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BMS Market




Profitable Growth Strategy — Battery Management Systems
Growing SAM, Market Share; Expanding Content Integration

- Growth drivers car electrification megatrend
- Mandates for CO2 emission reduction & fuel efficiency
- Diesel not viewed as clean & viable for CO2 reduction

- SAM growth

- BCC for power train electrification and renewable

energy adoption

- 14V BCC as Li-lon replaces lead acid for car’'s main

battery function

- Lead acid battery sensor as start/stop function
adoption increases for reduced emissions

- Key market sub-segments
- Battery sensors: for 12 V Lead-Acid, 14 V Li-lon

batteries

- Battery cell controllers: for 14 V, 48 V & HV Li-lon

batteries
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Powertrain Electrification Penetration Rate

Type -- 2013 to 2022 CAGR

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

m Mild Hybrid — 26% ™ Full Hybrid — 2.6% ™ Plug-In Hybrid -- 43% ™ Pure EV — 18.8%

Legislation & Commitments EU US CAFE Japan China Korea

/100
km

8,6
75

21
19

mpg
223
249

36,5
416

54,8
623

110
125

gasoline
(diesel)

— = —p proposed
glkm $ g eveeeee vision
Ny 217
200 0 192
EULCV| " ¢~
.\166 175 — o ~
183 Mg . = T ay 66
i \ 146 i ~o
1 EUPC [ TN . o
9 130 8~ =i Y = A4 137 CAFELT
SN e S 19
<L T agten
= Ingd =~ =~
100 4 S > @ 99 CAFE PC
B e
**e@ 70 EU Com.PC
50 -
0 : . .
2010 2015 2020 2025 2030

CAFE = Corporate Average Fuel Economy PC = Pass. Cars LT /LDT = Light Trucks (pick-ups, vans, SUVs) MD(P)V = Medium Duty (Pass.) Vehicles LCV Light Commercial Vehicles

h o
P R



NXP’s BMS Portfolio




MC3377x /| MC33664 — Li-ion Battery Cell Controller Solution

Differentiating Points ~
- Battery Topology Flexibilit =
y 10POI0gY : y : [ P SYv——
- Scalable SW & HW solution - 4 to 96 cells batteries g S w———
- Supports centralized, distributed daisy chain, distributed CAN < &
- High Integration _ﬂ;
- Power supply N W ko (=
- Current sensor (+-1200A,) 0.5% accuracy with Coulomb Counter rm ol
- Multiple programmable wake-up modes -
- MC33771: One Chip AFE for 48 V Li-ion BMS, o B2
- MC33772 : One Chip AFE for 14 V Li-lon BMS e
- Fast Data acquisition and communication to pack controller (i P Svvmiin g
- 3.6 ms for pack controller to acquire conversions for 96 cells ; i
- Cell voltages & currents within same daisy chain measured within 100us 3 | T
. Superi i i icati Fr—."
perior Daisy Chain Comn.ﬁunlcc.":ttlon T e
- 2 Mbps comms speed, 100% differential, programmable address, bus wake-up -
- 3750 V Isolation with AEC-Q200 qualified external transformers L gm;.
- Automatic termination resistors, common mode noise immunity, o [ [ee

- Receiver BCI tested (>200 mA)
- System Diagnostics and functional safety supporting 1SO26262 w/ single chip

- Automotive robustness: ESD, EMC, Hot Plug, AEC-Q 100
5 PUBLIC USE

h o
P R



MC33771 — 14 Cell Battery Cell Controller AFE

Features:
- 9.6 V=<VPWR<61.6V operation, 70 V transient MC33771

- SPI or isolated 2 MHz differential communication ;

VPWR1 [} e e OR :: DGND
- 14 cell voltage measurement channels R S VAN Vg 12 AcD

= —
- Total stack voltage measurement er ey ?E

By <cof¥sssgyss N == |
- Current sensor with £0.5% accuracy from milliamps to v SBzs383828RE0ER0 . g I L
kiloamps HAAARARAAAAAARRA o a0 B = oo
M TRUSSRRLRNIRAERS EI_E[Dj RDTX_OUT-
- Coulomb counter (also in low-power mode) == i 8o oo s i : Dt o rFE
C/G PIO/ i EETI_}A:E i YT :@ = ﬁg#’;’”ﬁ;—"" c8_12:11 c[‘: E e Mo - S son P E
- 7AD temperature sensor inputs cojimoes | = T e ; T ! imomin
e ee e . EET':Ei? h 85 r :g Eggom cB_11 ZESCLKJRST)UN-
- Addressable on initialization e T E U] == i = Mol I
o 1== PR - S5 oot _— -—{m
-+ 5.0V @ 5 mA reference supply output an=z 5 ==k cos 0 E
CBJE; e oy Sf E ga_z - CB_21.C ; 20018 E
- Integrated Sleep Mode over/under voltage & temperature = ey FEER gk v
monitoring LG ik ;|
CT_REF [} — FALNT
- Over/under voltage, over/Unuer 1emperature Fault o "’i_m
verification 8 8 8 ANz GPI0z2 anomn - '
14 Onboard 300mA passive cell balancing with diagnostics = }mliii

