nnnnnnnnnnnnnnnnnnn

PY32MD320 Datasheet

32-bit ARM® Cortex®-M0+ Microcontroller

Puya Semiconductor (Shanghai) Co., Ltd.



v2)

Technology Innovator

PY32MD320 Series

7 Puya 32-bit ARM® Cortex®-MO0+ Microcontroller
Features
m  Core — 1 x window watchdog timer (WWDG)
— 32-bit ARM® Cortex®-M0O+ — 1 x SysTick timer
— Frequency up to 48 MHz — 1xIRTIM
B Memories RTC
— 64 KB Flash memory Communication interfaces
— 8 KB SRAM — 2 x serial peripheral interfaces (SPI)
B Clock management — 2 x universal synchronous/asynchronous
— 4/8/16/22.12/24 MHz High-speed internal RC resceiver/transmitters (USART) with auto-
oscillator (HSI) matic baud rate detection
— 32.768 kHz low-speed internal RC oscillator — 1 x I°C interface, supporting Standard mode
(LSI) (100 kHz) and Fast mode (400 kHz), with 7-
— PLL (supports 2 multiplication of HSI) bit,addressing mode
B Power management and reset Hardware CRC-32 module
— Operating voltage: 2.0t0 5.5V 2 Jpomparators
— Low-power modes: Sleep/Stop Built-in multi-function three-phase NN half-
bridge pre-driver
— Power-on/power-down reset (POR/PDR) gep
— Pre-driver max input voltage: 40 V
— Brown-out reset (BOR)
— Recommended operating voltage: 5.5 to 18
— Programmable voltage detector (PVD)
\%
B General-purpose input and output (I/O)
— Output current: £0.8 A
— Up to 14 I/Os, all available as external inter-
— Built-in bootstrap diode
rupts
— LDO: 5 V/50 mA
m  3-channel DMA controller
— 1 x programmable gain amplifier (PGA
B 1x12-bit ADC prog g plifier (PGA)
— 4 x comparators (COMP) with adjustable
— Up to 7 external channels
voltage divider ratios
— Input voltage conversion range: 0 to Vcc
Unique UID
B Timers

— 1 x 16-bit advanced-control timer (TIM1)

— 4 x 16-bit general-purpose timers

(TIM3/TIM14/TIM16/TIM17)

— 1 x low-power timer (LPTIM), supporting

wake-up from Stop mode

— 1 x independent watchdog timer (IWDG)

Serial wire debug (SWD)
Operating temperature: -40 to 105 °C
Packages: QFN32(4*4)
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1.Introduction

The PY32MD320 microcontrollers feature the high-performance 32-bit ARM® Cortex®-MO0+ core operating
at up to 48 MHz frequency, embed up to 64 KB Flash and 8 KB SRAM, and are available in multiple
package options. The PY32MD320 integrates multi-channel I12C, SPI, USART and other communication

peripherals, one 12-bit ADC, five 16-bit timers, and two comparators.

The PY32MD320 microcontrollers operates across a temperature range of -40 to 105 °C and a voltage

range of 2.0 to 5.5 V. It provides Sleep and Stop modes to meet the needs of different low-power applica-

tions.

The PY32MD320 microcontrollers are suitable for three-phase BLDC/PMSM. Common application sce-

narios are listed as follows: water pumps, power tools, model aircraft, etc.
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Table 1-1 PY32MD320 series product features and peripheral counts

Peripherals PY32MD320K18U7
Flash (KB) 64
SRAM (KB) 8
Advanced-control 1 (16-bit)
General-purpose 4 (16-hit)
Timers Low power 1
SysTick 1
Watchdog 2
SPI 2
Comm. interfaces 12C 1
USART 2
DMA 3ch
RTC Yes
GPIOs 14
(extern:ﬁ I?rci:nternal) 7+2
Comparators 2
Max. CPU frequency 48 MHz
Operating voltage 20to55V
Operating temperature -40to 105 °C
Packages QFN32(4*4)
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2.Functional overview

2.1.

2.2.

2.3.

Arm® Cortex®-MO0+ core

The Arm® Cortex®- MO+ is an Arm 32-bit Cortex processor designed for embedded applications. It
provides developers with significant benefits, including:

B Simple architecture for easy learning and programming

m  Ultra-low power consumption for energy-efficient operation

B Reduced code density

The Arm® Cortex®-MO0+ processor is a 32-bit core optimized for area and power consumption and is
a 2-stage pipeline Von Neumann architecture. It delivers high performance through a streamlined
instruction set and hardware enhancements like a single-cycle multiplier, while achieving higher code
density than other 8/16-bit MCUs.

The Arm® Cortex®-MO+ is tightly coupled with a nested vectored interrupt controller (NVIC).

Memories
Embedded SRAM is accessed by byte (8 bits), half-word (16 bits) or word (32 bits).

The Flash memory is composed of two distinct physical areas:

B The Main flash area consists of application and user data
B 4 KB of Information area:

— Option bytes

— UID bytes

— System memory

The protection of Main flash memory includes the following mechanisms:

B Read protection (RDP) prevents external access.

B Write protection (WRP) prevents unintended writes (caused by confusion of program). The min-
imum protection unit for write protection is 4 KB.

B Option byte write protection is a special design for unlock.

Clock management

After CPU startup, the default system clock frequency is HSI 8 MHz. The system clock frequency
and system clock source can be reconfigured once the program is running. The frequency clocks

that can be selected are:

B A4/8/16/22.12/24 MHz internal high-precision HSI clock
B A 32.768 kHz configurable internal LSI clock

B PLL clock has HSI source.

The AHB clock can be divided based on the system clock, and the APB clock can be divided based

on the AHB clock. The maximum frequency of the AHB and the APB domains is 48 MHz.
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HSI: High-speed internal clock
LSl: Low-speed internal clock
PLL: Phase locked loop

LSIRC to IWDG,
32.768kHz g
LSI
to RTC
RTCS to PWR -
EL -
To AHB bus, core, memory and DMA
AHB . g
| pRESC FCLK Cortex free-running clock N
/1, 2..512 To Cortex system timer=
LSI
PLL
MCO SYSCLK L PSEEC PCL To APB peripherals
[—————| /1..128 /1,2,4,8,16
HS PCLK
HSI RC to LPTIM
24MHz LSl >
X2
PLL
PCLK
to COMP
LSG
PLL PCLK
to ADC
HSH
HSISYS SYSCLK
LSI If(APB prescaler=1) x1,
else x2

TIM_PCLK

Figure 2-1 System clock structure diagram
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2.4. Power management

2.4.1. Power block diagram

Veea Vcca domain
| aApc || cowp |
| s || Hs |
[
Flash
Vbbb domain
Vcc domain
| HSI_10M | | HSE | | PLL |
POR BOR
PDR
Vee E_‘ VR Voo e CPU Core/Digital Peripherals
BG PVD VDD1
| RTC | | IO_CTRL |
PMU
| IWDG | | LPTIMER |
veaio Vccio domain
VDDA IO Ring | PWR_Ac0n| | RCC_Acon|
[ 4 Voop
PWR_CRI[18:16] | ./
Vopa
Figure 2-2 Power block diagram
Table 2-1 Power block diagram
No. | Power supply Power value Descriptions
1 Vee 20V1055V The power is supplled_ t_o the chl_p through tr_]e power pins, with the power
supply module comprising: Partial analog circuits.
Powers for most analog modules, sourced from the Vcc PAD (a dedi-
2 Veca 20Vio55V cated power PAD can also be designed separately).
3 Vccio 20Vto55V Power to 10 from Vcc PAD
VR supplies power to the main logic circuits and SRAM inside the chip.
When the MR is powered, it outputs 1.2 V. According to the software con-
0,
4 Voo R V% figuration, when entering the Stop mode, it powered by MR or LPR, and
the LPR output is determined by software.

2.4.2. Power monitoring

2.4.2.1. Power-on/power-down reset (POR/PDR)
The POR/PDR module, which provides power-on and power-down reset, remains active in all
modes.

2.4.2.2. Brown-out reset (BOR)
In addition to POR/PDR, BOR (Brown-out reset) is also implemented. BOR can only be enabled and
disabled through the option byte.
When the BOR is turned on, the BOR threshold can be selected by the option byte.
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Figure 2-3 POR/PDR/BOR threshold

2.4.2.3. Programmable voltage detector (PVD)

Programmable voltage detector (PVD) module can be used to detect the Vcc power supply and the

detection point is configured through the register. The device remains in reset mode when the moni-

tored supply voltage Vcc is below a specified threshold.

This event is internally connected to line 16 of EXTI, depending on the rising/falling edge configura-

tion of EXTI line 16, when Vcc rises above the detection point of PVD, or Vcc falls below the detec-

tion point of PVD, an interrupt is generated. In the service program, users can perform urgent shut-

down tasks.
vcC
A
VPVDRX _ _ o N\ __
Configurable
hysteresis
VPVDFx

PVD output

Figure 2-4 PVD threshold
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2.4.3.

24.4.

2.5.

2.5.1.

2.5.2.

2.6.

2.7.

Voltage regulator

The regulator has two operating modes:

B Main regulator (MR) is used in Run mode.

B Low power regulator (LPR) provides an option for even lower power consumption in Stop mode.

Low-power mode

In addition to the Run mode, the device has two low-power modes:

B Sleep mode: Peripherals can be configured to keep working when the CPU clock is off (NVIC,
SysTick, etc. are operating). It is recommended to enable only essential modules and disable
them after task completion.

B Stop mode: In this mode, SRAM and register contents are retained. PLL, HSI and HSE are turned
off and most module clocks in the VDD domain are disabled. GPIO, PVD, COMP output, RTC,
and LPTIM can wake up the Stop mode.

Reset
Two resets are designed in the chip: power reset and system reset.

Power reset
A power reset occurs in the following situations:
B Power-on/power-down reset (POR/PDR)

B Brown-out reset (BOR)

System reset

A system reset occurs when the following events occur:
B Reset of NRST pin

Windowed watchdog reset (WWDG)

Independent watchdog reset (IWDG)
SYSRESETREQ software reset

Option byte load (OBL) reset

General-purpose inputs and outputs (GPIOs)

Each of the GPIO pins can be configured by software as output (push-pull or open-drain), as input
(floating, pull-up or pull-down and analog) or as peripheral alternate function. The I/O configuration

can be locked.

