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ARM®-based 32-bit Cortex®-M4F MCU + FPU, with 4096 Kbyte
Internal Flash Memory, 17 Timers, 2 ADCs, 16 Communication

Interfaces

Feature

e Core: ARM®32-bit Cortex®-M4F CPU with FPU
- 200 MHz maximum frequency, with a Memory Protection Unit (MPU), single
cycle multiplication and hardware division
- Floating Point Unit (FPU), DSP instructions
® Memory
- Up to 4096 Kbytes of Flash instruction/data memory
- SPIM interface: Extra interfacing up to 16 Mbytes of external SPI Flash
- Up to 1536 Kbytes of SRAM
® Clock, Reset, and Power Management
- 2.6V ~ 3.6V application supply and I/Os
- POR/ PDR, and programmable voltage detector (PVD)
- 4 to 25 MHz crystal oscillator
- Internal 48 MHz factory-trimmed RC (accuracy 1% at TA=25 °C, 2.5 % at
TA=-40 to +105 °C)
- Internal 40 KHz RC oscillator
- 32 KHz oscillator with calibration
® Low Power Consumption
- Sleep, Stop, and Standby modes
- 4 WKUP pins, which can wake up the standby mode
® 2 12-bit A/D converters, 0.5 us converting time (Up to 16 channels)
- Conversionrange: 0Vto 3.6V
Triple sample and hold capability
Temparature sensor
® DMA: 14 channel DMA controller
— Peripherals supported: timers, ADC, 12S, SPI, 12C, and USART
® Debug Mode
— Serial Wire Debug (SWD) and JTAG interface
® Up to 86 Fast I/O Interfaces
- 86 multifunctional and bidirectional I/Os, up to 79 GPIOs mappable to 16
external interrupt vectors and almost 5 V-tolerant
- All fast I/0s, control registers accessable with faus speed
® Upto1l7 Timers
- Up to 8 x 16-bit timers + 2 x 32-bit timers; each with 4 input capture/
output comparison/PWM or pulse counter and quadrature (incremental)
encoder input.

ango Vango Technologies, Inc. 10/ 84
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- Up to 2 x 16-bit motor control PWM advanced timers with dead-time
generator and emergency stop
- 2 x Watchdog timers (independent and window)
- SysTick timer: 24-bit downcounter
- 2 X 16-bit basic timers
® Up to 16 Communication Interfaces
- Up to 3 x I2C interfaces (SMBus/ PMBus)
- Up to 8 x USARTs (ISO7816 interface, LIN, IrDA capability, and modem
control)
- Up to 4 x SPIs (36 Mbit/s), all with I2S interface multiplexed
- CAN interface (2.0A and 2.0B)
® CRC Calculation Unit
® Packaging
-  QFN48 7x7 mm (V32G410CGU?7)
- LQFP64 10x10 mm (V32G410RGT7)
- LQFP100 14x14 mm (V32G410VUT7)
-  LQFP100 14x14 mm (V32G410VGT7)

Vango Technologies, Inc. 11 / 84
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1 Introduction

This article gives the function information of the V32G410x series products.

The introduction of the V32G410x series must be read together with the V32G410x
series product manual and the V32G410x series reference manual. About internal
flash storage Information about programming, erasing and protection of the device
can also be obtained in the V32G410x series reference manual. For information
about the Cortex®-M4 core, please refer to The Cortex-M4 technical reference
manual can be downloaded from the ARM website: http://infocenter.arm.com

Vango Technologies, Inc. 12 / 84
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2

2.1

Table2.

Description

The V32G410x incorporates the high-performance ARM® Cortex®-M4F 32-bit RISC
core operating at 200MHZ. The Cortex®-M4F core features a Floating point unit
(FPU) single precision which supports all ARM single-precision data processing
instructions and data type. It also implements a full set of DSP instructions and a
memory protection unit (MPU) which enhances application security.

The V32G410x incorporates high-speed embedded memories (up to 4096 Kbytes of
Flash memory, up to 1536 Kbytes of SRAM), the extensive external SPI Flash (up to
16 Mbytes addressing capability), and enhanced I/0s and peripherals connected to
two APB buses.

The V32G410x offers two 12-bit ADCs, eight general-purpose 16-bit timers plus two
general- purpose 32-bit timers, and up to two PWM timers for motor control, as well
as standard and advanced communication interfaces, up to three 12Cs, four SPIs (all
multiplexed as 12S), eight USART/UART and a CAN.

The V32G410x operates in the -40 to +105 °C temperature range, from a 2.6 to 3.6
V power supply. A comprehensive set of power-saving mode allows the design of
low-power application.

Device overview
The V32G410x offers devices in four different package types: from 48 pins and 100
pins. The description below gives an overview of the complete range of peripherals

proposed in different devices.

V32G410x series device function and configuration

V32G41 | V32G41 | V32G41 | V32G41
Part Number
OVGT?7 0CGU7 ORGT? ovuT?
CPU frequency (MHz) 200
Flash (Kbytes) 1024 1024 1024 4096
SRAM (Kbytes)® 1536 1536 1536 1536
SPIM 0 0 0 0

Advanced-control
32-bit general-purpose
16-bit general-purpose

Basic
SysTick
IWDG
WWDG
RTC

Timers

HlE == |N|[OININ
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Notel:

2.2

2.2.1

Notel:

Figurel.

12C 3 1 3 3
SPI_I2S 4 3 4/4 4
Comm.
USART+UART 4+4 2+3 4+4 4+4
CAN 1 1 1 1
Analog 12-bit ADC 2
numbers/channels 16 10 16 16
GPIOs 80 41 51 80
Operating temperatures -40 to +105 °C
LQFP100 QFN48 LQFP64 LQFP100
Packages 14 x 14 7x7 10x10 14 x 14
mm mm mm mm

In 1536KB mode, the flash memory capacity with zero wait state is disabled;

In 1408KB mode, the flash memory capacity with zero wait state is limited to 128K bytes;
In 1280KB mode, the flash memory capacity with zero wait state is limited to 256K bytes;
In 1152KB mode, the flash memory capacity with zero wait state is limited to 384K bytes;
In 1024KB mode, the flash memory capacity with zero wait state is limited to 512K bytes;
In 896KB mode, the flash memory capacity with zero wait state is limited to 640K bytes.

Overview

The ARM Cortex®-M4F with FPU processor is the latest generation of ARM
processors for embedded systems. It was developed to provide a low-cost platform
that meets the needs of MCU implementation, with a reduced pin count and low-
power consumption, while delivering outstanding computational performance and an
advanced response to interrupts.

ARM® Cortex®-M4F with FPU core and DSP instruction set

The ARM Cortex®-M4F with FPU 32-bit RISC processor features exceptional code
efficiency, delivering the high-performance expected from an ARM core in the
memory size usually associated with 8- and 16-bit devices. The processor supports a
set of DSP instructions which allow efficient signal processing and complex algorithm
execution. Its single precision FPU (floating point unit) speeds up software
development by using meta language development tools, while avoiding saturation.

With its embedded ARM core, the V32G410x is compatible with all ARM tools and
software.

Figure 1 shows the general block diagram of the V32G410x.

Cortex®-M4F with FPU is binary compatible with Cortex®-M3.

V32G410x block diagram

Vango Technologies, Inc. 14 / 84
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HSE 4~25MHz
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- SWITAG P PLL
> —» FCLK Max. 200MHz
ARM N —® HCLK
Cortex-M4 " N—— RCC — 9 PCLK1
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DMA1 g SRAM | o N LDO 1.1V
(— S SRAM
7 Channel N V| controller [ v
x
g
- ) o Je———— 1>
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@VDDA

2.2.2 Memory protection unit (MPU)

The memory protection unit (MPU) is used to manage the CPU accesses to memory
to prevent one task to accidentally corrupt the memory or resources used by any
other active task. This memory area is organized into up to 8 protected areas that
can in turn be divided up into 8 subareas. The protection area sizes are between 32
bytes and the whole 4 gigabytes of addressable memory.
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2.2.3

2.2.4

2.2.5

2.2.6

The MPU is especially helpful for applications where some critical or certified code
has to be protected against the misbehavior of other tasks. It is usually managed by
an RTOS (real-time operating system). If a program accesses a memory location
that is prohibited by the MPU, the RTOS can detect it and take action. In an RTOS
environment, the kernel can dynamically update the MPU area setting, based on the
process to be executed.

The MPU is optional and can be bypassed for applications that do not need it.

Flash memory

Up to 4096 Kbytes of embedded Flash is available for storing programs and data.

The V32G410x provides extra interface called SPIM (SPI memory), which interfaces
the external SPI Flash memory storing programs and data. With maximum 16
Mbytes addressing capability, SPIM can be used as an extensive Flash memory Bank
2.

Cyclic redundancy check (CRC) calculation unit

The CRC (cyclic redundancy check) calculation unit is used to get a CRC code from a
32-bit data word and a fixed generator polynomial among other applications, CRC-
based techniques are used to verify data transmission or storage integrity. In the
scope of the EN/IEC 60335-1 standard, they offer a means of verifying the Flash
memory integrity. The CRC calculation unit helps compute a signature of the
software during runtime, to be compared with a reference signature generated at
link time and stored at a given memory location.

Embedded SRAM

Up to 1536 Kbytes of embedded SRAM accessed (read/write) at CPU clock speed
with 0 wait states.

Nested vectored interrupt controller (NVIC)

The V32G410x embed a nested vectored interrupt controller able to manage 16
priority levels and handle up to 79 maskable interrupt channels plus the 16 interrupt
lines of the Cortex®-M4 with FPU.

Closely coupled NVIC gives low-latency interrupt processing
Interrupt entry vector table address passed directly to the core
Closely coupled NVIC core interface

Allows early processing of interrupts

Processing of late arriving higher priority interrupts

Support for tail-chaining

Vango Technologies, Inc. 16 / 84
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2.2.7

2.2.8

Figure2.

® Processor state automatically saved
® Interrupt entry restored on interrupt exit with no instruction overhead

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

External interrupt/event controller (EXTI)

The external interrupt/event controller consists of 18 edge detector lines used to
generate interrupt/event requests. Each line can be independently configured to
select the trigger event (rising edge, falling edge, both) and can be masked
independently. A pending register maintains the status of the interrupt requests. The
EXTI can detect an external line with a pulse width shorter than the Internal APB2
clock period. Up to 86 GPIOs can be connected to the 16 external interrupt lines.

Clocks and startup

System clock selection is performed on startup, however the internal RC 48 MHz
oscillator (HSI) through a divided-by-6 divider (8 MHz) is selected as default CPU
clock on reset. An external 4 to 25 MHz clock (HSE) can be selected, in which case it
is monitored for failure. If failure is detected, the system automatically switches back
to the internal RC oscillator. A software interrupt is generated. Similarly, full interrupt
management of the PLL clock entry is available when necessary (for example with
failure of an indirectly used external oscillator).

Multiple prescalers allow the configuration of the AHB and the APB (APB1 and APB2)
frequency. The maximum frequency of the AHB domain is 200MHZ. The maximum
allowed frequency of the APB domains are 100 MHz See Figure 2 for details on the
clock tree.

Clock tree
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2.2.9 Boot modes

At startup, boot pins are used to select one of three boot options:

® Boot from user Flash. By default, boot from Flash memory bank 1 is selected.
User can choose to boot from Flash memory bank 2 by setting a bit in the option

bytes.

® Boot from system memory
® Boot from embedded SRAM

The bootloader is stored in system memory. The flash memory can be
reprogrammed via USART1 or USART2. Table3 provides the the bootloader pin

configurations.

Table3. The bootloader pin configurations

Interface Pin

PA9: USART1_TX
USART1

PA10: USART1_RX

PA2: USART2_TX (remapped)
USART2

PA3: USART2_RX (remapped)
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2.2.10

2.2.11

2.2.12

2.2.13

Power supply schemes

® Vpp = 2.6~3.6 V: external power supply for I/0s, RCL, XOL and the internal
regulator provided externally through Vpp pins.

