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STM32L476xx

Functional overview

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

Stop 0/1 Stop 2 Standby |Shutdown
= 2 2 2
Low- | Low- 3 3 S 3
Peripheral Run Sleep | power | power % % § % VBAT
run sleep - o - o - 3] - o
o o o o
= = =} =
() Q () Q
& s G s
= s = s
Random number 0®) 0®) ) ) ) ) ) ) ) ) ) ) )
generator (RNG)
CRC calculation o 0 o o . ) ) _ _ ) ) _ _
unit
5
GPIOs o} o) o} o} O O| 0o O/ ® pins| ™ pins| -
(10) (10)

a 0N =

Legend: Y = Yes (Enable). O = Optional (Disable by default. Can be enabled by software). - = Not available.

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.

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.

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

7. 12C address detection is functional in Stop mode, and generates a wakeup interrupt in case of address match.

8. \Voltage scaling Range 1 only.
9. 1/Os can be configured with internal pull-up, pull-down or floating in Standby mode.
10. The I/Os with wakeup from Standby/Shutdown capability are: PAO, PC13, PE6, PA2, PC5.

11. 1/Os can be configured with internal pull-up, pull-down or floating in Shutdown mode but the configuration is lost when
exiting the Shutdown mode.

3.9.5

3.9.6

Note:

3

Reset mode

In order to improve the consumption under reset, the 1/Os 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.

VBAT operation

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

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, external interrupts and RTC alarm/events
do not exit it from VBAT operation.
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STM32L476xx

Pinouts and pin description

Table 15. STM32L476xxSTM32L476xx pin definitions (continued)

Pin Number Pin functions
~ Pin name g
Nl (g |2 |3 i g
3 % % 2| g = (function after g 2 Alternate functions Additional
Lolol . 8 a reset) 2 ® 51'"3 functions
old|d| g | e} £ (o) <]
b O I - I T I T o = z
-l - - - | M4 | - | OPAMP2_VINM | TT - - -
TIM1_CH1N, TIM3_CH2,
TIM8_CH1N, SPI1_MOSI, OS’T,Z"JZ—
23 |H4 |H4| 32 | J5 | 43 PA7 /O | FT la - QUADSPI_BK1_102, ADC1é
LCD_SEG4, TIM17_CHf1, IN12
EVENTOUT
COMP1_
USART3_TX, INM,
24 | J7 | J7 | 33 | K5 | 44 PC4 /0 | FT_ la " | LCD_SEG22, EVENTOUT | ADC12_
IN13
COMP1_
USART3_RX INP,
25|1J6 | J6| 34 | L5 | 45 PC5 /0 | FT. la " | LcD_SEG23, EVENTOUT Allir)\ﬁlz_
WKUP5
TIM1_CH2N, TIM3_CHS3,
TIM8_CH2N, OPAMP2_
USART3_CK, VOUT,
26|J5|J5| 35 | M5 | 46 PBO /O | TT la - QUADSPI_BK1_IO1, ADC12_
LCD_SEGS5, IN15
COMP1_OUT, EVENTOUT
TIM1_CHS3N, TIM3_CH4,
TIM8_CH3N,
DFSDM_DATINO, C(I)NM'\|;1—
27 1 J4 | J4 | 36 | M6 | 47 PB1 /0 | FT. la - USART3_RTS_DE, ADC1’2
QUADSPI_BK1_l100, IN16
LCD_SEGS6, LPTIM2_IN1,
EVENTOUT
RTC_OUT, LPTIM1_OUT,
12C3_SMBA, COMP1_
28 |J3|J3| 37 | L6 | 48 PB2 /O | FT_ a - DFSDM_CKINO, INP
EVENTOUT
- - - - K6 | 49 PF11 1/0 FT - EVENTOUT -
- - - - J7 | 50 PF12 1/0 FT - FMC_A6, EVENTOUT -
- - - - - 51 VSS S - - - -
- - - - - 52 VDD S - - - -
DFSDM_DATINSG,
-l - - - K7 | 53 PF13 1/0 FT - FMC_A7, EVENTOUT -
DFSDM_CKINS,
- - - - J8 | 54 PF14 1/0 FT - TSC_G8 101, FMC_AS8, -
EVENTOUT
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Pinouts and pin description STM32L476xx

Table 15. STM32L476xxSTM32L476xx pin definitions (continued)

