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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

80MHz

CANbus, I2C, IrDA, LINbus, MMC/SD, QSPI, SAI, SPI, UART/USART, USB
Brown-out Detect/Reset, DMA, PWM, WDT
52

512KB (512K x 8)

FLASH

160K x 8

1.71V ~ 3.6V

A/D 16x12b; D/A 1x12b

Internal

-40°C ~ 85°C (TA)

Surface Mount

64-UFBGA, WLCSP

64-WLCSP (3.36x3.66)
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— CAN (2.0B Active) and SDMMC interface e CRC calculation unit, 96-bit unique 1D
— IRTIM (Infrared interface) e Development support: serial wire debug
e 14-channel DMA controller (SWD), JTAG, Embedded Trace Macrocell™
e True random number generator o All paCkageS are ECOPACK2® Compliant
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Functional overview

Table 4. Functionalities depending on the working mode(?)

Stop 0/1 Stop 2 Standby |Shutdown
= 2 = 2
Low- | Low- % T‘Ev % T.Ev
Peripheral Run Sleep | power | power 2 2 2 2 VBAT
run sleep - o - o - o - o
o o o o
=} =} =} =}
() () () ()
3 3 3 3
= s = s
CPU Y - Y - - - - - - - - - -
Flash memory (up to @ @ @ @ ) _ i i ) i i i )
512 KB) © © o o
SRAM1 (128 KB) Y Y@ Y Y& 1y - |y - - - - - -
SRAM2 (32 KB) Y Y@ Y Y& 'y - |y - |o¥W . - - -
Quad SPI 0] (0] o 0] - - - - - - - - -
Backup Registers Y Y Y Y Y - Y - Y - Y - Y
Brown-out reset
(BOR) Y Y Y Y Y Y Y Y Y Y - - -
Programmable
Voltage Detector (0] @) (0] (0] 0] (0] (0] (0] - - - - -
(PVD)
Peripheral Voltage
Monitor (PVMX; (0] O 0] (0] O (0] (0] (0] - = - = -
x=1,3,4)
DMA (0] O 0] (0] - - - = - - - - -
High Speed Internal (5) ) (5) ) ) ) ) ) )
(HSI16) © © © ©
Oscillator RC48 0] (0] - - - - - - - - - - -
High Speed External
(HSE) (0] 0] (0] (0] - - - = - = - - -
Low Speed Internal
(LSI) (0] O 0] (0] O - (0] - (0] - - - -
Low Speed External
(LSE) (0] O 0] (0] O - (0] - 0] - (0] - o
Multi-Speed Internal
(MSI) (0] 0] (0] (0] - - - - - - - - -
Clock Security
System (CSS) o © o SR T R B
Clock Security
System on LSE (0] o 0] (0] O (0] (0] (0] 0] (0] - - -
RTC / Auto wakeup (0] 0] (0] (0] 0] (0] (0] (0] 0] (0] (0] (0] O
Number of RTC 3 3 3 3 |3 0|3 0|3 0|3 o0 3
Tamper pins
1S7 DS11913 Rev 4 29/204
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Table 5. STM32L462xx peripherals interconnect matrix (continued)

c| 8| «
2| 2 o
ol 5| 0| 2| ~
AR
Interconnect source Inter(:‘onr]ect Interconnect action 5 ® % 2 = g
destination Xl pl al oo =
0 Q| |
2l 3| 8
S &l &
aull B
TIMx External trigger Y|IY|[Y|Y]|-]|-
LPTIMERX External trigger Y|Y|Y|Y|Y (\1()
GPIO
ADCx
DACH1 Conversion external trigger Y|Y|Y|Y]|-]|-
DFSDM1
1. LPTIM1 only.
IS73 DS11913 Rev 4 33/204
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56/204

The Quad SPI interface supports:

Three functional modes: indirect, status-polling, and memory-mapped

Dual-flash mode, where 8 bits can be sent/received simultaneously by accessing two
flash memories in parallel.

