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Features Document Na AX58400'V1.04/12/03/24
@ A Systemin-Package(SiP) product basedon . Voltage scaling in Run and Stop mode (6
STSTM32H755microcontroller and ASIX EtherCAT configurable ranges)
slavecontroller . Backup regulator (~0.9 V)
B STM32H755 DualCore ARM® Cortex®M7 & . Voltage reference for analog peripherd¥i/F+
Cortex®-M4 microcontroller ., 1.21t0 3.6 V\BAT supply
32-bit Arm® Cortex?-M7 core with double . Low-power modes: Sleep, Stop, Standby and
precision FPU and L1 cache: 16 Kbytes of data VBAT supporting battery charging
and 16 Kbytes of instruction cache; frequency m | ow-power consumption
up to 480 MHz, MPU, 1027 DMIPS/ 2.14 VBAT batt fi ith charai
DMIPS/MHz (Dhrystone 2.1), and DSP : Capabiﬁt?/ ery operating mode with charging
g‘;gﬁiﬂfgé 32-bit Cortex®-M4 core with ., CPU and domain power state monitoring pins
> 2.95 €A in Standby mode (B

FPU, Adaptivereattime acceleratorT ART >
AcceleratoE ) for internal Flash memory and OFF, RTC/LSE ON)
external memories, frequency up to 240 MHz, B Clock management

MPU, 300 DMIPS/1.25 DMIPS /MHz . Internal oscillators: 64 MHz HSI, 48 MHz
(Dhrystone 2.1), and DSP instructions HSI48, 4 MHz CSI, 3XHz LSI
B Memories , External oscillators: 48 MHz HSE, 32.768
. 2 Mbytes ofdual bankFlash memory with KHz LSE
readwhile-write support . 3x PLLs (1 for the system clock, 2 for kernel
.1 Mbyte of RAM: 192 Kbytes of TCM RAM clocks) with Fractional mode
(inc. 64 Kbytes of ITCM RAM + 128 Kbytes B [nterconnect matrix
of DTCM RAM for time critical routines), 864 . 3 bus matrices (1 AXI and 2 AHB)

Kbytes of user SRAM, and 4 Kbytes of SRAM
in Backup domain
Dual mode QuadbPl memory interface

. Bridges (5x AHB2APB, 2x AXI2-AHB)
Bm 4 DMA controllers to unload the CPU

running up to 133 MHz . 1x highspeed master direct memory access
. Flexible external memory controller with up to controlier (MDMA) with linked list support
32-bit data bus: SRAM, PSRAM, , 2% dualport DMAs with FIFO

SDRAM/LPSDR SDRAM, NOR/NAND Flash
memory clocked up to 125 MHz in
Synchronous mode

CRC calculation unit ’

1x basic DMA with request router capabilities

B Up to 35 communication peripherals
4% [2Cs FM+ interfaces (SMBus/PMBuSs)

> . . 4x USARTs/4x UARTSs (ISO7816 interface,
B Security LIN, IrDA, up to 12.5 Mbit/s) and 1x LPUART
.,  ROP, PGROP, active tamper, secure firmware . 6% SPIs, 3 with muxed duplex 12S audio class
upgrade support, Secuaecess mogl accuracy via internal audio PLL or external

clock, 1x 12S in LP domain (up to 150 MHz)
4x SAls (serial audio interface)

SPDIFRX interface

SWPMI singlewire protocol master I/F

3 separate power domains which can be MDIO Slave interface

independently clocligated or switched off: 2x SD/SDIO/MMCinterfaces (up to 125 MHz)
D1: highperformance capabilities 2x CAN controllers: 2 with CAN FD, 1 with

B Generalpurpose input/outputs (GPIO)
Up to 97 1/O ports with interrupt capability >

B Reset and power management

B

. D2: communication peripherals and timers time-triggered CAN (TFCAN)
. D3:reset/clock control/power management ., 2x USB OTG interfaces (1FS, 1HS/FS) crystal
., 1.621to0 3.6 V application supply and I/Os less solution with LPM and BCD
. POR, PDR, PVD and BOR ., Ethernet MAC interface with DMA controller
, Dedicated USB power embedding a 3.3V . HDMI-CEC
internal regulator to supply the internal PHYs . 8-to 14bit cameranterface (up to 80 MHz)

Embedded regulator (LDO) to supply the .
digital circuitry B 11 analog penpherals_ _
High powerefficiency SMPS steplown 3x ADCs with 16bit max. resolution (up to 36

converter regulator to directly supplyOORE channels, up to 3.6 MSPS)
and/or external circuitry . 1x temperature sensor
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2x 12bit D/A converters (1 MHz)
2x ultralow-power comparators

B

B

HASH (MD5, SHA1, SHA2), HMAC
True random number generators

2x operational amplifiers (7.3 MHz bandwidth) g Debug mode

1x digital filters for sigma delta modulator
(DFSDM) with 8 channels/4 filters

B Graphics

B

LCD-TFT controller up to XGA resolution

ST ChromART graphical hardware
AcceleratoE (DMA2D) to reduce CPU load
Hardware JPEG Codec

B Up to 22 timers and watchdogs

B

1x highresolution timer (2.1 ns max
resolution)

2x 32bit timers with up to 4 IC/OC/PWM or
pulse counter and quadrature (incremental)
encoder input (up to 240 MHz)

2x 16bit advanced motor control timers (up to
240 MHz)

10x 16bit generalpurpose timers (up 40
MHZz)

5x 16bit low-power timers (up to 240 MHz)
4x watchdogs (independent and window)

2x SysTick timers

RTC with subsecond accuracy and hardware
calendar

B Cryptographic acceleration

Target

AES 128, 192, 256, TDES,

Applications

B Motion/Motor Control
B Digital /O Control

B Robotics

B Sensors Dia Acquisition

Typical Applications Diagram

EtherCAT

SWD & JTAG interfaces
4 Kbytes Embedded Trace Buffer

B 96-bit Unique Identifier (U ID)

@ EtherCAT Slave Controller (ESC) Sub-system

2 Integrated Fast Ethernet PHYs

39 Ethernet Ml Port for flexible EtherCAT
network configuration

8 Fieldbus Memory Management Units
(FMMUSs)

8 Sync Managers

64-bit distributed clock support allows
synchronization with other EtherCAT devices
9K bytes RAM

Step & Direction Controller

Incremental and Hall Encoder Interface

SPI Master Controller

Emergency Stop Input

Configurable Watchdog for Outputs and Inputs
Monitoring

20 GPIOs controled by EtherCAT direclty

@ 2259 D EHS-TFBGA 13x13 mm, 0.8mm pitch,
RoHS Compliant Package

@ Operating Temperature Range:-40to +85°C

B EtherCAT IOLink Master

B EtherCAT Junction Slave Module
B Communication Module

B Operator HMI Interfaces

EtherCAT

EtherCAT

| Slave 1 Slave 2 Slave 3
T =
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Master [ PO I P1 | | PO I P1 | | PO I P1 |

A ASIX
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lpwm [ aez

TwinCAT 3 Bl
i
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Motion
Control
Driver

o

Encoder

Motor/Motion Control
Applications

10-Link
Transceiver

10-Link

RS-485
Transceiver

Modbus
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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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1 Introduction

1.1 General Description

The AX58100 EtherCAT Slave Controllewith DualCore MCUis a Systemin-Package (SiP) product based on the
STM32H755 microcontroller from STMicroelectronics. AX5840@dgiipped with STM3DualcoreArm® Cortex®

M7 and Cortex®M4 32-bit RISC cores. The Cortex®17 core operates at up to 480 MHz and the CorteM® core

at up to 240 MHz. Both cores feature a floating point unit (FPU) which supports Arm®- singldoubleprecision
(Cortex®M7 core) orations and conversions (IEEE 754 compliant), including a full set of DSP instructions and a
memory protection nit (MPU) to enhance application securififhe EtherCAT Slave Controller (ESGyith two
integrated Fast Ethernet PHYs which support 100Mbpsdiyllex operation and HP AutdDIX. The AX58400
supports the CANopen (CoE), TFTP (FoE), Vender specific application (VoE), etc. standard Etipeo@&dk and
provides a cosgffective solution for industrial automati, moton/motorcontrol, robdics, digital I/O control, sensors

data &quisition etc. industrial fieldbus applications.

AX58400incorporats high-speed embedded memories with a enetk Flash memory of 2 Mbytes, up to 1 Mbyte of
RAM (including 192 Kbytes of TCM RAM, up t864 Kbytes of user SRAM and 4 Kbytes of backup SRAM), as well
as an extensive range of enhanced I/Os and peripherals connected to APB buses, AHB bubkisnatBa2HB bus
matrix and a multlayer AXI interconnect supporting internal and external memory access.

AX58400 offersthree ADCs, two DACs, two ultrbbw power comparators, a lepower RTC, a highresolution timer,
12 generapurpose 1éit timers, two PWM timers for motor control, five lepower timers, a true random number
generator (RNG), and a cryptographic acceienatell. The devices support four digital filters for external sigtaka
modulators (DFSDM). They also feature standard and advanced communication interfaces.

1 Standargeripherals
i Fourl?Cs
T FourUSARTSs,four UARTsandoneLPUART

T SixSPIsthreel?Ssin Half-duplexmode.To achieveaudioclassaccuracythel?S peripherals can be
clocked by aledicated internal audio PLL or by an external clock to alpmchronization.

i Four SAIl serial audimterfaces
i One SPDIFRXnterface
i One SWPMI (Single Wire Protocol Mastaterface)
i Management Data Input/Output (MDI€laves
i Two SDMMCinterfaces
T AUSB OTG fultspeed and a USB OTG higheed interface with fedipeed capability (with the ULPI)
i One FDCAN plus one T-FDCAN:interface
i An Etherneinterface
i STChromARTAcceleratof
I HDMI-CEC
1 Advanced peripheralscluding
i A flexible memory control (FMCinterface
i A QuadSPI Flash memorinterface
i A camera interface for CMGs&nsors
i An LCD-TFT displaycontroller

i A JPEG hardwareompressor/decompressor
Refer toTablel.1-1: AX58400 Features and Peripheral Codotsthe list of peripherals availabile detail.

13



AX58400
/ A\SIX EtherCAT Slave Controller w/ Dual-Core MCU

The AX5840060 s E S Calsopravides a threehannel PWM controller or a oradannel Step/Direction controller,
and an increment/hadincodenterface for closedoop motor controla SPI master controller for datacmisitionand
output, and an 1/0O watchdog for functadrsafety.

The AX58400, in 225LD EHS-TFBGA 13x13 mm, 0.8mm pitch,supports th&koHS compliant package and industrial
gradeoperating temperature ranfyfem -40 to 85°C.For VDD power domainsupply voltage can drop down to 1.62 V
by using an external power supervisor (Seetion2.5.2 Power supply supervispand connecting the PDR_ON pin
to VSS. Otherwise the supply voltage must stay above 1.71 V with the embedded pitager detector enabled.

Dedicated supply inputs for USB (OTG_FS and OTG_HS) are availab#68400to allow a greater power supply
choice.A comprehensive set of powsaving modes allows the design of lpawer applications.

These features malkéeX58400 microcontrollers suitable for a wide rangetioé EtherCATapplications:

Motor drive and applicatiocontrol

Industrial applications: PLC, inverters, cirduieakers
Printers, andcanners

Alarm systemsyideointercom,andHVAC

Home audi@ppliances

Mobile applications, Internet dhings

Field-Bus to EtherCAT converter

= =2 =4 4 4 A 4
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Tablel.1-1: AX58400 Features and Peripheral Counts

Peripherals AX58400
Flash memory 2 Mbytes
SRAMmapped onto AXdus 512
SRAM1 (Ddomain) 128
SRAM irKbytes SRAM?2 (Déomain) 128
SRAM3 (D@omain) 32
SRAM4 (D8omain) 64
TCM RANN ITCM RANinstruction) 64
Kbytes DTCM RANdata) 128
Backup SRANKbytes) 4
FMC Yes
Generalpurposeinput/outputs 97
QuadSPI Yes
Ethernet Yes
Highresolution 1
Generalpurpose 10
) Advanceecontrol (PWM) 2
Timers Basic >
Low-power 5
Wakeuppins 4
Tamperpins 2
Random numbegenerator Yes
Cryptographi@accelerator Yes
SPI /IS 6/3(1)
1’C 4
USARTUART/ 4/4]
LPUART 1
SAl 4
SPDIFRX 4inputs
Communication SWPMI Yes
interfaces MDIO Yes
SDMMC 2
FDCAN/T-FDCAN 1/1
USBOTG_FS Yes
USBOTG_HS Yes
Camerainterface Yes
LCBTFT Yes
JPE®odec Yes
ChromARTAcceleraton (DMA2D) Yes
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a 0N

Peripherals AX58400
16-bit ADCs 3
Number of Directhannels 2
Number of Fast channels 6
Number of Slowchannels 15
12-bit DAC Yes
Number ofchannels 2
Comparators 2
Operationabmplifiers 2
Digital filters for sigma deltanodulator (DFSDM 1
480MHZ?)
Maximum CPffequency 400MHZ®)
300MHZ%
Operatingvoltage (VDD) 1.62 to 3.6V
Operating Ambienttemperature ¢40 up to +85C(®)
temperatures Junctiortemperature ¢40 to + 125C
Package 225D EHSFBGA

The SPI1, SPI2 and SPI3 interfaces give the flexibility to work in an exclusive way in either the SPI mode cauti®ig®de.
The product junction temperature must be kept withiri #teto +105 °“Gange.

The producjunction temperature must be kept viittthei 40 to +125 °Crange.

Up to 300MHz for STM32H755xxx3salesypes(extendedndustrialtemperatureange).

Vpp/Vppa candropdownto 1.62 Vby usinganexternalpowersupervisoiseeSection2.5.2 Power supply supervispand
cong(lecélng PDR_ON pin tod4 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 theeealddium
ambient temperature (85°C) can éeceeded.
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1.2 Block Diagram

STM32H755 R
MILZRMIL - SDMMC._. T ULPLCK DP, DM, ID.
ToAPB MDIO D7) DIFOLDIR, . WBUS
peripherals as AF S AF 1B BUS; | |
l rAHB1 (200MHz) J\’
ETHER PHY PHY
- D- D- Arm DMA1|| DMA2| [SDMMC2|OTG_HS|OTG_F§|
Tcm (| Tem Tcm Cortex MAC
oKB || 64KB 64KB o
J 8 Steam| |8 Steaml| . fro omas | omas
TOOrSD, 57 AAEP AXIAHBZ (200MHz) Bts EDU; ;J; FiIFos || FIFOs FIFO FIFO
j o N 00 00 T U 0 0 0
JTCK/ISWCLK JTAGISW Cortex N
32-bit AHB BUS-MATRIX
M7 AN
TRACECK] E™ FLASH
<————>
TRACED[3:0] I-Cache || D-Cache REAX
16KB 16KB AHBS| = SRAM 55
<—1 RNG
FIFO x S ST HasH common to ADC1 & 2
g [Fmc_signals s 2
Owvazpy | FFO [ @ |« QuadsPi g ¥ RE<—[ SDES/AES
LCD_R[7:0), LCD_G[7:0]; 2 E i —
LCD_B[7:0), LCD_ASYNG a CLK, C8,D[7:0] = e TIM2 4 channels, ETR as AF
LCD_VSYNC, LED_DE, LCD-TFT| FIFO k= 3 g Tive
LCD_CLK - AXUAHB 34 (200MHzZ) 1= 4'5E| e TIM3 4 channels, ETR asAF
5 2 =
= 7
3 = z \MQ e TIM4 4 channels, ETR as AF
SDMMC_DI[7:0), SDMMC_D[7:3,1]DiF AHB/APE SWPMI =
DMMC_DOdir, SDMMC_D2dir o TIM5 4 channels
CMD, CMDdir, CK, CKin,
CKio as A, o  TIMI12 2 channels as AF
o TIM13 1 channel as AF
AHB ART (200MHz) e TIM14 1 channel as AF
cart RX, TX, SCK, CTS,
Detay ook k=> AHB2 (200MHz) USARTZ™ o Rx X sC
Tar RX, TX, SCK
HSYNG, VSYNG, PUIXCLK, D[13:0] DCMI USARTSS'"M]A CTS, RTS as AF
HRTIM1_CH[A..E}
HRTIM1_FLT[5. ﬂ HRTIM1 UART4 RX, TX asAF
HRTIMLFL;E;D]M\: S.EFL UARTS RX, TX as AF
= 2 DFSDM1 k=
DFSDM 1_DATAIN[O:7], UART?
DFSDMA_CKIN[O:7. - RX, TX as AF
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

Figure1.2-1: AX58400 Block Diagram
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\ ASIX

1.3 Pinout Diagram

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
A |vDDbLDO| PE13 | PE1L | PE10 | PES | PF15 | PF11 | SCLK | PBL | SDA | PA7 | PA4 | PA3 | VREF+| vssa
B| GND | PBl0 | PE15 | PE14 | PE12 | PE9 | PE7 | PF14 | PB2 | PBO | PC4 | PA5 | RSTO | VRER | VDDA
c| vcap [scs Esq PBi1 | 10[24 | mMosl | vbD |vccaiol| 10[23 | GND | veck |PpiEMU| PA6 | RS | PA2 |GND_PLL
D| PBl2 | PBI3 | PB4 SCSFUN( SINT | VDD |VCC3i0| 1022 | GND | vook | scL | Pcs | Par | Pao |YCSTA
E| PB15 | PD8 | PD9 | PD10 | I0[26] | vDD |vccaio| 102 | GND | veck | 1op4) | TEST | Pci | Pcac | P2 c
SYNC_ PH1-
F| Pp11 | Pp12 | PDI3 | YRS | 10[25 | VDD | VCCSIO| GND | GND | VCCK | GND | NC PCO | PFIO | ot oy
SYNC_ PHO-
G| Pow4 | PD15 | PG6 | RTNGH | 10[2 | VDD | GND | GND | GND | GND | NRST | O[19 | PF7 P8 | oec i
VDD33US ] J
H [VPPS PG8 | PG7 | MISO | 10[277 | VDD | GND | GND | GND | GND | I0[17 | 10[18] | PF9 |VFBSMPSVDDSMPS
3 |PP2OUS pcg | pcs | Pc7 [ 10[28 | VDD | GND | GND | GND | VDD | i0[0] | O[] PF6 | GND [VLXSMPS
K| Pato | Pa8 | PA9 | Pco | 10[29 | vbD | VDD | GND | GND | VDD | IO[16 | PE5 | PC13 | VBAT |VSSSMPS
L | PA12 | PA11 | PA13 | 10[3] | I0[30] | PD6 | PG1l | PGI2 PO—I?GSET PB4 | 10[20] | PE1 | PE6 |PO_ACT szl‘r(’)%STC
M |LED_RUNLED ERR S5F= | PA14 | PAIS | PGO | PGIO | PGI3 | PGL4 | PB3 | PB6 | PE4 |PLACT |PDR_ON PC3124%5C
N| vcap | pcio | pcit | Ppo PD7 | GND | GND | GND | GND | GND | PBS | PBO | PEO | PE2 PE3
P| oND | Pc12 | Pp1 PD3 | GND |PL_TXON|PL RXIN| PL_SD |P0_TXON|PO_RXIN| PO_SD |PO_XSCI| BOOTO | PB8 | GND
R |vobLpo| Pp2 | Pp4 PD5 | VCC33A|PL_TXOP| PL_RXIP| VCC33A |P0_TXOP| P0_RXIP| VCC33A|P0_XSCO PB7 | VCAP |VDDLDO
1 2 3 4 5 6 7 8 9 10 11 1 13 14 15

m O O ® >»

Tm

I v z Z

Figurel.3-1: AX58400 Pinout Diagram
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VASIX

1.4 Signal Description
1.4.1 Main System Pin Description

Name Abbreviation Definition
Pinname Unlesstherwisespecifiedin bracketsbelowthe pin name,the pin functionduring and afte
reset is the same as the actual piame
S Supplypin
' | Input onlypin
Pintype I/0 Input / outputpin
ANA Analogonly Input
FT 5V tolerant/O
TT 3.3 V tolerant/O
B Dedicated BOOTfin
RST Bidirectionalresetpin with embeddedweakpull-up resistor
/O structure Option for TT and FIFOs
_f 12C FM-bption
_a analog option (supplied Byppa
_u USB option (supplied BYppzsusk
_h Highspeed lowvoltagel/O
Notes Unlessotherwisespecifiedby a note, all /Osare setasfloatinginputsduringand afterreset.
'fl-:l:]irtri]jr: Functions selected through GPIOx_»Adefisters
Pinfunctions Additional . . . .
functions Functiondirectlyselected/enabledhroughperipheralregisters

Tablel.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

11O
structure

Notes

Alternate functions

Additional functions

N14

PE2

I/O

FT_h

TRACECLK, SAI1_CK1,
SPI4_SCK,
SAI1_MCLK_A,
SAI4_MCLK_A,
QUADSPI_BK1_l02,
SAl4_CK1,
ETH_MII_TXD3,
FMC_A23,EVENTOUT

N15

PE3

I/O

FT_h

TRACEDO,TIM15_BKIN,
SAI1_SD_BSAl4_SD B,
FMC_A19, EVENTOUT

M12

PE4

I/O

FT_h

TRACED1, SAI1_D2,
DFSDM1_DATIN3,
TIM15_CHINSPI4_NSS
SAIL_FS_A, SAl4 FS A
SAl4_D2, FMC_A20,
DCMI_D4, LCD_BO,
EVENTOUT

K12

PES

I/0

FT_h

TRACED2,SAI1_CK2,
DFSDM1_CKIN3,
TIM15_CH1SPI4_MISO,
SAI1_SCK_A,
SAl4_SCK_ASAI4_CK2,
FMC_A21, DCMI_D6,
LCD_GO, EVENTOUT

L13

PEG6

I/O

FT_h

TRACED3, TIM1_BKIN2,
SAI1_D1, TIM15_CH2,
SPI4_MOSISAI1_SD_A,
SAl4_SD_A, SAl4 D1,
SAI2_MCLK_B,
TIM1_BKIN2_COMP12,
FMC_A22, DCMI_D?7,
LCD_G1,EVENTOUT

K13

PC13

IO

FT

EVENTOUT

RTC_TAMP1/RTC |
TS/WKUP2

M15

PC140SC32_IN
(0SC32_IN{D

IO

FT

EVENTOUT

0SC32_IN

L15

PC15
0SC32_OoUT
(OSC32_OUT

I/O

FT

EVENTOUT

0OSC32_0uT

J13

PF6

I/O

FT ha

TIM16_CH1, SPI5_NSS
SAI1_SD_BUART7_RX,

SAI4_SD B,

ADC3_INN4,
ADC3_INP8
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Pin name
(function after
reset)

Pin
type

110
structure

Notes

Alternate functions

Additional functions

QUADSPI_BK1_103,
EVENTOUT

G13

PF7

I/O

FT ha

TIM17_CH1,SPI5_SCK,
SAI1_MCLK_B,
UART7_TX,
SAl4_MCLK_B,
QUADSPI_BK1_l02,
EVENTOUT

ADC3_INP3

G14

PF8

I/0

FT_ha

TIM16_CHIN,
SPI5_MISO,
SAI1_SCK_B,
UART7_RTS/UART7_DE
SAl4_SCK_B,
TIM13_CH1,
QUADSPI_BK1_I00,
EVENTOUT

ADC3_INN3,
ADC3_INP7

H13

PF9

I/0

FT_ha

TIM17_CHIN,
SPI5_MOSISAI1_FS_B,
UART7_CTS,
SAl4_FS_B, TIM14_CH1
QUADSPI_BK1_IO1,
EVENTOUT

ADC3_INP2

F14

PF10

I/O

FT ha

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

ADCS3_INN2,
ADC3_INP6

G15

PHO-OSC_IN
(PHO)

I/O

FT

EVENTOUT

OSC_IN

F15

PH1-0SC_OUT
(PH1)

I/O

FT

EVENTOUT

0SC_OouT

G1l1

NRST

I/O

RST

F13

PCO

I/O

FT a

DFSDMZ1_CKINO,
DFSDM1_DATIN4,
SAI2_FS_B,
OTG_HS_ULPI_STP,
FMC_SDNWELCD_R5,
EVENTOUT

ADC123_INP10

E13

PC1

I/O

FT ha

TRACEDO, SAI1_D1,
DFSDM1_DATINO,
DFSDM1_CKIN4,
SPI2_MOSI/I2S2_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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Pin name
(function after
reset)

Pin I/O

Notes Alternate functions |Additional functions
type [structure

MDIOS_MDC,
EVENTOUT

C1DSLEEP,
DFSDM1_CKIN,
SPI2_MISO/12S2_SDI,
DFSDM1_CKOUT, ADC3_INN1,
EL5 PC2_C ANA | TTa ) - OTG_HS_ULPI_DIR, ADC3_INPO
ETH_MIl_TXD2,
FMC_SDNED,
EVENTOUT

C1SLEEP,
DFSDM1_DATIN,
SPI2_MOSI/I2S2_SDO,
E14 PC3_C ANA | TT.a | - | OTG_HS_ULPI_NXT, ADC3_INP1
ETH_MII_TX_CLK,
FMC_SDCKEDO,
EVENTOUT

TIM2_CH1/TIM2_ETR,
TIM5_CH1, TIM8_ETR,
TIM15_BKIN,

USART2_CTS/USART?2
D14 PAO /o | FTa | - NSS, UART4_TX, ADV((‘/%(—U'ﬁng*
SDMMC2_CMD,
SAI2_SD_B,
ETH_MII_CRS,
EVENTOUT

TIM2_CH2, TIM5_CH?2,
LPTIM3_OUT,
TIM15_CHIN,

USART2_RTS/USART2|

DE, UART4_RX, ADC1_INN16,

D13 PAL Vo | FTha| - QUADSPI_BK1_103, ADC1_INP17

SAI2_MCLK_B,

ETH_MII_RX_CLK/ETH_|

RMII_REF_CLK,

LCD_R2, EVENTOUT

TIM2_CH3, TIM5_CH3,
LPTIM4_OUT,
TIM15_CH1,
USART2_TX, ADC12_INP14,

cl4 PA2 Vo | FTa | - SAI2_SCK_B, WKUP1

ETH_MDIO,
MDIOS_MDIO,LCD_R1,
EVENTOUT

TIM2_CH4, TIM5_CH4,
Al13 PA3 I/O FT_ha - LPTIM5 OUT, ADC12_INP15

TIM15_CH2,
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Pin Pinname | oo |4

(function after tvpe |structure
reset) 7P

Notes Alternate functions |Additional functions

USART2_RX, LCD_B2,
OTG_HS_ULPI_DO,
ETH_MIl_COL,LCD_B5,
EVENTOUT

DIPWRENTIM5_ETR,
SPI1_NSS/I2S1_WS,
SPI3_NSS/I2S3_WS,

USART2_CK,

A12 PA4 o | TT.a | - SPI6_NSS, A[?Acélz—(')NUPTlf ’

OTG_HS_SOF, -

DCMI_HSYNC,

LCD_VSYNC,
EVENTOUT

D2PWREN,
TIM2_CHL/TIM2_ETR,
TIM8_CH1N, ADC12_INN18,
B12 PA5 /O | TT_ha| - SPI1_SCK/I2S1_CK, | ADC12_INP19,
SPI6_SCK, DAC1_OUT?2
OTG_HS_ULPI_CK,
LCD_R4,EVENTOUT

TIM1_BKIN, TIM3_CH1,
TIM8_BKIN,
SPI1_MISO/I2S1_SDI,
SPI6_MISOTIM13_CH1,
C12 PAG6 /O | FT.a | - | TIMB_BKIN_COMP12,| ADC12_INP3
MDIOS_MDC,
TIM1_BKIN_COMP12,
DCMI_PIXCLK,LCD_G2,
EVENTOUT

TIM1_CHIN, TIM3_CH2
TIM8_CH1N,
SPI1_MOSI/I2S1_SDO,
SPI6_MOSITIM14_CH1,

All PAT VO | TTa | - lery mi_RX_DV/ETH_R
MII_CRS_DV,
FMC_SDNWE,
EVENTOUT

ADC12_INN3,
ADC12_INP7,
OPAMP1_VINM

C2DSLEEP,
DFSDM1_CKINZ2,

12S1_MCK, ADC12_INP4,
B11 PC4 o | TTa | - SPDIFRX1_IN3, OPAMP1_VOUT,
ETH_MII_RXDO/ETH_R| COMP1_INM
MII_RXDO, FMC_SDNEQ
EVENTOUT

C2SLEEP, SAI1_D3, ADC12_INN4,
DFSDM1_DATIN2, ADC12_INPS,
SPDIFRX1_IN4, OPAMP1_VINM

D12 PC5 I/O TT_a -
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Pin name
(function after
reset)

Pin
type

110
structure

Notes

Alternate functions

Additional functions

SAl4_D3,
ETH_MIl_RXD1/ETH_R
MII_RXD1,
FMC_SDCKED,
COMP1_OUT,
EVENTOUT

B10

PBO

I/0

FT a

TIM1_CH2N,TIM3_CH3,
TIM8_CH2N,
DFSDM1_CKOUT,
UART4_CTS, LCD_R3,
OTG_HS_ULPI_D1,
ETH_MIl_RXD2,
LCD_G1,EVENTOUT

ADC12_INNS5,
ADC12_INP9,
OPAMP1_VINP,
COMP1_INP

A9

PB1

I/0

TT_ u

TIM1_CH3N,TIM3_CH4,
TIM8_CH3N,
DFSDM1_DATIN,
LCD_R®,
OTG_HS_ULPI_D2,
ETH_MIl_RXD3,
LCD_GO,EVENTOUT

ADC12_INPS5,
COMP1_INM

B9

PB2

I/O

FT_ha

RTC_OUT, SAI1_D1,
DFSDM1_CKIN1,
SAI1_SD_A,
SPI3_MOSI/I2S3_SDO,
SAl4_SD_A,
QUADSPI_CLK,
SAl4_D1,EVENTOUT

COMP1_INP

A7

PF11

I/O

FT a

SPI5_MOSISAI2_SD_B,
FMC_SDNRAS,
DCMI_D12,EVENTOUT

ADC1_INP2

B8

PF14

I/O

FT_fha

DFSDM1_CKINS,
12C4_SCLFMC_AS,
EVENTOUT

ADC2_INN2,
ADC2_INP6

A6

PF15

I/O

FT_th

12C4_SDA,FMC_A9,
EVENTOUT

B7

PE7

I/O

TT ha

TIM1_ETR,
DFSDM1_DATIN2,
UART7_RX,
QUADSPI_BK2_|00,
FMC_D4/FMC_DAA4,
EVENTOUT

OPAMP2_VOUT,
COMP2_INM

A5

PES8

IO

TT_ha

TIM1_CHA1N,
DFSDM1_CKIN2,
UART7_TX,
QUADSPI_BK2_ |01,

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

I/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

I/0

FT_ha

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

COMP2_INM

A3

PE11

I/0

FT_ha

TIM1_CH2,
DFSDM1_CKIN4,
SPI4_NSSSAI2_SD_B,
FMC_D8/FMC_DAS,
LCD_G3,EVENTOUT

COMP2_INP

BS

PE12

I/0

FT_h

TIM1_CH3N,
DFSDM1_DATINS,
SPI4_SCK, SAI2_SCK_E
FMC_D9/FMC_DA9,
COMP1_OUTLCD_B4,
EVENTOUT

A2

PE13

I/0

FT_h

TIM1_CHS3,
DFSDM1_CKINS,
SPI4_MISOSAI2_FS_B,
FMC_D10/FMC_DAL10,
COMP2_OUT, LCD_DE
EVENTOUT

B4

PE14

IO

FT_h

TIM1_CH4,SPI4_MOSI,
SAI2_MCLK_B,
FMC_D11/FMC_DAL11,
LCD_CLK, EVENTOUT

B3

PE15

IO

FT_h

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

B2

PB10

I/O

FT_f

TIM2_CHS3,
HRTIM_SCOUT,
LPTIM2_IN1,12C2_SCL,

SPI2_SCK/I2S2_CK,
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Pin name
(function after
reset)

Pin
type

110
structure

Notes

Alternate functions

Additional functions

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

C3

PB11

I/0

FT_f

TIM2_CH4,
HRTIM_SCIN,
LPTIM2_ETR,12C2_SDA
DFSDM1_CKIN?7,
USART3_RX,
OTG_HS_ULPI_D4,
ETH_MII_TX_EN/ETH_R
MII_TX_EN, LCD_GS5,
EVENTOUT

D1

PB12

I/0

FT_u

TIM1_BKIN,
12C2_SMBA,
SPI2_NSS/12S2_WS,
DFSDM1_DATIN,
USART3_CK,
FDCAN2_RX,
OTG_HS_ULPI_D5,
ETH_MI_TXDO/ETH_R
MII_TXDO, OTG_HS_ID,
TIM1_BKIN_COMP12,
UART5_RX,EVENTOUT

D2

PB13

I/0

FT_u

TIM1_CHIN,
LPTIM2_OUT,
SPI2_SCK/I2S2_CK,
DFSDM1_CKIN1,
USART3_CTS/USART3 |
NSS, FDCAN2_TX,
OTG_HS_ULPI_DS,
ETH_MI_TXD1/ETH_R
MII_TXD1, UART5_TX,
EVENTOUT

OTG_HS_VBUS

D3

PB14

IO

FT_u

TIM1_CH2N,
TIM12_CH1,
TIM8_CH2N,
USART1_TX,
SPI2_MISO/12S2_SDI,
DFSDM1_DATIN2,
USART3_RTS/USART3|
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

IO

FT u

RTC_REFIN,
TIM1_CH3N,
TIM12_CH2,
TIM8_CH3N,
USART1_RX,
SPI2_MOSI/I2S2_SDO,
DFSDM1_CKIN2,
UART4_CTS,
SDMMC2_D1,
OTG_HS_DP,
EVENTOUT

E2

PD8

I/0

FT_h

DFSDM1_CKIN3,
SAI3_SCK_B,
USART3_TX,

SPDIFRX1_IN2,
FMC_D13/FMC_DA13,
EVENTOUT

E3

PD9

I/0

FT_h

DFSDM1_DATIN3,
SAI3_SD_B,
USART3_RX,
FDCAN2_RXFD_MODE,
FMC_D14/FMC_DA14,
EVENTOUT

E4

PD10

I/O

FT_h

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

F1

PD11

I/O

FT_h

LPTIM2_IN2,
12C4_SMBA,
USART3_CTS/USART3|
NSS,
QUADSPI_BK1_l00,
SAI2_SD_A, FMC_A186,
EVENTOUT

F2

PD12

I/O

FT_th

LPTIML_IN1, TIM4_CH1
LPTIM2_IN1, 12C4_SCL,
USART3_RTS/USART3|
DE,QUADSPI_BK1_|01]
SAI2_FS_A, FMC_A17,
EVENTOUT

F3

PD13

IO

FT_fh

LPTIM1_OUT,
TIM4_CH?2, 12C4_SDA,
QUADSPI_BK1_103,

SAI2_SCK_AFMC_A18,
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Pin name
(function after
reset)

Pin
type

110
structure

Notes

Alternate functions

Additional functions

EVENTOUT

Gl

PD14

I/0

FT_h

TIM4_CH3,
SAI3_MCLK_B,
UARTS_CTS,
FMC_DO/FMC_DAO,
EVENTOUT

G2

PD15

I/0

FT_h

TIM4_CH4,
SAI3_MCLK_A,
UART8_RTS/UART8_DE
FMC_D1/FMC_DAL,
EVENTOUT

G3

PG6

I/O

FT_h

TIM17_BKIN,
HRTIM_CHEL,
QUADSPI_BK1_NCS,
FMC_NE3,DCMI_D12,
LCD_R7,EVENTOUT

H3

PG7

I/O

FT_h

HRTIM_CHE2,
SAI1_MCLK_A,
USART6_CKFMC_INT,
DCMI_D13, LCD_CLK,
EVENTOUT

H2

PG8

I/O

FT_h

TIM8_ETR, SPI6_NSS,
USART6_RTS/USART6 |
DE, SPDIFRX1_IN3,
ETH_PPS_OUT,
FMC_SDCLK, LCD_G7,
EVENTOUT

J3

PC6

I/O

FT_h

HRTIM_CHAL1,
TIM3_CH1, TIM8_CH1,
DFSDM1_CKINS3,
12S52_MCKUSARTG6_TX,
SDMMC1_DODIR,
FMC_NWAIT,
SDMMC2_D6,
SDMMC1_D6DCMI_DO,
LCD_HSYNC,
EVENTOUT

SWPMI_IO

J4

PC7

IO

FT_h

TRGIO, HRTIM_CHA?2,
TIM3_CH2, TIM8_CH?2,
DFSDM1_DATINS,
12S3_MCK,
USART6_RX,
SDMMC1_D123DIR,
FMC_NEL1,
SDMMC2_D7,
SWPMI_TX,
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Pin name
(function after
reset)

Pin I/O

Notes Alternate functions |Additional functions
type [structure

SDMMC1_D7,DCMI_D1,
LCD_G6,EVENTOUT

TRACED1,
HRTIM_CHB1,
TIM3_CH3, TIM8_CHS3,
USART6_CK,
J2 PC8 /0 | FT.h | - |UART5_RTS/UART5 DE -
FMC_NE2/FMC_NCE,
SWPMI_RX,
SDMMC1_DODCMI_D2,
EVENTOUT

MCO2, TIM3_CH4,
TIM8_CH4, 12C3_SDA,
12S_CKIN, UART5_CTS
QUADSPI_BK1_100,

K4 PC9 /0 | FT_fh LCD_G3,
SWPMI_SUSPEND,
SDMMC1_D1DCMI_D3,
LCD_B2,EVENTOUT

MCO1, TIM1_CH1,
HRTIM_CHB2,
TIM8_BKIN2,12C3_SCL,
USART1_CK,
K2 PAS /O | FT_ fha| - OTG_FS_SOF, -
UART7_RX,
TIM8_BKIN2_COMP12,
LCD_B3, LCD_RS,
EVENTOUT

TIM1_CH2,
HRTIM_CHC1,
LPUARTL_TX,
12C3_SMBA,
K3 PA9 o | FTu | - SPI2_SCK/I2S2_CK, | OTG_FS_VBUS
USART1_TX,
FDCAN1_RXFD_MODE,
DCMI_DO, LCD_RS,
EVENTOUT

TIM1_CH3,
HRTIM_CHC2,
LPUARTL_RX,
USART1_RX,
K1 PA10 /0 | FTu | - |FDCAN1_TXFD_MODE, -
OTG_FS_ID,
MDIOS_MDIO,LCD_B4,
DCMI_D1, LCD_B1,
EVENTOUT

L2 PAl1l I/O FT_u - TIM1 CH4, -
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Pin name
(function after
reset)

Pin
type

110
structure

Notes

Alternate functions

Additional functions

HRTIM_CHDL,
LPUARTL_CTS,
SPI2_NSS/12S2_WS,
UART4_RX,
USART1_CTS/USARTL|
NSS, FDCAN1_RX,
OTG_FS_DM, LCD_R4,
EVENTOUT

L1

PA12

I/0

FT_u

TIM1_ETR,
HRTIM_CHD?2,
LPUART1_RTS/LPUART
1_DE,
SPI2_SCK/I2S2_CK,
UART4_TX,
USART1_RTS/USARTL |
DE, SAI2_FS_B,
FDCAN1_TX,
OTG_FS_DP, LCD_R5,
EVENTOUT

L3

PA13(JTMS/
SWDIO)

I/0

FT

JTMSSWDIO,
EVENTOUT

M4

PA14(JTCK/
SWCLK)

I/O

FT

JTCK-SWCLK,
EVENTOUT

M5

PA15(JTDI)

I/O

FT

JTDI,

TIM2_CH1/TIM2_ETR,

HRTIM_FLT1, CEC,
SPI1_NSS/I2S1_WS,
SPI3_NSS/I2S3_WS,

SPI6_NSS,

UART4_RTS/UART4_DH
UART7_TX, EVENTOUT]

N2

PC10

I/O

FT ha

HRTIM_EEV1,
DFSDM1_CKINS,
SPI3_SCK/I2S3_CK,
USART3_TX,
UART4_TX,
QUADSPI_BK1_l0O1,
SDMMC1_D2DCMI_DS8,
LCD_R2,EVENTOUT

N3

PC11

IO

FT_h

HRTIM_FLT2,
DFSDM1_DATINS,
SPI3_MISO/I2S3_SDI,
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

I/0

FT_h

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

N4

PDO

I/0

FT_h

DFSDM1_CKINS,
SAI3_SCK_A,
UART4_RX,
FDCAN1_RX,
FMC_D2/FMC_DA?2,
EVENTOUT

P3

PD1

I/O

FT_h

DFSDM1_DATINS,
SAI3_SD_AUART4_TX,
FDCANL_TX,
FMC_D3/FMC_DA3,
EVENTOUT

R2

PD2

I/O

FT_h

TRACEDZ2, TIM3_ETR,
UARTS5_RX,
SDMMC1_CMD,
DCMI_D11,EVENTOUT

P4

PD3

I/O

FT_h

DFSDM1_CKOUT,
SPI2_SCK/I2S2_CK,
USART2_CTS/USART2|
NSS, FMC_CLK,
DCMI_D5, LCD_G7,
EVENTOUT

R3

PD4

I/O

FT_h

HRTIM_FLT3,
SAI3_FS_A,
USART2_RTS/USART2|
DE,
FDCAN1_RXFD_MODE|
FMC_NOE,EVENTOUT

R4

PD5

I/O

FT_h

HRTIM_EEVS,
USART2_TX,
FDCAN1_TXFD_MODE,
FMC_NWE,EVENTOUT

L6

PD6

IO

FT_h

SAI1_D1,
DFSDM1_CKIN4,
DFSDM1_DATINI,
SPI3_MOSI/I2S3_SDO,
SAI1_SD_A,

USART2_RX,
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Pin name
(function after
reset)

Pin
type

110
structure

Notes

Alternate functions |Additional functions

SAl4_SD_A,
FDCAN2_RXFD_MODE,
SAl4_D1,SDMMC2_CK,

FMC_NWAIT,
DCMI_D10, LCD_B2,
EVENTOUT

N5

PD7

I/0

FT_h

DFSDM1_DATIN4,
SPI1_MOSI/I2S1_SDO,
DFSDM1_CKIN1,
USART2_CK,
SPDIFRX1_IN1,
SDMMC2_CMD,
FMC_NE1,EVENTOUT

M6

PG9

I/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

I/O

FT_h

HRTIM_FLTS,
SPI1_NSS/I2S1_WS,
LCD_G3,SAl2_SD_B,
FMC_NE3, DCMI_D2,
LCD_B2,EVENTOUT

L7

PG11

I/O

FT_h

LPTIML_IN2,
HRTIM_EEV4,
SPI1_SCK/I2S1_CK,
SPDIFRX1_IN1,
SDMMC2_D2,
ETH_MII_TX_EN/ETH_R
MII_TX_EN, DCMI_D3,
LCD_B3,EVENTOUT

L8

PG12

I/O

FT_h

LPTIML_IN1,
HRTIM_EEVS,
SPI6_MISO,
USART6_RTS/USART6 |
DE, SPDIFRX1_IN2,
LCD_B4,
ETH_MII_TXD1/ETH_R
MII_TXD1, FMC_NE4,
LCD_B1,EVENTOUT

M8

PG13

IO

FT_h

TRACEDOLPTIM1_OUT,
HRTIM_EEV10,
SPI16_SCK,

USART6_CTS/USARTG |
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Pin name .
(function after ] WO
reset)

Notes Alternate functions |Additional functions
type [structure

NSS,

ETH_MII_TXDO/ETH_R
MII_TXDO, FMC_A24,
LCD_RO,EVENTOUT

TRACEDI,
LPTIM1_ETR,
SPI6_MOSI,
USART6_TX,
M9 PG14 o | FT.h | - QUADSPI BK2 103,
ETH_MII_TXD1/ETH_R
MII_TXD1, FMC_AZ25,
LCD_BO,EVENTOUT

JTDO/TRACESWO,
TIM2_CH2,
HRTIM_FLT4,
SPI1_SCK/I2S1. CK,
M10 FF;BA%:(%TS[J\%; o | FT | - | SPI3_SCK/2S3 CK, :
SPI6_SCK,
SDMMC2_D2,
CRS_SYNC,
UART7_RX,EVENTOUT

NJTRST, TIM16_BKIN,
TIM3_CH1,
HRTIM_EEV6,
SPI1_MISO/12S1_SDl,
B4(NJTRY) I/O FT - SPI3_MISO/12S3_SDl, -
SPI2_NSS/I252_WS,
SPI16_MISO,
SDMMC2_D3,
UART7_TX,EVENTOUT

-

L10

TIM17_BKIN, TIM3_CH2,
HRTIM_EEV7,
12C1_SMBA,
SPI1_MOSI/I2S1_SDO,
12C4_SMBA,
SPI3_MOSI/I2S3_SDO,
N11 PB5 /0 FT - SPI6_MOSI, -
FDCAN2_RX,
OTG_HS_ULPI_D7,
ETH_PPS_OUT,
FMC_SDCKE1,
DCMI_D10, UART5_RX,
EVENTOUT

TIM16_CH1N,
TIM4_CH1,
M11 PB6 o | FT_f | - HRTIM_EEVS,
12C1_SCL, CEC,
|2C4_SCLUSARTL TX,
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Pin name
(function after
reset)

Pin I/O

Notes Alternate functions |Additional functions
type [structure

LPUARTL_TX,
FDCAN2_TX,
QUADSPI_BK1_NCS,
DFSDM1_DATINS,
FMC_SDNE1PCMI_D5,
UART5_TX,EVENTOUT

TIM17_CHIN,
TIM4_CH2,
HRTIM_EEV9,
|2C1_SDA,12C4_SDA,
USART1_RX,
R13 PB7 /O | FT fa | - LPUART1_RX, PVD_IN
FDCAN2_TXFD_MODE,

DFSDM1_CKINS,
FMC_NL,
DCMI_VSYNC,
EVENTOUT

P13 BOOTO B - - VPP

TIM16_CH1, TIM4_CH3,
DFSDM1_CKIN7,
12C1_SCL, 12C4_SCL,
SDMMC1_CKIN,
UART4_RX,
P14 PBS /o | FT_fh | - FDCANL RX. -
SDMMC2_D4,
ETH_MII_TXD3,
SDMMC1_D4DCMI_DS,
LCD_B6,EVENTOUT

TIM17_CH1, TIM4_CH4,
DFSDM1_DATIN?,
12C1_SDA,
SPI2_NSS/12S2_WS,
12C4_SDA,
SDMMC1_CDIR,
N12 PB9 /o | FT_fh | - UARTATX. -

FDCAN1_TX,
SDMMC2_DS5,
12C4_SMBA,
SDMMC1_D5DCMI_D7,
LCD_B7,EVENTOUT

LPTIM1_ETR,
TIM4_ETR,
HRTIM_SCIN,
N13 PEO /0 | FT_h - LPTIM2_ETR, -

UART8_RX,
FDCAN1_RXFD_MODE,
SAI2_MCLK_A,
FMC_NBLO, DCMI_D2,
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pi Pin name Pi /o
in (function after in Notes| Alternate functions |Additional functions
No type |structure
reset)
EVENTOUT
LPTIM1_IN2,
HRTIM_SCOUT,
UART8_TX,
L12 PEL Vo | FT_h " |FDCAN1_TXFD_MODE, i
FMC_NBL1, DCMI_DS,
EVENTOUT
M14 PDR_ON I FT - - -

Whenthis ball waspreviouslyconfiguredasan oscillator,the oscillatorfunctionis kept duringandafterareset. Thiss valid
for all resets except for powenreset.

