) ) ) ) ) ) ) ) ) ) ) ) ) out
o
a

JTCK- EVENT

PAL4 | sweik ) ) ) ) ) ) ) ) ) ) ) ) ) ) out

UART4,
TIM2_CH1/ HRTIM_ SPI1_NSS/ | SPI3_NSS/ ~ EVENT
PA15 JTDI TIMZ_ ETR FLT1 CEC 1251 WS 1253 WS SPI6_NSS RTi/lé/;RT UART7_TX ouT
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AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7 AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
SAI4,
FDCAN1/ /2 SAI2/4/ 12C4/UART7/
LPUART/ 12c1/2/3/4/ SPI6/SAI2/ TIM8/ SWPMI1/ TIM1/8/FM
SPI2/3/SAIL | SPI2/3/6/ TIM13/14/
Port TIM1/2/16/1 | SAIL/TIM3/ TIM8/ USART1/ spi/2/3/a) | J3jizca USART1/2/ 4/UART4/5 QUADSPI/ QUADSPI/ TIM1/8/ c/sbMMc1 TIM1/ UARTS/
SYs 7/LPTIM1/ 4/5/12/ LPTIM2/3/4 TIM15/ 5/6/CEC / 3/6/UART7 /8/LPUART FMC/ sbMmc2/ DFSDM/ /mplos/ DCMI/LCD/ e SYS
HRTIM1 HRTIM1 | /5/HRTIM1/ LPTIM2/ UART4/ /SDMMCL /sbmmc/ SDMMC2/ OTG1_HS/ sbmMmc2/ OTG1_FS/ comP
DFSDM DFSDM/CEC e SPDIFRX1 LcD/ OTG2_FS/ MDIOS/ETH LcD
SPDIFRX1 SCR/EES
TIM8_CH2N DFSDM1_ UART4_ OTG_HS_ ETH_MII_RX EVENT
PBO - TIM1_CH2N TIM3_CH3 - - CKOUT - TS LCD_R3 ULPL D1 02 - - LCD_G1 ouT
pB1 TIML CH3N T3 cHa | TIMB_CH3N DFSDM1_ LD R6 OTG_HS_ ETH_MII_RX b Go | EVENT
B - - B B DATIN1 B B - ULPI_D2 D3 B B - ouT
RTC DFSDM1 SPI3_ SAI4_SD_A | QUADSPI EVENT
< - - - - MOSI/1253 0 - . - _ .
PB2 ouT SAI1_D1 CKIND SAI1_SD_A / LK SAI4_D1 ouT
_Sbo
JT00/ HRTIM, SPI1_SCK/ SPI3_SCK/ SDMMC2_D2 EVENT
PB3 | TRACE TIM2_CH2 A - - 1251 CK 1253 CK - SPI6_SCK - CRS_SYNC UART7_RX - - - ouT
SWo - -
TIM16, HRTIM SPIL SPI3_MISO/ | SPI2_NSS/ SPl6 SDMMC2_D3 EVENT
PB4 | NJTRST BIIN TIM3_CH1 EEVE - Mlsi/[llm 1253 DI 1252 WS ViSO = - UART7_TX - - - ouT
TIM17, HRTIM SPIL SPI3_ SPI6 FDCAN2 OTG_HS, ETH_PPS FMC_SDCKEL UARTS EVENT
- - - MOSI/1251 MOSI/1253 - - — - — - = -
PB5S BKIN TIM3_CH2 EEV7 12C1_SMBA / 12C4_SMBA / MOS) RX ULPL D7 ouT DCMI_D10 RX ouT
_Sbo _Sbo
TIM16_CHIN HRTIM_ USART1_ LPUART1_TX | FDCAN2_ QUADSPI_ DFSDM1_ FMC_SDNE1 UARTS_ EVENT
. PB6 - TIM4_CH1 EEVS 12C1_SCL CEC 12C4_SCL Y iy BKL_NCS DATING DCMI_D5 > ouT
€
S TIM17_CHIN HRTIM USARTL LPUARTZ, FDCANZ_ DFSDM1, DCMI EVENT
PB7 - - TIM4_CH2 EEVY 12C1_SDA - 12C4_SDA RY Y TXFD_ - KNS~ FMC_NL VSYNC. - ouT
MODE
DFSDM1_ SDMMC1_ FDCAN1_ SDMMC2_ | ETH_MII_TX SDMMC1_ EVENT
PB8 - TIM16_CH1 TIM4_CH3 CKINT 12C1_SCL - 12¢C4_SCL CKIN UART4_RX RX ba 03 D4 DCMI_D6 LCD_B6 ouT
DFSDM1_ SPI2_NSS/ SDMMC1_ FDCAN1_ SDMMC2_ SDMMC1_ EVENT
PBY - TIM17_CH1 TIM4_CH4 DATINT 12C1_SDA 1252, Ws 12C4_SDA CDIR UART4_TX iy DS 12C4_SMBA DS DCMI_D7 LCD_B7 ouT
HRTIM_SC LPTIM2_IN1 SPI2_SCK/ DFSDM1_ USART3_ QUADSPI_ OTG_HS_ ETH_MII_RX EVENT
PB10 ) TIM2_CH3 out 12€2_scL 1252_CK DATIN7 X ) BK1_NCS ULPI_D3 _ER ) ) LCD_G4 out
ETH_MII_TX
HRTIM LPTIM2 DFSDM1 USART3 OTG_HS - EVENT
PB11 - TIM2_CH4 - - 12C2_SDA - - - - - == _EN/ETH_ - - LCD_G5
SCIN ETR CKIN7 RX ULPI_D4 RMILTX_EN ouT
SPI2_NSS/ DFSDM1 USART3 FDCAN2 OTG_HS, EMHMILTX | 506 wsp | Timiskin | uarTs EVENT
- - - - - - - - = - DO/E o = -
PB12 TIM_BKIN 12€2_SMBA 1252_WS DATIN1 cK RX ULPI_D5 O/ETH_ _COmP12 RX ouT
RMII_TXDO
USART3_CTS/ ETH Ml
LPTIM2_ SPI2_SCK/ DFSDM1_ USART3_NSS FDCAN2_ OTG_HS_ i UARTS_ EVENT
PB13 ) TIM1_CHIN ) out ) 1252_CK CKIN1 ™ ULPI_D6 ;ﬁll/TE;gI ™ ouT
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AX58400
A\SIX EtherCAT Slave Controller w/ Dual-Core MCU

AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7 AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
SAI4,
o AN1/ 12/ SAI2/4/ 12C4/UART7/
LPUART/ | 12c1/2/3/4/ SPI6/SAI2/ TIM8/ SWPMIL/ | TIM1/8/FM
B SPI2/3/SAI1 | SPI2/3/6/ TIM13/14/
ort TIM1/2/16/1 | SAI1/TIM3/ TIM8/ USARTY/ | oo irsrar | f3p12ca UsaRT1j2) | Y/UARTA/S | 0 incpy | QUADSPY TIM1/8/ C/SDMMC1 TIM1/ T
sYs 7/LPTIM1/ 4/5/12/ | LPTIM2/3/4 TIM15/ S 7 S /8/LPUART el SDMMC2/ DFSDM/ /MDIOS/ | DCMI/LCD/ = sYs
HRTIM1 HRTIM1 | /5/HRTIM1/ |  LPTIM2/ e Jspmmcy | /SPMMCY/ | e ; | OTGLHs/ | sbmmcz/ OTG1_FS/ comp
DFSDM DFSDM/CEC i SPDIFRX1 LcD/ OTG2_FS/ | MDIOS/ETH LCD
SPDIFRX1 SCD/CRS
SPI2 USART3 UART4,
TIM12_CH1 | TIM8_CH2N - DFSDM1 - = SDMMC2 OTG_HS EVENT
PB14 - TIM1_CH2N - - USARTL_TX | MISO/I1252 DATING. RTS/USAR | RTS/UART 0o~ - - v - - ouT
@ _SDI T3_DE 4_DE
T
g SPI2
RTC_ TIM12_CH2 | TIM8_CH3N - DFSDM1_ UART4_ SDMMC2_D1 OTG_HS_ EVENT
PBIS | Lo TIM1_CH3N USART1_RX Mozlégsz NG T o ouT
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AX58400
A\SIX EtherCAT Slave Controller w/ Dual-Core MCU

AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7 AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
SAl4
e 1/ 12/ SAI2/4/ 12C4/UART7/
LPUART/ 12c1/2/3/4/ SPI6/SAI2/ TIM8/ SWPMIL/ TIM1/8/FM
SPI2/3/SAIL | SPI2/3/6/ TIM13/14/
Port TIM1/2/16/1 | SAIL/TIM3/ TIM8/ USART1/ si/2/3/a) | /3/12ca USART1/2/ 4/UART4/S | 000 nep) / QUADSPI/ TIM1/8/ ¢/SDbMmC1 TIM1/ UARTS/
sYs 7/LPTIM1/ 4/5/12/ | LPTIM2/3/4 TIM15/ 5/6/CEC / 3/6/UART? /8/LPUART FMC/ sbmMmc2/ DFSDM/ /MpIos/ | bcmi/Lep/ = SYS
HRTIM1 HRTIM1 | /5/HRTIM1/ LPTIM2/ UART4/ /SDMMCL /sommc/ | e / OTG1_HS/ sbMmc2/ OTG1_FS/ comP
DFSDM DFSDM/CEC e SPDIFRX1 LcD/ OTG2_FS/ | MDIOS/ETH LcD
SPDIFRX1 SCR/EES
DFSDM1_ DFSDM1_ OTG_HS_ FMC_SDN EVENT
pco B B B CKINO B B DATIN4 B SAI2_FS_B B ULPI_STP B WE B LCD_RS ouT
TRACE DFSDM1 DFSDM1, SPi2_ SAI4_SD_A | SDMMC2 MDIOS EVENT
PC1 0o - SAI1_D1 DATING. KNG MOiIéIgSZ SAI1_SD_A - = « SAI4_D1 ETH_MDC MDC - - ouT
SPI2_
pcy | CIDSLEEP . . DFSDM1_ ) MISO/i252 DFSDM1_ ) ) ) OTG_HS_ ETH_MII_TX | FMC_SDNEO . ) EVENT
CKIN1 <DI CKOUT ULPI_DIR D2 out
SPI2_
pC3 c1 i . DFSDM1_ . MOSI/I252 i . . . OTG_HS_ ETH_MII_TX | FMC_SDCKEO . . EVENT
SLEEP DATIN1 ULPI_NXT _CLK out
_sbo
c2 ETH_MII_RX
PC4 | DSLEEP - - DFCSE":‘/';— - 1251_MCK - - - SPD'IF,\T;Q— - DO/ETH_ FMC_SDNEO - - E\(/)EUNTT
RMII_RXDO
ETH_MII_RX
c2 DFSDM1 SPDIFRX1, - = FMC_SDCKEO | COMP1 EVENT
PCS - SAI1_D3 - - - - - - - SAl4_D3 D1/ETH_ - - -
SLEEP DATIN2 IN4 RMILRXDL ouT out
(8]
£ HRTIM_CH DFSDM1, USART6, SDMMC1, FMC, SDMMC2 SDMMC1, LcD EVENT
5 . _ _ B _ _ _ _ . _ _
s Peo Al TIM3_CH1 | TIM8_CH1 CKIN3 1252_McK T DODIR NWAIT D6 D6 bCMI_DO HSYNC ouT
HRTIM_CH DFSDM1_ USART6_ SDMMC1_ SDMMC2_ SDMMC1_ EVENT
PC7 TRGIO A TIM3_CH2 | TIM8_CH2 DATING - 1253_MCK RX D123DIR FMC_NE1 b7 SWPMI_TX 7 DCMI_D1 LCD_G6 ouT
TRACE HRTIM_CH USART6, UARTS. FMC_NE2/ SDMMC1, EVENT
PC8 o1 Bl TIM3_CH3 | TIM8_CH3 - - - oK RT:/L[J)/:RT FMC_NCE - SWPMI_RX oo DCMI_D2 - ouT
UARTS_ QUADSPI_ SWPMI_ SDMMC1_ EVENT
PC9 MC02 - TIM3_CH4 | TIM8_CH4 12C3_SDA 125_CKIN - - TS BKL 100 LCD_G3 SUSPEND b1 DCMI_D3 LCD_B2 ouT
HRTIM_EE DFSDM1_ SPI3_SCK/I USART3_ QUADSPI_ SDMMC1_ EVENT
pc10 B i V1 CKINS B B 253_CK TX UART4_TX BK1_|01 B B D2 DCMI_D8 LCD_R2 ouT
HRTIM_ DFSDM1_ SPI3_MISO/ | USART3_ QUADSPI_ SDMMC1_ EVENT
PC11 - N FLT2 DATINS - B 1253_SDI RX UART4_RX BK2_NCS ° ° D3 DCMI_D4 ° ouT
TRACE HRTIM_EE SPI3_MOSI/ | USART3_ SDMMC1_ EVENT
PC12 D3 i V2 B B B 1253_SDO cK UART5_TX B B B cK DCMI_D9 ) ouT
EVENT
PC13 - - - - - - - - - - - - - - - ouT
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AX58400
A\SIX EtherCAT Slave Controller w/ Dual-Core MCU

AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7 AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
SAI4/
) SAI2/4/ | 12C4/UART7/
LPUART/ | I12€1/2/3/4/ spiz/a/sain | spiz/afe) | SPS/SARL | iisiay TIM8/ SWPMIL/ | TIM1/8/FM
Port TIM1/2/16/1 | SAI1/TIM3/ TIM8/ USARTY | oo iorziar | Jajiaca UsART1/2/ | H/UARTA/S | o ncpy | QUADSPI/ TIM1/8/ c/sbMMC1 TIM1/ UARTS/
sYs 7/LPTIM1/ 4/5/12/ | LPTIM2/3/4 TIM15/ S / 3/6/UART7 | /B/LPUART el sDMMC2/ DFSDM/ /MDIOS/ | DCMmI/LCD/ = sYs
HRTIM1 HRTIM1 | /5/HRTIM1/ |  LPTIM2/ Ty Jsommcs | /SDMMCY | oe,s | OTGLHS/ | sommca/ OTG1_FS/ comp
DFSDM DFSDM/CEC ST SPDIFRX1 LcD/ OTG2_FS/ | MDIOS/ETH LCD
SPDIFRX1 SCD/CRS
EVENT
PC14 - - - - - - - - - - - - - - -
o out
5
< EVENT
PC15 - - - - - - - - - - - - - - ouT
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AX58400
A\SIX EtherCAT Slave Controller w/ Dual-Core MCU

AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7 AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
SAl4,
e Am/ /2 SAI2/4/ 12C4/UART7/
LPUART/ 12c1/2/3/4/ SPI6/SAI2/ TIM8/ SWPMI1/ TIM1/8/FM
B SPI2/3/SAI1 SPI12/3/6/ TIM13/14/
ort TIM1/2/16/1 | SAIL/TIM3/ TIM8/ USART1/ si/2/3/a) | J3/1ca USART1/2/3/ 4/UART4/S QUADSPI/ QUADSPI/ TIM1/8/ ¢/sbMMC1 TIM1/ UARTS/
SYs 7/LPTIM1/ 4/5/12/ LPTIM2/3/4 TIM15/ 5/6/CEC / 6/UART7/SD /8/LPUART FMC/ sbmMmc2/ DFSDM/ /MDIOS/ | DCMI/LCD/ e SYs
HRTIM1 HRTIM1 | /5/HRTIM1/ LPTIM2/ UART4/ e /sommey/ | / OTG1_HS/ sbmMmc2/ OTG1_FS/ compP
DFSDM DFSDM/CEC e SPDIFRX1 LcD/ OTG2_FS/ | MDIOS/ETH LcD
SPDIFRX1 SCR/EES
DFSDM1_ SAI3_SCK_A FDCAN1_ FMC_D2/ EVENT
PDO B B B CKING B B B UART4_RX RX B B FMC_DA2 B B ouT
oo1 DFSDM1_ SAI3 SD A uaRTa Tx | FDCANL FMC_D3/ EVENT
B ° ° DATING B B - B - TX B B FMC_DA3 B B ouT
TRACE SDMMC1_ EVENT
PD2 02 - TIM3_ETR - - - - - UART5_RX - - - cMD DCMI_D11 - ouT
USART2_CTS/
DFSDM1_ SPI2_SCK/ USART2_NSS EVENT
PD3 - - - CKOUT - 1252, K FMC_CLK DCMI_D5 LCD_G7 ouT
USART2_ FDCAN1_
PD4 - - HF:I'T'\:— - - - SAI3_FS_A RTS/USART2 - RXFD_ - - FMC_NOE - - E\(/)EUNTT
_DE MODE
FDCAN1_
PD5 - - HRT'%—EE - - - - USA:IZ— - TXFD_ - - FMC_NWE - - E\gELTTT
MODE
SPI3 FDCAN2
DFSDM1_ DFSDM1_ - USART2_ SAI4_SD_A - SDMMC2_ FMC_ EVENT
o| P8 - - SAI1_D1 CKINA DATINT MOSI/1253 SAI1_SD_A RX RXFD_ SAI4_D1 P NWATT DCMI_D10 | LCD_B2 ouT
T _Sbo MODE
o
< SPI1
DFSDM1_ - DFSDM1_ USART2_ SPDIFRX1_ SDMMC2_ EVENT
PD7 ) ) ) DATIN4 ) Mozggﬂ CKIN1 cK ) IN1 ) CMD FMC_NE1 ) ) ouT
P8 DFSDM1_ SAI3_SCK_B USART3_ SPDIFRX1_ FMC_D13/ EVENT
) ) ) CKIN3 ) ) X ) IN2 ) ) FMC_DA13 ) ) out
P09 DFSDM1_ SAI3 SD B USART3_ r?&/:gz_ FMC_D14/ EVENT
DATIN3 -0 RX MODE FMC_DA14 ouT
FDCAN2
DFSDM1 USART3 - FMC_D15/ EVENT
- - - - - - - - TXFD - - - -
PD10 CKOUT SAI3_FS_B cK - FMC_DA15 LcD_B3 ouT
MODE
USART3_CTS/
LPTIM2_ USART3_NSS QUADSPI_ EVENT
PD11 - - - N2 12C4_SMBA BKL_ 100 SAI2_SD_A FMC_A16 ouT
USART3_
LPTIM2_IN1 RTS/ QUADSPI_ EVENT
PD12 - LPTIM1_IN1 | TIM4_CH1 12C4_SCL - - USART3. - BKL_ 101 SAI2_FS_A - FMC_A17 - - ouT
DE
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AX58400
A\SIX EtherCAT Slave Controller w/ Dual-Core MCU

AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7 AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
SAI4/
FDCAN1/2/ SAI2/4/ 12C4/UART7/
LPUART/ 12c1/2/3/4/ SPI2/3/SAIL SP12/3/6/ SPI6/SAI2/ TIM13/14/ TIM8/ SWPMI1/ TIM1/8/FM
Port TIM1/2/16/1 | SAIL/TIM3/ TIM8/ USART1/ spi/2/3/a) | /3/12ca USART1/2/3/ 4/UART4/S QUADSPI/ QUADSPI/ TIM1/8/ ¢/sbMMC1 TIM1/ UARTS/
SYS 7/LPTIM1/ a/5/12/ LPTIM2/3/4 TIM15/ 5/6/CEC / 6/UART7/SD /8/LPUART FMC/ sbmMmc2/ DFSDM/ /mpIos/ DCMI/LCD/ e SYsS
HRTIM1 HRTIM1 | /5/HRTIM1/ LPTIM2/ UART4/ o /sbmmc1/ SDMMC2/ OTG1_HS/ SbMmc2/ OTG1_FS/ compP
DFSDM DFSDM/CEC iy SPDIFRX1 LcD/ OTG2_FS/ | MDIOS/ETH LcD
SPDIFRX1 SCD/CRS

LPTIM1_ QUADSPI_ SAI2_SCK_A . . ) EVENT

PD13 - ouT TIM4_CH2 - 12C4_SDA - - - - BKL103 FMC_A18 ouT

o| pp1a IV CH3 SAI3_MCLK UARTS_ FMC_DO/ EVENT
B ) . - ) ) ) B ) cTS ) ) ) FMC_DAO ) ) out

a
UART8_RTS/

SAI3_MCLK =~ FMC_D1/ EVENT

PD15 - - TIM4_CH4 - - - A - UART8_DE - - - FMC DAL - - ouT
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AX58400
A\SIX EtherCAT Slave Controller w/ Dual-Core MCU

AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7 AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
SAl4
e 1/ 12/ SAI2/4/ 12C4/UART7/
LPUART/ 12c1/2/3/4/ SPI6/SAI2/ TIM8/ SWPMIL/ TIM1/8/FM
B SPI2/3/SAIL | SPI2/3/6/ TIM13/14/
ort TIM1/2/16/1 | SAIL/TIM3/ TIM8/ USART1/ si/2/3/a) | /3/12ca USART1/2/ 4/UART4/S | 000 nep) / QUADSPI/ TIM1/8/ ¢/SDbMmC1 TIM1/ UARTS/
SYS 7/LPTIM1/ 4/5/12/ | LPTIM2/3/4 TIM15/ 5/6/CEC / 3/6/UART? /8/LPUART FMC/ sbmMmc2/ DFSDM/ /MpIos/ | bcmi/Lep/ = SYS
HRTIM1 HRTIM1 | /5/HRTIM1/ LPTIM2/ UART4/ /SDMMCL /sommc/ | e / OTG1_HS/ sbMmc2/ OTG1_FS/ comP
DFSDM DFSDM/CEC e SPDIFRX1 LcD/ OTG2_FS/ | MDIOS/ETH LcD
SPDIFRX1 SCR/EES
FDCAN1
LPTIM1_ HRTIM_ LPTIM2_ - SAI2_ EVENT
PEO - ETR TIM4_ETR SCIN ETR UART8_RX RXFD_ MCLK A FMC_NBLO DCMI_D2 ouT
MODE
FDCAN1_
PE1 - LPTIM1_IN2 - HRTIM_ - - - - UART8_TX TXFD_ - - FMC_NBL1 DCMI_D3 - EVENT
= scout - - - ouT
MODE
TRACE SAI1_MCLK SAI4_ QUADSPI_ ETH_MII_TX EVENT
PE2 LK - SAI1_CK1 - - SPI4_SCK A - MCLK A BK1102 SAI4_CK1 D3 FMC_A23 - - ouT
TRACE SAI4_SD_B EVENT
PE3 fiss - - - TIM15_BKIN - SAI1_SD_B - - - - FMC_A19 - - ouT
TRACE DFSDM1_ | TIM15_CHIN EVENT
PE4 o1 - SAI1_D2 DATING SPI4_NSS SAI1_FS_A - SAI4_FS_A - SAI4_D2 - FMC_A20 DCMI_D4 LCD_BO ouT
TRACE DFSDM1_ SPI4_ SAI1_SCK_A SAI4_SCK EVENT
PES o2 - SAI1_CK2 KIN3 TIM15_CH1 MISO - 2 - SAI4_CK2 - FMC_A21 DCMI_D6 LCD_GO ouT
TRACE TIM1_BKIN2 SPI4_ SAI4_SD_A SAI2_ TIM1_BKIN2 EVENT
s PE6 o3 SAI1_D1 - TIM15_CH2 MOS| SAI1_SD_A - SAI4_D1 MCLK B _CoMP12 FMC_A22 DCMI_D7 LCD_G1 ouT
o
o
DFSDM1_ QUADSPI_ FMC_D4/ EVENT
PE7 ) TIML_ETR ) DATIN2 ) ) ) UART7_RX ) ) BK2_I00 ) FMC_DA4 ) ) out
DFSDM1_ QUADSPI_ FMC_D5/ COMP2_ EVENT
PE8 B TIM1_CHIN B CKIN2 B B B UART7_TX B B BK2_l01 B FMC_DA5 ouT B ouT
. TIM1 CHL DFSDM1_ US:;;R;E/ QUADSPI_ FMC_D6/ EVENT
- CcKOUT - BK2_l02 FMC_DA6 ouT
DFSDM1_ UART7_ QUADSPI_ FMC_D7/ EVENT
PE10 ) TIM1_CH2N ) DATIN4 ) ) ) CTS ) ) BK2_103 ) FMC_DA7 ) ) ouT
PE11 TIM1_CH2 DFSDMI_ SPI4_NSS SAI2_SD_B FMC_D8/ Lo g3 | EVENT
) - ) CKIN4 ) - ) ) ) ) -7 ) FMC_DA8 ) - ouT
DFSDM1_ SAI2_SCK_B FMC_D9/ COMP1_ EVENT
PE12 - TIM1_CH3N - DATING - SP14_SCK - - - - - FMC. DAY ouT LCD_B4 ouT
DFSDM1_ SPI4_ FMC_D10/ COMP2_ EVENT
PE13 - TIM1_CH3 - CKINS - MISO - - - - SAI2_FS_B - FMC. DALO out LCD_DE ouT
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AX58400
A\SIX EtherCAT Slave Controller w/ Dual-Core MCU

AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7 AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
SAl4/
FDCAN1/2/ SAI2/4/ 12C4/UART7/
LPUART/ 12¢1/2/3/4/ SPI6/SAI2/ TIM8/ SWPMI1/ | TIM1/8/FM
P SPI2/3/SAI1 | SPI2/3/6/ TIM13/14/ ey iy
TIM1/2/16/1 | SAI1/TIM3/ TIM8/ USARTY/ | ooy 12304 | J3paca USARTL/2/ 4/UARTA/S | o\ ancpls Q / /8/ C/SDMMC1 TIM1/ UARTS/
sYs 7/LPTIM1/ 4/5/12/ | LPTIM2/3/4 TIM15/ 5/6/CEC / 3/6/UART? /8/LPUART FMC/ sbmMmc2/ DFSDM/ /MDIOS/ | DCMI/LCD/ = SYS
HRTIM1 HRTIM1 | /5/HRTIM1/ LPTIM2/ UARTA/, /SOMMCL /sommcy/ | o / OTG1_HS/ sbMmc2/ OTG1_FS/ compP
DFSDM DFSDM/CEC — SPDIFRX1 LcD/ OTG2_FS/ | MDIOS/ETH LCcD
SPDIFRX1 SCD/CRS
SPI4_ SAI2_MCL FMC_D11/ LCD_CLK | EVENT
PE14 i IMLECHE i i i MOSI . i ° ° K_B ° FMC_DA11 N ouT
w
B TIM1_BKIN
[-%
FMC_D12/ | _comp12/ EVENT
PE15 - TIM1_BKIN - - - - - - - - - - FMC DAL2 coMP. LCD_R7 ouT
TIM1_BKIN
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AX58400
A\SIX EtherCAT Slave Controller w/ Dual-Core MCU

AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7 AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
SAI4,
e 1/ 12/ SAI2/4/ 12C4/UART7/
LPUART/ 12c1/2/3/4/ SPI6/SAI2/ TIM8/ SWPMIL/ TIM1/8/FM
P SPI2/3/SAIL | SPI2/3/6/ TIM13/14/
ort TIM1/2/16/1 | SAIL/TIM3/ TIM8/ USART1/ si/2/3/a) | /3/12ca USART1/2/ 4/UART4/5 QUADSPI/ QUADSPI/ TIM1/8/ ¢/SDbMmC1 TIM1/ UARTS/
SYS 7/LPTIM1/ 4/5/12/ LPTIM2/3/4 TIM15/ 5/6/CEC / 3/6/UART7 /8/LPUART FMC/ SDMMmC2/ DFSDM/ /MDIOS/ DCMI/LCD/ e SYS
HRTIM1 HRTIM1 | /5/HRTIM1/ LPTIM2/ UART4/ /SDMMCL /sommc/ | e / OTG1_HS/ SDMMmC2/ OTG1_FS/ comp
DFSDM DFSDM/CEC BT SPDIFRX1 LcD/ OTG2_FS/ | MDIOS/ETH LCD
SPDIFRX1 SCR/EES

EVENT

PFO - - - - 12C2_SDA - - - - - - - FMC_AO - - ouT
EVENT

PF1 - - - - 12C2_SCL - - - - - - - FMC_A1 - - ouT
EVENT

PF2 - - - - 12C2_SMBA - - - - - - - FMC_A2 - - ouT
EVENT

PF3 - - - - - - - - - - - - FMC_A3 - - ouT
EVENT

PF4 - - - - - - - - - - - - FMC_A4 - - ouT
EVENT

PF5 - - - - - - - - - - - - FMC_AS - - ouT
SAI4_SD_B | QUADSPI_ EVENT

PF6 - TIM16_CH1 - - - SPIS_NSS SAI1_SD_B | UART7_RX BK1 103 - - - - - ouT
SAI1_MCLK SAl4_ QUADSPI_ EVENT

. PF7 - TIM17_CH1 - - - SPI5_SCK B UART7_TX MCLK B BK1_ 107 - - - - - ouT

5 UART7_RTS/

o TIM16_CHIN SPI5_ SAI1_SCK_B - SAI4_SCK QUADSPI_ EVENT
PF8 - - - - MISO UART7_DE B TIM13_CH1 BKL 100 - - - - ouT
TIM17_CHIN SPI5_ UART7_ QUADSPI_ EVENT

PF9 - - - - MOS| SAI1_FS_B crs SAI4_FS_B | TIM14_CH1 BK1 101 - - - - ouT
TIM16_BKIN QUADSPI_ EVENT

PF10 - SAI1_D3 - - - - - - P SAI4_D3 - - DCMI_D11 | LCD_DE ouT
PF11 SPIS_ SAI2_SD_B FMC_ DCMI_D12 EVENT
) ) ) ) ) MOSI ) ) ) ) -7 ) SDNRAS - ) ouT
EVENT

PF12 - - - - - - - - - - - - FMC_A6 - - ouT
DFSDM1_ EVENT

PF13 - - - DATING 12C4_SMBA - - - - - - - FMC_A7 - - ouT
DFSDM1_ EVENT

PF14 - - - CKING 12C4_SCL - - - - - - - FMC_A8 - - ouT
EVENT

PF15 - - - - 12C4_SDA - - - - - - - FMC_A9 - - ouT
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AX58400
A\SIX EtherCAT Slave Controller w/ Dual-Core MCU

AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7 AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
SAI4,
e 1/ 12/ SAI2/4/ 12C4/UART7/
LPUART/ 12c1/2/3/4/ SPI2/3/SAIL | sP12/3/6/ SPIB/SAI2/ | Lo 14/ TIM8/ SWPMIL/ | TIM1/8/FM
Port TIM1/2/16/1 | SAI1/TIM3/ TIM8/ USARTL/ | ot raray | f3piaca UsART1/2/ | MUARTA/S | o apspy | QUADSPY TiM1/8/ C/sbMMC1 TiM1/ UARTS/
sYs 7/LPTIM1/ 4/5/12/ | LPTIM2/3/4 TIM15/ 5/6/CEC / 3/6/UART? /8/LPUART FMC/ SsDmMmC2/ DFSDM/ /Mpios/ | Dcmi/Lep/ o SYS
HRTIM1 HRTIM1 | /5/HRTIM1/ LPTIM2/ UART4/ /SDMMCL /soMmc/ | e / OTG1_HS/ SDMMC2/ OTG1_FS/ comP
DFSDM DFSDM/CEC i SPDIFRX1 LD/ OTG2_FS/ MDIOS/ETH LCD
SPDIFRX1 SCR/EES
EVENT
PGO - - - - - - - - - - - - FMC_A10 - - ouT
EVENT
PG1 - - - - - - - - - - - - FMC_A11 - - ouT
TIM8_BKIN_ EVENT
PG2 - - - TIM8_BKIN - - - - - - - COMP12 FMC_A12 - - ouT
TIM8_BKIN2 TIM8_BKIN2 EVENT
PG3 - - - - - - - - - - _CoMP12 FMC_A13 - - ouT
pGa . TIM1_BKIN2 . ) ) ) ) ) ) ) ) TIM1_BKIN2 | FMC_A14/ . ) EVENT
_COMP12 FMC_BAO ouT
FMC_A15/ EVENT
PG5 - TIM1_ETR - - - - - - - - - - FMC_BAL - - ouT
TIM17_ HRTIM_ QUADSPI_ EVENT
PG6 - BKIN CHEL - - - - - - - BKL_NCS - FMC_NE3 DCMI_D12 | LCD_R7 ouT
HRTIM_ SAIL_MCLK | USART6_ LCD_CLK | EVENT
Q PG7 - - CHE2 - - - A P - - - - FMC_INT DCMI_D13 ouT
&
USART6_
RTS/ SPDIFRX1 ETH_PPS_ FMC_ EVENT
PG8 - - - TIM8_ETR - SPI6_NSS - USART_DE ) - - out SDCLK - LCD_G7 ouT
IN3
SPIL_ USART6 SPDIFRX1 | QUADSPI FMC_NE2/ DCMI EVENT
PG9 - - - - - M'S(;/[;IZQ . RX B BK2_102 SAI2_FS_B - FMC_NCE VSYNC - ouT
= IN4
HRTIM_ SPI1_NSS/ EVENT
PG10 - - FLTS - - 125 WS - - - LCD_G3 SAI2_SD_B - FMC_NE3 DCMI_D2 LCD_B2 ouT
ETH_MII_
HRTIM_ SPI1_SCK/ SPDIFRX1 SDMMC2_ TX_EN/ETH EVENT
PG11 - LPTIM1_IN2 EEva - - 1251 K - - i} - D2 _RVILTX_EN - DCMI_D3 LCD_B3 ouT
IN1
USART6
- ETH_MII_TX
HRTIM SPI6 RTS/ - T EVENT
PG12 - LPTIM1_IN1 - - - b - SPDIFRX1 LCD_B4 - D1/ETH FMC_NE4 - LCD_B1
- USART6_DE - Iy = -
EEVS MISO - _IN2 RMII_TXD1 our
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AFO AF1 AR2 AF3 AF4 AF5 AF6 AF7 AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
SAI4/
) SAI2/4/ | 12C4/UART7/
LPUART/ | 12€1/2/3/4/ spiz/a/sain | spiz/afe) | SPS/SARL | iisiay TIM8/ SWPMIL/ | TIM1/8/FM
Port TIM1/2/16/1 | SAIL/TIM3/ | TIM8/ USARTY | oo orsiar | afizca | usarajz | YUARTA/S | oiapspyy | QUADSPY TIM1/8/ | c/sDMMC1 TIM1/ UARTS/
svs 7/LPTIM1/ | 4/5/12/ | LPTIM2/3/4 |  TIM15/ S / 3/6/UART7 | /B/LPUART el SDMMC2/ DFSDM/ /mpios/ | pemijLep/ | o sYs
HRTIM1 HRTIM1 | /S/HRTIM1/ [  LPTIM2/ Ty Jspmmcs | /SPMMCY | (ouc,s | OTGLHS/ | soMMc2/ | oTG1_Fs/ comp
DFSDM DFSDM/CEC ST SPDIFRX1 LcD/ OTG2_FS/ | MDIOS/ETH LCD
SPDIFRX1 CERIEE
USART6_CTS/
- ETH_MII_TX
PG13 TRQEE LPE L“:'Tl— HEFECIN(')— - - SPI6_SCK - USART6_NSS - - - DO/ETH_ FMC_A24 - LCD_RO E\éEUNTT
RMII_TXDO
o ETH_MII_TX
2 TRACE LPTIML SPI6 USART6 QUADSPI i EVENT
5| pG14 - - - - = - - - - - D1/ETH FMC_A25 - LCD_BO
o - ! —
8 D1 ETR MOs| ™ BK2_l03 RMILTXD1 out
USART6_CTS/
USART6_NSS FMC_ EVENT
PG15 - - - - - - - - - - - SONCAS DCMI_D13 ouT
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AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7 AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
SAl4
e 1/ 12/ SAI2/4/ 12C4/UART7/
LPUART/ 12c1/2/3/4/ SPI6/SAI2/ TIM8/ SWPMIL/ TIM1/8/FM
SPI2/3/SAIL | SPI2/3/6/ TIM13/14/
Port TIM1/2/16/1 | SAIL/TIM3/ TIM8/ USART1/ si/2/3/a) | /3/12ca USART1/2/ 4/UART4/5 QUADSPI/ QUADSPI/ TIM1/8/ ¢/SDbMmC1 TIM1/ UARTS/
SYS 7/LPTIM1/ 4/5/12/ LPTIM2/3/4 TIM15/ 5/6/CEC / 3/6/UART7 /8/LPUART FMC/ sbmMmc2/ DFSDM/ /mplos/ DCMI/LCD/ = SYS
HRTIM1 HRTIM1 | /5/HRTIM1/ LPTIM2/ UART4/ /SDMMCL /sommc/ | e / OTG1_HS/ sbMmc2/ OTG1_FS/ comp
DFSDM DFSDM/CEC e SPDIFRX1 LcD/ OTG2_FS/ | MDIOS/ETH LcD
SPDIFRX1 SCR/EES
EVENT
PHO - - - - - - - - - - - - - - - ouT
EVENT
PH1 - - - - - - - - - - - - - - - ouT
QUADSPI_ SAI2_SCK_B ETH_MII_ FMC_ EVENT
PH2 B LPTIM1_IN2 B B B B B B B BK2_100 CRS SDCKEO B LCD_RO ouT
QUADSPI_ SAI2_ ETH_MII_ FMC_SDNEO EVENT
PH3 ° . ° ° ° . . ° ° BK2_l01 MCLK_B coL ° LCD_R1 ouT
OTG_HS_U EVENT
PH4 - - - - 12C2_SCL - - - - LCD_G5 LPLNXT - - - LCD_G4 ouT
FMC_SDN EVENT
PH5 - - - - 12C2_SDA SPI5_NSS - - - - - - WE - - ouT
PHE . . TIM12_CH1 ) 1262 SMBA | SPIS_ScK ) ) ) ) ) ETH_MII_RX | FMC_SDNE1 DCMI_D8 ) EVENT
D2 out
SPI5_ ETH_MII_RX FMC_ EVENT
. PH7 - - - - 12€3_SCL MISO - - - - - D3 SDCKEL DCMI_D9 - ouT
€
S DCMI_HSY EVENT
e a ; 3 ) 3 3 } } } } _|
PH8 TIM5_ETR 12C3_SDA FMC_D16 NC LCD_R2 ouT
PH9 - - TiM12_CH2 - 12C3_SMBA - - - - - - - FMC_D17 DCMI_DO LCD_R3 E\c/)EUNTT
PH10 - - TIM5_CH1 - 12C4_SMBA - - - - - - - FMC_D18 DCMI_D1 LCD_R4 E\(/)EUNTT
PH11 - - TIM5_CH2 - 12C4_SCL - - - - - - - FMC_D19 DCMI_D2 LCD_RS E\c/)EUNTT
PH12 - - TIM5_CH3 - 12C4_SDA - - - - - - - FMC_D20 DCMI_D3 LCD_R6 E\éEUNTT
TIM8_CHIN FDCAN1_ EVENT
PH13 - - - - - - - UART4_TX iy - - FMC_D21 - LCD_G2 ouT
PH14 - - - TIM8_CH2N - - - - UART4_RX FDCANL - - FMC_D22 DCMI_D4 LCD_G3 EVENT
RX out
FDCAN1_
PH15 - - - TIM8_CH3N - - - - - TXFD_ - - FMC_D23 DCMI_D11 | LCD_G4 E\éEUNTT
MODE
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AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7 AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
SAl4,
T 1/ /2 SAI2/4/ 12C4/UART7/
LPUART/ 12¢c1/2/3/4/ spi2/3/saiL | spi2/3/e/ SPI6/SAI2/ TIM13/14/ TIM8/ SWPMI1/ TIM1/8/FM
Port TIM1/2/16/ | SAIL/TIM3/ TIM8/ USARTL/ | ooy 120308/ | J3/2ca USARTL/2/ 4/UART4/5 QUADSPI/ QUADSPI/ TIM1/8/ c/sbMMc1 TIM1/ UARTS/
SYs 17/LPTIM1/ 4/s/12/ | LPTIM2/3/4 TIM15/ 5/6/CEC / 3/6/UART? /8/LPUART FMC/ SDMMC2/ DFSDM/ /MDIOS/ | DCMI/LCD/ e SYs
HRTIM1 HRTIM1 | /5/HRTIM1/ LPTIM2/ A /sbMMC1/ SOMMC2/ OTG1_Hs/ sbMmC2/ OTG1_FS/ comP
DFSDM DFSDM/CEC p— SPDIFRX1 ) OTG2_FS/ | MDIOS/ETH LcD
SPDIFRX1 SCR/EES

SPI2_NSS/ FDCAN1_ EVENT
PIO - - TIM5_CH4 - - 1252 Ws - - - RXFD, MODE - - FMC_D24 DCMI_D13 | LCD_G5 ouT
- TIM8_BKIN2 SPI2_SCK/ TIM8_BKIN2 EMC D25 DCMI D8 LD g6 | EVENT
B B ° B 1252_CK B B B B B _COMP12 - - - ouT
SPI2_MIS EVENT
PI2 - - - TIM8_CH4 - 0/1252_SDI - - - - - - FMC_D26 DCMI_D9 LCD_G7 ouT
SPI2_ EVENT

PI3 - - - TIM8_ETR - MOSI/1252 - - - - - - FMC_D27 DCMI_D10 -
out

_sbo

SAI2_ TIM8_BKIN_ EVENT
Pl4 - - - TIM8_BKIN - - - - - - MCLK A CoMPL2 FMC_NBL2 DCMI_D5 LCD_B4 ouT
SAI2_SCK_A DCMI_ EVENT
PIS - - - TIM8_CH1 - - - - - - - FMC_NBL3 VSYNG LCD_BS ouT
PI6 - - - TIM8_CH2 - - - - - - SAI2_SD_A - FMC_D28 DCMI_D6 LCD_B6 E\(/)ESTT
| pP7 - - - TIM8_CH3 - - - - - - SAI2_FS_A - FMC_D29 DCMI_D7 LCD_B7 EVENT
K ouT
EVENT
PI8 - - - - - - - - - - - - - - - ouT
FDCAN1_ LCD_VS EVENT
PI9 - - - - - - - - UART4_RX RX - - FMC_D30 - YNC ouT
FDCAN1_ ETH_MII_RX LCD_HS EVENT
P10 ) ) . ) ) ) ) ) ) RXFD_MODE ) _ER FMC_D31 ) YNC out
OTG_HS_ EVENT
P11l ) ) ) ) ) ) ) ) ) LCD_G6 ULPI_DIR ) ) ) ) out
LCD_HS EVENT
P12 ) ) . ) ) ) ) ) ) ) ) ) ) ) YNC ouT
LCD_VS EVENT
PI13 ) ) : ) ) ) ) ) ) ) ) ) ) ) YNC out
LCD_CLK | EVENT
PI14 - - - - - - - - - - - - - - ouT
EVENT
PI15 - - - - - - - - - LCD_G2 - - - - LCD_RO ouT
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AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7 AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
SAI4
e 1/ 12/ SAI2/4/ | 12C4/UART7/
LPUART/ | I12C1/2/3/a/ SPI6/SAI2/ TIM8/ SWPMIL/ | TIM1/8/FM
SPI2/3/SAI1 | SPI2/3/6/ TIM13/14/

Port TIM1/2/16/1 | SAI1/TIM3/ TIM8/ USARTY | oo oraiar | Jajiaca UsART1/2/ | Y/UARTA/S | o ncey | QUADSPI/ TIM1/8/ C/SDMMC1 TIM1/ )

sYs 7/LPTIM1/ a/5/12/ | LPTIM2/3/4 TIM15/ S / 3/6/UART7 | /B/LPUART el sDMMmC2/ DFSDM/ /MDIOS/ | DCMI/LCD/ = sYs
HRTIM1 HRTIM1 | /5/HRTIM1/ | LPTIM2/ R /sommecy/ | o ; | OTGLHs/ | sbmmc2/ OTG1_FS/ comP
DFSDM DFSDM/CEC o SPDIFRX1 LCD/ OTG2_FS/ | MDIOS/ETH LCD
SPDIFRX1 SCR/EES
EVENT
PIO - - - - - - - - - LCD_R7 - - - - LCD_R1 ouT
PI1 Lo gz | EVENT
) ) ) ) ) ) ) ) ) ) ) ) ) ) - out
EVENT
P12 - - - - - - - - - - - - - - LCD_R3 ouT
P13 Lo pa | EVENT
) ) ) ) ) ) ) ) ) ) ) ) ) ) - out
EVENT
PI4 - - - - - - - - - - - - - - LCD_R5 ouT
PI5 Lo re | EVENT
) ) ) ) ) ) ) ) ) ) ) ) ) ) - out
EVENT
PI6 - - - TIM8_CH2 - - - - - - - - - - LCD_R7 ouT
PI7 | TRGIN TIM8_CH2N Lo go | EVENT
S ) ) ) ) ) ) ) ) ) ) ) ) - out
&

P18 - TIM1_CH3N - TIM8_CH1 - - - - UART8_TX - - - - - LCD_G1 E\(/)EUNTT
TIM8_CHIN EVENT

PI9 - TIM1_CH3 - - - - - - UART8_RX - - - - - LCD_G2
out
SPIS_ EVENT
PJ10 - TIM1_CH2N - TIM8_CH2 - oS - - - - - - - - LCD_G3 ouT
TIM8_CH2N SPIS_p EVENT
P11 - TIM1_CH2 - - iSO - - - - - - - - LCD_G4 ouT
TRGOUT EVENT
PI12 - - - - - - - - LCD_G3 - - - - LCD_BO ouT
EVENT
PJ13 - - - - - - - - - LCD_B4 - - - - LCD_B1 ouT
EVENT
Pi14 - - - - - - - - - - - - - - LCD_B2 ouT
EVENT
PJ15 - - - - - - - - - - - - - - LCD_B3 ouT
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AF0 AF1 AF2 AF3 AF4 AF5 AF6 AF7 AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
SAl4/
FDCAN1/2/ SAI2/4/ 12C4/UART7/
LPUART/ 12¢c1/2/3/4/ SPI2/3/SAI1 SPI2/3/6/ SPI6/SAI2/ TIM13/14/ TIM8/ SWPMI1/ TIM1/8/FM
Port TIM1/2/16/1 | SAIL/TIM3/ | TIM8/ USARTL/ | oo oraar | japaca | usartazy | YUARTA/S | oiapcpy | QUADSPY/ | TIM1/8/ | C/SDMMCL | TIMI/ | cel,
SYS 7/LPTIM1/ 4/5/12/ LPTIM2/3/4 TIM15/ 5/6/CEC / 3/6/UART7 /8/LPUART FMC/ sbmMmc2/ DFSDM/ /MDIOS/ DCMI/LCD/ LD SYS
HRTIM1 HRTIM1 | /5/HRTIM1/ LPTIM2/ R /sommcy/ | o / OTG1_HS/ SDMMC2/ OTG1_FS/ comp
DFSDM DFSDM/CEC DFSDM SPDIFRX1 Lco/ OTG2_Fs/ MDIOS/ETH LCD
SPDIFRX1 SCR/EES
PKO - TIM1_CHIN - TIM8_CH3 - SPI5_SCK - - - - - - - - LCD_GS5 E\(/)EUNTT
TIM8_CH3N EVENT
PK1 - TIM1_CH1 - - - SPI5S_NSS - - - - - - - - LCD_G6
ouTt
TIM8_BKIN TIM1_BKIN_ EVENT
PK2 - TIM1_BKIN - TIM8_BKIN - - - - - - _CcomP12 COMP12 - - LCD_G7 ouT
PK3 LCD_B4 EVENT
~ ) . . ) ) ) ) ) ) ) ) ) ) ) - ouTt
€
g EVENT
PK4 - - - - - - - - - - - - - - LCD_BS ouT
PK5 LCD_B6 EVENT
) . . ) ) ) ) ) ) ) ) ) ) ) - ouTt
EVENT
PK6 - - - - - - - - - - - - - - LCD_B7 ouT
PK7 LCD_DE EVENT
i . i . . i . . . . . . i i - out
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1.4.2 ESC Sub-system Pin 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 1/0, 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
03  Output, 3.3V 8m  8mA driving strength

The multi-function pin settings are configured by the 12C Hardware Configuration EEPROM (HWCFGEE).
Please refer to Section 2.45.4.2 for details.

