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Introduction

1 Introduction

1.1 Overview

The MM32F5230 microcontrollers are based on Arm China STAR-MC1 core. These
devices have a maximum clocked frequency of 120MHz, built-in 128KB Flash storage,
32KB SRAM, and contain an extensive range of peripherals and 1/0 ports. These devices
contain one 3MSPS 12-bit ADC, one 12-bit DAC, two analog comparators, one 16-bit
advanced timers, one 32-bit and two 16-bit general purpose timers, two 16-bit basic timers
and one low power timer, as well as communication interfaces including two 12C, three SPI
or 12S, six UART, one USB 2.0 full-speed controller, and one FlexCAN interface.

The operating voltage of this product series is 1.8V to 5.5V, and the operating temperature
range (ambient temperature) is the extended industrial tier -40°C to 105°C. Multiple sets
of power-saving modes make the design of low-power applications possible.

The target applications of this product series include:

e Industrial control

Appliance control

e Household cleaning appliances

e Consumer electronics

e Electronic toys

e Automotive on-board debugger

e PC accessories

e Mini-LED

This product series is available in LQFP64, LQFP48 and QFN32 packages.

1.2 Key features

e Core and system
— Frequency up to 120MHz.

— 32-bit STAR-MC1 CPU, leveraging Armv8-M mainline ISA, with built-in single-
precision FPU and DSP.

— 4KB L1 instruction cache (I-Cache) and 4KB L1 data cache (D-Cache).

— One CORDIC module for trigonometric operation acceleration, support Sin, Cos
and Atan operation.

— Inter-module connection matrix MindSwitch, supporting direct connection or
trigger between timers, GPIOs, EXTI, ADC, DAC and comparators. Built-in four
configurable logic units (CLU) supports logic combination between these signals
for flexible trigger control.

e Memory

DS_MM32F5230_ver1.1 Www.mm32mcu.com 1
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Up to 128KB embedded Flash storage.
Up to 32KB SRAM.
Embedded Bootloader to support In-System-Programming (ISP).

e Clock, reset and power management

Power supply ranges from 1.8 to 5.5V.

Power-on and Power-down reset (POR/PDR), Programmable voltage detector
(PVD).

4 to 24MHz high speed crystal oscillator.

8MHz factory-trimmed high speed RC oscillator.

Integrated PLL1 to generate system clock and support multiple prescaler rate to
provide clock sources to bus matrix and peripherals.

Independent PLL2 to generate up to 100MHz clock and support multiple prescaler
rate to provide clock sources to USB, FlexCAN and ADC.

40KHz low speed oscillator.

External 32.768KHz low speed oscillator (with LSE Bypass function)

e Low power

Multiple low power modes including Low Power Run mode, Sleep mode, Low
Power Sleep mode, Stop mode, Deep Stop mode and Standby mode.

Veat power supply for RTC and backup registers (20 x 16-bit)

e Two DMA controllers each with 8 channels to support peripherals including timers,
ADC, DAC, UART, LPUART, I2C, SPI, and FlexCAN.

e Total 13 timers:

One 16-bit 4-channel advanced timer (TIM1), each channel providing two PWM
output including one complementary output, supports hardware dead-time
insertion and emergency brake when fault detected.

Two 16-bit general purpose timer (TIM3 / TIM4) and one 32-bit general purpose
timer (TIM2), with up to four input capture or output compare channels and can be
used for infrared, hall sensor and encoder decode.

Two 16-bit basic timers (TIM6 / TIM7) to work as general timer base and interrupt
generation.

One 16-bit low power timer (LPTIM), able to wake up CPU in all low power modes
except for Standby mode.

Two watchdog timers, including one independent watchdog (IWDG) and one
window watchdog (WWDG).

One 24-bit Systick timer.

One RTC real-time clock.

e Upto 54 fast I/O ports:

DS_MM32F5230_verl.1

All 1/O ports can be mapped to 16 external interrupts.

All 1/0O ports can accept input or generate output signal voltage level lower than

www.mm32mcu.com 2
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Vop.
— Up to 32 5V tolerant I/O ports
Up to 13 communication interfaces:
— Four UART.
— One USART (support SPI mode).
— One LPUART.
- Two 12C.
— Three SPI (support 12S mode).
— One USBZ2.0 full-speed Device/Host controller with built-in PHY.
— One FlexCAN interface, supports CAN 2.0B.

One 12-bit Analog-to-Digital Converter (ADC), in total up to 14 external inputs and 2
internal inputs, each up to 3MSPS conversion rate, support oversampling to 16-bit
resolution

— Conversion range: 0 to Vopa.

— Configurable sampling cycles and resolution.
— Hardware oversampling, 2 to 256 configurable.
— On-chip temperature sensor.

— On-chip voltage sensor.

— Veat Voltage sensor

One 12-bit digital-to-analog converter (DAC)

Two high speed analog comparators

Embedded CRC engine

96bit unique chip ID (UID)

Debug mode

— Serial-debug-interface (SWD).

— JTAG interface.
Available in LQFP64, LQFP48 and QFN32 packages

www.mm32mcu.com 3




Ordering information

2 Ordering information

Table 2-1 Ordering table

2.1

Ordering table

Part numbers MM32F5233D4NV * ’ MM32F5233D4QV MM32F5233D6PV MM32F5233D7PV
Core type 32-bit Arm China STAR-MC1, Armv8-M Mainline ISA
CPU frequency 120 MHz
Flash - KB 128 128 128 128
SRAM - KB 32 32 32 32
DMA 2x 8ch 2x 8ch 2x 8ch 2x 8ch
CORDIC \ \ \ V
16-bit GP 2 2 2 2
32-bit GP 1 1 1 1
Timers Lgstl)g 2 2 2 2
acvaneed ! ! ! !
ot | 1 1 1
UART 3 3 4 4
USART 1 1
Low
power 1 1 1 1
Interfaces WART
12C 1 1 2 2
SPI/12S 2 2 3
USB20 | 1 (Device/Host) 1 (Device/Host) 1 (Device/Host) 1 (Device/Host)
FlexCAN 1 1 1 1
GPIO (5V tolerant) 28 (14) 28 (14) 40 (24) 54 (32)
Modules 1 1 1 1
12-bit Speed 3MSPS 3MSPS 3MSPS 3MSPS
ADC Channels 10 10 10 14
sa%\ﬁirng 2 t0 256 2 to 256 2 to 256 2 t0 256
12-bit DAC 1 1 1 1
Comparator 2 2 2 2
Supply voltage 1.8V to 5.5V
Temperature range -40°C to +105°C
Package At mm2 555 mm2 157 mm2 10610 mm2

Note: part numbers marked with “*” are still under development, please contact MindMotion for more information

DS_MM32F5230_verl.1
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Ordering information

2.2

Marking information

Notes about the marking: The purpose of this section is to guide users to identify the

required information from the chip marking, and the format (including font, font size,

alignment, etc.), position, proportion, etc. in the marking figures may be different from the

actual chip marking, and the marking of some packages may not contain MindMotion logo,

such format, position, proportion, logo, etc. information, please refer to the actual chips.

Pin 1 index

k%9 MM32
FE23xxxxt

XXXXXXXIr
e YYywWw

Figure 2-1 LQFP and QFN package marking

LQFP and QFN package has the following topside marking:

DS_MM32F5230_verl.1

18t line: MM32

— Company logo + first part of product name.

2" line: F523xxxxt

— Second part of product name, “t” means temperature range, “t” = “V” means -40 to
105°C ambient temperature range, “t” = (blank) means -40 to 85°C ambient
temperature range.

3 |ine: XXXXXXXF

— Trace code + revision code, the “r’ means chip revision. For engineering samples,

the prefix 2 digital of the Trace code is labelled as “ES”.

4" line: yyww
— Date code, “yy” means year and “ww” means week in date code.
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2.3 Part identification

MM32

Device family

MM32 = MindMotion's 32-bit Microcontroller

Product type

F = General Purpose & High Performance

Core type
5 = Arm China STAR-MC1

Product Series

23 = 23 Series

Interface Configuration

<

3 = USB, Solo CAN
2=USB
1 = General Serial Ports

Flash size

D = 128KB
C = 64KB

Pins

7 = 64Pin
6 = 48Pin
4 = 32Pin

Package

N = QFN, 0.4mm pitch
Q = QFN, 0.5mm pitch
P =LQFP

Temperature

V =-40°C ~ 105°C
(blank) = -40°C ~ 85°C

Figure 2-2 Part number naming rule
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3 Functional description

3.1 Block diagram

Arm China
STAR-MC1
DMA1/2 Up to 120MHz 128KB 32KB USB2.0
16 CH [ Fru ][ bsp ] Flash SRAM FS
| 4KB ICache || 4KB DCache |
M M M S S M
Bus Matrix
S
corbic K =N crO
PLL1, PLL2
HSI 8Mz g
LSI 40KHz l
HSE 4~24MHz RCC ¢ G > CRC
LSE 32KHz 5
o
=
AHB-APB AHB-APB
APB1 A J VI N -V APB2
PN AN
A N A N
CRS K| [/ PWR TiIML K== K==| SYSCFG
A N A N
RTC \ | N | TIM34 SPI1 c=p G=D EXTI
BkP Kt N Kkt N TIM2
YN T UART1L K N——> LpTIM
. £l
WWDG K=—bsk—= UART2;3 g
N Al 5]
% USART KA :NIG=D LPUART
IWDG Kt NK UART4 E
i p N ) .
5(‘ N orns ADC & > k¢ > MindSwitch
TIME,7 G M K ;
COMP1,2 K——}
FlexCAN K=— G  12c1,2
12bit DAC K——=)) V

Figure 3-1 System block diagram

DS_MM32F5230_ver1.1 Www.mm32mcu.com




Functional description

3.2 Core introduction

The Arm China STAR-MC1 processor is licensed from Arm China. This processor is a 32-
bit CPU based on Armv8-M Mainline Instruction Set Architecture (ISA) and has built-in
single-precision Floating Point Unit (FPU) and Digital Signal Processing (DSP) extension,
provides real-time processing and advanced interrupt handling system, achieves a balance
of performance and power efficiency, which is perfect for real-time control applications.

3.3 Cache introduction

4KB level-1 instruction cache (L1 I-Cache) and 4KB level-1 data cache (L1 D-Cache) are
tightly coupled with the processor, which can significantly improve the code execution
efficiency when code is running from embedded Flash or external memory.

3.4 Bus introduction

The bus matrix includes one AHB inter-connection bus matrix, one AHB bus and two AHB-
to-APB bridges. The bus matrix has arbitration capability for scenarios when both CPU and
DMA send access simultaneously. The peripherals on the AHB bus (e.g., RCC, GPIO,
CRC) are connected to the system bus through the inter-connection matrix. The data are
transferred between AHB and APB bus using an AHB-to-APB bridge. When there’s 8-bit
or 16-bit access to APB registers, the APB bus will extend the access to 32-bit
automatically.

3.5 Memory map
Table 3-1 Memory map

Bus Address range Size Peripheral
0x00000000 - 0x07FFFFFF 128 MB Reserved
0x08000000 - 0x0801FFFF 128 KB Main Flash memory
0x08020000 - Ox1FFDFFFF 383.75 MB Reserved
0x1FFEO0000 - Ox1FFEOQ1FF 0.5 KB User memory

FLASH
0x1FFE0200 - Ox1FFFE7FF 121.5 KB Reserved
Ox1FFFE800 - Ox1FFFF7FF 4 KB System memory
O0x1FFFF800 - Ox1FFFFOFF 0.5 KB Option bytes
0x1FFFFAQO - OX1FFFFFFF 1.5 KB Reserved
0x20000000 - 0x20007FFF 32 KB SRAM
SRAM
0x20008000 - 0x3FFFFFFF ~512 MB Reserved
0x40000000 - 0x400003FF 1 KB TIM2
0x40000400 - 0x400007FF 1 KB TIM3
APBT 0x40000800 - 0x40000BFF 1 KB TIM4
0x40000C00 - 0x40000FFF 1 KB Reserved

DS_MM32F5230_verl.1
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Bus Address range Size Peripheral
0x40001000 - 0x400013FF 1 KB TIM6
0x40001400 - 0x400017FF 1 KB TIM7
0x40001800 - 0x400027FF 4 KB Reserved
0x40002800 - 0x40002BFF 1 KB RTC_BKP
0x40002C00 - 0x40002FFF 1 KB WWDG
0x40003000 - 0x400033FF 1 KB IWDG
0x40003400 - 0x400037FF 1 KB Reserved
0x40003800 - 0x40003BFF 1 KB SPI2
0x40003C00 - 0x40003FFF 1 KB SPI3
0x40004000 - 0x400043FF 1 KB Reserved
0x40004400 - 0x400047FF 1 KB UART2
0x40004800 - 0x40004BFF 1 KB UART3
0x40004C00 - 0x40004FFF 1 KB UART4
0x40005000 - 0x400053FF 1 KB Reserved
0x40005400 - 0x400057FF 1 KB 12C1
0x40005800 - 0x40005BFF 1 KB 12C2
0x40005C00 - 0x40006BFF 4 KB Reserved
0x40006C00 - 0x40006FFF 1 KB CRS
0x40007000 - 0x400073FF 1 KB PWR
0x40007400 - 0x400077FF 1 KB DAC
0x40007800 - 0x40009FFF 10 KB Reserved
0x4000A000 - 0x4000AFFF 4 KB Reserved
0x4000B000 - 0x4000BFFF 4 KB Reserved
0x4000C000 - 0x4000FFFF 16 KB FlexCAN
0x40010000 - 0x400103FF 1 KB SYSCFG
0x40010400 - 0x400107FF 1 KB EXTI
0x40010800 - 0x40010BFF 1 KB LPUART
0x40010C00 - 0x40010FFF 1 KB USART
0x40011000 - 0x400123FF 5 KB Reserved
0x40012400 - 0x400127FF 1 KB Reserved
0x40012800 - 0x40012BFF 1 KB ADC

APB2

0x40012C00 - 0x40012FFF 1 KB TIM1
0x40013000 - 0x400133FF 1 KB SPI1
0x40013400 - 0x400137FF 1 KB Reserved
0x40013800 - 0x40013BFF 1 KB UART1
0x40013C00 - 0x40013FFF 1 KB Reserved
0x40014000 - 0x400143FF 1 KB COMP
0x40014400 - 0x4001CFFF 35 KB Reserved

DS_MM32F5230_verl.1
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Bus Address range Size Peripheral
0x4001D000 - 0x4001D3FF 1 KB LPTIM
0x4001D400 - 0x4001FBFF 10 KB Reserved
0x4001FCO00 - 0x4001FFFF 1 KB MindSwitch
0x40020000 - 0x400203FF 1 KB DMA1
0x40020400 - 0x400207FF 1 KB DMA2
0x40020800 - 0x40020FFF 2 KB Reserved
0x40021000 - 0x400213FF 1 KB RCC
0x40021400 - 0x40021FFF 3 KB Reserved
0x40022000 - 0x400223FF 1 KB Flash Memory Controller
0x40022400 - 0x40022FFF 3 KB Reserved
0x40023000 - 0x400233FF 1 KB CRC
0x40023400 - 0x40029FFF 27 KB Reserved
0x4002A000 - 0x4002A3FF 1 KB CORDIC
0x4002A400 - 0x4002AFFF 3 KB Reserved

ARBT 0x4002B000 - 0x4002B3FF 1 KB SRAM Controller
0x4002B400 - 0x4003FFFF 83 KB Reserved
0x40040000 - 0x400403FF 1 KB Port A
0x40040400 - 0x400407FF 1 KB Port B
0x40040800 - 0x40040BFF 1 KB Port C
0x40040C00 - 0x40040FFF 1 KB Port D
0x40041000 - 0x400413FF 1 KB Port E
0x40041400 - 0x40041BFF 2 KB Reserved
0x40041C00 - 0x40041FFF 1 KB Port H
0x40042000 - 0x400423FF 1 KB Port |
0x40042400 - Ox4FFFFFFF ~256 MB Reserved
0x50000000 - 0x5003FFFF 256 KB USB FS

AHB2 0x50040000 - OX5FFFFFFF 255.75 MB Reserved

This product provides up to 128KB embedded Flash memory available for storing code

3.6 Flash
and data.
3.7 SRAM

This product provides up to 32KB embedded SRAM.