Pxy_CandPxy ballsaretwo separatgads(analogswitchopen).The analogswitchis configuredthrougha SYSCFG register.
Refer to the product reference manual for a detailed description of the switch configuitation

Thereis adirectpathbetweenPxy_CandPxy balls, throughan analogswitch. Pxy alternatefunctionsareavailableon Pxy_C
when the analog switch is closed. The analog switch is configured through a SYSCFG register. Refendadheeference

manual for a detailed description of the switch configuratits
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By port functions

Tablel.4-2: PortA alternatdunctions

AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7 AF8 AF9 AF10 AF11 AF12 AF13 AF14 | AF15
FD?)AAJIA\‘I/IJZI SAI2/4/ | 12CAUARTTI
LPUART/ | 12C1/2/3/4] spizvsan | spiae | SPIEISAZ | T TIM8/ SWPMIL/ | TIML/SIFM
Port TIMLI2/16/1 | SAIUTIM3/ | TIM8/ USARTY | oo | = aiocn | usartuz | YUART4S | oUaoen, | QUADSPY|  TIMUE/ | C/SDMMCL| TIMU | \jore)
Sys | 7LPTIMU | 4512/ | LPTIM2/3/4|  TIM15/ oo | Seronrr | BILPUART | CUEC SDMMC2/ | DFSDM/ | /MDIOS/ | DCMILCDI| 1ol sys
HRTIML | HRTIML | /S/HRTIML/ |  LPTIM2/ uartal | Jeovmca | SDMMCY | (SR | OTG HS/| SDMMC2/ | OTG1_FSICO  COMP
DFSDM | DFSDMICEC SPDIFRX1 OTG2 FS/| MDIOS/ETH
DFSDM LcD/ e
SPDIFRX1
USART2._
TIM2_CH1/ TS/ SDMMC2_ ETH_MII_ EVENT
PAO ; Mo ErTR | TIMS.CHL| TIMB_ETR| TIM1S_BKIN ; ; UsarTaisg UARTATX| SPEOE sai2_sp g T ; . . oo
USART2._ ETH_MII_R
LPTIM3_ |  TIM15_ RTS/ QUADSPI_ |  SAI2_ _CLK/ETH_ EVENT
PAL - TIMZ_CH2 | TIM5_CHZ| - ¢ CHIN - - UsARTDE | YARTARX "B 103" | MCLK B | RMIIRERCLK - - LCD_R2| "oyt
LPTIM4_ USART2_ | SsAi2 sck MDIOS_ EVENT
PA2 ; TiMz_cH3 | Tims_chz| O TIM15_CH1 : : = i ; . etH_mpio | VPloS . teora| “0Y
LPTIM5_ USARTZ2_ OTG_HS_ | ETH MIL_ EVENT
PA3 ; TIM2_CH4 | Tims_cHa| TOUE TIM15_CH2 ; ; pM . teogz | o7 o o ; . teoss| SN
DIPWR SPI1_NSS/ | SPI3_NSS/ | USARTZ2. OTG HS_ | DCMI_ LcD_ | EVENT
PA4 1 TEN - TIM5_ETR - - 12SL WS | 1253 Ws cK SPIE_NSS - - - SOF HSYNC | vsYNC | ouT
D2PWR | TIM2_CHY/ TIMS_ SPI1_SCKI/ OTG_HS_ EVENT
PAS EN TIM2_ETR : CHIN . 12S1_CK . ) SPI6_SCK ) ULPI_CK ) ) B LCD_R4| "oyt
z SPIL SPI6 TIM8 BKIN | MDIOS_ | TIML_BKIN | DCMI_PIX EVENT
[=} _ _| __ ! -
S| pas ; TIML_BKIN | TIM3_CH1| TIM8_BKIN ; MIS(;/EI)ZI51 ; ; wiso | s cht| TEEIED s LoMpL2 o teo_cz| BN
- ETH_MII_R
TIM8_ - SPI6_ DVIETH_ | FMC_SDN EVENT
PA7 ; TIML_CHIN| TiM3_CHz| TS ; Mozlr/)léa ; ; S| TiM1a_cH . R GRaY | e . . o
HRTIM_ | TIM8_BKIR USARTL_ OTG_FS_ TIM8_BKIN EVENT
Pag | mco1 | Tmichi | MET 12C3_SCL ; ; o . ; or UARTZ_RX | ,'Celflb | Lop_Bs | LepRe| oot
FDCANL
HRTIM_ | LPUARTIX SPI2_SCKI USARTL_ - EVENT
PA9 ; mim_chHz | PR 12c3_smBa | SD2-SC ; oM . RXFD_ . ; ; peMi_Do | Lo Rs| “oEY
- MODE
HRTIM_ | LPUARTL USARTL FDCANL | 6 £9p | MpIOS EVENT
pAl0| - Tmi_chz | RN ol ; ; ; pE ; TXFD_MOB _FSD s Lco_a | pemiot | Leos| “OEY
USARTL_
HRTIM_ | LPUARTL_ SPI2_NSS/ CcTs/ _ FDCANL_ | OTG_FS_ ) ) _ EVENT
PALLl - TIMLCHA | ooy cTS sz ws | UARTARX ysarTinsg RX DM LED_R4| “nyr
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AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7 AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
FD‘Z’X;QIZI SAI2/4/ | 12C4MART7/
LPUART/ | 12C1/2/3/4/ spiz/aisa | spiziarer | SPIBISAIZI | ooy TIM8/ SWPMIL/ | TIML/8/FM
Port TIM1/2/16/1 | SAIL/TIM3/ TIM8/ USARTY | cpiiiomiar | janaca USARTL/2/ | HUART4S | oepy QUADSPI/ | TIM1/8/ C/SDMMC1|  TIM1/ )
SYs 7/LPTIM1/ 4/5/12/ LPTIM2/3/4 TIM15/ 5/6/CEC / 3/6/UARTT | /B/LPUART EMel SDMMC2/ DFSDM/ IMDIOS/ | DCMILCD/| ~| o SYs
HRTIM1 HRTIM1 | /5/HRTIM1/ LPTIM2/ AT /SDMMCY | /SPMMCL | o | OTGL HS/|  SDMMC2/ | OTGL FSCH  COMP
DFSDM | DFSDM/CEC] SPDIFRX1 OTG2_FS/| MDIOS/ETH
DFSDM LCD/ e
SPDIFRX1
LPUART1_ USART1_
HRTIM_ RTS/ SPI2_SCK/ RTS/ FDCAN1_ | OTG_FS_ i i . EVENT
PAL2 . TIML_ETR CHD2 LPUARTDE . 12S2_CK UART4_TX USART1 B SAl2_FS_ B X DP LED_RS| “nyr
JTMS EVENT
g PAL3| swpio ° ° ° ° ° ° ° - ° - ° ° : : ouT
(=}
o
JTCK EVENT
PAL4| sweLk - - : - - - : - - - - - - - ouT
TIM2_CH1/ | HRTIM SPI1_NSS/ | SPI3_NSS/ UARTA_ EVENT
PA15| JTDI TIMZ_ETR FLTL - CEC 25T WS | 1253 WS SPI6_NSS RTf/éJé\RT - - UART7_TX - - - oUT
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AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7 AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
FDiﬁf;/lIZ/ SAI2/4/ 12C4UART7/
LPUART/ | 12C1/2/3/4] spiizisan | spizaer | SPIBISARI | Lo TIM8/ SWPMIL/ | TIM1/8/FM
Port TIM1/2/16/1 | SAIL/TIM3/ TIM8/ USARTY | coomnr | 304 USART1/2/ | 4UART4/S QUADSPI/ QUADSPI/ TIM1/8/ C/SDMMC1| TIMY/ UARTS!
SYS 7ILPTIMY/ 4/5/12/ LPTIM2/3/4 TIM15/ 5/6/CEC / 3/6/UART7 | /8/LPUART EMC/ SDMMC2/ DFSDM/ IMDIOS/ | DCMILCD/ | = <o SYS
HRTIM1 HRTIM1 | /5/HRTIM1/ LPTIM2/ AT Jspmmcy | SPMMCY | oo | OTGLHS/ | SDMMC2/ | OTGL FS/ COMP
DFSDM | DFSDM/CEC SPDIFRX1 OTG2_FS/ | MDIOS/ETH LCD
DFSDM LCD/ e
SPDIFRX1
TIM8_CHR DFSDM1_ UART4_ OTG_HS_ | ETH_MII_RX EVENT
PBO - TIM1_CH2N| TIM3_CH3 - - CKOUT - cTs LCD_R3 ULPL DI D2 - - LCD_GL| ot
TIM8_CHBI DFSDM1_ OTG_HS_ | ETH_MII_RX EVENT
PB1 - TIM1_CH3N| TIM3_CH4| - - DATINI - - LCD_R6 ULPI D2 D3 - - LCD_GO | "7
RTC DFSDM1, SPIS_ SAl4_SDA | QUADSPI EVENT
PB2 | T - SAI1_D1 - CKIND. - SAI1_SD_A| MOSI/I12S3 - = cik SAl4_D1 - - - - ouT
_SDbo
DO/ HRTIM SPI1_SCK/ | SPI3_SCK/ SDMMC2 EVENT
PB3 | TRACE | TIM2_CH2 FLT4 - - 1251 OK 1253 CK - SPI6_SCK = CRS_SYNJ UART7_RX - - - ouT
e} - —
TIM16, HRTIM, SPIL SPI3_MISO/ | SPI2_NSS/ SPI6 SDMMC2_B EVENT
PB4 | NJTRST BKIN. TIM3_CH1| " Co o= - Mlsggzlm 1253 SDI 1252 WS MISO = - UART7_TX - - - ouT
TIM17, HRTIM SPIL_ SPIS_ SPI6 FDCAN2 OTG_HS ETH_PPS_ | FMC_SD@&¢ UART5_ | EVENT
PB5 - BKIN. TIM3_CH2| "o o 12C1_SMBA MOSI/I2S1 | 12C4_SMBA| MOSI/N2S3 MoST Rx ULPT D7 ouT - = DCMI_D10 R~ | out
_SDbo _SDbo -
TIM16_CHuN HRTIM_ USART1_ | LPUARTTX| FDCAN2_ | QUADSPI_ | DFSDM1_ | FMC_SDNE UART5_ | EVENT
R PB6 - TIMA_CHY "y 12C1_SCL CEC 12C4_SCL % % BK1 NCS DATINS DCMI_D5 % ouT
=4
g FDCAN2
a —
TIM17_CHu HRTIM_ USART1_ | LPUART1_ DFSDM1_ DCMI_ EVENT
PB7 - TIM4_CH2| "y 12C1_SDA - 12C4_SDA RX RX TXFD_ - CKINS FMC_NL VSYNG - ouT
MODE
DFSDM1_ SDMMC1_ FDCAN1_ | SDMMC2_ | ETH_MII_TX | SDMMC1_ EVENT
PB8 - TIM16_CH1| TIM4_CH3 =\ 12C1_SCL - 12C4_SCL CKIN UART4_RX RX D4 D3 D4 DCMI_D6 | LCD_B6 | o r
DFSDM1_ SPI2_NSS/ SDMMC1_ FDCAN1_ | SDMMC2_ SDMMC1_ EVENT
PB9 - TIM17_CH1| TIM4_CH4 ~'n = 12C1_SDA 1252 WS 12C4_SDA CDIR UART4_TX Tx D5 12C4_SMBA D5 DCMI_D7 | LCD_B7 | “Oir
HRTIM_SC | LPTIM2_IN SPI2_SCK/ | DFSDM1_ | USART3_ QUADSPI_ | OTG_HS_ | ETH_MII_RX| EVENT
PB10 : TIM2_CH3 ouTt 12C2_sCL 12S2_CK DATIN7 TX ) BK1_NCS ULPI_D3 _ER B B LCD_G4 | “ 7
ETH_MII_TX
HRTIM_ LPTIM2_ DFSDM1_ | USART3_ OTG_HS_ - EVENT
PB11 - TIM2_CH4 SCIN ETR 12C2_SDA - CKINT RX - - ULPT D4 | —ENETH_ - - LCD_G5 | ~q it
- RMII_TX_EN
SPI2_NSS/ | DFSDM1, USART3 FDCAN2, OTG_HS ETHMILTX| 76 Hap | TiML BKIN | UARTS_ | EVENT
PB12 . TIM1_BKIN . . 12C2_SMBA “555 ws DATIN1 cK . Rx _ | ulpips | DOETH - | _comp12 RX | ouT
- - RMII_TXDO -
USARTZLTS) ETH Ml
LPTIM2_ SPI2_SCK/ | DFSDM1_ | USART3\SS FDCAN2_ | OTG_HS_ i UART5_ | EVENT
PB13 ) TIML_CHIN ) ouT . 12S2_CK CKIN1 ) X ULPI_D6 ;)EATITEISI B B X ouT
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AX58400
A\SIX EtherCAT Slave Controller w/ Dual-Core MCU

AFO AF1 AF2 AF3 AF4 AFS5 AF6 AF7 AF8 AF9 AF10 AF11 AF12 AF13 AF14 | AF1s
FD:';’M/ SAI2/4/ | 12C4UART7I
LPUART/ | 12C1/2/3/41 spiasan | spizvae | SPIESAR | TS TiMs/ SWPMIL/ | TIML/S/FM
Port TIMU/2/16/1 | SAILTIM3/ | TIM8/ USARTY | oo | “anocn | ueartyz | YUART4S | ouaocoy | QUADSPY | TIMUS/ | CISDMMCL| TIMY | ore
SYs | 7wPTIMI/ | 4512/ | LPTIM2/3/4|  TiMas/ veeee | 1 Seronmry | BipuaRT | FERS SDMMC2/ | DFSDM/ | /MDIOS/ | DCMILCD/ | 1) sys
HRTIML | HRTIML | /S/HRTIML/ |  LPTIM2/ Uartar | ooamads | 1sommcy | (FMEL | oTG1 Hs/| spmmc | oTGLFs/|  comp
DFSDM | DFSDM/CEC SPDIFRX1 OTG2 FS/| MDIOSETH|  LcD
DFSDM LcD/ e
SPDIFRX1
SPi2_ USART3 | UART4_
PB14| - TIM1_chHzn| TMI2.CH | TIMB_CHR | o T Tx| MISON2S2 Dgig’m;— RTS/USAR| RTS/UART SDMD":'JCZ— ; . OT%T\AHS— : ; Egﬁ’f
@ “spl T3 DE 4 DE
&
SPI2
RTC_ TIM12_CB | TIM8 CHB — | DFsDML_ UART4_ | SDMMC2 D OTG_HS_ EVENT
PB15| NICC | TIM1_CHAN UsARTL_R MoSINZS? | Pt ; A ; ; o ; ; o
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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
FD‘Z/:&LZ, SAI2/4 | I2CAUART7/
LPUART/ | 12C1/2/3/4] spiiaisan | spiziaie | SPIBISAIZL | o TIM8/ SWPMIL/ | TIM1/8/FM
Port TIM1/2/16/1 | SAIL/TIM3/ TIM8/ USARTY | coiomiar | janioca USART1/2/ | UART4/S QUADSPI/ QUADSPI/ |  TIM1/8/ C/SDMMC1 |  TIMY/ UARTS!
SYS 7/LPTIM1/ 4/5/12/ LPTIM2/3/4 TIM15/ o/6/CEC / 3/6/UART? | (BILPUART EMel SDMMC2/ DFSDM/ IMDIOS/ | DCMILCD/ | = '~ SYS
HRTIM1 HRTIML | /5/HRTIM1/ LPTIM2/ T Jspmmcy | /SPMMCY | ooy i) | OTGL HS/ | SDMMC2/ | OTGL Fs/ COMP
DFSDM | DFSDMICEC] SPDIFRX1 OTG2_FS/ | MDIOS/ETH LCD
DFSDM LCD/ e
SPDIFRX1
DFSDM1_ DFSDM1_ OTG_HS_ FMC_SDN EVENT
PCo ) ) ) CKINO . ) DATIN4 . SAIZ_FS_B B ULPI_STP B WE ) LCDRS | "oyt
TRACE DFSDM1, DFSDM1, SPi2_ SAl4_SDA | SDMMC2 MDIOS EVENT
PC1 Do - SAI1_D1 DATING CKING Mog::/)ICZ)SZ SAI1_SD_A - 7= oK - SAl4_D1 ETH_MDC MDC - - ouT
SPI2_
pco | C1DSLEF) i i DFSDM1_ i MIsO/i2s2 | DFSDML_ i ) ) OTG_HS_ | ETH_MII_TX | FMC_SDNE i . EVENT
CKIN1 DI CKOUT ULPI_DIR D2 ouTt
SPI2
pC3 c1 i i DFSDM1_ i MOSINZS2 i i ) ) OTG_HS_ | ETH_MII_TX| FMC_SD®&0 i A EVENT
SLEEP DATIN1 SDO ULPI_NXT _CLK ouTt
c2 ETH_MII_RX
Pc4 | DsLEE - - S - 1251_MCK - - - SPOTRX - pofETH_ | FMCSDNE - - | BENT
RMII_RXDO
ETH_MII_RX
c2 DFSDM1, SPDIFRX1 — T | FMC_SD@0 | COMP1 EVENT
PC5 - SAI1_D3 - - - - - - - | sAI4_D3 D1/ETH_ = - -
SLEEP DATIN2 IN4 RMII_RXD1 ouT ouT
O
5 HRTIM_CH DFSDM1, USART6_ | SDMMC1 FMC. SDMMC2, SDMMC1, LCD, EVENT
o L — _ — — — — —
a| Pce ) Al TIM3_CH1 | TIM8_CH1 CKIN3 1252_MCK ) TX DODIR NWAIT D6 B D6 DEMLDO | isyne ouT
HRTIM_CH DFSDM1_ USART6_ | SDMMC1_ SDMMC2_ SDMMC1_ EVENT
PC7 | TRGIO A TIM3_CH2| TIMB_CH2| ~p o = - 12S3_MCK RX D123DIR FMC_NE1 b7 SWPMI_TX D7 DCMI_D1 | LCD_G6 | ot
TRACE | HRTIM_CH USART6 UARTS | i NE2/ SDMMC1, EVENT
PC8 D1 Bl TIM3_CH3| TIM8_CH3 - - - oK RTSS/SJQRT FMC_NCE - SWPMI_RX bo | DCMI_D2 - ouT
UART5_ | QUADSPI_ SWPMI_ | SDMMC1_ EVENT
PC9 | MCO2 - TIM3_CH4 | TIM8_CH4| 12C3_SDA | 12S_CKIN - - oTs BK1_100 LCD_G3 | <)spEND D1 DCMI_D3 | LCD_B2 | "ot
HRTIM_EE | DFSDM1_ SPI3_SCKI/I | USART3_ QUADSPI_ SDMMC1_ EVENT
PC10 : ) Vi CKIN5 . ) 2S3_CK TX UARTA4_TX BK1_l01 B B D2 DCMID8 | LCD_R2 | "7
HRTIM_ | DFSDM1_ SPI3_MISO/ | USART3_ QUADSPI_ SDMMC1_ EVENT
PC11| - - FLT2 DATINS - - 1253_SDI RX UARTA_RX| Bro NCS - - D3 DCMI_D4 - ouT
TRACE HRTIM_EE SPI3_MOSI/ | USART3_ SDMMC1_ EVENT
PC12 D3 ) V2 ) ) ) 12S3_SDO CK UART5_TX ° ) ° CK DCMI_D9 ° ouT
EVENT
PC13 - - - - - - - - - - - - - - - OUT
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ASIX

AX58400

EtherCAT Slave Controller w/ Dual-Core MCU

AFO AF1 AF2 AF3 AF4 AF5 AF6 AFT AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
FD?:/:sg/z/ SAI2/4/ | 12CAUART7/
LPUART/ | 12C1/2/3/4/ srmEe | semew | STESAR | Sndond Tim8/ SWPMIL/ | TIM1/8/FM
Port TIML/2/16/1 | SAILUTIM3/ | TIM8/ USARTY | oo | ranaca | usarTyzr | YUARTAIS | oanepy | QUADSPI | TIM1/8/ C/SDMMC1|  TIMY/ AT
SYS | 7LPTIMI/ | 4/5/12/ | LPTIM2/3/4|  TIM15/ HCRE ; 36/UARTY | /BILPUART e SDMMC2/ | DFSDM/ /MDIOS/ | DEMILCD/ | | Sy sYs
HRTIM1 HRTIML | /5/HRTIM1/ |  LPTIM2/ UART4/ | JSDMMC1 | /SPMMCL/ | (D | OTGL HS/ | SDMMC2/ | OTGI_FS/ | COMP
DFSDM | DFSDMICEC SPDIFRX1 OTG2_FS/ | MDIOS/ETH LCD
DFSDM LCcD/ fea e
SPDIFRX1
EVENT
| Pc1s - - - - - - - - - - - - - - - ouT
=4
& 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
FD?:/;Ilﬁll/z , | SAI2/4I | 12C4UARTT/
LPUART/ | 12C1/2/3/4/ srmeean | comam | SPESAR | S TIM8/ SWPMI1/ | TIM1/8/FM
Port TIM1/2/16/1 | SAIL/TIM3/ TIM8/ USARTY | opmaiar | fanizca USART1/2/3/ | UARTAIS | anepy | QUADSPI/ | TIML/g/ C/SDMMC1 | TIM1/ AT
SYS | 7ILPTIMY | 45112/ LPTIM2/3/4|  TIM15/ . ; 6/UART7/SD | /8/LPUART N SDMMC2/ DFSDM/ IMDIOS/ | DCMILCD/ |~ '~y SYs
HRTIM1 HRTIM1 | /5/HRTIM1/ |  LPTIM2/ R YV /SDMMCY | (o | OTGL HS/ | SDMMC2/ | OTGLFS/ | COMP
DFSDM | DFSDMI/CEC SPDIFRX1 OTG2_FS/ | MDIOS/ETH LCD
DFSDM LCD/ e
SPDIFRX1
DFSDM1_ SAI3_SCH FDCAN1_ FMC_D2/ EVENT
PDO ) ) ) CKING . ) ) UART4_RX RX ) B FMC_DA2 ) B ouT
DFSDM1_ FDCAN1_ FMC_D3/ EVENT
PD1 - - - DATING - - SAI3_SD_A - UARTA_TX] 1y - - FMC_DA3 - - ouT
TRACE SDMMC1_ EVENT
PD2 b2 - TIM3_ETR - - - - - UART5_RX - - - CMD DCMI_D11 - ouT
USARTZTS/
DFSDM1_ SPI2_SCK/ USARTANSS EVENT
PD3 - - - CROUT - 1252 OK - - - - - FMC_CLK | DCMI_D5 | LCD_G7| "'t
USART2_ FDCAN1_
PD4 ; ; HES'\S’L ; ; ; SAI3_FS_A| RTS/USART? ; RXFD_ ; . FMC_NOE ; : Eg'a'f
_DE MODE
FDCAN1_
PD5 - - HRT\'/"g—EE - - - - US‘}F;TZ— - TXFD_ - - FMC_NWE - - Egﬁ'f
MODE
SPI3 FDCAN2
DFSDM1_ | DFSDM1_ o USART2_ | SAl4_SDA - SDMMC2_ FMC_ EVENT
o| PDS - - SAI1_D1 CKING DATINI | MOSIN2S3 | SAIL_SD_A RX RXFD_ SAl4_D1 CcK NWATT DCMI_D10 | LCD_B2 | " (it
E _sbo MODE
& SPI1
DFSDM1_ = DFSDM1_ | USART2_ i SPDIFRX1_ i SDMMC2_ i ) EVENT
PD7 . ) ) DATIN4 . Mogg'é51 CKIN1 CK IN1 CMD FMC_NEL ouT
DS i i i DFSDM1_ i i SAI3_SCIB_ | USART3_ i SPDIFRX1_ i ) FMC_D13/ i ) EVENT
CKIN3 X IN2 FMC_DA13 ouT
FDCAN2
DFSDM1_ USART3_ - FMC_D14/ EVENT
PD9 . ) ) DATIN3 . ) SAI3_SD_B RX ) RXFD_ ) B FMC_DA14 ) B ouT
MODE -
FDCAN2
DFSDM1_ USART3_ - FMC_D15/ EVENT
PD10 - - - CROUT - - SAI3_FS_B oK - TXFD_ - - FMC DALS - LCD_B3 | "7
MODE —
USARTXTS/
LPTIM2_ USARTNSS QUADSPI_ EVENT
PD11 - - - N2 12C4_SMBA - - - BKL_ 100 SAI2_SD_/ - FMC_A16 - - ouT
USART3_
LPTIM2_IN RTS/ QUADSPI_ EVENT
PD12 - LPTIM1_IN1| TIM4_CH1 12C4_SCL - - USART3_ - BK1 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
FD?:/ZISIM ;| SA2/4/ | 12CAUART7/
LPUART/ | 12C1/2/3/4/ spioiisaiL | spizaier | SPIBISAIZI | Lita TIM8/ SWPMIL/ | TIML/8/FM
Port TIM1/2/16/1 | SAIL/TIM3/ TIM8/ USARTY | coiomiar | janioca USART1/2/3/ | HUART4/5 QUADSPI/ QUADSPI/ | TIM1/8/ C/SDMMC1 |  TIM1/ UARTS/
SYS | 7/LPTIMY/ 4/5/12/ LPTIM2/3/4 TIM15/ 5/6/CEC / 6/UART7/SD | /8/LPUART FMC/ SDMMC2/ DFSDM/ IMDIOS/ | DCMILCD/ | ~ '~ SYs
HRTIM1 HRTIM1 | /5/HRTIM1/ LPTIM2/ AT IV ISDMMCL/ | o i, | OTGL HS/ | SDMMC2/ | OTGLFS/ | COMP
DFSDM | DFSDM/CEC] SPDIFRX1 OTG2_FS/ | MDIOS/ETH LCD
DFSDM LCD/ LChEE
SPDIFRX1
LPTIM1_ QUADSPI_ | SAI2_SCiA_ EVENT
PD13 - ouT TIM4_CH2 - 12C4_SDA - - - - BK1 103 - FMC_A18 - - ouT
la) SAI3_MCLK UARTS_ FMC_D0/ EVENT
g| PD14 . ) TIM4_CH3 . . ) B ) CTS ) ) B FMC_DAO ) B ouT
a
UART8RTS/
SAI3_MCLK - FMC_DY/ 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
FDSé/:\Irflluzl SAI2/4/ 12C4UART7/
LPUART/ | 12C1/2/3/4] spiiaisan | spiziaie | SPIBISAIZL | o TIM8/ SWPMIL/ | TIM1/8/FM
Port TIM1/2/16/1 | SAIL/TIM3/ TIM8/ USARTY | coiomiar | janioca USART1/2/ | UART4/S QUADSPI/ QUADSPI/ TIM1/8/ C/SDMMC1 |  TIMY/ UARTS!
SYS 7/LPTIM1/ 4/5/12/ LPTIM2/3/4 TIM15/ 5/6/CEC / 3/6/UART7 | BILPUART EMC/ SDMMC2/ DFSDM/ IMDIOS/ | DCMILCD/ | = "o SYS
HRTIM1 HRTIM1 | /5/HRTIM1/ LPTIM2/ PG Jspmmcy | /SPMMCY | ooy i) | OTGL HS/ | SDMMC2/ | OTGL Fs/ COMP
DFSDM | DFSDMICEC] SPDIFRX1 OTG2_FS/ | MDIOS/ETH LCD
DFSDM LCD/ e
SPDIFRX1
FDCANL1,
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 - BVENT
— scouT - - — - ouT
MODE
TRACE SAI1_MCLK SAl4_ QUADSPI_ ETH_MII_TX EVENT
PE2 CLK - SAI1_CK1 - - SPI4_SCK A - MCLK A BK1 102 SAl4_CK1 D3 FMC_A23 - - ouT
pe3 | TRACE - - - TIM15_BKIN - SAI1_SD_B - SAl4_SB - - - FMC_A19 - - EVENT
DO — - - ouT
TRACE DFSDM1_ | TIM15_CHN EVENT
PE4 b1 - SAI1_D2 DATINS SPI4_NSS| SAI1_FS_A - SAl4_FS_A| - SAl4_D2 - FMC_A20 | DCMI_D4 | LCD_BO | ot
TRACE DFSDM1_ SPI4_ SAI1_SCH_ SAl4_SCK EVENT
PE5 D2 - SAILCK2| = i\a TIM15_CH1 MISO - A - SAl4_CK2 - FMC_A21 | DCMI_D6 | LCD_GO | ~5r
TRACE | TIM1_BKI® SPI4_ SAl4_SDA SAI2_ TIM1_BKIN2 EVENT
% PE6 D3 SAI1_D1 - TIM15_CH2 MOST SAI1_SD_A - SAl4_D1 MCLK B COMP12 FMC_A22 | DCMI_D7 | LCD_GL| ¢
o
DFSDM1_ QUADSPI_ FMC_D4/ EVENT
PE7 . TIML_ETR . DATIN2 . ) ) UARTT_RX B B BK2_100 B FMC_DA4 ) B ouT
DFSDM1_ QUADSPI_ FMC_D5/ | COMP2_ EVENT
PES - TIML_CHIN - CKIN2 - - - UART7_TX - - BK2_101 - FMC_DA5 ouT - ouT
PES TIML CH1 DFSDM1_ USE;?EZ QUADSPI_ FMC_D6/ EVENT
. - . CKOUT ) . . - B B BK2_102 B FMC_DA6 . B ouT
DFSDM1_ UART7_ QUADSPI_ FMC_D7/ EVENT
PE10 ) TIM1_CH2N ) DATIN4 ) ) ) CcTS ” ” BK2_103 ” FMC_DA7 ) - ouT
DFSDM1_ FMC_D8/ EVENT
PE11 - TIM1_CH2 - CKING - SPI4_NSS - - - - SAI2_SD_B - FMC DAS - LCD_G3 | "1
DFSDM1_ SAI2_SCIB_ FMC_D9/ | COMP1_ EVENT
PE12 - TIM1_CH3N - DATING - SPI4_SCK - - - - - FMC. DA9 OUT LCD_B4 | “Jir
DFSDM1_ SPI4_ FMC_D10/ | COMP2_ EVENT
PE13 - TIM1_CH3 - CKINS - MISO - - - - SAI2_FS_B - FMC DAL0 ouT LCD_DE | "1
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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
FD‘?‘:/X;IUZ y SAI2/4/ | I2CAUART7/
LPUART/ | 12C1/2/3/4/ sPi2/aisa | spiziaer | SPIBISAIZL | e a TIM8/ SWPMIL/ | TIML/8/FM
Port TIM1/2/16/1 | SAIL/TIM3/ TIM8/ USARTY | oo | janiaca USARTY2/ | YUART4S | o jhbspy QUADSPI/ |  TIM1/8/ C/SDMMC1 |  TIMY/ VAT
SYS | 7/LPTIMY/ 4/5/12/ LPTIM2/3/4 TIM15/ 5/6/CEC / 3/6/UART7 | B/LPUART EMel SDMMC2/ DFSDM/ IMDIOS/ | DCMILCD/ |~ '~ SYs
HRTIM1 HRTIM1 | /5/HRTIM1/ LPTIM2/ AT /SDMMCL | /SPMMCL/ | (oo | OTGL HS/ | SDMMC2/ | OTGL FS/| COMP
DFSDM | DFSDMI/CEC] SPDIFRX1 OTG2_FS/ | MDIOS/ETH LCD
DFSDM LCD/ LChEE
SPDIFRX1
SPI4_ SAI2_MCL FMC_D11/ LCD_QGL | EVENT
PE14 ) TIML_CH4 ) ) ) MOSI ) ) ° ° K_B ° FMC_DA11 ) ouT
w
i) TIM1_BKIN
o
FMC_D12/ | _COMP12/ EVENT
PE15 - TIM1_BKIN - - - - - - - - - - FMC DAL2 | _COMP.. LCD_R7 | "7
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
FD‘?X:IIUZ, SAI2/4/ | 12CAUART7/
LPUART/ | 12C1/2/3/4] spiziarsal | spizrarer | SPIBISARI | Lor TIM8/ SWPMI1/ | TIML/8/FM
Port TIM1/2/16/1 | SAIUTIM3/ | TIM8/ USARTY | oo | janaca | usartuzr | YUARTAIS | oianspy | QUADSPI | TIML/S/ C/SDMMC1 |  TIM1/ VAR
SYS | 7ILPTIMY | 4/5/12/ | LPTIM2/3/4|  TIM15/ HCRE / 2e/UART7 | /BILPUART v SDMMC2/ | DFSDM/ IMDIOS/ | DCMILCDY | = sYs
HRTIM1 HRTIML | /5/HRTIM1/ | LPTIM2/ UART4/ | 7spmmct | /SPMMCL | (Jio, | OTGLHS/| SDMMC2/ | OTGLFS/ | COMP
DFSDM | DFSDM/CEC] SPDIFRX1 OTG2_FS/ | MDIOS/ETH LCD
DFSDM LCD/ oy o
SPDIFRX1
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_A5 - - OUT
SAl4_S[B | QUADSPI_ EVENT
PF6 - TIM16_CH1 - - - SPI5_NSS| SAI1_SD_B| UART7_RX| BKL 103 - - - - - oUT
SAI1_MCLK| SAl4_ QUADSPI_ EVENT
. PF7 - TIM17_CH1 - - - SPI5_SCK B UARTZ_TX| e T BK 102 - - - - - OUT
=4
o
o PFs ) TIM16_CHN ) ) ) SPI5_ | sAlL_SCR_ USE';;?TDSIQ SAI4_SCK| sy | QUADSPL i ) ) i EVENT
MISO - B — BK1_100 out
TIM17_CHN SPI5_ UART7_ QUADSPI_ EVENT
PF9 - - - - VOS] SAILFS B| ~le SAl4_FS_B| TIM14_CHI| o)1y - - - - ouT
TIM16_BKY QUADSPI_ EVENT
PF10 - SAI1_D3 - - - - - - CLK SAl4_D3 - - DCMI_D11| LCD_DE| "ot
SPI5_ FMC_ EVENT
PF11 - - - - - VOS] - - - - SAI2_SD_B - SDNRAS | DCMID12 - ouT
EVENT
PF12 - - - - - - - - - - - - FMC_A6 - - OUT
DFSDM1_ EVENT
PF13 - - - DATING 12C4_SMBA - - - - - - - FMC_A7 - - oUT
DFSDM1_ EVENT
PF14 - - - CKING 12C4_SCL - - - - - - - FMC_A8 - - ouUT
EVENT
PF15 - - - - 12C4_SDA - - - - - - - FMC_A9 - - ouUT
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AFO AF1 AF2 AF3 AF4 AF5 AF6 AFT AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
FDSé/:\l:lluzl SAI2/4] | 12CANARTT/
LPUART/ | 12C1/2/3/4/ e || cemem | PR | Shamna TIM8/ SWPMIL/ | TIML/S/FM
Port TIM1/2/16/1 | SAILTIM3/ | TIM8/ USARTY | ooy oy | janizca | UsarTuz | YUARTAS | olanspy | QUADSPI | TiMLg/ CISDMMCL |  TIML/ UGTE
SYS | 7LPTIMI/ | 4/5/12/ | LPTIM2/3/4|  TIM15/ A y 2e/UARTY | /BILPUART G SDMMC2/ | DFSDM/ /MDIOS/ | DEMILCD/ |~ 'Co sYs
HRTIM1 HRTIM1 | /S/HRTIML/ | LPTIM2/ UART4 | SDMMCY. | /SPMMCY | (Se | OTGL HS/ | SDMMC2/ | OTGLFS/ |  COMP
DFSDM | DFSDM/CEC SPDIFRX1 OTG2_FS/ | MDIOS/ETH LCD
DFSDM LCD/ LCO/CRS
SPDIFRX1
EVENT
PGO - - - - - - - - - - - - FMC_A10 - - oUT
EVENT
PG1 - - - - - - - - - - - - FMC_A11 - - ouT
TIM8_BKIN_ EVENT
PG2 - - - TIM8_BKIN - - - - - - - COMPL2 FMC_A12 - - oUT
TIM8_BKIN TIM8_BKIN2 EVENT
PG3 - - - - - - - - - - Comp1z | FMC_AI3 - - ouT
pGa ) TIM1_BKI® ) ) ) ) ) ) i i i TIM1_BKIN2 | FMC_A14/ ) i EVENT
_COMP12 | FMC_BAO ouT
FMC_A15/ EVENT
PG5 - TIM1_ETR - - - - - - - - - - FMC_BAL - - ouT
TIM17_ HRTIM_ QUADSPI_ EVENT
PG6 - BKIN CHEL - - - - - - - EKL NCS - FMC_NE3 | DCMI_D12| LCD_R7 | -t
HRTIM_ SAIL_MCLK| USART6_ LCD_aL | EVENT
of Pe7 - - CHED - - - A oK - - - - FMC_INT | DCMI_D13 ouT
g
USART6_
RTS/ SPDIFRX1 ETH_PPS_ FMC_ EVENT
PGS - - - TIM8_ETR - SPI6_NSS - USARTEOE B - - ouT i - LCD_G7 | "t
IN3
SPIL USART6 SPDIFRX1| QUADSPI FMC_NE2/ | DCMI EVENT
PGo - - - - - MISON2S1 - RX B BK2 102 | SAI2FS_B - FMC_NCE | VSYNC - out
SDI
- IN4
HRTIM_ SPI1_NSS/ EVENT
PG10 - - LTS - - 251 WS - - - LCD_G3 | SAI2_SD_B - FMC_NE3 | DCMI_D2 | LCD B2 | "+
ETH_MII_
HRTIM_ SPI1_SCK/ SPDIFRX1 SDMMC2_ | TX_EN/ETH EVENT
PG11 - LPTIMLINZ| Lo - - ST oK - - B - o _RMILTEN - DCMI_D3 | LCD_B3 | o7
INL
USARTS
- ETH_MIL_TX
HRTIM_ SPI6_ RTS/ e EVENT
PG12 - LPTIMLIN| "D e - - ViSO - USARTEE SPI'])’LIZRX1 LCD_B4 - R[:ﬁilllE;»-(uBl FMC_NE4 - LCD B | "ot
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AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7 AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
FD‘?‘:/X;/M/ SAI2/4/ | 12CAUART7/
LPUART/ | 12C1/2/3/4] spiziarsal | spizrarer | SPIBISARI | Tor TIM8/ SWPMI1/ | TIML/8/FM
Port TIM1/2/16/1 | SAIUTIM3/ | TIM8/ USARTY | oo | ranaca | usarTyzr | YUARTAIS | oanepy | QUADSPI | TIM1/8/ C/SDMMCL | TIM1/ VAR
SYS | 7ILPTIMI/ | 4/5/12/ | LPTIM2/3/4|  TIM15/ HCRE ; 36/UARTY | /BILPUART e SDMMC2/ | DFSDM/ /MDIOS/ | DEMILCD/ | | Sy sYs
HRTIM1 HRTIM1 | /5/HRTIM1/ | LPTIM2/ UART4/ | /Spmmct | /SPMMCL | (e | OTGL HS/ | SDMMC2/ | OTGLFS/| COMP
DFSDM | DFSDM/CEC] SPDIFRX1 OTG2_FS/ | MDIOS/ETH LCD
DFSDM LCD/ fea e
SPDIFRX1
USARTECTS]
= ETH_MII_TX
PG13 TRS\OCE "Pg'UNT'l— HE'ElMO— - - SPI6_SCK - USARTENSS - - - DO/ETH_ | FMC_A24 - LCD_RO Egﬁ'f
RMII_TXDO
o ETH_MII_TX
TRACE | LPTIML SPI6 USART6 QUADSPI - EVENT
b= — - - - — - — - — - -
S| Pe | pp ETR MOSI ™ BK2_103 R?/IJ-I/IE;F(‘Bl FMC_A25 LCD_BO | "oyt
USARTECTS]
PG15 - - - - - - - USARTENSS - - - - S[F)",\"'SKS DCMI_D13 - Egﬁ'f
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AFO AF1 AF2 AF3 AF4 AF5 AF6 AFT AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
FD‘Z/:&LZ, SAI2/4] | 12CANARTT/
LPUART/ | 12C1/2/3/4/ e || cemem | PR | Shamna TIM8/ SWPMIL/ | TIML/S/FM
Port TIM1/2/16/1 | SAILTIM3/ | TIM8/ USARTY | ooy oy | janzca | usartuz | YYARTA | oiabepy | QUADSPI | TIMug/ CISDMMCL |  TIML/ UGTE
SYS | 7LPTIMI/ | 4/5/12/ | LPTIM2/3/4|  TIM15/ e / S6/UARTY | /BILPUART NG SDMMC2/ | DFSDM/ /MDIOS/ | DCMILCD/ | ' sYs
HRTIM1 HRTIM1 | /S/HRTIML/ | LPTIM2/ uaRTal | 1sDmmcy | /SPMMCY | S | OTGLHS/| SDMMC2/ | OTGLFs/| CoMP
DFSDM | DFSDMI/CEC SPDIFRX1 OTG2_FS/ | MDIOS/ETH LCD
DFSDM LCD/ LCO/CRS
SPDIFRX1
EVENT
PHO - - - - - - - - - - - - - - - ouT
EVENT
PH1 - - - - - - - - - - - - - - - ouT
QUADSPI_ | SAI2_SCIB_ | ETH_MII_ FMC_ EVENT
PH2 : LPTIM1_IN2 : . . ) . . B BK2_100 CRS SDCKEO ) LCD_RO | "7
QUADSPI_ SAIZ_ ETH_MI_ | FMC_SDNE EVENT
PH3 - - - - - - - - - BK2 101 | MCLK B coL - LCD_RL| "oyt
OTG_HS_U EVENT
PH4 - - - - 12c2_SCL - - - - LCD_G5 |~ o Xt - - - Lep_G4 | “ oot
FMC_SDN EVENT
PH5 - - - - 12C2_SDA| SPI5_NSS - - - - - - e - - ouT
PHE ) ) TIM12_CHl ) 12c2 sMBA  sPI5 SCK ) ) i i i ETH_MII_RX | FMC_SDNE | [\ oo i EVENT
— — D2 - ouT
SPI5_ ETH_MILRX | FMC_ EVENT
. PH7 - - - - 12C3_SCL| 195 - - - - - D3 SDCKEL | DCMILD9 - ouT
©
S DCMI_HSY EVENT
a - - - - - - _ _ ~ _ !
PH8 TIM5_ETR 12C3_SDA FMC_D16 N LCDR2 | oot
PHO9 - - TiM12_CBl - 12C3_SMBA - - - - - - - FMC_D17 | DCMI_DO | LCD_R3 Egﬁ'f
PH10 - - TIM5_CH1 - 12C4_SMBA - - - - - - - FMC_D18 | DCMI_D1 | LCD_R4 Egﬁ'f
PH11 - - TIM5_CH2 - 12C4_SCL - - - - - - - FMC_D19 | DCMI_D2 | LCD_R5 Egﬁ'f
PH12 - - TIM5_CH3 - 12C4_SDA - - - - - - - FMC_D20 | DCMI_D3 | LCD_R6 Egﬁ'f
TIM8_CHN FDCAN1_ EVENT
PH13 - - - - - - - UART4_TX . - - FMC_D21 - LCD_G2 | oot
PH14 - - - TIM8_CHR - - - - UART4 RX| FDCANL - - FMC_ D22 | pemi D4 | Lep ca | EVENT
- RX — — — ouT
FDCAN1_
PH15 - - - TIM8_CHB - - - - - TXFD_ - - FMC_D23 | DcmiD11| Lep ca | EVENT
MODE - - - out
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AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7 AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
FD‘?‘:/X;IUZ y SAI2/4/ 12C4UART7/
LPUART/ | 12C1/2/3/4] spiiaisan | spizaer | SPIBISARZL | o TIM8/ SWPMIL/ | TIM1/8/FM
Port TIM1/2/16/ | SAIL/TIM3/ TIM8/ USARTY | opimarar | 131204 USART1/2/ | YUART4/S QUADSPI/ QUADSPI/ |  TIM1/8/ C/SDMMC1 | TIM1/ UARTS/
SYS | 17/LPTIM1/ | 4/5/12/ LPTIM2/3/4 TIM15/ 5/6/CEC / 3/6/UART7 | /B/LPUART EMC/ SDMMC2/ DFSDM/ IMDIOS/ | DCMI/LCD/ | = ' o1 SYS
HRTIM1 HRTIM1 | /5/HRTIM1/ LPTIM2/ AT JSDMMCL | /SDMMCY | o OTG1_HS/ | SDMMC2/ | OTG1_FS/ COMP
DFSDM | DFSDM/CEC SPDIFRX1 OTG2_FS/ | MDIOS/ETH LCD
DFSDM LCD/ e
SPDIFRX1

