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3.10.4 Low-power modes
5] The ultra-low-power STM32L4Rxxx devices support seven low-power modes to achieve the best compromise between low-power
consumption, short startup time, available peripherals and available wake-up sources. Table 4 shows the related STM32L4Rxxx
modes overview.
Table 4. STM32L4R5xx modes overview
Mode Regulator(” CPU Flash SRAM Clocks DMA & Peripherals(z) Wakeup source
Range 1
SMPM rage 2 All
High
Run Yes ON®) ON Any N/A
Range 2
All except
SMPS range 2 OTG_FS, RNG, LCD-TFT
Low
o
% 3) Any except All except
S LPRun LPR Yes ON ON PLL OTG_FS, RNG, LCD-TFT N/A
N
w Range 1
>
< SMPM rage 2 All
N .
High
Sleep No ON®) ON®) Any Any interrupt or event
Range 2
All except
SMPS range 2 OTG_FS, RNG, LCD-TFT
Low
A
LPSleep LPR No ON®) ON®) ny All except OTG_FS, RNG, LCD-TFT Any interrupt or event
except PLL
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8 Table 4. STM32L4R5xx modes overview (continued)
g Mode Regulator(” CPU Flash SRAM Clocks DMA & Peripherals(z) Wakeup source
BOR, PVD, PVM
Range 1 RTC, IWDG Reset pin, all I/0s
COMPX (x=1,2) BOR, PVD, PVM
DACX (x=1,2) RTC, IWDG
OPAMPXx (x=1,2) COMPx (x=1..2)
(6) LSE -1_5)®) -1_5)6)
Stop 0 No Off ON | USARTX (x=1...5) USARTX (x=1...5)
LPUART1®) LPUART1®)
12Cx (x=1...4)7) 12Cx (x=1...4)7)
LPTIMx (x=1,2) LPTIMx (x=1,2)
Range 2 ik OTG FS®
All other peripherals are frozen
@
N
o
N BOR, PVD, PVM
(JDU RTC, IWDG Reset pin, all I/0s
N COMPX (x=1,2) BOR, PVD, PVM
DACX (x=1,2) RTC, IWDG
LSE OPAMPXx (x=1,2) COMPx (x=1..2)
Stop 1 LPR No Off ON LS| USARTXx (x=1...5)®) USARTXx (x=1...5)©)
LPUART1®) LPUART1®)
12Cx (x=1...4)7) 12Cx (x=1...4)7)
LPTIMx (x=1,2) LPTIMx (x=1,2)
OTG_Fs®
All other peripherals are frozen
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Functional overview STM32L4R5xx, STM32L4R7xx and STM32L4R9xx

Table 5. Functionalities depending on the working mode(") (continued)

Stop 0/1 Stop 2 Standby |Shutdown
2 2 2 2
Low- | Low- S i 5 i
Peripheral Run Sleep | power | power § § § § VBAT
run sleep - 3] - o - o - o
o o o o
> > =] >
) o ) o
3 3 3 3
= = = =
Independent
watchdog (IWDG) o © o o O Bl O IEN C = ) ) .
Window watchdog
(WWDG) o © © o ) ) ) ) . ) ) . .
SysTick timer (0] @) (0] (0] - - - - - = - - -
Touch sensing
controller (TSC) © © © © . ) ) ) ) ) ) ) .
Random number 0®) 0®) ) ) ) _ ) ) ) _ ) i )
generator (RNG)
CRC calculation
unit o o o o . ) ) . . ) ) . .
5
GPIOs o} o) o} o} O O| 0 O/ ® pins|™ pins| -
(10) (10)

1.

Legend: Y = yes (enable). O = optional (disable by default, can be enabled by software). - = not available.

Gray cells highlight the wakeup capability in each mode.

2.
3.

10.
1.

The Flash can be configured in power-down mode. By default, it is not in power-down mode.

The SRAM clock can be gated on or off. In Stop 2 mode, the content of SRAM3 is preserved or not depending on the
RRSTP bit in PWR_CR1 register.

SRAM2 content is preserved when the bit RRS is set in PWR_CR3 register.

Some peripherals with wakeup from Stop capability can request HSI16 to be enabled. In this case, HSI16 is woken up by
the peripheral, and only feeds the peripheral which requested it. HSI116 is automatically put off when the peripheral does not
need it anymore.

UART and LPUART reception is functional in Stop mode, and generates a wakeup interrupt on Start, address match or
received frame event.

12C address detection is functional in Stop mode, and generates a wakeup interrupt in case of address match.
Voltage scaling range 1 only.

1/0Os can be configured with internal pull-up, pull-down or floating in Standby mode.

The 1/0s with wakeup from standby/shutdown capability are: PAO, PC13, PE6, PA2, PC5.

1/0Os can be configured with internal pull-up, pull-down or floating in Shutdown mode but the configuration is lost when
exiting the Shutdown mode.