3.8

NVIC

This product embeds a Nested vector interrupt controller (NVIC), able to handle multiple

maskable interrupt channels (excluding the 16 interrupt lines of the STAR-MC1) and

DS_MM32F5230_verl.1
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manage 256 programmable priority levels.

e Tightly coupled NVIC gives low latency interrupt processing.

e Interrupt entry vector table address passed directly to the core.

o Allow early processing of interrupts.

e  Support high priority interrupt preemption.

e  Support interrupt tail-chaining.

e Automatically save processor status.

e Automatic restoration when the interrupt returns with no instruction overhead.

This module provides flexible interrupt management with minimal interrupt latency.

3.9 EXTI

The external interrupt/event controller (EXTI) contains multiple edge detectors to capture
the level changes on the I/O ports and generate interrupt/event to CPU. All I/O ports are
connected to 16 external interrupt lines. Each interrupt line can be independently enabled
or disabled and configured to select the trigger mode (rising edge, falling edge or both
edges). A pending register can save all the interrupt request status.

The EXTI can detect the level fluctuation of an external line with a pulse width shorter than
the internal APB2 clock period.

3.10 Clock configuration

The system clock can be configured after chip power-on. After the power-on reset, the
default clock is the internal 8MHz high speed oscillator (HSI). User can configure to use
the external 4 to 24MHz crystal oscillator (HSE) as the system clock. The system wiill
automatically block the external clock source, turn off the PLL and use the internal oscillator
when the external clock is detected to be invalid. Meanwhile, if the clock monitor interrupt
is enabled, an interrupt request will be generated.

The clock system uses multiple pre-dividers to generate the clock for the AHB and APB
(APB1 and APB2) bus. The maximum frequency of the AHB and APB bus clock can reach
up to 120MHz.

3.11 Boot modes
During boot, BOOTO pin and BOOT1 pin are used to select one of three boot options:

e Boot from the user configurable address stored in the option bytes, default is from
embedded Flash

e Boot from system memory
e Boot from SRAM

The Bootloader code locates in the system memory. Once the chip boots from the system
memory, it will run the bootloader code and user can program the embedded Flash through
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UART1 port by using the bootloader.

3.12 Power supply schemes

e Vppb= 1.8V ~ 5.5V: I/O ports and internal voltage regulator are powered by the Vob
Pins.

e Vppa= 1.8V ~ 5.5V: ADC, reset logic, oscillators, PLL are powered by the Vopa pin.
Vppa and Vssa can either be connected to Voo and Vss respectively or be powered
individually. When powered individually, the power supply should be at the same
voltage level as the Vop and Vss.

e Vpar =1.8V ~ 3.6V: when Vobis turned off, power is supplied to RTC, LSE and backup
registers through internal power switch.

3.13 Power supply supervisors

This product integrates the power-on reset (POR) and power-down reset (PDR) circuit.
This circuit is workable in all power modes, to make sure the chip can work above the
lowest power supply voltage. When the Voo is lower than the preset threshold (Vror/Vror),
this circuit will put system to reset status, without need of an external reset circuit.

This product also integrates a programmable voltage monitor (PVD), it can monitor the Voo
and Vopa voltage, and compare it with the preset threshold Vevpo. When Voo is lower or
higher than Vpevp, an interrupt request can be generated, then the interrupt handler can
send out warning information or put the chip into safe mode. The PVD function can be
configured to be enable through user program.

3.14 Voltage regulator

The on-chip voltage regulator can regulate the external supply voltage to a lower and stable
supply voltage that can be served by the internal circuits. The voltage regulator is workable
after the chip power-on reset (POR).

3.15 Low power mode

This product supports multiple low power modes, user can select the low power modes
according to their end application to achieve a balance between power consumption,
wakeup time and wakeup source.

Low power run mode

This mode is achieved with Vcore supplied by the low-power regulator to minimize the
regulator's operating current. The code can be executed from SRAM or Flash, and the
CPU frequency is limited to 2MHz.

Sleep mode
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In sleep mode, only the CPU clock is gated off. All peripherals continue to operate and can
wake up the CPU when an interrupt/event occurs.

Low power sleep mode

This mode is entered from the low power run mode. Only the CPU clock is stopped. When
wake-up is triggered by an event or an interrupt, the system reverts to the low power run
mode.

Stop mode

In stop mode, low power consumption can be achieved with all RAM and registers content
in retention. In stop mode, HSI and HSE are powered off. The microcontroller can be woken
up by the EXTI signals. EXTI signals can come from the 16 external I/O ports or PVD
output.

Deep stop mode

Similar as stop mode, but with lower power consumption.

Standby mode

In standby mode, the lowest power consumption can be achieved. In this mode, the voltage
regulator is powered off, and all the core domain is shut down. PLL, HSI and HSE are also
powered off. Wakeup sources include rising edge on WKUP pin, active reset on NRST pin,
IWDG reset. SRAM and registers content are lost in this mode. Only backup register and
standby circuit are powered.

The peripheral status in each low-power mode is shown in Table 3-2, please note:
o Power Down indicates that the module is powered off and all data except Flash is lost.

e Optional indicates that the peripheral can be turned on or off through software
configuration.

e ON means work.
e OFF indicates that the function is turned off.
e Retention indicates that data is retained but not operational.

e High-z represents a high-impedance state.

Table 3-2 Peripheral status in different power modes

Low Power Low Power
Module/Mode Run Run Sleep Sleep Stop Deep Stop Standby
Max. Freq. 120MHz 2MHz 120MHz 2MHz 40KHz 40KHz 40KHz
PVD ON Optional Optional Optional Optional Optional OFF
POR/PDR ON ON ON ON ON ON ON
CcPU ON ON OFF OFF OFF OFF Power
Down
DMA Optional Optional Optional Optional OFF OFF IBOOV\\I/V?:
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Low Power Low Power
Module/Mode Run Run Sleep Sleep Stop Deep Stop Standby
RCC ON ON ON ON ON ON Power
own
Power
SWD/JTAG ON ON OFF OFF OFF OFF Down
SRAM ON ON ON ON Retention Retention FI;ower
own
Cache ON ON OFF OFF Retention | Retention Power
own
Deep Power
Flash ON ON ON ON Standby Standby Down
. . . . Power Power
HSI ON Optional Optional Optional Optional Down Down
. . . . Power Power Power
PLL1 Optional Optional Optional Optional Down Down Down
. . . . Power Power Power
PLL2 Optional Optional Optional Optional Down Down Down
LSI Optional Optional Optional Optional Optional Optional Optional
HSE Optional Optional Optional Optional OFF OFF OFF
LSE Optional Optional Optional Optional Optional Optional Optional
Backup
registers ON ON ON ON ON ON ON
RTC Optional Optional Optional Optional Optional Optional Optional
ADC Optional Optional Optional Optional OFF ™M OFF OFF
DAC Optional Optional Optional Optional OFF (" OFF OFF
COMP Optional Optional Optional Optional OFF (" OFF OFF
USB controller Optional Optional Optional Optional OFF OFF PD%V\:IV?:
USB PHY Optional Optional Optional Optional ON @ ON @ OFF
IWDG Optional Optional Optional Optional Optional Optional Optional
Power
(3) (3)
EXTI ON ON ON ON ON ON Down
LPTIM/LPUART | Optional Optional Optional Optional Optional Optional F[’)%"\;’v?:
Other . . . . Power
Peripherals Optional Optional Optional Optional OFF OFF Down
I/0 Optional Optional Retention Retention Retention Retention High-z ¥
1. User can disable these modules to further reduce the power consumption.
2. Single-end function is available to detect Suspend.
3. Module clock is turned off; part of internal logic can detect EXTI edge event to trigger Stop
mode wakeup.
4. NRST maintains the reset function, wakeup I/0O (WKUP) can wake up, other 1/Os are high
impedance.
3.16 DMA

This product has two 8-channel direct memory access (DMA) controller. The DMA
controller can be used to move data from memory to memory, peripherals to memory or
memory to peripherals without CPU intervention. The DMA controller support ring buffer
mode, when data reaches end of the buffer, the ring buffer mode can avoid generating an

interrupt.

DS_MM32F5230_verl.1
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Each DMA channel has independent DMA request handling logic. All channels can be
triggered by software. For each channel, the data length, source address and destination
address can be independently configured by software.

3.17 MindSwitch

This product has built-in IP-to-IP connection and trigger matrix called MindSwitch, it's
matrix with multiple input channels and multiple output channels, which provide direct
connection between on-chip peripherals and GPIOs. Typical peripherals connected to the
MindSwitch include timers, EXTI, GPIOs, software trigger sources, ADC, DAC,
comparators, etc. MindSwitch has four integrated configurable logic unit (CLU), each CLU
is a 4 input 1 output combination logic operation engine supporting AND, OR, XOR, invert
operations. A typical use case is user can select one timer’'s multiple trigger output as the
input source to the MindSwitch, and use CLU to do OR logic operation to get one combined
output trigger source, then connect to the sync input of the ADC to trigger the conversion.
With the flexibility that MindSwitch and CLU provide, user can realize more scenarios that
can benefit their applications.

3.18 Timers and watchdogs

This product has one advanced timer, one 32-bit and two 16-bit general purpose timers,
two basic timers, one low power timers, two watchdog timers and one Systick timer. The
table below compares the features of advanced, general purpose, basic timers and low
power timers.

Table 3-3 Feature summary of advanced, general purpose and basic timers

Tvpe Instance | Resolution Counter re-divider DMA Capture/compare | Complementary
yp direction | P request channels output
Advanced TIMA 16-bit “upp; /ggm' 1t0 65536 Yes 4 4
General TIM2 32-bit “upF; /ggm' 1 to 65536 Yes 4 No
purpose TIM3 . up, down,
TiM4 16-bit up/down 1 to 65536 Yes 4 No
Basic e 16-bit up 1 to 65536 Yes No No
Low power LPTIM 16-bit up 1to0 128 No 1 (compare only) No

DS_MM32F5230_verl.1

Advanced timer (TIM1)

The advanced timer includes one 16-bit counter, four capture/compare channels and four
phases complementary PWM generator. This timer supports hardware dead-time insertion
when using as complementary PWM generator. This timer can also be used as a full-
function general purpose timer. This timer has four independent channels, each channel
can be used for:
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e Input capture

e Output compare

e PWM generator (center- or edge-aligned)
e Single pulse output

When this timer is used as a general-purpose timer, it has the same function as the TIM2.
When this timer is used as a 16-bit PWM generator, it can be configured to a broad duty
cycle range from 0% to 100%.

The advanced timer has lots of identical features and internal structures as the general-
purpose timer, in this way the advanced timer can work together with the general-purpose
timer through the link function, to provide synchronization and event trigger function.

In debug mode, the counter stops counting, and PWM output will be disabled.

General-purpose timer (TIM2 / TIM3 / TIM4)

This product has four general-purpose timers. The timer has a 16- or 32-bit counter,
support both up and down counting, with automatically reload. The timer also has a 16-bit
frequency pre-divider and four independent channels. Each channel can be used as input
capture, output compare, PWM or single pulse output.

These general-purpose timers can also work together through the timer link function, to
provide synchronization between timers and event trigger function.

Any general-purpose timer can be used to generate PWM output or work as basic timer.
Each timer has independent DMA request.

These timers can also be used to decode incremental encoder signals and can also be
used to decode one to four Hall sensors’ digital output.

In debug mode, the counter stops counting, and PWM output will be disabled.

32-bit general-purpose timer (TIM2)

This timer has a 32-bit up and down counter, a 16-bit prescaler and four independent
channels, each channel can be used as input capture, output compare, PWM or single
pulse output.

16-bit general-purpose timer (TIM3 / TIM4)

This timer has a 16-bit up and down counter, a 16-bit prescaler and four independent
channels, each channel can be used for input capture, output compare, PWM or single
pulse output.

Basic timer (TIM6/ TIM7)

The basic timer is based on a 16-bit up counter and a 16-bit prescaler. In debug mode, the
counter stops counting.

Low-power timer (LPTIM)

LPTIM consists of a 16-bit counter that provides users with convenient count timing. LPTIM
features low power and can work under multiple low-power modes. Without internal clock
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running, it can work with external clock running and achieve external pulse counting in
sleep mode. It can also achieve low-power timeout wake-up through external input trigger
signals. LPTIM has multiple features such as external clock count, timeout wake-up and
PWM output.

Independent watchdog (IWDG)

The independent watchdog is based on a 12-bit down counter and an 8-bit prescaler. It is
clocked by an internal independent 40KHz oscillator. As it is independent of the main clock,
it can run in shutdown and standby modes. It can be used to reset the entire system when
a system error occurs or as a free timer to provide timeout management for applications.
It can be configured to start the watchdog by software or hardware through the option byte.
In debug mode, the counter stops counting.

Window watchdog (WWDG)

The window watchdog is based on a 7-bit down counter that can be set as free-running. It
can be used as a watchdog to reset the entire system when an system error occurs. It is
clocked by the main clock and has an early warning interrupt function; in debug mode, the
counter stops counting.

System tick timer (Systick)

This timer is dedicated to the real-time operating system and can also be used as a general
down counter. It has the following features:

e  24-bit down counter

e Auto-reload capability

e A maskable interrupt can be generated when counter value is 0

e Programmable clock source

3.19 Real-time clock (RTC)

The real-time clock is an independent timer, which provides a set of continuously running
counters. It can provide a real calendar function with corresponding software configuration.
The current time and date of the system can be reset by modifying the value of the counter.
The RTC module and clock configuration system (RCC_BDCR register) are in the backup
area, namely, RTC setting and time remain unchanged after the system reset or the wake-
up of the Standby mode.

3.20 Backup register

The backup register is composed of 20 16-bit registers used to store user application data
located in the backup area. When Voo power is cut out, they still get power supply from
Veat. They are not reset by a system or power reset, or when the system wakes up from
Standby mode.
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3.21 GPIO

Each GPIO pin can be configured by software as output (push-pull or open-drain), input
(with or without pull-up or pull-down) or multiplexed peripherals function port. Most GPIO
pins are shared with digital or analog functions. If necessary, the peripheral functions of
the 1/0 pins can be locked by specific operation to avoid accidental writing to the I/O
register.

3.22 UART

This product has up to four UART interfaces. The UART interface supports configurable
data length of 5-, 6-, 7-, 8-, and 9-bits. The UART interface also supports LIN master and
slave function and 1SO7816 smart card mode. These UART interfaces support up to 7.5
Mbps data rate. All UART interfaces support DMA operation.

3.23 USART

This product has one Universal Synchronous/Asynchronous Receiver/Transmitter
(USART) interfaces. The USART provides flexibility for full-duplex data exchange with
peripherals using the industry standard NRZ asynchronous serial data format. This module
can support a wide range of baud rates through the integrated baud rate generator
(including integer and fraction settings). The USART can support synchronous or
asynchronous one-way communication and half-duplex single-wire communication, as well
as modulation (CTS/RTS) operation, IrDA infrared function, supports SPI mode, also
supports smart card interface (ISO/IEC7816-3) and LIN, and supports communication
between multiprocessors. High speed communication can be achieved by using DMA in a
multi-buffer configuration. The USART interface supports up to 15 Mbps data rate. All
USART interfaces support DMA operation.

3.24 Low power UART

This product has one low- power universal asynchronous receiver transmitter (LPUART).
Compared with UART, it has an extremely low power consumption, and can run and wake
up the chip in the Stop and Deep stop mode. The working clock for LPUART can select
between the HSI, LSI, LSE, and peripheral clock. All LPUART interfaces support DMA
operation.

3.25 12C

This product has up to two 12C interface. The 12C bus interface can work in multi-master
mode or slave mode and supports standard (100 Kbps), fast mode (400 Kbps) and fast
mode plus (1 Mbps). The I2C interface supports 7-bit or 10-bit addressing. All 12C
interfaces support DMA operation.
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3.26 SPI

This product has up to three SPI interfaces. The SPI interface can be configured as 1 to
32 bits per frame in master or slave mode, allowing up to 48 Mbps in master mode and 24
Mbps in slave mode. All SPI interfaces support DMA operation.

3.27 12S

This product has up to three I12S interfaces shared with the SPI module. The 12S module
shares three pins with SPI, supports half-duplex communication (transmitter or receiver
only), master or slave operation, underflow flag in transmit mode (only slave), and overflow
flag in receive mode (master and slave mode) and frame error flag in receive and transmit
mode (only slave). 8-bit programmable linear prescaler is used to achieve precise audio
sampling frequency from 8KHz to 192KHz. The data format can be 16-bit, 24-bit or 32-bit,
and the data packet frame is fixed at 16-bit (16-bit data frame) or 32-bit (16-bit, 24-bit or
32-bit data frame).

