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Current challenges with BMS in EVs
« Every battery cell must be connected by cable to

Pounds of wire are adrag a monitor, which regulates energy performance
on distance, reliability,

price and safety « Warranty repairs due to cable failures are
costly, and replacing the battery cell is expensive

« The wiring harness and connectors are a common
source of cable failures

oS

/  Manufacturing complexities for pack assembl
| R — g comp P y

« The heavy-duty copper wire required to make
the cabling more reliable, produces a bulky labyrinth
A of battery-management cabling

Safety is a critical consideration overall.
Meeting the necessary safety requirements for BMS are rigorous.
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TI’'s WBMS value proposition

Our top priorities for delivering WBMS solutions

S P

Safety & reliability Performance Cost
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Leading wireless innovation for 20 years

Scalable solutions for all applications

N

Sub-1GHz

* Bestrange, up to 20km
« 15 years battery life

« Star or mesh network

« Grid, BA, and more

First TRX in market
Firstintegrated IC in market

N

—

* Long range mesh for
large networks

» Frequency hopping
interference tolerance

€3 Bluetooth’

Best in class Bluetooth

LE
Lowest power

Star or Bluetooth mesh

Locationing

First BLE chip in the market
First XTAL free chip

THREAD

* |Pv6 base mesh

protocol for home and
building automation

* Flexible network

Tl owned SW stack

Early solutions

cornetivily
C mencards
Gilarce

@4 zigbee

Robust low power mesh

for smart home and
buildings

Zigbee 3.0 support
Zigbee over SubGHz

F

CERTIFIED

» Best loT Wi-Fi solution

* Most robust in the
market
* Bestin class security

ZB board from the beginning
Driving ZB over Sub1GHz

First WiFi IoT chip in the market
First IC vendor with modules

Multi-protocol

Best in class multi-
band solutions
(DMM)

« Connected Home over IP

* Smart Home seamless
connection with different
ecosystems

+ Builds on top of IP
protocols

SW defined radio enable the
space

Early solutions

3

TI WBMS

[(¢

» Proprietary protocol for
wireless battery
management systems.

* ASIL-D Capable at the
System Level.

Functional Safety

Proprietary
and other

* Use our TI MAC15.4
stack or build your
own protocol from
scratch

* MIOTY, 6LOPAN,
wMBUS and more

* Automotive solutions
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Leading wireless innovation for 20 years

Building a robust solution design to solve BMS requirements

’ \ Keep-alive
‘ ‘ Rejoining
Proprietary

@ AES-CCM
ﬂ\ﬁ

Channel usage
Encryption
2M GFSK PHY
Second life

Q10 i Key refreshment

Determinism
Time slotting
Frequency hopping

6
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CC2662R-Q1 device overview

2.4 GHz

Key Device Specification

«  Arm® Cortex®-M4

» 352 kB of flash, 88kB total SRAM, 256
kB of system ROM

¢ 2 UART, 2 SPI, 12C and I12S

* Sensor controller

* Enhanced security (hardware
acceleration, AES-128/256, SHA-2,
TRNG, ECC, RSA-2048)

*  Arm® Cortex®-M4 wireless MCU targeting
wireless BMS and cable replacement
applications

* AEC-Q100 compliant device optimized for
low-power wireless automotive applications

Key Features

» Tl wireless BMS protocol

. 24GHz S ————— Packages

* Functional Safety Quality-Managed device foanars 4« 3200 Timers Sansor Controler .« QFN48 WF 7 mm x 7 mm

* AEC-Q100-Qualified at the Grade 2
temperature range (-40°C to +105°C)

* Extended temperature for automotive 32 ch. poMA Watchdog Timer 1201 ADG, 200 ksis
applications (TA = 105°C)

2« UART 2« 85I (SPY) 8-Dit DAC

Key applications

. Low Power: 31 GPIos TRNG 2x Low-Power Comparator * Automotive — wireless battery
. management system
« Wide VOltage range: 1.8V1to03.63V AES-256, SHAZ-512 Temparatura and SPIC Dightal Sensor IF | 9 | y
+ Active-mode RX: 6.9 mA p— * Cable replacement
+ Active-mode TX: 0 dBm: 7.3 mA Eee e == S
* Active mode: 71 uA/MHz Time-to-Dighal Converter Avallablllty
¢ Standby: 0.94 pA (CPU retention, 80 .
KB R Al\%l) HAL I S shau * Samples available today
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TI WBMS | Solution elements

