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Market Forces

What is driving the shift towards electrification?
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Car Makers’ Announcements vs. Legal Action

Daimler announces $1.8 RmhEAR At LIS BEE 6 or - G | -
billion investment to Volkswagen spends billions Iy enmanycotlit Ities erties
produce Mercedes EQ_ more on electric cars in World  Afica  Asia AustrallaEuriLathmenca Middle East ~ US & Canada Can ban dlesel Cars to
branded electric vehicles search for mass market France set to ban sale of petrol and diesel tackle pO”Ution | World

hicles by 2040 -
e e e news | The Guardian

in China | Electrek
- Feb. 26th 2018 1:.08 pm ET

Tue 27 Feb 2018 11.34 EST

REUTERS

X FINANCIAL TIMES

Ford plans $11 billion RLD US COMPANIES MARKETS OPINION WORK & CAREERS LIFE & ARTS
investment, 40 electrified BEE o SEDEIEIEES
. Volvo to use electric motors in all cars from
vehicles by 2022 2019 ‘ Millions of heavily polluting vehicles could
Carmaker calls time on vehicles powered solely by an internal combustion engine ) ) eVentUa"y disappear from roads across
New diesel and petrol vehicles to be

banned from 2040 in UK Germany after its top administrative court

ruled that cities have the right to ban
diesel motors in an effort to improve
deadly air quality levels.

GETTY IMAGES ‘
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Electric Vehicle Timeline

Electric Vehicle Timeline

——

T

T=ESLA
Tesla to
begin Model
3volume
production

GM plans
to produce
500,000
electrified
vehicles by
year-end

e

T

T=ESLA
Tesla targets
annual sales
of 500,000

Volvo will no
longer sell
cars solely

powered by
ICEs

PSA

GROUPE

PSA to launch

JAacCcuA R

first electrified all models

models on

Efficient Modular M

Platform (EMP) v
T=sLA

Tesla targets
annual sales
of Tmn units

JLR will electrify

/(— e
RENAULT NISSAN
Renault-Nissan
plans joint
platform for EVs

SUBARU.

Subaru to launch
first full EV

DAIMLER
Daimler

targets annual
sales of
100,000 units

Ford to have 40%%
of global models
electrified (hybrid,
PHEV, BEV)

i

Ford to have 13
new electrified
models

g

PSA to have Porsche
all 7 PHEV and plans 50%
4 BEV models of cars to
built on EMP be electric

2023 | 2024 | 2025
|

Volvo targets

1mn total sales of
electrified cars

BMIResearch

A FitchGroup Company

S RSTON MARTIN S
<<, >
NS

Aston Martin
plans 25% of sales
to be electric

Daimler plans
15-25% of
production to
be electric

e —

| 2026 | 2027 | 2028

BMW plans 15-25% of
sales to be electrified

EVs accounting for up to

—

DAIMLER ~<%
Aston Martin

=
plans all models

to be hybrid by
‘mid-2020s’

VW plans to have 30 new

25% of sales (2-3mn units)

—

| 2029 | 2030

HONDA

The Power of Dreams

Honda plans two-
thirds of sales to

be electrified
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XEV Architectures
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Fundamental Architecture Options

Internal Combustion Engine Hybrid Electric
Powertrain Powertrain Powertrain
(ICE) (XHEV) (BEV)
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|ICE Vehicle Architecture

;

IAVATS

12V
Battery

Combustion
Engine

Motor
Control
Unit
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Add 48V to ICE = Mild Hybrid Electric Vehicle (MHEV)

48 V. BUS

tery I
Battery.

12V —
Battery —

48\/
eMachine

48 V12 V.

Combustion Converter
Engine

12V Bus

Hybrid
Control
Unit

48 V eMachine
* Generates energy (e.g. while braking/loading combustion engine)

« Acts as eMotor to offload ICE during acceleration, coasting and pure eDrive
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MHEV Architecture Including 48V Applications (l)

ey 1
Battery.

12V =——

Battery — /
48V/12V
Combustion Converter.
Engine

12V Bus
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MHEYV Architecture Including 48V Applications (1)

48\/
eMachine

eTurbo

HVAC
compr.

voul [1]11
Batt.

48\V/12V.
converter

%)
=]
a8
=
N
—

48V Bus

Active
Suspension

48V
Active
Suspension
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Plug-in Hybrid Electric Vehicle (PHEV) Architecture

HV/12V

Converter
12V Bus

12V =

Battery I—=—=

Combustion
Engine

12V Bus

Electric High=\/oltage
Motor Traction Battery

Battery Mgmt.

_~

Inverter

Hybrid /
ool = HV. Power. Bus

Unit
AC/DC
AC Power: Plug Charger

« Combines ICE and 10s of km electric range at cost of volume/weight of battery
« Pure electric range up to 60 (85km) battery charged from AC or while braking

 ICE: usually gasoline, downsized. up to 75% CO, reduction
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3-6 phase
motor, avg.
150kW

200 — 400V
HV battery
approx. 10kWh




Full Electric Vehicle (BEV) Architecture

HV/12V
DC/DC

T —High-Voltage—
~Jraction-Battery-
1zvsus M -

12\/ Battery 2 Or more
Management Electric

Battery.