Pin No Pin Name Type Description
Test mode enable
El12 TEST I5/PD/S | For normal operation, please always tie to logic
low or NC.
F12 NC 13 Reserved. Please connect to GND.
Reset Input, active low
RST N is the hardware reset input used to reset
CI13 RSTn I5/PU/S | this chip. This input is logic AND with internal
Power-On-Reset (POR) circuit, which generates
the main system reset for this chip.
RSTO\ 05/8m Reset Output
RSTO_POL This pin is input direction during chip reset stage
used to bootstrap the mode setting to decide the
RSTO polarity, please refer to Section 2.45.4.1.
RUN LED
This pin is input direction during chip reset stage
B5/4m used to bootstrap the mode setting to decide the
EEPROM size configuration, please refer to
Section 2.45.4.1.
Error LED
This pin is input direction during chip reset stage
B5/4m used to bootstrap the mode setting to decide the
Port 2 MII enable configuration, please refer to
Section 2.45.4.1.
PHY 0 Link/Activity LED
This pin is input direction during chip reset stage
B5/4m used to bootstrap the mode setting to decide the
PHY 0 media mode, please refer to Section
2.454.1.
PHY 1 Link/Activity LED
This pin is input direction during chip reset stage
B5/4m used to bootstrap the mode setting to decide the
PHY 1 media mode, please refer to Section
2.454.1.
Distributed Clocks SyncSignal output or
LatchSignal input 1
F4 SYNC LATCH[0] B5/8m Distribgted (;locks SyncSignal output or

- LatchSignal input 0

M3 EEP_DONE 05/8m This pin asserted high indicates that the EEPROM

B13

LED RUN\

M1 EEP_SIZE

LED_ERR\

M2 3PORT_MODE

PO_ACT\

L14 PO_FIBER

Pl_ACT\

MI3 ) b1 FIBER

G4 SYNC LATCHJ1] B5/8m
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Pin No Pin Name Type Description
is successfully loaded (Checksum matched) and
the PDI can be used.
Cl1 PDI EMU 15 PDI Emulation enable
OE EXT I5 Output Enable
A8 LRDn 15 Local bus Read
SCLK 15 SPI Clock
SOF 05/8m Start-of-Frame
C2 LECSn 15 Local bus ESC Chip Select
SCS ESC 15 SPI Chip Select for ESC
OUTVLD 05/8m Output data Valid/Output event
C5 LWRn 15 Local bus Write
MOSI 15 SPI data MOSI
EOF 05/8m End-of-Frame
D4 LFCSn 15 Local bus Function Chip Select
SCS FUNC 15 SPI Chip Select for Function
WD TRIG 05/8m Watchdog Trigger
D5 LINT 05/T Local bus Interrupt
SINT 05/T SPI Interrupt
05/T/4m 12C Sgrial C!ock line for 12C master control}er
DI11 SCL S SCL is a tr1—stateab1e output, which requires an
external pull-up resistor.
B5/T/4m 12C Sgrial D?ta line for 12C master.controllfer.
A10 SDA S SDA is a tr1-stateable output, which requires an
external pull-up resistor.
LAT IN I5 external data Latch
H4 LRDY 05/T Local bus Ready
MISO 05 SPI data MISO
10[0] B5/8m Digital /General Purpose 1/0[7:0]
J11 LDAJ0] B5 Local bus Data bus [7:0]
MSCLK 05 SPI Master SCLK
10[1] B5/8m Digital /General Purpose 1/0[7:0]
J12 LDA[1] BS Local bus Data bus [7:0]
MMOSI 05 SPI Master MOSI
10[2] B5/8m Digital /General Purpose 1/0[7:0]
G5 LDAJ2] B5 Local bus Data bus [7:0]
MMISO I5 SPI Master MISO
10[4] B5/8m Digital /General Purpose 1/0[7:0]
El1l LDA[4] BS Local bus Data bus [7:0]
MSSJ0] 05 SPI Master Slave Select
10[16] B5/8m Digital /General Purpose 1/0[23:16]
LA[8] 15 Local bus Address bus
K11 LINK
LINK I5 Provided by the PHY if a 100 Mbps (Full Duplex)
link is established.
10[17] B5/8m Digital /General Purpose 1/0[23:16]
LA[9] 15 Local bus Address bus
HI11 PULAB 05 Eulse AB, toggle when programmable point A and
MDIO B5 PHY Management Interface data
HI2 10[18] B5/8m Digital /General Purpose 1/0[23:16]
LA[10] 15 Local bus Address bus
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Pin No Pin Name Type Description
PULC 05 Pulse C, PWM period central point
MDC 05 PHY Management Interface clock
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
Gl2 Transmit data [0]
These pins are input direction during chip reset use
TXD[0]\ LINK_POL 03 to booIt)strap the pmode setting to gecidlé external
PHY’s LINK polarity.
10[20] B5/8m Digital /General Purpose 1/0[23:16]
LA[12] 15 Local bus Address bus
PULB 05 Pulse B, programmable point B
L11 Transmit data [2:1]
TXD[1] This pin is input direction duriqg chip reget 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 2.45.4.1.
10[21] B5/8m Digital /General Purpose I/O[23:16]
LAJ13] 15 Local bus Address bus
PULA 05 Pulse A, programmable point A
ES Transmit data [2:1]
TXD[2] This pin is input direction duriqg chip res.et stage
TXD[2:1]\ TX_SH[1:0] 05 used to bootst’rap the mode setFlng to decide the
- external PHY s TXD phase shift, please refer to
Section 2.45.4.1.
10[22] B5/8m Digital /General Purpose 1/0[23:16]
D8 LBHE 15 Local bus Byte High Enable (16-bit width only)
PWM3H O5/T PWM 3 High pin
TXDI[3] 05 Transmit data [3]
10[23] B5/8m Digital /General Purpose 1/0[23:16]
C8 PWM3L 0O5/T PWM 3 Low pin
TX EN 05 Transmit enable
10[24] B5/8m Digital/General Purpose 1/0[31:24]
ca LDA[8] B5 Local bus Data bus [15:8]
PWM2H 05/T PWM 2 High pin
RXD[0] 15 Receive data
10[25] B5/8m Digital/General Purpose 1/0[31:24]
Fs LDAJ9] B5 Local bus Data bus [15:8]
PWM2L O5/T PWM 2 Low pin
RXD[1] 15 Receive data
10[26] B5/8m Digital/General Purpose I/0O[31:24]
Es LDA[10] B5 Local bus Data bus [15:8]
PWMIH 05/T PWM 1 High pin or DIR pin
RXDJ[2] I5 Receive data
10[27] B5/8m Digital/General Purpose I/O[31:24]
s LDAJ[11] B5 Local bus Data bus [15:8]
PWMIL 05/T PWM 1 Low pin or STEP pin
RXD[3] 15 Receive data
10[28] B5/8m Digital/General Purpose 1/0[31:24]
J5 LDA[12] B5 Local bus Data bus [15:8]
EMn 15 Emergency input, active low
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Pin No Pin Name Type Description
RX ER 15 Receive error
10[29] B5/8m Digital/General Purpose 1/0[31:24]
K5 LDAJ[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
10[30] B5/8m Digital/General Purpose 1/0[31:24]
Ls LDA[14] B5 Local bus Data bus [15:8]
ENCB 15 ENC input B, Cos., CCW, DIR, or HALL B
RX CLK 15 Receive Clock
10[31] B5/8m Digital/General Purpose 1/0[31:24]
LDA[15] B5 Local bus Data bus [15:8]
L4 ENCZ I5 ENC input Z, Zero point or HALL C
MII Clock
MCLK 03 25 MHz clock source for Ethernet PHY's
P6 P1_TXON A PHY 1 differential Transmitted Negative signal
P7 P1_RXIN A PHY 1 differential Received Negative signal
PHY 1 fiber mode Signal Detect
P8 P1_SD A Same PO SD descriptgion
P9 PO TXON A PHY 0 differential Transmitted Negative signal
P10 PO RXIN A PHY 0 differential Received Negative signal
PHY 0 fiber mode Signal Detect
SD < 0.2V, Copper mode-
P11 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
P12 PO _XSCI A Crystal 25MHz Input
R12 PO _XSCO A Crystal 25MHz Output
PHY 1 differential Transmitted Positive signal
R6 P1_TXOP A Same as PHY0 TXOP/ON description
PHY 1 differential Received Positive signal
R7 PI1_RXIP A Same as PHY0 RXIP/IN description ¢
PHY 0 differential Transmitted Positive signal
In the copper mode, the differential data is
transmitted to the media on the TXOP/TXON
R9 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.
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
R10 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.
PHY off-chip Bias Resistor
L9 PO RSET BG A Connects an external resistor of 12 KQ + 1% to
the PCB analog ground.
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1.4.3 Power/Ground Pin Description

Pin No Pin Name Type Description

Ceo, Do,

Eo6, Fo,

Go6, He, VDD P Power supply for I/O ports and LDO source for

J6, J10, internal PLL and digital circuit.

Ke, K7,

K10

K15 VSSSMPS S

J15 VLXSMPS S

H15 VDDSMPS S

H14 VFBSMPS S

C1, N1,

R14 VCAP S

Al R1,

R15 VDDLDO S

Al5 VSSA S

Al4 VREF+ S

B14 VREF- S

B15 VDDA S

K14 VBAT S

J1 VDD50USB S

H1 VDD33USB S

B1, C9, GND (VSS)

D9, E9,

F8, F9,

F11, G7,

G8, G9,

G10, H7,

H8, H9,

H10, J7, P Ground for all Analog and Digital Power.

J8,J9,

J14, K8,

K9, N6,

N7, N8,

N9, N10,

P1, P5,

P15

C10, D10, Digital Power for core, 1.2V

E10,F10 | VCCK P Please add a 0.1uF bypass capacitor between each
VCCK and GND.

D15 Analog Power for PLL, 1.2V.

VCCI12A PLL P Please add a 0.1uF bypass capacitor between

VCCI12A PLL and GND.

C7. D7 Digital Power for 1/O pins, 3.3V

E7’ F7 ’ VCC3IO P Please add a 0.1uF bypass capacitor between each

’ VCC3IO and GND.

R5, RS, Analog Power for Ethernet PHY, 3.3V

R11 VCC33A P Please add a 0.1uF bypass capacitor between
VCC33A and GND.
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2 Function Description

2.1 Dual STM32 Arm® Cortex® cores

The industrial AX58400 device embed two STM32 Arm® cores, a Cortex®-M7 and a Cortex® - M4. The Cortex® -
M4 offers optimal performance for real-time applications while the Cortex®-M7 core can execute high-
performance tasks in parallel.

The two cores belong to separate power domains. This allows designing gradual high- power efficiency solutions
in combination with the low-power modes already available on this AX58400 device.

2.1.1 Arm® Cortex®?-M7 with FPU

The Arm® Cortex®-M7 with double-precision FPU processor is the latest generation of Arm processors for
embedded systems. It was developed to provide a low-cost platform that meets the needs of MCU implementation,
with a reduced pin count and optimized power consumption, while delivering outstanding computational
performance and low interrupt latency.

The Cortex®-M7 processor is a highly efficient high-performance featuring:

e Six-stage dual-issue pipeline

e Dynamic branch prediction

e Harvard architecture with L1 caches (16 Kbytes of I-cache and 16 Kbytes of D-cache)
e 64-bit AXI interface

e 64-bit ITCM interface

e 2x32-bit DTCM interfaces

The following memory interfaces are supported:

e Separate Instruction and Data buses (Harvard Architecture) to optimize CPU latency
e Tightly Coupled Memory (TCM) interface designed for fast and deterministic SRAM accesses
e AXI Bus interface to optimize Burst transfers

o Dedicated low-latency AHB-Lite peripheral bus (AHBP) to connect to peripherals.

The processor supports a set of DSP instructions which allow efficient signal processing and complex algorithm
execution.

It also supports single and double precision FPU (floating point unit) speeds upsoftware development by using
metalanguage development tools, while avoiding saturation.

Figure 1.2-1 shows the general block diagram of the AX58400 device.

Note: Cortex® -M7 with FPU core is binary compatible with the Cortex® -M4 core.
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2.1.2  Arm® Cortex®-M4 with FPU

The Arm® Cortex®-M4 processor is a high-performance embedded processor which supports DSP instructions. It
was developed to provide an optimized power consumption MCU, while delivering outstanding computational
performance and low interrupt latency.

The Arm® Cortex®-M4 processor is a highly efficient MCU featuring:
e 3-stage pipeline with branch prediction

e Harvard architecture

e 32-bit System (S-BUS) interface

e 32-bit I-BUS interface

e 32-bit D-BUS interface

The Arm® Cortex®-M4 processor also features a dedicated hardware adaptive real-time accelerator (ST ART
Accelerator™). This is an instruction cache memory composed of sixty- four 256-bit lines, a 256-bit cache buffer
connected to the 64-bit AXI interface and a 32-bit interface for non-cacheable accesses.

2.2 Memory protection unit (MPU)

The devices feature two memory protection units. Each MPU manages the CPU access rights and the attributes of
the system resources. It has to be programmed and enabled before use. Its main purposes are to prevent an untrusted
user program to accidentally corrupt data used by the OS and/or by a privileged task, but also to protect data
processes or read-protect memory regions.

The MPU defines access rules for privileged accesses and user program accesses. It allows defining up to 16
protected regions that can in turn be divided into up to 8 independent subregions, where region address, size, and
attributes can be configured. The protection area ranges from 32 bytes to 4 Ghytes of addressable memory.

When an unauthorized access is performed, a memory management exceptionis generated.
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2.3 Memories
2.3.1 Embedded Flash memory

The AX58400 device embeds 2 Mbytes of Flash memory that can be used for storing programs and data.

The Flash memory is organized as 266-bit Flash words memory that can be used for storing both code and data
constants. Each word consists of:

e One Flash word (8 words, 32 bytes or 256 bits)

¢ 10 ECC bits.

The Flash memory is divided into two independent banks. Each bank is organized as follows:

e 1 Mbyte of user Flash memory block containing eight user sectors of 128 Kbytes (4 K Flash memory words)
o 128 Kbytes of System Flash memory from which the device can boot

o 2 Kbytes (64 Flash words) of user option bytes for user configuration

2.3.2 Secure access mode

In addition to other typical memory protection mechanism (RDP, PCROP), AX58400 device introduces the Secure
access mode, a new enhanced security feature. This mode allows developing user-defined secure services by
ensuring, on the one hand code and data protection and on the other hand code safe execution.

Two types of secure services areavailable:
e Root Secure Services:

These services are embedded in System memory. They provide a secure solution for firmware and third-party
modules installation. These services rely on cryptographic algorithms based on a device unique private key.

e User-defined secure services:

These services are embedded in user Flash memory. Examples of user secure services are proprietary user
firmware update solution, secure Flash integrity check or any other sensitive applications that require a high
level of protection.

The secure firmware is embedded in specific user Flash memory areas configured through option bytes.
Secure services are executed just after a reset and preempt all other applications to guarantee protected and safe
execution. Once executed, the corresponding code and data are no more accessible.

The above secure services are available only for Cortex®-M7 core operating in Secure access mode. The other
masters cannot access the option bytes involved in Secure access mode settings or the Flash secured areas.

2.3.3 Embedded SRAM

All devices feature around 1 Mbyte of RAM with hardware ECC. The RAM is divided as follows:
e 512 Kbhytes of AXI-SRAM mapped onto AXI bus on D1 domain.

e SRAM1 mapped on D2 domain: 128 Kbytes

e SRAM2 mapped on D2 domain: 128 Kbytes

e SRAMS3 mapped on D2 domain: 32 Kbytes

e SRAM4 mapped on D3 domain: 64 Kbytes

e 4 Kbytes of backup SRAM

The content of this area is protected against possible unwanted writeaccesses, and is retained in Standby or
VBAT mode.
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e RAM mapped to TCM interface (ITCM and DTCM):

Both ITCM and DTCM RAM s are 0 wait state memories. They can be accessed either from the Arm® Cortex® -
M7 CPU or the MDMA (even in Sleep mode) through a specific AHB slave of the Cortex® -M7(AHBS):

- 64 Kbytes of ITCM-RAM (instruction RAM)

This RAM is connected to ITCM 64-bit interface designed for execution of critical real-times routines
by the Cortex® -M7.

- 128 Kbytes of DTCM-RAM (2x 64-Kbyte DTCM-RAMSs on 2x32-bit DTCM ports)

The DTCM-RAM could be used for critical real-time data, such as interrupt service routines or stack/heap

memory. Both DTCM-RAMSs can be used in parallel (for load/store operations) thanks to the Cortex® -

M7 dual issue capability.
The MDMA can be used to load code or data in ITCM or DTCM RAMs.

Error code correction (ECC)

Over the product lifetime, and/or due to external events such as radiations, invalid bits in memories may occur.
They can be detected and corrected by ECC. This is an expected behavior that has to be managed at final-
application software level in order to ensure data integrity through ECC algorithms implementation.

SRAM data are protected by ECC:
e 7 ECC bits are added per 32-bit word.
e 8 ECC bits are added per 64-bit word forAXI-SRAM and ITCM-RAM.

The ECC mechanism is based on the SECDED algorithm. It supports single-error correction and double-error
detection.

234 START  accelerator

The ART™ (adaptive real-time) accelerator block speeds up instruction fetch accesses of the Cortex® -M4 core
from D1-domain internal memories (Flash memory bank 1, Flash memory bank 2, AX]I SRAM) and from D1-
domain external memories attached via Quad-SPI controller and Flexible memory controller (FMC).

The ART"" accelerator is a 256-bit cache line using 64-bit WRAP4 accesses from the 64-bit AXI D1 domain. The
acceleration is achieved by loading selected code into an embedded cache and making it instantly available to

Cortex® -M4 core, thus avoiding latency due to memory wait states.

Figure 2.3-1shows the block schematic and the environment of the ART accelerator.
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Figure 2.3-1: ST ART " accelerator schematic and environment
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2.4 Boot modes

By default, the boot codes are executed simultaneously by both cores. However, by programming the appropriate
Flash user option byte, it is possible to boot from one core while clock-gating the other core.

At startup, the boot memory space is selected by the BOOT pin and BOOT_ADDx option bytes, allowing to

program any boot memory address from 0x0000 0000 to Ox3FFF FFFF which includes:

e All Flash address space

e Flash memory and SRAMs (except for ITCM /DTCM RAMs which cannot be accessed by the Cortex®-M4
core)

The bootloader is located in non-user System memory. It is used to reprogram the Flash memory through a serial
interface (USART, 12C, SPI, USB-DFU).

2.5 Power supply management
2.5.1 Power supply scheme

AX58400 power supply voltages are the following:

e Vpp=1.62to 3.6 V: external power supply for I/Os, provided externally through VDD pins.
¢ VpoLoo = 1.62 to 3.6 V: supply voltage for the internal regulator supplying VCORE

e Vppa =1.62t0 3.6 V: external analog power supplies for ADC, DAC, COMP and OPAMP.
®  Vppasuss and Vppsouss:

e Vppsouss can be supplied through the USB cable to generate the Vppssuse via the USB internal regulator. This
allows supporting a Vpp supply different from 3.3 V.

The USB regulator can be bypassed to supply directly Vppssuss if Vop = 3.3 V.
o Vgar = 1.2t0 3.6 V: power supply for the Vsw domain when Vpp is not present.

e Vecar: Vcore supply voltage, which values depend on voltage scaling (1.0 V, 1.1V, 1.2V or 1.35 V). They are
configured through VOS bits in PWR_D3CR register and ODEN bit in the SYSCFG_PWRCR register. The
Vcore domain is split into the following power domains that can be independently switch off.

- D1 domain containing some peripherals and the Cortex®-M7 core.

- D2 domain containing a large part of the peripherals and the Cortex®-M4 core.

- D3 domain containing some peripherals and the system control.
e Vppswpes= 1.62 V to 3.6 V: SMPS step-down converter power supply

Vopsmps Must be kept at the same voltage level as Vpp.
e Vixswps = SMPS step-down converter output coupled to an inductor.
e Vesswrs = Vcore, 1.8 V or 2.5 V external SMPS step-down converter feedback voltage sense input.
During powgr-up and power-down phases, the following power sequence requirements must be respected (see
Figure 2.5-1):

e When Vpp is below 1 V, other power supplies (Vopa, Vopssuse, Vopsouss) must remain below Vpp + 300
mV.

e When Vpp is above 1V, all power supplies are independent (except for Vppsmes, which must remain at the
same level as Vpp).
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During the power-down phase, Vpp can temporarily become lower than other supplies only if the energy provided
to the microcontroller remains below 1 mJ. This allows external decoupling capacitors to be discharged with
different time constants during the power-down transient phase.

V7
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Power-on Operating mode Power-down time
|:| Invalid supply area |:| Vopx < Vpp + 300 mV |:| Vppx independent from Vpp VSVA7490V

Figure 2.5-1: Power-up/power-down sequence
1. Voox refersto any power supply among Vopa, Vopssuse, Vbbsouss.

2. Vpp and Vppsmps Must be wired together into order to follow the same voltage sequence.

2.5.2 Power supply supervisor

The devices have an integrated power-on reset (POR)/ power-down reset (PDR) circuitry coupled with a Brownout
reset (BOR) circuitry:

e Power-on reset (POR)

The POR supervisor monitors Vpp power supply and compares it to a fixed threshold. The devices remain in
Reset mode when Vpp is below this threshold,

e Power-down reset (PDR)
The PDR supervisor monitors Vpp power supply. A reset is generated when Vpp drops below a fixed threshold.
The PDR supervisor can be enabled/disabled through PDR_ON pin.

e Brownout reset (BOR)

The BOR supervisor monitors VVpp power supply. Three BOR thresholds (from 2.1 to 2.7 V) can be configured
through option bytes. A reset is generated when Vpp drops below this threshold.
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2.5.3 Voltage regulator (SMPS step-down converter and LDO)

The same voltage regulator supplies the 3 power domains (D1, D2 and D3). D1 and D2 can be independently
switched off.

Voltage regulator output can be adjusted according to application needs through 6 power supply levels:
e Run mode (VOSO to VOS3)

Scale 0: boosted performance (available only with LDO regulator)

Scale 1: high performance

Scale 2: medium performance and consumption

Scale 3: optimized performance and low-power consumption

Note: For AX58400 sales types (industrial temperature range) the voltage regulator output can be set only to VOS2
or VOS3 in Run mode (VOSO0 and VOS1 are not available for industrial temperature range).

e Stop mode (SVOS3 to SVOS5)

- Scale 3: peripheral with wakeup from Stop mode capabilities (UART, SPI, 12C, LPTIM) are
operational

- Scale 4 and 5 where the peripheral with wakeup from Stop mode is disabled

The peripheral functionality is disabled but wakeup from Stop mode is possible through GPIO or
asynchronous interrupt.

2.5.4 SMPS step-down converter

The built-in SMPS step-down converter is a highly power-efficient DC/DC non-linear switching regulator that
provides lower power consumption than a conventional voltage regulator (LDO).

The SMPS step-down converter can be used for the following purposes:

o Direct supply of the Vcore domain

- the SMPS step-down converter operating modes follow the device system operating modes (Run, Stop,
Standby).

- the SMPS step-down converter output voltage are set according to the selected VOS and SVOS bits
(voltage scaling)

¢ Delivery of an intermediate voltage level to supply the internal voltage regulator (LDO)
- SMPS step-down converter operating modes

When the SDEXTHP bit is equal to 0 in the PWR_CR3 register, the SMPS step- down converter follows
the device system operating modes (Run, Stop and Standby).

When the SDEXTHP bit is equal to 1 in PWR_CR3, the SMPS step-down converter is forced to High-
performance mode and does not follow the device system operating modes (Run, Stop and Standby).

- The SMPS step-down converter output equals 1.8 V or 2.5 V according to the selected SD level
e Delivery of an external supply

- The SMPS step-down converter is forced to High-performance mode (provided SDEXTHP bit is equal
to 1 in PWR_CR3)

- The SMPS step-down converter output equals 1.8 V or 2.5 V according to the selected SD level
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2.6 Low-power strategy

There are several ways to reduce power consumption on AX58400:
e Select the SMPS step-down converter as Vcore supply voltage source, as it allows to enhance power efficiency.
e Select the adequate voltage scaling

o Decrease the dynamic power consumption by slowing down the system clocks even in Run mode, and by
individually clock gating the peripherals that are not used.

e Save power consumption when one or both CPUs are idle, by selecting among the available low-power mode
according to the user application needs. This allows achieving the best compromise between short startup time,
low-power consumption, as well as available wakeup sources.

The devices feature several low-power modes:
e CSleep (CPU clock stopped)

e CStop (CPU sub-system clock stopped)

e DStop (Domain bus matrix clock stopped)
e Stop (System clock stopped)

e DStandby (Domain powered down)

e Standby (System powered down)

CSleep and CStop low-power modes are entered by the MCU when executing the WFI (Wait for Interrupt) or
WFE (Wait for Event) instructions, or when the SLEEPONEXIT bit of the Cortex®-Mx core is set after returning
from an interrupt service routine.

A domain can enter low-power mode (DStop or DStandby) when the processor, its subsystem and the peripherals
allocated in the domain enter low-power mode. For instance, D1 or D2 domain enters DStop/DStandby mode
when the CPU of the domain is in CStop mode AND the other CPU has no peripheral allocated in that domain, or
if it is in CStop mode too. D3 domain can enter DStop/DStandby mode if both core subsystems do not have active
peripherals in D3 domain, and D3 is not forced in Run mode.

If part of the domain is not in low-power mode, the domain remains in the current mode.

Finally the system can enter Stop or Standby when all EXTI wakeup sources are cleared and the power domains
are in DStop or DStandby mode.

The clock system can be re-initialize by a master CPU (either the Cortex®-M4 or -M7) after exiting Stop mode
while the slave CPU is held in low-power mode. Once the master CPU has re-initialized the system, the slave CPU
can receive a wakeup interrupt and proceed with the interrupt service routine.

D1 domain power D2 domain power D3 domain power
System power mode
mode mode mode
Run DRun/DStop/DStandby | DRun/DStop/DStandby DRun
Stop DStop/DStandby DStop/DStandby DStop
Standby DStandby DStandby DStandby

Table 2.6-1: System vs domain low-power mode
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2.7 Reset and clock controller (RCC)

The clock and reset controller is located in D3 domain. The RCC manages the generation of all the clocks, as well
as the clock gating and the control of the system and peripheral resets. It provides a high flexibility in the choice
of clock sources and allows to apply clock ratios to improve the power consumption. In addition, on some
communication peripherals that are capable to work with two different clock domains (either a bus interface clock
or a kernel peripheral clock), the system frequency can be changed without modifying the baudrate.

2.7.1 Clock management

The devices embed four internal oscillators, two oscillators with external crystal or resonator, two internal
oscillators with fast startup time and three PLLs.

The RCC receives the following clock source inputs:
o Internal oscillators:

- 64 MHz HSI clock

— 48 MHz RC oscillator

- 4 MHz CSI clock

- 32 KHz LSI clock
e External oscillators:

- HSE clock: 4-50 MHz (generated from an external source) or 4-48 MHz (generated from a crystal/
ceramic resonator)

- LSE clock: 32.768 KHz
The RCC provides three PLLs: one for system clock, two for kernel clocks.

The system starts on the HSI clock. The user application can then select the clock configuration.

2.7.2 System reset sources

Power-on reset initializes all registers while system reset reinitializes the system except for the debug, part of the
RCC and power controller status registers, as well as the backup power domain.

A system reset is generated in the following cases:
e  Power-on reset (pwr_por_rst)
e  Brownout reset
e Low level on NRST pin (external reset)
e Independent watchdog 1 (from D1 domain)
e Independent watchdog 2 (from D2 domain)
e  Window watchdog 1 (from D1 domain)
e  Window watchdog 2 (from D2 domain)
e  Software reset
e  Low-power mode security reset

e  Exit from Standby
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2.8 General-purpose input/outputs (GP10s)

Each of the GPIO pins can be configured by software as output (push-pull or open-drain, with or without pull-up
or pull-down), as input (floating, with or without pull-up or pull-down) or as peripheral alternate function. Most
of the GPIO pins are shared with digital or analog alternate functions. All GP1Os are high-current-capable and
have speed selection to better manage internal noise, power consumption and electromagnetic emission.

After reset, all GPIOs (except debug pins) are in Analog mode to reduce power consumption (refer to GPIOs
register reset values in the device reference manual).

The 1/O configuration can be locked if needed by following a specific sequence in order to avoid spurious writing
to the 1/Os registers.
2.9 Bus-interconnect matrix

The devices feature an AXI bus matrix, two AHB bus matrices and bus bridges that allow interconnecting bus
masters with bus slaves (see Figure 2.9-1).
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Figure 2.9-1: AX58400 Bus matrix
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2.10 DMA controllers

The devices feature four DMA instances to unload CPU activity:
e A master direct memory access (MDMA)

The MDMA is a high-speed DMA controller, which is in charge of all types of memory transfers (peripheral
to memory, memory to memory, memory to peripheral), without any CPU action. It features a master AXI
interface and a dedicated AHB interface to access Cortex®-M7 TCM memories.

The MDMA is located in D1 domain. It is able to interface with the other DMA controllers located in D2
domain to extend the standard DMA capabilities, or can manage peripheral DMA requests directly.

Each of the 16 channels can perform single block transfers, repeated block transfers and linked list transfers.
e Two dual-port DMAs (DMA1, DMAZ2) located in D2 domain, with FIFO and request router capabilities.
e One basic DMA (BDMA) located in D3 domain, with request router capabilities.

The DMA request router could be considered as an extension of the DMA controller. It routes the DMA peripheral
requests to the DMA controller itself. This allowing managing the DMA requests with a high flexibility,
maximizing the number of DMA requests that run concurrently, as well as generating DMA requests from
peripheral output trigger or DMA event.

2.11 ST Chrom-ART Accelerator™ (DMA2D)

The Chrom-Art Accelerator™ (DMAZ2D) is a graphical accelerator which offers advanced bit blitting, row data
copy and pixel format conversion. It supports the following functions:

¢ Rectangle filling with a fixed color

e Rectangle copy

¢ Rectangle copy with pixel format conversion

e Rectangle composition with blending and pixel format conversion

Various image format coding are supported, from indirect 4bpp color mode up to 32bpp direct color. It embeds
dedicated memory to store color lookup tables. The DMA2D also supports block based YCbCr to handle JPEG
decoder output.

An interrupt can be generated when an operation is complete or at a programmed watermark.

All the operations are fully automatized and are running independently from the CPU or the DMAs.
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2.12 Nested vectored interrupt controller (NVIC)

Both Cortex®-M7 (CPU1) and Cortex®-M4 (CPU2) cores have their own nested vector interrupt controller
(respectively NVIC1 and NVIC2). Each NVIC instance is able to manage 16 priority levels, and handle up to 150
maskable interrupt channels plus the 16 interrupt lines of the Cortex®-M7 with FPU core.

e Closely coupled NVIC gives low-latency interrupt processing
e Interrupt entry vector table address passed directly to the core
e Allows early processing of interrupts

e Processing of late arriving, higher-priority interrupts

e Support tail chaining

e Processor context automatically saved on interrupt entry, and restored on interrupt exit with no instruction
overhead

This hardware block provides flexible interrupt management features with minimum interrupt latency.

2.13 Extended interrupt and event controller (EXTI)

The EXTI controller performs interrupt and event management. In addition, it can wake up the processors, power
domains and/or D3 domain from Stop mode.

The EXTI handles up to 89 independent event/interrupt lines split as 28 configurable events and 61 direct events
(including two interrupt lines for inter-core management).

Configurable events have dedicated pending flags, active edge selection, and software trigger capable.

Direct events provide interrupts or events from peripherals having a status flag.

2.14 Cyclic redundancy check calculation unit (CRC)

The CRC (cyclic redundancy check) calculation unit is used to get a CRC code using a programmable polynomial.

Among other applications, CRC-based techniques are used to verify data transmission or storage integrity. In the
scope of the EN/IEC 60335-1 standard, they offer a means of verifying the Flash memory integrity. The CRC
calculation unit helps compute a signature of the software during runtime, to be compared with a reference
signature generated at link- time and stored at a given memory location.
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2.15 Flexible memory controller (FMC)

The FMC controller main features are the following:
e Interface with static-memory mapped devices including:

—  Static random access memory (SRAM)

- NOR Flash memory/OneNAND Flash memory

- PSRAM (4 memory banks)

- NAND Flash memory with ECC hardware to check up to 8 Kbytes of data
¢ Interface with synchronous DRAM (SDRAM/Mobile LPSDR SDRAM) memories
e 8-,16-,32-bit data bus width
¢ Independent Chip Select control for each memory bank
¢ Independent configuration for each memory bank
e Write FIFO
e Read FIFO for SDRAM controller

e The maximum FMC_CLK/FMC_SDCLK frequency for synchronous accesses is the FMC kernel clock divided
by 2.

2.16 Quad-SPI memory interface (QUADSPI)

All devices embed a Quad-SPI memory interface, which is a specialized communication interface targeting Single,
Dual or Quad-SPI Flash memories. It supports both single and double datarate operations.

It can operate in any of the following modes:
e Direct mode through registers
e External Flash status register polling mode

e Memory mapped mode.

Up to 256 Mbytes of external Flash memory can be mapped, and 8-, 16- and 32-bit data accesses are supported as
well as code execution.

The opcode and the frame format are fully programmable.

2.17 Analog-to-digital converters (ADCs)

The AX58400 device embeds three analog-to-digital converters, which resolution can be configured to 16, 14, 12,
10 or 8 hits.

Each ADC shares up to 20 external channels, performing conversions in the Single-shot or Scan mode. In Scan
mode, automatic conversion is performed on a selected group of analog inputs.

Additional logic functions embedded in the ADC interface allow:
e Simultaneous sample and hold

¢ Interleaved sample and hold
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The ADC can be served by the DMA controller, thus allowing to automatically transfer ADC converted values to
a destination location without any software action.

In addition, an analog watchdog feature can accurately monitor the converted voltage of one, some or all selected
channels. An interrupt is generated when the converted voltage is outside the programmed thresholds.

To synchronize A/D conversion and timers, the ADCs could be triggered by any of TIM1, TIM2, TIM3, TIM4,
TIM6, TIM8, TIM15, HRTIM1 and LPTIM1 timer.

2.18 Temperature sensor

AX58400 device embeds a temperature sensor that generates a voltage (VTS) that varies linearly with the
temperature. This temperature sensor is internally connected to ADC3_IN18. The conversion range is between 1.7
V and 3.6 V. It can measure the device junction temperature ranging from — 40 up to +140 °C.

The temperature sensor has a good linearity, but it has to be calibrated to obtain a good overall accuracy of the
temperature measurement. As the temperature sensor offset varies from chip to chip due to process variation, the
uncalibrated internal temperature sensor is suitable for applications that detect temperature changes only. To
improve the accuracy of the temperature sensor measurement, each device is individually factory-calibrated. The
temperature sensor factory calibration data are stored in the System memory area, which is accessible in Read-
only mode.

2.19 VgaT Operation

The VgaT power domain contains the RTC, the backup registers and the backup SRAM.

To optimize battery duration, this power domain is supplied by Vpp when available or by the voltage applied on
VBAT pin (when Vpp supply is not present). Vgat power is switched when the PDR detects that Vpp dropped
below the PDR level.

The voltage on the VBAT pin could be provided by an external battery, a supercapacitor or directly by Vpp, in
which case, the Vgat mode is not functional.

VpaT Operation is activated when Vpp is not present.
The VgaT pin supplies the RTC, the backup registers and the backup SRAM.

Note: When the microcontroller is supplied from Vgat, external interrupts and RTC alarm/events do not exit it
from VgaT Operation.

When PDR_ON pin is connected to Vgg (Internal Reset OFF), the VgaT functionality is no more available
and VgaT pin should be connected to VDD.
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2.20 Digital-to-analog converters (DAC)

The two 12-bit buffered DAC channels can be used to convert two digital signals into two analog voltage signal
outputs.

This dual digital Interface supports the following features:

e two DAC converters: one for each output channel

e 8-bit or 12-bit monotonic output

e left or right data alignment in 12-bit mode

e synchronized update capability

e noise-wave generation

e triangular-wave generation

e dual DAC channel independent or simultaneous conversions

o DMA capability for each channel including DMA underrun error detection
e external triggers for conversion

e input voltage reference VREF+ or internal VREFBUF reference.

The DAC channels are triggered through the timer update outputs that are also connected to different DMA
streams.

2.21 Ultra-low-power comparators (COMP)

AX58400 device embeds two rail-to-rail comparators (COMP1 and COMP2). They feature programmable
reference voltage (internal or external), hysteresis and speed (low speed for low-power) as well as selectable output
polarity.

The reference voltage can be one of the following:

e Anexternal 1/0

e A DAC output channel

e An internal reference voltage or submultiple (1/4, 1/2, 3/4).

All comparators can wake up from Stop mode, generate interrupts and breaks for the timers, and be combined into
a window comparator.

2.22 Operational amplifiers (OPAMP)

AX58400 device embeds two rail-to-rail operational amplifiers (OPAMP1 and OPAMP2) with external or internal
follower routing and PGA capability.

The operational amplifier main features are:

e PGA with a non-inverting gain ranging of 2, 4, 8 or 16 or inverting gain ranging of -1, -3, -7 or -15
e One positive input connected to DAC

e Output connected to internal ADC

e Low input bias current down to 1 nA
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e Low input offset voltage down to 1.5 mV

e Gain bandwidth up to 7.3 MHz

The devices embed two operational amplifiers (OPAMP1 and OPAMP2) with two inputs and one output each.
These three 1/0s can be connected to the external pins, thus enabling any type of external interconnections. The

operational amplifiers can be configured internally as a follower, as an amplifier with a non-inverting gain ranging
from 2 to 16 or with inverting gain ranging from -1 to -15.

2.23 Digital filter for sigma-delta modulators (DFSDM)

The devices embed one DFSDM with 4 digital filters modules and 8 external input serial channels (transceivers)
or alternately 8 internal parallel inputs support.

The DFSDM peripheral is dedicated to interface the external ZA modulators to microcontroller and then to perform
digital filtering of the received data streams (which represent analog value on XA modulators inputs). DFSDM can
also interface PDM (Pulse Density Modulation) microphones and perform PDM to PCM conversion and filtering
in hardware. DFSDM features optional parallel data stream inputs from internal ADC peripherals or
microcontroller memory (through DMA/CPU transfers into DFSDM).