3.10.5 Reset mode

36/310 DS12023 Rev 4

In order to improve the consumption under reset, the 1/0Os state under and after reset is
“analog state” (the I/O schmitt trigger is disable). In addition, the internal reset pull-up is
deactivated when the reset source is internal.
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STM32L4R5xx, STM32L4R7xx and STM32L4R9xx Functional overview

3.10.6

Note:

3.1

VBAT operation

The VBAT pin allows to power the device VBAT domain from an external battery, an external
supercapacitor, or from Vpp when there is no external battery and when an external
supercapacitor is present. The VBAT pin supplies the RTC with LSE and the backup
registers. Three anti-tamper detection pins are available in VBAT mode.

The VBAT operation is automatically activated when Vpp is not present. An internal VBAT
battery charging circuit is embedded and can be activated when Vpp is present.

When the microcontroller is supplied from VBAT, neither external interrupts nor RTC
alarm/events exit the microcontroller from the VBAT operation.

Interconnect matrix

Several peripherals have direct connections between them, which allow autonomous
communication between them and support the saving of CPU resources (thus power supply
consumption). In addition, these hardware connections allow fast and predictable latency.

Depending on the peripherals, these interconnections can operate in Run, Sleep, Low-
power run and Sleep, Stop 0, Stop 1 and Stop 2 modes. See Table 6 for more details.

Table 6. STM32L4R5xx, STM32L4R7xx and STM32L4R9xx
peripherals interconnect matrix

3
5| 8| %
I
Interconnect . c| & 2| 8| 9| o
Interconnect source L. Interconnect action S| o| 3| 2| =| @
destination | 5 ol o =
0| a n
: o
2 )
91 3| &
-3
TIMx Timers synchronization or chaining Y|Y|Y|Y|-]-
ADC
DACx Conversion triggers Y[Y|Y|Y]|-]|-
TIMx DFSDMH1
DMA Memory to memory transfer trigger Y[Y|Y|Y]|-]|-
COMPx Comparator output blanking Y[Y|Y|Y]|-]|-
TIM1, 8 Timer input channel, trigger, break from vivivlyl-1-
TIM2, 3 analog signals comparison
COMPx : :
LPTIMERx pr-powertlmgrtrlggered by analog vivlivylyly (\1{)
signals comparison
ADCx TIM1, 8 Timer triggered by analog watchdog Y[Y|Y|Y]|-]|-
TIM16 Timer input channel from RTC events Y|IY|[Y|Y]|-]|-
RTC ) - -
LPTIMERxX Low-power timer triggered by RTC alarms vivlivlyly (\1()
or tampers
All clocks sources (internal | TIM2 Clock source used as input channel for vivivlv|-l-
and external) TIM15, 16, 17 RC measurement and trimming
1S7 DS12023 Rev 4 37/310




Functional overview STM32L4R5xx, STM32L4R7xx and STM32L4R9xx

3.19.2

3.19.3

3.20

46/310

Table 8. Temperature sensor calibration values

Calibration value name Description Memory address

TS ADC raw data acquired at a
TS_CAL1 temperature of 30 °C (£ 5 °C), O0x1FFF 75A8 - Ox1FFF 75A9
VDDA = VREF+ =3.0V (i 10 mV)

TS ADC raw data acquired at a
TS_CAL2 temperature of 130 °C (£ 5 °C), | Ox1FFF 75CA - Ox1FFF 75CB
VDDA = VREF+ =30V (i 10 mV)

Internal voltage reference (VrerinT)

The internal voltage reference (VREFINT) provides a stable (bandgap) voltage output for
the ADC and the comparators. The VREFINT is internally connected to the ADC1_INO input
channel. The precise voltage of VREFINT is individually measured for each part by ST
during production test and stored in the system memory area. It is accessible in read-only
mode.

Table 9. Internal voltage reference calibration values

Calibration value name Description Memory address

Raw data acquired at a
VREFINT temperature of 30 °C (= 5 °C), Ox1FFF 75AA - Ox1FFF 75AB
Vppa = Vrep+=3.0V (x 10 mV)

Vgar battery voltage monitoring

This embedded hardware enables the application to measure the Vgt battery voltage using
the internal ADC channel ADC1_IN18. As the Vgar voltage may be higher than the VDDA,
and thus outside the ADC input range, the VBAT pin is internally connected to a bridge
divider by 3. As a consequence, the converted digital value is one third of the Vgt voltage.

Digital to analog converter (DAC)

Two 12-bit buffered DAC channels can be used to convert digital signals into analog voltage
signal outputs. The chosen design structure is composed of integrated resistor strings and
an amplifier in inverting configuration.

