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Lithium battery markets

ik =

12V Li- battery 48V Li- battery HEV/PHEV/EV : > 200V
48V-12V DC-DC Converter
’ Electric Starter/ On-Board Charger ~ DC-DC Converter
% l / Generator i lTra.ct}n Inverter
Battery Management ?

12-14 cells Charge Station Battery Management

(single AFE device) High number of cells
(multiple AFE devices)

5-6 cells
(single AFE device)

@y s oo equested

.Consumer

"l qQVv ',ﬁ Single cell device not included 5
o0



Industrial

Marine

Electric forklift

Electric industrial trolleys

Hybrid boats

R : :— "..

Mobile industrial robots

Energy storage

Electrical UAV Electrical aircraft

High-end drones
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-7 Battery Management System Roadmap

STBMIC

A growing family of devices for automotive and industrial markets

L9963E L9963T L9965A L9965C L9965T L996x
A 14 Ch AFE A SPIto ISO-SPI A 18/16 Ch A Current, A SPIto ISO-SPI A >18cCh
A Current sense transceiver Supervisory voltage, charge transceiver Supervisory
. . Chip monitor IC Chip
In production In production
since 2022 since 2022 SOP Q20625 SOPQ4 625 SOPQ2625

Automotive
. . . —

Industrial 19961 L 9962

A 5Ch AFE A 10cCh
A Current sense Supervisory
Chip

In production

since 2022 A Current sense

Lys



L9963E and L9965x automotive grade
Battery Management ICs
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L9963E-T | 14 Channel Stackable
pongt Battery Monitoring/Balancing chipset

TQFP64 10x10
exposed pad down

temperature | SOL6N @

(b

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

Battery pack monitoring , balancing and protection up to 14 cells

14 independents ADC for cell voltage measurement

AV T $440A T

4 Synchronized acquisition of Cell Voltage and Pack current

2" ' N S — T T

High accuracy current measurement with Coulomb counter

VAV N ALY -
/ Fully progammable via SPI interface

A ——=
A Automotive: 48 V and high-voltage battery

packs
A Backup energy storage systems and UPS \ 6

High speed and robust transfomers and capacitive isolation

A E-bikes, e-scooters



L9963E block diagram & feature list

D:ND A:ND CGéND ?2 ?> VDIG
Features e Ter] e T
A Measures 4 to 14 cells in series with Ous desynchronization delay between VWT _T_”““”*"
samples s _-_ veom
A Synchronized high-precision cell voltage and current measurement within msi | jmw
+1500A range with Coulomb counter included as —{ e 1
A Programmable scan mode: on-demand, or cyclic 13 [%: Vo oD Ve
A 16-bit voltage measurement with maximum error: #2mV@][0.5-4.3]v in whole e ;igi;al o 150 on.
operating temperature range I Control sowso,
A 2.66Mbps isolated serial commu_nication with regenerative_buffer, L_ess tha}n 4us g‘ata veou | cano Lo

latency between start of conversion of 15t and the 31™ device in daisy-chain A A Registers ' ]

A Supports both uni- and bi-directional daisy chain configuration = sp)
A 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 o Y
multiple channel cell balancing simultaneously o f%{ Ve vele
A Hardwired and communication-based fault notification o1_op}—! e  chiog/scx
A -40°C/200°C temperature measurement range with support for NTC monitoring “ | = GPIO EEEEMAKEUP
A 9 General purpose digital /0 or 7 channels for analog inputs A5 ciorer grios
A Cell chancels withstanding negative voltage to -6V SENSE 1 gi:giﬁiiﬂﬁ
A Redundancy voltage measurement for limp home SEnse. <i odo  L__cain odwo ™
A Robust hot-plug performance, No Zeners needed in parallel to each cells NOREF anDies

A AEC-Q100 qualified, and 1SO26262(ASIL-D) compliant



ST CAN-based BMS modular system solution

E L 9616 E E L 9001 E Capacitive-based Insulation

FEEEEEEEE N FEEEEEEEE N,

{L9963E: | :LO9G3E!:

: CAN

% 9616 =

$/\VIPOWER#CANx3 %

C:>o C:C:>o

owerPC
PC57x/

Advantage:
Mature design based on CAN topology
Sensing Harness: short

Weakness:
High system total cost as CMU board
MCU/SBC/CAN/Transceiver numbers




ST VIF-based BMS modular system solution

- l L9963E. ﬁ DOKX l L9963E.

