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Lithium battery markets
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Automotive

12V Li- battery HEV/PHEV/EV : > 200V48V Li- battery

5-6 cells

(single AFE device)
12-14 cells

(single AFE device) High number of cells

(multiple AFE devices)

9V

100V

ASIL C/D requested

Single cell device not included

Consumer



But alsoé..

Mobile industrial robots Electric industrial trolleysElectric forklift

Hybrid boats Electric boats

Electrical UAV Electrical aircraft High-end drones

Energy storage 
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Industrial

Marine

Avionics



Battery Management System Roadmap

Å 14 Ch AFE

Å Current sense

In production 

since 2022

L9963E

2022 2025 2026

Å SPI to ISO-SPI 

transceiver

In production 

since 2022

L9963T

Å 18/16 Ch 

Supervisory 

Chip

SOP Q2ô25

L9965A

Å Current, 

voltage, charge 

monitor IC

SOP Q4ô25

L9965C

Å SPI to ISO-SPI 

transceiver

SOP Q2ô25

L9965T

Å >18 Ch 

Supervisory 

Chip

L996x

Å 5 Ch AFE

Å Current sense

In production 

since 2022

L9961

Å 10 Ch 

Supervisory 

Chip

Å Current sense

L9962

Automotive

Industrial

A growing family of devices for automotive and industrial markets

+



L9963E and L9965x automotive grade 
Battery Management ICs



L9963E-T | 14 Channel Stackable 
Battery Monitoring/Balancing chipset
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Battery pack monitoring , balancing and protection up to 14 cells

14 independents ADC for cell voltage measurement

High accuracy current measurement with Coulomb counter 

Å Automotive: 48 V and high-voltage battery 

packs

Å Backup energy storage systems and UPS

Å E-bikes, e-scooters

Main Applications

Accurate, real-time measurement of battery cell voltage, current and 

temperature

Synchronized acquisition of Cell Voltage and Pack current

TQFP64 10x10 

exposed pad down

High speed and robust transfomers and capacitive isolation

SO16N

Fully progammable via SPI interface



L9963E block diagram & feature list
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Features
Â Measures 4 to 14 cells in series with 0us desynchronization delay between 

samples

Â Synchronized high-precision cell voltage and current measurement within 
±1500A range with Coulomb counter included

Â Programmable scan mode: on-demand, or cyclic

Â 16-bit voltage measurement with maximum error: ±2mV@[0.5-4.3]v in whole 

operating temperature range

Â2.66Mbps isolated serial communication with regenerative buffer, Less than 4us 

latency between start of conversion of 1st and the 31th device in daisy-chain

Â  Supports both uni- and bi-directional daisy chain configuration

Â Maximum 200 mA passive internal balance for single cell in both normal and 

sleep-balancing mode. Two balancing modes: Manual and Timed mode. Single or 

multiple channel cell balancing simultaneously

Â Hardwired and communication-based fault notification

Â -40°C/200°C temperature measurement range with support for NTC monitoring

Â  9 General purpose digital I/O or 7 channels for analog inputs

Â  Cell chancels withstanding negative voltage to -6V

Â  Redundancy voltage measurement for limp home

Â Robust hot-plug performance, No Zeners needed in parallel to each cells

Â AEC-Q100 qualified, and ISO26262(ASIL-D) compliant

ASIL D



ST CAN-based BMS modular system solution
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L9963E

MCU

L9001

SBC

L9616

CAN

L9963T

L9963E

L9963E

MCU

L9001

SBC

L9616

CAN

L9963T

L9963E

L9963E

MCU

L9001

SBC

L9616

CAN

L9963T

L9963E

PowerPC

SPC57x/

SPC58x

L9396

SBC

L9301

/VIPOWER

L9616

CANx3
L9966

é é

Å Advantage: 
ü Mature design based on CAN topology

ü Sensing Harness: short

Å Weakness: 
ü High system total cost as CMU board 

MCU/SBC/CAN/Transceiver numbers  

Capacitive-based Insulation

Capacitive-based Insulation

Capacitive-based Insulation

CAN

CAN



ST VIF-based BMS modular system solution
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PowerPC

SPC57x/

SPC58x
L9396

SBC

L9301

/VIPOWER

L9616

CAN L9966

L9963T

é

Å Advantage: 
ü System total cost optimized including electronic and harness 

ü Sensing Harness: short, good for cell monitoring accuracy

Å Weakness: 
ü VIF Communication line long and potential EMI issue

        -> AFE be able to drive long IF wire and sustain EMI

L9963E

é

L9963E

L9963E L9963E

L9963E L9963E



ST centralized BMS system solution block diagram
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L9963E

PowerPC

SPC57x/

SPC58x
L9396

SBC

L9301

/VIPOWER

L9616

CAN

L9966

L9963T

L9963E #8~9 

L9963E

éé

Å Advantage: 
ü Electronic system cost optimized 

Å Weakness: 
ü Sensing Harness: very long for some modules,

-> Increasing harness material and battery pack manufacturing cost 

-> negative effect on monitoring accuracy

Centralized BMS system is more suitable for small and medium capacity battery pack. 



