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3.4

3.5

3.6

3.7

3

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 devices embed up to 512 Kbytes of Flash memory available for storing programs and
data.

To optimize the power consumption the Flash memory can also be switched off in Run or in
Sleep mode (see Section 3.18: Low-power modes). Two modes are available: Flash in Stop
mode or in DeepSleep mode (trade off between power saving and startup time, see

Table 34: Low-power mode wakeup timings(1)). Before disabling the Flash memory, the
code must be executed from the internal RAM.

One-time programmable bytes

A one-time programmable area is available with 16 OTP blocks of 32 bytes. Each block can
be individually locked.

(Additional information can be found in the product reference manual.)

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 devices embed:

e 128 Kbytes of system SRAM which can be accessed (read/write) at CPU clock speed
with 0 wait states
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Figure 7. Startup in regulator OFF: slow Vpp slope -
power-down reset risen after Voap 1/Vcap 2 stabilization
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This figure is valid whatever the internal reset mode (ON or OFF).

Figure 8. Startup in regulator OFF mode: fast Vpp slope -
power-down reset risen before Vcap 1/Vcap 2 stabilization
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This figure is valid whatever the internal reset mode (ON or OFF).
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Functional overview

3.16.3 Regulator ON/OFF and internal power supply supervisor availability
Table 3. Regulator ON/OFF and internal power supply supervisor availability
Power supply Power supply
Package Regulator ON Regulator OFF supervisor ON supervisor OFF
UFQFPN48 Yes No Yes No
Yes Yes
WLCSP49 Yes No PDR_ON set to VDD PDR_ON eét)ernal
control
LQFP64 Yes No Yes No
LQFP100 Yes No Yes No
Yes Yes Yes Yes
UFBGA100 BYPASS_REG setto | BYPASS_REG set to PDR_ON external
VSS VDD PDR_ON set to VDD control )

1. Refer to Section 3.15: Power supply supervisor

3.17

3

Real-time clock (RTC) and backup registers

The backup domain includes:
e  The real-time clock (RTC)
e 20 backup registers

The real-time clock (RTC) is an independent BCD timer/counter. Dedicated registers contain
the second, minute, hour (in 12/24 hour), week day, date, month, year, in BCD (binary-
coded decimal) format. Correction for 28, 29 (leap year), 30, and 31 day of the month are
performed automatically. The RTC features a reference clock detection, a more precise
second source clock (50 or 60 Hz) can be used to enhance the calendar precision. The RTC
provides a programmable alarm and programmable periodic interrupts with wakeup from
Stop and Standby modes. The sub-seconds value is also available in binary format.

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 32 kHz. The RTC can be calibrated using an external 512 Hz
output to compensate for any natural quartz deviation.

Two alarm registers are used to generate an alarm at a specific time and calendar fields can
be independently masked for alarm comparison. To generate a periodic interrupt, a 16-bit
programmable binary auto-reload downcounter with programmable resolution is available
and allows automatic wakeup and periodic alarms from every 120 ys to every 36 hours.

A 20-bit prescaler is used for the time base clock. It is by default configured to generate a
time base of 1 second from a clock at 32.768 kHz.

The backup registers are 32-bit registers used to store 80 bytes of user application data
when Vpp power is not present. Backup registers are not reset by a system, a power reset,
or when the device wakes up from the Standby mode (see Section 3.18: Low-power
modes).

Additional 32-bit registers contain the programmable alarm subseconds, seconds, minutes,
hours, day, and date.
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3.18

3.19

Note:

26/149

The RTC and backup registers are supplied through a switch that is powered either from the
Vpp supply when present or from the Vgar pin.

Low-power modes

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

e 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.

To further reduce the power consumption, the Flash memory can be switched off
before entering in Sleep mode. Note that this requires a code execution from the RAM.

e Stop mode

The Stop mode achieves the lowest power consumption while retaining the contents of
SRAM and registers. All clocks in the 1.2 V domain are stopped, the PLL, the HSI RC
and the HSE crystal oscillators are disabled. The voltage regulator can also be put
either in normal or in low-power mode.

