
Introduction

The STEVAL-BMS1T board allows converting SPI signals into ISOSPI signals, reducing the number of necessary wires from 4 
to 2, and ensuring an isolated differential communication that is highly immune to noise.

An ISOSPI signal can travel for several meters, maintaining a high ratio between signal and noise.

Figure 1. SPI to ISOSPI conversion block diagram

The ISOSPI protocol features differential communication to ensure higher noise immunity and robustness for long distance 
communication.

The STEVAL-BMS1T board is based on the L99BM1T integrated circuit, a general-purpose SPI to isolated SPI bi-directional 
transceiver, which can transfer communication data incoming from a classical 4-wire based SPI interface to a 2-wire isolated 
interface (and vice versa).

The L99BM1T hosted on the STEVAL-BMS1T can be configured either as a slave or as a master of the SPI bus and supports 
any protocol of 8-to-64-bit SPI frames. The SPI peripheral can work up to 10 MHz when configured as a slave. The SPI clock 
frequency can be programmed (250 kHz, 1 MHz, 4 MHz, or 8 MHz) when the device is configured as a master.

The transceiver is natively compatible with the L99BM114 IC isolated SPI port, allowing its usage in battery management 
system (BMS) applications. The basic BMS analog front-end node board is the STEVAL-BMS114. From the microcontroller side, 
the STEVAL-BMS1T board can be connected via SPI with STM32 microcontroller families.

Getting started with the STEVAL-BMS1T, SPI to isolated SPI dongle based on the 
L99BM1T transceiver
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Figure 2. STEVAL-BMS1T
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1 Hardware overview

Figure 3. Hardware overview
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The STEVAL-BMS1T can be programmed through a microcontroller or using jumpers.
It is necessary to configure two parameters:
• The signal frequency
• The signal amplitude
To send a signal over a long distance, it is necessary to lower the frequency. Tune the signal frequency and 
amplitude according to the distance that you intend to reach.
To set these parameters, use the jumpers for TxAmp and IsoFreq. They can be arranged in two positions: closing 
pin 2 and pin 3 or closing pin 1 and pin 2.

Figure 4. Jumper configuration

Amplitude and frequency can be set through the microcontroller GPIO on the STEVAL-BMS1T DIS pin.
You can enable or disable the STEVAL-BMS1T through jumpers on the DIS pin or through the microcontroller.
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Figure 5. Jumpers on DIS pin

To enable this pin, use jumpers on TXEN or program the microcontroller to set the TXEN pin.

Figure 6. TXEN pin

NSLAVE can assume the value 0 (for the slave configuration) or 1 (for the master configuration).

1.1 L99BM1T
The L99BM1T is a general purpose SPI to isolated SPI transceiver IC, which acts as a bridge among devices 
located in different voltage domains.
The L99BM1T can transfer communication data incoming from a classical four-wire based SPI interface to a two-
wire isolated interface (and vice versa).
The device can be configured either as slave or as master of the SPI bus and supports any protocol made of SPI 
frames (8 to 64 bits).
L99BM1T integrates two communication interfaces:
• a SPI interface used for the local data exchange with a master MCU or with a generic slave IC
• an isolated SPI interface for global/local isolated communication with another L99BM1T or with an ISOLine 

compatible device (such as L99BM114).
The SPI peripheral can work up to 10 MHz when configured as a slave.
The SPI clock frequency can be programmed (250 kHz, 1 MHz, 4 MHz, or 8 MHz) when configured as a master.
The isolated SPI peripheral features two different operating modes: slow at 333 kbps and fast at 2.66 Mbps.
The L99BM1T is compatible with both 3.3 V and 5 V logic.
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1.2 Pin description

1.2.1 SPI
SDO, SCK, SDI, NCS pins implement the SPI peripheral, whose configuration depends on the NSLAVE value 
latched at the first power-up:
• SDI is always configured as a digital input. It is internally pulled down with RIN_PD to generate a 0x0 frame 

in case of pin loss (leading to CRC violation in safety applications). Its buffer is enabled only in the Normal 
state.

• SDO is always configured as a digital output. Its buffer is enabled only if NCS is asserted. An external pull 
up/pull down resistor defines the inactive level of the line.

• SCK, NCS can be either configured as a digital input (NSLAVE = 0, SPI slave) or as a digital output 
(NSLAVE = 1, SPI master).

The selective enable/disable of the buffers helps reducing the power consumption of the device when the SPI 
works at high frequencies.