® \Vppa = 2.6~3.6 V: external analog power supplies for ADC\RCH\Tempersensor.
Vopa and Vssa must be connected to Vpp and Vss, respectively.

For more detail on how to connect power pins, refer to Figure9.

Power supply supervisor

The device has an integrated power-on reset (POR)/power-down reset (PDR)
circuitry. It is always active, and ensures proper operation starting from/down to 2.6
V. The device remains in reset mode when Vpp is below a specified threshold,
Veor/eor, Without the need for an external reset circuit.

The device features an embedded programmable voltage detector (PVD) that
monitors the Vpp power supply and compares it to the Vpyp threshold. An interrupt
can be generated when Vpp drops below the Vpyp threshold and/or when Vpp is
higher than the Vpyp threshold. The interrupt service routine can then generate a
warning message and/or put the MCU into a safe state. The PVD is enabled by
software. Refer to Table 13 for the characteristic values of Vpor/ror @and Vevo.

Voltage regulator

The regulator has three operation modes: main (MR), low-power (LPR), and power
down.

® Main mode (MR) is used in the nominal regulation mode (Run) and in the Stop
mode

® Low-power mode (LPR) can be used in the Stop mode

® Power down mode is used in Standby mode: the regulator output is in high
impedance and the kernel circuitry is powered down, inducing zero consumption
of the regulator (but the contents of the registers and SRAM are lost)

This regulator is always enabled after reset. It is disabled in Standby mode.

Low-power modes

The V32G410x supports three low-power modes to achieve the best compromise
between low- power consumption, short startup time and available wakeup sources:

Sleep mode

In Sleep mode, only the CPU is stopped. All peripherals continue to operate and can
wake up the CPU when an interrupt/event occurs.
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Notel:

2.2.14

2.2.15

Stop mode

Stop mode achieves the lowest power consumption while retaining the content of
SRAM and registers. All clocks in the 1.1 V domain are stopped, the PLL, the HSI RC
and the HSE crystal oscillators are disabled. The voltage regulator is put in nhormal
mode.

The device can be woken up from Stop mode by any of the EXTI line. The EXTI line
source can be one of the 16 external lines, the PVD output or the RTC alarm.

Standby mode

The Standby mode is used to achieve the lowest power consumption. The internal
voltage regulator is switched off so that the entire 1.1 V domain is powered off. The
PLL, the HSI RC and the HSE crystal oscillators are also switched off. After entering
Standby mode, SRAM and register contents are lost except for registers in the
Backup domain and Standby circuitry.

The device exits Standby mode when an external reset (NRST pin), an IWDG reset,
a rising edge on the WKUP pin, or an RTC alarm occurs.

The RTC, the IWDG, and the corresponding clock sources are not stopped by entering Stop or
Standby mode.

Direct Memory Access Controller (DMA)

The flexible 14-channel general-purpose DMAs (7 channels for DMA1 and 7 channels
for DMA2) are able to manage memory-to-memory, peripheral-to-memory, and
memory-to-peripheral transfers. The two DMA controllers support circular buffer
management, removing the need for user code intervention when the controller
reaches the end of the buffer.

Each channel is connected to dedicated hardware DMA requests, with support for
software trigger on each channel. Configuration is made by software and transfer
sizes between source and destination are independent.

The DMA can be used with the main peripherals: SPI, I12C, USART, general-purpose,
basic, and advanced-control timers TMRX, 12S, and ADC.

Real-time clock (RTC) and backup registers

The RTC and the backup registers are supplied with VDD. The backup registers are
sixty- four 16-bit registers used to store 128 bytes of user application data. They are
not reset by a system or power reset, and they are not reset when the device wakes
up from the Standby mode.

The real-time clock provides a set of continuously running counters which can be
used with suitable software to provide a clock calendar function, and provides an
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2.2.16

Table4.

alarm interrupt and a periodic interrupt. It is clocked by a 32.768 kHz external
crystal, resonator or oscillator, the internal low- power RC oscillator, or the high-
speed external clock divided by 128. The internal low-speed RC has a typical
frequency of 40 kHz. The RTC can be calibrated using a divied-by-64 output of
TAMPER pin to compensate for any natural quartz deviation. The RTC features a 32-
bit programmable counter for long term measurement using the Compare register to
generate an alarm. A 20-bit prescaler is used for the time base clock and is by
default configured to generate a time base of 1 second from a clock at 32.768 kHz.

Timers and watchdogs (TMR/WDG)

The V32G410x devices include up to 2 advanced-control timers, up to 10 general-
purpose timers, 2 basic timers, 2 watchdog timers, and a SysTick timer.
The table below compares the features of the advanced-control, general-purpose,

and basic timers.

Timer feature comparison

- T 0 0 o v @ U (000 v 0
= o o I O
T |82 ¢ 8 g 221558 23
o e 5 3 o 2 o 35 ¢ ° 5
= c -+ T g | =3 o = c =
= 8 : > 58 233 5¢@
<) (0] = O n 0 T 3
3 g 0 o= &0
T " 0w S
() ~+ -+
TMR1, .| Up, down, | Any integer between
16-bit Yes 4 Yes
TMRS8 up/down 1 and 65536
TMR2, .| Up, down, | Any integer between
32-bit Yes 4 No
TMR5 up/down 1 and 65536
TMR3, .| Up, down, | Any integer between
16-bit Yes 4 No
TMR4 up/down 1 and 65536
TMR9, Any integer between
16-bit | Up Y IMEgEr DEEEN T no | 2 No
TMR12 1 and 65536
TMR10,
TMR11, . Any integer between
16-bit | Up No 1 No
TMR13, 1 and 65536
TMR14
TMRS, i Any integer between
16-bit | Up Yes 0 No
TMR7 1 and 65536

Advanced-control timers (TMR1 and TMRS)
The two advanced-control timers (TMR1 and TMR8) can each be seen a three-phase

PWM multiplexed on 6 channels. They have complementary PWM outputs with
programmable inserted dead-times. They can also be seen as a complete general-
purpose timer. The 4 independent channels can be used for:
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Input capture

Output compare

PWM generation (edge or center-aligned modes)
One-pulse mode output

If configured as a standard 16-bit timer, it has the same features as the TMRx timer.
If configured as the 16-bit PWM generator, it has full modulation capability (0-
100%).

In debug mode, the advanced-control timer counter can be frozen and the PWM
outputs disabled to turn off any power switch driven by these outputs.

Many features are shared with those of the general-purpose TMR timers which have
the same architecture. The advanced-control timer can therefore work together with
the TMR timers via the link feature for synchronization or event chaining.

General-purpose timers (TMRXx)
There are 10 synchronizable general-purpose timers embedded in the V32G410x.
® TMR2, TMR3, TMR4, and TMR5

The V32G410x has 4 full- featured general-purpose timers: TMR2, TMR3, TMR4, and
TMR5. The TMR2 and TMR5 timers are based on a 32-bit auto-reload up/down
counter and a 16-bit prescaler. The TMR3 and TMR4 timers are based on a 16-bit
auto-reload up/down counter and a 16-bit prescaler. They all feature four
independent channels for input capture/output compare, PWM or one-pulse mode
output. This gives up to 16 input capture/output compare/PWMs.

The TMR2, TMR3, TMR4, and TMR5 general-purpose timers can work together, or

with the other general-purpose timers and the advanced-control timers via the link
feature for synchronization or event chaining. In debug mode, their counter can be
frozen. Any of these general-purpose timers can be used to generate PWM outputs.

The TMR2, TMR3, TMR4, and TMR5 are capable of handling quadrature (incremental)
encoder signals and the digital outputs from 1 to 3 hall-effect sensors.

® TMR9 and TMR12

TMR9 and TMR12 are based on a 16-bit auto-reload up-counter, a 16-bit prescaler,
and two independent channels for input capture/output compare, PWM, or one-pulse
mode output. They can be synchronized with the TMR2, TMR3, TMR4, and TMR5 full-
featured general-purpose timers. They can also be used as simple time bases.

® TMR10, TMR11, TMR13, and TMR14

These timers are based on a 16-bit auto-reload up-counter, a 16-bit prescaler, and
one independent channels for input capture/output compare, PWM, or one-pulse
mode output.

They can be synchronized with the TMR2, TMR3, TMR4, and TMR5 full-featured
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2.2.17

2.2.18

general-purpose timers. They can also be used as simple time bases.
Basic timers (TMR6 and TMR?7)

These two timers can be used as a generic 16-bit time base.
Independent watchdog (IWDG)

The independent watchdog is based on a 12-bit down-counter and 8-bit prescaler. It
is clocked from an independent 40 kHz internal RC and as it operates independently
from the main clock, it can operate in Stop and Standby modes. It can be used
either as a watchdog to reset the device when a problem occurs, or as a free running
timer for application timeout management. It is hardware or software configurable
through the option bytes. The counter can be frozen in debug mode.

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 device when a problem occurs. It
is clocked from the main clock. It has an early warning interrupt capability and the
counter can be frozen in debug mode.

SysTick timer

This timer is dedicated to real-time operating systems, but could also be used as a
standard down counter. It features:

A 24-bit down counter

Auto-reload capability

Mask-able system interrupt generation when the counter reaches 0
Programmable clock source

Inter-integrated-circuit interface (I2C)

Up to 3 I2C bus interfaces can operate master mode. They can support standard and
fast modes.

They support 7/10-bit addressing. A hardware CRC generation/verification is
included.

They can be served by DMA and they support SMBus 2.0/PMBus.

Universal synchronous/asynchronous receiver transmitters
(USART)

The V32G410x embeds 4 universal synchronous/asynchronous receiver transmitters
(USART1, USART2, USART3, and USART6) and 4 universal asynchronous receiver
transmitters (UART4, UART5, UART7, and UARTS).

These eight interfaces provide asynchronous communication, IrDA SIR ENDEC
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support, multiprocessor communication mode, single-wire half-duplex
communication mode, and have LIN Master/Slave capability.

These eight interfaces are able to communicate at speeds of up to 5.625 Mbit/s.

USART1, USART2, and USART3 provide hardware management of the CTS and RTS
signals. USART1, USART2, USART3, and USART6 also provide Smart Card mode
(ISO7816 compliant) and SPI-like communication capability. All interfaces can be
served by the DMA controller.

Table5. USART/UART feature comparison

USART/UA | USAR | USAR | USAR | UART | UART | USAR | UART | UART
RT name T1 T2 T3 4 5 T6 7 8
Hardware Yes Yes Yes - - - - -
flow control
for modem
Continuous | Yes Yes Yes Yes Yes Yes Yes Yes
communicat
ion using
DMA
Multiprocess | Yes Yes Yes Yes Yes Yes Yes Yes
or

communicat
ion

Synchronou | Yes Yes Yes - - Yes - -
s mode
Smartcard Yes Yes Yes - - Yes - -
mode
Single-wire | Yes Yes Yes Yes Yes Yes Yes Yes
half-duplex
communicat

ion
IrDA SIR Yes Yes Yes Yes Yes Yes Yes Yes
ENDEC
block

LIN mode Yes Yes Yes Yes Yes Yes Yes Yes

2.2.19 Serial peripheral interface (SPI)

Up to four SPIs are able to communicate up to 36 Mbits/s in slave and master modes
in full- duplex and simplex communication modes. The 3-bit prescaler gives 8 master
mode frequencies and the frame is configurable to 8 bits or 16 bits. The hardware
CRC generation/verification supports basic SD Card/MMC/SDHC modes.

All SPIs can be served by the DMA controller.
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2.2.20

2.2.21

2.2.22

2.2.23

2.2.24

Inter-integrated sound interface (I2S)

Four standard I2S interfaces (multiplexed with SPI) are available, that can be
operated in master mode in half-duplex mode. These interfaces can be configured to
operate with 16/32 bit resolution, as input or output channels. Audio sampling
frequencies from 8 kHz up to 192 kHz are supported. The master clock can be
output to the external CODEC at 256 times the sampling frequency.