SPI2_NSS/ FDCAN1_ EVENT

PIO - - TIM5_CH4 - - 1252 WS - - - RXFD, MODE - - FMC_D24 | DCMI_D13 | LCD_G5 | ot
TIM8_BKIX SPI2_SCK/ TIM8_BKIN2 EVENT

PI1 - - - - 1252 CK - - - - - COMP12 FMC_D25 | DCMI_D8 | LCD_G6 | 1

SPI2_MIS
PI2 - - - TIM8_CH4 - 0/12S2_SD - - - - - - FMC_D26 | DCMI_D9 | LCD_G7 Egﬁ'f
SPI2_

PI3 - - - TIM8_ETR - MOSI/12S2 - - - - - - FMC_D27 | DCMI_D10 - BVENT

ouT

_SDO

SAI2_ TIM8_BKIN_ EVENT

Pl4 - - - TIM8_BKIN - - - - - - MCLK A COMP12 FMC_NBL2 | DCMI_D5 | LCD_B4 | ¢
SAI2_SCH DCMI_ EVENT

PI5 - - - TIM8_CH1 - - - - - - - FMC_NBL3 | 02 LCD_BS | "ot
Pl6 - - - TIM8_CH2 - - - - - - SAI2_SD_A - FMC_D28 | DCMI_D6 | LCD_B6 Egi’f
gl PI7 - - - TIM8_CH3 - - - - - - SAI2_FS_A - FMC_D29 | DCMI_D7 | LCD_B7 EgE':T

o

EVENT

PI8 - - - - - - - - - - - - - - - Py
FDCAN1_ LCD_VS |[EVENT

PI9 - - - - - - - - UART4_RX RX - - FMC_D30 - wNe ouT
FDCAN1_ ETH_MII_RX LCD_HS |EVENT

PI10 ) ) ) ) ) . ) ) B RXFD_MODE B _ER FMC_D31 B YNC ouT
OTG_HS_ EVENT

PI11 . . ) ) ) . ) ) B LCD_G6 ULPI_DIR ) ) B ) ouT
LCD_HS |EVENT

P12 . . ) . . ) . . B B B ) . B YNC ouT
LCD_VS |[EVENT

PI13 . . ) ) ) . ) ) B B B ) . ° YNC ouT
LCD_GL |EVENT

Pl14 - - - - - - - - - - - - - - ouT
EVENT

PI15 - - - - - - - - - LCD_G2 - - - - LCD_RO | “Oir
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AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7 AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
FDiﬁﬂﬂﬂ SAI2/4/ | 12CAUART7/
LPUART/ | 12C1/2/3/4] spiziarsalL | spizrarer | SPIBISARI [ Tor TIM8/ SWPMI1/ | TIML/8/FM
Port TIM1/2/16/1 | SAIUTIM3/ | TIM8/ USARTY | oo | jamaca | usartuzr | YUARTAS | oangpy | QUADSPY | TIML/S/ C/SDMMCL | TIM1/ VAR
SYS | 7ILPTIMI/ | 4/5/12/ | LPTIM2/3/4|  TIM15/ HCRE / 2e/UART? | /BILPUART e SDMMC2/ | DFSDM/ IMDIOS/ | DemiLCD | =R sYs
HRTIM1 HRTIML | /5/HRTIM1/ | LPTIM2/ UART4/ | 7spmmct | /SPMMCL | (Jio, | OTGLHS/| SDMMC2/ | OTGLFS/ | COMP
DFSDM | DFSDM/CEC] SPDIFRX1 OTG2_FS/ | MDIOS/ETH LCD
DFSDM LCD/ oy o
SPDIFRX1
EVENT
PJO - - - - - - - - - LCD_R7 - - - - LCD_RL | “qr
EVENT
PJ1 - - - - - - - - - - - - - - LCD_R2 |~
EVENT
PJ2 - - - - - - - - - - - - - - LCD_R3 | "ot
EVENT
PJ3 - - - - - - - - - - - - - - LCD_R4 |~
EVENT
PJ4 - - - - - - - - - - - - - - LCD_R5 | "7
EVENT
PJ5 - - - - - - - - - - - - - - LCD_R6 | 7
EVENT
PJ6 - - - TIM8_CH2 - - - - - - - - - - LCD_R7 | "ot
TIM8_CHR EVENT
5| PO | TREIN - - - - - - - - - - - - LCD_GO | “qp
g
PJ8 - TIM1_CH3N - TIM8_CH1 - - - - UART8_TX - - - - - LCD_G1 EgﬁﬁT
PJ9 - TIM1_CH3 - TIME_CHW - - - - UART8_RX - - - - - Lcp o2 | EVENT
- — - out
SPI5_ EVENT
PJ10 - TIM1_CH2N - TIM8_CH2 - VOS] - - - - - - - - LCD_G3 | “Sut
TIM8_CHR SPI5_jt EVENT
PJ11 - TIM1_CH2 - - ViSO - - - - - - - - LCD_G4 | it
TRGOU EVENT
PJ12 - - - - - - - - LCD_G3 - - - - LCD_BO | “r
EVENT
PJ13 - - - - - - - - - LCD_B4 - - - - LCD_BL | “Out
EVENT
PJ14 - - - - - - - - - - - - - - LCD B2 | " r
EVENT
PJ15 - - - - - - - - - - - - - - LCD_B3 | “r
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AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7 AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
FD‘?‘:/;';IMI SAI2/4/ | 12CANART7/
LPUART/ | 12C1/2/3/4/ spiziarsalL | spizrarer | SPIBISARI [ Tor TIM8/ SWPMIL/ | TIM1/8/FM

Port TIML/2/16/1 | SAIUTIM3/ | TIM8/ USARTY | oo | jamaca | usartuzr | YUARTAS | oangpy | QUADSPY | TIML/S/ C/SDMMC1|  TIMY/ VAR

SYS | 7LPTIMY | 4/5/12/ | LPTIM2/3/4|  TIM15/ HCRE / 26/UART? | /BILPUART e SDMMC2/ | DFSDM/ IMDIOS/ | DemiLCD | =R sYs
HRTIM1 HRTIML | /5/HRTIM1/ |  LPTIM2/ UART4 | 7SDMMcL | /SPMMCL | (i) | OTGLHS/| SDMMC2/ | OTGLFS/| COMP
DFSDM | DFSDMICEC SPDIFRX1 OTG2_FS/ | MDIOS/ETH LCD
DFSDM LCcD/ oy o
SPDIFRX1
PKO - TIML_CHIN - TIM8_CH3 - SPI5_SCK - - - - - - - - LCD_G5 Egﬁ'f
PK1 - TIM1_CH1 - TIM8_CHE - SPI5_NSS - - - - - - - - Lco_ce | EVENT
out
TIM8_BKIN | TIM1_BKIN_ EVENT
PK2 - TIM1_BKIN - TIM8_BKIN - - - - - - ComP12 | compi2 - - LCD_G7 | "oyt
EVENT
o| PK3 - - - - - - - - - - - - - - LCD B4 | it
=4

g EVENT
PK4 - - - - - - - - - - - - - - LCD_B5 | "oyt
EVENT
PK5 - - - - - - - - - - - - - - LCD_B6 | oyt
EVENT
PK6 - - - - - - - - - - - - - - LCD_B7 | “qut
EVENT
PK7 - - - - - - - - - - - - - - LCD_DE | "7
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1.4.2 ESC Subsystem Pin Description

Fol | owi ng
with multiple
signaldefinition

signal

A Analog

B5 Bi-directionall/O, 3.3V with 5V tolerah
15 Input, 3.3V with 5V tolerant

O5  Output, 3.3V with 5V tolerant

B3 Bi-directionall/O, 3.3V

I3 Input, 3.3V

03 Output, 3.3V

The multifunction pinsettingsareconfiguredby the 1°C Hardware Configuration EEPROM (HWCFGEE).

Pleasaeferto Section2.45.4.2for detaik.

on t he

PU Internal PulUp

PD Internal PuiDown

P PowerGround pin

S Schmitt Trigger

T Tri-state

4m  4mA driving strength
8m  8mA driving strength

same

Pin Pi n Name Type Description
Test mode enabl e
El 2 TEST I 5/ POFor nor mal operation,
|l ow or NC.
F12 NC 13 Reserved. Please connect to GND.
Reset I nput, active |
RST N is the hardwar ¢
C13 RSThn I 5/ PUthis chip. This input
Pow@mrReset ( POR) cirec
the main systbampreset
RSTQO 0O5/8m Reset Output
B1 3 RSTO_POL This pin is input direction during chip reset stg
used to bootstrap the mode setting to decide
RSTO polarityp | ease r e f2d54.1t ¢
RUN LED
This pin is input dir
M1 II%EIE’)_S\:JEIE B5/4nused to bootstrap the
- EEPROM si ze cpol nef ai sgeu r
S e c 2454l
Error LED
This pin is input dir
M2 IéEBﬁTERI\F;ODE B5/4nMused to bootstrap the
- Port 2 Ml e n appll eea sceo
Se c 2454
PHY O Link/Activity L
This pin is input dir
L1 4 Eg_é\lc-lgER B5/4nused to bootstrap the
- PHY O me dpilae ansoed er,ef er
24541
PHY 1 Link/Activity L
This pin is input dir
M1 3 Ei_é\ICEER B5/4nused to bootstrap the
- PHY 1 me dpilae ansoed er,ef er
2454.1
G4 |SYNC_ LATCH[B5/gnqPlstributed Clocks Sy
- LatchSignal i nput 1
Di stributed Clocks Sy
Fa SYNC_LATCH BS/8”LatchSignaI input 0
M3 EEP_DONE O5 / 8 n This pin asserted high indicates that the EEPR

pi
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AX58400
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Pin Pin Name Type Description
is successfully loaded (Checksum matched) an
the PDI can be used.
Cl1 PDI _EMU I 5 PDI Emul ati on enabl e
OE_EXT I 5 Out put Enabl e
A8 LRDn I 5 Local bus Read
SCLK ) SPI Clock
SOF O5/ 8 St adAFtr a me
Cc2 LECShn I 5 Local bus ESC Chip Se
SCS_ESC I 5 SPI Chip Select for E
OuUTVvVLD O5/8nOutput data Valid/ Out
C5 L WRnNn () Local bus Write
MOS I I 5 SPI data MOSI
EOF O5/ 8nEn-dfr ame
D4 LFCShn I 5 Local bus Bemnetciton Ch
SCS_FUNC I 5 SPI Chip Select for F
WD_TRI G O5/8nWatchdog Trigger
D5 LI NT O5/ T |Local bus I nterrupt
SI NT O5/ T |SPI I nterrupt
05/_I_/IZC $eria| C_Iock Iin.e
D11 SCL /s SCL |sstatea.ble oeqgpu
exter ugpl rpewlilst or .
BS/T/IZC _Serial Data | ine
Al10 SDA /s SDA |sstaattaa_b|e out pu
exter mugl rpwlilst or .
LAT_I N I 5 external data Latch
H4 LRDY O5/ T |Local bus Ready
MI SO 05 SPI data MI SO
I O[ 0] B5/8rnDigital [/ General Purp
Ji11 LDAJ 0] B5 Local bus Data bus [ 7
MSCL K 05 SPI Master SCLK
I O 1] B5/ 8nDigital /| Gener al Pur p
J1 2 LDA[ 1] B5 Local bus Data bus [ 7
MMOS | 05 SPI Master MOSI
I O 2] B5/8nDigital /| Gener al Pur p
G5 LDA[ 2] B5 Local bus Data bus [ 7
MMI SO I'5 SPI Master MI SO
I O] 4] B5/8rnDigital [/ General Purp
El1 LDA[ 4] B5 Local bus Data bus [ 7
MSS[ 0] 05 SPI Master Slave Sele
I O] 16] B5/8nDigital [ Gener al Purp
LA[ 8] I 5 Local bus Address bus
K11 L1 NK
LI NK I 5 Provided by the PHY i
link is established.
I O[ 17] B5/8rnDigital [/ General Purp
LA[ 9] I 5 Local bus Address bus
H11 PULAB o5 gulse AB, toggle when
MDI O B5 PHY Management |Interf
H1 2 I O] 18] B5/8nDigital [ Gener al Purp
LA[ 10] () Local bus Address bus
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Pin Pin Name Type Description
PULC 05 Pulse C, PWM period c
MD C 05 PHY Manalgretmemftace cl o
I O[ 19] B5/8rnDigital [/ Gener al Purp
LA 11] I 5 Local bus Address bus
PUL Z 05 Pulse Z, PWM period s
Gl 2 Transmit data [O0]
These ins are input
TXDRQ] NK_P10O5 tdoootsFt)rap t he mopde
PHY6s LI NK polarity.
| O[ 20] B5/8nDigital [/ Gener al Purp
LA[12] I 5 Local bus Address bus
PULB 05 Pul se B, programmabl e
L1 1 Transmit data [2:1]
This pin is input dir
TXDL1] 05 used to bootstra t he
TXD[ RTXL]SH] external PHYOspITe)QaDsephr
S e c 2454l
I O 21] B5/8nDigital /| Gener al Purp
LA[ 13] I 5 Local bus Address bus
PULA 05 Pul se A, programmabl e
ES Transmit data [ 2:1]
This pin is input dir
TXDL 2] 05 used to bootstra t he
TXD[ PTX_JSH] external PHYﬁspITe)eaDsephr
S e c 2454
I O[ 22] B5/8rnDigital [/ General Purp
D8 LBHE I 5 Local bus Byt é@iHi gvh dE
PWM3H O5/ T |PWM 3 High pin
TXD[ 3] O5 Transmit data [ 3]
I O] 23] B5/ 8nDi giGtealer/al P2B3pdsé |/
C8 PWM3 L O5/ T |PWM 3 Low pin
TX_EN 05 Transmit enabl e
I O 24] B5/ 8nDigital/ Gener al Purpo
ca LDAJ 8] B5 Local bus Data bus [ 1
PWM2 H O5/ T |PWM 2 High pin
RXD[ 0] I 5 Receive dat a
I O[ 25] B5/8rnDigital/ General Purpo
5 LDAJ 9] B5 Local bus Data bus [ 1
PWM2 L O5/ T |PWM 2 Low pin
RXD[ 1] I 5 Receive dat a
I O] 26] B5/8rnDigital/ General Purpo
Es5 LDA[ 10] B5 Local bus Data bus [ 1
PWM1H o5/ T |PWM 1 High pin or DIR
RXDJ[ 2] () Receive dat a
I O[ 27] B5/8rnDigital/ General Purpo
H5 LDA[ 11] B5 Local bus Data bus [ 1
PWM1 L O5/ T|PWM 1 Low pin or STEP
RXDJ[ 3] I 5 Receive dat a
I O] 28] B5/8rnDigital/ Gener al Purpo
J5 LDA[ 12] B5 Local bus Data bus [ 1
E Mn () Emer giempgyt, active | o




AX58400
JASIX EtherCAT Slave Controller w/ Dual-Core MCU

Pin Pin Name Type Description
RX_ER I 5 Receive error
I O[ 29] B5/8rnDigital/ Gener al Purpo
K5 LDA[ 13] B5 Local bus Data bus [ 1
ENCA I 5 ENC input A, Sin., CW
RX DV I 5 Receive data valid
| O 30] B5/8nDigital/ Gener al Purpo
L5 LDA[ 14] B5 Local bus Data bus [ 1
ENCB I 5 ENC input B, Cos., CC
RX_ CLK I 5 Receive Clock
I O] 31] B5/8nDigital/ Gener al Purpo
LDA[ 15] B5 Local bus Data bus [ 1
L4 ENCZ I 5 ENCnput Z, Zero point
MI 1 Cl ock
MCLK 05 25 MHz <clock source f
P6 P1 _ TXON A PHY 1 differential Tr
P7 P1 RXI N A PHY 1 differential Re
PHY 1 fiber mode Si n
P8 P1_SD A Same PO_SD descript?o
PO PO _TXON A PHY 0O differential Tr
P10 PO_ RXI N A PHY O differential Re
PHY O fiber mode Sign

SD < 0.2V, -Copper mod

P11 PO_SD A 1.0V < SD < 1. 8V,deRiel
signal . ®@Gaemdefatwétfar
SD > 2.4V, Fi ber mode
P12 PO _ XSCI A Crystal25MHz Input
R1 2 PO XSCO A Crystal25MHz Output
PHY 1 differenti al Tr
R6 P1_TXOP A Same as PHYOeJTXOPpPpONO
PHY 1 differenti al Re
R7 P1_RXIP A Same as PHYO RXIP/IN
PHY 0 differenti al Tr
I n the copper mode, t
transmitted tToXOmh/eT X@
R9 PO_TXOP A signal pair in the MD
In the fiber mode, t h
connected t-pi hhef TXhe
transceiver.
PHY 0 differential Re
I n the copper mode, t
media is received on
R1 0 PO RXIP A t he MDI mode.
I n t he fiber mode, f]
connected to pthe oRXH+

transceiver.

PHY dff-chip BiasResistor

L9 PO _RSET_BG|A Connects an external resistor of g N 1 %
the PCB analog ground.
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1.4.3 Power/Ground Pin Description

Pin N Pin Name Type |[Description

c6, D

E6, F

G6, H Power supply for I/ O

Je. J|VPP P internatii §Ltahndircui

K6, K

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

Bl, C9 GND ¥

D9, E

F8, F

F11,

G8, G

G10,

H8, H

H10, P Ground for all Analog and Digital Power.

Jsg, J

J14,

K9, N

N7, N

N9, N

P11, P

P15

Ci10, Digital Power for <cor

E10, VCCK P Pl ease add a 0. 1uF by
VCCK and GND.

D15 Anal og Power for PLL,

VCC12RLL P Pl ease add a 0. 1uF

VCC12A PLL and GND.

c7 D Digital Power for 1/ 0O

E7’ I:VCCSIO P Pl ease add a 0. 1uF by

' VCC31 O and GND.

R5 , R Anal og Power for Ethe

R11 VCC33A P Pl ease add a 0. 1uF
VCC33A and GND.
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2 Function Description

2.1 Dual STM32 Arm ® Cortex® cores

The industrialAX58400device embed tw&TM32Arm® cores, a CortéxM7 and a Corteé% M4. The Cortefk-
M4 offers optimal performance for retine applications while the Cort&M7 core can execute high
performance tasks in parallel.

The two cores belong to separate power domains. This allows designing gradupbhighefficiency solutions
in combination with the lowpower modes already available this AX58400 device

2.1.1 Arm® Cortex®-M7 with FPU

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

The Corte®R-M7 processor is a highly efficient higierformance featuring:
1 Six-stage duaissue pipeline

9 Dynamic branch prediction

1 Harvard architecture with L1 caches (16 Kbytes-oathe and 16 Kbytes of-Eache)

1 64-bit AXI interface

1 64-bit ITCM interface

1 2x32bit DTCM interfaces

The following memory interfaces aseipported:

1 SeparaténstructionandDatabuseqHarvardArchitecture)to optimize CPUlatency

1 Tightly CoupledMemory (TCM) interfacedesignedor fastanddeterministicSRAM accesses
1 AXI Bus interface to optimize Burstansfers
1

Dedicatedow-latencyAHB-Lite peripherabus(AHBP) to connecto peripherals.

Theprocessosupportsasetof DSPinstructionawvhich allow efficientsignalprocessingind complex algorithm
execution.

It also supports single and double precision FPU (floating point unit) spesdiwagre development by using
metalanguage development tools, while avoidiaigiration.

Figurel.2-1 showsthegenerablock diagramof the AX58400device
Note: Corte®-M7 with FPU core is binary compatible with the CofteM4 core.
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2.1.2 Arm® Cortex®-M4 with FPU

The Arn® CortexX¥-M4 processor is a higherformance 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 Arnf CorteX?-M4 processor is a highly efficient MCU featuring:
1 3-stage pipeline with branch prediction

1 Harvard architecture

1 32-bit System (SBUS) interface
1 32-bit I-BUS interface

1 32-bit D-BUS interface

The Arnf Cortex’-M4 processor also features a dedicated hardware adaptivémeahcceleratorT ART
Acceleratof ). This is an instruction cache memory composed of sfetyr 256 bit lines, a 25bit cache buffer
connected to the 68it AXI interface and a 3it interface for norcacheable 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 taptesstatian

user program to accidentally corrupt data used by the OS and/or by a privileged task, but also to protect data
processes or reggrotect 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 indepesdlerggionswhereregionaddresssize,and
attributescanbeconfigured.The protection area ranges from 32 bytes to 4 Ghytes of addressabtay.

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

The AX58400deviceembed 2 Mbytesof Flashmemorythatcanbeusedfor storing programs andata.

The Flashmemoryis organizedas266-bit Flashwordsmemorythat canbe usedfor storing both code and data
constants. Each word consisfs

1 One Flash word (8 words, 32 bytes or 2i#8)

1 10 ECChits.

The Flash memory is divided into two independent banks. Each bank is organiatdws:

1 1 Mbyte of user Flash memory block containing eight user sectors d{iy@s (4 K Flash memonyords)
1 128 Khytes of System Flash memory from which the devicdoah

1 2 Kbytes (64 Flash words) of user option bytes for caefiguration

2.3.2 Secureaccess mode

In additionto othertypicalmemoryprotectionmechanisnfRDP,PCROP) AX58400device introducethe Secure
access mode, a new enhanced security feature. This mode allows developidefinedr secure services by
ensuring, on the one hand code and data protection and on the other hand caderatife.

Two types of secure services available:
1 Root Secur&ervices:

Theseservicesareembeddedn Systemmemory.They providea securesolutionfor firmware and thirgparty
modulesinstallation. These services rely on cryptographic algorithms based on a device uniqué&keyivate

1 Userdefined securservices:

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

The secure firmware is embedded in specific user Flash memorycardagired through optiohytes.
Secure services are executed just after a reset and preempt all other applications to guaractsdand safe
executionOnceexecutedthecorrespondingodeanddata are no moraccessible.

The above secure services are available only for Cimax core operating in Secure accessde.The other
mastersannotaccessheoptionbytesinvolvedin Secureaccess mode settings or the Flash secareds.

2.3.3 Embedded SRAM

All devicedfeaturearoundl Mbyte of RAM with hardwareECC.The RAM is dividedas follows:
512Kbytesof AXI -SRAM mappedntoAXIl buson D1 domain.

SRAM1 mapped on D2 domain: 1R®ytes

SRAM2 mapped on D2 domain: 1R®ytes

SRAM3 mapped on D2 domain: Zbytes

SRAM4 mapped on D3 domain: &bytes

4 Kbytes of backugRAM

The content of this area is protected aganustsible unwanted wrisecesses, and is retained in Standby or
VBAT mode.

= =4 =4 4 4 -
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1 RAM mapped to TCM interface (ITCM amir CM):

Both ITCM and DTCM RAMs are 0 wait state memories. They can be accessed eithireitom® Cortex®-
M7 CPUortheMDMA (evenin Sleepmode)throughaspecific AHB slave of th€ortex-M7(AHBS):

T 64 Kbytes of ITCMRAM (instructionRAM)

This RAM is connected to ITCM 6Mit interface designed for executioncaotical reattimes routines
by theCortex®-M7.

T 128 Kbytes of DTCMRAM (2x 64-Kbyte DTCM-RAMSs on 2x32bit DTCMports)

TheDTCM-RAM couldbeusedfor critical reattime data,suchasinterruptservice routines or stack/heap

memory. Both DTCMRAMSs can be used in parallel (for load/store operations) thanks to the Bortex
M7 dual issueapability.

The MDMA can be used to load code or data in ITCM or DTRAMS.

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 amdrrected by ECC. This is an expected behathat hasto be managedat final-
applicationsoftwarelevelin orderto ensuredata integrity through ECC algorithrimaplementation.

SRAM data are protected BCC:
9 7 ECC bits are added per-8& word.
1 8 ECC bits are added per-6it word forAXI-SRAM and ITCMRAM.

The ECC mechanisnis basedon the SECDEDalgorithm. It supportssingle-error correction and doublerror
detection.

2.3.4 ST ARTE accelerator

The ARTE (adaptive reatime) accelerator block speeds imgtruction fetch accesses of the Coftem4 core
from D1-domain internal memories (Flash memory bank 1, Flash mebmork2, AXI SRAM) andfrom D1-
domainexternalmemoriesattachedria QuadSPI controller and Flexible memory control{&MC).

TheARTE accelerators a 256-bit cachdine using64-bit WRAP4accesseBom the 64-bit AXl 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 \states.

Figure2.3-1shows the block schematic and the environment of the ART accelerator.
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AHB from D2 domain
ptdomain o\ _____ .
I

| . ART accelerator |
| I
I I
| I
: Non-cacheable Cacheable :
| access path , access path |
| AHB switch |
I I
| I
: control . :
! Detect of nstructior I
: write to cacheable page > fetch :
I I
1 Cache she I

I i
| Cache buffer B :
| 1 x 256-hit |
! Cache |
: manager :
I I
: Cache memory !
| 64 x 256-bit |
I I
I cache I
I refill I
| I
I I
I I
| I
I I
: AHB access AXl access :
| e | |
I | I
Legend :1 Flash bank 1| |
I
I
> Control Flash bank 2| :
———  64-bit bus :
o Bus multiplexer :1 QsPI :
U 11 Master interface I
AXI AHB 7 FMC [
Slave interface :
i 64-bit AXI bus matrix |
Lo o ____________ I

MSv3a757V2

Figure2.3-1: STARTE 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-gatikg 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:

1 All Flash address space

1 Flash memory and SRAMs (except for ITCM /DTCM RAMs which cannot be accessed by the®@ad4tex
core)

The bootloader is located in nser System memory. It is used to reprogram the Flash memory through a serial
interface (USART, I12C, SPI, USBFU).

2.5 Power supply management

2.5.1 Power supply scheme

AX58400power supply voltages are the following:

1 Vop=1.621to0 3.6 V: external power supply for 1/Os, provided externally through VDD pins.
1 Vobooo = 1.62 to 3.6 V: supply voltage for the internal regulator supplying VCORE

1 Vooa =1.62to 3.6 V: external analog power supplies for ADC, DAC, COMP and OPAMP.

T Vbbasussand Vbpsouse

1 Vobsousscan be supplied through the USB cable to generateghglés via the USB internalegulator. This
allows supporting a b supply different from 3.3 V.

The USB regulator can be bypassed to supply direGihgMseif Voo = 3.3 V.

Vear = 1.2 to 3.6 V: power supply for thes\y domain when ¥p is not present.

Vcar: Vcore supply voltage, which values depend on voltage scaling (1.0 V, L2W, or 1.35 V). Thewre
configured through VOS bits in PWR_D3CR register &EN bit in the SYSCFG_PWRCR register. The
Vcoredomain is split into the following power domains that can be independently switch off.

T D1 domain containing some peripherals and the CBikéX core.
T D2 domain containing a large part of the peripherals and the Cevtdxcore.
T D3 domain containing some peripherals and the system control.
T Vobswes 1.62 V to 3.6 V: SMPS stegiown converter power supply
Vopsmpsmust be kept at the same voltage level as. VvV
1 Vixsmes = SMPS steflown converter output coupled to an inductor.
Vessmps= Vcore 1.8 V or 2.5 V external SMPS stelown converter feedback voltage seimgaut.
During pow)erup and powedown phases, the following power sequence requirements must be respected (see
Figure2.51):

1 When \bp is below 1 V, other power suppliesdda, Vopssuss Vopsousg Must remain below p + 300
mV.

1 When \bp is above 1V, all power supplies are independent (exceptdigdws which must remain at the
same level as db).
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During the powedown phase, ¥ 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 powdawn transient phase.

V7
3.6 | |
I I
| I
I I
I I
| Veo |
I I
I I
I I
Veorof——————— ‘l‘ AT :
| I [
| I I
| I |
TF———————%———— |———————————— ———————————— +-==
I I I
I I I
I I I
I I I
HaRe :
|

(URCR o= 70, aa= = i I I 00500000 e oo
| I I I

— — >

Power-on Operating mode Power-down time

|:| Invalid supply area |:| Vopx < Vpp + 300 mV |:| Vppx independent from Vpp VSVA7490V

Figure2.5-1: Powerup/powerdown sequence
1. Vopx refers to any power supply amongo¥, Voossuse Vbbpsouss

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

2.5.2 Power supply supervisor

The devices have an integrated powereset (POR)/ powatown reset (PDR) circuitry coupled with a Brownout
reset (BOR) circuitry:

1 Poweron reset (POR)

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

1 Powerdown reset (PDR)
The PDR supervisor monitorsy power supply. A reset is generated wheyn "Wrops below a fixed threshold.
The PDR supervisor can be enabled/disabled through PDR_ON pin.

1 Brownout reset (BOR)

The BOR supervisor monitorsoy power supply. Three BOR thresholds (from 2.2.6V) can be configured
through option bytes. A reset is generated whesdfops below this threshold.
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2.5.3 Voltage regubtor (SMPS stepdown 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:
1 Run mode (VOSO0 to VOS3)
T Scale 0: boosted performance (available only with LDO regulator)
T Scale 1: high performance
T Scale 2: medium performance and consumption
T Scale 3: optimizegerformance and loywower consumption
Note: ForAX58400sales 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).
1 Stop mode (SVOS3 to SVOS5)

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

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

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

2.5.4 SMPS stepdown converter

The builtin SMPS stegdown converter is a highly powefficient DC/DC nonrlinear switching regulator that
provides lower power consumption than a conventional voltage regulator (LDO).

The SMPS steplown converter can be used for the following purposes:

9 Directsupplyof the Vcore domain

T the SMPS steplown converter operating modes follow the device system operating modes (Run, Stop,
Standby).

T the SVIPS stepdown converteioutput voltage are set according to the selected VOS and SVOS bits
(voltage scaling)

91 Delivery of an intermediate voltage level to supply the internal voltage regulator (LDO)
T SMPSstepdown converter operating modes

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

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

T The SMPS steglown converter output equals 1.8 V or 2.5 V according to the selected SD level
1 Delivery of an external supply

T The SMPS steplown converter is forced to Higherformance mode (provided SDEXTHP bit is equal
to 1 in PWR_CR3)

T The SMPS steglown 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 consumptiéxXé8400
1 Select thesSMPSstepdown converter asdbreSupply voltage source, as it allows to enhance power efficiency.
1 Selet the adequate voltage scaling

1 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.

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

The devices feature several lgp@wer modes:

1 CSleep(CPU clock stopped)

1 CStop (CPU sulsystem clock stopped)

1 DStop (Domain bus matrix clock stopped)

1 Stop (System clock stopped)

1 DsStandby (Domain powered down)

1 Standby (Sgtem powered down)

CSleep and CStop lowower 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 C8Mx core is set after returning
from an interrupt service routine.

A domain can enter loygower mode (DStop or DStandby) when the processor, its subsystem and the peripherals
allocated in the domain enter lggower mode. Foimstance,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 doautivieave
peripherals in D3 domain, and D3 is not forced in Run mode.

If part of the domain is not in loyower mode, the domain remains in the current mode.

Finally the system can enter Stop or Standby when all EXTI wakeup sources are clearehantitdmains
are in DStop or DStandby mode.

The clock system can be-imitialize by a master CPU (either the CofteéM4 or -M7) after exiting Stop mode
while the slave CPU is held in lepower mode. Once the master CPU haigit@éalized the system, the slave CPU
can receive a wakeup interrupt and proceed with the interrupt service routine.

D1 domainpower D2 domainpower D3 domainpower
System powemode
mode mode mode
Run DRun/DStop/DStandb| DRun/DStop/DStandb DRun
Stop DStop/DStandby DStop/DStandby DStop
Standby DStandby DStandby DStandby

Table2.6-1: System vs domain lovpower mode
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2.7 Reset and clock controller (RCC)

The clock and reset controller is located in D3 domain. The R&@@ages 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 consumptiodditiorg 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:
1 Internaloscillators:

T 64 MHz HSI clock

i 48 MHz RC oscillator

T 4 MHz CSI clock

T 32KHz LSl clock
1 Externaloscillators

T HSE clock: 450 MHz (generated from an external source)-dB4MHz (generated from a crystal/
ceramic resonator)

i LSE clack: 32.768KHz
The RCC provides three PLLs: one for systdatk, 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

Poweron 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:

1  Poweron reset (pwr_por_rst)
Brownout reset
Low level on NRST pin (external reset)
Independent watchdog 1 (from D1 domain)
Independent watchdog 2 (from D2 domain)
Window watchdog 1 (from D1 domain)
Window watchdog 2 (from D2 domain)
Software reset

Low-power mode security reset

= =4 =4 -4 4 -4 -a -a -2

Exit from Standby
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2.8 Generalpurpose input/outputs (GPIOS)

Each of the GPIO pins can benfigured by software as output (pystll or opendrain, with or without pulup

or pull-down), as input (floating, with or without ptilip or pulkdown) or as peripheral alternate function. Most
of the GPIO pins are shared with digital or analog alterfiznctions. All GPIOs are higburrentcapable 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 I/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 (deigure2.9-1).
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Figure2.9-1: AX58400Bus matrix
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2.10 DMA controllers

The devices feature four DMA instances to unload CPU activity:
1 A master direct memorgicces§MDMA)

The MDMA is a highspeed DMA controller, which is in charge of all types of memory tran§beripheral
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 CoN&XTCM 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.
Two duatport DMAs (DMAL, DMAZ2) located in D2 domain, with FIFO and request router capabilities.
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 thain concurrently, as well as generating DMA requests from
peripheral output trigger or DMA event.

2.11 ST Chrom-ART AcceleratorE (DMA2D)

The ChromArt AcceleratoE (DMA2D) is a graphical accelerator which offers advanced bit blitting, row data
copy and pixel format conversion. It supports the following functions:

1 Rectangle filling with a fixeaolor

1 Rectangle copy

1 Rectangle copy with pixel format conversion

1 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 Corte®-M7 (CPU1) and CortékM4 (CPU2) cores have their own nested vector interrupt controller
(respectively NVIC1 and NVIC2). Each NVIC instance is able to manageidfty levels, and handle up to 150
maskable interrupt channels plus the 16 interrupt lines of the Cevt&with FPU core.

1 Closely coupled NVIC gives losatency interrupt processing
Interrupt entry vector table address passed directly to the core

Allows early processing of interrupts

1
1
1 Processing of late arriving, highpriority interrupts
1 Support tail chaining

1

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 intezore 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 CRQsiadea programmable polynomial.

Among other applications, CRRased techniques are used to verify data transmission or storage integrity. In the
scope of the EN/IEC 60335 standard, they offer a means of verifying the Flash memory integrity. The CRC
calculation unit helps compute a siare of the software during runtime, to be compared with a reference
signature generated at lifime 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:

1 Interface with stationemory mapped devices including:

i Static random a®ess memory (SRAM)

T NOR Flash memory/OneNAND Flash memory

i PSRAM (4 memory banks)

T NAND Flash memory vth ECC hardware to check up to 8 Kbytes of data
Interface with synchronous DRAM (SDRAM/Mobile LPSDR SDRAM) memories
8-,16-,32-bit data bus width

Independent Chip Select control for each memory bank

Independent configuration for each memory bank

Write FIFO

Read FIFO for SDRAM controller

= =4 =4 4 4 A -2

The maximunFMC_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 QuadPI memory interface, which is a specialized communication interface targeting Single,
Dual or QuadSPI Flash memories. It supports both single and double datarate operations.

