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Description

The STM32L452xx devices are the ultra-low-power microcontrollers based on the high-
performance Arm® Cortex®-M4 32-bit RISC core operating at a frequency of up to 80 MHz.
The Cortex-M4 core features a Floating point unit (FPU) single precision which supports all
Arm® single-precision data-processing instructions and data types. It also implements a full
set of DSP instructions and a memory protection unit (MPU) which enhances application
security.

The STM32L452xx devices embed high-speed memories (Flash memory up to 512 Kbyte,
160 Kbyte of SRAM), a Quad SPI flash memories interface (available on all packages) and
an extensive range of enhanced I/Os and peripherals connected to two APB buses, two
AHB buses and a 32-bit multi-AHB bus matrix.

The STM32L452xx devices embed several protection mechanisms for embedded Flash
memory and SRAM: readout protection, write protection, proprietary code readout
protection and Firewall.

The devices offer a fast 12-bit ADC (5 Msps), two comparators, one operational amplifier,
one DAC channel, an internal voltage reference buffer, a low-power RTC, one general-
purpose 32-bit timer, one 16-bit PWM timer dedicated to motor control, four general-purpose
16-bit timers, and two 16-bit low-power timers.

In addition, up to 21 capacitive sensing channels are available.

They also feature standard and advanced communication interfaces.

e Fourl2Cs

e Three SPIs

e Three USARTSs, one UART and one Low-Power UART.

e  One SAI (Serial Audio Interfaces)

e One SDMMC

e OneCAN

e  One USB full-speed device crystal less

The STM32L452xx operates in the -40 to +85 °C (+105 °C junction) and -40 to +125 °C
(+130 °C junction) temperature ranges from a 1.71 to 3.6 V Vpp power supply when using
internal LDO regulator and a 1.05 to 1.32V Vpp 12 power supply when using external SMPS

supply. A comprehensive set of power-saving modes allows the design of low-power
applications.

Some independent power supplies are supported: analog independent supply input for
ADC, DAC, OPAMP and comparators. A VBAT input allows to backup the RTC and backup
registers. Dedicated Vpp1o power supplies can be used to bypass the internal LDO
regulator when connected to an external SMPS.

The STM32L452xx family offers six packages from 48 to 100-pin packages.
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Functional overview STM32L452xx
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Embedded Flash memory

STM32L452xx devices feature up to 512 Kbyte of embedded Flash memory available for
storing programs and data in single bank architecture. The Flash memory contains 256
pages of 2 Kbyte.

Flexible protections can be configured thanks to option bytes:
e Readout protection (RDP) to protect the whole memory. Three levels are available:
—  Level 0: no readout protection

— Level 1: memory readout protection: the Flash memory cannot be read from or
written to if either debug features are connected, boot in RAM or bootloader is
selected

—  Level 2: chip readout protection: debug features (Cortex-M4 JTAG and serial
wire), boot in RAM and bootloader selection are disabled (JTAG fuse). This
selection is irreversible.

Table 3. Access status versus readout protection level and execution modes

User execution Debug, boot from RAM or boot
A Protection from system memory (loader)
rea level
Read Write Erase Read Write Erase
Main 1 Yes Yes Yes No No No
memory 2 Yes Yes Yes N/A N/A N/A
System 1 Yes No No Yes No No
memory 2 Yes No No N/A N/A N/A
Option 1 Yes Yes Yes Yes Yes Yes
bytes 2 Yes No No N/A N/A N/A
Backup 1 Yes Yes N/AM No No N/AM
registers 2 Yes Yes N/A N/A N/A N/A
1 Yes Yes Yes() No No No("
SRAM2
2 Yes Yes Yes N/A N/A N/A

1. Erased when RDP change from Level 1 to Level 0.

e  Write protection (WRP): the protected area is protected against erasing and
programming. Two areas can be selected, with 2-Kbyte granularity.

e  Proprietary code readout protection (PCROP): a part of the flash memory can be
protected against read and write from third parties. The protected area is execute-only:
it can only be reached by the STM32 CPU, as an instruction code, while all other
accesses (DMA, debug and CPU data read, write and erase) are strictly prohibited.
The PCROP area granularity is 64-bit wide. An additional option bit (PCROP_RDP)
allows to select if the PCROP area is erased or not when the RDP protection is
changed from Level 1 to Level 0.