Pin Number Pin functions
~ Pin name g
NEIEREER:! (function after | © g s
3|55 2 & = t < 2 » Alternate functions Additional
tlolo| | gl & reset) s ® Qe functions
gl | d|ag|w | g £ o) o
b O I - I T I T o = z
SPI2_SCK,
DFSDM_CKIN7,
- - - 82 | B9 | 115 PD1 1/0 FT - CAN1_TX, FMC_D3, -
EVENTOUT
TIM3_ETR,
USART3_RTS_DE,
UART5_RX, TSC_SYNC,
54 |A3|A3| 83 | C8 | 116 PD2 110 FT_I - | LCD_COM7/LCD_SEG31/ -
LCD_SEG43,
SDMMC1_CMD,
EVENTOUT
SPI2_MISO,
DFSDM_DATINO,
- - - 84 | B8 | 117 PD3 1/10 FT - USART2 CTS, FMC_CLK, -
EVENTOUT
SPI2_MOSI,
DFSDM_CKINO,
- - |E5| 8 | B7 | 118 PD4 110 FT - USART2 RTS DE, -
FMC_NOE, EVENTOUT
USART2_TX, FMC_NWE,
- - |D4| 86 | A6 | 119 PD5 110 FT - EVENTOUT -
A VSS S - - - -
o lEa] -] - |12 VDD S - - - -
DFSDM_DATIN1,
USART2_RX,
- | - |p5| 87| B6 | 122 PD6 VO | FT | - | Eyic NWAIT, SAI SD_A, -
EVENTOUT
DFSDM_CKIN1,
- - |D6| 88 | A5 | 123 PD7 110 FT - USART2_CK, FMC_NE1, -
EVENTOUT
SPI3_SCK, USART1_TX,
FMC_NCE3/FMC_NE2,
- |A4|A4| - | D9 | 124 PG9 | FT.s | - SAI2 SCK A, -
TIM15_CH1N, EVENTOUT
LPTIM1_IN1, SPI3_MISO,
USART1_RX, FMC_NES3,
- |B4|B4| - | D8 |125 PG10 VO | FTs | - | ga2 FS A TIM15 CHI -
EVENTOUT
LPTIM1_IN2, SPI3_MOSI,
USART1_CTS,
- |C4|C4| - G3 | 126 PG11 110 FT s - SAI2 MCLK_A. -
TIM15_CH2, EVENTOUT
70/232 DoclD025976 Rev 4 ‘Yl




STM32L476xx Pinouts and pin description
Table 15. STM32L476xxSTM32L476xx pin definitions (continued)
Pin Number Pin functions
~ Pin name g
N |2 |23 i g
3 % % 2| g = (function after g 2 Alternate functions Additional
o 5|9 a1 Qe reset) -E‘ ® 2 functions
9/g/g/9|5]|°¢ g | 2 |2
LPTIM1_ETR, SPI3_NSS,
USART1_RTS_DE,
- |cs|cs| - | D7 | 127 PG12 /0 | FT.s | - FMC. NE4, SAI2 SD_A, -
EVENTOUT
I2C1_SDA, USART1_CK,
- |B5|B5| - | C7 | 128 PG13 /0 | FT fs | - FMC._A24, EVENTOUT -
I2C1_SCL, FMC_A25,
- |A5|A5| - | C6 | 129 PG14 /0 | FT fs | - EVENTOUT -
-l -1 -1 -|F7]130 VSS - - - -
- |B6|B6| - | G7 | 131 VDDIO2 - - - -
LPTIM1_OUT,
o I e B BN 2 PG15 VO | FT_s | - | 12c1_SMBA, EVENTOUT )
JTDO-TRACESWO,
PR3 TIM2_CH2, SPI1_SCK,
55 | A6 | A6 | 89 | A8 | 133 (JTDO- /O | FT la | ® SPI3_SCK, COMP2_
TRACESWO) USART1_RTS_DE, INM
LCD_SEG7,SAl1_SCK_B,
EVENTOUT
NJTRST, TIM3_CH1,
SPI1_MISO, SPI3_MISO,
USART1_CTS,
56 |C6|C6| 90 | A7 | 134 N JF;?;'ST) /O | FT la | @ UART5_RTS_DE, Col'\N"lfz—
TSC_G2_101,LCD_SEGS,
SAI1_MCLK_B,
TIM17_BKIN, EVENTOUT
LPTIM1_IN1, TIM3_CH2,
12C1_SMBA, SPI1_MOSI,
SPI3_MOSI, USART1_CK,
UART5_CTS,
57 |C7|C7| 91| C5 (135 PB5 /O | FT la | - TSC_G2 102, LCD. SEGO, -
COMP2_OUT,
SAI1_SD_B, TIM16_BKIN,
EVENTOUT
LPTIM1_ETR, TIM4_CH1,
TIM8_BKIN2, 12C1_SCL,
DFSDM_DATINS5,
USART1_TX, COMP2_
58 |B7 |B7| 92 | B5 | 136 PB6 /O | FT fa | - TsC G2 103, INP
TIM8_BKIN2_COMP2,
SA1_FS_B,
TIM16_CH1N, EVENTOUT
‘Yl DoclD025976 Rev 4 71/232




Electrical characteristics STM32L476xx

2. VN maximum must always be respected. Refer to Table 20: Current characteristics for the maximum allowed injected
current values.

