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1 INTRODUCTION

The PAC BMS Getting Started Guide is designed to get the PAC BMS FW up and running with a PAC EVK and battery
pack. It assumes that the desired IDE has been installed and the appropriate PAC25xxx IDE support files have been
added.

2 DEVELOPMENT SETUP

The first step is to setup the development environment to monitor the desired 10-series to 20-series Li-lon, Li-Polymer and
LiFePO4 battery packs as shown in the figure below. The setup must include the following:

1. PAC EVK bhoard

2. Power Supply
a. Should be capable of supplying Vin rated for the battery pack charging and the particular PAC EVK
b. Should be able to supply enough current as required by the battery pack.
c. Should be able to sink current as required Load (Optional)

3. Electronic Load for using if the Power Supply is only able source output.

4. SWD debugger (not in EVK kit, user must purchase separately)

5. Adapter Board(s) for connecting the SWD debugger and UART for BMS GUI communications

6. PC with desired IDE.

The figure below illustrates the different components.

FromEmmm s e e m e
________________________________________ *é |2C Adapter + Isolator E* FPower Supply
: : (Optional) ! . or Electronic Load
i b J i PACK PACK+
¥ s :
: ! R > VB-top Y
| use | USBtoUART | ! . R
| ET-UARTISO  [77 UART - VBx
i i 4-pin 5
PC : ! PAC EVK o
i i [
. USB | SWD P e 20-pin to 4-pin " VE1 -
" Debugger v adapter "‘i SWD - =
i ' d-pin VEOD
! ET-UARTSWD | ~—

This picture is a close-up of the EVK connections for the PAC25140 EVK with a Motor EVK as a loading.
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VBXx Connection note: The VBx cells sense may be wrapped and plug to J7 and J8 header connectors instead of using
screw connectors.

2.1 Battery Pack Connection

A normal Battery Pack includes BAT+ and BAT- terminals and a number of series cells monitoring connectors. The top
and bottom of the cell stack are connected to BAT+ and BAT- spade tab connector, cells voltage are connected by
corresponding screw terminal connectors. The Qorvo PAC25140 is a Smart Battery Monitoring System that can monitor a
10-series to 20 series battery pack. In the actual application, the number of used cells may be less than 20 cells.
PAC25140EVK1 cell count can be configured by using the selection resistor which connects the corresponding top cell to
the BAT+ connector. The bottom resistors from R70 to R80 are used to connect VB20 to VB10 respectively or may be
shorted directly by wire and screw connectors J3, J4, J9. When using less than 20 cells, the unused cells corresponding
VBx pins should be shorted together.
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2.2 Power Supply and Electronic Load Connection

The PAC25140 contains a Configurable Analog Front-End (CAFETM) that can be used to sense battery pack current in
charging and discharging condition. A bipolar sink source power supply may be used to charge or discharge battery pack.

A single Power supply and Electronic Load are able used corresponding to charging and discharging operation.

2.2.1 Discharging Condition

In Discharging operation, the battery pack supplies power to outside or output load via PACK+ and PACK- spade
connectors. Connect positive of Electronic load to PACK+ and ground of Electronic Load to PACK- connector and adjust
load to change discharging current.

2.2.2 Charging Condition

In Charging operation, the battery is charged from a Power via PACK+ and PACK- connectors according to the rating of
the PAC EVK and maximum desired charging current. Please take notice of limit of Power Supply on charging to prevent
the battery from explosion.

2.3 PC UART and Debugger Connection

To control the BMS FW, a Windows based GUI has been created that requires a UART connection to the PAC device.
And, a debugger is required to flash the BMS FW to the PAC device. Two primary options are available for the UART and
debugger connectivity:

1) ET-UARTSWD combination adapter board
2) ET-UARTISO-1 with either ET-IARISO-1 or jumper SWD debugger connection

2.3.1 Option 1: ET-UARTSWD

Using the ET-UARTSWD adapter board is the best method for UART and Debugger connectivity. New PAC EVKs are
now shipping with the ET-UARTSWD combination adapter board that includes isolation for high voltage applications (see
image below on left). The ET-UARTSWD has both a USB to UART function and connectors that adapt various debugger
connector types to the 4-pin SWD header found on all PAC EVKSs. It also includes an optional target side 20-pin MIPI
connector for PAC EVKs. Various aspects of the board are highlighted in the image below on the right.
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To connect the UART, use a 4-wire cable to connect the PAC EVK 4-pin UART
header labelled [ + TX RX -] to the ET-UARTSWD 4-pin UART header labelled
[+ TX RX -]. The image on the right shows the connections for the PAC25140
EVK.

Next, use a 4-wire cable to connect the PAC EVK 4-pin SWD header labelled [
+ SD SCL - ] to the ETUARTSWD 4-pin UART header labelled [+ DIO CLK - ].
The image below shows the connection for the PAC25140 EVK.

Now connect the 20-pin IDC ribbon cable of the SWD debugger to the appropriate PC/Host side connector on the ET-
UARTSWD board. The image below shows a J-Link 20 pin IDC ribbon cable connection.
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/A\ Notes: J-Link SWD debugger not in EVK kit box, user must purchase separately

1. The majority of debuggers sense the target hardware Vcc on pin 1 and can handle a 3.3v input. So, the most
typical configuration for the ET-UARTSWD is where the power for the PC/Host side of the isolation is supplied by
the USB to UART circuitry. For this configuration, the ETUARTSWD jumper JP3 should be connecting 3.3v to
VCC_DBG, which is the default position. If the debugger can’t support this because
a. it supplies a voltage on pin 1,

b. it doesn’t support 3.3v input, or
c. if a USB connection to the PC is not being used, then consult the ET-UARTSWD User’s Guide for powering

the debugger Vcc.
2. Debuggers that have built in isolation are not supported, because the 2 isolation circuits will interfere with each

other.
a. The ET-COLINK-1 debugger for CooCox includes isolation and so is not supported with ET-UARTSWD. ET-

COLINK-1 can be directly connected to the 4-pin SWD header.