Motor 3-6 phase motors,
rager typ. in 150kW range

Management

W Inverter
Slraction Battery:

_~

AC/DC

AGiPower Plug (@) Charger

on-board charger may 400 — 800V
be omitted in favour of HV battery

off-board fast DC 50-100kWh
chargers (e.g. TESLA)
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Increasing Electrification vs ICE Downsizing or Removal

Electrification
WEVEIS
Combustion Mild Full Plug-in Range Extended Pure Electric
Common Name Engine Hybrid Hybrid Hybrid EV Vehicle
(ICE) (M-HV) (F-HV) (PHEV) (REEV) (BEV)

Toyota Prius FCA Pacifica BMW i3 Tesla
: P

e A

igﬂ/

Ford Mustang Honda Insight
Example »f a, -

Combustion Engine 0000 0000 000 000 o0

R
_ = = = = =
10 — 20 kW 15 — 60 kW 40 — 100 kW 40 — 130 kW > 80 kW
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Electric Vehicles: Base Architecture Components

Major components

Hybrid Control Unit

(Torque/Energy Management & Optimisation)

48 VV eMachine
(BSG, ISG, HVAC)
domain converter

On-board charger
AC/DC converter

ACDC
Charger*

Motor control Motor(s)

O

48V or
>60V (e.g.400V)
DCDC**
48 VV and HV
| BNMS —"— Modules
or Li-lon ]
Battery L2
12 V-bus
Modules™**

* only in (P)HEVs, BEVs, omitted in 48 V MHEV systems
** bidirectional in 48 V systems
*** as in exisiting ICE-based vehicles
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12V Bus

HV/12V
HVAC

Combustion compr.

Engine

eTurbo

yJ B

Hybrid
Control
Unit

Charger

AC Power Plug
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NXP XEV Energy Management: Battery Management Systems

48V active
suspension

Electric

High=Voltage
Motor

Traction Battery

Battery Mgmt.




Battery Management: Main Functions and Requirements

Cell Voltage (V)

Key BMS
Functions

1
15 — 3s0cC

75 * 50 * 75 * TOU

Capacity (Ah)

Danger:

Over voltage
Extra heat

Performance

Residual
(unusable)
Capacity

Lithium-ion Discharge Model

o+ Discharge
C-Rate

.
> ] " o L] (1] (L] E- kLl

Temperature °C

Requirements:

« Safe & fast charging
+ Discharge opti
+ State of chargy
+ State of hea

OC) estimation
ation

Multi-cell Function

Under Voltage Limit

Challenges:

» Up to hundreds of cells
+ Manufacture pnismatch
» Capacity de tion
+ Lifetime
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Automotive Li-ion BMS Application Overview

14 V Li-ion BMS

IVN

System Basis Chip (Power
Management and
Communication)

Microcontroller

A

v

Battery Cell Controller AFE

111

14V
Li-lon Battery

W 1av
==

Advanced Start-Stop
14 V Li-ion Battery

48 V Li-ion BMS

IVN

System Basis Chip (Power
Management and
Communications)

Microcontroller

¢

Isolated Communication

!

Battery Cell Controller AFE

1]

48V
High Voltage Battery

- e
4l ~sv

4 12

48 V Mild Hybrid
48 V Li-ion Battery

Hybrid and Electric Vehicle Powertrain

v

IVN

High-Voltage BMS | High-Voltage Battery Junction Box

I
System Basis Chip (Power
Management and
Communications)

I
System Basis Chip (Power
Management and
Communications)

Microcontroller

!

Isolated Communication

Microcontroller +—

Isolated Communication

I ! ,,

Battery Cell Controllers AFE

Battery Sensor AFE Motor Driver Load Switching

1111 | I !

Switches, Pre-charger Cooling Fan,

g el BRE Stack Voltage, Current Pumps

HV Battery contactors

(Engine not mounted)

rover QEEED G

L om

EV/IPHEV
High Voltage Li-ion Battery
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NXP BMS Solution
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NXP’s Scalable Battery Management Portfolio

Intelligent Battery Sensor

(IBS)

1xv FM§ S
x| C B
1IxT pUg C

Battery Cell Controller

| &2y
=

Start-Stop
12 V Pb Battery

(MC33772B/C)

6xV | & MY s

x| kel s

4xT | B . Ne
| ..-14\;
Wk

Advanced Start-Stop
14 V Li-ion Battery

Battery Cell Controller

(MC33771C)

1xI :
XT

coX<L
OTw

48 V Mild Hybrid
48 V Li-ion Battery

Battery Cell Controller
(n x MC3377xC)