Controller area network (CAN)

Two CANs are compliant with specifications 2.0A and B with a bit rate up to 1 Mbit/s.
It can receive and transmit standard frames with 11-bit identifiers as well as
extended frames with 29-bit identifiers. It has three transmit mailboxes, two receive
FIFOs with 3 stages and 14 scalable filter banks.

General-purpose inputs/outputs (GPIO)

Each of the GPIO pins can be configured by software as output (push-pull), as input
(with pull-down or without pull-up or pull-down), or as peripheral alternate function.
Most of the GPIO pins are shared with digital or analog alternate functions. All GPIOs
are high current-capable.

The I/0s alternate function configuration can be locked, if needed, in order to avoid
spurious writing to the I/0s registers by following a specific sequence.

Remap capability

This feature allows the use of a maximum number of peripherals in a given
application. Indeed, alternate functions are available not only on the default pins but
also on other specific pins onto which they are remappable. This has the advantage
of making board design and port usage much more flexible.

For details refer to Table 6; it shows the list of remappable alternate functions and
the pins onto which they can be remapped. See the V32G410x reference manual for
software considerations.

Analog to digital converter (ADC)

Two 12-bit analog-to-digital converters are embedded into V32G410x devices and
they share up to 16 external channels, performing conversions in single-shot or scan
modes. In scan mode, automatic conversion is performed on a selected group of
analog inputs.

The ADC can be served by the DMA controller.

An analog watchdog feature allows very precise monitoring of the converted voltage
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2.2.25

2.2.26

of one, some or all selected channels. An interrupt is generated when the converted
voltage is outside the programmed thresholds.

The events generated by the general-purpose timers and the advanced-control
timers can be internally connected to the ADC start trigger and injection trigger,
respectively, to allow the application to synchronize A/D conversion and timers.

Temperature sensor

The temperature sensor has to generate a voltage that varies linearly with
temperature. The conversion range is between 2.6 V < VDDA < 3.6 V. The
temperature sensor is internally connected to the ADC1_IN16 input channel which is
used to convert the sensor output voltage into a digital value.

Serial wire JTAG debug port (SWJ-DP)

The ARM SWI-DP Interface is embedded, and is a combined JTAG and serial wire
debug port that enables either a serial wire debug or a JTAG probe to be connected
to the target. The JTAG TMS and TCK pins are shared respectively with SWDIO and
SWCLK and a specific sequence on the TMS pin is used to switch between JTAG-DP
and SW-DP.
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3 Pinouts and pin descriptions

Figure3. V32G410CGU7 QFN48 pinout

N = O n I ™
T A OO N OO0~ -
A ITITCOOOONODMDOMD
[ W A YN WY i A i WY WY WY o Y N & WY Y
BEHEREEHERENEHE
PA13[37 24 PB12
PA14[38 23 vDD_2
PA15[39 22| PES
PB3 40 21| PE7
PB4 [41] 23 pPB2
PB6[43 i8] PBO
PB7 44 L7 pA7
BOOTO &4 L8 pA6
PB8 [4d @5 PAS
peofE | O @ PA4
PEOQ {48l 13] PA3
HNMHMMHMNMEEREHEH
S NS NDOZ g NN
A LN L
[a) O |Z>¥¥
> 3 o = =
) ~
O S -
< <
o A

Vango Technologies, Inc. 27 / 84




Pinouts and pin descriptions

V32G410x Datasheet

Figure4. V32G410RGT7 LQFP64 pinout
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Figure5. V32G410VUT7/ V32G410VGT7 LQFP100 pinout
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Table6.

The following table is the pin definition of V32G410x series. The multiplexing functions are arranged in order of priority. The
basic principle is that the analog signal is higher than the digital signal, and the output digital signal is higher than the input

digital signal.

V32G410x series pin definitions

Pin number

Alternate functions ‘¥

< < < < <
w W w w S 10
B B B B (7] . Type Main
» » p » B Pin name | | lever .
= BB B = 2 function Default Remap Default Remap
X < < 0 A
O C ® 9]
- - c =
N N N N
1 - NC not connected
SPI4_SCK)/
2 1 PE2 I/0 FT PE2 - -
/ 1284 _CcK™
3 2 PE3 I/0 FT PE3 - -
SPI4_NSS™
4 3 PE4 I/0 FT PE4 - , / -
1284 _Ws®
5 4 PES I/0 FT PES SP14_MISO TMR9_CH1
SPI4_MOSI?
6 5 PE6 I/0 FT PE6 IZS4_SD(7) / TMR9_CH?2
7 - NC not connected
8 6 NC not connected
TAMPER- ©
9 7 RTC/PC13 © I/0 FT PC13 TAMPER-RTC -
OSC32_IN/ 6
10 8 PC140) I/0 FT PC14(®) OSC32_IN -
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Pin number

Alternate functions ‘¥

< < < < <
w W w w g 10
B B B B (1) . Type Main
N N » B Pin name | lever .3
Py Purgi Py = 2 function Default Remap Default Remap
(=] © © (=} =}
X < < 0 A
e C ® 9]
- - c d
N N N N
0SC32_0uT/
11 9 - 4 I/0 FT PC15 0SC32_0uT -
PC15®)
12 - - - NC not connected
13 10 - VSS 5 S - VSS 5 - -
14 11 - VDD_5 S - VDD_5 - -
15 12 6 5 OSC_IN I/0 TC OSC_IN - -
16 13 7 6 OSC_OouT I/0 TC OSC_OuT - -
17 14 8 7 NRST I/0 - NRST - -
18 - - - NC not connected
ADC1/2_IN10/
19 15 - 8 PCO/WKUP3 | I/O FTa PCO -
WKUP3
20 16 - 9 PC1 I/0 FTa PC1 ADC1/2_IN11 -
21 - - NC not connected
22 17 - 10 PC2 I/0 FTa PC2 ADC1/2_IN12 UART8_TX
23 18 - 11 PC3 I/0 FTa PC3 ADC1/2_IN13 UART8_RX
24 19 - 12 VSSA S - VSSA - -
25 - - - NC not connected
26 20 - - VREF- S - VREF- - -
27 21 - - VREF+ S - VREF+ - -
28 22 9 13 VDDA S - VDDA - -
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Pin number Alternate functions ‘¥

I0 .
Type Main

lever .
w . function Default Remap Default Remap

Pin name

XOTVPDCEA
L1ODNOTPDCEA
LINAOTPDCEA
LNODDOTVYOCEN

L1DYUOTYOCEA

ADC1/2_INO/
WKUP1/
USART2_CTS)/
29 23 10 14 PAO/WKUP1 | 1/0 FT PAO TMR2_CH1 / UART4_TX
TMR2_ETR)/
TMR5_CH1/
TMR8_ETR
ADC1/2_IN1/
WKUP2/

30 24 11 15 PA1/WKUP2 |1/0 FTa PA1 USART2_RTSY/ UART4_RX
TMR2_CH2/
TMR5_CH2
ADC1/2_IN2/
USART2_TX7/

31 25 12 16 PA2 I/0 FTa PA2 TMR2_CH3)/ -
TMR5_CH3/
TMR9_CH1®

32 - - NC not connected

33 - - SPIM_IOO I/0 FT SPIM_IOO0 PF2 -

34 26 13 17 PA3 I/0 FTa PA3 ADC1/2_IN3/ 1252__MCK

USART2_RX)/
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Pin number Alternate functions ‘¥
< < < < <
w W w w g 10
B B B B (1) . Type Main
N N » B Pin name | lever .3
Py Purgi Py = 2 function Default Remap Default Remap
(=] o o (=) =)
X < < 0 A
6 C ® 9]
- - c d
N N N N
TMR2_CH4")/
TMR5_CH4/
TMR9_CH2")
35 27 18 VSS 4 S - VSS 4 - -
36 28 19 VDD_4 S - VDD_4 - -
37 - - SPIM_SCK o] FT SPIM_SCK PF4 -
ADC1/2_IN4
USA R‘/I'Z_CKé)/ USART6_TX/
38 29 14 20 PA4 I/0 FTa PA4 e SPI3_NSS/
SPI1_NSS)y
1253 WS
I12S1_wWs®
ADC1/2_IN5/
39 30 15 21 PAS I/0 FTa PA5 SPI1_SCKY/ USART6_RX
I12S1_CK?
ADC1/2_IN6/
SPI1_MISO)
2 1252__MCK/
40 31 16 22 PA6 I/0 FTa PA6 TMR3_CH1Y/
TMR1_BKIN
TMR8_BKIN/
TMR13_CH1
41 - - SPIM_IO3 I/0 FT SPIM_I03 PFO -
42 32 17 23 PA7 I/0 FTa PA7 ADC1/2_IN7/ TMR1_CH1N
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Pin number

Alternate functions ‘¥

A
Mmmmn
AEEEE

< < < < <
w W Ww w s 10
B B B B (1) . Type Main
N N » B Pin name | lever .3
Py Purgi Py = 2 function Default Remap Default Remap
(=) © © (=) =)
X < < 0 A
O C (0} 9]
- - c d
N N N N
SPI1_MOSI"V/
12S1_SDY/
TMR3_CH2)/
TMR8_CH1N/
TMR14_CH1
ADC1/2_IN14/
43 33 24 PC4/ WKUP4 | 1/0 FTa PC4 -
WKUP4
44 34 25 PC5 I/0 FTa PC5 ADC1/2_IN15
ADC1/2_IN8/
I12S1_MCK®?
45 35 18 26 PBO I/0 FTa PBO N / TMR1_CH2N
TMR3_CH3)/
TMR8_CH2N
46 - - NC not connected
ADC1_IN9/
47 36 19 27 PB1 I/0 FTa PB1 TMR3_CH4)/ TMR1_CH3N
TMR8_CH3N
48 37 20 28 PB2 I/0 FT PB2 / BOOT1 | - -
49 38 21 - PE7 I/0 FT PE7 UART7_RX? TMR1_ETR
50 39 22 - PE8 I/0 FT PE8S UART7_TX? TMR1_CHI1N
51 40 - PE9S I/0 FT PE9 TMR1_CH1
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Pin number Alternate functions ‘¥
< < < < <
w W w w s 10
B B B B (1) . Type Main
N N » B Pin name | lever .3
Py Purgi Py = 2 function Default Remap Default Remap
(=] o o (=) =)
X < < 0 A
6 C ® 9]
- - c d
N N N N
52 - - NC not connected
53 41 - PE10 I/0 FT PE10 TMR1_CH2N
SPI4 SCK/
54 42 - PE11 I/0 FT PE11 1254 CK/
TMR1_CH?2
SPI4 _NSS/
55 43 - PE12 I/0 FT PE12 1254 WS/
TMR1_CH3N
56 - - NC not connected
SPI4_MISO
57 44 - PE13 I/0 FT PE13 - /
TMR1_CH3
SPI4_MOSI/
58 45 - PE14 I/0 FT PE14 1254 _SD/
TMR1_CH4
59 46 - PE15 I/0 FT PE15 TMR1_BKIN
USART3_TX7)y 1253 _MCK/
60 47 29 PB10 I/0 FT PB10
12C2_SCL TMR2_CH3
61 48 30 PB11 I/0 FT PB11 USART3_RX'” / TMR2_CH4
I12C2_SDA -
62 49 31 VSS_ 1 S - VSS 1 - -
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Pin number Alternate functions ‘¥
< < < < <
w W Ww w s 10
B B B B (1) . Type Main
N N » B Pin name | lever .3
Py Purgi Py = 2 function Default Remap Default Remap
(=] © © (=} =}
X < < 0 A
e C ()] (9]
- - c d
N N N N
63 50 1 32 VDD_1 S - VDD_1 - -
64 - - NC not connected
65 - - NC not connected
USART3_CKY/
12C2_SMBA/
66 51 24 33 PB12 I/0 FT PB12 SPI2_NSS / -
1252_WS/
TMR1_BKIN®
USART3_CTS)/
SPI2_SCK
67 52 25 34 PB13 I/0 FT PB13 - / -
1252 _CK/
TMR1_CH1N®
USART3_RTS)/
SPI2_MISO
68 53 26 35 PB14 I/0 FT PB14 - / -
TMR1_CH2N)/
TMR12_CH1
69 - - NC not connected
SPI2_MOSI1/
70 54 27 36 PB15 I/0 FT PB15 1252_SD/ -
TMR1_CH3N)/