DFSDM transceivers support several serial interface formats (to support various XA modulators). DFSDM digital
filter modules perform digital processing according user selected filter parameters with up to 24-bit final ADC
resolution.
The DFSDM peripheral supports:
e 8 multiplexed input digital serial channels:
- configurable SPI interface to connect various SD modulator(s)
- configurable Manchester coded 1 wire interface support
- PDM (Pulse Density Modulation) microphone input support
- maximum input clock frequency up to 20 MHz (10 MHz for Manchester coding)
—  clock output for SD modulator(s): 0..20 MHz
o alternative inputs from 8 internal digital parallel channels (up to 16 bit input resolution):
- internal sources: ADC data or memory data streams (DMA)
o 4 digital filter modules with adjustable digital signal processing:
- Sinc* filter: filter order/type (1..5), oversampling ratio (up to 1..1024)
- integrator: oversampling ratio (1..256)
e up to 24-bit output data resolution, signed output data format
e automatic data offset correction (offset stored in register by user)
e continuous or single conversion
o start-of-conversion triggered by:
—  software trigger
- internal timers
—  external events
- start-of-conversion synchronously with first digital filter module (DFSDMO)

¢ analog watchdog feature:
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- low value and high value data threshold registers
—  dedicated configurable Sincx digital filter (order = 1..3, oversampling ratio = 1..32)
- input from final output data or from selected input digital serial channels
- continuous monitoring independently from standard conversion
o short circuit detector to detect saturated analog input values (bottom and top range):
- up to 8-bit counter to detect 1..256 consecutive 0’s or 1°s on serial data stream
- monitoring continuously each input serial channel
e break signal generation on analog watchdog event or on short circuit detector event
e extremes detector:
- storage of minimum and maximum values of final conversion data
- refreshed by software
¢ DMA capability to read the final conversion data
e interrupts: end of conversion, overrun, analog watchdog, short circuit, input serial channel clock absence
e “regular” or “injected” conversions:

- “regular” conversions can be requested at any time or even in Continuous mode without having any
impact on the ti ming of “injected” conversions

- “injected” conversions for precise timing and with high conversion priority

DFSDM features DFSDM1
Number of filters 4
Number of input

. 8
transceivers/channels
Internal ADC parallel input X
Number of external triggers 16
Regular channel information in X

identification register

Table 2.23-1: DFSDM implementation

2.24 Digital camera interface (DCMI)

The devices embed a camera interface that can connect with camera modules and CMOS sensors through an 8-bit
to 14-bit parallel interface, to receive video data. The camera interface can achieve a data transfer rate up to 105
Mbyte/s using a 60 MHz pixel clock. It features:

e Programmable polarity for the input pixel clock and synchronization signals
e Parallel data communication can be 8-, 10-, 12- or 14-bit

e Supports 8-bit progressive video monochrome or raw bayer format, YCbCr 4:2:2 progressive video, RGB 565
progressive video or compressed data (like JPEG)

e Supports Continuous mode or Snapshot (a single frame) mode

e Capability to automatically crop the image
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2.25 LCD-TFT controller

The LCD-TFT display controller provides a 24-bit parallel digital RGB (Red, Green, Blue) and delivers all signals
to interface directly to a broad range of LCD and TFT panels up to XGA (1024x768) resolution with the following
features:

o 2 display layers with dedicated FIFO (64x64-bit)

e Color Look-Up table (CLUT) up to 256 colors (256x24-bit) per layer

e Up to 8 input color formats selectable per layer

e Flexible blending between two layers using alpha value (per pixel or constant)
e Flexible programmable parameters for each layer

e Color keying (transparency color)

e Up to 4 programmable interrupt events

e AXI master interface with burst of 16 words

2.26 JPEG Codec (JPEG)

The JPEG Codec can encode and decode a JPEG stream as defined in the ISO/IEC 10918- 1 specification. It
provides an fast and simple hardware compressor and decompressor of JPEG images with full management of
JPEG headers.

The JPEG codec main features are as follows:

e 8-bit/channel pixel depths

¢ Single clock per pixel encoding and decoding

e Support for JPEG header generation and parsing

e Up to four programmable quantization tables

e Fully programmable Huffman tables (two AC and two DC)
e Fully programmable minimum coded unit (MCU)

e Encode/decode support (hon simultaneous)

¢ Single clock Huffman coding and decoding

e Two-channel interface: Pixel/Compress In, Pixel/Compressed Out
e Support for single greyscale component

e Ability to enable/disable header processing

e Fully synchronous design

e Configuration for High-speed decode mode
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2.27 Random number generator (RNG)

All devices embed an RNG that delivers 32-bit random numbers generated by an integrated analog circuit.

2.28 Cryptographic acceleration (CRYP and HASH)

The devices embed a cryptographic processor that supports the advanced cryptographic algorithms usually
required to ensure confidentiality, authentication, data integrity and non- repudiation when exchanging messages
with a peer:

e Encryption/Decryption

- DES/TDES (data encryption standard/triple data encryption standard): ECB (electronic codebook) and
CBC (cipher block chaining) chaining algorithms, 64-, 128- or 192-bit key

- AES (advanced encryption standard): ECB, CBC, GCM, CCM, and CTR (Counter mode) chaining
algorithms, 128, 192 or 256-bit key

e Universal HASH
- SHA-1 and SHA-2 (secure HASH algorithms)
- MD5
- HMAC

The cryptographic accelerator supports DMA request generation.

2.29 Timers and watchdogs

The devices include one high-resolution timer, two advanced-control timers, ten general- purpose timers, two basic
timers, five low-power timers, two watchdogs and a SysTick timer.

All timer counters can be frozen in Debug mode.

Table 2.29-1 compares the features of the advanced-control, general-purpose and basic timers.

Max I_\/Iax
Timer . Counter | Counter | Prescaler DMA Camuie) | Calnple interface timer
Timer . request | compare | mentary clock
type resolution | type factor . clock
generation | channels | output (MH2) (MHz)
(€8] ¢3)
. 1112 /4
High-
resolution |HRTIM1| 16-bit Up ())((126)(;'3);8 Yes 10 Yes 480(2) 480
timer with DLL)
Up _Any
Advanced-| TIMI, 16-bit Down, Integer Yes 4 Yes 120 240
control TIM8 Un/down between1
P and 65536
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Max Max
Timer . Counter | Counter | Prescaler DMA CEmie! | ol interface | Mer
Timer . request | compare | mentary clock
type resolution | type factor - clock
generation | channels | output (MH2) (MHz)
D)
TIM2 up, in/?en);r
‘ 32-bit Down, g Yes 4 No 120 240
TIM5 Un/down betweenl
P and 65536
TIM3 up, in/?en);r
' 16-bit Down, g Yes 4 No 120 240
TIM4 Un/down betweenl
P and 65536
Any
TIM12 |  16-bit up | Integer No 2 No 120 | 240
betweenl
and 65536
General
urpose
purp Any
TIM13, . integer
TIM14 16-bit Up between 1 No 1 No 120 240
and 65536
Any
TIM15 |  16-bit up | Integer Yes 2 1 120 | 240
betweenl
and 65536
Any
TIM16, . integer
TIM17 16-bit Up between 1 Yes 1 1 120 240
and 65536
Any
. TIMS6, . integer
Basic TIM7 16-bit Up between 1 Yes 0 No 120 240
and 65536
LPTIM1,
Low- |LPTIM2, 1,2,4,8,
power |[LPTIM3,| 16-bit Up 16, 32, 64, No 0 No 120 240
timer |[LPTIMA4, 128
LPTIM5

Table 2.29-1: Timer feature comparison

1.  The maximum timer clock is up to 480 MHz depending on TIMPRE bit in the RCC_CFGR register and
D2PRE1/2 bits in RCC_D2CFGR register.

2. On AX58400 sales types (extended industrial temperature range), the maximum clock frequency is 300 MHz
for the high-resolution timer and 150 MHz for the other timers.
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2.29.1 High-resolution timer (HRTIM1)

The high-resolution timer (HRTIM1) allows generating digital signals with high-accuracy timings, such as PWM
or phase-shifted pulses.

It consists of 6 timers, 1 master and 5 slaves, totaling 10 high-resolution outputs, which can be coupled by pairs
for deadtime insertion. It also features 5 fault inputs for protection purposes and 10 inputs to handle external events
such as current limitation, zero voltage or zero current switching.

The HRTIML1 timer is made of a digital kernel clocked at 480 MHz(a) The high-resolution is available on the 10
outputs in all operating modes: variable duty cycle, variable frequency, and constant ON time.

The slave timers can be combined to control multi-switch complex converters or operate independently to manage
multiple independent converters.

The waveforms are defined by a combination of user-defined timings and external events such as analog or digital
feedbacks signals.

HRTIML1 timer includes options for blanking and filtering out spurious events or faults. It also offers specific
modes and features to offload the CPU: DMA requests, Burst mode controller, Push-pull and Resonant mode.

It supports many topologies including LLC, Full bridge phase shifted, buck or boost converters, either in voltage
or current mode, as well as lighting application (fluorescent or LED). It can also be used as a general purpose
timer, for instance to achieve high-resolution PWM-emulated DAC.

a. Up to 300 MHz for AX58400 sales types (extended industrial temperature range).

2.29.2 Advanced-control timers (TIM1, TIMS)

The advanced-control timers (TIM1, TIM8) can be seen as three-phase PWM generators multiplexed on 6
channels. They have complementary PWM outputs with programmable inserted dead times. They can also be
considered as complete general-purpose timers. Their 4 independent channels can be used for:

e Input capture
e Output compare
e PWM generation (Edge- or Center-aligned modes)

e One-pulse mode output

If configured as standard 16-bit timers, they have the same features as the general-purpose TIMXx timers. If
configured as 16-bit PWM generators, they have full modulation capability (0- 100%).

The advanced-control timer can work together with the TIMx timers via the Timer Link feature for synchronization
or event chaining.

TIM1 and TIM8 support independent DMA request generation.
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2.29.3 General-purpose timers (TIMXx)

There are ten synchronizable general-purpose timers embedded in the AX58400 device (see Table 2.29-1 for
differences).

e TIM2, TIM3, TIM4, TIM5

The devices include 4 full-featured general-purpose timers: TIM2, TIM3, TIM4 and TIM5. TIM2 and TIM5
are based on a 32-bit auto-reload up/downcounter and a 16-bit prescaler while TIM3 and TIM4 are based on a
16-bit auto-reload up/downcounter and a 16-bit prescaler. All timers feature 4 independent channels for input
capture/output compare, PWM or One-pulse mode output. This gives up to 16 input capture/output
compare/PWMs on the largest packages.

TIM2, TIM3, TIM4 and TIM5 general-purpose timers can work together, or with the other general-purpose
timers and the advanced-control timers TIM1 and TIM8 via the Timer Link feature for synchronization or
event chaining.

Any of these general-purpose timers can be used to generate PWM outputs.

TIM2, TIM3, TIM4, TIM5 all have independent DMA request generation. They are capable of handling
quadrature (incremental) encoder signals and the digital outputs from 1 to 4 hall-effect sensors.

e TIM12, TIM13, TIM14, TIM15, TIM16, TIM17

These timers are based on a 16-bit auto-reload upcounter and a 16-bit prescaler. TIM13, TIM14, TIM16 and
TIM17 feature one independent channel, whereas TIM12 and TIM15 have two independent channels for input
capture/output compare, PWM or One-pulse mode output. They can be synchronized with the TIM2, TIM3,
TIM4, TIMS5 full-featured general-purpose timers or used as simple timebases.

2.29.4 Basic timers TIM6 and TIM7

These timers are mainly used for DAC trigger and waveform generation. They can also be used as a generic 16-
bit time base.

TIM6 and TIM7 support independent DMA request generation.

2.29.5 Low-power timers (LPTIM1, LPTIM2, LPTIM3, LPTIM4, LPTIMD5)

The low-power timers have an independent clock and is running also in Stop mode if it is clocked by LSE, LSI or
an external clock. It is able to wakeup the devices from Stop mode.

This low-power timer supports the following features:
e 16-bit up counter with 16-bit auto-reload register

e 16-bit compare register

e Configurable output: pulse, PIWM

e Continuous / One-shot mode

e Selectable software / hardware input trigger

e Selectable clock source:

e Internal clock source: LSE, LSI, HSI or APB clock

o External clock source over LPTIM input (working even with no internal clock source running, used by the
Pulse Counter Application)

e Programmable digital glitch filter

e Encoder mode
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2.29.6 Independent watchdogs

There are two independent watchdogs, one per domain. Each independent watchdog is based on a 12-bit
downcounter and 8-bit prescaler. It is clocked from an independent 32 KHz internal RC and as it operates
independently from the main clock, it can operate in Stop and Standby modes. It can be used either as a watchdog
to reset the device when a problem occurs, or as a free-running timer for application timeout management. It is
hardware- or software-configurable through the option bytes.

2.29.7 Window watchdogs

There are two window watchdogs, one per domain. Each window watchdog is based on a 7- bit downcounter that
can be set as free-running. It can be used as a watchdog to reset the device or each respective domain (configurable
in the RCC register), when a problem occurs. It is clocked from the main clock. It has an early warning interrupt
capability and the counter can be frozen in Debug mode.

2.29.8 SysTick timer

The devices feature two SysTick timers, one per CPU. These timers are dedicated to real- time operating systems,
but could also be used as a standard downcounter. It features:

e A 24-bit downcounter
e Auto-reload capability
e Maskable system interrupt generation when the counter reaches 0

e Programmable clock source.
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2.30 Real-time clock (RTC), backup SRAM and backup registers

The RTC is an independent BCD timer/counter. It supports the following features:

e Calendar with subsecond, seconds, minutes, hours (12 or 24 format), week day, date, month, year, in BCD
(binary-coded decimal) format.

e Automatic correction for 28, 29 (leap year), 30, and 31 days of the month.
e Two programmable alarms.

e On-the-fly correction from 1 to 32767 RTC clock pulses. This can be used to synchronize it with a master
clock.

e Reference clock detection: a more precise second source clock (50 or 60 Hz) can be used to enhance the
calendar precision.

¢ Digital calibration circuit with 0.95 ppm resolution, to compensate for quartz crystal inaccuracy.
e Three anti-tamper detection pins with programmable filter.

e Timestamp feature which can be used to save the calendar content. This function can be triggered by an event
on the timestamp pin, or by a tamper event, or by a switch to VBAT mode.

e 17-bit auto-reload wakeup timer (WUT) for periodic events with programmable resolution and period.

The RTC and the 32 backup registers are supplied through a switch that takes power either from the Vpp supply
when present or from the Vgar pin.

The backup registers are 32-bit registers used to store 128 bytes of user application data when Vpp power is not
present. They are not reset by a system or power reset, or when the device wakes up from Standby mode.

The RTC clock sources can be:

o A 32.768 KHz external crystal (LSE)

e An external resonator or oscillator (LSE)

e The internal low-power RC oscillator (LSI, with typical frequency of 32 KHz)
e The high-speed external clock (HSE) divided by 32.

The RTC is functional in Vear mode and in all low-power modes when it is clocked by the LSE. When clocked
by the LSI, the RTC is not functional in Vgar mode, but is functional in all low-power modes.

All RTC events (Alarm, Wakeup Timer, Timestamp or Tamper) can generate an interrupt and wakeup the device
from the low-power modes.

82



AX58400
JASIX EtherCAT Slave Controller w/ Dual-Core MCU

2.31 Inter-integrated circuit interface (12C)

AX58400 device embeds four I12C interfaces.

The I2C bus interface handles communications between the microcontroller and the serial 12C bus. It controls all
I2C bus-specific sequencing, protocol, arbitration and timing.
The 12C peripheral supports:
e |2C-bus specification and user manual rev. 5 compatibility:
- Slave and Master modes, multi-master capability
- Standard-mode (Sm), with a bitrate up to 100 kbit/s
- Fast-mode (Fm), with a bitrate up to 400 kbit/s
- Fast-mode Plus (Fm+), with a bitrate up to 1 Mbit/s and 20 mA output drive 1/Os
- 7-bit and 10-bit addressing mode, multiple 7-bit slave addresses
- Programmable setup and hold times
—  Optional clock stretching
e System Management Bus (SMBus) specification rev 2.0 compatibility:
- Hardware PEC (Packet Error Checking) generation and verification with ACK control
- Address resolution protocol (ARP) support
- SMBus alert
e Power System Management Protocol (PMBusTM) specification rev 1.1 compatibility

o Independent clock: a choice of independent clock sources allowing the 12C communication speed to be
independent from the PCLK reprogramming.

e Wakeup from Stop mode on address match
e Programmable analog and digital noise filters
e 1-byte buffer with DMA capability
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2.32 Universal synchronous/asynchronous receiver transmitter (USART)

AX58400 device has four embedded universal synchronous receiver transmitters (USART1, USART2, USART3
and USART®6) and four universal asynchronous receiver transmitters (UART4, UARTS5, UART7 and UARTS).
Refer to Table 2.32-1for a summary of USARTx and UARTX features.

These interfaces provide asynchronous communication, IrDA SIR ENDEC support, multiprocessor
communication mode, single-wire Half-duplex communication mode and have LIN Master/Slave capability. They
provide hardware management of the CTS and RTS signals, and RS485 Driver Enable. They are able to
communicate at speeds of up to 12.5 Mbit/s.

USART1, USART2, USART3 and USART® also provide Smartcard mode (ISO 7816 compliant) and SPI-like
communication capability.

The USARTs embed a Transmit FIFO (TXFIFO) and a Receive FIFO (RXFIFO). FIFO mode is enabled by
software and is disabled by default.

All USART have a clock domain independent from the CPU clock, allowing the USARTX to wake up the MCU
from Stop mode. The wakeup from Stop mode is programmable and can be done on:

e Start bit detection
e Any received data frame
e A specific programmed data frame

e Specific TXFIFO/RXFIFO status when FIFO mode is enabled. All USART interfaces can be served by the
DMA controller.

USART modes/features™ USART1/2/3/6 UARTA4/5/7/8

X

X
X
X

Hardware flow control for modem

Continuous communication using DMA

Multiprocessor communication

Synchronous mode (Master/Slave)

Smartcard mode

Single-wire Half-duplex communication

IrDA SIR ENDEC block

LIN mode

Dual clock domain and wakeup from low power mode

Receiver timeout interrupt

Modbus communication

Auto baud rate detection

X X [X|[X|X|X|X|X[|X|[X|X]|X

XXX |[X|[X|X]|X]|X

Driver Enable
USART data length 7, 8 and 9 bits
Tx/Rx FIFO

Tx/Rx FIFO size 16
1. X = supported.

X
X

Table 2.32-1: USART features
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2.33 Low-power universal asynchronous receiver transmitter (LPUART)

The device embeds one Low-Power UART (LPUART1). The LPUART supports asynchronous serial
communication with minimum power consumption. It supports half duplex single wire communication and modem
operations (CTS/RTS). It allows multiprocessor communication.

The LPUARTSs embed a Transmit FIFO (TXFIFO) and a Receive FIFO (RXFIFO). FIFO mode is enabled by
software and is disabled by default.

The LPUART has a clock domain independent from the CPU clock, and can wakeup the system from Stop mode.
The wakeup from Stop mode are programmable and can be done on:

e Start bit detection

e Any received data frame

e A specific programmed data frame

e Specific TXFIFO/RXFIFO status when FIFO mode is enabled.

Only a 32.768 KHz clock (LSE) is needed to allow LPUART communication up to 9600 baud. Therefore, even in
Stop mode, the LPUART can wait for an incoming frame while having an extremely low energy consumption.
Higher speed clock can be used to reach higher baudrates.

LPUART interface can be served by the DMA controller.

2.34 Serial peripheral interface (SPI)/inter-integrated sound interfaces
(12S)

The devices feature up to six SPIs (SPI12S1, SP12S2, SPI12S3, SP14, SPI5 and SP16) that allow communicating up
to 150 Mbits/s in Master and Slave modes, in Half-duplex, Full- duplex and Simplex modes. The 3-bit prescaler
gives 8 master mode frequencies and the frame is configurable from 4 to 16 bits. All SPI interfaces support NSS
pulse mode, TI mode, Hardware CRC calculation and 8x 8-bit embedded Rx and Tx FIFOs with DMA capability.

Three standard 12S interfaces (multiplexed with SPI1, SP12 and SP13) are available. They can be operated in Master
or Slave mode, in Simplex communication modes, and can be configured to operate with a 16-/32-bit resolution
as an input or output channel. Audio sampling frequencies from 8 KHz up to 192 KHz are supported. When either
or both of the I?S interfaces is/are configured in Master mode, the master clock can be output to the external
DAC/CODEC at 256 times the sampling frequency. All 12S interfaces support 16x 8- bit embedded Rx and Tx
FIFOs with DMA capability.

2.35 Serial audio interfaces (SAIl)

The devices embed 4 SAls (SAIL, SAI2, SAI3 and SAI4) that allow designing many stereo or mono audio
protocols such as 12S, LSB or MSB-justified, PCM/DSP, TDM or AC’97. An SPDIF output is available when the
audio block is configured as a transmitter. To bring this level of flexibility and reconfigurability, the SAI contains
two independent audio sub-blocks. Each block has it own clock generator and 1/O line controller.

Audio sampling frequencies up to 192 KHz are supported.

In addition, up to 8 microphones can be supported thanks to an embedded PDM interface. The SAI can work in
master or slave configuration. The audio sub-blocks can be either receiver or transmitter and can work
synchronously or asynchronously (with respect to the other one). The SAI can be connected with other SAIs to
work synchronously.
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2.36 SPDIFRX Receiver Interface (SPDIFRX)

The SPDIFRX peripheral is designed to receive an S/PDIF flow compliant with IEC-60958 and IEC-61937. These
standards support simple stereo streams up to high sample rate, and compressed multi-channel surround sound,
such as those defined by Dolby or DTS (up to 5.1).

The main SPDIFRX features are the following:

Up to 4 inputs available

Automatic symbol rate detection

Maximum symbol rate; 12.288 MHz

Stereo stream from 32 to 192 KHz supported

Supports Audio IEC-60958 and IEC-61937, consumer applications
Parity bit management

Communication using DMA for audio samples

Communication using DMA for control and user channel information

Interrupt capabilities

The SPDIFRX receiver provides all the necessary features to detect the symbol rate, and decode the incoming data
stream. The user can select the wanted SPDIF input, and when a valid signal will be available, the SPDIFRX will
re-sample the incoming signal, decode the Manchester stream, recognize frames, sub-frames and blocks elements.
It delivers to the CPU decoded data, and associated status flags.

The SPDIFRX also offers a signal named spdif_frame_sync, which toggles at the S/PDIF sub-frame rate that will
be used to compute the exact sample rate for clock drift algorithms.

2.37 Single wire protocol master interface (SWPMI)

The Single wire protocol master interface (SWPMI) is the master interface corresponding to the Contactless
Frontend (CLF) defined in the ETSI TS 102 613 technical specification. The main features are:

Full-duplex communication mode

automatic SWP bus state management (active, suspend, resume)

configurable bitrate up to 2 Mbit/s

automatic SOF, EOF and CRC handling SWPMI can be served by the DMA controller.
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2.38 Management Data Input/Output (MDIO) slaves

The devices embed an MDIO slave interface it includes the following features:
e 32 MDIO Registers addresses, each of which is managed using separate input and output data registers:
- 32 x 16-bit firmware read/write, MDIO read-only output data registers
- 32 x 16-bit firmware read-only, MDIO write-only input data registers
e Configurable slave (port) address
¢ Independently maskable interrupts/events:
- MDIO Register write
- MDIO Register read
- MDIO protocol error

e Able to operate in and wake up from Stop mode

2.39 SD/SDIO/MMC card host interfaces (SDMMC)

Two SDMMC host interfaces are available. They support MultiMediaCard System Specification Version 4.51 in
three different databus modes: 1 bit (default), 4 bits and 8 bits.

Both interfaces support the SD memory card specifications version 4.1. and the SDIO card specification version
4.0. in two different databus modes: 1 bit (default) and 4 bits.

Each SDMMC host interface supports only one SD/SDIO/MMC card at any one time and a stack of MMC Version
4.51 or previous.

The SDMMC host interface embeds a dedicated DMA controller allowing high-speed transfers between the
interface and the SRAM.

2.40 Controller area network (FDCAN1, FDCAN2)

The controller area network (CAN) subsystem consists of two CAN modules, a shared message RAM memory
and a clock calibration unit.

Both CAN modules (FDCAN1 and FDCAN2) are compliant with ISO 11898-1 (CAN protocol specification
version 2.0 part A, B) and CAN FD protocol specification version 1.0.

FDCANZ1 supports time triggered CAN (TT-FDCAN) specified in 1SO 11898-4, including event synchronized
time-triggered communication, global system time, and clock drift compensation. The FDCAN1 contains
additional registers, specific to the time triggered feature. The CAN FD option can be used together with event-
triggered and time-triggered CAN communication.

A 10-Kbyte message RAM memory implements filters, receive FIFOs, receive buffers, transmit event FIFOs,
transmit buffers (and triggers for TT-FDCAN). This message RAM is shared between the two FDCAN1 and
FDCAN2 modules.

The common clock calibration unit is optional. It can be used to generate a calibrated clock for both FDCAN1 and
FDCAN2 from the HSI internal RC oscillator and the PLL, by evaluating CAN messages received by the
FDCANL.
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2.41 Universal serial bus on-the-go high-speed (OTG_HS)

The devices embed two USB OTG high-speed (up to 480 Mbit/s) device/host/OTG peripheral. OTG-HS1 supports
both full-speed and high-speed operations, while OTG-HS2 supports only full-speed operations. They both
integrate the transceivers for full-speed operation (12 Mbit/s) and are able to operate from the internal HSI48
oscillator. OTG-HS1 features a UTMI low-pin interface (ULPI) for high-speed operation (480 Mbit/s). When
using the USB OTG-HS1 in HS mode, an external PHY device connected to the ULPI is required.

The USB OTG HS peripherals are compliant with the USB 2.0 specification and with the OTG 2.0 specification.
They have software-configurable endpoint setting and supports suspend/resume. The USB OTG controllers require
a dedicated 48 MHz clock that is generated by a PLL connected to the HSE oscillator.

The main features are:

e Combined Rx and Tx FIFO size of 4 Kbytes with dynamic FIFO sizing

e Supports the session request protocol (SRP) and host negotiation protocol (HNP)

¢ 9 bidirectional endpoints (including EPOQ)

¢ 16 host channels with periodic OUT support

o Software configurable to OTG1.3 and OTG2.0 modes of operation

e USB 2.0 LPM (Link Power Management) support

e Battery Charging Specification Revision 1.2 support

e Internal FS OTG PHY support

e External HS or HS OTG operation supporting ULPI in SDR mode (OTG_HS1 only)

The OTG PHY is connected to the microcontroller ULPI port through 12 signals. It can be clocked using the 60
MHz output.
e Internal USB DMA

e HNP/SNP/IP inside (no need for any external resistor)

e For OTG/Host modes, a power switch is needed in case bus-powered devices are connected

2.42 Ethernet MAC interface with dedicated DMA controller (ETH)

The devices provide an IEEE-802.3-2002-compliant media access controller (MAC) for ethernet LAN
communications through an industry-standard medium-independent interface (MIl) or a reduced medium-
independent interface (RMII). The microcontroller requires an external physical interface device (PHY) to connect
to the physical LAN bus (twisted-pair, fiber, etc.). The PHY is connected to the device MII port using 17 signals
for MII or 9 signals for RMII, and can be clocked using the 25 MHz (MI1) from the microcontroller.

The devices include the following features:

e Supports 10 and 100 Mbit/s rates

o Dedicated DMA controller allowing high-speed transfers between the dedicated SRAM and the descriptors
e Tagged MAC frame support (VLAN support)

e Half-duplex (CSMA/CD) and full-duplex operation

e MAC control sublayer (control frames) support

e 32-bit CRC generation and removal

e Several address filtering modes for physical and multicast address (multicast and group addresses)
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e 32-bit status code for each transmitted or received frame

e Internal FIFOs to buffer transmit and receive frames. The transmit FIFO and the receive FIFO are both 2
Kbytes.

e Supports hardware PTP (precision time protocol) in accordance with IEEE 1588 2008 (PTP V2) with the time
stamp comparator connected to the TIM2 input

e Triggers interrupt when system time becomes greater than target time

2.43 High-definition multimedia interface (HDMI)-consumer electronics
control (CEC)

The devices embed a HDMI-CEC controller that provides hardware support for the Consumer Electronics Control
(CEC) protocol (Supplement 1 to the HDMI standard).

This protocol provides high-level control functions between all audiovisual products in an environment. It is
specified to operate at low speeds with minimum processing and memory overhead. It has a clock domain
independent from the CPU clock, allowing the HDMI-CEC controller to wakeup the MCU from Stop mode on
data reception.

2.44 Debug infrastructure

The devices offer a comprehensive set of debug and trace features on both cores to support software development
and system integration.

e Breakpoint debugging

¢ Code execution tracing

e Software instrumentation

o JTAG debug port

e Serial-wire debug port

e Trigger input and output

e Serial-wire trace port

e Trace port

e Arm® CoreSight™ debug and trace components

The debug can be controlled via a JTAG/Serial-wire debug access port, using industry standard debugging tools.
The debug infrastructure allows debugging one core at a time, or both cores in parallel.

The trace port performs data capture for logging and analysis.

A 4-Kbyte embedded trace FIFO (ETF) allows recording data and sending them to any com port. In Trace mode,
the trace is transferred by DMA to system RAM or to a high-speed interface (such as SPI or USB). It can even be
monitored by a software running on one of the cores. Unlike hardware FIFO mode, this mode is invasive since it
uses system resources which are shared by the processors.
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2.45 ESC (EtherCAT) Sub-system
2.45.1 Overview

The AX58400 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 AX58400 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 AX58400 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 AX58400 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 AX58400 reset. AX58400 also supports a reset output
RSTO polarity bootstrap configuration (RSTO_POL).

90


http://www.ethercat.org/
http://www.iec.ch/
http://www.beckhoff.de/

AX58400

JASIX EtherCAT Slave Controller w/ Dual-Core MCU

2.45.2 Features

o 2/3-port EtherCAT Slave Controller (ESC) with 2 Integrated Fast Ethernet PHY's
e Standard EtherCAT Slave Controller (ESC)

8 Fieldbus Memory Management Units (FMMUSs)
8 Sync Managers

64-bit distributed clock

9K bytes RAM

e Integrated Fast Ethernet PHYs

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

o 3rd Ethernet MII Port for Flexible EtherCAT Network Configurations

e SPI Slave Interface for PDI and Function Access

e 3-channel PWM Controller for simple Motion Control

e Step & Direction Controller for simple Motion Control

¢ Incremental and Hall Encoder Interface for simple Motion Control

e Emergency Stop Input

e Configurable Watchdog for Outputs and Inputs Monitoring
¢ IRQ Event Output
e SPI Master Interface for ADC/DAC application

e Supports 12C Master Interface
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2.45.3 Block Diagram

EEPROM

RSTn
—» RSTO

Humidity Sensors

Figure 2.45-1: ESC Sub-system Block Diagram

25MHz
XTAL
AX58400 ESC Sub-system 0
»
PLL Clock
Bridge Local Bus | | SPI Slave Ak
A4 A
PDI SPI PDI Local POR/Reset |*
Slave Bus Module
we EtherCAT
A Slave Controller
PO P1 P2
110
@ (} <> \Watchdog
SPI PWM/ | | Incremental
PHYO Y1 Ml Step and Hall
2 GPIO Mesiae Control Encoder
A, A v
i Motion Increment
PHY |/§ Igc,p,::.d DAC || ADC | | Driver Encoder
‘* i ‘ ‘ —)@j
Temperature/

92



AX58400
JASIX EtherCAT Slave Controller w/ Dual-Core MCU

2.45.4 ESC Configuration

2.45.4.1 Bootstrap Pins for Chip Configuration

The AX58400 supports five multi-function bootstrap pins (pin M1, M2, C11, L14 and M13) 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 L11, E8, G12) 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
M1 EEP_SIZE 0: 1 Kbit to 16Kbit
1: 32Kbit to 4Mbit
ESC port number

M2 3PORT_MODE 0: 2 ports mode
1: 3 ports mode
RSTO Reset Output Polarity

B13 RSTO_POL 0: Active Low
1: Active High
Device emulation (0x0141.0)
Cl1 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

L14 PO_FIBER 0: Copper mode
1: Fiber mode
Port 1 PHY Media mode
M13 P1 FIBER 0: Copper mode
1: Fiber mode
L11 TX_SH[1] Port 2 MII TXD Align position

2b00: Align with MCLK,
2’b01: Delay 1/4 phase with MCLK
2’b10: Delay 1/2 phase with MCLK
2’b11: Delay 3/4 phase with MCLK
Port 2 MII LINK Polarity
G12 LINK_POL 0: Active Low
1: Active High

E8 TX_SH [0]

Table 2.45-1: ESC Bootstrap Pins Configuration
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2.45.4.2 Hardware Configuration EEPROM (HWCFGEE)

The AX58400 I1°C master controller supports the communication to external 1°C devices and an 1°C Hardware
Configuration EEPROM Loader to support loading the EtherCAT Slave Information (ESI) from external 12C
EEPROM during chip reset. The AX58400 supports 12C EEPROM with EEPROM size from 1 Kbit (128 bytes) to
4 Mbit (500Kbytes).

The AX58400 I12C Hardware Configuration EEPROM layout is shown in following table.

EEPROM

EEPROM

ESC Register

Byte Offset Word Offset FEIEIEE Offset
ESC Configuration Area
0x00 PDI Control 0x0140
0x00 ESC Configuration
el (bit 2 is alsg mapped to ESC register 0x0110.2) DR
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
Host Interface Extend Setting and Drive
L 0x05 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 — 0x0A Product Code
0x1B - 0x18 0x0D — 0x0C Revision Number
O0x1F - 0x1C 0xOF — Ox0E 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
Ox2F - 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 - Ox3A 0x1F — 0x1D Reserved

0x7B - 0x40 0x3D — 0x20 Reserved

0x7D - 0x7C 0x3E Size

O0X7F - OX7E 0x3F Version

ESC Category 1 (for AX58400 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
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EEPROM EEPROM ESC Register
Byte O?fset Word gffset PRI O?fcs,:et oiste
0x85 PXCFGR Access Control 0x0581
0x86 0x43 PTAPPR Access Control 0x0582
0x87 PTBPPR Access Control 0x0583
0x88 Oxdd PPCR Access Control 0x0584
0x89 PBBMR Access Control 0x0585
Ox8A 0x45 P1CTRLR Access Control 0x0586
0x8B P1SHR Access Control 0x0587
0x8C Oxd6 P1HPWR Access Control 0x0588
0x8D P2CTRLR Access Control 0x0589
Ox8E OxA47 P2SHR Access Control 0x058A
Ox8F P2HPWR Access Control 0x058B
0x90 Ox48 P3CTRLR Access Control 0x058C
0x91 P3SHR Access Control 0x058D
0x92 0x49 P3HPWR Access Control 0x058E
0x93 SGTR Access Control 0x058F
0x94 OXAA SHPWR Access Control 0x0590
0x95 TDLYR Access Control 0x0591
0x96 0x4B STNR Access Control 0x0592
0x97 SCFGR Access Control 0x0593
0x98 OXAC SCTRLR Access Control 0x0594
0x99 SCNTR Access Control 0x0595
0x9A 0x4D ECNTVR Access Control 0x0596
0x9B ECNSTR Access Control 0x0597
0x9C OXAE ELATR Access Control 0x0598
0x9D EMODR Access Control 0x0599
Ox9E OXAF ECLRR Access Control 0x059A
Ox9F HALSTR Access Control 0x059B
0xA0 050 WTR Access Control 0x059C
OxAl WCFGR Access Control 0x059D
O0xA2 051 WTPVCR Access Control 0x059E
0xA3 WMSPR Access Control 0x059F
0xA4 OX52 WMMR Access Control 0x05A0
OxA5 WOMR Access Control 0x05A1
O0xA6 0x53 WOER Access Control 0x05A2
OxA7 WOPR Access Control 0x05A3
0xA8 0x54 WTPVR Access Control 0x05A4
0xA9 SPICFGR Access Control 0x05A5
OxAA 055 SPIBRR Access Control 0x05A6
O0xAB SPIDBSR Access Control 0x05A7
0xAC OX56 SPIDTR Access Control 0x05A8
OxAD SPIRPTR Access Control 0x05A9
OxXAE 0x57 SPILTR Access Control 0x05AA
OxAF SPIPRLR Access Control 0x05AB
0xBO0 058 SPI01BCR Access Control 0x05AC
0xB1 SPI23BCR Access Control 0x05AD
0xB2 0x59 SPI45BCR Access Control O0xX05AE
0xB3 SPI67BCR Access Control Ox05AF
0xB4 Ox5A SPIO3SSR Access Control 0x05B0
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EEPROM EEPROM ESC Register
Byte O?fset Word gffset PRI O?fcs,:et oiste
0xB5 SPI47SSR Access Control 0x05B1
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
OxBA SPICODR Access Control 0x05B6
OxBB 0x5D SPICIDR Access Control 0x05B7
0xBC SPIC2DR Access Control 0x05B8
0xBD 0xSE SPIC3DR Access Control 0x05B9
0xBE SPIC4DR Access Control 0x05BA
OxBF OxSF SPIC5DR Access Control 0x05BB
0xCO0 SPIC6DR Access Control 0x05BC
0xC1 0x60 SPIC7DR Access Control 0x05BD
0xC2 Ox61 SPIMCR Access Control 0x05BE
0xC3 INTCR Access Control 0x05BF
0xC4 OX62 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 2.45-2: 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 AX58400 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 AX58400 HWCFGEE contents from offset 0x00 to Ox7F 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 AX58400 hardware
configuration. All other areas are used by the EtherCAT master or the local application.

The ESC Configuration Area (EEPROM offset 0x00 to OxOF) is automatically read by AX58400 after power-on
or reset. It contains the PDI configuration, Distributed Clocks settings, and Configured Station Alias. The
consistency of the ESC Configuration Area data 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 AX58400 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 0x0021 so the AX58400 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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2.45.4.3 EEPROM Contents Detailed Descriptions

PDI Control (0x00)
Bit | Description
PDI Control [7:0]
0x00: Interface deactivated (no PDI)
0x04: Digital 1/0
7:0 0x05: 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

2 | Reserved

Enhanced Link port 0

Enhanced Link port 1

Enhanced Link port 2

Reserved

~N|o|o|s|w

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 | SPI1_IRQ output driver/polarity
4 SP1_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 | SYNCI 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: Input
1: Output
3:2 pair (0: Input, 1: Output)
5:4 pair (0: Input, 1: Output)
7:6 pair (0: Input, 1: Output)
9:8 pair (0: Input, 1: Output)
11:10 pair (0: Input, 1: Output)
13:12 pair (0: Input, 1: Output)
15:14 pair (0: Input, 1: Output)
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)

O (N[OOI |WIN(F-

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: 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:

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:

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:

0: 10 [25:22]

1: PWM2L, PWM2H, PWM3L, PWM3H
Note: in Local Bus 16 bits mode this bit no function
10 [28:26] select:

0: 10 [28:26]

1: EM, PWMI1L, PWM1H
Note: in Local Bus 16 bits mode this bit no function
10 [31:29] select:

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 MII 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
OxA: PDI Chip Select De-assert
0xB: FUNC Chip Select Assert
0xC: FUNC Chip Select De-assert
OxD: 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

0

PWM function register mirror:
0: Disable PWM function register mirror
1: Enable PWM function register mirror

ENC function register mirror:
0: Disable ENC function register mirror
1: Enable ENC function register mirror

SPI Master function register mirror:
0: Disable SP1 Master function register mirror
1: Enable SP1 Master function register mirror

IO Watchdog function register mirror:
0: Disable 10 Watchdog function register mirror
1: Enable 10 Watchdog function register mirror

74

Reserved
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2.45.5 Memory Map

This section introduces the memory mapping in AX58400. AX58400 provides SPI and Local Bus slave interfaces
for both ESC PDI and Function to access the internal registers. Section 2.45.5.1 introduces the ESC memory map
which can be accessed by PDI SPI or Local bus interface ,and section 2.45.5.2 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 2.45.5.3 introduces the relationship between Function
and ESC PDI through the Bridge function.

2.45.5.1 ESC Memory Map

ESC Address I(‘ég,g[:; 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
0x0300 4x2 RX Error Counter [3:0]
0x0308 4x1 Forwarded RX Error counter [3:0]
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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
I12C 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

MII 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

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 P1HPWR 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
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
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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
O0x05A7 1 SPIDBSR Access Control Register
0x05A8 1 SPIDTR Access Control Register
0x05A9 1 SPIRPTR Access Control Register
0x05AA 1 SPILTR Access Control Register
0x05AB 1 SPIPRLR Access Control Register
0x05AC 1 SPI01BCR Access Control Register
0x05AD 1 SPI23BCR Access Control Register
0x05AE 1 SPI45BCR Access Control Register
O0x05AF 1 SPI67BCR Access Control Register
0x05B0 1 SPI03SSR Access Control Register
0x05B1 1 SPI47SSR 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 SPIC4ADR 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
+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
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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 SYNCI Status
0x0990 8 Start Time Cyclic Operation/Next SYNCO Pulse
0x0998 8 Next SYNC1 Pulse
0x09A0 4 SYNCO Cycle Time
0x09A4 4 SYNCI Cycle Time
DC — Latch In Unit
0x09A8 1 LatchO Control
0x09A9 1 Latchl Control
O0x09AE 1 LatchO Status
Ox09AF 1 Latchl Status
0x09B0 8 LatchO 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
0x0E00 8 Product ID
OxOEO08 8 Vendor ID
Digital Input/Output
0x0F00 4 Digital 1/0 Output Data
0x0F10 4 General Purpose Outputs
Ox0F18 4 General Purpose Inputs
User RAM/Extended ESC features
0x0F80 128 | User RAM/Extended ESC Features
Process Data RAM
0x1000 4 Digital 1/0 Input Data
0x1000 8KB Process Data RAM
Function Register Mirror (Refer to Section 2.45.5.2)
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
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0x300A 2 PWM Pulse Break Before Make Register
0x300C 2 PWM1Control Register
0x300E 2 PWMZ1 Counter Shift Register
0x3010 2 PWM1 High Pulse Width Register
0x3012 2 PWM2 Control Register
0x3014 2 PWMZ2 Shift Register
0x3016 2 PWMZ2 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 SPI Pulse/ RDY/ LDAC Register
0x3090 2 SPI 0/1 Byte Count Register
0x3092 2 SPI 2/3 Byte Count Register
0x3094 2 SPI 4/5 Byte Count Register
0x3096 2 SPI 6/7 Byte Count Register
0x3098 2 SPI 0/1/2/3 slave Select Register
0x309A 2 SPI 4/5/6/7 slave Select Register
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

106



AX58400
JASIX EtherCAT Slave Controller w/ Dual-Core MCU

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 2.45-3: ESC Memory Map
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2.45.5.2 Function Register Map

Aggfggis 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 PWM?2 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

108



A ASIX

AX58400

EtherCAT Slave Controller w/ Dual-Core MCU

Address

Offset Name Description
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 SPI 4/5 Byte Count Register
0x096 SPI67BCR SPI1 6/7 Byte Count Register
0x098 SPI03SSR SPI1 0/1/2/3 slave Select Register
0x09A SPI47SSR 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
0x0C0 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 2.45-4: ESC Function Register Map
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2.45.5.3 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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Function ESC Address Name Description

Address R/W RO
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 SPI 0/1/2/3 slave Select Register
0x09A 0x309A - SPI47SSR SPI 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
0xX0AE - 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 2.45-5: ESC Memory and Function Registers Mirror Mapping Table
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3 Electrical Specifications

3.1 Parameter conditions
Unless otherwise specified, all voltages are referenced to GND(Vss).

3.1.1 Minimum and maximum values

Unless otherwise specified the minimum and maximum values are guaranteed in the worst conditions of junction
temperature, supply voltage and frequencies by tests in production on 100% of the devices with an junction
temperature at T; =25 °C and T, = Tymax (given by the selected temperature range).

Data based on characterization results, design simulation and/or technology characteristics are indicated in the
table footnotes. Based on characterization, the minimum and maximum values refer to sample tests and represent
the mean value plus or minus three times the standard deviation (mean+3c).

3.1.2 Typical values

Unless otherwise specified, typical data are based on T; =25 °C, Vpp =3.3 V (forthe 1.7 V < Vpp < 3.6 V voltage
range). They are given only as design guidelines and are not tested.

Typical ADC accuracy values are determined by characterization of a batch of samples from a standard diffusion
lot over the full temperature range, where 95% of the devices have an error less than or equal to the value indicated
(mean+20).

3.1.3 Typical curves

Unless otherwise specified, all typical curves are given only as design guidelines and are not tested.

3.1.4 Loading capacitor

The loading conditions used for pin parameter measurement are shown in Figure 3.1-1.

3.1.5 Pininput voltage

The input voltage measurement on a pin of the device is described in Figure 3.1-2.

MCU pin

MS19011Vv2

Figure 3.1-1: Pin loading conditions
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MCU pin

MS19010vV2

Figure 3.1-2: Pin input voltage
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3.1.6 Power supply scheme
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1. N corresponds to the number of VDD pins available on the package.
2. Atolerance of +/- 20% is acceptable on decoupling capacitors.