W S
——"C| B
Ui C

P

EV/PHEV
High Voltage Li-ion Battery
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Voltage Channels

Supply Vpwr Range (Max Transient)
Cell Terminal Input Voltage Range
Typical Measurement Errror

Max Total Measurement Error (TME)
for Cell Terminal Voltage
(After aging: MLS3 & 1000h HTOL)

HW Averaging for Cell Terminals
Functional Safety

Isolated communication Speed
Communication Isolation

Max Nodes per Daisy Chain

CRC Bit

Comms bit

Integrated Balancing

Balancing sleep mode

Deep sleep mode

GPIO / Analog measurement inputs
Current Channels

Coulomb counter

Package

What's New with MC33771C

6V..30V (4OV)
-0.3V to 5V
+ 0.8 mV
+3.9mV

Vpwr=6~30V, Vcell=1.5~4.3V

-40~60°C

no

Single-chip ASIL C
ASIL D Compliance

2 Mbps
Inductive
15
8
40
<300 mA
Yes
No

64-pin LQFP-EP

9.6V..61.6V (75V)
-0.3V to 5V
+ 0.8 mV
+3.9mV

Vpwr=9.6~61.6V, Vcell=1.5~4.3V

-40~60°C

no

Single-chip ASIL C
ASIL D Compliance

2 Mbps
Inductive
15
8
40
<300 mA
Yes
No

64-pin LQFP-EP

9.6V..61.6V (75V)
-0.3Vto 5V
+ 0.8 mV
+3.9mV

Vpwr=9.6~61.6V, Vcell=1.5~4.3V

-40~60°C
yes

Single-chip ASIL C
ASIL D Compliance

2 Mbps

Inductive, Capacitive

63
8
48
<300 mA
Yes
No

64-pin LQFP-EP

COMPFANY FPUBLIC ZV
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Battery Cell Controllers Reference Design

14 V BMS System 48 V BMS System HV BMS System Reference Design

VM

RD33772E

|
s
if| M
b2 § 35 )
5554
AL >
)
" [+ %
az
i xé‘
&d

AT i
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NXP 14V BMS System Solution

MM9Z1_638
>
— VSUP
——— NN VSENSEZ
WVDDX
L VDDA PAD
— PTEOD Elhl 5
T PTB5S T=D x
cA
inrergce
RxD RX
ISENSEH CANL CANH
Shunt _I___
ISENSEL PTB4
— GMDs Vehic
| ehicle
= CAN bus

12V Application, CAN Communication

MM9Z1_638
I
VSUP
VSENSE3
sEEisE Yehicle
VDDA LIN bus
PTB2 LIN |-l
PTB5
PTB1
VDDX
VSENSE1 PAD 4‘5:«1
VDD
VSENSED <D =
CAN
Interface
RxD J RX
ISENSEN PTB4 CANL CANH
ISENSEL =
GNDs
1 Vehicle
CAN bus

Multiple Cell Monitoring, CAN & LIN Communication,

COMPANY PUBLIC

22



NXP 14V BMS System Solution

=
>
(F8)
o~
—~
—
™
™
o
o

f (et
R4 RS3 R8O RE4

————
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48V BMS System

BATTERY PACK

System Outline

PCB Oufine

T

High Voltage Arsa
{48\ nominal)

Low Voltage &rea
{12V or 24V

43V(K40)

Cell Vaitage 14

Cel Voitage 13| _

e Cell Voltage 12

W POSTIVE CONTACTOR

)

Crash¥ILA0C

+EWE3 AN+ 3

12V(K30)

g
=
L L
Global CAM / Vehicle CAN
;ﬁﬁx\
o
=
- |
g /
(=

:
|
l

I
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

GND{K41)

g
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NXP 14V BMS System Solution

VAL A A

Sl Ciscoan = B

1 e e
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i

BEBPESE DS
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High Voltage BMS System Structure Trend

VCU VCU

Domain Controller

MCU2

CAN

I CAN VCU&BMU
MCU—MPC577X

CAN MCU1--MPC574X

-
—
=

pn

-
-
-

T

I&MIMIHI lg;
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Feature Set Comparison

Core, Clock

ASIL

FPU

DMA (ch)
FLASH

RAM

SPI

CAN-FD

Non CAN-FD
LIN/UART
Ethernet 100MBit/s
SENT

Zipwire

PSI5 channels

ADC unit x channels

Timer (eMIOS) / FlexPWM

eTPU

Security
Packaging

Ambient Temperature

Z4 LS, 200/180/150MHz

D
Yes
32+ 32
1/1.5/2/2.5MB
128/192/256/384KB
4
0
3
2
Yes (Only in 257)
4
1

4x SAR12bit. 64 ch total

2 FlexPWM,
3 eTimer, 18 ch total

No
No

LQFP 144 or MAPBGA 257

-40°C..125°C

Z4 L.S+Z4, 200/150MHz LS z7 + z7, 264/300MHz

D D
Yes Yes
64+ 64 64+ 64
2/3/4MB 8MB
128/192/256KB 512KB
40r5+2MSB 5
0 2
4 4
3or4+2MSB 5
Yes Yes
6 12
1 1
0 2