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

1 Memory mapped mode.

Up to 256 Mbytes of external Flash memory can be mapped,-ahé &nd 32bit 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 AX58400device embesithree analogo-digital converters, which resolution can be configured to 16, 14, 12,
10 or 8 bits.

Each ADC shares up to 20 external channels, performing conversions in thesBioigte 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:
1 Simultaneous sample and hold

1 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 embesla 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
Vand 3.6 V. It can measurethedevicee nct i on temperature ranging from 1

The temperature sensbasa 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 suitableplications that detect temperature changes only. To
improve the accuracy of the temperature sensor measurement, each device is individualigdtibtatgd. The
temperature sensor factory calibration data are stored in the System memory areés attelssible in Read

only mode.

2.19 VgaT Operation

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

To optimizebatteryduration,this powerdomainis suppliedby Vpp whenavailableor by the voltage applied on
VBAT pin (when \pp supply is not present). gaot power is switched when the PDR detects thg dropped
below the PDRevel.

Thevoltageon the VBAT pin could be providedby an externalbattery,a supercapacitoor directly by \pp, in
which case, the §aT modeis not functional.

VpaT Operation is activated whenpy is notpresent.
TheVpgat pin suppliesheRTC, thebackupregisteraandthebackupSRAM.

Note: Wherthe microcontrolleris suppliedfrom Vgart, externalinterruptsand RTCalarm/events do nagxit it
from VgaTOperation.

WhenPDR_ONpin is connectedo Vgg(Internal ResetOFF), the Vgatfunctionalityis no more available
and \saTpin should be connected WmD.
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2.20 Digital-to-analog converters (DAC)

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

This dual digital Interface supports the following features:

two DAC converters: one for each output channel

8-bit or 12bit monotonic output

left or right data alignment ih2-bit mode

synchronized update capability

noisewave generation

triangularwave generation

dual DAC channel independent or simultaneous conversions

DMA capability for each channel including DMA underrun error detection

external triggers for conversion

= =4 =4 =4 4 4 A4 A -8 -

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 embesl two railto-rail comparators (COMP1 and COMP2). They feature programmable
reference voltage (internal or external), hysteresis and speed (low speed pomew as well as selectable output
polarity.

The reference voltage can be one of the following:

1 An external I/O

1 A DAC output channel

1 Aninternal 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)

AX58400deviceembedtwo rail-to-rail operational amplifiers (OPAMP1 and OPAMP2) with external or internal
follower routing and PGA capability.

The operational amplifier main features are:

1 PGA with a norinverting gain ranging of 2, 4, 8 or 16 or inverting gain rangingl.pf3, -7 or-15
1 One positive input connected to DAC

1 Output connected to internal ADC
1

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

1 Gain bandwidth up to 7.3 MHz

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

operational amplifiers can be configured internally asllaer, as an amplifier with a neinverting gain ranging
from 2 to 16 or with inverting gain ranging froih 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 ex
digital filtering of the received data streams (which
also interface PDM (Pulse DatysModulation) 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 f
filter modules perform digital processing according user selected filter parameters with upitdir2e] ADC
resolution.
The DFSDM peripheral supports:
1 8 multiplexed input digital serial channels:
T configurable SPI interface to connect various SD modulator(s)
T configurable Manchester coded 1 wire interface support
T PDM (Pulse Density Modulation) microphone input support
i maximum input clock frequency up to 20 MHz (10 MHz for Manchester coding)
T clock output for SD modulator(s): 0..20 MHz
1 alternative inputs from 8 internal digital parallel channels (up to 16 bit input resolution):
T internal sources: ADC data or memory data streams (DMA)
1 4 digital filter modules with adjustable digital signal processing:
T Sinc- filter: filter order/type (1..5), oversampling ratio (up to 1..1024)
T integrator: oversampling ratio (1..256)
up to 24bit output data resolution, signed output data format
automatic data offset correction (offset stored in register by user)

continuous or single conversion

= =4 =4 =4

startof-conversion triggered by:

T software trigger

T internal timers

T external events

T startof-conversion synchronously with first digital filter module (DFSDMOQ)

1 analog watchdog feature:
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i low value and high value data threshold registers

i dedicated configurable Sincx digital filter (order = 1..3, oversampling ratio = 1..32)
i input from final output data or from selected input digital serial channels

T continuous monitoring independently from standard conversion

1 short circuit detector to detect saturated analog input values (bottom and top range):

i upto8bit counter to detect 1..256 consecutive 06s

T monitoring continuously each input serial channel

break signal generation on analog watchdog event or on short circuit detector event
extremes detector:

i storage of minimum and maximum values of final conversion data

T refreshed by software

DMA capability to read the final conversion data

interrupts: end of conversion, overrun, analog watchdog, short circuit, input serial channel clock absence

|

iregul aro or fAinjectedd conversions:

T Airegul arodo conversions can be requested at any
impactonthetmi ng of f#Ainjectedod conversions

T Afiinjectedd conversions for precise timing and
DFSDM features DFSDM1

Number offilters 4
Number of input

transceivers/channels 8
Internal ADC parallehput X
Number of externatiggers 16
Regular channel information X

identificationregister

Table2.231: DFSDM implementation

2.24 Digital camera interface (DCMI)

The devices embed a camera interface that can connedanittra modules and CMOS sensors throughlaih 8

tiom

wi t

to 14bit 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:
1 Programmable polarity for the input pixel clock and synchronization signals
1 Parallel data communication can be B, 12- or 14-hit

1 Supports &it progressive video monochrome or raw bayer format, YCbCr 4:2:2 progressive video, RGB 565
progressive video or compressed data (like JPEG)

Supports Continuous mode or Snapshot (a single frame) mode

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

The LCD-TFT display controller provides a 2t 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:

1 2 display layers with dedicated FIFO (64x6i)

Color LookUp table (CLUT) up to 256 colors (256xbit) per layer

Up to 8 input color formats selectable per layer

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

Color keying (transparency color)

Up to 4 programmable interrupt events

= =4 =4 -4 4 -4 -2

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 40&di8cation. It
provides an fast and simple hardware compressor and decompressor of JPEG images with full management of
JPEG headers.

The JPEGodec main features are as follows:

8-bit/channel pixel depths

Single clock per pixel encoding and decoding

Support for JPEG header generation and parsing

Up to four programmable quantization tables

Fully programmable Huffman tables (two AC and two DC)
Fully programmable minimum coded unit (MCU)
Encode/decode support (non simultaneous)

Single clock Huffman coding and decoding

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

Ability to enable/disable header processing

Fully synchronous design

=A =4 =4 -4 4 -4 -4 -4 -4 - A -a -3

Configuration for Highspeed decode mode
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2.27 Random number generator (RNG)

All devices embed an RNG that deliverst@2random numbers generated by an integrated analog circuit.

2.28 Cryptographic acceleration (CRYP andHASH)

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

1 Enciyption/Decryption

I DES/TDES (data encryption standard/triple data encryption standard): ECB (electronic codebook) and
CBC (cipher block chaining) chaining algorithms; 6128 or 192bit key

T AES (advanced encryption standard): ECB, CBC, GCM, CCM, and CTR (Counter mode) chaining
algorithms, 128, 192 or 286t key

1 Universal HASH
T SHA-1 and SHA2 (secure HASH algorithms)
T MD5
T HMAC

The cryptographic accelerator supports DMA request generation.

2.29 Timers and watchdogs

The devices include one highsolution timer, twadvanceetontrol timers, ten genergdurpose timers, two basic
timers, five lowpower timers, two watchdogs and a SysTick timer.

All timer counters can be frozen in Debug mode.

Table2.291 compares the features of the advancedtrol, generapurpose and basic timers.

Max Max
Timer . Counter | Counter | Prescaler DMA Cepiursl | Coijals interface timer
Timer ) request | compare | mentary clock
type resolution | type factor . clock
generation| channels| output (MH2) (MHz2)
1@
. 11172 /4
High-
resolutionlHRTIM1| 16-bit Up ())((126);43;8 Yes 10 Yes 480(2) 480
timer with DLL)
Up Any
Advanced| TIM1, 16-bit Down, Integer Yes 4 Yes 120 240
control TIM8 Un/down betweerl
P and 65536
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Max Max
Timer . Counter | Counter | Prescaler DMA CEpilel | ComplE interface | tMer
Timer : request | compare | mentary clock
type resolution | type factor . clock
generation| channels| output (MH2) (MHz2)
(1))
TIM2 v, inAt\gyer
’ 32-bit Down, g Yes 4 No 120 240
TIM5 Un/down betweerl
P and 65536
TIM3 Up, inAt\gyer
’ 16-hit Down, g Yes 4 No 120 240
TIM4 Un/down betweerl
P and65536
Any
TIM12 |  16-bit up | Meger | N 2 No 120 | 240
betweeri
and65536,
General
urpose
purp Any
TIM13, . integer
TIM 14 16-bit Up betweer. No 1 No 120 240
and 65536
Any
TIM15 |  16-bit up |, MEYEr | ves 2 1 120 | 240
betweeri
and65536)
Any
TIM16, . integer
TIM17 16-bit Up betweer. Yes 1 1 120 240
and65536)
Any
. TIMG, . integer
Basic TIM7 16-bit Up betweer. Yes 0 No 120 240
and65536)
LPTIM1,
Low- |LPTIMZ2, 1,2,4,8,
power |[LPTIM3,| 16-bit Up 16, 32,64 No 0 No 120 240
timer |[LPTIM4, 128
LPTIMS

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

Table2.29-1: Timer feature comparison

D2PRE1/2 bits in RCC_D2CFGR register.

2. OnAX58400sales types (extend@ttlustrial temperature range), the maximum clock frequency is 300 MHz

for the highresolution timer and 150 MHz for the other timers.
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2.29.1 High-resolution timer (HRTIM1)

The highresolution timer (HRTIM1) allows generating digital signals with kigicuracy timings, such as PWM
or phaseshifted pulses.

It consists of 6 timers, 1 master and 5 slaves, totaling 10rkggiution outputs, which can be coupled by pairs
for deadtime insertion. It also features 5 fault inputs for protection purposes apditsdto 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) Thefggblution 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 radiitch complex converters or operate independently to manage
multiple independent converters.

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

HRTIM1 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 controlleipurushd 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 achievegh-resolution PWMemulated DAC.

a. Up to 300 MHz forAX58400sales types (extended industrial temperature range).

2.29.2 Advancedcontrol timers (TIM1, TIM8)

The advancedontrol timers (TIM1, TIM8) can be seen as thpfmase PWM generators multiplexed on 6
channels. They have complementary PWM outputs with programmable inserted dead times. They can also be
considered as complete gengrakpose timers. Their thdependent channels can be used for:

1 Input capture
1 Outputcompare
1 PWM generation (Edger Centeraligned modes)

I Onepulse mode output

If configured as standard 48t timers, they have the same features as the gememabse TIMx timers. If
configured as 1bit PWM generators, they have full modulation capabilityl@0%).

The advancedontrol 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 Generalpurpose timers (TIMx)

There are ten synchronizable gengrafpose timers embedded in tAX58400 device (se€lable 2.29-1 for
differences).

1 TIM2, TIM3, TIM4, TIM5

The devices include full-featured genergdurpose timers: TIM2, TIM3, TIM4 and TIM5. TIM2 and TIM5
are based on a ddt autoreload up/downcounter and a-té prescaler while TIM3 and TIM4 are based on a
16-bit autoreload up/downcounter and a-b@ prescaler. All timersdature 4 independent channels for input
capture/output compare, PWM or Opelse mode output. This gives up to 16 input capture/output
compare/PWMs on the largest packages.

TIM2, TIM3, TIM4 and TIM5 generapurpose timers can work together, or with the other geiperglose
timers and the advancexntrol timers TIM1 and TIM8 via the Timer Link feature for synchronization or
event chaining.

Any of these generglurpose 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 teefféetiisensors.

1 TIM12, TIM13, TIM14, TIM15, TIM16, TIM17

These timers are based on alibautoereload upcounter and a -bi 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 Opelse mode aput. They can be synchronized with the TIM2, TIM3,
TIM4, TIM5 full -featured genergdurpose 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, LPTIM5)

The lowpower 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:
16-bit up counter with it autereload register
16-bit compare register

Configurable output: pulse, PWM

Continuous / Onshot mode

Selectable software / hardware input trigger
Selectable clock source:

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

= =4 =4 =4 4 A -4 -2

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

=

Programmable digital glitch filter

1 Encoder mode
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2.29.6 Independent watchdogs

There are two independent watchdogs, one per domain. Each independent watchdog is baseebibn a 12
downcounter and -Bit prescaler. It is clocked from an independentk32z 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 adreeng timer for application timeout management. It is
hardware or softwareconfigurable through the option bytes.

2.29.7 Window watchdogs

There are two window watchdogs, one per domain. Each window watchdog is baseddrdawncounter that

can be set as fra@inning. It can be used as a watchdog to reset the device or each respective domain (configurable
in the RCC register), when a filem 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 dedicateditoereglerating systems,
but could also be used as a standard downcounter. It features:

1 A 24-bit downcounter

9 Auto-reload capability

1 Maskable system interrupt generation when the counter reaches 0
1

Programmable clock source.
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2.30 Reaktime clock (RTC), backup SRAM and backup registers

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

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

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

Onrthefly correction from 1 to 32767 RTC clock pulses. This can be used to synchronize it with a master
clock.

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

9 Digital calibration circuit with 0.95 ppm resolution, to compensate for quartz crystal inaccuracy.
Three antitamper detection pins with programmable filter.

1 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.

1 17-bit autereload 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 fignstipply
when present or from thegk pin.

The backup registers are-BR registers used to store 128 bytes of user application data wdagmoWer 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:

1 A 32.768KHz external crystal (LSE)

1 An external resonator or oscillator (LSE)

1 The internal lowpower RC oscillator (LSI, with typical frequency of B2iz)
1 The highspeed external clock (HSE) divided by 32.

The RTC is functional in ¥ar mode and in all lospower modes when it is clocked by the LSE. When clocked
by the LSI, the RTC is not functional insMr mode, but is functional in all loygower modes.

All RTC events (Alarm, Wakeup Timer, Timestamp or Tamper) can generate an interrupt and wakeup the device
from the lowpower modes.
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2.31 Inter-integrated circuit interface (12C)

AX58400device embesifour 1C interfaces.

The FC bus interface handles communications between the microcontroller and the?Geias.| It controls all
12C busspecific sequencing, protocol, arbitration and timing.

The PC peripheral supports:

1 12C-bus specification and user manue¥. 5 compatibility:

Slave and Master modes, muttiaster capability

Standaremode (Sm), with a bitrate up to 100 kbit/s

Fastmode (Fm), with a bitrate up to 400 kbit/s

Fastmode Plus (Fm+), with a bitrate up to 1 Mbit/s and 20 mA output drive I/Os
7-bit and 16bit addressing mode, multiplebit slave addresses

Programmable setup and hold times

Optional clock stretching

1 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

Power System Management Protocol (PMBusTM) specification rev 1.1 compatibility

Independent clock: a choice of independent clock sources allowing the 12C communication speed to be

independent from the PCLK reprogramming.

Wakeup from Stop mode on address match

Programmable analog and digital noise filters
1-byte buffer with DMA capability
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2.32 Universal synchronous/asynchronous receiver transmitter (USART)

AX58400device hafour embedded universal synchronous receiver transmitters (USART1, USART2, USART3
and USART®6) and four universal asynchronous receiver transmitters (UART4, UARTS5, UART7 and UARTS).
Refer toTable2.32-1for a summary of USARTx and UARTX features.

These interfaces provide asynchronous communication, IrDA SIR ENDEC support, multiprocessor
communication mode, singlgire Half-duplex communication mode and have LIN Master/Slave capability. They
provide hardware management of the CTS and RTS signals R&485 Driver Enable. They are able to
communicate at speeds of up to 12.5 Mbit/s.

USART1, USART2, USART3 and USART6 also provide Smartcard mode (ISO 7816 compliant) alikeSPI
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:

i Start bit detection

1 Any received data frame

1 A specific programmed data frame
1

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 fomodem

Continuous communication usibiviA

Multiprocessocommunication

Synchronous mod@laster/Slave)

Smartcardnode

Singlewire Half-duplexcommunication

IrDA SIR ENDECblock

LIN mode

Dual clock domain and wakeup from low powesde

Receiver timeounterrupt

Modbuscommunication

Auto baud rateletection

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

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

Driver Enable
USART dataength 7, 8 and Dits
Tx/RXxFIFO X X

Tx/Rx FIFOsize 16
1. X = supported.

Table2.32-1: USART features
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2.33 Low-power universal asynchronous receiver transmitter (LPUART)

The device embeds onkow-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 multipres®r communication.

The LPUARTs 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:

1 Start bit detection

1 Any received data frame

1 A specific programmed data frame

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

Only a 32.76&Hz 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
(129)

The devices feature up to six SPIs (SPI12S1, SPI12S2, SPI2S3, SPI4, SPI5 and SPI6) that allow communicating up
to 150 Mbits/s inMaster and Slave modes, in Hdlfiplex, Fult duplex and Simplex modes. ThebR 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 an8-Bix embedded Rx and Tx FIFOs with DMA capability.

Three standard$ interfaces (multiplexed with SP11, SPI2 and SPI3) are available. They can be operated in Master
or Slave mode, in Simplex communication modes, and can be configured to operate wi2-&dif 6esolution

as an input or output channel. Audio samplingifrencies from &Hz up to 192KHz are supported. When either

or both of the AS interfaces is/are configured in Master mode, the master clock can be output to the external
DAC/CODEC at 256 times the sampling frequency. A Interfaces spport 16x 8 bit embedded Rx and Tx
FIFOs with DMA capability.

2.35 Serial audio interfaces (SAI)

The devices embed 4 SAls (SAI1, SAI2, SAI3 and SAl4) that allow designing many stereo or mono audio
protocols such as I12S,LSBorM§Bu st i fi ed, PCM/ DSP, TDM or ACO697. An
audio block is configured as a transmitter. Tagtthis level of flexibility and reconfigurability, the SAI contains

two independent audio stifocks. Each block has it own clock generator and I/O line controller.

Audio sampling frequencies up to 1BPiz 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 -bldcks can be either receiver or transmitter and can work
synchronously or asynchronously (with respecthe other one). The SAI can be connected with other SAls to
work synchronously.
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2.36 SPDIFRX Receiver Interface (SPDIFRX)

TheSPDIFRX peripheral is designed to receive an S/PDIF flow compliant witt6[lBG8 and IEE&1937. These
standards support simple stereo streams up to high sample rate, and compressghmmaltisurround sound,
such as those defined by Dolby or DTS (up ).

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 182z supported

Supports Audio IEEE0958 and IE€61937, consumer applications
Parity bit management

Communication using DMA for audio samples

Communication using DMA for control and user channel information

= =4 =4 -4 4 A4 A A -

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 signalecode the Manchester stream, recognize framesdramies 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/Pirdnsibate 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:

1 Full-duplex communication mode

1 automatic SWP bustate management (active, suspend, resume)

1 configurable bitrate up to 2 Mbit/s

1 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:
1 32MDIO Registers addresses, each of which is managed using separate input and output data registers:
T 32 x 16bit firmware read/write, MDIO readnly output data registers
T 32 x 16bit firmware readonly, MDIO write-only input data registers
Configurable slave (port) address
1 Independently maskable interrupts/events:
T MDIO Register write
i MDIO Register read
T MDIO protocol error

1 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 supptuitiMediaCard System Specification Version 451
three different databus modes: 1 bit (default), 4 bits and 8 bits.

Both interfaces support ttf&D memory card specifications version 4add theSDIO 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-dpigked transfers between the
interface and the SRAM.

2.40 Controller area network (FDCAN1, FDCANZ2)

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 1189&AN protocol specification
version 2.0 part A, B) and CAN FD protocol specification version 1.0.

FDCANZ1 supports time triggered CAN (FHDCAN) specified in ISO 11898, including event synchronized
time-triggered communication, global system time, and clock drift compensation. The FDCAN1 contains
additional registers, specific to the time triggereatdiee. The CAN FD option can be used together with event
triggered and timériggered CAN communication.

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

Thecommon 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 onthe-go high-speed (OTG_HS)

The devices embed two USB OTG higipeed (up to 480 Mbit/s) device/host/OTG peripheral. 1$3 supports
both fulkspeed and higepeed operations, while OFT@S2 supports only fulspeed operations. They both
integrate the transceivers for fisheed opetin (12 Mbit/s) and are able to operate from the internal HS148
oscillator. OTGHS1 features a UTMI lowpin interface (ULPI) for higkspeed operation (480 Mbit/s). When
using the USB OT@&1S1 in HS mode, an external PHY device connected to the ULPI isedqu

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

The main features are:

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

Supports the session request protocol (SRP) and host negotiation protocol (HNP)
9 bidirectional endpoints (including EPO)

16 host channels with periodic OUT support

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

USB 2.0 LPM (Link Power Management) support

Battery Charging Specification Revision 1.2 support

Internal FS OTG PHY support

1 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.
1 Internal USB DMA

1 HNP/SNP/IP inside (no need for aaeyternal resistor)

= =4 =4 4 4 -4 -a -2

1 For OTG/Host modes, a power switch is needed in caspdwsred devices are connected

2.42 Ethernet MAC interface with dedicated DMA controller (ETH)

The devices provide an IEE#D2.32002compliant media access controller (MAC) for ethernet LAN
communications through an indusstandard mediuandependent interface (MIl) or a reduced medium
independent interface (RMII). The microcontroller requiresxernal physical interface device (PHY) to connect
to the physical LAN bus (twistegair, fiber, etc.). The PHY is connected to the device MIl port using 17 signals
for MIl or 9 signals for RMII, and can be clocked using the 25 MHz (MIl) from the micrtoclber.

The devices include the following features:

Supports 10 and 100 Mbit/s rates

Dedicated DMA controller allowing highpeed transfers between the dedicated SRAM and the descriptors
Tagged MAC frame support (VLAN support)

Half-duplex (CSMA/CD) and fulduplex operation

MAC control sublayer (control frames) support

32-bit CRC generation and removal

= =4 =4 -4 -4 -a -2

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

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

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

1 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 HDMBEC controller that provides hardware support for the Consumer Electronics Control
(CEC) protocol (Supplement 1 to the HDMI standard).

This protocol provides higlevel 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 tH®MI-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.

Breakpoint debugging
Code execution tracing
Software instrumentation
JTAG debug port
Serialwire debug port
Trigger input and output

Serialwire trace port

= =4 =4 -4 4 -4 A -2

Trace port

f Arm® CoreSighE debug and trace components

The debug can be controlled via a JTAG/Seniae debug access port, usimglustry 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 tsghked interface (such as SPI or USB). It can even be
monitored by a software running oneoaf 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 AX58400implements 2/3-port EtherCAT slave controller (ESdigensedrom Beckhoff Automation, with
9 Kbytes Process Data RAN Fieldbus Memory Management Units (FMMU8)SyncManagersand a 64bit
Distributed Clock

Port 0 and 1 integrate embeddethernetPHY's, and port 2 is an optional MIl interface which are rultiction
pins shared with other interfaces (i.e. PWM, Halkt). Packets are forwarded in the following ordeart O-
>EtherCAT Processing Unit>Port 1->Port 2.

TheAX58400supports function register mirror from/to ESC memory splae mirror registers located at process
data memory address from 0x3000 to Ox33FF.

Fordetailed information about the EtherCAT technology, the EtherCAT core mechanisms, and major features,
refer to the official standard documentations and guidelines available from@V@.€thercat.orgeTG.1000),

IEC (http://www.iec.chIEC61158, IEC617842, IEC 618007), and Beckhofflfttp://www.beckhoff.detechnical
specification)web sites

The AX58400 requiresa crystal (25MHz 25 PPM atroom temperatudeas the clock sourcelnternal PLL
generates theODMHz clockfor EtherCAT Slave Controller (ESC) aatko for other functions.

The AX58400 has three reset sourceBirst, during the VCCK powepn, the internal Powedn-Reset (POR) can
generatea reset pulse to reset all the function blocks when the VCCK power @taeseertain threshold voltage
level. The second reset is RSTn pivhich isto do the fundamental resétnd third, EtherCAT command reset,
the EtherCAT mastecan sed resetsequence tdorce AX58400 reset.AX58400 also supports a reset output
RSTO polarity bootstrap configuration (RSTO_POL).
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2.45.2 Features

2/3-port EtherCAT Slave Controller (ESC)with 2 Integrated Fadtthernet PHY's
Standard EtherCABlave Controller (ESC)
T 8 Fieldbus Memory Managemeldhits (FMMUS)
T 8 SyncManagers
i 64-bit distributed clock
T 9K bytes RAM
1 Integrated~astEthernet PHYs
T Compliant with IEEE 802.3/802.3u 100BASEX/100BASEFX
T PHY loopback mode
T Supporstwisted pair crossover detection and actorection (HP AuteMDIX)
T Automatic polarity detection and correction
3rd Ethernet Ml Prt for Flexible EtherCAT Network Configurations
SPI Slave Interfactr PDI and Function Access
3-channel PWMControllerfor simple Motion Control
Step &Direction Controllerfor simple Motion Control
Incrementabnd Hall Ehcoderinterfacefor simple Motion Control
EmergencyStoplnput
ConfigurableWatchdog forOutputs andnputsMonitoring
IRQ Event Output
SPI Master Interfacéor ADC/DAC application

= =4 =4 -4 -4 A4 -4 -a -a -2

Supports 12C Mastdnterface

91



ASIX

AX58400
EtherCAT Slave Controller w/ Dual-Core MCU

2.45.3 Block Diagram

EEPROM

RSTn
—» RSTO

Figure2.451: ESC Subsystem Block Diagram
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2.45.4 ESC Configuration

2.45.4.1BootdrapPins for Chip Configuration

The AX58400 supports five multfunction bootstrap pins (piM1, M2, C11, L14 andM13) for five hardware
configurations, i.e. externaf@ EEPROM size, ESC supported port number, RSTO polarity and integrated port
0/1 PHY media mode; and it also supports other three Hfiomitition bootstrap pins (pibll, E8, G12) for the
configuration of port 2 Mll signals. User needs to utilize an external resistor to pull up / down these bootstrap pins.

Pins | Signal Name Description
I2C EEPROM Size
M1 EEP_SIZE 0: 1 Kbit to 16Kbit

1: 32Kbit to 4Mbit
ESC port number
M2 3PORT_MODE 0: 2ports mode
1. 3ports mode
RSTO Reset Output Polarity

B13 RSTO_POL 0: Active Low
1: Active High
Device emulation (0x0141.0)
C11 PDI_EMU 0: Device status register is controlled by PDI

1: Device status register is identical to device control registe
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 MIl TXD Align position

2d00: Align with MCLK,
26001: Delay 1/4 phase with MCLK
26010: Delay 1/2 phase witiCLK
2&11: Delay 3/4 phase with MCLK
Port 2 MII LINK Polarity
G12 LINK_POL 0: Active Low
1: Active High

Table2.451: ESCBootstrap Pins Configuration

E8 | TX_SHI[0]
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2.45.4.2HardwareConfiguration EEPROM (HWCFGEE)

The AX58400 1°C master controller supports the communication to extef@atiévices and arfC Hardware
Configuration EEPROM Loader to support loadig EtherCAT Slave Information (EStlom external 4C
EEPROM during chip reset. T#eX58400 supportsiC EEPROM with EEPROM size from 1 KKt 28 bytes}o
4 Mbit (500Kbytes).

The AX58400 I1°C Hardware ConfiguratioEEPROMIayoutis shown infollowing table

EEPROM

EEPROM

ESC Register

Byte Offset Word Offset RN Offset
ESC Configuration Area
0x00 PDI Control 0x0140
0x00 ESC Configuration
Lt (bit 2 is als?mappedo ESC register 0x0110.2) e
0x02 0x01 PDI Configuration 0x0150
0x03 Sync/Latch [1:0)Configuration 0x0151
0x05- 0x04 0x02 Pulse Lengtlof SyncSignals 0x0983- 0x0982
0x07- 0x06 0x03 Extended PDI Configuration 0x0153- 0x0152
0x09- 0x08 0x04 Configured Station Alias 0x0013- 0x0012
OXOA Host Interface Extend Setting and Drive
- 0x05 Strength
0x0B Reservegdshall be zero
0x0C 0x06 Reservegdshall be zero
0x0D Multi-Function Select and Drivetigngth
O0xOF - OX0E 0x07 Checksum
0x13- 0x10 0x097 0x08 Vendor ID
0x17- 0x14 0x0B'i Ox0A Product Code
Ox1B- 0x18 0x0D1 0x0C Revision Number
Ox1F- 0x1C OxOFi OxOE Serial Number
0x27- 0x20 0x13i 0x10 Reserved

Bootstrap Mailbox Config

0x29- 0x28 0x14 Bootstrap Receive Mailbox Offset
0x2B - Ox2A 0x15 Bootstrap Receive Mailbox Size
0x2D - 0x2C 0x16 Bootstrap Send Mailbox Offset
0x2F- Ox2E 0x17 Bootstrap Send Mailbox Size

Mailbox Sync Man Config

0x31- 0x30 0x18 Standard Receive Mailbox Offset
0x33- 0x32 0x19 Standard Receive Mailbox Size
0x35- 0x34 Ox1A Standard Send Mailbox Offset
0x37- 0x36 0x1B Standard Send Mailbox Size
0x39- 0x38 0x1C Mailbox Protocol

Ox3F - Ox3A Ox1Fi Ox1D Reserved

0x7B- 0x40 0x3D71 0x20 Reserved

0x7D- 0x7C Ox3E Size

Ox7F- OX7E Ox3F Version

ESCCategoryl (for AX58400Bridge Access Configuration if used) *Notel

0x81 ~ 0x80 0x40 Categoryl Type (Default: 0x000J)
0x83 ~ 0x82 0x41 Categoryl Data Sizgwords) (DefaultOx0021)
0x84 0x42 MCTLR Access Control 0x0580
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EEPROM EEPROM ESC Register
Byte O?fset Word 8ffset PRI O?fget soisie
0x85 PXCFGR Access Control 0x0581
0x86 0x43 PTAPPR Accesg&ontrol 0x0582
0x87 PTBPPR Access Control 0x0583
0x88 Ox44 PPCR Access Control 0x0584
0x89 PBBMR Access Control 0x0585
Ox8A 0xd5 P1CTRLR Access Control 0x0586
0x8B P1SHR Access Control 0x0587
0x8C 0x46 P1HPWR Access Control 0x0588
0x8D P2CTRLR Access Control 0x0589
Ox8E OxA7 P2SHR Access Control Ox058A
Ox8F P2HPWR Access Control 0x058B
0x90 0x48 P3CTRLR Access Control 0x058C
0x91 P3SHR Access Control 0x058D
0x92 0x49 P3HPWR Access Control Ox058E
0x93 SGTR Access Control 0x058F
0x94 OXAA SHPWR Access Control 0x0590
0x95 TDLYR Access Control 0x0591
0x96 Ox4B STNR Access Control 0x0592
0x97 SCFGR Access Control 0x0593
0x98 OXAC SCTRLR Access Control 0x0594
0x99 SCNTR Access Control 0x0595
Ox9A 0x4D ECNTVR Access Control 0x0596
0x9B ECNSTR Access Control 0x0597
0x9C OXAE ELATR Access Control 0x0598
0x9D EMODR Access Control 0x0599
Ox9E Ox4F ECLRR Access Control Ox059A
Ox9F HALSTR Access Control 0x059B
0xAO 0x50 WTR Access Control 0x059C
OxAl WCFGRAccess Contro 0x059D
OxA2 Ox51. WTPVCR Access Control Ox059E
OxA3 WMSPRAccess Control 0x059F
O0xA4 0x52 WMMR Access Control 0x05A0
OxA5 WOMR Access Control Ox05A1
OxA6 0x53 WOERAccess Control Ox05A2
OxA7 WOPRACccess Control 0x05A3
O0xA8 0x54 WTPVR Access Control 0x05A4
OxA9 SPICFGRAccess Control 0x05A5
OxAA OX55 SPIBRR Access Control 0x05A6
O0xAB SPIDBR Access Control Ox05A7
OxAC 0x56 SPIDTR Access Control 0x05A8
OxAD SPIRPTR Access Control 0x05A9
OxAE OX57 SPILTR Access Control Ox05AA
OxAF SPIPRLRAccess Control 0x05AB
0xBO 0x58 SPI01BMR Access Control 0x05AC
0xB1 SPI23BM Access Control 0x05AD
0xB2 0x59 SPI45B@R Access Control OxO05AE
0xB3 SPI67BMR Access Control Ox05AF
0xB4 Ox5A SPIO3SRK Access Control 0x05B0
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EEPROM EEPROM ESC Register
Byte Offset Word Offset PRI Offset °
0xB5 SPI47SR Access Control 0x05B1
0OxB6 OX5B SPIINTSR Access Control 0x05B2
0xB7 SPITSR Access Control 0x05B3
0xB8 SPIPOR Access Control 0x05B4
0x5C SPIDataStatus(SPDSRandSPDSMR

OxB9 Access Contrc?l( : 0x05B5
OxBA SPICOLR Access Control 0x05B6
OxBB 0x5D SPICLIR Access Control 0x05B7
0xBC SPIC2[R Access Control 0x05B8
0xBD OxSE SPIC3IR Access Control 0x05B9
OxBE SPICA4LR Access Control Ox05BA
OxBF OXSF SPIC5IR Access Control 0x05BB
0xCO0 SPIC6[LR Access Control 0x05BC
0xC1 0x60 SPIC7LR Access Control 0x05BD
0xC2 Ox61. SPIMCR Access Control Ox05BE
0OxC3 INTCR Access Control Ox05BF
0xC4 Ox62 INTSR Access Control 0x05C0
0xC5 Function Mirror Enable 0x05C1
Other ESQCategories Information (Subdivided in Categories)

é

Category Strings

Category Generals

Category FMMU

Category SyncManager

Category Tx / RxPDO foreach PDO

Table2.452: ESC FC 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 configurathenAX58400 booting.
1. Use preprogrammedd 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 d@egory
least the minimum 12C EEPROM size is 2Kbit, and for the complex devices with many categories should be
equipped with 32 Kbit EEPROMS or larger one). TheCESnfigurationArea is usedfor AX58400 hardware
configuration. All othelareasare used by thEtherCATmaster or the local application.

The ESC Configuration Area (EEPRO®ffset 0x00 to Ox0J-is automatically read bfX58400 after poweron
or reset. It contains the PDI configuration, Distributed Clocks settings, and Configured Station Alias. The
consistency of the ESC Configurati@ineadata 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 anly transferred at the initial EEPROM loading after pearepr reset.

To useAX58400 bridge functionalities, users should define the Bridger Access Configuration parameters in the
first category located at EEPROM offset Ox8he Category Type must be 0x0001and tleGory Data Size

must beOx01 so theAX58400 will automatically load the EEPROM Bridger Access Configuration parameters
into the Bridge Access Configuration registers memory area starting at 0Ox0580 afteiopooveeset.

96



AX58400
JASIX EtherCAT Slave Controller w/ Dual-Core MCU

2.45.4.3EEPROMContents Detailed Descriptions

PDI Control (0x00)
Bit | Description
PDI Control[7:0]
0x00: Interface deactivated (no PDI)
0x04: Digital I/O
7:0 | 0x05: SPI Slave
0x08: 16bit Asynchronous Local Bus
0x09: 8hit Asynchronous Local Bus
Others: reserved

ESC Configuration (0x01)

Bit | Description

0 Deviceemulationenables (control of AL status)
1 Enhanced Link detection all ports

:2 | Reserved

Enhanced Link port 0

Enhanced Link port

Enhanced Link por2

Reserved

N[O o~ (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 | SPI_IRQ output driver/polarity
4 SPI_SEL polarity

5 Data Outsample 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 outpudriver/polarity

2 SYNCO/LATCHO configuration

3 SYNCO mapped to AL Event Request
5:4 | SYNC1 output driver/polarity

6 SYNC1/LATCH1 configuration

7 SYNC1 mapped to AL Event Request

Pulse Length SyncSigna (0x05- 0x04)
Bit | Description
15:0 | Pulselength of SyncSignal

Extended PDI Configuration (0x07- 0x06)
Digital 1/0 / SPI Slave (for GPIO)
Bit | Description
Digital I/0 or GPIO
Digital I/0O or GPIO areconfigured in pairg1:0) as inputs or outputs:
0: Input
1. Output
3:2 pair Q: Input, 1: Outpu}
5:4 pair Q: Input 1: Outpu)
7:6 pair O: Input 1: Outpu)
9:8 pair O: Input 1: Outpu
11:10 pair Q: Input 1: Outpuj
13:12 pair Q: Input 1: Outpuj
15:14 pair Q: Input 1: Outpuj
17:16 pair Q: Input 1: Outpuj
19:18 pair Q: Input 1: Outpuj
10 | 21:20 pair Q: Input 1: Outpuj
11 | 23:22 pair Q: Input 1: Outpuj
12 | 25:24 pair Q: Input 1: Outpuj
13 | 27:26 pair 0: Input 1: Outpuj
14 | 29:28 pair Q: Input 1: Outpuj
15 | 31:30 pair Q: Input, 1: Outpu}

OO (N[O |0 |W|IN(F

Asynchronous Local Bus

Bit | Description

0 Read BUSY delay

1 Perform internal write

10:2 | Reserved

11 | 23:22 pair (data busit width only) ©: Input 1: Outpu}
12 | 25:24 pair (data busBit width only) ©: Input 1: Outpu}
13 | 27:26 pair (data busBit width only) ©: Input 1: Outpu}
14 | 29:28 pair (data busBit width only) ©: Input 1: Outpu}
15 | 31:30 pair (data busBit width only) @: Input 1: Outpu}

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 (Ox0A)
Digital I/O

Bit | Description
4:0 | Reserved
Control Driving Select:
5 0: 4mA
1. 8mA
IO [9:0] Driving Select:
6 0: 4mA
1. 8mA
IO [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: Leveltrigger.
1. Edge trigger.
Control Driving Select:
5 0: 4mA
1. 8mA
IO [9:0] Driving Select:
6 0: 4mA
1. 8mA
IO [15:10] Driving Select:
7 0: 4mA
1. 8mA

Multi -Function Sdect and Drive Strength (Ox0D)

Bit Description
10 [9:0] select:
0 0: 10 [9:0]
1: MTRG, MDRLD, MSS [3:0], MINT, MMISO, MMOSI, MSCLK,
Note: in Local Bus mode this bit no function
IO [15:10] (SPI slave separates) select:
1 0: 10 [15:10]
1:10 [15:14], FMOSI, FSCLK, FMISO, SFINT
Note: in Local Bus mode this bit no function
10 [21:16] select:
> 0: 10 [21:16]
1: PULA, PULB, PULZ, PULZ, PULAB, IO [16]
Note: in Local Bus mode this bit no function
10 [25:22] select:
3 0: 10 [25:22]
1. PWM2L, PWM2H, PWM3L, PWM3H
Note: in Local Bus 16 bits mode this bit no function
IO [28:26] select:
4 0: 10 [28:26]
1: EM, PWM1L, PWM1H
Note: in Local Bus 16 bits mode this bit no function
10 [31:29] select:
5 0: 10 [31:29]
1: ENCZ, ENCB, ENCA
Note: in Local Bus 16 bits mode this bit no function
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IO [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 I{31:14 pins are forced to Mll port 2

Checksum(0x0F - OxOE)

Bit | Description

Checksum

150 number divided by the polynomixl*8+X~2+X+1 (initial value OXFF)

value of 0x88A4Note that NEVER use this for production!

Low byte contains remainder of division BEPROM offset 0x00 to 0x0Bs unsigned

For debugging purposes, it is possible to disable the checksum validation with a checks

Cateqgory 1 Type(0x81- 0x80)

Bit | Description

15:0 Category 1 Type
"~ | MUST be0x0001

Category 1 Data Siz€0x83- 0x82)

Bit | Description

15:0 Category 1 Data Sizgvords)
"~ | 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
0x4: LATCHO signal
0x5: SYNC1 signal
0x6: LATCHL1 signal
0x7: After write access
0x8: Trigger when data value changes
0x9: PDI Chip Select Assert
OxA: PDI Chip Select Dassert
0xB: FUNC Chip Select Assert
0xC: FUNC Chip Select Dassert
0xD: Trigger at start of MFC PWM cycle
Others: Always triggered

3.0

ESC Access Enable
4 0: Writeable with Function Hoshterface
1: Writeable with ESC

7:5 | Reserved

The Bit Definitions of the other parameters from EEPROM offset 0x85 to OxC4 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 SPI Master function register mirror
1: Enable SPMaster function register mirror

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

7:4

Reserved
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2.45.5 Memory Map

This section introduces the memory mappingX58400. AX58400 provides SPI and Local Bus slave interfaces

for both ESC PDI and Function to access the internal regiStection2.45.5.1lintroduces the ESC memory map

which can be accessed by PDI SPI or Local bus interface ,and s2e@toh.2introduces 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 directlyp, Sectior2.45.5.3introduces the relationship between Function

and ESC PDI through the Bridge function.