£ 19301 W) 0616 WE

t /VIPOWER # ¢ CAN

PowerPC 1
% SPC57x/

SPC58x §§L9963T§ ORGSR

Advantage:

U  System total cost optimized including electronic and harness
’U& Sensing Harness: short, good for cell monitoring accuracy
u

Weakness:

VIF Communication line long and potential EMI issue
-> AFE be able to drive long IF wire and sustain EMI



ST centralized BMS system solution block diagram

19301 L9616
/VIPOWERE CAN

* |L9963E"
L ] -~

owerPC &£
PC57x/
IS

Advantage:
Electronic system cost optimized

Weakness:

Sensing Harness: very long for some modules,
-> Increasing harness material and battery pack manufacturing cost
-> negative effect on monitoring accuracy

C:>OC:>O

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

10




Mid hybrid 48V: BMS block diagram

HV-
EV
battery ¥ Repneed Y MOSTET
48V E [ 1o o'pre-CHG Realized the function by 48V<->12V DC/DC
------------------- ' in the system o
. 9396 \VVN7050 L9907 : !
- | High side/ E :
12v SBC Low side Pre-driver ! ! |:| Shunt
itch I !
supply SWIC '| Current :
— SBC & Input Contactor MOSFET 'l sense R
Protection control control : : l
SPC57x/SPC58 | Temperature gk l
il Measure & Qi
il Diagnosis Qi -‘_
Microcontroller | i
S il Cellvoltage Qf M~
. Y measure & QB
AN Transceiverx2 d ) . !
C - A Contactor control A SOC/SOH jl__ciagnosis NI
CAN A Cell V /_I /T estimation 'l L9963E E T
monitoring data A Data storage ! |
collect  TTTTTTTTmmTmTeT
A Balancing 1



E-scooter/e-bike: BMS block diagram

o =

RS485/
CAN

Pack+
Cell voltage : Opgor;tal depend
measure & temperature ! on battery
measure /:/ voltage
&balancing X
LDO
Cell voltage
measure & temperature MCU
measure
&balancing SPI (SPCSGOD/
sTM32) [ 7
Pack-

13




L9965: complete chipset for BMS at a glance

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

Fi nal

with advanced diagnostic SOP

Dedicated ADC for each channel (16s or 18s) plus busbar
L9965A Very low power architecture with integrated DC/DC

AFE State-of-art accuracy, soldering and aging included
Increased cell balancing current capability

Two independent 18-bit & ADC current measurement paths

L9965C Relays diagnostic and isolation measurement
Mosﬁgtin Integrated DC link active pre-charging
J 2 configurable output lines for SafePyro triggering
Single channel pyro driver with boost DC/DC for energy reserve
L9965P . L
Programmable deployment profile & flexible firing strategy
R =PyIo Advanced diagnostics
Single and dual channel ISO i SPI transceiver
L9965T o b ove
Highly robust capacitive coupled communication
ISO-SPI