DMA

Direct memory access (DMA) is used to provide a high-speed data transfer between peripherals and
memory as well as from memory to memory.

The DMA controller have 3 channels in total, each one dedicated to manage memory access re-
guests from one or more peripherals. The DMA controller includes an arbiter to handle DMA re-

guests, which manages the priority of each DMA request.
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DMA supports circular buffer management, eliminating the need for user code intervention when the

controller reaches the end of the buffer.

Each channel is associated either with a DMA request signal coming from a peripheral, or with a
software trigger in memory-to-memory transfers. This configuration is done by software.

DMA can be used for major peripherals: SPI, I1°C, USART, ADC and all TIMx timers (except TIM14
and LPTIM).

2.8. Interrupts and events

The PY32MD320 handles exceptions through the Cortex-MO+ processor's embedded a nested vec-
tored interrupt controller (NVIC) and an extended interrupt/event controller (EXTI).

2.8.1. Nested vectored interrupt controller (NVIC)
NVIC is a tightly coupled IP inside the Cortex-M0+ processor. The NVIC can handle NMI (Non-Mas-

kable Interrupts) and maskable external interrupts from outside the processor and Cortex-MO+ inter-

nal exceptions. NVIC provides flexible priority management.

The tight coupling of the processor core to the NVIC greatly reduces the delay between an interrupt
event and the initiation of the corresponding interrupt service routine (ISR). The ISR vectors are
listed in a vector table, stored at a base address of the NVIC. The vector table base address deter-
mines the vector address of the ISR to execute, and the ISR is used as the offset composed of serial

numbers.

If a higher-priority interrupt event occurs and a lower-priority interrupt event is just waiting to be ser-
viced, the later-arriving higher-priority interrupt event will be serviced first. Another optimization is
called tail-chaining. When returning from a higher-priority ISR and then starting a pending lower-pri-
ority ISR, unnecessary pushes and pops of processor contexts will be skipped. This reduces latency

and improves power efficiency.

NVIC features:

® Low latency interrupt handling
B Level 4 interrupt priority
B Support 1 NMI
B Support 23 maskable external interrupts
B Support 6 Cortex-MO+ exceptions
B High-priority interrupts can interrupt low-priority interrupt responses
B Support tail-chaining optimization
B Hardware interrupt vector retrieval
2.8.2. Extended interrupt/event controller (EXTI)

EXTI adds flexibility to handle physical wire events and generates wake-up events when the proces-

sor wakes up from Stop mode.

The EXTI controller has multiple channels, including up to 16 GPIOs, 1 PVD output, 2 COMP out-
puts, as well as RTC and LPTIM Wake-up signals. GPIO, PVD and COMP can be configured to be
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2.9.

2.10.

triggered by a rising edge, falling edge or double edge. Any GPIO signal can be configured as EXTIO

to 15 channel through the select signal.

B Each EXTI line can be independently masked through registers.

B The EXTI controller can capture pulses shorter than the internal clock period.

B Registers in the EXTI controller latch each event. Even in Stop mode, after the processor wakes
up from Stop mode, it can identify the wake-up source or identify the GPIO and event that caused

the interrupt.

Analog-to-digital converter (ADC)

The device has a 12-bit SAR-ADC. The module has a total of up to 9 channels to be measured, in-
cluding 7 external and 2 internal channels.

A/D conversion of the various channels can be performed in single, continuous, scan or discontinu-
ous mode. The result of the ADC is stored in a left-aligned or right-aligned 16-bit data register.

The analog watchdog feature allows the application to detect if the input voltage goes outside the
user-defined higher or lower thresholds.

An efficient low-power mode is implemented to allow very low consumption at low frequency.
Interrupt generation at ADC ready, the end of sampling, the end of conversion, end of sequence con-

version, analog watchdog or overrun events

Comparators (COMP)

General purpose comparators are integrated, which can be used in combination with timer. Compar-
ators can be used as:

B Triggered by analog signal to wake-up function from low-power mode

B Analog signal conditioning

B Cycle by cycle current control loop when comparators are connected with PWM output from timer
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Figure 2-5 COMP block diagram
2.10.1. COMP main features

B Each comparator has configurable positive or negative input for flexible voltage selection:
— Multiple I/O pins
— Power supply Vcc
— Temperature sensor output

— Power supply Vcc and 3 fractional values provided by voltage division (1/4, 1/2 and 3/4).
Configurable hysteresis function
Programmable speed and consumption

The output can be triggered by a connection to the 1/O or timer input
— OCREF_CLR event (cycle-by-cycle current control)

— Brakes for fast PWM shutdown
Each COMP has interrupt generation capability and is used to wake up the device from low power
mode (Sleep/Stop) (via EXTI)

2.11. Timers

The different timers feature as blow:

Table 2-2 Timer characteristics

Counter Counter Capture/compare il
Type Timer . Prescaler DMA mentary
resolution type channels
outputs
Advanced- TIM1 16-bit up,down |44, 65536 | Yes 4 3
control up/down
TIM3 16-bit up,down 11065536 | Yes 4 -
up/down
General- :
purpose TIM14 16-bit up 1 to 65536 - 1 -
TIM16,TIM17 16-bit up 1 to 65536 Yes 1 1
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2.11.1.

2.11.2.

2.11.2.1.

2.11.2.2.

2.11.2.3.

Advanced-control timer

The advanced-control timer (TIM1) is consist of a 16-bit auto-reload counter driven by a programma-
ble prescaler. It can be used in various scenarios, including pulse length measurement of input sig-
nals (input capture) or generating output waveforms (output compare, output PWM, complementary

PWM with dead-time insertion).

The four independent channels can be used for:

B Input capture

B Output compare

B PWM generation (edge or center-aligned mode)
B Single pulse mode output

If configured as a standard 16-bit timer, it has the same features as the TIMx timer. If configured as
the 16-bit PWM generator, TIM1/TIM8 have full modulation capability (O to 100%).

The counter can be frozen in debug mode.

Many features are shared with those of the standard timers which have the same architecture. The
advanced control timer can therefore work together with the other timers by the Timer Link feature for

synchronization or event chaining.
TIM1 supports the DMA function.
General-purpose timers
TIM3

B The TIM3 general-purpose timer consists of a 16-bit auto-reload counter driven by a 16-bit pro-
grammable prescaler. There are four independent channels each for input capture/output com-

pare, PWM or one-pulse mode output.
B TIM3 can work with the TIM1 by the Timer Link.
®  TIM3 supports the DMA function.

B This timer is capable of handling quadrature (incremental) encoder signals and the digital out-

puts from 1 to 3 hall-effect sensors.
B The counter can be frozen in debug mode.
TIM14

B The general-purpose timer TIM14 is consist of a 16-bit auto-reload counter driven by a program-

mable prescaler.

B TIM14 features two single channel for input capture/output compare, PWM or one-pulse mode

output.
B The counter can be frozen in debug mode.
TIM16/TIM17
B TIM16 and TIM17 consist of a 16-bit auto-reload counter driven by a programmable prescaler.

B TIM16/TIM17 features one single channel for input capture/output compare, PWM or one-pulse

mode output.
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2.11.3.

2.11.4.

2.11.5.

2.11.6.

2.12.

B TIM16/TIM17 have complementary outputs with dead time.

B TIM16/TIM17 supports DMA function.

B The counter can be frozen in debug mode.

Low power timer

B LPTIMis a 16 -bit upcounter with a 3-bit prescaler and support a single count.
B |LPTIM can be configured as a Stop mode wake-up source.

B The counter can be frozen in debug mode.

IWDG

B Independent watchdog (IWDG) is integrated in the chip, and this module has the characteristics
of high-security level, accurate timing and flexible use. IWDG finds and resolves functional con-
fusion due to software failure and triggers a system reset when the counter reaches the speci-

fied timeout value.
B The IWDG is clocked by LSI, so even if the main clock fails, it can keep working.

B |WDG is the best suited for applications that require the watchdog as a standalone process out-

side of the main application and do not have high timing accuracy constraints.
B The IWDG hardware mode can be enabled by option byte.
B |WDG is the wake-up source of Stop mode, which wakes up Stop mode by reset.
B The counter can be frozen in debug mode.
WWDG

The system window watchdog is based on a 7-bit downcounter that can be set as free running. It can
be used as a watchdog to reset the device when a problem occurs. It is clocked from the APB clock

(PCLK). It has an early warning interrupt capability, and the counter can be frozen in debug mode.
SysTick timer

SysTick timer is dedicated to real-time operating systems (RTOS), but could also be used as a

standard down counter.
SysTick features:

B A 24-bit down counter
B Auto-reload capability

B Maskable system interrupt generation when the counter reaches 0

Real-time clock (RTC)

The RTC is an independent counter. It has a set of continuous counting counters, which can provide
a clock calendar function under the corresponding software configuration. Modifying the value of the

counter can reset the current time and date of the system.
B RTC is a 32-bit programmable counter with a prescaler factor of up to 22° bits.
B RTC counter clock source can be LS| and the stop wake-up source.

B RTC can generate alarm interrupt, second interrupt and overflow interrupt (maskable).
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B RTC supports clock calibration.

B RTC can be frozen in debug mode.

2.13. Inter-integrated circuit interface (1°C)

The Inter-integrated circuit (12C) bus interface handles communications between the microcontroller
and the serial I12C bus. It controls all 12C bus-specific sequencing, protocol, arbitration and timing. It
supports Standard mode (Sm) and Fast mode (Fm) .
I2C features:
B Support Slave and Master mode
— Support different communication speeds
— Standard mode (Sm): up to 100 kHz
— Fast Mode (Fm): up to 400 kHz
B As Master
— Generate clock
— Generation of start and stop
B As Slave
— Programmable 1°C address detection
— Discovery of the STOP bit
7-bit addressing mode
General call
Status flag
— Transmit/receive mode flags
— Byte transfer complete flag
— I2C busy flag bit
®  Errorflag
— Master arbitration loss
— ACK failure after address/data transfer
— Start/Stop error
— Overrun/Underrun (clock stretching function disable)
Optional clock stretching

Single-byte buffer with DMA capability

Software reset

Analog noise filter function
2.14. Universal synchronous/asynchronous receiver/transmitter

(USART)

The PY32MD320 contains two USARTS, and the two function exactly the same.