4x eQADC 12bit, 70 ch total,

4x SAR 12bit ADC, 3x SD 16bit ADC 4x SD, 20 ch total

2 eMIOS, 32 ch total 2 eMIOS modules, 32ch total

2x 64ch total 3x 96 ch total

No CSE

LQFP 144/176 or MAPBGA 252 416/516 MAPBGA

-40°C..125°C -40°C..125°C
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S32K14x and S32K11x Features

S32K116 S32K118 SRS [FERLLIES, S32K142 S32K144 S32K146 S32K148
SW&Tool

Cortex-MO+ @ 48MHz AEC-Q100 Cortex-M4F @ 112MHz

512KB Flash 1MB Flash 2MB Flash
64KB SRAM 128KB SRAM 256KB SRAM
up to 42 1/Os up to 58 I/Os Low Power up to 89 I/Os up to 128 I/Os up to 156 1/Os
. 2Xx FlexCAN 3x FlexCAN 3x FlexCAN 3x FlexCAN
¢ G T 45T =D s with 1x FD with 1x FD with 2x FD with 3x FD

QFN-32 LQFP-64 JTAG LQFP-64

128KB Flash 256KB Flash Security Module(CSEc) 256KB Flash

16KB SRAM 24KB SRAM ASIL-B compliant 32KB SRAM

LQFP-176

0
w
N
N
=
NN
X

LQFP-48 FlexTimer LQFP-100

SDK LQFP-48 Dev MAPBGA-100

NFC Stack LQFP-144
Autosar MCAL / OS ENET
S32 Design Studio Quad SPI
ETM Trace

SAl
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3. Key Part Introduce (FS65XX Safety

™ SN\

Abdantdd Power Management

* Buck/Boost Vpre from 2.7 to 36V

« 2.0A/ 6.5V Vpre capable

* FS65xx with Vcore 2.4MHz SMPS 0.8/1.5/2.2A
* FS450x with Vcore LDO 0.5A

» Configurable Vcore (external resistor bridge)

» Multiple LDO and Tracker

* Ultra Low Standby Current 30pA

System Solution

» Analog Multiplexer to sense multiple critical signal
» Small package size :49 mmz?

* Robust CAN PHY FD 2M

 Configurable 1/0s

* Long Duration Timer, Keep Alive memory supply

SCALABLE

Family concept

PROVEN
Designed at OEMs

VCORE DC/DC o
From
VPRE DC/DC
6.5V / 2.0A Buck
LV124 compliant

Boost Driver

Oor 1 CAN HSw FD2M

Oor 1LIN2.x,J2602-2

SAFE
Flexible Fail Silent

Independent Safety Monitoring

* Single Point Failure : UV/OV Monitoring Unit
 Latent Failure : ABIST & LBIST

* Common Cause Failure : Independent electrical
and physical fail safe circuitry and state machine

* Reset, Fail Safe pin to set system in predictive state
when system is failing.

» Configurable Fail Safe State, while allowing
system avalilibility, diagnostic and possible recovery.

*Optional Fail Silent operation

» Second Fail Safe pin to manage safe delay after
failure event

» Advanced SafeAsssure documentation to fit for
safety assessment

* BOM cost savings : No need for external MCU
challenger

* MCU & external IC Safety Monitoring

ROBUST
PASS 4200h HTOL

SIMPLIFIED

Tools & Documents

COMPANY PUBLIC | 29 4
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HV BMS System Semi-Distributed Structure--CAN

ﬁ\\

SN

=oEmom = R
CMU1

MC33771 E&C’C’ NS \|C33771 } MC33771 }
= o ™ § boocx ™ § bm MC33664

S32K144 [uomtatadih ettt

CAN2

CMU2

CAN1
CMU1
}&m S32K144
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CAN2

#2

CMU2

30

BMU
BMU

MPC574X




HV BMS System Semi-Distributed Structure

|

" aBasesis WesaesiN

T

-

HHTI

COMPANY PUBLIC

31



HV BMS System Semi-Distributed Structure--TPL

E i--N---R

MPC574X
S32K44

MPC574X
S32K44
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HV BMS System Semi-Distributed Structure

|

" aBasesis WesaesiN

T

-

HHTI
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High Voltage BMS System Distributed Structure

VCU Domain Controller

I CAN
BCU

MCU2

=
£
wewms

MCU1--MPC574X

-
-
==

T

=

—

g

=
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HV BMS System Structure Centralized Structure
Mczf;??l g \\cc‘:m:gg MC;???l S MSZ(;?(ZALX