3. For debuggers with built in isolation, connect the 4 pins [ Vcc, SD, SC, Gnd ] directly to the SWD 4 pin header on
the PAC EVK using jumpers.
Next connect a USB cable from the PC to the ET-UARTSWD adapter board as illustrated in the image below. If USB
power is present, then LED D2 should light up. LED D1 should also light up indicating the debug Vcc is active. D3 and D4
LEDs will turn on and off based on UART TX and RX activity respectfully.
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Finally, plug the debugger’'s USB cable into the PC.

Now proceed to paragraph 3 to build and flash the FOC firmware image.

2.3.2 Option 2: ET-UARTISO-1 with ET-IARISO-1 or jumper SWD connection

Another option for UART connectivity is to use the ET-UARTISO-1 adapter for USB to UART communications. In this
case, SWD connectivity to the PAC EVK is handled separately. The ET-UARTISO-1 is shown below.

To connect the UART, use a 4-wire cable to connect the PAC EVK 4-pin UART header labelled [ + TX RX -] to the ET-
UARTISO-1 4-pin UART header labelled [V T R G ]. Note that V T R G stands for Vcc, Tx, Rx, and Gnd respectively.
Then, connect the USB port to a PC.

/A\ Note:

1. The ET-UARTISO-1 can be plugged directly into a USB port on the PC or used with a USB extension cable.
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The image on the right shows the connection of the ET-UARTISO-
1 to the PAC25140 EVK using a USB extension cable.

LEDTX and LEDRX LEDs will turn on and off based on UART TX
and RX activity respectfully.

When using the ET-UARTISO-1, there are 2 options for SWD
connectivity to the PAC EVK:

1. Use the ET-UARTISO-1 SWD adapter board
2. Connect the SWD debugger to the PAC EVK using jumper wires

2.3.2.1 ET-IARISO-1

For SWD debugger connectivity, the ET-IARISO-1 isolated SWD ‘
adapter board can be used to adapt the 4 pin SWD connector of PAC L ? B | S salnk fsctation
EVKs to most SWD debuggers that have a standard ARM 20-pin IDC ; \ :
connector. Two versions of the ET-IARISO-1 adapter board are shown
on the right. The green one has a right-angle connector, which can be

directly plugged into the SWD debugger without a cable. The blue one
has a straight header, which the debugger 20-pin ribbon cable can be

plugged into.

Because the debugger side of the ET-IARISO-1 requires power, either

1. The SWD debugger must be cable of supplying 3.3V power on Pin 1 of the 20-pin IDC connector.
2. Or, an external 3.3v supply must be connected to Pin 1 of the 20-pin IDC connector

If these two options aren’t possible, then consider the SWD debugger jumper method in paragraph 2.3.2.2.

/\ Note:
1. Debuggers that have built in isolation are not supported, because the 2 isolation circuits will interfere with each
other.

2. Note that Pin 1 on the ET-IARISO-1 has a square solder connection on the bottom of the adapter board.

Now, use a 4-wire cable to connect the PAC EVK 4-pin SWD header labelled [ + SD SCL -] to the ET-UARTISO 4-pin
UART header labelled [V D C G ]. V D C G stands for Vcc, SD, SCL, Gnd respectively.

Now connect the 20-pin ribbon cable of the SWD debugger to the ET-IARISO-1 board. Pin 1 of the ET-IARISO board is at
the top and represented by the blue wire of the ribbon cable in the figure above. Connect the other end of the 20-pin
ribbon cable to the 20 pin IDC connector on the SWD debugger.

Now proceed to paragraph 3 to build and flash the FOC firmware image.

2.3.2.2 SWD Debugger Connection Using Jumper Wires
Use of jumper wires to connect the SWD Debugger should be considered if any of the following are true:

1. an ET-UARTSWD adapter is not available

2. an ET-UARTISO-1 is not available

3. an ET-UARTISO-1 is available, but 3.3V can’t be supplied to pin 1 of the adapter
4. The SWD Debugger has built in isolation

/\ IMPORTANT Notes:
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1. When connecting a non-isolated SWD Debugger to a high voltage PAC EVK using jumpers, care must be taken
or injury and PC damage could occur. For PAC25140 EVK, the default SWD signal voltage is 3.3V.
2. If the SWD debugger doesn’t support 5V operation, do NOT connect the debugger via this jumper method.

Connection of the SWD Debugger using jumper wires involves connecting 4 jumpers to the PAC EVK. A standard ARM
JTAG/SWD 20-pin IDC connector pin out is shown below.