The USARTS provide a flexible method for full-duplex data exchange with external devices using the
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industry-standard NRZ asynchronous serial data format. The USART utilizes a fractional baud rate

generator to provide a wide range of baud rate options.

It supports simultaneous one-way communication and half-duplex single-wire communication, and it

also allows multi-processor communication.

Automatic baud rate detection is supported.

High-speed data communication can be achieved by using the DMA method of the multi-buffer con-

figuration.

USART features:

Full-duplex asynchronous communication

NRZ standard format

Configurable 16 times or 8 times oversampling for increased flexibility in speed and clock toler-
ance

Programmable baud rate shared by transmit and receive
Automatic baud rate detection

Programmable data length of 8 or 9 bits

Configurable STOP bit (1 or 2 bits)

Synchronous mode and clock output function for synchronous communication
Single-wire half-duplex communication

Independent transmit and receive enable bits

Hardware flow control

Receive/transmit bytes by DMA buffer

Transfer detection flag

— Receive buffer full

— Send empty buffer

— End of transmission flags

Parity control

— Transmit parity bit

— Check the received data byte

Flagged interrupt sources

— CTS change

— Transmit data register empty

— Transmission complete

— Receive full data register

— Bus idle detected

— Overflow error

— Frame error

— Noise operation
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2.15.

2.16.

— Detection error

Multiprocessor communication

— If the address does not match, enter silent mode

Wake-up from silent mode: by idle detection and address flag detection

Serial peripheral interface (SPI)

PY32MD320 contains 2 SPIs.

The serial peripheral interface (SPI) protocol supports half-duplex, full-duplex and simplex synchro-

nous, serial communication with external devices. This interface can be configured in Master mode

and provides the serial clock (SCK) for external slave devices. The interface can also work in a multi-

master configuration.

The SPI features are as follows:

Master or Slave mode

3-wire full-duplex simultaneous transmission

2-wire half-duplex synchronous transmission (with bidirectional data line)
2-wire simplex synchronous transmission (no bidirectional data line)
8-bit or 16-bit transmission frame selection

Support multi-master mode

Master mode frequency up to fpcLk/4

Slave mode frequency up to fecLk/4

Both Master and Slave modes can be managed by software or hardware NSS: dynamic change
of Master/Slave operating mode

Programmable clock polarity and phase

Programmable data order, MSB first or LSB first

Dedicated transmit and receive flags that can trigger interrupts

SPI bus busy status flag

Motorola mode

Interrupt-causing Master mode faults or overloads

Two 32-bit Rx and Tx FIFOs with DMA capability

SWD

An ARM SWD interface allows serial debugging tools to be connected to the PY32MD320.
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3.Pinouts and pin descriptions
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Figure 3-1 QFN32(4*4) Pinout1 PY32MD320K1xU7 (Top view)

Table 3-1 Legend/abbreviations used in the pinout table

Type Symbol Definition
S Supply pin
G Ground pin
Pin type )
I/0 Input/output pin
NC No internal connection
COM Standard 5 V I/O, supporting analog input/output functions
I/O structure
NRST Bidirectional reset pin with embedded weak pull-up resistor
N Unless otherwise specified, all ports are used as analog inputs between
otes -
and after reset
fltemate - Function selected through GPIOx_AFR register
. . unctions
Pin functions Additional
f tional - _ Functions directly selected/enabled through peripheral registers
unctions
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Table 3-2 Legend/abbreviations used for the Gate Driver pin definitions

Packages
Pin name Pin function
QFN32(4*4) K1
1 VS3 Channel 3 low-side gate driver output
2 HO3 Channel 3 high-side gate driver output
3 VB3 Channel 3 high-side floating power supply
4 VS2 Channel 2 high-side floating reference ground
5 HO2 Channel 2 high-side gate driver output
6 VB2 Channel 2 high-side floating power supply
7 VS1 Channel 1 high-side floating reference ground
8 HO1 Channel 1 high-side gate driver output
9 VB1 Channel 1 high-side floating power supply
10 IBUS_OUT Motor bus current signal output
26 IBUS Motor bus current sampling input
27 IGND Motor current sampling reference ground input
28 VLDO LDO output voltage
29 VIN Driver power supply input
30 LO2 Channel 2 low-side gate driver output
31 LO1 Channel 1 low-side gate driver output
32 LO3 Channel 3 low-side gate driver output
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Table 3-3 QFN32 pin definitions

Packages

QFN32(4*4) K1

Driver

Pin type

1/0 structure

Pin functions

Notes

Alternate functions

Additional functions

VS3

HO3

TIM1_CH3N

VB3

VS2

HO2

TIM1_CH2N

VB2

VS1

HO1

TIM1_CHIN

Ol |N|OOO|A~|W[IN|PF

VB1

=
o

IBUS_OUT

[EEN
[EEN

PF2-NRST

I/0

NRST

1)

MCO

SPI2_MOSI

USART2_RX

NRST

10

PAO

I/0

COM

SPI2_SCK

USART1_CTS

USART2_CTS

COMP1_OUT

TIM1_CH3

ADC_INOCOMP1_INM

TIM1_CHIN

SPI1_MISO

USART2_TX

IR_OUT

12

PAl

I/0

COM

SPI1_SCK

USART1_RTS

USART2_RTS

EVENTOUT

SPI1_MOSI

COMP1_INP
ADC_IN1

USART2_RX

TIM1_CH4

TIM1_CH2N

MCO

13

PA2

I/0

COM

SPI1_MOSI

USART1_TX

USART2_TX

COMP2_OUT

COMP2_INM
ADC_IN2

SPI1_SCK

TIM3_CH1

12C_SDA

14

PA3

I/O

COM

SPI2_MISO

COMP2_INP

USART1_RX

ADC_IN3
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Packages

QFN32(4*4) K1

Driver

Pin type

1/0 structure

Pin functions

Notes

Alternate functions Additional functions

USART2_RX

EVENTOUT

SPI1_MOSI

TIM1_CH1

12C_SCL

15

PA4

I/0

COM

SPI1_NSS

USART1_CK

SPI12_MOSI

TIM14_CH1

USART2_CK ADC_IN4

ENENTOUT

RTC_OUT

TIM3_CH3

USART2_TX

16

PAS

I/0

COM

SPI1_SCK

LPTIM_ETR

EVENTOUT

ADC_IN5
TIM3_CH?2

USART2_RX

MCO

17

PAG

I/0

COM

SPI1_MISO

TIM3_CH1

TIM1_BKIN

TIM16_CH1 ADC_ING

COMP1_OUT

USART1_CK

RTC_OUT

19

NC

NC

18

PB2

I/0

COM

USARTL_RX

USART2_RX COMP1_INP

SPI2_SCK

20

Vce

Digital power supply

21

PAl1l

I/0

COM

SPI1_MISO

USART1_CTS

TIM1_CH4

EVENTOUT -

USART2_CTS

12C_SCL

COMP1_OUT

22

PA13(SWDIO)

I/O

COM

)

SWDIO

IR_OUT
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Packages

Pin functions

2
2 =)
[e) Driver 2 § ]
QFN32(4*4) K1 .E g g Alternate functions | Additional functions
EVENTOUT
SPI1_MISO
TIM1_CH2
USART1_RX
MCO
SWCLK
USART1_TX
23 PA14(SWCLK) - I/0 | com | (2) USART2_TX -
EVENTOUT
MCO
SPI1_NSS
24 PA15 - /O | COM USARTHRR> -
USART2_RX
EVENTOUT
SPI1_SCK
TIM1_CH2
25 PB3 - /O | COM USART1_RTS COMP2_INM
USART2_RTS
EVENTOUT
Exposed pad VSS - S - ound
26 - IBUS - - - -
27 - IGND - - - -
28 - VLDO - - - -
29 - VIN - - - -
30 PA9 LO2 - - TIM1_CH2 -
31 PA8 LO1 - - TIM1_CH1 -
32 PA10 LO3 - - TIM1_CH3 -

1.
2.

Configured by option bytes to choose PF2 or NRST.

resistor and the latter has an internal pull-down resistor activated.

After reset, PA13 and PA14 are configured as SWDIO AF and SWCLK functions, the former has an internal pull-up
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3.1.