Mid hybrid 48V: BMS block diagram

12v

supply

CAN Transceiverx2

CAN

SBC

SBC & Input 

Protection

High side/

Low side 

switch

Contactor 

control

Temperature 

Measure & 

Diagnosis

Cell voltage 

measure & 

diagnosis

Microcontroller

Å Contactor control 

Å Cell V / I / T 

monitoring data 

collect

Å Balancing

é

Current 

sense

EV

battery

48V

L9396 VN7050

L9963E 

SPC57x/SPC58

x

HV-

HV+

Pre-CHG

Shunt

Å SOC / SOH 

estimation

Å Data storage

SPI

Realized the function by 48V<->12V DC/DC 

in the system

Pre-driver

MOSFET 

control

Replaced by MOSFET

L9907
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E-scooter/e-bike: BMS block diagram

é

Cell voltage 

measure & temperature 

measure

&balancing

Current 

sense

L9963

Pack+

Cell voltage 

measure & temperature 

measure

&balancing

Pack-

L9963

Cap

MCU

(SPC560D/ 

STM32)

LDO

SPI RS485/

CAN

Optional depend 

on battery 

voltage
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State-of-art, modular concept for battery monitoring and balancing 

with advanced diagnostic

L9965: complete chipset for BMS at a glance

L9965A
AFE

L9965C
Pack 

Monitoring

Dedicated ADC for each channel (16s or 18s) plus busbar

Very low power architecture with integrated DC/DC

State-of-art accuracy, soldering and aging included

Increased cell balancing current capability

L9965P
SafePyro

Two independent 18-bit æ-Ɇ ADC current measurement paths

Relays diagnostic and isolation measurement

Integrated DC link active pre-charging

2 configurable output lines for SafePyro triggering

Single channel pyro driver with boost DC/DC for energy reserve

Programmable deployment profile & flexible firing strategy 

Advanced diagnostics

L9965T
ISO-SPI

Single and dual channel ISO ï SPI transceiver

Highly robust capacitive coupled communication 

Ready for ASIL D systems

In development

Final sample        Q1ô25

SOP           Q4ô25



Break through current consumption & supply 

concept 
Å <250mW diss. in Normal mode, with 10ms update rate

High accuracy in a wide voltage range 
Å -1V to 5.5V cell inputs sync conversion (18ch+busbar)

Å Total lifetime error 1mV incl. soldering and ageing

Å Total lifetime error <±1.4mV (ext. voltage and temperature range)

Å Repeatable cell voltage accuracy <±0.9mV 

High speed ISO-SPI
Å 4 Mbps isolated purely capacitive serial communication 

Å Fulfills BCI test limit 200mA as per ISO

Å Converts & transmits 14 devices data in <3ms to µC

GPIOs to support:
Å Sensor inputs

Å Master I2C or SPI e.g., for ext. EEPROM

Passive cell balancing up to 400mA

L9965A
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18/16 channel cell supervisory chip

TQFP64EP

AEC-Q100 grade 1 qualified

ISO26262 ASIL D

ES: available

FS:Q2 2024

PPAP: Q4 2024



x2 independent 18-bit ADC for current sensing

ÅInput ADC voltage range: ±125mV 

ÅADC EoL: offset error: Ò 1ÕV, gain error ±0.1% up to TAMB 125°C

ÅOn-chip Coulomb counting

Full set of diagnostics

ÅRedundant and configurable OC / SC detection path 

ÅTwo programmable fault outputs for Pyro deployment

Additional functions

Å11x analog inputs [Ò ±0.2% gain error EoL]

Å11x pre-driver output [e.g. for ext. FET: HS/LS switches]

ÅIsolation measurement and contactors diagnostics

ÅIntegrated DC link precharge functionality

High speed ISO-SPI

ÅCompatible with L9965 family for simultaneous acquisition

L9965C
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Battery pack monitor [current, voltage, charge]
AEC-Q100 grade 1 qualified

ISO26262 ASIL D
TQFP48EP

CSA CC 

(2nd Vref)

Short circ. 