LN
C1Y
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Pin number Alternate functions ‘¥
< < < < <
w W w w g 10
B B B B (1) . Type Main
N N » B Pin name | lever .3
Py Purgi Py = 2 function Default Remap Default Remap
(=] © © (=} =}
X < < 0 A
e C ® 9]
- - c d
N N N N
TMR12_CH2
71 55 28 - PD8 I/0 FT PD8 - USART3_TX
72 56 29 - PD9 I/0 FT PD9 - USART3_RX
73 - - NC not connected
74 57 - PD10 I/0 FT PD10 - USART3_CK
75 58 - PD11 I/0 FT PD11 - USART3_CTS
USART3_RTS
76 59 - PD12 I/0 FT PD12 - - /
TMR4_CH1
77 60 - PD13 I/0 FT PD13 - TMR4_CH?2
78 - - NC not connected
79 61 - PD14 I/0 FT PD14 - TMR4_CH3
80 62 - PD15 I/0 FT PD15 - TMR4_CH4
USART6_TX7)/
81 63 30 37 PC6 I/0 FT PC6 12S2_MCK7y TMR3_CH1
TMR8_CH1
USART6_RX7)/
82 64 31 38 PC7 I/0 FT PC7 12S3_MCK7)y TMR3_CH2
TMR8_CH?2
83 65 39 PC8 I/0 FT PCS8 USARTE_CK/ TMR3_CH3
1254 _MCK7)y/ -
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Pin number Alternate functions ‘¥
< < < < <
w W w w s 10
B B B B (1) . Type Main
N N » B Pin name | lever .3
Py Purgi Py = 2 function Default Remap Default Remap
(=] © © (=} =}
X < < 0 A
e C ® (9]
- - c d
N N N N
TMR8_CH3
84 - - NC not connected
12C3_SDA®
85 66 40 PC9 I/0 FT PC9 N / TMR3_CH4
TMR8_CH4
CLKOUT/
USART1_CK
86 67 32 41 PA8 I/0 FT PAS8 ~CK/ -
I2C3_SCL/
TMR1_CH1™"
USART1_TX7/
87 68 33 42 PA9 I/0 FT PA9S I2C3_SMBA/ -
TMR1_CH2™
88 - - NC not connected
USART1_RX®
89 69 34 43 PA10 I/0 FT PA10 - / 1254 MCK
TMR1_CH3™
USART1_CTS/
90 70 35 44 PA11 I/0 FT PA11 CAN1_RX)/ -
TMR1_CH4")
USART1_RTS/
91 71 36 45 PA12 I/0 FT PA12 CAN1_TX7)y -
TMR1_ETR®

A
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Pin number Alternate functions ‘¥
< < < < <
w W w w g 10
B B B B (1) . Type Main
N N » B Pin name | lever .3
Py Purgi Py = 2 function Default Remap Default Remap
(=] © © (=} =}
X < < 0 A
e C ()] (9]
- - c d
N N N N
92 72 37 46 PA13 I/0 FT JTMS-SWDIO | - PA13
93 73 - NC not connected
94 74 47 VSS 2 S - VSS 2 - -
95 75 23 48 VDD_2 S - VDD _2 - -
96 - - NC not connected
97 - - NC not connected
98 76 38 49 PA14 I/0 FT JTCK-SWCLK | - PA14
PA15/
SPI1_NSS
99 77 39 50 PA15 I/0 FT JTDI SPI3_NSS'7/ IZSl_WS//
I12S3_Ws® N
TMR2_CH1/
TMR2_ETR
USART3_TX/
100 78 51 PC10 I/0 FT PC10 UART4_TX) SPI3_SCK/
1253 _CK
USART3_RX/
101 79 52 PC11 I/0 FT PC11 UART4_RX)
SPI3_MISO
102 - - NC not connected
103 80 53 PC12 I/0 FT PC12 UART5_TX) USART3_CK/
- SPI3_MOSI/

Vango Technologies, Inc.
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Pin number Alternate functions ‘¥
< < < < <
w W w w g 10
B B B B (1) . Type Main
N N » B Pin name | lever .3
Py Purgi Py = 2 function Default Remap Default Remap
(=] © © (=} =}
X < < 0 A
e C ® 9]
- - c d
N N N N
1253 _SD
104 81 - PDO I/0 FT PDO CAN1_RX
105 82 - PD1 I/0 FT PD1 CAN1_TX
UART5_RX)
106 83 54 PD2 I/0 FT PD2 - /
TMR3_ETR
107 - - NC not connected
108 84 - PD3 I/0 FT PD3 - USART2_CTS
109 85 - PD4 I/0 FT PD4 - USART2_RTS
110 86 - PD5 I/0 FT PD5 - USART2_TX
111 - - NC not connected
112 87 - PD6 I/0 FT PD6 - USART2_RX
113 88 - PD7 I/0 FT PD7 - USART2_CK
PB3/
UART7_RX/
SPI3_SCK)/
114 89 40 55 PB3 I/0 FT JTDO SPI1_SCK/
12S3_CK®
I12S1_CK/
TMR2_CH?2
PB4/
115 90 41 56 PB4 I/0 FT NJTRST SPI3_MISO SPI1_MISO/
12C3_SDA/
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Pin number Alternate functions ‘¥
< < < < <
w W Ww w s 10
B B B B (1) . Type Main
N N » B Pin name | lever .3
Py Purgi Py = 2 function Default Remap Default Remap
(=] o o (=) =)
X < < 0 A
6 C ® 9]
- - c d
N N N N
UART7_TX/
TMR3_CH1
116 - - SPIM_NSS (0] FT SPIM_NSS PF5 -
SPI3_MOSI"Y/ SPI1_MOSI/
117 |91 42 57 PB5 I/0 FT PB5 12S3_SDYy 12S1_SD/
I12C1_SMBA® TMR3_CH2
USART1_TX/
I2C1_scL? I12S1_MCK
118 |92 43 58 PB6 I/0 FT PB6 - 7/ - /
TMR4_CH1® SPI4_NSS/
1254 _WS
USART1_RX
I12C1_SDAY)y —RX/
119 |93 44 59 PB7 I/0 FT PB7 ,; SPI4_SCK/
TMR4_CH2®
1254 _CK
120 - - SPIM_IO1 I/0 FT SPIM_IO1 PF1 -
121 94 45 60 BOOTO I - BOOTO - -
UART5_RX/
TMR4_CH3)/ SPI4_MISO/
122 |95 46 61 PBS8 I/0 FT PB8
TMR10_CH1 I12C1_SCL/
CAN1_RX
123 |96 47 62 PB9 I/0 FT PB9 TMR4_CH4)/ UARTS5_TX/

A
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Notel:
Note2:

Note3:
Note4:

Note5:

Pin number Alternate functions ‘¥
< < < < <
w W w w s 10
B B B B (1) . Type Main
N N » B Pin name | lever .3
Py Purgi Py = 2 function Default Remap Default Remap
(=] o o (=) =)
X < < 0 A
6 C ® 9]
- - c d
N N N N
TMR11_CH1 SPI4 _MOSI/
1254 _SD/
I12C1_SDA/
CAN1_TX
124 - - SPIM_I02 I/0 FT SPIM_I02 PF3 -
UART8_RX)
125 97 48 - PEO I/0 FT PEO — / -
TMR4_ETR
126 | 98 - PE1 I/0 FT PE1 UART8_TX) -
127 99 63 VSS_3 S - VSS_3 - -
128 100 64 VDD_3 S - VDD_3 - -

I = input, O = output, S = supply.
FT = general 5 V-tolerant I/O, FTa = 5 V-tolerant I/0 with analog functionalities. FTa pin is 5 V- tolerant when configured as input floating,

input pull-up, or input pull-down mode. However, it cannot be 5 V-tolerant when configured as analog mode. Meanwhile, its input level

should not higher than VDD + 0.3 V.
Function availability depends on the chosen device.

time through the peripheral clock enable bit (in the corresponding RCC peripheral clock enable register).

If several peripherals share the same I/0 pin, to avoid conflict between these alternate functions only one peripheral should be enabled at a

PC13, PC14, and PC15 only sink a limited amount of current (3 mA), the use of GPIOs PC13 to PC15 in output mode is limited: the normal

sourcing/sinking strength should be used with a maximum load of 30 pF and these I0s must not be used as a current source (e.g. to drive

an LED).
Main function after the first backup domain power-up. Later on, it depends on the contents of the Backup registers even after reset (because

A
p nm.

Vango Technologies, Inc.
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these registers are not reset by the main reset). For details on how to manage these IOs, refer to the backup domain and BKP register
description sections in the V32G410x reference manual.

Note7: This alternate function can be remapped by software to some other port pins (if available on the used package). For more details, refer to
the Alternate function I/O and debug configuration section in the V32G410x reference manual.
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4

Memory mapping

Figure6. Memory map

OXLFFF_FFFF

Ox1FFF_F840
Ox1FFF_F83F

OX1FFF F800
OX1FFF_F7FF

Ox1FFF_ FO00
OX1FFF_EFFF

OX1FFF_7000
OX1FFF_6FFF

0x0980_0000
0x097F_FFFF

0x0880_0000
0x087F_FFFF

0x0840 0000
0x083F_FFFF

0x0800_0000
0X07FF_FFFF

0x0000_0000

Reserved

Option Bytes

Reserved

System memory

Reserved

External SPI Flash
memory

Reserved

Flash memory

Aliased to Flash or
system memory
according to BOOT

pins configuration

A

OXFFFF_FFFF

0xEN10 0000
OXEOOF_FFFF

0XE000 0000
OXDFFF_FFFF

0x6000_0000
OX5FFF_FFFF

0x4000_0000
OX3FFF_FFFF

0x2018_0000
0x2017_FFFF

0x2000_0000
OX1FFF_FFFF

0x0000_0000

Reserved

Cortex-M4 Internal
Peripherals

Reserved

Peripherals

Reserved

SRAM

Aliased to Flash or

system memory or

SRAM according to
BOOT pins
configuration
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5

5.1

5.1.1

5.1.2

5.1.3

5.1.4

Figure?.

Electrical characteristics

Parameter conditions

Unless otherwise specified, all voltages are referenced to VSS.

Minimum and maximum values

Unless otherwise specified the minimum and maximum values are guaranteed in the

worst conditions of ambient temperature, supply voltage and frequencies by tests in
production with an ambient temperature at TA = 25 °C and TA = TA max.

Data based on characterization results, design simulation and/or technology
characteristics are indicated in the table footnotes and are not tested in production.

Typical values

Unless otherwise specified, typical data are based on TA = 25 °C, VDD = 3.3 V. They
are given only as design guidelines and are not tested.

Typical curves

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

Loading capacitor
The loading conditions used for pin parameter measurement are shown in Figure7.

Pin loading conditions

4[] MCU pin

Il

C=50pF
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5.1.5 Pin input voltage
The input voltage measurement on a pin of the device is described in Figure8.