The devices can be woken up from the Stop mode by any of the EXTI line (the EXTI
line source can be one of the 16 external lines, the PVD output, the RTC alarm/
wakeup/ tamper/ time stamp events).

e Standby mode

The Standby mode is used to achieve the lowest power consumption. The internal
voltage regulator is switched off so that the entire 1.2 V domain is powered off. The
PLL, the HSI RC and the HSE crystal oscillators are also switched off. After entering
Standby mode, the SRAM and register contents are lost except for registers in the
backup domain when selected.

The devices exit the Standby mode when an external reset (NRST pin), an IWDG reset,
a rising edge on the WKUP pin, or an RTC alarm/ wakeup/ tamper/time stamp event
occurs.

Standby mode is not supported when the embedded voltage regulator is bypassed and
the 1.2 V domain is controlled by an external power.

VgaT operation

The VBAT pin allows to power the device Vgar domain from an external battery, an external
super-capacitor, or from Vpp when no external battery and an external super-capacitor are
present.

VpaT Operation is activated when Vpp is not present.
The VBAT pin supplies the RTC and the backup registers.

When the microcontroller is supplied from VBAT, external interrupts and RTC alarm/events
do not exit it from Vgur operation. When PDR_ON pin is not connected to Vpp (internal
Reset OFF), the Vgt functionality is no more available and VBAT pin should be connected
to VDD'

3
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3.20 Timers and watchdogs

The devices embed one advanced-control timer, seven general-purpose timers and two
watchdog timers.

All timer counters can be frozen in debug mode.

Table 4 compares the features of the advanced-control and general-purpose timers.

Table 4. Timer feature comparison

DMA | Capture/ Max. | Max.
Timer . Counter | Counter | Prescaler P Complemen- | interface | timer
Timer . request | compare
type resolution| type factor eneration | channels tary output clock | clock
g (MHz) | (MHz)
Any
Up, integer
Advanced| iy | 4pit | Down, |betweent| Yes 4 Yes 100 | 100
-control
Up/down and
65536
Any
TIM2 Up, integer
’ 32-bit Down, |between1 Yes 4 No 50 100
TIM5
Up/down and
65536
Any
TIM3 Up, integer
’ 16-bit Down, |between1 Yes 4 No 50 100
TIM4
Up/down and
General 65536
purpose Any
integer
TIM9 16-bit Up between 1 No 2 No 100 100
and
65536
Any
integer
TIM10, 16-bit Up between 1 No 1 No 100 100
TIM11
and
65536

3.20.1 Advanced-control timers (TIM1)

The advanced-control timer (TIM1) can be seen as three-phase PWM generators
multiplexed on 4 independent channels. It has complementary PWM outputs with
programmable inserted dead times. It can also be considered as a complete general-
purpose timer. Its 4 independent channels can be used for:

. Input capture

e  Output compare

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

3
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STM32F411xC STM32F411xE Pinouts and pin description

Figure 11. STM32F411xC/xE LQFP64 pinout
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1. The above figure shows the package top view.
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Table 9. Alternate function mapping (continued)