1.2.2 CPOL and CPHA
The following table shows CPOL and CPHA settings according to different SPI modes.

Table 1. SPI mode configuration

SPI mode CPOL CPHA Shift SCK-Edge Capture SCK-Edge

0 0 0 Falling Rising

1 0 1 Rising Falling

2 1 0 Rising Falling

3 1 1 Falling Rising

Clock polarity has no significant effect on the transfer format. The commutation of this bit causes the inversion of 
the clock signal (active high becomes active low and idle low becomes idle high). Clock phase settings, however, 
allow selecting one of two different transfer times. The master configures the clock polarity (CPOL) and the clock 
phase (CPHA) to be aligned with the slave device requirements. These parameters determine when data need to 
be changed according to the clock line and what the clock level is when the clock is not active.
CPOL assigns a clock level when the clock is not active. The clock signal (SCK) can be inverted (CPOL = 1) or 
not activated (CPOL = 0). For the inverted clock signal, the first clock edge is falling. For the first non-inverted 
clock signal, the first clock edge is rising.
CPHA is used to move the capture phase. If CPHA = 0, data are sampled on the leading (first) clock edge.
There are four possible modes that can be used in a SPI protocol:
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1. For CPOL = 0, the clock basic value is zero. For CPHA = 0, data are sampled on the clock rising edge and are 
shifted on the clock falling edge.

Figure 7. TXEN pin

2. For CPOL = 0, the clock basic value is zero. For CPHA = 1, data are sampled on the clock falling edge and 
are shifted on the clock rising edge.

Figure 8. SPI protocol mode 1
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3. For CPOL = 1, the clock basic value is 1. For CPHA = 0, data are sampled on the clock rising edge and are 
shifted on the clock falling edge.

Figure 9. SPI protocol mode 2

4. For CPOL = 1, the clock basic value is 1. For CPHA = 1, data are sampled on the clock falling edge and 
shifted on the clock rising edge.

Figure 10. SPI mode 3

1.2.3 NSLAVE
The NSLAVE pin is latched by the standby logic in the Trimming & Config Latch state. It must be either shorted to 
VDD or to GND. The internal pull-down is enabled only while in Trimming & Config Latch state. This allows 
reducing power consumption. Once Trimming & Config Latch state is left, the NSLAVE input buffer is permanently 
disabled, since it is no longer needed.
NSLAVE selects the SPI master (NSLAVE = 1) or slave (NSLAVE = 0) operation and determines the digital I/Os 
configuration.
To increase immunity to BCI and guarantee a correct latch of the NSLAVE pin during each power-up, the input is 
filtered with an integrated RC filter.

1.2.4 DIS
DIS is a digital input-output pin that features an internal pull-up resistor towards V3V3_STBY. Its purpose is to be 
driven by open-drain outputs. Its functionality is summarized as follows:
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• Input: is an active high disabling input driven by the MCU:
– When DIS is released by the MCU longer than TRC_DELAY+TDIS_DEGLITCH, the device starts the 

Go To Sleep sequence that brings the L99BM1T to the Stand-by state.
– When DIS is pulled down by the MCU longer than TRC_DELAY + (1/fSTBY_OSC), the device moves 

from the Stand-by state to the Regulators enabling state and then to the Normal state.
• Output: when L99BM1T is in the Stand-by state, and a wake-up event by isolated SPI occurs, it moves to 

the Regulators enabling state and then to the Normal state. Once the latter is reached, DIS is internally 
pulled down by logic for TDIS_PULLDOWN to trigger an interrupt in the MCU or a wake-up event. After 
TDIS_PULLDOWN expires, DIS is released and, if not kept low by an external source, the L99BM1T 
moves back to the Stand-by state. To protect DIS internal open drain driver in case of external short to 
VDD, a current limitation circuitry limits the current to IDIS_LIM.

1.2.5 BNE/CPOL
BNE/CPOL is a digital input/output pin whose configuration depends on the value of NSLAVE latched during 
Trimming & Config Latch:
• When NSLAVE = 0 (slave configuration), this pin acts as BNE (buffer not empty) digital output. Its purpose 

is to implement interrupt-based communication with the MCU. When asserted high, the RX queue stores at 
least one frame.