2.45.5.1ESC Memory Map

ESC Address I(_Iggt%tg 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 ESCConfiguration
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 ax2 RX Error Counter 3:0]
0x0308 ax1 Forwarded X 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 8:0]
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
12C EEPROM Interface

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

MIl Management Interface
0x0510 2 MIl Management Control/Status
0x0512 1 PHY Address
0x0513 1 PHY Register Address
0x0514 2 PHY Data
0x0516 1 MIl Management ECAT Access State
0x0517 1 MIl Management PDI Access State

Bridge Access Configuration
0x0580 1 MCTLR Access Control Register
0x0581 1 PXCFGR Access Control Register
0x0582 1 PTAPFR Access ContrdRegister
0x0583 1 PTBPFR 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 Contr&legister
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 Contr&legister
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 SCTRLRAccess Control Register
0x0595 1 Step Counter Content Access Control Register
0x0596 1 Encoder Counter Valuiccess ControRegister
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 ControRegister
0x059C 1 Watchdog TimeAccess Control Register
0x05D 1 WCFGRAccess Control Register
0XORE 1 WTPVCR Access Control Register
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0X05F 1 Watchdog monitored Polari#ccess Control Register
0x05A0 1 Watchdog monitored Maskccess Control Register
0x05%A1 1 Watchdog Output Maskccess Control Register
0x05A2 1 Watchdog Output Enablkccess Control Register
0x05A3 1 Watchdog Output Polaritccess Control Register
0x05A4 1 Watchdog Timer Peak valuWeccess Control Register
0x05A5 1 SPIGFGRAccess Control Register
0x05A6 1 SPIBRR Access Control Register
0x0%A7 1 SPIDBR Access Control Register
0x05A8 1 SPIDTR Access Control Register
0x05A9 1 SPIRPTR Access Control Register
0x05%AA 1 SPILTR Access Control Register
0x05AB 1 SPIPRLR Access Control Register
0x05%AC 1 SPI01B@ Access Control Register
0x05AD 1 SPI23BMQR Access Control Register
Ox05AE 1 SPI45BMR Access Control Register
0x0%AF 1 SPI67BMR Access Control Register
0x05B0 1 SPIO3SR Access Control Register
0x05B1 1 SPI47SR Access Control Register
0x05B2 1 SPINTSR Access Control Register
0x05B3 1 SPITSR Access Control Register
0x05B4 1 SPPOSR Access Control Register
0x05B5 1 SPIDataStatugSPDSRandSPDSMR) Access Control Register
0x05B6 1 SPICOLR Access Control Register
0x05B7 1 SPIC1[R Access Control Register
0x05B8 1 SPIC2[R Access Control Register
0x05B9 1 SPIC3LR Access Control Register
Ox05BA 1 SPIC4LR Access Control Register
0x05BB 1 SPIC5LR Access Control Register
0x05BC 1 SPIC6LR Access Control Register
0x05BD 1 SPIC7LR Access Control Register
0x0BE 1 SPIMCRAccess ControRegister
0x05BF 1 INTCR Access Control Register
0x05C0 1 INTSR Access Control Register
0x05C1 1 FunctionMirror Enable Register
0x0600:0x06F FMMUI7:0]
+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
0x0800:0x08F 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 i Receive Times
0x0900 4 Receive Time Port 0
0x0904 4 Receive Time Port 1

104



A ASIX

AX58400

EtherCAT Slave Controller w/ Dual-Core MCU

0x0908 4 Receive Time Port 2
0x090C 4 Receive Time Port 3
DC i 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 i Cyclic Unit Control
0x0980 1 | Cyclic Unit Control
DC i SYNC Out Unit
0x0981 1 Activation
0x0982 2 Pulse Length of SyncSignals
0x0984 1 Activation Status
0x098E 1 SYNCO Status
0x098F 1 SYNC1 Status
0x0990 8 Start Time Cyclic Operation/Next SYNCO Pulse
0x0998 8 Next SYNC1 Pulse
0x09A0 4 SYNCO Cycle Time
0x09A4 4 SYNC1 Cycle Time
DCi Latch In Unit
0x09A8 1 LatchO Control
0x09A9 1 Latch1 Control
0x09AE 1 LatchO Status
0x09AF 1 Latchl Status
0x09B0 8 LatchO Time Positive Edge
0x09B8 8 LatchO Time Negative Edge
0x09CO0 8 Latchl Time Positive Edge
0x09C8 8 Latchl Time Negative Edge
DC i 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
0x0EO08 8 Vendor ID

Digital Input/Output
0x0F00 4 Digital /O Output Data
0x0F10 4 General Purpose Outputs
Ox0F18 4 General Purpose Inputs
User RAM/Extended ESC features
0x0F80 128 | User RAM/Extended ESEeatures
Process Data RAM
0x1000 4 Digital 1/0 Input Data
0x1000 8KB Process Data RAM
Function Register Mirror (Refer to Section 2.45.5.p

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 PWM1 Counter Shift Register
0x3010 2 PWM1 High Pulse Width Register
0x3012 2 PWM2 Control Register
0x3014 2 PWM2 Shift Register
0x3016 2 PWM2 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 Delagtep Register
0x3028 4 Step Target Number Register
0x302C 2 StepConfigure Register
0x302E 2 Step Control Register
0x3040 4 Encoder Counteyalue Register
0x344 4 Encoder Constant Register
0x304C 2 Encoder Mode&onfiguration Register
0x304E 2 EncoderClearRegister
0x3060 4 Watchdog Timer Register
0x3064 2 Watchdog Control Register
0x3066 2 WatchdogTimer Peak Value Clear Register
0x3068 4 Watchdog Monitored Signals PolariRegister
0x306C 4 Watchdog Monitored Signals Mastegister
0x3070 4 Watchdog Output MasRegister
0x3074 4 Watchdog Output EnabRegister
0x3078 4 Watchdog Output PolaritiRegister
0x3080 2 SPI Configure Register
0x3082 2 SPI Baudrate Register
0x3084 2 SPI Delay Byte and SS Register
0x3086 2 SPI Delay Transfer Register
0x3088 2 SPI RDY/ PulseTime Register
0x308A 2 SPI LDAC Time Register
0x308C 2 SPIPulse/ RDY/ LDAC Register
0x3090 2 SPI1 0/1 Byte Count Register
0x3092 2 SPI1 2/3 Byte Count Register
0x3094 2 SPI 4/5 Byte Count Register
0x3096 2 SPI 6/7 Byte Count Register
0x3m08 2 SPI 01/2/3 dave Select Register
0x3MA 2 SPI 45/6/7 dlave Select Register
0x30B0 8 SPI Channel 0 DatRegister
0x30B8 8 SPI Channel 1 DatRegister
0x30C0 8 SPI Channel 2 DatRegister
0x30C8 8 SPI Channel 3 DatRegister
0x30D0 8 SPI Channel DataRegister
0x30D8 8 SPI Channel 5 DatRegister
0x30EQ 8 SPI Channel 6 DatRegister
0x30ES8 8 SPI Channel 7 DatRegister
0x30R2 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 StateRegister
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0x327C 4 Watchdog Timer Peak Value Register
0x32A8 2 SPI Interrupt Status Register
0x32AA 2 SPITimeout Status Register
0x32AC 2 SPI Pulséverrun Status Register
0x32AE 2 SPIDataStatus Register

0x32B0 8 SPI Channel 0 DatRegister
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

Table2.453: ESC Memory Map
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2.45.5.2Function Register Map

Aggf;(:s 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 CycleRegister

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

0x00E P1SHR PWM1 Counter Shift Register

0x010 P1HPWR PWM1 High Pulse Width Register

0x012 P2CTRLR PWM2 Control Register

0x014 P2SHR PWM2 Shift Register

0x016 P2HPWR PWM2 High Pulse Width Register

0x018 P3CTRLR PWMS3 Control Register

0x01A P3SHR PWM3 Counter Shift Register

0x01C P3HPWR PWM3 High Pulse Width Register

0x020 SGTLR Step Gap Time Low Register

0x022 SGTHR StepGap 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 StepConfigure 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 HidgRegister
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
0x04E ECLRR EncoderClearRegister

0x050 HALSTR Hall StateRegister

0x060 WTLR Watchdog Timer Low Register

0x062 WTHR Watchdog Timer High Register

ox0e4 WCFGR Watchdog Configure Register

0x066 WTPVCR WatchdogTimer Peak Value Clear Register
0x068 WMPLR Watchdog Monitored Polarity LoRegister
0x06A WMPHR Watchdog Monitored Polarity HigRegister
0x06C WMMLR Watchdog Monitored Mask LoRegister
0x06E WMMHR Watchdog Monitored Mask HigRegister
0x070 WOMLR Watchdog Output Mask LoRegister
0x072 WOMHR Watchdog Output Mask HigRegister
0x074 WOELR Watchdog Output Enable LoRegister
0x076 WOEHR Watchdog Output Enable HigRegister
0x078 WOPLR Watchdog Output Polarity LoRegister
0x07A WOPHR Watchdog Output Polarity HigRegister
0x07C WTPVLR Watchdog Timer Peak Value Low Register
0x07E WTPVHR Watchdog Timer Peak Value High Register
0x080 SPICFGR SPI Configure Register

0x082 SPIBRR SPI BaudRate Register

0x084 SPIDBSR SPI Delay Byteand SS Register
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Address

Offset Name Description
0x086 SPIDTR SPI Delay Transfer Register
0x088 SPIRPTR SP| RDY/ PulseTime Register
0x08A SPILTR SPI LDAC Time Register
0x08C SPIPRLR SPIPulse/ RDY/ LDAC Register
0x090 SPI01BCR SPI 0/1 Byte Count Register
0x092 SPI23BCR SPI| 2/3Byte Count Register
0x094 SPI45BCR SPI 4/5 Byte Count Register
0x096 SPI67BCR SPI 6/7 Byte Count Register
0x098 SPI03SSR SPI 01/2/3 dave Select Register
0x09A SPI47SSR SPI 45/6/7 slave Select Register
0x0A8 SPINTSR SPI Interrupt StatuRegister
O0x0AA SPITSR SPITimeout Status Register
Ox0AC SPIPOSR SPI Pulse Overrun Status Register
OxO0AE SPIDSR SPIDataStatus Register

0x0BO SPICODR SPI Channel 0 Data Register
0x0B8 SPIC1DR SPI Channel 1 Data Register
0x0CO0 SPIC2DR SPIChannel 2 Data Register
0x0C8 SPIC3DR SPI Channel 3 Data Register
0x0D0 SPIC4DR SPI Channel 4 Data Register
0x0D8 SPIC5DR SPI Channel 5 Data Register
Ox0EO SPIC6DR SPI Channel 6 Data Register
Ox0E8 SPIC7DR SPI Channel 7 Data Register
0x0F0 SPIDSMR SPI Data Status Mirrdregister
0x0F2 SPIMCR SPI Master Control Register
0x100 INTCR Interrupt Configure Register
0x102 INTSR Interrupt Status Register

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

Table2.454: ESCFunction Register Map
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2.45.5.3Memory Map between ESC Memory and Function Registers

Function ESC Address Name Description

Address R/W RO
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
Ox01A 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 LoRegister
0x032 SCNTHR Step Counter Content High Register
0x040 0x30D0 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 OX3248 ELATLR Encoder Latched Low Register
0x04A ELATHR Encoder Latched High Register
0x04C 0x304C - EMODR Encoder Mode Configuration Register
0x04E 0x304E - ECLRR EncoderClearRegister
0x050 - 0x3250 HALSTR Hall StateRegister
0x060 0x3060 i WTLR Watchdog Timer Low Register
0x062 WTHR Watchdog Timer High Register
0x064 0x3064 - WCFGR Watchdog Configure Register
0x066 0x3066 - WTPVCR WatchdogTimer Peak Value Clear Register
0x068 0x3068 i WMPLR Watchdog Monitored Polarity LowRegister
0x06A WMPHR Watchdog Monitored Polarity HigRegister
0x06C OX306C i WMMLR Watchdog Monitored Mask LoRegister
0x06E WMMHR Watchdog Monitored Mask HigRegister
0x070 0x3070 i WOMLR Watchdog Output Mask LoRegister
0x072 WOMHR Watchdog Output Mask HigRegister
0x074 0x3074 i WOELR Watchdog Output Enable LoRegister
0x076 WOEHR Watchdog Output Enable HigRegister
0x078 0x3078 i WOPLR Watchdog Output Polarity LoRegister
0x07A WOPHR Watchdog Output Polarity HigRegister
0x07C i OX27C WTPVLR Watchdog Timer Peak Value Low Register
0x07E WTPVHR Watchdog Timer Peak Value High Register
0x080 0x3080 - SPICFGR SPI ConfigureRegister
0x082 0x3082 - SPIBRR SPI Baudrate Register
0x084 0x3084 - SPIDBSR SPI Delay Byte and SS Register
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Function

ESC Address

Address RIW RO Name Description
0x086 0x3086 - SPIDTR SPI Delay Transfer Register
0x088 0x3088 - SPIRPTR SPI RDY / Pulse Time Register
0x08A 0x308A - SPILTR SPI LDAC TimeRegister
0x08C 0x308C - SPIPRLR SPI Pulse/ RDY/ LDAC Register
0x090 0x3090 - SPI0O1BCR | SPI 0/1 Byte Count Register
0x092 0x3092 - SPI23BCR | SPI 2/3 Byte Count Register
0x094 0x3094 - SPI45BCR | SPI 4/5 Byte Count Register
0x096 0x3096 - SPI67BCR | SPI6/7 Byte Count Register
0x098 0x3098 - SPI0O3SSR | 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
O0x0AA - 0x32AA | SPITSR SPI Timeout Status Register
Ox0AC - 0x32AC | SPIPOSR SPI Pulse Overrun Status Register
OxO0AE - Ox32AE SPIDSR SPI Data Status Register
0x0BO 0x30B0 0x32B0 | SPICODR SPI Channel 0 Data Register
0x0B8 0x30B8 0x32B8 | SPIC1DR SPI Channel 1 Data Register
0x0CO0 0x30C0 0x32C0 | SPIC2DR SPIChannel 2 Data Register
0x0C8 0x30C8 0x32C8 | SPIC3DR SPI Channel 3 Data Register
0x0DO 0x30D0 0x32D0 | SPIC4DR SPI Channel 4 Data Register
0x0D8 0x30D8 0x32D8 | SPIC5DR SPI Channel 5 Data Register
O0x0EQ 0x30EQ 0x32E0 | SPIC6DR SPI Channel 6 DatRegister
Ox0E8 0x30E8 Ox32E8 | SPIC7DR SPI Channel 7 Data Register
O0x0F0 - 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

Table2.455: ESC Memory and Function Retgrs Mirror Mapping Table
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3 Electrical Specifications

3.1 Parameter conditions
Unless otherwise specified, all voltages are referenc&iND(V sg.

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 ;= 25 °C and = Timax(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 plusor minuséhe t i mes the standard deviation (meanN3J

3.1.2 Typical values

Unless otherwise specified, typical data are baseg % °C, Vop=3.3V (forthel . 7 »OO03V 6 V vol t ac
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 thefull temperature range, where 95% of the devices have an error less than or equal to the value indicated
(meanN20) .

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 shbigare3.1-1.

3.1.5 Pininput voltage

The input voltage measurement on a pin of the device is describégline3.1-2.

MCU pin

MS19011Vv2

Figure3.1-1: Pin loading conditions
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MCU pin

MS19010vV2

Figure3.1-2: Pin input voltage
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3.1.6 Power supply scheme

Vopasuse é+ I 'TJ:‘ Vopsouss
-1
Vppa: Vooso
%g'B:l UUj_‘-USB& |\J—\ DDSOUSE
Vuus.ws — Vs | 10s - T
v Step
LXSMPS DOWH USB V
Vegsmps Coverter regulator | ° 5%
(SMPS)
Vassmps
VIJULUU
V:HI’ - T LT T T T T T Tt Tttt T TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTh
J%}J_ - l iCore domain (Veore) i
o Vi e Voltage ! ]
= L oDLD: ] 1
w2 regulator | L) |
N J_ ! L sg @ SE| ¢ i
L 2 i = 2| 4 :
= ; D3 domain | & 3| ¢ cal’e ;
_ (System [ [ i
2 logic, D1 domain i
e F=STe) EXTI, D2 domain (CPU, peripherals, | !
o |logic | Peripherals, (perpherals, RAM) i
> i
L |
Voo —_———-.—.__.....—+—@#8
T
;EL v iVDDdomam HSI. Col, i
;:-L—””E] - ' > HSl48 | |
= T : VBAT HSE, PLLs . i |Backup domain !
L | charging [ b ey E
Var | T [ Vew ! o | Backup (Ve .,I’.i i
1210367 Vear L : P " |regulator T !
e PN} | | Y Powrsiidhy
v i LSI, LSE,
il | RTC, Wakeup Backup i
- ! logic, back i
BKUP o U?;Eistaef;p RAM | !
E logic Reset !
| ; Analog domai
s |5 | [REF_BUF ADC, DAC
= 3| Meers L i Vrere OPAMP,
: ot VREF : Veer. Comparator|
g | 2|V : )\ [

O

MSvE24 10V 1

1. N corresponds to the number of VDD pins available on the package.
2. A tolerance of +/20% is acceptable on decoupling capacitors.

Figure3.1-3: Power supply scheme

Caution: Each power supply pair @4/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 @évibe. 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

Figure3.1-4: Current consumption measurement scheme
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3.2 Absolute Maximum Ratings

Stresses above the absolute maximum ratings list@dbite3.2-1: Voltage characteristi€g Table3.2-2: Current
characteristicsandTable 3.2-3: Thermal characteristiosiay cause permanent damage to the devicese are

stress ratings only and the functional operation of the device at these conditions is not implied. Exposure to
maximum ratingconditions for extended periods may affect device reliability.

Symbols Ratings Min Max Unit
Viox - Vss External main supply voltage (including,), VooLpbo: Vbpsmps 103 40 v
Vopa: Vbpasuss Veat)
VCC3IO, VCC33A| Power supply of 3.3V I/O for ES€ubsystem and Ethernet PHY 710.3 4.0
VCCK Digital core power supply for ESC siglystem 105 1.6
VCC12A PLL |Analog power supply for PLL for ESC sidystem 105 1.6
Min(Vpp, Vbpa,
Input voltage on FT_xx@ins GNDT 0.3 | Vppaause Vear) | V
+4.03)4)
VIN(2) Input voltage on TT_xpins GND-0.3 4.0 \%
Input voltage on BOOTpIn GND 9.0 \%
Input voltage on any otheins GND-0.3 4.0 \%
Input voltage of 3.3V I/O with 5V tolerant(VCC3IO domain). GND-0.3 55 \Y
[/ ppx| Variations betweedifferent Vppx powerpins of the samgomain - 50 mvV
|VssxVsd Variationsbetweerall thedifferentgroundpins - 50 mV
I'in DC input current (VCC3IO domain). 50 mA
| our Output short circuit current (VCC3IO domain). 50 mA

1. Al main power (Msp, Vopa, Vopssuse Vopsmes Veat) and ground@ND, Vssa) pins must always be connected to the external power
supply, in the permitted range.

2.V, maximum must always be respected. RefeFable3.3-46: 1/O current injection susceptibili{%) for the maximum allowed
injected current values.

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

Table3.2-1: Voltage characteristi€s

11¢€



VASIX

AX58400

EtherCAT Slave Controller w/ Dual-Core MCU

Symbols Ratings Max Unit
E1pg |Total current into sum of all ¥ power linegsource$?) 620
1 ¢ | Total current out of sum of alld4ground linegsink)®) 620
IVpp Maximum current into each 4 power pin(source$t) 100
IVss Maximum current out of eacha¢ground pin(sink)) 100
lo Output current sunk by any 1/O andntrolpin 20
o Total outputcurrentsunkby sumof all I/Os andcontrolping® 140 mA
Total outputcurrentsourcecby sumof all I/0Os andcontrolpins®?) 140
| 3@ Injectedcurrenton FT_xxx, TT_xx, RSTandB pinsexceptPA4, PA5 15/+0
INJ(PIN)
InjectedcurrentonPA4,PA5 10/0
Z haeiny Totalinjectedcurrent(sumof all I/Os andcontrolpins)®) +25

1. All main power (Wb, Vopa, Vopssuse) @and ground@ND, Vss, Vssa) pins must always be connected to the external power supplies,
in the permitted range.

2. This current consumption must be correctly distributed over all /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.
3. Positive injection is not possible on these I/0Os and does not occur for input voltages lower than the specified maximum value

4. A positive injection is induced byIM>VDD Whi@;’i negative injection is induced byNAVSS IINJ(PIN) must never be exceeded.
Refer alg to Table3.2-1: Voltage characteristics’ for the maximum allowed input voltage values.
5When several inputs are

s ub mi tINJPIN)ig the alzsoluteisunrobtimetpositive §nd regative n,  t
injected currentsifstantaneousalues).

he

Table3.2-2; Current characteristics

Symbol Ratings Value Unit
Tsto Storage temperaturange T 65t0+150
°C
T Maximum junctiortemperature 125

Table3.2-3: Thermal characteristics
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3.3 Recommended Operating Conditios for Main System
3.3.1 General operating conditions

Symbol Parameter Operatingconditions Min Typ Max Unit
Vb Standard operatingltage - 1.6X9 | - 3.6 \Y
, . 1.629 | - 3.6
Vppopo | Supply voltage for thimternal regulator | Vppipo O Vop o~ Vv
1. - 3.6
Supply voltage for the intern@MPS Ste
Vooswes |- PPY gown converter P Vopsmps =Vop 1.620 | - 3.6 Y
USBused 3.0 - 3.6
Vppasuse | Standard operating voltagéSB domain
USB notused 0 - 3.6
ADC or COMPused 1.62 -
DAC used 1.8 -
Vv
OPAMPused 2.0 -
v .
DDA Analog operatingoltage VREFBUFused 18 i 3.6
ADC, DAC, OPAMP,
COMP,VREFBUFot 0 -
used
TT_xx1/O 10.3 - Vpp+0.3
BOOTO 0 - 9
VN I/O Inputvoltage Min(V oo, Vopa v
All /0 exceptBOOTO | o ) VDD33’US 2 '
andTT_xx +3.6V <5 B\ors
VOS3 (maxrequency
200 MH2) 095 | 1.0 1.26
VOS2 (maxrequency
300 MHz) 1.05 | 1.10 1.26
Internal regulator ONLDO) (ot
VOS1 (maxrequency
400 MH2) 1.15 | 1.20 1.26
VOS0®) (max 1.26 | 1.35 1.40
frequency 480Hz®))
VOS3 (max frequency
200 MHz) 095 | 1.0 1.26
Internal regulator ON (SMPSep down | VOS2 (max frequency
\Y, . . .
CORE convertery’) 300 MHz) 1.05 | 1.10 1.26 v
VOS1 (max frequency
400 MH2) 1.15 | 1.20 1.26
VOS3 (max frequency
200 MHz) 0.98 | 1.03 1.26
VOS2 (max frequency
Regulator OFF: externaldbrevoltage | 300 MHz) 1.08 | 1.13 1.26
mustbesuppliedrom external regulator VOS1 ( ;
two VCAPpins maxirequency
p 400 MH2) 1.17 | 1.23 1.26
VOS0 (max frequen
480 MHz(6)) 1.37 | 1.38 1.40
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Symbol Parameter Operatingconditions Min Typ Max Unit
VOS3 - - 200
VOS2 - - 300
fepul Arm® CortexX®-M7 clockfrequency
VOS1 - - 400
VOS0 - - 4809
VOS3 - - 200
VOS2 - - 150
fepuz Arm® CortexX?-M4 clockfrequency
VOS1 - - 200
VOSO0 - - 2409
VOS3 - - 100
VOS2 - - 150
facLk AXI clock frequency MHz
VOS1 - - 200
VOS0 - - 2409)
VOS3 - - 100
VOS2 - - 150
fHeoLK AHB clockfrequency
VOS1 - - 200
VOS0 - - 2409
VOS3 - - 508
VOS2 - - 75
fpcLk APB clockfrequency
VOS1 - - 100
VOS0 - - 1209

1.When RESET is released functionality is guaranteed dowmdg,¥hin

2. Only for powerup sequence when the SMBBpdown converter is configured to supply the LDO an@y= 105 °C.

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

4. For operation with voltage higher than Mingd/ Vopa, Vopssusg) +0.3V, the internal Pulip and PullDown resistors must be disabled.
5.VOSO is available only when the LDO regulator is ON.

6. Tamax = 105 °C.

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

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

Table3.31: General operating conditions
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Powerscale VcoRe source Max T; (°C) Max frequency (MHz) Min V pp (V)
LDO 105 480 17
VOs0 SMPS steglown ) ) )
convertef?
LDO
VOS1 SMPSstepdown 125 400 1.62
converter
LDO 125
VOS2 SMPSstepdown 125 300 1.62
converter 140
LDO® 105 64 1.22)
LDO 125
VOS3
SMPSstepdown 125 200 1.62
converter 1409
LDO 105
SvOos4 SMPSstepdown 125 N/A 1.62
converter 1409
LDO 105
SVOs5 SMPSstepdown 125 N/A 1.62
converter 1409

1. VOSO (power scale 0) is not available when the SMPSdtem converter directly suppliescyke
2. Only for powerup sequence when the SMPS silevn converter supplies the LDO.
3. Extended Industrial temperature range sales types (range 3).

Table3.3-2: 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 capasitdo the VCAP pin. €xr
is specified inTable3.3-3. Two external capacitors can be connected to VCAP pins.

ESR

[ ]

R Leak

MS19044v2

1. Legend: ESR is the equivalent series resistance.

Figure3.3-1: External capacitor &xr

Symbol Parameter Conditions
CEXT Capacitance of externehpacitor 2.2 uf2
ESR ESR of externatapacitor < 100mY

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

2. This value corresponds to CEXT typical value. A variation eé26% is tolerated.

Table3.3-3: VCAP operating conditiof?

3.3.3 SMPS stepdown converter

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

are given infable3.3-5. The SMPS stepgown converter requires external components that are speciftéglire
3.32andTable3.3-4.

Voo Voo VDDSMPS.—
cinJ_ cmil: L VLXSMPS
-l
SMPS G SMPS
(ON) Voo, VFBSMPS ~fit—— & (ON)
c 1 External 2%, 1
T VSSSMPS JQI X out I VSSSMPS &

VICAP * VCAP &
L —»

-
VDDLDO Veore VDDLDO ﬁ J Veore
Coutz _‘_ T Vreg Coxr —— > Vreg
Vss (OFF) I vss (ON)
v \ v |
Direct SMPS supply External SMPS supply, LDO supplied

by SMPS

MSv61398V2

Figure3.3-2: External components for SMPS sté@wn converter
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Symbol Parameter Conditions
Capacitance of external capacitor\dsosmps 4.7uF
Cin ESR of externatapacitor 100mY
(o Capacitance of external capacitor ofx¥vpspin 220pF
Capacitance of external capacitor ogg¥pgpin 10pF
Cour ESR of externatapacitor 20 mY
L Inductance of external Inductor on ¥mpspin 2.2pH
- Serial DCresistor 150mY
AT DC current at which the inductance drops 388 its 17A
value withoutcurrent.
Average current for a 40 °C rise: rated current for whic
lrRMs the temperature of the inductor is raidédC by DC 1.4A
current

Table3.3-4: Characteristics of SMPS stefjpwn converter external components

Parameters Conditions Min Typ Max Unit
Vout= 1.8V 2.3 - 3.6
Vppswips® \
VOUT =25V 3 - 3.6
2.25 25 2.75
Vour @ lout=600mA V
1.62 1.8 1.98
internal and externalsage - - 600
lout mA
External usagenly®) - - 600
RDSon - - 100 120 mY
Ibpsmps_Q Quiescenturrent - 220 - HA
T VOUT =18V - - 225
SMPS_START ps
- Vour=2.5V - - 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.

Table3.3-5: SMPS stepdown converter characteristics for external usage
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3.3.4 Operating conditions at powerup / power-down

Subject to general operating conditions far T

Symbol Parameter Min Max Unit
Vpp rise timerate 0 b
tvpp ,
Vpp fall time rate 10 b
Vppa rise timerate 0 b
tyopa , us/vV
Vppa fall time rate 10 b
Vppusgise timerate 0 b
typpuss ,
Vppusgfall time rate 10 b

Table3.3-6: Operating conditions at poweip / powerdown (regulator ON)

3.3.5 Embedded reset and power control block characteristics

The parameters given Table3.3-7 are derived from tests performed under ambient temperaturesgrslply
voltage conditions summarized Trable3.3-1: General operating conditions

Symbol Parameter Conditions Min Typ Max | Unit
Reset temporization after
trsTTEMPAY BOROpreIeased i i 3 i HS
Risingedgé? 1.62 167 | 171
VEBoro Brown-out resethreshold
Fallingedge 1.58 1.62 1.68
Risingedge 2.04 2.10 2.15
VBoRr1 Brown-out reset threshott -
Fallingedge 1.95 2.00 2.06
Risingedge 2.34 241 2.47
VBoR2 Brown-out reset thresholl
Fallingedge 2.25 231 2.37
Risingedge 2.63 2.70 2.78
VEBoR3 Brownout reset thresholgl
Fallingedge 2.54 2.61 2.68
Vevoo Programmabl¥oltage Risingedge 1.90 1.96 2.01
Detector threshold Fallingedge 1.81 1.86 | 1.91
Vevos Programmabl¥oltage Risingedge 2.05 2.10 2.16 \%
Detector threshold Fallingedge 1.96 2.01 | 2.06
Vouss Programmabl¥oltage Risingedge 2.19 2.26 2.32
Detector threshold Fallingedge 2.10 215 | 221
Veuss Programmabl¥/oltage Risingedge 2.35 241 2.47
Detector threshol@ Fallingedge 2.25 231 | 2.37
Vouos Programmabl¥oltage Risingedge 2.49 2.56 2.62
Detector threshold Fallingedge 2.39 245 | 251
Vovos Programmabl¥/oltage Risingedge 2.64 271 2.78
Detector threshold Fallingedge 2.55 261 | 2.68
Vevos Programmabl¥oltage Risingedge 2.78 2.86 2.94
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Symbol Parameter Conditions Min Typ Max | Unit
Detector threshol@ Falling edge in Rumode 2.69 2.76 2.83
Hysteresis voltage &OR _
Vhyst_BOR_pVD (unless BORO) anglVD Hysteresis in Rumode - 100 - mV
BOR@ (unless BORO) and
| 1) . - -
pp_soR PVIY | pypy consumption fropp 0630 | WA
v Analog voltage detector for Risingedge 1.66 171 | 1.76
AVM_0
- Vopa threshold 0 Fallingedge 156 | 161 | 166
Analog voltage detector for Risingedge 2.06 212 | 219
Vawm_1 v -
DDA thresholdl Fallingedge 1.96 2.02 | 2.08
V
v Analog voltage detector for Risingedge 242 250 | 2.58
AVM_2
- Vopa threshold2 Fallingedge 235 | 242 | 249
v Analog voltage detector for Risingedge 2.74 283 | 291
AVM_3
- Vbpa threshold3 Fallingedge 264 | 272 | 280
Hysteresis of voltage
Vhyst_vDDA y q etetztsc?:\ g - - 100 - mv
PVM consumptiorirom
Ibb_pvm v P - - - 0.25 | pA
DD(1)
Voltage detector . :
\% 4 Resistor bridge - - 25 A
DD_VDDA consumption on ¥p M 9 H

1. Guaranteed by design.

2.BORO is enabled in all modes and its consumption is therefore included in the supply current characteristics tabl&e@téder to
3.3.7: Supply current characterisics

Table3.3-7: Reset and power control block characteristics
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3.3.6 Embedded reference voltage

The parameters given fable3.3-8 are derived from tests performed under ambient temperaturesarglipply
voltage conditions summarized Trable3.3-1: General operating conditions

Symbol Parameter Conditions Min Typ Max Unit
VREEINT Internal referenceoltages -40°C < -[J < 140C, 1.180 1.216 1.255 \%
Vpp=3.3V
ADC sampling time when
ts vrefini V@ | reading the internaéference - 4.3 - -
voltage
ps
VBAT sampling timavhen
ts ybat)®@ | reading the internal VBAT - 9 . .
referencevoltage
2 Reference Buffer consumption _
lrefout™ for ADC P Vppa=3.3V 9 135 23 HA
(2) | Internal reference voltage spre _40°C < T. < o }
D/REFINT ™ | qver theemperature range 40°C < Ty< 140°C 5 15 mV
(2) -~ Averagetemperature i .
Teoetf Averagetemperature coefficien coefficient 20 70 ppm/°C
VDDcoeﬁ(z) Average Voltageoefficient 3.0V <Vpp<3.6V - 10 1370 ppm/V
VRerINT pivi | 1/4 reference voltage B} j o5 i
%
VRerINT pivz | 1/2 reference voltage - . 50 ] VRE;NT
VREFlNT_D|v3 3/4 reference voltage - . 75 }

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

Table3.3-8: Embedded reference voltage

Symbol

Parameter

Memory address

VREFIN_CAL

Raw dataacquired at temperature of 30 °Cpa = 3.3V

1FF1E860 1FF1E861

Table3.3-9: Internal reference voltage calibration values

3.3.7 Supply current characteristics

The current consumption is a functionsgveral parameters and factors such as the operating voltage, ambient
temperature, 1/0 pin loading, device software configuration, operating frequencies, I/O pin switching rate, program

location in memory and executed binary code.

The current consumption is measured as describEejime3.1-4: 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:

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

1 The Flash memory access time is adjusted with the minimum wait states number, depending.@r the f
frequency (refer to the tabl e @ Numhkd&equeocy antdv¥pact st at e
rangeo available in the reference manual ).

1 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 Tiable3.3-1: General operating conditions

Arm Arm Max(®)
Cortex- | Cortex-
iti M7 M4 i
Symbol | Parameter Conditions foos fons Typ Ti= | Tj= Tj= Tj= Tj= Unit
25°C | 85°C | 105°C | 125°C | 140°C

(MHz) (MHz)

480 240 179 | 272 | 387 | 498

VOSO0
Al 200 | 200 | 151 - . .
peripherals| VOs1| 400 | 200 | 132 | 181 | 202 | 382 | 502
disabled "y 5o 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
unmode VOSO
Al 400 | 200 | 208 - - -

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.

Table3.3-10: Typical and maximum current consumption in Run mode, code with data processing running from
ITCM for CortexM7 core, and Flash memory for Cort®#(ART accelerator ON), LDO regulator CGH@

Arm Arm Max
Cortex- | Cortex-
iti M7 M4 i
Symbol | Parameter Conditions forr o Typ Tj= Tj= Tj= Tj= Tj= Unit
25°C | 85°C | 105°C | 125°C | 140°C

(MHz) | (MHz)

VOS1 400 200 |58.3| 79.0 | 129.0| 175.1| 236.0 -

All
peripherals| VOS2 300 150 37.0| 50.2 | 84.7 | 115.6| 161.1| 218.4
disabled
Supply VOS3 200 100 |215| 299 | 56.1 | 77.1 | 107.6| 152.3
Ibp current in mA
Runmode Al 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 | 235.5
enabled
VOS3 200 100 29.5| 394 | 639 | 86.7 | 116.3| 161.9

1. The parameters given in the above table for the SMPS regulator are derived by extrapolation from the LDO consumptical &\R$pi
efficiency factors.

Table3.3-11: Typical and maximum current consumption in Run mode, code with data processing running from
ITCM for Arm CortexM7 and Flash memory for Arm CortéM4, ART accelerator ON, SMPS reguldfor
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Arm Arm Max (@
Cortex | Cortex-
iti -M7 M4 i
Symbol | Parameter Conditions o e Typ Ti= | 7= Tj= Tj= Tj= Unit
25°C | 85°C | 105°C | 125°C | 140°C

(MHz) | (MHz)

480 240 173 | 268 | 385 | 496
Al 400 200 147 - - -
peripherals| VOS1 | 400 200 128 | 175 | 288 | 379 | 499

VOSO0

disabled
15abe€ 1 vos2| 300 | 150 | 88 | 120 | 200 | 279 | 374
Supply VOS3| 200 100 55 | 77 | 149 | 205 | 283 | 381
Ibp current in mA
Runmode VOSO | 480 240 | 242 | 368 | 459 | 569
Al VOS1| 400 200 | 178 259 334 | 4199 | 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.

Table3.3-12 Typical and maximum current consumption in Run mode, code with data processing running from
Flash memory, both cores running, cache @RT accelerator ON, LDO regulator OGN

Arm Arm Max (@)
Cortex | Cortex
iti -M7 -M4 i
Symbol | Parameter Conditions o Typ _I_jO: Tj: Tj:o Tj:o Tj:o Unit
(MH2) | (MH2) 25°C | 85°C | 105°C | 125°C | 140°C
VOSO0 | 480 240 109 | 191 | 330 | 444
Al 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
Ibb 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.

Table3.3-13: Typical and maximum curregbnsumption in Run mode, code with data processing running from
Flash memory, both cores running, cache OFF, ART accelerator OFF, LDO reguléfor ON
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Max(®)
Symbol | Parameter Conditions fepus Typ Unit
(MHz) Tj=25 | Tj=85 | Tj=105 | Tj=125 | Tj=140
°C °C °C °C °C
480 148 226 307 390
VOSO0
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 - - - -
isabl
disabled 200 | 47 71 | 121 | 164 | 223 | 295
180 43 64 116 159 218 291
Supply 168 40 63 115 158 217 290
IbD current in VOS3 mA
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 hafusmce on consumption in this case.
2. The grayed cells correspond to the forbidden configurations.
3. Guaranteed by characterization results, unless otherwise specified.

Table3.3-14: Typical and maximum current consumption in Run mode, code with data processing running from
ITCM, only Arm CortexM7 running, LDO regulator Of4(
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Max
Symbol | Parameter Conditions fepus Typ Unit
(MH2) Tj=25 | Tj=85 | Tj=105 | Tj=125 | Tj=140
°C °C °C °C °C
Al VOS1| 400 48.6 73.3 1004 | 1324 176.0
peripherals| VOS2 | 300 313 46.3 68.3 90.0 122.2 164.5
disabled
Supply VOS3| 200 18.0 26.9 45.3 60.6 82.4 111.7
Ibp current in mA
Runmode | o VOS1| 400 | 72.9 | 95.8 | 1445 | 190.7 | 252.0

peripherals| VOS2 300 49.6 64.3 99.6 131.7 179.1 238.2
enabled
VOS3 200 28.8 38.5 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 consumpticed ShR$pi
efficiency factors

2. Thegrayed cells correspond to the forbidden configurations.

Table3.3-15: Typical and maximum current consumption in Run mode, code with data processing running from
ITCM, only Arm CortexM7 running, SMPS regulat@¥?

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
300 55 111 168 222 294
VOS2
200 385 - - - -
Supply VOS3 | 200 | 345 69 120 163 222 294
oo current in 480 220 342 436 546 mA
R d
unmode VOSO
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.

Table3.3-16: Typical and maximum current consumption in Run mode, code with data processing running from
Flash memory, only Arm Cortedd7 running, cache ON,DO regulator ONP
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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
oD current in mA
Runmode VOSO0 | 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 forbiddenfigurations.
2. Guaranteed by characterization results, unless otherwise specified.

Table3.3-17: Typical and maximum current consumption in Run mode, code with data processing running from
Flashmemory, only Arm CortesM7 running, cache OFEDO regulator ONP

Max(l)
e fHCLK -
Symbol | Parameter Conditions (MH2) 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 27.5 37.8
D1 Standby,
Supply | D2 Standby,| VOS3
current in D3 Run 8 1.1 - - - - -
IpD batch mA
acquisition
mode D1 Stop, 64 5.4 18.4 83.7 132.6 | 202.4 | 289.3
D2 Stop, | VOS3
D3Run 8 3.8 - - - - -

1. Guaranteed by characterization results, unless othespészfied.

Table3.3-18: Typical and maximum current consumption batch acquisition mode, LDO regulator ON
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Max @
Symbol | Parameter Conditions fcpuz Typ . . . . . Unit
(MHz) Tj=25 | Tj=85 | Tj=105 | Tj=125 | Tj=140
°C °C °C °C °C
240 121 203 339 453
VOSO0
200 90 - - -
All 200 79 123 234 323 444
peripherals| VOS1
disabled 150 61 - - - -
VOS2 150 56 85 178 250 350
Supply
oD current in VOS3 100 35 59 131 189 269 369 mA
R d
unmode 240 | 190 | 303 | 412 | 525
VOSO0
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.

Table3.3-19: Typical and maximum current consumption in Run mode, code with data processing running from
Flash memory, only ArnCortexM4 running, ART accelerator ONDO regulator ONM

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 VOS3 13.6 22.3 49.0 69.8 101.9 147.1
Ibp current in mA
Runmode All VOS1 | 57.0 84.1 126.8 172.3 234.6

peripherals | VOS2 36.6 54.5 84.9 118.1 165.0 223.7
enabled
VOS3 23.1 37.4 58.4 79.8 1125 158.7

1. The parameters given 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.

Table3.3-20: Typical and maximum current consumption in Run mode, code with data processing running from
Flash bank 2, only Arm CorteM4 running, ART accelerator ON, SMPS regul&i6
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Max(3)
Symbol | Parameter Conditions Typ o - o Unit
Ti=25°C | Ti=85°C TJ:lO5 Tj:lZS Tj:l40
C C C
Flash | SVOS5| 1.27 6.3 425 72.0
memory
OFFn0 SVOS4| 1.96 9.4 57.4 94.6
D1 Stop, | IWDG | SVOS3| 2.78 13.89 759 | 121.3% | 183.8 | 264.9
D2 Stop,
D3 Stop Flash | SVOS5| 1.27 6.3 425 72.0
Memory| syosa| 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 4.6 30.4 51.2
memory
OFF .o SVOS4 | 1.42 6.8 41.1 67.3
D1 Stop, | IWDG | svOoSs3| 2.02 10.0 54.4 86.6 130.0 | 186.1
Iop (Stop) D2 Standby, mA
D3 Stop Flash | SVOS5| 0.91 4.6 30.4 51.2
Memory| svosa| 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'g?ns;
D2 Stop, OFFnOy SVOS4| 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 74 4.3 34
DiStandby, mlzsns; 0.7 7.3
D2Standby, OFFnoy SVOSs4| 0.22 1.0 5.8 9.6
D3 Sto ’
P IWDG | svOosS3| 0.35 1.54 7.8 12.39 18.6 26.6

1. The parameters given in the above table for the SMB@ator 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.

Table3.3-21: Typical and maximum current consumption in Stop, LDO regulato@N
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Max
Symbol Parameter Conditions Typ rose | Tieasc Tj=105 | Tj=125 | Tj=140 Unit
] ] °C °C °C
SVOS5 | 0.36 1.73 11.91 21.53 - -
FlastOFF,
o IWDG| SVOS4 | 0.63 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 - -
FlastON,
no IWDG| SVOs4 | 0.73 3.18 19.74 33.72 - -
SVOSs3 | 1.11 5.09 29.31 47.40 69.14 | 100.95
SVOS5 | 0.25 1.24 8.21 14.00 - -
FlasfOFF,
no IWDG| SVOS4 | 0.46 2.21 14.01 22.94 - -
D1 Stop, SVOS3| 0.73 3.57 19.62 32.80 49.24 68.77
) (stop)| D2 Standby, mA
D3 Stop SVOS5| 0.25 1.24 8.21 14.00 - -
FlastON,
no WDG| SVOS4 | 0.55 2.34 14.15 23.15 - -
SVOS3| 0.83 3.67 19.81 32.99 49.55 69.18
SVOS5| 0.15 0.67 4.51 7.85 - -
D1Standby, FlaslOEE
D2 Stop, 1 SVOS4 | 0.26 1.17 7.21 12.32 - -
D3 Sto no IWDG
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, FlastON
D2Standby, | 4| SVOS4 | 0.08 0.33 1.90 3.11 - -
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 der&edapplation from the LDO consumption and typical SMPS
efficiency factors.

