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What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Active

ARM® Cortex®-M4

32-Bit Single-Core

168MHz

CANbus, DCMI, EBI/EMI, Ethernet, I2C, IrDA, LINbus, SPI, UART/USART, USB OTG
Brown-out Detect/Reset, DMA, I2S, LCD, POR, PWM, WDT
140

1MB (1M x 8)

FLASH

192K x 8

1.8V ~ 3.6V

A/D 24x12b; D/A 2x12b

Internal

-40°C ~ 85°C (TA)

Surface Mount

201-UFBGA

176+25UFBGA (10x10)
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e 8- to 14-bit parallel camera interface up to e True random number generator
54 Mbytes/s e CRC calculation unit
e Cryptographic acceleration: hardware e 96-bit unique ID
acceleration for AES 128, 192, 256, Triple )
DES, HASH (MD5, SHA-1), and HMAC e RTC: subsecond accuracy, hardware calendar
Table 1. Device summary
Reference Part number
STM32F415xx STM32F415RG, STM32F415VG, STM32F415ZG, STM32F4150G
STM32F417VG, STM32F4171G, STM32F417Z2G, STM32F417VE,
STM32F417xx STM32F417ZE, STM32F417IE
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STM32F415xx, STM32F417xx Description

2.21

Note:

2.2.2

2.2.3

224

ARM® Cortex®-M4 core with FPU and embedded Flash and SRAM

The ARM Cortex-M4 processor with FPU 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.

The ARM Cortex-M4 32-bit RISC processor with FPU 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
metalanguage development tools, while avoiding saturation.

The STM32F415xx and STM32F417xx family is compatible with all ARM tools and software.
Figure 5 shows the general block diagram of the STM32F41xxx family.
Cortex-M4 with FPU is binary compatible with Cortex-M3.

Adaptive real-time memory accelerator (ART Accelerator™)

The ART Accelerator™ is a memory accelerator which is optimized for STM32 industry-
standard ARM® Cortex®-M4 with FPU processors. It balances the inherent performance
advantage of the ARM Cortex-M4 with FPU over Flash memory technologies, which
normally requires the processor to wait for the Flash memory at higher frequencies.

To release the processor full 210 DMIPS performance at this frequency, the accelerator
implements an instruction prefetch queue and branch cache, which increases program
execution speed from the 128-bit Flash memory. Based on CoreMark benchmark, the
performance achieved thanks to the ART accelerator is equivalent to 0 wait state program
execution from Flash memory at a CPU frequency up to 168 MHz.

Memory protection unit

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.

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.

Embedded Flash memory

The STM32F41xxx devices embed a Flash memory of 512 Kbytes or 1 Mbytes available for
storing programs and data.
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STM32F415xx, STM32F417xx Description

2.2.11

2.2.12

2.2.13

2.2.14

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
clock entry is available when necessary (for example if an indirectly used external oscillator
fails).

Several prescalers allow the configuration of the three AHB buses, the high-speed APB
(APB2) and the low-speed APB (APB1) domains. The maximum frequency of the three AHB
buses is 168 MHz while the maximum frequency of the high-speed APB domains is

84 MHz. The maximum allowed frequency of the low-speed APB domain is 42 MHz.

The devices embed a dedicated PLL (PLLI2S) which allows to achieve audio class
performance. In this case, the I°S master clock can generate all standard sampling
frequencies from 8 kHz to 192 kHz.

Boot modes

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

e  Boot from user Flash

e  Boot from system memory

e  Boot from embedded SRAM

The boot loader is located in system memory. It is used to reprogram the Flash memory by

using USART1 (PA9/PA10), USART3 (PC10/PC11 or PB10/PB11), CAN2 (PB5/PB13), USB
OTG FS in Device mode (PA11/PA12) through DFU (device firmware upgrade).

Power supply schemes
e Vpp=1.81t0 3.6 V: external power supply for I/Os and the internal regulator (when
enabled), provided externally through Vpp pins.

e Vgsa, Vppa = 1.8 to 3.6 V: external analog power supplies for ADC, DAC, Reset
blocks, RCs and PLL. Vppa and Vgga must be connected to Vpp and Vgg, respectively.

e Vpat = 1.65 10 3.6 V: power supply for RTC, external clock 32 kHz oscillator and
backup registers (through power switch) when Vpp is not present.