• When NSLAVE = 1 (master configuration), this pin acts as a digital input for the selection of CPOL (clock 
polarity):
– CPOL = 0 (shorted to GND) implies that the clock inactive level (when NCS is high) is low.
– CPOL = 1 (shorted to VDD) implies that the clock inactive level is high. The internal pull-down is 

always enabled during Trimming & Config Latch and in Normal state. The BNE output buffer is 
disabled if NSLAVE = 1 has been latched during Trimming & Config Latch. The CPOL input buffer is 
permanently enabled.

In case NSLAVE = 0 has been latched during Trimming & Config Latch, BNE output buffer is kept enabled while in 
the Normal state. A short to GND/VDD detection is implemented to protect the BNE output buffer. If the value 
forced on the BNE output buffer differs from the one sampled by the CPOL input buffer for more than 
TBNE_SHORT_DET, the BNE output buffer is put into HiZ. Automatic re-engagement of the BNE output buffer 
occurs upon the next wakeup sequence (MCU needs to toggle DIS pin).

1.2.6 TXEN/CPHA
TXEN_CPHA is a digital input pin whose configuration depends on the value of NSLAVE latched during Trimming 
& Config Latch:
• When NSLAVE = 0 (slave configuration) the pin works as a transmitter enabling TXEN:

– The MCU should release TXEN (or pull it up actively) prior to NCS assertion to enable the 
transmission of the data from SDI input buffer to the TX queue (and then to the isolated SPI 
interface).

– If the communication protocol does not feature any burst read capability, each command sent by the 
master unit generates a single answer from the addressed slave unit. Hence, the TXEN pin can be 
connected to VDD to keep the transmitter permanently enabled.

– In case of burst read operations, where the user software has to empty the RX queue without 
transmitting any frame on the isolated SPI, the TXEN input must be pulled down before beginning the 
burst read.

– Even if data on the SDI line is discarded while TXEN = 0, it is highly recommended that the MCU 
sends dummy frames (or intentionally corrupted frames) on the SDI line during the burst read.
In the event of TXEN stuck high, such frames generate errors according to the implemented 
communication protocol.
To avoid chopping frames currently being transmitted, the TXEN pin is latched upon NCS assertion. 
Therefore, it must be stable at least TTXEN_DEGLITCH + TTXEN_SETUP before NCS assertion. 
Moreover, TXEN must be kept stable TTXEN_HOLD after NCS assertion to fulfil hold time 
constraints.
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• When NSLAVE = 1 (master configuration), this pin acts as a digital input for the selection of CPHA (clock 
phase). It is latched during Trimming & Config Latch and should be therefore either shorted to GND or to 
VDD:
– CPHA = 0 (shorted to GND) implies that the SDI signal is sampled upon the first SCK edge after NCS 

assertion.
– CPHA = 1 (shorted to VDD) implies that the SDI signal is sampled upon the second SCK edge after 

NCS assertion.
The internal pull-up is enabled when L99BM1T is in Trimming & Config Latch and is kept enabled in the Normal 
state to allow a correct driving of the pin by the open-drain output of the MCU. Moreover, in case of pin loss, the 
pull-up guarantees a limp home operation where the transmitter is always enabled. To guarantee stand-by 
consumption requirements, the pull-up is disabled while in the Stand-by state.

1.2.7 TXAMP
TXAMP pin can be used to switch between the two possible ISOline TX amplitude configurations:
• TXAMP = 0 selects low TX amplitude (RDIFF_ISO_OUTL)
• TXAMP = 1 selects high TX amplitude (RDIFF_ISO_OUTH)
TXAMP sampling depends on the device state and configuration.

Table 2. TXAMP sampling strategy

L99BM1T 
state

L99BM1T 
configuration TXAMP sampling Note

Normal 
state

Slave (NSLAVE = 
0)

The TXAMP pin is latched upon NCS assertion. Therefore, it 
must be stable at least TTXAMP_DEGLITCH + 

TTXAMP_SETUP before NCS assertion. Moreover, TXAMP 
must be kept stable TTXAMP_HOLD after NCS assertion in 

order to fulfil hold time constraints.

In case several SPI frames 
are being pushed into the 

TX queue, the setting 
applied depends on the 

last one latched (no 
pipelining supported).

The new amplitude setting is applied to the TX interface after 
the SPI frame has been completely transmitted over the 

isolated SPI interface. This allows Managing ISOFREQ And 
TXAMP Pins For Communicating With L99BM114.