Table3.3-22 Typical and maximum current consumption in Stop, SMPS reg(Hator
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Max(3)
Symbol | Parameter Conditions fHeLk 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 2455 | 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 | 160.9 | 236.1 | 330.3
10D (sieep) | Curent in 480 | 136.0 | 194.7 | 3485 | 464.4 mA
| . . . .
Sleepnode VOSO
400 115.0 | 169.0 | 325.9 | 441.7
400 97.7 138.2 | 251.3 | 338.4 | 456.4
Al VOS1
peripherals 300 74.9 - - - -
enabled
300 67.3 95.8 187.6 | 257.9 | 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 der&ecapplation 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.

Table3.3-23: Typical and maximum current consumption in Sleep mode, LDO regulatt?®N
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Max
Symbol | Parameter Conditions hoLk Typ Unit
(MHz) Tj=25 | Tj=85 | Tj=105 | Tj=125 | Tj=140
°C °C °C °C °C
400 |15.93| 29.69 | 79.01 | 118.72| 173.80
VOS1
300 | 12.58 - - - -
All
peripherals 300 |10.21| 19.63 | 56.46 | 82.14 | 123.46 | 177.95
disabled | VOS2
| Supply sabie 200 | 7.89 | - : : : :
bD current in mA
(Sleep) | sjeepmode VOS3| 200 | 6.50 | 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 fromc¢bediib@tion and typical SMPS
efficiency factors.

2. The parameters given in the above table for the SMPS regulator are derived by extrapolation from the LDO consumpticed ShdR$pi
efficiency factors

3. The grayed cells correspond to the forbidden configurations.

Table3.3-24: Typical and maximum current consumption in Sleep mode, SMPS redtfafor

Typ Max®
Conditions
3V
Symbol | Parameter Unit
Backup R;g SN Gt || EhERY Tj=25 [ Tj=85 | Tj=105 | Tj=125 | Tj=140
SRAM LSE °C °C °C °C °C

OFF |OFF| 1,92 | 1,95|206|216| 4 | 18 | 40 90 | 140
Supply
o | currentn ON |OFF| 333 |344| 36 [379| 82 | 47 | 83 | 141 | 230
(Standby) | Standby | oFp | ON | 243 | 257 | 2,77 | 2,95| - - - - -
mode

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

1. Guaranteed by characterization results, unless otherwise specified.

HA

Table3.3-25: Typical and maximum current consumption in Standby
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Conditions Typ Max @
Symbol | Parameter RTC v Unit
Backup |\ g [12v ]| 2v | 3v | 34
SRAM | ‘e | 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| 0,5 4,1 10 24 47
Supply ON OFF | 1,33 1,45 | 158 | 1,7 | 44 22 48 87 132

Ibp current in
(vBAT) | Vgar mode| OFF ON | 0,46 | 0,57 | 0,75 | 0,87 - - -

ON ON | 1,77 2 23|25 - -

1. Guaranteed bgharacterization results, unless otherwise specified.

HA

Table3.3-26: Typical and maximum current consumption iga¥ mode
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Typical SMPS efficiency versus load current and temperature
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Figure3.3-3: Typical SMPS efficiency (%) vs load current (A) in Run mode st 30 °C
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I/O system current consumption

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

I/O static current consumption

All the 1/Os used as inputs with pulp generate a current consumption when the pin is externally held low. The
value of this current consumption can be simply computed by using theggpiilFdown resistors values given
in Table3.3-47: I/O staticcharacteristics

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

An additional 1/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 spc 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 imermediate 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 valecahibe done
either by using puup/down resistors or by configuring the pins in output mode.

I/O dynamic current consumption

In addition to the internal peripheral current consumption {sdme 3.3-27: Peripheral currentonsumption in

Run modg, the 1/Os used by an application also contribute to the current consumption. When an 1/O pin switches,
it uses the current from the MCU supply voltage to supply the I/O pin circuitry and to charge/discharge the
capacitive load (internal or external) ceated to the pin:

Isw= Vopx ® fsw?® CL
where

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

fswis the I/O switching frequency

C. is the total capacitance seen by the 1/O pin: C = CINT+ CEXT

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

On-chip peripheral current consumption

The MCU is placed under the following conditions:

9 At startup, all I/O pins are in analog input configuration.

1 All peripherals are disabled unless otherwise mentioned.

1 The I/O compensation cell is enabled.

T frec_c_ckis the CPU clock.geik = frec ¢ od4, and ficik = free ¢ ci2.
The given value is calculated by measuring the difference of current consumption
i with all peripherals clocked off
T with only one peripheral clocked on

.|. frCCfoCk: 480 MHZ (Scale O) ;&;7c7ck: 400 MHZ (Scale 1),r({;7cick: 300 MHZ (Scale 2),r&7cick: 200
MHz (Scale 3)

1 The ambient operating temperature is 25 °C apg=3.3 V.
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Bus Peripheral VOSO0 VOS1 VOS2 VOS3 Unit
MDMA 4.6 3.8 34 3.2
DMA2D 2.9 24 2.1 1.9
JPGDEC 4.1 3.7 3.4 31
FLASH 17.0 15.0 14.0 12.0

FMCregisters 0.9 11 0.9 0.8
FMC kernel 7.0 6.1 5.6 5.0
QUADSPIregisters 15 15 1.4 1.3
QSPlkernel 1.0 0.9 0.8 0.7
AHB3
SDMMClregisters 8.2 7.2 6.7 6.0
SDMMC1kernel 1.3 1.2 0.9 0.9
DTCM1 7.9 6.8 6.0 5.3
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
DMA1l 54.0 48.0 41.0 37.0 HAMHz
DMA2 55.0 49.0 42.0 37.0
ADC12registers 4.5 4.1 3.7 3.3
ADC12kernel 1.0 0.7 0.4 0.6
ART accelerator 4.1 3.7 3.2 2.9
ETH1IMAC 17.0 15.0 14.0 12.0
ETH1TX 0.1 0.1 0.1 0.1
ETH1RX 0.1 0.1 0.1 0.1
AHB1
USB1 OTGregisters 23.0 21.0 19.0 17.0
USB1 OTGkernel 8.2 0.5 8.3 8.2
USB1ULPI 0.1 0.1 0.1 0.1
USB2 OTGregisters 21.0 19.0 17.0 15.0
USB2 OTGkernel 8.5 0.4 8.6 8.3
USB2ULPI 23.0 19.0 20.0 19.0
AHB1 bridge 0.1 0.1 0.1 0.1
Total AHB1 220 181 178 161

Table3.3-27: Peripheral currertonsumption in Run mode
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Bus Peripheral VOSO0 VOS1 VOS2 VOS3 Unit
DCMI 21 19 1.8 1.6
CRYPT 0.1 0.1 0.1 0.1
HASH 0.1 0.1 0.1 0.1
RNGregisters 1.7 2.0 1.3 1.2
RNG kernel 11.0 0.1 9.7 9.4
SDMMC2registers 47.0 41.0 37.0 34.0
AHB2
SDMMC2kernel 17 1.2 1.1 1.0
D2SRAM1 5.7 4.9 4.4 3.9
D2SRAM2 5.2 4.5 4.0 35
D2SRAM3 4.1 3.6 3.2 2.8
AHB2 bridge 0.1 0.1 0.1 0.1
Total AHB2 79 60 63 58
GPIOA 15 1.3 1.3 1.1
GPIOB 1.2 1.0 1.0 0.9
GPIOC 0.8 0.7 0.7 0.6
GPIOD 1.1 1.0 1.0 0.9 HAMHz
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 1.1 1.0 1.0 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 4.8
ADC3registers 1.7 15 1.2 1.2
ADC3kernel 0.4 0.3 0.5 0.2
BKPRAM 2.3 1.9 1.7 15
AHBA4 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 3.327: Peripheral current consumption in Run mode (continued)
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Bus Peripheral VOSO0 VOS1 VOS2 VOS3 Unit

TIM2 7.7 3.6 3.3 3.0
TIM3 6.7 3.2 3.0 2.7
TIM4 6.3 31 2.8 25
TIM5 7.4 3.5 3.2 2.8
TIM6 1.4 0.7 0.8 0.6
TIM7 1.4 0.7 0.7 0.6
TIM12 3.2 1.5 15 1.3
TIM13 2.3 1.1 1.1 0.9
TIM14 2.1 1.1 1.1 0.9
LPTIM1 registers 0.7 0.5 0.8 0.7
LPTIM1 kernel 24 2.3 1.9 1.7
WWDG2 0.6 0.5 0.5 0.4
SPI2registers 2.0 1.8 1.7 14
SPI2kernel 0.8 0.6 0.5 0.6
SPI3registers 1.8 1.6 1.6 1.3
SPI3kernel 0.7 0.9 0.7 0.7
SPDIFRX1registers 0.5 0.7 0.7 0.6
SPDIFRX1kernel 3.5 2.8 24 2.2

APB1 USART2registers 1.9 1.7 14 13 HA/MHz
USART2kernel 4.3 3.9 3.6 3.2
USART3registers 1.9 1.7 1.4 1.3
USART3kernel 4.4 3.9 35 3.2
UART4 registers 1.7 1.5 1.4 1.4
UART4 kernel 3.9 3.4 3.1 2.8
UARTSregisters 1.6 1.4 1.4 1.3
UARTS5kernel 3.8 34 3.0 2.7
I2C1registers 11 0.8 0.9 0.8
12C1kernel 2.5 2.3 2.0 1.9
I2C2registers 1.0 0.8 0.9 0.8
12C2kernel 2.3 2.2 1.9 1.7
I12C3registers 0.8 1.0 0.8 0.8
12C3kernel 24 19 1.8 1.6
HDMI-CECregisters 0.7 0.5 0.6 0.5
HDMI-CECkernel 0.1 0.1 3.2 0.1
DAC12 3.6 1.3 1.2 1.0
USART7registers 1.8 1.8 1.6 1.4
USART7kernel 4.0 3.3 3.0 2.8

Table 3.327: Peripheral current consumption in Run mode (continued)
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Bus Peripheral VOSO0 VOS1 VOS2 VOS3 Unit

USART8registers 2.0 1.6 1.6 1.4
USART8kernel 3.9 34 3.1 2.8
CRS 6.4 55 5.0 4.5
SWPMIregisters 2.7 24 2.3 1.9
SWPMIlkernel 0.1 0.1 0.1 0.1
(cgzr?l]jed) OPAMP 0.2 0.3 0.3 0.2
MDIO 3.3 2.9 2.6 2.3
FDCANT registers 19.0 17.0 15.0 13.0
FDCAN kernel 9.1 7.9 6.9 6.4
APB1bridge 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
USART1registers 3.6 2.5 2.7 29
USART1kernel 0.1 0.1 0.1 0.1
USARTG6registers 4.5 3.0 3.1 3.4

USARTG6kernel 0.1 0.1 0.1 0.1 HA/MHz
SPl1registers 2.0 1.7 1.6 1.4
SPllkernel 0.9 0.8 0.7 0.6
SPl4registers 2.1 1.7 1.6 15
SPl4kernel 0.6 0.5 0.5 0.3
TIM15 55 25 2.3 2.1

APB2

TIM16 4.1 2.0 1.8 1.7
TIM17 4.1 1.9 1.8 1.6
SPI5registers 2.0 1.8 1.6 1.3
SPI5kernel 0.5 0.4 0.4 0.5
SAllregisters 1.3 11 11 1.0
SAll kernel 1.4 1.1 1.0 0.8
SAl2registers 15 1.3 1.2 1.0
SAI2 kernel 11 1.0 0.9 0.9
SAl3registers 1.6 1.3 11 1.0
SAI3 kernel 1.1 1.2 1.1 0.9
SAll kernel 1.4 1.1 1.0 0.8

Table 3.327: Peripheral current consumption in Run mécentinued)
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Bus Peripheral VOSO0 VOS1 VOS2 VOS3 Unit

DFSDM1registers 6.5 5.8 5.2 4.7
DFSDM1kernel 0.3 0.2 0.2 0.4
" APB2 " HRTIM 84.0 39.0 35.0 32,0
APB?2 bridge 0.2 0.1 0.1 0.2
Total APB2 150 81 74 68
SYSCFG 0.9 1.0 0.7 0.8
LPUART1registers 1.1 1.3 1.0 0.8
LPUART1kernel 2.9 2.2 2.2 2.1
SPl6registers 1.8 1.6 1.4 1.3
SPI6kernel 0.4 0.4 0.5 0.3
I2C4reqisters 0.9 0.7 0.7 0.4
12C4kernel 2.2 2.1 1.9 1.8
LPTIM2 registers 0.8 0.6 0.7 0.5

LPTIM2 kernel 2.3 21 1.8 1.4 HA/MHz
LPTIM3registers 0.7 0.7 0.7 0.4
LPTIM3 kernel 2.1 1.7 1.6 1.5

APB4

LPTIM4 registers 0.8 0.4 0.6 0.4
LPTIM4 kernel 2.2 2.0 1.7 15
LPTIMS5 registers 0.5 0.4 0.6 0.4
LPTIMS5 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 1.1 0.9 1.0 0.6
SAl4registers 1.7 1.4 1.3 1.0
SAl4 kernel 2.0 2.0 1.8 1.6
APB4bridge 0.1 0.1 0.1 0.1
Total APB4 28 24.4 224 18.9

Table 3.327: Peripheral current consumption in Run m¢centinued)
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3.3.8 Wakeup time from low-power modes

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

1 For Stop or Sleep modes: the wakeup event is WFE.
1 WKUP (PC1) pin is used to wakeup from Standby, Stop and Sleep modes.

All timings are derived frontests performed under ambient temperature ass¥.3 V.

Symbol Parameter Conditions Typ@ | Max® | Unit
CPU
twustesr) | Wakeup fronSleep - 9 10 clock
cycles
VOS3, HSI, Flash memory in nornrabde 4.4 5.6
VOS3, HSI, Flash memory low-power mode 12 15
V0S4, HSI, Flash memory in norntabde 15 20
VOS4, HSI,Flash memory itow-power mode 23 28
VOS5, HSI, Flash memory in nornrabde 39 71
VOS5, HSI, Flash memory law-power mode 39 47
3
tWUSTOP( : Wakeup froStop VOS3, CSl, Flash memory in nornmbde 30 37
VOS3, CSI, Flash memory in Igpower mode 36 50 us
VOS4,CSl, Flash memory in normalode 38 48
VOS4, CSlI, Flash memory iow-power mode 47 61
VOS5, CSI, Flash memory in nornmabde 68 75
VOS5, CSI, Flash memory iow-power mode 68 77
twustop_ | Wakeup fronStop, clock VOS3, HSI, Flash memory in nornmabde 2.6 3.4
KERON®) keptrunning VOS3, CSI, Flash memory in nornmbde 26 36
twustoey® Wakeu;:n fcr)(()jr;Standby ) 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 poititan which the application code reads the first instruction.

Table3.3-28: Low-power mode wakeup timings
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3.3.9 External clock source characteristics

High-speed external user clock generated from agxternal 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 respectTable3.3-47: 1/O staticcharacteristicsHowever, the recommended
clock input waveform is shown iRigure3.3-7.

Symbol Parameter Min Typ Max Unit
fHsE_ext User external clockourcdrequency 4 25 50 MHz
Vsw .
Z OSC_INamplitude 0.7Vpp - Vpp
(Viser! Vhsey V
Vpe OSC_IN inputvoltage Vgg - 0.3Vsg
tw(Hse) OSC_IN high or lowtime 7 - - ns

1. Guaranteed by design.
Table3.3-29: High-speed external user clock characteritics

External fHSE7e><t I
clock source C IN

o - STM32

ai17528b

Figure3.3-7: High-speed external clock source AC timing diagram

14¢€



AX58400
JASIX EtherCAT Slave Controller w/ Dual-Core MCU

Low-speed external user clock generated from agxternal source

In bypass mode the LSE oscillator is switched off and the input pin is a standard I/O. The external clock signal has
to respect th&able3.3-47: 1/O staticcharacteristicsHowever, the recommended clock input waveform is shown
in Figure3.3-8.

Symbol Parameter Conditions Min Typ Max Unit
fLse ext | Userexternal clock sourdeequency - - 32.768 1000 KHz
Visen |OSC32_IN input pin high levebltage - 0.7Vppiox - Vbpiox

\%
ViseL | OSC32_IN input pin low leveloltage - Vgg - 0.3Vppiox
t
tW(LSEH) OSC32_IN high or lovime - 250 - - ns
W(LSEL)

1. Guaranteed by design.

Table3.3-30: Low-speed external user clock characteriStics

>

e e t t
r(LSE) >4 tLsE) 1e——>tysE) - W(LSE)
e TI sE »!
f
External LSE_ext |
clock source 0SC32_IN L
S = STM32

ai17529b

Figure3.3-8: Low-speed external clock source AC timing diagram
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High-speed external clock generated from a crystal/ceramic resonator

The highspeed 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 ifiable 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 detaildhenresonator characteristics (frequency, package,
accuracy).

Symbol Parameter Operatingconditions(z) Min Typ Max Unit
F Oscillatorfrequency - 4 - 48 MHz
Re Feedbackesistor - - 200 - kY
During startups® - - 4
Vpp=3 V, Rm=30Y
DD_ ; ) 0.35 i
C .=10pF@4MHz
Vpp=3 V, Rm=30Y
CL=10 pF at 8Hz - 0.40 -
Ipp(HSE) HSE currentonsumption Vpp=3 V, Rm=30Y mA
CL=10 pF at 164Hz - 0.45 -
Vpp=3 V, Rm=30Y
pD== * - 0.65 -
C_.=10 pF at 3MHz
Vpp=3 V, Rm=30Y
pD== * - 0.95 -
C_.=10 pF at 48/Hz
GMyritmax Maximum critical crystagm Startup - - 15 mA/V
tSU(4) Startuptime 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. tsymsg)is the startup time measured from the moment it is enabled (by software) to a stabilized 8 MHz oscillation is reaclede This v
measured for a standard crystal resonator and it can vary significantly with the crystal manufacturer.

Table3.3-31: 4-48 MHz HSEoscillator characteristi€s

For G1 and Gy, it is recommended to use higjality external ceramic capacitors in the 5 pF to 25 pF range
(typical), designed for higfrequency applications, and selected to match the requirements of the crystal or
resonator (sekigure3.3-9). Ci1 and G are usually the same size. The crystal manufacturer typically specifies a
load capacitance which is the series combination efa@d G.. 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) whenasiding C
Ceo.
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Resonator with
integrated capacitors

Y S

,J-, OSC_IN

-
. 13
. A
]
.

— 8 MHz
resonator

Bias
Rf | controlled
gain

fusE
T

STM32

ai17530b

1. REXT value depends on the crystal characteristics.

Figure3.3-9: Typical application with an 8 MHz crystal

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

The lowspeed external (LSE) clock can be supplied with a 32<H8 crystal/ceramic resonator oscillator. All

the information given in this paragraph are based on characterization results obtained with typical external
components specified ihable3.3-32. 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 detailghenresonator characteristics (frequency, package,
accuracy).

Symbol

Parameter

Operating conditions®

Min Typ

Max

Unit

F

Oscillatorfrequency

- 32.768

KHz

LSEDRV[1:0] =00,
Low drivecapability

- 290

LSEDRV[1:0] =01,
Medium Low drivecapability

- 390

LSE currenttonsumption

LSEDRV[1:0] =10,
Medium high drivesapability

- 550

nA

LSEDRV[1:0] =11,
High drivecapability

- 900

Gmcritmax

LSEDRV[1:0] =00,
Low drivecapability

0.5

LSEDRV[1:0] =01,
Medium Low drivecapability

0.75

Maximum criticalcrystal gn

LSEDRV[1:0] =10,
Medium high driveapability

1.7

HAN

LSEDRV[1:0] =11,
High drivecapability

2.7

(©)

tsy

Startuptime

VDD is stabilized

1. Guaranteed by design.

2.Ref er

to the note

and

caution

paragraphs

bel ow

measured for a standard crystal resonator and it can vary significantWitBryStal manufacturer.

Table3.3-32: Low-speed external user clockaracteristicd

t h emitrozdntrokers.
3.1tSU is the startup time measured from the moment it is enabled (by software) to a stabilized 32.768k Hz oscillatiod.i¥ héachkie is

and

t

[¢]
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Resonator with
integrated capacitors

DEYER
P ~ 0SC32_IN LsE
: Bias {>—>
= .32'768tkHZ RF | controlled
~resonator gain
! '-|-'06032_OUT STM32
L2

ai17531b

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

Figure3.3-10: Typical application with a 32.768Hz crystal

3.3.10 Internet clock source characteristics

The parameters given irable3.3-33to Table3.3-36 are derived from tests performed under ambient temperature

and VDD supply voltage conditions summarized @able3.3-1: General operating conditions

48 MHz high-speed internal RC oscillator (HS148)

Symbol Parameter Conditions Min Typ Max | Unit
Vpp=3.3V
f DD ’ 1) 1)
Hslas HSl48frequency T1230°C 47.8 48 | 48.8Y | MHz
TRIM®@ USER trimmingstep - - 0.175 - %
ER TRIM
Clz)s\/ERAGF_(e’) USER TRIMMINGCoverage + 32steps +4.79 | £5.60 - %
DuCy(HSI48§? | Duty Cycle - 45 - 55 %
ACCHSI48 REL@ Accuracyof theHSI48oscillatorover T;=-4010 125C 14.5 3 3.5
— temperature (factorgalibrated) T;=-40 to 140°C P45 . 4 %
3 HSI48 oscillator frequency driftith Vpp=3 to 3.6V - 0.025| 0.05
&pp(HSI48f>) |\, ) %
DD Vpp=1.62 V to 3.6V - 0.05 0.1 0
tsu(H5|48§2) HSI148 oscillator startiptime - - 2.1 4.0 us
IpD(HsI48) @ HSI48 oscillator poweronsumption - - 350 400 | pA
. Next transitionjitter
N jitter - - - +0.1 -
T Accumulated jitter on 28ycled®) 0.15 ns
- Paired transition jitter Accumulated
Py jitter . - - +0.2 -
T jitter on 56cycled® 0.25 ns

1. Guaranteed by test in production.

2. Guaranteed by design.

3. Guaranteed by characterization.

4.8 HSI =

ACCHSI 48 _REL +
5. These values are obtained by usingftrenula: (Freq(3.6V} Freq(3.0V)) / Freq(3.0V) or (Freq(3.6VFreq(1.62V)) / Freq(1.62V).

@VDD.

6. Jitter measurements are performed without clock source activated in parallel.

Table3.3-33: HSI48oscillator characteristics
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64 MHz high-speed internal RC oscillator (HSI)

Symbol Parameter Conditions Min Typ Max Unit
fhsi HSIfrequency Vpp=3.3V, T730°C | 63.72 | 64 | 64.399 | MHz
Trimmingis notamultiple of i 0.24 032
32
Trimmingis128,256and _ _
384 15.2 11.8 -
TRIM | HSI user trimmingtep Trimming is 64, 192320 | ., , | ;g ] %
and448 ) )
Other trimming are a
multiple of 32(not including _ _
multiple of64 and128) | 196 | 70.25 -
DuCy(HSI) |Duty Cycle - 45 - 55 %
HSI oscillator frequency drifiver \ -
R0 (4451 | (reference is 3 3/? y oD Vpp=1.62 to 3.6V 10.12 - 003 | %
o HSI oscillator frequency drift over T;=-2010 105C 118 B 18 %
EMP(HSD | temperature (reference is Bi#z) T=1 40 mdC T| 120 . 1
tsu(HSI) HSI oscillator staruptime - - 1.4 2 us
tstadHSI) | HSI oscillator stabilizatiotime at 1% of targefrequency - 4 8 us
Ipp(HSI) | HSI oscillator poweconsumption - - 300 400 HA
1. Guaranteed by design unless otherwise specified.
2. Guaranteed by test in production.
3. Guaranteed by characterization.
Table3.3-34: HSI oscillatorcharacteristic®
4 MHz low-power internal RC oscillator (CSI)
Symbol Parameter Conditions Min Typ Max Unit
fesi CSlfrequency Vpp=3.3V, T=30°C | 3.942 4 4.042 | MHz
TRIM Trimmingstep - - 0.35 - %
DuCy(CSl) |DutyCycle - 45 - 55 %
sy (Csly | CS! oscillator frequency driiver T,=01085C - 13.79 | 459 %
temperature T;= T40 @ o - 1110 | 7.53)
Dvpp (CSI) | CSl oscillator frequency driiverVop|  Vpp = 1.62 to 3.6/ - 10.06 | 0.06 %
tsucsl) CSl oscillator startupme - - 1 2 s
¢ CSl oscillator stabilizatiotime (to i ) ) 4 |
stab(CS) | reach B% offcg) cycle
Ipp(csiy CSil oscillator powetonsumption - - 23 30 MA

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

Table3.3-35: CSI oscillator characteristiés
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Low-speed internal (LSI) RC oscillator

Symbol Parameter Conditions Min Typ Max Unit
Vpp=3.3V, Ty=25°C 31.4Y | 32 | 324D
Ty3=740t0 110 °C, =1.62to
y o 20769 | - 33.62
3.6V
fLg) LSl frequency =1 0 = KHz
T3=740to 125 °C, \bp = 1.62t0 0.4 ) 336
3.6V
T;=140 to 140 °C, \bp = 1.62t0
36V 29.4 33.6
LSl oscillator
(3) - -
tsuws)™ | startuptime 80 130
LSl oscillator Hs
3) stabilization ) _
tsatLs) ™ | time (5% of 120 170
final value)
LSl oscillator
Ippsy’™ | power - - 130 280 nA
consumption

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

Table3.3-36: LSI oscillator characteristics
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3.3.11 PLL characteristics

The parameters given rable3.3-37 are derived from tests performed under temperature apgipply voltage
conditions summarized ifiable3.3-1: General operating conditions

Symbol Parameter Conditions Min Typ Max Unit
; PLL inputclock - 2 - 16 MHz
PLL_IN
- PLL input clock dutyeycle - 10 - 90 %
VOS0 1.5 - 4802
VOS1 1.5 - 4002
foLL p out |PLL multiplier output clock
- VOS2 1.5 - 3002 | MHz
VOS3 1.5 - 2002
fVCO_OUT PLL VCOoutput - 192 - 960
Normalmode - 503) 1503
tLOCK PLL locktime Si us
gmadeltamode i 3) 3)
( CKI NMH) 8 58 166
VCO =
192MHz |~ 134 -
VCO =
200MHz | - 134 -
Cycleto-cyclejitter® - +ps
VCO = i 76 i
400MHz
Jitter VCO =
800MHz | 39 -
Normalmode \8/(():OOIVIT-IZ - +0.7 -
Long termijitter Sigmadelta veo = %
mode (CKIN= 800MHz_ - +0.8 -
16 MHz)
VCO freq = Vopa - 590 1500
836 MHz \Vi _ 720 _
IppeLy® | PLL power consumption ovipp CORE
VCO freq = Vopa B 180 600 HA
192MHz VCORE _ 280 _

1. Guaranteed by design unless otherwise specified.

2. This value must bémited 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.

Table3.3-37: PLL characteristics (wide VCO frequency rarife)

15¢



\ ASIX

AX58400
EtherCAT Slave Controller w/ Dual-Core MCU

Symbol Parameter Conditions Min Typ Max | Unit
PLL inputclock 1 - 2 |MHz
foLL N i
PLL input clock dutyeycle 10 - 90 %
VOS1 1.17 - 210
fpLL ouT PLL multiplier outputclockP,Q, R VOS2 1.17 - 210
- MHz
VOS3 1.17 - 200
fyco our | PLL VCOoutput 150 - 420
. Normalmode - 60@ | 1002
L ock PLL locktime
Sigmadeltamode forbidden us
VCO =150
MHz - s -
VCO =300
MHz - a1 -
Cycleto-cyclejitter® - +ps
VCO =400 i 64 i
MHz
. VCO =420
Jitter MHz - 63 -
f ) Vclal—Tzlso i 55 i
Periodiitter PLL_OUT= 50 +-ps
MHz VCO = 400 ) 30 )
MHz
Long termijitter Normalmode V€O =400 - +0.3 - %
MHz
VCO freq= VDD - 440 1150
_ 420MHz VCORE - 530 | -
|(p|_|_)(2) PLL power consumption ovipp HA
VCO freq= VDD - 180 | 500
150MHz VCORE - 200 | -

1. Guaranteed by design unless otherwise specified.

2. Guaranteed bgharacterization results.
3. Integer mode only.

Table3.3-38: PLL characteristics (medium VCO frequency rafigje)
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3.3.12 Memory characteristics

Flash memory

The characteristics are given at=Ti 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 &itmode - 6.5 -
Write / Erase 1&bit mode - 11.5 -

lop Supplycurrent mA
Write / Erase 3bitmode - 20 -
Write / Erase 6bitmode - 35 -

Table3.3-39: Flash memory characteristics

Symbol Parameter Conditions Min@ | Typ | Max® | Unit
Program/erase parallelisn8x - 290 | 5802
Program/erase parallelismi& - 180 360
torog Word (266 bitsprogramming tim : us
Program/erase parallelisn82 - 130 260
Program/erase parallelisn® - 100 200
Program/erase parallelisn8x - 2 4
terasE128kB | Sector (128 KB) erageme Program/erase parallelismi& - 1.8 3.6

Program/erase parallelisn82 -

Program/erasparallelism y8 - 13 26 S
) Program/erase parallelisni& - 8 16
tve Mass eraseme
Program/erase parallelisn82 - 6 12
Program/erase parallelisn® - 5 10
Program parallelism &
) Program parallelism X6 1.62 - 3.6
Vprog Programmingoltage \%

Program parallelism 32

Program parallelism &4 1.8 - 3.6

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

Table3.3-40: Flash memory programming (single bank configuration nDBANK=1)

Value
Symbol Parameter Conditions Unit
Min @)
NenD Endurance T3=140 to +125 °C (6 suffixersions) 10 kcycles
Dataretention 1 keycle at , = 85°C 30
tRET Years
10 kcycles at kT =55°C 20

1. Guaranteed by characterization results.

Table3.3-41: Flash memory endurance and data retention
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3.3.13 EMC characteristics

Susceptibility tests are performed osaanple basis during device characterization.

Functional EMS (electromagnetic susceptibility)

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

1 Electrostatic discharge ESD) (positive and negative) is applied to all device pins until a functional
disturbance occurs. This test is compliant with the IEC 6¥BRGtandard.

1 FTB: A burst of fast transient voltage (positive and negative) is appliechtoamd Vss through a 100 pF
capacitor, until a functional disturbance occurs. This test is compliant with the IEC-§¥8@&ndard.

A device reset allows normal operations to be resumed.

The test results are given Trable3.3-42. They are based on the EMS levels and classes defined in application
note AN1709.

Symbol Parameter Conditions Ié’;\;:z
Voltagelimits to beappliedonanyl/O pintoinduce a
V . . —_— - O
FESD | functionaldisturbance Vpp = 3.3V, Ty = +25°C, 3B

- — - UFBGA240, fec ¢ k= 400
Fast transient voltage burst limits to be applied throy piHz. conformso

Verg | 100 pF on bp and Vsspins toinduce a functional IEC 610004-2 5A
disturbance

Table3.3-42: EMS characteristics

As a consequence, it is recommended to add a serial
pins exposed tooise (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 partiatil

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:
1 Corrupted program counter

1 Unexpected reset

1 Ciritical Data corruption (control registers...)

Prequalification trials
Most of thecommon 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 devicieorarge 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 IEC612&Tfandard which specifies the test board and the
pin loading.

Max vs.
. i fhsel/f .
Symbol | Parameter Conditions JSTBIrEE (fhseferul | it
frequencyband
8/400MHz
0.1 to 30MHz 11
30 to 130MHz 6
Vpp = 3.6V, Ta =25°C, UFBGA240package, dBuv
. 130 MHz to 1GH 12
Semi Pealevel conforming tdEC619672 z z
1 GHz to 2GHz 7
EMI Level 2.5 -

Table3.3-43: 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/JEDECO00$ and ANSI/ESDA/JEDEC J902
standards.

Symbol Ratings Conditions Packages Class M\Z(Ill:?a(ulT Unit
Electrostaticlischarge voltagq Ta=+25°C conformingto
\%
ESD(HEM) | (human body model) ANSIESDAJEDEC J®01| A 1 1000
\Y,
Electrostaticlischarge voltagq Ta=+25°C conformingto
Y,
ESD(CDM) | (chargadevice model) ANSIESDAJEDEC J®02| A cl 250

1. Guaranteed by characterization results.

Table3.344: ESD absolute maximum ratings
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Static L atchup

Two complementary static tests are required on six parts to assess the latchup performance:
1 A supply overvoltage is applied to each power supply pin

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

These tests are compliant with JESD78 IC latchup standard.

Symbol Parameter Conditions Class

LU Static latchuglass Ta = +25 °C conforming tdESD78 Il level A

Table3.3-45: Electrical sensitivities

3.3.151/0 current injection characteristics

As a general rule, a current injection to the 1/O pins, due to external voltage bgJowabove Vo (for standard,

3.3 V-capable I/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 testsra 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 I/O pins
programmed in floating input mode. While curreninigcted into the I/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 (0@ pfA/+0 LA range), or other
functional failure (for example resescillator 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,PC5PG1,PB14,PJ7PAL11,PAL12,PAL13,PAL14,PALS, PJ12, 5 0
PB4

| PA2,PH2,PH3,PE8,PA6,PA7,PC4,PE7PELIOPELL 0 NA

INJ mA
PAO,PA_C,PA1,PA1_CPC2,PC2_CPC3,PC3_CPA4, PA5, 0 0
PH4, PH5BOOTO
All otherl/Os 5 NA

1. Guaranteed by characterization.

Table3.3-46: I/O current injection susceptibilify
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3.3.16 I/0O port characteristics

General input/output characteristics

Unless otherwise specified, the parameters givelralile3.3-47: 1/O staticcharacteristicare derived from tests
performed under the conditions summarizedaible3.3-1: General operating conditionall I/0Os are CMOS and
TTL compliant (except for BOOTO).

Symbol Parameter Condition Min Typ Max Unit
I/0 input low level voltagexcept @
BOOTO - - | 03Voo
I/O input low level voltagexcept 0.4Vppl 0.
Vi |so o?o gexcep 1.62 V<Vppjox<3.6V - - 1('32')3 v
0.19Vpp+
BOOTO I/O input low leveloltage - - ob
0.1@
I/O inputhighlevelvoltageexcept 1) ) )
BOOTO 0.7Voo
I/0 inputhighlevelvoltageexcept 0.47\pp+0.
\ 1.62 V<Vppjox<3.6V - -
IH BOOTds) DDIOx 25(2) \Y
BOOTO I/O input highevel 0.17Vpp+0.
voltage® 6
TT_xx, FT_xxx and NRSTO input
; - 250 -
Viys@ |hysteresis 1.62 V< Vpppjox <3.6 V mv
BOOTO I/O inputysteresis - 200 -
0< Vin OMax(Vppxxx )® - - +/-250
2) N
FT_xx Input leakageurrent Max(Vppxxx) < Vin O B/. ] ] 1500
(5)(6X9)
0< V)N OMaX(VDDxxx)(g) - - +/- 350
4 -
lea® |FT_UlO Max(Vppxxx) < Vin © 5/ ) ) s00gn | ™
(5)(6X9)
TT_xx Input leakageurrent 0<VinO Mapptxy) @ - - +/-250
0< Viy OVppiox - - 15
VPP (BOOTO alternafeinction) N
Vppiox <ViN O V9 35
Reu | Weak pultupequivalent resisté? ViN=Vss 30 40 50
kY
Rep | Weak pultdownequivalent resisté? Vin=Vpp® 30 40 50
Co I/O pin capacitance - - 5 - pF
1. Compliant with CMOS requirements.
2. Guaranteed by design.
3. Vopiox represents iox, Vobioz OF Vopios. Vopiox= Vob.
4. Thisparameter represents the pad leakage of the I/O itself. The total product pad leakage is provided by the followingdarigulaa

= 10

0w N o O

eA +

[ n u mbpesrapptietl onlthe gad]lg. e r eV
LAl FT_xx 10 except FT_lu, FT_u and PC3.
.V iy must be less than Max(VDDXXX) + 3.6 V.
. To sustain a voltage higher than MIN{Y/ Vppa, Vopssuse) 0.3 V, the internal pulip and pulldown resistors must be disabled.

. The pultup and pulldown resistors are designed with a true resistanceries with a switchable PMOS/NMOS. This PMOS/NMOS

contribution to the series resistance is minimal (~10% order).
9. Max(VDDXXX) is the maximum value of all the I/O supplies.

Table3.3-47: I/O staticcharacteristics
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All'l/Os are CMOS and TTL compliant (no software configuration required). Their characteristics cover more than
the strict CMOSechnology or TTL parameters. The coverage of these requirements for FT 1/Os is shown in
Figure3.311.

3
2.5
2 oo mquimment i = 2V
’ “,‘I‘E’J"“‘-.E’a"“*" \j‘/
C‘T*«'\OS e /
o 19 /-,
g /
o — |
= . e v [
CcMOS \—:-a.un—:me.'ﬁ';_\-‘-——-'—""""_‘—__-
— | TLL reqlirement: Vi, = 0.8 VV
[
— 1 —
0.5
0
16 1.8 2 2.2 2.4 2.6 2.8 3 3.2 34 3.6
MSv46121V3

Figure3.311: V,./V 4 for all I/Os 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 \./Vow).

In the user application, the number of 1/O pins which can drive current must be limited to respect the absolute

maximum rating specified iBection 3.2In particular:

1 The sum of the currents sourced by all the I/Os ep, Ylus the maximum Run consumption of the MCU

sourced on ¥Wp, cannot exceed t he yvelesebableBt28). maxi mum r ating

1 The sum of the currents sunk by all the 1/0s @gplus the maximum Run consumption of the MCU sunk on
Vsscannot exceed the aBgsedlablex®22maxi mum rating EI

16C
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Output voltage levels

Unless otherwise specified, the parameters giv@iaiie3.3-48: Output voltage characteristics for all I/Os except
PC13, PC14, PC15 and Figand Table3.3-49: Output voltage characteristics for PC13, PC14, PC15 ariél PI8

are derived from tests performed under ambient temperature and VDD supply voltage conditions summarized in
Table3.3-1: General operating conditionAll I/Os are CMOS and TTL compliant.

Symbol Parameter Conditions® Min Max Unit
CMOS port?
VoL Output low leveloltage i0=8 mA . 0.4
2.7 phO3VE

CMOS port?
Von | Output high leveloltage lo=-8 MA Vppi 0.4 -

2.7 ppO3V6

TTL port?
Vo ®  |Output low leveloltage llo=8 mA - 0.4
2.7 ppO3Ve
TTL port?
Vou® | Output high leveboltage lio=-8 MA 2.4
2.7 DpO3Ve i
\%
l[lo=20mA
(3) 10 . _
Voo Output low leveloltage 2.7 O3V 1.3
llo=-20mA
@ i 10=-20m i ]
Von Output high leveloltage 2.7 3%03V6 Vppl 1.3
llo=4 mA
(©) 10 - -
Voo Output low leveloltage 1. 62 o8 W6 0.4
lio=-4 mA -
@) ; l¢] . ) i
Vo Output high leveloltage 1. 62 ppddBV Vppl -0.4
I|O: 20mA 0.4
v (3) | Output low level voltage for ATt 2.3 pbO3 V6
OLFM+" |1/0 pin in FM+mode o= 10mA o

1. 62 pydB W6

1.The 1O current sourced or sunk by the device must always respect the absolute maximum rating spdafiel3r2-1: Voltage
characteristid¥, and the sum of the currents sourced or sunk by all the 1/Os (/O ports and control pins) must always respect the absolute
maxi mum ratings EII O.

2.TTL and CMOS outputs are compatible with JEDEC standards JESD36 and JESD52.
3. Guaranteed by design.

Table3.3-48: Output voltage characteristics for all I/0s except PC13, PC14, PC15 dhd PI8
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Symbol Parameter Conditions® Min Max Unit

CMOS port?
VoL Output low leveloltage l[,o=3mA - 0.4
2.7 pO3Ve

CMOS port?
Von Output high leveloltage llo=-3mA Vppl 0.4 -

2.7 ppO3VEe

TTL port®
Vo @  [Output low leveloltage llo=3 mA - 0.4
2.7 phO3VE v

TTL port?
Vor® | Output high leveloltage lio=-3 MA 2.4 -
2.7 DO3Ve

lho=1.5mA

Vo @ | Output low leveloltage 1. 62 pyEB W6

lio=-1.5mA

Vou® | Output high leveloltage 1. 62 oy&B Wo

Vppi 0.4 -

1.The 1O current sourced or sunk by the device must always respect the absolute maximum rating spdafiel3r2-1: Voltage
characteristid¥, and the sum of the currents sourced or sunk by all the 1/Os (/O ports and control pins) must always respect the absolute
maxi mum ratings EII O.

2.TTL and CMOS outputs are compatible with JEDEC standards JESD36 and JESD52.
3. Guaranteed by design.