Detect. 1 

(2nd Vref)

ES: available

FS:Q2 2024

PPAP: Q4 2024



L9965C simplified application topology



QFN32E

Supply flexibility:
ÅBoost regulator with programmable output voltage, input power 

limitation & self wakeup capability

ÅLow current consumption (10µA) in Deep sleep mode

Programmable deployment profile:
ÅCurrent profile adapted to different pyro-fuse igniters 

User selectable & flexible firing strategy 
ÅConfigurable SPI or 2 input arming signals (Level or PWM trigger)

Diagnostic functions
ÅAutonomous cyclic diagnostic preventing inadvertent deployment

ÅCurrent monitoring, load R measure, Short to battery/ground, leakage 

diagnostics & ground loss detection / deployment stage monitoring / 

FET tests

Åbattery voltage monitor and shutdown control with wake-up control 

24-bit SPI 
Å Access to VIF through L9965C SPI connection

Å Direct connection to MCU

L9965P
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SafePyro

Deployment signal from L9965C

AEC-Q100 grade 1 qualified

ISO26262 ASIL D
TQFP32EP

ES: available

FS:Q2 2024

PPAP: Q4 2024



High speed ISO-SPI

ÅSingle and dual channel version with package and pin compatibility

ÅSupports both capacitive and transformer isolation

ÅSupports single access and dual ring configuration

Full configuration flexibility

SPI interface

Å10 MHz SPI peripheral

Low standby current

ÅDeep sleep current < 15µA

L9965T/L9965TS

19

Dual and single channel ISO-SPI transceiver

Diagram referring to single channel ISO-SPI

LQFP32EP

AEC-Q100 grade 1 qualified

ISO26262 ASIL D

ES: available

FS:Q2 2024

PPAP: Q4 2024



Industrial Battery Management 
reference design introduction



Energy Storage System (ESS) solution structure
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Bi-directional

DC-AC

(PCS)

BAU

PACK 1.N

(BMU)

PACK 1.2

(BMU)

PACK 1.1

(BMU)

RACK 1 

(BCU)

Bi-directional 

DC-DC

PACK 2.N

(BMU)

PACK 2.2

(BMU)

PACK 2.1

(BMU)

RACK 2 

(BCU)

Bi-directional 

DC-DC

PACK M.N

(BMU)

PACK M.2

(BMU)

PACK M.1

(BMU)

RACK M 

(BCU)

Bi-directional 

DC-DC

ÅARC risk with high voltage, 

high current, DC.

ÅBattery management with 

demand of accurate SOH, 

SOC and failure prediction.

ÅHigh-voltage, bi-directional 

DC-DC.



Industrial BMS with L9965/L99BM and STM32
PE.SMW_0053.25

L9965A or 

L99BM218
AFE

L9965C or 

L99BM2C
Pack Monitoring

Å Dedicated ADC for each channel (18s) plus busbar

Å Very low power architecture with integrated DC/DC

Å State-of-art accuracy, soldering and aging included

Å Increased cell balancing current capability

Å Two independent 18-bit æ-Ɇ ADC current measurement paths

Å Redundant overcurrent and short circuit detection

Å Relays diagnostic and isolation measurement

L9965T or

L99BM2T
ISO-SPI

Å Single and dual channel ISO ï SPI transceiver

Å Highly robust capacitive coupled communication 

Å Ready for systems with higher safety targets

Å Up to 54 cells battery management with 3 x L9965A AFE, daisy chain connection.

Å Pack monitoring and insulation detection with 1 x L9965C sensor.

Å Support insulation detection and passive balancing.

Å Support EIS (Electrochemical Impedance Spectroscopy) from 0.01Hz to 3.6KHz, parallel reading all cells.

Å Support CAN bus, UART, and USB by STM32H5, reserve RAM resource for advanced model analysis.

STM32H5
MCU

Å Arm® Cortex®-M33 MCU, running as high as 250MHz

Å Scalable security to address every need

Å Optimized cost/performance trade-off

Application main features:

Hardware

Block-diagram



Industrial BMS board v1.0 description

Item Name Description

1,2,3 L9965A Battery Management Analog Front End. #1 in low-side.

4 L9965C Battery Management Current Monitor.

5 L9965T Battery Management Transceiver.

6 STM32H563 Microcontroller.

7,8,9 Cell connector Battery cell connectors, 18 channels for each. #7 in low-side.

10, 11,12 NTC connector Temperature sensor connectors, 9 channels for each.

13 Current Input Current input and output for sensing.

14, 15 Current Sensor SHUNT sensors for current and SoC estimation.

16
Insulation 

detection

Insulation detection connector.

17 12V Power 12V isolated DC power supply for L9965C

18, 19 CAN bus Isolated CAN bus connectors for input and output.

20 USB Micro USB to connect to PC.

21 Excitation Excitation board driver.

22 UART Reserved for host-interface, alternative to USB and CAN.

23 SWD SWD interface for debug

24 Power switch Switch MCU power between L9965C + DCDC and USB 5V.

25 VIF connector VIF (Vertical Interface) open-ring connector to external board.

26 Extension Reserved for extended daughterboard for EIS.

4

1 2 3

56

7 8 910 11 12

1314

15

16

17
18 19

20 21

23

22

24

26

25



Battery Management Unit demo EIS

Application features

Link management

ÅAddressing with dynamic configuration.