SDR and DDR support
Fully programmable opcode for both indirect and memory mapped mode
Fully programmable frame format for both indirect and memory mapped mode

Each of the 5 following phases can be configured independently (enable, length,
single/dual/quad communication)

— Instruction phase

— Address phase

— Alternate bytes phase

—  Dummy cycles phase

— Data phase

Integrated FIFO for reception and transmission

8, 16, and 32-bit data accesses are allowed

DMA channel for indirect mode operations

Programmable masking for external flash flag management
Timeout management

Interrupt generation on FIFO threshold, timeout, status match, operation complete, and
access efrror

3
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Table 17. Alternate function AF8 to AF15(1)

AF8 AF9 AF10 AF11 AF12 AF13 AF14 AF15
Port UART4/ SDMMC1/
LPUART1/ CAN1/TSC CSLT ;I/DUSSPBII - COMP1/ SAI1 T-II-I\III“:?STPN'II:III?IIIZ EVENTOUT
CAN1 COMP2
PAO UART4_TX - - - COMP1_OUT | SAIM1_EXTCLK TIM2_ETR EVENTOUT
PA1 UART4_RX - - - - - TIM15_CH1N EVENTOUT
PA2 | LPUART1_TX - QUADSPI_ - COMP2_OUT - TIM15_CH1 EVENTOUT
BK1_NCS
PA3 | LPUART1_RX - QUADSPI_CLK - - SAI1_MCLK_A TIM15_CH2 EVENTOUT
PA4 - - - - - SAI1_FS B LPTIM2_OUT EVENTOUT
PA5 - - - - - - LPTIM2_ETR EVENTOUT
QUADSPI_ TIM1_BKIN_
PA6 |LPUART1_CTS - BK1 103 - COMP2 - TIM16_CH1 EVENTOUT
QUADSPI_
PA7 - - BK1 102 - COMP2_OUT - - EVENTOUT
Port A
PA8 - - - - - SAI1_SCK_A LPTIM2_OUT EVENTOUT
PA9 - - - - - SAI1_FS_A TIM15_BKIN EVENTOUT
USBCRS
PA10 - - SYNC - - SAI1_SD A - EVENTOUT
TIM1_BKIN2_
PA11 - CAN1_RX USBDM - COMP1 - - EVENTOUT
PA12 - CAN1_TX USBDP - - - - EVENTOUT
PA13 - - USBNOE - - SAI1_SD B - EVENTOUT
PA14 - - - - - SAI1_FS B - EVENTOUT
PA15 UARTSERTS— TSC_G3 101 - - - - - EVENTOUT

IACPTIZEINLS FUZIVIZEINLS DZIV1CEINLS
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Electrical characteristics

Parameter conditions

Unless otherwise specified, all voltages are referenced to Vgg.

Minimum and maximum values

Unless otherwise specified, the minimum and maximum values are guaranteed in the worst
conditions of ambient temperature, supply voltage and frequencies by tests in production on
100% of the devices with an ambient temperature at Ty = 25 °C and Tp = Tamax (given by
the selected temperature range).

Data based on characterization results, design simulation and/or technology characteristics
are indicated in the table footnotes and are not tested in production. Based on
characterization, the minimum and maximum values refer to sample tests and represent the
mean value plus or minus three times the standard deviation (mean +30).

Typical values

Unless otherwise specified, typical data are based on Ty =25 °C, Vpp = Vppa =3 V. They
are given only as design guidelines and are not tested.

Typical ADC accuracy values are determined by characterization of a batch of samples from
a standard diffusion lot over the full temperature range, where 95% of the devices have an
error less than or equal to the value indicated (mean +20).

Typical curves

Unless otherwise specified, all typical curves are given only as design guidelines and are
not tested.

Loading capacitor

The loading conditions used for pin parameter measurement are shown in Figure 13.

Pin input voltage

The input voltage measurement on a pin of the device is described in Figure 14.

Figure 13. Pin loading conditions Figure 14. Pin input voltage
MCU pin MCU pin
C=50pF
MS19210v1 MS19211V1
DS11913 Rev 4 87/204
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6.3.4 Embedded voltage reference

The parameters given in Table 25 are derived from tests performed under the ambient
temperature and supply voltage conditions summarized in Table 22: General operating

conditions.
Table 25. Embedded internal voltage reference
Symbol Parameter Conditions Min Typ Max Unit
VREFINT Internal reference voltage —40°C<Tp<+130°C 1.182 |1.212| 1.232 \Y
ADC sampling time when
ts_vrefint Q) reading the internal reference - 42) - - us
voltage
Start time of reference voltage
lstart_vrefint | puffer when ADC is enable ° ) ) 8 122 Hs

