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STSW-L9961BMS Software package
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Package

Hardware
Abstraction

STM32G071RB L9961
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Key topics of the
STSW-L9961BMS Software package

. . {5 Project Explorer X S Y § = B8
« Software package specifically designed for the STEVAL-L99615C vmsmwwsws » N
kit to demonstrate the capabilities of the L9961 industrial BMS IC St — STM32 .'
e CubelDE
. . . . [% app_bms_com.c
* Includes the L9961 driver component, along with its register map g i iy
and related basic APIs g
2 app_ _demol.c
& app_bms_demo3.c
« Application demos exploiting the key-features of the L9961 ICs - ing _ A
DIAR
v (py Drivers —_—
* Architecture compatible with STM32Cube Firmware BSP i SYSTEMIS
specification 7 @ e
> [ 19961.c
¥ R tevl 99615¢ busc
« Use of a serial communication terminal to output data ) [ e ot
v(,_-ta,[;rl\:lt?:igg;;;Nucleo )
. . . CMSIS
« Contains demonstration project released for: ;Tssm;égo; s
= W-L9961BMS_Demo1
« STM32CubelDE v.1.14 & STW-LI061BMS Darmed
(= STSW-L9961BMS_Demo4
* EWARM (lAR) V. 9'20 vLf‘;igtai:eryStatesEstimation
« uVision (Keil) v. 5.38 R i".’.‘.?’“;
STMBZGOT‘IRBTX _FLASH.Id
/ _‘_L emol.launch
‘— :i
,’ = STSW L9961BMS Dem04|aunch
life.augmented o




STSW-L9961BMS Software Architecture

Main SW functional layers are:

1. Hardware abstraction divided in
« STM32CubeGO0 HAL and LL Hardware Abstraction
Layer for the STM32G0 microcontroller Applications & Sl 12 S L ST S
- . (voltage, current and temperature)
containing the drivers of:
. Package Component BSP BSP
* the STEVAL-L99615C expansion board
2. Applications and demonstrations e _
- Battery status monitoring

Hardware

« Coulomb counting

- Battery balancing
+ So0C/SoH estimation based on Kalman Filter

Lys
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STSW-L9961BMS: BSP drivers

The Board Support Package comprises the following & Project Explorer > f T
drivers: Bt
v (= Application
+ the L9961 component device, including the register map of the o ope
device, the basic functions to manage registers at bit level, the : fﬂ“p
write/read functions (single-register and multi-registers), and the APls & Debug
to configure the device and manage its functionalities (i.e. Go-to- - .
Normal, Change Address, Enable/Disable CRC,...) v @ BSP
> S Lomponents
« the STEVAL-L99615C expansion board support package that \: = R
manages the configurations of the HW peripheral and GPIOs used b)\ | aietc )
the application \N"SZESE}—?;g&:b;: ‘:
l % _steval_199615¢.c ]
« the NUCLEO-G071RB Nucleo board support package containing a ﬁj’f:'s'r'ﬁ?z'c?o'ﬁfﬂz?re} """ ;
set of minor functions connected to the microcontroller board _'r_cm;_;‘_"’izz"*_‘—i“‘_'eif_ _!
G STM32G0xx_HAL_Driver
w STM32GO71RBTX_FLASH.Id
L LR STSW-L9961BMS.ioc y

Lys
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STSW-L9961BMS: Application Demos

* The application demos contained in STSW-L9961BMS

®
QF
N

=
0]
Q

life.augmen

package, have been designed to run within the STEVAL-
L99615C, to evaluate the L9961 features and performances:

App Demo 1: Battery status monitoring demonstrating
the acquisition of voltage, current and temperature from a
5-cell battery pack

App Demo 2: Coulomb counting mechanism monitoring
the charges flowing through the battery cells

App Demo 3: Battery balancing mechanism to equalize
the energy between the cells that constitute the battery
pack.

App Demo 4: SoC/SoH estimation based on Kalman
Filter providing an accurate status of the battery cells
during their operativity.

= —
@ Q,?J) * Each demo is selectable through the project compiler options
and exploits the serial communication peripheral to return
specific output data



STSW-L9961BMS output data viewers

« Each demo is selectable through the project compiler options and exploits the serial communication peripheral to return
specific output data

« Different viewer layouts allow live monitoring of the acquired data and elaborated data. For the selection, you may press the
key ‘U and after ‘1’, ‘2’ or ‘3’, or alternatively press the Nucleo blue button for a long time.

= VT100 User Interface > CSV format data logger

M COM31 - Tera Term VT — =] X

File Edit Setup Contrel Window Help
STSW-L9961BMS Demol 1.1.0 (Jul 21 2023)

Mode
Read Count
Tick (
Elapsed (
Cutput

Fault

VCell (mV)

u 2
s . . - TAB data logger

NTC i _
DieTemp (degC): ¥ COM3S5 - Tera Term VT

File Edit Setup Control Window Help

STSW-L9961EMS Demol 1.1.0 (Jul 21 2023)
Copyright (C) 2023 STMicroelectronics

Tick (ms)
78 2

On
On
On
On
3 [oa
On
On
on
On
On
On
On
On
(+
On
On
[
On
On

TEvce111
i 4105 20599
4106
4105
4104
4105
4105
4105
4105
4104
4105
4105
4108
4105
4105
4103
4105
4106
4105
4105
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STSW-L9961BMS Doxy file

[ STSW-L3961BMS - (m] X
" " . . Pﬂ LIEL- Niﬂ S?p Re%!h H@ne Ft:l ‘%l QD%M
« The Application Demos and their related functions are e L37 STSW-A9961BMS s o
fully described in the Application User source and header S e R e s | e
fl I es o f th e p rOJ ec t §EL;“.E:EE‘F“ STSW-L9961BMS Main Page
& Bkt STSW-L9961BMS Documentation
:. : ig\:::\if:r::::::m The STSW-L9961BMS sofware package has been developed 10 demonstrate the features and the performances of the
% @ Privale variables L9961 industrial battery managemen IC, integrated in the STEVAL-L99615C evaluation kil