3.28 FlexCAN

This product has one FlexCAN interface. The FlexCAN interface is compatible with CAN
2.0A and 2.0B (active) standard, with bit rate up to 1Mbps. It can receive and send standard
frames with 11-bit identifiers, as well as extended frames with 29-bit identifiers.

3.29 USBFS

This product has one USB controller compatible with USB 2.0 full-speed specification,
provides up to 12 Mbps data rate, support both Host and Device mode operation. This
USB controller provides up to sixteen endpoints. This product has built-in USB PHY.

3.30 ADC

This product has one 12-hit analog to digital converter (ADC) with up to 3MSPS conversion
rate. The ADC configures up to 14 external channels and 2 internal channels to connect
temperature sensor and voltage sensor. The ADC supports single-shot single-cycle and
continuous scan conversion. In the scan mode, the conversion of the sampling value on
the selected group of analog inputs is automatically performed. The ADC supports DMA
operation.

The ADC supports hardware oversampling from 2 to 256. 16-bit resolution is achievable
using oversampling.

The analog watchdog function allows the application to monitor one or all selected
channels. When the monitored signal exceeds a preset threshold, an interrupt will be
generated. The triggers generated by the general-purpose timers (TIMx) and the advanced
timers can be selected to trigger the ADC sampling, in this way the ADC sampling can be
synchronized with the timer.
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Temperature sensor

The temperature sensor can generate a voltage that varies linearly with temperature. The
temperature sensor is internally connected to the input channel of the ADC to covert the
output of the sensor to a digital value.

3.31 DAC

This product has one digital to analog converter (DAC), supports up to 12-bit resolution . It
can be configured as 8-bit or 12-bit mode, or worked with the DMA controller. When the
DAC works in 12-bit mode, data can be set to left alignment, or right alignment.

3.32 COMP

This product has two build-in analog comparators (COMP), which can be used
independently (applicable to all I/O ports that have comparator function) or combined with
timers. Each comparator can select the voltage reference from the external I/O ports, the
internal voltage reference (CRV) output or the internal 12-bit DAC output, where the CRV
output is derived from a 4-bit resistance divider ladder of the Vppa or internal bandgap
voltage. The COMP module can be used for a variety of functions including low-power
mode wake-up event triggered by analog input, fast PWM output break when over-current
detected, events capture and OCref-clr events used for cycle-by-cycle current control. The
COMP module supports programmable hysteresis voltage, programmable rate and power
consumption, rail-to-rail comparator.

3.33 CRC

The cyclic redundancy check (CRC) module uses a fixed polynomial generator to generate
a CRC code from a 32-bit data word. Among many applications, CRC is used to verify the
consistency of data transmission or storage. Within the scope of the EN/IEC60335-1
standard, it provides a method to detect flash memory errors. The CRC module can be
used to calculate the signature of the software package in real time and compare it with
the signature generated when the software is linked and generated.

3.34 Debug
This product equips Arm standard two-wire serial debug interface (SWD) and JTAG.
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Pinout and assignment

4 Pinout and assignment

4.1

Pinout diagram

4.1.1 LQFP64 pinout

VBAT
PC13-WKP1
PC14-0SC32_IN
PC15-0SC32_OUT
PHO-OSC_IN
PH1-0SC_OUT
NRST

PCO

PC1

PC2

PC3

PIO

VDDA
PAO-WKPO

PA1

PA2-WKP2

OO0 AAAAAA T

64 ] vDD_3

63 [ P1

62 ] PB9

61 [ PB8

60 [ PH3-BOOTO
59 [ PB7

58 ] PB6

W 0N OV A WN R

B R R R R R
o Uhd WN R O

56 ] PB4
55 [ PB3
54 [ PD2
53 [ PC12
52 [ ] pc11
51 [ ] pPc10
50 [__] PA15
49 [ pPA14

57 [~ PB5-WKP4

48
47
46
45

43
42
41
40
39
38
37
36
35
34
33

Hodunutuiuouiuu

119

PA4 [ 20

PAS [ | 21

PA6 [ 22

PA7 [ 23

Pca [ 24
PC5-WKP3 [| 25

4 [ 18

vDD_4

PA3 17

VSS_4

3
] 32

vDD_1

PBO [ | 26
PB1 [_| 27
PB2-BOOT1 [ | 28
PB10 [ 29
pB11 [ | 30

VSsS_1

vDD_2
vss_2

PA13
PA12-USB_FS_DP
PA11-USB_FS_DM
PA10

PA9

PAS

PCo

pcs

pPC7

PC6

PB15-WKP5

PB14

PB13

PB12

Figure 4-1 LQFP64 pinout diagram
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Pinout and assignment

4.1.2 LQFP48 pinout

VBAT [_|
PC13-WKP1 [ |
PC14-0SC32_IN [_|
PC15-0SC32_OUT [ |
PHO-OSC_IN [_|
PH1-0SC_OUT [ |
NRST [_|

PI0 [|

VDDA [|
PAO-WKPO [|
PAL [|
PA2-WKP2 [ |

W 00 N O UV A& WN R

B oR e
N = O

44 PH3-BOOTO

48 ] vDD_3
47 [P
46 ] PB9
45 [ P8BS
43 ] pPB7
42 [ PB6
41 [ PB5-WKP4
40 [ PB4
39 [ ] pB3
38 [ PA15
37 [ pA14

36
35
34
33
32
31
30
29
28
27
26
25

] vDD_2
] vss_2
PA13

PA12-USB_FS_DP
PA11-USB_FS_DM
PA10

PA9

PA8

PB15-WKP5

PB14

PB13

PB12

Juuuouuuuy

23
vDD_1 24

PA3 [ 13
pad 14
PAS |15
PA6 [ 16
pa7 [ 17
PBO |18
pB1 [ 19
PB2-BOOT1 [__| 20
PB10 |21
PB11 [_| 22

VSS_1

Figure 4-2 LQFP48 pinout diagram
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Pinout and assignment

4.1.3 QFN32 5x5 mm2 pinout

=]
6 3
o) X
@ s
0 T n
0 M N O N g 0 o
O I o0 a0 a0 o0 @ <
aaao oo o o

PA14
PA13
PA12-USB_FS_DP
PA11-USB_FS_DM
PA10

PA9

PAS

vDD_1

vDD_3
PHO-OSC_IN
PH1-0SC_OUT
NRST

VDDA
PAO-WKPO
PA1
PA2-WKP2

Exposed Pad

""""""" VSS/VSSA

PA3
PA4
PAS5
PAG
PA7
PBO
PB1

PB2-BOOT1

Figure 4-3 QFN32 5x5 mm2 pinout diagram
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Pinout and assignment

4.1.4 QFN32 4x4 mm2 pinout

=]
6 3
o) X
@ s
0 T n
0 M N O N g 0 o
O I o0 a0 a0 o0 @ <
aaao oo o o

PA14
PA13
PA12-USB_FS_DP
PA11-USB_FS_DM
PA10

PA9

PAS

vDD_1

vDD_3
PHO-OSC_IN
PH1-0SC_OUT
NRST

VDDA
PAO-WKPO
PA1
PA2-WKP2

Exposed Pad

\
\

VSS/VSSA

PA3
PA4
PAS5
PAG
PA7
PBO
PB1

PB2-BOOT1

Figure 4-4 QFN32 4x4 mm2 pinout diagram
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Pinout and assignment

4.2

Table 4-1 Pin assignment table

Pin assignment

QFN32 | QFN32 1/10 Main ;"
LQFP64 | LQFP48 5x5 4x4 Name 1(?){)3? level | functio Multiplex function Add't'?nal
2 function
mm?2 mm?2 @ n
1 1 - - VBAT S - VBAT - -
WKP1
2 2 - - PC13 110 5VT PC13 MDSW _INO BKP_TAMP
ER
3 3 - - PC14 1/0 TC PC14 - 0OSC32_IN
4 4 - - Pcis | 10 | TC | PC15 - 05€32 0U
5 5 2 2 PHO 1/0 TC PHO - OSC_IN
6 6 3 3 PH1 1/0 TC PH1 - 0OSC_ouT
7 7 4 4 NRST 110 TC NRST - -
TIM1_BKIN3
12C1_SCL
8 - - - PCO 1/0 TC PCO UART4. TX ADC_IN10
LPUART_RX
12C1_SDA
9 - - - PC1 110 TC PC1 UART4_RX ADC_INM1
LPUART_TX
12C2_SCL
SPI2_MISO
10 - - - PC2 1/0 TC PC2 1252 MCK(extSD) -
UART4 CTS
12C2_SDA
SPI2_MOSI
11 - - - PC3 1/0 TC PC3 1252 _SD -
UART4 RTS
TIM1_CH4N
CAN1_RX
12 8 - - PIO 1/0 5VT PIO LPUART RX -
MDSW_OUTO
13 9 5 5 VDDA S - VDDA - -
ADC_INO
TIM2_CH!1 COMP12_IN
TIM2_ETR PO
14 10 6 6 PAO 1/0 TC PAO UARTZ_CTS COMP1_IN
UART4_TX M2
WKPO
TIM2_CH2 ADC_IN1
15 11 7 7 PA1 1/0 TC PA1 UART2_RTS COMP12_IN
UART4 RX P1
ADC _IN2
TIM2_CH3 COMP12_IN
UART2_TX P2
16 12 8 8 PA2 1/0 TC PA2 COMP2 OUT COMP2_IN
LPUART_TX M2
WKP2
e | oo o
17 13 9 9 PA3 1/0 TC PA3 UART2_RX COMFF: ; 2 IN
LPUART RX
18 - - - VSS_4 - VSS_4 - -
19 - - - VDD_4 - VDD_4 - -
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Pinout and assignment

LQFP64

LQFP48

QFN32
5x5
mm2

QFN32
4x4
mm2

Name

Type
NE)

110
level
(2)

Main
functio
n

Multiplex function

Additional
function

20

14

10

10

PA4

I/0

TC

PA4

SPI1_NSS
1281 WS
SPI3_NSS
12S3_WS

USART TX

ADC_IN4
COMP12_IN
MO
DAC1_OUT

21

15

11

11

PAS

I/0

TC

PAS

TIM2_CH1
TIM2_ETR
TIM3_ETR
SPI1_SCK
1281_CK
USART RX

ADC_IN5
COMP12_IN
M1

22

16

12

12

PAG6

I/0

TC

PAG

TIM1_BKINT
TIM3_CH1
SPI1_MISO
1281_MCK(extSD)
COMP1_OUT

ADC_IN6

23

17

13

13

PA7

I/0

TC

PA7

TIM1_CH1N
TIM3_CH2
SPI1_MOSI
1281_SD
COMP2_OUT
CRS_SYNC
MDSW_IN1

ADC_IN7

24

PC4

I/0

TC

PC4

UART1_TX
USART_TX

ADC_IN14

25

PC5

I/0

TC

PC5

UART1_RX
USART_RX

ADC_IN15
WKP3

26

18

14

14

PBO

I/0

TC

PBO

TIM1_CH2N
TIM3_CH3

ADC_IN8

27

19

15

15

PB1

I/0

TC

PB1

TIM1_CH3N
TIM3_CH4

ADC_IN9

28

20

16

16

PB2

I/0

5VT

PB2

TIM1_CH4N

BOOT1

29

21

PB10

I/0

5VT

PB10

TIM2_CH3
12C2_SCL
SPI2_SCK

12S82_CK
UART3_TX
LPTIM_CH1
LPUART RX

30

22

PB11

I/0

5VT

PB11

TIM2_CH4
12C2_SDA
1282_MCK
UART3_RX
LPTIM_ETR
LPUART_TX
MDSW_OUT1

31

23

VSS_1

VSS_1

32

24

17

17

VDD_1

VDD_1

33

25

PB12

I/0

5VT

PB12

TIM1_BKIN2

12C2_SMBA
SPI2_NSS
12S2_ WS

34

26

PB13

I/0

5VT

PB13

TIM1_CHIN
SPI2_SCK
1252_CK
UART3_CTS

35

27

PB14

I/0

5VT

PB14

TIM1_CH2N
SPI2_MISO
1282_MCK(extSD)
UART3_RTS
MDSW_IN2
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Pinout and assignment

QFN32 | QFN32 Tvpe 110 Main
LQFP64 | LQFP48 5x5 4x4 Name (%g) level | functio Multiplex function
mm2 mm2 @ n

Additional
function

TIM1_CH3N
36 28 - - PB15 110 5VT | PB15 SPI2_MOSI WKP5
1282 _SD

TIM3_CH1
12C1_SCL
37 ) ] ; PC6 /o | 5vVT | PC6 SPI2_MISO )

1252 MCK(extSD)

TIM3_CH2

12C1_SDA

SPI3_MISO

38 - - - PC7 110 5VT PC7 1253, MCK(oxiSD) -
SPI3_MISO

1283_MCK(extSD)

TIM3_CH3

39 - - - PC8 I/0 5VT PC8 12C2_SCL

MCO2
40 - . - PC9 /0 5VT | PC9 TIM3_CH4 -
12C2_SDA

MCO1

TIM1_CH1
41 29 18 18 PA8 110 5VT PA8 TIM3_ETR -
12C1_SCL
USART CK

TIM1_CH2
12C1_SCL
42 30 19 19 PA9 /0 5VT PA9 UART1_TX -
USB_FS_VBUS
USART TX

TIM1_CH3
12C1_SDA
43 31 20 20 PA10 /0 5VT | PA10 UART1_RX -
USB_FS_ID
USRAT RX

TIM1_CH4
12C1_SMBA
UART1_CTS USB_FS_D
COMP1_OUT M
CAN1_RX
USART_CTS

44 32 21 21 PA11 I/0 TC PA11

TIM1_ETR
UART1_RTS
45 33 22 22 PA12 110 TC PA12 COMP2_OUT
CAN1_TX
USART_RTS

USB_FS_D
P

JTMS_SWDIO
12C1_SMBA

(4) < -
46 34 23 23 PA13 | 10 SVT | PA13 | s FS VBUSON

MDSW_OUT2

47 35 - - vss 2| s - VSS_2 - -

48 36 - - VDD _2 s - VDD_2 - -

JTCK_SWCLK
12C1_SDA
49 37 24 24 PA14 | 11O® | 5VT | PA14 1253_MCK -
UART4_CTS
MDSW_IN3
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Pinout and assignment

LQFP64

LQFP48

QFN32
5x5
mm2

QFN32
4x4
mm2

Name

Type
NE)

110
level
(2)

Main
functio
n

Multiplex function

Additional
function

50

38

25

25

PA15

/o @

5VT

PA15

JTDI
TIM2_CH1
TIM2_ETR
12C1_SCL
SPI1_NSS

1281 WS
SPI3_NSS
12S3_WS

UART4_RTS

51

PC10

I/0

5VT

PC10

SPI3_SCK
12S3_CK
UART3_TX
UART4_TX

52

PC11

I/0

5VT

PC11

SPI3_MISO
1283_MCK(extSD)
UART3_RX
UART4_RX

53

PC12

I/0

5VT

PC12

SPI3_MOSI
1283_SD
USART TX

54

PD2

I/0

5VT

PD2

TIM3_ETR
1283 _MCK
USART RX

55

39

26

26

PB3

I/0

5VT

PB3

JTDO
TRACESWO
TIM2_CH2
TIM4_ETR
SPI1_SCK
1281_CK
SPI3_SCK
12S83_CK
USART CTS

56

40

27

27

PB4

/o ®

5VT

PB4

NJTRST
TIM3_CH1
SPI1_MISO
1281_MCK(extSD)
SPI3_MISO
1283_MCK(extSD)
USART RTS

57

41

28

28

PB5

I/0

5VT

PB5

TIM3_CH2
12C1_SMBA
SPI1_MOSI
1281_SD
SPI3_MOSI
1283_SD
LPTIM_CH1

WKP4

58

42

29

29

PB6

I/0

5VT

PB6

TIM4_CH1
12C1_SCL
SPI1_NSS

1281 WS
SPI3_NSS
12S3_WS

UART1_TX

LPTIM_ETR

USART TX

59

43

30

30

PB7

I/0

5VT

PB7

TIM4_CH?2
12C1_SDA
1281_MCK
1283_MCK
UART1_RX
USART_RX
MDSW_OUT3
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Pinout and assignment

LQFP64

LQFP48

QFN32
5x5
mm2

QFN32
4x4
mm2

Name

Type
NE)

110
level
(2)

Main
functio
n

Multiplex function

Additional
function

60

44

31

31

PH3

/o ®

5VT

PH3

BOOTO

61

45

32

32

PB8

I/0

5VT

PB8

TIM4_CH3
12C1_SCL
UART1_CTS
COMP1_OUT
CAN1_RX
USART CTS

62

46

PB9

I/0

5VT

PB9

TIM4_CH4
12C1_SDA
SPI2_NSS
12S2_WS
UART1_RTS
COMP2_OUT
CAN1_TX
USART RTS

63

47

PI1

I/0

5VT

PI1

TIM2_ETR
12C1_SMBA
CAN1_TX
LPUART TX

64

48

1

VDD _3

S

VDD _3

1. | =input, O = output, S = power pins, HiZ = high resistance state.