This formula has to be applied only on the power supplies related to the 1O structure described in the pin definition table.
To sustain a voltage higher than 4 V the internal pull-up/pull-down resistors must be disabled.
Include VREF- pin.

Table 20. Current characteristics

Symbol Ratings Max Unit
>IVpp Total current into sum of all Vo power lines (source)(") 150
YIVss Total current out of sum of all Vgg ground lines (sink)(") 150
Vbpriny Maximum current into each Vpp power pin (source)) 100
Vsspin Maximum current out of each Vgg ground pin (sink)(") 100
Output current sunk by any I/0O and control pin except FT_f 20
loeiny Output current sunk by any FT_f pin 20
Output current sourced by any I/O and control pin 20 mA
Total output current sunk by sum of all I/Os and control pins(z) 100
2hoeeiN Total output current sourced by sum of all I/Os and control pins(2) 100
Injected current on FT_xxx, TT_xx, RST and B pins, except PA4, 5/+0@)
Ingeiny > PAS
Injected current on PA4, PA5 -5/0
2liNgPIN) Total injected current (sum of all I/Os and control pins)(®) 25

1. All main power (Vpp, Vppa: Vppio2: Vopuss: Veat) and ground (Vgs, Vssa) pins must always be connected to the external
power supplies, in the permitted range.

2. This current consumption must be correctly distributed over all I/Os and control pins. The total output current must not be
sunk/sourced between two consecutive power supply pins referring to high pin count QFP packages.

3. Positive injection is not possible on these I/Os and does not occur for input voltages lower than the specified maximum
value.

4. A positive injection is induced by V|y > Vpp|ox While a negative injection is induced by V|\ < Vss. liyypiny Must never be
exceeded. Refer also to Table 19: Voltage characteristics for the maximum allowed input voltage values.

5. When several inputs are submitted to a current injection, the maximum 3 liny(piny is the absolute sum of the positive and
negative injected currents (instantaneous values).

Table 21. Thermal characteristics

Symbol Ratings Value Unit
Tste Storage temperature range —65 to +150 °C
T, Maximum junction temperature 150 °C

3
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Electrical characteristics

6.3 Operating conditions
6.3.1 General operating conditions
Table 22. General operating conditions
Symbol Parameter Conditions Min Max Unit
fucLk | Internal AHB clock frequency - 0 80
focLk1 | Internal APB1 clock frequency - 0 80 MHz
fpcLke | Internal APB2 clock frequency - 0 80
Vpp |Standard operating voltage - 1('17)1 3.6 Vv
At least one I/O in PG[15:2] used 1.08 3.6
Vppioz2 | PG[15:2] I/Os supply voltage \%
PG[15:2] not used 0 3.6
ADC or COMP used 1.62
DAC or OPAMP used 1.8
Vpopa |Analog supply voltage VREFBUF used 24 3.6 \
ADC, DAC, OPAMP, COMP, 0
VREFBUF not used
Vgar | Backup operating voltage - 1.55 3.6 \Y,
v USB | | USB used 3.0 3.6 v
supply voltage
ppuse USB not used 0 3.6
TT_xx I/O -0.3 Vppiox*0-3
BOOTO 0 9
Vin | /O input voltage MIN(MIN(Vpp, Vppa, | V
All /O except BOOTO and TT xx | -0.3 Vopioz, Vbouss,
Vi cp)t3.6V,
55 V)(2)(3)
LQFP144 - - 625
LQFP100 - - 476
Power dissipation at
= Ta = 85 °C for suffix 6 LQFP64 - B 444
D mw
or — UFBGA132 - - 363
Ta = 105 °C for suffix 7(4)
WLCSP81 - - 487
WLCSP72 - - 434
LQFP144 - - 156
LQFP100 - - 119
iaainati = LQFP64 - - 111
P, Pow?r d|SS|pat.|on (?15 Ta mW
125 °C for suffix 3 UFBGA132 _ _ 90
WLCSP81 - - 121
WLCSP72 - - 108
1S7 DoclD025976 Rev 4 97/232
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Table 33. Current consumption in Low-power sleep modes, Flash in power-down