VgrernT buffer consumption

from Vpp when converted by - - 12.5 | 2002 MA
Ioo(VReFINTBUF) | Apc

Internal reference voltage

AVRgrINT | spread over the temperature | Vpp =3V - 5 | 750 | mv
range
Teoeff Temperature coefficient —40°C <Tp <+130°C - 30 50@) | ppm/°C
Acoefi Long term stability 1000 hours, T = 25°C - 300 | 1000© | ppm
VbDCoeff Voltage coefficient 3.0V<Vpp<36V - 250 | 1200 | ppm/V
VRerINT piv1 | 1/4 reference voltage 24 25 26
0,
VREF|NT DIV2 1/2 reference Voltage - 49 50 51 V %
= REFINT
VRerINT piv3 | 3/4 reference voltage 74 75 76

1. The shortest sampling time can be determined in the application by multiple iterations.
2. Guaranteed by design.

3
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Figure 17. VRggNT Versus temperature
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Table 32. Current consumption in Sleep and Low-power sleep modes, Flash ON

Conditions TYP max(
Symbol Parameter Voltage Unit
- Age | ¢ .k | 25°C |55°C| 85°C |105°C [125°C| 25°C | 55°C | 85°C |105°C |125°C
scaling
26 MHz | 0.700 |0.730| 0.830 | 1.00 | 1.35 | 0.80 | 0.90 | 1.05 | 1.30 | 1.90
16 MHz | 0.475 | 0.505| 0.605 | 0.775 | 1.10 | 055 | 0.65 | 0.80 | 1.05 | 1.65
8 MHz | 0.300 | 0.325| 0.425 | 0.590 | 0.920 | 0.35 | 0.45 | 060 | 0.85 | 1.45
Range 2| 4 MHz | 0.210 |0.235| 0.335 | 0.500 | 0.830 | 0.25 | 0.30 | 0.45 | 0.75 | 1.35
Ig%tgl\jl:"*zSE up 2MHz | 0.165 |0.190| 0.290 | 0.455 | 0.785 | 020 | 025 | 0.40 | 070 | 1.25
Supply | included, bypass 1MHz | 0.145 [0.170| 0.265 | 0.430 | 0.760 | 0.15 | 0.25 | 0.40 | 0.65 | 1.25
Ipp_ALL current in | mode 100 kHz | 0.125 | 0.150 | 0.245 | 0.410 | 0.740 | 015 | 0.20 | 035 | 0.65 | 1.20 |
(Sleep) S'egp Zgaﬁabﬁve 80MHz | 230 | 235 | 245 | 265 | 3.05 | 255 | 265 | 285 | 3.15 | 3.80
mode, za
peripherals 72MHz | 210 | 215 | 225 | 245 | 2.80 | 235 | 240 | 260 | 2.90 | 3.55
disable 64MHz | 1.90 | 1.90 | 2.05 | 225 | 260 | 210 | 220 | 235 | 2,70 | 3.35
Range 1| 48MHz | 1.40 | 1.40 | 155 | 175 | 215 | 160 | 1.65 | 1.85 | 215 | 2.80
32MHz | 0970 | 1.00 | 1.15 | 130 | 1.70 | 1.10 | 120 | 140 | 1.70 | 2.35
24 MHz | 0.765 [0.800| 0.920 | 1.10 | 150 | 090 | 0.95 | 1.15 | 145 | 2.10
16 MHz | 0.555 | 0.590 | 0.705 | 0.895 | 125 | 065 | 0.75 | 0.90 | 1.20 | 1.85
Supply 2MHz | 76.0 | 110 | 215 | 395 | 745 | 120 | 185 | 355 | 610 | 1250
current in
loD_ALL e or ok =fusi 1MHz | 540 | 865 | 195 | 370 | 725 | 885 | 160 | 335 | 585 | 1250 A
(LPSleep) sleep |2l peripherals disable 400kHz | 39.0 | 705 | 175 | 355 | 710 | 685 | 140 | 320 | 570 | 1200
mode 100 kHz | 355 | 75.0 | 195 345 715 | 66.0 | 130 305 560 | 1200

1. Guaranteed by characterization results, unless otherwise specified.

solsLIajorIRYD |BOLI}O3|T
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Table 33. Current consumption in Low-power sleep modes, Flash in power-down

