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Figure 4. Compatible board design between STM32F2 and STM32F40xxx
for LQFP176 and BGA176 packages
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MS19919V3
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STM32F405xx, STM32F407xx Description

2.2.5

2.2.6

2.2.7

2

CRC (cyclic redundancy check) 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 software
signature during runtime, to be compared with a reference signature generated at link-time
and stored at a given memory location.

Embedded SRAM

All STM32F40xxx products embed:

e Upto 192 Kbytes of system SRAM including 64 Kbytes of CCM (core coupled memory)
data RAM

RAM memory is accessed (read/write) at CPU clock speed with 0 wait states.
e 4 Kbytes of backup SRAM

This area is accessible only from the CPU. Its content is protected against possible
unwanted write accesses, and is retained in Standby or VBAT mode.

Multi-AHB bus matrix

The 32-bit multi-AHB bus matrix interconnects all the masters (CPU, DMAs, Ethernet, USB
HS) and the slaves (Flash memory, RAM, FSMC, AHB and APB peripherals) and ensures a
seamless and efficient operation even when several high-speed peripherals work
simultaneously.

DoclD022152 Rev 8 21/202




STM32F405xx, STM32F407xx Description

2.2.9

2.2.10

2.2.11

2.2.12

Flexible static memory controller (FSMC)

The FSMC is embedded in the STM32F405xx and STM32F407xx family. It has four Chip
Select outputs supporting the following modes: PCCard/Compact Flash, SRAM, PSRAM,
NOR Flash and NAND Flash.

Functionality overview:

e  Write FIFO
e  Maximum FSMC_CLK frequency for synchronous accesses is 60 MHz.

LCD parallel interface

The FSMC can be configured to interface seamlessly with most graphic LCD controllers. It
supports the Intel 8080 and Motorola 6800 modes, and is flexible enough to adapt to
specific LCD interfaces. This LCD parallel interface capability makes it easy to build cost-
effective graphic applications using LCD modules with embedded controllers or high
performance solutions using external controllers with dedicated acceleration.

Nested vectored interrupt controller (NVIC)

The STM32F405xx and STM32F407xx embed a nested vectored interrupt controller able to
manage 16 priority levels, and handle up to 82 maskable interrupt channels plus the 16
interrupt lines of the Cortex®-M4 with FPU core.

e  Closely coupled NVIC gives low-latency interrupt processing

e Interrupt entry vector table address passed directly to the core

e  Allows early processing of interrupts

e  Processing of late arriving, higher-priority interrupts

e  Support tail chaining

e  Processor state automatically saved

e Interrupt entry restored on interrupt exit with no instruction overhead

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

External interrupt/event controller (EXTI)

The external interrupt/event controller consists of 23 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 140 GPIOs can be connected
to the 16 external interrupt lines.

Clocks and startup

On reset the 16 MHz internal RC oscillator is selected as the default CPU clock. The

16 MHz internal RC oscillator is factory-trimmed to offer 1% accuracy over the full
temperature range. The application can then select as system clock either the RC oscillator
or an external 4-26 MHz clock source. This clock can be monitored for failure. If a failure is
detected, the system automatically switches back to the internal RC oscillator and a
software interrupt is generated (if enabled). This clock source is input to a PLL thus allowing
to increase the frequency up to 168 MHz. Similarly, full interrupt management of the PLL
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Description STM32F405xx, STM32F407xx
Table 4. Timer feature comparison (continued)
Max Max
Timer . Counter | Counter | Prescaler DMA Capture/ Complemen- | interface | timer
Timer . request | compare
type resolution | type factor eneration | channels tary output clock | clock
9 (MHz) | (MHz)
TIM2 Up, Anyinteger
™ 5’ 32-bit Down, | between 1 Yes 4 No 42 84
Up/down | and 65536
TIM3 Up, Anyinteger
TIM 4’ 16-bit Down, | between 1 Yes 4 No 42 84
Up/down | and 65536
Anyinteger
TIM9 16-bit Up between 1 No 2 No 84 168
General and 65536
purpose | Tim10 Anyinteger
, 16-bit Up between 1 No 1 No 84 168
TIM11 and 65536
Anyinteger
TIM12 16-bit Up between 1 No 2 No 42 84
and 65536
TIM13 Anyinteger
, 16-bit Up between 1 No 1 No 42 84
TIM14 and 65536
TIM6 Anyinteger
Basic TIM7’ 16-bit Up between 1 Yes 0 No 42 84
and 65536

32/202

Advanced-control timers (TIM1, TIM8)

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

Input capture

Output compare

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

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

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

TIM1 and TIM8 support independent DMA request generation.