Conditions TYP MAX(1)
Symbol Parameter Voltage Unit
- sca"gg fucLk | 25°C |55°C | 85°C [105°C [125°C| 25°C | 55°C | 85°C |105°C|125°C
2MHz | 81 110 | 217 | 395 | 754 | 115 | 182 | 375 | 750 | 1500
Iop(LPSleep S"‘jﬁ’gx;z;;‘f;t freik = fusi 1MHz | 50 | 78 | 185 | 362 | 720 | 80 | 149 | 342 | 717 | 1456 |
) sleep mode | 2! Peripherals disable | 400kHz | 28 | 57 | 163 | 340 | 698 | 60 | 122 | 314 | 689 | 1429
100 kHz | 18 47 | 155 | 332 | 686 50 114 | 313 | 688 | 1438
1. Guaranteed by characterization results, unless otherwise specified.
Table 34. Current consumption in Stop 2 mode
Conditions TYP MAX(1)
Symbol Parameter Unit
- Vpp | 25°C |55°C | 85°C |105°C [125°C| 25°C | 55°C | 85°C |105°C|125°C
18V | 114 | 377 | 147 | 347 77 2.7 9 37 87 193
, 24V ] 115 | 386 | 15 355 | 791 | 27 10 38 89 198
LCD disabled
3V | 118 [ 397 | 154 | 364 | 813 | 28 10 39 91 203
Supply currentin 36V | 126 | 411 | 16 38 | 851 | 3.0 10 40 | 95@ | 213
Ipp(Stop 2) | Stop 2 mode, MA
RTC disabled 18V] 143 [ 398 | 15 35 773 | 32 10 38 88 193
LCD enabled® 24V | 149 | 407 | 153 | 358 | 794 | 3.2 10 38 90 199
clocked by LSI 3V | 154 | 424 | 157 | 367 | 816 | 3.3 1 39 92 204
36V| 175 | 447 | 161 | 383 | 854 | 35 11 40 96 214

soljsLIajorIRYI |BOLI}O3|T
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Electrical characteristics STM32L476xx

Caution:

120/232

1/0 system current consumption
The current consumption of the I/O system has two components: static and dynamic.
1/0 static current consumption

All the 1/0Os used as inputs with pull-up generate current consumption when the pin is
externally held low. The value of this current consumption can be simply computed by using
the pull-up/pull-down resistors values given in Table 58: I/O static characteristics.

For the output pins, any external pull-down or external load must also be considered to
estimate the current consumption.

Additional 1/0 current consumption is due to I/Os configured as inputs if an intermediate
voltage level is externally applied. This current consumption is caused by the input Schmitt
trigger circuits used to discriminate the input value. Unless this specific configuration is
required by the application, this supply current consumption can be avoided by configuring
these I/Os in analog mode. This is notably the case of ADC input pins which should be
configured as analog inputs.

Any floating input pin can also settle to an intermediate voltage level or switch inadvertently,
as a result of external electromagnetic noise. To avoid current consumption related to
floating pins, they must either be configured in analog mode, or forced internally to a definite
digital value. This can be done either by using pull-up/down resistors or by configuring the
pins in output mode.

1/0 dynamic current consumption

In addition to the internal peripheral current consumption measured previously (see

Table 40: Peripheral current consumption), the 1/Os used by an application also contribute
to the current consumption. When an 1/O pin switches, it uses the current from the 1/0
supply voltage to supply the I/O pin circuitry and to charge/discharge the capacitive load
(internal or external) connected to the pin:

lsw = Vbpiox X fswx C

where
Isw is the current sunk by a switching 1/O to charge/discharge the capacitive load
Vppiox is the I/O supply voltage
fsw is the 1/0 switching frequency
C is the total capacitance seen by the I/O pin: C = C\y1+ Cext + Cs
Cg is the PCB board capacitance including the pad pin.

The test pin is configured in push-pull output mode and is toggled by software at a fixed
frequency.

3
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Electrical characteristics STM32L476xx
Table 42. Regulator modes transition times(!)
Symbol Parameter Conditions Typ Max Unit
fWULPRUN \IIQVS:?:gdt‘ieer? from Low-power run mode to Code run with MSI 2 MHz 5 7
tvosT Eiﬁgf t1O Lﬁ?ﬁgﬁ"ﬁlﬁqigﬁgei?s?ge 210 | Code run with MSI 24 MHz 20 40 "

1. Guaranteed by characterization results.
2. Time until REGLPF flag is cleared in PWR_SR2.
3. Time until VOSF flag is cleared in PWR_SR2.