5 [ BsP

* The project directory, in the Documentation sub-directory, - Sorevn e R A ——

2 @S
: cl:ﬁgf:: HokLko on top of the that, and is able 10 connect a battery pack with up 1o 5 battery cells.

contains the STSW-L9961BMS.chm Doxygen file e et e

= U Data Structures designed to run on the mainstream Arm CDneX'JdO* 32-bit STMI2G071RBTS microcontroier integrated in the
e : AppHandle_t NUCLEO-GOT1RB of the kit
5 @ BSP_Handle_t
: g DeviceHandle_t Exploiting the microcontrolier capability, the L9961 is able 1o monitor the voitage both on each cell and on the whole
. i2c_charac

battery pack, the current flowing in their series and their temperature, and returning these acquired data as output

« The Doxy file enriches the code with relevant information 3 e

5 @ L9961_Batery_ID_t
H . o : L9961_Config_Adc_t
% @ L991_Config_CellTh_t
about STSW-L9961BMS firmware architecture and S
i iti . QL‘)%I:Confe;:NlcT;J
functionalities R e
5 @ L9961_co t
5 @ L9961_Data_t
. :L%l_Dwag_Cun_l .
i L9961_Diag_OV_OT_UT_t =
= @ L9961 _Diag_t e’
s @ L9961_Diag_UV_t \
5 @ L9961 _Drv_t ,:\
s @ L9961_Enables_t $ .
= @ L9961_Infold_t 73
= @ L9961_10_t
» @ L991_Masks_t
5 @ L9961_Object_t
£] Data Stucture Index
s @ DataFields
= [ Files
% @ File List
3 @ Globals

STEVAL-L99615C Kit

Architecture

The STSW-L9961BMS architecture is organized in three main different levels:

The Application block containing the main functions specifically designed to comply the battery monitoring
system operability

The Board Support Package including the drivers of the main c ! the hardware
L9961, its expansion and the NUCLEO-GO71RB

The STM32CubeG0 HAL / LL Library containing the drivers of the main peripherals integrated in the
$TM32GOT1RBTE microcontrolier

’I [ s |

»

w

life.augmented



STEVAL-L99615C

Kit Overview

aAlL
b
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STEVAL-L99615C evaluation kit

— Demonstrating L9961 BMS IC performances and
features with external 5-cell battery pack or with on-
board pack simulation

— Kit main components:

« STEVAL-L99615C: NUCLEO-G071RB development
board with STM32G071RB MCU + STEVAL-L99615CX
expansion board integrating the L9961 5-cell BMS IC

« STSW-L99615C(*» SW GUI uses the PC serial
communication to interface with the STM32
microcontroller and L9961

« STSW-L9961BMS(® SW package, containing source
code and binaries, with standalone FW driver and
application examples

‘,’ (¥: the GUI contained in the STSW-L96615C is exclusive to the FW contained in the
lite.augmented  S@me SW package and cannot be used with the one of the STSW-L9961BMS packages.



ST-Link V2
embedded
programmer

STM32G071RB
application MCU

life.augmented
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STEVAL-L99615C at a glance!

STEVAL-L99615CX
(top view)

O AT
.
N

DD D QG 6 OO EOENDIE

e eSS

ZevsePDasaw it

HS and LS
pack relays

Morpho connectors

L9961
5-cell BMS IC

On-board
Battery simulation
stage

Cells
connector

STEVAL-L99615CX
(bottom view)

Battery pack
connector



Application Demo 1;
Battery status monitoring
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STSW-L9961BMS:
Application Demo 1

« The Application Demo 1 demonstrates the L9961's

p
o . T & Project Explorer : = 0
capability to monitor the characterls’Flcs. qf a 5-cell battery - BT T TS
pack, both as a whole and for each individual cell 3 Includes
Application ) “v‘fazgz-tloﬁ """"""" "
« The Demo acquires: Core, User and B '
Startup files = app_bms_OQmol C :
« the voltage on each cell ~Sidi i ;
» the voltage on the whole battery pack & app bms demo2c_ _ __ _ g
» the current flowing in the cell series &3tanup T T T T o :
. s u m 1rbtx
« the temperature acquired by the NTC e bk S .
» the temperature measured on the die & 5tm32g0xx_hal_msp.c I
% stm32g0oc_it.c :
. 1 @ syscalls.c
« The demo outputs the collected data through a serial |, @ sysmemc )
communication terminal T
& Drivers
w STM32GO71RBTX_FLASH.Id
BN STSW-19961BMS.ioc
G y

Lys
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Application Demo 1 setup

To set up the demo and run the application with the
evaluation kit, the following items are required:

a STEVAL-L99615C kit
the STSW-L9961BMS software package
a USB Type-A to Micro-B cable

a portable power supply (for example, up to 20V,
1 A) to feed the STEVAL-L99615C kit*¥ (in case
real batteries are not available)

a laptop with the serial communication terminal
already installed (Tera Term console, for example)

power supply that simulates the battery voltage.

_ (*%: to facilitate the connection of the power supply, equip it with a two or four position plug 7.62MM connector as the Wurth 691351400002 or
fife-augmented 691351400004.

r (%: to run the Application Demo 1, it is assumed to use the 5-cell battery emulating circuitry embedded in the expansion board, coupled with the external



Application Demo 1: jumpers' setup

 Verify that the setting of the STEVAL-L99615C jumpers respects

the configuration depicted in the picture and reported in the s
. r
following Table @
8 oy
o c
T O WS 2| Ex
Q =
EXP. BOARD U}sed to measure current flowing into VB Cldssd ; | 4
pin Q:
J2 EXP. BOARD | VIO voltage selector 2-3: 3.3V from L9961 (VREG) o ég,
o Cf|
J4 EXP. BOARD Used to select micro power source Open | EF
Closed Eag
5 EXP. BOARD Battery simulator — used to simulate Note: It is assumed that 5- R{ir gg
battery pack cell battery board is not e,
used.
J6B EXP. BOARD Used to drive NSHIP pin from micro Closed :
J15, J16, Used to configure the relay MOSFETs to TN Rk
J17,J18 EXF. BOARD | attier high or low-side usage Open e 'R31 = ;.0
: _ i
J13,J14  EXP. BOARD | Used to bypass the HS relay MOSFETs Closed
J19,J20 | EXP. BOARD | Used to bypass the LS relay MOSFETS. Closed ‘B
(]
JP3 NUCLEO  STM32 VDD current measurement Closed a
Q
JP2 NUCLEO | STM32 5V jumper selection 1-2: 5 V from STLINK
CN4 NUCLEO  STM32 SWD interface Closed

ol
°

Lys
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Thanks to its design, the STEVAL-L99615C permits to
simulate a 5-cell battery pack simply applying a voltage to
the CN2 connector by an external power supply