3
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Functional overview STM32L452xx

3.23.1 Advanced-control timer (TIM1)

The advanced-control timer can each be seen as a three-phase PWM multiplexed on 6
channels. They have complementary PWM outputs with programmable inserted dead-
times. They can also be seen as complete general-purpose timers. The 4 independent
channels can be used for:

e Input capture
e  Output compare

e PWM generation (edge or center-aligned modes) with full modulation capability (0-
100%)

e  One-pulse mode output

In debug mode, the advanced-control timer counter can be frozen and the PWM outputs
disabled to turn off any power switches driven by these outputs.

Many features are shared with those of the general-purpose TIMx timers (described in
Section 3.23.2) using the same architecture, so the advanced-control timer can work
together with the TIMx timers via the Timer Link feature for synchronization or event
chaining.

3.23.2 General-purpose timers (TIM2, TIM3, TIM15, TIM16)

There are up to three synchronizable general-purpose timers embedded in the
STM32L452xx (see Table 11 for differences). Each general-purpose timer can be used to
generate PWM outputs, or act as a simple time base.

o TIM2, TIM3
They are full-featured general-purpose timers:
—  TIM2 has a 32-bit auto-reload up/downcounter and 32-bit prescaler.
—  TIMS3 has 16-bit auto-reload up/downcounter and 16-bit prescaler.

These timers feature 4 independent channels for input capture/output compare, PWM
or one-pulse mode output. They can work with the other general-purpose timers via the
Timer Link feature for synchronization or event chaining.

The counters can be frozen in debug mode.

All have independent DMA request generation and support quadrature encoder.
e TIM15and 16

They are general-purpose timers with mid-range features:

They have 16-bit auto-reload upcounters and 16-bit prescalers.

— TIM15 has 2 channels and 1 complementary channel

— TIM16 has 1 channel and 1 complementary channel

All channels can be used for input capture/output compare, PWM or one-pulse mode
output.

The timers can work together via the Timer Link feature for synchronization or event
chaining. The timers have independent DMA request generation.

The counters can be frozen in debug mode.

3.23.3 Basic timer (TIM6)

The basic timer is mainly used for DAC trigger generation. It can also be used as generic
16-bit timebase.
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Functional overview STM32L452xx
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3.29
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Serial peripheral interface (SPI)

Three SPI interfaces allow communication up to 40 Mbits/s in master and up to 24 Mbits/s
slave modes, in half-duplex, full-duplex and simplex modes. The 3-bit prescaler gives 8
master mode frequencies and the frame size is configurable from 4 bits to 16 bits. The SPI
interfaces support NSS pulse mode, Tl mode and Hardware CRC calculation.

All SPI interfaces can be served by the DMA controller.

Serial audio interfaces (SAl)

The device embeds 1 SAl. Refer to Table 14: SAl implementation for the features
implementation. The SAl bus interface handles communications between the
microcontroller and the serial audio protocol.

The SAIl peripheral supports:

Two independent audio sub-blocks which can be transmitters or receivers with their
respective FIFO.

8-word integrated FIFOs for each audio sub-block.
Synchronous or asynchronous mode between the audio sub-blocks.
Master or slave configuration independent for both audio sub-blocks.

Clock generator for each audio block to target independent audio frequency sampling
when both audio sub-blocks are configured in master mode.

Data size configurable: 8-, 10-, 16-, 20-, 24-, 32-bit.

Peripheral with large configurability and flexibility allowing to target as example the
following audio protocol: I12S, LSB or MSB-justified, PCM/DSP, TDM, AC’97 and SPDIF
out.