Refer to Figure 21: Power supply scheme for more details.
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2.2.16

28/206

Figure 8. PDR_ON and NRST control with internal reset OFF
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1. PDR = 1.7 V for reduce temperature range; PDR = 1.8 V for all temperature range.

Voltage regulator

The regulator has four operating modes:
e Regulator ON

—  Main regulator mode (MR)

—  Low-power regulator (LPR)

— Power-down
e Regulator OFF

Regulator ON

On packages embedding the BYPASS_REG pin, the regulator is enabled by holding
BYPASS_REG low. On all other packages, the regulator is always enabled.

There are three power modes configured by software when regulator is ON:

e MRis used in the nominal regulation mode (With different voltage scaling in Run)

In Main regulator mode (MR mode), different voltage scaling are provided to reach the
best compromise between maximum frequency and dynamic power consumption.
Refer to Table 14: General operating conditions.

e LPRis used in the Stop modes
The LP regulator mode is configured by software when entering Stop mode.
e Power-down is used in Standby mode.

The Power-down mode is activated only when entering in Standby mode. The regulator
output is in high impedance and the kernel circuitry is powered down, inducing zero
consumption. The contents of the registers and SRAM are lost)

3
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Description STM32F415xx, STM32F417xx

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

2.2.37 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.

2.2.38 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+

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.

2.2.39 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.
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Pinouts and pin description

Table 7. STM32F41xxx pin and ball definitions (continued)

Pin number
o
Pin name 9| 2
o © ol © n iee
3|8 ‘:r_r S |8 (function after | = | £ | € Alternate functions Additional
ol ol !l €| & ) gl v |2 functions
L O ||lw |9 | reset) g o
g2 |g|cg | @ g =
= ' S | =
TIM8_CH4 /SPI2_MISO /
- - | -] - [c14/133 PI2 I/O| FT | - | DCMI_D9/12S2ext SD/ -
EVENTOUT
TIM8_ETR/ SPI2_MOSI /
- - | -] - |c13|134 PI3 /0| FT 12S2_SD / DCMI_D10/ -
EVENTOUT
- - -] - | D9 135 Vss - - - -
-l - | -] - ]col136 Voo S| - | - - -
49| A2 |76|109 | A14 | 137 PA14 /0| FT JTCK-SWCLK/ EVENTOUT
(JTCK/SWCLK)
PA15 JTDI/ SPI3_NSS/
50| B3 |77 |110 | A13|138 1 TDI /0| FT | - |12S3_WS/TIM2_CH1_ETR -
(JTDD / SPI1_NSS / EVENTOUT
SPI3_SCK/12S3_CK/
UART4_TX/SDIO_D2/
51| D5 | 78| 111 | B14 | 139 PC10 /0| FT | - DCMI_D8 / USART3. TX/ -
EVENTOUT
UART4_RX/ SPI3_MISO /
SDIO_D3/
52| C4 |79|112|B13| 140 PC11 /0| FT | - DCMI_D4/USART3_RX / -
12S3ext_SD/ EVENTOUT
UART5_TX/SDIO_CK /
DCMI_D9/ SPI3_MOSI
53| A3 | 80113 |A12| 141 PC12 /0| FT | - 1253, SD | USART3. CK/ -
EVENTOUT
FSMC_D2/CAN1_RX/
- | D6 |81]114 | B12 | 142 PDO /0| FT | - EVENTOUT -
FSMC_D3/ CAN1_TX/
- | c5|82]115|C12 143 PD1 /0| FT | - EVENTOUT -
TIM3_ETR/UART5_RX/
54 | B4 |83|116 | D12 | 144 PD2 /0| FT | - | SDIO_CMD/DCMI_D11/ -
EVENTOUT
FSMC_CLK/
- | - |84]117|D11 | 145 PD3 /0| FT | - USART2_CTS/ -
EVENTOUT
Kys DoclD022063 Rev 8 59/206




Pinouts and pin description STM32F415xx, STM32F417xx

Table 8. FSMC pin definition (continued)