- Open cell terminal detection
- Internal diagnostics i
- Hot plug capable E:i 7777777777777777777777777777777777777777777777
- Low power modes of operation

R o
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MC33772 — 6 Cell Battery Cell Controller AFE

- Operating voltage:
- 5V <=<VPWR =30V operation, 42 V transient (for SPI communication)
- 7V < VPWR =30V operation, 42V transient (for TPL communication)

«  SPI ori2 MHz differential communication

«  6/4 cell voltage measurement channels

- Total stack voltage measurement

- Current sensor with £0.5% accuracy from mA to kA

«  Coulomb counter (also in Low-power mode)

- ADC/GPIO/temperature sensor inputs

- Addressable on initialization

« 5.0V @ 5mA reference supply output

- Integrated sleep mode over/under voltage & temperature monitoring

- Over/under voltage, over/under temperature fault verification

- Onboard passive cell balancing with diagnostics and balancing timers

«  Open cell terminal detection

- Internal diagnostics

+  Hot plug capable

. Operational low power mode

- 48-LEAD LQFP-EP or 64-LEAD LQFP-EP

- Temprange: -40°C to 125°C

- AEC-Q100 automotive qualified

- EMC/ESD robustness
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MC33664ATL Transformer Physical

Features

- 2 Mpbs isolated network communication rate
Dual SPI architecture for message confirmation
Robust conducted and radiated immunity with wake-

up

3.3V and 5.0 V compatible logic thresholds
Engineered for 5 meter, 15 node system

Low current sleep mode with automatic wake-up
Sine wave transmission for low radiated emission
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CSB_TX [T
DATA_TX T
EN [T
SCLK_RX [T
CSB_RX T
DATA_RX [T

Lo 2 T 4 1 R e 4 N
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BMS Solutions for
Automotive




NXP’s Battery Management Solutions

14 V Li-lon BMS Chipset 48 V Li-lon BMS Chipset HV BMS Chipset

MC33772ATP1,MPC5607B, MC33907/8 SBC MC33771ATP1, MC33664ATL1, MPC5607P,

MC33771ATP1, MC33664ATL1, MPC5607P,

MC33907/8 SBC MC33907/8 SBC
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Typical HYBMS (CAN) Application
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TPL Communication

CTO0..14: Cell Voltages
AINXx: Cell Temperatures

CBL1..14: Balancing FETs
12C Master

#NXPFTF

EEP

SPI2CAN
Gateway

150 mA LDO
Watchdog
CAN FD PHY

Wake Up

MC33771  MC33772

96V ...
Operating Voltage (SPI) 61.6 V 5V..30V

96V ...

(TPL) 616V 7V..30V

Transient Voltage 70V 42V
Power supply Integrated  Integrated
# Cell Voltages (2mV) 14 6
# Balancing FETs (300mA) 14 6
# Balancing timers (up to 8hrs) 14 6
# Current Sensor w/ PGA 1 1
# Coulomb Counter 1 1
# Temperature Inputs /GPIOs 7 7

Package

64 LQFP-EP 48 LQFP-EP



Typical HV Battery Cell Supervising Circuit (TPL)

T )
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TPL Communication
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Battery ﬂcf»
Module £
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: 2
: T
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Typical HV Battery Switch Box Controller

Voltage .
Voltage AINX: Viinie Voltage

< NTC AINx: PreCharge Temperature
Precharge
v Contactgr Valiage AINX: Vpages Voltage
E ¢ > GPIOX: Vpac: Enable Buck/Boost

HV+ Contactor

GPIOX: Vijnk+ Enable

CAN FD PHY
RTC/Counter

Wake Up
TPL icati
Communication Watchdog

AINX: Shunt Temperature
HV- ISENSE: Current

| o Il N
AINX: Viine. Voltage

HV- Contactor
GPIOX: Viink- Enable

13 PuBLICUSE #NXPFTF




Typical 48 V Li-lon BMS Application

Precharge Unit

NTC AIN1: PreCharge Temperature
; GPIOx: PreCharge Enable

Vol
AINX: Vi Voltage

KL40

Vol
(53 - AIN4: Vpageuse Voltage BuCk/Boost
Contactor
GPIOX: Vpack Enable SPI

CAN FD PHY
RTC/Counter
Wake Up
Pritlggt?on TPL Communication Watchdog

CTO..14: Cell Voltages
AINXx: Cell Temperatures

CBL1..14: Balancing FETs

12C Master EEP
KLA41 ISENSE: Current

KL31

Input Filter & Balancing Resistors
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Typical 14 V Li-lon BMS Application