3
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Description STM32F405xx, STM32F407xx

2.2.31 Universal serial bus on-the-go high-speed (OTG_HS)

The STM32F405xx and STM32F407xx devices embed a USB OTG high-speed (up to

480 Mb/s) device/host/OTG peripheral. The USB OTG HS supports both full-speed and
high-speed operations. It integrates the transceivers for full-speed operation (12 MB/s) and
features a UTMI low-pin interface (ULPI) for high-speed operation (480 MB/s). When using
the USB OTG HS in HS mode, an external PHY device connected to the ULPI is required.

The USB OTG HS peripheral is compliant with the USB 2.0 specification and with the OTG
1.0 specification. It has software-configurable endpoint setting and supports
suspend/resume. The USB OTG full-speed controller requires a dedicated 48 MHz clock
that is generated by a PLL connected to the HSE oscillator.

The maijor features are:

e Combined Rx and Tx FIFO size of 1 Kbit x 35 with dynamic FIFO sizing

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

e 6 bidirectional endpoints

e 12 host channels with periodic OUT support

e Internal FS OTG PHY support

e  External HS or HS OTG operation supporting ULPI in SDR mode. The OTG PHY is
connected to the microcontroller ULPI port through 12 signals. It can be clocked using
the 60 MHz output.

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

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

2.2.32 Digital camera interface (DCMI)

The camera interface is not available in STM32F405xx devices.

STM32F407xx products embed a camera interface that can connect with camera modules
and CMOS sensors through an 8-bit to 14-bit parallel interface, to receive video data. The
camera interface can sustain a data transfer rate up to 54 Mbyte/s at 54 MHz. It features:

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

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

e  Supports continuous mode or snapshot (a single frame) mode
e  Capability to automatically crop the image

2.2.33 Random number generator (RNG)
All STM32F405xx and STM32F407xx products embed an RNG that delivers 32-bit random
numbers generated by an integrated analog circuit.

2.2.34 General-purpose input/outputs (GPIOs)

Each of the GPIO pins can be configured by software as output (push-pull or open-drain,
with or without pull-up or pull-down), as input (floating, with or without pull-up or pull-down)
or as peripheral alternate function. Most of the GPIO pins are shared with digital or analog
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STM32F405xx, STM32F407xx Description

2.2.35

2.2.36

2.2.37

alternate functions. All GPIOs are high-current-capable and have speed selection to better
manage internal noise, power consumption and electromagnetic emission.

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

Fast I/0 handling allowing maximum /O toggling up to 84 MHz.

Analog-to-digital converters (ADCs)

Three 12-bit analog-to-digital converters are embedded and each ADC shares up to 16
external channels, performing conversions in the single-shot or scan mode. In scan mode,
automatic conversion is performed on a selected group of analog inputs.

Additional logic functions embedded in the ADC interface allow:

e  Simultaneous sample and hold

¢ Interleaved sample and hold

The ADC can be served by the DMA controller. An analog watchdog feature allows very

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

To synchronize A/D conversion and timers, the ADCs could be triggered by any of TIM1,
TIM2, TIM3, TIM4, TIM5, or TIM8 timer.

Temperature sensor

The temperature sensor has to generate a voltage that varies linearly with temperature. The
conversion range is between 1.8 V and 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.

As the offset of the temperature sensor varies from chip to chip due to process variation, the
internal temperature sensor is mainly suitable for applications that detect temperature
changes instead of absolute temperatures. If an accurate temperature reading is needed,
then an external temperature sensor part should be used.