Figure8. Pin input voltage

] MCU pin

5.1.6 Power supply scheme

Figure9. Power supply scheme

Vango Technologies, Inc. 46 / 84




Electrical characteristics

V32G410x Datasheet

Notel:

5.1.7

logic (LSE, RTC, W

RTC

akeup logic

Kernel

tal & memory)

—_—————ee e - — o

Vssa

Backup
register)
OuT —
@D
3
— 10
GPIOs .
IN 2| Logic
2.
=
+
|
|
- LSl |
" | HSE :
Vop |
v
e = |
Voltage
| regulator o
5 x 100 nF :
ix47pyqg | —T————————=
T H Vss
1/2/..5
- PLL
Vop —
—l— A I Y
o VDA o
1 ! >
= |
100 nF | |
+1uF Ve !_ VRer
____~_ 41 === -
' ADC/HSI/Te
100 nF _ mpSensor
+1pF o

Y

|
|
|
|
|
|
|
|
|
logic (CPU, digil |
|
|
|
|
|
|
|
|
|
|

In this figure, the 4.7 uF capacitor must be connected to VDD3.

Current consumption measurement

Figure 5-1 Current consumption measurement scheme
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5.2

Table?.

Notel:

Note2:

Table8.

Notel:

Table9.

Ipp
Vil

—>

Vpa

Absolute maximum ratings

Stresses above the absolute maximum ratings listed in Table 8, Table 9, and Table 10
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.

Voltage characteristics

Symbol Ratings Min Max | Unit
VDD-VSS External main supply voltage (including VDDA 0.3 40

and VDD)(1)

Input voltage on FT I/O VSS-

Input voltage on FTa I/O (set as input floating, 0.3 6.0 |V
VIN input pull-up, or input pull-down mode)

Input voltage on TC I/O VSS- 4.0

Input voltage on FTa I/O (set as analog mode) | 0.3
|AVDDX| Variations between different VDD power pins - 50
|VSSx- Variations between all the different ground i 50 mV
VSS| pins (2)

All main power (VDD, VDDA) and ground (VSS, VSSA) pins must always be connected to the
external power supply, in the permitted range.
VREF- included.

Current characteristics

Symbol | Ratings Max | Unit
IVDD Total current into VDD/VDDA power lines (source)(1) 150
IVSS Total current out of VSS ground lines (sink)(1) 150 mA
1o Output current sunk by any I/O and control pin 25

Output current source by any I/Os and control pin -25

All main power (VDD, VDDA) and ground (VSS, VSSA) pins must always be connected to the
external power supply, in the permitted range.

Thermal characteristics

Vango Technologies, Inc. 48 / 84



Electrical characteristics V32G410x Datasheet

Symbol Ratings Value Unit
TSTG Storage temperature range -60 ~ +150 oc
T] Maximum junction temperature 105

5.3 Operating conditions

5.3.1 General operating conditions

Tablel0. General operating conditions

Symbol | Parameter Conditions Min | Max | Unit
Internal AHB clock

fHeLk 0 200 | MHz
frequency
Internal APB1 clock

fpc|_|(1 - 0 100 MHz
frequency
Internal APB2 clock

fpc|_|(2 - 0 100 MHz
frequency
Standard ti

VDD andard operating i 56 136 |v
voltage
Analog operatin Must be the same potential

VDDA 9 operating ) P 26 3.6 |V
voltage as vDD®
Backup operatin

VDD P operating - 22 |36 |V
voltage

PD Power dissipation: TA 373 | mw
= 85 °C

TA Ambient temperature - -40 | 105 | °C

Notel: It is recommended to power VDD and VDDA from the same source. A maximum difference of

300 mV between VDD and VDDA can be tolerated during power-up and operation.

5.3.2 Operating conditions at power-up/ power-down

The parameters given in the table below are derived from tests performed under the
ambient temperature condition summarized in TablelO.

Tablell. Operating conditions at power-up / power-down

Symbol | Parameter Conditions Min Max | Unit
tvop VDD rise time rate 0 oo | ms/V
VDD fall time rate - 20 co Ms/V
Notel: If VDD rising time rate is slower than 120 ms/V, the code should access the backup registers

after VDD higher than VPOR + 0.1V.

5.3.3 Embedded reset and power control block characteristics

The parameters given in the table below are derived from tests performed under
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ambient temperature and VDD supply voltage conditions summarized in Tablel0.

Tablel2. Embedded reset and power control block characteristics

Symbol Parameter Conditions Min Typ Max Unit
PVD 0] =
. ,5[2 0] =001 2.19 2.28 2.37 \Y
(rising edge)(1)
PVDS[2:0] =
,S[ 0] = 001 2.09 2.18 2.27 \Y
(falling edge)(1)
PVDS[2:0] = 010
. 2.28 2.38 2.48 \Y
(rising edge)
PVDS[2:0] = 010
, 2.18 2.28 2.38 \Y
(falling edge)
PVDS[2:0] = 011
. 2.38 2.48 2.58 \Y
(rising edge)
PVDS[2:0] = 011
_ 2.28 2.38 2.48 \Y
(falling edge)
P PVDS[2:0] =1
rogrammable / .S[ 0] 00 > 47 5 58 5 66 Y
y voltage (rising edge)
PP detector level PVDS[2:0] = 100
) . 2.37 2.48 2.59 \Y
selection (falling edge)
PVDS[2:0] = 101
. [2:0] 2.57 2.68 2.79 \
(rising edge)
PVDS[2:0] = 101
. [2:0] 2.47 2.58 2.69 \
(falling edge)
PVDS[2:0] =
L [2:0] = 110 2.66 2.78 2.9 \Y
(rising edge)
PVDS[2:0] = 110
) [2:0] 2.56 2.68 2.8 \Y
(falling edge)
PVDS[2:0] = 111
L [2:0] 2.76 2.88 3 \Y
(rising edge)
PVDS[2:0] = 111
. [2:0] 2.66 2.78 2.9 \Y
(falling edge)
Vevohyst? | PVD hysteresis | - - 100 - mV
Powe 1.85
wer Falling edge ( 2.0 2.24 Y
VpOR/PDR on/power down 3)
reset threshold | Rising edge 2.03 2.16 2.42 \"
Vporhyst'?) | PDR hysteresis | - - 160 - mV
Reset EOPBO = 0/1/2/3 | - 0.7 -
temporization: EOPBO = 4 - 70 -
2 CPU starts EOPBO =5 - 200 -
TrsTTEMPO .
execution after | EOPBO = 6 - 270 - ms
VDD keeps EOPBO =7 330
higher than - i i
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VPOR for
TRSTTEMPO
Notel: PVDS[2:0] = 001 may be not available for its voltage detector level may be lower than
VPOR/PDR.
Note2: Guaranteed by design, not tested in production.
Note3: The product behavior is guaranteed by design down to the minimum VPOR/PDR value.

Figurel0. Power on reset/power down reset waveform

POR \

VeDRnyst

PDR

-
1  Trerremro

Reset

5.3.4 Embedded reference voltage

The parameters given in the table below are derived from tests performed under
ambient temperature and VDD supply voltage conditions summarized in Tablel0.

Table13. Embedded internal reference voltage

Symbol | Parameter Conditions | Min Typ | Max Unit
Internal reference
VREFINT - 1.13 |1.20|1.27 \Yj
voltage
ADC sampling time
when reading the
TS_vreﬁnt(l) . 9 - - 5.1 17.1@ Ms
internal reference
voltage
Tcoerr Temperature coefficient | - -100 | - 100 ppm/°C
Notel: Shortest sampling time can be determined in the application by multiple iterations.
Note2: Guaranteed by design, not tested in production.
51/ 84
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5.3.5 Supply current characteristics

Current consumption is a comprehensive index of many parameters and factors,
including operating voltage, ambient temperature, I/0 pin load, product software
configuration, operating frequency, I/O pin flip rate, and executed code.

Typical current consumption

The microcontroller is under the following conditions:

® All I/O pins are on analog inputs.

All peripherals are turned off unless otherwise specified.

Instruction prefetch function is turned on (hint: this parameter must be set before
setting clock and bus frequency division).

® Ambient temperature and VDD supply voltage conform to electrical characteristic
parameters

® When the peripheral is turned on:
- If fuck > 100 MHz, fpciki = frok/2, freikz = frek/2, fapccik = freika/4;
- If fuck < 100 MHz, fpciki = frowk, freke = frowk, fapccik = freika/4.

Table14. Typical Current Consumption in Operating Modes

Typical
Symbol | Parameter | Condition | FHCLK Enable all Close all Unit
peripherals | peripherals
200
57.1 39.4
MHz
192
55.7 38.4
MHz
180
53.4 37.1
MHz
100
38.7 27.1
| MHz
S”ppyt_ External | 48 MHz | 25.4 19.5 .
IDD Curre:_ "N | dock @ |24 MHz | 19.4 16.0 m
operation 8 MHz | 13.6 12.5
mode
4 MHz 12.2 11.7
2 MHz 11.7 11.4
1 MHz 11.5 11.3
500
11.3 11.2
KHz
125
11.2 11.1
KHz
Operating | 200 48.1 33.2 mA
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on high- MHz
speed 192
. P 9 46.7 32.3
internal MHz
RC 1
. 80 44.8 31.2
oscillator MHz
(HSI) 100
32.7 23.0
MHz
48 MHz | 21.6 16.7
24 MHz | 16.6 13.8
8 MHz | 11.8 10.9
4 MHz 10.6 10.2
2 MHz 10.2 10.0
1 MHz 10.0 9.8
500
9.9 9.8
KHz
125
9.8 9.7
KHz
Notel: Typical values are measured at TA = 25 °C and VDD = 3.3 V.
Note2: The external clock is 8 MHz and PLL is enabled when fHCLK > 8 MHz.
Tablel5. Typical Current Consumption in Sleep Mode
Typical
Symbol | Parameter | Condition | FHCLK | Enable all Close all Unit
peripherals | peripherals
200
36.4 20.7
MHz
192
35.2 18.0
MHz
180
33.7 17.6
MHz
100
24.3 12.9
MHz
Suppl 48
PPY" | External 15.0 9.1
IDD current in 5 MHz mA
clock @
sleep mode 24
10.9 7.6
MHz
8 MHz | 6.4 5.4
4MHz | 5.4 5.0
2MHz | 5.1 4.8
1MHz | 4.9 4.7
500
4.8 4.7
KHz
125 4.8 4.7
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KHz
200
29.6 18.0
MHz
192
28.6 14.3
MHz
180
27.4 14.0
MHz
0] i 100 19.5 10.0
perating |y, | % -
ol Icgl - 48 11.9 7.0
?ptee | MHz ' ' .
interna >4 m
RC 8.4 5.7
. MHz
oscillator
8 MHz | 4.8 3.9
(HSI)
4 MHz | 3.9 3.5
2 MHz | 3.6 3.4
1 MHz | 3.5 3.4
500
3.4 3.4
KHz
125
3.4 3.3
KHz
Notel: Typical values are measured at TA = 25 °C and VDD = 3.3 V.
Note2: The external clock is 8 MHz and PLL is enabled when fHCLK > 8 MHz.

Maximum current consumption
The microcontroller is under the following conditions:

® All I/O pins are on analog inputs.

® All peripherals are turned off unless otherwise specified.

® Instruction prefetch function is turned on (hint: this parameter must be set
before setting clock and bus frequency division).

® When the peripheral is turned on:
- If fhok > 100 MHz, fpciki = fuek/2, frekz = frek/2;
- If fhck < 100 MHz, fpciki = fuewk, freke = fHewk.

Table16. Maximum Current Consumption in Operating Mode

. Maximum ) .
Symbol | Parameter Condition FHCLK Unit
TA = 85 °C
200 MHz 93.1

192 MHz 90.5
Supply current | External clock ®
180 MHz 88.0

IDD in operation enables all mA

) 100 MHz 71.8
mode peripherals
48 MHz 58.5

24 MHz 53.0
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8 MHz 47.1
200 MHz 72.8
192 MHz 71.9
The external 180 MHz 70.7
clock @ turns off | 100 MHz | 59.9 mA
all peripherals 48 MHz 52.5
24 MHz 49.7

8 MHz 46.1
Notel: It is obtained from comprehensive evaluation and is not tested in production.
Note2: The external clock is 8 MHz and PLL is enabled when fHCLK > 8 MHz.