AF00 AF01 AF02 AF03 AF04 AF05 AF06 AF07 AF08 AF09 AF10 AF11 | AF12 | AF13 | AF14 | AF15
SPI2/12S2/
Port TIM3/ TIM9/ 12C1/12C2/ SPI‘II’/EIS‘IS SPI3/ SPI3/12S3/ 12C2/
SYS_AF | TIM1/TIM2 TIM4/ TIM5 TIM10/ 12C3 12S2/SPI3/ 12S3/SPi4/ USART1/ | USART6 12C3 OTG1_FS SDIO
TIM11 12S4/SPI5/ USART2
1283
12S5
EVENT
PCO - - - - - - - - - - - - - - - oUT
EVENT
PC1 - - - - - - - - - - - - - - - ouT
EVENT
PC2 - - - - - SPI2_MISO | 12S2ext_SD - - - - - - - - ouUT
SPI2_MOSI EVENT
PC3 - - - - - /1282_SD - - - - - - - - - ouT
EVENT
pC4 - - - - - - - - - - - - - - OUT
EVENT
PC5 - - - - - - - - - - - - - - ouT
USART6_ SDIO_ EVENT
PC6 - - TIM3_CH1 - - 12S82_MCK - - T - - - D6 - - ouT
o
SPI2_SCKI/I USART6 SDIO EVENT
pwi - - - - — - — - - - — - -
k PC7 TIM3_CH2 282 CK 12S3_MCK RX D7 ouT
USART6_ SDIO_ EVENT
PC8 - - TIM3_CH3 - - - - - oK - - - Do - - ouT
SDIO_ EVENT
PC9 | MCO_2 - TIM3_CH4 - 12C3_SDA | 1282_CKIN - - - - - D1 - - OUT
SPI3_SCKI/I2 SDIO_ EVENT
PC10 - - - - - - S3 CK - ) ) . . D2 . ) ouT
SDIO_ EVENT
PC11 - - - - - 12S3ext_SD | SPI3_MISO - - - - - D3 - - ouT
pC12 ) ) ) ) ) ) SPI3_MOSI/ ) ) ) ) _ |sbio_| | EVENT
283 SD CK ouT
PC13 - - - - - - - - - - - - - - - -
PC14 - - - - - - - - - - - - - - - -
PC15 - - - - - - - - - - - - - - - -

IXLLYHAZEINLS DXL LYHAZEINLS

uonduosap uid pue sinould
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6.1.7

6.2

60/149

Current consumption measurement

Figure 18. Current consumption measurement scheme
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Absolute maximum ratings

Stresses above the absolute maximum ratings listed in Table 11: Voltage characteristics,
Table 12: Current characteristics, and Table 13: Thermal characteristics 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.

Table 11. Voltage characteristics

Symbol Ratings Min Max Unit
Vpp-Vss \E/:t;r)rgﬁl main supply voltage (including Vppa, Vpp and 03 4.0
Input voltage on FT and TC pins(?® Vgs—0.3 | Vpp*t4.0 | v
VN Input voltage on any other pin Vgs—0.3 4.0
Input voltage for BOOTO Vss 9.0
[AVppyl Variations between different Vpp power pins - 50
[Vssx Vss| | Variations between all the different ground pins - 50 m

see Section 6.3.14:
Absolute maximum

VespnHewm) | Electrostatic discharge voltage (human body model) ratings (electrical

sensitivity)

1. All main power (Vpp, Vppa) and ground (Vgg, Vssa) pins must always be connected to the external power
supply, in the permitted range.

2. V)y maximum value must always be respected. Refer to Table 12 for the values of the maximum allowed
injected current.

3
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Table 21. Typical and maximum current consumption, code with data processing (ART
accelerator disabled) running from SRAM - Vpp =3.6 V

Max(V
Symbol| Parameter Conditions (fII\-III(I:-ILzK) Typ Ta= Ta= Ta= Ta= Unit
25°C 85°C 105 °C 125 °C
100 | 21.7 | 233 23.9 24.3 25.3
External clock, 84 | 175 | 19.20 19.4 19.5 20.5
)
PLL ON', all 64 | 12.2 13.2 13.5 14.0 14.9
peripherals
enabled®®) 50 9.6 10.4 10.7 11.2 12.1
20 45 5.0 5.3 5.9 6.8
HSI, PLL OFF, all | 16 3.0 3.3 3.6 4.3 5.2
peripherals
Supply enabled® 1 0.5 0.7 1.0 1.7 2.6
Ibp current in mA
Run mode 100 | 13.0 | 14.6®) 14.6 14.9 16.0
External clock, 84 | 105 | 11.90) 12.1 12.2 13.2
2
PLL QFF( ) 64 7.4 8.4 8.8 8.9 9.9
all peripherals ' : ’ : :
disabled® 50 5.9 6.6 6.8 7.3 8.2
20 2.8 3.3 35 4.2 5.1
HSI, PLL OFF, all | 16 1.9 2.1 2.4 3.1 4.0
peripherals
disabled® 1 0.4 0.5 0.9 1.6 25