Digital-to-analog converter (DAC)

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

This dual digital Interface supports the following features:

e two DAC converters: one for each output channel

e  8-bit or 12-bit monotonic output

e left or right data alignment in 12-bit mode

e synchronized update capability

e noise-wave generation

e triangular-wave generation

e dual DAC channel independent or simultaneous conversions
e  DMA capability for each channel

e external triggers for conversion

e input voltage reference Vrgg+
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2.2.38

2.2.39

40/202

Eight DAC trigger inputs are used in the device. The DAC channels are triggered through
the timer update outputs that are also connected to different DMA streams.

Serial wire JTAG debug port (SWJ-DP)

The ARM SWJ-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.

Debug is performed using 2 pins only instead of 5 required by the JTAG (JTAG pins could
be re-use as GPIO with alternate function): the JTAG TMS and TCK pins are shared with
SWDIO and SWCLK, respectively, and a specific sequence on the TMS pin is used to
switch between JTAG-DP and SW-DP.

Embedded Trace Macrocell™

The ARM Embedded Trace Macrocell provides a greater visibility of the instruction and data
flow inside the CPU core by streaming compressed data at a very high rate from the
STM32F40xxx through a small number of ETM pins to an external hardware trace port
analyser (TPA) device. The TPA is connected to a host computer using USB, Ethernet, or
any other high-speed channel. Real-time instruction and data flow activity can be recorded
and then formatted for display on the host computer that runs the debugger software. TPA
hardware is commercially available from common development tool vendors.

The Embedded Trace Macrocell operates with third party debugger software tools.
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Pinouts and pin description

Table 7. STM32F40xxx pin and ball definitions (continued)

Pin number
o
Pin name 0| 2
o © ol © 7 es
32 § ‘:r_r = g (function after 2 2 g Alternate functions Additional
ol ol !l €| & ) gl v |2 functions
L O ||lw |9 | reset) g o
gl 2 |g|lg | @ |a =
= || d |5 |4 -
12S_CKIN/ MCO2/
TIM8_CH4/SDIO_D1/
40| E3 |66| 99 | F14 | 118 PC9 /O] FT - /12C3_SDA / DCMI_D3 / -
TIM3_CH4/ EVENTOUT
MCO1 / USART1_CK/
TIM1_CH1/12C3_SCL/
41| D1 |67 [100| F15 | 119 PA8 /10| FT - OTG_FS_SOF/ -
EVENTOUT
USART1_TX/ TIM1_CH2 /
42| D2 |68|101|E15|120 PA9 /10| FT - 12C3_SMBA / DCMI_DO0/ OTG_FS_VBUS
EVENTOUT
USART1_RX/ TIM1_CH3/
43| D3 [69|102| D15| 121 PA10 /10| FT - OTG_FS_ID/DCMI_D1/ -
EVENTOUT
USART1_CTS/CAN1_RX
44| C1 |70]|103|C15| 122 PA11 /10| FT - / TIM1_CH4/ -
OTG_FS_DM/EVENTOUT
USART1_RTS/CAN1_TX/
45| C2 |71]104 | B15| 123 PA12 /10| FT - TIM1_ETR/ OTG_FS_DP/ -
EVENTOUT
46| D4 |72|105| A15| 124 PAT3 /O] FT JTMS-SWDIO/ EVENTOUT
(JTMS-SWDIO)
47| B1 |73 /106 | F13 | 125 Veap 2 -] - - -
- | E7 |74|107|F12 [ 126 Vss s| - | - - -
48 | E6 |75|108 | G13 | 127 Vpp - - - -
TIM8_CH1N / CAN1_TX/
- - - - |E12]128 PH13 /10| FT - EVENTOUT -
TIM8_CH2N / DCMI_D4/
- - - - |E13 (129 PH14 /10| FT - EVENTOUT -
TIM8_CH3N / DCMI_D11/
- - - - | D13 (130 PH15 /10| FT - EVENTOUT -
TIM5_CH4 / SPI2_NSS /
- | C3 | - - |E14 ({131 PIO /10| FT - 12S2_WS / DCMI_D13/ -
EVENTOUT
SPI2_SCK/12S2_CK /
- | B2 | - - | D14 (132 PI1 /10| FT - DCMI_D8/ EVENTOUT -
Kys DoclD022152 Rev 8 55/202
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Table 9. Alternate function mapping (continued)