Tablel7. Maximum Current Consumption in Sleep Mode

. Maximum (V) .
Symbol | Parameter Condition FHCLK Unit
TA=85°C
200 MHz 45.5
192 MHz 44.2
External clock 180 MHz 42.6
) enables all 100 MHz | 32.0 mA
peripherals 48 MHz 22.6
24 MHz 19.0
IDD Supply current 8 MHz 14.4
in sleep mode 200 MHz 27.2
Th ¢ | 192 MHz 26.7
© externa 180 MHz | 26.2
clock @ turns
100 MHz 20.9 mA
off all
. 48 MHz 17.3
peripherals
24 MHz 15.9
8 MHz 13.6
Notel: It is obtained from comprehensive evaluation and is not tested in production.
Note2: The external clock is 8 MHz and PLL is enabled when fHCLK > 8 MHz.

Table1l8. Typical and Maximum Current Consumption in Shutdown and Standby

Modes
Typical Max (@
vDD/VB
Symbol | Parameter | Condition VDD/VBAT o _/3 3 TA = Unit
=2.6V 7T | 85°C
\"/
High-speed
Supply internal RC
current in oscillator and
IDD ) 1.5 1.9 10.9 mA
shutdown high-speed
mode external
oscillator are
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off (no
independent
watchdog)
The low-
speed
external
) 3.5 4.4 6.3
Suppl oscillator and
PPy . RTC are in
current in
the off state uA
standby
The low-
mode
speed
external 3.8 4.7 6.7
oscillator and
RTC are on
Notel: Typical values are measured at TA = 25 C.
Note2: It is obtained by comprehensive evaluation and is not tested in production.
Figurell. Typical Current Consumption in Shutdown Mode vs. Temperature at
Different VDD
13
g 36V
E —— 3 3V
3] —8— 25V
3
-40.0 -35 -300 -25 -200 -15 -10.0 -5_130 5 100 15 200 25 300 35 400 45 500 55 600 65 700 75 B0O0 B850
Temperature (°C)
Table19. Comparison of typical current consumption in standby mode with
temperature at different VDD
VDD Voltage (V) Temperature (C) Max TA=85°C Unit
-40 3.2
2.6 0 3.3 uA
25 3.4
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55 3.7
70 4.0
85 4.9
-40 4.0
0 4.2
3.3 2> 4.2 uA
55 4.8
70 5.2
85 6.3
-40 119.5
0 4.7
3.6 25 >.0 uA
55 5.8
70 6.3
85 7.7

Internal peripheral current consumption

The current consumption of the built-in peripherals is listed in Table 18, and the
operating conditions of the microcontroller are as follows:

® All I/O pins are on analog inputs.
All peripherals are turned off unless otherwise specified.

® The values given are calculated by measuring current consumption
- Turn off all peripheral clocks
— Turn on the clock of only one peripheral

Ambient temperature and VDD supply voltage conditions conform to electrical
characteristics.

Table20. Current Consumption of Built-in Peripherals

Built-in peripheral Typical value Unit
DMA1 3.0
AHB (up to 200 MHz) | DMA2 4.6 MA/MHz
CRC 1.0
TMR2 9.2
TMR3 7.7
TMR4 9.2
TMR5 11.5
APB1 (up to 100 MHz) | TMR6 6.2 MA/MHz
TMR7 3.8
TMR12 7.6
TMR13 6.5
TMR14 7.1
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SPI2/I2S2 6.6
SPI3/I2S3 5.1
SP14/12S4 7.8
USART2 6.5
USART3 5.2
UART4 2.6
UARTS 7.0
12C1 7.1
12C2 7.8
CAN 15.2
WWDG 5.5
PWR 6.2
BKP 6.2
12C3 7.5
AFIO 7.2
GPIOA 7.2
GPIOB 5.7
GPIOC 3.6
GPIOD 4.0
GPIOE 5.3
SPI1/12S1 8.4
USART1 7.2
APB2 (up to 100 MHz) | USART6 6.1 HA/MHz

UART7 4.7
UARTS 3.8
TMR1 11.7
TMRS8 13.3
TMR9 8.4
TMR10 9.9
TMR11 9
ADC1+ADC2 5.2

5.3.6 External clock source characteristics

High-speed external user clock generated from an external source

The characteristics given in the table below result from tests performed using a high-
speed external clock source, and under ambient temperature and supply voltage
conditions summarized in Table10.

Table21. High-speed external user clock characteristics

Symbol Parameter Conditions Min | Typ | Max | Unit
foscin Crystal frequency 2.2V<VDD<3.6V 2 8 30 MHz
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OSC_IN input pin 0.7
Vhsen . - Vbb

high level voltage Vbp Vv

OSC_IN input pin 0.3
VhseL Vss -

low level voltage Voo
tw(HsE) OSC_IN high or 5 i i
tw(nse) low time® ns
tr(HsE) OSC_IN rise or fall i i 50
tr(Hse) time)
CHTAL Recommended - 20 pF

matching

capacitance
DuCy nsk) Duty cycle - 30 50 |70 %
I HSE driving current 3 mA

VDD=3.3V,VIN=VSS
With 20pF load
tsu StatUp time 30 ms
Notel: Guaranteed by design, not tested in production.
Figurel2. High-speed external clock source AC timing diagram
A
VHSEH ggq,
vHseL 10%
tr{HSE) tf{HSE) tW([HSE) tW([HSE) —t

THSE

External fHSE_ext i
clock source El] OSC_IN

Low-speed external user clock generated from an external source

The characteristics given in the table below result from tests performed using a low-
speed external clock source, and under ambient temperature and supply voltage
conditions summarized in Table10.

Table22. Low-speed external user clock characteristics
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Symbol | Parameter Conditions Min Typ Max | Unit
User External clock
fLSE_ext L - 32.768 | 1000 | KHz
source frequency®
OSC32_IN input pin
VseH , - Putp 0.7 Voo | - Vb
high level voltage Vv
OSC32_IN input pin 0.3
ViseL - Vss -
low level voltage Vop
t OSC32_IN high or
wW(LSE) o~ ) g 450 _ _
tw(LsE) low time®
ns
tr(LsE) OSC32_IN rise or
. 1) - - 50
trLsE) fall tim®(

c OSC32_IN input 5 E
n(-SE) capacitance® P
DuCysg) | Duty cycle - 30 - 70 %

OSC32_IN input
I|_ Vss < VIN < VDD - - +1 l_IA
leakage current

Note2: Guaranteed by design, not tested in production.

Figurel3. Low-speed external clock source AC timing diagram

VLSEH 90%

10%

VLSEL

tr{L5E) == tf(LSE) = tW(L5E) !

TLSE

= tW(LSE)

Extarnal fLSE_ext

clock source

05C32_IN

JUuL

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

The high-speed external (HSE) clock can be supplied with a 4 to 25 MHz
crystal/ceramic resonator oscillator. All the information given in this paragraph are
based on characterization results obtained with typical external components
specified in the table below. In the application, the resonator and the load capacitors
have to be placed as close as possible to the oscillator pins in order to minimize

output distortion and startup stabilization time. Refer to the crystal resonator

manufacturer for more details on the resonator characteristics (frequency, package,

Vango Technologies, Inc.
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Table23.

Notel:
Note2:
Note3:

Figurel4.

Table24.

accuracy).

HSE 4-25 MHz oscillator characteristics()(?

Symbol | Parameter Conditions Min | Typ | Max | Unit
fosc_in Oscillator frequency - 4 8 25 MHz
tsusey® | Startup time Vo is stabilized - 2 - ms

Resonator characteristics given by the crystal/ceramic resonator manufacturer.

Guaranteed by characterization results, not tested in production.

tsumse) 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

For C.1 and Ci», it is 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 requirements of the crystal or resonator. C.1 and C, are
usually the same size. The crystal manufacturer typically specifies a load capacitance
which is the series combination of C.; and C... PCB and MCU pin capacitance must be
included (10 pF can be used as a rough estimate of the combined pin and board
capacitance) when sizing C; and Cp..

Typical application with an 8 MHz crystal

S “u
s i
s N

/ A |l| 0SC_IN b fHSE

/ \ .

! la 8 MHZ Bias
L—‘—l i [:]“I resonator RF | controlled
= / gain

\ / |-|-| 05C_oUT
~ s
~ -

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

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

LSE oscillator characteristics (fise = 32.768 kHz))
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Symbol Parameter Conditions Min | Typ | Max | Unit
tsu(Lse) Startup time Vpp is stabilized - 150 - ms
Notel: Guaranteed by characterization results, not tested in production.

For C.1 and Cy», it is recommended to use high-quality ceramic capacitors in the 5 pF
to 15 pF range selected to match the requirements of the crystal or resonator. Ci1
and C.», are usually the same size. The crystal manufacturer typically specifies a
load capacitance which is the series combination of C.1 and Cp..

Load capacitance CL has the following formula: C. = Ci1 x Cio / (Cut + Cr2) + Cstray
where Cstray is the pin capacitance and board or trace PCB-related capacitance.
Typically, it is between 2 pF and 7 pF.

Figurel5. Typical application with a 32.768 KHz crystal

Resonator with
Integrated capacitors
~

e ———

\\ .’,’— H“\
- cL1 N
i by
; Y |J-| 05C32 IN. b fLSE
f J:‘L 32.768 kHZ wlas
- RF | Controlled
AL_!I_- Il resonator .
\ / gain
AN . ITI 0s5C32_0UT
A &

S a2 7

5.3.7 Internal clock source characteristics

The parameters given in the table below are derived from tests performed under
ambient temperature and VDD supply voltage conditions summarized in TablelO.

High-speed internal (HSI) RC oscillator

Table25. HSI oscillator characteristics(?)

Symbol | Parameter Conditions Min Typ | Max | Unit
frst Frequency - - 48 - MHz
DuCysn | Duty cycle - 45 - 55 %
User-trimmed with
the RCC_CTRL - - 1@ o
(o]}
Accuracy of the HSI register
ACCHSI )
oscillator TA =-40~85°C |-2.5 - 2
TA =0~ 70°C -1.5 - 1.5
TA = 25 °C -1 - 1
3) HSI oscillator startup
tsu(nsn ] - - - 10 us
time
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Notel:
Note2:
Note3:

HSI oscillator power
Iopnsn® ; P - 240 | 275 | A
consumption -

VDD = 3.3V, TA = -40~85 °C, unless otherwise specified.
Guaranteed by design, not tested in production.
Guaranteed by characterization results, not tested in production.

Figurel6. HSI oscillator frequency accuracy vs. Temperature

Table26.

Notel:
Note2:

5.3.8

25%

3
”ﬂ,—_, —&—Typ.
§ 0.0% Min.
-0.5% —8— Max.
-1.0%
-1.5%
-2.0%
-40 -35 -30 -25 -20 -15 -10 -5 O 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85
Temperature (°C)
Low-speed internal (LSI) RC oscillator
LSI oscillator characteristics‘*
Symbol | Parameter Conditions Min Typ Max Unit
flsi® Frequency - 30 40 60 kHz

VDD = 3.3V, TA = -40 to 105 °C, unless otherwise specified.
Guaranteed by characterization results, not tested in production.

Wakeup time from low-power mode

The wakeup times given in the table below is measured on a wakeup phase with the
HSI RC oscillator. The clock source used to wake up the device depends from the
current operating mode:

® Stop or Standby mode: the clock source is the HSI RC oscillator
® Sleep mode: the clock source is the clock that was set before entering Sleep
mode

All timings are derived from tests performed under ambient temperature and VDD
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supply voltage conditions summarized in Table10.