Ready for ASIL D systems

In development

sampl e
Q462




L9965A

AEC-Q100 grade 1 qualified

18/16 channel cell supervisory chip

1SO26262 ASIL D

- TQFPG4EP
Break through current consumption & supply 51 s .
5 A g z ER
concept o -
A <250mW diss. in Normal mode, with 10ms update rate E‘— ] .
High accuracy in a wide voltage range e | j:l
A -1V to 5.5V cell inputs sync conversion (18ch+busbar) o s ' '
A Total lifetime error ImV incl. soldering and ageing cirle| — e
A Total lifetime error <+1.4mV (ext. voltage and temperature range) bl ( L Moritor [ oro s
A Repeatable cell voltage accuracy <+0.9mV St V"}eﬂ?n"cl‘J —
Hig h Speed ISO—SPI EE 1 (MEJ(UQI/:;E;\)ISV) §§ - SPIM;i‘slt-r::lr)lslavek GPIO 3_SDI
A 4 Mbps isolated purely capacitive serial communication e — sgpee T e
A Fulfills BCI test limit 200mA as per 1ISO e = ot
A Converts & transmits 14 devices data in <3ms to uC N il wc e 7" am00.508
GPIOs to support: =i el N e y
A Sensor inputs S0 1 suenengren — s eres
A Master 12C or SPI e.g., for ext. EEPROM sl [ "7 pg oot o P
Passive cell balancing up to 400mA ’ ot T oo e
ES: available t 1
FS:Q2 2024

PPAP: Q4 2024




Battery pack monitor [current, voltage, charge]

x2 independent 18-bit ADC for current sensing
A Input ADC voltage range: +125mV

AADCEoL: offset error+0.1%uplody;125& i n error
A On-chip Coulomb counting

Full set of diagnostics N

A Redundant and configurable OC / SC detection path

A Two programmabile fault outputs for Pyro deployment i

Additional functions

A11x anal o ¢0.2%mgaruetras EoL]O

A 11x pre-driver output [e.g. for ext. FET: HS/LS switches]
A Isolation measurement and contactors diagnostics

A Integrated DC link precharge functionality
High speed ISO-SPI =

A Compatible with L9965 family for simultaneous acquisition

T T —— s es: available I

FS:Q2 2024
PPAP: Q4 2024

L9965C

AEC-Q100 grade 1 qualified

1SO26262 ASIL D

VB VsV VANA VTREF ISOHP ISOHM
| | | f {
V5V VANA VTREF VIF (V5V)
LDO LDO LDO isoSPI
| interface
VDIG Main Vref
LDO Vref Monitor
VSTBY Standby
LDO Osci
NVM Configuration
AIN 0 Data & Ctrl. Integrity Check
AIN 1 >
AIN 2 =z
AN 3 >
AIN 4 = Volta ADC
AIN 5 > "
AIN & g (Main Vref/Vtref) SpPI
AIN 7 > Master/Slave
AIN =
AN 9 nN (vsv)
e L9965¢
GATE 0 i
GATE 1 12C Master »
GATE 2 (V5v) >
GATE 3 Gate 3
GATE 4| a
GATE 5 Predrivers
GATE 6 VB —
GATE 7 (ve)
GATE 8 Instant batt. Coulomb Pyrofuse
GATE 9 i counter interface |—>
7Y A T
|
AGND Short circ. CSA on- :
CSA CC Short circ.
Detect. 0 demand (o Vref) Detest 1.
DGND (Main Vref) (Main Vref) (B et
] ﬁ
= L T 0
g 2 s by
# & & *
3] o 3] 5]

ISOLP

ISOLM

GPIO 0_NCS0
GPIO 1_NCS1
GPIO 2_SDI
GPIO 3_SDO
GPIO 4_SCK

GPIO 5_SDA_FLTIN

GPIO 6_SCL_CWUP

FAULTO
FAULT1

16



HV+7£(

HV-

|

L9965P

@_

L9965C simplified application topology

LOAD+ J.¢

_» CHARGE+Y¢

-

wwod osl

1SO,e
1SOum
1SO.~

IS0,y

I:K)C to 59 devices
V5V
______ Packvoltage,
Load monitoring.
Temperature

measurement

...... RV eeeeeeennnann]  1SOIlRtiON
Monitoring

ozl

R Flexible
2 2 DC Link
W Precharge
PyroDriver Controller
Supply
Free
NVM NVM
= 2xXSC Coulomb
Gate, 7 Detect Counter
29
=7
Gate, % il 2x SDADC
CSAD CSA1

S/NIdS

Chassis GND

ToMCU

w

LOAD-

T

_» CHARGE-




L9965P

AEC-Q100 grade 1 qualified

SafePyro

1S026262 ASIL D
TQFP32EP QFN32E

Supply flexibility:

A Boost regulator with programmable output voltage, input power , T ———A~
limitation & self wakeup capability e T

A Low current consumption (10pA) in Deep sleep mode L L
Programmable deployment profile: 0 L T—L
A Current profile adapted to different pyro-fuse igniters

1 -1
. - [ T
User selectable & flexible firing strategy =
A Configurable SPI or 2 input arming signals (Level or PWM trigger)

VDDIO regulator ER Boost regulator di:;ri‘:cr:e _":_::
Diagnostic functions

FAULTN 4 +I 4
A Autonomous cyclic diagnostic preventing inadvertent deployment

A Current monitoring, load R measure, Short to battery/ground, leakage
diagnostics & ground loss detection / deployment stage monitoring /
FET tests

A battery voltage monitor and shutdown control with wake-up control

24-bit SPI
A Access to VIF through L9965C SPI connection
A Direct connection to MCU

L
1
| .

ull AH

CWuP I Deplqyment
Power management, diagnostics and monitoring driver

SPI_CS

SPI_Mosi Global configuration and control, ADC, bias @ Arming

PYROFUSE

and diagnostics logic
SPI_MISO

FENH
FENL

||”—[] GND
||”—[] AGND

ES: available
FS:Q2 2024 18

PPAP: Q4 2024



L9965T/L9965TS

AEC-Q100 grade 1 qualified

Dual and single channel ISO-SPI transceiver

e 1S026262 ASIL D
LQFP32EP
High speed ISO-SPI 1
fa sl
A Single and dual channel version with package and pin compatibility H} )
A Supports both capacitive and transformer isolation 5 l
V3V3 MAIN VIF IIF
A Supports single access and dual ring configuration (IS0 SPI)
Full configuration flexibility ¢ ' o
|| V3V3 MAIN >
y Vav3 MA\Nl l I
SPI interface I p
A 10 MHz SPI peripheral = ] e
Low standby current D‘ﬁ:— SPISLAVE IF FI
V\ol SLEEP/MAIN -
|:5 ! DRIVING Ll > %
L l_ ' DRIVING
§ STATUS

Diagram referring to single channel ISO-SPI

ES: available
FS:Q2 2024
PPAP: Q4 2024

19




Industrial Battery Management
reference design introduction

Vo T R

A A 0 8 7 A T
A i /-
A, 77




Energy Storage System (ESS) solution structure

——————
I

i | AARC risk with high voltage, :
// I high current, DC. |
,/ ————————————— -
4 I 4 I 4 I
PACK 1.1 PACK 2.1 PACK M.1
(BMU) (21%18)) (BMU)
PACK 1.2 PACK 2.2 PACK M.2
(BMU) (BMU) (BMU)
- —
- -
i_A Battery management with I
| Genend el seeEE S0, | i PACKL1.N PACK 2.N PACK M.N
| _SOC and failure prediction._ | (BMU) (BMU) (BMU)
Bi-directional
DC-AC
Bi-directional Bi-directional Bi-directional (PCS)
DC-DC DC-DC DC-DC

——————
I

I A High-voltage, bi-directional :
"l | DC-DC. | 21



Industrial BMS with L9965/L99BM and STM32
PE.SMW 0053.25

Block-diagram Application main features:

CANBUS USB(VCP)

DAC| : ] Up to 54 cells battery management with 3 x L9965A AFE, daisy chain connection.

A
% vm A Pack monitoring and insulation detection with 1 x L9965C sensor.
U A
A
A

) e Support insulation detection and passive balancing.
Excitation L9965A L9965A L9965A L9965C Insulation
Hardware (<=18 CHL) (<=18CHL) (<=18 CHL) |- Protection

Support EIS (Electrochemical Impedance Spectroscopy) from 0.01Hz to 3.6KHz, parallel reading all cells.
Support CAN bus, UART, and USB by STM32H5, reserve RAM resource for advanced model analysis.