This digital interface supports the following features:

e  Up to two DAC output channels

e  8-bit or 12-bit output mode

e Buffer offset calibration (factory and user trimming)

e Left or right data alignment in 12-bit mode

e  Synchronized update capability

¢ Noise-wave generation

e Triangular-wave generation

3
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Table 15. STM32L4Rxxx pin definitions (continued)

Pin number
STM32L4R5xxx, STM32L4R7xxx STM32L4R9xxx ’g @ 2
o ® 2 g
7] n Q. o 3 Q c
7] € o o b » =
£ < 3 = @ < S ¥ | @ sE | 2| 3 ] 2 2
(=3 = o~ = < < (7 © o < < 0 < © - ] o ) ©
e‘””wI:EQ"'SS"q'E"-EgE‘"Z 5 s
o | & | T || |5 |8 g o | o é T | » 5 i~ o = =]
L2l |50 |3 |l |5 | a|s|C|m 2 = 8 5
Sl |la|a |9 2|3 |9 |9 | |&|2|L £ = ]
o i = (91|53 S| |®]53 = < <
@ - 5 2
- RTC_TAMP1/RT
7 C1 C1 7 7 D11 | E1 E1 7 7 E4 | D11 | D11 | E1 PC13 | I/O FT M EVENTOUT C_TS/RTC_OUT
@ JWKUP2
PC14-
0SC32 M
8 D1 D1 8 8 E11 | F1 F1 8 8 D1 | E11 | E11 | F1 IN 110 FT @) EVENTOUT OSC32_IN
(PC14)
PC15-
0SC32 M
9 E1 E1 9 9 E12 | G1 | (1 9 9 D2 |E12 | E12 | G1 ouT 110 FT @) EVENTOUT 0OSC32_0OuUT
(PC15)
12C2_SDA,
- D6 | D6 | 10 10 | E9 | F5 | F5 - 10 E3 | E9 | E9 | F5 PFO /O | FT_f - | OCTOSPIM_P2_I0O0, -
FMC_AO, EVENTOUT
12C2_SCL,
- D5 | D5 1 1" F8 F4 | F4 - 1 E2 | F8 F8 | F4 PF1 /O | FT_f - | OCTOSPIM_P2_IO1, -
FMC_A1, EVENTOUT
[2C2_SMBA,
- D4 | D4 | 12 12 |F12 | F3 | F3 - 12 E1 | F12 | F12 | F3 PF2 110 FT - | OCTOSPIM_P2_102, -
FMC_A2, EVENTOUT
- E4 | E4 13 13 |F11| G3 | G3 - 13 E5 | F11 | F11 | G3 PF3 110 FT - OCTOSPIM_P2_lO3, -

FMC_A3, EVENTOUT
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Table 15. STM32L4Rxxx pin definitions (continued)

Pin number
STM32L4R5xxx, STM32L4R7xxx STM32L4R9xxx ’-og @ 2
o ® 2 g
» » Q o 3 e c
7 €9 o s » c
e 12| |<|E, cE g 880888 :
(=3 = o~ = < < (7 © o < < 0 < © - ] o ) ©
e ) © wl ‘ﬂ‘_ E ml - S ‘ﬂ_' -— ﬂ'l E - Eg & 7] 4 © g
o | & | T || |5 |8 g o | o é T | » 5 i~ o = =]
L2l |50 |3 |l |5 | a|s|C|m| 2 = 8 5
Sl |la|a |9 2|3 |9 |9 | |&|2|L 5 = T
o i = (91|53 S| |®]53 = < <
@ - 5 2
TIM1_CH2,
DFSDM1_CKIN4,
TSC_G5_102,
42 | M9 | M9 | 64 | 64 | L5 | N8 | N8 | 39 | 60 | H7 | L5 | L5 | N8 PE11 | 1/O FT - OCTOSPIM_P1_NCS, -
LCD_G4, FMC_D8,
EVENTOUT
TIM1_CH3N,
SPI1_NSS,
DFSDM1_DATINS,
43 | L9 | L9 | 65 | 65 | M5 | M8 | M8 | 40 | 61 | M9 | M5 | M5 | M8 PE12 |1/O FT - TSC_G5_103, -
OCTOSPIM_1_100,
LCD_G5, FMC_D9,
EVENTOUT
TIM1_CH3,
SPI1_SCK,
DFSDM1_CKINS,
44 (M10|(M10| 66 | 66 | J5 L8 | L8 | 41 62 | J8 | J5 J5 L8 PE13 | 1/O FT - TSC_G5 104, -

OCTOSPIM_P1_|01,
LCD_G6, FMC_D10,
EVENTOUT

uonduosap uid pue sinould
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Table 16. Alternate function AF0 to AF7(") (continued)

