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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
82

512KB (512K x 8)

FLASH

192K x 8

1.8V ~ 3.6V

A/D 16x12b; D/A 2x12b

Internal

-40°C ~ 85°C (TA)

Surface Mount

100-LQFP

100-LQFP (14x14)
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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 STM32F405xx and STM32F407xx family is compatible with all ARM tools and software.
Figure 5 shows the general block diagram of the STM32F40xxx 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 STM32F40xxx devices embed a Flash memory of 512 Kbytes or 1 Mbytes available for
storing programs and data.
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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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Pinouts and pin description

STM32F405xx, STM32F407xx

Figure 17. STM32F40xxx WLCSP90 ballout
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1. This figure shows the package bump view.

Table 6. Legend/abbreviations used in the pinout table

Name Abbreviation Definition
. Unless otherwise specified in brackets below the pin name, the pin function during and after
Pin name : .
reset is the same as the actual pin name
S Supply pin
Pin type | Input only pin
I/10 Input / output pin
FT 5V tolerant /0
TTa 3.3 V tolerant I/O directly connected to ADC
I/O structure
B Dedicated BOOTO pin
RST Bidirectional reset pin with embedded weak pull-up resistor
Notes Unless otherwise specified by a note, all I/Os are set as floating inputs during and after reset
Alterpate Functions selected through GPIOx_AFR registers
functions
Addltl'onal Functions directly selected/enabled through peripheral registers
functions
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Pinouts and pin description

Table 7. STM32F40xxx pin and ball definitions (continued)

Pin number
o
© Pin name 9| 2
o o [T) [72]) ige
3| 2 § ‘:r_r = g (function after | = | £ | € Alternate functions Additional
ol ol !l €| & ) gl v |2 functions
[T %) ™ ™ (U] ™ reset) o o)
gl 2 |g|lag |2 |Cc =
= || d |5 |4 -
SPI2_MOSI/12S2_SD /
@) | OTG_HS_ULPI_NXT/
11| E9 [18] 29 | M5 | 35 PC3 /0| FT ETH ML TX_CLK/ ADC123_IN13
EVENTOUT
-| - [19]30 ]| - |36 Vbb s| - | - - -
12|H10{20| 31 | M1 | 37 Vssa s| - | - - -
-l - -] - INt| - | Ve |S| - |- - -
-| - |21 32| P1 |38 VREF+ s| - | - - -
13| G9 [22| 33 | R1 | 39 VbDpA s| - | - - -
USART2_CTS/
UART4_TX/
PAO/WKUP ETH_MII_CRS / ADC123_INO/WKU
(5) _MIL_ _
14(C10{23| 34 | N3 | 40 (PAQ) /o| FT TIM2 CH1_ETR/ 504)
TIM5_CH1 / TIM8_ETR/
EVENTOUT
USART2_RTS/
UART4_RX/
@ | ETH_RMII_REF_CLK/
15| F8 | 24| 35 | N2 | 41 PA1 /0| FT ETH_MI RX_CLK / ADC123_IN1
TIM5_CH2 / TIM2_CH2/
EVENTOUT
USART2_TX/TIM5_CH3 /
16| J10 | 25| 36 | P2 | 42 PA2 /o FT | ® | TIM9_CH1/TIM2_CH3/ ADC123_IN2
ETH_MDIO/ EVENTOUT
-l - |-| - |F4|43 PH2 /0| FT | - |ETH_MII_CRS/EVENTOUT -
Sl - -] - | G444 PH3 /0| FT | - |ETH_MI_COL/EVENTOUT -
12C2_SCL /
-l - |-| - |H4| 45 PH4 /ol FT | - OTG_HS_ULPI_NXT/ -
EVENTOUT
Sl - -] -] Ja |46 PH5 /0| FT | - | 12C2_SDA/EVENTOUT -
USART2_RX/TIM5_CH4 /
TIM9_CH2 / TIM2_CH4 /
17| H9 | 26| 37 | R2 | 47 PA3 I/o| FT | @ OTG_HS_ULPI_DO/ ADC123_IN3
ETH_MII_COL/
EVENTOUT
18| E5 |27 38| - | - Vss s| - | - - -
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Table 9. Alternate function mapping (continued)

AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7 AF8 AF9 AF10 AF11 AF12 AF13
Port AF14 | AF15
sys | Tmie Tmzais | TMBMO | ez ;:%fzzlzzel SPI3N2Sext | USPRTIZISI | UARTAISI T(I:I\:%%za/ gﬁgﬂ%’ ETH F%"’}‘gf’?éo pemi
PDO - - - - - - - CAN1_RX - FSMC_D2 - - | eventout
PD1 - - - - - - - CAN1_TX - FSMC_D3 - - EVENTOUT
PD2 - TIM3_ETR - - - - UART5_RX - - SDIO_CMD DCMI_D11 - EVENTOUT
PD3 - - - USART2_CTS - - FSMC_CLK - - EVENTOUT
PD4 - - - USART2_RTS - - FSMC_NOE - - EVENTOUT
PD5 - - - - - USART2_TX - - - FSMC_NWE - - EVENTOUT
PD6 - - - - - USART2_RX - - FSMC_NWAIT - - EVENTOUT
porto | ) ) ) i i USART2_CK - - - :SS&ACC:,\’,\EQ - - | eventout
PD8 - - - - - USART3_TX - FSMC_D13 - - EVENTOUT
PD9 - - - - - USART3_RX - - FSMC_D14 - - EVENTOUT
PD10 - - - - - USART3_CK - - - FSMC_D15 - - EVENTOUT
PD11 - - - - - USART3_CTS - - - FSMC_A16 - - EVENTOUT
PD12 - TIM4_CH1 - - - USART3_RTS - - - FSMC_A17 - - EVENTOUT
PD13 - TIM4_CH2 - - - - - - FSMC_A18 - - EVENTOUT
PD14 - TIM4_CH3 - - - - - - FSMC_DO0O - - EVENTOUT
PD15 . TIM4_CH4 . . B . B . FSMC_D1 . - | evenTout

uonduosap uid pue sjnould

XXL0VAZENLS XXGOV4ZENLS



STM32F405xx, STM32F407xx

Memory mapping

3

Table 10. register boundary addresses (continued)

Bus Boundary address Peripheral
0x4000 7800 - 0x4000 7FFF Reserved
0x4000 7400 - 0x4000 77FF DAC
0x4000 7000 - 0x4000 73FF PWR
0x4000 6C00 - 0x4000 6FFF Reserved
0x4000 6800 - 0x4000 6BFF CAN2
0x4000 6400 - 0x4000 67FF CAN1
0x4000 6000 - 0x4000 63FF Reserved
0x4000 5C00 - 0x4000 5FFF 12C3
0x4000 5800 - 0x4000 5BFF 12C2
0x4000 5400 - 0x4000 57FF 12C1
0x4000 5000 - 0x4000 53FF UART5
0x4000 4C00 - 0x4000 4FFF UART4
0x4000 4800 - 0x4000 4BFF USART3
0x4000 4400 - 0x4000 47FF USART2
0x4000 4000 - 0x4000 43FF 12S3ext

APB1 0x4000 3C00 - 0x4000 3FFF SPI3 /1283
0x4000 3800 - 0x4000 3BFF SPI2 /1282
0x4000 3400 - 0x4000 37FF 12S2ext
0x4000 3000 - 0x4000 33FF IWDG
0x4000 2C00 - 0x4000 2FFF WWDG

0x4000 2800 - 0x4000 2BFF

RTC & BKP Registers

0x4000 2400 - 0x4000 27FF Reserved
0x4000 2000 - 0x4000 23FF TIM14
0x4000 1C00 - 0x4000 1FFF TIM13
0x4000 1800 - 0x4000 1BFF TIM12
0x4000 1400 - 0x4000 17FF TIM7
0x4000 1000 - 0x4000 13FF TIM6
0x4000 0CO00 - 0x4000 OFFF TIM5
0x4000 0800 - 0x4000 OBFF TIM4
0x4000 0400 - 0x4000 O7FF TIM3
0x4000 0000 - 0x4000 03FF TIM2

DoclD022152 Rev 8
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STM32F405xx, STM32F407xx Electrical characteristics

5.3.5 Embedded reset and power control block characteristics

The parameters given in Table 19 are derived from tests performed under ambient
temperature and Vpp supply voltage conditions summarized in Table 14.