MSvE24 10V 1

Figure 3.1-3: Power supply scheme

Caution: Each power supply pair (Voo/GND(Vss), Vopa/Vssa ...) must be decoupled with filtering ceramic
capacitors as shown above. These capacitors must be placed as close as possible to, or below, the
appropriate pins on the underside of the PCB to ensure good operation of the device. It is not
recommended to remove filtering capacitors to reduce PCB size or cost. This might cause incorrect
operation of the device.
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3.1.7 Current consumption measurement

IDD_VBAT

VBAT,

DD

(O
1

ai14126

Figure 3.1-4: Current consumption measurement scheme
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3.2 Absolute Maximum Ratings

Stresses above the absolute maximum ratings listed in Table 3.2-1: Voltage characteristics”), Table 3.2-2: Current
characteristics, and Table 3.2-3: Thermal characteristics may cause permanent damage to the device. These are
stress ratings only and the functional operation of the device at these conditions is not implied. Exposure to
maximum rating conditions for extended periods may affect device reliability.

Symbols Ratings Min Max Unit
i i i V Vv ,
Viox - Vs External main supply voltage (including Vpp, VDDLDO: VDDSMPS 03 40 v
Vopa: Vopasuse: VBAT)
VCC3I0, VCC33A| Power supply of 3.3V 1/O for ESC sub-system and Ethernet PHY -0.3 4.0 \%
VCCK Digital core power supply for ESC sub-system -0.5 1.6 \%
VCC12A PLL | Analog power supply for PLL for ESC sub-system -0.5 1.6
Min(Vpp, Vppas
Input voltage on FT_xxx pins GND-0.3 | Vppasuse: Vear) | V
+4.03)4)
VIN(Z) Input voltage on TT_xx pins GND -0.3 4.0 \%
Input voltage on BOOTO pin GND 9.0 \Y
Input voltage on any other pins GND -0.3 4.0 \Y
Input voltage of 3.3V 1/0 with 5V tolerant(VCC310 domain). GND -0.3 55 \Y
|AVppx| Variations between different Vppx power pins of the same domain - 50 mvV
[Vssx-Vss| Variations between all the different ground pins - 50 mV
Iin DC input current (VCC3IO domain). 50 mA
I out Output short circuit current (VCC310 domain). 50 mA

1. All main power (Vpp, Vopa, Vobpssuse, Vooswrs, Veat) and ground (GND, Vssa) pins must always be connected to the external power
supply, in the permitted range.

2. Viy maximum must always be respected. Refer to Table 3.3-46: 1/O current injection susceptibility(l) for the maximum allowed
injected current values.

3. This formula has to be applied on power supplies related to the 10 structure described by the pin definition table.
4. To sustain a voltage higher than 4V the internal pull-up/pull-down resistors must be disabled.

Table 3.2-1: Voltage characteristics®®
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Symbols Ratings Max Unit
ZIVpp | Total current into sum of all Vpp power lines(source)® 620
2IVgg Total current out of sum of all Vg ground lines(sink)®) 620
Voo Maximum current into each Vpp power pin (source)® 100
IVss Maximum current out of each Vss ground pin (sink)® 100
lio Output current sunk by any 1/0 and control pin 20
S Total output current sunk by sum of all 1/0s and control pins(® 140 mA
Total output current sourced by sum of all I/Os and control pins® 140
| @)@ Injected current on FT_xxx, TT_xx, RST and B pins except PA4, PA5 —5/+0
INJ(PIN)
Injected current on PA4, PA5 -0/0
Zlingeiny | Total injected current (sum of all 1/0s and control pins)®) 125

[N

. All main power (Vpp, Vopa, Vbossuse) and ground (GND, Vss, Vssa) pins must always be connected to the external power supplies,

in the permitted range.

. This current consumption must be correctly distributed over all 1/Os and control pins. The total output current must not be

sunk/sourced between two consecutive power supply pins referring to high pin count QFP packages.

. Positive injection is not possible on these 1/0s and does not occur for input voltages lower than the specified maximum value.

A positive injection is induced by VIN>VDD Whit(i)’i negative injection is induced by VIN<VSS. IINJ(PIN) must never be exceeded.
Refer also to Table 3.2-1: Voltage characteristics*™” for the maximum allowed input voltage values.

. When several inputs are submitted to a current injection, the maximum Y IINJ(PIN) is the absolute sum of the positive and negative

injected currents (instantaneous values).

Table 3.2-2: Current characteristics

Symbol Ratings Value Unit
Tste Storage temperature range —65t0 +150
°C
T Maximum junction temperature 125

Table 3.2-3; Thermal characteristics
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3.3 Recommended Operating Conditions for Main System
3.3.1 General operating conditions

Symbol Parameter Operatingconditions Min | Typ Max Unit
Vbp Standard operating voltage - 1.62(0 3.6 \%
. 1.620 | - 3.6
Vopipo | Supply voltage for the internal regulator | Vpprpo < Vpp 2 \Y
1.2 - 3.6
Supply voltage for the internal SMPS Step-
Vooswps |~ PPY gdown converter P Vopswes =Vop 1.620 | - 36 \%
USB used 3.0 - 3.6
Vpp3suse | Standard operating voltage, USB domain
USB not used 0 - 3.6
ADC or COMP used 1.62 -
DAC used 1.8 -
\
OPAMP used 2.0 -
v .
DDA Analog operating voltage VREFBUF used 18 i 3.6
ADC, DAC, OPAMP,
COMP, VREFBUFnot 0 -
used
TT_XX 1/10 0.3 - VDD+O-3
BOOTO 0 - 9
VIN 1/0 Input voltage Min(Vop: Vopa v
All I/O except BOOTO 03 ) VDD33’USB) ’
and TT_xx +3.6V < 5.5V00
VOS3 (maxfrequency
200 MHz) 0.95 1.0 1.26
VOS2 (maxfrequency
300 MHz) 1.05 | 1.10 1.26
Internal regulator ON (LDO) (maxt
VOS1 (max frequency
400 MH2) 115 | 1.20 1.26
VOS0® (max 126 | 1.35 1.40
frequency 480 MHz®) ' ' '
VOS3 (max frequency
200 MH2) 0.95 1.0 1.26
Internal regulator ON (SMPS step- down | VOS2 (max frequency
V . . .
CORE converter)(® 300 MHz) 105 | 110 1.26 \4
VOS1 (max frequency
400 MHz) 1.15 1.20 1.26
VOS3 (max frequency
200 MH2) 0.98 | 1.03 1.26
VOS2 (max frequency
Regulator OFF: external Vcore Voltage | 300 MHz) 108 | 113 1.26
must be supplied from external regulator on VOS1 ( ;
two VCAP pins max frequency
p 400 MH2) 1.17 1.23 1.26
VOSSO0 (max frequency 137 | 138 1.40

480 MHz(6))
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Symbol Parameter Operatingconditions Min Typ Max Unit
VOS3 - - 200
VOS2 - - 300
fepur Arm® Cortex® -M7 clock frequency
VOS1 - - 400
VOS0 - - 4800
VOS3 - - 200
VOS2 - - 150
fepuz Arm® Cortex® -M4 clock frequency
VOS1 - - 200
VOS0 - - 2406)
VOS3 - - 100
VOS2 - - 150
facLk AXI clock frequency MHz
VOS1 - - 200
VOS0 - - 240
VOS3 - - 100
VOS2 - - 150
fheLk AHB clock frequency
VOS1 - - 200
VOS0 - - 2400)
VOS3 - - 50()
VOS2 - - 75
fecLk APB clock frequency
VOS1 - - 100
VOS0 - - 1200

0 N O O~ WN

. When RESET is released functionality is guaranteed down to Vgoro Min

. Only for power-up sequence when the SMPS step-down converter is configured to supply the LDO and Tjvax = 105 °C.

. This formula has to be applied on power supplies related to the 10 structure described by the pin definition table.

. For operation with voltage higher than Min (Vpp, Vopa, Vobssuss) +0.3V, the internal Pull-up and Pull-Down resistors must be disabled.
. VOSO is available only when the LDO regulator is ON.

. Tomax =105 °C.

. At startup, the external Vcore voltage must remain higher or equal to 1.10 V before disabling the internal regulator (LDO).

. Maximum APB clock frequency when at least one peripheral is enabled.

Table 3.3-1: General operating conditions
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Power scale VcoRE source Max Tj (°C) Max frequency (MHz) Min Vpp (V)
LDO 105 480 1.7
VOSo SMPS step-down ) ) )
converter®
LDO
VOS1 SMPS step-down 125 400 1.62
converter
LDO 125
VOS2 SMPS step-down 125 300 1.62
converter 140
LDO® 105 64 1.29)
LDO 125
VOS3
SMPS step-down 125 200 1.62
converter 1400
LDO 105
SVOs4 SMPS step-down 125 N/A 1.62
converter 1400
LDO 105
SVOSs5 SMPS step-down 125 N/A 1.62
converter 140®)

1. VOSO (power scale 0) is not available when the SMPS step-down converter directly supplies Vcore.
2. Only for power-up sequence when the SMPS step-down converter supplies the LDO.
3. Extended Industrial temperature range sales types (range 3).

Table 3.3-2: Supply voltage and maximum frequency configuration
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3.3.2 VCAP external capacitor

Stabilization for the main regulator is achieved by connecting an external capacitor Cext to the VCAP pin. Cexr
is specified in Table 3.3-3. Two external capacitors can be connected to VCAP pins.

ESR

[ ]

R Leak
MS19044V2

1. Legend: ESR is the equivalent series resistance.

Figure 3.3-1: External capacitor Cext

Symbol Parameter Conditions
CEXT Capacitance of external capacitor 2.2 uF@
ESR ESR of external capacitor <100 mQ

1. When bypassing the voltage regulator, the two 2.2 uF Vcap capacitors are not required and should be replaced by two 100 nF

decoupling capacitors.
2. This value corresponds to CEXT typical value. A variation of +/-20% is tolerated.

Table 3.3-3: VCAP operating conditions®

3.3.3 SMPS step-down converter

The devices embed a high power efficiency SMPS step-down converter. SMPS characteristics for external usage

are given in Table 3.3-5. The SMPS step-down converter requires external components that are specified in Figure
3.3-2 and Table 3.3-4.

Voo Voo VDDSMPS.-
cinJ_ cmil: L VLXSMPS
SMPS G I SMPS
(ON) Voo, VFBSMPS it —& (ON)
c 1 External 2%, 1
T VSSSMPS JQI x T VSSSMPS &

VICAP * VCAP &
L —»

e
VDDLDO Veore VDDLDO Veore
L — >
Vreg

Cotz ——

Coxr —— Vreg
VSS (OFF) I VSS (ON)

\ v |

Direct SMPS supply External SMPi;L;pmplLyé LDO supplied

MSv61398V2

Figure 3.3-2: External components for SMPS step-down converter
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Symbol Parameter Conditions
c Capacitance of external capacitor on Vppsmps 4.7 uF
" ESR of external capacitor 100 mQ
Crire Capacitance of external capacitor on V_xsmps pin 220 pF
Capacitance of external capacitor on Veggmps Pin 10 pF
Cout
ESR of external capacitor 20 mQ
L Inductance of external Inductor on V_xsmps pin 2.2uH
- Serial DC resistor 150 mQ
DC current at which the inductance drops 30%from its
lsaT . 17A
value without current.
Average current for a 40 °C rise: rated current for which
lrms the temperature of the inductor is raised 40°C by DC 14A
current
Table 3.3-4: Characteristics of SMPS step-down converter external components
Parameters Conditions Min Typ Max Unit
Vout=18V 2.3 - 3.6
Vppsmps™ \4
VOUT =25V 3 - 3.6
2.25 25 2.75
Vout @ lout=600 mA \Y
1.62 18 1.98
internal and external usage - - 600
lout mA
External usage only®) - - 600
RDSon - - 100 120 mQ
Ibpsmps_o Quiescent current - 220 - HA
T VOUT =18V - - 225
SMPS_START Hs
- Voutr=25V - - 300

1. The switching frequency is 2.4 MHz+10%
2. Including line transient and load transient.

3. These characteristics are given for SDEXTHP bit is set in the PWR_CRS3 register.

Table 3.3-5: SMPS step-down converter characteristics for external usage
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3.3.4 Operating conditions at power-up / power-down

Subject to general operating conditions for Ta.

Symbol Parameter Min Max Unit
Vpp rise time rate 0 0
LV
Vpp fall time rate 10 ®
Vppa rise time rate 0 ®
LYY - us/V
Vppa fall time rate 10 0
Vppusg rise time rate 0 ®
tvppuss -
Vppusg fall time rate 10 ®

Table 3.3-6: Operating conditions at power-up / power-down (regulator ON)

3.3.5 Embedded reset and power control block characteristics

The parameters given in Table 3.3-7 are derived from tests performed under ambient temperature and Vpp supply
voltage conditions summarized in Table 3.3-1: General operating conditions.

Symbol Parameter Conditions Min Typ Max | Unit
Reset temporization after
frsTTEMPOM) BORF()) released i i 877 i Hs
Rising edge® 1.62 1.67 171
VEoRro Brown-out reset threshold 0
Falling edge 1.58 1.62 1.68
Rising edge 2.04 2.10 2.15
VBoR1 Brown-out reset threshold 1
Falling edge 1.95 2.00 2.06
Rising edge 2.34 241 2.47
VBoR2 Brown-out reset threshold 2
Falling edge 2.25 2.31 2.37
Rising edge 2.63 2.70 2.78
VEBoR3 Brown-out reset threshold 3
Falling edge 2.54 2.61 2.68
- Programmable VVoltage Rising edge 1.90 1.96 2.01
Detector threshold 0 Falling edge 1.81 1.86 | 191
Vovoy Programmable Voltage Rising edge 2.05 2.10 2.16 \%
Detector threshold 1 Falling edge 1.96 201 | 2.06
Vv, Programmable Voltage Rising edge 2.19 2.26 2.32
Detector threshold 2 Falling edge 2.10 2.15 2.21
v Programmable Voltage Rising edge 2.35 241 2.47
PVD3 Detector threshold 3 :
Falling edge 2.25 2.31 2.37
Vovoe Programmable Voltage Rising edge 2.49 2.56 2.62
Detector threshold 4 Falling edge 2.39 2.45 2.51
Vovos Programmable Voltage Rising edge 2.64 2.71 2.78
Detector threshold 5 Falling edge 255 261 | 268
Vevps Programmable Voltage Rising edge 2.78 2.86 2.94
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Symbol Parameter Conditions Min Typ Max | Unit
Detector threshold 6 Falling edge in Run mode 2.69 2.76 2.83
Hysteresis voltage of BOR -
Vhyst_BOR_pVD (unless BORO) and PVD Hysteresis in Run mode - 100 - mV
BOR®@ (unless BORO) and
| () ” - -
DD_BOR_PVD PVD consumption from Vpp 0.630 | nA
v Analog voltage detector for Rising edge 1.66 171 1.76
AVM_0
- Vbpa threshold 0 Falling edge 156 | 161 | 166
Analog voltage detector for Rising edge 2.06 2.12 2.19
Vawm 1 vV -
DDA threshold 1 Falling edge 1.96 2.02 2.08
\Y4
v Analog voltage detector for Rising edge 2.42 2.50 2.58
AVM_2
- VoA threshold 2 Falling edge 235 | 242 | 249
v Analog voltage detector for Rising edge 2.74 2.83 2.91
AVM_3
- Vbpa threshold 3 Falling edge 264 | 272 | 280
Hysteresis of Vppa voltage
V - - -
hyst_ VDDA detector 100 mV
PVM consumption from
Ibb_pvm v P - - - 025 | pA
DD(1)
Voltage detector : .
V : Resistor bridge - - 2.5 A
DD_VDDA consumption on Vpp @ g H

1. Guaranteed by design.

2. BORO is enabled in all modes and its consumption is therefore included in the supply current characteristics tables (refer to Section
3.3.7: Supply current characteristics).

Table 3.3-7: Reset and power control block characteristics
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3.3.6 Embedded reference voltage

The parameters given in Table 3.3-8 are derived from tests performed under ambient temperature and Vpp supply
voltage conditions summarized in Table 3.3-1: General operating conditions.

Symbol Parameter Conditions Min Typ Max Unit
- Oy < Oy
VREEINT Internal reference voltages 40 SDDE?jgll\l/o <, 1.180 1.216 1.255 Vv
ADC sampling time when
ts_yrefind @ | reading the internal reference - 43 - -
voltage
us

VBAT sampling timewhen
ts_\,bat(l)(z) reading the internal VBAT - 9 ) i
reference voltage

@ Reference Buffer consumption

lrefour” for ADC Vbpa=3.3V 9 135 23 HA
(2) | Internal reference voltage spread 40°C < T, < o )
AVREFINT™ | gver the temperature range 40°C <Ty<140°C 5 15 mv
) - Average temperature i o
T coeff Average temperature coefficient coefficient 20 70 ppm/°C
VDDcoeﬁ(z) Average Voltagecoefficient 3.0V <Vpp<3.6V - 10 1370 ppm/V
VRerINT Div1 | 1/4 reference voltage . _ - i
%
VRerINT piv2 | 1/2 reference voltage - . 50 ) Ve ;NT
VREFINT_D|v3 3/4 reference voltage - . 75 }

1. The shortest sampling time for the application can be determined by multiple iterations.
2. Guaranteed by design.

Table 3.3-8: Embedded reference voltage

Symbol Parameter Memory address

VRerin_caL | Raw data acquired at temperature of 30 °C, Vppa =3.3V 1FF1E860 - 1FF1E861

Table 3.3-9: Internal reference voltage calibration values

3.3.7 Supply current characteristics

The current consumption is a function of several parameters and factors such as the operating voltage, ambient
temperature, 1/O pin loading, device software configuration, operating frequencies, 1/0 pin switching rate, program
location in memory and executed binary code.

The current consumption is measured as described in Figure 3.1-4: Current consumption measurement scheme.

All the run-mode current consumption measurements given in this section are performed with a CoreMark code.

Typical and maximum current consumption

The MCU is placed under the following conditions:

e All /O pins are in analog input mode.
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o All peripherals are disabled except when explicitly mentioned.

e The Flash memory access time is adjusted with the minimum wait states number, depending on the facik
frequency (refer to the table “Number of wait states according to CPU clock (fiec ¢ ck) frequency and Vcore
range” available in the reference manual).

e When the peripherals are enabled, the AHB clock frequency is the CPU1 frequency divided by 2 and the APB
clock frequency is AHB clock frequency divided by 2.

The parameters given in the below tables are derived from tests performed under ambient temperature and supply

voltage conditions summarized in Table 3.3-1: General operating conditions.

Arm Arm Max®
Cortex- | Cortex-
iti M7 M4 i
Symbol | Parameter Conditions oo o Typ Tji= | Tj= Tj= Tj= Tj= Unit
(MH2) | (MH2) 25°C | 85°C | 105°C | 125°C | 140°C
480 240 179 272 387 498
VOS0
400 200 151 - - -
All
peripherals | VOS1 400 200 132 | 181 | 292 382 502
disabled 1"/ 5eo 1™ 300 150 | o1 | 122 | 211 | 281 | 377
Supply VOS3 200 100 56 79 150 206 284 382
‘oo current in 480 240 247 374 462 571 mA
R
un mode VOSO
400 200 208 - - -
All
peripherals | VOS1 400 200 181 | 232 | 337 422 541
enabled
VOS2 300 150 126 163 248 318 414
VOS3 200 100 78 104 | 173 229 307 406

1. Data are in DTCM for best computation performance, the cache has no influence on consumption in this case.
2. The grayed cells correspond to the forbidden configurations.

3. Guaranteed by characterization results, unless otherwise specified.

Table 3.3-10: Typical and maximum current consumption in Run mode, code with data processing running from
ITCM for Cortex-M7 core, and Flash memory for Cortex-M4(ART accelerator ON), LDO regulator ON®W®

Arm Arm Max
Cortex- | Cortex-
iti M7 M4 i
Symbol | Parameter Conditions i ot Typ T= | T= Tj= Tj= Tj= Unit
(MH2) | (MHz2) 25°C | 85°C | 105°C | 125°C | 140°C
All VOS1 400 200 58.3 | 79.0 | 129.0 | 175.1 | 236.0 -
peripherals | VOS2 300 150 37.0| 50.2 | 84.7 | 1156 | 161.1 | 2184
disabled
Supply VOS3 200 100 2151| 299 | 56.1 | 77.1 | 107.6 | 152.3
Ibp current in mA
Run mode All VOS1 400 200 78.1 | 100.1 | 148.9 | 193.4 | 254.3 -
peripherals | VOS2 300 150 51.2 | 65.5 | 100.8 | 130.9 | 176.9 | 2355
enabled
VOS3 200 100 295 | 394 | 639 | 86.7 | 116.3 | 1619

1. The parameters given in the above table for the SMPS regulator are derived by extrapolation from the LDO consumption and typical SMPS
efficiency factors.

Table 3.3-11: Typical and maximum current consumption in Run mode, code with data processing running from
ITCM for Arm Cortex-M7 and Flash memory for Arm Cortex-M4, ART accelerator ON, SMPS regulator®
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Arm Arm Max(®@
Cortex | Cortex-
iti -M7 M4 i
Symbol | Parameter Conditions o o Typ Ti= | Tj= | Tj= Tj= Tj= Unit
25°C | 85°C | 105°C | 125°C | 140°C

(MHz) | (MHz)

480 240 173 268 | 385 | 496

VOS0
400 200 147 - - -
All
peripherals | VOS1 | 400 200 128 175 | 288 | 379 499
disabled
IS8 vos2 | 300 150 88 | 120 | 200 | 279 | 374
Supply VOS3 | 200 100 55 77 | 149 | 205 | 283 | 381
Ibp current in mA
Run mode VOSO | 480 240 242 | 368 | 459 | 569
Al VOS1 | 400 200 | 178 2§9 334 | 419® | 537
peripherals ®)

enabled | \yos2 | 300 150 123 | 161 | 246 | 316 | 412
VOS3 | 200 100 77 | 102 | 172 | 228 | 306 | 405

1. The grayed cells correspond to the forbidden configurations.
2. Guaranteed by characterization results, unless otherwise specified.
3. Guaranteed by tests in production.

Table 3.3-12: Typical and maximum current consumption in Run mode, code with data processing running from
Flash memory, both cores running, cache ON, ART accelerator ON, LDO regulator ON®

Arm | Arm Max®
Cortex | Cortex
Symbol | Parameter Conditions -M7 -M4 | T . . . . . Unit
g fecpur | fepu2 P TJ: TJ: Tl - TJ: T -
(MH2) | (MH2) 25°C | 85°C | 105°C | 125°C | 140°C
VOSSO0 480 240 109 191 330 444
All VOS1 | 400 200 96 149 | 256 | 347 | 468
peripherals
disabled | VOS2 | 300 150 | 67 95 | 187 | 257 | 354
Supply VOS3 200 100 43 62 136 192 270 368
Ibp current in mA
All VOS1 | 400 200 | 147 | 224 | 310 | 401 | 523
peripherals
enabled | VOS2 | 300 150 | 103 | 136 | 224 | 295 | 392
VOS3 200 100 64 87 159 215 293 392

1. The grayed cells correspond to the forbidden configurations.
2. Guaranteed by characterization results, unless otherwise specified.

Table 3.3-13: Typical and maximum current consumption in Run mode, code with data processing running from
Flash memory, both cores running, cache OFF, ART accelerator OFF, LDO regulator ON®
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Max®)
Symbol | Parameter Conditions fepur Typ Unit
(MHz) Tj=25 | Tj=85 | Tj=105 | Tj=125 | Tj=140
°C °C °C °C °C
480 148 226 307 390
VOS0
400 125 - - -
400 110 168 230 296 384
VOS1
300 84 - - - -
300 76 114 170 224 297
All VOS2 | 216 56 88 152 205 278
peripherals 200 53 - - - -
disabled
15abTe 200 | 47 71 | 121 | 164 | 223 | 295
180 43 64 116 159 218 291
Supply 168 40 63 115 158 217 290
Ipp current in VOS3 mA
Run mode 144 35 55 109 153 212 284
60 16 36 92 135 194 267
25 12 24 83 126 185 257
480 226 222 439 550
VOSO0
400 190 - - -
400 167 222 327 416 536
All VOS1
peripherals 300 135 - - - -
enabled
300 122 160 248 320 419
VOS2
200 85 - - - -
VOS3 | 200 76 103 174 233 313 413

1. Data are in DTCM for best computation performance, the cache has no influence on consumption in this case.
2. The grayed cells correspond to the forbidden configurations.
3. Guaranteed by characterization results, unless otherwise specified.

Table 3.3-14: Typical and maximum current consumption in Run mode, code with data processing running from
ITCM, only Arm Cortex-M7 running, LDO regulator ON®W®
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Max
Symbol | Parameter Conditions fepur Typ Unit
(MH2) Tj=25 | Tj=85 | Tj=105 | Tj=125 | Tj=140
°C °C °C °C °C
All VOS1 400 48.6 73.3 100.4 1324 176.0
peripherals | VOS2 300 31.3 46.3 68.3 90.0 122.2 164.5
S disabled
upply VOS3 200 18.0 26.9 45.3 60.6 82.4 111.7
Ibp current in mA
Run mode Al VOSL | 400 | 729 | 958 | 1445 | 1907 | 252.0

peripherals | VOS2 300 49.6 64.3 99.6 131.7 179.1 238.2
enabled

VOS3 | 200 28.8 385 64.3 88.3 118.6 164.7

1. The parameters given in the above table for the SMPS regulator are derived by extrapolation from the LDO consumption and typical SMPS
efficiency factors

2. The grayed cells correspond to the forbidden configurations.

Table 3.3-15: Typical and maximum current consumption in Run mode, code with data processing running from
ITCM, only Arm Cortex-M7 running, SMPS regulator®®

Max(®@
Symbol | Parameter Conditions fepus Typ Unit
(MHz) Tj=25° | Tj=85° | Tj=105 | Tj=125 | Tj=140
C C °C =C °C
480 110 222 304 388
VOSO0
400 91 - - -
400 80 162 228 294 381
All VOS1
peripherals 300 61.5 - - - -
disabled
1sable 300 55 111 168 222 294
VOS2
200 38.5 - - - -
Supply VOS3 200 34.5 69 120 163 222 294
‘oo current In 480 220 342 436 546 mA
R d
un mode VO30
400 195 - - -
400 175 264 336 424 544
All VOS1
peripherals 300 135 - - - -
enabled
300 120 180 246 318 418
VOS2
200 83 - - - -
VOS3 200 75 114 173 232 312 412

1. The grayed cells correspond to the forbidden configurations.
2. Guaranteed by characterization results, unless otherwise specified.

Table 3.3-16: Typical and maximum current consumption in Run mode, code with data processing running from
Flash memory, only Arm Cortex-M7 running, cache ON, LDO regulator ON®
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Max(z)
Symbol | Parameter Conditions fepus Typ Unit
(MHz) Tj=25° | Tj=85° | Tj=105 | Tj=125 | Tj=140
C C °C °C °C
VOSO | 480 87 157 259 342
All VOS1 | 400 73 123 201 267 355
peripherals
disabled | VOS2 | 300 52 85 150 204 277
Supply VOS3 | 200 34 54 109 152 212 284
Ibp current in mA
Run mode VOSO | 480 168 276 390 504
All VOS1 | 400 135 224 308 397 519
peripherals
enabled | VOS2 | 300 100 154 228 301 401
VOS3 | 200 70 103 167 226 307 407

1. The grayed cells correspond to the forbidden configurations.
2. Guaranteed by characterization results, unless otherwise specified.

Table 3.3-17: Typical and maximum current consumption in Run mode, code with data processing running from
Flash memory, only Arm Cortex-M7 running, cache OFF, LDO regulator ON®

Max(l)
- fhcik ;
Symbol | Parameter Conditions (MHZ) Typ Tj=25 | Tj=85 | Tj=105 | Tj=125 | Tj=140 Unit
°C °C °C °C °C
64 2.7 4.7 12.9 19.0 275 37.8
D1 Standby,
Supply | D2 Standby, | VOS3
current in D3 Run 8 1.1 - - - - -
Iob batch mA
acquisition
mode D1 Stop, 64 5.4 18.4 83.7 132.6 202.4 289.3
D2 Stop, VOS3
D3 Run 8 38 - - - - -

1. Guaranteed by characterization results, unless otherwise specified.

Table 3.3-18: Typical and maximum current consumption batch acquisition mode, LDO regulator ON
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Max®
Symbol | Parameter Conditions fepuz Typ Unit
(MHz) Tj=25 | Tj=85 | Tj=105 | Tj=125 | Tj=140
°C °C °C °C °C
240 121 203 339 453
VOSSO0
200 90 - - -
All 200 79 123 234 323 444
peripherals | VOS1
disabled 150 61 - - - -
VOS2 150 56 85 178 250 350
Supply
Ibp current in VOS3 100 35 59 131 189 269 369 mA
R
un mode 240 | 190 | 303 | 412 | 525
VOSSO0
200 146 - - -
All
peripherals | VOS1 200 129 195 287 376 499
enabled
VOS2 150 90 134 214 287 386
VOS3 100 61 100 158 216 297 398

1. The grayed cells correspond to the forbidden configurations.
2. Guaranteed by characterization results, unless otherwise specified.

Table 3.3-19: Typical and maximum current consumption in Run mode, code with data processing running from
Flash memory, only Arm Cortex-M4 running, ART accelerator ON, LDO regulator ON®

Max
Symbol | Parameter Conditions Typ Tj=25 Tj=85 | Tj=105 | Tj=125 | Tj=140 Unit
°C °C °C °C °C
All VOS1 35.3 54.3 102.1 144.4 203.5
peripherals VOS2 23.3 35.0 70.6 99.2 145.8 207.0
disabled
Supply Isable VoS3 | 136 | 223 | 490 | 698 | 1019 | 1471
Ipp current in mA
Run mode Al VOS1 | 57.0 | 841 126.8 | 1723 | 2346
peripherals VOS2 36.6 54.5 84.9 118.1 165.0 223.7
bled
enavie vos3 | 231 | 374 | ssa | 798 | 1125 | 1587

1. The parameters given in the above table for the SMPS regulator are derived by extrapolation from the LDO consumption and typical SMPS
efficiency factors

2. The grayed cells correspond to the forbidden configurations.

Table 3.3-20: Typical and maximum current consumption in Run mode, code with data processing running from
Flash bank 2, only Arm Cortex-M4 running, ART accelerator ON, SMPS regulator®®
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Max(3)
Symbol | Parameter Conditions Typ . . . Unit
- ro . oro~| Tj=105 | Tj=125 | Tj=140
Tj=25°C | Tj=85°C oC °c °C
Flash | SVOS5 1.27 6.3 425 72.0
memory
OFF.no SVOS4 1.96 9.4 57.4 94.6
D1 Stop, IWDG | svOs3 2.78 13.8@ 75.9 | 121.3@ | 1838 264.9
D2 Stop,
D3 Stop Flash | SVOS5 1.27 6.3 425 72.0
Memory | svyosa | 2.25 9.8 57.9 95.2
ON, no
IWDG | svOS3 3.07 14.1 76.4 122.0 184.8 266.5
Flash | SVOS5 | 0.91 46 30.4 51.2
memory
OFF. no SVOS4 1.42 6.8 41.1 67.3
D1 Stop, IWDG | svOs3 2.02 10.0 54.4 86.6 130.0 186.1
Ibp (stop) | D2 Standby, mA
D3 Stop Flash | SVOS5 | 0.91 4.6 30.4 51.2
Memory | svoss | 1.70 7.2 415 67.9
ON, no
IWDG | svOs3 2.31 10.3 54.9 87.1 130.8 187.2
SVOS5 | 0.49 2.4 16.5 28.0
D1Standby, m':elrizh
D2 Stop, | - nré’ SVOSs4 | 0.76 3.6 22.2 36.6
D3 Sto !
P IWDG | svOS3 1.10 5.3 29.3 46.9 71.2 102.2
SVOS5 | 0.15 7@ 43 3(4)
D1Standby, m':elrfé)hr 0.7 73
D2Standby, | e né’ SVOSs4 | 0.22 1.0 5.8 9.6
D3 Sto '
P IWDG | svOS3 | 0.35 1.5 7.8 12.3% 18.6 26.6

1. The parameters given in the above table for the SMPS regulator are derived by extrapolation from the LDO consumption and typical SMPS
efficiency factors

2. The grayed cells correspond to the forbidden configurations.
3. Guaranteed by characterization results, unless otherwise specified.
4. Guaranteed by tests in production.

Table 3.3-21: Typical and maximum current consumption in Stop, LDO regulator ON®W®
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Max
Symbol Parameter Conditions Typ . . . Unit
s oo oo~ | Tj=105 | Tj=125 | Tj=140
Tj=25°C | Tj=85°C oC °c °C
SVOS5 | 0.36 1.73 11.91 21.53 - -
FlashOFF,
o IWDG | SVOs4 | 063 3.05 19.57 33.51 - -
D1 Stop, SVOS3 | 1.00 4.98 29.11 47.13 68.76 100.34
D2 Stop,
D3 Stop SVOS5 | 0.36 1.73 11.91 21.53 - -
FlashON,
o IWDG | SVOs4 | 073 3.18 19.74 33.72 - -
SVOS3 | 1.11 5.09 29.31 47.40 69.14 100.95
SVOS5 | 0.25 1.24 8.21 14.00 - -
FlashOFF,
o IWDG | SVOS4 | 046 2.21 14.01 22.94 - -
D1 Stop, SVOS3 | 0.73 3.57 19.62 32.80 49.24 68.77
Iop (Stop) D2 Standby, mA
D3 Stop SVOS5 | 0.25 1.24 8.21 14.00 - -
FlashON,
o IWDG | SVOS4 | 055 2.34 14.15 23.15 - -
SVOS3 | 0.83 3.67 19.81 32.99 4955 69.18
SVOS5 | 0.15 0.67 451 7.85 - -
DiStandby, \ppochorr
D2 Stop, o IWDG | SVOS4 | 026 1.17 7.21 12.32 - -
D3 Sto
P SVOS3 | 0.40 1.90 10.57 17.12 26.97 39.20
SVOS5 | 0.06 0.20 1.18 2.05 - -
D1 Standby, FlashON
D2Standby, | “\wpe | SVOS4 | 008 0.33 1.90 311 - -
D3 Sto
P SVOS3 | 0.13 0.54 2.80 4.47 6.77 9.58

1. The parameters given in the above table for the SMPS regulator are derived by extrapolation from the LDO consumption and typical SMPS
efficiency factors.

Table 3.3-22: Typical and maximum current consumption in Stop, SMPS regulator®
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Max(®)
Symbol | Parameter Conditions fricLk Typ Unit
(MHz) Tj=25 | Tj=85 | Tj=105 | Tj=125 | Tj=140
°C °C °C °C °C
480 50.7 96.3 253.4 | 366.1
VOSSO0
400 43.4 87.8 245.5 357.9
400 35.3 66.5 181.3 265.8 379.6
All VOS1
peripherals 300 27.9 - - - -
disabled 300 24.6 47.3 139.1 207.3 300.4
VOS2
200 18.8 - - - -
Supply VOS3 200 16.5 33.6 106.4 | 1609 | 236.1 | 330.3
oo steen |- Current n 480 | 136.0 | 194.7 | 3485 | 464.4 mA
Sleepmode VOS0
400 115.0 | 169.0 | 325.9 | 4417
400 97.7 138.2 | 251.3 | 338.4 | 456.4
All VOS1
peripherals 300 74.9 - - - -
enabled
300 67.3 95.8 187.6 | 2579 | 354.1
VOS2
200 52.8 - - - -
VOS3 200 47.1 69.3 141.4 197.7 275.1 372.8

1. The parameters given in the above table for the SMPS regulator are derived by extrapolation from the LDO consumption and typical SMPS
efficiency factors

2. The grayed cells correspond to the forbidden configurations.
3. Guaranteed by characterization results, unless otherwise specified.

Table 3.3-23: Typical and maximum current consumption in Sleep mode, LDO regulator ON®W®
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Max
i fheLk ;
Symbol | Parameter Conditions (MH2) Typ Tj=25 | Tj=85 | Tj=105 | Tj=125 | Tj=140 Unit
°C °C °C °C °C
400 |15.93| 29.69 | 79.01 | 118.72 | 173.80
VOSs1
300 | 12.58 - - - -
All
peripherals 300 |10.21 | 19.63 56.46 82.14 | 123.46 | 177.95
disabled VOS2
| Supply s 200 | 7.89 | - : : : :
DD current in mA
(Sleer) | Sleep mode VOS3 | 200 | 650 | 12.98 | 39.73 | 59.35 | 87.10 | 125.00
Al VOS1 | 400 |42.65| 59.62 | 110.88 | 153.00 | 211.65 -
peripherals | VOS2 | 300 |27.70 | 38.94 | 75.26 | 102.22 | 147.38 | 208.16
Enabled
VOS3 | 200 |17.95| 26.14 52.75 72.95 | 104.09 | 148.48

1. The parameters given in the above table for the SMPS regulator are derived by extrapolation from the LDO consumption and typical SMPS
efficiency factors.

2. The parameters given in the above table for the SMPS regulator are derived by extrapolation from the LDO consumption and typical SMPS
efficiency factors

3. The grayed cells correspond to the forbidden configurations.

Table 3.3-24: Typical and maximum current consumption in Sleep mode, SMPS regulator®®@)

Typ Max(®)
Conditions
3V
Symbol | Parameter Unit
Backup Zrll—g PV BT ST | Tj=25|Tj=85| Tj=105 | Tj=125 | Tj=140
SRAM LSE °C °C °C °C °C

OFF |OFF| 192 [195|206|216| 4 | 18 | 40 90 | 140
Supply
oo | currentin ON |OFF| 333 |344 | 36 [379| 82 | 47 | 83 | 141 | 230
(Standby) Sta”gby OFF | ON | 243 | 257 277|295 | - - - - -
moae

ON | ON | 382 |405| 431|455 | - . . - -

1. Guaranteed by characterization results, unless otherwise specified.

HA

Table 3.3-25: Typical and maximum current consumption in Standby
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Conditions Typ Max@®
Symbol | Parameter RTC g Unit
Backup | o0y | 1ov | 2v | 3v | 34
SRAM | ‘o [ V | Tj=25|Tj=85| Tj=105 | Tj=125 | Tj=140
°C °C °C °C °C
OFF OFF | 0,02 | 0,02 | 0,03 |0,05| 05 4,1 10 24 47
Supply ON | OFF | 1,33 | 145 | 158 | 1,7 | 44 | 22 48 87 132
Ibp current in
(VBAT) | Vgarmode | OFF ON | 046 | 057 | 0,75 [ 0,87 | - - - - - uA
ON ON 1,77 2 2,3 2,5 - - - - -

1. Guaranteed by characterization results, unless otherwise specified.

Table 3.3-26: Typical and maximum current consumption in Vgar mode
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Typical SMPS efficiency versus load current and temperature
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Figure 3.3-3: Typical SMPS efficiency (%) vs load current (A) in Run mode at T; =30 °C
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Figure 3.3-4: Typical SMPS efficiency (%) vs load current (A) in Run mode at T; = Tymax

137



Poir it AX58400
ASIX EtherCAT Slave Controller w/ Dual-Core MCU

100

90

80

70

VDDSMPS =
1.8V, SVOS5
VDDSMPS =
3.3V, 8VOs5
VDDSMPS =
1.8V, SVOs4
VDDSMPS =
3.3V, sVOs4
VDDSMPS =
1.8V, SVOS3
VDDSMPS =
3.3V, SVOs3

60

50

40

30

20

:

10

0
0.00001 0.0001 0.001 0.01 0.1

MSv62426V1

Figure 3.3-5: Typical SMPS efficiency (%) vs load current (A) in low-power mode at T; = 30 °C
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Figure 3.3-6: Typical SMPS efficiency (%) vs load current (A) in low-power mode at T; = Tjmax
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1/O system current consumption

The current consumption of the I/O system has two components: static and dynamic.

1/O static current consumption

All the 1/0s used as inputs with pull-up generate a current consumption when the pin is externally held low. The
value of this current consumption can be simply computed by using the pull-up/pull-down resistors values given
in Table 3.3-47: 1/O static characteristics.

For the output pins, any external pull-down or external load must also be considered to estimate the current
consumption.

An additional I/O current consumption is due to I/Os configured as inputs if an intermediate voltage level is
externally applied. This current consumption is caused by the input Schmitt trigger circuits used to discriminate
the input value. Unless this specific configuration is required by the application, this supply current consumption
can be avoided by configuring these 1/0Os in analog mode. This is notably the case of ADC input pins which should
be configured as analog inputs.

Caution: Any floating input pin can also settle to an intermediate voltage level or switch inadvertently, as a result
of external electromagnetic noise. To avoid a current consumption related to floating pins, they must
either be configured in analog mode, or forced internally to a definite digital value. This can be done
either by using pull-up/down resistors or by configuring the pins in output mode.

1/0 dynamic current consumption

In addition to the internal peripheral current consumption (see Table 3.3-27: Peripheral current consumption in
Run mode), the I/Os used by an application also contribute to the current consumption. When an 1/0 pin switches,
it uses the current from the MCU supply voltage to supply the 1/0O pin circuitry and to charge/discharge the
capacitive load (internal or external) connected to the pin:

Isw = Vppx x fsw x CL
where

Isw is the current sunk by a switching /O to charge/discharge the capacitive load
Vppx is the MCU supply voltage

fsw is the 1/0O switching frequency

C. is the total capacitance seen by the I/O pin: C = CINT+ CEXT

The test pin is configured in push-pull output mode and is toggled by software at a fixed frequency.