FSMC
Pins(!) NOR/PSRAM/ _ LQFP100(?) WL‘ng”
CF SRAM NOR/PSRAM Mux | NAND 16 bit
PG2 - A12 - - - -
PG3 - A13 - - - -
PG4 - A14 - - - -
PG5 - A15 - - - -
PG6 - - - INT2 - -
PG7 - - - INT3 - -
PDO D2 D2 DA2 D2 Yes Yes
PD1 D3 D3 DA3 D3 Yes Yes
PD3 - CLK CLK - Yes -
PD4 NOE NOE NOE NOE Yes Yes
PD5 NWE NWE NWE NWE Yes Yes
PD6 | NWAIT NWAIT NWAIT NWAIT Yes Yes
PD7 - NE1 NE1 NCE2 Yes Yes
PG9 - NE2 NE2 NCE3 - -
PG10 |NCE4_1 NE3 NE3 - - -
PG11 |NCE4 2 - - - - -
PG12 - NE4 NE4 - - -
PG13 - A24 A24 - - R
PG14 - A25 A25 - - -
PB7 - NADV NADV - Yes Yes
PEO - NBLO NBLO - Yes -
PE1 - NBL1 NBL1 - Yes -

1. Full FSMC features are available on LQFP144, LQFP176, and UFBGA176. The features available on
smaller packages are given in the dedicated package column.

2. Ports F and G are not available in devices delivered in 100-pin packages.

3
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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 AF14 | AF15
sys | Tz Tmzais | TMBMO | ez ;:%fzzlzzel SPI3N2Sext | USPRTIZISI | UARTAISI T(I:I\:%%za/ gﬁgﬂ%’ ETH F%"’}‘gf’?éo DeMmI
PFO - - - 12C2_SDA - - - - - FSMC_AO - - | EvenTout
PF1 - - - 1262_SCL - - - - - FSMC_A1 - - | EvenTout
PF2 - - - e - - - - - FSMC_A2 - - | eventout
PF3 . - - . . . - - . FSMC_A3 . - | eventout
PF4 . - - . . . - - . FSMC_A4 . - | eventout
PF5 i i . . . : . . . FSMC_AS : - | eventout
PF6 - - TIM10_CH1 - - - - - - FSMC_NIORD - - | EvenTout
PE7 - - TIM11_CH1 - - - - - FSMC_NREG - - | EvenTout
Port F
PF8 . - - - . . - TIM13_CH1 - - S - - | eventout
PF9 . . . . . . . TIM14_CH1 . FSMC_CD . - | eventout
PF10 . - - . . . - - . FSMC_INTR . - | eventout
PF11 . - - . . . - - . DCMI_D12 - | eventout
PF12 - - - - - - - - - FSMC_A6 - - | evenTout
PF13 . . . . . - . - . FSMC_A7 . - | eventout
PF14 . - - . . . - - . FSMC_AS . - | evenTout
PF15 - - - - - - - - - FSMC_A9 - - | EvenTout

uonduosap uid pue sjnould
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4

Memory mapping

The memory map is shown in Figure 18.

Figure 18. STM32F41xxx memory map

OXFFFF FFFF

0xE000 0000

512-Mbyte
block 7

Cortex-M4's
internal

peripherals

OXDFFF FFFF

0xC000 0000

512-Mbyte
block 6
Not used

OXBFFF FFFF

0xAQ00 0000
OXOFFF FFFF

0x8000 0000
OX7FFF FFFF

0x6000 0000

512-Mbyte
block 5
FSMC registers

512-Mbyte
block 4
FSMC bank 3
& bank4

512-Mbyte
block 3
FSMC bank1
& bank2

OX5FFF FFFF

0x4000 0000
OX3FFF FFFF

0x2000 0000
Ox1FFF FFFF

512-Mbyte
block 2
Peripherals

512-Mbyte
block 1
SRAM

Reserved

512-Mbyte
block 0
Code

0x0000 0000

SRAM (16 KB aliased
by bit-banding)

SRAM (112 KB aliased
by bit-banding)

Reserved

Reserved

CORTEX-M4 internal peripherals

Reserved

AHB3

Reserved

AHB2

Reserved

AHB1

Reserved

0x2002 0000 - 0x3FFF FFFF

APB2

Reserved

0x2001 C000 - 0x2001 FFFF

0x2000 0000 - 0x2001 BFFF

0x1FFF C008 - Ox1FFF FFFF

Option Bytes

0x1FFF C000 - 0x1FFF C007

Reserved

Ox1FFF 7A10 - Ox1FFF 7FFF

System memory + OTP

JFFF 0000 - Ox1FFF 7AOF

Reserved

0x10Q1 0000 - 0x1FFE FFFF

CCM data RAM
(64 KB data SRAM)