AFO AF1 AF2 AF3 AF4 AF5 AF6 AF7
SPI2/SAM/12C4/U
Port | 616 _Fs/| TIM1/2/5/8IL | TIM1/2/3/4/ | SART2/0TG_FS/T | 12¢1/2/3/4ipC | SPV1/2/312C4/DFS | SPIS/I2C3/DFS
b R . R o " DM1/DCMI/OCTOS | DM1/COMP1/0 USART1/2/3
~ 4 PIM_P1/2 CTOSPIM_P2
PCO - LPTIM1_IN1 - - 12C3_SCL - DFSDM1_DATIN4 -
PC1 | TRACEDO | LPTIM1_OUT - SPI2_MOSI 12C3_SDA - DFSDM1_CKIN4 -
PC2 - LPTIM1_IN2 - - - SPI2_MISO DFSDM1_CKOUT -
PC3 - LPTIM1_ETR - SAI1_D1 - SPI2_MOSI - -
PC4 - - - - - - - USART3_TX
PC5 - - - SAI1_D3 - - - USART3_RX
PC6 - - TIM3_CH1 TIM8_CH1 - - DFSDM1_CKIN3 -
PC7 - - TIM3_CH2 TIM8_CH2 - - DFSDM1_DATIN3 -
PC8 - - TIM3_CH3 TIM8_CH3 - - - -
Port
C PC9 | TRACEDO | TIM8 BKIN2 TIM3_CH4 TIM8_CH4 DCMI_D3 - 12C3_SDA -
PC10 | TRACED1 - - - - - SPI3_SCK USART3_TX
PC11 ; ; ; ; DCMI_ D2 | OCTOSPIM_P1_NCS| SPI3_MISO USART3_RX
PC12 | TRACED3 - - - - - SPI3_MOSI USART3_CK
pc13| - ; : : ; : - ;
pci4| - ; : : ; : - ;
PCi5| - ; : : ; : - ;

XX6HPIZENLS PUB XXLHYTZENLS XXGHYTZENLS
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Table 17. Alternate function AF8 to AF15(!) (continued)

AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
Port UARTA4/5/ SDMMC/
LPUART1/ | CAN1/TSC OTG_FS/IDCMY LCD COMP1/2/ SAI/2 TIM2MSM6M7] | eyenouT
OCTOSPI_P1/P2 LPTIM2
CAN2 — FMC

PDO - CAN1_RX - LCD_B4 FMC_D2 - - EVENTOUT
PD1 - CAN1_TX - LCD_B5 FMC_D3 - - EVENTOUT
PD2 | UART5 RX | TSC_SYNC DCMI_D11 - SDMMDCLCM - - EVENTOUT
PD3 - - OCTOSPIM_P2_NCS| LCD_CLK FMC_CLK - - EVENTOUT
PD4 - - OCTOSPIM_P1_104 - FMC_NOE - - EVENTOUT
PD5 - - OCTOSPIM_P1_105 - FMC_NWE - - EVENTOUT
PD6 - - OCTOSPIM_P1 106 | LCD DE | FMC_NWAIT | SAI1_SD_A - EVENTOUT
PortD | ppy - - OCTOSPIM_P1_107 - FM%—'}'\]%E/FM - - EVENTOUT
PD8 - - DCMI_HSYNC LCD_R3 FMC_D13 - - EVENTOUT
PD9 - - DCMI_PIXCLK LCD_R4 FMC_D14 | SAI2_MCLK_A - EVENTOUT
PD10 - TSC_G6_101 - LCD_R5 FMC_D15 | SAI2_SCK_A - EVENTOUT
PD11 - TSC_G6_102 - LCD_R6 FMC_A16 SAI2_SD_A | LPTIM2_ETR | EVENTOUT
PD12 - TSC_G6_103 - LCD_R7 FMC_A17 SAI2_ FS_ A | LPTIM2_IN1 | EVENTOUT
PD13 - TSC_G6_104 - - FMC_A18 - LPTIM2_OUT | EVENTOUT
PD14 - - - LCD_B2 FMC_DO - - EVENTOUT
PD15 - - - LCD_B3 FMC_D1 - - EVENTOUT
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Table 28. Current consumption in Run and Low-power run modes, code with data
processing running from Flash in dual bank, ART enable (Cache ON Prefetch OFF)