ARM Standard JTAG
20-pin Connector

vee:| [0 [0 |2 vec(optional)
sT3| [J [ |4 oD
No/Is| [ [ |6 eND
swpio/mMs 7| [J [J |s 6N
SWDCLK/TCLK 9 [] [ |10 GND
RTICK1 [] [J [26ND
st O U juae ARM Standard JTAG
RESET 15| [] [0 |16 GND 20-pin Connector
N/Ci7| [0 [ |iscND
N/Cio [ [ |20 6ND Vfc‘ []% 2 \:C(‘.(Optiona!) PAC EVK
msts| O 2 SWD 4-pin
Connect VCC, SWDIO, SWCLK, and a GND using jumper wires to the 4 Namis) O O fs cw
signals of the PAC EVK 4-pin SWD header labelled [ + SD SCL - ]. This ql‘fosj 4 D““E*S'QQQ%H .
.. . . . SWDCLK/TCLK 10 e ———
is illustrated in the block diagram on the right. e 9 E - i\: =|sD
The picture below shows the actual connection of a J-Link debugger SWo/mo g | [J [J fas 0 =
and the PAC25140 EVK. The jumper wires in the picture are as follows: REsETss) O i _
Ncwz| O (O [sscenp
e Pinl-Vcc=Red NCco| [ [J|e0 D

e Pin7 - SWDIO = Orange
e Pin9-SWCLK = Yellow
e Pin15-Gnd = Green

2.4 PC I12C Connection

Depend on the BMS firmware and GUI revision, the communication interface is able supported as 12C, SMB or SPI.
Please refer to the BMS firmware release notice respective.

An option for I12C connectivity is to use the Aardvark I2C Host adapter for USB to 12C communications. In this case, 12C
connectivity to the PAC EVK is handled separately. The Aardvark 12C Host Adapter is shown below.
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Connect SCL, SDA, and a GND using jumper wires to the 3 signals of the PAC EVK 4-pin 12C header labelled [ SMBD
SMBC -], P6 header port. This is illustrated in the block diagram on the right.

9

7
ALERT
SMBC
SMBD

The picture below shows the actual connection of an Aardvark debugger and the PAC25140 EVK. The jumper wires in the
picture are as follows:

e Pinl-SCL = Blue
e Pin2- GND = Orange
e Pin3-SDA =Red

/\ Notes: Aardvark I2C/SPI Host Adapter is not in EVK kit box, must be purchased separately

1. Adapter that has built in isolation are not supported, because the 2 isolation circuits will interfere with each other.
a. The Aardvark I2C adapter supports +5V via pin4 and pin6. Connect this +5V to isolator board if it is available
using.

3 BUILD AND FLASH THE FIRMWARE

The next few steps will configure, build, and flash the firmware to the device on a PAC EVK

3.1 Choose Device Family and IDE Project

pac_bms

The PAC BMS FW contains common source used for app_bms Source Code

various PAC devices and several IDEs; this code is common

stored in the app_bms folder. The device dependent driver PAC2xxx specific folders and
code and IDE projects are stored inside the device pacaz: / files

family folders. The figure to the right shows the folder p:zs’:

hierarchy of the PAC BMS FW. First choose the device c:; wore

family, either PAC22xxx or PAC25xxx. Then, navigate .

down to the project folder for one of the IDEs: Keil, IAR, keil_proj

or Eclipse. Using the desired IDE, open the project pac_m4._sdk

GUI, Docs, SOC Profile Files

contained in the associated folder. param /

resources

3.2 Configure Firmware guides

comm

Navigate within the folder view of the IDE project to the
board folder as shown in the figure below.
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Project L = | _] config_board.h
=% Project: bms_md4_keil 1 l/ X
-5 Target 1 2 * @file config board.h
255 src 3 * @brief Use for selecting different BMS EVK's boards
. 4 wf
_] main.c g
B project_version, 6 J//
] typedefs.h 7 // Copyright (C
B cenfig_app.h 8 //
) config_opt 9 // THIS SOFTWARE IS SUBJECT TO A SOURCE CODE LICENSE AGREEMENT WHICH PROVIDES,
cenmg_eptions. 10 // AMCNG OTHER THINGS: (i) THAT IT CAN BE USED CNLY TO ADAPT THE LICENSEE'S
_] config_board.h 11 // BAPPLICATICN TO PAC PROCESSORS SUPPLIED BY QORVO, INC.:
] config_halh 12 // (ii) THAT IT IS PROVIDED "AS IS" WITHOUT WARRANWTY: (iii) THAT
B B3 common 13 // QORVG, INC. IS NOT LIABLE FOR ANY INDIRECT DAMAGES OR FOR DIRECT
— b 12 // DBMAGES EXCEEDING USS1,500; AND (iv) THAT IT CAN BE DISCLOSED TO AND USED
- app_bms 15 // ONLY BY CERTAIN AUTHCRIZED PERSONS.
I board 16 /7
L driver 17 /7
[ hal 18

- 18 Cl#ifndef CONFIG BOARD H
I pac_md_sdk Lt - -

20 #define CONFIG BOARD H
[ param 21
22 | //
23 | // Board Definitions for BORRD SELECT
24 | [/
25 #define BORRD CUSTOM 1 1]
26 7define BORARD PRC2S5140EVEL 1
27
28 | //
29 | // Board Selection
30 | /S
31 J/#define BOARD SELECT BORRD CUSTOM 1
32 #define BOARD SELECT BOARD PRCZ5140EVE1
33
34
35 | #endif //CONFIG_BORRD_H