Wake up
AINX: Vink Voltage
KL30 Vol .
S ~— Loltage AIN4: Vp,eieyse Voltage Buck/Boost
Bistable Fuse
Contactor GPIOX: Vpac Enable SPI
pE—
1+ CAN FD PHY
[}
| + (o RTC/Counter
E
1=z
—!— " Wake Up
‘% Watchdog
: 3
: @
. =]
12v S5
Battery %
: g CTO..6: Cell Voltages
3
£ i AINx: Cell Temperatures
3
: £
—Lefo CB1..6: Balancing FETs

100 pQ ’ )
Fil :
KI631 Shunt ilter ISENSE: Current
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BMS Solutions for
Industrial




A Typical BMS For Grid Energy Storage Systems

17

PUBLIC USE

#NXPFTF

Battery Stack

Grid Storage 112s2p Single Stack

Link Bus

Link Out
Cell Interface
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Cell Interface
Link Out
Cell Interface
LiriI(In
Cell Interfat:g"ko"l System Monitor
Link In
| Charger/System
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vkin Charger/System TolFrom
u"klm Service Port Inverter/Charger
Cell Interface SIS
ka(‘):t YDC 5 : S Babary Stack
Link
Cell lnterfa(:e'I 10/1008T CAN 485 USB @w‘fr Sﬁ(ck PMIC / Cortroller
Link In SBC L N Ma12J638
Link Out Stack Controller Power Interface @, i |
Cell Interface ¥ 1
Link In Link Out CAN CAN  Shunt IS0 5V
|_LinkBus_| |_stackbus_| = Power Switches
I L

SHUNT

h Inverter/Charger, Precharge & Contactors

i Vhubat
- Thubat
-— vs1
- vsZ

Y

Example: Nuvation Engineering - nuvationbms.com
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A Typical BMS for Mobile Robotics

System Monitor
Charggf/System

CHARGE +
Charger/System

Service Port

g 10/100BT CAN 485 USB
s Cell Stack Controller
2 Interface

Il Link Out CAN

]

Stack
Bus 24VAC
VDC

CAN  Stack Aux
Pwr  Pwr

st power Interface

Link Bus

Link In

CHARGE -

LOAD -

Mobile Robotics 12s2p Single Stack System with Charger and Contactors

Example: Nuvation Engineering - nuvationbms.com
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Amazon: Wheeled Robot (Kiva)

« A Kiva rebot drive unit is seen, foreground, before it moves under a stack of merchandise
ﬁg!s. seen on a tour of one of Amazon's newest distribution centers in Tracy, California.
is Amazeon Fulfillment Center opened in 2013 and was refitted to use new robot technology
in the summer of 2014. All year Amazon has been investing in ways to make shnppn%éaster
and easier to prepare for this holiday season. At this Northern California warehouse
company 5 employing robotics and other new technolegy to help workers process the annual
onslaught of shopping orders.

".
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A Typical BMS for 48 VDC

Telecommunications Power Back-up Systems

Stack Controller 1 ==

Stack Controller 2

Stack Controller 3

ES

gag

~
-
_
"
—
i
- 9
. S
. g
-
-
I "
! System Monitor == I
PIC F 150 [
SBC ! _Tﬁf_ﬁib
* | 1L
1
150 2]
mcu 1SQ |-

ey MM

L

Telecom Backup 3 Stack 14s1p 48VDC System with Charger and Contactors

Example: Nuvation Engineering - nuvationbms.com
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Battery Cell Controller Evaluation Boards

MC33664 Evaluation Kit Freedom Board MC33771 Evaluation Kits
with MC33664 (14 cell)

¢ For TPL Communication
¢ For SPI Communication
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-
-
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-
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MC33772 Evaluation Kits
(6 Cell)

For TPL Communication
For SPI Communication
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Battery Pack Evaluation Boards

14-Cell AA Battery Pack
(compatible with 6-Cell)
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14-Cell AAA Battery Pack
(compatible with 6-Cell)

14-Cell slider emulator
(compatible with 6-Cell)

(AN RRERRRERRRRRE

14-Cell Isolated Pack
emulator
(in Development)
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Battery Cell Controllers Reference Designs

High Voltage Battery Pack Electric Bike Pack 14 V Li-lon Auto Battery Centralized High Voltage

Controller Battery Pack Controller
36 V — 10-cell pack — 1 . 14V — 6-cell pack —

+ Full featured Hardware + Software set BCC14 « 98 Cell pack controller — 7xBCC14
¢ . - 1xBCC6 .
+ Complete system with Microcontroller + * Kinetis KEO6 . + Centralized system
: Safety features ,
PowerSBC + BCC + TPL * Charging control « Micro controller
+ Easily scalable from 1 to 15 MC33771 * Monitors voltage, (under planning) + Safety features
devices current, temperature
« Configurable MC33771 communication: » Passice cell balancing
SPI or TPL » Estimation of SOC,
+ Supports PowerPC and Kinetis uC SOH
families « Communication with
« Easy microcontroller swap through uC LIN, CAN
daughtercard
« Supports CAN communication with (under development)
Master ECU
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Battery Cell Controller Demos

CEAC Dual BCC14 Demo

SWT Truck BCC14 Demo
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