In fact, a network composed of a series of 5
resistance/capacitance parallel, integrated in the kit
expansion board, acts by emulating the 5 cells of a battery
pack

When voltage is applied, it is equally distributed by the
series. Thus, the Application Demo 1 acquires the voltages
on each resistance representing the Cell voltages (Vcell1,
Vcell2, .., Vcell5)

To enable the internal 5-cell emulation network, verify that
the headers J5 are fitted onto the jumpers in the STEVAL-
L99615C expansion board

Lys

life.augmented

STEVALS$LY

How the STEVAL-L99615C
emulates a 5-cell battery pack

BATT_PACK

ISENSEN -

ISENSEP »

96—15(,;0J| ll ] 1 EE |

STEVAL-L99615C expansion board
battery emulator schematic

700 NT ig M AW
22 C21-C20 C19 C18

(51
] =

.l
N
™

i m

Detail of headers J6 closed by jumpers
on the STEVAL-L99615C expansion board



How the STEVAL-L99615C
emulates the NTC acquisition

« For demonstrating how the L9961 measures the temperature of a NTC Siiiﬁ;’g';;‘-:::;gﬁ::gg'Lsri‘_’;o'::jrdosition
battery pack via NTC, the STEVAL-L99615C embeds a variable P

resistor (referred to the internal LDO voltage)
 That permits to emulate how the resistor value changes (actually e o [ =B =
through a screwdriver) to a hypothetical temperature change ==
. T‘qg}t‘\u-|||—T—_i—i ij?EﬂER v
* So, as a standard NTC, the decrease of electrical resistance value ¥ - N
(mechanically happens) corresponding to the acquired voltage

(4
2
C’II

vePM

increase, may be referred to the temperature rising

i
B

maia

VCP2P FUSE

NSHIP

WAKEUP VSD
DCHG

RDY CHG

FAULTN VsC

FAULTN_SAFE VREG

9961

) 1 1) (1 I -
225> S

» Vice versa, the increase of the resistance value corresponding to

g

the acquired voltage decrease refers to the temperature decrease R15variable  °
resistor g
_ _ . emulating an
* This mechanism also enables the demonstration of over/under NTC
temperature detection operation carried out by the L9961
L9961

Temperature

Lys
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Application Demo 1: programming

« Connect the NUCLEOQO board of the STEVAL-L99615C kit to the laptop through the USB cable

« Drag and drop the Demo1 binary file of the STSW-L9961BMS application firmware(*, from the origin folder to
the NUCLEO that has been mapped by the laptop OS as an external peripheral

« This operation permits to directly program the on-board STM32G071RB microcontroller of the NUCLEO-
GO071RB

= | CAHOME\STSW-L9961BMS\Bin == O X

Search Bin

— v 4 » ThisPC > OSDisk (C:) > HOME » STSW-L9961BMS > Bin v &

W This PC ) Name ’ Date modified Type
# 3D Objects STSW-L9961BMS_Demo.bin 03/05/2023 11:13 BIN File 30 KB
0 Desktop STSW-L9961BMS_Demol.elf 10/05/2023 15:0 ELF File 3 KB
= Documents
¥ Downloads

D Music

"4 77% complete - X

Copying 1 item from Bin to Removable Disk (D:)
77% complete

2items  1item selected 29,8 KB | Name: STSW-L9961BMS_Demo1.bin

Time remaining: Calculating...
” Items remaining: 0 (0 bytes)

life.augmented  (¥: .elf file upload operation must be operated by STM32CubeProgrammer tool.

&= Pictures

B videos
& OSDisk (C)
~- NODE_GOT1RB (D:)

'+ Libraries v

Fewer details




Application Demo 1: power up

1. Connect the STEVAL-L99615C kit to the laptop
using the USB Type-A to Micro-B cable

2. Connect the power supply terminals to the B+ and
B- pins of the battery pack connector (CN2), and
power on the appliance (in the example, the power
supply has been set 12V, 1 A as test rating)

life.augmented



Application Demo 1.
Output messages in Normal acquisition

Here is the GUI legenda (for the VT100 User Interface):

Il COM35 - Tera Term VT -

« The first three numbers represent the number of acquisitions, the e S Selmp Lol Saioe  BED
STSW-L9961BMS Demol 1.1.0 (Jul 21 2023)

microcontroller timing Tick (ms) and the Elapsed acquisition period
(mS) Mode : Normal
Read Count : 689
Tick (ms): 207845
Ela 295

* Output represents the Load-switch status, as ON or OFF (Load-

: : ) . Output status
switch is always ON in this demo set-up) P
Fault (alert status)

« Fault flag warns about the status of Alert and the presence of faults in

the running application (N stands for NORMAL, F for FAULT) VOZZ%iSs?nCJZiZ?I on

 The VCell values (mV) represent the cell voltages acquired on the Sum of cell voltages
battery cells emulation (calculated by L9961)
«  SumMea (mV) represents the sum value released by the L9961 after Battegc%icife\é?ltage |
acquiring the Vcells, VBatt (mV) the value directly acquired on the — ——m
battery pack (in our example the power supply voltage). Current Battery current
(mA) is the current flowing from/on the battery pack (null due to no et e Prets (] LIPS oy e PO R e
load connected for the demo) NTC

Die Temperature

Temperature is dually expressed, by the external NTC (mV) emulated
by trimmer, and by the DieTemp DIE internal sensor (degC)

Lys

life.augmented




Application Demo 1.
Output messages in Fault acquisition (1/2)

» Application Demo 1 has been set to release an Alert message when relevant events occur (for example, when the NTC
OverTemperature Threshold is exceeded)