MPC574X
S32K44

<
>
o
&
>
=
=
o3
=
=
S
b

I %

ragee
28202

33
18 NXP BV
33771CNTREVM
o S 2t e
i s
2 M8 000n 3 g10e

“EHantem
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BMS System Architecture

s i

' il

IHHIF 11 i

g fl

BOM COST

Wire Cost

Assembly Cost

Communication Robust

Accuracy

Bus-Bar Issue

Distributed System

Semi-Distributed System

HIGH/MEDIUM

MEDIUM

MEDIUM

MEDIUM

MEDIUM

Possible

Centralized System
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NXP MC33771/2 Battery Cell Controller Solution

Differentiating Points

Battery topology flexibility

» Scalable SW & HW compatible BMS solution
supporting 4 to 800+ cells per daisy chain

« MC33771B/C (7 to 14 cells) MC33772B/C
(3 to 6 cells) fully compatible

» Supporting centralized, distributed daisy
chain, distributed CAN

High integration level
» Synchronized on-chip current sensor
» Synchronized on-chip coulomb counter
 Integrated passive balancing (300 mA per ch)
 Integrated power regulator

Fast & robust communication

* 4.0 Mbps SPI or isolated 2.0 Mbps differential
communication with transformer

e < 546 us conversion time for all
measurements

* 3.6 ~4.1ms for sending command and read
back 96 cell 16-bit voltage data

High lifetime measurement accuracy

+ +0.8 mV total voltage measurement error
(after soldering & 1000 hrs HTOL aging)

+ +0.5% total stack voltage measurement
* * 0.5% accuracy integrated current sensor

Diagnosis and functional safety

supportlng ISO 26262 w/ single chip
Single chip ASIL C capable (easy ASIL D)
Sleep mode OV/UV and temperature monitor

> 40 integrated safety mechanisms detecting
internal and external faults

Automotive robustness
ESD, EMC; Hot Plug, AEC-Q 100
Temp range: -40°C to 105°C
Operational low-power mode

—
N

5 MC3377xB
h 7 Temperature

| — 3~14 Cell VSense

rg] 3~14 Cell Balancing jlﬂ:mmc?

i 3

Daisy Chain
Communication
3~210 cells

:

MC3377xB
7 Temperature

—N 3~14 Cell VSense

3~14 Cell Balancing
Current Sense oo MC33664
4

Battery Pack Controller
Low Voltage

SPI1 SPI12

MCU

L |

COMPANY PUBLIC | 38 4



Voltage Channels

Supply Vpwr Range (Max Transient)
Cell Terminal Input Voltage Range
Typical Measurement Errror

Max Total Measurement Error (TME)
for Cell Terminal Voltage
(After aging: MLS3 & 1000h HTOL)

HW Averaging for Cell Terminals
Functional Safety

Isolated communication Speed
Communication Isolation

Max Nodes per Daisy Chain

CRC Bit

Comms bit

Integrated Balancing

Balancing sleep mode

Deep sleep mode

GPIO / Analog measurement inputs
Current Channels

Coulomb counter

Package

What's New with MC33771C

6V..30V (4OV)
-0.3V to 5V
+ 0.8 mV
+3.9mV

Vpwr=6~30V, Vcell=1.5~4.3V

-40~60°C

no

Single-chip ASIL C
ASIL D Compliance

2 Mbps
Inductive
15
8
40
<300 mA
Yes
No

64-pin LQFP-EP

9.6V..61.6V (75V)
-0.3V to 5V
+ 0.8 mV
+3.9mV

Vpwr=9.6~61.6V, Vcell=1.5~4.3V

-40~60°C

no

Single-chip ASIL C
ASIL D Compliance

2 Mbps
Inductive
15
8
40
<300 mA
Yes
No

64-pin LQFP-EP

9.6V..61.6V (75V)
-0.3Vto 5V
+ 0.8 mV
+3.9mV

Vpwr=9.6~61.6V, Vcell=1.5~4.3V

-40~60°C
yes

Single-chip ASIL C
ASIL D Compliance

2 Mbps

Inductive, Capacitive

63
8
48
<300 mA
Yes
No

64-pin LQFP-EP

COMPFANY FPUBLIC SY
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MC3377x Battery Cell Controller Part Numbering

Functionality & Communication

Product status: . . . Temperature
MC: General Market Qualified, Precise differential cell P Communication
MC or PC or SC smmmmii=Te} Prototype Part Number voltage measurement Cell Current Couloumb
: Balancing Channel counter
Measurement OT/UT

SC: Custom Qualified Half Duplex
CTx Cell OVIUV Differential
J v

33 —— Market: 32: Consumer,
33 : Auto, 34: Industrial MC3377xBT"y J J J J J J J
Series/Family
(incl. generation) MC3377xBSFy J J J J J J J J NO
m Product MC3377xBTAy J J J J J NO NO J J
Version MC3377xBSAy J J J J NO NO J NO
Communication: MC3377xBTBy J J NO NO NO NO NO J J
NGBS — T: Isolated Transformer
S: SPI MC3377xBSBy J J NO NO NO NO NO J NO
P,A,BorC Functionality
- (See table) MC33772BTCy NO NO J J NO J J J J
0.2 Option #2: - : :
Number of channels/cells Number of precise differential cell voltage measurement channel
E Package Suffix
X=2
E Tape and Reel 0
Indicator 6
4
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What's New with MC33771C