Up to 16 slots available with configurable size and with the possibility to select which
ones are active in the audio frame.

Number of bits by frame may be configurable.

Frame synchronization active level configurable (offset, bit length, level).
First active bit position in the slot is configurable.

LSB first or MSB first for data transfer.

Mute mode.

Stereo/Mono audio frame capability.

Communication clock strobing edge configurable (SCK).

Error flags with associated interrupts if enabled respectively.

—  Overrun and underrun detection.

Anticipated frame synchronization signal detection in slave mode.
—  Late frame synchronization signal detection in slave mode.

—  Codec not ready for the AC’97 mode in reception.

Interruption sources when enabled:

—  Errors.

—  FIFO requests.

DMA interface with 2 dedicated channels to handle access to the dedicated integrated
FIFO of each SAIl audio sub-block.
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Figure 7. STM32L452Vx UFBGA100 ballout(!)
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Table 17. Alternate function AF0 to AF7(") (continued)

AF0 AF1 AF2 AF3 AF4 AF5 AF6 AF7
USART3
PCO - LPTIM1_IN1 [2C4_SCL - 12C3_SCL - - -
PC1 TRACEDO LPTIM1_OUT 12C4_SDA - 12C3_SDA - - -
PC2 - LPTIM1_IN2 - - - SPI2_MISO Dgligl\ljl':'_ -
PC3 - LPTIM1_ETR - - - SPI12_MOSI - -
PC4 - - - - - - - USART3_TX
PC5 - - - - - - - USART3_RX
PC6 ; ; TIM3_CH1 - - - DESK?,[\I";— -
PortC| pc7 - - TIM3_CH2 - - - Dgiam;— -
PC8 - - TIM3_CH3 - - - - -
PC9 - - TIM3_CH4 - - - - -
PC10 TRACED1 - - - - - SPI3_SCK USART3_TX
PC11 - - - - - - SPI3_MISO USART3_RX
PC12 TRACED3 - - - - - SPI3_MOSI USART3_CK
PC13 - - - - - - - -
PC14 - - - - - - - -
PC15 - - - - - - - -

uonduosap uid pue sjnouid
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Electrical characteristics

6.1.6

Power supply scheme

Figure 16. Power supply scheme

VBAT[]
i Backup circuitry
1.55-3.6V r: (LSE, RTC,
LK Backup registers)
— Power switch
VDD VCORE
T nxvon Ve |
;—Regulator—» |
[ |Res ! :
1
Vooior 1 1
1
OouT .
£ 10 Kernel logic :
nx 100 nF GPIOs [ @ oaic (CPU, Digital| 1
+1x4.7 uF = 9 & Memories) :
-
1
1
nxVSS :
1
4

ADC/
DAC/
OPAMP/
COMPs/

VREFBUF

MSv43827V2

Caution:

Each power supply pair (Vpp/Vss, Vbpa/Vssa etc.) must be decoupled with filtering ceramic

capacitors as shown above. These capacitors must be placed as close as possible to, or
below, the appropriate pins on the underside of the PCB to ensure the good functionality of

the device.

3
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STM32L452xx Electrical characteristics

Table 20. Voltage characteristics(!) (continued)

Symbol Ratings Min Max Unit

Variations between different Vppy power
|AVppyl

pins of the same domain ) 50 mV

Variations between all the different ground
[Vssx-Vssl pins(®) 9 - 50 mv

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

2. VN maximum must always be respected. Refer to Table 21: Current characteristics for the maximum allowed injected
current values.

This formula has to be applied only on the power supplies related to the 10 structure described in the pin definition table.
4. To sustain a voltage higher than 4 V the internal pull-up/pull-down resistors must be disabled.
Include VREF- pin.