* In fact, turning the NTC screw clockwise, its value decreases and when it reaches 900mV, the demo releases a Fault
message indicating the cause (NTC_OT), while the Fault character becomes F

VT

rie edit SEtup Lontrol wWinaow Help

STSW-L9961BMS Demol 1.1.0 (Jul 21 2023)

Mode : Normal
Read Count : 956
Tick (ms): 28809%¢
Elapsed (ms): 308

11! Fault: NTC OT

SumMea (mV) :
VBatt (mV) :
Current (mA) :

DieTemp (degC):

Lys
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Copyright (C) 2023 SIMicroelectronics




Application Demo 1.
Output messages in Fault acquisition (2/2)

« Turning counterclockwise, till the NTC value exceeds the 900mV, a new message indicating the fault cleaned is released
and the Fault character goes back to N

r—— . _— -

v T

File Edit Setup ontrel Window Help File Edit Setup ontro Window Help

(Jul 21 2023)

cd J - cLU} -

STSW-L9961BMS Demol 1.1.0 (Jul 21 2023) STSW-L9961BMS Demol 1.1.0

Mode : Normal
Read Count : 1693
Tick (ms): 509479
Elapsed (ms): 307
Output ~

Mode : Normal
Read Count : 1720
Tick (ms): 517582
Elapsed (ms): 295

N 111 FPault clea

SumMea (mV) :
VBatt (mV) :
Current (mA) :

SumMea (mV) :
VBatt (mV) :
Current (mA) :

NTC (mV) :

DieTemp (degC): DieTemp (degC):

Copyright (C) 2023 STMicroelectronics Copyright (C) 2023 STMicroelectronics
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Application Demo 2:
Coulomb counting

- - - - - - - - - - - - - = = = - - =

o 8 -
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3T 8 )5 Y > e e e
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STSW-L9961BMS:
Application Demo 2

« The Application Demo 2 utilizes the Coulomb counting
mechanism integrated in the L9961 device, to measure the

. . . ¢ Project Explorer > 3 =0
charges flowing through the five cells®) composing a . BT LTS B STHESEEaiEn
battery pack S Includes

y p v fQP'Eaﬁoﬂ __________
v o Core )
. . . ags . |
« This demo estimates the initial residual charge of the I & app_bms_com.c :
battery cells in open load condition and matches it with the ‘:::;ims'demoz'c |
integral of the charge quantity flowing through the battery, \ & app bms demolc_ _ _ _ _. 4
. . Startup 1
calculated by means of the Coulomb counting function Application S stanup stm32g0710b0cs |
Core, User and et \
-« The demo outputs the estimated charge of each cell Startup et |
. . . . i - =it |
through a serial communication terminal files ) @ syscallsc |
S e 4
Debug
#» Doc
& Drivers
u STM32GO71RBTX_FLASH.Id
LN STSW-199618MS.ioc
\ y

"’ *): The LG Chem INR18650-MJ1 battery cells have been selected to develop the Application Demo 2. A look-up table matching the battery OCVs
lite.augmented  vs. SoC is included in application file.



Application Demo 2 setup

To set up the demo and run the application with the
evaluation kit, the following items are required:

a STEVAL-L99615C kit
the STSW-L9961BMS software package;
a USB Type-A to Micro-B cable

a battery pack®™ composed of five 18650 cells**)
and related connecting cables

a laptop with the serial communication terminal
already installed (i.e. Tera Term console)

™*): the battery pack described in this demo refers to the battery holder board reported in the UM3151 user manual. it has been developed
’ to demonstrate the operability of the kit with five 18650 battery cells. Schematics and BOM are included in the UM.

life.augmented  (**); Battery reference: LG Chem INR18650-MJ1.



Application Demo 2: jumpers' setup

 Verify that the setting of the STEVAL-L99615C jumpers respects
the configuration depicted in the picture and reported in the
following Table

Used to measure current flowing into VB

EXP. BOARD pin Closed
J2 EXP. BOARD | VIO voltage selector 2-3: 3.3 V from L9961 (VREG) =
J4 EXP. BOARD Used to select micro power source Open <y
Open ;
J5 EXP. BOARD Battery simulator — used to simulate Note: It is assumed that 5- =1
battery pack cell battery board is £
used. =
J6éB EXP. BOARD Used to drive NSHIP pin from micro Closed ’
:lﬂ]?( j}% EXP. BOARD gi?:grti?igls r:;%gﬁ;%eergézyzggnOSFETs to 1-2: HS configuration is selected
J13,J14 | EXP. BOARD Used to bypass the HS relay MOSFETs Open
J19,J20 EXP. BOARD ' Used to bypass the LS relay MOSFETSs. Closed =
JP3 NUCLEO | STM32 VDD current measurement Closed ~ l‘ . ~
JP2 NUCLEO  STM32 5V jumper selection 1-2: 5V from STLINK é E
CN4 NUCLEO  STM32 SWD interface Closed ’ - é

ar

Lys
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How the STEVAL-L99615C to drive
the load-switches and the continuity with the load

« For estimating the initial residual charge of a . STEVAL-L99615C expansion board
. e ) hi-side load switches and jumpers schematic
battery, first it is necessary to acquire the
VBAT without current flowing on the load,

thus controlling the current path to the load o %m — b |

- For this reason, the J13 and J14 solder s I T LJ}FI
bridges must be removed, and the control of o . é ﬁ {'EW 3
the high side load switches is transferred to :ﬂi» —l T _
the L9961 operation by setting the J15, J16, e throuam the hirose
J17 and J18 headers with jumpers to 1-2 o ¥ load switches
position . | i

* Moreover, it's necessary to open all the o f;g]
jumpers from J5 headers to exclude the e
internal passive network that emulates the T | 4
battery cells on the expansion board v -

= S, L, H T

ne } e % s ‘};J

‘— % HH + %
> /4

life.augmented



Application Demo 2: programming

« Connect the NUCLEOQO board of the STEVAL-L99615C kit to the laptop through the USB cable

« Drag and drop the Demo2 binary file of the STSW-L9961BMS application firmware(*, from the origin folder to
the NUCLEO that has been mapped by the laptop OS as an external peripheral