« 96V <Voyg <616V operation, 75V transient

* 7 1o 14 cells management

Isolated 2.0 Mbps differential communication or 4.0 Mbps SPI

+ Addressable on initialization

-lEi—directional transceiver to support up to 63 nodes in daisy chain ]
+{0.8 mV maximum total voltage measurement error

+ Synchronized cell voltage/current measurement with coulomb count
Averaging of cell voltage measurements
« Total stack voltage measurement

« Seven GPIO/temperature sensor inputs
« 5.0V at 5.0 mA reference supply output
+ Automatic over/undervoltage and temperature detection routable to fault pin
-[Integrated sleep mode over/undervoltage and temperature monitoring ]
{Onboard 300 mA passive cell balancing with diagnostics

* Hot plug capable

» Detection of internal and external faults, as open lines, shorts, and leakages

+Designed to support ISO 26262_up to ASIL D safety system,
* Qualified in compliance with AECQ-100

14 cell

voltage
measune

current
measure |

WPWR1

WPWH2

CT14

| —

| S|

CB14
]

CB14:43 C

CT13

| — |

]

battery reference GNDREF

GNDFLG

1
ISENSE+

ISEMNSE-

o—y—1 1

MC33771C

Figure 1. Simplified application diagram, SPI use case

COMPANY PUBLIC | 41

reference

RDTX_OUT+
[RDT*_oUT- VCOM
VCOM I
CGND T atteny
VANA " | reference
AGND -
DGND | pateny
| FaULT
DA EEPROM
SCL (OPTIONAL)
SPI_COM EN _ ——
FAULT crioy | mcu
RESET GPIOX
CSB csB
S0 MISO
SURDTX_IN+ MOSI
SCLK/RDTY_IN- SCLK
cpioo0 VCOM
| GPIO1 | ﬁ
GPio2 |
GPIO3 | _
i

GPIO4 |
| GPIOS !
GPIOs |

battery

aaa-034554




BJB (Battery Junction BOX) Solution

.

Current Measurement,

Voltage Measurement

Leakage Measurement
Contactor Monitor

CAN/TPL CAN [ CAN/TPL CAN/TPL TF’L
CMU 1 MCU CMU 1 CMU 1
MC33772
| | | MM9Z1638
CMU 2 CMU 2 CMU 2
AMP&ADC l
I |
CMU 3 CMU 3 CMU 3 Current Measurement,
Current Measurement, Voltage Measurement
| Voltage Measurement | | Leakage Measyrement
Leakage Measurement CM U Contactor Monitor
CMU n Contactor Monitor CMU n n
BJB
BJB
\ ¥ 4
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BJB Solution

VCU&BMU

[ CAN/TPL CAN/TPL
CMU 1
MC33772 |
\ MMOZ1638 E-Switch
CMU 2
CMU 3 Contactors
CMU n PDU
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NXP E-Switch Product and Feature

Vertical Power Stage

SMARTMQOS™ O IS
* Planar HDTMOS and TrenchFet
o~ LFET
a ﬁl’F'\*I{tzE'ﬁ « 45V & 65V BV
* iR (175°C) O Protection in the power stage
. Jip’ﬁ, \  JBERE
. E!,i;EJ,EEEEJi}E/T\E « BB
- Rk e « BBIERREEN(Gend
- BRI Tl IRRIRGend)
o 3N ER R ‘ =, § N
o R RS M BRI AN A
Q spPIiEO LLLLELLLAAAL Power Package
. Tiﬁ%%ﬂ%ﬂﬁ#ﬁﬁ
« FIEHE
el O PQFN low cost power package
. %}%%ﬂ” wE{E . « 0.5 mm thick lead frame
. * Die soldered attached
- AEPWMELR

« Rthj-c < 0.5°C/W

0 SOICeP32 and 54
* Designed for high
power
* Large al wire capability
* Pb-free compliancy
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NXP E-Switch Product and Feature

Diagnostic type Event

Open load On state
Open load Off state
Open load LED

e

Channel level

SPI diagnostic Over temperature warning

Output short to Vpwr

I/O status _

Clock failure

Device level
Supply voltage sense

Analog diagnostic Temperature sense

AN NI Y N N N N NN

Channel level
Output current sense
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NXP E-Switch Product and Feature

Protection against Failure type Protection type
v' Ground loss Turn off B
v' Rev batt Turn on
v' Overvoltage Latch off — Device level
v' Undervoltage Latch off
Device/application failure v" Charge pump failure Latch off —
v' Overcurrent Latch off / Current limitation h
v' Overload Latch off
. — Channel level
v' Severe short circuit Latch off
v' Over temperature Latch off
v" Watchdog timeout Fail safe mode ]
v" Watchdog toggle error Fail safe mode .
Communication issues _ — Device level
v' SPI error Fail safe mode
v' VDD failure Fail safe mode ;
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NXP E-Switch Product and Feature