On-chip peripheral current consumption

The MCU is placed under the following conditions:

e At startup, all I/0 pins are in analog input configuration.

e All peripherals are disabled unless otherwise mentioned.

e The I/O compensation cell is enabled.

o frec c ok IS the CPU clock. frerk = free ¢ ek/4, and frcik = Free ¢ ckl/2.
The given value is calculated by measuring the difference of current consumption
— with all peripherals clocked off
— with only one peripheral clocked on

- frCCfoCk = 480 MHZ (Scale O), fl’CCfoCk = 400 MHZ (Scale 1), frCCfoCk = 300 MHZ (Scale 2), frccﬁcﬁck = 200
MHz (Scale 3)

e The ambient operating temperature is 25 °C and Vpp=3.3 V.
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Bus Peripheral VOS0 VOS1 VOS2 VOS3 Unit
MDMA 4.6 3.8 34 3.2
DMA2D 2.9 24 21 19
JPGDEC 4.1 3.7 34 3.1
FLASH 17.0 15.0 14.0 12.0

FMC registers 0.9 11 0.9 0.8
FMC kernel 7.0 6.1 5.6 5.0
QUADSRPI registers 15 15 14 1.3
QSPI kernel 1.0 0.9 0.8 0.7
AHB3
SDMMC1 registers 8.2 7.2 6.7 6.0
SDMMC1 kernel 1.3 1.2 0.9 0.9
DTCM1 7.9 6.8 6.0 53
DTCM2 8.3 7.2 6.4 5.7
ITCM 7.0 6.3 5.6 51
D1SRAM1 13.0 11.0 9.9 8.7
AHB3 bridge 35.0 32.0 29.0 26.0
Total AHB3 120 106 96 86
DMA1 54.0 48.0 41.0 37.0 HAIMHz
DMA2 55.0 49.0 42.0 37.0
ADC12 registers 4.5 4.1 3.7 3.3
ADC12 kernel 1.0 0.7 0.4 0.6
ART accelerator 41 3.7 3.2 2.9
ETH1IMAC 17.0 15.0 14.0 12.0
ETH1TX 0.1 0.1 0.1 0.1
ETHIRX 0.1 0.1 0.1 0.1
AHB1
USB1 OTG registers 23.0 21.0 19.0 17.0
USB1 OTG kernel 8.2 0.5 8.3 8.2
USB1 ULPI 0.1 0.1 0.1 0.1
USB2 OTG registers 21.0 19.0 17.0 15.0
USB2 OTG kernel 8.5 0.4 8.6 8.3
USB2 ULPI 23.0 19.0 20.0 19.0
AHB1 bridge 0.1 0.1 0.1 0.1
Total AHB1 220 181 178 161

Table 3.3-27: Peripheral current consumption in Run mode
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Bus Peripheral VOSO0 VOS1 VOS2 VOS3 Unit
DCMI 21 19 18 1.6
CRYPT 0.1 0.1 0.1 0.1
HASH 0.1 0.1 0.1 0.1
RNG registers 1.7 2.0 13 1.2
RNG kernel 11.0 0.1 9.7 94
SDMMC2 registers 47.0 41.0 37.0 34.0
AHB?2
SDMMC2 kernel 1.7 1.2 11 1.0
D2SRAM1 5.7 4.9 4.4 3.9
D2SRAM?2 5.2 4.5 4.0 35
D2SRAM3 4.1 3.6 3.2 2.8
AHB?2 bridge 0.1 0.1 0.1 0.1
Total AHB2 79 60 63 58
GPIOA 1.5 1.3 1.3 11
GPIOB 1.2 1.0 1.0 0.9
GPIOC 0.8 0.7 0.7 0.6
GPIOD 11 1.0 1.0 0.9 HAIMHz
GPIOE 0.7 0.7 0.7 0.6
GPIOF 0.8 0.8 0.7 0.6
GPIOG 0.9 0.8 0.8 0.7
GPIOH 11 1.0 10 0.9
GPIOI 0.9 0.9 0.8 0.7
AHB4
GPIOJ 0.8 0.8 0.7 0.7
GPIOK 0.7 0.8 0.7 0.6
CRC 0.4 0.5 0.4 0.3
BDMA 6.6 5.9 5.3 438
ADC3 registers 1.7 15 1.2 1.2
ADC3 kernel 0.4 0.3 0.5 0.2
BKPRAM 2.3 1.9 1.7 15
AHB4 bridge 0.1 0.1 0.1 0.1
Total AHB4 22 20 19 16
WWDG1 0.7 0.5 0.5 0.2
LCD-TFT 81.0 36.0 33.0 30.0
APB3 HA/MHz
APB3 bridge 0.3 0.2 0.1 0.1
Total APB3 87 41 38 34

Table 3.3-27: Peripheral current consumption in Run mode (continued)
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Bus Peripheral VOS0 VOS1 VOS2 VOS3 Unit

TIM2 1.7 3.6 3.3 3.0
TIM3 6.7 3.2 3.0 2.7
TIM4 6.3 31 2.8 25
TIM5 74 35 3.2 2.8
TIM6 14 0.7 0.8 0.6
TIM7 14 0.7 0.7 0.6
TIM12 3.2 15 15 1.3
TIM13 2.3 11 11 0.9
TIM14 2.1 11 11 0.9
LPTIML1 registers 0.7 0.5 0.8 0.7
LPTIM1 kernel 24 2.3 19 1.7
WWDG2 0.6 0.5 0.5 0.4
SPI2 registers 2.0 1.8 1.7 14
SPI2 kernel 0.8 0.6 0.5 0.6
SPI3 registers 1.8 1.6 1.6 1.3
SPI13 kernel 0.7 0.9 0.7 0.7
SPDIFRX1 registers 0.5 0.7 0.7 0.6
SPDIFRX1 kernel 3.5 2.8 24 2.2

APB1 USART?2 registers 1.9 1.7 14 13 MA/MHz
USART2 kernel 4.3 3.9 3.6 3.2
USARTS3 registers 1.9 1.7 14 1.3
USART3 kernel 4.4 3.9 35 3.2
UARTA4 registers 1.7 15 14 14
UART4 kernel 3.9 3.4 3.1 2.8
UARTS registers 1.6 14 14 13
UARTS kernel 3.8 3.4 3.0 2.7
12C1 registers 11 0.8 0.9 0.8
12C1 kernel 25 2.3 2.0 1.9
12C2 registers 1.0 0.8 0.9 0.8
12C2 kernel 2.3 2.2 19 1.7
12C3 registers 0.8 1.0 0.8 0.8
12C3 kernel 24 19 18 1.6
HDMI-CEC registers 0.7 0.5 0.6 0.5
HDMI-CEC kernel 0.1 0.1 3.2 0.1
DAC12 3.6 1.3 12 1.0
USARTY registers 1.8 1.8 1.6 14
USARTTY kernel 4.0 3.3 3.0 2.8

Table 3.3-27: Peripheral current consumption in Run mode (continued)
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Bus Peripheral VOS0 VOS1 VOS2 VOS3 Unit

USARTS8 registers 2.0 1.6 1.6 14
USARTS kernel 39 34 3.1 2.8
CRS 6.4 55 5.0 4.5
SWPMI registers 2.7 24 2.3 19
SWPMI kernel 0.1 0.1 0.1 0.1
(Coﬁ;’r?ule N OPAMP 0.2 03 03 0.2
MDIO 3.3 2.9 2.6 2.3
FDCAN registers 19.0 17.0 15.0 13.0
FDCAN kernel 9.1 7.9 6.9 6.4
APB1 bridge 0.1 0.1 0.1 0.1
Total APB1 142 108 102 88
TIM1 11.0 5.0 4.5 4.0
TIM8 10.0 4.7 4.3 3.8
USART1 registers 3.6 25 2.7 2.9
USART1 kernel 0.1 0.1 0.1 0.1
USARTG6 registers 45 3.0 31 34

USART6 kernel 0.1 0.1 0.1 0.1 HA/MHz
SPI1 registers 2.0 1.7 1.6 14
SPI1 kernel 0.9 0.8 0.7 0.6
SPI14 registers 2.1 1.7 1.6 15
SP14 kernel 0.6 0.5 0.5 0.3
TIM15 55 25 2.3 2.1

APB2

TIM16 4.1 2.0 18 1.7
TIM17 4.1 1.9 1.8 1.6
SPI5 registers 2.0 1.8 1.6 1.3
SPI15 kernel 0.5 0.4 0.4 0.5
SAl1 registers 13 11 11 1.0
SAI1 kernel 1.4 11 1.0 0.8
SAI2 registers 15 13 1.2 1.0
SAI2 kernel 1.1 1.0 0.9 0.9
SAI3 registers 1.6 13 11 1.0
SAI3 kernel 11 1.2 11 0.9
SAI1 kernel 14 11 1.0 0.8

Table 3.3-27: Peripheral current consumption in Run mode (continued)
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Bus Peripheral VOSO0 VOS1 VOS2 VOS3 Unit

DFSDML1 registers 6.5 5.8 5.2 4.7
DFSDM1 kernel 0.3 0.2 0.2 04
(Coﬁﬁr?fe N HRTIM 84.0 39.0 35.0 32,0
APB2 bridge 0.2 0.1 0.1 0.2
Total APB2 150 81 74 68
SYSCFG 0.9 1.0 0.7 0.8
LPUART1 registers 1.1 1.3 1.0 0.8
LPUART1 kernel 2.9 2.2 2.2 21
SPI6 registers 1.8 1.6 14 1.3
SPI16 kernel 0.4 04 0.5 0.3
12C4 registers 0.9 0.7 0.7 0.4
12C4 kernel 2.2 21 19 1.8
LPTIM2 registers 0.8 0.6 0.7 0.5

LPTIM2 kernel 2.3 21 18 14 HA/MHz
LPTIM3 registers 0.7 0.7 0.7 0.4
LPTIM3 kernel 2.1 1.7 1.6 15

APB4

LPTIM4 registers 0.8 0.4 0.6 0.4
LPTIM4 kernel 2.2 2.0 1.7 15
LPTIMS registers 0.5 0.4 0.6 0.4
LPTIMS kernel 2.0 1.8 15 1.2
COMP12 0.6 0.4 0.5 0.2
VREF 0.4 0.2 0.2 0.1
RTC 11 0.9 10 0.6
SAl4 registers 1.7 14 1.3 1.0
SAl4 kernel 2.0 2.0 18 1.6
APB4 bridge 0.1 0.1 0.1 0.1
Total APB4 28 24.4 22.4 18.9

Table 3.3-27: Peripheral current consumption in Run mode (continued)
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3.3.8  Wakeup time from low-power modes

The wakeup times given in Table 3.3-28 are measured starting from the wakeup event trigger up to the first
instruction executed by the CPU:

e For Stop or Sleep modes: the wakeup event is WFE.

e WKUP (PC1) pin is used to wakeup from Standby, Stop and Sleep modes.

All timings are derived from tests performed under ambient temperature and Vpp=3.3 V.

Symbol Parameter Conditions Typ@ | Max® | Unit
CPU
twusLeer”) | Wakeup from Sleep - 9 10 clock
cycles
VOS3, HSI, Flash memory in normal mode 4.4 5.6
VOS3, HSI, Flash memory inlow-power mode 12 15
V0S4, HSI, Flash memory in normal mode 15 20
V0S4, HSI, Flash memory inlow-power mode 23 28
VOS5, HSI, Flash memory in normal mode 39 71
VOS5, HSI, Flash memory inlow-power mode 39 47
twustop®) Wakeup from Stop
WUsToP VOS3, CSlI, Flash memory in normal mode 30 37
VOS3, CSlI, Flash memory in low power mode 36 50
us
V0S4, CSl, Flash memory in normal mode 38 48
V0S4, CSlI, Flash memory in low-power mode 47 61
VOS5, CSlI, Flash memory in normal mode 68 75
VOS5, CSlI, Flash memory inlow-power mode 68 77
twusTor_ | Wakeup from Stop, clock | VOS3, HSI, Flash memory in normal mode 2.6 3.4
KeroN®) kept running VOS3, CSlI, Flash memory in normal mode 26 36
Wakeup from Standb
twusTpey " pmode Y - 390 500

1. The wakeup timings is valid for both CPUs.
2. Guaranteed by characterization results.
3. The wakeup times are measured from the wakeup event to the point in which the application code reads the first instruction.

Table 3.3-28: Low-power mode wakeup timings®
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3.3.9 External clock source characteristics
High-speed external user clock generated from an external source

In bypass mode the HSE oscillator is switched off and the input pin is a standard 1/O.

The external clock signal has to respect the Table 3.3-47: 1/O static characteristics. However, the recommended
clock input waveform is shown in Figure 3.3-7.

Symbol Parameter Min Typ Max Unit
fHsE ext User external clock source frequency 4 25 50 MHz
Vsw ,
OSC_IN amplitude 0.7Vpbp - Vbp
(Vhsen ’VHSEL) Vv
Vpe OSC_IN input voltage Vss - 0.3Vss
bw(HsE) OSC_IN high or low time 7 - - ns

1. Guaranteed by design.
Table 3.3-29: High-speed external user clock characteristics®

External fy SE ext
clock source C IN

I = STM32

ai17528b

Figure 3.3-7: High-speed external clock source AC timing diagram
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L ow-speed external user clock generated from an external source

In bypass mode the LSE oscillator is switched off and the input pin is a standard 1/0. The external clock signal has
to respect the Table 3.3-47: 1/O static characteristics. However, the recommended clock input waveform is shown
in Figure 3.3-8.

Symbol Parameter Conditions Min Typ Max Unit
fLse ext | User external clock source frequency - - 32.768 1000 KHz
Visen | OSC32_IN input pin high level voltage - 0.7 Vppiox - Vbbiox

\%
ViseL | OSC32_IN input pin low level voltage - Vss - 0.3 Vppiox
t
tW(LSEH) 0SC32_IN high or lowtime - 250 - - ns
w(LSEL)

1. Guaranteed by design.

Table 3.3-30: Low-speed external user clock characteristics®

f
External LSE_ext |
clock source 0SC32_IN L

gEgEg - STM32

ai17529b

Figure 3.3-8: Low-speed external clock source AC timing diagram

147



AX58400
JASIX EtherCAT Slave Controller w/ Dual-Core MCU

High-speed external clock generated from a crystal/ceramic resonator

The high-speed external (HSE) clock can be supplied with a 4 to 48 MHz crystal/ceramic resonator oscillator. All
the information given in this paragraph are based on characterization results obtained with typical external
components specified in Table 3.3-31. In the application, the resonator and the load capacitors have to be placed
as close as possible to the oscillator pins in order to minimize output distortion and startup stabilization time. Refer
to the crystal resonator manufacturer for more details on the resonator characteristics (frequency, package,
accuracy).

Symbol Parameter Operatingconditions(z) Min Typ Max Unit
F Oscillator frequency - 4 - 48 MHz
Re Feedback resistor - - 200 - kQ
During startup® - - 4
VDDZS V, Rm=30Q 035
C_=10pF@4MHz ) : i
Vpp=3 V, Rm=30Q
pb—> * - 0.40 -
C_=10 pF at 8 MHz
IDD(HSE) HSE current consumption Vpp=3 V, Rm=30Q 0.45 mA
C_=10 pF at 16 MHz ) : i
VDDZS V, Rm=30Q 065
C_=10 pF at 32 MHz '
VDDZS V, Rm=30Q 0.95
C_=10 pF at 48 MHz '
GMeyitmax Maximum critical crystal gm Startup - - 15 mA/V
ts,@ Start-up time Vpp is stabilized - 2 - ms

1. Guaranteed by design.
2. Resonator characteristics given by the crystal/ceramic resonator manufacturer.
3. This consumption level occurs during the first 2/3 of the tSU(HSE) startup time.

4. tsusg) is the startup time measured from the moment it is enabled (by software) to a stabilized 8 MHz oscillation is reached. This value is
measured for a standard crystal resonator and it can vary significantly with the crystal manufacturer.

Table 3.3-31: 4-48 MHz HSE oscillator characteristics®

For Cp1 and Cyo, it is recommended to use high-quality external ceramic capacitors in the 5 pF to 25 pF range
(typical), designed for high-frequency applications, and selected to match the requirements of the crystal or
resonator (see Figure 3.3-9). C1 and Cy are usually the same size. The crystal manufacturer typically specifies a
load capacitance which is the series combination of C.; and C... The PCB and MCU pin capacitance must be
included (10 pF can be used as a rough estimate of the combined pin and board capacitance) when sizing C.1 and
CL2.
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Resonator with
integrated capacitors

DTN
. I 0SC_IN

— 8 MHz
resonator

Df fusE
Bias

Rf | controlled
gain

STM32

ai17530b

1. REXT value depends on the crystal characteristics.

Figure 3.3-9: Typical application with an 8 MHz crystal

L ow-speed external clock generated from a crystal/ceramic resonator

The low-speed external (LSE) clock can be supplied with a 32.768 KHz crystal/ceramic resonator oscillator. All
the information given in this paragraph are based on characterization results obtained with typical external
components specified in Table 3.3-32. In the application, the resonator and the load capacitors have to be placed
as close as possible to the oscillator pins in order to minimize output distortion and startup stabilization time. Refer
to the crystal resonator manufacturer for more details on the resonator characteristics (frequency, package,
accuracy).

Symbol Parameter Operating conditions® Min Typ Max | Unit
F Oscillator frequency - - 32.768 - KHz
LSEDRV[1:0] =00, i 200 )
Low drive capability
LSEDRV[1:0] =01, ) 190 )

Medium Low drive capability

Ibp LSE current consumption nA
LSEDRV[1:0] =10, 550

Medium high drive capability

LSEDRVI[1:0] =11,
High drive capability

LSEDRV[1:0] =00,
Low drive capability

LSEDRV[1:0] =01, ) i 0.75
Medium Low drive capability '

GMeritmax [Maximum critical crystal gm HAN
LSEDRV[1:0] = 10,

- 900 -

Medium high drive capability ) i L
LSEDRV[1:0] =11, ) ) .
High drive capability '
t5,® Startup time VDD i stabilized - 2 - S

1. Guaranteed by design.
2. Refer to the note and caution paragraphs below the table, and to the application note AN2867 “Oscillator design guide for ST microcontrollers.

3. tSU is the startup time measured from the moment it is enabled (by software) to a stabilized 32.768k Hz oscillation is reached. This value is
measured for a standard crystal resonator and it can vary significantly with the crystal manufacturer.

Table 3.3-32: Low-speed external user clock characteristics®™
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Resonator with
integrated capacitors

\‘_CLq .

ﬂ 0SC32_IN

. fLsE
" Bias =
——32.768 kHz RF | controlled
~resonator gain
. '-|-'06032_OUT STM32
CL2

ai17531b

1. An external resistor is not required between OSC32_IN and OSC32_OUT and it is forbidden to add one.

Figure 3.3-10: Typical application with a 32.768 KHz crystal

3.3.10 Internet clock source characteristics

The parameters given in Table 3.3-33 to Table 3.3-36 are derived from tests performed under ambient temperature
and VDD supply voltage conditions summarized in Table 3.3-1: General operating conditions.

48 MHz high-speed internal RC oscillator (HS148)

Symbol Parameter Conditions Min Typ Max | Unit
Vpp=3.3V
f bD ' @ @)
Hsl48 HS148 frequency T1=30 °C 475 48 485 MHz
TRIM® USER trimming step - - 0.175 - %
ER TRIM
Cl(J)?/ERAGE(s) USER TRIMMING Coverage + 32 steps +4.79 | 1£5.60 - %
DuCy(HS148) Duty Cycle - 45 . 55 %
ACCHSI48 RELO® Accuracy of the HS148 oscillator over T/=-4010125°C —4° 3 35
- temperature (factory calibrated) T,=-40 to 140 °C _45 - 4 %
3 HSI48 oscillator frequency driftwith Vpp=3t03.6V - 0.025 | 0.05
Avop(HS148)® |\ () %
DD Vpp=1.62V1t03.6V - 0.05 0.1 0
tsu(HSI48)(2) HSI148 oscillator start-uptime - - 2.1 4.0 us
Ipp(Hs148) @ HSI48 oscillator power consumption - - 350 400 HA
" Next transition jitter
N jitter . - - +0.1 -
T Accumulated jitter on 28 cycles(® 0.15 ns
. Paired transition jitter Accumulated
Pt jitter . - - +0.2 -
T jitter on 56 cycles® 0.25 ns

1. Guaranteed by test in production.

2. Guaranteed by design.

3. Guaranteed by characterization.

4. AfHSI = ACCHSI48 REL + AVDD.
5. These values are obtained by using the formula: (Freq(3.6V) - Freq(3.0V)) / Freq(3.0V) or (Freq(3.6V) - Freq(1.62V)) / Freq(1.62V).
6. Jitter measurements are performed without clock source activated in parallel.

Table 3.3-33: HSI48 oscillator characteristics
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64 MHz high-speed internal RC oscillator (HSI)

Symbol Parameter Conditions Min Typ Max Unit
frsi HSI frequency Vpp=3.3V, T;=30°C 63.7d 64 64.3@ | MHz
Trimming isnotamultiple of i 0.24 0.32
32
Trimming is 128, 256 and . _ )
384 5.2 1.8
TRIM | HSI user trimming step Trimming is 64,192,320 | , , | ;g ] %
and 448 ' '
Other trimming are a
multiple of 32 (not including
multiple of 64 and 128) -0.6 —0.25 )
DuCy(HSI) |Duty Cycle - 45 - 55 %
HSI oscillator frequency driftover Vpp _
A Vpp=1.62103.6 V —~ - 0
VDD (HS1) (reference is 3.3 V) bb 0.12 0.03 %
A HSI oscillator frequency drift over T;=2010105°C -16) - 19 %
TEMP(HSD | temperature (reference is 64 MHz) T =40 to Tymax °C ) . 10
tsu(HSI) HSI oscillator start-uptime - - 14 2 us
tstan(HSI) | HSI oscillator stabilization time at 1% of target frequency - 4 8 us
Ipp(HSI) | HSI oscillator power consumption - - 300 400 HA
1. Guaranteed by design unless otherwise specified.
2. Guaranteed by test in production.
3. Guaranteed by characterization.
Table 3.3-34: HSI oscillator characteristics®
4 MHz low-power internal RC oscillator (CSI)
Symbol Parameter Conditions Min Typ Max Unit
fesi CSl frequency Vpp=3.3V, T;=30°C | 3.96@ 4 4.04@ | MHz
TRIM Trimming step - - 0.35 - %
DuCy(Csl) Duty Cycle - 45 - 55 %
Arewp (Csl) | CS1 oscillator frequency driftover T1,=01085°C - 370 | 450 %
temperature Ty=-40to 140 °C - -110) | 750
Dvop (CSI) | Csl oscillator frequency driftover Vop|  Vpp=1.62t03.6V - -0.06 | 0.06 %
tsucsi) CSI oscillator startup time - - 1 2 1S
¢ CSiI oscillator stabilization time (to i ) ) 4 evele
stab(CSh) reach +3% of fcg)) 4
Ipp(csiy CSI oscillator power consumption - - 23 30 HA

1. Guaranteed by design.
2. Guaranteed by test in production.
3. Guaranteed by characterization.

Table 3.3-35: CS| oscillator characteristics®
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Low-speed internal (LSI) RC oscillator

Symbol Parameter Conditions Min Typ Max Unit
Vpp=3.3V, T;=25°C 31.40) 32 32.6(1)
T;=-4010 110 °C, Vpp = 1.62to
y bb 2976@ | - 33.6@
3.6V
fLs) LSI frequency = o = KHz
T;=-4010 125 °C, Vpp = 1.62 to - ] 336
3.6V
TJ =40 to 140 °C, VDD =1.62to
36V 29.4 33.6

@) | LSloscillator

bsu(Ls startup time i ) 80 130

LSl oscillator us

3) | stabilization
tstab(LSI)( ) time (5% of - - 120 170
final value)

LSl oscillator
Ippsy™® | power - - 130 280 nA
consumption

1. Guaranteed by test in production.
2. Guaranteed by characterization results.
3. Guaranteed by design.

Table 3.3-36: LSI oscillator characteristics
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3.3.11 PLL characteristics

The parameters given in Table 3.3-37 are derived from tests performed under temperature and Vpp supply voltage
conditions summarized in Table 3.3-1: General operating conditions.

Symbol Parameter Conditions Min Typ Max Unit
PLL inputclock - 2 - 16 MHz
foLL N X
PLL input clock dutycycle - 10 - 90 %
VOS0 15 - 480
VOS1 15 - 400
foLL p out |PLL multiplier output clock P
T VOS2 15 - 300 MHz
VOS3 15 - 200
fvco_ou-r PLL VCO output - 192 - 960
Normal mode - 50(3) 1500
t ock PLL lock time Si us
gma-delta mode i 3 3
(CKIN > 8 MHz) 58¢) 166¢
VCO =
192MHz | - 134 |
VCO =
200MHz | 134 -
Cycle-to-cycle jitter® - +ps
VCOo = ] 26 )
400 MHz
Jitter VCO =
800MHz | 39 -
VCO =
Normal mode 800 MHz - 0.7 -
Long term jitter Sigma-delta veo - %
mode (CKIN = 800 MHz_ - +0.8 -
16 MHz)
VCO freq = Vboa - 590 1500
836 MHz V, - 720 -
. CORE
IppeLey® | PLL power consumption on Vpp
VCO freq = Vopa - 180 600 uA
192 MHz Vore . 280 _

1. Guaranteed by design unless otherwise specified.

2. This value must be limited to the maximum frequency due to the product limitation (480 MHz for VOSO0, 400 MHz for VOS1, 300 MHz for
VOS2, 200 MHz for VOS3).

3. Guaranteed by characterization results.
4. Integer mode only.

Table 3.3-37: PLL characteristics (wide VCO frequency range)®
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Symbol Parameter Conditions Min Typ Max | Unit
PLL input clock - 1 - 2 MHz
foLL N -
PLL input clock duty cycle - 10 - 90 %
VOS1 1.17 - 210
foLL ouT PLL multiplier output clock P, Q, R VOS2 1.17 - 210
B MHz
VOS3 1.17 - 200
fyco_our | PLL VCOoutput - 150 - 420
. Normal mode - 60@ | 100@
t ock PLL lock time
Sigma-delta mode forbidden Hs
VCO =150
MHz - 145 -
VCO =300
MHz - a1 -
Cycle-to-cycle jitter® - +ps
VCO =400 i 64 i
MHz
; VCO =420
Jitter MHz - 63 -
f . VCISI ;2150 i 55 i
Period jitter PLL_OUT = 50 +-ps
MHz VCO = 400 ) 20 )
MHz
Long term jitter Normal mode VCO =400 - +0.3 - %
MHz
VCO freq= VDD - 440 1150
_ 420MHz VCORE - 530 | -
I(PLL)®@ PLL power consumption onVpp HA
VCO freq = VDD - 180 500
150MHz VCORE - 200 -

1. Guaranteed by design unless otherwise specified.
2. Guaranteed by characterization results.
3. Integer mode only.

Table 3.3-38: PLL characteristics (medium VCO frequency range)®
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3.3.12 Memory characteristics
Flash memory

The characteristics are given at T; = —40 to 125 °C unless otherwise specified.

The devices are shipped to customers with the Flash memory erased.

Symbol Parameter Conditions Min Typ Max Unit
Write / Erase 8-bitmode - 6.5 -
Write / Erase 16-bit mode - 115 -

Iob Supply current mA
Write / Erase 32-bitmode - 20 -
Write / Erase 64-bitmode - 35 -

Table 3.3-39: Flash memory characteristics

Symbol Parameter Conditions Min® | Typ | Max® | Unit
Program/erase parallelism x 8 - 290 | 5802
Program/erase parallelism x16 - 180 360
torog Word (266 bits) programming time - us

Program/erase parallelism x32 - 130 260
Program/erase parallelism x 64 - 100 200
Program/erase parallelism x 8 - 2 4

terase128kB | Sector (128 KB) erase time Program/erase parallelism x 16 - 1.8 3.6

Program/erase parallelism x 32 -

Program/erase parallelism x 8 - 13 26 S
) Program/erase parallelism x16 - 8 16
tme Mass erase time
Program/erase parallelism x 32 - 6 12
Program/erase parallelism x 64 - 5 10
Program parallelism x 8
) Program parallelism x 16 1.62 - 3.6
Vorog Programming voltage \%

Program parallelism x 32

Program parallelism x 64 1.8 - 3.6

1. Guaranteed by characterization results.
2. The maximum programming time is measured after 10K erase operations.

Table 3.3-40: Flash memory programming (single bank configuration nDBANK=1)

Value
Symbol Parameter Conditions Unit
Min®
NenD Endurance T;=-40to +125 °C (6 suffix versions) 10 kcycles
Data retention 1keycleat To=85°C 30
tReT Years
10 keyclesat Tp =55 °C 20

1. Guaranteed by characterization results.

Table 3.3-41: Flash memory endurance and data retention
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3.3.13 EMC characteristics

Susceptibility tests are performed on a sample basis during device characterization.

Functional EMS (electromagnetic susceptibility)

While a simple application is executed on the device (toggling 2 LEDs through 1/O ports). the device is stressed
by two electromagnetic events until a failure occurs. The failure is indicated by the LEDs:

e Electrostatic discharge (ESD) (positive and negative) is applied to all device pins until a functional
disturbance occurs. This test is compliant with the IEC 61000-4-2 standard.

e FTB: A burst of fast transient voltage (positive and negative) is applied to Vpp and Vss through a 100 pF
capacitor, until a functional disturbance occurs. This test is compliant with the IEC 61000-4-4 standard.

A device reset allows normal operations to be resumed.

The test results are given in Table 3.3-42. They are based on the EMS levels and classes defined in application
note AN1709.

Symbol Parameter Conditions Ig\g:lsl
Voltage limits to be applied on any 1/0 pin to induce a
V - - —_— - [}
FESD | functional disturbance Vpp =33V, Ta=+25°C, 3B

- — - UFBGA240, frec ¢ ok =400
Fast transient voltage burst limits to be applied through | pHz conforms to

VETB 100 pF on Vpp and Vsg pins to induce a functional IEC 61000-4-2 5A
disturbance

Table 3.3-42: EMS characteristics

As a consequence, it is recommended to add a serial resistor (1 kQ) located as close as possible to the MCU to the
pins exposed to noise (connected to tracks longer than 50 mm on PCB).

Designing hardened software to avoid noise problems

EMC characterization and optimization are performed at component level with a typical application environment
and simplified MCU software. It should be noted that good EMC performance is highly dependent on the user
application and the software in particular.

Therefore it is recommended that the user applies EMC software optimization and prequalification tests in relation
with the EMC level requested for his application.

Software recommendations

The software flowchart must include the management of runaway conditions such as:
e Corrupted program counter

e Unexpected reset

e Critical Data corruption (control registers...)

Prequalification trials
Most of the common failures (unexpected reset and program counter corruption) can be reproduced by manually
forcing a low state on the NRST pin or the Oscillator pins for 1 second.

To complete these trials, ESD stress can be applied directly on the device, over the range of specification values.
When unexpected behavior is detected, the software can be hardened to prevent unrecoverable errors occurring.
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Electromagnetic Interference (EMI)

The electromagnetic field emitted by the device are monitored while a simple application, executing EEMBC code,
is running. This emission test is compliant with SAE IEC61967-2 standard which specifies the test board and the
pin loading.

Max vs.
Symbol | Parameter Conditions frel\(;ll?enr:;[:(;/rggn q [frse/fepul | it
8/400 MHz

0.1 to 30 MHz 11
30 to 130 MHz 6

Semi | Peak level lg?]f"ozrrf"i;/t;éé :f%cnu FBGA240 package, 130 MHz to 1 GHz 12 aBuv
1 GHz to 2 GHz 7

EMI Level 25 -

Table 3.3-43: EMI characteristics

3.3.14 Absolute maximum ratings (electrical sensitivity)

Based on three different tests (ESD, LU) using specific measurement methods, the device is stressed in order to
determine its performance in terms of electrical sensitivity.

Electrostatic discharge (ESD)

Electrostatic discharges (a positive then a negative pulse) are applied to the pins of each sample according to each
pin combination. This test conforms to the ANSI/ESDA/JEDEC JS-001 and ANSI/ESDA/JEDEC JS-002
standards.

Symbol Ratings Conditions Packages Class Maximum Unit
value®
Electrostatic discharge voltage | Ta=+25 °C conforming to
\Y
ESD(HBM) | (human body model) ANSI/ESDA/JEDEC J5-001 Al 1 1000
\Y,
Electrostatic discharge voltage | Ta= +25 °C conforming to
V
ESD(CDM) | (charge device model) ANSI/ESDA/JEDEC JS-002 Al cl 250

1. Guaranteed by characterization results.

Table 3.3-44: ESD absolute maximum ratings
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Static Latchup

Two complementary static tests are required on six parts to assess the latchup performance:

e A supply overvoltage is applied to each power supply pin

e A current injection is applied to each input, output and configurable 1/0 pin

These tests are compliant with JESD78 IC latchup standard.

Symbol Parameter Conditions Class

LU Static latchup class Ta=+25 °C conforming to JESD78 Il level A

Table 3.3-45: Electrical sensitivities

3.3.15 1/O current injection characteristics

As a general rule, a current injection to the 1/O pins, due to external voltage below Vss or above Vpp (for standard,
3.3 V-capable 1/0O pins) should be avoided during the normal product operation. However, in order to give an
indication of the robustness of the microcontroller in cases when an abnormal injection accidentally happens,
susceptibility tests are performed on a sample basis during the device characterization.

Functional susceptibility to I/O current injection

While a simple application is executed on the device, the device is stressed by injecting current into the 1/0 pins
programmed in floating input mode. While current is injected into the 1/O pin, one at a time, the device is checked
for functional failures.

The failure is indicated by an out of range parameter: ADC error above a certain limit (higher than 5 LSB TUE),
out of conventional limits of induced leakage current on adjacent pins (out of -5 uA/+0 pA range), or other
functional failure (for example reset, oscillator frequency deviation).

The following tables are the compilation of the SIC1/SIC2 and functional ESD results.

Negative induced A negative induced leakage current is caused by negative injection and positive induced leakage
current by positive injection.

Functional susceptibility

Symbol Description Negative Positive Unit
injection injection

PA7,PC5,PG1, PB14,PJ7,PA11,PA12, PAL13, PAl4,PAL5, PJ12, 5 0
PB4

| PA2, PH2, PH3, PE8, PAG, PA7,PC4, PE7, PE10, PE11 0 NA

INJ mA
PAO, PA_C,PA1,PAl C,PC2,PC2_C,PC3,PC3_C, PA4, PA5, 0 0
PH4, PH5, BOOTO
All other 1/0s 5 NA

1. Guaranteed by characterization.

Table 3.3-46: 1/0 current injection susceptibility®
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3.3.16 1/O port characteristics
General input/output characteristics

Unless otherwise specified, the parameters given in Table 3.3-47: /O static characteristics are derived from tests
performed under the conditions summarized in Table 3.3-1: General operating conditions. All 1/0s are CMOS and
TTL compliant (except for BOOTO).

Symbol Parameter Condition Min Typ Max Unit
1/0 input low level voltage except i i o)
BOOTO 0.3 Voo
1/0 input low level voltage except 0.4Vpp—0.
Vi |gg OTpo geexcep 1.62 V<Vppiox<3.6 V - - 1('32')3 v
0.19Vpp+
BOOTO I/0 input low levelvoltage - - b
0.1@
1/0 input high level voltage except
BOO'FO ’ e 0.7Vpp® - -
1/0 input high level voltage except 0.47Vpp+0.
Vit | BooTo® 1.62 V<Vppjox<3.6 V 250) - - v
BOOTO I/O input high level 0.17Vpp+0.
voltage® 6@
TT_xx, FT_xxx and NRST I/O input
(2) | hysteresis i 250 i
VHYS y 1.62 V< VDDlOX <36V mV
BOOTO I/0 input hysteresis - 200 -
0< VN < Max(Vppxxx)® - - +/-250
2
FT_xx Input leakage current Max(Vppxxx) < Vin < 5.5V ] ] 1500
(5)(6)(9)
0<V|NE MaX(VDDxxx)(g) - - +/- 350
4
e @ |FTU10 Max(Vppxxx) < ViN £5.5V . . 50000 nA
(5)(6)(9)
TT_xx Input leakage current 0< Vin < Max(Vppxxx) & - - +-250
_ 0<V|N= Vbpiox - - 15
VPP (BOOTO alternate function)
Vbpiox <ViN 9V 35
Reu | Weak pull-up equivalent resistor® ViN=Vss 30 40 50
kQ
Rpp | Weak pull-down equivalent resistor(®) Vin=Vpp® 30 40 50
Cio 1/0 pin capacitance - - 5 - pF

Compliant with CMOS requirements.
Guaranteed by design.
Vobiox represents Vopio1, Vobioz 0F Vipios. Vopiox= Vob.

This parameter represents the pad leakage of the 1/0 itself. The total product pad leakage is provided by the following formula: Ivotar_iieak_max
=10 pA + [number of I/Os where V is applied on the pad] x ligmax)-

All FT_xx 10 except FT_lu, FT_u and PC3.
VN must be less than Max(VDDXXX) + 3.6 V.
To sustain a voltage higher than MIN(Vpp, Vbpa, Voossuss) +0.3 V, the internal pull-up and pull-down resistors must be disabled.

The pull-up and pull-down resistors are designed with a true resistance in series with a switchable PMOS/NMOS. This PMOS/NMOS
contribution to the series resistance is minimal (~10% order).

. Max(VDDXXX) is the maximum value of all the 1/O supplies.
Table 3.3-47: 1/O static characteristics
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All I/Os are CMOS and TTL compliant (no software configuration required). Their characteristics cover more than
the strict CMOS-technology or TTL parameters. The coverage of these requirements for FT 1/Os is shown in

Figure 3.3-11.

3
2.5
2 I mquirement i = 2V
;,‘,E-;\.E’»‘-“*‘ \Jy
cMOS ™® /
o 10 /-,
g /
9 — |
= . e v [
CMOS \aqu.nemeﬂ;:-‘-——-'—"“"'—"—__-
— | TLL reqlirement: V , = 0.8 V
[
— 1 —
0.5
0
16 1.8 2 2.2 24 26 2.8 3 3.2 3.4 3.6
MSv46121V3

Figure 3.3-11: V\/V4 for all 1/0s except BOOTO

Output driving current

The GPIOs (general purpose input/outputs) can sink or source up to +8 mA, and sink or source up to £20 mA (with
a relaxed Voo/Von).

In the user application, the number of 1/O pins which can drive current must be limited to respect the absolute
maximum rating specified in Section 3.2. In particular:

e The sum of the currents sourced by all the I/Os on Vpp, plus the maximum Run consumption of the MCU
sourced on Vpp, cannot exceed the absolute maximum rating Xlvpp (See Table 3.2-2).

e The sum of the currents sunk by all the I/Os on Vss plus the maximum Run consumption of the MCU sunk on
Vss cannot exceed the absolute maximum rating Xlvss (See Table 3.2-2).
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Output voltage levels

Unless otherwise specified, the parameters given in Table 3.3-48: Output voltage characteristics for all 1/0s except
PC13, PC14, PC15 and PI18® and Table 3.3-49: Output voltage characteristics for PC13, PC14, PC15 and PI18®
are derived from tests performed under ambient temperature and VDD supply voltage conditions summarized in
Table 3.3-1: General operating conditions. All I/0s are CMOS and TTL compliant.

Symbol Parameter Conditions® Min Max Unit

CMOS port?@
VoL Output low level voltage 1,0=8 MA . 0.4
2.7V<Vpp<3.6 V

CMOS port@
Vou Output high level voltage lo=-8 MA Vpp—0.4 -
2.7V<Vpp<3.6V
TTL port®
Vo ® | Output low level voltage lo=8 mA - 0.4

2.7V<Vpp<3.6 V

TTL port®

Vou® | Output high level voltage lio=-8 MA 2.4

2.7 V< Vpp <3.6 V -
\Y

1/0=20 mA

Vo ©® | Output low level voltage 7 VIS Vop<3.6 V - 1.3
l10=-20 mA

Vou® | Output high level voltage 27 \'/2 Vpp<3.6 V Vpp—1.3 -
lio=4 mA

Vo ® | Output low level voltage L&2 VIS Vop<3.6 V - 0.4
lio=-4 mA

Vor® | output high level voltage 10>+ m Vpp—0.4 -

1.62 V<Vpp<3.6 V

lio= 20 mA 04
y @) | Output low level voltage for an FTf 2.3 V< Vops3.6 V
OLEM+"" 1 /0 pin in FM+ mode o= 10 mA 04

1.62 V< Vpp<3.6 V

1. The 11O current sourced or sunk by the device must always respect the absolute maximum rating specified in Table 3.2-1: Voltage
characteristics®, and the sum of the currents sourced or sunk by all the 1/Os (I/O ports and control pins) must always respect the absolute
maximum ratings ZIIO.

2. TTL and CMOS outputs are compatible with JEDEC standards JESD36 and JESD52.
3. Guaranteed by design.

Table 3.3-48: Output voltage characteristics for all 1/Os except PC13, PC14, PC15 and PI8®
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Symbol Parameter Conditions® Min Max Unit
CMOS port?@
VoL Output low level voltage 1, o=3 mMA - 0.4

2.7 V< Vpp<3.6 V

CMOS port?@
Vou Output high level voltage lio=-3 mA Vpp—0.4 -
2.7V<Vpp<3.6 V

TTL port®
Vo ® [ Output low level voltage 10=3 mA - 0.4
27 V<Vpp<3.6V \4
TTL port®
Vou@ | Output high level voltage lo=-3 MA 2.4 -

2.7V< Vpp<3.6 V

lio=1.5 mA
Vo @ | Output low level voltage 162 \'?S Vop<3.6 V - 0.4

lio=-1.5mA

1.62 V< Vpp<3.6 V Vop~04 i

Vou@ | Output high level voltage

1. The 11O current sourced or sunk by the device must always respect the absolute maximum rating specified in Table 3.2-1: Voltage
characteristics®, and the sum of the currents sourced or sunk by all the 1/Os (I/O ports and control pins) must always respect the absolute
maximum ratings ZIIO.

2. TTL and CMOS outputs are compatible with JEDEC standards JESD36 and JESD52.
3. Guaranteed by design.

Table 3.3-49: Output voltage characteristics for PC13, PC14, PC15 and PI8®
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Output buffer timing characteristics (HSLV option disabled)

The HSLV bit of SYSCFG_CCCSR register can be used to optimize the 1/0 speed when the product voltage is

below 2.7 V.
Speed Symbol Parameter conditions Min Max Unit
C=50 pF, 2.7 V< Vpp<3.6V - 12
C=50 pF, 1.62 V<Vpp<2.7V - 3
C=30 pF, 2.7 V<Vpp<3.6V - 12
Frax® | Maximum frequency MHz
C=30 pF, 1.62 V<Vpp<2.7V - 3
C=10 pF, 2.7 V<Vpp<3.6V - 16
C=10 pF, 1.62 V<Vpp<2.7V - 4
00
C=50 pF, 2.7 V< Vpp<3.6V - 16.6
C=50 pF, 1.62 V<Vpp<2.7V - 333
Output high to low level C=30 pF, 2.7 V<Vpp<3.6V - 13.3
t/t® | fall time and output low to ns
high level rise time C=30 pF, 1.62 V<Vpp=2.7V - 25
C=10 pF, 2.7 V<Vpp<3.6V - 10
C=10 pF, 1.62 V<Vpp<2.7V - 20
C=50 pF, 2.7 V< Vpp<3.6V - 60
C=50 pF, 1.62 V<Vpp<2.7V - 15
C=30 pF, 2.7 V<Vpp<3.6V - 80
Frax® | Maximum frequency MHz
C=30 pF, 1.62 V<Vpp<2.7V - 15
C=10 pF, 2.7 V<Vpp<3.6V - 110
C=10 pF, 1.62 V<Vpp<2.7V - 20
01
C=50 pF, 2.7 V< Vpp<3.6V - 5.2
C=50 pF, 1.62 V<Vpp<2.7V - 10
Output high to low level C=30 pF, 2.7 V<Vpp<3.6V - 4.2
t/ @ | fall time and output low to ns
hlgh level rise time C=30 pF, 1.62 VSVDD527V - 7.5
C=10 pF, 2.7 V<Vpp<3.6V - 2.8
C=10 pF, 1.62 V<Vpp<2.7V - 5.2
C=50 pF, 2.7 V<Vpp<3.6V® - 85
C=50 pF, 1.62 V<Vpp<2.7V®) - 35
C=30 pF, 2.7 V<Vpp<3.6 V® - 110
Frax® | Maximum frequency MHz
C=30 pF, 1.62 V<Vpp<2.7V®) - 40
C=10 pF, 2.7 V<Vpp<3.6 V® - 166
10 C=10 pF, 1.62 V<Vpp<2.7V®) - 100
C=50 pF, 2.7 V<Vpp<3.6 V® - 3.8
C=50 pF, 1.62 V<Vpp<2.7V®) - 6.9
Output high to low level P —'Dbb=
t/t® | fall time and output low to C=30 pF, 2.7 V<Vpp<3.6 V® - 2.8 ns
high level rise time
g C=30 pF, 1.62 V<Vpp<2.7V®) - 5.2
C=10 pF, 2.7 V<Vpp<3.6 V® - 1.8
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C=10 pF, 1.62 V<Vpp<2.7V" - 3.3
C=50 pF, 2.7 V<Vpp<3.6 VY - 100
C=50 pF, 1.62 V<Vpp<2.7 v© _ 50
C=30 pF, 2.7 V<Vpp<3.6 VY - 133

Frax® | Maximum frequency MHz
C=30 pF, 1.62 V<Vpp<2.7 v© . 66
C=10 pF, 2.7 V<Vpp<3.6 V® - 220
C=10 pF, 1.62 V<Vpp=2.7 v©®) _ 85

11
C=50 pF, 2.7 V<Vpp=3.6 VO - 3.3
C=50 pF, 1.62 V<Vpp=2.7V®) - 6.6
Output high to low level C=30 pF, 2.7 VSVDD§3.6V(5) R 24
t/t® | fall time and output low to - ns

high level rise time C=30 pF, 1.62 V<Vpp=<2.7V®) - 45
C=10 pF, 2.7 V<Vpp=3.6 VO - 15
C=10 pF, 1.62 V<Vpp=<2.7V®) - 27

. Guaranteed by design.

2. The frequency of the GPIOs that can be supplied in VBAT mode (PC13, PC14, PC15 and PI8) is limited to 2 MHz

3. The maximum frequency is defined with the following conditions:

(t+t) <23 T

Skew <1/20 T

45%<Duty cycle<55%

4. The fall and rise times are defined between 90% and 10% and between 10% and 90% of the output waveform, respectively.
. Compensation system enabled.