Normal 
state

Master (NSLAVE = 
1)

The TXAMP setting is simply resynchronized 
(TTXAMP_SETUP and TTXAMP_HOLD requirements still 

apply) and deglitched (TTXAMP_DEGLITCH filter still 
present), but it is not latched upon NCS assertion. The new 

amplitude setting is applied to the TX interface as soon as the 
transmission of the SPI frame over the isolated SPI interface 

begins.

In case several SPI frames 
are being pushed into the 

TX queue, the setting 
applied depends on the 

last one latched (no 
pipelining supported).

Stand-by 
state

Slave/Master 
(NSLAVE = X)

The new TXAMP setting is latched during the wakeup 
sequence. Hence, the TXAMP pin shall be stable 

TTXAMP_SETUP before the DIS high → low transition is 
applied and shall not change during TWAKEUP.

-

Reset state Slave/Master 
(NSLAVE = X)

The initial TXAMP setting is latched during the first power up 
sequence. Hence, the TXAMP pin shall be stable before VDD 
is applied and shall not change during TFIRST_POWERUP.

-

It is recommended to apply the same TXAMP settings to all the devices communicating on the bus, to keep a 
constant SNR in every communication phase.
To meet stand-by consumption requirements, MCU must release the open drain output connected to TXAMP 
while L99BM1T is in the Stand-by state.

1.2.8 SPICLKFREQ
SPICLKFREQ pin is an analog input, compared to four thresholds by a set of analog comparators.
An external resistor RCLKPD must be connected between SPICLKFREQ and GND, in order to generate a 
voltage VSPICLKFREQ = RCLKPD * ISPICLKFREQPU.
The code obtained from these 4 comparator outputs is latched in the Trimming & Config Latch to determine the 
SPI clock frequency when L99BM1T works in master mode (NSLAVE = 1).
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In the STEVAL-BMS1T the SPICLKFREQ is fixed at 250 kHz.

1.2.9 ISOP and ISOM
The isolated SPI interface allows units with different ground levels and/or on different boards to communicate with 
each other. Physically, the interface is based on twisted-pair wire.

Table 3. Pins used as isolated SPI

L99BM1T Pin SPI function Configuration

ISOP positive differential input/output Analog Input/Output

ISOM negative differential input/output Analog Input/Output

Table 4.  Isolated SPI quick look

Parameter Description

Protocol Half-Duplex / Out of frame

Max. Bit-rate 2.66 Mbps (high speed configuration, ISOFREQ = 1)

333 kbps (low speed configuration, ISOFREQ = 0, default if pin is left 
floating)

The transmission line on the isolated SPI exploits a single twisted pair. Communication data is transmitted/
received over a pulse-shaped signal, in a half-duplex protocol.
Line bit rate can be selected by programming the ISOFREQ device pin.
A single bit is made of a pulse time (TPULSE) followed by two pauses (2TPULSE):
• TPULSE = 2TBIT_HIGH_LOW_FAST for the high speed configuration (ISOFREQ = 1)
• TPULSE = 2TBIT_HIGH_LOW_SLOW for the low speed configuration (ISOFREQ = 0)
An isolated receiver and transmitter are connected to the couple of pins and ISOP/M. Depending on the 
communication phase, they can be enabled or disabled.
The receiver can convert a differential input signal into a single ended signal that is provided to the logic:
• While in Normal state, to guarantee correct communication, the input common mode must stand within 

VCM_ISO_IN limits.
• When in Stand-by state, the ISOP and ISOM pins are not biased with a common mode. If the device 

receives a series of differential pulses longer than NMIN_ISO_WAKEUP_EDGES, a wakeup condition is 
triggered. Pulse amplitude must be higher than Wakeup_thr to be counted.

1.2.10 ISOFREQ
ISOFREQ pin is a digital input used to switch ISOline bit rate:
• ISOFREQ = 1 selects fast operation: bit time is TBIT_LENGTH_FAST
• ISOFREQ = 0 selects slow operation: bit time is TBIT_LENGTH_SLOW
ISOFREQ sampling depends on device state and configuration.
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Table 5. ISOFREQ sampling strategy

L99BM1T 
state

L99BM1T 
configuration ISOFREQ sampling Note

Normal 
state

Slave (NSLAVE = 
0)

The ISOFREQ pin is latched upon NCS assertion. 
Therefore, it must be stable at least 

TISOFREQ_DEGLITCH + TISOFREQ_SETUP before NCS 
assertion. Moreover, ISOFREQ must be kept stable 

TISOFREQ_HOLD after NCS assertion in order to fulfil hold 
time constraints. In case several SPI frames 

are being pushed into the TX 
queue, the setting applied 
once the TX interface is in 
idle depends on the last one 
latched (no pipelining 
supported).