Conditions TYP MAX(™
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 | 765 | 105 | 220 | 410 | 740 | 110 | 175 | 350 | 600 | 1250
IpD_ALL S"‘jﬁ’gx;z;;‘f;t frueik = fusi 1MHz | 540 | 810 | 195 | 385 | 715 | 815 | 155 | 325 | 570 | 1200 | .
(LPSleep) | gleep mode |2 Peripherals disable | 400 kHz | 28.0 | 64.5 | 175 | 370 | 695 | 60.5 | 130 | 305 | 555 | 1200
100 kHz | 21.5 | 550 | 170 | 360 | 690 | 585 | 120 | 300 | 550 | 1200
1. Guaranteed by characterization results, unless otherwise specified.
Table 34. Current consumption in Stop 2 mode
Conditions TYP MAX™
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 | 2.05 | 540 | 19.0 | 440 | 97.0 | 400 | 115 | 415 | 100 | 220
Supply currentin 24V ]| 210 | 545 | 19.0 | 445 | 985 | 405 | 115 | 420 | 100 | 225
(IgtDo_ALZL) Stop 2 mode, - i i i i i i i i i pA
p RTC disabled 3V | 205 | 555 | 195 | 450 | 100 | 410 | 12.0 | 430 | 105 | 230
36V | 205 | 565 | 200 | 465 | 105 | 420 | 120 | 440 | 105 | 235
18V | 230 | 565 | 19.0 | 440 | 97.0 | 450 | 120 | 420 | 100 | 220
24V]| 235 [ 580 | 195 | 445 | 990 | 465 | 120 | 425 | 100 | 225
RTC clocked by LSI
3V | 250 | 590 | 200 | 455 | 100 | 490 | 1255 | 435 | 105 | 230
36V | 260 | 615 | 205 | 470 | 105 | 520 | 13.0 | 445 | 105 | 235
18V | 260 | 6.05 | 21.0 | 480 | 97.0 - - - - -
lop_aLL [ Supplycurrentin | oo o ed by LSE |24V | 255 | 620 | 210 | 490 | 985 | - - - - -
(Stop 2 with | Stop 2 mode, bvpassed at 32768 Hz MA
RTC) RTC enabled yp 3V | 280 | 635 | 215 | 495 | 100 - - - - -
36V | 285 | 660 | 225 | 515 | 105 - - - - -
18V | 240 | 570 | 190 | 445 | 98.0 - - - - -
cITuTaCrt(z:gg)Cked by LSE 54V 250 | 585 | 195 | 450 | 995 - - - - -
in low drive mode 3V | 260 | 6.00 | 200 | 460 | 100 - - - - -
36V ]| 265 | 625 | 205 | 47.0 | 105 - - - - -

ATV IZEINLS FHZIVIZEINLS FOZIV1CENLS
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On-chip peripheral current consumption
The current consumption of the on-chip peripherals is given in Table 40. The MCU is placed
under the following conditions:
e Al l/O pins are in Analog mode
e The given value is calculated by measuring the difference of the current consumptions:
— when the peripheral is clocked on
— when the peripheral is clocked off

e  Ambient operating temperature and supply voltage conditions summarized in Table 19:
Voltage characteristics

e  The power consumption of the digital part of the on-chip peripherals is given in
Table 40. The power consumption of the analog part of the peripherals (where
applicable) is indicated in each related section of the datasheet.

Table 40. Peripheral current consumption

Peripheral Range 1 Range 2 LO‘:;ZO:;’:(:;U" Unit

Bus Matrix(") 3.2 29 3.1
ADC independent clock domain 0.4 0.1 0.2
ADC clock domain 2.1 1.9 1.9
AES 1.7 15 1.6
CRC 0.4 0.2 0.3
DMA1 1.4 1.3 14
DMA2 15 1.3 14
FLASH 6.2 5.2 5.8
GPIOA®) 1.7 1.4 1.6
GPI0B(®) 1.6 1.3 1.6

AHB GPIOC®@) 1.7 15 1.6
GPIOD®@ 1.8 1.6 1.7 HA/MHz
GPIOE® 1.7 1.6 1.6
GPIOH®@) 0.6 0.6 0.5
QSPI 7.0 5.8 7.3
RNG independent clock domain 22 N/A N/A
RNG clock domain 0.5 N/A N/A
SRAM1 0.8 0.9 0.7
SRAM2 1.0 0.8 0.8
TSC 1.6 1.3 1.3
All AHB Peripherals 25.2 21.7 23.6

APBT AHB to APB1 bridge®) 0.9 0.7 0.9
CAN1 4.1 3.2 3.9

‘Y_l DS11913 Rev 4 113/204
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Figure 22. HSI16 frequency versus temperature
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6.3.10 Flash memory characteristics

Table 53. Flash memory characteristics(!)