0x1000 08QO - 0x1000 FFFF

Reserved

Flash

Reserved

Aliased to Flash, system
memory or SRAM depending

0x0000 0000 - 0x000F FF

on the BOOT pins

APB1

0XE010 0000 - OXFFFF FFFF
0XE000 0000 - 0XEOOF FFFF

0xA000 1000 - OXDFFF FFFF
0xA000 OFFF

0x6000 0000
0x5006 0CO0 - OX5FFF FFFF
0x5006 OBFF

0x5000 0000
0x4008 0000 - 0x4FFF FFFF
0x4007 FFFF

0x4002 000
0x4001 5800 - 0x4001 FFFF
0x4001 57FF

0x4001 0000
0x4000 7800 - 0x4000 FFFF
0x4000 7FFF

0x4000 0000

ai18513f
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Memory mapping

Table 10. STM32F41x register boundary addresses (continued)

Bus Boundary address Peripheral
0x4001 4C00 - 0x4001 57FF Reserved
0x4001 4800 - 0x4001 4BFF TIM11
0x4001 4400 - 0x4001 47FF TIM10
0x4001 4000 - 0x4001 43FF TIM9
0x4001 3C00 - 0x4001 3FFF EXTI
0x4001 3800 - 0x4001 3BFF SYSCFG
0x4001 3400 - 0x4001 37FF Reserved
0x4001 3000 - 0x4001 33FF SPI1

APB2 0x4001 2C00 - 0x4001 2FFF SDIO
0x4001 2400 - 0x4001 2BFF Reserved

0x4001 2000 - 0x4001 23FF

ADC1 - ADC2 - ADC3

0x4001 1800 - 0x4001 1FFF Reserved
0x4001 1400 - 0x4001 17FF USART6
0x4001 1000 - 0x4001 13FF USART1
0x4001 0800 - 0x4001 OFFF Reserved
0x4001 0400 - 0x4001 O7FF TIM8
0x4001 0000 - 0x4001 03FF TIMA1
0x4000 7800- 0x4000 FFFF Reserved

3
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STM32F415xx, STM32F417xx Electrical characteristics

5.3.6

2

Table 19. Embedded reset and power control block characteristics (continued)

Symbol Parameter Conditions Min | Typ | Max | Unit
v Brownout level 2 Falling edge 244 | 250 | 2.56 \
BOR2 | threshold Rising edge 253 | 259 | 263 | V
v Brownout level 3 Falling edge 275 | 2.83 | 2.88 \%
BOR3
threshold Rising edge 285 | 292|297 | V
Veornyst? | BOR hysteresis - - 100 |- mV
TRSTTEMPO(1)(2) Reset temporization - 0.5 1.5 3.0 ms

InRush current on

) voltage regulator

Irush'! - - 160 | 200 | mA

power-on (POR or
wakeup from Standby)
InRush energy on
E ™ voltage regulator Vpp =1.8V, Tp =105 °C, ) ) 54 c
Ao power-on (POR or lrusH = 171 mA for 31 us H

wakeup from Standby)

1. Guaranteed by design.

2. The reset temporization is measured from the power-on (POR reset or wakeup from Vgar) to the instant
when first instruction is read by the user application code.

Supply current characteristics

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

The current consumption is measured as described in Figure 22: Current consumption
measurement scheme.

All Run mode current consumption measurements given in this section are performed using
a CoreMark-compliant code.

Typical and maximum current consumption

The MCU is placed under the following conditions:
e At startup, all I/O pins are configured as analog inputs by firmware.
e All peripherals are disabled except if it is explicitly mentioned.

e The Flash memory access time is adjusted to fc| k frequency (0 wait state from 0 to
30 MHz, 1 wait state from 30 to 60 MHz, 2 wait states from 60 to 90 MHz, 3 wait states
from 90 to 120 MHz, 4 wait states from 120 to 150 MHz, and 5 wait states from 150 to
168 MHz).

e  When the peripherals are enabled HCLK is the system clock, fpc| k1 = fHcLk/4, and
fpcLk2 = fHcLk/2, except is explicitly mentioned.

e  The maximum values are obtained for Vpp = 3.6 V and maximum ambient temperature
(Ta), and the typical values for Ty= 25 °C and Vpp = 3.3 V unless otherwise specified.
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Figure 29. Typical Vgt current consumption (LSE and RTC ON/backup RAM ON)
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Table 47. 1/0 current injection susceptibility

Functional susceptibility
Symbol Description Negative Positive Unit
injection injection
Injected current on BOOTO pin -0 NA
Injected current on NRST pin -0 NA
Injected current on PE2, PE3, PE4, PE5, PEG6,
PI8, PC13, PC14, PC15, P19, PI10, PI11, PFO,
o (D PF1, PF2, PF3, PF4, PF5, PF10, PHO/OSC_IN, —0 NA mA
INJ PH1/0SC_OUT, PCO0, PC1, PC2, PC3, PBS,
PB7, PB8, PB9, PEO, PE1, PI4, PI5, PI6, PI7,
PDR_ON, BYPASS_REG
Injected current on all FT pins -5 NA
Injected current on any other pin -5 +5

1. Itis recommended to add a Schottky diode (pin to ground) to analog pins which may potentially inject negative currents.