1. Guaranteed by characterization results.
2. Referto Table 41 and RM0383 for the possible PLL VCO setting

3. When analog peripheral blocks such as ADC, HSE, LSE, HSI, or LSI are ON, an additional power consumption has to be
considered.

4. When the ADC is ON (ADON bit set in the ADC_CR?2 register), add an additional power consumption of 1.6 mA for the
analog part.

5. Guaranteed by test in production.

3
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Electrical characteristics

Table 25. Typical and maximum current consumption in run mode, code with data processing
(ART accelerator enabled with prefetch) running from Flash memory - Vpp =3.6 V

Max(")
Symbol | Parameter Conditions {;\-III(I:-ILZK) Typ Ta= | Ta= | Ta= | Ta= |UNit
25°C | 85°C |105°C |125°C
100 31.7 33.6 34.5 35.5 37.0
External clock, PLL 84 26.9 28.6 294 30.3 31.6
zll\l[i)riipherals 64 19.6 20.9 21.5 22.3 23.5
enabled®® 50 15.6 16.7 | 172 | 18.0 | 19.1
20 7.6 8.4 8.8 9.5 10.6
HSI, PLL OFF@), a| 16 5.1 5.6 6.1 6.8 7.9
o |supply curent peripherals enabled(® 1 10 13 | 17 | 23 [ 34 |
in Run mode 100 225 242 | 249 | 260 | 27.3
el dlock. PLL ON® 84 195 | 2110 | 218 | 228 | 24.1
all peripherals‘disabled(s) 64 14.5 157 16.3 17 183
50 11.7 12.7 13.2 14.0 15.1
20 5.6 6.4 6.8 7.4 8.5
HSI, PLL OFF®) all 16 4.0 4.5 4.9 5.6 6.7
peripherals disabled(®) 1 0.9 1.2 16 29 3.3

Guaranteed by characterization results.

Refer to Table 41 and RM0383 for the possible PLL VCO setting

while the ADC is ON (ADON bit is set in the ADC_CR2 register).

analog part.

3

Guaranteed by test in production.
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Figure 22. High-speed external clock source AC timing diagram
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Low-speed external user clock generated from an external source

In bypass mode the LSE oscillator is switched off and the input pin is a standard 1/0. The
external clock signal has to respect the Table 53. However, the recommended clock input
waveform is shown in Figure 23.

The characteristics given in Table 36 result from tests performed using an low-speed
external clock source, and under ambient temperature and supply voltage conditions
summarized in Table 14.

Table 36. Low-speed external user clock characteristics

Symbol Parameter Conditions Min Typ Max Unit
User External clock source
fLSE ext frequency(!) - 32.768 1000 kHz
OSC32_IN input pin high level )
ViseH voltage 0.7Vpp Vbp v
V| seL OSC32_IN input pin low level voltage - Vss - 0.3Vpp
fw(LSEH) 0SC32_IN high or low time(" 450 - -
twLsEL)
ns
trLse) 0SC32_IN rise or fall time(") - - 50
tiLsE)
Cintse) | OSC32_IN input capacitance(!) - - 5 - pF
DuCy sk | Duty cycle - 30 - 70 %
I OSC32_IN Input leakage current Vss<ViINE Vpp - - 1 MA
1. Guaranteed by design.
1S7 DoclD026289 Rev 6 83/149
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Figure 25. Typical application with a 32.768 kHz crystal
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6.3.9 Internal clock source characteristics

The parameters given in Table 39 and Table 40 are derived from tests performed under
ambient temperature and Vpp supply voltage conditions summarized in Table 14.