Alternate functions selected through GPIOA_AFR regis-

ters for port A

Table 3-2 Port A alternate functions mapping

Port AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7
SPI2_SCK USART1_CTS - - USART2_CTS - - COMP1_OUT
PAO AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
- USART2_TX SPI1_MISO - - TIM1_CH3 TIM1_CHIN IR_OUT
AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7
SPI1_SCK USART1_RTS - - USART2_RTS - - EVENTOUT
PAL AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
- USART2_RX SPI1_MOSI - - TIM1_CH4 TIM1_CH2N MCO
AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7
SPI1_MOSI USART1_TX - - USART2_TX - 3 COMP2_OUT
oAz AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
- - SPI1_SCK - 12C_SDA TIM3_CH1 - -
AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7
SPI2_MISO USART1_RX - - USART2_RX - - EVENTOUT
PAS AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
- - SPI1_MOSI - 12C_SCL TIM1_CH1 - -
AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7
SPI1_NSS USART1_CK SPI2_MOSI - TIM14_CH1 USART2_CK - EVENTOUT
PAd AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
- USART2_TX - - - TIM3_CH3 - RTC_OUT
AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7
SPI1_SCK - - - - LPTIM1_ETR - EVENTOUT
PA® AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
- USART2_RX - - - TIM3_CH2 - MCO
AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7
SPI1_MISO TIM3_CH1 TIM1_BKIN - - TIM16_CH1 - COMP1_OUT
iy AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
USART1_CK - - - - - - RTC_OUT
AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7
SPI1_MOSI TIM3_CH2 TIM1_CHIN - TIM14_CH1 TIM17_CH1 | EVENTOUT | COMP2_OUT
PAT AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
USART1_TX USART2_TX SPI1_MISO - 12C_SDA - - -
AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7
SPI2_NSS USART1_CK TIM1_CH1 - USART2_CK MCO - EVENTOUT
PAS AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
USART1_RX | USART2_RX SPI1_MOSI - 12C_SCL - - -
PA9 AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7
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SPI2_MISO USART1_TX TIM1_CH2 - USART2_TX MCO I2C_SCL EVENTOUT
AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
USART1_RX - SPI1_SCK - I2C_SDA TIM1_BKIN - -
AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7
SPI2_MOSI USART1_RX TIM1_CH3 - USART2_RX TIM17_BKIN 12C_SDA EVENTOUT
PA10
AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
USART1_TX - SPI1_NSS - 12C_SCL - - -
AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7
PAl1l
SPI1_MISO USART1_CTS TIM1_CH4 - USART2_CTS EVENTOUT I°C_SCL COMP1_OUT
AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7
PA12
SPI1_MOSI USART1_RTS TIM1_ETR - USART2_RTS EVENTOUT I2C_SDA COMP2_OUT
AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7
SWDIO IR_OUT - - - - S EVENTOUT
PA13
AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
USART1_RX - SPI1_MISO - - TIM1_CH2 - MCO
AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7
SWCLK USART1_TX - - USART2_TX - - EVENTOUT
PAl4
AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
- - - - - - - MCO
AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7
PA15
SPI1_NSS USART1_RX - - USART2_RX - - EVENTOUT
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3.2.

Alternate functions selected through GPIOB_AFR regis-

ters for port B

Table 3-3 Port B alternate function mapping

Port AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7

PBO | SPI1_NSS TIM3_CH3 | TIM1_CH2N - - EVENTOUT - COMP1_OUT
AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7

Pet TIM14_CH1 | TIM3_CH4 | TIM1_CH3N - - - - EVENTOUT
AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7
Pe USART1_RX | SPI2_SCK - USART2_RX - - - -
AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7

Pes SPI1_SCK TIM1_CH2 - USART1_RTS | USART2_RTS - - EVENTOUT
AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7

Ped SPI1_MISO | TIM3_CH1 - USART1_CTS | USART2_CTS | TIM17_BKIN - EVENTOUT
AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7

Pee SPI1_MOSI | TIM3_CH2 | TIM16_BKIN | USART1_CK USART2_CK LPTIM_IN1 - COMP1_OUT
AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7

Pee USART1_TX | TIM1_CH3 | TIM16_CHIN SPI2_MISO USART2_TX | LPTIM_ETR 12C_SCL EVENTOUT
AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7

PeT USART1_RX | SPI2_MOSI | TIM17_CHIN - USART2_RX - 12C_SDA EVENTOUT
AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7

- SPI2_SCK | TIM16_CH1 - USART2_TX - 12C_SCL EVENTOUT

Pee AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
USART1_TX - - SPI2_NSS 12C_SDA TIM17_CH1 - IR_OUT
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3.3. Alternate functions selected through GPIOF_AFR regis-

ters for port F

Table 3-4 Port F alternate function mapping

Port AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7

- - TIM14_CH1 SPI2_SCK USART2_RX - - -

PFO-OSC_IN AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
USARTL_RX | USART2_TX - - 12C_SDA - - -
AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7
- - - SPI2_MISO | USART2_TX - - -
PF1_OSC_OUT
AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
USARTL_TX | USART2_RX | SPI1_NSS - 12C_SCL T'le—CH - -
AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7
PF2-NRST
- - - SPI2_MOSI | USART2_RX - MCO -
AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7
USART1_TX - - SPI2_MISO | USART2_TX - - -
PF3
AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
- - SPI1_NSS 4 4 TIM3_CH3 - RTC_OUT
AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7
PF4
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4.Memory mapping

OXFFFF FFFF
ARM Cortex M0+
0xE000 0000 Internal peripherals
Block 6
0xC000 0000 0x5001 1FFF
IOPORT 0x5000 0000
Block 5
0x4002 63FF
0xA000 0000 AHB
0x4002 0000
Block 4
0x4001 5BFF
APB
0x8000 0000 0x4001 0000
Block 3 0x4000 A7FF
APB
A
0x6000 0000 0x4000 0000
Block 2 OX1FFF FFFF
) Reserved
Peripherals 0x1FFF 1000
0x4000 0000 Reselved OX1FFF OF80
Factory config. bytes OX1EEE OF00
Block 1 Option bytes OXLFFF OE80
uib OXLFFF 0E00
0x2000 0000 SRAM System memory
Ox1FFF 0000
Block 0 0x0800 FFFF
Code Main flash
0X0000 0000 0x0800 0000
Main flash/ 0x0000 FFFF
Add ol System flash/
ressaple space SRAM 0x0000 0000
Figure 4-1 Memory mapping
Table 4-1 Memory boundary address
Type Boundary Address Size Memory area Description
0x2000 2000-0x3FFF FFFF - Reserved -
SRAM up to 8 KB depending on hard-
SRAM | 0x2000 0000-0x2000 1FFF | 8 KB SRAM ware P pending
Ox1FFF OF80-0x1FFF OFFF | - Reserved -

OXLFEF OF00-OXLFFE OF7F | 128 bytes | Factory config. bytes | /1! trimming data, Flash erase/write
time Conflguratlon parametel’s

Ox1FFF OE80-Ox1FFF OEFF | 128 bytes Option bytes option bytes
Code Ox1FFF OEOO-Ox1FFF OE7F 128 bytes uiD Unique ID

Ox1FFF 0000-Ox1FFF ODFF | - Reserved -

0x0801 0000-0x1FFF FFFF - Reserved -

0x0800 0000-0x0800 FFFF 64 KB Main flash memory -

0x0001 0000-0x07FF FFFF - Reserved -
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Type Boundary Address Size Memory area Description
0x0000 0000-0x0000 FFFF 64 KB Main flash memory -
Table 4-2 Peripheral register address
Bus Boundary Address Size Peripheral
- 0xEOO00 0000-0XEOOF FFFF - MO+
0x5000 1800-0x5FFF FFFF - Reserved
0x5000 1400-0x5000 17FF 1 KB GPIOF
IOPORT 0x5000 0800-0x5000 13FF - Reserved
0x5000 0400-0x5000 O7FF 1KB GPIOB
0x5000 0000-0x5000 O3FF 1KB GPIOA
0x4002 3400-0x4FFF FFFF - Reserved
0x4002 300C-0x4002 33FF Reserved
0x4002 3000-0x4002 3008 1KB CRC
0x4002 2400-0x4002 2FFF - Reserved
0x4002 2124-0x4002 23FF Reserved
0x4002 2000-0x4002 2120 1KB Flash
0x4002 1C00-0x4002 1FFF = Reserved
AHB 0x4002 1888-0x4002 1BFF Reserved
0x4002 1800-0x4002 1884 1KB EXTI
0x4002 1400-0x4002 17FF - Reserved
0x4002 1064-0x4002 13FF Reserved
0x4002 1000-0x4002 1060 ! ol RCC
0x4002 0C00-0x4002 OFFF - Reserved
0x4002 0040-0x4002 O3FF Reserved
0x4002 0000-0x4002 003C ; DMA
0x4001 5C00-0x4001 FFFF = Reserved
0x4001 5880-0x4001 5BFF Reserved
0x4001 5800-0x4001 587F 1KB DBG
0x4001 4C00-0x4001 57FF = Reserved
0x4001 4850-0x4001 4BFF Reserved
0x4001 4800-0x4001 484C 1KB TIM17
0x4001 4450-0x4001 47FF Reserved
0x4001 4400-0x4001 404C 1KB TIM16
APB 0x4001 3C00-0x4001 43FF - Reserved
0x4001 381C-0x4001 3BFF Reserved
0x4001 3800-0x4001 3018 1KB USART1
0x4001 3400-0x4001 37FF - Reserved
0x4001 3010-0x4001 33FF Reserved
0x4001 3000-0x4001 300C 1KB SPI1
0x4001 2C50-0x4001 2FFF Reserved
0x4001 2C00-0x4001 2C4C 1KB TIM1
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Bus

Boundary Address Size Peripheral
0x4001 2800-0x4001 2BFF - Reserved
0x4001 270C-0x4001 27FF Reserved
0x4001 2400-0x4001 2708 1KB ADC
0x4001 0400-0x4001 23FF = Reserved
0x4001 0220-0x4001 03FF Reserved
0x4001 0200-0x4001 021F 1 KB COMP1 and COMP2
0x4001 0000-0x4001 O1FF SYSCFG
0x4000 8000-0x4000 FFFF = Reserved
0x4000 7C28-0x4000 7FFF Reserved
0x4000 7C00-0x4000 7C24 1KB LPTIM
0x4000 7400-0x4000 7BFF - Reserved
0x4000 7018-0x4000 73FF Reserved
0x4000 7000-0x4000 7014 1KB PWR
0x4000 5800-0x4000 6FFF - Reserved
0x4000 5434-0x4000 57FF Reserved
0x4000 5400-0x4000 5430 1KB 12C
0x4000 4800-0x4000 53FF 3 KB Reserved
0x4000 441C-0x4000 47FF Reserved
0x4000 4400-0x4000 4418 1KB USART2
0x4000 3C00-0x4000 43FF - Reserved
0x4000 3810-0x4000 3BFF Reserved
0x4000 3800-0x4000 380C L SPI2
0x4000 3400-0x4000 37FF - Reserved
0x4000 3014-0x4000 33FF Reserved
0x4000 3000-0x4000 0010 1KB IWDG
0x4000 2C0C-0x4000 2FFF Reserved
0x4000 2C00-0x4000 2C08 1KB WWDG
0x4000 2830-0x4000 2BFF Reserved
0x4000 2800-0x4000 282C 1KB RTC
0x4000 2420-0x4000 27FF Reserved
0x4000 2400-0x4000 241C ) Reserved
0x4000 2054-0x4000 23FF Reserved
0x4000 2000-0x4000 0050 1KB TIM14
0x4000 0800-0x4000 1FFF - Reserved
0x4000 0450-0x4000 O7FF Reserved
0x4000 0400-0x4000 044C 1KB TIM3
0x4000 0000-0x4000 03FF - Reserved
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5.Electrical characteristics

5.1. Parameter conditions
Unless otherwise specified, all voltages are referenced to Vss.

5.1.1. Minimum and maximum values
Unless otherwise specified, the minimum and maximum values are guaranteed in the worst condi-
tions of ambient temperature, supply voltage and frequencies by tests in production on 100 % of the
devices with an ambient temperature at Ta = 25 °C and Ta = Tamax (given by the selected tempera-
ture range).
Data based on electrical characterization results, design simulations and/or technology characteris-
tics are indicated in the table footnotes and are not tested in production.