BCU csu
A I
[ | f \
BMS Safety ; CC2662R-Q1 (j?ﬂ (ﬂ:ti) CC2662R-Q1 BQ79x1x-Q1
HW MCU : Wireless SoC Wireless SoC Salog iy
BMS BMS Interface | i | Interface || Network Network BQ
S sw Safety SW Ll sw Sw sw Driver

» Component Level
— BQ79x1x-Q1 is an ASIL D compliant battery monitor — in production today
— CC2662R-Q1 is an FS-OM wireless microcontroller — in production today
e — WBMS protocol is systematically compliant to ASIL D
e « Scalable software solution covering the elements of WBMS
3rd TIsw — WBMS SDK (Network SW) in production now

Party/Customer (Production
HW/SW Ready)

* System level:
— Tl technical concept is unigue among competitors
—  Built on the above components
—  TUV SUD assessed concept of safety layer to support communication up to ASIL D /SIL 3
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https://www.ti.com/technologies/functional-safety/overview.html
https://www.ti.com/licreg/docs/swlicexportcontrol.tsp?form_id=328987&prod_no=TI-WBMS-TUV-FS-CONCEPT-ASSESSMENT&ref_url=epd_connect_2_4ghz

TIWBMS | Solution elements

+ Star Network:
— Main Node/Coordinator (BCU)
— Nodes (CSU)

400V Battery, 96 cells, 8 nodes
8 BQ79616 + 8 CC2662R-Q1
CSU #1

Cell supervisor unit

» Designed for WBMS use-case
— Bestin class performance
— Cost Effective
— Low power

— TUV SUD assessed concept of safety layer to
support communication up to ASIL D / SIL 3

BQ79616 CC2662R —

CSU #2

Cell supervisor unit

+ BQ79616 CC2662R

e Scalable

— CC2662R-Q1 MAC designed with the capability
of expanding up to 100 nodes

— Daisy Chaining of 2 or 3 BMICs per CSU

CSU #8

Cell supervisor unit

Wireless BMS solution must address:
Safety, quality, reliability, network availability and
security

BQ79616 CC2662R

BCU

Battery Control Unit

CAN

ccze62r [ WV
Sensing
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TIWBMS | Protocol highlights

Commercial

* Low cost systems solution
» Multi sourcing strategy

Performance

*  Wireless throughput
+ Scalability

* Low latency

» Link robustness

* Link budget

No Tl SW licensing fees

Multiple int/ext fab + assembly sites (LFAB, Clark, CDAT)

Up to 1.2 Mbps
100 nodes supported

< 2 ms per node / 16ms (1 main / 8 device)

> 99.999% availability /< 10E-7 PER
103.6 dBm

+ Fastest network reforming <110 ms

* Low power <100uA Wireless Main / <70-uA/device keep alive
Safety

 Solution assessed by TUV-SUD

WBMS concept to demo support for system-level
functional safety communication layer up to ASIL D

Product Readiness

» Silicon and ref design available today AEC Q100 Grade 2, EMC tested, FCC ready
* Free production-ready SW today Developed against 1ISO26262 ASIL D

~— ~—
F Y
—,
-~
S’

F
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https://www.ti.com/licreg/docs/swlicexportcontrol.tsp?form_id=328987&prod_no=TI-WBMS-TUV-FS-CONCEPT-ASSESSMENT&ref_url=epd_connect_2_4ghz

TI WB MS | SOftware ecosyStem Optional space for innovations and

future-proofing giving full access to the

- TI WBMS SDK and product capabilities.
Customer Application Code — | ”°S#B°
. : ‘ UAR'r{Eriver ‘
Middleware and Stacks - — == :
Host/Diag OAD Application Layer BQ Driver
NER| Interface (BCU/CSU) (CRC, BQ Config)
. Pl Other
© Bluetooth ) peotocols  EXamples WeMsMAC | MAC APIs |
WBMS
Upper MAC (MAC) Frame Generation/

- - ™ System Parsing
Common SimpleLink™ Components e o | [ H MAC RX ‘ —— o
- urrer ivianager
Tl Drivers OS Kernel B __g