AF0 AF1 AF2 AF3 AF4 AF5 AF6 AF7 AF8 AF9 AF10 AF11 AF12 AF13
Port SPI1/SPI2/ CAN1/2 AF14 AF15
TIM8/9/10 SPI3/12Sext | USART1/2/3/ | UART4/5/ OTG_FS/ FSMC/SDIO
SYS TIM1/2 TIM3/4/5 T 12C1/2/3 |232;|t232e 11283 12S3ext USART6 T|M13/1 3/ OTG_HS ETH JOTG_FS DCMI
PGO - - - - - - - - - FSMC_A10 - - | EvenTout
PG1 - - - - - - - - - FSMC_A11 - - | EvenTout
PG2 - - - - - - - - - FSMC_A12 - - | evenTout
PG3 . . . . . . . - . FSMC_A13 . - | eventout
PG4 . . . . . . . - . FSMC_A14 . - | eventout
PG5 i . . . . i - - . FSMC_A15 . - | eventout
PG6 - - - - - - - - - FSMC_INT2 - - | EvenTout
PG7 - - - - - - USART6_CK - FSMC_INT3 - - | EvenTout
USART6_
PG8 . . . . - - AR . ETH _PPS_OUT . - | eventout
portG | PG9 - - - - - - USART6_RX - - e - - | EvenTout
FSMC_
PG10 . - . . . . . . . NCE4_1/ . - | eventout
FSMC_NE3
ETH _MILTX_EN
PG N . . . . . . . ETH_RMI | FSMCNCEL - - | eventout
TX_EN
USART6_
PG12 . - . . . . ol . . FSMC_NE4 . - | eventout
ETH _MIL_TXDO
PG13 - - . . . . UART6_CTS Erht RMIL D00 | FSMCA2e . - | eventout
ETH _MILTXD1
PG14 - - - - - - USART6_TX - Er AT Txor | FSMC_AZS - - | EvenTout
USART6_
PG15 - - - - - - i - - DCMI_D13 - | EvenTout
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Figure 26. Typical current consumption versus temperature, Run mode, code with data
processing running from Flash (ART accelerator OFF) or RAM, and peripherals OFF
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Figure 27. Typical current consumption versus temperature, Run mode, code with data
processing running from Flash (ART accelerator OFF) or RAM, and peripherals ON
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On-chip peripheral current consumption

The current consumption of the on-chip peripherals is given in Table 28. The MCU is placed
under the following conditions:

At startup, all I/O pins are configured as analog pins by firmware.
All peripherals are disabled unless otherwise mentioned

The code is running from Flash memory and the Flash memory access time is equal to
5 wait states at 168 MHz.

The code is running from Flash memory and the Flash memory access time is equal to
4 wait states at 144 MHz, and the power scale mode is set to 2.

The ART accelerator is ON.

The given value is calculated by measuring the difference of current consumption

— with all peripherals clocked off

— with one peripheral clocked on (with only the clock applied)

When the peripherals are enabled: HCLK is the system clock, fpc k1 = fheLk/4, and
frcLk2 = fhoLk/2.

The typical values are obtained for Vpp = 3.3 V and Ta= 25 °C, unless otherwise
specified.

Table 28. Peripheral current consumption

Ipp(Typ)"
Peripheral Scalet Scale2 Unit
(up t 168 MHz) (up to 144 MHz)
GPIOA 2.70 2.40
GPIOB 2.50 2.22
GPIOC 2.54 2.28
GPIOD 2.55 2.28
GPIOE 2.68 2.40
GPIOF 2.53 2.28
GPIOG 2.51 2.22
GPIOH 2.51 2.22
AHB1 GPIOI 2.50 2.22
(up to 168 MHz) OTG_HS+ULPI 28.33 25.38 e
CRC 0.41 0.40
BKPSRAM 0.63 0.58
DMA1 37.44 33.58
DMA2 37.69 33.93
ETH_MAC
ETHMACTC | g 1839
ETH_MAC_PTP

3

DoclD022152 Rev 8




Electrical characteristics STM32F405xx, STM32F407xx

Table 28. Peripheral current consumption (continued)