2. TC: standard 10. Input signal level should not exceed VDD.
5VT: 5V tolerant 10.

3. Unless otherwise noted, I/O type pins other than the NRST and JTAG related pin are in a
floating input state after power-up with no internal pull-up or pull-down enabled, and if there is
no external pull-up or pull-down, the pin level is floating.

4.  After reset, for JTAG related pins, the internal pull-up resistors of the PA13/JTMS_SWDIO,
PB4/NJTRST, PA15/JTDI pins and the internal pull-down resistor of the PA14/JTCK_SWCLK

pin are enabled, and if there is no external pull-up or pull-down, the pin level is pulled up to VDD

voltage or pulled down to VSS voltage. The PB3/JTDO pin is floating.

5.  After reset, the internal pull-down resistor of the BOOTO pin keeps the pin in the VSS voltage

state.
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Pinout and assignment

4.3 GPIO multiplexing
Table 4-2 PA port multiplexing AFO-AF7
Pin AF0 AF1 AF2 AF3 AF4 AF5 AF6 AF7
TIM2_CH1 UART2_C
PAO - TIM2_ETR - - - - - TS
PA1 - TIM2_CH2 ] ] . ] - UARTZ_R
- TS
PA2 - TIM2_CH3 - - - - - UART2_TX
PA3 - TIM2_CH4 ; ; ; 1251_MCK - UARTZR
o SPI1_NSS | SPI3_NSS
- - - - - 12ST WS | 12S3 WS -
TIM2_CH1 SPI1_SCK
PAS - TIM2_ETR | [IM3_ETR - - 1251 CK - -
SPI1_MIS
TIM1_BKI o
PAG - " TIM3_CH1 ] ] 1251 MCK - -
(exiSD)
SPI1_MOS
PA7 - TIMICAT | 1im3_chz - - | - -
1281 SD
PA8 MCO1 | TIM1_CH1 | TIM3_ETR ] 12c1_SCL ] - -
PA9 - TIM1_CH2 . . 12c1_SCL - - UART1_TX
PA10 - TIM1_CH3 ; ; 12C1_SDA - - UAR; 1R
12C1_SMB UART1 C
PA11 - TIM1_CH4 ; ; n - - 3
PA12 ; TIM1_ETR ; ; ; ; ; UARLIR
JTMS_SW 12C1_SMB
PA13 DIO - - - A - - -
PA14 JT%*ERSW ; ; ; 12C1_SDA ; 1253 MCK -
TIM2_CH1 SPI1_NSS | SPI3_NSS
PA15 JIDE | v ETR - - 12C1_SCL | "o5iws | 1283 ws -
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Pinout and assignment

Table 4-3 PA port multiplexing AF8-AF15

Pin AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
PAO UART4_TX - ] - ] - ] ]
oA UAR)'[4_R ] ] ] ] ] ] ]
Ao COl\GFT>2_o ] ] ] ] LPUA)\(RT_T ] ]
A3 ] ] ] ] ] LPURA)\(RT_ ] ]
oAd ] ] ] ] ] USA)F((T_T ] ]
PA5 - ) ] ] ] USA)F((T_R - ]
A6 COI\(IJI?I_1 0 ] ] ] ] ] ] ]
A7 COMP2_0 ] CRS_SYN ] ] ] ] MDSW_IN
uT c 1
PA8 - ) ] ] ) USAET_C - ]
Ao ] ] U?/IEDFSS_ ] ] USA)I?T_T ] ]
A0 ] ] USBBFS_I ] ] USRQT_R ] ]
pat1 | CONFIO | cant_rx - - - USARTC - -
PA12 CO'\L"J';Z—O CAN1_TX - - - Us’f‘rrg—R - -
PA13 - . l\J/gE_S';Sﬁ ) ] ] ] MDSTVZ_O
oA1a UAF_%I_'?_C ] ] ] ] ] ] MDS;N_IN
Pats | UARTER - - . - - - -
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Pinout and assignment

Table 4-4 PB port multiplexing AFO-AF7

Pin AF0 AF1 AF2 AF3 AF4 AF5 AF6 AF7
PBO - TIM_CH2 | 1im3_chs : : : : :
PB1 - TIMICHS | 1im3_cha : : : . .
o5 - TIM1_CH4 ] ] ] ] ] ]
N
JTDO
SPI1_SCK | SPI3_SCK
PB3 | TRACESW | TIM2_CHZ | TI4_ETR . . 2o ok | 1255 oK .
SPI_MIS | SPI3_MIS
o 0
PB4 NJTRST - TIM3_CH1 . . 251 MCK | 1283 MCK i
(extSD) | (extSD)
SPI1_MOS | SPI3_MOS
PB5 - - TIM3_CH2 . 12C1._SMB | | i
1251_SD | 1283_SD
SPI1_NSS | SPI3_NSS
PB6 - - TIM4_CH1 . 1261.SCL | Do we | taoswe | UARTI_TX
PB7 - - TIM4_CH2 . 2C1_SDA | 1281_MCK | 12s3_mck | WARTIR
PB8 - - TIM4_CH3 . 12C1_SCL . . UARLI-C
SPI2_NSS UARTT_R
PBY - - TIM4_CH4 . 121 SDA | (7e5 e . 3
SPI2_SCK
PB10 - TIM2_CH3 . . 12c2_SCL | Soa3 ox . UART3_TX
PB11 - TIM2_CH4 . . 12C2_SDA | 1252_MCK . UARTI-R
oB12 - TIM1_BKI ] ] 12C2_SMB | SPI2_NSS ] ]
N2 A 1252_ WS
o813 - TIM1_CH1 ] ] ] SPI2_SCK ] UART3_C
N 1252_CK TS
SPI2_MIS
PB4 ) TIM1_CH2 ] ] ] o ] UART3 R
N 1252_MCK TS
(extSD)
SPI2_MOS
- ) TINT_CH3 ] ] ] | ] ]
1252_SD
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Pinout and assignment

Table 4-5 PB port multiplexing AF8-AF15

Pin AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
PBO - - - - - - - -
PB1 - - - - - - - -
PB2 - - - - - - - -
USART_C
PB3 - - - - - TS - -
USART_R
PB4 - - - - - TS - -
PB5 . . i i LPTII:/I_CH i i i
LPTIM_ET | USART_T
PB6 - - - - R X - -
USART_R MDSW_O
PB7 - - - - - X - uT3
COMP1_O USART_C
PB8 uT CAN1_RX - - - TS - -
COMP2_O USART_R
PB9 uT CAN1_TX - - - TS - -
LPTIM_CH | LPUART_
PB10 - - - - 1 RX - -
PB11 LPTIM_ET | LPUART_T MDSW_O
) ) ) ) R X ) uT1
PB12 - - - - - - - -
PB13 - - - - - - - -
PB14 . . ] ] ] ] ] MDS;N_IN
PB15 - - - - - - - -
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Pinout and assignment

Table 4-6 PC port multiplexing AFO-AF7

Pin AF0 AF1 AF2 AF3 AF4 AF5 AF6 AF7
TIMA_BKI
PCO ] i ] ; 12C1_SCL ; - -
PC1 - - . . 12C1_SDA ] - -
SPI2_ MIS
0
PC2 - - - - 12C2_SCL | 1252 McK - ;
(extSD)
SPI2_MOS
PC3 - - ; ; 12C2_SDA | ; ;
1252 SD
PC4 - - ] ] ] ] ] UART1_TX
-~ : - : - ] ] ] UARTT_R
SPI2_ MIS
0
PC6 ) ; TIM3_CH1 ; 1261.SCL | 555 MK - -
(exiSD)
SPI3_MIS | SPI3_MIS
0 o
PC7 - - TIM3_CH2 - 12C1_SDA | 253 MCK | 1283_MCK -
(exiSD) (exiSD)
PCs ] - TIM3_CH3 . 12C2_SCL ] - -
PCo MCO2 - TIM3_CH4 ] 12C2_SDA - - -
SPI3_SCK
PC10 - - ; ; - - 585 CK | UART3_TX
SPI3_MIS
o UART3_R
PC11 - - - - - i 12S3_MCK X
(exiSD)
SPI3_MOS
PC12 ; ; ] ] ] ) | )
1233 SD
PC13 - - i ] ] ] ] :
PC14 - - ] ] - - - -
PC15 - - i ] ] ] ] :
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Pinout and assignment

Table 4-7 PC port multiplexing AF8-AF15

Pin AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
PCO | UART4_TX ; ] ] ; PUART- ; -
UART4_R LPUART_T
PC1 v - - - - M - -
UART4_C
PC2 Ao - - - - - - -
UART4_R
PC3 Ts - - - - - - -
pCa i i ] ] ] USA)F((T_T ] ]
pC5 ] ] ] ] ] USA)F(RT_R ] ]
PC6 - - - - - - - -
PC7 - - - - - - - -
PC8 - - - - - - - -
PC9 - - - - - - - -
PC10 UART4_TX - - - - - - -
PC11 UAR)'I('4_R ] ] ] ] ] ] ]
PC12 ] ] ] ] ] USA)I?T_T ] ]
PC13 ] ] ] ] ] ] ] MDS(\)N_I N
PC14 - - - - - - - -
PC15 - - - - - - - -
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Table 4-8 PD port multiplexing AFO-AF7

Pin AFO0 AF1 AF2 AF3 AF4 AF5 AF6 AF7
PD2 - - TIM3_ETR - - 12S3_MCK - -
Table 4-9 PD port multiplexing AF8-AF15
Pin AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
PD2 ) ) ) ) ) USART_R ) )
X
Table 4-10 PH port multiplexing AFO-AF7
Pin AF0 AF1 AF2 AF3 AF4 AF5 AF6 AF7
PHO - - - - - - - -
PH1 - - - - - - - -
PH3 - - - - - - - -
Table 4-11 PH port multiplexing AF8-AF15
Pin AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
PHO - - - - - - - -
PH1 - - - - - - - -
PH3 - - - - - - - -
Table 4-12 PI port multiplexing AFO-AF7
Pin AF0 AF1 AF2 AF3 AF4 AF5 AF6 AF7
PIO ) TIM1,\TCH4 ) ) ) ) ) )
PI1 - TIM2_ETR . . 12C1_SMB . . .
Table 4-13 PI port multiplexing AF8-AF15
Pin AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
LPUART_ MDSW_O
PIO - CAN1_RX - - - RX - UTo
PI1 ; CAN1_TX ] ; ] LPUSRTT - -
www.mm32mcu.com 36
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5 Electrical characteristics

51 Test condition

All voltages are referenced to Vss unless otherwise stated.

5.1.1 Load capacitor
The load conditions for pin parameters measurement are shown in the Figure 5-1.

—]
T

C =50 pF

Figure 5-1 Load condition of the pin

5.1.2 Pininput voltage
The measurement of the input voltage on the pin is shown in Figure 5-2.

Figure 5-2 Pin input voltage
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5.1.3 Power scheme
The power supply design scheme is shown in Figure 5-3.

LSE
VBAT Power
switch
0}0 Regulator —» RTC, backup registers
1.8V ~5.5V
— .| POR, PVD, IWDG,
— g LSl
> HSI, PLLs
A T R \{ CORE .
—_— i 1
nx VDD i ;
V,
Ej DD Regulator —>E E
' |
: |
i i
| I
Output _ !
£ Core logic i
nx100nF —— 51 10 logic (CPU, digital | 1
+1X47uF — T GPIOs |: g circuit circuits & i
o Input 2 memory) !
: i
I
' |
i |
I I
nXVvss= Vss . i
i L ¥ | i
jpu— L
V_DDA
VDDA
I Vooa 5
L I g
VF\‘EF+ L—p
1x10nF —— ADCs, COMPs, temp.
+1x1pF —7— Vege. N DAC —»| sensor
VSS Vg N
jp— LJ 7

Figure 5-3 Power scheme

5.1.4 Current consumption measurement
The measurement of the current consumption on the pin is shown in Figure 5-4.
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VDD
— |
VDDA
= —
Iop_vear
VBAT
]

Figure 5-4 Current consumption measurement scheme

5.2 About the data

The data in the chapter of electrical characteristics are classified according to the method
shown in Table 5-1, and user can find the corresponding data type of each data in the
column of data type in each table.

Table 5-1 Data types in the Electrical Characteristics chapter

Data type Description

The data is obtained by the chip designer based on the model simulation,

D or obtained from the nominal value of the third-party semiconductor

process parameters or package parameters, and is not tested in mass
production

c The data is obtained by chip testers based on engineering sample

testing, and is not tested in mass production

= Test each chip during production and ensure that chip characteristic meet

the committed minimum and maximum values.

5.3 Absolute maximum rating

Stresses above the absolute maximum ratings given in "Absolute Group Maximum
Ratings" list (Table 5-2 and Table 5-3) may cause permanent damage to the device. These
are stress ratings only and functional operation of the device at these conditions is not

implied. Exposure to maximum rating conditions for extended periods may affect device
reliability.
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Table 5-2 Voltage characteristics

Symbol Type Description Minimum | Maximum Unit
oocvse | D | e oo | s | s
VBAT-Vssx D Backup domain supply voltage -0.3 5.8 Vv
D Input voltage on 5VT pins Vss-0.3 5.8
Vin D Input voltage on other pins Vss-0.3 Vpp+0.3
Table 5-3 Current characteristics
Symbol Type Description Maximum | Unit
IvbD/vDDA D Total current through Vpp/Voba power pins (supply current) +120
Ivssivssa D Total current through Vss/Vssa ground pins (outflow current) -120
C Output sink current on any I/O and control pins, Vb = 5.0V +50
C Output source current on any I/O and control pins, Vpbp = 5.0V -50
o C Output sink current on any I/O and control pins, Vobp = 3.3V +25
C Output source current on any /O and control pins, Vop = 3.3V -25 mA
C Output sink current on any I/O and control pins, Vpbp = 2.0V +10
C Output source current on any I/O and control pins, Vop = 2.0V -10
D NRST pin injection current 15
Iinggeiny (@)
D HSE OSC_IN pin injection current 5
> lingeiny @@ D Other pins injection current +25
1. This current consumption must be correctly distributed to all I/O and control pins. The total

output current must not be sunk/sourced between two consecutive power supply pins referring

to high pin count LQFP package.

2. The reverse injection current can interfere with the analog performance of the device.

3. When ViN > Vbpa, a positive injected current is generated; when Vin < Vss, a reverse injected

current is generated. Do not exceed liny(PIN).

4.  When there is simultaneous injection current for multiple inputs, the maximum value of Zlinrin)

is equal to the sum of the absolute values of the forward injection current and the reverse

injection current (instantaneous value).

5.4 Operating conditions

5.4.1 General operating conditions

Table 5-4 General operating conditions

Symbol Parameter Type Conditions Min. Typ. Max. Unit
foLK I nterfr:::}ﬁ\eHnBC ;;Iock c . . - 120
fooLks Interr;ra; (ﬁjF;E ;yclock c ) - R 120 MHz
fooLka Interr];lra; unIZE(gyclock c _ B R 120
VoD Digital c\i/roclltjggoeperating c . 1.8 3.3 55 \Y
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Symbol Parameter Type Conditions Min. Typ. Max. Unit
Analog circuit operating
voltage (Performance is C 25 3.3 5.5
Vv guaranteed) Must be the same
DDA Analog circuit operating as Vpp (!
voltage (Performance is not C 1.8 - 25
guaranteed)
Backup domain operating
4) - -
VBAT voltage C 1.8 5.5 \
D LQFP64 - - 339
Power dissipation
Po Temperature: Ta= 105°C @ D LQFP48 _ _ 367 mw
D QFN32 5x5 mm2 - - 571
Ambient temperature °
Ta (extended industrial level) c i -40 25 105 ¢
Junction temperature ) i ) ) °
T (extended industrial level) c 40 125 ¢

Table 5-5 Operating conditions at power-up/power-down

1. Itis recommended to use the same power supply for Vbb and Vbpa, the maximum permissible

difference between Vpp and Vopa is 300mV during power up and normal operation.