SPI0. UART Lower MAC/Access Manager (LMAC/ACM) Security
; ' Examples TIRTOS Examples Managen
SPI, ... ‘ ACM ‘ ‘ ACM ‘ ‘ ‘ ‘ Time ‘ EGEE
FH
X RX Sync Management
‘ HAL_RF RF Settings ‘

RF Driver ‘

DriverLib

Examples ‘

+ The TI WBMS extends the Tl SimpleLink Software ecosystem giving a ready-to-use, production ready out-of-the box product providing:
* Full application code
+ Examples that allow you to go from boards to an executing network in minutes.

* The application layer in the TI WBMS SDK provides everything required to create a WBMS solution and still gives space to add future innovations.
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TIWBMS | RF link budget

* RF link budget is one of the key concerns within Wireless BMS

— The largest uncertainty is related to the RF channel path loss inside the battery compartment due to multipath and

signal reflections from battery cells, battery compartment walls and wiring.

— 3D RF modelling and simulations offer a starting point for determining path loss (attenuation) between two nodes
— The physical distance will vary across the network CSUs and is not modeled in the link budget calculation table

below.

 TIWBMS RF solution RF link budget:|103.6 dB

Device CC2662R-Q1
Parameter Units

Distance m 1,0

TX Output Power dBm 5,0

TX Antenna Gain dBi 3,3

Path Loss dB -80,0
|RX Antenna Gain dBi 3,3
Expected RX Signal Level dBm -67,4
[sensitivity dBm 92,0 |
Link Margin dB 24,6

12
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TIWBMS | Radio frequency channels

The TI WBMS frequency hopping protocol uses 37 channels, i.e. the same 2.4-GHz ISM band
channels as the Bluetooth Low Energy (BLE) apart from the 3 BLE advertisement channels. The
BLE advertisement channels are excluded from the WBMS protocol to minimize interference.

Advertising Advertising Advertising
Channel Channel Channel
| |
]
| l
b
2
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(§]
> N N N N N N N N N N N N N NN NNNNDBNBNDBNNBNNNBNMNNBNNNNMBNNBNNNBNNNNNNN
g X X X £ £ £ X £ £ £ £ £ £ £ £ X £ £ XL T X X X £ £ £ £ £ X X X £ X £ £ X X X X X
¢ M E S EEEEEEEEEE SN S EEEEEEREEEE S NS S S
3 o g © WO N ¥ © ® O a T © ® O N g © 0 o N e 2NT O 2SN 3 © WO N T © ® O
o o -n-B -8 BB -8 - o~ N N N O ™ M ™ 3 3 3 s o o 0 © © © O NN NN NN ©
e R 8 B B B B R BB B B B B B B B B B B -2 B B B B B B R B B B B R B B
w N N &N &N &N &N &N &N &N &N &N &N &N &N &N &N &N &N &N SN &N &N &N N N N N &N N N N N N N N N N N N N~
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TIWBMS | TS + FH

« TIWBMS is a time slotted (TS), frequency-hopping
(FH) protocol.

» Each time slotted frame is called a “WBMS
superframe”.

* Frames in each timeslot contain solely uplink (UL) or
downlink (DL) “WBMS frames”

* A single WBMS frame serves as a container carrying
a “BQ frame” as a payload

_ REG ADR]154] | REG ADRTA] | DATANSET9] || DATALSETY] | CRO[i5H] | CRO) ‘

Channels

&

DL: Downlink timeslot
\ UL: Uplink timeslot

1y, Ty, . Frequency chani

‘ Wi ‘ Is‘ Txof DL meofn | | motun
Fs Rx of DL Txof UL

nels

wD2 (s‘ Rx of DL ‘ ‘ Txof UL

WDN Fs| RxofDL
-

Y

Superframe

Txof UL

Octet 1 2 3 4
it |o[1]2[3[4[s]6][7]0[1]2]3]4]5]6]7[0[1]2]3]4[5]6]7]0]1] 2 [3]4]5]6]7
0 Preamble DataSyncword
4 DataSyncword Length MasterID | Frame Control
8 Security Header
12 Security Header
16 Payload
Payload
256 CRC-32

W3 TEXAS INSTRUMENTS



WBMS protocols | Two protocols

WBMS protocol:

“Transmission code” per IEC62280

Closed, developed in house

SW follows 1SO26262 compliant

process

Octet

1 2
it |o[1]2[3]a]s]6]7]0][2][2]3]4]5]6]7

3 4
o[1]2[3]a]s]6[7]o[1] 2]3]4]5]6]7

0 Preamble

DataSyncword

4 DataSyncword Length | Frame Control
8 Frame Control MasterID Source Address
12 Ack SecurityHeader
16 SecurityHeader Payload
Payload
256 CRC-32
260 CRC-32

BO protocol:

Implemented in BQ79616-Q1 state
machine

Request-response
- BQ79616-Q1 datasheet for details

- Contact TI for more info on roadmap
for BQ devices

- DEVADREO] | REGADR[15E] | REGADR7O] | DATAMSBTO) || DATALSE[T0] CRO[158) GRC[T)

15
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https://www.ti.com/lit/ds/symlink/bq79616-q1.pdf?ts=1603110012157&ref_url=https://www.ti.com/product/BQ79616-Q1

TI WBMS safety | Black channel

IEC62280:2014, Annex C.4

Transmission system may use error
detection mechanisms that runs on non-
compliant HW to improve overall error
rate of the transmission media

Applied in WBMS:
Tl proprietary WBMS communication

protocol overlaying the safety code

« Safety code and transmission code layered

*  Both implement error detection mechanisms

»  Conveys “containers” of original wired BMS protocol
(“BQ protocol”)

(¢

Safety application on

host MCU

Safety
Code

Transmission
Code

CC2662R-Q1

BQ79616-Q1

Safety
Code

Transmission
Code

CC2662R-Q1

16
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TI WBMS | Data frame construction

Host/uC

UART/
SPI

WM app (Host interface)

WBMS MAC

LMAC/ACM

uNPI
| Header ‘ BQ Payload (BQ Frame) ‘ FCS |
Host Message Frame
| BQ Payload (BQ Frame) |
App Data/MAC Payload
| MAC_H [ BQ Payload (BQ Frame) | MIC

MAC Frame — MAC Protocol Data Unit (MPDU)

PRMB

SwW | MAC_H | BQ Payload (BQ Frame) | MIC

CRC32 |

PHY Frame

BO796x6

LUART

CRCLE Check

WD app (BQ inte

- Lo T]

WBMS MAC

LMAC/ACK

RF APls

BQ Payload (BQ Frame)

App Data (BQ)

Time
BQ Paylead (BQF
| Q Paylead (BQ Frame) N |
MAC Payload w/ Timestamp
| MAC_H | BQ Payload (BQ Frame) ‘ e ‘ mic |
- v stamp
MAC Frame — MAC Protocol Data Unit (MPDU}
Time
—aeeeo | PRME | SW MAC_H BQ Payload (BQF Mic | cresz
| e | Q Payload (BQ Frame) ‘ AT ‘ |
PHY Frame
17
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TI WBMS | Software features

Ease of repair Auto resync
* Integrated RF diags. * Repair support of a » Easily enable resync of » Support for daisy-
module to enable test + BMS enclosure when nodes extremely rare chaining multiple
compliance the network is to be desync events BQ79x1x-Q1 devices
maintained but either: off a single wireless
» Controlled network « Support for WD to device (typically 2-3
b ; : . - BMICs per wireless
joining by unique 1D * Wireless main automatically resync. device
replacement vice)
» Non-permanent  Support for WM to
network joining for test » Wireless device(s) automatically or when
replacement commanded to resync.

And more! Contact your Tl Sales team if you want to know
more info on SW features and SW roadmap!

18
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TIWBMS | Wireless BQ command aggregation

» Tlis enabling “WBMS command aggregation” to
accelerate system performance and achieve
goals.

* The TI WBMS allows for packing multiple BMIC
commands into a payload

« Enables more efficient use of radio transmission
payloads to allow quicker assessment of FDTI
and SoC/SoH

19
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TIWBMS | Development lifecycle MicroNova

Fault emulator

KPIT GRC Wired/Wireless
Same interface

AUTOSAR CDD
Wired/Wireless Cﬂl]FEﬂ'l

Same API's
Prototype 3D RF Simulation
Quickly evaluate the capability of TI's WBMS offering _ , _
using our hardware and software demonstrators. Work with Tl and TI's partners to build out a
Demonstrate  comprehensive solution.