6.3.7 External clock source characteristics
High-speed external user clock generated from an external source
In bypass mode the HSE oscillator is switched off and the input pin is a standard GPIO.
The external clock signal has to respect the 1/0O characteristics in Section 6.3.14. However,
the recommended clock input waveform is shown in Figure 16: High-speed external clock
source AC timing diagram.
Table 43. High-speed external user clock characteristics(!
Symbol Parameter Conditions Min Typ Max Unit
Voltage scaling ) 8 48
Range 1
fhse ext | User external clock source frequency MHz
- Voltage scaling ) 8 26
Range 2
VHSEH OSC_'N input pln hlgh level voltage - 0.7 VDD|OX - VDD|OX v
Vuser | OSC_IN input pin low level voltage - Vss - 0.3 Vppiox
Voltage scaling
Range 1 / ) )
bw(HSEH) OSC_IN high or low time ns
tw(HSEL) Voltage scaling
18 - -
Range 2

1. Guaranteed by design.

126/232

Figure 16. High-speed external clock source AC timing diagram
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STM32L476xx Electrical characteristics

Multi-speed internal (MSI) RC oscillator

Table 48. MSI oscillator characteristics("

Symbol Parameter Conditions Min Typ Max | Unit
Range 0 99 100 101
Range 1 198 200 202
kHz
Range 2 396 400 404
Range 3 792 800 808
Range 4 0.99 1 1.01
Range 5 1.98 2 2.02
MSI mode
Range 6 3.96 4 4.04
Range 7 7.92 8 8.08
MHz
Range 8 15.8 16 16.16
Range 9 23.8 24 244
MSI frequency Range 10 317 32 32.32
after factory Range 11 475 48 48.48
fmsi calibration, done
at Vpp=3 V and Range 0 - 98.304 -
Ta=30°C Range 1 - 196.608 -
kHz
Range 2 - 393.216 -
Range 3 - 786.432 -
Range 4 - 1.016 -
PLL mode |Range 5 - 1.999 -
XTAL=
32.768 kHz | Range 6 - 3.998 -
Range 7 - 7.995 -
MHz
Range 8 - 15.991 -
Range 9 - 23.986 -
Range 10 - 32.014 -
Range 11 - 48.005 -
MSI oscillator Tp=-0t0 85°C -3.5 - 3
Atemp(MSH@) | frequency drift MSI mode - %
over temperature Ta=-401t0 125°C -8 - 6
1S7 DoclD025976 Rev 4 133/232
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STM32L476xx

6.3.14 /0 port characteristics
General input/output characteristics
Unless otherwise specified, the parameters given in Table 58 are derived from tests
performed under the conditions summarized in Table 22: General operating conditions. All
I/Os are designed as CMOS- and TTL-compliant (except BOOTO).
Table 58. I/O static characteristics
Symbol Parameter Conditions Min Typ Max Unit
I/O input low level
voltage except 1.62 V<Vpp|ox<3.6 V - - 0.3xVppjox ¥
BOOTO
I/O input low level
voltage except 1.62 V<Vppjox<3.6 V - - 0.39xXVppjox-0.06 @
v, () |BOOTO v
I/O input low level
voltage except 1.08 V<Vppox<1.62 V - - | 0.43xVpp0x-0.1 @
BOOTO
BOOTO I/O input low
level voltage P 1.62 V<Vppiox<3.6 V l - 0.17xVppiox ¥
I/O input high level
voltage except 1.62 V<Vpp0x<3.6 V 0.7xVppiox - -
BOOTO
I/O input high level
voltage except 1.62 V<Vppiox<3.6 V | 0.49xVpp ox+0.26 @) | - -
v, (" |BOOTO Vv
I/O input high level
voltage except 1.08 V<Vppiox<1.62 V | 0.61xVppjox+0.05 @) | - -
BOOTO
BOOTO I/O input 3) _ _
hlgh level VOltage 1.62 V<VDD|OX<3'6 V 0.77XVDD|OX
TT_xx, FT_xxx and
NRST I/O input 1.62 V<Vpp0x<3.6 V - 200 -
hysteresis
(3
Viys™ [FT sx 1.08 V<Vppjo<1.62 V - 150 - mv
BOOTO I/O input
hysteresis 1.62 V<Vppjox<3.6 V - 200 -
142/232 DoclD025976 Rev 4 Kys




STM32L476xx Electrical characteristics

Table 58. 1/0 static characteristics (continued)