Table 3.3-50: Output timing characteristics (HSLV OFF)M®@
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Output buffer timing characteristics (HSLV option enabled)

Speed | Symbol Parameter conditions Min Max Unit
C=50 pF, 1.62 V<Vpp<2.7V - 10
Frax® | Maximum frequency C=30pF, 1.62 V<Vpp<2.7V - 10 MHz
C=10 pF, 1.62 V<Vpp=2.7V - 10
00
C=50 pF, 1.62 V<Vpp2.7V - 11
Output high to low level P bb
t/t® | fall time and output low to C=30 pF, 1.62 V<Vpp<2.7V - 9 ns
high level rise time C=10 pF. 1.62 V=Vpp=2.7V - 66
C=50 pF, 1.62 V<Vpp<2.7V - 50
FmaX(Z) Maximum frequency C=30 pF, 1.62 V<Vpp=2.7V - 58 MHz
C=10 pF, 1.62 V<Vpp=2.7V - 66
01
C=50 pF, 1.62 V<Vpp<2.7V - 6.6
Output high to low level P bo
t/t® | fall time and output low to C=30 pF, 1.62 V<Vpp<2.7V - 4.8 ns
high level rise time C=10 pF, 1.62 V<Vpp<2.7V - 3
C=50 pF, 1.62 V<Vpp<2.7V®# - 55
Frax®@ | Maximum frequency C=30 pF, 1.62 V<Vpp<2.7V® - 80 MHz
o C=10 pF, 1.62 V<Vpp<2.7V® - 133
1
. C=30 pF, 1.62 V<Vpp<2.7V®# - 5.8
Output high to low level
t/t:® |fall time and output low to | C=30 pF, 1.62 V<Vpp<2.7V®* - 4 ns
high level rise time ”
C=30 pF, 1.62 V<Vpp<2.7V®# - 2.4
C=30 pF, 1.62 V<Vpp<2.7V® - 60
Frax® | Maximum frequency C=30 pF, 1.62 V<Vpp<2.7V# - 90 MHz
C=30 pF, 1.62 V<Vpp<2.7V®# - 175
11
. C=30 pF, 1.62 V<Vpp<2.7V® - 5.3
Output high to low level
t/ 3 | fall time and output low to C=30 pF, 1.62 V<Vpp<2.7V# - 36 ns
high level rise time 2
C=30 pF, 1.62 V<Vpp<2.7V®# - 1.9

1. Guaranteed by design.
2. The maximum frequency is defined with the following conditions:
(t+t)<2/3T
Skew < 1/20 T
45%<Duty cycle<55%
3. The fall and rise times are defined between 90% and 10% and between 10% and 90% of the output waveform, respectively.
4. Compensation system enabled.

Table 3.3-51: Output timing characteristics (HSLV ON)®
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3.3.17 NRST pin characteristics

The NRST pin input driver uses CMOS technology. It is connected to a permanent pull-up resistor, Rpy (see Table
3.3-47: 1/0O static characteristics).

Unless otherwise specified, the parameters given in Table 3.3-52 are derived from tests performed under the
ambient temperature and Vpp supply voltage conditions summarized in Table 3.3-1: General operating conditions.

Symbol Parameter Conditions Min Typ Max | Unit
Weak pull-up equivalent _
R, (@ ViN=V
PU resistor(®) IN™ 7SS 30 40 50 .
Venrsn® | NRST Input filtered pulse 171V <Vpp<36V - - 50
® 1.71V<Vpp<36V | 300 - - ns
\Y/ NRST Input not filtered pulse
NF(NRST) 162V <Vpp<36V | 1000 | - -

1. The pull-up is designed with a true resistance in series with a switchable PMOS. This PMOS contribution to the series resistance
must be minimum (~10% order).

2. Guaranteed by design.

Table 3.3-52: NRST pin characteristics

External
reset circuit (1)

-

Internal Reset

,’ £—< Filter b——»
. |J —
~T - STM32

-~ -

ai14132d

1. The reset network protects the device against parasitic resets.

2. The user must ensure that the level on the NRST pin can go below the Vi rst) max level specified in Table 3.3-47. Otherwise the reset is
not taken into account by the device.

Figure 3.3-12: Recommended NRST pin protection
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3.3.18 FMC characteristics

Unless otherwise specified, the parameters given in Table 3.3-53 to Table 3.3-66 for the FMC interface are derived
from tests performed under the ambient temperature, fucik frequency and Vpp supply voltage conditions
summarized in Table 3.3-1: General operating conditions, with the following configuration:

e Output speed is set to OSPEEDRy[1:0] = 11

e Measurement points are done at CMOS levels: 0.5Vpp
e |0 Compensation cell activated.

e HSLV activated when Vpp <2.7V

e VOS level set to VOSL.

Refer to Section 3.3.16: 1/O port characteristics for more details on the input/output alternate function
characteristics.

Asynchronous waveforms and timings

Figure 3.3-13 through Figure 3.3-15 represent asynchronous waveforms and Table 3.3-53 through Table 3.3-60
provide the corresponding timings. The results shown in these tables are obtained with the following FMC
configuration:

e AddressSetupTime = 0x1

e AddressHoldTime = 0x1

e DataSetupTime = 0x1 (except for asynchronous NWAIT mode , DataSetupTime = 0x5)
e BusTurnAroundDuration = 0x0

e Capacitive load C. = 30 pF

In all timing tables, the Tkerck iS the fimc_ker_ck Clock period.
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A 4

N tw(NE)
FMC NE { ‘f

ty(NOE_NE)fetm}et tw(NOE) pap-th(NE_NOE)
FMC_NOE ‘l }f_
FMC_NWE ,7 \
> tya NE) thia_NoEr T
FMC_A[25:0] Address
M W(BLNE) theL_NoE) T
FMC NBL[1:0] }
p{a—thData_NE)
le———Lsy(Data NOE)—»-at th(Data_NOE)

l——tsy(Data_NE) ———

FMC_D[15:0] Data x

w1t Ly(NADV_NE)

la— tw(NADVY)

FMC_NADV (1) \

FMC_NWAIT

—th(NE_NWAIT) —

tsU(NWAIT_NE)

MS32753V1

1. Mode 2/B, C and D only. In Mode 1, FMC_NADYV is not used.
Figure 3.3-13: Asynchronous non-multiplexed SRAM/PSRAM/NOR read waveforms
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Symbol Parameter Min Max Unit
tw(NE) FMC_NE low time 3Tfmc_ker_ck_1 3Tfmc_ker_ck+l
ty(NOE_NE) FMC_NEx low to FMC_NOE low 0 0.5
tW(NOE) FMC_NOE low time 2Tfmc_ker_ck -1 2-I—fmc_ker_ck"'l
¢ FMC_NOE high to FMC_NEhigh 0 )
n(NE_NOE) hold time
tu(a_NE) FMC_NEx low to FMC_Avalid - 0.5
t Address hold time after FMC_NOE
h(A_NOE) - 0 -
high
tsupata_Ng) | Datato FMC_NEX highsetup time 11 - ns
tsu(pata_NoE) | Data to FMC_NOEX high setup time 11 -
th(pata_NoE) | Data hold time after FMC_NOE high 0 -
thata NE) | Data hold time after FMC_NEXx high 0 -
tv(NADV_NE) FMC_NEx low to FMC_NADV low - 0
tw(NADV) FMC_NADV IOW tlme - Tfmc_ker_ck+l
1. Guaranteed by characterization results.
Table 3.3-53: Asynchronous non-multiplexed SRAM/PSRAM/NOR read timings®
Symbol Parameter Min Max Unit
ty(NE) FMC_NE low time 7Tfmc_ker_ck+1 7Tfmc_ker_ck"']-
tW(NOE) FMC_NOE low time 5Tfmc_ker_ck_1 5Tfmc_ker_ck +1
Ly (NWAIT) FMC_NWAIT lowtime Tfmc_ker_ck7 0.5 -
. FMC_NWAIT valid before FMC_NEx | 47 1 ns
Su(NWAIT_NE) high fmc_ker_ck -
FMC_NEX hold time after FMC_NWAIT
th(NE_NWAIT) - invalid - 3Tfme_ker_ckt11.5 -

1. Guaranteed by characterization results.
2. Nwarr pulse width is equal to 1 AHB cycle.

Table 3.3-54: Asynchronous non-multiplexed SRAM/PSRAM/NOR read-NWAIT timings®®

169



R AX58400
JASIX EtherCAT Slave Controller w/ Dual-Core MCU

K

< tw(NE) »|
FMC_NEx ---- }

FMC_NOE

«— ty(NWE_NE tw(NWEy—> th(NE_NWE)
FMC_NWE 1 )f
> ty(A_NE) th(A_NWE)T
FMC_A[25:0] I Address l

> tv(BL_NE) th(BL_NWEY)
FMC_NBL[1:0] NBL

«—tv(Data NE—] th(Data NWE)

f 3
Y

J
Y

><

FMC_D[15:0] Data
ty(NADV_NE)

tw(NADV)
FMC_NADV (1)

FMC_NWAIT

——th (NE_NWAIT) —»

tsU(NWAIT_NE) —— ]

MS32754V1

1. Mode 2/B, C and D only. In Mode 1, FMC_NADYV is not used.
Figure 3.3-14: Asynchronous non-multiplexed SRAM/PSRAM/NOR write waveforms
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Symbol Parameter Min Max Unit
tw(NE) FMC_NE low time 3Tfmc_ker_ck -1 3Tfmc_ker_ck
tv(NWE_NE) FMC_NEx low to FMC_NWE low Tfmc_ker_ck Tfmc_ker_ck"':L
Ly(NWE) FMC_NWE low time Tfmc_ker_ck -0.5 Tfmc_ker_ck+0'5
t FMC_NWE high to FMC_NE high hold T
h(NE_NWE) time fmc_ker_ck -
tv(A_NE) FMC_NEXx low to FMC_Avalid - 2
thia_Nnwe) | Address hold time after FMC_NWE high|  Tfm¢_ker ok —0-5 -
ns
tyBL_NE) FMC_NEXx low to FMC_BL valid - 0.5
t FMC_BL hold time afterFMC_NWE T 05
h(BL_NWE) high fmc_ker_ck —+- -
tv(Data_NE) Data to FMC_NEX IOW to Datavalld = Tfmc_ker_ck+ 25
thpata_Nwe) | Data hold time after FMC_NWE high Ttme_ker_ck*0-5 -
tv(NADV_NE) FMC_NEx low to FMC_NADV low - 0
tw(NADV) FMC_NADV low time - Ttme_ker_ckt 1
1. Guaranteed by characterization results.
Table 3.3-55: Asynchronous non-multiplexed SRAM/PSRAM/NOR write timings®
Symbol Parameter Min Max Unit
tW(NE) FMC_NE low time 8Tfmc_ker_ck -1 8Tfmc_ker_ck"']-
tw(NnwE) FMC_NWE low time 6Tfmc_ker_ck -15 6-I-fmc_ker_ck"'o-s
FMC_NWAIT valid beforeFMC_NEXx ns

Lsu(NWAIT_NE)

high

5Tfmc_ker_ck"'l3

th(NE_NWAIT)

FMC_NEXx hold time after FMC_NWAIT
invalid

4Tfmc_ker_ck+13

1. Guaranteed by characterization results.
2. Nwair pulse width is equal to 1 AHB cycle.

Table 3.3-56: Asynchronous non-multiplexed SRAM/PSRAM/NOR write-NWAIT timings®@
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FMC_ A[25:16] I Address *
> He y(BL_NE) th(BL_NOE)
FMC_ NBL[1:0] NBL *

p1—4 th(Data_NE)

le——— lsu(DataNE—>
»Hetv(A NE) le—— fsu(Data NOE—»e{» th(Data_NOE)
FMC_ AD[15:0] Address [\~ Data x
tv(NADV_NE) —>1{* < th(AD_NADV)
> «tw(NADV)
FMC_NADV \I y
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e tsu(NWAIT_NE)——

MS32755V1

Figure 3.3-15: Asynchronous multiplexed PSRAM/NOR read waveforms
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Symbol Parameter Min Max Unit
tW(NE) FMC_NE low time 4Tfmc_ker_ck -1 4Tfmc_ker_ck +1
t FMC NEx | 2T 2Tfmc_ker_ck
V(NOE_NE) | X low to FMC_NOE IOW fmc_ker_ck +05
ttW(NOE) FMC_NOE low time Tfmc_ker_ck -1 Tfmc_ker_ck +1
t FMC_NOE high to FMC_NE high hold 0 )
h(NE_NOE) time
tyA NE) FMC_NEXx low to FMC_Avalid - 0.5
tynADV NE) | FMC_NEX low to FMC_NADV low 0 05
B ns
ty(NADV) FMC_NADYV low time Tfmc_ker_ck -0.5 Tfmc_ker_ck +1
t FMC_AD(address) valid hold time after T +0.5
h(AD_NADV) EMC NADV hlgh) fmc_ker_ck ' -
th(a_NOE) Address hold time after FMC_NOE high Time_ker_ck —0.5 -
tsu(Data_NE) Data to FMC_NEX high setuptime 11 -
tsu(Data_NOE) Data to FMC_NOE high setup time 11 -
th(Data_NE) Data hold time after FMC_NEXx high 0 -
th(Data_NOE) Data hold time after FMC_NOE high 0 -
1. Guaranteed by characterization results.
Table 3.3-57: Asynchronous multiplexed PSRAM/NOR read timings®
Symbol Parameter Min Max Unit
tW(NE) FMC_NE low time 8Tfmc_ker_ck -1 8Tfmc_ker_ck
tW(NOE) FMC_NWE low time 5Tfmc_ker_ck -15 5Tfmc_ker_ck +0.5
FMC_NWAIT valid before
. + - ns
tsu(NWAIT_NE) FMC_NEX high 4Tfmc_ker_ck 11
FMC_NEX hold time after
fh(vE_NWAIT) FMC_NWAIT invalid 3Ttme_ker_ok 115 -

1. Guaranteed by characterization results.
2. Nwair pulse width is equal to 1 AHB cycle.

Table 3.3-58: Asynchronous multiplexed PSRAM/NOR read-NWAIT timings®®
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Symbol Parameter Min Max Unit
tw(NE) FMC_NE low time 4Tfmc_ker_ck -1 4Tfmc_ker_ck
tv(NWE_NE) FMC_NEx low to FMC_NWE low Tfmc_ker_ck -1 Tfmc_ker_ck +0.5
tw(NWE) FMC_NWE low time 2Tfmc_ker_ck -0.5 2Tfmc_ker_ck +0.5
FMC_NWE highto FMC_NE high hold
th(NE_NWE) - g ime g Ttme_ker ck —0-5 -
tv(A_NE) FMC_NEXx low to FMC_Avalid - 0
ty(NADV_NE) FMC_NEXx low to FMC_NADV low 0 0.5
tW(NADV) FMC_NADYV low time Tfmc_ker_ck Tfmc_ker_ck +1
. . ns
t FMC_AD(adress) valid hold time after T +05 )
h(AD_NADV) FMC_NADV hlgh) fmc_ker_ck '
thia_Nwe) | Address hold time after FMC_NWE high | Tmc_ker ck +0-5 -
th(BL_NWE) FMC_BL hold time after FMC_NWE hlgh Tfmc_ker_ck* 0.5 -
ty(BL_NE) FMC_NEXx low to FMC_BL valid - 0.5
ty(Data_NADV) FMC_NADV high to Datavalid - Timc_ker_ck +2
th(Data_NWE) Data hold time after FMC_NWE high Tfmc_ker_ck +0.5 -
1. Guaranteed by characterization results.
Table 3.3-59: Asynchronous multiplexed PSRAM/NOR write timings®
Symbol Parameter Min Max Unit
t'W(NE) FMC_NE low time ngmc_ker_ck -1 9Tfmc_ker_ck
tw(NWE) FMC_NWE low time 7Tfmc_ker_ck -0.5 7Tfmc_ker_ck +0.5
FMC_NWAIT valid before FMC_NEXx
LsuNwAIT_NE) - high - STme_ker_ck T11 - ns
FMC_NEXx hold time after FMC_NWAIT
th(NE_NWAIT) - invalid - AT e ker ck +11.5 ]

1. Guaranteed by characterization results.

2. Nwair pulse width is equal to 1 AHB cycle.
Table 3.3-60: Asynchronous multiplexed PSRAM/NOR write-NWAIT timings®®

Synchronous waveforms and timings

Figure 3.3-16 through Figure 3.3-19 represent synchronous waveforms and Table 3.3-61 through Table 3.3-64
provide the corresponding timings. The results shown in these tables are obtained with the following FMC

configuration:

e BurstAccessMode = FMC_BurstAccessMode_Enable
e MemoryType = FMC_MemoryType_CRAM

e WriteBurst = FMC_WriteBurst_Enable

e CLKDivision=1

e Datalatency = 1 for NOR Flash; DatalLatency = 0 for PSRAM
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In all the timing tables, the Tsmc_ker ck IS the fmc_ker ok Clock period, with the following FMC_CLK maximum values:
e For 2.7 V<Vpp<3.6 V, FMC_CLK = 125 MHz at 20 pF

e For1.8V<Vpp<l1l.9V,FMC_CLK =100 MHz at 20 pF

e For1.62V<Vpp<l.8V,FMC_CLK =100 MHz at 15 pF
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a== I I
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Figure 3.3-16: Synchronous multiplexed NOR/PSRAM read timings
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Symbol Parameter Min Max | Unit
tw(cLK) FMC_CLK period 2Ttme ker ck —1 -
t4(CLKL-NExL) FMC_CLK low to FMC_NEXx low (x=0..2) - 1
tacLiH NexH) | FMC_CLK high to FMC_NEX high (x=0...2) |  Ttm_ker ck*0-5 -
td(cLKL-NADVL) FMC_CLK low to FMC_NADV low - 1
t4(CLKL-NADVH) FMC_CLK low to FMC_NADV high 0 -
taCLKL-AV) FMC_CLK low to FMC_Ax valid (x=16...25) - 25
t4(CLKH-AIV) FMC_CLK high to FMC_Axinvalid (x=16...25) Tfmc_ker_ck -
ty(CLKL-NOEL) FMC_CLK low to FMC_NOE low - 15 o
t4(CLKH-NOEH) FMC_CLK high to FMC_NOE high Ttme_ker_ck —0-5 -
ta(CLKL-ADV) FMC_CLK low to FMC_AD[15:0] valid - 3

tycLKL-ADIV)

FMC_CLK low to FMC_AD[15:0] invalid

0

tsu(ADV-CLKH)

FMC_A/D[15:0] valid data before FMC_CLK
high

2

th(CLKH-ADV)

FMC_A/D[15:0] valid data after FMC_CLK high

LSu(NWAIT-CLKH)

FMC_NWAIT valid before FMC_CLKhigh

th(CLKH-NWAIT)

FMC_NWAIT valid after FMC_CLKhigh

1. Guaranteed by characterization results.

Table 3.3-61: Synchronous multiplexed NOR/PSRAM read timings®
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Figure 3.3-17: Synchronous multiplexed PSRAM write timings
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Symbol Parameter Min Max | Unit

tw(cLk) FMC_CLK period, Vpp=2.7103.6 V 2Tfm°—|19r_°k -1 -
t4(CLKL-NEXL) FMC_CLK low to FMC_NEX low (x=0..2) - 1
tacLkH-NExH) | FMC_CLK high to FMC_NExhigh (x = 0...2) Ttme_ker_ck 0.5 -

t4(CLKL-NADVL) FMC_CLK low to FMC_NADYV low - 1.5
t4(CLKL-NADVH) FMC_CLK low to FMC_NADV high 0 -
td(CLKL-AV) FMC_CLK low to FMC_Axvalid (x =16...25) - 2

FMC_CLK high to FMC_Axinvalid (x
t4(CLKH-AIV) i Ttme_ker_ck -
16...25)
Ns

td(CLKL-NWEL) FMC_CLK low to FMC_NWE low - 15
Y(CLKH-NWEH) FMC_CLK high to FMC_NWE high Ttme_ker_ck 10-5 -

td(CLKL—ADV) FMC_CLK low to to FMC_AD[].SO] valid - 25
ta(cLKL-ADIV) FMC_CLK low to FMC_AD[15:0] invalid 0 -

tycLkL-DaTA)  [FMC_A/D[15:0] valid data after FMC_CLK low| - 25
t4(cLKL-NBLL) FMC_CLK low to FMC_NBL low - 2
L4(CLKH-NBLH) FMC_CLK high to FMC_NBL high Time_ker ck T0-5 -
LSu(NWAIT-CLKH) FMC_NWAIT valid before FMC_CLKhigh 2 -
th(CLKH-NWAIT) FMC_NWAIT valid after FMC_CLKhigh 2 -

1. Guaranteed by characterization results.

Table 3.3-62: Synchronous multiplexed PSRAM write timings®
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Figure 3.3-18: Synchronous non-multiplexed NOR/PSRAM read timings
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Symbol Parameter Min Max | Unit
tw(cLK) FMC_CLK period 2Tme_ker ck —1 -
tCcLKL-NEXL) FMC_CLK low to FMC_NEXx low (x=0..2) - 1

T4(CLKH-NEXH) FMC_CLK high to FMC_NEx high (x=0...2) 2Tfmc_ker_ck+0'5 -

t4(CLKL-NADVL) FMC_CLK low to FMC_NADV low - 05
t4(CLKL-NADVH) FMC_CLK low to FMC_NADV high 0 -
tycLKL-AV) FMC_CLK low to FMC_Ax valid (x=16...25) - 2
t FMC_CLK high to FMC_Axinvalid oT i ns
d(CLKH-AIV) (X=16. 25) fmc_ker_ck
L4(CLKL-NOEL) FMC_CLK low to FMC_NOE low - 15
t4(CLKH-NOEH) FMC_CLK high to FMC_NOE high 2Tfme_ker_ck0-9 -
tsu(bv-cLKH) FMC_D[15:0] valid data before FMC_CLK high 2 -
th(cLKH-DV) FMC_D[15:0] valid data after FMC_CLK high 1 -
L NWAIT-CLKH) FMC_NWAIT valid before FMC_CLKhigh 2 -
th(cLKH-NWAIT) FMC_NWAIT valid after FMC_CLKhigh 2 -

1. Guaranteed by characterization results.

Table 3.3-63: Synchronous non-multiplexed NOR/PSRAM read timings®
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Figure 3.3-19: Synchronous non-multiplexed PSRAM write timings
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Symbol Parameter Min Max | Unit
t(CLK) FMC_CLK period 2Tfmc_ker_ck -1 -
t4(CLKL-NEXL) FMC_CLK low to FMC_NEXx low (x=0..2) - 2

t4(CLKL-NADVL) FMC_CLK low to FMC_NADV low - 05
t4(CLKL-NADVH) FMC_CLK low to FMC_NADV high 0 -
tycLKL-AV) FMC_CLK low to FMC_Ax valid (x=16...25) - 2.
t FMC_CLK high to FMC_Ax nvalid T i
d(CLKH-AIV) (x=16...25) fmc_ker_ck ns
L4(CLKL-NWEL) FMC_CLK low to FMC_NWE low - 15
L4(CLKH-NWEH) FMC_CLK high to FMC_NWE high Time_ker_ckt1 -
t4(cLKL-Data) FMC_DJ[15:0] valid data after FMC_CLK low - 3.5
td(CLKL-NBLL) FMC_CLK low to FMC_NBL low - 2
t4(CLKH-NBLH) FMC_CLK high to FMC_NBL high Ttmc_ker_ck*1 -
taunwaiT-cLkH) | FMC_NWAIT valid before FMC_CLK high 2 -
th(CLKH-NWAIT) FMC_NWAIT valid after FMC_CLKhigh 2 -

1. Guaranteed by characterization results.

Table 3.3-64: Synchronous non-multiplexed PSRAM write timings®

NAND controller waveforms and timings

Figure 3.3-20 through Figure 3.3-23 represent synchronous waveforms, and Table 3.3-65 and Table 3.3-66 provide
the corresponding timings. The results shown in this table are obtained with the following FMC configuration:

e COM.FMC_SetupTime = 0x01
e COM.FMC_WaitSetupTime = 0x03

e COM.FMC_HoldSetupTime = 0x02

e COM.FMC_HiZSetupTime = 0x01

e ATT.FMC_SetupTime = 0x01

e ATT.FMC_WaitSetupTime = 0x03

e ATT.FMC_HoldSetupTime = 0x02

e ATT.FMC_HiZSetupTime = 0x01

e Bank = FMC_Bank_NAND

e MemoryDataWidth = FMC_MemoryDataWidth_16b
e ECC=FMC_ECC_Enable

e ECCPageSize = FMC_ECCPageSize 512Bytes

e TCLRSetupTime =0

e TARSetupTime=0
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e Capacitive load CL =30 pF

In all timing tables, the Teme ker ck 1S the fmc_ker ck clock period.

FMC_NCEx \ /_
OLE (FMC_A16) X X

FMC_NWE _/

ld(ALE-NOE) th(NOE-ALE)
FMC_NOE (NRE) 7 //

tsu(D-NOE ) T4 > th(NOE-D)

)7

A
A

FMC_D[15:0]

——
=
1

MS32767V1

Figure 3.3-20: NAND controller waveforms for read access

FMC_NCEx \ /

ALE (FMC_A17)
CLE (FMC_A16)
=i (ALE-NWE) 8 th(NWE-ALE)

FMC_NWE 7 \\ //

FMC_NOE (NRE) _/

ty(NWE-Dj« > 4+— Ih(NWE-By—]

FMC_D[15:0] { )

MS32768V1

Figure 3.3-21: NAND controller waveforms for write access

183



S AX58400
JASIX EtherCAT Slave Controller w/ Dual-Core MCU

FMC_NCEx \ /
ALE (FMC_A17)
CLE (FMC_A16)
- td(ALE-NOE) - » th(NOE-ALE)

FMC_NWE _/
«— by(NOET—P

FMC_NOE
/ \ /

tsu(D-NOE) th(NOE-D)

FMC_D[15:0] { ( ) )—

MS32769V1

4
A

Figure 3.3-22: NAND controller waveforms for common memory read access
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.

) 4
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Figure 3.3-23: NAND controller waveforms for common memory write access
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Symbol Parameter Min Max Unit
t'W(NOE) FMC_NOE low width 4Tfmc_ker_ck* 0.5 ‘1’-|—fmc_ker_ck'+'o'5
t FMC_D[15-0] valid data before 8 )
su(D-NOE) FMC_NOE high
t FMC_DJ[15-0] valid data after FMC_NOE ns
h(NOE-D) high 0 -
tyaLe-noE) | FMC_ALE valid before FMC_NOE low - 3Ttme_ker ck T1
thinoe-aLe) | FMC_NWE high to FMC_ALE invalid 4Tfmc_ker_ck -2 -
1. Guaranteed by characterization results.
Table 3.3-65: Switching characteristics for NAND Flash read cycles®
Symbol Parameter Min Max Unit
Ly(NWE) FMC_NWE low width 4Tfmc_ker_ck* 05 4Tfmc_ker_ck +0.5
tynwe-p) | FMC_NWE low to FMC_D[15-0] valid 0 -
FMC_NWE high to FMC_D[15-0
th(NWE-D) - igvalid -DI15-0] 2Tfme_ker ck— 05 -
¢ FMC_D[15-0] valid before FMC_NWE | 1 ns
d(D-NWE) high fmc_ker_ck — -
tyaLe-nwe) [FMC_ALE valid before FMC_NWE low - 3Ttme_ker_ck +0-5

1. Guaranteed by characterization results.

Table 3.3-66: Switching characteristics for NAND Flash write cycles®

SDRAM waveforms and timings

In all timing tables, the TKERCK is the fmc_ker_ck clock period, with the following FMC_SDCLK maximum
values:

e For2.7 V<Vpp<3.6 V: FMC_CLK =110 MHz at 20 pF
e For1.8 V<Vpp<1l.9 V: FMC_CLK =100 MHz at 20 pF
e For1.62 V<Vpp<l1l.8V, FMC_CLK =100 MHz at 15 pF
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FMC_SDCLK m

d(SDCLKL_AddC
td(SDCLKL AddR) (SDCLKL Adng

FMC_A[12:0]

FMC_SDNE[1:0]
td(SDCLKL NRAS)

Row n

| Col2 X o X Coln X .

Hﬁl

th(SDCLKL AddC)

»—& th(SDCLKL_SNDE)

e

U

»—¢ th(SDCLKL_NRAS)

\I fi

4 td(SDCLKL_SNDE)

FMC SDNRAS i i
+.—4 td(SDCLKL_NCAS) ! > th(SDCLKL_NCAS)

FMC_SDNCAS \, i | /

FMC_SDNWE : l |

tsu(SDCLKH_Data) 4 <4 th(SiDCLKH Ijata) i
FMC_D[31:0] ( Data’ X Datafaz X Datai X Datan X
MS32751Vv2
Figure 3.3-24: SDRAM read access waveforms (CL = 1)
Symbol Parameter Min Max Unit
i 2Tfmc ker_ck
tw(spcLk) FMC_SDCLK period 2Ttme_ker ck— 1 e er

tSu(SDCLKH _Data) Data input setup time 2 -

th(sDCLKH_Data) Data input hold time 1 -

t4(SDCLKL_Add) Address valid time . 15

t4(SDCLKL- SDNE) Chip select valid time - 15 ns

th(sDcLKL_SDNE) Chip select hold time 0.5 -
t4(SDCLKL_SDNRAS) SDNRAS valid time - 1
th(SDCLKL_SDNRAS) SDNRAS hold time 0.5 -
t4(SDCLKL_SDNCAS) SDNCAS valid time - 05
th(SDCLKL_SDNCAS) SDNCAS hold time 0 B}

1. Guaranteed by characterization results.

Table 3.3-67: SDRAM read timings®

186



\ ASIX

AX58400

EtherCAT Slave Controller w/ Dual-Core MCU

Symbol Parameter Min Max Unit
tw(spcLk) FMC_SDCLK period 2Tfme ker ck— 1 | 2Tfme_ker ckt0-5
Lsu(SDCLKH_Data) Data input setup time 2 -
th(SDCLKH_Data) Data input hold time 15 .
t4(SDCLKL_Add) Address valid time - 25
t4(SDCLKL_SDNE) Chip select valid time - 25
th(SDCLKL_SDNE) Chip select hold time 0 - ns
td(SDCLKL_SDNRAS SDNRAS valid time - 05
th(SDCLKL_SDNRAS) SDNRAS hold time 0 -
t4(SDCLKL_SDNCAS) SDNCAS valid time - 15
th(SDCLKL_SDNCAS) SDNCAS hold time 0 -

1. Guaranteed by characterization results.

Table 3.3-68: LPSDR SDRAM read timings®

FMC_SDCLK me\

td(SDCLKL_AddR) 4»  »—e {ﬂgggtﬁtﬁgg%

i X icmz} :poli X

> th(s:bCLRL_AddC}

FMC_A[12:0] Row n

-»—¢| th(SDCLKL_SNDE)

' »—¢ th(SDCLK|_NRAS)

N/

FMC_SDNE[1:0]
td(SDCLKL_NRAS)

»— td(SOCLKL_SNDE) |

| |
FMC_SDNRAS
| »—¢ td(SDCLKL_NGAS) >/ th(SDCLKL_NCAS)
-\ e
FMC_SDNCAS ; ; I VA
| > td(SDCLKL_NWE) | th(SDCLKL_NWE)
——_\ L e
FMC_SDNWE | | I /!
td(SDCLKL Data) —<¢ | | | . .
FMC_D[31:0] — { Dataj X Dataz X Datai X Datan) i
td(SDCLKL_NBL) »—« »—< th(SDCLKL_Data)

FMC_NBL[3:0]

><

MS32752V2

Figure 3.3-25: SDRAM write access waveforms
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Symbol Parameter Min Max Unit
tw(sbcLk) FMC_SDCLK period 2Ttme ker ck— 1 | 2Tfme ker ckt0-5
tyspCLKL _Data) Data output valid time - 1
th(SDCLKL _Data) Data output hold time 0 -
td(sDCLKL_Add) Address valid time - 15
t4(SDCLKL_SDNWE) SDNWE valid time - 15
th(SDCLKL_SDNWE) SDNWE hold time 0.5 -
t4(SDCLKL_ SDNE) Chip select valid time - 15 ns
th(SDCLKL-_SDNE) Chip select hold time 0.5 .
t4(SDCLKL_SDNRAS) SDNRAS valid time - 1
th(SDCLKL_SDNRAS) SDNRAS hold time 05 -
t4(SDCLKL_SDNCAS) SDNCAS valid time - 1
td(sbcLKL_SDNCAS) SDNCAS hold time 05 -
1. Guaranteed by characterization results.
Table 3.3-69: SDRAM Write timings®
Symbol Parameter Min Max Unit
tw(sbcLk) FMC_SDCLK period 2Ttme_ker_ck— 1 | 2Tfme_ker_ck*0.5
tisDCLKL _Data) Data output valid time - 25
th(SDCLKL _Data) Data output hold time 0 -
t4(SDCLKL_Add) Address valid time - 25
t4(SDCLKL-SDNWE) SDNWE valid time - 25
th(SDCLKL-SDNWE) SDNWE hold time 0 -
t4(sbcLKL- SDNE) Chip select valid time - 3 ns
th(SDCLKL- SDNE) Chip select hold time 0 -
t4(SDCLKL-SDNRAS) SDNRAS valid time - 15
th(SDCLKL-SDNRAS) SDNRAS hold time 0 -
t4(SDCLKL-SDNCAS) SDNCAS valid time - 1.5
td(SDCLKL-SDNCAS) SDNCAS hold time 0 -

1. Guaranteed by characterization results.

Table 3.3-70: LPSDR SDRAM Write timings®
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3.3.19 Quad-SPI interface characteristics

Unless otherwise specified, the parameters given in Table 3.3-71 and Table 3.3-72 for QUADSPI are derived from
tests performed under the ambient temperature, fang frequency and Vpp supply voltage conditions summarized in
Table 3.3-1: General operating conditions, with the following configuration:

Output speed is set to OSPEEDRy[1:0] = 11

Measurement points are done at CMOS levels: 0.5Vpp

10 Compensation cell activated.

HSLV activated when Vpp <2.7 V
VOS level set to VOS1

Refer to Section 3.3.16: 1/O port characteristics for more details on the input/output alternate function
characteristics.

The following table summarizes the parameters measured in SDR mode.

Symbol Parameter Conditions Min Typ Max Unit
2.7<Vpp<3.6 V i ) 133
QUADSPIclock | CL=20PF
For1 /T MHz
cki=TCK frequenc
quency 1.62<Vpp<3.6 V ) ] 00
CL=15pF
t Tck/2-0.5 - Tck/2
WICKH) | QUADSPI clock high and | PRESCALER[7:0] = cK cK
tw(ckL) low time Even division |n=0,1,3,5... Texl2 ) Ter/240.5
t(CKH) (n/2)*Tck/(n+1)-0.5 - (n/2)*Tck/ (n+1)
QUADSPI clock high and | PRESCALER[7:0] = 2D Tl
t low time Odd division |n=2,4,68... N/241)* T ew /(N+1 . niz+1)*Tek
w(CKL) ( )*Tek/(n+1) (M+1)+05 s
t5any Data input setup time 1 } .
thany Data input hold time 35 - B
tyouT) Data output valid time - - 1 2
thouT) Data output hold time - 0 } .

1. Guaranteed by characterization results.

Table 3.3-71: QUADSPI characteristics in SDR mode®
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The following table summarizes the parameters measured in DDR mode.

Symbol Parameter Conditions Min Typ Max Unit
2.7<Vpp<3.6 V
CL = 20pF ; - 100
Fex1l/Tex QUADSPI clock frequency MHz
1.62<Vpp<3.6 V 100
CL = 15pF
twickH) QUADSPI clock highand | PRESCALER[7:0]= | TcKk/2-05 - Tek/2
tw(cKL) low time Even division n=0,135... Texl/2 _ Te/2+0.5
n2)*Tek/
tw(cKH) ) ( +)1 g'; - (N12)*T i/ (n+1)
QUADSPI clock highand | PRESCALER[7:0] = (n+1)-0.
¢ low time Odd division n=24.628.. (N/2+1)*T k! (n/2+1)*Tck /
W(CKL) (n+1) - (N+1)+0.5
trany Gsran) Data input setup time B, 15 _ ]
thranythf(iny Data input hold time - 35 - - s
DHHC=0 - 5 6
tyrcouT)tvfouT Data output valid time DHHC=1
VOUIEUD PRESCALER[7:0] = - Towl4+1l|  Tcxld+2
1,2...
DHHC=0 3 - -
thriouT):thouT) Data output hold time DHHC=1
PRESCALER[7:0]=1 Texl/4 ) ]
2...
1. Guaranteed by characterization results.
Table 3.3-72: QUADSPI characteristics in DDR mode®
tricx) ‘ tek) ‘ o tweok | tweky tick)
o " M y v " o
Clock —m
P tvoun) thour) | ! 1 -
N ¥ !
Data output DO X D1 X D2 > 5
L tsny! thany
Data input { Lo !
ata inpu ( DO X . D1 X D2 o
P ! MSv36878V1

Figure 3.3-26: Quad-SPI timing diagram - SDR mode
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VASIX

twickH) twicky)

Clock m

troun  thiour) i

)
i
|
|
|
|
|
|
|
i
|
|
I
|
|
|
|
|
|
|
I

’ toun  thiour)
N DI
Data output DOE K D1 X D2 D3§ K D4 . X D5 )—B—
L tsf(\N)thliﬂlN) o tsr(\N)ﬁhr(lN)
! 1 M
Data input { DO X :D’Ii Xi D2 X D3 Xi D‘:‘ X DS )_H_

MSv36879V1

Figure 3.3-27: Quad-SPI timing diagram - DDR mode

3.3.20 Delay block (DLYB) characteristics

Unless otherwise specified, the parameters given in Table 3.3-73 for Delay Block are derived from tests performed
under the ambient temperature, fi.c ¢ o frequency and VDD supply voltage summarized in Table 3.3-1: General
operating conditions, with the following configuration:

Symbol Parameter Conditions Min Typ Max Unit
tinit Initial delay - 1400 2200 2400 ps
tA Unit Delay - 35 40 45 -

Table 3.3-73: Delay Block characteristics

3.3.21 16-bit ADC characteristics

Unless otherwise specified, the parameters given in Table 3.3-74 are derived from tests performed under the
ambient temperature, fecLk2 frequency and Voppa supply voltage conditions summarized in Table 3.3-1.

Symbol Parameter Conditions Min Typ Max Unit
Analog supply
Vooa voltage forADC ON 1.62 36 v
Positivereference
VRer+ voltage 1.62 Vopa v
Negativereference
VREF- voltage Vssa \%
BOOST =11 0.12 50
BOOST =10 0.12 25
fapc /ADC clock frequency| 1.62 V<VDDA <3.6V MHz
BOOST =01 0.12 125
BOOST =00 6.25

Table 3.3-74: ADC characteristics®@
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Symbol Parameter Conditions Min Typ Max Unit
Resolution = 16 bits, Vppa fADc=36 MHz SMP =15 - - 3.60
>25V T,290°C
Resolution = 16 bits fabc=37 MHz SMP =25 - - 3.35
Resolution = 14 bits fabc =50 MHz SMP =25 - - 5.00
Resolution = 12 bits fabc = 50 MHz SMP =25 - - 5.50
T;=125°C
Sampling rate for Resolution = 10 bits fapc =50 MHz SMP =15 - - 7.10
Direct channels
Resolution = 8 bits fabc = 50 MHz SMP =15 - - 8.30
Resolution = 14 bits fabc =49 MHz SMP =25 - - 4.90
Resolution = 12 bits fabc = 50 MHz SMP =25 - - 5.50
T;=140 °C
Resolution = 10 bits fabc =50 MHz SMP =15 - - 6.70
Resolution = 8 bits fabc = 50 MHz SMP =15 - - 8.30
Resolution ; 16 bits, Vppa fADC=32 MHzZ SMP=25 : : 290
25V T)=90°C
Resolution = 16 bits fapc=31 MHz SMP =25 - - 2.80
Resolution = 14 bits fapc =33 MHz SMP =25 - - 3.30
3 MSps
Resolution = 12 bits fabc =39 MHz SMP =25 - - 4.30
Sampling rate for Fast] T;=125°C
channels Resolution = 10 bits fabc = 48 MHz SMP =25 - - 6.00
Resolution = 8 bits fabc =50 MHz SMP =25 - - 7.10
Resolution = 12 bits fapc =37 MHz SMP =25 - - 4.10
Resolution = 10 bits T;=140 °C | fapc =46 MHz SMP =25 - - 5.70
Resolution = 8 bits fabc = 50 MHz SMP =25 - - 7.10
Resolution = 16 bits T;=90°C - -
resolution = 14 bits - -
resolution = 12 bits - -
T;=125°C
f resolution = 10 bits R R
S;:nplmﬁ ratelfor fapc = 10 MHz SMP =15
ow channels resolution = 8 bits - -
resolution = 12 bits - -
1.00
resolution = 10 bits T;=140 °C - -
resolution = 8 bits - -
External trigger . .
t N = - - f
TRIG period Resolution = 16 bits 10 1/fabc
(4 Conversionvoltage } : v
Vain range 0 REF+ Vv
Common mode input VRer/2 VRer/2
V - Vger!
oMV voltage C10% | REF2| a0y |V

Table 3.3-74: ADC characteristics®™® (continued)
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Symbol Parameter Conditions Min Typ Max Unit
Resolution = 16 bits, Ty= 140 °C - - - - 50
Resolution = 16 bits, Ty= 125 °C - - - - 170
Resolution = 14 bits, Ty= 140 °C - - - - 200
Resolution = 14 bits, T;= 125 °C - - - - 435

- © E>_(ternal input Resolution = 12 bits, T;= 140 °C - - - - 700 a

impedance Resolution = 12 bits, Ty =125°C - - - - 1150

Resolution = 10 bits, Ty= 140 °C - - - - 3700
Resolution = 10 bits, Ty= 125 °C - - - - 5650
Resolution = 8 bits, T;= 140 °C - - - - 18000
Resolution = 8 bits, T;= 125 °C - - - - 26500

Internal sample and
Capc hold capacitor - - 4 pF

tapcvres | ADC LDOstartup

- - - 5 10 us
_STUP time
tsTAB ADC Power-up time LDO already started 1 - si%?lr::\)l/ecrle

Offset and linearity ) ]
foaL calibration time - 165010 Ufanc

Offset calibration

torr_caL time - 1280 - - 1/fapc
i . CKMODE =00 15 2 25
Triggerconversion
latency regular and CKMODE =01 - - 2.5
tLATR injected channels 1/fapc
without conversion CKMODE =10 - - 25
abort
CKMODE =11 - - 2.25
) ) CKMODE =00 2.5 3 3.5
Triggerconversion
latency regular CKMODE =01 - - 35
tLATRING injected channels 1/fapc
aborting aregular CKMODE =10 - - 35
conversion
CKMODE =11 - - 3.25
ts Sampling time - 15 - 810.5 | lUfapc
Total conversion time ts+05
tcony (including sampling Resolution = N bits + N/é 1fapc
time) R

Table 3.3-74: ADC characteristics®®@ (continued)
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Symbol Parameter Conditions Min Typ Max Unit
Resolution = 16 bits, fapc=25 MHz - 1440
ADCconsumption on
Vppa, BOOST=11, Resolution = 14 bits, fapc=30 MHz - 1350
Differential mode } -
Resolution = 12 bits, fapc=40 MHz - 990
ADCconsumption on Resolution = 16 bits - 1080
Vbpa BOOST=10, Resolution = 14 bits - 810
Differential mode
fapc=25 MHz Resolution = 12 bits - 585
Ibpa_D
(ADC) ADCconsumption on Resolution = 16 bits - 630
VD.DA BO.OST:01‘ Resolution = 14 bits - 432
Differential mode
fapc=12.5 MHz Resolution = 12 bits - 315
ADCconsumption on Resolution = 16 bits - 360
VD.DA BO.OSTZOO‘ Resolution = 14 bits - 270
Differential mode
fApc=6.25 MHz Resolution = 12 bits - 225
Resolution = 16 bits, fapc=25 MHz - 720
ADCconsumption on
Vppa BOOST=11, Resolution = 14 bits, fapc=30 MHz - 675
Single-endedmode - i
Resolution = 12 bits, fapc=40 MHz - 495
) ) WA
ADCconsumption on Resolution = 16 bits - 540
Vooa BOOST=10, Resolution = 14 bits . 405
Singl-ended mode
fapc=25 MHz Resolution = 12 bits - 2925
lboa_se Resolution = 16 bits - 315
(ADC) | ADCconsumption on
Vppa BOOST=01, Resolution = 14 bits - 216
Single-endedmode
fapc=12.5MHz Resolution = 12 bits - 157.5
Resolution = 16 bits - 180
ADCconsumption on
Vppa BOOST=00, Resolution = 14 bits - 135
Single-endedmode
fapc=6.25 MHz Resolution = 12 bits - 1125
fapc=50 MHz - 400
fapc=25 MHz - 220
) ADC consumption on
fapc=12.5 MHz - 180
(ADC) VoD ADC
fapc=6.25 MHz - 120
fapc=3.125 MHz - 80

1. Guaranteed by design.

2. The voltage booster on ADC switches must be used for VDDA < 2.4 V (embedded I/O switches).

3. These values are valid for UFBGA176+25 and one ADC. The values for other packages and multiple ADCs may be different.

4. Depending on the package, Vrees can be internally connected to Vppa and Vggr. 10 Vgsa.

5. The tolerance is 10 LSBs for 16-bit resolution, 4 LSBs for 14-bit resolution, and 2 LSBs for 12-bit, 10-bit and 8-bit resolutions.