Table 21. Current characteristics

Symbol Ratings Max Unit
>IVpp Total current into sum of all Vo power lines (source)(")(?) 140
>IVss Total current out of sum of all Vgg ground lines (sink)(") 140
Vbpriny Maximum current into each Vpp power pin (source)) 100
Vsspiny 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(3) 100
2hoeiN Total output current sourced by sum of all I/Os and control pins(3) 100
Injected current on FT_xxx, TT_xx, RST and B pins, except PA4, -5/+0®)
Inggeiny @ PAS
Injected current on PA4, PA5 -5/0
2lingeinyl Total injected current (sum of all I/Os and control pins)(© 25

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

Valid also for Vpp4, on SMPS packages.

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.

4. Positive injection (when V| > Vpp ox) is nNot possible on these 1/0s and does not occur for input voltages lower than the
specified maximum value.

5. Anegative injection is induced by V|y < Vss. linypiny MUst never be exceeded. Refer also to Table 20: Voltage
characteristics for the maximum allowed input vo(ltage values.

6. When several inputs are submitted to a current injection, the maximum 3 |linyrinyl is the absolute sum of the negative
injected currents (instantaneous values).

3
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Table 31. Current consumption in Run and Low-power run modes, code with data processing
running from SRAM1

Conditions TYP MAX(
Symbol | Parameter Unit
Voltage . . o | 105 | 125 . . o | 105 | 125
scaling | ™MOLK | 25°C | 85°C | 85°C | 7 | 2 |25°C|55°C | 85°C | O | oo
26 MHz | 2.40 | 240 | 255 | 270 | 3.05 | 270 | 2.75 | 2.90 | 3.20 | 3.80
16 MHz | 1.50 | 1.55 | 1.65 | 1.80 | 215 | 1.70 | 1.80 | 1.95 | 2.25 | 2.80
8 MHz | 0.820 | 0.850 | 0.950 | 1.10 | 1.45 | 0.95 | 1.00 | 1.15 | 1.45 | 2.00
Range 2 | 4 MHz | 0.470 | 0.500 | 0.600 | 0.765 | 1.10 | 0.55 | 0.60 | 0.75 | 1.05 | 1.60
2MHz | 0.295 | 0.325 | 0.420 | 0.585 | 0.915 | 0.35 | 0.40 | 0.55 | 0.85 | 1.40
fhoLk = fuse Up to
48MHz included 1MHz | 0.210 | 0.235 | 0.330 | 0.495 | 0.825 | 0.25 | 0.30 | 0.45 | 0.75 | 1.30
Ibb ALL SUPPly ) b ass mode 100 kHz | 0.130 | 0.155 | 0.250 | 0.415 | 0.750 | 0.15 | 0.25 | 0.35 | 065 | 1.25
RU current in PLL ON mA
(Run) | Rin mode s M|0_| aﬁove 80MHz | 855 | 8.60 | 8.75 | 895 | 9.35 | 955 | 965 | 9.85 | 105 | 11.0
Za
peripherals disable 72MHz | 7.70 | 7.80 | 7.90 | 815 | 850 | 8.60 | 870 | 890 | 9.25 | 9.95
64MHz | 6.90 | 6.95 | 710 | 7.30 | 7.70 | 7.70 | 7.75 | 7.95 | 8.35 | 9.00
Range 1| 48 MHz | 5.15 | 520 | 530 | 555 | 590 | 5.75 | 5.85 | 6.05 | 6.40 | 7.05
32MHz | 345 | 350 | 3.65 | 3.85 | 425 | 390 | 400 | 420 | 450 | 5.15
24MHz | 2.65 | 2.70 | 2.80 | 3.00 | 3.40 | 3.00 | 3.05 | 325 | 355 | 4.20
16 MHz | 1.80 | 185 | 1.95 | 215 | 255 | 2.05 | 210 | 2.30 | 2.60 | 3.25
2MHz | 220 | 255 | 360 | 540 | 895 | 270 | 330 | 460 | 760 | 1400
Suppl
| Currg,ﬁ’tym fucik = fusi 1MHz | 120 | 155 | 260 | 440 | 795 | 165 | 215 | 370 | 660 | 1300
DD_ALL i ;
= all peripherals disable MA
(LPRun) 'm—rrfc\;éif FLASH in power-down 400kHz | 60.0 | 92.0 | 195 | 375 | 730 | 100 | 160 | 330 | 585 | 1250
100kHz | 36.0 | 625 | 165 | 345 | 695 | 63.0 | 130 | 305 | 555 | 1200

1.