Ipp(Typ)"
Peripheral Scalel Scale2 Unit
(up t 168 MHz) (up to 144 MHz)
SDIO 7.08 7.92
TIM1 16.79 15.51
TIM8 17.88 16.53
TIM9 7.64 7.28
TIM10 4.89 4.82
TIM11 5.19 4.82
APB2
(Up to 84 MHz) ADC10) 467 458 HA/MHz
ADC20) 4.67 4,58
ADC3®) 4.43 4.44
SPI1 1.32 1.39
USART1 3.51 3.72
USART6 3.55 3.75
SYSCFG 0.74 0.56

When the 1/0 compensation cell is ON, Ipp typical value increases by 0.22 mA.
The BusMatrix is automatically active when at least one master is ON.
To enable an 12S peripheral, first set the I2SMOD bit and then the I2SE bit in the SPI_I2SCFGR register.

When the DAC is ON and EN1/2 bits are set in DAC_CR register, add an additional power consumption of
0.8 mA per DAC channel for the analog part.

5. When the ADC is ON (ADON bit set in the ADC_CR2 register), add an additional power consumption of
1.6 mA per ADC for the analog part.

L nh =

5.3.7 Wakeup time from low-power mode

The wakeup times given in Table 29 is measured on a wakeup phase with a 16 MHz HSI
RC oscillator. The clock source used to wake up the device depends from the current
operating mode:

e  Stop or Standby mode: the clock source is the RC oscillator
e 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 Vpp supply
voltage conditions summarized in Table 14.

3
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Static latchup

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

e A supply overvoltage is applied to each power supply pin

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

These tests are compliant with EIA/JESD 78A IC latchup standard.

Table 46. Electrical sensitivities

Symbol

Parameter Conditions Class

LU

Static latch-up class Tp = +105 °C conforming to JESD78A Il level A

5.3.15

I/0 current injection characteristics

As a general rule, current injection to the I/O pins, due to external voltage below Vgg or
above Vpp (for standard, 3 V-capable 1/O pins) should be avoided during normal product
operation. However, in order to give an indication of the robustness of the microcontroller in
cases when abnormal injection accidentally happens, susceptibility tests are performed on a
sample basis during device characterization.

Functional susceptibilty to I/O current injection

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

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

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

The test results are given in Table 47.
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5.3.19

2

Table 53. Characteristics of TIMx connected to the APB2 domain(")

Symbol Parameter Conditions Min Max Unit
AHB/APB2 1 - tHIMxCLK
prescaler distinct
from 1, frimxcLk = 5.95 - ns

tres(rivy | Timer resolution time 168 MHz
AHB/APB2 1 - trIMxCLK
prescaler = 1,
frivwcLk = 84 MHz | 11.9 - ns

Timer external clock 0 friMxcLk/2 MHz
fexr frequency on CH1 to
CH4 0 84 MHz
Restim Timer resolution FrimxcLi = - 16 bit
168 MHz
16-pit counter clock APB2 = 84 MHz
tcounTER | Period when internal 1 65536 tTIMxCLK
clock is selected
tMAX_COUNT Maximum possible count - 32768 tTlMXCLK

1. TIMxis used as a general term to refer to the TIM1, TIM8, TIM9, TIM10, and TIM11 timers.

Communications interfaces

I2C interface characteristics

The I°C interface meets the timings requirements of the 1°C-bus specification and user
manual rev. 03 for:

e  Standard-mode (Sm): with a bit rate up to 100 kbit/s

e  Fast-mode (Fm): with a bit rate up to 400 kbit/s.

The I°C timings requirements are guaranteed by design when the 12C peripheral is properly
configured (refer to RM0090 reference manual).

The SDA and SCL /O requirements are met with the following restrictions: the SDA and
SCL I/O pins are not “true” open-drain. When configured as open-drain, the PMOS
connected between the I/O pin and Vpp is disabled, but is still present. Refer to

Section 5.3.16: /O port characteristics for more details on the I2C 1/0O characteristics.

All 1>C SDA and SCL I/0s embed an analog filter. Refer to the table below for the analog
filter characteristics:

Table 54. 12C analog filter characteristics(!)