Table 19. Embedded reset and power control block characteristics

Symbol Parameter Conditions Min | Typ | Max | Unit

PLS[2:0]=000 (rising 209 | 214 | 2.19 Vv

edge)

PLS[2:0]=000 (falling 1908 | 204 | 208 | v
edge) ' ' ’
PLS[2:0]=001 (rising 2923 | 230 | 237 v
edge) ' ' ’
PLS[2:0]=001 (falling 013 | 219 | 295 | v
edge) ' ' ’
PLS[2:0]=010 (rising 239 | 245 | 251 v
edge) ' ' ’
PLS[2:0]=010 (falling

edge) 229 | 235 | 2.39 \

PLS[2:0]=011 (rising edge) | 2.54 | 2.60 | 265 | V

PLS[2:0]=011 (falling
Programmable voltage | edge)

244 | 251 | 2.56 Vv

Vevo detector level selection —
PLS[2:0]=100 (rising 270 | 276 | 2.82 Vv
edge) ’ ’ ’
PLS[2:0]=100 (falling
edge) 259 | 266 | 2.71 \%
PLS[2:0]=101 (rising 286 | 293 | 2.99 Vv
edge) ’ ’ ’
PLS[2:0]=101 (falling 265 | 284 | 2.92 Vv
edge) ’ ’ ’
PLS[2:0]=110 (rising edge) | 2.96 | 3.03 [ 3.10 | V
PLS[2:0]=110 (falling 085 | 203 | 209 | v
edge) ) ’ ’
PLS[2:0]=111 (rising edge)| 3.07 | 3.14 | 3.21 \%
PLS[2:0]=111 (falling 295 | 3.03 | 3.09 Vv
edge) ’ ’ ’
Vpvphyst!! | PVD hysteresis - - 100 |- mV
v Power-on/power-down Falling edge 1.60 | 1.68 | 1.76 \%
PORIPDR | reset threshold Rising edge 164 | 172 | 180 | Vv
Vpprhyst'”! | PDR hysteresis - - 40 |- mV
v Brownout level 1 Falling edge 213 | 219 | 224 | V
BORI threshold Rising edge 223 | 229 [ 233 ] Vv

2
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Electrical characteristics

Figure 24. Typical current consumption versus temperature, Run mode, code with data
processing running from Flash (ART accelerator ON) or RAM, and peripherals OFF
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Figure 25. Typical current consumption versus temperature, Run mode, code with data
processing running from Flash (ART accelerator ON) or RAM, and peripherals ON

100

90

80

/

70

7

—45C

60

50

0°C

Iob RUNMA)

40

30

55°C
85°C

20 //

e {05°C

0 20 40

60

80 100 120

CPU Frequency (MHz

140

160 180

MS19975V1

)

DoclD022152 Rev 8

87/202




Electrical characteristics STM32F405xx, STM32F407xx

96/202

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
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Table 37. PLLI2S (audio PLL) characteristics (continued)

Symbol Parameter Conditions Min Typ Max Unit
| 4) | PLLI2S power consumption on | VCO freq = 100 MHz 0.15 i 0.40 mA
DD(PLLIZS) | vpp VCO freq = 432 MHz 0.45 0.75

| (4) | PLLI2S power consumption on | VCO freq = 100 MHz 0.30 i 0.40 mA
DDAPLLIZS) ™| Vppa VCO freq = 432 MHz 0.55 0.85

Take care of using the appropriate division factor M to have the specified PLL input clock values.
Guaranteed by design.
Value given with main PLL running.

wnh o~

Guaranteed by characterization.

5.3.11 PLL spread spectrum clock generation (SSCG) characteristics

The spread spectrum clock generation (SSCG) feature allows to reduce electromagnetic
interferences (see Table 44: EMI characteristics). It is available only on the main PLL.

Table 38. SSCG parameters constraint

Symbol Parameter Min Typ | Max(" | uUnit

fMod Modulation frequency - - 10 KHz
md Peak modulation depth 0.25 - 2 %
MODEPER * INCSTEP - - 2154 -

1. Guaranteed by design.

Equation 1
The frequency modulation period (MODEPER) is given by the equation below:
MODEPER = round[fPLL_lN/ (4% fyoq)]

foLL v and fyoq must be expressed in Hz.
As an example:

If foL_in =1 MHz, and fy,op = 1 kHz, the modulation depth (MODEPER) is given by
equation 1:

MODEPER = round[10°%/ (4 x 10%)] = 250

Equation 2

Equation 2 allows to calculate the increment step (INCSTEP):

INCSTEP = round[((2'°=1)x md x PLLN)/ (100 x 5x MODEPER)]

fyco_out must be expressed in MHz.