Symbol Parameter Conditions Min Typ Max Unit
V|N < MaX(VDDxxx)(4) - - +100
FT_xx input leakage max%DDXXX) <1\<}’(\‘4)‘(5) - - 65003)(6)
Current(3) ax( DDXXX)+
Max VDDXX )+1 V< _ _ (6)
VIN £ 5.5 VCI6) 200
VN £ Max(Vppxxx) “) - - +150
FT_u, FT uand | MaX(VoDxood = Vin < ; ) 2500(3)(7)
Max(Vppxxx)*1 V
| PC3 10 A
ko Max(Vppxxx)*+1V < 7
VIN<5.5 Vﬁ )(5)(T7) - - 250( )
VN £ Max(V )(©) - - +150
TT_xx input leakage N ?DXXX
current Max(Vppxxx) < VIN < ) ) 3)
3.6\ 5’ 2000
OPAMPx_VINM
.(x=1,2) dedicated T,=75°C i i 1
input leakage current
(UFBGA132 only)
Weak pull-up _
Reu equivalent resistor () ViN = Vss 25 40 55 kQ
Weak pull-down _
Rep equivalent resistor(®) ViN = Vbpiox 25 40 95 kQ
Cio | 1/O pin capacitance - - 5 - pF

Refer to Figure 22: I/0O input characteristics.

Tested in production.

Guaranteed by design.

Max(Vppxxx) is the maximum value of all the 1/O supplies. Refer to Table: Legend/Abbreviations used in the pinout table.
All TX_xx 10 except FT_lu, FT_u and PC3.

This value represents the pad leakage of the 10 itself. The total product pad leakage is provided by this formula:
Iotal_lleak_max = 10 HA + [number of IOs where V)y is applied on the pad] x lkg(Max).

o0 k0N =

7. To sustain a voltage higher than MIN(Vpp, Vppa: Vbopio2: Vobuse: Vicp) +0-3 V, the internal Pull-up and Pull-Down
resistors must be disabled.

8. Pull-up and pull-down resistors are designed with a true resistance in series with a switchable PMOS/NMOS. This
PMOS/NMOS contribution to the series resistance is minimal (~10% order).

3
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Equation 1: Ry max formula

R Ts R
AIN < N+2. ~ NADC
fapc X Capc X IN(2 )

The formula above (Equation 1) is used to determine the maximum external impedance
allowed for an error below 1/4 of LSB. Here N = 12 (from 12-bit resolution).

Table 64. Maximum ADC RAIN(1(2)

. . . RAIN max (Q)
. Sampling cycle Sampling time [ns]
Resolution 80 MH 80 MH
@ z @ z Fast channels(® Slow channels®
25 31.25 100 N/A
6.5 81.25 330 100
12.5 156.25 680 470
24.5 306.25 1500 1200
12 bits
47.5 593.75 2200 1800
92.5 1156.25 4700 3900
247.5 3093.75 12000 10000
640.5 8006.75 39000 33000
2.5 31.25 120 N/A
6.5 81.25 390 180
12.5 156.25 820 560
24.5 306.25 1500 1200
10 bits
475 593.75 2200 1800
92.5 1156.25 5600 4700
247.5 3093.75 12000 10000
640.5 8006.75 47000 39000
25 31.25 180 N/A
6.5 81.25 470 270
12.5 156.25 1000 680
24.5 306.25 1800 1500
8 bits
47.5 593.75 2700 2200
92.5 1156.25 6800 5600
247.5 3093.75 15000 12000
640.5 8006.75 50000 50000

3
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Table 69. DAC characteristics(" (continued)
Symbol Parameter Conditions Min Typ Max Unit
DAC output buffer
DAC OUT  |ON,Cgy=100nF | = 0 35
Sampling time in sample | pin connected ms
and hold mode (code 3ﬁg outeut :’gger:F - | 105 18
transition between the ' “SH
tsamp lowest input code and the |DAC_OUT
highest input code when pin not
DACOUT reaches final connected DAC output buffer _ 9 35 s
value +1LSB) (internal OFF ' H
connection
only)
Sample and hold mode,
lieak Output leakage current DACpOUT oin connected - - -3) nA
Cly Interngl sample and hold ) 592 7 8.8 oF
capacitor
tTRIM :\i/lr:]dedle code offset trim DAC output buffer ON 50 - - us
Middle code offset for 1 | VReF+ = 3.6V - 1500 -
Voffset ; MV
trim code step VRers = 1.8V _ 750 _
No load, middle
’ - 315 500
DAC output | code (0x800)
buffer ON No load, worst code
(OXF1C) - 450 670
Ipa(DAC) 5AC consumption from | pAC output | No load, middle i i 0.2 uA
DDA buffer OFF code (0x800)
315« 670 x
Sample and hold mode, Cgy = ) Ton/(Ton | Ton/(Ton
100 nF +Toff) +Toff)
4) )
No load, middle
’ - 185 240
DAC output code (0x800)
buffer ON No load, worst code
(OXF1C) - 340 400
DAC output No load, middle
buffer OFF | code (0x800) L
Ippy(DAC) \II;AC consumption from 185 400, VA
REF+ Sample and hold mode, buffer ON, ) Ton/(Ton | Ton/(Ton
Csn = 100 nF, worst case +Toff) +Toff)
“) O
155 x 205 «
Sample and hold mode, buffer OFF, _ Ton/(Ton | Ton/(Ton
Csn = 100 nF, worst case +'{2)ﬁ) +'ch>)ff)