Guaranteed by characterization results, unless otherwise specified.

soljsuvloeIRYD [BI14393]T
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Table 45. 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
1.8V | 205 | 540 | 19.0 | 44.0 | 970 | 4.00 | 115 | 415 | 100 | 220
Iob ALL g:‘oppg’ ;‘g;ee”t n 24V | 210 | 545 | 190 | 445 | 985 | 405 | 115 | 420 | 100 | 225 | .
(Stop 2) RT@ disabled 3V | 205 | 555 | 195 | 450 | 100 | 410 | 120 | 430 | 105 | 230 | °
36V | 205|565 | 200 | 465 | 105 | 420 | 12.0 | 440 | 105 | 235
1.8V | 230 | 565 | 19.0 | 44.0 | 97.0 | 450 | 120 | 420 | 100 | 220
24V | 235 | 580 | 195 | 445 | 99.0 | 465 | 120 | 425 | 100 | 225
RTC clocked by LSI
3V | 250 | 590 | 20.0 | 455 | 100 | 490 | 125 | 435 | 105 | 230
36V | 260 | 615 | 205 | 470 | 105 | 520 | 13.0 | 445 | 105 | 235
. 1.8V | 260 | 6.05 | 21.0 48.0 | 97.0 - - - - -
lop_aLL | Supplycurrentin | oo o yed by LSE |24V ] 255 | 6.20 | 210 | 490 | 985 - - - - -
(Stop 2 with | Stop 2 mode, A
RTC) RTC enabled bypassed at 32768 Hz | 3v | 2.80 | 6.35 | 215 | 495 | 100 - - - - -
36V| 285 660 | 225 | 515 | 105 - - - - -
1.8V | 240 | 570 | 19.0 | 445 | 98.0 - - - - -
RJ;:}%CK‘*“ byLSE 54V 250 | 585 | 195 | 450 | 995 | - - - - -
e trive mode 3V | 260 [ 6.00 | 200 | 46.0 | 100 - - - - -
36V | 265|625 | 205 | 470 | 105 - - - - -
Wakeup clock is
MSI = 48 MHz,
voltage Range 1. 3V | 185 ) ) B ) ) B ) B )
See ),
| Supply current | Wakeup clock is
DD_ALL | during wakeup | MSI =4 MHz,
(Waé(;aupzfrom from Stop 2 voltage Range 2. 3V | 150 ) ) - - } - } ) - mA
°P2) | mode See ),
Wakeup clock is
HSI16 = 16 MHz,
voltage Range 1. 3V | 1.55 ) ) B ) ) B ) B )
See @),

1. Guaranteed based on test during characterization, unless otherwise specified.
2. Based on characterization done with a 32.768 kHz crystal (MC306-G-06Q-32.768, manufacturer JFVNY) with two 6.8 pF loading capacitors.