5.1.2. Typical values
Unless otherwise specified, typical data is based on Ta = 25°C and Vcc = 3.3 V. These data are for
design guidance only and have not been tested.
Typical ADC accuracy values are determined by characterization of a batch of samples from a stand-
ard diffusion lot over the full temperature range, where 95% of the devices have an error less than or
equal to the value indicated.

5.2. Absolute maximum ratings
Stresses above the absolute maximum ratings listed in following tables may cause permanent dam-
age to the device. These are stress ratings only and functional operation of the device at these con-
ditions is not implied. Exposure to maximum rating conditions for extended periods may affect device
reliability.

Table 5-1 Voltage characteristics(")
Symbol Descriptions Min Max Unit
Vce External mains power supply -0.3 6.25 \%
VIN Input voltage of other pins -0.3 Vccet+0.3 \%

1. Main power Vcc and ground Vss pins must always be connected to the external power supply, in the permitted range.

Table 5-2 Current characteristics

Symbol Descriptions Max Unit
Ivee Total current into Vce pin (supply current)® 100
Ivss Total current flowing out of the Vss pin (sink current)® 100
Output current sunk by any COM I/O and control pin®® 20 mA
o Total output current sourced by sum of all I/Os and control pins -20

1. Main power Vcc and ground Vss pins must always be connected to the external power supply, in the permitted range.

2. These /O types refer to the terms and symbols defined by pins.
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Table 5-3 Thermal characteristics

Symbol Descriptions Value Unit
Tste Storage temperature range -65 to +150 °C
T, Maximum junction temperature 150 °C
5.3. Operating conditions
5.3.1. General operating conditions
Table 5-4 General operating conditions
Symbol Parameter Conditions Min Max Unit
frcLk Internal AHB clock frequency - 0 48 MHz
frcLk Internal APB clock frequency - 0 48 MHz
Vce Standard operating voltage - 2.0 5.5 \Y,
Vin 1/O input voltage - -0.3 Veet+0.3 \Y,
Ta Ambient temperature - -40 105 °C
T, Junction temperature - -40 125 °C
5.3.2. Operating conditions at power-on/power-down
Table 5-5 Operating conditions at power-on/power-down
Symbol Parameter Conditions Min Max Unit
Vcc rise rate - 10 o0
tvee ps/V
Vcc fall rate - 20 o
5.3.3. Embedded reset and PVD module characteristics
Table 5-6 Embedded reset characteristics
Symbol Parameter Conditions Min Typ Max Unit
trsTTEMPOW Reset temporization - - 4.0 7.5 ms
Power-on/power-down reset | Rising edge 1502 1.60 1.70
VPOR/PDR threshold ] \Y
o Falling edge 1.450 1.55 1.65@
Rising edge
VBoRr1 BOR1 threshold \%
Falling edge
Reserved
Rising edge
VBoR2 BOR?2 threshold \Y,
Falling edge
Rising edge 2.10@ 2.20 2.30
VBoR3 BOR3 threshold \%
Falling edge 2.00 2.10 2.20@
Rising edge 2.30@ 2.40 2.50
VBoR4 BORA4 threshold \%
Falling edge 2.20 2.30 2.40@
Rising edge 2.50@ 2.60 2.70
VBORs BORS5 threshold \Y
Falling edge 2.40 2.50 2.60@
Rising edge 2.70@ 2.80 2.90
VBoRs BORG6 threshold \%
Falling edge 2.60 2.70 2.80@
Rising edge 2.90@ 3.00 3.10
VBoR7 BORY7 threshold \%
Falling edge 2.80 2.90 3.00@
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Symbol Parameter Conditions Min Typ Max Unit
Rising edge 3.10@ 3.20 3.30
VBoRs BORS threshold \%
Falling edge 3.00 3.10 3.20@
Rising edge
VevDo PVDO threshold \%
Falling edge
Reserved
Rising edge
VpvD1 PVD1 threshold \%
Falling edge
Rising edge 2.10@ 2.20 2.30
Vpvb2 PVD2 threshold \Y
Falling edge 2.00 2.10 2.20@
Rising edge 2.30@ 2.40 2.50
Vpvb3 PVD3 threshold \Y
Falling edge 2.20 2.30 2.40Q@
Rising edge 2.50@ 2.60 2.70
VpvD4 PVD4 threshold \%
Falling edge 2.40 2.50 2.60@
Rising edge 2.70@ 2.80 2.90
Vpvps PVD5 threshold \%
Falling edge 2.60 2.70 2.80@
Rising edge 2.90@ 3.00 3.10
VpvDs PVDG6 threshold \%
Falling edge 2.80 2.90 3.00@
Rising edge 3.10@ 3.20 3.30
Vevp7? PVD?7 threshold \%
Falling edge 3.00 3.10 3.20@
VPOR_PDR_hyst™ POR/PDR hysteresis - - 50 - mv
Vpvb_BoR_hyst!) PVD hysteresis - - 100 - mvV
lccpvp) PVD power consumption - - 0.6 - WA
Icc(Bor) BOR consumption - - 0.6 - A
1. Guaranteed by design, not tested in production.
2. Data based on characterization results, not tested in production.
5.3.4. Supply current characteristics
Table 5-7 Current consumption in Run mode
Conditions
Symbol gystem . e - Peripheral Flash Typ® Max | Unit
clock q y Clock sleep
ON DISABLE 2.6 -
48 MHz
OFF DISABLE 1.7 -
ON DISABLE 1.5 -
24 MHz
OFF DISABLE 0.9 -
ON DISABLE 1.1 -
16 MHz mA
lec(run) While(1) | Flash OFF DISABLE 0.7 -
ON DISABLE 0.7 -
8 MHz
OFF DISABLE 0.5 -
ON DISABLE 0.5 -
4 MHz
OFF DISABLE 0.35 -
32.768 kHz ON DISABLE 170 - MA
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Conditions
Symbol - Typ®W Max Unit
System Frequency Code RUN Peripheral Flash
clock Clock sleep
OFF DISABLE 170 -
ON ENABLE 95 -
32.768 kHz
OFF ENABLE 95 -
1. Data based on characterization results, not tested in production.
Table 5-8 Current consumption in Sleep mode
Conditions
e Syl Frequenc SEENEE Flash slee Ty Max ont
clock q y Clock P
ON DISABLE 1.8 -
48 MHz
OFF DISABLE 1.1 -
ON DISABLE 1 -
24 MHz
OFF DISABLE 0.6 -
ON DISABLE 0.75 -
HSI 16 MHz mA
OFF DISABLE 0.5 -
ON DISABLE 0.5 -
lcc(sleep) 8 MHz
OFF DISABLE 0.35 -
ON DISABLE 0.4 -
4 MHz
OFF DISABLE 0.35 -
ON DISABLE 170 -
32.768 kHz
OFF DISABLE 170 -
LSl WA
ON ENABLE 95 -
32.768 kHz
OFF ENABLE 96 -
1. Data based on characterization results, not tested in production.
Table 5-9 Current consumption in Stop mode
Conditions
Symbol Typ® Max Unit
Vce Vbp MR/LPR LSI Peripheral Clock
1.2V MR - - 70 -
RTC+IWDG+LPTIM 6 -
IWDG 6 -
ON
1.2V LPTIM 6 -
RTC 6 -
lcc(Stop) 20to55V OFF No 6 - A
LPR
RTC+IWDG+LPTIM 4.5 -
IWDG 4.5 -
ON
1.0V LPTIM 4.5 -
RTC 4.5 -
OFF No 4.5 -
1. Data based on characterization results, not tested in production.
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5.3.5. Wakeup time from low-power mode

Table 5-10 Wake-up time from low-power mode

Symbol Parameter® Conditions Typ®@ | Max Unit
twusLEEP \r;V(?'J:'Up from Sleep - 10 - C()-/jzgs
Wake-up MR Run program in Flash, HSI (24 MHz) as system clock 35 - us
twustop :;(;rgeStop LPR Run program in Flash, HSI (24 | Voo=1.2V 6 - us
MHz) as system clock Vpp=1.0 V 6 }
1. The wake-up time is measured from the wake-up time until the first instruction is read by the user program.
2. Data based on characterization results, not tested in production.
5.3.6. High-speed internal (HSI) RC oscillator
Table 5-11 HSI oscillator characteristics
Symbol Parameter Conditions Min Typ Max Unit
23.76@ 24 24.243
21.89@ 22.12 22.34
fhsi HSI frequency Ta=25°C,Vcc=3.3V 15.84@) 16 16.16@ | MHz
7.920) 8 8.08@
3.96@ 4 4.04@
Avemmsy gi:;;erg?uigcy drift over Vec=2.0t05.5V, Ta=01085°C -2 - 2@ %
Vec=2.0t05.5V, Ta=-40to 105 °C -4 - 2@
frriv® | HSI trimming step - - 0.1 - %
Dhsi® Duty cycle - 450 - 551 %
tstabHsy | HSI stabilization time - - 2 40 us
4 MHz - 100 -
8 MHz - 105 -
lccisy® | HSI power consumption pA
16 MHz - 150 -
22.12 MHz, 24 MHz - 180 -
1. Guaranteed by design, not tested in production.
2. Data based on characterization results, not tested in production.
5.3.7. Low-speed internal (LSI) RC oscillator
Table 5-12 LSI oscillator characteristics
Symbol Parameter Conditions Min Typ Max Unit
fisi LSI frequency Ta=25°C,Vcc =33V -3 - 3 %
Atermits) l_esnl1 ;r:glisrr:ecy driftover | Vec=2.0105.5V, Ta= 010 85 °C -10@ - 10 o
Vee=2.0t0 5.5V, Ta=-40to 105 °C -20@ - 202
frrm® LSI trimming step - - 0.2 - %
tsmbsy® | LSI stabilization time - - 150 - us
lecsy@® LSI power consumption | - - 210 - nA