Table 3.3-74: ADC characteristics™@ (continued)
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Minimum sampling time (s)
Resolution RAIN (Q)
Directchannels® | Fastchannels® | Slow channels®)

16 bits a7 7.37E-08 1.14E-07 1.72E-07
47 6.29E-08 9.74E-08 1.55E-07
68 6.84E-08 1.02E-07 1.58E-07
14 bits 100 7.80E-08 1.12E-07 1.62E-07
150 9.86E-08 1.32E-07 1.80E-07
220 1.32E-07 1.61E-07 2.01E-07
a7 5.32E-08 8.00E-08 1.29E-07
68 5.74E-08 8.50E-08 1.32E-07
100 6.58E-08 9.31E-08 1.40E-07
150 8.37E-08 1.10E-07 1.51E-07

12 bits
220 1.11E-07 1.34E-07 1.73E-07
330 1.56E-07 1.78E-07 2.14E-07
470 2.16E-07 2.39E-07 2.68E-07
680 3.01E-07 3.29E-07 3.54E-07
a7 4.34E-08 6.51E-08 1.08E-07
68 4.68E-08 6.89E-08 1.11E-07
100 5.35E-08 7.55E-08 1.16E-07
150 6.68E-08 8.77E-08 1.26E-07
220 8.80E-08 1.08E-07 1.40E-07
330 1.24E-07 1.43E-07 1.71E-07

10 bits
470 1.69E-07 1.89E-07 2.13E-07
680 2.38E-07 2.60E-07 2.80E-07
1000 3.45E-07 3.66E-07 3.84E-07
1500 5.15E-07 5.35E-07 5.48E-07
2200 7.42E-07 7.75E-07 7.78E-07
3300 1.10E-06 1.14E-06 1.14E-06

Table 3.3-75: Minimum sampling time vs Ran®®
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Minimum sampling time (s)
Resolution RAIN (Q)
Directchannels® | Fastchannels® | Slow channels®)
47 3.32E-08 5.10E-08 8.61E-08
68 3.59E-08 5.35E-08 8.83E-08
100 4.10E-08 5.83E-08 9.22E-08
150 5.06E-08 6.76E-08 9.95E-08
220 6.61E-08 8.22E-08 1.11E-07
330 9.17E-08 1.08E-07 1.32E-07
470 1.24E-07 1.40E-07 1.63E-07
) 680 1.74E-07 1.91E-07 2.12E-07
8 bits 1000 2.53E-07 2.70E-07 2.85E-07
1500 3.73E-07 3.93E-07 4.05E-07
2200 5.39E-07 5.67E-07 5.75E-07
3300 8.02E-07 8.36E-07 8.38E-07
4700 1.13E-06 1.18E-06 1.18E-06
6800 1.62E-06 1.69E-06 1.68E-06
10000 2.36E-06 2.47E-06 2.45E-06
15000 3.50E-06 3.69E-06 3.65E-06

1. Guaranteed by design.

2. Data valid at up to 140 °C, with a 47 pF PCB capacitor, and Vppa=1.6 V.

3. Direct channels are connected to analog 1/0s (PA0_C, PA1_C, PC2_C and PC3_C) to optimize ADC performance.
4. Fast channels correspond to PF3, PF5, PF7, PF9, PA6, PC4, PB1, PF11 and PF13.
5. Slow channels correspond to all ADC inputs except for the Direct and Fast channels.

Table 3.3-75: Minimum sampling time vs RAIN®W® (continued)
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Symbol Parameter Conditions® Min Typ Max | Unit
Direct Single ended - +10/-20 -
channel Differential - +15 -
Single ended - +10/-20 -
ET Total unadjustederror Fast channel
Differential - £15 -
Slow Single ended - +10 -
channel Differential +10 -
EO Offset error - - £10 -
EG Gain error - - +15 -
- LSB
Single ended - +3/-1 -
ED Differential linearity error
Differential - +4.5/-1 -
Single ended - +11 -
Directchannel
Differential - 7 -
Single ended - +13 -
EL Integral linearity error Fast channel
Differential - 7 -
Single ended - +10 -
Slowchannel
Differential - 16 -
Single ended - 12.2 -
ENOB Effective number of bits Bits
Differential - 13.2 -
; tAonni ; ; Single ended - 75.2 -
SINAD Signal-to n0|se_and distortion
ratio Differential - 81.2 -
Single ended - 77.0 -
SNR Signal-to-noise ratio dB
Differential - 81.0 -
Single ended - 87 -
THD Total harmonicdistortion
Differential - 90 -

1. Data guaranteed by characterization for BGA packages. The values for LQFP packages might differ.
2. ADC DC accuracy values are measured after internal calibration.
3. ADC clock frequency = 25 MHz, ADC resolution = 16 bits, Vppa=Vgrer+=3.3 V and BOOST=11.

Table 3.3-76: ADC accuracy®®

Note: ADC accuracy vs. negative injection current: injecting a negative current on any analog input pins should be
avoided as this significantly reduces the accuracy of the conversion being performed on another analog input.
It is recommended to add a Schottky diode (pin to ground) to analog pins which may potentially inject
negative currents.

Any positive injection current within the limits specified for Iinyeiny and ZLingeiny in Section 3.3.15 does not
affect the ADC accuracy.
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\Y \Y
[1LSB |peaL= REF* or DDA depending on package)]
4096 4096
—_—
A 1 EG 1
4095 T - - - - - - - - - - - - - - - - - - - = - - - - == - l’_,_ —T
<
4094 — - :
Ve
4093 — < ,
s
;/ /( ) P \ 1
ET 7 s !
7 - - (3) :
1 A 1 !
. , PR ) :
1 s 1 | !
5 2l ra—f !
Eo A - EL !
4 1 —p ~ 1
1 1 ys Ve | 1
3 o 1 1 e 1
1 L < . ""_""I EDp .
2 4 — L Tt 1
1 ! A0 1L SB|peaL 1
= 1
’IIIIIIIIIIIII//IIIIIIII -
0 | | | | | | / / | | | | o
1 2 3 456 7 4093 4094 4095 4096
Vasa Vb
ai14395¢
1. Example of an actual transfer curve.
2. ldeal transfer curve.
3. End point correlation line.
4. ET = Total Unadjusted Error: maximum deviation between the actual and the ideal transfer curves.
EO = Offset Error: deviation between the first actual transition and the first ideal one.
EG = Gain Error: deviation between the last ideal transition and the last actual one.
ED = Differential Linearity Error: maximum deviation between actual steps and the ideal one.
EL = Integral Linearity Error: maximum deviation between any actual transition and the end point correlation line.
Figure 3.3-28: ADC accuracy characteristics (12-bitresolution)
STM32
Sample and hold ADC
converter
Ran(") Rapct!)
AIN AlNx ADC 12-bit
converter
——]
Eparasitic CADC(1 )
ai17534b

1. Refer to Table 3.3-74 for the values of Rain, Rapc and Capc.

2. Cpansitic represents the capacitance of the PCB (dependent on soldering and PCB layout quality) plus the pad capacitance (roughly 5 pF). A
high Cpasiic value downgrades conversion accuracy. To remedy this, fapc should be reduced.

Figure 3.3-29: Typical connection diagram using the ADC
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General PCB design quidelines

Power supply decoupling should be performed as shown in Figure 3.3-30 or Figure 3.3-31, depending on whether
Vrer+ is connected to Vppa or not. The 100 nF capacitors should be ceramic (good quality). They should be placed
them as close as possible to the chip.

|
|

STM32

] VREF+(1)

1

1 uF /1100 nF

TE] Vooa

1 uF // 100 nF T
L] VesaVrers”

MSv50648V1

1. Vrer+ input is available on all package whereas the Vgee_ s available only on UFBGA176+25 and TFBGA240+25. When Vgee. is not
available, it is internally connected to Vppa and Vssa.

Figure 3.3-30: Power supply and reference decoupling (Vrer+ Not connected to Vppa)

STM32

L L[] Veere/Vopa'™

1 uF // 100 nF ==

. ? Vrer/Vssa”

MSv50649v1

1. Vrer+ input is available on all package whereas the Vger- s available only on UFBGA176+25 and TFBGA240+25. When Vgee. is not
available, it is internally connected to Vppa and Vssa.

Figure 3.3-31: Power supply and reference decoupling (Vrer+ connected to Vppa)
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3.3.22 DAC characteristics

Symbol Parameter Conditions Min Typ Max Unit
Vboba Analog supply voltage - 1.8 3.3 3.6
VReF+ Positive reference voltage - 1.80 - Vooa |,
VREF- Negative reference voltage - - Vssa -
connectedto
Vssa > ) )
R Resistive Load DAC ouotput buffer
N connectedto 25 kQ
Vbba ) )
Ro Output Impedance DAC output buffer OFF 10.3 13 16
Output imped [ oo - - 1.6
utput impedance sample 27V :
Reon and hold mode, output DAC ou(;?\lljt buffer kQ
buffer ON Vop = . ) 26
20V '
Output imped [ Yoo - - 178
utput impedance sample 27V '
Reorr and hold mode, output DAC Oggg‘ buffer kQ
buffer OFF Voo = ; - 187
20V '
CL N DAC output buffer OFF - - 50 pF
Capacitive Load
Csy Sample and Hold mode - 0.1 1 uF
Vbba
v Voltage on DAC_OUT DAC output buffer ON 0.2 - 02
DAC_OUT output : \
DAC output buffer OFF 0 - VREF+
+0.5LSB - 2.05 -
Settling time (full scale: for | \ormal mode. DAC j _
a12-bit code transition |4t puffer ON, C_ < t1LSB 17
between the lowest and the 50 pF 7| +2LsSB - 1.67 -
t highest input codes when '
SETTLING | DAC OUT reaches the RL>5 kO +4 LSB - 1.66 - Hs
final value of +0.5LSB, _ }
+1LSB, +2LSB, +4LSB, 8L 5B 165
+8LSB) Normal mode, DAC output buffer 17 5
OFF, £1LSB C, =10 pF ) :
Wakeup time from off state Normal mode, DAC output buffer ) s 25
(setting the ENXx bit in the ON, C| <50 pF, R_ =5k ’
twakeup® | DAC Control register) until us
the final value of +t1L.SB is | Normal mode, DAC output buffer
reached OFF, C_ <10pF 2 5
DC Vppa supply rejection Normal mode, DAC output buffer - B
PSRR ratio ON, C_ <50 pF, R =5k0 80 28 dB
Sampling time in Sample MODE<2:0>_V12=100/101 ) 07 26
and Hold mode (BUFFER ON)
CL=100 nF MODE<2:0>_V12=110 "
t (code transition between the (BUF#EIQ_OFF_) - 115 18.7
SAMP lowest input codeand the
highest input code when
DAC_OUT reaches the MODE<2:0>_V12=111 . 03 06 us
+1LSB final value) (INTERNAL BUFFER OFF)
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Ciint Internal samp_le and hold ) 18 992 26 oF
capacitor
tTRiM Middle code offset trim time Minimum tlmiggg/erlfy the each 50 - - us
v Middle code offset for 1 trim VRer+=3.6 V - 850 -
offset code step kv
VRer+= 1.8 V - 425 -
No load,
middlecode - 360 -
DAC output buffer (0x800)
ON
No load,
worstcode - 490 -
| DAC quiescent consumption (0xF1C)
DDA(DAC) from Vppa
No load,
DAC °g‘£§‘ buffer middle/worst - 20 -
code (0x800)
360*Ton/
Sample and Hold mode, Csy=100 nF - -
P St (Ton+TorF)@)
No load,
middlecode - 170 - HA
DAC output buffer (0x800)
ON
No load,
worstcode - 170 -
(0XF1C)
DAC consumption from No load
| DA )
pov(DAC) VRer+ DAC ogtggt buffer | iddie/worst| - 160 -
code (0x800)
Sample and Hold mode, Buffer ON, 170*Ton/
Cs4=100 nF (worst code) . (TON:JOFF) -
Sample and Hold mode, Buffer OFF, 160*Ton/
Cgy=100 nF (worstcode) . (TON:JOFF) -

1. Guaranteed by design unless otherwise specified.

2. TBD stands for “to be defined”.

3. In buffered mode, the output can overshoot above the final value for low input code (starting from the minimum value).

4. Ton is the refresh phase duration, while Toer is the hold phase duration. Refer to the product reference manual for more details.

Table 3.3-77: DAC characteristics®@
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Symbol Parameter Conditions Min Typ Max Unit

linearity® DAC output buffer OFF -2 - 2

- Monotonicity 10 bits - - - -

DAC output buffer ON,

CL<50pF, R, >5k0
INL Integral non linearity® e
DAC output buffer OFF,

CL<50pF, no R

DNL

LSB

DAC output buffer| Vrer+=3.6V - - +15
ON, C_ <50pF,
Offset error at code 0x800 R >5 k0 VRep+ =18V
(€©) B

Offset - - +30 LSB

DAC output bufferOFF,
CLS 50 pF, no RL

Offset error at code DAC output bufferOFF,

Offsetl 0x001(® CL<50pF, no R

- - +5 LSB

DAC Output VREF+ = 36 V - - i6
Offset error at code buffer ON,

OffsetCal 0x800 after factory C_ <50pF, LSB

calibration VRer+ =18V - . +7
Tt RL =5 K0 :

DAC output buffer ON,
CL<50pF, R >5kQ

DAC output buffer OFF, %

CL <50 pF, noR. -

DAC output buffer ON,C_ <50 pF,

R.>5k0, 1 KHz, BW =500 KHz

SNR Signal-to-noise ratio(® DAC output bufferOFF, dB
C_<50pF, no Ry, 67.8
1 KHz, BW =500 KHz

DAC output buffer ON, C,_<50 pF,

Total harmonic R.>5k0, 1KHz
distortion®® DAC output buffer OFF, C, <50 pF,
noRy, 1 KHz

DAC output buffer ON, C; <50 pF,

Signal-to-noise and RL>5kQ, 1KHz
distortion ratio® | DAC output buffer OFF, C, <50 pF,
noR;,1 KHz

DAC output buffer ON, i 109 i
CL <50 pF,RL >5kQ,1KHz '
ENOB Effective number of bits bits
DAC output buffer OFF, CL < 50 ) 109 )

pF, no RL, 1 KHz

Gain Gain error®

- 67.8 -

- —78.6 -

THD dB

- —78.6 -

- 67.5 -

SINAD dB

- 67.5 -

1. Guaranteed by characterization.

2. Difference between two consecutive codes minus 1 LSB.

3. Difference between the value measured at Code i and the value measured at Code i on a line drawn between Code 0 and last Code 4095.
4. Difference between the value measured at Code (0x001) and the ideal value.

5. Difference between the ideal slope of the transfer function and the measured slope computed from code 0x000 and OxFFF when the buffer
is OFF, and from code giving 0.2 V and (VREF+ - 0.2 V) when the buffer is ON.

6. Signal is —0.5dBFS with Fmping=1 MHz.
Table 3.3-78: DAC accuracy™
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Buffered/Non-buffered DAC

Buffer(1)
— - R
li)itt);tl . I I DAC_OUTx /\/\N\/ ‘
igiif(;grter I I I I 1_
1 _ _ 1 CL

ai17157v3

1. The DAC integrates an output buffer that can be used to reduce the output impedance and to drive external loads directly without the use of
an external operational amplifier. The buffer can be bypassed by configuring the BOFFx bit in the DAC_CR register.

Figure 3.3-32: 12-bit buffered /non-buffered DAC

3.3.23 Voltage reference buffer characteristics

Symbol Parameter Conditions Min Typ Max Unit
VSCALE =000 2.8 33 3.6
VSCALE =001 2.4 - 3.6
Normal mode
VSCALE =010 2.1 - 3.6
VSCALE =011 1.8 - 3.6
Vopa Analog supply voltage
VSCALE =000 1.62 - 2.80
VSCALE =001 1.62 - 2.40
Degraded mode
VSCALE =010 1.62 - 2.10
VSCALE =011 1.62 - 1.80
VSCALE =000 2.498 25 2.5035
VSCALE =001 2.046 2.049 2.052 v
Normal mode
VSCALE =010 1.801 1.804 1.806
VSCALE =011 | 1.4995 | 1.5015 | 1.504
Voltage Reference VSCALE = 000 Vopa~ . v
VREFBUF | Buffer Output, at 30 °C, 150mV poA
_ouT l1oag= 100 HA Voo Y
VSCALE =001 150 mV - DDA
Degraded mode® v
- DDA~ } v
VSCALE =010 150 mV DDA
VSCALE =011 | VDDA~ | Vbpa
150 mV
TRIM Trim step resolution - - - +0.05 0.1 %
CL Load capacitor - - 0.5 1 1.50 uF
Equivalent Serial Resistor
esr of C, - - - - 2 Q
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lioad Static load current - - - - 4 mA
| | 28V <Vopasisy ™S00 HA i 200 i
I Line regulation 8V <=Vppas3.
ine_reg lioad = 4 MA . 100 - ppm/v
load_reg Load regulation 500 pA <I oap <4 MA Normal Mode - 50 - ppm/mA
Tcoeff m/
T coeft Temperature coefficient —40°C<T;<+125°C - - VREEINT pBC
+100
DC - - 60 -
PSRR Power supply rejection dB
100KHz - - 40 -
C =0.5pF - - 300 -
tsTART Start-up time C =1pF - - 500 - us
C_ =15 pF - - 650 -
Control of maximum DC
| current drive on 8 A
INRUSH | Vrergur_our during i ) ) m
startup phase(®
ILOAD =0 HA - - 15 25
IDDA(VRE VREFBUF I =500pA - - 1
FBUF) | consumption from Vbpa LOAD H 6 30 HA
ILOAD =4mA - - 32 50

1. Guaranteed by design.
2. In degraded mode, the voltage reference buffer cannot accurately maintain the output voltage (Vppa—drop voltage).

3. To properly control VREFBUF IINRUSH current during the startup phase and the change of scaling, Vppa voltage should be in the range of
18V-36V,21V-36V,24V-3.6Vand2.8V-3.6V for VSCALE =011, 010, 001 and 000, respectively.

Table 3.3-79: VREFBUF characteristics®

3.3.24 Temperature sensor characteristics

Symbol Parameter Min | Typ | Max | Unit

TOL Vsense linearity with temperature - - 3 °C
Avg_Slope® | Average slope - 2 - | mvree

Vgo® Voltage at 30°C + 5°C - 1062 - \%
tstart_run Startup time in Run mode (bufferstartup) - - 25.2

ts emp® | ADC sampling time when reading thetemperature 9 - - -
lsens? Sensor consumption - 018031

lenspu’™ | Sensor buffer consumption - | 38|65 hA

1. Guaranteed by design.
2. Guaranteed by characterization.
3. Measured at Vppa = 3.3 V £ 10 mV. The V3, ADC conversion result is stored in the TS_CAL1 byte.

Table 3.3-80: Temperature sensor characteristics
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Symbol Parameter Memory address

TS CAL1L Tempeirature sensor raw data acquired value at 30 °C, Ox1FF1 E820 -Ox1FF1 E821
- VDDA—3-3 \Y

TS_CAL2 ;I’/empeirgtgr\e/sensor raw data acquired value at 110 °C, Ox1FF1 E840 - Ox1FF1 E841
DDA™®-

Table 3.3-81: Temperature sensor calibration values

3.3.25 Temperature and Veat monitoring

Symbol Parameter Min Typ Max Unit
R Resistor bridge for Vgat - 26 - KQ
Q Ratio on Vgt measurement - 4 - -
Er® Error on Q -10 - +10 %
ts vhat® ADC sampling time when reading Vgt input 9 - - us
VBAThigh High supply monitoring - 3.55 -
VBATIow Low supply monitoring - 1.36 - \4

1. Guaranteed by design.

Table 3.3-82: Vgar monitoring characteristics

Symbol Parameter Condition Min Typ Max | Unit
VBRS in PWR_CR3=0 - 5 -

Rgc Battery charging resistor - KQ
VBRS in PWR_CR3=1 15 -

Table 3.3-83: Vear charging characteristics

Symbol Parameter Min Typ Max Unit
TEMPyign | High temperature monitoring - 117 .
TEMPoy Low temperature monitoring - _25 . °C

Table 3.3-84: Temperature monitoring characteristics

3.3.26 Voltage booster for analog switch

Symbol Parameter Condition Min | Typ | Max | Unit
Vbbb Supply voltage - 162 26 | 36 | V
tsyBoosT) | Booster startup time - - - 50 V&
1.62V<Vpp<2.7V - - | 125
IbbBOOST) | Booster consumption
27V <Vpp<3.6V - | - | 250 | KA

1. Guaranteed by characterization results.

Table 3.3-85: Voltage booster for analog switch characteristics®
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3.3.27 Comparator characteristics

Symbol Parameter Conditions Min | Typ | Max | Unit
Vbba Analog supply voltage - 1.62 3.3 3.6
Comparator input voltage ) )
ViN range 0 Vopa | V
Vge Scaler input voltage - )
Ve Scaler offset voltage - - +5 +10 mv
| Scaler static consumption BRG_EN=0 (bridge disable) - 02 | 03 uA
DDA(SCALER
( )| from Vppa BRG_EN=1 (bridge enable) - | o8 | 1
tsTART scaLER | Scaler startup time - - 140 250 us
. High-speed mode - 2 5
Comparator startup timeto
tsSTART reach propagation delay Medium mode - 5 20 us
specification
Ultra-low-power mode - 15 80
High-speed mode - 50 80 ns
Propagation delay for 200 mV - -
step with 100 mV overdrive Medium mode 05 12 us
) Ultra-low-power mode - 2.5 7
D -
Propagation delay for step High-speed mode - 50 120 ns
> 200 r_nV with 100 m_\( Medium mode - 0.5 1.2
overdrive only on positive Hs
inputs Ultra-low-power mode - 2.5 7
Votfset Comparator offset error Full common mode range - 5 +20 mV
No hysteresis - 0 -
Low hysteresis 5 10 22
Vhys Comparator hysteresis - - mV
Medium hysteresis 8 20 37
High hysteresis 16 30 52
Static - 400 600
Ultra-low- With 50 KHz nA
powermode | 1100 mV overdrive - 800 -
square signal
Static - 5 7
IooA(COMP) S:/omparatorconsumptlon from Medium mode With 50 KHz
DDA +100 mV overdrive - 6 -
square signal
HA
Static - 70 100
High-speed With 50 KHz
mode +100 mV overdrive - 75 -
square signal

1. Guaranteed by design, unless otherwise specified.
2. Refer to Table 3.3-8: Embedded reference voltage.

3. Guaranteed by characterization results.

Table 3.3-86: COMP characteristics®
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3.3.28 Operational amplifier characteristics

Symbol Parameter Conditions Min Typ Max | Unit
Vbpa Analog supply voltage Range - 2 3.3 3.6
\
CMIR Common Mode Input Range - 0 - Voba
25°C, no load on output - - +15
VlorrseT Input offset voltage All voltages and temperature, 495 mv
no load i i -
AVIoEeseT Input offset voltage drift - - +3.0 - uv/eC
TRIMOFFSETP | ¢l g : S | s
TRIMLPOFFSETP 1%V ' .
(0.1*Vppa)
- o mvV
TRIMOFFSETN | (ot e : Co | s
TRIMLPOFFSETN * ' .
(0.9%Vppa)
lLoap Drive current - ; ] 500
) ) HA
ILOAD_pGA Drive current in PGAmode - - - 270
CLoaD Capacitive load - - - 50 pF
CMRR Common mode rejection ratio - - 80 - dB
CLoap < 50pf/RLoaD>4
PSRR Power supply rejection ratio kQWat 1 KHz, 50 66 - dB
Veom=Vppal2
Gain bandwidth for high 200 mV < Outputdynamic
GBW supply range range < Vppa - 200 mV 4 73 123 | MHz
SR Slew rate (from 10% and 90% Normal mode - 3 - Vijis
of output voltage) High-speed mode - 30 -
. 200 mV < Outputdynamic
AO Open loop gain range < Vppa - 200 mV 59 90 129 dB
om Phase margin - - 55 - °
GM Gain margin - - 12 - dB
. . ljoag=max or R pap=min, V
vV oa DDA ) )
OHSAT High saturation voltage Input at Vopa 100 mV
mV
. ljoag=max or R oap=min,
V oal - -
OLSAT Low saturation voltage Input at 0 V 100
CLoap < 50pf,
Normal RLoap >4 kQ, _ 0.8 3.2
mode follower
. configuration
twakEUP Wake up time from OFF state us
. CrLoap < 50pf,
High | R oAp=4kQ
speed L?‘AIDI = ’ - 0.9 2.8
mode ollower
configuration
PGA gain =2 -1 - 1
PGA gain Non inverting gain error value %
PGA gain =4 -2 - 2
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PGA gain =8 -2.5 - 25
PGA gain =16 -3 - 3
PGA gain =2 -1 - 1
PGA gain =4 -1 - 1
Inverting gain error value
PGA gain =8 -2 - 2
PGA gain =16 -3 - 3
PGA gain =2 -1 - 1
External non-inverting gain PGA gain =4 -3 - 3
error value PGA gain =8 -35 - 35
PGA gain =16 —4 - 4
PGA Gain=2 - 10/10 -
R2/R1 internal resistance PGA Gain=4 - 30/10 -
values in non-inverting PGA
mode® PGA Gain=8 - 70/10 -
PGA Gain=16 - 150/10 -
Rnetwork , kQ/kQ
PGA Gain =-1 - 10/10 -
R2/R1 internal resistance PGA Gain =-3 - 30/10 -
values in inverting PGA
mode® PGA Gain =-7 - 70/10 -
PGA Gain =-15 - 150/10 -
Delta R Resistance \g;;atlon (Rlor ) 15 ) 15 %
Gain=2 - GBW/2 -
PGA bandwidth for different Gain=4 - CBWR | - | e
non inverting gain Gain=8 - GBWI/8 -
Gain=16 - GBWY/16 -
PGABW
Gain =-1 - 5.00 -
PGA bandwidith for different Gain =-3 - 3.00 I
inverting gain Gain=-7 - 1.50 -
Gain =-15 - 0.80 -
at
- 140 -
1 KHz ;
en Voltage noise density OUtDUtLOngd with nV/VHz
at10 KHz - 55 -
Normal - 570 | 1000
) mode
| OPAMP consumption from - no Load, quiescent A
DDA(OPAMP) Vbpa High- | mode, follower "
speed - 610 1200
mode

1. Rioap is the resistive load connected to VSSA or to VDDA.

2. R2 is the internal resistance between the OPAMP output and th OPAMP inverting input. R1 is the internal resistance between the OPAMP
inverting input and ground. PGA gain = 1 + R2/R1.

Table 3.3-87: Operational amplifier characteristics
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3.3.29 Digital filter for Sigma-Delta Modulators (DFSDM) characteristics

Unless otherwise specified, the parameters given in Table 3.3-88 for DFSDM are derived from tests performed
under the ambient temperature, fPCLKXx frequency and supply voltage conditions summarized in Table 3.3-1:
General operating conditions.

e Output speed is set to OSPEEDRy[1:0] = 10

e Capacitive load C_ = 30 pF

e Measurement points are done at CMOS levels: 0.5Vpp
e VOS level set to VOS1

Refer to Section 3.3.16: 1/O port characteristics for more details on the input/output alternate function
characteristics (DIFSDM_CKINx, DFSDM_DATINx, DFSDM_CKOUT for DFSDM).

Symbol Parameter Conditions Min Typ Max Unit
DFSDM
forspmeLk clock 1.62<Vpp<3.6V - - 133
SPI mode (SITP[1:0]=0,1),
External clock mode 20
(SPICKSEL[1:0]=0), ) i
1.62<Vpp<3.6V
SPI mode (SITP[1:0]=0,1),
External clock mode
(SPICKSEL[1:0]=0), - - 20
fexin Input clock 2.7<Vpp<36V MH
(UTekin) | frequency SPI mode (SITP[1:0]=0,1), z
Internal clock mode
(SPICKSEL[1:0]%0), - - 20
1.62<Vpp<3.6V
SPI mode (SITP[1:0]=0,1),
Internal clock mode
(SPICKSEL][1:0]%0), - - 20
2.7<Vpp<36V
Outputclock
fewout frequency 1.62<Vpp<36V B . 20
Outputclock
DuCyckouTt frequency duty 1.62<Vpp<3.6V 45 50 55 %
cycle
SPI mode (SITP[1:0]=0,1),
Input clock
twh(CKIN) : External clock mode
high and lo Tckin/2-0.5 Tekin/2 -
Lyickiny 9 time W (SPICKSEL[1:0]=0), CKIN CKIN
1.62<Vpp<3.6V
SPI mode (SITP[1:0]=0,1),
t Data input External clock mode 15 N
su setup time (SPICKSEL[1:0]=0), : . - s
1.62<Vpp<3.6V
SPI mode (SITP[1:0]=0,1),
t Data input hold External clock mode 05
h time (SPICKSEL[1:0]=0), : - -
162<Vpp<3.6V
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Manchester Manchester mode (SITP[1:0]=2,3),

T data period Internal clock mode (CKOUTDIV+1) i (2*CKOUTDIV)
Manchester | (recovered (SPICKSEL[1:0]%), * ToESDMCLK * TOESDMCLK
clock period) 162<Vpp<3.6V

Table 3.3-88: DFSDM measured timing 1.62-3.6 V

| (SPICKSEL=D)

"SITP =00 o !
Ptal b
e e

e XXX XX

's I

\SPICKSEL=1

y DFSDM_CKINy

SPItiming : SPICKSEL =0

DFSDM_DATIN

DFSDM_CKOUT

S5ITP=0

s

SPItiming : SPICKSEL=1,2, 3
Y

SITP =1

DFSDM_DATIN

[ smP=2

¥

e,

SITP=3

M
DFSDM_DATIN

recovered data O O 1 1 O

Manchester timing

.

T Mss0TesvE

Figure 3.3-33: Channel transceiver timing diagrams
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3.3.30 Camera interface (DCMI) timing specifications

Unless otherwise specified, the parameters given in Table 3.3-89 for DCMI are derived from tests performed under
the ambient temperature, fucix frequency and VDD supply voltage summarized in Table 3.3-1: General operating
conditions, with the following configuration:

e DCMI_PIXCLK polarity: falling

e DCMI_VSYNC and DCMI_HSYNC polarity: high

o Data formats: 14 bits

e Capacitive load C_ =30 pF

e Measurement points are done at CMOS levels: 0.5Vpp
e VOS level set to VOS1

Symbol Parameter Min Max Unit
- Frequency ratio DCMI_PIXCLK/fyc k - 0.4 -
DCMI_PIXCLK Pixel Clock input - 80 MHz
Dpisel Pixel Clock input duty cycle 30 70 %
tsy DATA) Data input setup time 3 -
th(DATA) Data hold time 1 -
tsu(HSYNC), ; ; -
tsu(VSYNC) DCMI_HSYNC/ DCMI_VSYNC input setuptime 2 ns
th(HSYNC), : ; . ]
th(VSYNC) DCMI_HSYNC/ DCMI_VSYNC input holdtime 1
1. Guaranteed by characterization results.
Table 3.3-89: DCMI characteristics®
1/DCMI_PIXCLK
>
pemipixeltk /SN /N ./ ./ ./
e g thiHsyNe) ———
DCMI_HSYNG \ | T\ /TN
i tyvsing thiHsyne) 1
DCMI_VSYNC A\ /1N
I tsu(EATAi | thoata) |
L CE D G GEED G GEEED S G
‘ MS32414V2

Figure 3.3-34: DCMI timing diagram
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3.3.31 LCD-TFT controller (LTDC) characteristics

Unless otherwise specified, the parameters given in Table 3.3-90 for LCD-TFT are derived from tests performed
under the ambient temperature, fucix frequency and VDD supply voltage summarized in Table 3.3-1: General
operating conditions, with the following configuration:

e LCD_CLK polarity: high

e LCD_DE polarity: low

e LCD_VSYNC and LCD_HSYNC polarity: high

o Pixel formats: 24 bits

e Output speed is set to OSPEEDRy[1:0] = 11

e Capacitive load C =30 pF

e Measurement points are done at CMOS levels: 0.5VDD
e 10 Compensation cell activated.

e HSLV activated when Vpp <2.7V

e VOS level set to VOS1

Symbol Parameter Min Max Unit
2.7<VDD<3.6 \Y% 150
LTDCclock 20pF
foLk output - MHz
frequency 2.7<Vpp<3.6 V 133
1.62<VDD<3.6 \Y 90
Dcik LTDC clock output dutycycle 45 55 %
t
W(CLKH), Clock High time, low time tweLk)//2-05 | twcLk)//2+0.5
twcLKL)
toATA) 2.7<Vpp<3.6 V 0.5 .
Data output valid time -
thpATA) 1.62<Vpp<3.6 V 5
typaTA) Data output hold time 0 -
t 2.7<Vpp<3.6 V - 0.5
t“i\'jzzg HSYNC/VSYNC/DE output
v ' valid time -
top) 1.62<Vpp<3.6 V 5
thHsyne),
thevsyNe), HSYNC/VSYNC/DE output holdtime 0 -
thoE)

1. Guaranteed by characterization results.

Table 3.3-90: LTDC characteristics®
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3.3.32 Timer characteristics

The parameters given in Table 3.3-91 are guaranteed by design.
Refer to Section 3.3.16: 1/0O port characteristics for details on the input/output alternate function characteristics
(output compare, input capture, external clock, PWM output).

Symbol Parameter Conditions® Min Max Unit

AHB/APBX prescaler=1

or 2 or 4, frimecLk = 1 - trimxcLk
240 MHz

tres(TIV) Timer resolution time
AHB/APBXx
prescaler>4, frimxcik = 1 - trimxcLk
120 MHz

Timer external clock
f f 12
EXT frequency on CH1to CHA [ _ 540 MHz 0 TIMXCLK MHz

Restim Timer resolution - 16/32 bit
t Maximum possible count i i 65536 x t
MAX_COUNT | with 32-bit counter 65536 TIMXCLK

1. TIMx is used as a general term to refer to the TIM1 to TIM17 timers.
2. Guaranteed by design.

3. The maximum timer frequency on APB1 or APB2 is up to 240 MHz, by setting the TIMPRE bit in the RCC_CFGR register, if APBx
prescaler is 1 or 2 or 4, then TIMXCLK = rcc_hclkl, otherwise TIMXCLK = 4X Fiec_peikx_d2-

Table 3.3-91: TIMx characteristics®®

3.3.33 Communication interfaces
12C interface characteristics

The I2C interface meets the timings requirements of the 1°C-bus specification and user manual revision 03 for:
e Standard-mode (Sm): with a bit rate up to 100 kbit/s

e Fast-mode (Fm): with a bit rate up to 400 kbit/s

e Fast-mode Plus (Fm+): with a bit rate up to 1 Mbit/s.

The I2C timings requirements are guaranteed by design when the 1°C peripheral is properly configured and when
the i2c_ker_ck frequency is greater than the minimum shown in the table below:

Symbol Parameter Condition Min Unit
Standard-mode _ )
Analog Filtre ON 8
DNF=0
Fast-mode
I2CCLK Analog Filtre OFF o MHz
f(12CCLK) frequency ONE=1
Analog Filtre ON 17
DNF=0
Fast-mode Plus
Analog Filtre OFF 16 ]
DNF=1

Table 3.3-92: Minimum i2c_ker_ck frequency in all 12C modes
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The SDA and SCL 1/O requirements are met with the following restrictions:

e The SDA and SCL I/O pins are not “true” open-drain. When configured as open-drain, the PMOS connected
between the 1/0 pin and Vppiox is disabled, but still present.

e The 20 mA output drive requirement in Fast-mode Plus is not supported. This limits the maximum load Cgad
supported in Fm+, which is given by these formulas:

trsparscy=0.8473XRpXCload
RP(min): (VDD'VOL(max))“OL(max)

Where Rp is the I12C lines pull-up. Refer to Section 3.3.16: I/O port characteristics for the 12C 1/Os
characteristics.

All 12C SDA and SCL 1/0s embed an analog filter. Refer to the table below for the analog filter characteristics:

Symbol Parameter Min Max Unit

Maximum pulse width of spikes that

. @ @)
are suppressed by analog filter 50 80 ns

tAr

1. Guaranteed by characterization results.
2. Spikes with widths below tagmin are filtered.
3. Spikes with widths above tarmax are not filtered.

Table 3.3-93: I2C analog filter characteristics®

USART interface characteristics

Unless otherwise specified, the parameters given in Table 3.3-94 for USART are derived from tests performed
under the ambient temperature, frcikx frequency and Vpp supply voltage conditions summarized in Table 3.3-1:
General operating conditions, with the following configuration:

e Output speed is set to OSPEEDRy[1:0] = 10

e Capacitive load C. =30 pF

e Measurement points are done at CMOS levels: 0.5Vpp
e 10 Compensation cell activated.

e VOS level set to VOS1

Refer to Section 3.3.16: 1/O port characteristics for more details on the input/output alternate function
characteristics (NSS, CK, TX, RX for USART).

Symbol Parameter Conditions Min Typ Max Unit
Master mode 125
fek USART clock frequency - - MHz
Slave mode 25
uNss) NSS setup time Slave mode tertl - -
thnss) NSS hold time Slave mode 2 - - i
t , . .
W(SCKH) CK high and low time Master mode | 1/fck/2-2 | Ufcx/2 | Ufci/2+2
tw(sckL)
. ) Master mode tkert6 - -
tsurx) Data input setup time
Slave mode 15 - -
ns
Master mode 0 - -
thRrx) Data input hold time
Slave mode 15 - -
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Slave mode - 12 20
tyrx) Data output valid time

Master mode - 0.5 1

Slave mode 9 - -
thrx) Data output hold time

Master mode 0 - -

1. Guaranteed by characterization results.

Table 3.3-94: USART characteristics®

High
NSS input
- te(SCKy !

— - 1
2| cPHA=0 ; ' L\
3| cPor=o f i : -

_ 1! ! ! 1
x | cPHA=0 " ! : ! "
w

SCK Output
OOI
32
P
Ty
1
[ ]

1 1
1 : !

CPHA=1 " ' ' ! 1"
! 1

h— 1 1
' tw(SCKH) ! E i :i t(SCK)
ISu(MI) <=1ty sck ) 2 - ! tf(SCK)
MISO I T = ]
NPUT X wmsen: X Brein i X tsen X
1 1 1
(M) —> :
Mos| X i X W x X
OUTPUT MsEoUT 1 X BITIOUT | LSB OUT

ty(MO) +e—m1 th(MO) =1

ai14136¢

1. Measurement points are done at 0.5Vpp and with external C. = 30 pF.

Figure 3.3-37: USART timing diagram in Master mode
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) \ /
NSS input i j

|
} 1
i L ¢ E— e thnssy >

-t sy ™ < —ty(sckH) ™

CPHA=0 i X, E T \ i
cPOL=0 ___+ : i L

~

CPHA=O ™ ; —
_ CPOL=1 ; I

—tasoy | tyscky ™ Hysoy™ ~th(so) T+ l"ﬁ:‘FtﬂSCK)* —taissop—T

MISO output 4( First bit OUT >€ Next bits OUT D< Last bit OUT >—

.47“‘(5')4’

SCK input
A

Ve

—tsysy—Te

MOSI input >< First bit IN Next bits IN >< Last bit IN ><

MSv41658V1

Figure 3.3-38: USART timing diagram in Slave mode

SPI interface characteristics

Unless otherwise specified, the parameters given in Table 3.3-95 for SPI are derived from tests performed under
the ambient temperature, frcLkx frequency and Vpp supply voltage conditions summarized in Table 3.3-1: General
operating conditions, with the following configuration:

e Output speed is set to OSPEEDRy[1:0] = 11

e Capacitive load C. =30 pF

e Measurement points are done at CMOS levels: 0.5Vpp
e 10 Compensation cell activated.

e HSLV activated when VDD <2.7 V

e VOS level set to VOS1

Refer to Section 3.3.16: 1/O port characteristics for more details on the input/output alternate function
characteristics (NSS, SCK, MOSI, MISO for SPI).

Symbol Parameter Conditions Min Typ Max Unit
Master mode
1.62<Vpp<3.6 V 80
SPI1, 2,3
Master mode
2.7<Vpp<3.6 V 100

fsck SPI clock frequency SPI1, 2,3 - - MHz

Master mode
1.62<Vpp<3.6 V SP14, 5, 6 >0
Slave receiver mode 1.62<Vpp<3.6 V 100
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Slave mode transmitter/full duplex 31
2.7<Vpp<3.6 V
Slave mode transmitter/full duplex 29
1.62 <Vpp<3.6V
tsu(nss) NSS setup time Slave mode 2 ; .
thinss) NSS hold time Slave mode 1 - - i
t , . .
tW(SCKH) SCK high and lowtime | Master mode Tecik2 | Teerk | Tpelk*2
W(SCKL)
tuvin) ) ] Master mode 1 - -
Data input setup time
tsu(sny Slave mode 1 - .
thovin) ) ) Master mode 4 - -
Data input hold time
thesi) Slave mode 2 B} .
ta(so) Data output access time Slave mode 9 13 27
tiis(so) Data output disable time | Slave mode 0 1 5
Slave mode 2.7<Vpp<3.6 V - 12,5 16 ns
so) Data output valid ti
ala output validtime | ¢2ve mode 1.62<Vpp<3.6 V - 125 17
tymo) Master mode - 1 3
th(so) Slave mode 1.62<Vpp<3.6 V 10 - -
Data output hold time
thovo) Master mode 0 ; .
1. Guaranteed by characterization results.
Table 3.3-95: SPI characteristics®
) —\ S
NSS input i J
i 4*&(30()"”3 ‘7th(NSS)4’i
%*tsu(NSS)* if'Ftw<SCKH)*€ % "F*tr(SCK)*
_ [ CPHA=0 § : L, Vo §
2 | cPOL=0 } | D) | ! I
c ] o | |
< | ¥ i |
3 | cPHA=0o T ﬂ _/_ I_
\_ CPOL=1 3 4 . |
—ta(soy i 3 “—lw(SCKL)—"; ;“'tv(SO)'."i _th(SO)_i‘_-"i "%_“_tf(SCK)_ —tms(SO)b‘;—é“
MISO output4< First bit OUT Next bits OUT Last bit OUT >—
i B Y EE—
—tsu(s®r—*
MOS input First bit IN Next bits IN >< Last bit IN ><
MSv41658V1

Figure 3.3-39: SPI timing diagram - slave mode and CPHA =0
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NSS input

!
!
!
!

—tsunss) > ety scKkH) ™ i —tisck®—ethnss) >
!
1
!