Conditions TYP max("
Symbol | Parameter Voltage fHCLK Unit
- ) 25°C | 55°C | 85°C | 105°C | 125°C | 25°C | 55°C | 85°C | 105°C | 125°C
scaling
26 MHz | 360 | 395 | 505 | 6.65 | 955 | 4.2 5.0 7.1 11.0 | 17.0
16MHz | 230 | 265 | 375 | 535 | 820 | 27 3.6 5.6 89 | 15.0
8MHz | 130 | 165 | 270 | 430 | 715 | 16 2.4 4.4 77 | 140
Range 2 4MHz | 0770 | 110 | 220 | 3.75 | 6.60 | 1.0 1.8 38 7.1 14.0
2MHz | 0515 |0.865| 195 | 350 | 6.35 | 0.7 1.5 35 6.8 | 13.0
fHCLK = fHSE 1MHz | 0.380 | 0.735| 1.80 | 3.35 | 6.20 | 0.6 14 34 | 67 | 130
up to 48MHz
included, 100 KHz | 0.265 | 0.620 | 1.70 | 325 | 6.10 | 0.4 1.2 3.2 6.5 | 13.0
DD Supply bypass mode Range 1
(Run) currentin | PLL ON B Mod 120 MHz| 17.0 | 18.0 | 195 | 215 | 255 | 19.0 | 21.0 | 24.0 | 28.0 | 36.0 | mA
Run mode |above 48 oost Mode
MHz all 80MHz | 125 | 13.0 | 140 | 16.0 | 195 | 140 | 150 | 18.0 | 22.0 | 29.0
peripherals
disable 72MHz | 110 | 115 | 13.0 | 150 | 185 | 13.0 | 140 | 17.0 | 21.0 | 28.0
R 64 MHz | 990 | 105 | 12.0 | 140 | 175 | 120 | 13.0 | 150 | 19.0 | 26.0
ange 1
Normal 48MHz | 785 | 830 | 975 | 115 | 150 | 87 99 | 13.0 | 17.0 | 24.0
Mode 32MHz | 535 | 580 | 720 | 9.20 | 125 | 6.1 7.1 96 | 14.0 | 21.0
24MHz | 410 | 455 | 595 | 7.90 | 115 | 4.7 5.7 82 | 13.0 | 20.0
16MHz | 2.80 | 3.30 | 465 | 6.60 | 10.0 | 3.3 4.3 6.8 | 11.0 | 18.0
2MHz | 460 | 905 | 2150 | 3950 | 7100 | 660 | 1700 | 4100 | 7700 | 15000
Supply
DD currentin | fHCLK = fmsl 1MHz | 355 | 760 | 2000 | 3800 | 6950 | 540 | 1500 | 3900 | 7600 | 14000 A
(LPRun) '-OW-pO(‘jNef all peripherals disable 400 KHz | 240 | 685 | 1950 | 3700 | 6850 | 410 | 1400 | 3800 | 7500 | 14000
run mode
100 KHz | 200 | 635 | 1900 | 3650 | 6800 | 370 | 1400 | 3700 | 7500 | 14000

1.

Guaranteed by characterization results, unless otherwise specified.
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Table 42. Current consumption in Sleep and Low-power sleep mode, Flash ON

Conditions TYP MAX(™
Symbol | Parameter Voltage | fHCLK Unit
- i 25°C | 55°C | 85°C | 105°C | 125°C | 25°C | 55°C | 85°C | 105°C | 125°C
scaling
26 MHz| 1.10 | 1.45 | 255 | 415 | 7.00 | 140 | 22 4.2 75 | 14.0
16 MHz| 0.78 | 115 | 225 | 380 | 6.65 | 1.00 1.8 3.8 7.1 14.0
8MHz | 052 | 0.87 | 195 | 355 | 6.35 | 0.72 15 35 6.8 | 13.0
Range 2 4MHz | 038 | 074 | 185 | 340 | 6.25 | 0.57 1.4 34 6.7 | 13.0
2MHz | 032 | 063 | 1.75 | 335 | 6.15 | 0.50 1.3 33 66 | 13.0
fHCLK = fHSE 1MHz | 029 | 061 | 1.75 | 330 | 6.10 | 0.46 1.3 33 65 | 13.0
up to 48MHz 100 KHz| 026 | 058 | 170 | 325 | 6.10 | 043 | 12 3.2 65 | 13.0
IoD Supply It:%:iidrhode Range 1
(Sleep) current in PLL ON Boost Mode 120 MHZ 4.20 4.70 6.25 8.40 12.00 4.80 6.0 8.7 13.0 21.0 |mA
Sleepmode 1)) ve 48 MHz
all peripherals 80MHz| 2.80 | 325 | 465 | 660 | 10.00 | 3.30 | 4.3 6.8 11.0 | 18.0
disable 72MHz| 255 | 300 | 440 | 640 | 985 | 3.00 | 4.0 6.5 1.0 | 18.0
Range 1 |64MHz|[ 230 | 275 | 420 | 615 | 960 | 270 | 38 6.3 1.0 | 18.0
Normal 48MHz| 215 | 260 | 400 | 6.00 | 945 | 260 | 35 6.0 10.0 | 18.0
Mode 32MHz| 155 | 2.00 | 340 | 535 | 880 | 1.90 | 29 5.4 9.3 17.0
24MHz| 125 | 1.70 | 310 | 505 | 850 | 1.60 | 25 5.0 90 | 16.0
16 MHz| 093 | 140 | 280 | 470 | 820 | 120 | 22 47 86 | 16.0
Supply 2MHz | 235 | 625 | 1950 | 3750 | 6900 | 410 | 1400 | 3800 | 7500 | 14000
IDD currentin  fHCLK = fmsI 1MHz | 220 | 605 | 1900 | 3700 | 6850 | 390 | 1400 | 3700 | 7500 | 14000
(LPSleep) [Low-power all peripherals disable 400KHz| 215 | 595 | 1900 | 3700 | 6850 | 390 | 1300 | 3700 | 7500 | 14000 WA
sleep mode 100 KHZ| 210 | 595 | 1900 | 3700 | 6800 | 380 | 1300 | 3700 | 7500 | 14000

1. Guaranteed by characterization results, unless otherwise specified.
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Table 46. Current consumption in Stop 2 mode, SRAM3 enabled