1. Guaranteed by design, not tested in production.

2. Data based on characterization results, not tested in production.
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5.3.8. Phase locked loop (PLL) characteristics
Table 5-13 PLL characteristics

Symbol Parameter Conditions Min Typ Max Unit
fPLL_IN PLL input clock Ta=25°C,Vcc=3.3V 160 - 240 MHz
frLL_ouT PLL output clock Ta=25°C,Vcc=3.3V 48 - 48 MHz
Jitter Period jitter - - - 0.3® ns
tLock PLL lock time feLL IN=24 MHZz - 15 40M us

1. Guaranteed by design, not tested in production.

5.3.9. Memory characteristics

Table 5-14 Memory characteristics®®

Symbol Parameter Conditions Typ Max® Unit
tprog Page programming time - 1.0 15 ms
terASE Page/sector/mass erase time - 3.5 45 ms

Page programming supply current - 2.1 2.9
lcc mA
Page/sector/mass erase supply current - 2.1 2.9

1. Guaranteed by design, not tested in production.

2. When the program runs in SRAM and executes the Flash erase/write program, the CPU will stop working.

Table 5-15 Memory endurance and data retention

Symbol Parameter Conditions Min® Unit
Ta=-401t0 85 °C 100
NEenp Endurance kcycles
Ta=8510 105 °C 10
trET Data retention time 10 kcycles Ta =55 °C 20 Years

1. Data based on characterization results, not tested in production.

5.3.10. EFT characteristics
Table 5-16 EFT characteristics

Symbol Parameter Conditions Grade

EFT to Power - IEC61000-4-4 4A

5.3.11. ESD & LU characteristics
Table 5-17 ESD & LU characteristics

Symbol Parameter Conditions Typ Unit
Vesprem) | Electrostatic discharge voltage (human body model) ESDA/JEDEC JS-001-2017 6 kv
Vespecowm) | Electrostatic discharge voltage (charged device model) | ESDA/JEDEC JS-002-2018 1 kv
VESD(MM) Static Discharge Voltage (machine model) JESD22-A115C 200 \Y
LU Static Latch-up JESD78E 200 mA

5.3.12. I/O port characteristics
Table 5-18 10 port characteristics

Symbol Parameter Conditions Min Typ Max Unit
ViH Input high level voltage Vecc=2.0t055V 0.7*Vcc - - \%
Vie Input low level voltage Vcc=20t055V - - 0.3*Vce \%
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Symbol Parameter Conditions Min Typ Max Unit
» 1/0 Schmitt trigger hysteresis - - 200 - mV
Vhys
NRST Schmitt trigger hysteresis - - 300 - mV
likg Input leakage current - - - 1 A
Rpu Internal pull-up resistor - 30 50 70 kQ
Rep Internal pull-down resistor - 30 50 70 kQ
Cio® Pin capacitance - - 5 - pF
1. Guaranteed by design, not tested in production.
Table 5-19 Output voltage characteristics
Symbol Parameter® Conditions Min Max Unit
lor=8 mA, Vcc =227V - 0.4
VoL COM IO output low level \Y
loo.=4mA,Vcc=18V - 0.5
lon=8mA, Vcc2 2.7V Vce-0.4 -
Von COM IO output high level \%
lon=4mA,Vcc =18V Vce-0.5 -

1. These I/O types refer to the terms and symbols defined by pins.

2. Data based on characterization results, not tested in production.

5.3.13. ADC characteristics
Table 5-20 ADC characteristics

Symbol Parameter Conditions Min Typ Max Unit
Vee Analog power supply - 2.0 - 5.5 \%
lcc Consumption @0.75 Msps - 1.0 - mA

Cin® Internal sampling and holding capacitor - - 5 - pF
Vecc=2.0t0 2.3V 1 4 6@ MHz

fabc ADC clock frequency

Vcc=23t055V 1 8 12@ MHz
tsamp™® Sampling time Vcc=2.0t055V 35 - 2395 | 1/fapc

tsamp_sewp™ | Vrerint sampling setup time fapc = 12 MHz 20 - - us
teonyD Total conversion time - - 12 - 1/fanc
teoc® Conversion end time - - 0.5 - 1/fanc
DNL® Differential nonlinearity error - - +2 - LSB
INL® Integral nonlinearity error - - +3 - LSB
Offset® Offset error - - +2 - LSB

1. Guaranteed by design, not tested in production.

2. Data based on characterization results, not tested in production.

5.3.14. Comparator characteristics

Table 5-21 Comparator characteris(")

Symbol Parameter Conditions Min Typ Max Unit
VIN Input voltage range | - 0 - Vce \%
Vsc Offset voltage - - 5 +10 mV
lcc(scALER) Static consumption - - 0.8 1 MA
tsTarRT_scaler | Startup time - - 100 200 us
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Symbol Parameter Conditions Min Typ Max Unit
High-speed mode - - 5
tsTART Startup time us
Medium-speed mode - - 15
200 mV step
Hiah-speed mode 100 mV over-drive i 40 70 ns
gn-sp >200 mV step
. - - 85
t Propagation dela 100 mV over-drive
b pag Y 200 mV step
. - 0.9 2.3
Medium-speed mode [--20.MV over-drive s
P >200 mV step ) ) 3.4 H
100 mV over-drive '
Voffset Offset voltage - - 5 - mV
No hysteresis - 0 -
Vhys Hysteresis voltage mV
With hysteresis - 20 -
Static - 7 -
Medium-speed mode | With 50 kHz and
+100 mv overdrive - 8 -
lcc Operating current square signal MA
Static = 250 -
High-speed mode With 50 kHz and
+100 mv overdrive - 250 -
square signal
1. Guaranteed by design, not tested in production.
5.3.15. Temperature sensor characteristics
Table 5-22 Temperature sensor characteristics
Symbol Parameter Min Typ Max Unit
o Vrs linearity with temperature - +2 5 °C
Avg_Slope® Average slope 2.3 25 2.7 mv/°C
Vas Voltage at 25 °C (5 °C) 0.742 0.76 0.785 \Y
tstarT® Start up time entering in continuous mode - 70 120 us
ts_temp® ADC sampling time when reading the temperature 20 - us
1. Guaranteed by design, not tested in production.
2. Data based on characterization results, not tested in production.
5.3.16. Embedded voltage reference characteristics
Table 5-23 Embedded voltage reference characteristics
Symbol Parameter Min Typ Max Unit
VREFINT Internal reference voltage 1.17 1.2 1.23 \%
tstart_vrefint Start time of VRerINT - 10 15 us
Tooeft Temperature coefficient of Vrerint - - 100 ppm/°C
Ivee Current consumption from Vcc - 12 20 MA

1.

Guaranteed by design, not tested in production.
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5.3.17. Timer characteristics

Table 5-24 Timer characteristics

Symbol Parameter Conditions Min Max Unit
tres(Tim) Timer resolution time - ! - RIS
frimxcLk = 48 MHz 20.833 - ns
fext Timer external clock frequency on CH1 to CH4 - - fred2 MHz
frimxcLk = 48 MHz - 24
Restim Timer resolution time TIM1/3/14/16/17 - 16 bit
- 1 65536 trimxcLk
tcounTER 16-bit counter internal clock period
frimxeLk = 48 MHz | 0.020833 1365 us
Table 5-25 LPTIM characteristics (timeout period at 32.768 kHz LSI)
Prescaler PRESCI[2:0] Min Max Unit
1 0 0.0305 1998.848
2 1 0.0610 3997.696
14 2 0.1221 8001.9456
/8 3 0.2441 15997.3376
/16 4 0.4883 32001.2288 me
132 5 0.9766 64002.4576
164 6 1.9531 127998.3616
/128 7 3.9063 256003.2768
Table 5-26 IWDG characteristics (timeout period at 32.768 kHz LSI)
Prescaler PR[2:0] Min Max Unit
14 0 0.122 499.712
/8 1 0.244 999.424
/16 2 0.488 1998.848
132 3 0.976 3997.696 ms
164 4 1.952 7995.392
/128 5 3.904 15990.784
1256 6or7 7.808 31981.568
Table 5-27 WWDG characteristics (timeout period at 48 MHz PCLK)
Prescaler WDGTBJ[1:0] Min Max Unit
1*4096 0 0.085 5.461
2*4096 1 0.171 10.923
4*4096 2 0.341 21.845 me
8*4096 3 0.683 43.691
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5.3.18. Communication interfaces

5.3.18.1. IC interface characteristics

12C interface meets the requirements of the I°C bus specification and reference manual:

Standard-mode (Sm): 100 kHz
Fast-mode (Fm): 400 kHz

I2C SDA and SCL pins have analog filtering, see table below.

Table 5-28 12C filter characteristics

Symbol Parameter Min Max Unit
Limiting duration of spikes suppressed by the filter (Spikers shorter
tar L . 50 260 ns
than the limiting duration are suppressed)
5.3.18.2. SPI characteristics
Table 5-29 SPI characteristics
Symbol Parameter Conditions Min Max Unit
fsck Master mode - 12
SPI clock frequency MHz
Lfte(scy Slave mode - 12
tr(sck) . . o
¢ SPI clock rise and fall time Capacitive load: C = 15 pF - 6 ns
f(SCK)
tsunss) NSS setup time Slave mode 4 * Tpoik - ns
thNss) NSS hold time Slave mode 2 * Tpek + 10 - ns
tw(sckH) . .
" SCK high and low time Master mode, presc = 4 Tpck*2-2 | Toek*2+1 | ns
tw(sckL)
Master mode, presc = 4 Tpcik + 54 -
ttS“(M') Data input setup time P > ns
Su(sh Slave mode, presc = 4 5 -
thwn _ _ Master mode 5 -
Data input hold time ns
th(s) Slave mode Thek + 5 -
ta(so) Data output access time Slave mode, presc = 4 0 3 * Tpclk ns
tdis(s0) Data output access time Slave mode 2 * Tpck +5 4* Tpck +5 ns
tvso) Data output valid time Slave mode (after enable 0 1.5* Toak@ | ns
edge) presc =4
tymo) Data output valid time Master mode (after enable ] 6 ns
edge)
th(so) Slave mode, presc = 4 0® -
Data output hold time ns
thevo) Master mode 2 -
DuCy(SCK) | SPI slave input clock duty cycle | Slave mode 45 55 %

1. The Master generates a 1 PCLK receive control signal before the receive edge.

etc.

receive edge and the transmit edge.