1. Guaranteed by design.

2. In buffered mode, the output can overshoot above the final value for low input code (starting from min value).

164/232
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Table 73. OPAMP characteristics(?) (continued)

Symbol Parameter Conditions Min Typ Max Unit
PGA Gain=2 - 80/80 -
L 120/
R2/R1 internal | PGA Gain =4 - 40 -
resistance
Rnetwork values in PGA | pGA Gain = 8 ) 140/ ) kQ/kQ
mode(®) 20
PGA Gain = 16 S
10
Resistance
Delta R variation (R1 or - -15 - 15 %
R2)
PGA gain error | PGA gain error - -1 - 1 %
Gain =2 - - GBW/ -
2
. GBW/
PGA bandwidth | Gain =4 - - 4 -
PGA BW for different non MHz
invertinggain | Gain=8 - - GBW/ -
8
L GBW/
Gain = 16 - - 16 -
at 1 kHz, Output
Normal mode loaded with 4 kQ - %00 -
Low-power mode at1 kHZ’.OUtPUt - 600 -
Voltage noise loaded with 20 kQ
en : nV/AHz
density Normal mode at 10 kHz, Output - 180 -
loaded with 4 kQ
at 10 kHz, Output
Low-power mode loaded with 20 kQ - 290 -
OPAMP Normal mode no Load. quiescent - 120 260
Iopa(OPAMP)®) | consumption 4 MA
from Vppa Low-power mode | mode - 45 100
1. Guaranteed by design, unless otherwise specified.
2. The temperature range is limited to 0 °C-125 °C when Vppp is below 2 V
3. Guaranteed by characterization results.
4. Mostly I/O leakage, when used in analog mode. Refer to lyq parameter in Table 58: I/O static characteristics.
5. R2is the internal resistance between OPAMP output and OPAMP inverting input. R1 is the internal resistance between
OPAMP inverting input and ground. The PGA gain =1+R2/R1
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Table 99. Synchronous multiplexed PSRAM write timings(1(2)

Symbol Parameter Min Max | Unit
twicLk) FMC_CLK period 2Theolk-1 -
tycikinexy) |FMC_CLK low to FMC_NEx low (x=0..2) - 2
ty(cLkH-NExH) | FMC_CLK high to FMC_NEXx high (x=0...2) ThoLkt0.5 -
tyicLk-NaDvL) | FMC_CLK low to FMC_NADV low - 25
tycLkL-NADVH) | FMC_CLK low to FMC_NADV high 1 -
tycLkL-AV) FMC_CLK low to FMC_Ax valid (x=16...25) - 3.5
tycLkH-alvy | FMC_CLK high to FMC_Ax invalid (x=16...25) THeLk -
tacikenwer) | FMC_CLK low to FMC_NWE low - 2 o
ta(cLkH-NweH) | FMC_CLK high to FMC_NWE high Tholkt1 -
tycLki-apvy | FMC_CLK low to FMC_AD[15:0] valid - 4
tycLkL-apryy | FMC_CLK low to FMC_AD[15:0] invalid 0 -
tycLkL-pata) | FMC_A/D[15:0] valid data after FMC_CLK low - 5.5
taycciknsLy) | FMC_CLK low to FMC_NBL low - 25
tacLkrngLHy | FMC_CLK high to FMC_NBL high Thekt1 -
tsunwaIT-cLkH) | FMC_NWAIT valid before FMC_CLK high 0 -
th(cLkH-NwAIT) | FMC_NWAIT valid after FMC_CLK high 4 -
1. CL=30 pF.
2. Guaranteed by characterization results.
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Figure 66. LQFP64 marking (package top view)

Revision code

Product identification(1) 3

[STM32Lu7E

IRGTE

<

ww -«+— Date code

Pin 1 identifier —t> (@) "l O

MSv36854V3

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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1.7

7.71

7.7.2

226/232

Thermal characteristics

The maximum chip junction temperature (T jmax) must never exceed the values given in
Table 22: General operating conditions.