The new bit rate setting is immediately applied to the RX 
interface, while it is applied to the TX interface after the SPI 

frame has been completely transmitted over the isolated 
SPI interface. This allows Managing ISOFREQ And TXAMP 

Pins For Communicating With L99BM114

Master (NSLAVE 
= 1)

The ISOFREQ setting is simply resynchronized 
(TISOFREQ_SETUP and TISOFREQ_HOLD requirements 
still apply) and deglitched (TISOFREQ_DEGLITCH filter still 

present), but it is not latched upon NCS assertion.

Stand-by 
state

Slave/Master 
(NSLAVE = X)

The new ISOFREQ setting is latched during the wake up 
sequence. Hence, the ISOFREQ pin shall be stable 

TISOFREQ_SETUP before the DIS high → low transition is 
applied and shall not change during TWAKEUP.

-

Reset state Slave/Master 
(NSLAVE = X)

The initial ISOFREQ setting is latched during the first power 
up sequence. Hence, the ISOFREQ pin shall be stable 

before VDD is applied and shall not change 
duringTFIRST_POWERUP.

-
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2 Power supply

The figure below lists the product power supply ranges.

Figure 11. Power supply ranges

• Within the range of functionality, the part operates as specified and without parameter deviations. All the 
functionalities and the electrical parameters are guaranteed.

• If either the upper or the lower limited operating range is reached, the device may not operate properly.
Only a limited set of functionalities and electrical parameters are guaranteed. However, neither damage nor 
parameter deviation occurs, and the device operates properly once returned to the range of functionality.
• If the absolute maximum rating (AMR) is violated, permanent damage or parametric deviation may occur.

Note: All voltages are related to the potential at substrate ground GND.
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3 Schematic diagram

Figure 12. STEVAL-BMS1T circuit schematic
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4 Bill of materials

Table 6. STEVAL-BMS1T bill of materials

Item Q.ty Ref. Part / Value Description Manufacturer Order code

1 2 C1, C7 22pF 0603 - 50V - NP0 Class I WE 885012006053

2 2 C2, C8 N.M. 1206 N.M. N.M.

3 2 C3, C4 100nF 0603 - 50V - X7R Class II WE 885012206095

4 1 C5 10nF 0603 - 50V - X7R Class II WE 885012206089

5 3 C6, C9, C10 1uF 0805 - 50V - X7R Class II WE 885012207103

6 2 CN1, CN3 2.54mm - 1 row - KK254 - Male WE 61900411121

7 1 CN2 2.54mm - 1 row - KK254 - Male WE 61900711121

8 1 D1 SZMM3Z4V7T1G 4.7V Zener Voltage Regulators, 
300mW Onsemi SZMM3Z4V7T1G

9 1 D2 Red 0805 - Led Red - 2V WE 150080RS75000

10 1 D3 Amber 0805 - Led Amber - 2V WE 150080AS75000

11 1 D4 Yellow 0805 - Led Yellow - 2V WE 150080YS75000

12 1 D5 Blue 0805 - Led Blue - 3.2V WE 150080BS75000

13 2 D6, D7 Green 0805 - Led Green - 3.2V WE 150080GS75000

14 6 JP1, JP2, JP3, 
JP4, JP5, JP6

THT Vertical 3 pins Header, Pitch 
2.54 mm, Single Row WE 61300311121

15 1 JP7 2.54mm - 1 row WE 61300211121

16 1 P1 629004113921 USB 2.0 Type A, Plug, Horizontal, 
SMT, with Clip WE 629004113921

17 5 Q1, Q2, Q3, 
Q4, Q5 BSS138Q N-Channel Enhancement Mosfet NEXPERIA BSS138Q-7-F

18 2 R1, R3 60.4 0603 - ±1% - 0.1W Panasonic ERJ3EKF60R4V

19 11

R2, R4, R5, 
R9, R10, R11, 
R18, R22, 
R23, R24, R25

10K 0603 - ±1% - 0.2W Panasonic ERJP03F1002V

20 2 R6, R7 680 0603 - ±1% - 0.25W Panasonic ERJPA3F6800V

21 1 R8 0 0603 - ±1% - 0.1W Panasonic ERJ3GEY0R00V

22 11

R12, R17, 
R19, R20, 
R26, R27, 
R28, R31, 
R32, R33, R34

100 0603 - ±1% - 0.25W Panasonic ERJPA3F1000V

23 3 R13, R14, R21 1.1k 0603 - ±1% - 0.25W Panasonic ERJPA3F1101V

24 3 R15, R16, R36 750 0603 - ±1% - 0.25W Panasonic ERJUP3D7500V

25 1 R29 N.M. 0603 N.M. N.M.