High-speed internal (HSI) RC oscillator

Table 39. HSI oscillator characteristics (1)

Symbol Parameter Conditions Min | Typ | Max | Unit
fusi Frequency - 16 - MHz
User-trimmed with the RCC_CR ) ) 1 Y
register(?) °
= oc® - -
e Accuracy of the HSI Ta=-4010125°C 8 55
RSl | oscillator Factory- |TA=-40t0105°C® | -8 - | 45 | %
calibrated To=-10to 85 °C® -4 - 4 %
Tp =25 °C*) -1 - 1 %
2y | HSI oscillator
tsurs® startup time ) 22 4 HS
2) | HSI oscillator )
lpptsi) power consumption 60 80 WA

1. Vpp =3.3V, Tp =-40 to 125 °C unless otherwise specified.
Guaranteed by design.

Guaranteed by characterization results.

-

Factory calibrated non-soldered parts.

3
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Table 41. Main PLL characteristics (continued)

Symbol Parameter Conditions Min Typ Max Unit
VCO freq = 100 MHz 0.15 0.40
| “) PLL ti VDD -
DD(PLL) power consumption on VCO freq = 432 MHz 0.45 0.75 .
m
| (4) PLL power consumption on VCO freq = 100 MHz 0.30 i 0.40
DDA(PLL) VDDA VCO freq = 432 MHz 0.55 0.85

1. Take care of using the appropriate division factor M to obtain the specified PLL input clock values. The M factor is shared
between PLL and PLLI2S.

2. Guaranteed by design.

The use of two PLLs in parallel could degraded the Jitter up to +30%.

4. Guaranteed by characterization results.

Table 42. PLLI2S (audio PLL) characteristics

Symbol Parameter Conditions Min Typ Max Unit
foLLi2s IN PLLI2S input clock(") - 0.95(2) 1 2.10
fPLL|23_OUT PLLI2S multlpller OUtpUt clock - - - 216 MHz
fyco_out PLLI2S VCO output - 100 - 432

VCO freq = 100 MHz 75 - 200
tLock PLLI2S lock time us
VCO freq = 432 MHz 100 - 300
Cycle to cycle at RMS B 90 B
12.288 MHz on peak
48 kHz period, to - 1280 -
) N=432, R=5 peak
Master 12S clock jitter
L (3) Average frequency of
Jitter 12.288 MHz . oS
N=432,R=5 i 0 i
on 1000 samples
le t le at 48 KH
WS 125 clock jitter Cycle to cycle a ‘ ; 400 ;
on 1000 samples
4) | PLLI2S power consumption on | VCO freq = 100 MHz 0.15 0.40
IpD(PLLI2S) _ -
Vbb VCO freq = 432 MHz 0.45 0.75
mA
| (4) | PLLI2S power consumption on | VCO freq = 100 MHz 0.30 i 0.40
DDA(PLLIZS) ™ | VoA VCO freq = 432 MHz 0.55 0.85
1. Take care of using the appropriate division factor M to have the specified PLL input clock values.
2. Guaranteed by design.
3. Value given with main PLL running.
4. Guaranteed by characterization results.
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6.3.13

3

Table 46. Flash memory programming with Vpp voltage (continued)

Symbol Parameter Conditions Min® | Typ | Max(™ | Unit
Vorog Programming voltage 2.7 - 3.6 \Y
Vpp Vpp voltage range 7 - 9 \Y
Minimum current sunk on
lpp the Vpp pin 10 ) i mA
3) Cumulative time during ) )
tvpp which Vpp is applied 1 | hour
1. Guaranteed by design.
2. The maximum programming time is measured after 100K erase operations.
3. Vpp should only be connected during programming/erasing.
Table 47. Flash memory endurance and data retention
Value
Symbol | Parameter Conditions Unit
Min("
Tp =-40to + 85 °C (temp. range 6)
Nenp | Endurance Tp =-40to + 105 °C (temp. range 7) 10 kcycles
Tp =-40to + 125 °C (temp. range 3)
1 keycle® at T, = 85 °C 30
1 keycle® at Ty = 105 °C 10
trer | Data retention Years
1 keycle® at Ty = 125 °C 3
10 keyclel® at Tp = 55 °C 20

1. Guaranteed by characterization results.

2. Cycling performed over the whole temperature range.

EMC characteristics

Susceptibility tests are performed on a sample basis during device characterization.