Symbol Parameter Min Max Unit
Maximum pulse width of spikes
tAF that are suppressed by the analog 50 2600 ns
filter

1. Guaranteed by design.
2. Spikes with widths below tar(min) are filtered.

3. Spikes with widths above tar(max) are not filtered
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Electrical characteristics

Table 66. Dynamic characteristics: Ethernet MAC signals for Mil(")

Symbol Parameter Min Typ Max Unit
tsu(RxD) Receive data setup time 9 -
tin(RxD) Receive data hold time 10 -
tsuov) Data valid setup time 9 -
tinv) Data valid hold time 8 - o
tsuER) Error setup time 6 -
tinER) Error hold time 8 -
taTxeN) Transmit enable valid delay time 0 10 14
taTxD) Transmit data valid delay time 0 10 15

1. Guaranteed by characterization.

5.3.20 CAN (controller area network) interface
Refer to Section 5.3.16: I/O port characteristics for more details on the input/output alternate
function characteristics (CANTX and CANRX).
5.3.21 12-bit ADC characteristics
Unless otherwise specified, the parameters given in Table 67 are derived from tests
performed under the ambient temperature, fpc| k2 frequency and Vppp supply voltage
conditions summarized in Table 14.
Table 67. ADC characteristics
Symbol Parameter Conditions Min Typ Max Unit
Vppa | Power supply - 1.8 - 3.6
Vrers | Positive reference voltage - 1.8(M2)3) - Vopa Vv
Vgrer- | Negative reference voltage - - 0 -
=1.8(1A)
Vopa =187 to 06 15 18 | MHz
fanoc | ADC clock frequency 24V
Vppa = 2.4 to 3.6 V) 0.6 30 36 MHz
fADC =30 MHZ,
. . - - 1764 kHz
frric® | External trigger frequency 12-bit resolution
- - - 17 | 1fapc
' (5) ) 0(Vssaor VRer- )
VaIN Conversion voltage range tied to ground) VREF+ Vv
) . . See Equation 1 for ) )
RAIN External input impedance details 50 KQ
Rapc® | Sampling switch resistance - - - 6 KQ
) |Internal sample and hold ) ) )
Capc capacitor 4 PF
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Table 67. ADC characteristics (continued)

Symbol Parameter Conditions Min Typ Max Unit
(@ | Injection trigger conversion fapc = 30 MHz - - 0.100 Hs
lat latency - - 37 | 1ffape
t..4) Regular trigger conversion fapc = 30 MHz - - 0.067 [V
latr latency - - 200 1 1ffape
f = 30 MHz 0.100 - 16 us
t3(4) Sampling time ADC
- 3 - 480 1fapc
tstag® | Power-up time . - 2 3 us
fADC =30 MHz
0.50 - 16.40 s
12-bit resolution H
fADC =30 MHz
0.43 - 16.34 s
10-bit resolution H
Total conversion time (including f = 30 MHz
tconv® g ADC 37 - 16.27
CONVE" | sampling time) 8-bit resolution 03 6 Hs
fADC =30 MHz
0.30 - 16.20 s
6-bit resolution H
9 to 492 (tg for sampling +n-bit resolution for successive
s 1fanc
approximation)
12-bit luti
it resolution i i 5 Msps

Single ADC

. 12-bit resolution
Sampling rate

- - 3.75 M
(4) (fapc = 30 MHz, and Interleavmeo(l?gal ADC Sps

ts = 3 ADC cycles)

fs

12-bit resolution

Interleave Triple ADC - - 6 Msps
mode
ADC VRgg DC current
IVREF+(4) consumption in conversion - - 300 500 MA
mode
ADC Vppp DC current
IVDDA(4) consumption in conversion - - 1.6 1.8 mA
mode

1. Vpp/Vppa minimum value of 1.7 V is obtained when the device operates in reduced temperature range, and with the use of
an external power supply supervisor (refer to Section : Internal reset OFF).

It is recommended to maintain the voltage difference between Vrgg+ and Vppp below 1.8 V.
Vbpa -VRer+ < 1.2V.

Guaranteed by characterization.