Conditions TYP mAax(1)
Symbol Parameter Unit
- VDD | 25°C | 55°C | 85°C | 105°C | 125°C | 25°C | 55°C | 85°C | 105°C | 125°C
1.8V | 3.90 | 15.0 59.5 140 310 13.0 52.0 210 480 1100
Supply current
in Stop 2 24V | 395 | 150 | 60.0 | 140 | 310 | 14.0 | 53.0 | 210 | 480 | 1100
IDD(Stop 2) mode -
’ 3V | 3.95 15.0 60.5 145 315 14.0 53.0 210 480 1100
RTC disabled
36V | 3.95 15.0 61.5 145 320 14.0 54.0 210 490 1100
1.8V | 410 15.0 60.5 140 310 11.0 53.0 210 480 1100
24V | 4.25 15.5 60.5 145 315 12.0 54.0 210 480 1100
RTC clocked by LSI
3V | 450 | 15.5 61.5 145 320 12.0 54.0 210 480 1100
36V | 470 | 160 | 625 | 145 | 325 | 12.0 | 56.0 | 220 | 490 |[1100? A
u
1.8V | 4.35 15.5 61.0 140 310 9.50 39.0 160 350 780
Supply current
IbD(Stop 2 |inSTOP2 | RTC clocked by LSE 24V | 450 | 155 | 61.0 | 145 | 315 | 960 | 39.0 | 160 | 370 | 790
with RTC) | mode, bypassed at 32768 Hz 3V | 470 | 160 | 62.0 | 145 | 320 | 9.90 | 40.0 | 160 | 370 | 800
RTC enabled
36V | 4.80 16.5 63.0 145 325 10.0 42.0 160 370 820
1.8V | 430 | 155 63.5 150 - 9.40 39.0 160 380 -
RTC clocked by LSE 24V | 440 | 160 | 640 | 150 - | 950 | 40.0 | 160 | 380 -
quartzinlow drivemode | 3v | 445 | 16.0 | 645 | 150 - 9.60 | 40.0 | 170 | 380 -
36V | 4.85 16.5 65.5 155 - 11.0 42.0 170 390 -
Wakeup clock is MSI = 48
MHz, voltage Range 1) 3V | 380 ) ) ) ) ) ) ) ) )
Supply current
IDD(wakeup | duringwakeup | Wakeup clock is MSI = 4
from Stop 2) [from Stop2 | MHz, voltage Range 24 3V 130 ) ) ) ) ) ) ) ) ) mA
mode . _
Wakeup clock is HSI = 16 3v | 205 ) ) ) ) ) ) ) ) )

MHz, voltage Range 10)

1. Guaranteed by characterization results, unless otherwise specified.

2. Guaranteed by test in production.

3. Wakeup with code execution from Flash. Average value given for a typical wakeup time as specified in Table 53: Low-power mode wakeup timings.
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Electrical characteristics

3

Table 53. Low-power mode wakeup timings“) (continued)

Symbol Parameter Conditions Typ | Max | Unit
Wakeup clock MSI = 48 MHz 12.6 | 145
) Range 1
Wake up time Wakeup clock HSI16 =16 MHz | 12.2 | 14.0
fi top 1
rom Stop 1 Wakeup clock MSI =24 MHz | 22.1 | 24.1
mode to Run in
Flash Range 2 | Wakeup clock HSI16 =16 MHz | 21.3 | 23.3
Wakeup clock MSI =4 MHz 25.1 | 271
Wakeup clock MSI = 48 MHz 5.3 7.0
Wake up time | Range 1 -
from Stop 1 Wakeup clock HSI16 = 16 MHz 6.2 8.0
mode to Run Wakeup clock MSI = 24 MHz 5.8 7.5
ggii/l':‘ Range 2 | Wakeup clock HSI16 = 16 MHz | 6.2 | 8.0
twusToP Wakeup clock MSI = 4 MHz 109 | 126 | M
Wake up time
from Stop 1
mode to Low- Regulator 204 | 22.4
power run in low-
mode in Flash power
Wake up time mode Wakeup clock MSI =2 MHz
from Stop 1 (LPR=1in
PWR_CR1
mode to Low. ) 168 | 19.0
power run
mode in
SRAMA1
Wakeup clock MSI = 48 MHz 13.1 | 14.8
Wake up time | Range 1 —
from Stop 2 Wakeup clock HSI16 =16 MHz | 12.6 | 14.4
mode to Run Wakeup clock MSI = 24 MHz 226 | 246
rF'}OdE n Range 2 | Wakeup clock HSI16 = 16 MHz | 21.7 | 23.7
as
Wakeup clock MSI =4 MHz 258 | 27.9
f us
WUSTOP2 Wakeup clock MSI = 48 MHz 58 | 75
Wake up time | Range 1 -
from Stop 2 Wakeup clock HSI16 = 16 MHz 6.9 8.5
mode to Run Wakeup clock MSI = 24 MHz 6.4 8.0
mode in Range 2 | Wakeup clock HSI16 = 16 MHz | 6.9 | 8.5
SRAM1
Wakeup clock MSI =4 MHz 1.9 | 13.6
DS12023 Rev 4 187/310
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Table 61. MSI oscillator characteristics(!) (continued)