J T * * = —
_________________ L9965A or Dedicated ADC for each channel (18s) plus busbar
-{}—{H Hl— —“—“_ SN L99BM?21 A Very low power architecture with integrated DC/DC
Hardware 99 8 A State-of-art accuracy, soldering and aging included _
— AFE A Increased cell balancing current capability
L9965C or A Twoindependent18-bi t# & DC current meas usement
L99BM2C A Redundant overcurrent and short circuit detection d
Pack Monitoring A Relays diagnostic and isolation measurement
L9965T or A Single and dual channel ISO i SPI transceiver STBMIC
L99BM2T A Highly robust capacitive coupled communication
ISO-SPI A Ready for systems with higher safety targets
A Arm® Cortex®-M33 MCU, running as high as 250MHz
A Scalable security to address every need
A Optimized cost/performance trade-off
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] IR

Industrial BMS board v1.0 description

P

4

] 2
P

1,2,3 L9965A
4 L9965C
5 L9965T
6 STM32H563
7,8,9 Cell connector
10, 11,12 NTC connector
13 Current Input
14, 15 Current Sensor
16 eecton
17 12V Power
18, 19 CAN bus
20 uUsB
21 Excitation
22 UART
23 SWD
24 Power switch
25 VIF connector
26 Extension

Battery Management Analog Front End. #1 in low-side.
Battery Management Current Monitor.

Battery Management Transceiver.

Microcontroller.

Battery cell connectors, 18 channels for each. #7 in low-side.
Temperature sensor connectors, 9 channels for each.
Current input and output for sensing.

SHUNT sensors for current and SoC estimation.

Insulation detection connector.

12V isolated DC power supply for L9965C

Isolated CAN bus connectors for input and output.

Micro USB to connect to PC.

Excitation board driver.

Reserved for host-interface, alternative to USB and CAN.
SWD interface for debug

Switch MCU power between L9965C + DCDC and USB 5V.
VIF (Vertical Interface) open-ring connector to external board.

Reserved for extended daughterboard for EIS.




e Rol{Grmeci, Maspin ), Min mgentsh, Mesedcyan)

I Protections:

Lys

Battery Management Unit demo

Link management

AAddressing with dynamic configuration.
AWakeup / GoToSleep with NVM.

Cell management

AVoltage / Current / Temperature reading with burst
read;

ASupport dynamic link configuration.
ASupport Bus-bar configuration.
AFailure monitoring;

Alnsulation detection.

Communication

ACAN bus based host-interface.

Application features

EIS

EIS Sample

AExcite DAC output on given frequency.
ARead { voltage[N], Current } and save in PC files.

EIS Scan

AScan given frequency list in EIS sample mode.

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

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

EIS Failure Predication.

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

APass EIS vector to Al model in STM32 and output
classification results.

EIS SoH / SoC Estimation.

AEstimate SoC & SoH with EIS data.




BMS application working modes

- ----""""""""""""-""-"F"""-""="-"="-"--""="-"-F"-—F-"-"F"-"-"-"="-"-"-"-F=- ¥F""=-¥F"="-¥"-¥F"¥"=-¥F=-"¥F¥"="¥""-""="/=—-"—— N ---—-"-"---""""""""""-"""-"-""-""-""---""----""---"-F-F-"--"--"""-"-"""7"-7-"-""-"-
Monitor mode: \I{ AFE evaluation mode:
A Read monitor data, { Voltage / Current / Temperature / Error } x cells periodically. |: A Support direct to AFE registers, support READ, WRITE, BURST_READ for each register in staked chips.
A Connect to BCU (Rack controller) through CAN bus. Connect to PC GUI through USB. I| A Connect to PC GUI through USB or CAN bridge.