Several configuration header files are provided to configure the BMS FW. Open the config_board.h file in src folder and
navigate to the “Board Selection” portion of the code. Uncomment the BOARD_SELECT for the desired PAC EVK and

comment out all other BOARD_SELECT lines. In the example below, the PAC25140EVK1 has been chosen. Open the
config_app.h file to define the Communication option, UART or 12C, ...
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Project L = | ] config_board.h ] config_app.h
= V>[3 Project: brns_md_leil 7 i
- Target 1 8 // Copyright (C) 2023, Qorvo, Inc.
B src s /S
) 10 // THIS SOFTWARE IS SUBJECT TC L SCURCE CODE LICENSE AGREEMENT WHICH PROVIDES,
1 main.c 11 // BMONG OTHER THINGS: (i) THAT IT CAN BE USED ONLY TO ADAPT THE LICENSEE'S
L1 project_version, 12 // BPPLICATION TO PAC PROCESSORS SUPPLIED BY QORVO, INC.:
] typedefs.h 13 // (ii) THAT IT IS PROVIDED "A5 IS" WITHOUT WARRANTY; (iii) THAT
D e 14 // QORVO, INC. IS NOT LIABLE FOR ANY INDIRECT DAEMAGES OR FOR DIRECT
i ) 15 // DRMAGES EXCEEDING US$1,500; AND (iv) THAT IT CAN BE DISCLOSED TO AND USED
L] config_options. 16 // CHWLY BY CERTAIN AUTHORIZED PERSCNS.
] config_board.h 17 i/
¥ config_hal.h 18 ff
[J commaon 19
20 (#ifndsf CONFIG AFP H
&3 app_bms 21 | #define CONFIG APP H
3 board 22 - T
3 driver 23 = "config options.h"
£ hal 24 "hoard.h"
" o3 -
] pac_mé_sdk 22 config hal.h
3 param 27 | £/
28 | // Paramster Sslection
28 | f/
30 | #define PARAM SELECT PARAM DEFAULT
31 | // #define PARRM SELECT PARZM USER 1
32
33 | /S
34 | // S0C-0OCV Selection
35 | /S
36 | #define SOC_OCV_SELECT S0C_OCV_DEFAULT
37 | // #define SOC_OCV_SELECT S0C_OCV_USER_1
33
39 | S/
40 | // CONFIG: Comm Selection
41 | //
42 | #define COMM SELECT COMM_URRT
43 | //#define COMM_SELECT COMM_I2C
44
45 []#if COMM SELECT == COMM URRT
16 efine COMM BAUDRATE 115200
47 ndif
a8 |
49 [[]#if COMM SELECT == COMM I2C
50 I2C_SLAVE ADDR
51 Fendif

The system clock definition is selected in the config_hal.h file, it is easy to define HCLK. Please notice the maximum of
I2C speed is limited by system clock selection.

Rev. 1.2.0 10 May 2023
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=171 Project: bms_md_keil 1 |
-5 Target 1 f
B4 sre

] main.c

L] project_version,

* @file config hal.h

* @brief Use for selecting different BMS firmware application features

typedefs.h
coenfig_app.h

config_options.

config_board.h

(WYY WY -

cenfig_hal.h

3]

common

S
== I T = I =]

(3]
=

app_bms
board

driver

(=)

hal
pac_m4_sdk

)

(5]

CONFIG_HAL H
= CONFIG HAL H

[
LF B e e

[

param

HAL MODULE_ENABLE
HAL UART ENABLE
HAL GPIO ENABLE
HAL I2C_ENABLE
HAL FLASH ENABLE
HAL TIMER ENABLE
HAL_ADC_ENAELE

PAC_HAL I2C_RAM ENABLE

36 | #define HCLK FREQ HZ 30000000

3.3 Build and Flash the Firmware

e From the IDE build the firmware image
o Verify the build is successful with no errors before moving to the next step.
o Some IDEs will produce some warnings which are ok to ignore.

pac_delay asm ramfunc (x*COUNT_ DELAY MS)

37

38 | 7define COUNT DELAY MS (HCLK_FREQ_HZ/9000)
39 7define hal delay ms (x)

40

41 [[]#ifdef HAL MODULE ENABLE

42 [I];': iif

e Make sure the Power Supply is turned on and the IDE is configured for the debugger being used

e Flash the firmware image to the device

Some IDEs won't reset the PAC device after Flashing and this has to be done manually. Turn the power supply off and

back on to reset the PAC device.

Now the PAC will be running and waiting for communication from the GUI.

4 BMS GUI CONFIGURATION

In the resource folder, start PAC BMS GUI by executing the file BmsGui.exe. The application will open and be displayed

as shown below with UART as default communication.
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Q BMS GUI v2023.03.25 X
Fle Config Tools
Overview Ermors
S0C 0%
BMS State Pack voltage (W)  Cument (4) Lowest cell Highest cell Detta Voltage (V)
Idle | [o | [o | o | [o | o |
clear

Status  Settings  Features

System Software Faults
CHG FET l Bl Goto Cell under-voltage Undervoltagedookout (UVLO)
Hibemate
DSG FET | Keis Cell over-voltage Overvohtage-ookout {OVLO)
Soft Start IC overtemperature Discharge overcurrent (DOC)
Cell Missing Charge over-cument (COC)
Temperature Discharge overtemperature (DOT) Intemal End-of-Charge (IEOC)
Sensor 1(°C) I:I Discharge undertemperature (DUT) Cell Deta Voktage
Sensor 2(C) I:I Charge overtemperature (COT)
Sensor 3 () I:l Charge undertemperature {CUT)
ICtemp (C) ]
Cell Voltage Cell S0OC Hardware Faults
cligy o | cattmfo | celtew [o | camm o] Signal Fauts
ci2zog [0 ] carznfe | cezew [0 ] ca2e [o ] DSG overcument DSG Latch
cliam o | canam[o | cezem [0 | cetzm o | CHG overcurent CHG Lateh
Cd 4 l:l 14 l:l Cal4 ) l:l Cel 142 l:l DSG short circuit EMUX Communication
csy o | catsmfo | celsew [3 | celtsem [0 | AT Ovenvlage s Shon et
csmy [0 ] celemfe | celeew [0 | cateem [0 ]
cl7y o | catrmfo | carew [o ] cavrem [0 |
clgny [0 ] celiem o | celgew [0 ] catgm [0 ]
clsw o | catom o | celsew [o | celtsem [0 |
ctomfe | ca2om o | celtommf[a | cel2om o |
Legend: Clearall
faults