Symbol Parameter Conditions Typ Max | Unit
torog 64-bit programming time - 81.69 90.76 | ps
. one row (32 double normal programming 2.61 2.90
Proa-ToW | word) programming time | fast programming 1.91 2.12
) one page (2 Kbyte) normal programming 20.91 23.24 | ms
Pro9_Page | programming time fast programming 15.29 16.98
terase | Page (2 KB) erase time - 22.02 24 47
one bank (512 Kbyte) normal programming 5.35 5.95

torog_bank ing ti
prog_bank | programming time fast programming 3.91 4.35

Mass erase time
tme (one or two banks) - 22.13 2459 | ms

Average consumption Write mode 3.4 -
| from Vpp Erase mode 3.4 R R
DD m
Write mode 7 (for 2 ps) -

Maximum current (peak)

Erase mode 7 (for 41 ps) -

1. Guaranteed by design.

Table 54. Flash memory endurance and data retention

Symbol Parameter Conditions Min( Unit
Nenp | Endurance Ta=-40to +105°C 10 kcycles
1 keycle® at T, = 85 °C 30
1 keycle® at T, = 105 °C 15
1 keycle® at T, = 125 °C 7
tRET Data retention Years
10 keycles® at T = 55 °C 30
10 keycles® at T, = 85 °C 15
10 keycles® at Tp = 105 °C 10

1. Guaranteed by characterization results.

2. Cycling performed over the whole temperature range.

3
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Table 70. ADC accuracy - limited test conditions 3(1(2()

Sg:;- Parameter Conditions¥ Min | Typ | Max | Unit
Single Fast channel (max speed) | - | 55|75
Total ended Slow channel (max speed) | - | 45 | 6.5
ET |unadjusted
error ) | Fastchannel (max speed) | - | 45|75
Differential
Slow channel (max speed) | - | 45| 5.5
Single Fast channel (max speed) | - 2 5
o | Offset ended Slow channel (max speed) | - | 25| 5
error Fast channel (max speed) | - 2 |35
Differential
Slow channel (max speed) | - | 25| 3
Single Fast channel (maxspeed) | - |45 | 7
ended Slow channel (max speed) | - | 3.5 | 6
EG | Gain error LSB
Fast channel (maxspeed) | - | 35| 4
Differential
Slow channel (max speed) | - | 35| 5
Single Fast channel (max speed) | - 12 |15
ED :Differential ended Slow channel (max speed) | - | 1.2 | 15
inearity
error ADC clock frequency < Fast channel (max speed) | - 1 1.2
80 MHz, Differential
Sampling rate < 5.33 Msps, Slow channel (max speed) | - | 1 | 1.2
:1325\/V <Vbpa = VREF+= | gingle Fast channel (max speed) | - | 3 | 3.5
Integral V. ’ . ended Slow channel (max speed) | - | 2.5 | 3.5
EL |linearity oltage scaling Range 1
error ] | Fast channel (max speed) | - 2 |25
Differential
Slow channel (max speed) | - 2 |25
Single Fast channel (max speed) | 10 |10.4| -
Effective ended Slow channel (max speed) | 10 [10.4| -
ENOB | number of bits
bits Fast channel (max speed) [10.6 [10.7 | -
Differential
Slow channel (max speed) | 10.6 | 10.7 | -
. Single Fast channel (max speed) | 62 | 64 -
Signal-to- ended
SINAD noise and Slow channel (max speed) | 62 | 64 -
distortion Fast channel (max speed) | 65 | 66 | -
ratio Differential
Slow channel (max speed) | 65 | 66 -
dB
Single Fast channel (max speed) | 63 | 65 -
SNR Signal-to- ended Slow channel (max speed) | 63 | 65 | -
noise ratio Fast channel (max speed) | 66 | 67 | -
Differential
Slow channel (max speed) | 66 | 67 -
150/204 DS11913 Rev 4 Kys
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Table 71. ADC accuracy - limited test conditions 4(M2)3) (continued)

Sg::- Parameter Conditions(®) Min | Typ | Max | Unit
ADC clock frequency < Single Fast channel (max speed) | - | -71 | -69
Total 26 MHz, ended Slow channel (max speed) | - | -71 | -69
THD |harmonic |1.65V <Vppp = VREF+ < dB
distortion |3.6V, ) | Fast channel (max speed) | - | -73 | -72
. Differential
Voltage scaling Range 2 Slow channel (max speed) | - | -73 | -72

Guaranteed by design.
2. ADC DC accuracy values are measured after internal calibration.