—_—_—— e e —————

BCU @ T ! (o] @ T
L9965A
N BMS L9965A « - || CAN BMS T
A ' ly bridge | | CAN | «— '
Snapshot 0 | L9965A « . I L9965A « !
Snapshot 1 ‘ 1 || \ ‘ 1
e USB 6 & | LO965A ‘ ! I ] usB | | L9965A « !
7 Snhapshot N ‘ —L I 7 ‘ 1
- ~~~~~ | L9965C ‘ 1 ;I A | L9965C ‘ 1
T I T
Iy
N .. -’ _
"~ . N
EIS data gathering mode: | EIS classification verification mode:
A PC GUI enable excitation and corresponding data sampling and data saving. ” A Download EIS based trained model to STM32.
A Al training on the database for Failure prediction, SoH, SoC, etc. Il A Run model classification in real-time. Communicate with BCU or PC GUI on demand.

— BMS  [Lesesa|

EIS Scanning
L9965A
[Brctmion] _[L9965C

m—" I BMS |L9965A
CAN | L9965A |

EIS Scanning :
T USB | L9965A
- ‘
_ | Model
O

[
I
I
|
|
|
I
I
I
|
|
|
I
I
I
|

_[illaE

Excitation
Board

Excitation
Board




EIS (Electrochemical Impedance Spectroscopy):
basic concept

° Gl

e 5
s 3 Vit (@ Zju)
o\ 4 m\ "
Y J LYJ { Y -Im [Q] Diffusion inside grain
CPEDL, Anode J CPEDL. Cathode RSeparator particies cathode * anode
Il ] _
' Rseparator ' Charge || Charee transfer ECM could be estimated
hod .
- transfer | o0 based on impedance
I L — /\f& measurement
Rint, Anode zW, Anode Rint, Cathode ZW, Cathode >
Re [Q]

Each battery chemistry has an equivalent circuit model (ECM)

Lys



BMS: Why EIS?
(Electrochemical Impedance Spectroscopy)

Traditional BMS EIS based BMS
A Battery modeling as simple R. 0 c“ A Equivalent Circuit Model (ECM).
O £ 7+ 0 A Capacity and safety calculations A Multiple-dimension feature vector
- based on V = | * R and Temperature. available for advanced classifiers
' :
R \_'_, LYJ l_'_l -Im [Q] Diffusion inside grain
CPEm, Anode I CPEy, cathoce particles cathode + anode

Charge transfer
Charge || cathode

transfer
anode
'
Rln\. Anode Z‘W Anode Rim, Cathode zw, Cathode

Rseparator

Thermal Runaway

State of Charge

State of Health

: 27
Risks in battery-based applications



EIS application use-cases

Early Thermal Runaway (TR) prediction Inner cell temperature estimation

P Normal | Hazard evolving | Unsafe operation Challenges of existing solutions:
- | | |
2 Voltage | I [ Temperature « Temperature sensor: inaccuracy/placement/cost/heat transfer delay
> i | « Thermal modelling: quantifying large number of required model parameters
c | |
2 + } !
- | | |
+ + + - -20
I I Gasl t
Py Gy 2, l Early | ~10 ' b
é r prediction .: [ |Pressure g ool \ C
7 | | = '
5 | Impedance : | ’ \\(/ : N 10 {aCell 1
o < ~ 3
3 : Y 75 | €204 oCell 2
2 p, T - {xCell 3
lnudent’ Cell venting ,Ccll runaway Vt -
40 N »)
Existing sensors: Voltage, Temperature, Current 20 30 40 50 60 70 80 90 100
* No prediction possible / No mitigation possible Re(Z) / ma

New / additional sensor inputs: Potential with EIS:
» Impedance: Early prediction possible; BMS counter-measures to prevent TR * Enhances understanding of cell T - increased usability of each cell

» Gas sensor: can detect initiation of TR; no early prediction » Improved fast charging capability
» Pressure sensor: can detect TR itself; no early prediction * Reduced number of temperature sensors




EIS setup block-diagram

A Offline EIS:;

DAC

Excitation Board

Or bi-dir. DCDC

I A Switch LOAD off from the PACK/RACK, turn on
excitation.

A DAC generate waveform to excite, scan target