Balancing

UART: NO COMM  -- Write on Change Enabled
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Q BMS GUIv2023.03.25 X
File  Config  Tools
Overview Ermors
s0C 0%
BMS State Pack voltage (V) Cument (A) Lowest cell Highest cell Delta Voltage (V)
e | e | o | o | o | o |
clear
Status  Seftings  Features
Battery Parameters Software Configuration
Cel Capacty {mAn) o0 . Soﬂ\'\(.:aer: jﬂrgteerf:fl:age ] z_700 = Discharge overtemperature (DOT)('C) 100 =
CellIntemal impedance (2) o-nee . Cell under-voltage hysteresis (V) 0,200 = Discharge undertemperature (DUT) ('C) |10 =
R Cell over-voltage (V) 4_250 = Charge overtemperature (COT) (C) 10d =
Board Configuration Cell over-voltage hysteresis (V) 0.100 %|  Charge undertemperature {CUT) ('C) 10 =
Number of Cells 20 - IC overdemperature (C) 110.0 = Temperature Hysteresis (C) s =
Maximum Cell Balance 10 = IC overtemperature hysteresis (°C) 10.0 = Undervoltagedookout (UVLO) (V) 1.500 =
Shunt Resistor (C2} 0.ooo0 % Cell missing min voltage (V) 0.100 2| Overvoltagedookout (OVLO) (V) 4300 =
Number of NTCs o = Cell missing max votage (V) 5000 £/ Discharge over-cumrent {DOC) (A) 20.0 =
Mumber of Fault measurement z = Charge overcument (COC) (A) 20.0 =
MNumber of Scan measurement 4 = Intemal End-of-Charge (IEQC) (A) 0.200 =
R w
Cell Balancing
Cell balance diff voltage (V) 0.100 =
Cell balance diff voltage hysteresis (V) |0.010 =
R R w
BMS Application Configuration Hardware Configuration
ide curent threshold (4) 0100 3 Battery Overvoltage Protection
Number of Cell Balance 1 & Blanking Timebase (us) BATTOP rige triggers protection (V) 3.0 :

32 v
Battery idle timeout {min) 5 : Blanking Scale Factor
Auto Cell Balancing 0: Disabled ~ R w

Differertial amplifier gain Current Protection
Threshold {A) Actual value (&) Min value {A) Max value (A)

Auto Gain

<

Short circuit protection (SCP) lo0.000 B o a 0
ALERT signal Discharge Over Curert (OCD) 50000 |3 o 0 0
Charge Over Current {OCC) 50.000 [ (o 0 ]
R w| R w

UART: NO COMM  -- Write on Change Enabled
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Q BMS GUIv2023.03.25 X
File Config Tools
Overview Ermors
soC 0%
BMS State Pack voltage (V)  Curmrent (4) Lowest cell Highest cell Delta Voltage (V)
Tdie | [o | [o | [o | [o | [o |
clear

Status  Seftings Featurss

Calibration Manitor Data
call # Cell List Battery Infarmation Pack Temperature
& Calibrate Cell Savet .
a‘\lfolta:je ZE [ cell 1 [celm [] State of Charge (SOC) [ Sensor 1
dcel 2 [ cell 12 [ Voltage [ Sensor 2
Cument DA Gain Calibrate dcela [1cel13 [ Cument [ Sensor 3
Cumrent O cen 4 [ cell 14 [ Battery State [ I temperature
dcels [ cell 15 [ Balancing Cell
Analog register Ocels [ cell 16 [ Highest Cel
Address Data (HEX) Odcel7 [ cell 17 [ Lowest Cell
|Address 1 v] [oo | Read Wite Ocels [ celia [] Detta Cel
|Ac|dress 2 v| |-:|-:| | Read Wirite [ cels [ cell 13
|Ac|dness 3 v| |-3-3 | Read Write L ceio Llcel20
|Ac|dress 4 w | |.3.3 | Read Wirite Select Select Select Select
Al ¢ None Al ¥ None Al / None Al / None
|Ac|dress 5 v| |-:|-:| | Read Write — I — —
Read ALL Write ALL Monitor log
SOC/OCV profile
Profile from File Profile from EVK
oltage S0C
No v %]

2
3
4
B
3
Y

42100 | 100.0000

41015 53.6709
4.0503 82.2785
37877 56.3251
35372 27.3431
3.4081 15.8228
3.038% 5.3797

2.5287 0.0000

Import file: soc_ocv_profile xlsx— done.

clear

EraiEn Load to EVK Read from EVK St

UART: NO COMM -~ Write on Change Enabled

4.1 COM Port Configuration

The UART is the interface to communicate between GUI and PAC FW. Before

the COM port is configured and the GUI connects to the PAC device, the GUI will
display a “NO COMM” message in the bottom left corner of the GUI as shown on U,I:I.RT: NO C(:]l"-"ll"-"l

the right.

Configure the COM port by selecting Config->Com Port Config...”. A dialog box will be displayed as shown below.