XXZSYI1ZENLS
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3. Wakeup with code execution from Flash. Average value given for a typical wakeup time as specified in Table 52: Low-power mode wakeup timings.
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iy Table 48. Current consumption in Standby mode (continued)
(oo}
N Conditions TYP MAX("
N Symbol Parameter Unit
- Vpp | 25°C |55°C| 85°C |105°C |[125°C| 25°C | 55°C | 85°C |105°C |125°C
Supply current 1.8V | 250 730 | 2700 | 6350 | 13850 | 575 1800 | 6350 | 14500 | 32000
Ipp AL |10 Peaddedin 24V | 250 | 740 | 2700 | 6150 | 14000 | 620 | 1800 | 6450 | 14500 | 32000
- - nA
SRAM2)®) Standby mode
( when SRAM2 3V 255 | 740 | 2700 | 6450 | 13500 | 645 1850 | 6500 | 15000 | 32500
is retained 36V | 255 755 | 2800 | 6500 | 13500 | 790 1950 | 6500 | 15000 | 33000
lDDRAL'- jupply culirent Wakeup clock is
(wakeup | during wakeup | gy = 4 MHz, 3V [ 200 | - - - - - - - - - | mA
from from Standby See )
Standby) |mode ee ™
Guaranteed by characterization results, unless otherwise specified.
Based on characterization done with a 32.768 kHz crystal (MC306-G-06Q-32.768, manufacturer JFVNY) with two 6.8 pF loading capacitors.
The supply current in Standby with SRAM2 mode is: Ipp apL(Standby) + Ipp AL (SRAM2). The supply current in Standby with RTC with SRAM2 mode is: Ipp AL (Standby
o +RTC) + Ipp_aLL(SRAM2). - - -
@ 4. Wakeup with code execution from Flash. Average value given for a typical wakeup time as specified in Table 52: Low-power mode wakeup timings.
©
o Table 49. Current consumption in Shutdown mode
g Conditions TYP max(®
N Symbol Parameter Unit
- Vpp | 25°C |[55°C | 85°C |105°C ([125°C| 25°C | 55°C | 85°C |105°C |125°C
Supply current 1.8V | 19.0 | 120 720 2200 | 6400 | 38.0 350 2050 | 6350 | 19500
n Sdh“tdOW“ 24V | 260 | 145 | 855 | 2600 | 7450 | 62.0 | 400 | 2400 | 7450 | 22500
modade
Ibp_ALL (backup - 3V | 37.0 | 185 | 1050 | 3100 | 8700 105 500 2850 | 8750 | 26000 | A
(Shutdown) )
registers
retained) RTC 36V | 67.0 | 260 | 1350 | 3950 | 11000 | 160 650 3500 | 10500 | 30000
disabled

soljsLIajorIRYI |BOLI}O3|T
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Figure 24. Typical current consumption versus MSI frequency

[IJ-A] —8—Range0to3 —e#—Rangedto7 Range 8 to 11
256 48MHz
128 16MHz
64
32 8MHz
16
8 1MHz
4
2
100KHz 800KHz
1
0.5
0.1 0.2 0.4 0.8 1.6 3.2 6.4 12.8 256 Freq
[MHz]
High-speed internal 48 MHz (HS148) RC oscillator
Table 61. HSI48 oscillator characteristics(!)

Symbol Parameter Conditions Min Typ Max | Unit
fHsias HSI48 Frequency Vpp=3.0V, Tp=30°C - 48 - MHz
TRIM HSI48 user trimming step - - 0.11@ | 0.18@ | %

USER TRIM _ 3) 3) ) o
COVERAGE HSI48 user trimming coverage +32 steps +3 3.5 %
DuCy(HSI48) | Duty Cycle - 45() - 55) | o
Vpp=3.0Vto 3.6V, 3
Accuracy of the HSI48 oscillator TED= -15to0 85 °C ) ) +30)
ACCysiug REL | OVer temperature (factory %
~ | calibrated) Vpp=1.65V1t0 36V, . . +4.50)
Tpo=—40t0 125 °C -
- 3 3
HSI48 oscillator frequency drift Vpp=3Vto 36V B 0.0250%) 0.05% o
Dypp(HSI48) ith V @) (3) %
with Vipp Vpp=1.65Vto36V - 0.05 0.1
ts,(HS148) | HSI48 oscillator start-up time - - 2.5 62 us
Ipp(HS148) HSI48 osglllator power ) ) 340() 380(2) uA
consumption
136/212 DS11912 Rev 4 Kys
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Unless otherwise specified, the parameters given are derived from tests performed under
the ambient temperature and supply voltage conditions summarized in Table 23: General
operating conditions.