Table3.3-49: Output voltage characteristics for PC13, PC14, PC15 aritl 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,pp@3VY6\ - 12
C=50 pF, ppD2¥7 - 3
C=30 pF,ppR@3WV6 - 12
Frald | Maximumfrequency - MHz
C=30 pF, ppD2®¥ 7 - 3
C=10 pF,pR3WV6 - 16
C=10 pF, ppD2¥27 - 4
00 N
C=50 pF,pp@3V6V - 16.6
C=50 pF, ppD2¥7 . 33.3
Output high to low level C=30 pF,ppQ@3V76 - 13.3
t/t® |fall ime and output low to - ns
high level riseime C=30 pF, ppD2¥7 - 25
C=10 pF,p@3WVe6 - 10
C=10 pF, ppD2¥27 - 20
C=50 pF,pp@3V6\ - 60
C=50 pF, ppD2§7 - 15
C=30 pF,pp@3Vi6 - 80
Frald | Maximumfrequency - MHz
C=30 pF, ppD2¥ 7 - 15
C=10 pF,pp@3WV6 - 110
C=10 pF, ppD2§7 - 20
01 N
C=50 pF,pp@3V6\ - 5.2
C=50 pF, ppD2¥7 - 10
Output high to lowevel C=30 pF,pp@3VI6 - 4.2
t/ @ |fall ime and output low to - ns
high level risgime C=30 pF, ppD2¥7 - 7.5
C=10 pF,pp@3WV6 - 2.8
C=10 pF, ppb2¥7Z - 5.2
C=50 pF,pp@3VIB V - 85
C=50 pF, ppD2&@ - 35
C=30 pF,pp@3VMB V - 110
Fral® | Maximumfrequency - MHz
C=30 pF, ppD2&@ - 40
C=10 pF,pp@3VB Vv - 166
10 C=10 pF, ppD2&& - 100
C=50 pF,ppQ@3VIB Vv - 3.8
C=50 F, opD2&® - 6.9
Output high to lowlevel P poD
t/4® |falltime and outputlowto| C=30 pF, pp@3 VI8 V - 2.8 ns
high level risgime R
C=30 pF, ppD2&@ - 5.2
C=10 pF,pp@3VIB V - 1.8
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C=10 pF, ppD2&%7 - 3.3
C=50 pF,ppQ3V6 V - 100
C=50 pF, ppD2&& - 50
Fral® | Maximumfrequency €C=30 pF 'DD??J Ve Y - 133 MHz
C=30 pF, ppD2&& - 66
C=10 pF,pp@3VMB Vv - 220
C=10 pF, ppD2¥8 - 85
H C=50 pF,pp@3VIE V - 3.3
C=50 pF, ppD2&@ - 6.6
Output high to lowlevel C=30 pF,pp@3 VI8 Vv - 2.4
t/ 4@ |fall time and output low to - ns
high level ris¢ime C=30 pF, ppD2&® - 45
C=10 pF,pp@3VB V - 1.5
C=10 pF, ppD2&@ - 2.7

1. 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) O 2/3 T
Skew O 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.
5. Compensation system enabled.

Table3.3-50: Output timing characteristics (HSLV OFFY
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Output buffer timing characteristics (HSLV option enabled)

Speed | Symbol Parameter conditions Min Max Unit
C=50 pF, ppD2¥7 - 10
Fral® | Maximumfrequency C=30 pF, ppD2¥ 27 - 10 MHz
C=10 pF, ppD2¥ 7 - 10
00 N
C=50 F, 2V 7 - 11
Output high to lowevel P DD? ‘
t/%® |fall ime and output lowto] ~ C=30pFl . 6 2 ppORV 7 - 9 ns
high level risgime C=10 pF. ogD2¥7 - 6.6
C=50 pF, ppD2¥7 - 50
Fran® | Maximumfrequency C=30 pF, ppD2¥7 - 58 MHz
C=10 pF, ppD2¥7 - 66
01 N
C=50 F, 2% 2 - 6.6
Output high to lowevel P DDI?
t/%® |falltime and outputlowto] C=30 pF, ppD2¥ 7 - 4.8 ns
high level riseime C=10 pF. D27 - 3
C=50 pF, ppD2&@ - 55
Fral® | Maximumfrequency C=30 pF, ppD2&% - 80 MHz
10 C=10 pF, pph2&@ - 133
C=30 F, ppD2&@ - 5.8
Output high to lowlevel P oo
t/t® |fall time and outputlowtq C=30 pF, pD2&% - 4 ns
high level risdime R
C=30 pF, ppD2&@ - 2.4
C=30 pF, pph2&@ - 60
Fra® | Maximumfrequency C=30 pF, ppD2&% - 90 MHz
1 C=30 pF, ppD2&@ - 175
C=30 F, ppD2&@ - 5.3
Output high to lowevel P ooD
t/ 4 | fall time and outputlowto] C=30 pF, ppD2 &P - 3.6 ns
high level risime R
C=30 pF, ppD2&@ - 1.9

1. Guaranteed by design.
2. The maximum frequency is defined with the following conditions:
t+t) O 2/3 T
Skew O 1/20 T
45%<Duty cycle<55%
3. The fall and rise times are defined between 90% and 10% and betweemd®2% of the output waveform, respectively.
4. Compensation system enabled.

Table3.3-51: Output timing characteristics (HSLVN)™
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3.3.17 NRST pin characteristics

The NRST pin input driver uses CM@&hnology. It is connected to a permanent-ppltresistor, R, (seeTable
3.347: 1/0O staticcharacteristics

Unless otherwise specified, the parameters givehainle 3.3-52 are derived from tests performed under the
ambient temperature andysupply voltage conditions summarizedliable3.3-1: General operating conditions

Symbol Parameter Conditions Min Typ Max | Unit
Weak pultupequivalent _
Rpy? V=V
PU resistof?) INTTSS 30 40 50
Venrst 2 | NRST Input filteregbulse 1.71V < \pp<3.6V - - 50
@ 1.71V<\pp<3.6V 300 - - ns
\Y NRST Input not filtereghulse
NFINRST) 162V <\bp<3.6V | 1000 | - -

1. The pultup is designed with a true resistance in series with a switchable PMOS. This PMOS contolthioseriesesistance
must be minimum (~10% order).

2. Guaranteed by design.

Table3.3-52. 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 levetlen NRST pin can go below the Mrst) max level specified iTable3.3-47. Otherwise the reset is
not taken into account by the device.

Figure3.3-12: Recommended NRST pin protection
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3.3.18 FMC characteristics

Unless otherwise specified, the parameters giv@iaible3.3-53to Table3.3-66for the FMC interface are derived
from tests performed under the ambient temperatwigx ffrequency and Wo supply voltage conditions
summarized imable3.3-1: General operating conditionwith the following configuration:

1 Output speed is set to OSPEEDRYy[1:0] = 11

1 Measurement points are done at CMOS lev@BYVpp
1 10 Compensation cell activated.

f HSLV activated when¥pO 2. 7 V

1 VOS level set to VOSL1.

Refer toSection 3.3.16: 1/0 port characteristfos more details on the input/output alternate function
characteristics.

Asynchronous waveforms and timings

Figure 3.3-13 throughFigure 3.3-15 represent asynchronous waveforms aaflle 3.3-53 throughTable 3.3-60
provide the corresponding timings. The results shown in these tables are obtained with the following FMC
configuration:

1 AddressSetupTime = 0x1

1 AddressHoldTime = Ox1

1 DataSetupTime = 0x1 (except for asynchronous NWAIT mode , DataSetupTime = 0x5)
1 BusTurnAroundDuration = 0x0

1 Capacitive load C= 30 pF

In all timing tables, the derck iS the fuc_ker ckClock 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_NADV is not used.
Figure3.313: Asynchronous nomultiplexed SRAM/PSRAM/NOR read waveforms
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Symbol Parameter Min Max Unit
tw(NE) FMC_NE lowtime 3Tfmc_ker_cII 1 3Tfmc_ker_ck+l
tynoe nE)y | FMC_NEx low to FMC_NOHow 0 0.5
tW(NOE) FMC_NOE lowtime 2Tfmc_ker_ck.|. 1 2Tfmc_ker_cl2"1
t FMC_NOE high to FMC_NBEigh 0
h(NE_NOE) holdtime ’
tya_NE) FMC_NEXx low to FMC_Avalid - 0.5
t Address hold timafter FMC_NOE
h(A_NOE) high 0 -
tsupata_NE) | Data to FMC_NEX higketup time 11 - ns
tsupata_NoOE)| Data to FMC_NOEX higketup time, 11 -
th(pata_NoE) | Data hold time aftePMC_NOE high 0 -
thpata_nE) | Data hold time aftéfMC_NEX high 0 -
tv(NADV_NE) FMC_NEXx low to FMC_NADMow - 0
tw(NADV) FMC_NADV |0Wt|me - Tfmc_ker_d{"l

1. Guaranteed by characterization results.

Table3.3-53: Asynchronous nomultiplexedSRAM/PSRAM/NOR read timing8

Symbol Parameter Min Max Unit
ty(NE) FMC_NE lowtime 7Tfmc_ker_cl2"1 7Tfmc_ker_cl2"l
tW(NOE) FMC_NOE lowtime 5Tfmc_ker_clI 1 5Tfmc_ker_ck+l
tw(NWAIT) FMC_NWAIT lowtime Tim_ker o 0.5 ]
. FMC_NWAIT validbeforeFMC_NEx |, 1 ns
Su(NWAIT_NE) high fmc_ker_ck -
FMC_NEXx hold timefter FMC_NWAIT
th(NE_NWAIT) - invalid — 3Time_ker c#11.5 -

1. Guaranteed by characterization results.
2. Nwair pulse width is equal to 1 AHB cycle.

Table3.3-54: Asynchronous nomultiplexed SRAM/PSRAM/NOR reallWAIT timings®®)
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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_NADV is not used.
Figure3.314: Asynchronous nomultiplexed SRAM/PSRAM/NOR write waveforms
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Symbol Parameter Min Max Unit
tw(NE) FMC_NE lowtime 3Tfmc_ker_ck.|. 1 3Tfmc_ker_ck
tv(NWE_NE) FMC_NEXx low to FMC_NWHow Tfmc_ker_ck Tfmc_k(—:‘r_cli":L
tW(NWE) FMC_NWE lowtime Tfmc_ker_ckT 0.5 -I—fmc_ker_cli"o'5
t FMC_NWE high to FMC_NHigh hold T
h(NE_NWE) time fmc_ker_ck -
tv(A_NE) FMC_NEXx low to FMC_Avalid - 2
thia_Nnwe) | Address hold time aftétMC_NWE high  Tinc_ker ckl 0-5 -
ns
tyBL NE) FMC_NEX low to FMC_Blvalid - 0.5
t FMC_BL hold timeafter-MC_NWE T P05
h(BL_NWE) high fmc_ker_ck! Y- -
ty(Data_NE) Data to FMC_NEXx low to Dataalid - Time_ker ekt 2:5
th(pata_NwE) | Data hold time after FMC_NWHigh Time_ker_ckr0-5 -
tv(NADV_NE) FMC_NEX low to FMC_NADMow - 0
ty(NADV) FMC_NADV lowtime - Tme_ker it 1
1. Guaranteed by characterization results.
Table3.3-55: Asynchronous nomultiplexed SRAM/PSRAM/NOR write timings
Symbol Parameter Min Max Unit
tW(NE) FMC_NE lowtime 8Tfmc_ker_ckT 1 8Tfmc_ker_cl2"l
tw(nwE) FMC_NWE lowtime 6Tmc_ker okl 1.5 6Time_ker ck0-5
FMC_NWAIT valid befor&MC_NEx
tsu(NWAIT_NE) - high - 5-|—fmc_ker_cIZ":|-3 - ns
FMC_NEX hold timeafter FMC_NWAIT
th(NE_NWAIT) - invalid - ATime_ker k13 -

1. Guaranteed bgharacterization results.
2. Nwarr pulse width is equal to 1 AHB cycle.

Table3.3-56: Asynchronous nomultiplexed SRAM/PSRAM/NOR writd WAIT timings®®
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tw(NE¥ >
FMC_ NE { /

«— ty(NOE_NE) th(NE_NOE)—+»
FMC_NOE /- _
tw(NOE) ——>
FMC_NWE _,! \_
> ty(A_NE) th(A_NOE) ¢
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
FMC_NWAIT

h(NE_NWAIT) -

e tsu(NWAIT_NE)——

MS32755V1

Figure3.3-15: Asynchronous multiplexed PSRAM/NOR read waveforms
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Symbol Parameter Min Max Unit
tW(NE) FMC_NE lowtime 4Tfmc_ker_ckl|. 1 4Tfmc_ker_ck+l
2T
ty(NOE_NE) FMC_NEX low to FMC_NOHow 2Tfme_ker_ck ffico_'gf_ck
ttW(NOE) FMC_NOE lowtime Tfmc_ker_cklll 1 Tfmc_ker_ck+l
t FMC_NOEhighto FMC_NEhighhold 0 )
h(NE_NOE) time
tyA_NE) FMC_NEX low to FMC_Avalid - 0.5
ty(NADV_NE) FMC_NEXx low to FMC_NADMow 0 0.5
) , ns
ty(NADV) FMC_NADV lowtime Tfmc_ker_ck' 0.5 Tfmc_ker_ck+1
t FMC_AD(address) valid holdme after T +05
h(AD_NADV) EMC NADV hlgh) fmc_ker_ck . -
th(a_NoE) | Address hold time aftétMC_NOE high Ttme_ker_cki 0.5 -
tsu(pata_NE) Data to FMC_NEXx high setujme 11 -
tsu(Data_NOE) Data toFMC_NOE high setufime 11 -
th(Data_NE) Data hold time after FMC_NEigh 0 -
th(Data_NOE) Data hold time after FMC_NOi&gh 0 -
1. Guaranteed by characterization results.
Table3.3-57: Asynchronous multiplexed PSRAM/NOR read timifigs
Symbol Parameter Min Max Unit
tW(NE) FMC_NE lowtime 8Tfmc_ker_ck.|. 1 8Tfmc_ker_ck
tw(NOE) FMC_NWE lowtime STme_ker_ck/ 1.5 STme_ker_ckt0-5
FMC_NWAIT validbefore
tsu(NWAIT_NE) EMC_NExhigh ATime_ker ckt11 - ns
FMC_NEXx hold time after
Th(NE_NWAIT) FMC_NWAIT invalid 3Time_ker_ot11-5 -

1. Guaranteed by characterization results.
2. Nwarr pulse width is equal to 1 AHB cycle.

Table3.3-58: Asynchronous multiplexed PSRAM/NOR reBVAIT timingsY®?
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Symbol Parameter Min Max Unit
tw(NE) FMC_NE lowtime 4Tfmc_ker_ckl|. 1 4Tfmc_ker_ck
tv(NWE_N E) FMC_NEXx low to FMC_NWHow Tfmc_ker_ckT 1 -I—fmc_ker_ck"'o-5
tw(NWE) FMC_NWE lowtime 2Tfmc_ker_ck.|. 0.5 2Tfmc_ker_ck+0'5
FMC_NWEhighto FMC_NEhighhold "
th(NE_NWE) - 9 ime 9 Time_ker_ckl 0-5 -
tv(A_NE) FMC_NEXx low to FMC_Avalid - 0
ty(NADV_NE) FMC_NEXx low to FMC_NADMow 0 0.5
tW(NADV) FMC_NADV lowtime Tfmc_ker_ck Tfmc_ker_ck+ 1
. . ns
t FMC_AD(adressyalid holdtime after T +0.5
h(AD_NADV) EMC NADV h|gh) fmc_ker_ck . -
tha_ Nnwe) | Address hold time aftétMC_NWE high| Ttmc_ker ck+0-5 -
theL_Nnwe) | FMC_BL hold time aftetFMC_NWE high| Timc_ker ki 0-5 -
tyBL_NE) FMC_NEx low to FMC_Blvalid - 0.5
tv(Data_NADV) FMC_NADV hlgh to Dataalid - Tfmc_ker_ck+2
th(Data_ NWE) Data hold time after FMC_NW#&igh Tfmc_ker_ck+0-5 -
1. Guaranteed by characterization results.
Table3.3-59: Asynchronous multiplexed PSRAM/NOR write timifgs
Symbol Parameter Min Max Unit
t'W(NE) FMC_NE lowtime 9Tfmc:_ker_(:kll' 1 9Tfmc_ker_ck
tw(NWE) FMC_NWE lowtime 7Tfmc_ker_ck.|. 0.5 7Tfmc_ker_ck"'o'5
FMC_NWAIT valid beforeFMC_NEXx
tsu(NWAIT_NE) - high - 5Tfmc_ker_ck+1l - ns
FMC_NEX hold timeafter FMC_NWAIT]
th(NE_NWAIT) - invalid - ATtme_ker_ck™11.5 -

1. Guaranteed bgharacterization results.

2. Nwarr pulse width is equal to 1 AHB cycle.
Table3.3-60: Asynchronous multiplexed PSRAM/NOR wHMWAIT timings®®

Synchronous waveforms and timings

Figure 3.3-16 throughFigure 3.3-19 represent synchronous waveforms &radble 3.3-61 throughTable 3.3-64

provide the corresponding timings. The results shown in these tables are obtained with the following FMC

configuration:

1 BurstAccessMode = FMC_BurstAccessMode_Enable

f
f
f
f

MemoryType = FMC_MemoryType_CRAM
WriteBurst = FMC_WriteBurst_Enable
CLKDivision =1

DatalLatency = 1 for NOR Flash; DatalLatency = 0 for PSRAM
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In all the timing tables, themlc_ker ckiS the fuc_ker_ckclock period, with the following FMC_CLK maximum values:
1 For 2.7 V<Wwp<3.6 V, FMC_CLK = 125 MHz at 20 pF
1 For 1.8 V<Wwp<1.9 V, FMC_CLK = 100 MHz at 20 pF
1 For 1.62 V<\pp<1.8 V, FMC_CLK = 100 MHz at 1pF

tW(CLK}:‘ g .: tW(CLK} 1 BUSTURN =0

a== I I

Y

FMC_CLK

f.
>

‘ 1
! Ddta latency = 0

1
:
1
_’T (CLKLNEXL).
1 1
FMC_NEx | : :
1 1 1
td(CLKL-NADVL td(CLKL-NADVH)
| 1
1 1
FMC_NADV !
e Y(CIKL-AY) !
FMC_A[25:16] : : :

I
I
1
|
FMC_NOE !
I
I
1

1 1

1 1

1 | 1
1

| d(CLKI-rI “NExH)

: . .

1 1 1

1

T
e t4(CLKL-NOEL) i td(CLKH;NOEH}
i{ : :
| N

1 1 1
td(CLKL-ADIVy>H* > h(CLKH-ADV) | !
I

td(CLKL -ADVI* <+ I 'SU(AV-CLKH e tsU[ADV-ELK e+ th(CLIKH-ADV)
FMC_AD[15:0] —i—( Aq[15;0] :j [ D1 ' Dp '

1
1
g 1 1
! :tSU(NWA:IIV-CLKH} > th(CLKH-NWAITV)

1

:

! 1

FMC_NWAIT - . ' v— | - :
(WAITCFG = 1b, : I | ) B ‘__\_‘,Ij{ : | \_

WAITPOL + Ob) - - - . . . .

! ! + ISUNWAIITV-GLKH) e th(ELKH-NWAITV)

FMC_NWAIT ; \ | T .
(WAITCFG = Ob, . ! . N—t— | : i \_

WAITPOL + 0b) ! | ISU(NWAITV-CLKHF* P> th( CLKH-NWAITV) !

MS32757V 1

Figure3.3-16: Synchronous multiplexed NOR/PSRAM read timings
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Symbol Parameter Min Max | Unit
tw(cLk) FMC_CLK period 2Time_ker cki 1 .
t4(CLKL-NEXL) FMC_CLK low to FMC_NEX low(x=0..2) - 1
t4(CLKH_NExH) FMC_CLK high to FMC_NEXx high (x8 é 2 Time_ker ck0-5 -
ta(cLKL-NADVL) FMC_CLK low to FMC_NADViow - 1
t4(CLKL-NADVH) FMC_CLK low to FMC_NADVhigh 0 -

ty(CLKL-AV) FMC_CLK low to FMC_Ax valid x =1 6 § - 2.5

t4(CLKH-AIV) FMC_CLKhighto FMC_Ax nv al i d Tme_ker ck -

Ly(CLKL-NOEL) FMC_CLK low to FMC_NOHow - 15 |
td(CLKH-NOEH) FMC_CLK high to FMC_NOHigh Time_ker_ckl 0.5 -
td(CLKL-ADV) FMC_CLK low to FMC_ADI[15:0)alid - 3
ty(cLKL-ADIV) FMC_CLK low toFMC_AD[15:0]invalid 0 -
tou(ADV-CLKH) FMC_A/D[15:O]vaIL(:1idatabeforeFMC_CLK 2 i

gh

thcLkH-aDV)  |FMC_A/D[15:0] valid data aftefMC_CLK high 1 -
tSu(NWAIT-CLKH) FMC_NWAIT valid before FMC_CLHKiigh 2 -
th(CLKH-NWAIT) FMC_NWAIT valid afterFMC_CLKhigh 2 -

1. Guaranteed by characterization results.

Table3.3-61: Synchronous multiplexed NOR/PSRAM read timifgys
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CLK}'-q—rlq—r tw(CLK) | | I?USTURNI: 0
= 1 1 1 1 r
P '
FMC CLK . ¢t . \_/_\ . :
| 1 | ™ ol : : :
: : gta latency £ 0 1 : :
1
. ld(CLKL- NExL} td;CLKﬁ-NExH}*'—“"
1 1 1 ’
FMC_NEx : I — /
. '
d(CLKL-NADVL ; CLKL-NADVH) L
1 1 1 1
FMC_NADV I ' o \—
1 1
. R ld(CLKH-
1 1 1
1 1
1 1

ld(CLKL-AV)
FMC_A[25:16] , :
;T d(CLKL-NWEL
1
FMC_NWE !

1

:
! CLKL -ADIV)»
1

ld(GLKHINWEH) *‘—P
I

éj 1

:
1
1 1
- (CLKL-Data)y >« | '
1
td(CLKL—ADVT.-:_‘_ : td(CLl‘ L-Datajprt= : : :
1 ] 1
FMC_AD[15:0 ' AD[15:0 { D1 2 |
1 I 1 1 1
| | - '
FMC_NWAIT . — T\
(WAITCFG = 0b, ' o '
1 1
WAITPOL + 0b) | - lsU(NWAITV-CLKH th(CLKHNWAITV)
1 1 1 !
1 1
. | ! t4(GLKH-NBLH) ‘:
1 1 1 !
1 1 1 1 1 1
FMC_NBL ! ! \ ! ] :

MS32758V1

Figure3.3-17: Synchronous multiplexed PSRAM write timings
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Symbol Parameter Min Max | Unit
t FMC CLK peri = 2Tfme_ker ki1
W(CLK) - period, \bp = 2.7 to 3.6V - -
td(CLKL-NEXL) FMC_CLK low to FMC_NEX low (%0..2) - 1
ty(cLkH-NExH) | FMC_CLK high to FMC_NEhigh (x =0 é 2|  Tfmc_ker k0.5 -
t4(CLKL-NADVL) FMC_CLK low to FMC_NADVlow - 15
t4(CLKL-NADVH) FMC_CLK low to FMC_NADVhigh 0 -
t4(cLKL-AV) FMC_CLK low to FMC_Axvalid (x=1 6 é - 2
t FMC_CLK high to FMC_Axnvalid (x T )
d(CLKH-AIV) =16625 ) fmc_ker_ck
Ns
td(CLKL-NWEL) FMC_CLK low to FMC_NWHow - 1.5
Y(CLKH-NWER) FMC_CLK high to FMC_NWHigh Time_ker_ckt0.5 -
td(CLKL—ADV) FMC_CLK low to to FMC_AD[150]/aI|d - 2.5
td(cLKL-ADIV) FMC_CLK lowto FMC_AD[15:0]invalid 0 -
tdcLkL-DAaTA)  [FMC_A/D[15:0]valid dataafterFMC_CLK low - 25
ta(cLKL-NBLL) FMC_CLK low to FMC_NBLow - 2

t4(CLKH-NBLH)

FMC_CLK high to FMC_NBlhigh

Tfmc_ker_ck+0'5

tSu(NWAIT-CLKH)

FMC_NWAIT valid beforeFMC_CLKhigh

2

th(CLKH-NWAIT)

FMC_NWAIT valid after FMC_CLkigh

2

1. Guaranteed by characterization results.

Table3.3-62 Synchronous multiplexed PSRAM write timirtgs

17¢



AX58400

JASIX EtherCAT Slave Controller w/ Dual-Core MCU

tw(CLK) T —> ty(CLK)
1

FMC_CLK

FMC_NEXx
td(CLKL-N

FMC_NADV

FMC_A[25:0]

FMC_NOE

FMC_D[15:0]

FMC_NWAIT
(WAITCFG = 1b,
WAITPOL + 0b)

FMC_NWAIT

(WAITCFG = 0b,
WAITPOL + 0Ob)

td(CLKL-N %

| 1
oy

P

1
ld(CLKM-N ExH}a—FI
1 1
1

1 1
ADVL» 1% 4(CLKL-NADVH)
! .
T td(CLKL-AV) |
; I td(CLKL-NOEL) ! t4(CLKM-NOE Hr’._l‘,'_
\ | ! ' I
1

td(CLKH-AIV)

1
1
1 1
th(CLKH-DV) |
(DV-GLKH)*

eH----14---

-th(m‘::LKH-NWﬂ;.lTV}

1
E : j : :
th(CLKH-NWAITV)

4

r

g

|
|
- th(GLKH-NWAITV)

MS32759V1

Figure3.3-18: Synchronous nemultiplexed NOR/PSRAM reainings
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Symbol Parameter Min Max | Unit
tw(cLK) FMC_CLK period 2Ttme_ker cki 1 -
t(CLKL_NExL) FMC_CLK low to FMC_NEX low(x=0..2) - 1
T4(CLKH-NEXH) FMC_CLK high to FMC_NBEhigh (x=0 é 2 2Time_ker ck0-2 -
td(CLKL—NADVL) FMC_CLK low to FMC_NADV'OW - 0.5
t4(CLKL-NADVH) FMC_CLK low to FMC_NADVhigh 0 -
ty(CLKL-AV) FMC _CLKIlowto FMC Axv al i d ( X - 2
t FMC_CLK high to FMC_Axinvalid oT i ns
d(CLKH-AIV) ( x=16625 ) fmc_ker_ck
td(CLKL-NOEL) FMC_CLK low to FMC_NOHow - 1.5

t4(CLKH-NOEH)

FMC_CLK high to FMC_NOHigh

2-I—fmc_ker_clio's

tsu(DV-CLKH) FMC_D[15:0]valid databeforeFMC_CLK high 2 -
th(cLKH-DV) FMC_DI[15:0] valid data aftéfMC_CLK high 1 -
L NWAIT -CLKH) FMC_NWAIT valid before FMC_CLHKigh 2 -
th(cLKH-NWAIT) FMC_NWAIT valid after FMC_CLHKnigh 2 -

1. Guaranteed by characterization results.

Table3.3-63: Synchronous nemultiplexed NOR/PSRAM read timings
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FMC_CLK

l4(CLKL-N ﬂ*

FMC_NEx

td(CLKL-NADVL:

FMC_NADV

FMC_A[25:0]

FMC_NWE

FMC_D[15:0]

FMC_NWAIT
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1
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1
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1 |
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. d(CLKL-AV) | . V)
| | | | | !
1 1 1
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. 'd(CLIKL-NWELY ! td (QLKH-NWEH) »-
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| | i i | L
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1
1
1

MS32760V1

Figure3.3-19: Synchronous nomultiplexed PSRAM write timings
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Symbol Parameter Min Max | Unit
ticLk) FMC_CLK period 2Tfme_ker okl 1 -
t4(CLKL-NEXL) FMC_CLK low to FMC_NEXx low(x=0..2) - 2
Y(CLKH-NEXH) FMC_CLK high to FMC_NEshigh (x=0 é 2 Time_ker ck0-5 -
t4(CLKL-NADVL) FMC_CLK low to FMC_NADViow ) 0.5
t4(CLKL-NADVH) FMC_CLK low to FMC_NADVhigh 0 -
td(CLKL—AV) FMC _CLKIlowto FMC Axv al i d ( X - 2.
t FMC_CLK high to FMC_Axnvalid T i
d(CLKH-AIV) ( XxX=16625 ) fmc_ker_ck ns
Ly(CLKL-NWEL) FMC_CLK low to FMC_NWHow - 15
t4(CLKH-NWEH) FMC_CLK high to FMC_NWHigh Time_ker_ ekl -
ta(cLKL-Data) FMC_DI[15:0] valid data aftédfMC_CLK low - 35
td(CLKL-NBLL) FMC_CLK low to FMC_NBLow - 2
td(CLKH-NBLH) FMC_CLK high to FMC_NBLhigh Timc_ker_ okl -
LSU(NWAIT-CLKH) FMC_NWAIT valid before FMC_CLkigh 2 -
th(CLKH-NWAIT) FMC_NWAIT valid after FMC_CLkigh 2 -

1. Guaranteed by characterization results.

Table3.3-64: Synchronous nomultiplexed PSRAM write timind¥

NAND controller waveforms and timings

Figure3.3-20throughFigure3.3-23represent synchronous waveforms, dable3.3-65andTable3.3-66 provide
the corresponding timings. The results shown in this table are obtained with the following FMC configuration:

COM.FMC_SetupTime = 0x01
COM.FMC_WaitSetupTime = 0x03
COM.FMC_HoldSetupTime = 0x02
COM.FMC_HizZSetupTime = 0x01
ATT.FMC_SetupTime = 0x01
ATT.FMC_WaitSetupTime = 0x03
ATT.FMC_HoldSetupTime = 0x02
ATT.FMC_HiZSetupTime = 0x01

Bank = FMC_Bank_NAND

MemoryDataWidth = FMC_MemoryDataWidth_16b
ECC = FMC_ECC_Enable

ECCPageSize = FMC_ECCPageSize_512Bytes
TCLRSetupTime =0

il

= =4 =4 -4 4 A4 A -4 -4 - A -2 -2

TARSetupTime =0
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i Capacitive load CL = 30 pF

In all timing tables, the fhc_ker ck iS the fac_ker ckClock 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

Figure3.3-20: 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

Figure3.3-21: NAND controllerwaveforms for write access
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FMC_NCEx \

ALE (FMC_A17)
CLE (FMC_A16)
- td(ALE-NOE)

FMC_NWE _/
«— by(NOET—P

FMC_NOE
/ \ /

tsu(D-NOE) th(NOE-D)

FMC_D[15:0] { ( ) )—

MS32769V1

-

| th(NOE-ALE)

A
A4

A

4

Figure3.3-22. NAND controller waveforms for common memory read access

FMC_NCEx \ /

ALE (FMC_A17)
CLE (FMC_A16) ﬁ
ld(ALE-NOE) +—— by (NWE) > >+ th(NOE-ALE)

FMC_NWE _/ \

FMC_N OE _/
td(D-NWE—

ty(NWE-D) — th(NWE-
FMC_D[15:0] (

MS32770V1

Figure3.3-23: NAND controller waveforms for common memory write access

184



B AX58400
JASIX EtherCAT Slave Controller w/ Dual-Core MCU

Symbol Parameter Min Max Unit
t'W(NOE) FMC_NOE lowwidth 4Tfmc_ker_ck.|. 05 4Tfmc_ker_c|2"0-5
t FMC_DJ[15-0] valid datebefore 8
Su(D-NOE) FMC_NOEhigh i
t FMC_D[150] valid dataafter FMC_NOE ns
h(NOED) high 0 -
taaLe-noE) | FMC_ALE valid before FMC_NOBw - 3Time_ker okl

thnoeaLe) | FMC_NWE high to FMC_ALEnvalid 4Tfmc_ker_ck.|. 2 -

1. Guaranteed by characterization results.

Table3.3-65: Switchingcharacteristics for NAND Flash read cyéles

Symbol Parameter Min Max Unit
Ly(NWE) FMC_NWE lowwidth 4Tfmc_ker_ckT 0.5 4-I—fmc_ker_ck"'o'5
tynweD) | FMC_NWE low toFMC_D[150] valid 0 -
FMC_NWE high tcMC_D[150 .

th(NWE-D) - ingvalid -DI150] 2Timc_ker o 0-5 -
¢ FMC_D[15:0] validbefore FMC_NWE i1 ns
d(D-NWE) high fmc_ker_ckl -

tyaLe-nwe) [FMC_ALE valid beforésMC_NWE low - 3Time_ker ckt0-5

thnweaLE) | FMC_NWE high tFMC_ALE invalid|  2Tgmc ker ok 1 ;

1. Guaranteed bgharacterization results.

Table3.3-66: Switching characteristics for NAND Flash write cyéles

SDRAM waveforms and timings

In all timing tables, the TKERCK is the fmc_ker_ck clock period, withftllewing FMC_SDCLK maximum
values:

1 For 2.7 V<Wp<3.6 V: FMC_CLK =110 MHz at 20 pF
1 For 1.8 V<\Wp<1.9 V: FMC_CLK =100 MHz at 20 pF
1 For1.62 V<\pp<1.8 V, FMC_CLK =100 MHz at 15 pF
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FMC_SDCLK m

td(SDCLKL_AddC)
SDCLKL “AddR)

td(SDCLKL_AddR)

FMC_A[12:0]

Row n

| Col2 X o X Coln X .

FMC_SDNE[1:0] Co\

Hﬁl

th(SDCLKL AddC)

»—& th(SDCLKL_SNDE)

e

td(SDCLKL_NRAS) -

FMC SDNRAS _\__/
FMC_SDNCAS \.

4 td(SDCLKL_SNDE)
>—¢ >

»—¢ th(SDCLK

L NRAS)

—H td(SDCLKL_|

»—4% th(SDCLKL_NCAS)

e

O I B o B
'z
O
b
2

] th(SiDCLKH Ijata)

FMC SDNWE
tsu(SDCLKH_Data)4—»<4—»
: N . X
FMC_D[31:0] {_Dala ):(Dat@2 X Datai X Datan
MS32751V2
Figure3.324: SDRAM read access waveforms (CL = 1)
Symbol Parameter Min Max Unit
i T 2Tfmc ker_ck
tw(speLk) FMC_SDCLKperiod 2Time ker ol 1 e fer.
tSu(SDCLKH _Data) Data input setupme 2 -
th(SDCLKH_Data) Data input holdime 1 -
t4(SDCLKL_Add) Address validime - 15
t4(SDCLKL- SDNE) Chip select validime - 1.5 ns
th(SDCLKL_SDNE) Chip select holtime 0.5 -
t4(SDCLKL_SDNRAS) SDNRAS validtime - 1
th(SDCLKL_SDNRAS) SDNRAS holdime 0.5 -
td(SDCLKL_SDNCAS) SDNCAS validtime - 0.5
th(sD(:|_K|__3Dr\1cAs) SDNCAS holdime 0 _

1. Guaranteed by characterization results.

Table3.3-67. SDRAM read timing®
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Symbol Parameter Min Max Unit
tw(sbcLk) FMC_SDCLKperiod 2Time ker ok 1 | 2Time_ker k0.5
tSu(SDCLKH_Data) Data input setupme 2 -
th(SDCLKH_Data) Data input holdime 1.5 -
t4(SDCLKL_Add) Address validime - 25
t4(SDCLKL_SDNE) Chip select validime - 25
th(SDCLKL_SDNE) Chip select holtime 0 - ns
t4(SDCLKL_SDNRAS SDNRAS validtime - 0.5
th(SDCLKL_SDNRAS) SDNRAS holdime 0 -
td(SDCLKL_SDNCAS) SDNCAS validtime - 1.5
th(SDCLKL_SDNCAS) SDNCAS holdime 0 -

1. Guaranteed by characterization results.

Table3.3-68 LPSDR SDRAM read timing8

FMC_SDCLK me\

td(SDCLKL_AddR)

td(SbCLKIL_AddC}
th(SDCLKL_AqdR)

>

FMC_A[12:0]

Row n

X icmz}

X

=

FMC_SDNE[1:0]

> th(s:bCLRL_AddC}

-»—¢| th(SDCLKL_SNDE)

td(SDCLKL_NRAS)

»— td(SOCLKL_SNDE) |

=

»—¢ th(SDCLK|_NRAS)

»—« th(SDCLKL_Data)

I I
FMC_SDNRAS
! »— td(SDCLKL_NGAS)
EE—— ! oo i
FMC_SDNCAS | ; I ./
i »—¢ td(SDCLK|._NWE) |
| N |
FMC_SDNWE | | I 5
td(SDCLKL Data) —<¢ | | | .
FMC_D[31:0] — { Dataj X Dataz X Datai X Datan) i
i

td(SDCLKL_NBL) ——i

FMC_NBL[3:0]

><

MS32752V2

Figure3.3-25: SDRAM write access waveforms
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Symbol Parameter Min Max Unit
tw(SDCLK) FMC_SDCLKperiod 2Time ker o 1 | 2Time ker o#0.5
tyspcLkL _patd Data output validime - 1
th(SDCLKL _Data) Data output holdime 0 B
td(SDCLKL_Add) Address validime - 15
t4(SDCLKL_SDNWE) SDNWE validtime - 1.5
th(SDCLKL_SDNWE) SDNWE holdtime 0.5 -
t4(SDCLKL_ SDNE) Chip select validime - 1.5 ns
th(SDCLKL-_SDNE) Chip select holtime 0.5 .
td(SDCLKL_SDNRAS) SDNRAS validiime - 1
th(SDCLKL_SDNRAS) SDNRAS holdime 0.5 -
t4(SDCLKL_SDNCAS) SDNCAS validtime - 1
td(SDCLKL_SDNCAS) SDNCAS holdime 05 .
1. Guaranteed bgharacterization results.
Table3.3-69: SDRAM Write timings$?
Symbol Parameter Min Max Unit
tw(sbcLk) FMC_SDCLKperiod 2Time_ker okl 1 | 2Tme_ker ck0.5
tyspcLkL _patd Data output validime - 25
th(SDCLKL _Data) Data output holtime 0 .
ty(SDCLKL_Add) Address validime - 25
t4(SDCLKL-SDNWE) SDNWE validtime - 25
th(SDCLKL-SDNWE) SDNWE holdtime 0 -
td(spcLKL- SDNE) Chip select valitime - 3 ns
th(sbcLKL- SDNE) Chip select holtime 0 -
l4(SDCLKL-SDNRAS) SDNRAS validiime - 15
th(SDCLKL-SDNRAS) SDNRAS holdime 0 -
t4(SDCLKL-SDNCAS) SDNCAS validtime - 1.5
td(SDCLKL-SDNCAS) SDNCAS holdime 0 -

1. Guaranteed by characterization results.

Table3.3-70: LPSDR SDRAM Write timing®
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3.3.19 Quad-SPI interface characteristics

Unless otherwise specified, the parameters giv@iabie3.3-71andTable3.3-72for QUADSPI are derived from
tests performed under the ambient temperatuie ffequency and Yo supply voltage conditions summarized in
Table3.3-1: General operating conditionith the following configuration:

1 Output speed is set @©SPEEDRy[1:0] = 11

1 Measurement points are done at CMOS levels: §5V
1 10 Compensation cell activated.

f HSLV activated when¥ O 2. 7 V

1 VOS level setto VOS1

Refer to Section 3.3.16: 1/O port characteristifsr 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
e - S
Fekal/Tek QUfA eD SZLCJOCk MHz
requency 1.62<Vbo<3.6 V ] ] 100
CL=15pF
t Tc/2i0.5 ] Teul2
WCKH | QUADSPI clockhigh and| PRESCALER[7:0F CK CK
tw(ckL) low time Even division |n =0,1,3,5... Texl2 ) Ter/2+0.5
t(CKH) ) (n/2)*Tck/(n+1)-0.5 - (n/2)*Tck/ (n+1)
QUADSPI clockhighand | PRESCALER[7:0F 2D T
. 9 - V2D o
tw(cKL) low time Odd division |n=2,4,68... (N/2+1)* Tyl (n+1) ) b -
tsan) Data input setupme 1 ) _
th(n) Data input holdime 35 . .
tyoum Dataoutput validtime - . 1 5
thiou) Data output holtime - 0 . _

1. Guaranteed by characterization results.

Table3.3-71: QUADSPI characteristics in SDR mdte
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The following table summarizes tiparameters measured in DDR mode.

Symbol Parameter Conditions Min Typ Max Unit
2.7<Vpp<3.6 V
CL = 20pF i i 100
Fekal/Tek QUADSPI clocKrequency MHz
1.62<\pp<3.6 V 100
CL = 15pF
twickr) QUADSPI clock higland | PRESCALER[7:0F | Tck/2i05 - Tex/2
twickl) low time Everdivision | n=0,1,35... Texl2 Tck/2+0.5
n/2)*Tck/
tucre | (V) cx (V2)*Terd(n+1)
QUADSPI clock higrand | PRESCALER[7:0E (n+1)0.
¢ low time Odddivision n=24,6,8... (n/2+1)*Tek/ (n/2+1)*Tek /
W(CKL) (n+1) (n+1)+0.5
tsrany Tsfan) Data input setupme - 1.5 -
thrny thigny Data input holdime - 35 - ns
DHHC=0 - 5 6
turcounytviouT Data output validime | DPHHC=1
VOUTYMIOUD PRESCALER[7:0] = ; Tekld+l|  Toxld+2
1, 2¢
DHHC=0 3 - -
thr(OUT)rthf(OUT) Data output holdime DHHC=1
PRESCALER([7:0]=1 Tcxld - )
, 2 é
1. Guaranteed by characterization results.
Table3.3-72. QUADSPI characteristics in DDR mdde
tT‘(CI“’\) ‘ tiek) ‘ . twickn) . twickL) ‘ tg(crf)
o " d y e " i
Clock m
P tvoun) thour) | ! 1 -
N —¥ !
Data output DO § X i D1 X D2 >_jy—
b tsgny! thany
Data input { o :
ala Inpu \ DO X; | D1 X D2 )_5_
oo | MSv36878V1

Figure3.3-26. QuadSPI 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

Figure3.3-27: QuadSPI timing diagram DDR mode

3.3.20 Delay block (DLYB) characteristics

Unless otherwise specified, the parameters giv@iaible3.3-73for Delay Block are derived from tests performed
under the ambient temperaturgs £ c«frequency and VDD supply voltage summarized @ble3.3-1: General
operating conditionswith the following configuration:

Symbol Parameter Conditions Min Typ Max Unit
tinit Initial delay - 1400 2200 2400 ps
te Unit Delay - 35 40 45 -

Table3.3-73: Delay Block characteristics

3.3.21 16-bit ADC characteristics

Unless otherwise specified, the parameters givehainle 3.3-74 are derived from tests performed under the
ambient temperaturezdik. frequency and Wpa supply voltage conditions summarizedTiable3.3-1.