The maximum chip-junction temperature, T ; max, in degrees Celsius, may be calculated
using the following equation:

T, max = Ty max + (Pp max x ©,)
Where:
e T, maxis the maximum ambient temperature in °C,
e 0Oy, is the package junction-to-ambient thermal resistance, in °C/W,
e  Pp max is the sum of P\t max and P, max (Pp max = Pyt max + P;,gmax),

e  Pny7 maxis the product of Ipp and Vpp, expressed in Watts. This is the maximum chip
internal power.

P|;,0 max represents the maximum power dissipation on output pins where:

Pyo max =2 (VoL * loL) + Z ((Vppiox— VoH) * low).
taking into account the actual Vg / I and Vgy / Ioy of the 1/Os at low and high level in the
application.

Table 113. Package thermal characteristics

Symbol Parameter Value Unit

Thermal resistance junction-ambient

LQFP64 - 10 x 10 mm / 0.5 mm pitch 45
Thermal resistance junction-ambient 492
LQFP100 - 14 x 14mm

Thermal resistance junction-ambient 32

LQFP144 - 20 x 20 mm
Oja °C/W
Thermal resistance junction-ambient

UFBGA132-7 x 7 mm 55
Thermal resistance junction-ambient 46
WLCSP72

Thermal resistance junction-ambient 41

WLCSP81

Reference document

JESDS51-2 Integrated Circuits Thermal Test Method Environment Conditions - Natural
Convection (Still Air). Available from www.jedec.org

Selecting the product temperature range

When ordering the microcontroller, the temperature range is specified in the ordering
information scheme shown in Section 8: Part numbering.

Each temperature range suffix corresponds to a specific guaranteed ambient temperature at
maximum dissipation and, to a specific maximum junction temperature.

DoclD025976 Rev 4 ‘Yl




STM32L476xx Package information

Note:

3

As applications do not commonly use the STM32L476xx at maximum dissipation, it is useful
to calculate the exact power consumption and junction temperature to determine which
temperature range will be best suited to the application.

The following examples show how to calculate the temperature range needed for a given
application.

Example 1: High-performance application

Assuming the following application conditions:

Maximum ambient temperature Tpnx = 82 °C (measured according to JESD51-2),
Ibbmax = 50 MA, Vpp = 3.5V, maximum 20 I/Os used at the same time in output at low
level with 1o, =8 mA, Vo, = 0.4 V and maximum 8 |/Os used at the same time in output
at low level with |5, =20 mA, Vg = 1.3V

PiNTmax =950 mA x 3.5 V=175 mW

Plomax =20 x 8 mAx 0.4V +8x20mAx 1.3V =272 mW
This gives: PiNTmax = 175 mW and P|gpmax = 272 mW:
Pbmax = 175 + 272 = 447 mW

Using the values obtained in Table 113 T j,,ax is calculated as follows:
— For LQFP64, 45 °C/W
Tymax = 82 °C + (45 °C/W x 447 mW) =82 °C + 20.115°C =102.115 °C

This is within the range of the suffix 6 version parts (—40 < T, < 105 °C) see Section 8: Part
numbering.

In this case, parts must be ordered at least with the temperature range suffix 6 (see Part
numbering).

With this given Ppyax we can find the Ty,.y @llowed for a given device temperature range
(order code suffix 6 or 7).

Suffix 6: Tamax = Tymax - (45°C/W x 447 mW) = 105-20.115 = 84.885 °C

Suffix 7: Tamax = Tymax - (45°C/W x 447 mW) = 125-20.115 = 104.885 °C

Example 2: High-temperature application

Using the same rules, it is possible to address applications that run at high ambient
temperatures with a low dissipation, as long as junction temperature T; remains within the
specified range.

Assuming the following application conditions:

Maximum ambient temperature Tpnpax = 100 °C (measured according to JESD51-2),
Ippmax = 20 mA, Vpp = 3.5V, maximum 20 |/Os used at the same time in output at low
level with Ig. =8 mA, V5, =04V

PINTmax =20 mA x 3.5 V=70 mW

Piomax =20 x 8 mA x 0.4V = 64 mW

This gives: PiNTmax = 70 mW and P gpnax = 64 mW:
Ppbmax = 70 + 64 = 134 mW

Thus: Ppmax = 134 mW

DocID025976 Rev 4 227/232