Table 73. 1/0 AC characteristics("(2)

Speed | Symbol Parameter Conditions Min Max Unit
C=50 pF, 2.7 V<Vpp|0x<3.6 V - 5
C=50 pF, 1.62 V=Vpp0x<2.7 V - 1
C=50 pF, 1.08 V<Vpp0x<1.62 V - 0.1
Fmax | Maximum frequency MHz
C=10 pF, 2.7 V=Vpp0x<3.6 V - 10
C=10 pF, 1.62 V=Vpp,0x=2.7 V - 1.5
C=10 pF, 1.08 V=Vpp0xs1.62 V - 0.1
% C=50 pF, 2.7 V<Vpp0x<3.6 V - 25
C=50 pF, 1.62 V=Vpp0x<2.7 V - 52
Tr/Tf | Output rise and fall time €50 pF. 108 V=Vobiox=162 V - 140 ns
C=10 pF, 2.7 V<Vpp0x<3.6 V - 17
C=10 pF, 1.62 V=Vpp,0x=2.7 V - 37
C=10 pF, 1.08 V=Vpp,0xs1.62 V - 110
C=50 pF, 2.7 V=Vpp0x<3.6 V - 25
C=50 pF, 1.62 V=Vpp0x<2.7 V - 10
Fmax | Maximum frequency €50 pF. 108 V=Vobiox=162 V - ! MHz
C=10 pF, 2.7 V<Vpp0x<3.6 V - 50
C=10 pF, 1.62 V=Vpp,0xs2.7 V - 15
C=10 pF, 1.08 V=Vpp,0xs1.62 V - 1
o C=50 pF, 2.7 V=Vpp0x<3.6 V - 9
C=50 pF, 1.62 V=Vpp0x<2.7 V - 16
Tr/Tf | Output rise and fall time €50 pF. 108 V=Vobiox=162 V - 0 ns
C=10 pF, 2.7 V<Vpp0x<3.6 V - 45
C=10 pF, 1.62 V=Vpp,0xs2.7 V - 9
C=10 pF, 1.08 V=Vpp,0x=1.62 V - 21

3
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6.3.19 Digital-to-Analog converter characteristics
Table 83. 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 ) Vv
REF- | voltage SSA
connected to Vgga 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 Vbp=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
Vv
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 B 1.6 2.9
between the lowestand | pyffer ON +2 LSB - 1.55 2.85
the highest input codes <
ISETTLING | \when DAC1_OUT1 gt S gong’ +4 LSB - 1.48 2.8 s
reaches final value +8LSB _ 14 275
+0.5LSB, +1 LSB, +2 LSB,
+4 LSB, +8 LSB) Normal mode DAC output buffer ) 5 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
Kys DS11912 Rev 4 163/212
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6.3.20 Voltage reference buffer characteristics

Table 85. VREFBUF characteristics("

Symbol Parameter Conditions Min Typ Max Unit
Vrg=0 2.4 - 3.6
Normal mode RS
v Analog supply Vrs =1 2.8 - 3.6
DDA I voltage Vrg=0 1.65 - 24
Degraded mode®
VRS =1 1.65 - 2.8
\Y
VRg =0 2.046() 2.048 |2.049C)
Normal mode
v Voltage Vrg =1 2.498%) 25 25020
REFBUF_ | reference
ouT Vrs=0 Vppa-150 mV - \Y
output Degraded mode(® RS DDA DDA
VRS =1 VDDA'150 mV - VDDA
TRIM | T S'eP - - ; £0.05 | 0.1 %
CL Load capacitor - - 0.5 1 1.5 uF
Equivalent
esr Serial Resistor - - - - 2 Q
of Cload
Static load
load current ) ) i i 4 mA
load = 500 pA - 200 1000
line_reg | Line regulation |2.8 V <Vppp<3.6 V ppm/V
lioad = 4 MA - 100 500
Load < <
lioad_reg regulation 500 PA < ljgag =4 mA | Normal mode - 50 500 ppm/mA
Tcoeff_
-40°C<Ty;<+125°C - - vrefint +
Temperature 50 R
Tcoet coefﬁcient ppm/ “C
Tcoeff_
0°C<T;<+50°C - - vrefint +
50
DC 40 60 -
PSRR | ower supply dB
rejection 100 kHz 25 40 -
CL=0.5uyF® - 300 350
tstart | Start-up time | CL = 1.1 yF®) - 500 650 us
CL=1.5puF¥ - 650 800
Control of
maximum DC
current drive
I|NRUSH on VREFBUF_ - - - 8 - mA
OUT during
start-up phase
5)
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Table 97. QUADSPI characteristics in DDR mode!")