2. If Taislow, higher Pp values are allowed if Ty does not exceed Timax.

3. Inlow power dissipation state, Ta can be extended to this range if Ty does not exceed Timax.

4.  When there’s no backup battery in the application system, the VsaT pin can be either connected

to Voo or floating.

5.4.2 Operating conditions at power-up/power-down

Symbol Parameter Type Conditions Min. | Typ. Max. Unit
Vbprise time tr C 1.8V < Vpp < 5.5V 0.2 - oo
tvop (1) us/V
Voo fall time t C 1.8V < Vpp < 5.5V 60 - oo
Power-down
(2 - - -
Vi threshold voltage D 0 mv

1. The Vbp waveforms of chip power-on and power-down must strictly follow the tr and tr phased

in the following waveform diagram Figure 5-5, and no power-down is allowed during power-on

process.

2. Note: To ensure the reliability of chip power-on, all power-on should start from 0V.
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Figure 5-5 Power-on and power-down waveforms

5.4.3 Embedded reset and power control block characteristics
The parameters given in the table below are provided under the ambient temperature listed

in Table 5-4.

Table 5-6 Embedded reset and power control block characteristics

Symbol Parameter Type Conditions Min. | Typ. | Max. | Unit
C PLS[3:0]=0000 (Rising edge) - | 180 | -
C | PLS[3:0]=0000 (Falling edge) | - | 1.70 | -
C PLS[3:0]=0001 (Rising edge) - | 210 | -
C | PLS[3:0]=0001 (Falling edge) | - | 2.00 | -
C PLS[3:0]=0010 (Rising edge) - | 240 | -
C | PLS[3:0]=0010 (Falling edge) | - | 2.30 | -
C PLS[3:0]=0011 (Rising edge) - 2.70 -
C PLS[3:0]=0011 (Falling edge) - 2.60 -
C PLS[3:0]=0100 (Rising edge) - | 300 | -
Lovel selection | C | PLSI3:0]=0100 (Faling edge) | - | 2.90 | -
of C | PLS[3:0]=0101 (Risingedge) | - | 3.30 | -
VpPvD programmable vV
voltage C | PLS[3:0]=0101 (Falingedge) | - | 3.20 | -
detectors C | PLS[3:0]=0110 (Rising edge) | - | 3.60 | -
C | PLS[3:0]1=0110 (Fallingedge) | - | 350 | -
C PLS[3:0]=0111 (Rising edge) - | 39 | -
C | PLS[3:0]=0111 (Falingedge) | - | 3.80 | -
C | PLS[3:0]=1000 (Rising edge) | - | 420 | -
C | PLS[3:0]=1000 (Fallingedge) | - | 4.10 | -
C | PLS[3:0]=1001 (Rising edge) | - | 450 | -
C | PLS[3:0]=1001 (Fallingedge) | - | 440 | -
C | PLS[3:0]=1010 (Risingedge) | - | 4.80 | -
C | PLS[3:0]=1010 (Fallingedge) | - | 470 | -
Vhyst PDR hy;:tgrzsis C - - 53 - mV
Trstrempo (| Reset duration C - - 3.72 - ms

1. The reset duration is measured from power-on (POR reset) to the time when the user

application code reads the first instruction.

5.4.4 Built-in voltage reference
The parameters given in the table below are provided under the ambient temperature and

the Vob supply voltage listed in Table 5-4.
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Table 5-7 Build-in voltage reference

Symbol Parameter Type Conditions Min. Typ. Max. Unit
Built-in voltage — Apo
VREFINT reference P Ta=25°C - 1.20 - \%
ADC sampling time
Ts weint " | when readout build-in C - - 1.24 - us
voltage reference

1.

The sampling time is obtained through multiple tests

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

All Run-mode current consumption measurements given in this section are performed with

a reduced code.

Current consumption

The MCU is placed under the following conditions:

All I/O pins are in analog input mode, and connected to a static level - Vop or Vss (no

load)

All peripherals are disabled except when explicitly mentioned

The Flash memory access time is adjusted to the fucik (0 ~ 24 MHz is 0 waiting cycle,
24 ~ 48 MHz is 1 waiting cycle, 48 ~ 72 MHz is 2 waiting cycles, 72 ~ 96 MHz is 3
waiting cycles, 96 ~ 120 MHz is 4 waiting cycles).

The instruction prefetching function is on. When the peripherals are enabled: fpciki =

froLk.

Note: The instruction prefetching function must be set before setting the clock and bus divider.

The parameters given in the table below are based on the ambient temperature and the
Vpp supply voltage listed in Table 5-4.

Table 5-8 Typical current consumption in Run mode

Typical .
Synl1bo Parameter | Typ Conditions To5° Uni
s e -40°C | 0°C | 25°C | 55°C | 85°C c t
C fiocLk=120MHz | 18.90 | 19.12 | 19.30 | 19.52 | 20.06 | 20.63
c HS| + fioLk=96MHz | 15.75 | 15.95 | 16.28 | 16.57 | 17.09 | 17.60
Supply c PLL1 is fioLk=72MHz | 12.98 | 13.07 | 13.33 | 13.55 | 14.06 | 14.59
| Fgurrent(;n C Soﬁ'r‘;‘ék al | frouc48MHz | 9.15 | 930 | 955 | 9.78 | 1027 | 1081 |
DD un mode, e m
“ | tunfrom | C | peripheral | fuci=24MHz | 552 | 5.62 | 578 | 597 | 6.45 | 6.97
Flash s enabled
C fHcLk=12MHz 414 | 421 | 429 | 448 | 497 | 549
C fHcLk=8MHz 3.66 | 368 | 3.74 | 3.92 | 438 | 4.90
C fHcLk=8MHz 2.84 | 290 | 297 | 3.17 | 3.66 | 4.18
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C fHoLk=4MHz 1.68 1.73 1.81 2.00 2.48 2.99
C fHoLk=2MHz 1.1 1.16 1.23 1.41 1.89 2.39
C HSl is fHok=1MHz 0.82 0.87 0.94 1.12 1.59 2.09
C clock ficLk=500KHz | 0.68 | 0.73 | 0.79 | 0.97 | 1.44 | 1.94
source, all
C peripheral fHcLk=125KHz 0.57 0.62 0.68 0.86 1.33 1.83
c | senabled | ¢ _625kHz | 055 | 0.60 | 0.66 | 0.84 | 1.31 | 1.81
C fHcLk=31.25KHz | 0.54 0.59 0.66 0.83 1.30 1.80
C fHcLk=15.625KHz | 0.54 0.59 0.65 0.83 1.30 1.80
LSlis
clock
C source, all fHcLk=40KHz 0.41 0.45 0.51 0.68 1.15 1.66
peripheral
s enabled
C fHcLk=120MHz 9.89 10.07 | 9.44 9.59 10.12 | 10.66
C HEl + fHcLk=96MHz 8.62 8.80 8.26 8.51 9.04 9.56
C PLL1is fHcLk=72MHZz 7.73 7.75 7.45 7.64 8.13 8.65
clock _
C source, all fHcLk=48MHz 5.68 5.82 5.56 5.78 6.28 6.81
C peripheral fHcLk=24MHz 3.83 3.93 3.78 3.98 | 446 | 4.98
s disabled
C frcLk=12MHz 3.27 3.32 3.30 3.48 3.97 | 449
C fHcLk=8MHz 3.02 3.07 3.09 3.27 3.74 | 4.25
C fHcLk=8MHz 2.24 2.29 2.37 2.57 3.06 3.58
C fHcLk=4MHz 1.38 1.44 1.51 1.70 2.17 2.68
C fHcLk=2MHz 0.96 1.01 1.08 1.26 1.74 224 | mA
Cc ';'E'C'ks fuck=IMHz | 0.75 | 0.80 | 0.86 | 1.04 | 152 | 2.02
C | source, all | fycLk=500KHZ 064 | 069 | 075 | 093 | 141 | 1.91
c | Peripheral = 056 | 061 | 067 | 0.85 | 1.32 | 1.82
s disabled fHCLK—125KHZ 5 . .67 .85 . .
Cc fHcLk=62.5KHz 0.55 0.60 0.66 0.84 1.31 1.81
C fHcLk=31.25KHz | 0.54 0.59 0.65 0.83 1.30 1.80
C fHcLk=15.625KHz | 0.54 0.59 0.65 0.83 1.30 1.79
LSl is
clock
C source, all fHcLk=40KHz 040 | 0.45 | 0.51 0.68 | 1.14 | 1.66
peripheral
s disabled
Table 5-9 Typical current consumption in Low Power Run mode
Symbo | Parameter | T Typical Uni
y I yp Conditions 105° t
5 e -40°C | 0°C | 25°C | 55°C | 85°C .
Cc fHocLk=2MHz 0.93 0.96 1.00 1.18 1.64 2.16
C frock=1MHz 0.64 0.67 0.73 0.89 1.35 1.87
Supply HSl is
current in Cc clock fHoLk=500KHz 0.49 0.53 0.58 0.75 1.20 1.71
lpbx LR%V; Z%“éi;r C | source, all | fucik=125KHz | 0.39 | 0.42 | 047 | 063 | 1.09 | 1.60 | mA
’ peripheral ~
fur ;;%m C | senabled | fHcLk=62.5KHz | 0.37 | 0.40 | 045 | 0.62 | 1.07 | 1.58
Cc frHok=31.25KHz 0.36 0.39 0.44 0.61 1.06 1.58
Cc fHcLk=15.625KHz | 0.36 0.39 0.44 0.60 1.06 1.57
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LSlis
clock
C source, all frcLk=40KHz 0.22 0.25 0.30 0.46 0.91 1.42
peripheral
s enabled
C frHcLk=2MHz 0.78 0.81 0.86 1.04 1.49 2.01
C frcLk=1MHz 0.57 0.60 0.65 0.82 1.27 1.79
Cc ':g'c'ks fucLk=500KHz | 0.46 | 049 | 055 | 0.71 | 1.16 | 1.68
C source, all frcLk=125KHz 0.38 0.41 0.46 0.62 1.08 1.59
peripheral ~ 4 4 1 107 1
C s disabled fHcLk=62.5KHz 0.36 0.40 0.45 0.6 .0 .58 A
C frcLk=31.25KHz 0.36 0.39 0.44 0.61 1.06 1.57
C fHck=15.625KHz | 0.35 0.39 0.44 0.60 1.06 1.57
LSlis
clock
C source, all frcLk=40KHz 0.22 0.25 0.30 0.45 0.91 1.41
peripheral
s disabled
Table 5-10 Typical current consumption in Sleep mode
Symbo | Parameter | Typ Typical Uni
I Conditions 105° t
s e -40°C | 0°C | 25°C | 55°C | 85°C C
Cc frcLk=120MHz 15.09 | 15.22 | 15.32 | 15.54 | 16.06 | 16.60
Cc HSI + fHcLk=96MHz 12.32 | 1243 | 12.52 | 12.73 | 13.24 | 13.77
C PLL1is fHcLk=72MHz 9.55 9.64 9.72 9.92 | 10.41 | 10.93
clock _
C source, all frHcLk=48MHz 6.78 6.85 6.92 7.1 7.58 8.10
C peripheral fHcLk=24MHz 4.01 4.06 412 4.29 475 5.26
s enabled
C frcLk=12MHz 2.66 2.70 2.76 2.92 3.37 3.88
Cc fHcLk=8MHz 2.16 2.20 2.25 2.41 2.86 3.37
C fHcLk=8MHz 1.34 1.41 1.47 1.66 2.14 2.64
Cc frcLk=4MHz 0.93 0.99 1.05 1.23 1.71 2.21
C fHcLk=2MHz 0.73 0.78 0.84 1.02 1.49 1.99 | mA
c Hls' E’ fuolk=1IMHz | 0.62 | 0.67 | 0.74 | 0.92 | 1.39 | 1.89
Supply cloc
current in C | source, all fHcLk=500KHz 0.57 | 062 | 068 | 0.86 | 1.33 | 1.83
IpDx Sleep peripheral —
~ ode C s enabled frcLk=125KHz 0.53 0.58 0.64 0.82 1.29 1.79
C fHcLk=62.5KHz 0.52 0.57 0.64 0.82 1.29 1.78
Cc frcLk=31.25KHz 0.52 0.57 0.64 0.81 1.28 1.78
C fHcLk=15.625KHz | 0.52 0.57 0.63 0.81 1.28 1.78
LSlis
clock
C source, all fHcLk=40KHz 0.39 0.43 0.49 0.67 1.13 1.64
peripheral
s enabled
C HS| + fHok=120MHz 5.42 5.48 5.54 5.71 6.18 6.69
C PLL1is frHcLk=96MHz 4.58 4.63 4.69 4.86 5.32 5.82
clock _
C source, all fHcLk=72MHz 3.74 3.78 3.84 4.01 4.46 497 | mA
C | peripheral fHcLk=48MHz 290 | 294 | 3.00 | 3.16 | 3.61 | 4.1
s disabled
Cc frcLk=24MHz 2.07 2.1 2.15 2.31 2.76 3.26
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C fHck=12MHz 1.69 1.72 1.77 1.93 2.37 2.87
C frcLk=8MHz 1.52 1.55 1.59 1.75 2.20 2.70
C fHcLk=8MHz 0.75 0.80 0.87 1.05 1.52 2.02
C frcLk=4MHz 0.63 0.69 0.75 0.93 1.40 1.90
C fHcLk=2MHz 0.58 0.63 0.69 0.87 1.34 1.84
c ':g'c'ks fuck=IMHz | 0.55 | 0.60 | 0.66 | 0.84 | 1.31 | 1.81
C source, all frcLk=500KHz 0.53 0.58 0.65 0.83 1.29 1.79
peripheral ~
C s disabled frcLk=125KHz 0.52 0.57 0.64 0.81 1.28 1.78
C fHcLk=62.5KHz 0.52 0.57 0.63 0.81 1.28 1.78
C frcLk=31.25KHz 0.52 0.57 0.63 0.81 1.28 1.78
C fHcLk=15.625KHz | 0.52 0.57 0.63 0.81 1.28 1.78
LSlis
clock
C source, all frcLk=40KHz 0.38 0.43 0.49 0.66 1.13 1.64
peripheral
s disabled

Table 5-11 Typical current consumption in Stop and Deep Stop mode

Symbol

Typical
Parameter Type Conditions Unit
-40°C 0°C 25°C 55°C 85°C | 105°C

Enter Stop
mode after 164.61 | 179.95 | 204.12 | 289.18 | 540.16 | 902.43
reset, Vpp=3.3V

Supply current in c
Stop mode

Iox M UuA
Supply current in Enter Deep Stop
Deep Stop mode C modeaf_ter 72.59 | 85.61 | 112.70 | 209.74 | 502.00 | 884.26
reset, Vpp=3.3V
1. The I/O state is an analog input.
Table 5-12 Typical current consumption in Standby mode
Typical
Symbol Parameter Type Conditions 105° | Unit
-40°C | 0°C | 25°C | 55°C | 85°C C
LSI, LSE, RTC, IWDG
Supply Cc all disabled 152 | 1.63 | 1.82 | 248 | 507 | 9.37
) currentin LSl and IWDG
IbDx Standby Cc enabled 253 | 267 | 286 | 3.54 | 6.28 | 10.68 | UA
mode Cc LSI enabled 240 | 253 | 273 | 342 | 6.19 | 10.61

1. The l/O state is an analog input.

On-chip peripheral current consumption

The current consumption of the on-chip peripherals is given in the following table. The
MCU is placed under the following conditions:

e All I/O pins are in analog input mode and connected to a static level - Voo or Vss (no
load).

o All peripherals are disabled unless otherwise specified.
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e The given value is calculated by measuring the current consumption.
— When all peripherals are clocked off
— When only one peripheral is clocked on

e Ambient operating temperature and Vop supply voltage conditions are listed in Table
5-4,

Table 5-13 On-chip peripheral current consumption

Symbol Parameter Type Bus Typical Unit
DMA1 C 1.36
DMA2 C 1.35
CRC C 0.67

CORDIC C 1.43
GPIOA C 0.12
GPIOB C AHB 0.14
GPIOC C 0.17
GPIOD C 0.14
GPIOH C 0.13
GPIOI C 0.15
USB FS C 4.62

TIM2 C 2.82
TIM3 C 2.14
TIM4 C 2,12
TIM6 C 1.01
TIM7 C 2.39
loox WWDG C 1.00 WAMKz
SPI2 C 0.13
SPI3 C 3.10
UART2 C APB1 3.06
UART3 C 2.58
UART4 C 2.65
12C1 C 2.59
12C2 C 6.14
CRS C 6.01
PWR C 0.28
DAC C 0.40

FlexCAN1 C 8.30

SYSCFG C 0.07

LPUART C 0.21
ADCA1 C APB2 2.68

TIM1 C 4.10
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Symbol Parameter Type Bus Typical Unit
SPI1 C 3.05
UART1 C 2.63
USART C 1.85
COMP C 0.37
LPTIM C 1.07
MindSwitch C 0.04

1. fruck = 120MHz, fars1 = fHeLk, faPe2 = fHeLk, the prescaler coefficient of each peripheral is the
default value.