3
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Figure 41. SPI timing diagram - master mode

High
NSS input
— lsck—>
3 [cPHA=0 : ' .
5| cpoL=0 ' i ! n
le) |: . | : - 1
x | CPHA=0 N . : | N
1
I f : |
:: ! I ! o
- |I 1 1 [N
3 | cPHA=1 ! / : '
3| cpoL=0 ' ! — -
1 1 [N
x | cPHA=1 ' | ' ! X
? CPOL=1—\_/'_\I_/i—- . "
! 1 \' ‘I
1! t 1
i1 \W(SCKH)! ' ! i tsek)
MISO UM, tw(SOKL) > : T tHSCK)
! -
INPUT X @ owssn: X BIT6 IN | X tsein X
1 ! !
r— th(M)—> |
MOS| i W
OUTPUT X MSB OUT x BIT1 OUT | X LSB OUT X
ty(MO) +e—»1 th(MO) e
ai14136¢
"l DoclD022152 Rev 8 125/202




Electrical characteristics STM32F405xx, STM32F407xx

I2S interface characteristics

Unless otherwise specified, the parameters given in Table 56 for the %S interface are
derived from tests performed under the ambient temperature, fpoc 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 (CK, SD, WS).

Table 56. I2S dynamic characteristics(!)

Symbol Parameter Conditions Min Max Unit
fmck I°S main clock output - ZgGKX 256 x FS(Z) MHz
Master data: 32 bits - 64 x Fg
fox IS clock frequency MHz
Slave data: 32 bits - 64 x Fg

Dck 1S clock frequency duty cycle | Slave receiver 30 70 %
tyws) WS valid time Master mode 0 6
thws) WS hold time Master mode 0 -
tsuws) WS setup time Slave mode 1 -
thws) WS hold time Slave mode 0 -
tsu(sb MR Master receiver 7.5 -

Su(SD_MR) Data input setup time .
tsusb_sRr) Slave receiver 2 - ns
thisD MR Master receiver 0 -

(SD_MR) Data input hold time
th(sp_sRr) Slave receiver 0 -
Yv(sp_sT) Slave transmitter (after enable edge) - 27
th(sp_sT) | Data output valid time
tysp_mT) Master transmitter (after enable edge) - 20
thsp_mT) | Data output hold time Master transmitter (after enable edge) 25 -

1. Guaranteed by characterization.
2. The maximum value of 256 x Fg is 42 MHz (APB1 maximum frequency).

Note: Refer to the IS section of RM0090 reference manual for more details on the sampling
frequency (Fs). fyck fox, and Dy values reflect only the digital peripheral behavior. The
value of these parameters might be slightly impacted by the source clock accuracy. Do
depends mainly on the value of ODD bit. The digital contribution leads to a minimum value
of 12SDIV / (2 x 12SDIV + ODD) and a maximum value of (I2SDIV + ODD) / (2 x 12SDIV +
ODD). Fs maximum value is supported for each mode/condition.

3
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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 52. Power supply and reference decoupling (Vrgg+ connected to Vppa)
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5.3.22 Temperature sensor characteristics

VRer+ and Vgeg_inputs are both available on UFBGA176. Vggg. is also available on LQFP100, LQFP 144,
and LQFP176. When Vg, and Vggg_ are not available, they are internally connected to Vppa and Vgga.

Table 69. Temperature sensor characteristics

Symbol Parameter Min | Typ | Max Unit
.M Vsense linearity with temperature - + 2 °C

Avg_SIopem Average slope - 2.5 mV/°C
Vos(M) Voltage at 25 °C - 076 %
tsTar7?) | Startup time - 6 10 us
Ts_temp® |ADC sampling time when reading the temperature (1 °C accuracy) | 10 - - us

1. Guaranteed by characterization.

2. Guaranteed by design.

Table 70. Temperature sensor calibration values

Symbol

Parameter

Memory address

TS_CAL1 | TS ADC raw data acquired at temperature of 30 °C, Vppa=3.3V | Ox1FFF 7A2C - Ox1FFF 7A2D

TS_CAL2 | TS ADC raw data acquired at temperature of 110 °C, Vpppa=3.3 V |Ox1FFF 7A2E - Ox1FFF 7A2F
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5.3.23 Vgar monitoring characteristics
Table 71. Vgar monitoring characteristics
Symbol Parameter Min Typ Max Unit
R Resistor bridge for Vgar - 50 - KQ
Q Ratio on Vgar measurement - 2 -
Er(") Error on Q -1 - +1 %
2)(2) ADC sampling time when reading the Vgat ) )
Ts_voat 1 mV accuracy 5 HS
1. Guaranteed by design.
2. Shortest sampling time can be determined in the application by multiple iterations.
5.3.24 Embedded reference voltage
The parameters given in Table 72 are derived from tests performed under ambient
temperature and Vpp supply voltage conditions summarized in Table 14.
Table 72. Embedded internal reference voltage
Symbol Parameter Conditions Min | Typ | Max Unit
Vrerint | Internal reference voltage —40°C<Tp<+105°C| 1.18 | 1.21 | 1.24 \
T (1) |ADC sampling time when reading the ) 10 ) ) s
S_vrefint * | internal reference voltage H
(2) | Internal reference voltage spread over the _ )
VRERINT_s temperature range Vop =3V 3 5 mv
TCoeﬁ(z) Temperature coefficient - - 30 50 |ppm/°C
tSTART(z) Startup time - - 6 10 us