Rev.
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COM Port Configuration n

COM Port Parameters COM Detect
Name: CON | Detect |
Baud Rate (bps): 115200 (5

Parity: 'None \.rl

Stop Bits: 1 v

Available COM ports:

Save

COM Status:
Target Status:

The PAC BMS FW is configured to use the default UART parameter values shown in the COM Port Parameters dialog
box, namely 115200 bps, no Parity, and 1 Stop Bit.

Select the correct COM port from the Available COM ports window on the right. If the correct COM port is selected, the
COM Status will change to read COM port open. Additionally, if the GUI is able to communicate with the firmware, the
Target Status will change to display the firmware version. If the firmware version is not displayed after several seconds,
reset the device by turning the power supply off and back on. Some IDEs won'’t reset the device after Flashing and this
has to be done manually.

Once the Firmware Version is displayed, click the Save button to save the COM port configuration so that it will be used
automatically the next time the GUI is started.

After exiting the COM Port Parameters dialog box, the GUI will display the COM port configuration, communication status
in the bottom left corner and will automatically enable the “Poll Status” and “Write on Change Enabled” features.

UART: COMI1 Firrnware version 0.2.0

When Poll Status is enabled, some data, such as firmware status and cells voltage, current and SOC of battery pack, will
be automatically read from the firmware periodically. When “Write on Change Enable” is active, new parameter values
are automatically written to the firmware as soon as they are changed by the user.

4.2 12C Port Configuration

If the target BMS device is built with 12C communication type, the Communication GUI needs to be reconfigured. Click
Config then select desired communication protocol, 12C.
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Q BMS GUIv2023.05.05

File WI Tool=
Ch.rE| Comm Protocol » UART
S0 COM Port Config. .. 12C L%
12C Comm Config...
BMS State Pack voltage (V)  Current (A) Lowest cell
e | [o | o o

The BMS slave device address, speed operating is configured in 12C Comm Config dialog display box. The BMS 12C
address is 7 bits format.

12C Comm Config

Select an adapter:

Target Address (hex): |20

Bitrate (kHz): 200 =

Read Timeout (ms): 50 —

Adapter Status:
Target Status:

Refresh Connect Save

5 OPERATING THE BMS ON BATTERY PACK

This section will describe the process to operate a BMS from the GUI using a characterized SOC curve file for the desired
battery package and PAC EVK. If the SOC curve file has not been provided, the BMS will use a SOC curve profile of an
INR21700-40T Li-lon battery cell as an example while operating.

5.1 Load The Configuration File

The BMS FW is designed so that most new battery package parameters and _

. . . . . . Fil Confi Toal
configuration can be written from the GUI without having to recompile the - ome oo
firmware. If a pre-configured parameter file is available for the desire battery and Load all settings...  Ctrl+L
PAC EVK, load it by clicking File->Load all settings... and navigating to the Save all settings...  Chl+5
file.

Close Ctrl+Q

To view the parameters and configuration for the battery package and EVK,
click on the various Tabs in the upper right portion of the GUI such as Setting, and Features.
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5.2 Load Battery SOC Profile File

The BMS SOC operates on OCV and Columb Counting algorithm. In application, there are many types of cell battery, and
they have a corresponding SOC curve. The BMS FW will use these SOC profiles for
initialization then keep monitoring the power capacity which is charged/discharged to
battery pack. The particular SOC profile may be imported to GUI from a file which are
exported from GUI already, load the file by clicking Import File button in SOC/OCV
profile panel of Features tab. After file is loaded into data grid view, it’s able to edit
and export for next using. Finally, click Load to EVK button to send this reference Read all data Cirl+R
points of SOC profile to device FW. Write al data Ctrl-+w

Tools |

Write on value change  Ctrl+J

Polling Status Cirl+P

Set polling interval...

Initial SOC

To initialize SOC starting point which is match to SOC profile curve, click Initial SOC in
Tools before enable FETs control.

SOC/OCY profile e
Profile from File Profile from EVK } }
Na Voltage 50C
v [ Cell 2 (%) clizenfo |
KO 210 | 1000000 cal3 () cans |
2 21015 |936709
3 40503  |82.2785
4 37877 |56.3291
7 30389 |5.3797 Cell 8 (%) Clg(mfo |
o . Initial SOC
Import file: soc_ocv_profile xlsx- done. Cell 10 (%) Cell 20 (%)
Export File Load to EVK Read froam EVK

5.3 CHG and DSG FETs control

When device startups and GUI connecting successfully, all current parameters and setting in FW will be read and shown
on GUI. The cells voltage of battery pack, NTCs, die temperature and all any Fault or Warning status are displayed in
Status tab.

The BMS firmware continuous monitor the current through the sense resistor and detect the state of BMS. As default,
there is not current and the BMS is in IDLE state. User can slide the switches to enable/disable the CHG and DSG FETs
separately.

/\ IMPORTANT Notes:
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1. User should aware the order of enabling the FET to avoid any high current follows through the body diode of
FETs.

. . . . Stat i
The BMS firmware features a soft-start function while enabling FET Us | Settings | Featwes

in discharging operation with a capacitance load. Click to Soft Start System

drop box to select Discharging if it's desired. The BMS device can CHG FET l OFF Goto
gone into Hibernate state by sending a command, click Go to l OFF Hibemate
Hibernate button to bring device into Hibernate. The device is D3GFET

waken from Hibernate by push button or repower cycle. Soft Star |DISCHAHGING »

In operating, the status and error will displayed in Errors log
message

The GUI will also show Faults indicator in Status\Fault panel. The
occurred faults can be cleared by clicking the Clear All Faults button.