Functional EMS (electromagnetic susceptibility)

While a simple application is executed on the device (toggling 2 LEDs through 1/O ports).
the device is stressed by two electromagnetic events until a failure occurs. The failure is
indicated by the LEDs:

e Electrostatic discharge (ESD) (positive and negative) is applied to all device pins until
a functional disturbance occurs. This test is compliant with the IEC 61000-4-2 standard.

e FTB: A burst of fast transient voltage (positive and negative) is applied to Vpp and Vgg
through a 100 pF capacitor, until a functional disturbance occurs. This test is compliant
with the IEC 61000-4-4 standard.

A device reset allows normal operations to be resumed.

The test results are given in Table 49. They are based on the EMS levels and classes
defined in application note AN1709.
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I2S interface characteristics

Unless otherwise specified, the parameters given in Table 61 for the 1S interface 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: 0.5Vpp

Refer to Section 6.3.16: I/O port characteristics for more details on the input/output alternate

function characteristics (CK,

SD, WS).

Table 61. I2S dynamic characteristics(!)
Symbol Parameter Conditions Min Max Unit
fack 12S Main clock output - 256x8K | 256xFs® | MHz
Master data: 32 bits - 64xFs
fek 12S clock frequency MHz
Slave data: 32 bits - 64xFs
Dck 12S clock frequency duty cycle | Slave receiver 30 70 %
tyws) WS valid time Master mode 0 7
thews) WS hold time Master mode 1.5 -
tsuws) WS setup time Slave mode 1.5 -
thows) WS hold time Slave mode 3 -
tsusp MR Master receiver 1 -
su(SD_MR) Data input setup time
tsu(sb_sRr) Slave receiver 25 - ns
{ Master receiver 7 -
h(SD_MR) Data input hold time
th(sb_sR) Slave receiver 2.5 -
ty(sp_sT) Slave transmitter (after enable edge) - 20
= Data output valid time
tysp_mT) Master transmitter (after enable edge) - 6
thsp_sT) Slave transmitter (after enable edge) 8 -
= Data output hold time
th(sp_mT) Master transmitter (after enable edge) 2 -

1. Guaranteed by characterization results.

2. The maximum value of 256xFs is 50 MHz (APB1 maximum frequency).

Note:

110/149

Refer to the 12S section of RM0383 reference manual for more details on the sampling

frequency (Fg).

fvck fok, and Dy values reflect only the digital peripheral behavior. The values of these

parameters might be slightly impacted by the source clock precision. D¢y depends mainly
on the value of ODD bit. The digital contribution leads to a minimum value of
(12SDIV/(2*12SDIV+0DD) and a maximum value of (I2SDIV+0ODD)/(2*12SDIV+0DD). Fg
maximum value is supported for each mode/condition.
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Table 65. ADC characteristics (continued)

Symbol Parameter Conditions Min Typ Max Unit
{(2) |Injection trigger conversion fapc = 30 MHz - - 0.100 s
lat latency - - 30 | 1fape
.. @ |Regular trigger conversion fapc =30 MHz - - 0.067 s
latr latency _ _ 260 [ 1/fanc
f =30 MHz 0.100 - 16 us
ts(z) Sampling time ADC
3 - 480 1fapc
tSTAB(z) Power-up time - 2 3 us
fADC =30 MHz
0.50 - 16.40
12-bit resolution Hs
fADC =30 MHz
0.43 - 16.34
10-bit resolution Hs
(2) | Total conversion time (including fapc = 30 MHz i
tcony sampling time) 8-bit resolution 0.37 16.27 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 resolution
- - 2 M
Single ADC SpS
Sampling rate 12-bit resolution
fs(z) (fapc = 30 MHz, and Interlea\r;eogsal ADC - - 3.75 Msps
ts = 3 ADC cycles)
12-bit resolution
Interleave Triple ADC - - 6 Msps
mode
ADC Vggrg DC current
IVREF+(2) consumption in conversion - 300 500 MA
mode
ADC Vppa DC current
| & consumption in conversion - 1.6 1.8 mA
VDDA
mode