Symbol Parameter Conditions Min Typ Max | Unit
Range 0 - - 0.6 1
Range 1 - - 0.8 1.2
Range 2 - - 1.2 1.7
Range 3 - - 1.9 25
Range 4 - - 4.7 6
MSI oscillator MSI and Range 5 - - 6.5 9

Ipp(MSH®) | power

MA

consumption PLLmode | Range 6 - R P 15
Range 7 - - 18.5 25
Range 8 - - 62 80
Range 9 - - 85 110
Range 10 - - 110 130
Range 11 - - 155 190

Ao bd =

198/310 DS12023 Rev 4

Guaranteed by characterization results.
This is a deviation for an individual part once the initial frequency has been measured.
Sampling mode means Low-power run/Low-power sleep modes with Temperature sensor disable.

Average period of MSI @48 MHz is compared to a real 48 MHz clock over 28 cycles. It includes frequency tolerance + jitter
of MSI @48 MHz clock.

Only accumulated jitter of MSI @48 MHz is extracted over 28 cycles.

For next transition: min. and max. jitter of 2 consecutive frame of 28 cycles of the MSI @48 MHz, for 1000 captures over 28
cycles.

For paired transitions: min. and max. jitter of 2 consecutive frame of 56 cycles of the MSI @48 MHz, for 1000 captures over
56 cycles.

Guaranteed by design.

Figure 34. Typical current consumption versus MSI frequency
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6.3.14

3

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 71. They are based on the EMS levels and classes
defined in application note AN1709.

Table 71. EMS characteristics

Level/

Symbol Parameter Conditions
Class

Voltage limits to be applied on any I/0 pin Vop =33V, Ta =+25°C,

VFESD . . . fHCLK =120 MHZ, 3B
to induce a functional disturbance conforming to IEC 61000-4-2
Fast transient voltage burst limits to be Vpp =3.3V, Ty =+25°C,

Verrg | applied through 100 pF on Vpp and Vgg | fyck = 120 MHz, 5A
pins to induce a functional disturbance conforming to IEC 61000-4-4

Designing hardened software to avoid noise problems

EMC characterization and optimization are performed at component level with a typical
application environment and simplified MCU software. It should be noted that good EMC
performance is highly dependent on the user application and the software in particular.

Therefore it is recommended that the user applies EMC software optimization and
prequalification tests in relation with the EMC level requested for his application.

Software recommendations

The software flowchart must include the management of runaway conditions such as:
e  Corrupted program counter

e Unexpected reset

e  Critical Data corruption (control registers...)
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Table 90. VREFBUF characteristics(!) (continued)

Symbol Parameter Conditions Min Typ Max Unit
ooa(VREF | YREFBUF hoaa = 0 WA - 16 25

DDQUF) consumption | lioaq = 500 pA - 18 30 WA
fomVooa — [| — —4mA - 35 50

1. Guaranteed by design, unless otherwise specified.

2. In degraded mode, the voltage reference buffer can not maintain accurately the output voltage which will follow (Vppa -
drop voltage).

Guaranteed by test in production.
The capacitive load must include a 100 nF capacitor in order to cut-off the high frequency noise.

To correctly control the VREFBUF inrush current during start-up phase and scaling change, the Vppp voltage should be in
the range [2.4 V to 3.6 V] and [2.8 V to 3.6 V] respectively for Vgg = 0 and Vrg = 1.

3
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6.3.28 DFSDM characteristics
Unless otherwise specified, the parameters given in Table 96 for DFSDM are derived from
tests performed under the ambient temperature, fapgo frequency and Vpp supply voltage
conditions summarized in Table 22: General operating conditions.
e  Output speed is set to OSPEEDRy[1:0] = 10
e Capacitive load C = 30 pF
e Measurement points are done at CMOS levels: 0.5 x Vpp
Refer to Section 6.3.17: I/0 port characteristics for more details on the input/output alternate
function characteristics (DFSDM1_CKINy, DFSDM1_DATINy, DFSDM1_CKOUT for
DFSDM).
Table 96. DFSDM characteristics(")
Symbol Parameter Conditions Min Typ Max Unit
; DFSDM ) ) ) ¢
DFSDMCLK | jock SYSCLK
MHz
fekiN Input clock | SPI mode (SITP[1:0] = ) ) 20
(M/Tckin) | frequency 01)
Output clock
fekout frequency ) ) ) 20 MHz
Output clock
DuCyckour | frequency - 45 50 55 %
duty cycle
t Input clock §1P)| mode (SITP[1:0] = -
wh(CKIN) ; , CKIN/4- R
twi(CKIN) ,:Irgg and low | £ teral clock mode 0.5 Texin'2
(SPICKSEL[1:0] = 0)
SPI mode
t Data input (SITP[1:0]=01), 15 ) )
su setup time External clock mode ’
(SPICKSEL[1:0] = 0)
ns
SPI mode
t Data input (SITP[1:0]=01), 0 ) )
h hold time External clock mode
(SPICKSEL[1:0] = 0)
Manchester | Manchester mode
data period | (SITP[1:0] = 10 or 11), (CKOUT (2x
Thanchester (recovered | Internal clock mode DIV+1) x ) CKOUTDIV)x
clock period) |(SPICKSEL[1:0] #0) | |DFSDMCLK ToFspmcLK
1. Data based on characterization results, not tested in production.
244/310 DS12023 Rev 4 Kys
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Table 117. Synchronous non-multiplexed PSRAM write timings(1)(2)(3)