Wake up time from low power mode

The wake-up time listed in the table below is measured during the wake-up process of the
internal clock HSI. The clock source used to wake up the chip depends on the current
operating mode:

e Stop or standby mode: the clock source is the oscillator
e Sleep mode: the clock source is the clock used when entering the sleep mode.

The parameters given in the table below are based on the ambient temperature and the
Vpp supply voltage listed in Table 5-4.

Table 5-14 Wake up time from low power mode

Symbol Parameter Type Conditions Typical Unit
twusieep | VaKE “rﬁ’q(f)rgg“ Sleep | ¢ System clock is HSI 3.69 us
Wake up from Stop
twusTtoP mode (regulator is in C System clock is HSI 11.31 us
Run mode)

Wake up from Deep

twupeepsTop | Stop mode (regulator C System clock is HSI 15.2 us
is in low power mode)

C STDBY_FS_WK =010 | 472.76 us

C STDBY_FS_WK = 011 498.88 us

. Wake up from C STDBY_FS_WK =000 | 525.43 us

Standby mode C STDBY FS WK =101 | 554.46 | us

C STDBY_FS_WK =110 577.01 us

C STDBY_FS_WK = 111 602.78 us

5.4.6 External clock source characteristics

High-speed external user clock generated from an external source

The characteristic parameters given in the following table are measured by a high-speed
external clock source, and the ambient temperature and power supply voltage meet
General operating conditions.
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Table 5-15 High-speed external user clock characteristics

Symbol Parameter Type | Condition Min. Typ. Max. Unit
User external clock
fHSE ext source frequency c ) - 8 32 MHz
OSC_IN input high level R
VHSEH voltage C - 0.7 * Vob - Vbbp \
INi low level
VHSEL 0SC_ Vlglf:geow eve C - Vss - 0.3 * Vob \
twsey | OSC_IN high or low time C - 15 - - ns
A
VHSEH
90% %
|
10% I\
VHSEL }
|

External clock source

I

fHSE_ext
—

OSC_IN

to(HSE)

Figure 5-6 High-speed external clock source AC timing diagram

Low-speed external user clock generated from external oscillator source

The parameters of characteristics given in the following table are measured by a low-speed
external clock source, and the ambient temperature and supply voltage conform to the

general operating conditions.

Table 5-16 Low-speed external user clock characteristics

Symbol Parameter Type | Condition Min. Typ. Max. Unit
fiLSE_ex Userff:(;ig‘:gyd“k c - - 32.768 1000 KHz
ViseH OSCl_eI\l;leilnvpgfttap;iz high C - 0.7 * Vop - Vob \%
vee | OSCNpmtonn | o | | we |- Jostwe | v
fw(LSE) OSC_II\:imgeh or low c ) 250 i i ns

DS_MM32F5230_verl.1

www.mm32mcu.com




Electrical characteristics

VLSEH
90%

10%
VLSEL

0SC32_IN AL

fLSE ext
e -

LT -

External clock source

Figure 5-7 Low-speed external user clock alternate current timing diagram

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

The high-speed external (HSE) clock can be supplied with a 4 to 24 MHz crystal/ceramic
resonator oscillator. All the information given in this paragraph is based on the design
simulation results obtained with typical external components specified in the table below.
In the application, the resonator and the load capacitors must be placed as close as
possible to the oscillator pins to minimize output distortion and stabilization time at startup.
Refer to the crystal resonator manufacturer for more details on the resonator
characteristics (frequency, package, accuracy...).

Table 5-17 HSE oscillator characteristics

Symbol Parameter Type Conditions Min. Typ. Max. Unit
fosc_IN Oscillator frequency C 1.8V<VpD<5.5V 4 8 24 MHz
Rr Feedback resistor @ C - - 1000 - kQ
Support crystal serial
ESR impedance C - - 60 - Q
(CL1CL2 " is 22pF)
fosc_IN = 8MHz, ) )
— HSE current C | HSEIB=01, HSEDR=01 0-135 mA
consumption fosc_IN = 8MHz, i .
C | HsEB=11, HSEDR=11 0.24 mA
fosc_IN = 8MHz, ) )
(3) . © | HsEIB=01, HSEDR=01 ° me
tsU(HSE) Startup time : —eVH
C OSC_IN = SMTZ, - 0.697 - ms

HSEIB=11, HSEDR=11

1. For Cu1 and Ci2, itis recommended to use high-quality external ceramic capacitors in the 5 pF
to 25 pF range (Typ.), designed for high-frequency applications, and selected to match the
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requirements of the crystal resonator. CL1 and Ci2 are usually the same size. The crystal
manufacturer typically specifies a load capacitance which is the series combination of CL1 and
CiL2. PCB and MCU pin capacitance must be included (10 pF can be used as a rough estimate
of the combined pin and board capacitance) when sizing Cr1 and Ci2.

2. The relatively low value of the Rr resistance can be used to avoid problems arising from the
use of wet conditions to provide protection, this environment results in leakage and bias
conditions have changed. However, if the MCU is applied in bad wet conditions, the design
needs to take this parameter into account.

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

CL1
[ J—‘ OSC_IN frise
| |>
l 8MHz

Amplifier
>
- resonator

mm
W

OSC_OuT

*Inthe sample, R,, =5100

Figure 5-8 Typical application with an 8 MHz crystal

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

The low-speed external (LSE) clock can be generated by an oscillator composed of a
32.768KHz crystal/ceramic resonator. All the information given in this section is based on
the results obtained from comprehensive characteristic evaluation with typical external
components specified in the table below. In the application, the resonator and the load
capacitors must be placed as close as possible to the oscillator pins to minimize output
distortion and stabilization time at startup. Refer to the crystal resonator manufacturer for
more details on the resonator characteristics (frequency, package, accuracy, etc.). (Note:
the crystal oscillator is the passive crystal oscillator we usually refer to)

Note: For Cu1 and Ciz, it is recommended to use a high quality 5pF ~ 15pF ceramic
capacitor and a conformance crystal resonator. C.1 and Ci2 usually have the same
parameters. The crystal manufacturer typically gives the load capacitance parameters in
serial combination of CL1 and Cir2. The load capacitor Ci is calculated by the following
formula: CL = Cr1 X Cr2/ (Cu1 + Ci2) + Cstray, Where Cstray pin capacitor and PCB board or
PCB-related capacitor, and its typical value is in 2pF ~7pF. Warning: To avoid surpassing
the maximum value (15pf) of CL1 and Cu2, it is highly recommended to use a resonator with

load capacitor C. << 7PF. The resonator with load capacitor 12.5pF cannot be used. For
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example, if a resonator with load capacitor CL = 6pF is selected and Cstray = 2pF, CL1 =
Cr2= 8pF.

Table 5-18 LSE oscillator characteristics

Symbol Parameter Type Conditions Min. Typ. Max. Unit
Oscillator

fosc_IN frequency C 1.8V<Vpp<5.5V - 32.768 - KHz
. LSE current C | LSE_IB=00,LSE_DR=11 | - 263 - nA
consumption C LSE_IB=01, LSE_DR=11 - 287 - nA

C LSE_IB=00, LSE_DR=00 - 4 - S

C LSE_IB=00, LSE_DR=11 - 2.3 - S

tsu(Lse) @ Startup time
C LSE_IB=01, LSE_DR=00 - 0.6 - S
C LSE_IB=01, LSE_DR=11 - 0.45 - S

1. Select a high-quality oscillator (such as MSIVTIN 32.768KHz) with a smaller RS value to
optimize current consumption. For details, please consult the crystal manufacturer.

2. tsuwse) is the startup time, measured from the moment it is enabled LSE by software to a

stabilized 32.768KHz is reached. This value is measured from a standard crystal resonator,
and it can vary significantly with the crystal manufacturer.

CL1
0SC32_IN fLSE
} I l L1 B Bias 4‘>—>
32.768KHz = RF |controlled
f‘ 1 = gain
— Resonator
* 1
| L"0sC3z_ouT I
CL2

Figure 5-9 Typical application with a 32.768KHz crystal

5.4.7 Internal clock source characteristics
The characteristic parameters given in the table below are measured using ambient
temperature and supply voltage in accordance with general operating conditions.

High-speed internal (HSI) oscillator

Table 5-19 HSI oscillator characteristics

Symbol Parameter Type Conditions Min. Typ. Max. Unit
fus Frequency C - - 8 _ MHz
ACChsi C Ta =-20°C ~ 55°C -1 - +1 %
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Symbol Parameter Type Conditions Min. Typ. Max. Unit
HSI oscillator A0 o ) ) o
deviation c Ta=-40°C ~ 105°C 2 *2 &
HSI oscillator
Tstab(Hsl) startup time D - - 10 12 us
HSI oscillator
looHs) | power consumption D i i 73 i uA
Low-speed internal (LSI) oscillator
Table 5-20 LSI oscillator characteristics
Symbol Parameter Type Conditions Min. Typ. Max. Unit
fLsi Frequency C - - 40 - KHz
LS oscillator C Ta =-20°C ~ 55°C -10 - +10 %
ACCLsi deviati
eviation C Ta =-40°C ~ 105°C -15 - +15 %
tsuiLs) LSI oscﬂtli::\Tt]c;r startup D ) ) 200 300 us
LSI oscillator power
loo(Ls) consumption D i i 240 i nA

5.4.8 PLL1 characteristics

The relationship between the input clock frequency frii1 in and output clock friii out
frequency is:

Equation 1

fPLLl_IN — fPLLl_OUT
PLLIDIV[2:0] + 1  PLLIMUL[6:0] + 1

PLL1IMUL[6:0] and PLL1DIV[2:0] are the frequency division ratio settings of the PLL1
frequency divider and output frequency divider.

The parameters listed in the following table are provided under ambient temperature and
power supply voltage in accordance with general working conditions.

Table 5-21 PLL1 characteristics

Symbol Parameter Type Conditions Min. Typ. Max. Unit
frLein | PLL1 input clock (9 D - 2 8 24 MHz
PLL1 input clock o
DpLL1_IN duty cycle D - 20 - 80 %
fuco VCO output clock D - 200 - 400 MHz
frLLr out | PLL1 output clock D - 25 - 200 MHz
PLL1 current feLL1_IN=2MHz ) )
looeLLy consumption D frLL1_out=200MHZz 1.95 mA

DS_MM32F5230_verl.1

1. Use the correct multiplication factor to ensure the fpLL1_ourt is within the allowable range
according to the PLL1 input clock frequency.

5.49 PLL2 characteristics
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The relationship between the input clock frequency fez in and output clock fpiiz our
frequency is:
Equation 2

fPLLZ_IN fPLLZ_OUT

(PLL2PDIV[2:0] + 1) * (PLL2DIV[2:0] + 1)  PLL2MUL[7:0] + 1

PLL2PDIV[2:0], PLL2MUL[6:0] and PLL2DIV[2:0] are the frequency division ratio settings
of the PLL2 frequency divider and output frequency divider.

The parameters listed in the following table are provided under ambient temperature and
power supply voltage in accordance with general working conditions.

Table 5-22 PLL2 characteristics

Symbol Parameter Type Conditions Min. Typ. Max. Unit
friz N | PLL2 input clock (V D - 4 8 24 MHz
PLL2 input clock o

DpLL2 N duty cycle D - 20 - 80 %
froo VCO ou(tzp))ut clock D ) 80 ) 200 MHz

frLz out | PLL2 output clock D - 10 - 100 MHz

PLL2 current frLL2_IN=8MHZz ) )
Ioo(PLL2) consumption D frLL2_out=100MHZ 15 mA

1. This range is applicable when PLL2PDIV = 0; If PLL2PDIV is not 0, then this range should be
applied to feLiz_in/(PLL2PDIV+1).

2. Use the correct multiplication factor to ensure the fpLz_out is within the allowable range
according to the PLL2 input clock frequency.

5.4.10 Memory characteristics

Table 5-23 Flash memory characteristics

Symbol Parameter Type Conditions Min. Typ. Max. Unit
torog 16-bit p;?n%(reamming c ) ) 60.44 ) us
tERASE Pag:r(a1s()e2t‘i1 n? Ztes) C - - 5.18 - ms
tME Mass erase time C - - 35.33 - ms

D Read mode - 3 - mA

[o)s) Supply current D Write mode - 0.5 - mA

D Erase mode - 0.5 - mA

Table 5-24 Flash memory endurance and data retention

Symbol Parameter Type | Conditions Min. Typ. Max. Unit
NEND Endurance D - 100000 - - Cycles
Data D TA =85°C 20 = =
Tor ; Years
retention D Ta = 25°C 100 _ _
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5.4.11 EMC characteristics
Susceptibility tests are performed on a sample basis during device characterization.

Functional EMS (electromagnetic susceptibility)

While a simple application is executed on the device (toggling 2 LEDs through 1/O ports),

the device is stressed by two electromagnetic events until a failure occurs. The failure is

indicated by the LEDs:

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

e FTB: A Burstof Fast Transient voltage (positive and negative) is applied to VDD and
VSS through a 100 pF capacitor, until a functional disturbance occurs. This test is
compliant with the IEC 61000-4-4 standard.

A device reset allows normal operations to be resumed. The test results are given in the
following table.

Table 5-25 EMS characteristics

Symbol Parameter Type Conditions Level/Type
Vbop = 3.3V, Ta= +25°C,
Voltage limit applied to any I/O fHcLk = 120MHz.
VrEsD pin, resulting in malfunction c Conforming to IEC61000- 2A
4-2
Fast transient voltage burst limits Vop = 3.3V, Ta=+25°C,
Vv to be applied through 100 pF on c fHeLk = 120MHz. oA
FEFT VDD and VSS pins to induce a Conforming to IEC61000-
functional disturbance 4-4

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.

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

Software recommendations

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

e Unexpected reset

e Critical Data corruption (for example control registers)
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Prequalification trials

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

To complete these trials, ESD stress can be applied directly on the device, over the range
of specification values. When unexpected behavior is detected, the software can be

hardened to prevent unrecoverable errors.

Functional EMS (Electrical Sensitivity)

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

Electrostatic discharge (ESD)

Electrostatic discharges (a positive then a negative pulse separated by 1 second) are
applied to the pins of each sample according to each pin combination. The sample size
depends on the number of supply pins in the device (3 parts x (n+1) supply pins). This test
conforms to the JESD22-A114/C101 standard.

Static latch-up

Two complementary static latch-up tests are required on six parts to assess the latch-up
performance:

e A supply overvoltage is applied to each power supply pin

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

These tests are compliant with EIA/JESD78E IC latch-up standard.

Table 5-26 ESD & LU characteristics

Symbol Parameter Type Conditions Class Maximum | Unit
P Ta = 25°C, conforming
Electrostatic discharge voltage ’
VESD(HBM) C to ESDA/JEDEC JS- 3A +4000 \Y
(Human body model) 001-2017
A Ta = 25°C, conforming
Electrostatic discharge voltage ’
VESD(CDM) . . C to ESDA/JEDEC JS- C3 +1000 \Y
(Charging device model) 002-2018
Ta = 25°C, conforming
c to JESDT8E, 200 | mA
ILu Latch-up current I, A
Ta = 105°C, conforming
c to JESDTSE, ¥100 | mA

5.4.12 1/O port characteristics
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General input/output characteristics

Unless otherwise specified, the parameters given in Table 5-4 are used for tests. All I/O
ports are CMOS compatible.