26 1 R30 110K 0603 - ±1% - 0.25W Panasonic ERJPA3F1103V

27 1 R35 N.M. N.M. N.M. N.M.

28 1 T1 125uH Transformer for BMS WE 74941000

29 1 U1 L99BM1T-TR, 
SO16N

General purpose SPI to isolated SPI 
transceiver ST L99BM1T-TR

30 1 U2 USBLC6-2SC6Y, 
SOT23-6L

Automotive ESD protection for high 
speed interfaces. ST USBLC6-2SC6Y
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Item Q.ty Ref. Part / Value Description Manufacturer Order code

31 7 for blister 60900213421 WR-PHD 2.54 mm Multi-Jumper 
Jumper with Test Point WE 60900213421

32 2 for blister 61900411621 WR-WTB 2.54 mm Female Terminal 
Housing WE 61900411621

33 1 for blister 61900711621 WR-WTB 2.54 mm Female Terminal 
Housing WE 61900711621

34 16 for blister 61910113722 WR-WTB 2.54 mm Female Crimp 
Contact WE 61910113722

35 4 for blister 970080365 WA-SPAII Plastic Spacer Stud, 
metric, internal/ internal WE 970080365

36 4 for blister 97790403111 WA-SCRW Pan Head Screw w. 
cross slot M3 WE 97790403111
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5 Board versions

Table 7. STEVAL-BMS1T versions

Finished good Schematic diagrams Bill of materials

STV$BMS1TA(1) STV$BMS1TA schematic diagrams STV$BMS1TA bill of materials
 

1. This code identifies the STEVAL-BMS1T evaluation board first version.
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6 Regulatory compliance information

Notice for US Federal Communication Commission (FCC)

For evaluation only; not FCC approved for resale
FCC NOTICE - This kit is designed to allow:
(1) Product developers to evaluate electronic components, circuitry, or software associated with the kit to 
determine
whether to incorporate such items in a finished product and
(2) Software developers to write software applications for use with the end product.
This kit is not a finished product and when assembled may not be resold or otherwise marketed unless all 
required FCC equipment authorizations are first obtained. Operation is subject to the condition that this product 
not cause harmful interference to licensed radio stations and that this product accept harmful interference. Unless 
the assembled kit is designed to operate under part 15, part 18 or part 95 of this chapter, the operator of the kit 
must operate under the authority of an FCC license holder or must secure an experimental authorization under 
part 5 of this chapter 3.1.2.

Notice for Innovation, Science and Economic Development Canada (ISED)

For evaluation purposes only. This kit generates, uses, and can radiate radio frequency energy and has not been 
tested for compliance with the limits of computing devices pursuant to Industry Canada (IC) rules.
À des fins d'évaluation uniquement. Ce kit génère, utilise et peut émettre de l'énergie radiofréquence et n'a pas 
été testé pour sa conformité aux limites des appareils informatiques conformément aux règles d'Industrie Canada 
(IC).
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Revision history

Table 8. Document revision history

Date Revision Changes

20-Jan-2025 1 Initial release.
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IMPORTANT NOTICE – READ CAREFULLY

STMicroelectronics NV and its subsidiaries (“ST”) reserve the right to make changes, corrections, enhancements, modifications, and improvements to ST 
products and/or to this document at any time without notice. Purchasers should obtain the latest relevant information on ST products before placing orders. ST 
products are sold pursuant to ST’s terms and conditions of sale in place at the time of order acknowledgment.

Purchasers are solely responsible for the choice, selection, and use of ST products and ST assumes no liability for application assistance or the design of 
purchasers’ products.

No license, express or implied, to any intellectual property right is granted by ST herein.

Resale of ST products with provisions different from the information set forth herein shall void any warranty granted by ST for such product.

ST and the ST logo are trademarks of ST. For additional information about ST trademarks, refer to www.st.com/trademarks. All other product or service names 
are the property of their respective owners.

Information in this document supersedes and replaces information previously supplied in any prior versions of this document.

© 2025 STMicroelectronics – All rights reserved
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