5V Regulator

VEBAT RIGHT:

|
]

. . =
VEAT Voo = T Trooe
\L\ wes ao |l — T T | g VGG VBAT gm
e U L e can ouT1 - P -
BCLK LE— soLs T Parking Light
s = ",
WEE Main MCU = [ N, S ouTz P )
veE CGEZ!BITIP RET e Pt et P— 2T Flaskar
L TLK o, W W, T, T, ) E— T ouTa = \_,-\_g
et A
At - LAY » —cams l\ - l
TRIG o I U S A A R e e P g
Aoz L N, N N, A I I U S P i Fog Light
GND ADI k S — O S W I Ny S ouTs i‘\*'
L oo o Wy W 8 oo e ——— Nz i e
Rl " - = r"\ IS O SN B T VY ours |—A AN — = WEAT
L]
— P P P P P e P P N2 Smart P r I\ cpam A
-
i "]
e
L PP P P P P P P
L PP P P T T Pt Tt T T Tt Tt T
L cang GND
AT STt T T Tt T it T N4 END Smart Power -
T P P P S T I — Nz I wEAT OUT __I._-‘hf T Q@
all L — T, R W W, W, T, IR (Y I\
High B
o=~ — T P— P T P P P P————{ i1 cuTs
Ton
PP e e P P P P P P Lar i\ .
g Light
Ty pe— Wy W Wy W Ty =4 L= ouTS h
Ton @
oy iy I S,
cans I\ Law Dearr’
I S N I P, I N (P ouT3 e
T
L P P mam
[EET T S — Flasher
- I W, Iy N, | R - ouT2 = o
AN g
o 1 At Tt T 2oLk .
= o
Watchdog sz [—A AN ] = ' i; i || e
T
s | —AAN, Sl -
r — M woo weaT OF l\ e,
GHND el —.‘:'\-M
IMT
-
T o .

VBAT LEFT
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NXP E-Switch Product and Feature

12V Automotive
MC33981ABHFK 1x 4mQ 1 6-27 40 40 75 60kHz 16-pin PQFN - - WRRZRIZKER
MC12XS2 MC33982CHFK 1x 2mQ 1 6-27 60 41 120 1kHz 16-pin PQFN RG22 E
MC33984CHFK 2x 4mQ 2 6-27 30 21 80 1kHz 16-pin PQFN y v RiG22E
MC33988CHFK 2x 8mQ 2 6-27 30 10.5 40 1kHz 16-pin PQFN R eeE
MCO7XS3200EK 2x 7mQ 2 6-20 6 21 89.9 800Hz 32-pin SOICEP - BCM
MC10XS3425EK 2x 10mQ,2x 25mQ 4 6-20 6 19.2 9.2 77.638.8 | 800Hz 32-pin SOICEP - BCM
MC10XS3412DHFK  |2x 10mQ,2x 12mQ 4 6-20 6 18.9 78 1kHz 24-pin PQFN BCM
MC12XS3 ‘MClOXS3435DHFK 2x10mQ,2x35mQ | 4 __ 620 6 18.9 9.4 7839.5_ 1kHz _ | _24-pin POFN I = _BCM _
{MC15XS3400DHFK  |4x 15mQ 4 6-20 6 18.9 78 1kHz 24-pin PQFN v BCM/BMS
MC35XS3400DHFK  [4x 35mQ 4 6-20 6 9.4 39.5 1kHz 24-pin PQFN BCM/BMS
MEOIRE34boAFK * [ZXomQ™™ " ™= [ =Z "™ BHO" " |™ " T " |T " TTe" "T "goA BOOHZ T 24-pMPQFEN™T " ™™ - ™ " BCwm*"
MC10XS3535HFK 3x 10mQ,2x 35mQ 5 6-20 5.5 2.8 17.6/12.15.7 63.2 28 400Hz 24-pin PQFN BCM
MC12XS3 |MC35XS3500HFK 5x 35mQ 5 6-20 2.8 5.7 28 400Hz 24-pin PQFN v v BCM
MCO6XS3517AFK 3x 6mQ, 2x 17mQ 5 6-20 55 2.8 179 96 48 400Hz 24-pin PQFN BCM
MCQ7XS6517BEK 3x7mQ, 2x17mQ__ | 5 7-18 1155 L 17ess8 | 10042 | 400Hz | 54-pinSOICEP | __ — BCM
4 MC17XS6500BEK 5x 17mQ 5 7-18 5.5 8.8 42 400Hz 32-pin SOICEP BCM/BMS
MC40XS6500EK 5x 40mQ 5 7-18 3.9 6.4 28 400Hz 32-pin SOICEP BCM/BMS
MEodRB6421ER " [Xemr2x2Tm8™ [ ™2 "™ 748" " |™ "1"B5 " "7 "17%88 ™T %e 70 TOOoHZ T 32pin SOICERT " ™™ - ™ " BCm "
MC12XS6 |MC17XS6400EK 4x 17mQ 4 7-18 5.5 8.8 42 400Hz 32-pin SOICEP v v BCM
MC25XS6300EK 3x 25mQ 3 7-18 45 8.3 31 400Hz 32-pin SOICEP BCM
MC10XS6325EK 2x 10mQ, 1x 25mQ 3 7-18 9 45 16 8.3 76 31 400Hz 32-pin SOICEP BCM
MC10XS6200EK 2x 10mQ 2 7-18 9 16 76 400Hz 32-pin SOICEP BCM
MC10XS6225EK 1x 10mQ, 1x 25mQ 2 7-18 9 45 16 8.3 76 31 400Hz 32-pin SOICEP BCM
24V Automotive
fMcoexsazooBFK  [2xemo | 2 [ 83 | 9 S 15 90 | 1kHz | 24-pin PQFN S BCM/BMS/Motor
‘MClOXS4ZOOBFK 2x 10mQ 2 8-36 6 9 55 1kHz 24-pin PQFN v v BCM/BMS/Motor
MC24XS4 HMC20XS4200BFK 2x 20mQ 2 8-36 3 45 27.5 1kHz 24-pin PQFN BCM/BMS/Motor
IMC22XS4200BEK 2x 22mQ 2 8-36 3 4.3 26.4 1kHz 32-pin SOICEP J J BCM/BMS/Motor
WCSOXS4ZOOBEK 2x 50mQ 2 8-36 1.2 1.7 10.3 1kHz 32-pin SOICEP BCM/BMS/Motor 4
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NXP BJB Solution (MM9Z1-638)