5.3.16 /0 port characteristics
General input/output characteristics
Unless otherwise specified, the parameters given in Table 48 are derived from tests
performed under the conditions summarized in Table 14. All I/Os are CMOS and TTL
compliant.
Table 48. I/O static characteristics
Symbol Parameter Conditions Min Typ Max Unit
: - - 0.3Vpp-0.04(")
ll:\l;,eTIilfandeNRST I/O input low 1.7V Vpp 3.6 V DD -
g - - 0.3Vpp
R
; -40 °C<Tp <105 °
BOOTO I/O input low level A O.1VDD-+O.‘I(1)
voltage 1.7V <Npp 3.6 V
0 °C<Tp <105 °C v
: 0.45Vpp+0.3(") - -
ll:\l;,e':"\l;il?andeNRST I/O input low 17V Vpp 3.6 V DD -
g 0.7Vpp - -
Vi 1.75V Vpp 3.6 V
; -40 °C<Tp <105 °C
BOOTO I/O input low level A 0-17VDD+0-7(1)
voltage 1.7V <Vpp 3.6 V
0 °C<Tp <105 °C
118/206 DoclD022063 Rev 8 K’I
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SPIl interface characteristics

Unless otherwise specified, the parameters given in Table 55 for SPI are derived from tests
performed under the ambient temperature, fpc| kx frequency and Vpp supply voltage
conditions summarized in Table 14 with the following configuration:

e  Output speed is set to OSPEEDRYy[1:0] = 10
e Capacitive load C = 30 pF
e  Measurement points are done at CMOS levels: 0.5 Vpp

Refer to Section 5.3.16: I/O port characteristics for more details on the input/output alternate
function characteristics (NSS, SCK, MOSI, MISO).

Table 55. SPI dynamic characteristics(!)

Symbol Parameter Conditions Min Typ Max Unit
Master mode, SPI1, 42
2.7V <Vpp < 3.6V
fsck - -
Slave mode, SPI1, 42
2.7V <Vpp < 3.6V
SPI clock frequency MHz
Master mode, SPI1/2/3, 21
1.7V <Vpp < 3.6V
1te(sck) - -
Slave mode, SPI1/2/3, 21
1.7V < Vpp < 3.6V
Duty(SCK) | DUl oyele of SPiclock 50 mode 30 50 70 %

frequency

126/206
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Figure 49. ADC accuracy characteristics
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1. See also Table 68.
2. Example of an actual transfer curve.
3. Ideal transfer curve.
4. End point correlation line.
5. Eg = Total Unadjusted Error: maximum deviation between the actual and the ideal transfer curves.
EO = Offset Error: deviation between the first actual transition and the first ideal one.
EG = Gain Error: deviation between the last ideal transition and the last actual one.
ED = Differential Linearity Error: maximum deviation between actual steps and the ideal one.
EL = Integral Linearity Error: maximum deviation between any actual transition and the end point
correlation line.
Figure 50. Typical connection diagram using the ADC
STM32F
Sample and hold ADC
converter
Rapc(")
[—ADC 7| 1opit
converter
=== Capc()
=
ai17534

Refer to Table 67 for the values of Ryn, Rapc @and Capc.-

2. Cparasitic represents the capacitance of the PCB (dependent on soldering and PCB layout quality) plus the
pad capacitance (roughly 5 pF). A high Cp,pasitic value downgrades conversion accuracy. To remedy this,
fapc should be reduced.