Symbol Parameter Min Max | Unit
twicLk) FMC_CLK period RXTHcLk-0.5 -
taycikinexy) | FMC_CLK low to FMC_NEX low (x=0..2) - 25
tacLkH-NExH) | FMC_CLK high to FMC_NEXx high (x=0...2) RxThcLk/2 +1 -
tacLkL-NabvL) | FMC_CLK low to FMC_NADV low - 25
tycLkL-NaDvH) | FMC_CLK low to FMC_NADV high 2 -
ty(cLKL-AV) FMC_CLK low to FMC_Ax valid (x=16...25) - 5.5
tacLkh-alv) | FMC_CLK high to FMC_Ax invalid (x=16...25) | RxTyc k/2 +0.5 - .
tayccikenwer) | FMC_CLK low to FMC_NWE low - 2
ta(cLkn-NweH) | FMC_CLK high to FMC_NWE high RxThcLk/2 +1 -
tacLkL-Data) | FMC_D[15:0] valid data after FMC_CLK low - 3.5

td(CLKL-NBLL) FMC_CLK low to FMC_NBL low

1

td(CLKH-NBLH) FMC_CLK hlgh to FMC_NBL hlgh

RXTHCLK/2 +1.5

tSU(NWAIT—CLKH) FMC_NWA|T valid before FMC_CLK hlgh

1.5

th(CLKH-NWAIT) FMC_NWA|T valid after FMC_CLK hlgh

4

1. CL=30 pF.
2. Guaranteed by characterization results.
3. Clock ratio R = (HCLK period /FMC_CLK period).

NAND controller waveforms and timings

Figure 58 through Figure 61 represent synchronous waveforms, and Table 118 and
Table 119 provide the corresponding timings. The results shown in these tables are

obtained with the following FMC configuration:

e COM.FMC_SetupTime = 0x01

e COM.FMC_WaitSetupTime = 0x03

e COM.FMC_HoldSetupTime = 0x02

e COM.FMC_HiZSetupTime = 0x01

e ATT.FMC_SetupTime = 0x01

e ATT.FMC_WaitSetupTime = 0x03

e ATT.FMC_HoldSetupTime = 0x02

e ATT.FMC_HiZSetupTime = 0x01

e Bank=FMC_Bank NAND

e  MemoryDataWidth = FMC_MemoryDataWidth_16b
e ECC=FMC_ECC_Enable

e ECCPageSize = FMC_ECCPageSize_512Bytes
e TCLRSetupTime =0

e TARSetupTime =0

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

DS12023 Rev 4
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Package information

Table 129. UFBGA144 - 144-pin, 10 x 10 mm, 0.80 mm pitch, ultra fine pitch ball
grid array package mechanical data (continued)

millimeters inches(")
Symbol
Min. Typ. Max. Min. Typ. Max.
ddd - - 0.080 - - 0.0039
eee - - 0.150 - - 0.0059
fff - - 0.080 - - 0.0020

1.

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

Figure 76. UFBGA144 - 144-pin, 10 x 10 mm, 0.80 mm pitch, ultra fine pitch ball
grid array package recommended footprint
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AO2Y_FP_V1

Table 130. UFBGA144 recommended PCB design rules (0.80 mm pitch BGA)

Dimension Recommended values
Pitch 0.80 mm
Dpad 0.400 mm
Dsm 0.550 mm typ. (depends on the soldermask

registration tolerance)

Stencil opening

0.400 mm

Stencil thickness

Between 0.100 mm and 0.125 mm

Pad trace width

0.120 mm

3
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Package information

Table 134. UFBGA132 - 132-ball, 7 x 7 mm ultra thin fine pitch ball grid array

package mechanical data (continued)

millimeters inches(")
Symbol
Min Typ Max Min Typ Max
e 0.500 - 0.0197
Z 0.750 - 0.0295
ddd 0.080 - 0.0031
eee 0.150 - 0.0059
fff 0.050 - 0.0020 -

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

Figure 86. UFBGA132 - 132-ball, 7 x 7 mm ultra thin fine pitch ball grid array

package recommended footprint
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Table 135. UFBGA132 recommended PCB design rules (0.5 mm pitch BGA)

Dimension

Recommended values

Pitch 0.5 mm

Dpad 0.280 mm

Dsm registration tolerance)

0.370 mm typ. (depends on the soldermask

Stencil opening 0.280 mm

Stencil thickness

Between 0.100 mm and 0.125 mm

Pad trace width 0.100 mm

Ball diameter 0.280 mm

DS12023 Rev 4
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