VRer+ is internally connected to Vppa and VRyeg. is internally connected to Vgga.

Rapc maximum value is given for Vpp=1.8 V, and minimum value for Vpp=3.3 V.

N o o koD

For external triggers, a delay of 1/fpc| k2 must be added to the latency specified in Table 67.

3
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Package information

3

Table 90. WLCSP90 - 4.223 x 3.969 mm, 0.400 mm pitch wafer level chip scale
package mechanical data

millimeters inches(!)
Symbol
Min Typ Max Min Typ Max

A 0.540 0.570 0.600 0.0213 0.0224 0.0236
A1 - 0.190 - - 0.0075 -
A2 - 0.380 - - 0.0150 -

A3®) - 0.025 - - 0.0010 -
b®) 0.240 0.270 0.300 0.0094 0.0106 0.0118

D 4.188 4.223 4.258 0.1649 0.1663 0.1676

E 3.934 3.969 4.004 0.1549 0.1563 0.1576

e - 0.400 - - 0.0157 -
el - 3.600 - - 0.1417 -
e2 - 3.200 - - 0.1260 -

F - 0.3115 - - 0.0123 -

G - 0.3845 - - 0.0151 -
aaa - 0.100 - - 0.0039 -
bbb - 0.100 - - 0.0039 -
cce - 0.100 - - 0.0039 -
ddd - 0.050 - - 0.0020 -
eee - 0.050 - - 0.0020 -

1. Values in inches are converted from mm and rounded to 4 decimal digits.

2. Back side coating.

3. Dimension is measured at the maximum bump diameter parallel to primary datum Z.

Figure 76. WLCSP90 - 4.223 x 3.969 mm, 0.400 mm pitch wafer level chip scale
recommended footprint

Dpad

Dsm

MS18965V2
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Table 100. Document revision history (continued)

Date

Revision

Changes

06-Mar-2015

Replace Cortex-M4F by Cortex-M4 with FPU throughout the
document.

Updated Section : Regulator OFF and Table 3: Regulator ON/OFF and
internal reset ON/OFF availability for LQFP176.

Updated Figure 15: STM32F40xxx LQFP176 pinout and Table 7:
STM32F40xxx pin and ball definitions.

Updated Figure 6: Multi-AHB matrix.

Added note 1 below Figure 12: STM32F40xxx LQFP64 pinout,
Figure 13: STM32F40xxx LQFP100 pinout, Figure 14: STM32F40xxx
LQFP144 pinout and Figure 15: STM32F40xxx LQFP176 pinout.
Updated lypp and lygg in Table 12: Current characteristics.

Updated PLS[2:0]=101 (falling edge) configuration in Table 19:
Embedded reset and power control block characteristics.

Added Section : Additional current consumption. Updated Section :
On-chip peripheral current consumption.

Updated Table 29: Low-power mode wakeup timings.

Updated Table 32: HSE 4-26 MHz oscillator characteristics and

Table 33: LSE oscillator characteristics (fLSE = 32.768 kHz).
Changed condition related to Vegpcpm) in Table 45: ESD absolute
maximum ratings.

Updated Table 47: I/O current injection susceptibility, Table 48: I/O
static characteristics, Table 49: Output voltage characteristics
conditions, Table 50: I/0O AC characteristics and Figure 37: I/0 AC
characteristics definition.

Updated Section : 12C interface characteristics.

Remove note 3 in Table 69: Temperature sensor characteristics.
Updated Figure 72: DCMI timing diagram.

Modified Figure 75: WLCSP90 - 4.223 x 3.969 mm, 0.400 mm pitch
wafer level chip scale package outline and Table 90: WLCSP90 - 4.223
x 3.969 mm, 0.400 mm pitch wafer level chip scale package
mechanical data. Added Figure 76: WLCSP90 - 4.223 x 3.969 mm,
0.400 mm pitch wafer level chip scale recommended footprint and
Table 91: WLCSP90 recommended PCB design rules. /

Modified Figure 78: LQFP64 — 64-pin, 10 x 10 mm low-profile quad flat
package outline and Table 92: LQFP64 — 64-pin 10 x 10 mm low-profile
quad flat package mechanical data.