Table27. Low-power mode wakeup timings

Symbol Parameter Typ Unit

twusLe

Ep() Wakeup from Sleep mode 3.3 Ms
Wakeup from Stop mode (regulator in run mode) 280

t D

wusTop Wakeup from Stop mode (regulator in low- power 320 HS
mode)

twusToBY Wakeup from Standby mode (EOPBO = 1) 70

‘v Wakeup from Standby mode (EOPBO = 0) 270 ms

Notel: wakeup times are measured from the wakeup event to the point in which the user application
code reads the first instruction.
5.3.9 PLL characteristics
The parameters given in the table below are derived from tests performed under
ambient temperature and VDD supply voltage conditions summarized in Tablel0.
Table28. PLL characteristics
Symbol | Parameter MIN TYP MAX Unit
Divided reference
fDIV 30 375000 KHz
frequency range
Total output
fOUT P 1.88 375 MHz
frequency range
Period jitter (P-P) +/-2.5%
Pp ps
(max) output cycle
Power dissipation 20@ 30MHz
IPD uA
(nom) (/1 output)
Reset pulse width
trsT . 5 us
(min)
Lock time (min 500 div.
tLock us
allowed) reference cycles
5.3.10 Memory characteristics
The characteristics in Table 30 are given at TA = 25 °C and VDD = 3.3 V.
Table29. Internal Flash memory characteristics
T
Symbol Parameter Conditions yp- Unit
Bank Size
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1 2 4 8 16 MB
Programming 20 MS
TrroG . -
time
Page (4 KB) erase 60 | 60 | 50 | 35 ms
terase . -
time
tme Mass erase time - 7 (10| 15 30 | 60 S
Programming 9.3
Iop Supply current mode mA
Erase mode 2.2

Table30. Internal Flash memory endurance and data retention

Symbol | Parameter Conditions Min®® | Typ Max | Unit
NEND Endurance TA = -40 ~ 105 °C 100 - - kcycles
trer Data TA = 85 °C 20 - - years
retention
Notel: Guaranteed by design, not tested in production.

5.3.11 I/0 port characteristics

General input/output characteristics

Unless otherwise specified, the parameters given in the table below are derived from
tests performed under the conditions summarized in Table10. All I/Os are CMOS and
TTL compliant.

Table31l. I/0 static characteristics

Symb | Parameter Min Typ Max Unit
Schmitt Trigger Low to High Threshold
V14 Point with Pull-up/down resistor 1.75 1.97 2.18 \'
Disable

Schmitt Trigger High to Low Threshold
V- Point with Pull-up/down resistor 1.13 1.31 1.52 \
Disable

Schmitt Trigger Low to High Threshold
Vr+putep | Point with Pull-up/down resistor 1.76 1.97 2.18 \
Enable

Schmitt Trigger High to Low Threshold
Vrpurep | Point with Pull-up/down resistor 1.13 1.30 1.50 \
Enable

Schmitt Trigger Low to High Threshold
Point with Pull-up Resistor Enable
Vrpu Schmitt Trigger High to Low Threshold | 1.09 1.27 1.48 \Y,

1.72 1.92 2.14 \"

V1+pU
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Point with Pull-up Resistor Enable
hmitt Tri L High Threshol
Vesn Sc. |tt. rigger Low to .|g reshold 1.79 502 524 Vv
Point with Pull-down Resistor Enable
Schmitt Trigger High to Low Threshold
V1-pD . . . 1.15 1.34 1.54 \Y;
Point with Pull-down Resistor Enable
Input Leakage Current@VI=3.3V or
. 2n 51n A
I OvV@1257C
' Input Leakage Current@VI=3.3V or on 19n A
0V@857C
Tri-state Output Leakage Current
Ioz 2n 51n A
@Vo=3.3V or OV
Reu Pull-up Resistor 27.37K | 38.26K | 59.09K | Q
Rep Pull-down Resistor 26.1K | 41.58K | 75.84K | Q
VoL Output Low Voltage 0.4 Y
VoH Output High Voltage 2.4 Vv
ToL Low Level Output Current @VOL(max) | 9.21 14.1 18.96 | mA
Ton High Level Output Current @VOH(min) | 22.17 | 31.45 |40.44 | mA

Notel: The following I0s: IOAOQ, IOA1, IOCO, I0C4, I0OC13, I0C14, IOC15, IOF0, IOF1, IOF2, IOF3,
IOF4, IOF5 do not support the input of Schmitt hysteresis.
5.3.12 NRST pin characteristics
The NRST pin input driver uses CMOS technology. It is connected to a permanent
pull-up resistor, RPU (see the table below).
Unless otherwise specified, the parameters given in the table below are derived from
tests performed under ambient temperature and VDD supply voltage conditions
summarized in TablelO0.
Table32. NRST pin characteristics
Symbol Parameter Conditions | Min | Typ | Max Unit
1,y | NRST input low level
Vinrsy ™ - -0.5 | - 0.8
voltage v
1 NRST input high level
VIH(NRST) - 2 - Voo + 0.3
voltage
NRST Schmitt trigger
Vhys(nrsT) | Voltage - 500 | - mV
hysteresis
Weak pull-u
Rpy ) P P . Vin = Vss 30 40 50 kQ
equivalent resistor
) NRST input filtered
VE(NRST) - - 24 33.3 MSs
pulse
VnevrstyP | NRST input not filtered | - 66.7 | 46 - s
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pulse ] [
Notel: Guaranteed by design.

FigurelZ7. Recommended NRST pin protection

External 1 VDD
reset circuit
P 2 R
ey NRST") PU

Internal Reset

1 _L \\ [] + Do— Fiter |———»

|: -|—_ DlpF
\_T_ |

\

i

~o

Notel: The reset network protects the device against parasitic resets.
Note2: The user must ensure that the level on the NRST pin can go below the VIL (NRST) max level
specified in Table 40. Otherwise the reset will not be taken into account by the device.

5.3.13 TMR timer characteristics

The parameters given in the table below are guaranteed by design.

Refer to 5.3.11 for details on the input/output alternate function characteristics
(output compare, input capture, external clock, PWM output).

Table33. TMRx(') characteristics

Symbol | Parameter Conditions Min Max Unit
- 1 - trmrxcLk
trescrmry | Timer resolution tim frMrxcLk =
180MHZ >6 |- ne
Timer external clock 0 fTMRxCLK/2 MHz
fexr frequency on CH1 to -
CH4 0 50 MHz
Notel: TMRx is used as a general term to refer to the TMR1 to TMR14.

5.3.14 Communications interfaces

I2C interface characteristics

The V32G410x I12C interface meets the requirements of the standard 12C
communication protocol with the following restrictions: the I/0O pins SDA and SCL
mapped to are not "true” open-drain.
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When configured as open-drain, the PMOS connected between the I/0O pin and VDD
is disabled, but is still present.

The I12C characteristics are described in the table below. Refer also to 5.3.12 I/O port
characteristics for more details on the input/output alternate function characteristics
(SDA and SCL).

Table34. I2C characteristics

Standard mode Fast mode
Symbol | Parameter 12Cc)(2) I12C()(2) Unit
Min Max Min Max
twiscLy) SCL clock low time 4.7 - 1.3 -
S
tw(scLh) SCL clock high time | 4.0 - 0.6 - H
tsu(spa) SDA setup time 250 - 100 -
th(spa) SDA data hold time | - 3450 | - 900
tr SDA and SCL rise
(508 _ - 1000 - 300 |ns
tr(sc) time
t SDA and SCL fall
08 _ - 300 - 300
trscy time
Start condition hold
Eh(sTa) i 4.0 - 0.6 -
time
MS
¢ Repeated Start 4.7 0.6
SuSTA) condition setup time | '
Stop condition setu
tsu(sto) . P P 4.0 - 0.6 - us
time
Stop to Start
twesto:stay | condition time (bus | 4.7 - 1.3 - Ms
free)
Capacitive load for
Cs P _ - 400 - 400 | pF
each bus line
Notel: Guaranteed by design, not tested in production.
Note2: frciks must be at least 2 MHz to achieve standard mode I2C frequencies. It must be at least 4
MHz to achieve the fast mode I2C frequencies.
Note3: The device must internally provide a hold time of at least 300ns for the SDA signal in order to

bridge the undefined region on the falling edge of SCL.

Figurel8. I12C bus AC waveforms and measurement circuit(®
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VoD jzc VoD 1zc
Rp Rp
Rs
C bus { . DA
Rs
*— SCL
S TAR T REPEATED
START / II\ y/
1
/ o0 (STA) gl g
sDA _N /Iﬂ }fj D( h | f START
| ] I | !
| |
o e -l ol N7 AN
| ' } | STOP | 77 tugstosTl
I I I
l--—hJI thisTA) |L""_""]|twn:SELLb --:—ll-l—th[sm:. : :
I I
scl W‘ﬂ A
1
tw[ECLHI -—h-l t TI:S»CL] .-.I --H-‘- £ fISCL:I --|—|-— tsu[ETEI]
Notel: Measurement points are done at CMOS levels: 0.3 Vpp and 0.7 Vpp.
Table35. SCL frequency (frciki = 36 MHz, VDD = 3.3 V)
focu (kHZ) I2C_CLKCTRL value
z
Set RP = 4.7 k@
400 0x801E
300 0x8028
200 0x803C
100 0x00B4
50 0x0168
20 0x0384
Notel: Rp = External pull-up resistance, fSCL = I2C speed.
Note2: For speeds around 200 kHz, the tolerance on the achieved speed is of £5%. For other speed

ranges, the tolerance on the achieved speed £2%. These variations depend on the accuracy

of the external components used to design the application.

SPI-I2S characteristics

Unless otherwise specified, the parameters given in Table 44 for SPI or in Table 45
for I12S are derived from tests performed under ambient temperature, fecikx
frequency and Vpp supply voltage conditions summarized in Tablel0.

A
P un
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Refer to 5.3.11 for more details on the input/output alternate function characteristics
(NSS, SCK, MOSI, MISO for SPI and WS, CK, SD for 12S).

Table36. SPI characteristics

Notel:
Note2:

Note3:

Symbol Parameter Conditions Min | Max | Unit
fsck SPI clock Master mode - 36 MHz
(1/tesci)(1) | frequency@®) Slave mode - fecLi/2
tr(scx) SPI clock rise and Capacitive load: C = 8 ns
trsc) fall time 30 pF
tsunss) M NSS setup time Slave mode 4tpcik | - ns
th(nss) M NSS hold time Slave mode 2tpcik | - ns
Master mode, fpcik =
tw M SCK high and low '
(s - g 90 MHz, 22 |32 ns
tw(sckn) time
prescaler = 4
tsumn® Data input setup Master mode 5 -
ns
tsusn P time Slave mode 5 -
thoun® Data input setup Master mode 5 - s
thesn P time Slave mode 4 -
Data output access Slave mode, fPCLK =
taso)(P® ! 0 3t ns
250 time 20 MHz Pt
Data output disable
taissoy (V) i P Slave mode 2 10 ns
time
L Data output valid Slave mode (after
tv(so)( ) . - 25 ns
time enable edge)
L Data output valid Master mode (after
tv(Mo)( ) . - 5 ns
time enable edge)
L Slave mode (after
th(soy™M 15 -
Data output hold enable edge) ns
L time Master mode (after
thmo)™ 2 _
enable edge)

Guaranteed by characterization results, not tested in production.

Min time is for the minimum time to drive the output and the max time is for the maximum

time to validate the data.

Min time is for the minimum time to invalidate the output and the max time is for the

maximum time to put the data in Hi-Z.

Figure19. SPI timing diagram - slave mode and CPHA =0
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NSS input

CPHA=0
CPOL=0

CPHA=0
CPOL=1

SCK input

MISO
ouTP UT

MOSI
INP UT

TN\
|-—— tc(sCK)
- tsU(NSS) _ e ~th(NSS) g
L/ N\ -
tw(SCKH) < »
tw{SCKL)
ta(S0) tv(SO) |- —H g 15K s (50
~ =) th(s0) tF(SCK)
MSBOUT BI T6 OUT LSB OUT
tsu(Sl) —f|{-
M S BIN  BITLIN X Ls B IN %
— th(S|) —®

Figure20. SPI timing diagram - slave mode and CPHA = 1(!)