frequencies F[N], N is frequency number.

A For each F, BMS board measure voltage[M] and
current in parallel, M is the battery cell number.

o

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

o

Resume the load.

A Online EIS:

\ ) -Im [Q]

A PACK free-running with LOAD.
A BMS board measure voltage[N] and current
A Calculate the Battery impedance Z[N][M], by

Diffusion in
particles ca

side grain

thode + anode removing impact of the LOAD current and

Charge tran
cathode

RSepara(or Charge sfer\‘ impedance-
%
4

Re [Q]




Excitation Board
Or bi-dir DCDC

Excitation Board

EIS configurations

@

BMS board with AFE

Pack level excitation

Rack level excitation




EIS example: 0.01 Hz to 3.6 KHz, 4 rounds

D4 Industrial Battery Management EIS Demo - [log_st_0.01-3.6k_8.100A_cell4_sp64_eh2] - o X
Control Scan Analysis Log Hyquist
LOG directory: Load Content:  Mwyquist by Loop | -~  Battery cell: 2 ~  @Freq. loglo [ Cell Group
log_st_0.01-3.6k_8.100A_celld_s Nyquist diagram Amplitude
@ Freq. Calib: eis_calib_264us_
— v
(m] 0 3
[CJRev. V phase 24 o
Re-analize A\
Re-calibrate P _
Q| = n
Save ) L
I
Loaded 128 files.
Tw
Samples: 2o a
Loap=+4 E E0
Freq=31 ot £
Vcell=4
_E E
Scans: Ewn
Loop=4 'T 4
Freq=31 L)
Veell=4 &I
L]
=
T
al
s
hE
2.4 2.7 3.0 3.3 3.6 -1 0 1 2 3
mohm (Real) Hz([Log10)
Phase Amplitude Error (Max=24.4uohm, Mean=9.4uohm)
T
ﬁ 1 o
o
Show high repeatability 80 6 and .
A . . =
e
146Ah x 18 modules evaluation with customers.
< o
-
= i/
- / E
E E
o
~
o
o
P
Power & Energy
Competence
Center _—
‘ o
l 0.0 1.0 2.0 3.0 -1 0 1 2 3
life.augmented Hz(Log10) Hz{Log10)




Industrial BMS EIS GUI elements

B Indu — [m] X
Control Scan Analysis | Advanced settings X
o
nnection Conte
EIS Wait (s): 1 Vadc Time: 136us | Cug
COM Port: COM15 ~ .
Scanwait(ms): 1 Iadc Time: 136us v Amplitude
Advanced Control ExciteOffset(%) 5.000 WV LSB (uV): 201.39929
2o OFixgdes: 4 o ILSB(uA): 317.89145
Advanced Parameters 1]
E [JsetMaxI(A):  9.00000
0 |
Hardware Reset £ @ save waves B Enhancer++ [Jscan Temp. (] ScanUpSort
£
S
Firmware Upgrade 13 System configurations:
o
i Root log path:  C:\Alex\SrcProj\Code\git\pecc_industrial_bms\v
18 Use default confg B Frompt on log delete 0 3
([Log dir. auto increase Hz[Log10)
Error (Max=24.4uchm, Mean=9.4uohm)
o
]
z
Q
Q Save Profile Load Profile Set Default
life.augmented R— HzlLag10)
Lk Industrial Battery Management EIS Demo - [log_st_0.01-2.6k_8.100A_celld_sp64_eh?] - [u} X
Control Scan Analysis Log Nyquist
LOG directory: Load Content:  iaveform trend - Battery cell: 2 ~  @Freq loglo  [cell Groy|
log_st_0.01-3.6k_8.100A_cell_s Voltage mean. in [3289.9, 3295.0] Current mean,Y in [4495.2, 4522.6]
@ Freq. Calib:  eis_calib_264us_ ﬁ i
| 3 <
(ORev. v phase o
| ) ]
| Re-analize = < i
| £ Ew
| Re-calibrate
2 o
Save o 2
o 7
Loaded 128 files. 60 120 60 120
Samples:
Loop=4 Voltage p-p,' in [14.0, 30.4] Current p-p.Y in [6.2, 8.2]
| Freq=31
| veell=4 o 4
| Seans:
| Loop=4
Freq=31 ]
Veell=4 z <
| ~d
0
-
1 v T v v
| 60 120 60 120
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Record raw-data for Al analysis

The sampling csv data files and calculated impedance csv files are shown in the following figure:
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L9961
5-cell Industrial Battery Management IC
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