Table 5-27 1/O static characteristics

Symbol Parameter Type Conditions Min. Typ. Max. Unit
Vi Low level input voltage C - - - 0.3 * Vbp \
ViH High level input voltage C - 0.7 * Voo - - \
Vhy Schmitt trigger hysteresis C - 0.1 * Vop - - \

Weak pull-up equivalent _
Reu resistor @ C VIN = Vss - 50 - kQ
Weak pull-down _
Reo equivalent resistor @ C ViN = Voo i 50 i kQ
D For 5VT IOs - - 1.62 pF
Cio I/O pin capacitance
D For TC I0s - - 1.84 pF

1. If there is reverse current in the adjacent pin, the leakage current may be higher than the

maximum value.

2. The pull-up and pull-down resistors are poly resistors.

Output driving current

The GPIOs (general purpose input/outputs) can sink or source up to £20mA.

In the user application, the number of I/O pins must ensure that the drive current must be
limited to respect the absolute maximum rating specified in Table 5-2:

e The sum of the currents sourced by all the I/O pins on Voo, plus the maximum operating
current that the MCU sourced on Vop, cannot exceed the absolute maximum rating
IvDD.

e The sum of the currents drawn by all I/O ports and flowing out of Vss, plus the maximum
operating current of the MCU flowing out on Vss, cannot exceed the absolute maximum
rating lvss.

Output voltage levels

Unless otherwise stated, the parameters listed in the table below are provided under the
ambient temperature and VDD supply voltage in accordance with the conditions
summarized in Table 5-4. All I/O ports are CMOS compatible.

Table 5-28 Output voltage static characteristics

Symbol Parameter Type Conditions Typical Unit
Vo™ Output low voltage c For TC IOs 0.1
- - v
Vou® | Output high voltage C [ho|= 6mA, Vbp=2.0V 1.80
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Symbol Parameter Type Conditions Typical Unit
Vo™ | Output low voltage C For TC I0s, 0.16
Vorn® | Output high voltage | C [lio]= 8mA, Vpp=2.0V 1.72
Vo™ | Outputlow voltage C For 5VT IOs, 0.1
Von@ | Output high voltage c [ho|= 6mA, Vbp=2.0V 1.65 y
VoL | Outputlow voltage C For 5VT IOs, 0.15
Von@ | Output high voltage | C [lio|= 8mA, Vbp=2.0V 1.48
VoL | Outputlow voltage C For TC I0s, 0.07
Von@ | Output high voltage c o= 6mA, Vbp=3.3V 3.17
Vo™ | Output low voltage C For TC I0s, 0.10
Von@ | Output high voltage c [hol= 8mA, Vbp=3.3V 3.13 v
VoL ™ Output low voltage C For TC IOs, 0.25
Von® | Output high voltage | C [lio]=20mA, Vbp=3.3V 2.85
VoL | Outputlow voltage C For 5VT IOs, 0.07
Von@ | Output high voltage c [hol= 6mA, Vbp=3.3V 3.10
Vo (¥ Output low voltage c For 5VT IOs 0.10
Von@ | Output high voltage c [ho|= 8mA, Voo=3.3V 3.03 v
Vo™ | Outputlow voltage C For 5VT IOs, 0.25
Von @ | Output high voltage C [ho[=20mA, Vpp=3.3V 2.50
VoL M Output low voltage C For TC IOs, 0.06
Von@ | Output high voltage C [ho|= 6mA, Vop= 5V 4.90
VoL M Output low voltage C For TC IOs, 0.08 v
Von® | Output high voltage c [hol= 8mA, Vbp= 5V 4.87
VoL M Output low voltage C For TC IOs, 0.20
Von® | Output high voltage c [ho|=20mA, Vop= 5V 4.66
VoL ™M Output low voltage C For 5VT IOs, 0.06
Von® | Output high voltage c [lio|= 6mA, Vbp= 5V 4.85
VoL M Output low voltage C For 5VT IOs, 0.07 v
Von@ | Output high voltage C o= 8mA, Vbp= 5V 4.80
VoL M Output low voltage C For 5VT IOs, 0.19
Von® | Output high voltage c [ho|=20mA, Vop= 5V 4.46

1. The current lio drawn by the chip must always follow the absolute maximum ratings given in the

table, and the sum of lio (all I/O pins and control pins) cannot exceed lvss.

2. The current lio output by the chip must always follow the absolute maximum ratings given in

the table, and the sum of lio (all I/O pins and control pins) cannot exceed lvbp.

Input/output AC characteristics
The definitions and values of the input and output AC characteristics are given in the
following figure and table, respectively.

Unless otherwise stated, the parameters listed in the following table are provided under
the ambient temperature and supply voltage in accordance with the condition Table 5-4.
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Table 5-29 I/O AC characteristics M@

Symbol Parameter Type | MODEXx[1:0] | Conditions | Typical | Unit
trioout Output fall time C (I-:i1gh 3.20 ns
tr(10)out Output rise time C speed) 3.30 ns
ti(10)out Output fall time C " e1 C?ium CL=50pF | 6:30 ns
tr1o)out Output rise time C speed) Voo =3.3V | 7.20 ns
tfoout Output fall time C 01 17.80 ns
triojout Output rise time C (Low speed) 23.90 ns
1. The speed of the I/O port can be configured through MODEX[1:0]. Refer to the description of
the GPIO port configuration register in this chip user manual.
2. The maximum frequency is defined in Figure 5-10.

External output
load is 50pF

90%

10%

T

|
| |

tf (10)out

If ((tr + tf) < 2/3)T, and duty cycle is (45 ~ 55%)
when load is 50pF, can achieve maximum efficiency.

Figure 5-10 I/O AC characteristics

5.4.13 NRST pin characteristics
The NRST pin input driver uses the CMOS technology. It is connected to a permanent

pullup resistor, Reu.

Table 5-30 NRST pin characteristics

Symbol Parameter Type | Conditions Min. Typ. Max. Unit

VIL(NRST) NRST input low voltage C - - 0.3 * Voo v

VIH(NRST) NRST input high voltage C - 0.7 * Vop - \Y
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Symbol Parameter Type | Conditions Min. Typ. Max. Unit
NRST Schmitt trigger N
Vhys(NRsT) voltage hysteregsligs c ) 0.1" Voo ) ) v
Weak pull- ivalent
Rpu ea puresl,:ztg?uwa en C VIN= Vss - 50 - kQ
VE(NRST) NRST input filtered pulse C - - 6.21 - us
VNFNRsT) | NRST input not filtered pulse C - - 6.25 - us
External reset circui{o== " \/py ~~q \VbD
/’ \\\
/’ looka Reu
\ (2)
; ‘\N RST A Internal reset
{ l v L Filter —>>—>
]
V% ——oapF ;'
\ j_ !
\ ’
N T - ’
N - ’
N ’
\\ ',
> "

Figure 5-11 Recommended NRST pin protection

1. The reset network is to prevent parasitic reset

2. The user must ensure that the potential of the NRST pin is below the maximum ViLnrsT) listed
in Table 5-30, otherwise the MCU cannot be reset.

5.4.14 Timer characteristics
For details on the characteristics of the input and output multiplex function pins (output

compare, input capture, external clock, PWM output), see section 5.4.12 1/O port
characteristics.

Table 5-31 TIMx characteristics

Symbol Parameter Type Condition Minimum Maximum Unit
frimxcLk Timer clock frequency D - - 120 MHz
D - 1 - trimMxcLK
tres(TIM) Timer resolution time FTIMXCLK =
D 120MHz 8.33 - ns
‘ External clock frequency of D - 0 frmicLk /2 MHz
EXT channel 1to 4 D frimxcLk = 0 60
120MHz
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Symbol Parameter Type Condition Minimum Maximum Unit
D TIMx(except ) 16
Restim Timer resolution TIM2) bit
D TIM2 - 32
D - 1 65536 trimxcLk
tCOUNTER 16-bit counter period FTIMXCLK =
D 120MHz 0.0083 546 us
I Maximum possible count with D - _ ! 65536765536 | trimcir
- 32-bit counter TIMxCLK = )
D 120MHz 35.78 s
f Min pulseW|dtirr: on TIxand ETR D ) 5 ) TIMGLK
put
ETPS=00,
No
D frequency - frimxcLk / 4
division
ETPS=01,
D frequency - frimxcLk / 2
fetr ETR input clock frequency divided by 2 MHz
ETPS=10,
D frequency - frimxcLk
divided by 4
ETPS=11,
D frequency - frimxcLk X 2
divided by 8

5.4.15 12C interface characteristics
Unless otherwise specified, the parameters given in the following table are derived from

tests performed under the ambient temperature, feciki frequency and supply voltage

conditions summarized in Table 5-4.

The 12C interface conforms to the standard 12C communication protocol but has the

following limitations: SDA and SCL are not true open-drain pins. When configured as open-

drain output, the PMOS transistor between the pin and Voo is disabled, but still present.

The 12C characteristics are listed in the following table. Refer to section 5.4.12 1/O port

characteristics for details on the characteristics of input/output alternate function pins (SDA

and SCL).

Table 5-32 12C characteristics

Standard mode Fast mode Fast mode plus
Symbol Parameter Type Unit
Min. Max. Min. Max. Min. Max.
tw(scLL) SCL clock low time D 6*troLk - 6*trcLk - 6*tPcLk - us
tw(SCLH) SCL clock high time D 5*trcLk - 5*trcLk - 5*trcLk - us
tsu(soa) SDA setup time D 1*tPcLK - 1*tPoLK - 1*tPoLK - ns
th(spa) SDA data hold time D 0 - 0 - 0 - ns
tr(spA) SDA anq SCL rising D ) 1000 20 300 ) 120 ns
trscy) time
tfspa) SDA and SCL fall ) 20x%(Vpo/ 20x%(Vpo/
trscu) time D 300 5.5V) 300 5.5V) 120 ns
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Standard mode Fast mode Fast mode plus .
Symbol Parameter Type Unit
Min. Max. Min. Max. Min. Max.
tart ition hol
th(sTA) Sta Cot?r(rjlléon old D 6*trcLk - 6*trcLk - 6*trcLk - us
tsu(sTA) Start cort1i(;11|1t|eon setup D 13*trcLk - 12*tpcLK - 12*tpcLK - us
tousro) | SOP Cort‘idn'qt'ef’ NSep | p | 12vtpouk - 12*tpeLk - 12*tpeLk - us
Time from Stop
tw(sTO:STA) condition to Start D 18*trcLk - 18*tpcLk - 18*tpcLk - us
condition (bus idle)
Capacitive load of
Cob cach bus D - 400 - 400 - 550 pF
1. fpcLk1 must be at least 3MHz to achieve standard mode 12C frequencies. It must be at least
12MHz to achieve fast mode 12C frequencies.
VDD
4.7KQ 4.7KQ
100Q
o AVAVAY. SDA
12C BUS
100Q
(e} SCL
37777;15702;‘} tr (spa) tsu cspa
i 70%
SDA i 20%
SCL i
i * tw s
«« SDA
««SCL

Figure 5-12 12C bus AC waveform and measurement circuit

Note: Measurement point is set to the CMOS level: 0.3Vpp and 0.7Vpbp.
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Table 5-33 SMBus input voltage characteristics

Symbol Parameter Type Conditions Min. Typ. Max. Unit
Vi Low level input voltage D Vpp = 2.1~ 3.9V - - 0.8 V
ViH High level input voltage D Vpp = 2.1~ 3.9V 21 - - V

5.4.16 SPI characteristics

Unless otherwise specified, the parameters given in the following table are derived from
tests performed under the ambient temperature, frcikx frequency and Voo supply voltage
conditions summarized in Table 5-4.

Refer to section 5.4.12 1/0O port characteristics for more details on the input/output
alternate function characteristics (NSS, SCK, MOSI, MISO).

Table 5-34 SPI characteristics

Symbol Parameter Type Conditions Minimum Maximum Unit
fsck SPI clock D Master mode - 48 MHz
1/te(scK) frequency D Slave mode - 24
tr(sck) SPI clock rise time D Load cap1a50F|)tsnce: C= - 3 ns
tisc) | SPlclockfalltime | D | Load capacitance: C = ] 3 ns
15pF
tsuNss) NSS setup time D Slave mode 1*tpcLi - ns
th(Nss) NSS hold time D Slave mode 2*tpcLk - ns
tw(SCKH) SCK high time D - toscky2 - 3 tescry2 + 3 ns
tw(sckL) SCK low time D - tescry2 - 3 toscry2 + 3 ns
Master mode, frcLk = ns
tsum) Data input setup D 96MHz, prescaler =2, | 23 - N*tscxy2 (M -
time high speed mode
tsu(sn D Slave mode 5 - ns
Master mode, frcLk = ns
thom Data input hold D 96MHz, prescaler = 2, 0 + N*toscry2 M -
time high speed mode
thesi D Slave mode 5 - ns
¢ Data output valid D Master mode (after ) 6 ns
v(MO) time enable edge)
Data output valid Slave mode (after ) N @ ns
tso) time D enable edge) 23 - Ntescr/2
t Data output hold D Master mode (after 2 ) ns
h(Mo) time enable edge)
Data output hold Slave mode (after ns
th(so) time D enable edge) 10 ]

1. The sampling point of the received data can be adjusted when the host is in the high-speed
mode. Adjustment can be made to tsymy by configuring the control bit RXEDGE of the register
CCTL in order to optimize the timing margin, where the N value is shown below:

If RXEDGE=1, then N=0; if RXEDGE=1, then N= (fpcLk/fsck) /2.

2. The control bit TXEDGE of the CCTL register can be configured to make the early release of
slave output SO to the pin possible (without waiting for the input clock SCK edge) to optimize
the timing margin, where the N value is shown below:
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If TXEDGE=0, then N=0; if TXEDGE=1, then
When 7<=f pcik /f sck <8, N=3;
When 6<=f pcik /f sck <7, N=2;
When 5<=f pcik /f sck <6, N=1;
When 4<=f pc k /f sck <5, N=0.

NSS input_\ f

tsu(nss) | tcsck) ——»

Q| CPOL=0 ‘ | : " | : I |
= tw(sckH) g ‘ ! .
S [cPHA=0 twiscky) 1] | | I !
@ |CPOL = —\— / \ | \ '
| Lo tv(so)«— ih}s 0) e A trsCK) tdlS(SO)
ta@o) e——» 1 | ! ! 1 thsck)
MISO Yot - ‘ :
WSO [  wmssout BIT6 OUT LSB OUT >—
tsu(si)—» }‘
MOSI ><><><><><><>(>< | MSBIN >< BIT1IN LSB IN ><><><><><><><Y
INPUT : _
:& th(s)) >

679527

Figure 5-13 SPI timing diagram-slave mode and CPHA = 0, CPHASEL =1
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NSS input f

tsunss) «—, |<—tC(SCK)—> thinss) ¢ #ii
: | | |
= [cPHA=1 | / o ¥ ¥
3 | I | h 1
g— CPOL=0 T | , | 1 L
= 'tW(SCKH) _—; ! I | ! n |
5 CPHA =1 1tw(SCKL : P ' :
o |[CPOL= 1w ! i I
. . : ! . :

! tvisoy y ) I gl tdis(s0) L

th(so) —h—vl t(scK) 1!
2 —

|
|
|

MISO , |
OUTPUT4<3< MSB,OUT >< BIT6 OUT >< LSB OUT >>

I
tsu(si r—»fth(sn ) —»

wost OUOO0Ewsem W mmiw ) s YT

429658

Figure 5-14 SPI timing diagram-slave mode and CPHA = 1, CPHASEL =1 W

1. Measurement points are set at CMOS levels: 0.3Vpp and 0.7Vbbp
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NSS input

CPOL =

SCK output

CPOL =

CPOL =

SCK oitput

CPOL =

MISO
INPUT

MOSI
OUTPUT

CPHA =0

CPHA =0

CPHA =1

CPHA =1

High

|
I ltw (SCKH) [

tr (SCK
tsu(i) € tw (KL € (ock)

tf (SCK)

/W 3 v N BIT IN LSB IN ><><><><><

|
T
<« th(Ml>+‘
| -

MSB OUT | >< BIT1 OUT >< LSB OUT

t

tv(MO) & M th(MO Y&

Figure 5-15 SPI timing diagram-master mode, CPHASEL = 1@

1. Measurement points are set at CMOS levels: 0.3Vpp and 0.7Vpp.

5.4.17 USART characteristics

Unless otherwise specified, the parameters given in the following table are derived from
tests performed under the ambient temperature, frcLkx frequency and Voo supply voltage
conditions summarized in Table 5-4.