3
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Figure 61. Synchronous non-multiplexed PSRAM write timings
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Table 82. Synchronous non-multiplexed PSRAM write timings(!(2)
Symbol Parameter Min Max | Unit
twcLk) FSMC_CLK period 2THek - ns
td(CLKL-NEXL) | FSMC_CLK low to FSMC_NEXx low (x=0..2) - 1 ns
tacLkLnexH) | FSMC_CLK low to FSMC_NEXx high (x=0...2) 1 - ns
tycLk-NapvL) | FSMC_CLK low to FSMC_NADV low - 7 ns
tycLkL-NADVH) | FSMC_CLK low to FSMC_NADV high 6 - ns
tacLKL-AV) FSMC_CLK low to FSMC_Ax valid (x=16...25) - 0 ns
ty(CLKL-AIV) FSMC_CLK low to FSMC_Ax invalid (x=16...25) 6 - ns
tacikinwer) | FSMC_CLK low to FSMC_NWE low - 1 ns
tycLke-nweH) | FSMC_CLK low to FSMC_NWE high 2 - ns
ty(CLKL-Data) FSMC_D[15:0] valid data after FSMC_CLK low - 3 ns
tycLkL-nBLH) | FSMC_CLK low to FSMC_NBL high 3 - ns
tsuNnwaIT-cLkH) | FSMC_NWAIT valid before FSMC_CLK high 4 - ns
thcLkH-nwaimy | FSMC_NWAIT valid after FSMC_CLK high 0 - ns
1. C_=30pF.
2. Guaranteed by characterization.
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PC Card/CompactFlash controller waveforms and timings

Figure 62 through Figure 67 represent synchronous waveforms, and Table 83 and Table 84
provide the corresponding timings. The results shown in this table are obtained with the
following FSMC configuration:

e COM.FSMC_SetupTime = 0x04;

e COM.FSMC_WaitSetupTime = 0x07;
e COM.FSMC_HoldSetupTime = 0x04;
e COM.FSMC_HiZSetupTime = 0x00;
e ATT.FSMC_SetupTime = 0x04;

e ATT.FSMC_WaitSetupTime = 0x07;
e ATT.FSMC_HoldSetupTime = 0x04;
e ATT.FSMC_HiZSetupTime = 0x00;

e |O.FSMC_SetupTime = 0x04;

e |O.FSMC_WaitSetupTime = 0x07;

e |O.FSMC_HoldSetupTime = 0x04;

e |O.FSMC_HiZSetupTime = 0x00;

e TCLRSetupTime = 0;

e TARSetupTime = 0.

In all timing tables, the Ty is the HCLK clock period.

Figure 62. PC Card/CompactFlash controller waveforms for common memory read
access
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1. FSMC_NCE4_2 remains high (inactive during 8-bit access.
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Device marking for LQPF144

The following figure gives an example of topside marking and pin 1 position identifier
location.

Other optional marking or inset/upset marks, which depend on supply chain operations, are
not indicated below.

Figure 86. LQFP144 marking example (package top view)

Optional ejector hole

Revision code

Product identification(1) "I Q |R |

N STM32F4L7ZG6ThL

A |
I g

Date code

Pin 1 identifi | | | | h, |l.l] W | Optional
in 1 identifier ~_| ejector hole
@ e

MSv37272V1

1. Parts marked as “ES”, “E” or accompanied by an Engineering Sample notification letter, are not yet
qualified and therefore not yet ready to be used in production and any consequences deriving from such
usage will not be at ST charge. In no event, ST will be liable for any customer usage of these engineering
samples in production. ST Quality has to be contacted prior to any decision to use these Engineering
Samples to run qualification activity.
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6.5

3

UFBGA176+25 package information

Figure 87. UFBGA176+25 ball, 10 x 10 mm, 0.65 mm pitch, ultra fine pitch
ball grid array package outline
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1. Drawing is not to scale.

Table 95. UFBGA176+25 ball, 10 x 10 x 0.65 mm pitch, ultra thin fine pitch
ball grid array mechanical data

millimeters inches(!)
Symbol
Min Typ Max Min Typ Max
A - - 0.600 - - 0.0236
A1 - - 0.110 - - 0.0043
A2 - 0.130 - - 0.0051 -
A3 - 0.450 - - 0.0177 -
A4 - 0.320 - - 0.0126 -
0.240 0.290 0.340 0.0094 0.0114 0.0134
D 9.850 10.000 10.150 0.3878 0.3937 0.3996
D1 - 9.100 - - 0.3583 -
E 9.850 10.000 10.150 0.3878 0.3937 0.3996
E1 - 9.100 - - 0.3583 -
e - 0.650 - - 0.0256 -
z - 0.450 - - 0.0177 -
ddd - - 0.080 - - 0.0031
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