ÅWakeup / GoToSleep with NVM.

Cell management

ÅVoltage / Current / Temperature reading with burst 
read;

ÅSupport dynamic link configuration.

ÅSupport Bus-bar configuration.

ÅFailure monitoring;

Protections:

ÅInsulation detection.

Communication:

ÅCAN bus based host-interface.

EIS Sample

ÅExcite DAC output on given frequency.

ÅRead { voltage[N], Current } and save in PC files.

EIS Scan

ÅScan given frequency list in EIS sample mode.

ÅSave { voltage[N], Current } x M in PC files.

ÅCalculate Nyquist diagram (Real, Image), and 
save in PC file.

EIS Failure Predication.

ÅRun EIS scan based on NVM parameters or host-
interface commands.

ÅPass EIS vector to AI model in STM32 and output 
classification results.

EIS SoH / SoC Estimation. :

ÅEstimate SoC & SoH with EIS data.



BMS application working modes

BMS

 

BCU

AFE evaluation mode:

Å Support direct to AFE registers, support READ, WRITE, BURST_READ for each register in staked chips.

Å Connect to PC GUI through USB or CAN bridge.

Monitor mode:

Å Read monitor data, { Voltage / Current / Temperature / Error } x cells periodically.

Å Connect to BCU (Rack controller) through CAN bus.  Connect to PC GUI through USB.

EIS data gathering mode:

Å PC GUI enable excitation and corresponding data sampling and data saving.

Å AI training on the database for Failure prediction, SoH, SoC, etc.

EIS classification verification mode:

Å Download EIS based trained model to STM32.

Å Run model classification in real-time. Communicate with BCU or PC GUI on demand.

USB

CAN

L9965A

L9965A

L9965A

L9965C

BMS 

USB

CAN

L9965A

L9965A

L9965A

L9965C

CAN

bridge
Snapshot 0

Snapshot 1

é é

Snapshot N

BMS 

USB

CAN

L9965A

L9965A

L9965A

L9965C

CAN

bridge

Excitation

Board

Excitation

EIS Sampling

EIS Scanning

BMS 

USB

CAN

L9965A

L9965A

L9965A

L9965C

Excitation

Board

Excitation

EIS Sampling

EIS Scanning

Model

BCU



EIS (Electrochemical Impedance Spectroscopy):
basic concept

ECM could be estimated 

based on impedance 

measurement 

Each battery chemistry has an equivalent circuit model (ECM)



BMS: Why EIS?
(Electrochemical Impedance Spectroscopy)
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R

Traditional BMS EIS based BMS

Å Battery modeling as simple R.

Å Capacity and safety calculations 

based on V = I * R and Temperature.

V

I

T

Å Equivalent Circuit Model (ECM).

Å Multiple-dimension feature vector 

available for advanced classifiers

Thermal Runaway

State of Charge

State of Health

é

Risks in battery-based applications



EIS application use-cases



Å Offline EIS:

Å Switch LOAD off from the PACK/RACK, turn on 

excitation.

Å DAC generate waveform to excite, scan target 

frequencies F[N], N is frequency number.

Å For each F, BMS board measure voltage[M] and 

current in parallel, M is the battery cell number.

Å Calculate the Battery impedance Z[N][M].

Å Resume the load.

ÅOnline EIS:

Å PACK free-running with LOAD.

Å BMS board measure voltage[N] and current

Å Calculate the Battery impedance Z[N][M], by 

removing impact of the LOAD current and 

impedance.

EIS setup block-diagram

Excitation Board 

Or bi-dir. DCDC

LOAD

BMS board with AFE

DAC



EIS configurations

Excitation Board 

Or bi-dir DCDC

LOAD

BMS board with AFE

DAC

Excitation Board 

Or bi-dir DCDCBMS board with AFE

DAC

Excitation Board 

Or bi-dir DCDC

LOAD

BMS board with AFE

DAC

BMS board with AFE

Pack level excitation Rack level excitation



EIS example:  0.01 Hz to 3.6 KHz, 4 rounds

Å Show high repeatability in 280Ah x 16 and 

146Ah x 18 modules evaluation with customers. 



Industrial BMS EIS GUI elements



Record raw-data for AI analysis
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The sampling csv data files and calculated impedance csv files are shown in the following figure:

Cell0 R real, image, error

Frequency point

Current real, image, error

Cell1 R real, image, error

Voltage signal

Current signal



EIS data modeling

Actual Batteries

{ Voltage[N], Current, T[N] }

Data fitting

Data modeling by NN

{ Frequency, Real, Image }

EIS station (potentiostat)

L9965X + STM32H5

 based BMS board

[Calibration]



L9961
5-cell Industrial Battery Management IC



Targeted applications

Power tools
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Drones and home 

appliances
Gardening tools