Hardware Faults

Signal Faults

DSG overcument DSG Latch

CHG overcument CHG Latch

DSG short circuit EMUX Communication

BAT Cvervoltage Output Short Circuit

Software Faults
Cell under-voltage Undervoltagedookout (UVLO)
Cell over-voltage Overvoltagedookout {OVLO)
IC overtemperature Dischange over-current (DOC)
Cell Missing Charge overcument {COC)
Discharge overtemperature (DOT) Intemal End-of-Charge {IEQC)
Discharge undertemperature (DUT) Cell Delta Voltage
Charge overtemperature (COT)
Clear all Charge undertemperature {CUT)

faults

5.4 Next Steps
Now that the BMS battery is operating, consult the following documents for additional information:

e Guide_BMS_Firmware_Overview.pdf — describes the functionality and architecture of the firmware
e PAC25140EVK1 User Guide.pdf- describe the setup and evaluation guide.
e Consult the PAC hardware User’'s Guide for your specific PAC hardware.

6 ADDITIONAL GUI INFORMATION

6.1 Load/Save Parameters and Configuration

The GUI XML parameters files can be loaded or saved using the Load all settings or Save all settings features,
respectively, accessed from the File menu.
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6.2 Read / Write Parameters

If the GUI is connected to the firmware, it will automatically enable the Poll Status and Write on value change features
and indicate this in the bottom left corner.

When Poll Status is enabled, some data, such as firmware status and motor speed, will be automatically read from the
firmware periodically. When Write on value change is enabled, new parameter values are automatically written to the
firmware immediately.

An entire parameter group can be read or written using the R or W buttons, respectively, located at the bottom of each
parameter group.
LA ereridl giripmier gai w -

R W

All of the parameters can be read or written using the Read all data or Write all data features, respectively, accessed
from the Tools menu. The GUI will indicate the operation is in progress in the bottom left corner. Any problems reading or
writing any parameter will be reported in the Errors message box.

Tools |

Write on value change  Ctrl+J

Polling Status Cirl+F

Set polling interval...

Read all data Crl+R
Write all data Ctrl-+w

Initial SOC

6.3 Calibration

The PAC devices for BMS contain a Configurable Analog Front-End (CAFETM) that can be used to sense battery pack
current using an integrated Differential Amplifier (DA) and 16-bit Sigma-Delta ADC. Moreover. It can also sense voltage
and temperature internally through a MUX. The gain and offset calibration are written in INFOR Flash already to instant
using. However, the GUI features calibration function to get more accuracy Gain and Offset calibration factors due to it

includes all sense resistor and EVK components error. The new calibration factors are stored in defined Flash area.

6.3.1 Cells Voltage Calibration

To implement the recalibration for a cell, click and select Cell index in Cell# drop box. A dialog is shown to fill a voltage
which is measured at this cell by a good DMM in mV unit then click Next button and follow until complete. The calibration
procedure requires 2 points, 3.2V and 4.2V are recommended.
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Calibration Manitor Data
B Cell List
: Calibrate Cell Save to
Vokage FLASH [ el [ ce
Calibrate Cell 1 [ < )
Cument DA Gai e
ume an Calibrate
Status Settings Features Cument First applied voltage (mV) il B e
Calibration ke
Cell # Calibrate Cel Saveto Analog register €
Voltage FLASH Address Data (HEX) _ E
Curent DA Gain gy |1'-'\C|E|I‘E!SS 1 ™ | |I:I o | R_ MNext £
Calibrate !
Curet [Address 2 v [oo | [ A :
e - 1 I- 1 o 11 T 1 R N e

Click Save to FLASH button if you have no more other cell calibration.

6.3.2 Current Calibration

To implement the recalibration for current ADC at a DPGA gain setting, click and select Gain setting of DPGA in Current
DA Gain drop box. A dialog is shown to fill a current which is measured at this cell by a good DMM in mA unit then click
Next button and follow until complete. The calibration procedure requires 2 points, OA and a charging/discharging are
recommended. The current should be high and NO over permitted DMM. The input of IADC is I*R_shunt*Gain and the
signal input of IADC is better if the Load current is enough. The negative value is the discharging condition.

Status Settings Features

Calibration Manitar Data

Cel & Cell List

€ Calibrate Cell Saveto
Voltage FLASH [ Cell 1 [ cel 11
a! CalibCurrent - O b4

(;urrerﬂ DA Gain Calibrate

Currert First applied cumrent (mA) Ja =
Analog register

Address Data (HEX)
|Ac|dress 1 v| |-:|-J | Read
Next
|Ac|dress 2 v| |-:|-J | Read
[P vl lan | Read T VUTTE T

Click Save to FLASH button if you have no more other cell calibration.

6.4 Datalogger

The BMS GUI supports the monitoring and storing the monitoring result in Tools |

datalog file in .csv format. The Datalog function is in Features tab. The available 7 |
parameters for logging are Cells voltage as Cell List group, Pack Current and LB LSS B

other parameters of battery pack in Battery Information group, the sensors Polling Status Cirl+P
temperature and die temperature are in Pack Temperature group. o
Click to select the desired parameters which will be stored in log file. Click to Set polling interval...

select All/None text select to quick select/unselect all corresponding parameters.

The time interval of logging data is the polling time interval which is set as Read all data Ctrl+R
1000ms as default. Open Set polling interval in Tool menu to change this Write all data Ctrl+w
period in millisecond.

Initial SOC
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Click Start button to start logging file after all expected parameters are

selected, the button Start will change to Stop button. The log file is
saved in folder which contains execute BMS_GUl.exe. To stop the
logging process, click Stop button. The image below is an example

output format of data log file.