Symbol Parameter Conditions Min Typ Max Unit
1.71<Vpp<3.6, CLOAD=20 pF 40
Voltage Range 1
2< VDD < 3.6 V, CLOAD =20 pF 48
Fex Quad SPI clock Voltage Range 1 s
k) frequency 1.71 < Vpp < 3.6 V, CLoap = 15 pF 48
Voltage Range 1
1.71< VDD <36V CLOAD =20 pF 26
Voltage Range 2
o g:: dlc?vljlti(?LoeCK nion fanBcLk = 48 MHz, presc=0 S ()
tw(ckL) teky2 | - |tcky2+2
t Data input setup time | Voltage Range 1 1 ) ]
ST on rising edge Voltage Range 2 35
¢ Data input setup time | Voltage Range 1 1 ) )
sf(IN) on falling edge Voltage Range 2 15
¢ Data input hold time | Voltage Range 1 6 ] ]
vy on rising edge Voltage Range 2 6.5
¢ Data input hold time | Voltage Range 1 5.5 ) ] i,
hf(IN) on falling edge Voltage Range 2 55
¢ Data output valid time | Voltage Range 1 ) 5 55
weun on rising edge Voltage Range 2 95 14
¢ Data output valid time | Voltage Range 1 ) 5 8.5
vi(ouT) on falling edge Voltage Range 2 15 19
¢ Data output hold time | Voltage Range 1 3.5 - )
roun on rising edge Voltage Range 2 8 -
¢ Data output hold time | Voltage Range 1 3.5 - )
nieun on falling edge Voltage Range 2 13 .

1. Guaranteed by characterization results.
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STM32L452xx Package information

Device marking

The following figure gives an example of topside marking orientation versus pin 1 identifier
location.

Other optional marking or inset/upset marks, which identify the parts throughout supply
chain operations, are not indicated below.

Figure 43. LQFP100 marking (package top view)

Product identification'" \
ST—>STM32Lu52 .
\ Optional gate mark
VETbE B +——1— 1 Revision code
Date code
Y (WwWw

&y70
‘/ indentifier

1. 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.

MSv43806V1

3
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Package information

Table 103. UFBGA100 - 100-ball, 7 x 7 mm, 0.50 mm pitch, ultra fine pitch ball grid
array package mechanical data (continued)

millimeters inches(")
Symbol
Min. Typ. Max. Min. Typ. Max.
ddd - - 0.080 - - 0.0031
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 45. UFBGA100 - 100-ball, 7 x 7 mm, 0.50 mm pitch, ultra fine pitch ball grid
array package recommended footprint

000000000000
000000000000
00000 ©0O0O0OO
000 000
00" °80
00 00 ngd
000 ©00 |} Psm
000 00
00000 00000
000000000000
000000000000

AOC2_FP_V1

Table 104. UFBGA100 recommended PCB design rules (0.5 mm pitch BGA)

Dimension Recommended values
Pitch 0.5
Dpad 0.280 mm
Dsm 0.370 mm typ. (depends on the solder mask

registration tolerance)

Stencil opening

0.280 mm

Stencil thickness

Between 0.100 mm and 0.125 mm

Device marking

The following figure gives an example of topside marking orientation versus ball A1 identifier

location.

Other optional marking or inset/upset marks, which identify the parts throughout supply

chain operations, are not indicated below.

3
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