« This operation permits to directly program the on-board STM32G071RB microcontroller of the NUCLEO-
GO071RB

s | C\HOME\en.stsw-19361bms\Bin m] X
“ Home Share View (7]
& Cu - X -I New item ~ B, » Open~ Select all
— Copypath. | W= BN |2 55 = | 5 ¥ ]Essyaccess Select none
Cop: Py Delete Rename N Propert
. *  folder History Invert sel
Clipboard ganize M o]
™ » ThisPC » OSDisk (C:) > HOME » enstsw-19961bms » Bin
™ This PC
B 3D Objects STSW-L9961BMS_Demol.bin
B Desktop STSW-L99618MS_Demol.elf
Documents STSW-L9961BMS_Demo2.bin 2/05/2023 10:22 BIN File =
& Downloads STSW-L9961BMS_Demo2.elf File w4 22% complete - X
> Mu i )
Pict Copying 1 item from Bin to Removable Disk (E:)
]
B Videos 22% complete

Name: STSW-L9961BMS_Demo2.bin

% OSDisk (C:)
- NODE_GO71RB (E:)
Time remaining: Calculating...

Items remaining: 0 (0 bytes)

Fewer details
life.augmented  (¥: .elf file upload operation must be operated by STM32CubeProgrammer tool.




How connect the STEVAL-L99615C
to the 5-cell battery pack

After assembling the battery holder( with five akdes S 2 3 £ e o
cells, first connect the STEVAL-L99615C kit to o = - © E
battery holder board through CN1 connectors Connect the STEVAL-L99615C kit to the battery

Connect the (on the top) using flat cable. holder board through CN2 connectors
STEVAL-L99615C kit (located at the bottom) Open the terminal on the
to the laptop through laptop and select the
the USB cable corresponding serial port

(and set COM speed @

"_’ 115200)

(*: to properly run the demo measuring a significant amount of current (at least 10mA), it is suggested to connect to the
iRe.augmented battery holder CN3 connector a resistance of 2,2kQ). Otherwise an electronic load is suggested.



Application Demo #2: running

Y. COM35 - Tera Term VT

File Edit Setup Control Window Help
STSW-LS961BMS Demo2 1.2.0 (October 12th, 2023)

Once connected the kit and setup the PC serial
communication console, the Application Demo #2(*) displays

Bewd Comit. £ EAE four sets of information:
Tick (ms): 44¢74
Eiiiii'id ) @ -;n 1. Operation Status that includes the Status of the L9961 device Mode,
Fault . I the Read Count as number of acquisition, the Tick microcontroller
timing, the Elapsed acquisition period, the Output as Load-switch

s status and the Fault flag
Coulomb counting: 2. Battery monitoring including data acquired from the battery pack as
S SO VBatt (mV) and Current (mA)

SampleCount

Eﬁj‘iio (mc,i : 3. Coulomb counting (** operation shows the Nominal Charge Quantity
TotalQ (=) : Nom. Qmax (mC), which is calculated from the battery’s nominal
|Cell| VCell (mV) OCV (@v) | SoC-CC capacity (mAh), the Sample Count numbered by the L9961, the

CCAcc Coulomb Counting Accumulator by L9961 registers, the
DeltaQ Incremental Charges quantity (mC) and the TotalQ Total
Charges quantity (mC)

4. The monitoring table includes the voltage of each cell Vcell (mV), the
NTC 1062 initial acquired OCV (mV) and an estimation of the State of Charge
DieTemp (degC): 28 SoC (%) for each cell

Copyright (C) 2023 STMicroelectronics

5. Temperature acquisition from NTC (mV) and DieTemp (degC)

‘ 'l (: this demo was run with the battery holder board hosting five LG Chem INR18650-MJ1 cells, and a programmable electronic load connected to its CN3 connector, sinking 25mA
life.augmented (*%: The L9961 Coulomb counting mechanism is described in all its components in paragraph 3.5.2 of the DS 14012 datasheet.



- Application Demo 3:

Battery balancing

Passive cell balancing




STSW-L9961BMS:
Application Demo 3

« The Application Demo 3 employs the passive battery cell & Project Explorer %Y § -0
balancing mechanism integrated in the L9961 device, to T
v = Application

equalize the energy stored in the five cells®) composing a
battery pack

v /¢ Core \
' & app_bms_com.C
& app_bms_demo3.c
& app_bms_utils.c

« This demo implements two balancing modes:

1
I
I
|
& Main.c :
« an Automatic mode that analyzes all the cells of the battery pack and p
activates the balancing mechanism on that cell presenting the highest Application J S T =
Core, User and - :
energy Startup L S startup_stm32g071rbtx.s E
, Ty
« a Manual mode that allows the user to select the cell to be balanced files fies i
& stm32g0xx_hal_msp.c I
* In both conditions, when a cell is activated, the adjacent cells are % StM32g0xx_itc ,
automatically de-activated and balancing cannot be performed on them. : :Y:::;‘( )
— t— y_ - — - - -
r\Doc
& Drivers

« The demo outputs the status of the cells through a serial
communication terminal, providing information about the cell
under balancing

& STSW-L9961BMS_Demo3
uw STM32G071RBTX_FLASH.Id

* STSW-19961BMS_Demo3.1aunch
LR STSW-L9961BMS.ioc

"I *): The LG Chem INR18650-MJ1 battery cells have been selected to develop the Application Demo 2. A look-up table matching the battery OCVs
lite.augmented  vs. SoC is included in application file.



Application Demo 3 setup

To set up the demo and run the application with the
evaluation kit, the following items are required:

a STEVAL-L99615C kit
the STSW-L9961BMS software package;
a USB Type-A to Micro-B cable

a battery pack®™ composed of five 18650 cells**)
and related connecting cables

a laptop with the serial communication terminal
already installed (i.e. Tera Term console)

™*): the battery pack described in this demo refers to the battery holder board reported in the UM3151 user manual. It has been developed
’ to demonstrate the operability of the kit with five 18650 battery cells. Schematics and BOM are included in the UM.

life.augmented  (**); Battery reference: LG Chem INR18650-MJ1.