1. Vppa minimum value of 1.7 V is possible with the use of an external power supply supervisor (refer to Section 3.15.2:
Internal reset OFF).

2. Guaranteed by characterization results.

3. VRer-+ is internally connected to Vppa and Vreg. is internally connected to Vgga.

4. Rapc maximum value is given for Vpp=1.7 V, and minimum value for Vpp=3.3 V.

5. For external triggers, a delay of 1/fpc k2 must be added to the latency specified in Table 65.
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Table 81. UFQFPN48 - 48-lead, 7 x 7 mm, 0.5 mm pitch, ultra thin fine pitch
quad flat package mechanical data (continued)

millimeters inches(?
Symbol
Min. Typ. Max. Min. Typ. Max.
E2 5.500 5.600 5.700 0.2165 0.2205 0.2244
0.300 0.400 0.500 0.0118 0.0157 0.0197
T - 0.152 - - 0.0060 -
0.200 0.250 0.300 0.0079 0.0098 0.0118
e - 0.500 - - 0.0197 -
ddd - - 0.080 - - 0.0031

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

Figure 50. UFQFPN48 - 48-lead, 7 x 7 mm, 0.5 mm pitch, ultra thin fine pitch
quad flat recommended footprint

- 7.30 »>
< 6.20 >
£ HOOOOO0O0O000
4 36 A
_ (-
- (-
020 5.60 (-
I:I (-
7.30 (] _ _ (| 5.5
620 [ (| :
I:I (-
0.3 oD <——5.60 } »| =
v - (-
1r|:| \/ -
\ R Y
v 0000000000
01.55 0-50 075
< 5380 > AOB9_FP_V2
1. Dimensions are in millimeters.
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B.3 Batch Acquisition Mode (BAM) example

Data is transferred through the DMA from interfaces into the internal SRAM while the rest of
the MCU is set in low power mode.

e  Code execution from RAM before switching off the Flash.

e Flash is set in power down and flash interface (ART™ accelerator) clock is stopped.
e The clocks are enabled only for the required interfaces.

e MCU core is set in sleep mode (core clock stopped waiting for interrupt).

e  Only the needed DMA channels are enabled and running.

Figure 65. Batch Acquisition Mode (BAM) example

Accelerometer

Gyroscope
Magnetometer
STM32F4T1XE pB6/PB10/PAS| SCL
48- and 49-pin package —1 12C Pressure
PB7/PB9/PB4| SDA |
3x 12C
CORTEX M4 pe13|SLK —— Ambient light
15xGPIO | oo CPU + MPU 128
1 +FPU PB15|DATA
1 BOOTO e itlies Proximity
TX
PA9
V—DIE_ 512 kB Flash :’ UART Micro
PDRON ART PA10JRX
1TAG swoiof o 4a onalNss
SWCLK
PA14 5x SPI or SCK
SWO | pgs 128 kB SRAM 5x 12 PAS5 SPI HOST
(2x full duplex) pas|MISO
—— NRST I I [YeY
OSC 32k DMA
pc14 PA1/PA3) ADC .
- 1x 12-bit ADC L~ Temperature/Humidity
I T PC15 10 channels/2 Msps
T Up to 10 ADC inputs possible for the 48 and 49 pins package

Legend: I:l Low-power part I:l Active part

MS35549V1

3

146/149 DocID026289 Rev 6