';:Swmqmmhww

i5)

!

=

A E

Dat 24/08/2022
Tim 9:39:54
Inte 1000

Mo CELL_01 [V]

1

ERR R R = R R R R

&

3.902
3.902
3.902
3.902
3.902
3.902
3.902
3.902
3.902

alatat

SOC_01 [%] CELL_02 [V] SOC_02 [%] CELL_03 [V] SOC_03 [%]

75.637
75.633
75.8627
75.621
75.615
75.609
75.603
75.597
75.391

—-Cc coc

3.853
3.893
3.853
3.893
3.893
3.893
3.893
3.853
3.893

Tt ]

74,87
74.506

74.86
74.853
74.847
74.841
74.835
74.829
74.823

A Q17

3.896
3.896
3.896
3.896
3.896
3.896
3.896
3.896
3.896

7 ns

75.088
75.084
75.079
75.073
75.067
75.061
75.054
75.049
75.042

—-E ATE
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Monitor Data

Cell List
[ cell 1
[Jcel2
Jcel3
[Jcell 4
Ocels
Oecels
Ocel 7
Ccel g
Ccel g
[ cel 10

Select
Al / None

Monitor log

Battery Information

[ cel 11 [ State of Charge (SOC)
[ cell 12 [] votage

[ cell 13 [ Current

[ cell 14 [ Battery State
[ cel 15 [ Balancing Cell
[ cel 18 [ Highest Cel
[ cel 17 [ Lowest Cell
[ cel 13 [ Detta Cell

[ cell 13

[ cell 20

Select Select

Al / None Al / None

Pack Temperature
[1 Sensor 1
[1 Sensor 2
[1 Sensor 3
[ IC temperature

Select
Al / None
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6.5 Auto Gain Current DPGA

As default, the DPGA of current sensing signal is fixed at a Gain BMS Application Configuration
setting (x8 typical) during the current measurement. To improve the
accuracy of IADC at low current value, the BMS supports the Auto
Gain feature. When this feature is enabled, the gain of DPGA is Mumber of Cell Balance 1 =
configured automatically such that the voltage at sensing resistor is
gained as much as possible in valid range of IADC.

Click to select tick box Auto Gain in System Group of Settings Auto Cell Balancing 0: Disabled
[]
]

Idle cument threshold (&) a.104a =

Battery idle timeaout {min) 5 -

Panel to enable or disable Auto Gain feature. While the BMS
operates with Auto Gain setting, the OCDDAC and OCCDAC are
auto changed. The OCC and OCD protects may be disabled if the Auto Gain

desired protection threshold is out of DAC range at this DPGA gain. ALERT signal

These protections are re-enabled with corresponding DAC setting

when the threshold is valid on OCCDAC/OCDDAC range. Don’t set

the OCC, OCD protection current threshold at so small due to hit fault

by Com protection offset. R W

Differential amplifier gain

6.6 Analog Registers Access

In order to be easy to read or write to AFE’s

registers, the BMS GUI features the reading and ~ *"aod redister
writing to listed registers as the addresses drop Address Data (HEX)
box. Click to select a desired register address | Address 1 v| |oo Read White
and fill the value in hex format in writing or the
|;'1'u:||:|ress 2 v| |-:|-:| Read Write

read value is returned in this Data text box. To |
sequence read or write more than a register, |;_-,,:|,:|reSS 7 V| |,:,,:, | Read White

click Read All or Write ALL button.

|;'1'u:||:|ress 4 w | | oo Read Write

|;'1'u:||:|ress b R | | oo Read Write

Read ALL Wirite ALL
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7 LEGAL INFORMATION

For the latest specifications, additional product information, worldwide sales and distribution locations:
Web: www.qorvo.com
Tel: 1-844-890-8163

Email: customer.support@qorvo.com

The information contained in this Application Note and any associated documents (“Application Note nformation”) is believed to be
reliable; however, Qorvo makes no warranties regarding the Application Note Information and assumes no responsibility or liability
whatsoever for the use of said information. All Application Note Information is subject to change without notice. Customers should
obtain and verify the latest relevant Application Note Information before placing orders for Qorvo® products. Application Note
Information or the use thereof does not grant, explicitly, implicitly or otherwise any rights or licenses to any third party with respect to
patents or any other intellectual property whether with regard to such Application Note Information itself or anything described by such
information.

APPLICATION NOTE INFORMATION DOES NOT CONSTITUTE A WARRANTY WITH RESPECT TO THE

PRODUCTS DESCRIBED HEREIN, AND QORVO HEREBY DISCLAIMS ANY AND ALL WARRANTIES WITH RESPECT TO SUCH
PRODUCTS WHETHER EXPRESS OR IMPLIED BY LAW, COURSE OF DEALING, COURSE OF PERFORMANCE, USAGE OF
TRADE OR OTHERWISE, INCLUDING THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE. Without limiting the generality of the foregoing, Qorvo® products are not warranted or authorized for use as critical
components in medical, lifesaving, or life-sustaining applications, or other applications where a failure would reasonably be expected
to cause severe personal injury or death.

Applications described in the Application Note Information are for illustrative purposes only. Customers are responsible for validating
that a particular product described in the Application Note Information is suitable for use in a particular application.

© 2023 Qorvo US, Inc. All rights reserved. This document is subject to copyright laws in various jurisdictions worldwide and may not be
reproduced or distributed, in whole or in part, without the express written consent of Qorvo US, Inc. QORVO® is a registered trademark of
Qorvo US, Inc.
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