Application Demo 3: jumpers' setup

 Verify that the setting of the STEVAL-L99615C jumpers respects
the configuration depicted in the picture and reported in the
following Table

Used to measure current flowing into VB

EXP. BOARD pin Closed
J2 EXP. BOARD | VIO voltage selector 2-3: 3.3 V from L9961 (VREG) =
J4 EXP. BOARD Used to select micro power source Open <y
Open ;
J5 EXP. BOARD Battery simulator — used to simulate Note: It is assumed that 5- =1
battery pack cell battery board is £
used. =
J6éB EXP. BOARD Used to drive NSHIP pin from micro Closed ’
:lﬂ]?( j}% EXP. BOARD gi?:grti?igls r:;%gﬁ;%eergézyzggnOSFETs to 1-2: HS configuration is selected
J13,J14 | EXP. BOARD Used to bypass the HS relay MOSFETs Open
J19,J20 EXP. BOARD ' Used to bypass the LS relay MOSFETSs. Closed =
JP3 NUCLEO | STM32 VDD current measurement Closed ~ l‘ . ~
JP2 NUCLEO  STM32 5V jumper selection 1-2: 5V from STLINK é E
CN4 NUCLEO  STM32 SWD interface Closed ’ - é

ar

Lys

life.augmented



Application Demo 3: programming

« Connect the NUCLEOQO board of the STEVAL-L99615C kit to the laptop through the USB cable

« Drag and drop the Demo3 binary file of the STSW-L9961BMS application firmware(*, from the origin folder to
the NUCLEO that has been mapped by the laptop OS as an external peripheral

« This operation permits to directly program the on-board STM32G071RB microcontroller of the NUCLEO-
GO071RB

= | CAHOME\en.stsw-19961bms\Bin O

= X
File Home Share View o
—‘ & Cut x _I T3 New item ~ P + Open~ =H Selectall
. Wi Copy path ﬁ ¥ | Easy access v Edit Select none
n Quick Copy Paste Move Copy Delete Rename New Properties
NCCE ] Paste shortcut tor to- - folder = & History Invert selection
Clipboard Organize New Open Select
- = SRR > This PC > OSDisk (C:) » HOME > en.stsw-I19961bms » Bin v ')
v W This PC il Name difie [
B 3D Objects STSW-L9961BMS_Demo1.bin 31
B Desktop STSW-L9961BMS_Demol.eff
= Documents STSW-L9961BMS_Demo2.bin 07/08/2023 14:3 BIN File
¥ Downloads STSW-L9961BMS_Demo2.elf 7/08/2023 14:3 ELF File ¥y 22% complete = b
STSW-L9961BMS_Demo3.bin 27/09/2023 11:55 BIN File

Copying 1 item from Bin to Removable Disk (D:)

b Music
Pict STSW-L9961BMS_Demo3.elf 27/06/2023 11:36 ELF File
i 22% complete
ﬂ- Videos
> & OSDisk (C:)
«- NODE_GO71RB (D:)

v

6 items 1 item selected 39,7 KB

Mame: STSW-L9861BMS_Demo3.bin
Time remaining: Calculating..

ltems remaining: O (0 bytes)

Fewer details
life.augmented  (¥: .elf file upload operation must be operated by STM32CubeProgrammer tool.




How connect the STEVAL-L99615C
to the 5-cell battery pack

After assembling the battery holder( with five akdes S 2 3 £ e o
cells, first connect the STEVAL-L99615C kit to o = - © E
battery holder board through CN1 connectors Connect the STEVAL-L99615C kit to the battery

Connect the (on the top) using flat cable. holder board through CN2 connectors
STEVAL-L99615C kit (located at the bottom) Open the terminal on the
to the laptop through laptop and select the
the USB cable corresponding serial port

(and set COM speed @

"_’ 115200)

(*: to properly run the demo measuring a significant amount of current (at least 10mA), it is suggested to connect to the
iRe.augmented battery holder CN3 connector a resistance of 2,2kQ). Otherwise an electronic load is suggested.



. COM36-ARVT

File Edit Setup Control Window Help
STSW-L9961BMS Demo3 1.2.0 (October 12th, 2023)

Mode : Normal

Read Count : 1409

Tick (ms) : 423245
Elapsed (ms) : 254

Output : Discharge (3)
Fault - N

VBatt (mV) :
Current (mA) :

Coulomb counting:
Nom. Qmax (mC):
SampleCount
CCAcc s 1
DeltaQ (mC) : 1

: BN
Delta UV (mV):
Status : 00000

|IVCell (mV)| OCV (mV) |SoC-CC

+
|
|
|
|
|

|
|
|
|
|
NTC

DieTemp (degC): 25

Copyright (C) 2023 STMicroelectronics

Application Demo 3 description

The Application Demo #3®*) displays following sets of
information:

1. Operation Status, Battery monitoring, Coulomb counting
and Temperature data describe the operation of these features
as reported the previous demos.

2. The Balancing operation(** data here reported are:

a) Auto indicating whether the automatic selection of balancing
mechanism is enabled (ON) or disabled (OFF): this is driven by
pressing the ‘B’ key on the keyboard.

b) Delta UV (mV) indicating the difference between the selected
balancing voltage and the under-voltage threshold, to automatically
turn-off the balancing when the target voltage is reached.

c) Status representing the bit sequence of those cells where balancing
has been enabled (coded as 1) versus the not ones (as 0)

3. The individual Cell information table including the Balancing
status (ON, OFF and unavailable), the acquired voltage of
each cell (VCell in mV), the initial acquired OCV (in mV), and
the estimation of the State of Charge (SoC in %) for each cell

‘ 'l (*: this demo was run with the battery holder board hosting five LG Chem INR18650-MJ1 cells, and a programmable electronic load connected to its CN3 connector, sinking 10mA
life.augmented (*%: The L9961 Balancing mechanism is described in all its components in paragraph 3.6 of the DS14012 datasheet.