Slave defines 1.5 PCLK based on the maximum 1 PCLK delay on the SCK transmission edge, considering 10 delay,

The Slave updates the data before the transmit edge if the SCK duty cycle sent by the Master is wide between the
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NSS input
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Figure 5-1 SPI timing diagram — Slave mode and CPHA=0
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Figure 5-2 SPI timing diagram — Slave mode and CPHA=1
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NSS input
Te(scr

CPHA=0
- CPOL=0 \
=1
Q,
5
S | cpHa=0 S

CPOL=1

CPHA=1 / \
- CPOL=0 VI Ly
>
Q
-
S | cpma=I \ /

CPOL=1

Tsoon < ?(y:xu;
—> w(SCKL)
MISO input MSB 1IN BIT6 IN LSB IN
Thom
MOST output ‘>< MSB OUT BIT1 OUT LSB OUT
JITTON Tho)ier!

Figure 5-3 SPI timing diagram — Master mode
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5.4.

5.4.1.

Multifunction gate driver electrical characteristics

The gate driver is a three-phase brushless gate driver that can drive N+N MOS and operate at a
power supply voltage of 5.5 to 18 V. The gate driver has a built-in 50 mA LDO that can provide
power to the MCU or other devices.

The gate driver features built-in shoot-through prevention and a 250 ns dead time to prevent shoot-
through of the driven high- and low-side MOSFETSs, effectively protecting the power devices.

The gate driver also features a built-in input voltage Vin/Ve under-voltage lockout (UVLO) function,

which can effectively prevent the power devices from operating at excessively low voltages.

Drive logic control

The gate driver features input/output high- and low-side channel matching. The HINx input channel is
active high and controls the high-side HOx output; the LINX input channel is active high and controls

the low-side LOx output.

Table 5-30 Logic control truth table

HINX LINx HOx LOx
0 0 0 0
0 1 0 1
1 0 1 0
1 1 0 0
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5.4.2. Switching time

I I
HINX I 50% 50%I
LINX | !
|

|
1top tr | 109 tr
|

I
HO | 90% 909 :
X
I | I
LOx 10% : ! | 10%

Figure 5-4 Switching time

5.4.3. Shoot-through protection
The gate driver is internally designed with a dedicated protection circuit to prevent power tube shoot-
through, which can effectively prevent shoot-through damage to the power tubes caused by interfer-

ence with the high-side and low-side input signals.

I I I I
| | [
| | L1
| | [
I I I I
| | [
I I I I
Hine |} | D
[ [ I I I
| | | |
I I I I
LINx | | | |
I I I I
| | | |
1 1 | 1
[ [ | [
I I I I
| | | |
I I I I
| | | |
HOx | | L
I 1 I I I I
—>DTi¢— —»DTie— | —»DTi¢—
I I I I
| | [
LOX I I |
L Ry
| | |
I I I

|
|

Figure 5-5 Shoot-through protection
5.4.4. Dead time function

A fixed dead time protection circuit is set inside the gate driver. During the dead time, both the high-

side and low-side outputs are set to a low level. The set dead time must ensure that one power de-
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vice is turned off before the other is turned on, effectively preventing shoot-through between the up-
per and lower power devices. If the logic input has an external dead time set and this time is greater
than the chip's internal dead time (250 ns), the external logic input's dead time is used as the chip's
dead time; if the logic input has an external dead time set and this time is less than the chip's internal

dead time (250 ns), the chip's internal dead time (250 ns) shall prevail.

HINX

LOx

Figure 5-6 Dead time function

5.4.5. I2Cinterface and register definitions

Note: Unless otherwise specified, Ta = 25 °C.

Parameter Test conditions Min Typ Max Unit
SCL, SDA input low Vo =5.0V - - 1.2 \Y
SCL, SDA input high Vibo = 5.0V 3.8 - - Y

SDA leakage current SDA = Vipo - - 1 MA
SDA output low lo. =1 mA - - 0.3 \%

SCL clock frequency, fscL - 0 - 100 kHz
SCL low period, tLow - 0.5 - - V&

SCL high period, tHicH - 0.5 - - us
SDA data setup time, tsu - 100 - - ns
SDA data hold time, trp - 100 - - ns
Start setup time, tst For start condition 300 - - ns

Stop setup time, tsp For stop condition 300 - - ns
Capacitance on SCL or SDA pin - - - 10 pF
SDA fall time, tor Device requirement - - 100 ns

Pulse width of spikes must be sup- . ) 0 50 ns

pressed on SCL and SDA
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5.4.6.

3.

4.

tSCL

scL _\ f
tHD tSU
T TN
/ \ \

_>‘ lg—tsT
SDA \
)

Start
condition

Read/write byte length is |

tsp

F—— = | e R

MSB

/ /\

—_——/ N ——/ N —

imited to 1 byte

/N\

Stop
condition

SDAJSCL require external pull-up resistors, SCL frequency below 100 kHz (TBD)

12C address (7 bits): Ob 0101 010X (X = 0 write; X = 1 read)

Method to exit suspend: Master sends (Start + 9 Times CLK + Stop)

I2C transmission

SDA

SCL

wJ_J::

r
|
|
L

SDA

|
|
-4

START condition

0
2
:

SCL

r
|
|
L

STOP condition

Figure 5-7 Start and stop conditions

SDA /

| |

I data line | change |
I stable; | ofdata |
| data valid | allowed |

Figure 5-8 I2C bus timing diagram

-7

1
SDA‘T\{/ Y S
|

acknowledgement

signal from slave

byte complete,

X

interrupt within slave

clock line hold low while
interrupts are serviced

) N T ! X:'
acknowledgement |

signal from receiver | st |
| |
| |
| |
1

L s l i S
S WA e WAV I Ve Wa W armWe L]

START or repeated
START condition

ACK £

STOP or repeated
START condition

Figure 5-9 I2C bus timing diagram
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r=
DATA OUTPUTBY | / X )< e
TRANSMITTER DM S x /

not acknowedge N\

1
||
DATA OUTPUT BY | |
RECEIVER | | \7—/
I ¢

acknowledge

SCL FROM M
MASTER o 1 2 = 8 ‘9

L2 !
clock pulse for
csozgi?;—n acknowledgoment

Figure 5-10 I2C bus data transmission

5.4.7. Write command format

M MM M MMMMMMMMMMMMMMMMMMMMMMMMM

P PP P PPP®P®PUPUPUPU®PU®P®PZPUPUPU®PUPZPZPUPUPUPUPUPPUP

vy u U u vy vy vy vy uvy uv uv vuvuwuvyvuuyvuwuvyvuuwuvyvuwuwuyvuuvuuyvuuyvu u uvuwu

[ S S A A A A AN A N S A S S A SN S SN N S S SN AU SN S S S S

S

t S

a A A Al t

r c(p|lp|p|pb|bD|D|DfD|(C|D|D|D|D|(D|D|D|D|C]|O

tJj]oj1j0)1|j0f1[0]J]O|K]|]7|6[5][]4)|3|[2[1]|]0]|K]|]7|6|[5[4]3|]2]|]1[]0]K]p

IC Address byte+W Reg-Address Reg.Value
Figure 5-11 Write command format
5.4.8. Read command format

M MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM M
P PPPP®PUPUPUP®P®PUPUP®P®P®PUPUP®P®P®PUP®P®P®PUPUPP®PUPUPUPPZPZPZPUPTPP
U UUUUUUU U U VU uUuUuU VU U UUUUUUUUUUUUUUUUUUUUuUuu
S A R R S A A A S N S N S S S S S S N N S S N S S A S N S NS N N N N N N N N
s s N
t t o| S
a A Al a A Al t
r c|p|p|bp|p|p|bp|D|D|C]|T c|op|p|p|p|Db|D|D|D|C|oOo
tlof1fofla]lol1fofo|k|7|6|5]4]|3|2]1][o|]k|t|lofa]of1|ofafo]1]|Kk|7[6]|5]|4|3|2[1]0|K]|p

IC Address byte+W Reg. Address IC Address byte+R Reg.Value(read out)

Figure 5-12 Read command format
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5.4.9. Register definitions
Table 5-31 Register definitions
iggifgsesr D7 D6 D5 D4 D3 | D2 | D1 | DO | Default
O0OH Isense_bias[1:0] IBUS_Gain[2:0] IUV_Gain[2:0] D3H
01H en_sense_vdd | IBUS_cmp_sel dac_sel[5:0] 4AH
02H 0 1 en_osc_vdd | en_zero_vdd | Zero_res[1:0] Zer[(i:_(;)]ias 69H
Table 5-32 Default values
Name Bit Default
Isense_bias [1:0] 11
IBUS_Gain [2:0] 010
IUVGain [2:0] 011
en_sense_vdd - 0
IBUS_cmp_sel - 1
dac_sel [5:0] 001010
r2_76(reserved) [1:0] 01
en_osc_vdd - 1
en_zero_vdd - 0
Zero_res [1:0] 10
Zero_bias [1:0] 01

5.4.10. Bus current sensing

IBUS_OUT output voltage = Vipo * Bias + IBUS * RBUS * IBUS_Gain

Where IBUS is the motor bus current, RBUS is the bus current sensing resistor in the figure above,

and IBUS_Gain[2:0] is defined as:

IBUS_Gain[2:0] Bias IBUS_Gain
000 b 1/5 1
001 b 1/5 2
010 b 1/5 4
011 b 1/5 8
100 b 0 2
101b 0 3
110 b 0 5
111b 0 9

5.4.11. Bus overcurrent protection

Vref (DAC output voltage) = 50 mV * dac_sel

The DAC register dac_sel[5:0] is defined as:
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dac_sel[5:0] dac_sel Vref
000 000 b 0 0
000 001 b 1 50 mV
000 010 b 2 100 mV
000011 b 3 150 mV
110111 b 55 275V
111111 b 63 3.15V

5.4.12.