NSS input y
tsu(nss) (b ChINSS) _y gl
- CPHA=1 N
2 CPOL=0 T W(SCKH)
£ t
2 cpHazy  ——SEKU
o CPOL=1 ———"
R -, 150K ' is(s0) @
a(so) —-—16 f(SCK)
mso VY~ .- N L.
OUTPUT MS|B|O UT ”_B_llTEOUT L SB OUT
b su(sl) et [t ps) —
MQOSI
INPUT M SB IN BITLIN X LSBIN X
Notel: Measurement points are done at CMOS levels: 0.3 Vpp and 0.7 Vpp.
Figure2l. SPI timing diagram - master mode (V)
High
NSS in put
l— telsey) »
. | CPHA=D I
3 CPOL=0 N, N
3
0 .
M (PHA= T ) /
o (P0l=1
A R
E} (2010 / o
3
¥ CPHA:L \ - \
a L ol Lusck) L N ol lq— iscx)
syl t N i
“ wiSCKL) ey
WIs0 NS B BIT6IN X s8I X
NP UT
v ’
Mosi X M SBOUT BITLOUT LSBOUT X
ouUTRUT
WMo) himo)
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Notel: Measurement points are done at CMOS levels: 0.3 Vpp and 0.7 Vpp.

Table37. I2S characteristics

Symbol Parameter Conditions Min Max Unit
Master mode (data: 16
fek I2S clock bits, audio frequency =48 | 1.522 | 1.525 MHz
1/tecx frequency kHz)
Slave mode 0 6.5
tr I2S clock rise "
(9 ) Capacitive load: C = 50 pF | - 8
trcxy and fall time
tywsy M WS valid time | Master mode 3 -
thows)™V WS hold time | Master mode 2 -
tsuws)V WS setup time | Slave mode 4 -
thows)™V WS hold time | Slave mode 0 -
tw(ekr® CK high and Master fPCLK = 16 MHz, 312.5 |-
tweky low time audio frequency = 48 kHz | 345 -
tsuso_mry)™) | Data input Master receiver 6.5 -
tsusp_sry)t | setup time Slave receiver 1.5 - s
thso_mryP? | Data input hold | Master receiver 0 -
thso_sry)P@ | time Slave receiver 0.5 -
Data output Slave transmitter (after
tu(sp_smyP@ 2 OUp ( - 18
valid time enable edge)
1) Data output Slave transmitter (after
thisp_sm) , 11 -
hold time enable edge)
12y | Data output Master transmitter (after
tvsp_mm M) e - 3
valid time enable edge)
(1) Data output Master transmitter (after
th(sp_mm) , 0 -
hold time enable edge)
Notel: Guaranteed by design and/or characterization results.
Note2: Depends on fecix. For example, if frcik=8 MHz, then Tpcix = 1/frcik =125 ns.
Figure22. I2S slave timing diagram (Philips protocol)®
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" c(cK) —l-'
2
5
S
CPOL=1 —\— —_— _\_/_ I
t
W(CKH) |a— ot} W(CKL) » |- thiws)
WS'ir‘lpu‘c
.
su(Ws) t
V(SD_ST) Y h(sp_sT)
5D ransmit X LSB transmittz)x MSB transmit Bitn transmit } LSByransmit
Y su(SD_SR) th(SD_SR)
5D receive X LSB receiv ‘3} MSB receive Bitn receive >< LSB receive
Notel: Measurement points are done at CMOS levels: 0.3 Vpp and 0.7 Vpp.
Note2: LSB transmit/receive of the previously transmitted byte. No LSB transmit/receive is sent

before the first byte.

Figure23. I2S master timing diagram (Philips protocol)("
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> -
tf{CK} tr(CK)
t |
(k) —
3 t g -
a2 w(CKH) [
3
b4
o CPOL=1 — I
t
V(WS) Pt —- w(CKL) > Uhws)
w5 output
: t
V(SD_MT) h{SD_MT)
SD 2 - .
transmit X LSB transmit( ]X M>3B transmit Bitn transmit § LSBirangmit
t
su(SD_MR) th(SD_MR)
SD recei LSB receiv (2) i i ; LSB recei
receive receiv ‘e MSB receive Bitn receive receive

Notel: Measurement points are done at CMOS levels: 0.3 Vpp and 0.7 Vpp.
Note2: LSB transmit/receive of the previously transmitted byte. No LSB transmit/receive is sent
before the first byte.
CAN (controller area network) interface
Refer to 5.3.11 for more details on the input/output alternate function characteristics
(CAN_TX and CAN_RX).
5.3.15 12-bit ADC characteristics
Table38. ADC Characteristics
Parameter Condition Minimum | Typical | Maximum | Unit
Power supply voltage
AVDD_ADC - 2.6 3.3 3.63 Y
VDD_ADC - 0.81 1.1 1.21 Y
IAVDD_ADC @ fs=2msps 500 uA
IVREFP_ADC @ fs=2msps 80 uA
IVDD_ADC @ fs=2msps 5 uA
PowerDown 30 nA
Reference voltage
VEREFP_ADC - 1.8 3.3 3.63 \Y
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VREFN_ADC - | [0 | v
Analog input
Input range ADC_SDIF=0 | VREFN | | VREFP Vv
ADC_SDIF=1 | 2* (VREFP-VREFN) \
Input common mode (VREFP-VREFN)/2 Y
Input sampling capacitor | Single-ended 5 pF
Input equivalent 1000 Q
impedance
Time sequence
Clock cycle (Ts) 3333 nS
Duty cycle 40% 50% 60% Ts
SOC setup time 2 nS
SOC hold time 2 nS
Sampling time 1.5 Ts
Sampling + conversion 14 Ts
time
Channel selection to EOC 1.5 11 Ts
time
ADC Performance (Single Ended) 1
THD -75 dB
ENOB 10.5 bit
SNDR 65 dB
DNL 1.5 LSB
INL +2 LSB
Calibrable offset -16 16 LSB
ADC Performance (Differential) 1
THD -75 dB
ENOB 11 bit
SNDR 68 dB
DNL +£1.5 LSB
INL + 2 LSB
Calibrable offset -16 16 LSB
Notel: Fin=100kHz, fs=28Msps, power supply voltage 2.97 ~ 3.63 V,-40 C ~ 125 C;
Note2: In the case of single-ended input, the performance of odd channels passes through two-stage

switches, and the performance decreases slightly;

5.3.16 Temperature sensor characteristics

Table39. Temperature sensor characteristics

Symbol Parameter Min | Typ Max | Unit
T Vsense linearity with temperature - +1 +2 | oC
Avg_Slope™@ | Average slope 2.2898 mV/°C
V5@ Sample value at 25 °C 2646
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Notel:
Note2:

Note3:
Note4:
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tstart®® Startup time - - 6 Ms
Ts temp>® ADC sampling time when reading 2 - - s

the temperature

Guaranteed by characterization results, not tested in production.

The temperature sensor output voltage changes linearly with temperature. The offset of this

line varies from chip to chip due to process variation (up to 50 °C from one chip to another).

The internal temperature sensor is more suited to applications that detect temperature

variations instead of absolute temperatures. If accurate temperature readings are needed, an

external temperature sensor part should be used.
Guaranteed by design, not tested in production.

Obtain the temperature using the following formula:
Temperature (in °C) = (Vsense - V25) / Avg_Slope. Where,

V25 = Veense value for 25° C and

Shortest sampling time can be determined in the application by multiple iterations.

Avg_Slope = Average Slope for curve between Temperature vs. Vsense (given in mV/°

C).

Figure24. Vsense Vs. temperature
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ESD electricial character
Table40. ESD electricial parameter
v Human Body Model(HBM) -4000 4000 v
P | charged Device Model(CDM) -1000 1000 |V
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6 stroage

6.1 Hmidity sensitivity

Table4l. MSL summary

MSL Out-of-bag floor life Comments
1 Unlimited <30°C/ 85%RH
2 1 year <30°C/ 60%RH
2a 4 weeks <30°C / 60%RH
3 168 hours <30°C / 60%RH
72 hours <30°C / 60%RH
5 48 hours <30°C / 60%RH
5a 24 hours <30°C / 60%RH
6 Time on Label(TOL) <30°C/ 60%RH
Notel: The moisture sensitivity level of V32G410x is MSL3.

6.2 Storage conditions

Table42. Bagged storage conditions
Packaging method method Vacuum
Storage temperature -55°C ~150°C
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7 Reflow soldering process

All Wangao chips provided to customers are lead-free RoHS compliant products.

The reflow soldering process recommended in this article is a lead-free reflow
soldering process, which is suitable for the pure lead-free process of lead-free solder
paste. If customers need to use lead solder paste, please contact the smart chip FAE

connect.

See Table43 for lead-free reflow profile conditions. This table is for reference only.

Table43. Reflow profile conditions

QTI typical SMT reflow profile conditions(for reference
only)
Step Reflow condition

Environment | N2 purge reflow usage (yes/no) Yes, N2 purge used
If yes, 02 ppm level 02 < 1500 ppm

A Preheat ramp up temperature 25°C -> 150°C
range

B Preheat ramp up rate 1.5~2.5 °C /sec

C Soak temperature range 150°C -> 190°C

D Soak time 80~110 sec

E Liquidus temperature 217°C

F Time above liquidus 60-90 sec

G Peak temperature 240-250°C

H Cool down temperature rate <4°C /sec

The figure below shows a typical lead-free reflow mode.

Figure25. A typical lead-free reflow mode
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8 Package information

8.1 LQFP100 14 x 14 mm package information

Figure26. LQFP100 - 14 x 14 mm 100 pin low-profile quad flat package outline
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millimeters inches(1)
Symbol = .
Min Typ Max Min Typ Max
A - - 1.60 - - 0.063
Al 0.05 - 0.15 0.002 - 0.006
A2 1.35 1.40 1.45 0.053 0.055 0.057
b 0.17 0.20 0.26 0.007 0.008 0.010
C 0.10 0.127 0.20 0.004 0.005 0.008
16.00 BSC. 0.630 BSC.
D1 14.00 BSC. 0.551 BSC.
E 16.00 BSC. 0.630 BSC.
El 14.00 BSC. 0.551 BSC.
e 0.50 BSC. 0.020 BSC.
L 0.45 0.60 0.75 0.018 0.024 0.030
L1 1.00 REF. 0.039 REF.

Notel:

Values in inches are converted from mm and rounded to 3 decimal digits.
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8.2 LQFP64 10x10mm package information
Figure27. LQFP64 10x10mm 64 pin low-profile quad flat package outline
% sa g ‘71227 5;0"‘3 Unit: mm
J 48 i
1| o —r—/ 4
— LPINW = § 13
1 o —
1 o —
 —— o —
1 -
g [ = ,—008
W == == .
e
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8.3 QFN48 7 x 7 mm package information

Figure28. QFN48 - 7 x 7 mm 48 pin low-profile quad flat package outline
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8.4 Thermal characteristics

The maximum chip junction temperature (Timax) Mmust never exceed the values given
in Table9.

The maximum chip-junction temperature, TJmax, in degrees Celsius, may be
calculated using the following equation:

Timax = Tamax + (Pdmax X eJA)

Where:

® Tamax is the maximum ambient temperature in °C,

® OJA is the package junction-to-ambient thermal resistance, in °C/W,

® Pdmax is the sum of PINTmax and PI/Omax (Pdmax = PINTmax + PI/Omax),
® PINTmax is the product of IDD and VDD, expressed in Watts. This is the

maximum chip internal power.
Pijomax represents the maximum power dissipation on output pins where:
Prjomax = Z(VoL X o) + Z((Vop = Von) X Ion),

taking into account the actual VoL / IoL and Von / Ion Of the I/Os at low and high level
in the application.

Table44. Package thermal characteristics

symbol | Parameter value | unit
Oia Thermal impedance from junction to environment 53.6 °C/W
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