Application Demo 3:
manual operation

I COM36- ARVT

File Edit Setup Control Window Help
STSW-L9961BMS Demo3 1.2.0 (October 12th, 2023)

« If Auto is OFF, the user can manually

Mode - activate/disactivate the balancing mechanism on a
Read Count : 1576 . .
Tik - me): 473361 specific cell, regardless of its energy level, by
aps ms) : 307/ N ¢ ] ¢ ] 1 ]
e | plsSERTE) pressing ‘1°, ‘2', .. "5’ on the keyboard
VBatt (mV) : .
i B S * The status always shows the activated cell as a
EUE e | binary value (1 indicating that balancing is activated
e and 0 indicating that it is not activated).
DeltaQ (mC) : mF I
TotalQ (mC) : 434
[ —o7 « The Ul also shows the adjacent cells to the one
Delta UV mV) : N . . .
— selected for balancing, as disabled representing
VCell (mV)| OCV (aV) |SoC-CC | them with three dashes (-) in the balance column of
the table

|
+
|
|
|
|
|

|

|
& |

|

|
NTC

Copyright (C) 2023 STMicroelectronics

7
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Automatic balancing implementation

Passive cell balancingat T,

« The balancing selection algorithm implemented in
the demo enables the equalization of the battery
pack one cell per time(?

« When the automatic execution is ON, the algorithm
will continuously work on cells equalization by
identifying and balancing the most charged cell to
slightly reduce its stored energy

« Once reduced, a new cell with higher charge than
the minimum one, is identified and balanced.

« As result, the voltage value of the five cells will be
included in a balancing range (based on the lowest
voltage cell) configured by the user

Lys

life.augmented  (¥: The L9961 IC can manage the balancing operation on multiple not-adjacent cells at the same time

Balancing ON

Passive cell balancing at T,

Balancing ON

Cell balanced

7

Balancing
range



Application Demo 3:
automatic operation

1 COM36- ARVT
File Edit Setup Control Window Help

STSW-L9961BMS Demo3 1.2.0 (October 12th, 2023) * During the automatic Operation, the balanCing
Mode : Bocmal mechanism routine identifies the cell with the
Read Count - 50€ R . .
Tick (ma) highest energy in a battery pack (the fourth cell in
Elapsed (ms) : . . .
g  piadhiaioe 18) the picture example), and activates the passive
et v - balancing on it until its energy is in line with the cell
SR SRR with the lowest energy
Coulomb counting:

Nom. Omax (mC) :

e « The status shows the activated cell as a binary
Deltal mC) : y . . . . . . .

ot (a0 value, with 1 indicating that balancing is activated
and 0 indicating that it is not activated.

Celll Balance IVCell (aV)1 OCV (mv) |SoC-CC « The Ul also shows the adjacent cells to the one

selected for balancing, as disabled representing
them with three dashes (-) in the balance column of
the table

DieTemp

Copyright (C) 2023 STMicroelectronics
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INPUTS
MEASURE
Measured Parameter

Measured Parameter
Uncertainty

Application Demo 4:
SoC/SoH estimation based on

Extended Kalman Filter |

System State Estimate
Estimate Uncertainty

KALMAN FILTER

UPDATE

~ INITTIALILE

Initial State
Initial State Uncertainty

'y

“------

L 4

> PREDIC] —




STSW-L9961BMS:
Application Demo 4

{5 Project Explorer L
v g STSW LE.?961BMS n $STM32CubelDE
« The Application Demo 4 aims to estimate the State of Charge ¢ s
(SoC) and the State of Health (SoH) of each of the five cells(¥ R .
composing a battery pack. e st :
A . . Lg; app_bms_utils.c )
pplication [y main.c I
Core, User and fﬂ app_bms_demol.c I
« The estimation is performed by an Extended Kalman Filter Startup G oommsenns
. . . rtu
(EKF) that uses a second-order RC equivalent circuit model of __%iaglﬂ:,;ggiu_s__;
lithium-ion battery cells® where SoC and SoH are defined S @ smigoochaimpe |
. . £ stm32g0xx_it.c
inside the system states. | S e :
e .
. > i E'lr'g\ifr-sLQ%‘lBMS_Demﬂ
« The demo outputs the status of the cells through a serial 'f?ﬁiﬁiﬁiigﬂi‘giﬁf
communication terminal providing, for each cell, the = e ~L9961BMS Demos
. vipUGRe o
percentages of the SoC and the SoH estimated by the Kalman Battery States iR i
. . . 4 batterystate.c
Filter, and the comparable data of SoC calculated by mean of Es‘;:{'ea;m" = D batntten .
. L. cellcharact.c
coulomb counting. |_ Ll chometh _ _ _ ___ ;
STMB’GO’1F‘BTX FLASH Id
/ " . "
/‘
‘ = STSW L9961BM5 Dem04 Iaunch
” (: The LG Chem INR18650-MJ1 battery cells have been selected to develop the Application Demo 4. B STEW MNGIRNSdoe

life.augmented A Jook-up table matching the battery OCVs vs. SoC is included in application file.



Extended Kalman Filter (EKF)
for estimating SoC and SoH on Li-lon Battery

R, R,
R, 1
The estimation of SoC and SoH in Li-lon battery pack, can be (_{ |j_\_{ |_T
Cy C,

- +b addressed by using a model-based approach, that describes the ) The second order RC
. P D fth tituti I Equivalent Circuit Models
inner electrical characteristics of the constituting cells. — Voc U for Lithium-lon

I T
& As approximate filter for non-linear systems, the EKF is applied
Y—m in joint parameter and state estimation problems for linear
«® systems with unknown parameters.
OUTPUTS INPUTS
St Slite Eatinat INITIALIZE
ystem state cstimate s
Eimate Uncertataty ::::::: :tt:::: Uncertainty
e The EKF is a powerful model-based estimator able to manage 5
. the non-linear OCV vs. SoC relation. KALMAN FILTER g
INPUTS i
MEASURE L | UPDATE 3 PREDICT
Measured Parameter
Measured Parameter
Uncertainty
1010 In terms of estimation error, the EKF tends to minimize the Unit Delay
1010 estimation error while increasing the precision of SoC and SoH i

Kalman Filter block scheme

Lys
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Application Demo 4 setup

To set up the demo and run the application with the
evaluation kit, the following items are required:

« a STEVAL-L99615C kit
« the STSW-L9961BMS software package;
« a USB Type-Ato Micro-B cable

 a battery pack® composed of five 18650 cells®**)
and related connecting cables

 a laptop with the serial communication terminal
already installed

™*): the battery pack described in this demo refers to the battery holder board reported in the UM3151 user manual. It has been developed
’ to demonstrate the operability of the kit with five 18650 battery cells. Schematics and BOM are included in the UM.

life.augmented  (**); Battery reference: LG Chem INR18650-MJ1.