(~ CPHA=1 . | ‘
cPOL=0__ | e -
CPHA=1— | TN —

\_ CPOL=1 3

—trsck—e  —tlissopi—T

SCK input
AL

—tasoy—re ity sorL)y ™ —tyso—T —thso)

MISO output 4@( Firslt bit OUT >< Next bits OUT >< Last bit OUT >—

Htsu(S\)"i -t g

MOSI input >< First bit IN Next bits IN>< Last bit IN ><

MSv41659V1
1. Measurement points are done at 0.5Vpp and with external C. = 30 pF.
Figure 3.3-40: SPI timing diagram - slave mode and CPHA = 1®
High
NSS input
i to(sck——
3 [cPHa=o / i \
5| CPOL=0 b h ( e 1
o N N 1 i 1"
% | CPHA=O h I i ' "
0] 1

SCK Output
00
o]
Tt
O =
]
[ ]

CPHA=1 N ' ' 1
o _\_/_\I_/_- I !
= 1
t h o tw(SOKH) | — tr(SCK)
SUMD 11 tw(scky v . P tsck)
MISO : — -—
INPUT X o wseni X srein 1 X tsein X
1 1 1
r—— th(Mp) —> "
Mos| X ' x BIT1OUT : x LSB OUT X
OUTPUT MSBOUT | A L
ty(MO) Te—m1 th(MO) e

ai14136¢

1. Measurement points are done at 0.5Vpp and with external C. = 30 pF.

Figure 3.3-41: SPI timing diagram - master mode(

219



AX58400
JASIX EtherCAT Slave Controller w/ Dual-Core MCU

12S Interface characteristics

Unless otherwise specified, the parameters given in Table 3.3-96 for 12S are derived from tests performed under
the ambient temperature, frcLkx frequency and Vpp supply voltage conditions summarized in Table 3.3-1: General
operating conditions, with the following configuration:

e  Output speed is set to OSPEEDRYy[1:0] = 10

e  Capacitive load C, = 30 pF

e  Measurement points are done at CMOS levels: 0.5Vpp
e |0 Compensation cell activated.

e HSLV activated when VDD <2.7 V

e  VOS level set to VOS1

Refer to Section 3.3.16: 1/O port characteristics for more details on the input/output alternate function
characteristics (CK,SD,WS).

Symbol Parameter Conditions Min Max Unit
fmek 12S main clock output |- 256x8K 256Fg MHz
Master data - 64Fg
fek 12S clock frequency MHz
Slave data - 64Fg
tyws) WS valid time Master mode - 3
thws) WS hold time Master mode 0 -
tsu(ws) WS setup time Slave mode 1 -
thws) WS hold time Slave mode 1 -
tsusb_MR) ] ) Master receiver 1 -
Data input setup time -
tsusp_sR) Slave receiver 1 -
th(sb_MR) ) ) Master receiver 4 -
Data input hold time
thsp_sR) Slave receiver 2 - ns
t Slave transmitter (after enable
v(SD_ST) edge) - 17
Data output valid time
t Master transmitter (after enable
V(SD_MT) edge) - 3
t Slave transmitter (after enable
h(SD_ST) edge) 9 -
Data output hold time
t Master transmitter (after enable
h(SD_MT) edge) 0 -

1. Guaranteed by characterization results.

Table 3.3-96: 12S dynamic characteristics®
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-~ tC(CK) —p!

SRR e W U U

ty(CKH) —T&——>r¢——>+ ty(CKL)

CK Input

' H
WS input i i
: I vy
SDtransmit X LSB transmit(®) X IVIISB transmit*I Bitn transmit
tsu(SD_SR) : h(SD_SR)
SDraceive X LSB receive'?) MSB receive Bitn re-c:aTv-e“ LSB receive

ai14881b

1. LSB transmit/receive of the previously transmitted byte. No LSB transmit/receive is sent before the first byte.

Figure 3.3-42: 1?S slave timing diagram (Philips protocol)®

CPOL=0

tw(CKH)

CK output

CPOL =1

WS output

1

1

i

E v(SD_MT) h(SD_MT)
SDtransmit X LSB transmit(z)X MEB transmit Bitn transmit LSB transmit

1

I

tsu(SD_MR) h(SD_MR)
SDreceive X LSB receive® MSB receive Bitn receive LSB receive

ai14884b

1. LSB transmit/receive of the previously transmitted byte. No LSB transmit/receive is sent before the first byte.

Figure 3.3-43: I12S master timing diagram (Philips protocol)®
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\ ASIX

SAI characteristics

Unless otherwise specified, the parameters given in Table 3.3-97 for SAI are derived from tests performed under
the ambient temperature, focLkx frequency and VDD supply voltage conditions summarized in Table 3.3-1: General
operating conditions, with the following configuration:

e Output speed is set to OSPEEDRy[1:0] = 10

e Capacitive load C_ =30 pF

e |0 Compensation cell activated.

e Measurement points are done at CMQOS levels: 0.5VDD
e VOS level set to VOSL.

Refer to Section 3.3.16: 1/O port characteristics for more details on the input/output alternate function
characteristics (SCK,SD,WS).

Symbol Parameter Conditions Min Max Unit
fmek SAI Main clock output - 256x8K | 256xFg
Master Data: 32 bits - 128xFs® | MHz
fok SAl clock frequency® . .
Slave Data: 32 bits - 128xF®
Master mode 13
2.7<Vpp<3.6 )
tV(FS) Fs valid time
Master mode 1.62<Vpp<3.6 - 20
tsu(rs) Fs hold time Master mode 8 -
Fs setup time Slave mode 1 -
th(Fs) ,
Fs hold time Slave mode 1 -
tsusb_A MR) _ _ Master receiver 0.5 -
— Data input setup time -
tsusp_B_sR) Slave receiver 1 -
thso_A_MR) . ) Master receiver 3.5 -
— Data input hold time
th(sp_B_SR) Slave receiver 2 - ns
Slave transmitter (after enable edge) 14
2.7<Vpp<3.6 )
tyssp B sT) Data output valid time -
Slave transmitter (after enable edge) 20
1.62<Vpp<3.6 )
thsp_B_sT) Data output hold time | Slave transmitter (after enable edge) 9 -
Master transmitter (after enable edge) 12
2.7<Vpp<3.6 i
tysp_a_mT) | Data output valid time -
Master transmitter (after enable edge) i 19
1.62<Vpp<3.6
thsp_A_MT) Data output hold time  |Master transmitter (after enable edge) 7.5 -

1. Guaranteed by characterization results.
2. APB clock frequency must be at least twice SAI clock frequency.
3. With Fs=192 KHz.

Table 3.3-97: SAI characteristics®
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fsck

SAl SCK_X _/_\_/_\_/—\_/_\_

o th(FS)

I

(output) tv(FS) > . ! > th(SD_I\/IT)

SAI_SD_X X X X Slotn X Slot n+2 X
(transmit) ‘ ‘ |

tsu(SD_MR) 4¢—pi¢—» th(SD_MR)

SAI_SD_X X X X Slotn X X X

(receive)

MS32771V1

Figure 3.3-44: SAI master timing waveforms

SAl SCK X _/—\_/—\_/—\_/_\_

W(CKH_X) #——»4¢——» Ww(CKL_X) i «—»h(Fs)
SAI_FS_X ‘\‘ ! : /
(input) fSu(FS) 4—», tY(SD_ST) ——»! > th(SD_sT)

(St:):;s,snz?)x X X X Slotn X X Slot n+2 X

tsu(SD_SR) 4—»e—>»! Ih(SD_SR)

SAI_SD_X X X X Spotn X X X

(receive) i
' MS32772V1
Figure 3.3-45: SAI slave timing waveforms
MDIO characteristics

Symbol Parameter Min Typ Max Unit

Fmbce Management Data Clock - - 30 MHz
tympIO) Management Data Iput/output output validtime 8 10 19
tumDIO) Management Data Iput/output setuptime 1 - - ns
thmpI0) Management Data Iput/output holdtime 1 - -

Table 3.3-98: MDIO Slave timing parameters
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>

) tmpe) ,
| tambio)

X

t tsumpio) | thvpio)
— e =

MSv40460V1

Figure 3.3-46: MDIO Slave timing diagram

SD/SDIO MMC card host interface (SDMMC) characteristics

Unless otherwise specified, the parameters given in Table 3.3-99 and Table 3.3-100 for SDIO are derived from
tests performed under the ambient temperature, fpcixx frequency and VDD supply voltage summarized in Table
3.3-1: General operating conditions, with the following configuration:

e Output speed is set to OSPEEDRy[1:0] = 0x11

e Capacitive load C =30 pF

e Measurement points are done at CMOS levels: 0.5VDD
e |O Compensation cell activated.

e HSLYV activated when Vpp <2.7V

e VOS level set to VOS1

Refer to Section 3.3.16: 1/0 port characteristics for more details on the input/output characteristics.

Symbol Parameter Conditions Min Typ Max Unit
fop Clock frequency in data transfer mode - 0 - 133 MHz
- SDIO_CK/fPCLK?2 frequencyratio - - - 8/3 -
tyw(ckL) Clock low time fpp =52MHz 8.5 9.5 -
tw(ckh) Clock high time fpp =52MHz 8.5 9.5 - e

CMD, D inputs (referenced to CK) in eMMC legacy/SDR/DDR and SDHS/SDR®/DDR® mode

tisu Input setup time HS - 15 - -
tin Input hold time HS - 15 _ . ns
tipw® Input valid window (variable window) - 3 - - 3

CMD, D outputs (referenced to CK) in eMMC legacy/SDR/DDR and SDHS/SDR/DDR®) mode

tov Output valid time HS - - 35 5

toH Output hold time HS - 2 - - e
CMD, D inputs (referenced to CK) in SD default mode

tisup Input setup time SD - ‘ 15 ‘ ‘ - ns
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tiHD ‘ Input hold time SD ‘ - | 15 | | - ‘
CMD, D outputs (referenced to CK) in SD default mode

tovp Output valid default time SD - - 0.5 2

toHD Output hold default time SD - 0 - - s

1. Guaranteed by characterization results.

2. Above 100 MHz, C. =20 pF.

3. An external voltage converter is required to support SD 1.8 V.

4. The minimum window of time where the data needs to be stable for proper sampling in tuning mode.

Table 3.3-99: Dynamics characteristics: SD / MMC characteristics, Vpp=2.7 to 3.6 V@

Symbol Parameter Conditions Min Typ Max Unit
fep Clock frequency in data transfer mode - 0 - 120 MHz
- SDIO_CK/fPCLK?2 frequency ratio - - - 8/3 -
tyw(ckL) Clock low time fpp=52 MHz | 85 9.5 -
ns
tw(ckH) Clock high time fpp=52 MHz | 85 9.5 -

CMD, D inputs (referenced to CK) in eMMC mode

tisu Input setup time HS - 1 - .
tH Input hold time HS - 25 - - ns
tiow® | Input valid window (variable window) - 35 . .
CMD, D outputs (referenced to CK) in eMMC mode
tovp Output valid time HS - - 5 7
ns
torp Output hold time HS - 3 - .

1. Guaranteed by characterization results.
2.CL =20 pF.
3. The minimum window of time where the data needs to be stable for proper sampling in tuning mode.

Table 3.3-100: Dynamics characteristics: eMMC characteristics VDD=1.71V to 1.9v®®
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_/_\T\U;Ftr

/AIC\':
tW{CK ) =T i = -t\N(CKL)
o /_\l\_/
oy —>| 1+ on
D, CMD
(output) :X

X
o O

(input)
ai14887
Figure 3.3-47: SDIO high-speed mode
- /—\L‘_,—/—j‘,—
-tovb <+ OHD
D, CMD X
(output)
ai14888
Figure 3.3-48: SD default mode
trcky tick twickH) twicky ticky
A y “ ’ ’ Amd
Clock m /i \—/ i <>
b ittoury  thiour) twioury  thyoun) '
+— — W—H —H
Data output DO | D1 x D2 D3 D4 X D5 )—n—
I tSf(IN}tI'If(IN} I tsr(IN}thr(IN}
i /
Data input { o X ipt] Ji o2 f b3 Jipd | D5 }—um
! : MSV36879V1

Figure 3.3-49: DDR mode
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USB OTG HS characteristics

Unless otherwise specified, the parameters given in Table 3.3-101 for ULPI are derived from tests performed under
the ambient temperature, frcLkx frequency and Vpp supply voltage summarized in Table 3.3-1: General operating
conditions, with the following configuration:

e Output speed is set to OSPEEDRy[1:0] = 11

e Capacitive load C =20 pF

e Measurement points are done at CMOS levels: 0.5Vpp
e |0 Compensation cell activated.

e VOS level set to VOS1

Refer to Section 3.3.16: 1/0 port characteristics for more details on the input/output characteristics.

Symbol Parameter Condition Min | Typ | Max | Unit
tsc Control in (ULPI_DIR , ULPI_NXT)setup time - 25 - -
the Control in (ULPI_DIR, ULPI_NXT) hold time - 2 - -
tsp Data in setup time - 25 i .
tHp Data in hold time - 0 B} . ns
2.7<Vpp<3.6 V
CL=20 pF S99
toc/top Control/Datal output delay
1.71<Vpp<3.6 V 9 1

C.=15 pF

1. Guaranteed by characterization results.

Table 3.3-101: Dynamics characteristics: USB ULPI®

Clock \ /_\_/ \ " \ /
tsc ?:N:THC
Control In
(ULPI_DIR,

ULPI_NXT) TSD<_ »e_ » 1D

bc tbc
Control out
(ULPI_STP)

X X

data In \(
(8-bit) /

data out
(8-bit)

ai17361c

Figure 3.3-50: ULPI timing diagram
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Ethernet interface characteristics

Unless otherwise specified, the parameters given in Table 3.3-102, Table 3.3-103 and Table 3.3-104 for SMI,
RMII and MII are derived from tests performed under the ambient temperature, fcc ¢ o frequency and Vop supply
voltage conditions summarized in Table 3.3-1: General operating conditions, with the following configuration:

e Output speed is set to OSPEEDRy[1:0] = 10

e Capacitive load C =20 pF

e Measurement points are done at CMOS levels: 0.5Vpp
e |0 Compensation cell activated.

e HSLYV activated when VDD < 2.7 V

e VOS level set to VOS1

Refer to Section 3.3.16: 1/O port characteristics for more details on the input/output characteristics:

Symbol Parameter Min Typ Max Unit
tvoc MDC cycle time( 2.5 MHz) 400 400 403

Tampio) Write data valid time 0.5 15 4

tsuMDIO) Read data setup time 12,5 - - ns

thvpI0) Read data hold time 0 - B

1. Guaranteed by characterization results.

Table 3.3-102: Dynamics characteristics: Ethernet MAC signals for SMI &

tMDC————_ ]
ETH_MDC \
ETH_MDIO(O) X >_
tsu(MDIO) th(MDIO)
ETH_MDIO(l)
MS31384V1
Figure 3.3-51: Ethernet SMI timing diagram
Symbol Parameter Min Typ Max Unit
tsurRxD) Receive data setup time 2 - -
tinRXD) Receive data hold time 2 - )
tu(crs) Carrier sense setup time 15 - -
ns
tihcrs) Carrier sense hold time 15 - -
tyTxEN) Transmit enable valid delay time 7 8 9.5
tyTxD) Transmit data valid delaytime 8 9 11

1. Guaranteed by characterization results.

Table 3.3-103: Dynamics characteristics: Ethernet MAC signals for RMII

228



> AX58400
JASIX EtherCAT Slave Controller w/ Dual-Core MCU

RMII_REF_CLK \ / \
d(TXEN)
t4(TxD)
RMII_TX EN
RMII_TXD[1:0]
tsu(RXD) Lih(RXD)
tsu(CRS) lih(CRS)
RMII_RXD[1:0]
RMII_CRS_DV
ai15667b
Figure 3.3-52: Ethernet RMII timing diagram
Symbol Parameter Min Typ Max Unit
tsu(RXD) Receive data setup time 2 - -
tihRxD) Receive data hold time 2 - .
tuov) Data valid setup time 15 - .
tinov) Data valid hold time 15 - .
ns
tsuEr) Error setup time 15 . .
tinEr) Error hold time 05 - .
ty(TxEN) Transmit enable valid delaytime 9 10 11
tarxo) Transmit data valid delay time 8.5 95 12.5

1. Guaranteed by characterization results.

Table 3.3-104: Dynamics characteristics: Ethernet MAC signals for MII ®
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MILRX_CLK /] \ / \

lsu(RXD) ih(RXD)
lsu(ER) Yh(ER)
tsu(Dv) tih(DV)

MII_RXD[3:0]
MII_RX_DV
MII_RX_ER

\ (1
P Y e W A

ty(TXEN)
t4(TXD)

MIl_TX_EN
MII_TXD[3:0] >< ><

Figure 3.3-53: Ethernet MII timing diagram

ai15668b

JTAG/SWD interface characteristics

Unless otherwise specified, the parameters given in Table 3.3-105 and Table 3.3-106 for JTAG/SWD are derived
from tests performed under the ambient temperature, frc ¢ « frequency and Vpp supply voltage summarized in
Table 3.3-1: General operating conditions, with the following configuration:

e Output speed is set to OSPEEDRy[1:0] = 0x10

e Capacitive load C =30 pF
e Measurement points are done at CMOS levels: 0.5Vpp
e VOS level set to VOS1

Refer to Section 3.3.16: 1/O port characteristics for more details on the input/output characteristics:

Symbol Parameter Conditions Min Typ Max Unit
Fop 2.7V <Vpp< 3.6 V - - 37
Tck clock frequency
lltC(TCK) 1.62 <VDD< 3.6V - - 275 MH
z
tisyTms) TMS input setup time - 25 - .
tinTms) TMS input hold time - 1 - -
tigycror TDI input setup time - 15 - - .
tinron TDI input hold time - 1 . . .
2.7V <VVpp< 3.6 V - 8 135 -
tov(TDO) TDO output valid time
1.62 <Vpp< 3.6 V - 8 18 -
ton(TDO) TDO output hold time - 7 - - -

Table 3.3-105: Dynamics JTAG characteristics
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Symbol Parameter Conditions Min Typ Max Unit
Fop 2.7V <Vpp< 3.6 V - - 71
SWCLK clock frequency MHz
UtgsweLk) 1.62 <Vpp< 3.6 V - - 52.5
tisyswolo) SWDIO input setup time - 25 - - -
tihswpio) SWDIO input hold time - 1 . . 3
2.7V <Vpp< 3.6 V - 8.5 14 -
tov(swDIO SWDIO output valid time
OVEWDIO) P 162 <Vpp<36V | - 85 | 19 ]
toh(swbIO) SWDIO output hold time - 8 - - -

Table 3.3-106: Dynamics SWD characteristics:

terex) |
e [\ S S
tsurmsion thrmsTon | i :
bureky) | ek
TDI/TMS X )( X X X i X X

—* lovroo) i#—* ton(rpO)

S R SR SR S x

MSv40458V1

Figure 3.3-54: JTAG timing diagram

tesweLk) ;

o [\ T\ \_/_\ [\

~——
—_

|
t * | I
SUSWDIO)! thiswoio)

) S SR SR SR S S

1
wswoLlkL) twswdlkh)

toviswoio) j—s

N toh(swoio)

FE= T S G S G - —

MSv40459V1

Figure 3.3-55: SWD timing diagram
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3.4 ESC Sub-system DC Electrical Characteristics
3.4.1 Leakage Current and Capacitance

Symbol Parameter Conditions Min | Typ | Max |Units
I Input leakage current. 3.3V with 5V tolerant I/O pins.| <+1 i HA
No pull-up or pull-down. Vin=5or0V.
Cin  |Input capacitance. 3.3V with 5V tolerant 1/O pins. - 2.3 - pF

3.4.2 DC Characteristics of 3.3V (with 5V Tolerant) 1/0 Pins

Symbol Parameter Conditions Min Typ Max | Units
VCC3IO |Power supply of 3.3V I/O 2.97 3.3 3.63 \Y
VCC33A |Analog power supply for Ethernet PHY 2.97 3.3 3.63 V
VCCK |Digital core power supply 1.08 1.2 1.32 \Y
VCC12A_P |Analog power supply for PLL 1.08 12 1.32 V
LL
Vi Input low voltage. VCC3I0=3.6V 0.8 \Y/
Vi Input high voltage. VCC3I0=3.6V 2.0 \Y/
Vi- Schmitt trigger negative going threshold VCC310=3.6V 0.8 11 v
voltage.
Vit Schmitt trigger positive going threshold VCC310=3.6V 16 20 v
voltage
Vol Output low voltage. lol =4 ~8mA - - 0.4 \Y/
Voh Output high voltage. loh=4~8mA 2.4 - - \Y/
@ |Output pull-up voltage for 5V tolerant| ~ With internal pull-up | VCC3IO
Vopu . - - \Y
10 resistor -0.9
Rpu Input pull-up resistance. For VCC3IO 10 pad 40 75 190 | KQ
Rpd Input pull-down resistance. For VCC3IO 10 pad 40 75 190 | KQ
Input leakage current. Vin=5o0r 0V - +1] - pA
Inp_ut leakage current with pull-up Vin=0V i 45 i uA
lin resistance. _
Inp_ut leakage current with pull-down Vin = VCC3I0 i 45 i uA
resistance.
Cio 1/0 pin capacitance 5 pF

Note: This parameter indicates that the pull-up resistor for the 5V tolerant 1/0 pins cannot reach VCC3I0 DC
level even without DC loading current.
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3.5 ESC Sub-system AC Electrical Characteristics

3.5.1 Power-on Reset for VCCK

Below figures and table show the two POR circuit spec during power ramp-up/down.

|
o o Vi
Pl 1 U 1
VCCK D NG Vi
| I
i Ny
i I N
POR Output | |
L N
g >
1 Tl |Tdr0d
Figure 3.5-1: Power On Reset (POR) Timing Diagram
Symbol Description Conditions Min. | Typ. | Max. | Units
VCCK | Power supply voltage to be detected - 1.0 1.2 1.32 \%
A\ VCCK rise relax voltage - - 072 | 09 \Y
Ve VCCK fall release voltage - - 063 | 085 | V
. . VCCK slew rate
Trst Reset time after POR trigger up - 1.0V/ 1ps 1.8 2.5 4.8 us
. VCCK slew rate
Trop 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
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3.5.2 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 \
|VOD| TX Differential threshold voltage 0.52 0.83 13 Vv
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
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3.6 Power Consumption
3.6.1 Main System

Please reference the section 3.3.7 in detail.

3.6.2 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 AX58400 Test board.

Table 3.6-1: Power Consumption

3.6.3 Package Thermal Characteristics

Symbol Description Condition | Min | Typ | Max | Unit
©uc | Thermal resistance of junction to case - 9.3 - °CIW
©1a | Thermal resistance of junction to ambient Still air - 23.9 - °C/W
OB Thermal resistance of junction to board - 11.68 - °CIW

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

Table 3.6-2: Thermal Characteristics
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3.7 ESC Sub-system Power—up Sequence

Trise3

A

VCC3IO/VCC33A

P Trise2
al

T

VCCK

4
\ 4

/VCC12A_PLL

RSTn

TrSt
P
<

> //

)

>
<«

Teik

»:
L}

3.3V

ov

1.2v

ov

wa e JUUUHTUUUTUUUL

Figure 3.7-1: 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\;/()(i:r%Srl]%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 AX58400 test board.

Table 3.7-1: Power-up Sequence Timing Table
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3.8 ESC Sub-system AC Timing Characteristics

3.8.1 ESC I2C Timing

Twite
Tew
SCL |_
! i~
SDA Ack |
| ~
Start Control Byte i Low Address Byte
TWme
SCL
SDA
SCL ' ! ' ' ! ' '
SDA A16 } RIW /] Ack 14} A3} A8 Ack;
Starti Control Byte : ngh Address Bwe |
SCL |

I ol B Sy

!
' Y
DA m%%mm.mmmmmmmmmmmm
JI
. :
| Low Address Byte Data Byte O |
1 I 1

TWrrte

SDA . : D15 D14} D12} mmm Ack‘ )

N

Figure 3.8-2: Write access (2 address bytes, 32 Kbit - 4 Mbit EEPROMS)
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‘ TREad Optional- High
Tei Address Byte
SCL
SDA
sec [ LTLT L
SDA . I 1 I 0 I 1 . | i | . | . | ‘
| Start | Data Byte 0
SCL : : ‘ : : ‘
SDA }: D15 : D14 : D13 : D12 : D11 } D10 : D9 } D8 [—EDN.T?DN.G: DN.Sj DNd: DN.Jj DN.2: DN.ijN.o ’; AN:k ”;
i %" - i %Stop
Figure 3.8-3: Read access (1 address byte, up to 16 Kbit EEPROMS)
Typical .
| P - - -
Symbo arameter Up to 16 Kbit | 32 Kbit-4 Mbit | °"'®
T EEPROM clock period 6.72 (= 150 KHz) us
Twrite Write access time (without errors) 250 310 us
Read (withouterrors): | configuration (8 Words) 1.16 1.22 ms
Time until configuration loading begins
T : .
Delay after Reset is gone 655 us

Table 3.8-1: 1°C EEPROM Timing Table
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3.8.2 ESC Port 2 MII Timing

Terkos
TTX_dElﬁy
TX_EN,TXD[3:0] Rl = T X:|
10 ns s Wrong: Setup/Hold Timing violated
-~ . ‘
TX EN, TXD[3:0] ‘ MIL_TX_ENA MI_TX_ENA MI_TX_ENA MIL_TX_ENA
+10 ns additional delay X MIL_TX_DATA X MILTX_DATA X MIL_TX_DATA X MIL_TX_DATA X |
20 ns
TX EN, TXD[3:0] X MIL_TX_ENA X MIL_TX_ENA X MIL_TX_ENA X MIL_TX_ENA X |
+20 s additional delay MIL_TX_DATA MILTX_DATA MIL_TX_DATA MI_TX_DATA
30ns Good- Setup/Hold Timing met
BN, TXDL 0] X W o W N G
Touy 1% c1x T Truvim_seup
_TX_ CLK25 T
< > < N oy SHYI TX bold
TX CLK | | | | |
Figure 3.8-4: Port 2 MII TX Timing Diagram
Symbol Description Min Typ Max | Units
Teikas MCLK output - 40 - ns
T TX_EN/TXDI[3:0] delay after rising edge of ) ) 2 ns
TX_delay MCLK
T Delay between MCLK and TX_CLK output of i PHY i ns
PHY_TX_CLK the PHY dependent
. PHY
T - - ns
PHY_TX_setup PHY setup time dependent
. PHY
- - ns
TPHY_TX_hOld PHY hold time dependent

Table 3.8-2: Port 2 MII TX Timing Table
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Trx c1x
< >
RX_CLK
TRY serup | TRX ol
RX DV 4—)(—)
RXDI[3:0] 3 _ -\
RX ERR \ RX signals valid |

Figure 3.8-5: Port 2 M1l 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 P éLK_ / [3:0] valid after rising edge 05 ) ) ns

Table 3.8-3: Port 2 MII RX Timing Table
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UL
MDIO . | I . I Y
. T\\m
iIIIIIIIIIIIIIIIT_
MDIO 1 o [ I Yo Vo } Yo TV
ETulrnarOLllnd% | | | Higr: DatalByie | | | | | | LowlData llay1e | | |
Figure 3.8-6: MDC/MDIO Write access
TRead
TC]k
" fiiapanaannanananag
MDIO | i i /f_;r""} T\ o [a ol
Idle Pnleamb\; (32x ‘!1') |
TRead
oo | LI
MDIO jé—g 0 §D15 EDM ED13 ED12 EDM ED10 E D9 E D8 E E D& E D5 E D4 E D3 E D2 i D1 E Do ;
i jg(f;di - I-Illgh D;ta Bylle o i o LlowDalta Byt:a o i Idle
Figure 3.8-7: MDC/MDIO Read access
Symbol Description Min Typ Max | Units
Tmpc MDC period 400 (= 2.5 MHz) ns
Tovrite MI Write access time 25.6 us
Tread MI Read access time 25.4 us
T e i s

Table 3.8-4: MDC/MDIO Timing Table
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3.8.3 Distributed Clocks SYNC/LATCH

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

Table 3.8-5: DC SYNC/LATCH timing characteristics

_Toc_Laten Toc LatcH

L

SYNC_LATCH1/0 |

_ 1

Figure 3.8-8: LATCH timing

Qutput event time
.

!
! Toc_svyne_Jitter
—>

SYNC_LATCH1/0 | /

Toc_svne _iter
>

Figure 3.8-9: SYNC timing
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3.8.4 ESC Digital 1/0 Timing

TSOF
»

»

<
<

SOF

TsoF to DATA setup LSOF to DATA hold

< > & »
< L >

10[31;0]( X Tnput DATA X )

Figure 3.8-10: Digital Input: Input data sampled at SOF, 10 can be read in the same frame

TInputieve nt_delay

< >
I>

L Toarw
>

LAT IN

TDATAﬁset‘u Ip TDATAihold
; —>

TO[31:0] ( X Toput DATA X )

Figure 3.8-11: Digital Input: Input data sampled with LATCH_IN

Tnmpul event delay
< - - >

TO UTVLD

OUTVLD |—| I_

Tpata o outviD
—p

I0[31:0] ( X Output DATA X Zero or High-Impedance >

ToE_Exr_mo_DAn@_im-und
-~

OE EXT | Thata_to wn_TRIG
i >
Twn TRIG
e

WD _TRIG —l

Figure 3.8-12: Digital Output timing

TOUT\-‘LD
>

OUTVLD

TOI—;_EX] _valid TG E_EXT_invalid

OE_EXT !

Figure 3.8-13: 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 \gzlrlr?ea:;taerrn 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 1o DATA invalid ?utputs zero or Outputs hi-Z after OE_EXT set 0 i 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 3.8-6: Digital I/O timing Table
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3.8.5 ESC PDI SPI Slave Timing

SCLK*
TMOSI_setup TMOSI_hoId
| >
—
MOSI X 5 X
TscLK to_MISO_vafid  TSCLK_to_MISO_invalid
Hi —>- !

MISO 4)

*Refer to timing diagram for relevant edges of SCLK

:

Figure 3.8-14: Basic MOSI/MISO timing

Symbol Description Min Typ | Max | Units
Tselx SCLK Period <3 03h?;IHz) A
TseL to cLk First SCLK cycle after SCS_ESC asserted 5 - - ns

. SPI mode 0/2, SPI mode 1/3
Telk © SEL ;?:ﬁgg'ggf:(scig@%c 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 3.8-7: PDI SPI Slave Timing Table
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X
D
..A

| | Data Byte 0

Wait State byte

| Address/Command Byte 0 | | Address/Command Byte 1 | |

1
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1
1
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Figure 3.8-15: PDI SPI Slave read access (2 byte addressing, 1 byte read data) with Wait State byte
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[ Address/Command Byte 0 ] [_Address/Command Byte 1 ] [ Wait State byte ] Data Byte 0 ] | Data Byte 1 |
SCS_ESC | | .
TseL tm_olk o1 Tolk_to_GEL
o~ SCLK fo_CLK ==, . —
S mods 0 Hglipipipipipiniintspininipipis s e ninipininisiiaSninipNpipininiininigipinininl
o SCLK il anEnl :: e EenEnl o
g made 2 Th oo niinls siinls Toor alis
T wos (Y Y XA XXX DE/F % st ikl e
(7] MISQ _TSELTto_D hui | i i i : : ! i ! i ! i i i § i i |
normal sample, mode 0/2 ———{(__% ‘ 3333“3099933@“ , @ﬂﬂﬂﬂﬂﬂ’ﬂ@ﬂﬂ@ﬂ ). —
iSO ! I = et i :
ate sample, mode 08—\ aaaaaaaaaaaaan X EE X T XEEXDEEEDEN & _—
SCLK| Tse_jo_cu IEEE 1 Tewk s _SEL:|('_]- o DO invali
o mode | T ) L UL UL L T UL U
= S shhhhhhiinhhhhhhibehbh it iiaiyiaiiaiaiaiainiy
: e e siialn il allaky iials il
g Mos _:” 393399096633 AR wait Stte byte W Ly A ] ] ResaTemmatonnyte [T T T )
| : [l L T i L 7
T MISO | 1 P [ L I IR !
Bl ormat st mone 39— DD EOOOXDOOOOOOCD = O IO T, —
P O O =

late sample, mode 1/3

!
= DX DO XX DEXIXDOEE

Figure 3.8-16: 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_dalay
SCS_ESC Next
seLK e k:&; Teik_tolseL B
mode 0 s . il
S mode 2 Hinnhnipaannnnnignnnnnnn |17
o ! o e . i
3 : L | | |
E vos XX EX XN OOOOE A\ AEEEEDEEOENT D6
o . T T T
» TsEL to_DO) vabd i i i i i E
> .
normal sample, modgll[ig I? _) I:Is] 5 9999309 s 099 7 . @
late sample, modggg i) |§ Baaaa“ H '; Baaa |11 I IS X - ITU I Ig
Tox E TS‘EL__t:_DC inval
TSEL_fo_cLicr— i TeLk_to_SEL
e LU ULyt LU
mode 1 | L L
= ode s phhhhhhiphhnipanihhhn [
> mode 3 . B L Co
S | M L o
= SIS 6006000608000t 60606800 06
» | o | ]
normal sample, modglﬁf.’? HTJ : 9999““ s 9999 I1II (ilﬂl X m’“@ Ib?
I i\

MISO
late sample, mode 1/3

| | | |
0 10 10 ] 10 10 10 10 1 bl " 11 1 [EIAV AT IRV
] 5 4 3 2 1 0 7 ] 5 4 3 2 1 o

1
|
Status A\ 7

FroTreS St T—FEt=SF-Strrerrriteaceess (2 by teaidressmythytewrite data)
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| Address/Command Byte 0 | | Address/Command Byte 1 ‘ | Address/Command Byte 2 | | Data Byte 0 | Taccess_datay
SCS_ESC Next aceess
TCLK TCLK EL
SCLK TSEL_lo_CLK ‘_": _to_] -
mode 0 :_l_lll |_II_IIJUUUU‘J‘_JUI—II—IUI—II—II—II—’I—II—IUI—II—IUI—I J_J
aahinhighahiihhighnhhhniighnihihni 1T
2 B e e B
=) L L L P
£ mos! TN E XXX DXOEOEOMOEEOET e AXOEE T\~ =AXEEEEEE) X
n TSELJD,DGJJW% ; % : i i i i
——\ Ve I
normal sample, modylﬂsfg I Ig 39963’ |51 689 36666666 : I? .
late sample, modgqlosfg @'s I ‘ D, () “; aeaaaaaﬂ siaus X "73 ! Iﬁu
ISEL_ to_DO_inyslid
Tdix ! r—p
TSEL_t _cm*"’} 1 TCLK_h:_SE,
mode 1 _, —I— _|——|— —L‘PLI_I
© SCLK ul  f ‘
- mode 3 Jllll | J_llll _I__|__||_||_||_||_|I_||_||_| I_II_II_IUI_II_IUU _I_L'_LI
8 3 T T n
= vos (T D EEOOOOOMOORO T ABEET\_S_~ ~AOEEmEENE) :
7 Y Ry e L
rormatsampie, meae 15— EXXOEOOOOEEOOOOOOOOCLEEEEREEEME X
MISO Y oy ey ' -
late sample, mode 1/3 “ ST Ak

Figure 3.8-18: PDI SPI Slave write access (3 byte addressing, 1 byte write data)
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3.8.6 Function SPI Slave Timing

SCLK «—  Tsax

Tsy Tup Tsu ;rH:DH
MOSI A MSB §57X |

T
L»TDO . @»\
MISO MSB ) S_X H
5]
LCSSP ‘ Tcézln T

SCS FUNC LTorpr =

Figure 3.8-19: 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 3.8-8: Function SPI with share pin Timing Table
SCLK (I0[12]) fe— Tsax
9
FTSLb 47 Tup «L—H Tsy 4TH:DH
vostaor3) (D MSB = §57X - hp
Do
Too 5 [Too,

MISO (IO[11]) MSB
Tesse
|

SCS FUNC (EOF)

> Tcb
Toupr Ton —p]

Figure 3.8-20: Function SPI Slave with individual pin Timing Diagram

Symbol Description Min | Typ | Max | Units
Tscik  |SCLK clock frequency - - 47 | MHz
Too MISO 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
Toupo  |SCS hold time after SCLK edge 21 - - ns
Tesup  |MISO data hold time after SCS de-assert 25 - - ns
Ton SCS negation to next SCS assertion time 40 - - ns

Table 3.8-9: Function SPI with individual pin Timing Table
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3.8.7 PWM Motor Controller Timing

PWM=L/H

Tpxmpw "'

Pz || I — _
PULC —‘ H : F

—» | Tppw

| ] L

—
Ll T —» 4 Tpxupw

PULB | p  Togee F
—> Ty :

O N N | N

Mote: PWhx mean PWA 1 to PWM 3

—» Ty

PULA

Figure 3.8-21: 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 3.8-10: PWMx Timing Table
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T -«
Original PWM: PR

PWM1 '| Trpw |4—
PWM2 —'| Tipw: all
PWhi3 —* Tiypun -+

Phase Shifi:
PWM 2 only ' L Ten: “

|

:

|

)

)

i

i

]

| |
]

i

PWMI _ | L 4 |

> Tpuear ™ !
PWM2 | ,| S |. ‘

PWM3 i

Tepws

Note: *1:x=1-3

Figure 3.8-22: Only PWM Channel 2 Shift Diagram

Symbol Description EN8X | Min Typ Max| Units
PWM pulse was postponed raising time x1 - P1SHIFT * 10 - ns
Trisut  |(addition with PLSHR) and the pulse width stays «8 i P1SHIET * 80 i ns
the same
x1 - P2SHIFT * 10 - ns
Trasut  |Please reference Tpisut content 8 - P2SHIET * 80 T s
x1 - P3SHIFT * 10 - ns
Teasut  |Please reference Tpisut content 8 - P3SHIFT * 80 T s

Table 3.8-11: PWMx Shift Timing Table
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—» Topc <+
PWMxH
PWMxL
PWMxH (BBM) Topvm »
PWMxL (BBM)
» €T
Figure 3.8-23: BBM (Break Before Make) Timing Diagram
Symbol Description EN8X | Min Typ Max | Units
T High pulse was postponed raising and x1 - PBBMH * 10 - ns
BBMH Ireduce 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 3.8-12: PWMx BBM Timing Table
CMDI1 CMD2
STP (PWMIL) [Ty J SGT+TSPDT_, L Tsor o
DIR WD LAY
> <
Note T
CMD1 set STN =3 and FRM =0 SPDT

CMD?2 set STN =2 and FRM =0

Figure 3.8-24: 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 +TseT)
Tseoy  |Direction Transform Delay Time set by TDLYR - SPDT * 10 - ns

Table 3.8-13: Step function timing table
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3.8.8 Incremental and Hall Encoder Interface Timing

ENCA |
ENCB ___| L
:TSK= T src: K s; T S: < >
ENCZ Tz
Figure 3.8-25: ABZ Timing Diagram
CW (ENCA) e |
Towm | Tecwr |
CCW (ENCB) Tecwn |—

ENCZ I’T_—’|_

zZ

Figure 3.8-26: CW/CCW Timing Diagram

CLK (ENCA) =1 L T1 ]

Torxa TCLEL

DIR (ENCB)
—p
Teop i Toad l ;
ENCZ T,
Figure 3.8-27: CLK/DIR Timing Diagram
A (ENCA)
B (ENCB)
C (ENCZ) o

—
Tok Tix Tex Tex Tex Tux

Figure 3.8-28: 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 3.8-14: Incremental and Hall Encoder Timing Table
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3.8.9 ESC SPI Master Timing

MSS[x] —\ ,—\

|

1
—>
: Toesl
1

1

1

—re—

Toss2 Toess, Tom

T

SCLKH
1

SCLKL

G MNgn

MSCLK

MMISO

MMISO

MMOSI

8b|ts 8b|ts

Figure 3.8-29: SPI Master Timing

]

b

:

Twiser

Twiser

.

-~

TwvobLy

Figure 3.8-30: MMISO /MMOSIO Timing
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MSS[x]

woveizo L1/ AN

Figure 3.8-31: SPI MDRLD Ready Timeout Timing

MSS[X]

MINT

MTRG
(Pulse pol=0) [/ / /

Figure 3.8-32: SPI MTRG Trigger Pulse Timeout

MSS[x]
: Tipace i
— -
MDRLD
(LDAC_pol =0)
<>
Tipacw

Figure 3.8-33: SPI MDRLD Trigger LDAC Gap and Width Timing
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A ASIX

Symbol | Description | Min | Typ |Max | Units
Clock
Tscik  |MSCLK Period ) Tscu + - | 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 (DTESH: M*D* | s
- * *
MSS[x] to MSCLK (Mode2/3 with DBS1K) (1024 (D.EF‘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
Tossz  |Byte to byte (Mode0/1 with DBS1K) - | (@024 (D'?ssclil;l)) +05) - | ns
Byte to byte (Mode2/3 with DBS1K) - | (1024 (D'?ssclil;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.Er‘fc 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
- | (LDACGIK *1023) +1) * |
Tipace |MDRLD Gap (LDAC mode) (LDGAP + 1) * Tsclk ns
. - | (LDACGIK*1023+1)* |

Tioacw |MDRLD Width (LDAC mode) (LDWlD + 1) * Tsclk ns

Table 3.8-15: SPI Master Timing Table
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4 Package Information

4X
./_'\‘
Ball A1 Gece®|[C|A[B]
| Gt C]
[
TOP VIEW A 2747678 %0 2"
- BOTTOM VIEW
|'=| -‘ I ‘—:ymbc\ Uimension imnomim Dimension in inch
= : = = = MIN | NOM | MAX MIN_ | NOM | MAX
PN VA 2 723 | 1.30 | 1.37 | 0.048 | 0.051 | 0.054
S A1 0.16 | 0.21 | 0.26 | 0.006 | 0.008 | 0.010
A A2 1.04 | 1.09 | 1.14 | 0.041 | 0.045 | 0.045
c 022 | 026 | 0.30 | 0.008 | 0.010 | 0.012
D 72.90 | 13.00 | 13.10 | 0.508 | 0.512 | 0.516
. CAVITY E 72.90 | 13.00 | 13.10 | 0.508 | 0.512 | 0.516
> ——— D1 ——— |1120 | === | == | 0441 | ——
= HEAT SINK o = —— [ 1120 — [ —— [ 0411 | ——
2 (.10 M) \\ 3 S TR A I vl BSA ey
= \\ £ b 0.25 | 0.30 | 0.35 | 0.010 | 0.012 | 0.014
’/_/m — \‘ \ aaa 0.15 0.006
- VY cce 0.10 0.004
\ o ddd 0.08 0.003
; L)<t cee 0.15 0.006
| © it 0.08 0.003
. .-\\‘(\ N MD/ME 15/15
T \SOLDER BALL =— NOTE :
< 1. CONTROLLING DIMENSION : MILLIMETER.
[~ [dddc] SEATING PLANE /2\ PRIMARY DATUM C AND SEATING PLANE ARE
/2\ DEFINED BY THE SPHERICAL CROWNS OF
THE SOLDER BALLS.
DETAIL : "A” _:?IMENSIOF\ b IS MEAS._JF{E_D AT THE MAXIMUM
==t SOLDER BALL DIAMETER, PARALLEL TO

PRIMARY DATUM C.
4. SPECIAL CHARACTERISTICS C CLASS: ccc, ddd.

THE PATTERN OF PIN 1 FIDUCIAL IS FOR
REFERENCE ONLY .
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5 Ordering Information

Part Number Description
AX58400 BI 225L.D EHS-TFBGA RoHS compliant package, temperature range: -40 to 85°C.

6 Revision History

Revision Date Comments
V0.10 2021/07/26 |Preliminary release.
V1.00 2022/10/13 |Modified some description in Section 3.8.5
V1.01 2022/12/29 |1.Modified some description in Section 1.4.3
2.Corrected Pinout Diagram color in Figure 1.3-1
V1.02 2023/03/17 |1.Modified some description in Section 2.45.4.1
2.Corrected Table 2.45-1.
V1.03 2024/11/26 |Removed ESC Sub-system’s register 0x518 description in Section 2.45.5.1
V1.04 2024/12/03 |Modified TscLk information in Table 3.8-7 and 3.8-9

260



AX58400
JASIX EtherCAT Slave Controller w/ Dual-Core MCU

N ASIX

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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