L h ful platf Test and evaluate your solution using our
aunch a successiul platiorm. _ state-of-the-art RF evaluation chambers and
fault injection capabilities.

Product

Proocel)

X J ~
WS ™

Advanced EVM 20
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TIWBMS | Second life

+ The CC2662R-Q1 contains a software defined radio running

Your application code

the SimpleLink SDK. Middleware and stacks
En
Baby- ]
_ © Bluetooth’ e rg':gc?cr)ls Examples
» This common software enables your product to support: wBmMms P

— WBMS for in-pack

— Non-WBMS protocols (e.g. BLE) for second life Common SimpleLink ™™ components

— Futureproof solution — high flexibility for roadmap features EEIEEE 0% iEme]
 Expect EU legislation in the future to require second life GP'SC:;IUf_RT' Examples TIRTOS Examples
DriverLib
» TI's robust platform plus extensive SDK enables reuse, Examples

simplifies development and enables a quicker time to market.

& o
s =g

(.

II
II
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TI WBMS | Next steps

Wireless connection between battery packs and
- battery management system to replace traditional,
wired connections

Why Wireless BMS?

Increases EV
Range

Reduces overall vehicle weight by replacing heavy battery-
management wiring with high-reliable, secure wireless
connections

Improves Time to o
Market

Eliminates development costs & complexity associated with
routing a labyrinth of battery-management cabling

Enhances Vehicle .
Scalability

Manufacturers can address multiple EV vehicle and market
segments with a single modular wBMS platform

Reduces Warranty
Expense

Removes the need for costly repairs due to common cable
breaks and harness failures in traditional wired systems

Getting started

- | T —

assessment

1. Request SDK download . . =

2. Request wBMS development kit ; ", - ol {| Why wireless for
3. Download documentation - ST 1 4@ @ battery

4. Request functional safety W|RELESS BMS management

Three questions to ask about wireless

systems (BMS)?

SimpleLink™
wireless MCU
CC266C2R-Q1

i3 Texas
INSTRUMENTS

BMS battery

monitor
BQ79616-Q1

i3 Texas
INSTRUMENTS

CC2662R-0Q1 Automotive qualified
SimpleLink™ wireless MCU for use in
wireless battery management systems

BQ79616-0Q1 Automotive ASIL-D
compliant battery monitor for use in
wireless battery management systems

Fixed-low-latency protocol with high throughput
and high reliability for ultra-low packet error rate

Why TI?

Best network availability

» TI's wireless protocol for BMS via the CC2662R-Q1 MCU
offers the industry’s highest network availability greater than
99.999%

System-level functional
safety compliance

Industry’s first TUV SUD assessed safety concept for wBMS
System-level ASIL-D compliance

AEC-Q100 functional safety Quality-Managed wireless MCU
AEC-Q100 functional safety compliant battery monitor

e o o o

AUTOMOTIVE CONNECTIVITY
CONNECT Promly . - .

BMS for hybrid and electric vehicles

Flexible battery architecture

Industry-best scalable solution with support for up to 100
nodes

Low power
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https://www.ti.com/product/CC2662R-Q1
https://www.ti.com/tool/SIMPLELINK-WBMS-SDK
https://www.ti.com/tool/CC2662RQ1-EVM-WBMS
https://www.ti.com/licreg/docs/swlicexportcontrol.tsp?form_id=328987&prod_no=CC2662RQ1-EVM-WBMS-DESIGN&ref_url=epd_connect_2_4ghz
https://www.ti.com/licreg/docs/swlicexportcontrol.tsp?form_id=328987&prod_no=TI-WBMS-TUV-FS-CONCEPT-ASSESSMENT&ref_url=epd_connect_2_4ghz
https://e2e.ti.com/blogs_/b/behind_the_wheel/archive/2020/02/18/three-questions-to-ask-about-wireless-bmss-for-hev-evs
https://training.ti.com/connect-why-wireless-battery-management-systems-bms?context=1136411-1139461-1140279
https://www.ti.com/technologies/functional-safety/overview.html
https://www.ti.com/product/BQ79616-Q1

Thank You !
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