Application Demo 4: jumpers' setup

 Verify that the setting of the STEVAL-L99615C jumpers respects
the configuration depicted in the picture and reported in the
following Table

Used to measure current flowing into VB

EXP. BOARD pin Closed
J2 EXP. BOARD | VIO voltage selector 2-3: 3.3 V from L9961 (VREG) =
J4 EXP. BOARD Used to select micro power source Open <y
Open ;
J5 EXP. BOARD Battery simulator — used to simulate Note: It is assumed that 5- =1
battery pack cell battery board is £
used. =
J6éB EXP. BOARD Used to drive NSHIP pin from micro Closed ’
:lﬂ]?( j}% EXP. BOARD gi?:grti?igls r:;%gﬁ;%eergézyzggnOSFETs to 1-2: HS configuration is selected
J13,J14 | EXP. BOARD Used to bypass the HS relay MOSFETs Open
J19,J20 EXP. BOARD ' Used to bypass the LS relay MOSFETSs. Closed =
JP3 NUCLEO | STM32 VDD current measurement Closed ~ l‘ . ~
JP2 NUCLEO  STM32 5V jumper selection 1-2: 5V from STLINK é E
CN4 NUCLEO  STM32 SWD interface Closed ’ - é

ar

Lys
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Application Demo 4: programming

« Connect the NUCLEOQO board of the STEVAL-L99615C kit to the laptop through the USB cable

« Drag and drop the Demo4 binary file of the STSW-L9961BMS application firmware(*, from the origin folder to
the NUCLEO that has been mapped by the laptop OS as an external peripheral

« This operation permits to directly program the on-board STM32G071RB microcontroller of the NUCLEO-
GO071RB

’ = | CAHOME\en.stsw-19961bms\Bin = O X
“ Home Share View o
J & Cut x -I New item ~ 7 + Open~ = Selectall
W Copy path * ¥ | Easy access ~ Edit Select none
r Quick Copy Paste Move Copy Delete Rename New ) Properties
#| Pas it to~ tor - folder - @ History 1~ Invert selection
Clipboard Organize New Open Select
« v > ThisPC » OSDisk (C:) » HOME > en.stsw-I19961bms > Bin v ]
%= This PC (s Name ) Date modified Type
30 Objects STSW-L9961BMS_DemoT.bin
B Desktop STSW-L9961BMS_Demol.elf
= -L99 2.bi
Documents STSW-L9961BMS_Demo2.bin %5 98% complete 2t ®
& Downloads STSW-L9961BMS_Demo2.elf
D Music STSW-L9961BMS_Demo3.bin Copying 1 item from Bin to Removable Disk (D:)
= Dichixes STSW-L9961BMS_Demo3.elf 27/09/2023 11:5 ELF File 8%, comple‘[e
B STSW-L9961BMS_Demod4.bin 20/11/2023 10:24 BIN File
| Vi
| Videos STSW-LI961BMS_Demod.elf 20/11/2023 ELF File
& OSDisk (C:)
- NODE_GOTIRE (D:) v
Sitems  1item selected 40,2 KB
MName: STSW-L9961BMS_Demod.bin

Tirme remaining: Calculating...
Items remaining: 0 (0 bytes)

"I Fewer detals

life.augmented  (¥: .elf file upload operation must be operated by STM32CubeProgrammer tool.




How connect the STEVAL-L99615C
to the 5-cell battery pack

After assembling the battery holder( with five akdes S 2 3 £ e o
cells, first connect the STEVAL-L99615C kit to o = - © E
battery holder board through CN1 connectors Connect the STEVAL-L99615C kit to the battery

Connect the (on the top) using flat cable. holder board through CN2 connectors
STEVAL-L99615C kit (located at the bottom) Open the terminal on the
to the laptop through laptop and select the
the USB cable corresponding serial port

(and set COM speed @

"_’ 115200)

(*: to properly run the demo measuring a significant amount of current (at least 10mA), it is suggested to connect to the
iRe.augmented battery holder CN3 connector a resistance of 2,2kQ). Otherwise an electronic load is suggested.



Application Demo 4 description

I COMS2 - ARVT

file Edit Setup Control Window Help The Application Demo 4(* displays following sets of

STSW-L9961BMS Demo4 1.3.0 (Nowv 28 2023)

Moda N information:
or 3445 1. Operation Status, Battery monitoring, Coulomb counting,

Output : Discharge (3)

Pyl 4 Balancing (** and Temperature data describe the operation of
these features as reported the previous demos.

VBatt (mV) :
VCellSum (V) :

Covrant  (uil): 2. The individual Cell information table including

Coulomb counting:
Nom. Omax (mC): a
SampleCount
CCAcc :
DeltaQ (mC) :
TotalQ (mC) :

Balance:

Auto =
Delta UV (mV):
Status

The Cell number referred to the battery pack

O

the Balancing status (ON, OFF and unavailable),

O

o

the initial OCV (in mV),
|ICell| Balance |[VCell (mV)| OCV (mV) | SoC-EKF | SoH-EKF

)
)
) the acquired voltage of each cell (VCell in mV),
)
)

e) the estimation of the State of Charge for each cell, carried out by the

Extended Kalman Filter (SoC-EKF %)

+
|
|
|
|
|

|

|

: f)  the estimation of the State of Health for each cell, carried out by the
Extended Kalman Filter (SoH-EKF %)

NTC 500
preteme faesE g) the estimation of the State of Charge for each cell, carried out by the

Coulomb counting (SoC-CC %)

Copyright (C) 2023 STMicroelectronics

‘ ' l (: this demo was run with the battery holder board hosting five LG Chem INR18650-MJ1 cells, and a programmable electronic load connected to its CN3 connector, sinking 10mA

life.augmented
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