Updated Figure 87: UFBGA176+25 ball, 10 x 10 mm, 0.65 mm pitch,
ultra fine pitch ball grid array package outline and Table 95:
UFBGA176+25 ball, 10 x 10 x 0.65 mm pitch, ultra thin fine pitch ball
grid array mechanical data. Added Figure 88: UFBGA176+25 - 201-
ball, 10 x 10 mm, 0.65 mm pitch, ultra fine pitch ball grid array
recommended footprint and Table 96: UFBGA176+2 recommended
PCB design rules (0.65 mm pitch BGA).

Updated Figure 90: LQFP176 - 176-pin, 24 x 24 mm low profile quad
flat package outline.

Added Section : Device marking for WLCSP90, Section : Device
marking for LQFP64, Section : Device marking for LFP100, Section :
Device marking for LQPF144, Section : Device marking for
UFBGA176+25 and Section : Device marking for LQFP176.

3

DoclD022152 Rev 8




STM32F405xx, STM32F407xx

Revision history

3

Table 100. Document revision history (continued)

Date

Revision

Changes

22-Oct-2015

In the whole document, updated notes related to values guaranteed by
design or by characterization.

Updated Table 34: HSI oscillator characteristics.

Changed fyco oyt minimum value and VCO freq to 100 MHz in

Table 36: Main PLL characteristics and Table 37: PLLI2S (audio PLL)
characteristics.

Updated Figure 39: SPI timing diagram - slave mode and CPHA = 0.
Updated Figure 53: 12-bit buffered /non-buffered DAC.

Removed note 1 related to better performance using a restricted Vpp
range in Table 68: ADC accuracy at fADC = 30 MHz.

Upated Figure 84: LQFP144 - 144-pin, 20 x 20 mm low-profile quad flat
package outline.

Updated Figure 87: UFBGA176+25 ball, 10 x 10 mm, 0.65 mm pitch,
ultra fine pitch ball grid array package outline and Table 95:
UFBGA176+25 ball, 10 x 10 x 0.65 mm pitch, ultra thin fine pitch ball
grid array mechanical data.

16-Mar-2016

Updated Figure 2: Compatible board design
STM32F10xx/STM32F2/STM32F40xxx for LQFP100 package.

Updated |Vssx-Vss| in Table 11: Voltage characteristics to add Vggr.
Added Vgee_in Table 67: ADC characteristics.

Updated Table 90: WLCSP90 - 4.223 x 3.969 mm, 0.400 mm pitch
wafer level chip scale package mechanical data.

09-Sep-2016

Remove note 1 below Figure 5: STM32F40xxx block diagram.
Updated definition of stresses above maximum ratings in Section 5.2:
Absolute maximum ratings.

Updated tynss) in Figure 39: SPI timing diagram - slave mode and
CPHA = OFigure and Figure 40: SPI timing diagram - slave mode and
CPHA =1.

Added note related to optional marking and inset/upset marks in all
package marking sections.

Updated Figure 87: UFBGA176+25 ball, 10 x 10 mm, 0.65 mm pitch,
ultra fine pitch ball grid array package outline and Table 95:
UFBGA176+25 ball, 10 x 10 x 0.65 mm pitch, ultra thin fine pitch ball
grid array mechanical data.
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IMPORTANT NOTICE — PLEASE READ CAREFULLY

STMicroelectronics NV and its subsidiaries (“ST”) reserve the right to make changes, corrections, enhancements, modifications, and
improvements to ST products and/or to this document at any time without notice. Purchasers should obtain the latest relevant information on
ST products before placing orders. ST products are sold pursuant to ST’s terms and conditions of sale in place at the time of order
acknowledgement.

Purchasers are solely responsible for the choice, selection, and use of ST products and ST assumes no liability for application assistance or
the design of Purchasers’ products.

No license, express or implied, to any intellectual property right is granted by ST herein.

Resale of ST products with provisions different from the information set forth herein shall void any warranty granted by ST for such product.

ST and the ST logo are trademarks of ST. All other product or service names are the property of their respective owners.

Information in this document supersedes and replaces information previously supplied in any prior versions of this document.

© 2016 STMicroelectronics — All rights reserved
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