Refer to section 5.4.12 1/O port characteristics for more details on the input/output
alternate function characteristics (SCLK, TX, RX).

Table 5-35 USART characteristics

Symbol Parameter Conditions Minimum Maximum Unit
Master mode, Ta = 15
fscik USART clock 25°C - My
frequenc
1/te(scLk) a y Slave mode, Ta = 25°C - 15

DS_MM32F5230_ver1.1 www.mm32mcu.com 66




Electrical characteristics

Symbol Parameter Conditions Minimum Maximum Unit
SCLK clock rise Load capacitance: C =
tiscLk) time 15pF - 8 ns
¢ SCLK clock fall Load capacitance: C = ) 3 ns
f(SCLK) time 15pF
twsckn) | SCLK high time - tesclky2 -3 | tesciky2+3 | ns
twiscrke) (1 SCLK low time - te(scLky2 - 3 tescLky2 + 3 ns
t ) . Master mode, frcLk = 5 ; ns
su(Mi) Data I?put setup | 120MHz, prescaler = 8
tsu(si) ime Slave mode 5 - ns
toon (D ) Master mode, frcLk = 5 _ ns
(M) Data Itr)put hold | 120MHz, prescaler = 8
thsi) () me Slave mode 5 - ns
¢ ) Data output valid Master mode (after 8 ns
v(MO) time enable edge)
Data output valid Slave mode (after
Q) -
tu(so) time enable edge) 25 ns
5.4.18 USB FS Characteristics
Table 5-36 USB electrical characteristics
Symbol Parameter Type Conditions Min. Max. | Unit
USB operating )
Vbp voltage D 2.8 3.6 \Y
Vol Differential input D ) 0.2 ) v
range
Differential common
Vem mode range D - 0.8 2.5 \Y
Single-end reception )
Vse threshold D 13 2 v
Electrostatic output Load resistance 1.5kQ
VoL low voltage D connected to 3.6V i 0.3 v
Electrostatic output Load resistance 15kQ
Vor high voltage D connected to Vss 2.8 36 v
PA11/PA12 pull-down
Rpp resistance D - 13.5 16.5 kQ
Reu PA11/PA12 pull-up D ) 125 175 KO
resistance
Table 5-37 USB dynamic characteristics
Symbol Parameter Type Conditions Min. Max. Unit
tr Rising edge D CL= 50pF 7.688 20.75 ns
t Falling edge D CL = 50pF 7.42 20.59 ns
Output signal
Vers crossover voltage D ) 1.36 2.0 v

5.4.19 ADC characteristics

Unless otherwise specified, the parameters in the table below are measured under the
ambient temperature, fecik2 frequency and Vopa supply voltage in accordance with the
conditions summarized in Table 5-4.
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Table 5-38 ADC characteristics

Symbol Parameter Type Conditions Min. Typ. Max. Unit
VDDA Supply voltage C - 25 3.3 5.5 \
Vrer+ (1) Reference voltage C - 2.5 3.3 55 \Y
fabc ADC clock frequency C - - - 48 MHz
fs Sampling frequency C - - - 3 MHz
fri @ External trigger D fanc = 48MHz - - 2.8 MHz
frequency D - - - 17 1/fanc
VAIN Conversion voltage range C - 0 - VDDA \Y
Rain External input impedance D - See equation 2 kQ
Sampling switch
Rapc resistance D ) ) ) 1.2 kQ
Internal sample and hold
Capc capacitance D i i 3 4 pF
tsTaB Stabilization time D - - 32/fapc - us
Delay between injection
tiat trigger and conversion D - - - 512 1/fapc
start
Delay between normal
tiatr trigger and conversion D - - - 512 1/fapc
start
D fanc = 48MHz 0.0729 - 5.0104 us
ts Sampling time
D - 3.5 - 240.5 1/fapc
D fanc = 48MHz 0.3333 - 5.2708 us
Total conversion time :
tconv . . S 16 ~ 253 (sampling ts +
(including sampling time) D - successive approximation 1/fanc
12.5)
ENOB | Effective number of bits | C - - | e | - bit

1. Inthis product, Vrer+ and Vbopa has dedicate pins, VRer- is internally connected to Vssa.

2. For external trigger, a delay of 1/fapc must be added.

Input impedance

Equation 3
TS

Ryn< —R
AN fape*CapeXIn(2n+2) - 4P¢

The equation above (Equation 3) is used to determine the maximum external impedance
allowed for an error below 1/4 of LSB. Here N = 12 (12-bit resolution).

Table 5-39 Maximum Rain when fapc=48MHz

TS (cycles) TS (us) Type Maximum Rain (kQ)
3.5 0.073 D 0.7
4.5 0.094 D 1.2
55 0.115 D 1.8
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TS (cycles) TS (us) Type Maximum Ran (kQ)
6.5 0.135 D 2.3
7.5 0.156 2.8
1.5 0.240 D 5.0
13.5 0.281 D 6.0
15.5 0.323 D 71
19.5 0.406 D 9.3
29.5 0.615 D 14.6
39.5 0.823 D 20.0
59.5 1.240 D 30.7
79.5 1.656 D 415
119.5 2.490 D 62.9
159.5 3.323 D 84.4
240.5 5.010 D 127.9
Table 5-40 ADC static characteristics
Symbol Parameter Type Conditions Typical Unit
ET Compéﬁr;?n5|ve 4,45
EO Offset error c freLki = 96MHz, -2.6,42.2
fapc = 48MHz,
EG Gain error C Rain < 0.1 kQ, -1.9,+0.6 | LsB
A N N O FY T
EL Integral c 4424

linearity error

ADC Accuracy vs. Negative Injection Current: Injecting negative current on any standard

(non-robust) 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 standard analog pins which may potentially inject
negative current. Any positive injection current within the limits specified for Inseiny and

2lingeiny in section 5.3 Absolute maximum rating does not affect the ADC accuracy.

The implications of the ADC static parameters are seen below, and the corresponding

schematic diagram is shown in Figure 5-16.

e ET = Total unadjusted error: The maximum deviation between the actual and ideal

transmission curves.

e EO = Offset error: The deviation between the first actual conversion and the first ideal

conversion.

e EG = Gain error: The deviation between the last ideal transition and the last actual

transition.

o ED = Differential linearity error: The maximum deviation between the actual step and

the ideal value.
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e EL = Integral linearity error: The maximum deviation between any actual conversion
and the associated line of the endpoint.

ADC output
4095 - -
4094 —|
4093 — Ideal transfer curve —wuw I__ E
4092 — \
4091 —| ET _ 'f
N | | | |
5 — — e _"
4 :~—EO—~: : i
3 - | i i ! i
: : | —>—ED—e— i
2 - i i - '— i
1LSB ideal
1 — - ; |
0 I T I T I T I T I T I 22 1 I T I T I T i VAIN / VREFH * 4095
1 2 3 4 5 6 4092 4093 4094 4095
Figure 5-16 Schematic diagram of ADC static parameters
Sample and hold ADC converter
Rain® Rapc® ;
M AI NX!’—\ mm 12-b|t
VI LT WY
converter
Cparasitic?
VAIN — —
‘ Capct
Parasitic
capacitance

Figure 5-17 Typical connection diagram using the ADC

1. Refer to Table 5-38 for the values of Ran, Rapc and Capc.

2. Cpamsiic represents the capacitance of the PCB (dependent on soldering and PCB layout quality)
plus the pad capacitance (roughly 7pF). A high Cpamsiic value will downgrade conversion
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accuracy. To remedy this, fapc should be reduced.

PCB design recommendations

The decoupling of power supply must be connected as shown below. The 10nF capacitor
in the figure must be ceramic, and it should be as close as possible to the MCU chip.

Vopa

'] Vooa

[

1WF//10nF

] Vssa

\\‘4*
]

326818

Figure 5-18 Power supply and reference power supply decoupling circuit

5.4.20 Temperature sensor characteristics
The temperature sensor is calculated with the following equation:

Temperature equation

Value * Vyp, — of fset * 3300
4096 * Avg_Slope

TSadc = 25 +

Vopa: The Vopa voltage from the current sampling of ADC, and the unit is mV.

Offset: The conversion result obtained at 25°C, is stored in Flash space Ox1FFFF7FC
bit[31:16] , where the typical voltage values at 25°C and 3.3V can be referenced to Vs in
Table 5-41.

Value: The conversion result from the current sampling of ADC.

Avg_Slope: The average slope (expressed in mV/°C) of the temperature and voltage curve.
For the typical values, refer to Table 5-41.

Table 5-41 Temperature sensor characteristics

Symbol Parameter Type Conditions Minimum | Typical | Maximum Unit
VDDA Supply voltage D - 1.8 3.3 55 \
Vsensk linearity
TL with respect to Cc Vop = 3.3V - 15 - °C
temperature
Avg_Slope Average slope C Vop = 3.3V - 4.72 - mV/°C
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Symbol Parameter Type Conditions Minimum | Typical | Maximum Unit
V25 Voltage at 25°C C Vop = 3.3V - 1.435 - \%
ADC sampling
ts emp | time when reading c Vop = 3.3V - 0.24 - us
temperature

1. The shortest sampling time can be determined by application through multiple circulations.

Note: temperature sensor characteristics are greatly affected by chip power consumption and

packaging

5.4.21 DAC characteristics
Table 5-42 DAC characteristics

Symbol Parameter Type Condition Min. Typ. Max. Unit
VDDA Supply voltage C - 2.5 3.3 5.5 \%
Reference
(1) -
VREF+ voltage C 2.5 3.3 5.5 V
buff on, output
C connected to - 88.85 -
Output Vssa
Ro impedance buff on, output kQ
C connected to - 70.77 -
VbDA
. Lowest output ) ) )
DAC_OUTmin voltage C Vssa+0.1 Vv
Highest output
DAC_OUTmax Voltage C - - - Vopa-0.1 \
DAC static
IbpA current C - - 21 - uA
DNL Differential c ; - 11,407 - LSB
nonlinear error
Integer
INL nonlinear error c ) ) -3.3,+16 ) LSB
Offset Offset error C - - +1 - LSB
Gain error Gain error C - - -4.7 - LSB
Maximum
Update rate update rate C - - - 1 MSPS

1. Inthis product, Vrer+ and Vbopa has dedicate pins, VRer- is internally connected to Vssa.

5.4.22 Comparator characteristics

Table 5-43 Comparator characteristics

Symbol Parameter Type Condition Minimum | Typical Maximum Unit
VDDA Supply voltage D - 1.8 3.3 5.5 \%
HYST = 00, MODE = 00 - 0 - mV
D HYST = 01, MODE = 00 - 10 - mV
D HYST = 10, MODE = 00 - 20 - mV
tHYST Hysteresis
D HYST = 11, MODE = 00 - 30 - mV
D HYST = 00, MODE != 00 - 0 - mV
D HYST = 01, MODE != 00 - 10 - mV
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Symbol Parameter Type Condition Minimum | Typical Maximum Unit
D HYST = 10, MODE != 00 - 20 - mV
D HYST = 11, MODE != 00 - 30 - mV
C MODE = 11 - 3 - mV
C MODE = 10 - 3 - mV
Vorrser | Offset voltage
C MODE = 01 - 3 - mV
C MODE = 00 - 3 - mV
C MODE = 11 - 105.3 - ns
Propagation C MODE =10 - 66.6 - ns
tDELAY dela
Yy C MODE = 01 - 421 - ns
C MODE = 00 - 24.8 - ns
C MODE = 00 - 77.5 - uA
I Average C MODE = 01 - 44 - uA
q working current C MODE = 10 _ 28.5 _ UA
C MODE = 11 - 19.4 - uA
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6 Package dimensions

6.1 LQFP64

D1 A2

AR ARG e,

I\
—
/
 — — I —
— I\\Q + o
—r ——
—1 ——
= BTM E—MARK Sl
[ 2—¢1.80£0.10 C.10£0.05 —
1 DEPTH -
== E= 0w T
[
—H|ToP E-MARK —
=5|2-¢1.80+0.10 0.10£[.05 DE°TH —
 — -
L INDE  91.2G+0.10 -
= _/ 0.20+0.10| DEPTH —
/ \ %)
~ / K

T / -
LI kil BT

S b}

333333

Figure 6-1 LQFP64 package dimension

1. The figure is not drawn to scale.

2. Dimensions are in millimeters.
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Table 6-1 LQFP64 package dimension details

Millimeters
'° Minimum Typical Maximum
A - - 1.60
A1 0.05 - 0.15
A2 1.35 1.40 1.45
A3 0.59 0.64 0.69
b 0.18 - 0.27
b1 0.17 0.20 0.23
c 0.13 - 0.18
cl 0.117 0.127 0.137
D 11.95 12.00 12.05
D1 9.90 10.00 10.10
E 11.95 12.00 12.05
E1 9.90 10.00 10.10
- 0.50 -

H 11.09 11.13 11.17

0.53 - 0.70
L1 1.00REF
R1 0.15REF
R2 0.13REF
0 0° 35° 7
01 1° 12° 13°
62 1° 12° 13°
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6.2 LQFP48
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Figure 6-2 LQFP48 package dimension

1.
2.

The figure is not drawn to scale.

Dimensions are in millimeters.
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Table 6-2 LQFP48 package dimension details

Millimeters

'° Minimum Typical Maximum
A - - 1.6
A1 0.05 - 0.15
A2 1.35 1.4 1.45
A3 0.59 0.64 0.69
b 0.18 - 0.27
b1 0.17 0.20 0.23
c 0.13 - 0.18
cl 0.12 0.127 0.134
D 8.80 9.00 9.20
D1 6.90 7.00 7.10
E 8.80 9.00 9.20
E1 6.90 7.00 7.10
e - 0.50 -
L 0.45 0.60 0.75
L1 1.00REF

L2 0.25BSC

R1 0.08 - -
R2 0.08 - 0.2
S 0.2 - -

0- 35. 7.

01 0. - -
02 1. 12 13-
o3 1. 12 13-
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6.3 QFN32 5x5 mm?2
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Figure 6-3 QFN32 5x5 mm2 package dimension

1. The figure is not drawn to scale.

2. Dimensions are in millimeters.
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Table 6-3 QFN32 5x5 mm2 package dimension details

Millimeters

'° Minimum Typical Maximum
A 0.7 0.75 0.80
A1 0.00 0.02 0.05
A2 0.50 0.55 0.60
A3 0.20REF

0.20 0.25 0.30

4.90 5.00 5.10

4.90 5.00 5.10
D2 3.40 3.50 3.60
E2 3.40 3.50 3.60
e - 0.5 -
H 0.30REF
K 0.35REF
L 0.35 0.40 0.45
R 0.09 - -
c1 - 0.08 -
c2 - 0.08 -
N Pin count = 32
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6.4 QFN32 4x4 mm2

TOP VIEW

|

syopoopQopQ@e

(N[0.08

-

SIDE VIEW

D2

-4 Juujuyuu

]rﬁ]ﬂﬂﬂ'ﬂh
E2

e
NRUASRUJIURUAUAY.

ANAAINAAN

BOTTOM VIEW

Al

=

A3’

DETAIL Y

Figure 6-4 QFN32 4x4 mm2 package dimension

1. The figure is not drawn to scale.

2. Dimensions are in millimeters.
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Table 6-4 QFN32 4x4 mm2 package dimension details

Millimeters
'° Minimum Typical Maximum
A 0.70 0.75 0.80
A1 0.00 0.02 0.05
A3 0.203REF
b 0.15 0.20 0.25
3.90 4.00 4.10
3.90 4.00 4.10
D2 2.55 2.70 2.85
E2 2.55 2.70 2.85
e - 0.40 -
K 0.30REF
H 0.35REF
L 0.30 0.35 0.40
R 0.075REF
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! Revision history

Table 7-1 Revision history

Date Revision Description
Updated chapter 5.4.20 Temperature sensor
characteristics : The conversion result obtained at
2024/01/22 Rev1.1 25°C, is stored in Flash space 0x1FFFF7FC
bit[31:16]
2023/9/13 Rev1.0 Added QFN32 4x4 mm2 package
2023/5/31 Rev0.9 Initial release
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