ADC accuracy vs. negative Injection Current: Injecting negative current on any analog input pins should be avoided as this
significantly reduces the accuracy of the conversion being performed on another analog input. It is recommended to add a
Schottky diode (pin to ground) to analog pins which may potentially inject negative current.

4. The I/O analog switch voltage booster is enable when Vppa < 2.4 V (BOOSTEN = 1 in the SYSCFG_CFGR1 when
Vppa < 2.4 V). It is disable when Vppa = 2.4 V. No oversampling.

Figure 28. ADC accuracy characteristics

(1) Example of an actual transfer curve
(2) The ideal transfer curve
(3) End point correlation line

|

: ET = total unajusted error: maximum deviation
' between the actual and ideal transfer curves.
! Eo = offset error: maximum 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.
|

I

Ep = differential linearity error: maximum
deviation between actual steps and the ideal ones.
EL = integral linearity error: maximum deviation
between any actual transition and the end point
correlation line.

0 1 2 3 4 5 6 7 // 4093 4094 4095 4096 \/bDA

MS19880V2
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Electrical characteristics

6.3.19 Digital-to-Analog converter characteristics
Table 72. DAC characteristics!!)
Symbol Parameter Conditions Min Typ Max Unit
DAC output buffer OFF (no resistive
Analog supply voltage for load on DAC1_OUT1 pin orinternal | 1.71 -
Vbpa DAC ON connection) 3.6
Other modes 1.80 -
DAC output buffer OFF (no resistive Vv
load on DAC1_OUT1 pin or internal | 1.71 -
VREF+ Positive reference voltage | connection) Vbpa
Other modes 1.80 -
Vv Negative reference _ i
REF- voltage SSA
connected to Vggpa 5 - -
RL Resistive load DAffC OUthUt SS kQ
buffer O connected to Vppa | 25 - -
Ro Output Impedance DAC output buffer OFF 9.6 11.7 13.8 kQ
Output impedance sample |Vpp =2.7V - - 2
Reon and hold mode, output kQ
buffer ON Vop=2.0V - - 3.5
Output impedance sample |Vpp =2.7V - - 16.5
Rgorr and hold mode, output kQ
buffer OFF Vpp =20V - - 18.0
C_ DAC output buffer ON - - 50 pF
Capacitive load
CsH Sample and hold mode - 0.1 1 uF
V
Voltage on DAC1_OUT1 | DAC output buffer ON 0.2 - oo
Vpac_out output . \
DAC output buffer OFF 0 - VREF+
+0.5LSB - 1.7 3
Settling time (full scale: for | Normal mode
a 12-bit code transition DAC output $1LSB ) 1.6 2.9
between the lowestand | pyffer ON +2 LSB - 1.55 2.85
the highest input codes CL < 50 pF,

ISETTLING when DAC1_OUT1 RL 2 5 kQ +41SB B 1.48 2.8 HS
reaches final value +8LSB _ 14 275
+0.5LSB, +1 LSB, +2 LSB,
+4 LSB, +8 LSB) Normal mode DAC output buffer ) 2 25

OFF, +1LSB, CL = 10 pF |
Wakeup time from off state | Normal mode DAC output buffer ON| 4.2 75

i @) |(setting the ENXx bit in the CL=50pF, RL25kQ us

WAKEUP I?AC Control register) until | Normal mode DAC output buffer ] ) 5
final value =1 LSB OFF, CL< 10 pF

— . | Normal mode DAC output buffer ON
PSRR Vppa supply rejection ratio CL <50 pF, RL = 5 kQ, DC - -80 -28 dB
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Table 75. COMP characteristics(") (continued)