Symbol Parameter Conditions Min Typ Max Unit
Analog supply
Vooa voltage foADC ON 162 36 v
Positivereference
VReF- voltage 1.62 Vopa \Y
Negativeeference
VRER voltage Vssa \Y
BOOST =11 0.12 50
. . BOOST =10 0.12 25
fapc IADC clock frequenc 1.62 V O VDDA O 3.6 MHz
BOOST =01 0.12 12.5
BOOST =00 6.25

Table3.3-74: ADC characteristi¢8®
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Symbol Parameter Conditions Min Typ Max Unit
Resolution = 1®its, Vppa fADC=36 MHz SMP =1.5 - - 3.60
>2.5V T,=90°C
Resolution = 1its fapc=37MHz SMP =2.5 - - 3.35
Resolution = 1its fapc = 50 MHz SMP =2.5 - - 5.00
Resolution = 1dits fapc = 50 MHz SMP =2.5 - - 5.50
Tj=125°C
Sampling ratéor Resolution = 1bits fapc = 50 MHz SMP =1.5 - - 7.10
Directchannels
Resolution = dits fapc = 50 MHz SMP =1.5 - - 8.30
Resolution = 1bits fapc = 49 MHz SMP =2.5 - - 4.90
Resolution = 1dits fapc = 50 MHz SMP =2.5 - - 5.50
Ty=140°C
Resolution = 1bits fapc = 50 MHz SMP =1.5 - - 6.70
Resolution = &its fapc = 50MHz SMP =1.5 - - 8.30
Resolutlon2= 1éits, Vbpa fADC=32MHz SMP =25 : : 2.90
>2.5V T)=90°C
Resolution = 1®its fapc=31MHz SMP =2.5 - - 2.80
Resolution = 1its fapc = 33MHz SMP =2.5 - - 3.30
3 MSps
Resolution = 1dits fapc = 39 MHz SMP =2.5 - - 4.30
Sampling ratéor Fas Ty=125°C
channels Resolution = 1bits fapc = 48 MHz SMP =2.5 - - 6.00
Resolution = &its fapc = 50 MHz SMP =2.5 - - 7.10
Resolution = 1dits fabc = 37 MHz SMP =2.5 - - 4.10
Resolution = 1bits Tj=140°C fapc = 46 MHz SMP =2.5 - - 5.70
Resolution = &its fapc = 50 MHz SMP =2.5 - - 7.10
Resolution = 1®its Ty=90°C - -
resolution = 14its R R
resolution = 1dits - -
Ty=125°C
; resolution = 1Mits R R
Sglmp“”hg ratéfr fapc=10MHz | SMP=15
owchannels resolution = &its - -
resolution = 1dits - -
1.00
resolution = 1®its Tj=140°C - -
resolution = &its - -
t Externaltrigger Resolution = 1®its - - 10 1/
TRIG period = ADC
Van @ Conversionoltage } 0 : v v
AIN range REF+
Commormode inpu VRed2 VRed2
\Y - \% vV
CMIV voltage i 10% REF2 +10%

Table 3.374: ADC characteristi¢8® (continued)
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Symbol Parameter Conditions Min Typ Max Unit
Resolution = 16 bits, J= 140°C - - - - 50
Resolution = 16 bits, j= 125°C - - - - 170
Resolution = 14 bits, &= 140°C - - - - 200
Resolution = 14 bits, j= 125°C - - - - 435

Run © E_xternal input Resolution = 12 bits, J= 140°C - - - - 700 v

impedance Resolution = 12 bits, J=125°C - - - - 1150

Resolution = 10 bits, = 140°C - - - - 3700
Resolution = 10 bits, j&= 125°C - - - - 5650
Resolution = 8 bits, J= 140°C - - - - 18000
Resolution = 8 bits, J= 125°C - - - - 26500

Internalsample and
Canc hold capacitor - 4 pF

tapcvreg | ADC LDOstartup

- - - 5 10 us
_STUP time
tstas | ADC Powerup time| LDO alreadystarted 1 - sﬁ)orz\)iilre

Offset and linearit
fea calibrationtime - 165010 | - - Lfapc

Offsetcalibration

torr caL time - 1280 - - 1/fapc
. ) CKMODE =00 1.5 2 25
Triggerconversion
latency regular ang CKMODE =01 - - 25
tLATR injected channels 1/fapc
without conversion| CKMODE =10 - - 25
abort
CKMODE =11 - - 2.25
) ) CKMODE =00 25 3 35
Triggerconversion
latency regular CKMODE =01 - - 35
tLATRING injected channels 1/fapc
aborting aegular CKMODE =10 - - 35
conversion
CKMODE =11 - - 3.25
ts Samplingtime - 15 - 810.5 | l/fapc
Totalconversion tim ts +0.5
tconv (including sampling Resolution = Noits + N/é 1/fapc
time) ” .

Table 3.374: ADC characteristi€¢s¥®@ (continued)
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Symbol Parameter Conditions Min Typ Max Unit
Resolution = 16 bits abc=25MHz - 1440
ADCconsumption o
Vppa, BOOST=11, Resolution = 14 bits Abc=30MHz - 1350
Differentialmode - -
Resolution = 12 bits sAbc=40MHz - 990
ADCconsumption o Resolution = 1®its - 1080
Vbpa BOOST=10, Resolution = 14its - 810
Differentialmode
fapc=25MHz Resolution = 1dits - 585
Ibpba_D
(ADC) ADCconsumption o Resolution = 1®its - 630
VD.DA BO.OST:OJ" Resolution = 1dits - 432
Differentialmode
fapc=12.5MHz Resolution = 1dits - 315
ADCconsumption o Resolution = 1®its - 360
VDF’A BOQSTZOO’ Resolution = 1dits - 270
Differentialmode
fapc=6.25MHz Resolution = 1dits - 225
Resolution = 16 bits Abc=25MHz - 720
ADCconsumption o
Vppa BOOST=11, Resolution = 14 bits Aabc=30MHz - 675
Singleendednode - -
Resolution = 12 bits abc=40MHz - 495
) ) HA
ADCconsumption o Resolution = 1®its - 540
Vppa BOOST=10, .
- Resolution = 1it: - 405
Singlendednode esolution s
fapc=25MHz Resolution = 1dits - 292.5
lboa_se Resolution = 1®its - 315
(ADC) | ADCconsumption o
Vppa BOOST=01, Resolution = 1its - 216
Singleendednode
fapc=12.5MHz Resolution = 1dits - 157.5
Resolution = 1®its - 180
ADCconsumption o
Vppa BOOST=00, Resolution = 1dits - 135
Singleendednode
faDc=6.25MHz Resolution = 1bits - 112.5
fapc=50MHz - 400
fapc=25MHz - 220
Ipp ADC consumption o
f =12.5MHz - 180
(ADC) VoD ADC
fapc=6.25MHz - 120
fapc=3.125MHz - 80

1. Guaranteed by design.

2. The voltagebooster 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 packagegg¢: can be internally connected tedA and Vker t0 Vssa

5. The tolerance is 10 LSBs for 41t resolution, 4 LSBs for Hbit resolution, and 2 LSBs for t#it, 10-bit and 8bit resolutions.

Table 3.374: ADC characteristi¢8®? (continued)
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Minimum sampling time (s)
Resolution RAIN ( Y)
Directchannel$® | Fastchannel$?) | Slowchannels®
16 bits 47 7.37E08 1.14E07 1.72E07
47 6.29E08 9.74E08 1.55E07
68 6.84E08 1.02E07 1.58E07
14 bits 100 7.80E08 1.12E07 1.62E07
150 9.86E08 1.32E07 1.80E07
220 1.32E07 1.61E07 2.01e07
47 5.32E08 8.00E08 1.29E07
68 5.74E08 8.50E08 1.32E07
100 6.58E08 9.31E08 1.40E07
150 8.37E08 1.10E07 1.51E07
12bits
220 1.11E07 1.34E07 1.73e07
330 1.56E07 1.78e07 2.14E07
470 2.16E07 2.39E07 2.68E07
680 3.01E07 3.29E07 3.54E07
47 4.34E08 6.51E08 1.08e07
68 4.68E08 6.89E08 1.11E07
100 5.35E08 7.55E08 1.16E07
150 6.68E08 8.77E08 1.26E07
220 8.80E08 1.0807 1.40E07
330 1.24E07 1.43E07 1.71E07
10bits
470 1.69E07 1.89E07 2.13E07
680 2.38E07 2.60E07 2.80E07
1000 3.45E07 3.66E07 3.84E07
1500 5.15E07 5.35E07 5.48E07
2200 7.42E07 7. 7507 7. 7807
3300 1.10E06 1.14E06 1.14E06

Table3.3-75: Minimum sampling time vs & ®®
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Minimum sampling time (s)
Resolution RAIN ( Y)
Directchannel$® | Fastchannel$?) | Slowchannels®
47 3.32E08 5.10E08 8.61E08
68 3.59E08 5.35E08 8.83E08
100 4.10E08 5.83E08 9.22E08
150 5.06E08 6.76E08 9.95E08
220 6.61E08 8.22E08 1.11E07
330 9.17E08 1.08E07 1.32E07
470 1.24E07 1.40e07 1.63E07
) 680 1.74607 1.91E07 2.12E07
8bits 1000 2.53E07 2.70E07 2.85E07
1500 3.73E07 3.93E07 4.05E07
2200 5.39607 5.67E07 5.75E07
3300 8.02E07 8.36E07 8.38E07
4700 1.13E06 1.18E06 1.18E06
6800 1.62E06 1.69E06 1.68E06
10000 2.36E06 2.47E06 2.45E06
15000 3.50E06 3.69E06 3.65E06

1. Guaranteed by design.

2. Datavalid at up to 140 °C, with a 47 pF PCB capacitor, anga¥1.6 V.

3. Direct channels are connected to analog I/Os (PAO0_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 3.375: Minimum sampling time vs RAIN® (continued)
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Symbol Parameter Conditions® Min Typ Max Unit
Direct Singleended - +10/ 20 -
channel Differential - +15 -
Singleended - +10/ 20 -
ET Total unadjustedrror Fastchannel
Differential - +15 -
Slow Singleended - +10 -
channel Differential £10 -
EO Offseterror - - +10 -
EG Gainerror - - +15 -
- LSB
Singleended - +3/i 1 -
ED Differential linearityerror
Differential - +4.5i 1 -
Singleended - +11 -
Directchannel
Differential - +7 -
Singleended - +13 -
EL Integral linearityerror Fastchannel
Differential - +7 -
Singleended - +10 -
Slowchannel - :
Differential - 16 -
Singleended - 12.2 -
ENOB Effective number abits Bits
Differential - 13.2 -
Signatto-noiseand distortion Singleended - 75.2 -
SINAD -
ratio Differential - 81.2 -
Singleended - 77.0 -
SNR Signatto-noiseratio dB
Differential - 81.0 -
Singleended - 87 -
THD Total harmonidistortion
Differential - 90 -

1. Data guaranteed by characterization for BGA packages. The values for LQFP packages might differ.
2. ADC DC accuracy values are measured aftearnal calibration.
3. ADC clock frequency = 25 MHz, ADC resolution = 16 bits,p\=Vrer=3.3 V and BOOST=11.

Table3.3-76: ADC accurac{®

Note: ADC accuracy vs. negative injection curranfecting 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 whichotesyially inject
negative currents.

Any positive injection current within the limits specified faeinya n dina@ylin Section 3.3.1%loes 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 — — L .
//I - | 1
= @) - <
1 / s s \ '
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 e | 1
34 1 1 Z 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. |deal 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.
Figure3.328: ADC accuracy characteristics (bresolution)
STM32
Sample and hold ADC
converter
Ran(") Rapct!)
AIN AlNx ADC 12-bit
converter
——]
Eparasitic CADC(1 )
ai17534b

1. Refer toTable3.3-74 for the values of By, Rapc and Gpc.

2. Cuassiicrepresents the capacitance of the PCB (dependent on soldering and PCB layout quality) plus the pad capacitance (roAghly 5 pF)
high Gasiicvalue downgrades conversion accuracy. To remedy hisstiould be reduced.

Figure3.3-29: Typical connection diagram using the ADC
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General PCB design guidelines

Power supply decoupling should be performed as showiginme3.3-30 or Figure3.3-31, depending on whether
Vrer+iS connected to pba 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 thegs\6 available only on UFBGA176+25 and TFBGA240+25. Wheg:=\s not
available, it is internally connected t@d4 and Vssa.

Figure3.3-30: Power supply and reference decoupling«\ not connected to pbHa)

STM32

L L[] Veere/Vopa'™

1 uF // 100 nF ==

. ? Vrer/Vssa”

MSv50649v1

1. Vger+input is available on all package whereas thes\6 available only on UFBGA176+25 and TFBGA240+25. Wheg:=\s not
available, it is internally connected t@d4 and Vssa.

Figure3.3-31: Power supply and reference decoupling£ connected to Wpa)
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3.3.22 DAC characteristics

Symbol Parameter Conditions Min Typ Max Unit
Vbba Analog supplwoltage - 1.8 3.3 3.6
VREF+ Positive referenceoltage - 1.80 - Vooa |,
VREE Negativereference voltage - - Vssa -
connectetb
Vssa > ) )
R Resistivd_oad DAC on(J)tputbuffer 3
N connectetb k'Y
i 25 - -
DDA
Ro Outputimpedance DAC output buffelOFF 10.3 13 16
Output imped | Yoo~ - - 16
utput impedance samplg 2.7V : )
Reon and holdmode, output DAC ong’;ilutbuffer kY
buffer ON Vpp = ) i 26
2.0V '
Output imped | oo~ - - 178
utput impedance sampls 2.7V : )
Reorr and holdmode, output DAC ogtlggﬁ)uﬁer kY
buffer OFF Voo = ; - 18.7
2.0V ’
CL DAC output buffelOFF - - 50 pF
Capacitivd_oad
CsH Sample and Holchode - 0.1 1 uF
\Y
Voltage orDAC OUT DAC OUtpUt buffeON 0.2 - _DDA
Vbac_out output 10.2 \
DAC output buffelOFF 0 - VREF+
+0.5LSB - 2.05 -
Settling _time (full sc_a_le: fol Normal modeDAC +1LSB j 1.97 _
al12-bit codetransition output buffer ON, €O
between the lowest and th 50pF +2|.SB - 1.67 -
t highest input codes when A
SETTLING | DAC_OUT reaches the RLO 5 +41SB - 1.66 - HS
final valueof £0.5LSB, _ i}
+1LSB, +2L.SB;+4LSB, 8LSB 1.6
+8LSB) Normal mode, DAC outpubuffer 17 °
OFF,+1LSB G =10pF ) )
Wakeup time from off statg Normal mode, DAC outpubuffer ) 5 5
(setting the ENXx bit in the ON, G O50 pF,R =5 '
twakeur® | DAC Control register) unti us
the final value of +1L.SB ig Normal mode, DAC outpuuffer
reached OFF, G O10pF 2 5
iecti Normal mode, DAC outputtuffer
PSRR DC Vppa supply rejection ‘ ! p ) 180 i 28 dB
ratio ON, G O50 pF, R =5
Sampling time isample MODE<2:0>_V12=100/101 ) 0.7 26
and Holdmode (BUFFERON)
CL=100nF MODE<2:0>_V12=110 ™
t (code transition between th (BUFI—;ER_OFF; - 11.5 18.7
SAMP lowest input codand the
highest input code when
DAC_OUTreaches the MODE<2:0>_V12=111 . 0.3 0.6 us
+1LSB finalvalue) (INTERNAL BUFFEROFF)
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Internal sample artabld
Cint capagitor - 1.8 2.2 2.6 pF
trRIM Middle code offsetrim time Minimum tlmgotgeverlfy theach 50 - - us
Vegteor Middle code offset fot trim VRer+=3.6V - 850 - v
orrse
codestep Vrers= 1.8V j 425 j
No load,
middlecode - 360 -
DAC outputbuffer (0x800)
ON
No load,
worstcode - 490 -
| DAC quiescentonsumptior] (OxF1C)
DDA(DAC) from Vppa
No load,
DAC o(u)tFpgﬂJuffer middle/wost - 20 -
code (0x800
%
Sample and Holthode, G=100nF| - (T362TTON;(4) -
oNtToFR
No load,
middlecode| - 170 - KA
DAC outputbuffer | (0x800)
ON
No load,
worstcode - 170 -
(OXF1C)
DAC consumptiorirom No load
I DA )
pov(DAC) VREF+ DAC ogt'ggtbuffer middle/wost| - 160 -
code (0x800
Sample and Hold modBuffer ON, 170*Ton/
Cs1=100 nF (worstode) . (TON(:')FOFF) -
%
Sample and Hold mode, Buffer OR 160*Ton/
Cs1=100 nF (worstode) . (TON:JOFF) -

1. Guaranteed by design unless otherwise specified.

2TBD stands for fAto be definedo.

3. In buffered mode, the outpaan overshoot above the final value for low input code (starting from the minimum value).

4. Ton is the refresh phase duration, whilg=dis the hold phase duration. Refer to the product reference manual for more details.

Table3.3-77: DAC characteristidd®
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Symbol Parameter Conditions Min Typ Max Unit
i i DAC output buffelON 12 - 2
DNL leferenyalzr;on LSB
linearityt DAC output buffelOFF 2 - 2
- Monotonicity 10bits - - - -
DAC outputbufferON, “a 4
CL O50pF, R 05 ! ;
INL Integral norinearityt® LSB
DAC output buffe©OFF, ia 4
CL 050 pF, noR, : -
DAC output buffe| VReF+= 3.6V - - +15
ON, G O50pF,
offset | Offset errozggatode 0x80( R 05 Vrer+= 1.8V ) ) +30 LSB
DAC output buffeOFF, 48
C|_ 050 pF, nd?L ) ) -
Offset error atode DAC output buffeOFF,
Offsetl %0019 C, 050 pF, NoR, - - +5 LSB
DAC output \% =3.6V - - +6
Offset error atode buffer ON, REFY
OffsetCal 0x800 after factory C, O50pF, LSB
calibration ) VRer+= 1.8V - - *7
R, 05
DAC outputbufferON, 1
S = - - +
. C_ 050pF, R 05 *
Gain Gainerrof® %
DAC output buffeOFF, +1 0
C_ 050 pF, ndr_ ) ) -
DAC output buffer ON,E 050 pF,
. - 67.8 -
R_.O5 ,1KHz, BW =500KHz
SNR Signatto-noiseratio® DAC output buffeOFF, dB
C_ 050 pF, no R, 67.8
1 KHz, BW = 500KHz ) )
DAC outputbufferON, C. O50pF, 786
. - 178. -
THD Totalharmonic R O5 ,1KHz i
distortior®) DAC output buffer OFF, CO50 pF, 178.6
no R, 1 KHz ; Hre. )
DAC outputbufferON, C; O50pF,
. - 67.5 -
Signatto-noiseand RLO5 , 1KHz
SINAD ) - dB
distortionraticf DAC output buffer OFF, CO50 pF, 675
noR, 1 KHz i ' i
DAC output buffer ON, i 109 i
CL O 50 pFLKHRL .
ENOB Effectivenumber of bits bits
DAC output buff ) 10.9 )
pF, no RL, 1KHz ’

1. Guaranteed by characterization.

2. Difference between two consecutive codes minus 1 LSB.

3. Difference between thealue 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 OxEFfeffdren th
is OFF, and from code giving 0.2 V and (VREF3.2 V) when the buffer is ON.

6.Si gnal i TshpinpldBIES wi t h F
Table3.3-78: DAC accurac{p
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Buffered/Non-buffered DAC

Buffer(1)
- =-— = R
12-bit DAC_OUTx
digital b I I /\/VV\’
analog I I I “—_L
converter 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 dinetitky usthof
an external operational amplifier. The buffer can be bypassed by configuring the BOFFx bit in the DAC_CR register.

Figure3.3-32 12-bit buffered /norbuffered DAC

3.3.23 Voltage reference buffer characteristics

Symbol Parameter Conditions Min Typ Max Unit
VSCALE =000 2.8 3.3 3.6
VSCALE =001 2.4 - 3.6
Normalmode
VSCALE =010 21 - 3.6
v VSCALE =011 1.8 - 3.6
DDA Analog supplyoltage
VSCALE =000 1.62 - 2.80
VSCALE =001 1.62 - 2.40
Degradednode
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
Normalmode
VSCALE =010 | 1.801 | 1.804 | 1.806
VSCALE =011 | 1.4995 | 1.5015| 1.504
VoltageReference VSCALE =000 | VDDA i v
VREFBUF | BufferOutput,at30°C, 150mV PoA
-ouT load™ 100A Vppal v
VSCALE =001 150mV - DDA
Degradednodé? -
VSCALE =010 | YDPAT | | vpp,
150mV
VSCALE =011 | /DDA - Vbpa
150mvV
TRIM Trim stepresolution - - - +0.05 +0.1 %
CL Loadcapacitor - - 0.5 1 1.50 uF
Equivalent Serial Resist .
esr of C, - - - - 2 Y
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lload Static loacturrent - - - - 4 mA
| , lati 2.8 NouO W lioag= SOOHA - 200 -
li Line regulation . bA :
e lioad= 4 MA - 100 - ppm/V
lioad_reg Loadregulation 500 Gdnp® mMA| NormalMode - 50 - |ppmimA
Teoeff m/
Teoett | Temperatureoefficient 140 °C < Tj< +125°C - - VREEINT p‘PC
+100
DC - - 60 -
PSRR Power supplyejection dB
100KHz - - 40 -
CL=0.5pF - - 300 ]
tsTART Startuptime C =1puF - . 500 . us
C.=1.5pF . - 650 ]
Control ofmaximum DC
| current driveon 8 A
INRUSH | Vrergur_ourduring ) i - m
startupphasé&
lLOAD =0 IJA - - 15 25
|DDAVRE VREFBUF | — 500UA i - 1
FBUF) | consumptiorfrom Vppa LOAD O 6 30 HA
ILoaD =4mA - - 32 50

1. Guaranteed by design.
2.In degraded mode, theltage reference buffer cannot accurately maintain the output voltagg ¢ifop voltage).

3. To properly control VREFBUF IINRUSH current during the startup phase and the change of sgajingpltage should be in the range of
1.8V-3.6V,21V3.6V,24V3.6Vand2.8V3.6V for VSCALE =011, 010, 001 and 000, respectively.

Table3.3-79: VREFBUF characteristi€s

3.3.24 Temperature sensor characteristics

Symbol Parameter Min | Typ | Max | Unit

TOL Vsenselinearity with temperature - - 3 °C
Avg_Slopé? |Averageslope - 2 - | mviC

(O Voltage at 30°C + 5C - 1062 - Y
tstart_run Startup time in Run mode (buffaartup) - - 25.2

ts emy? | ADC sampling time when reading teenperature 9 - - He
I D Sensoconsumption - |0.18{0.31

lsensut™ | Sensor buffeconsumption - | 38|65 HA

1. Guaranteed by design.
2. Guaranteed by characterization.
3. Measured at Wpa = 3.3 V £ 10 mV. The ¥ ADC conversion result is stored in the TS_CAL1 byte.

Table3.3-80: Temperature sensor characteristics
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Symbol Parameter Memory address

TS_CAL1 $Eg1£féa;l<;eensorawdataacquned/alueat 30 °C, OXLFF1 E8200x1FF1ES21

TS_CAL2 ;I’/(;:fféagi/reensorawdataacquned/alueat 110 °C, Ox1FF1 E840 Ox1FFIES41

Table3.3-81: Temperature sensor calibration values

3.3.25 Temperature and Vesat monitoring

Symbol Parameter Min Typ Max Unit
R Resistor bridge fovgat - 26 - KY
Q Ratio on \5p1 measurement - 4 - -
ErD Error onQ i10 - +10 %
ts vbat! ADC sampling time when readiMgat input 9 - - us
VBaThigh High supplymonitoring - 3.55 -
VeATIow Low supplymonitoring - 1.36 - v

1. Guaranteed by design.

Table3.3-82: Vegar monitoring characteristics

Symbol Parameter Condition Min Typ Max | Unit

VBRS inPWR_CR30 - 5 - 3

Rgc Battery chargingesistor - K'Y
VBRS in PWR_CR34 15 -

Table3.3-83: Vear charging characteristics

Symbol Parameter Min Typ Max Unit
TEMPyign | High temperaturenonitoring - 117 -
TEMPgy, | Low temperaturenonitoring - i25 . °C

Table3.3-84: Temperature monitoring characteristics

3.3.26 Voltage booster for analog switch

Symbol Parameter Condition Min | Typ | Max | Unit
Vbbb Supplyvoltage - 1.62| 26| 36| V
tsu@oosT)| Booster startuime - . . 50 | ps
1.62 pyOONVT | - - | 125
IbbBOOST)| BoOsterconsumption
2.7V <\Vpp<3.6V - - | 250 | KA

1. Guaranteed by characterization results.

Table3.3-85: Voltage booster for analog switch characteritics
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3.3.27 Comparator characteristics

Symbol Parameter Conditions Min Typ | Max | Unit
Vbba Analog supplyoltage - 162 | 3.3 3.6
Comparator inputoltage ) )
ViN range 0 Vopa | V
Vee Scaler inputoltage - @
Vge Scaler offsetoltage - - +5 +10 mvV
Scaler staticonsumption BRG_EN=0 (bridgelisable) - 0.2 0.3
|DDAGSCALER) | from v/ . HA
DDA BRG_EN=1 (bridgenable) - 0.8 1
tsTART scaLeEr| Scaler startufime - - 140 250 us
. High-speednode - 2 5
Comparator startup tinte
tSTART reach propagation delay Mediummode - 5 20 us
specification
Ultra-low-powermode - 15 80
High-speednode - 50 80 ns
Propagation delay for 200 n - -
step with 100mV overdrive Mediummode 05 12 Hs
@ Ultra-low-powermode - 25 7
D .
Propagation delay fatep High-speednode - 50 | 120 ns
> 200 _mV with 100 fT‘.V Mediummode - 0.5 1.2
overdrive only orpositive Hs
inputs Ultra-low-powermode - 25 7
Voffset Comparator offsetrror Full common modeange - +5 +20 mV
No hysteresis - 0 -
Low hysteresis 5 10 22
Vhys Comparatohysteresis - - mvV
Mediumhysteresis 8 20 37
High hysteresis 16 30 52
Static - 400 | 600
Ultra-low- With 50KHz nA
powermode | 1100 mV overdrive | - 800 -
squaresignal
Static - 5 7
IooA(COMP) \C/:omparatoconsumptlon frof Mediummode With 50 KHz
DDA +100 mV overdrive - 6 -
squaresignal
HA
Static - 70 100
High-speed With 50 KHz
mode +100 mVoverdrive - 75 -
squaresignal

1. Guaranteed by design, unless otherwise specified.
2. Refer toTable3.3-8: Embedded reference voltage
3. Guaranteedby characterization results.

Table3.3-86: COMP characteristi€s
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3.3.28 Operational amplifier characteristics

Symbol Parameter Conditions Min Typ Max | Unit
Vopa Analog supplyoltage Rangg - 2 3.3 3.6
\%
CMIR Common Modénput Range - 0 - Vbpa
25°C, no load omutput - - +15
Vlorrser Input offsevoltage All voltages and temperatur, 425 mv
noload i i -
®OVArrsET Input offset voltagdrift - - +3.0 - e V/
Offset trim step at low
TRIMOFFSETP :
TRIMLPOFESETP common*lnput/oltage - - 1.1 15
(0.1*Vppa)
Off i atigh mv
set trim step ahtig
TRIMOFFSETN :
TRIMLPOEFSETN common*lnput voltage - - 1.1 1.5
(0.9*Vppa)
lLoaD Drive current - ; ] 500
e A
lLoaD_PGA Drive current in PGAnode - - - 270
Cloap Capacitivdoad - - - 50 pF
CMRR Common modeejection ratic - - 80 - dB
Cloan©O 50 pchn O 4
PSRR Power supplyejection ratio k ¥Wat 1 KHz, 50 66 - dB
Vconi=Vppa/2
Gain bandwidth fohigh 200 mV @yn#nict
GBW supplyrange r ang gpa-Q00WV 4 73 123 | MHz
<R Slew rate (from 10%nd 90% Normalmode - 3 " s
of outputvoltage) High-speednode - 30 -
AO Open loopyain 2r ann g”é;/A ngy@”mﬂV"Ct 59 90 129 | dB
G m Phasemargin - - 55 - °
GM Gainmargin - - 12 - dB
. . liloag=max or Roap=min, \Y
v oa DDA } }
OHSAT High saturatiowoltage Input atVppa 1 100mV
_ mvV
VoLsat Low saturatiorvoltage I'Oad_mli);l?tr;igormm’ - - 100
CloapO 50
Normal RLoaD O K4y, _
mode follower 0.8 3.2
. configuration
twakeUP Wake up time fronDFF state - Us
High CloapO 50
'9 Rioap O k4Y |
speed ol - 0.9 2.8
mode ollower
configuration
PGA gain =2 11 - 1
PGAgain Non inverting gairerror valu %
PGA gain 4 12 - 2
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PGA gain =8 125 - 2.5
PGA gain =16 13 - 3
PGA gain 22 11 - 1
PGA gain 4 11 - 1
Inverting gain errovalue
PGA gain =8 12 - 2
PGA gain =16 13 - 3
PGA gain =22 11 - 1
Externahoninvertinggain PGA gain = 13 ' 3
errorvalue PGA gain =8 3.5 - 3.5
PGA gain =16 14 - 4
PGAGain=2 - 10/10 -
R2/R1 internalesistance PGAGain=4 - 30/10 -
values in norinverting PGA
modd? PGAGain=8 - 70/10 -
PGAGain=16 - 150/10 - L
Rnetwork K k YK Y
PGA Gain =1 - 10/10 -
R2/R1 internatesistance PGA Gain =3 - 30/10 -
values in inverting PGA
modd? PGA Gain =7 - 70/10 -
PGA Gain =15 - 150/10 -
DeltaR Re3|stanceRv26;r|at|o(rR1 or ) i15 3 15 %
Gain=2 - GBW/2 -
PGA bandwidth for differen Gain=4 - CBWIA ] - | iy
non invertinggain Gain=8 - GBW/8 -
Gain=16 - GBWI/16 -
PGABW
Gain =-1 - 5.00 -
PGA bandwidth for differen Gain =-3 - 3.00 S
invertinggain Gain =-7 - 1.50 -
Gain =-15 - 0.80 -
at
- 140 -
1KHz ;
en Voltage noiseensity OUtpUthdgd with n V HZ
atlOKHz - 55 -
Normal - 570 | 1000
) mode
| OPAMPconsumptiorfirom - no Load,quiescen A
DDA(OPAMP) Vppa High- | mode, follower H
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 lestateenéhe OPAMP
inverting input and ground. PGA gain =1 + R2/R1.

Table3.3-87: Operational amplifier characteristics

20¢



\ ASIX

AX58400
EtherCAT Slave Controller w/ Dual-Core MCU

3.3.29 Digital filter for Sigma -Delta Modulators (DFSDM) characteristics

Unless otherwise specified, the parameters giveralle 3.3-88 for DFSDM are derived from tests performed
under the ambient temperature, fPCLKx frequency and supply voltage conditions summaiiaédeid.3-1:

General operating conditions

9 Output speed is set to OSPEEDRYy[1:0] = 10

Capacitive load C= 30 pF

1
1 Measurement points are done at CMOS levels: §5V
1 VOS level setto VOS1

Refer to Section 3.3.16: 1/O port characteristifsr more details on the input/output alternate function
characteristics (DFSDM_CKINx, DFSDM_DATINx, DFSDM_CKOUT for DFSDM).
Symbol Parameter Conditions Min Typ Max Unit
DFSDM
forspbmeLk clock 1.62 <\pp<3.6V - - 133
SPI modgSITP[1:0]=0,1),
External clockmode 20
(SPICKSEL[1:0]=0), ) i
1.62 <\pp<3.6V
SPI modgSITP[1:0]=0,1),
External clockmode
(SPICKSEL[1:0]=0), . . 20
ferin Inputclock 2.7<Vpp<3.6V MH
(UTexin) | frequency SPI moddSITP[1:0]=0,1), z
Internal clockmode
(SPICKSEL[1:0]9), . . 20
1.62 < \pp< 3.6V
SPI modéSITP[1:0]=0,1),
Internal clockmode
(SPICKSEL[1:0]0), ) . 20
2.7<\pp<3.6V
Outputclock
fekout frequency 1.62 <\pp< 3.6V B} i 20
Outputclock
DuCyckour |frequencyduty 1.62 <\pp<3.6V 45 50 55 %
cycle
SPI modgSITP[1:0]=0,1),
Input clock
twh(CKIN) ; External clocknode
twi(CKIN) hlght.?::dbw (SPICKSEL[1:0]=0), Tckin/2-0.5 Tekin/2 -
ime 1.62 <\hp< 3.6V
SPI modgSITP[1:0]=0,1),
t Data input External clockmode 15 i i ns
su setuptime (SPICKSEL[1:0]=0), :
1.62 <\pp< 3.6V
SPI modgSITP[1:0]=0,1),
t Data input hol External clocknode 05
h time (SPICKSEL[1:0]=0), : - -
1.62 <\pp< 3.6V
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Manchester| Manchester mod&ITP[1:0]=2,3),

T data period Internal clock mode (CKOUTDIV+1) i (2*CKOUTDIV)
Manchester| (recovered (SPICKSEL[1:0]0), * T DESDMCLK * T pESDMCLK
clockperiod) 1.62<\pp<3.6V

Table3.3-88: DFSDM measured timing 1.626 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

Figure3.3-33: Channel transceiver timing diagrams
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3.3.30 Camera interface (DCMI) timing specifications

Unless otherwise specified, the parameters giv@iaiie3.3-89for DCMI are derived from tests performed under
the ambient temperaturecfx frequency and VDD supply voltage summarized able3.3-1: General operating
conditions with the following configuration:

1 DCMI_PIXCLK polarity: falling
1 DCMI_VSYNC and DCMI_HSYNC polarity: high
9 Data formats: 14 bits
1 Capacitive load =30 pF
1 Measurement points are done at CMOS levels: §5V
1 VOS level setto VOS1
Symbol Parameter Min Max Unit
- Frequency rati®@ CMI_PIXCLK/f oLk - 0.4 -
DCMI_PIXCLK Pixel Clockinput - 80 MHz
Dpixel Pixel Clock input dutgycle 30 70 %
tsuQATA) Data input setupme 3 -
th(DATA) Data holdime 1 - )
ttsst((':'gmg DCMI_HSYNC/ DCMI_VSYNC input setupme 2 - ns
tt?]((l\_'/gm\\llcé)) DCMI_HSYNC/ DCMI_VSYNC input holdime 1 - -

1. Guaranteed by characterization results.

Table3.3-89: DCMI characteristic®

1/DCIVII PIXCLK

DCMI_PIXCLK : : j j / \ |
—>i—§‘— teu HSjYNC) thiHsyne) —b%—id—
DCMI_HSYNC \_| i /T /_E ‘
i tyvsing thiHsyne) 1
DCMI_VSYNC A\ VAR
I tsu(EATAi | thoata) ‘

UK B G GEED GEED GEED S G

MS32414V2

Figure3.3-34: DCMI timing diagram
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3.3.31 LCD-TFT controller (LTDC) characteristics

Unless otherwise specified, the parameters giverabiie3.3-90 for LCD-TFT are derived from tests performed
under the ambient temperaturggk frequency and VDD supply voltage summarizedlrable 3.3-1: General
operating conditionswith the following configuration:

1 LCD_CLK polarity: high
1 LCD_DE polarity: low
1 LCD_VSYNC and LCD_HSYNC polarity: high
1 Pixel formats: 24 bits
1 Output speed is set to OSPEEDRy[1:0] = 11
i Capacitive load =30 pF
1 Measuremenpoints are done at CMOS levels: 0.5VDD
1 10 Compensation cell activated.
f HSLV activated when¥ O 2. 7 V
1 VOS level set to VOS1
Symbol Parameter Min Max Unit
.7<Vpp<3.
LTDCclock “ \;%%Fs o 150
few frggf]%‘ﬂfcy 2.7<Vpp<3.6V - 133 MHz
1.62<\pp<3.6V 90
Dcrk LTDC clock output dutgycle 45 55 %
tt"\:I((CCLLi"L')) Clock High time, lowtime twicky//2-0.5 | tycLiy//2+0.5
tyoATA) N 2.7<Vpp<3.6V 0.5 .
tonta) Data output validime L62<Vop<3.6V - c
typaTA) Data output holtime 0 -
::x;:zg HSYNC/VSYNC/DEoutput 2-7<VoD<3.6V - 05
o) valid time 1.62<\pp<3.6V - 5
th(HsYNC),
thvsyney HSYNC/VSYNC/DE output holtime 0 -
thoE)

1. Guaranteed by characterization results.

Table3.390: LTDC characteristic¥
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Figure3.3-36: LCD-TFT vertical timingdiagram
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3.3.32 Timer characteristics

The parameters given rable3.3-91 are guaranteed by design.
Refer toSection 3.3.16: I/O port characteristitg 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, fimxcLk = 1 - trimxcLk
240MHz

tres(TIM) Timer resolution time
AHB/APBXx
prescaler>4,tivxcik = 1 - trimMxcLk
120 MHz

Timer external clock

f f 2
BXT frequency on CH1to CH4l¢  _ 540 MHz 0 TIMXCLK MHz
Resv Timerresolution - 16/32 bit
t Maximum possibleount i i 65536x t
MAX_COUNT | with 32-bit counter 65536 | MXCLK

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_hclk1, otherwise TIMXCLK = @dXdgix_da

Table3.3-91: TIMx characteristicd®

3.3.33 Communication interfaces
I2C interface characteristics

The PC interface meets the timings requirements of #etus specification and user manual revision 03 for:
9 Standaremode (Sm): with a bit rate up to 100 kbit/s

1 Fastmode (Fm): with a bit rate up to 400 kbit/s

1 Fastmode Plus (Fm+): with a bit rate up to 1 Mbit/s.

The PC timings requirements are guaranteed by design whedGhgetipheral 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
Standaremode _ 5
Analog FiltreON 8
DNF=0
Fastmode
I2CCLK Analog FiltreOFF 9 MHz
f(12CCLK) DNEoL
frequency
Analog FiltreON 17
DNF=0
FastmodePlus
Analog FiltreOFF 16 ]
DNF=1

Table3.3-92 Minimum i2c_ker_ck frequency in atC modes
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The SDA and SCL /O requirements are met with the following restrictions:

T The SDA and SCL |/ O -dumin.iWhenazanfgured as opdiatiny the €k OSocpnaected
between the 1/0 pin andp¥iox is disabled, but still present.

1 The 20 mA output drive requirement in Fasbde Plus is not supported. This limits the maximum loagiC
supported in Fm+, which is given by these formulas:

trspasc=0.8473XRXCload
RP(min): (VDD'VOL(max))/I OL(max)

Where R is the PC lines pullup. Refer toSection 3.3.16: I/O port characteristibsr the PC 1/Os
characteristics.

All 12C SDA and SCL 1/Os embed an analog filter. Refer to the table below for the analog filter characteristics:

Symbol Parameter Min Max Unit
Maximum pulse width oépikes tha 2) 3)
tar are suppressed by analog filter 50f 80t ns

1. Guaranteed by characterization results.
2. Spikes with widths belowmin) are filtered.
3. Spikes with widths abovegmay are not filtered.

Table3.3-93: I2C analog filter characteristiés

USART interface characteristics

Unless otherwise specified, the parameters giveralnle 3.3-94 for USART are derived from tests performed
under the ambient temperatures kx frequency and Yo supply voltage conditions summarizedTiable 3.3-1:
General operating conditionith the following configuration:

1 Output speed is set to OSPEEDRYy[1:0] = 10

1 Capacitive load C= 30 pF

1 Measurement points are done at CMOS levels: §55V
1 10 Compensation cell activated.

1 VOS level setto VOS1

Refer to Section 3.3.16: 1/O port characteristifsr more details on the input/output alternate function
characteristics (NSS, CK, TX, RX for USART).

Symbol Parameter Conditions Min Typ Max Unit
Mastermode 125
fek USART clockfrequency - - MHz
Slavemode 25
tsunss) NSS setugime Slavemode tyert1 - -
thnss) NSS holdiime Slavemode 2 - - ]
t ) . .
W(SCKH) CK high and lowtime Mastermode | 1fck/2-2 | Ufepl2 | Ufepl2+2
tw(sckL)
) ) Mastermode tkert6 - -
tsurx) Data input setuime
Slavemode 15 - -
ns
Mastermode 0 - -
thrx) Data input holdime
Slavemode 15 - -
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Slavemode - 12 20
tyrx) Data output validime

Mastermode - 0.5 1

Slavemode 9 - -
therx) Data output holtime

Mastermode 0 - -

1. Guaranteed by characterization results.

Table3.3-94: USART characteristi¢8

High

NSS input

- 1 !_\
CPHA=0 \ ! 1
CPOL=0 A : - 1

1
1
CPHA=0 h : ! . n

SCK Output

SCK Output
OOI
32
P
Ty
1
[ ]

CPHA=1
L
h— 1 1
'l tw(SCKH) ! : - i tySCK)
su(MD) 1#—>! ty(SCKL) } ' : tH(SCK)
MISO , — -
INPUT X wmsen: X Brein i X tsen X
1 1 1
ri—th(M!)—bl :
MOSI X 1 X = : x X
ouTRUT MSBOUT 1 X BITIOUT | g LSB OUT

ty(MO) +e—m1 th(MO) =1

ai14136¢

1. Measurement points are done at 35%nd with external C= 30 pF.

Figure3.3-37: USART timing diagram in Master mode
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SPI interface characteristics

Figure3.3-38: USART timing diagram in Slave mode

Unless otherwise specified, the parameters givérable3.3-95 for SPI are derived from tests performed under
the ambient temperaturecfkx frequency and Yo supply voltage conditions summarizedliable3.3-1: General
operating conditionswith the following configuration:

HSLYV

= =4 =4 -4 -4 -

Refer to Section 3.3.16: 1/O port characteristifsr more details on the input/output

Capacitive load C= 30 pF

10 Compensation cell activated.
activated
VOS level set to VOS1

Output speed is set to OSPEEDRy[1:0] =11

Measurement points are done at CMOS levels: §55V

when VDD O 2.7

characteristics (NSS, SCK, MOSI, MISO for SPI).

alternate function

Symbol Parameter Conditions Min Typ Max Unit
Mastermode
1.62<\pp<3.6V 80
SPI1, 23
Mastermode
2.7<Vpp<3.6V 100

fsck SPI clockfrequency SPI1, 23 - - MHz

Mastermode
1.62<\pp<3.6 V SPI4, 56 >0
Slave receivemode 1.62<p<3.6 V 100





































































































