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

2. Guaranteed by design.

Table 73. Internal reference voltage calibration values

Symbol Parameter Memory address
VREFIN_CAL Raw data acquired at temperature of 30 °C, Vppa=3.3 V Ox1FFF 7A2A - Ox1FFF 7A2B
5.3.25 DAC electrical characteristics

Table 74. DAC characteristics
Symbol Parameter Min | Typ Max Unit Comments

Vppa Analog supply voltage 1.8M] - 3.6 \Y

VREF+ Reference supply voltage 1.8 - 3.6 V| Vrer+ Vpopa

Vssa Ground 0 - 0 \Y

3
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Table 92. LQFP64 — 64-pin 10 x 10 mm low-profile quad flat package
mechanical data (continued)

millimeters inches(!
Symbol
Min Typ Max Min Typ Max

E3 - 7.500 - - 0.2953 -

- 0.500 - - 0.0197 -

K 0° 3.5° 7° 0° 3.5° 7°
L 0.450 0.600 0.750 0.0177 0.0236 0.0295

L1 - 1.000 - - 0.0394 -
cce - - 0.080 - - 0.0031

1.

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

Figure 79. LQFP64 — 64-pin, 10 x 10 mm low-profile quad flat package
recommended footprint
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Dimensions are in millimeters.
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Device marking for UFBGA176+25

The following figure gives an example of topside marking and ball A 1 position identifier

location.

Other optional marking or inset/upset marks, which depend on supply chain operations, are

not indicated below.

Figure 89. UFBGA176+25 marking example (package top view)

Product identification(1)

Ball
Afidentifier

Revision code

R

STM3:2

[
\ FUOo?IGHBL

Date code

"\

O

Ky_l@

MSv36124V1

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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Figure 99. RMII with a 25 MHz crystal and PHY with PLL
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1. fhcLk must be greater than 25 MHz.
2. The 25 MHz (PHY_CLK) must be derived directly from the HSE oscillator, before the PLL block.
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Table 100. Document revision history (continued)

Date

Revision

Changes

24-Jan-2012

2
(continued)

Updated Table 61: USB HS clock timing parameters

Updated Table 67: ADC characteristics.

Updated Table 68: ADC accuracy at fADC = 30 MHz.

Updated Note 1 in Table 74: DAC characteristics.

Section 5.3.26: FSMC characteristics: updated Table 75 toTable 86,
changed C; value to 30 pF, and modified FSMC configuration for
asynchronous timings and waveforms. Updated Figure 59:
Synchronous multiplexed PSRAM write timings.

Updated Table 98: Package thermal characteristics.

Appendix A.1: USB OTG full speed (FS) interface solutions: modified
Figure 93: USB controller configured as peripheral-only and used in
Full speed mode added Note 2, updated Figure 94: USB controller
configured as host-only and used in full speed mode and added
Note 2, changed Figure 95: USB controller configured in dual mode
and used in full speed mode and added Note 3.

Appendix A.2: USB OTG high speed (HS) interface solutions: removed
figures USB OTG HS device-only connection in FS mode and USB
OTG HS host-only connection in FS mode, and updated Figure 96:
USB controller configured as peripheral, host, or dual-mode and used
in high speed mode and added Note 2.

Added Appendix A.3: Ethernet interface solutions.
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Table 100. Document revision history (continued)

Date

Revision

Changes

04-Jun-2013

4
(continued)

Updated Table 64: Dynamic characteristics: Eternity MAC signals for
SMi.

Updated Table 66: Dynamic characteristics: Ethernet MAC signals for
Mil.

Updated Table 79: Synchronous multiplexed NOR/PSRAM read
timings.

Updated Table 80: Synchronous multiplexed PSRAM write timings.
Updated Table 81: Synchronous non-multiplexed NOR/PSRAM read
timings.

Updated Table 82: Synchronous non-multiplexed PSRAM write
timings.

Updated Section 5.3.27: Camera interface (DCMI) timing specifications
including Table 87: DCMI characteristics and addition of Figure 72:
DCMI timing diagram.

Updated Section 5.3.28: SD/SDIO MMC card host interface (SDIO)
characteristics including Table 88.

Updated Chapter Figure 9.
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