Symbol Parameter Conditions Min | Typ | Max | Unit
Static - 400 | 600
Ultra-low- With 50 kHz nA
power mode | +100 mV overdrive - 1200 -
square signal
Static - 5 7
lopa(COMP) Comparator consumption Medium mode | With 50 kHz
from Vppa +100 mV overdrive - 6 -
square signal
MA
Static - 70 100
High-speed | with 50 kHz
mode +100 mV overdrive - 75 -
square signal
Comparator input bias 4
lbias B B B 4 nA
current
1. Guaranteed by design, unless otherwise specified.
2. Refer to Table 25: Embedded internal voltage reference.
3. Guaranteed by characterization results.
4. Mostly I/O leakage when used in analog mode. Refer to likg Parameter in Table 60: I/O static characteristics.
6.3.22 Operational amplifiers characteristics
Table 76. OPAMP characteristics()
Symbol Parameter Conditions Min Typ Max Unit
Vv Analog supply ) 18 ) 36 Vv
DDA voltage® : :
Common mode
CMIR input range - 0 - | Vooa | V
Input offset 25 °C, No Load on output. - - +1.5
Viorrser voltage mv
9 All voltage/Temp. - - +3
Inout offset Normal mode - 15 - 3
AVlorFseT vorl)ta e drift uvFirC
9 Low-power mode - +10 -
Offset trim step
TRIMOFFSETP |at low common ) ) 08 11
TRIMLPOFFSETP | input voltage ’
(0.1 x Vppa)
x VDDA "y
Offset trim step
TRIMOFFSETN | at high common ) ) 1 135
TRIMLPOFFSETN | input voltage '
(0.9x Vppa)
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Electrical characteristics

Table 76. OPAMP characteristics(! (continued)

Symbol Parameter Conditions Min Typ Max Unit
Normal mode - 13 -
GM Gain margin dB
Low-power mode - 20 -
CLOAD <50 pf,
Normal mode Rioap 24 kO - 5 10
follower
Wake up time configuration
twakeup Hs
U from OFF state. CLoap < 50 pf,
Low-power mode Rioap 2 20 kQ - 10 30
follower
configuration
. OPAMP input . )
lbias bias current General purpose input - - - nA
- 2 -
. (3 Non inverting B 4 B
PGA gain(® . - -
gain value - 8 -
- 16 -
PGA Gain =2 - 80/80 -
. 120/
R2/R1 internal | PGA Gain =4 - 40 -
resistance
Rnetwork values in PGA | pGA Gain = 8 . 140/ || kKO
mode(®) 20
PGA Gain = 16 - 150/ -
10
Resistance
Delta R variation (R1 or - -15 - 15 %
R2)
PGA gain error | PGA gain error - -1 - 1 %
Gain =2 - - GBWI -
2
oo GBW/
PGA bandwidth | Gain =4 - - 4 -
PGA BW for different non MHz
inverting gain Gain=8 . . GBSW/ -
oo GBW/
Gain = 16 - - 16 -
IS73 DS11913 Rev 4 165/204




Package information STM32L462CE STM32L462RE STM32L462VE

186/204

Figure 45. UFBGA100 marking (package top view)
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Pin 1 identifier

MSv43809V1

Parts marked as ES or E or accompanied by an Engineering Sample notification letter are not yet qualified
and therefore not approved for use in production. ST is not responsible for any consequences resulting
from such use. In no event will ST be liable for the customer using any of these engineering samples in
production. ST’s Quality department must be contacted prior to any decision to use these engineering
samples to run a qualification activity.
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Note:

3

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 Tamnax = 75 °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, Vo = 1.3V

PiNTmax =90 mA x 3.5 V=175 mW

Plomax =20 x 8 mAx 04V +8x20mAx 1.3V =272mW
This gives: PiNTmax = 175 mW and Pigpmax = 272 mW:
Ppbmax = 175 + 272 = 447 mW

Using the values obtained in Table 100 T 54 is calculated as follows:
— For LQFP64, 58 °C/W
Tymax = 75 °C + (58 °C/W x 447 mW) = 75 °C + 25.926 °C = 100.926 °C

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

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 T,y allowed for a given device temperature range
(order code suffix 6 or 3).

Suffix 6: Tamax = Tymax - (68°C/W x 447 mW) = 105-25.926 = 79.074 °C

Suffix 3: Tamax = Tymax - (58°C/W x 447 mW) = 130-25.926 = 104.074 °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 Tpnax = 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

P\NTmax = 20 MA x 3.5 V=70 mW
Plomax =20 X 8 MA x 0.4V = 64 mW
This gives: PiNTmax = 70 mW and P gmax = 64 mW:
Pbmax =70 + 64 = 134 mW

Thus: Ppmay = 134 mW

Using the values obtained in Table 100 T 54 is calculated as follows:
— For LQFP64, 58 °C/W
Tymax = 100 °C + (58 °C/W x 134 mW) =100 °C + 7.772 °C = 107.772 °C

This is above the range of the suffix 6 version parts (—40 < T; < 105 °C).
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