When the bus current exceeds the limit, causing the voltage to exceed the Vref setting, OC transitions

from high to low, triggering protection and requesting an MCU interrupt;
1. Itis generally not recommended to set the Vref voltage too high, such as exceeding 2.0 V;

2. If a register error occurs due to interference, the error correction mechanism will also pull

OC_OUT low to trigger protection and request an MCU interrupt.

Zero-crossing detection

Three built-in comparators perform zero-crossing detection with the three-phase input voltages re-
spectively, via a virtual neutral point created by internal 250 kQ resistors. The phase voltage division
ratio can be configured into four ratio modes via I2C. The three-phase voltages are directly routed to
the comparators from the bootstrap circuit VS ports internally, eliminating the need for separate ex-

ternal routing. The internal circuit block diagram is as follows:

R26
r=330K

HA

vo

R30
r=50

HB

vo

R33
r=50

gnd

Figure 5-13 Internal circuit block diagram for zero-crossing detection

The Zero_res[1:0] register is defined as:

Zero_res[1:0] Rz1/2/3

00 b 100k
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Zero_res[1:0] Rz1/2/3
0lb 50k
10b 25k
11b 12.5k

5.4.13. Absolute maximum ratings

Table 5-33 Absolute maximum ratings

Symbol Descriptions Parameter range Unit
Vin Low-side supply voltage -0.3t0 18 \%
VBx High-side floating supply -0.3t0 40 \%
Vsx High-side floating reference ground Vex-18 to Vex+0.3 \%
Vibo LDO output voltage range -0.3t0 5.5 \%
VHIN,2,3 High-side control input voltage -0.3t0 Vipot+0.3 Y,
VUINL,2,3 Low-side control input voltage -0.3 to Vipo+0.3 \%
COMPXx Comparator supply voltage -0.3 t0 Vipo+0.3 \%
VHo1,2,3 High-side gate Driver Output Voltage Vsx-0.3 to Vex+0.3 Y,
V001,23 Low-Side Gate Driver Output Voltage -0.3to Vin+0.3 \%
OPAO/OPAXO | Current sense op-amp output voltage range -0.3 t0 Vipo+0.3 \%
OOPSLT//IO(ISDIGI)D(I Current sense op-amp input voltage range -0.3 t0 Vipo+0.3 \%
ocC Current short-circuit protection comparator output voltage range -0.3 t0 Vipo+0.3 \%

5.4.14. Recommended operating conditions

Table 5-34 Recommended operating conditions

Symbol Descriptions Min Typ Max Unit
Vin Low-side supply voltage 5.5 12 18 \%
Vex High-side floating absolute voltage Vsx+5.5 - 40 \%
Vsx High-side floating offset voltage -0.3 - 24 \%
Vipo LDO Output Voltage Range - 5.0 - \%
VHINL,2,3 High-Side Control Input Voltage 0 - Vipo \%
VLINL2,3 Low-Side Control Input Voltage 0 - Vipo \%
COMPx Comparator supply voltage 0 \% Vibo \%
OPAO/OPAXO Current sense op-amp output voltage range 0 - Vibo \%
OOPQI!\TIICI)GPI\?[);I Current sense op-amp input voltage range 0 - Vipo \%
oC Current short-circuit protection comparator output voltage range 0 - Vipo \%
Ta Operating temperature -40 - 105 °C

fewm PMW frequency 0 - 200 kHz
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5.4.15. Electrical characteristics table

Note: Unless otherwise specified, Ta =25 °C, Vin =12 V, Vsx = Venb.

Table 5-35 Electrical characteristics table

Symbol Descriptions ‘ Min ‘ Typ Max ‘ Unit
Electrical characteristics
Ivin VN operating current, Hinx=Linx=20 kHz - 600 - MA
Iving Vin quiescent current, Hinx=Linx=0 V - 300 - HA
Ives Vss operating current, Hinx=Linx=20 kHz - 800 - MA
Ivesq Vas quiescent current, Hinx=Linx=0 V - 40 - HA
Vsn Vs static negative voltage - -6 - \%
LDO
Vipbo LDO output voltage, lout=1 mA, Vin=12V 4.75 5 5.25 \Y,
lout LDO output current capability, Vin=12 V, Vour>95%*VLpo - - 50 mA
ILboo LDO quiescent current, lout=0 mA - 20 - HA
Load regulation 1 mA<lour<50 mA - 15 20 mV
Line regulation 7 V<Vvin<20 V - 0.1 0.2 %IV
Three-phase gate driver
Vi Logic input low voltage - - 0.4/0.8 \%
ViH Logic input high voltage 1.6/2.0 - - \%
Vuvio_F Vin/Ve undervoltage lockout hysteresis - 4 - \%
Vuvio_Rr Vin/Ve undervoltage lockout hysteresis - 4.5 - \%
VuvLo_Hys Vin/Ve undervoltage lockout hysteresis - 0.5 - \%
Ik Floating supply leakage current Vex=Vsx=150 V - 0.1 5 HA
ILin+ LIN high-level input bias current Vun=5 V - 25 40 HA
ILiN- LIN low-level input bias current Vuin=0 V - - 1 pA
IHIN+ HIN high-level input bias current Vuin=5 V - 25 40 HA
IHIN- HIN low-level input bias current Vuin=0 V - - 1 pA
Rpd Weak pull-down equivalent resistor - 200 - kQ
VoL Low-level output voltage lout=-100mA, Vin=12V - 0.3 0.45
Von High-level output voltage lout=100mA, Vin=12V - 10 12
IDrRIVEP 10 output current - 800 - mA
IDRIVEN 10 output current - -800 - mA
Trw_MmIN Minimum input pulse width - 70 - ns
tor Dead time - 250 - ns
tr Output rise time, CL=1000 pF - 50 100 ns
t Output fall time, CL.=1000 pF - 50 100 ns
ton Output rising edge propagation time - 300 450 ns
torr Output falling edge propagation time - 100 160 ns
MT High and low side delay matching - - 30 ns
Op-amp
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Symbol Descriptions Min Typ Max Unit
Vop Op-amp operating voltage - Vipo - \%
Isup Op-amp operating current - 100 - A

VoFFseT Offset voltage - 5 - mV

VCRraNGE Input voltage range 0.2 - Vop-0.2 \%

I Low input bias current - - 1 MA
Isource Output current 1000 - - A
Isink Output current 1000 - - MA
Vsw Output voltage swing 0 - Vop \%
Av Open-loop gain RL.=100 kQ - 80 - dB
BW Bandwidth C.=30 pF - 10 - MHz
PSRR Power supply rejection ratio 60 90 - dB
SR Op-amp slew rate C.=30 pF 5 - - VIuS
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6. Package information

6.1. QFN32(4*4) package size

TOP VIEW SIDE VIEW
D
32 |
Pinl— |
) ‘
2 |
|
\
_——- ——— - —
|
|
|
\
\
\
<
5 !
2
BOTTOM VIEW
D2
% Common Dimensions
b (Unit of Measure=millimeters)
-
\ ) O 00000 Symbol - - o
A 0.700 0.750 0.800
D) &
Al 0.000 0.020 0.050
- < 0.150 0.200 0.250
J D o b ' ' :
z ) o u c 0.180 0.200 0.250
) = D 3.900 4.000 4.100
2:3»h 1 & D2 2.700 2.850 3.000
1 NE E 3.900 4.000 4.100
m O0I000 E2 2.700 2.850 3.000
3% | b1 e 0.400BSC
Nd Nd 2.800BSC
Ne 2.800BSC
b1 0.140REF
L 0.200 0.300 0.400
h 0.300 0.350 0.400
Note: 1. Dimensions are not to scale
m TITLE DRAWING NO. REV
e Puya QFN32L 4X4X0.75-0.4PITCH POD QRPD-0060 1.0
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7.0rdering information

Example:
MD 320 K1

PY 32 3 K1 8
Company
Product family

ARM® based 32-bit microcontroller

|
c
|
x

Product type
MD = Motor dedicated with pre-Driver

Sub-family
320 = PY32MD320xx

Pin count
K1 = 32 pins Pinoutl

User code memory size
8 =64 KB

Package
U=QFN

Temperature range
7 =-407C to +105C

Options

xxx = Code ID of programmed parts(includes packing type)
TR = Tape and reel packing

TU = Tube packing

Blank = Tray packing
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8.Version history

Version Date Descriptions
V1.0 2023.12.01 Initial version
V1.1 2023.12.15 Updated Section 5.4 title
V1.2 2024.01.29 Junction temperature range: -40 to 110°C adjusted to -40 to 125°C
Vie | amens | 3 NCU oneang voage nge adsiea: 201055V
V1.4 2026.06.09 1. Added note on Flash erase/write restrictions

2. Updated characteristic parameters of temperature sensor

Puya Semiconductor Co., Ltd.

IMPORTANT NOTICE
Puya reserve the right to make changes, corrections, enhancements, modifications to Puya products and/or to this document at any time without
notice. Purchasers should obtain the latest relevant information of Puya products before placing orders.
Puya products are sold pursuant to terms and conditions of sale in place at the time of order acknowledgement.
Purchasers are solely responsible for the choice and use of Puya products. Puya does not provide service support and assumes no responsibility
when products that are used on its own or designated third party products.
Puya hereby disclaims any license to any intellectual property rights, express or implied.
Resale of Puya products with provisions inconsistent with the information set forth herein shall void any warranty granted by Puya.
Any with Puya or Puya logo are trademarks of Puya. All other product or service names are the property of their respective owners.
The information in this document supersedes and replaces the information in the previous version.

Puya Semiconductor Co., Ltd. — All rights reserved
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