System Outline

I Charger Relay D

~——

FC+/SC+

—

Pre-charge SC/FC

Load

A Main_Pos B PDU_FUSE C
) | . N LINK+
| 1 ] |
| Pre-charge |
. . Pre-charge R
Pack+ Insulation detection | E A A % FUSE_DETECTION |
MMO9Z1_638
510K*4
PTB 3 1206
ADC_1 VBAT_12V
PTB_1~-3 3.3K
ADC_2 Extenal HV sense
PTB_1
T
CELL_N = 1
l |
° | VSENSE_2 VDDA
° | REG DC/DC
| VBAT 12V VSUP_12V, ’]
— = VSuP VDDA
< o v : B —
g L
g | Regulator VDDH —
|
GND 45V VCC_CAN
= ! AGND/DGND VDDX
(7] |
= H ;
= T )
mCEESE 2 BMS Divider Ratio 1X | CAN H cl:J
foe] l —
— MSD_detection_optional i CAN_L
L = | _MsD_detection optional _ Al oo CAN Driver x ! N z
VSENSE_0~1 (6]
MSD oo onal 1
e e e — — ] _MsD_detection_optional - _ - _f/sense1 TJIA1052i
[———————l G LIN PHY
ELL_N/2-1
| || | CELN T ISENSEH
b VVV T
£
| | NTC = Current PTB_4,5,0
S
| | Shunt p g Sense External HV/Temp sense VSUP_12V
ISENSEL PTB 4 PTB 5 VSENSE3
Pack- Insulation detection > —
VDDA 33K
3.3K
— LINK-
| S -
[ Main_Neg E
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NXP BJB Block(MC3377

il et e hl
| PDU |
System Outline | Charger_Pos Relay | FC+/SC+
. —] D |
T I I
| |
| |
| |
Pack+ Insulation detection |
: A ﬁ B PDU_FUSE C | LINK+
— ° .
| | S |
K1 | Pre-charge Pre-charge R |
—— @ | |
K2 ||
| —L ¢
LV Connector
ADC_1 e — VPWR —— — 7
VPWR ‘ ‘
| OPTO3-MO! +12V from BMU
cT.6 lé 1 |
Transformer
. Optional Diode
I 510K*4 (SDV\TGVS?U = PowerSBC ‘ CAN_H ‘
CcT5 1206 FS4503 ‘ ‘
° (ASIL D) CAN_L
° T VCORE |
° CT 4 = GND from BMU ‘
o cpioo[f— +10v L
o ors N=1:1
(] Transformer
| (S[:\;évs%rl) VCCA SPI_2 VCORE
GPIOL T
I cT.2
Pack- Insulation detection 10V L
AFE =
ot MC33772 VCoM VCCA
ADC 2 P02 [fF—— T T
K3 T (ASIL D) SPI SPI1
R spi [ 1S07341 -
G a
K4 reseT[} RESET J_ T
»{]ISENSEH VEWR - VCeA K GPIO_0-3
El GPIO4 McuU
e 2 vcom vcom S32K144/142/118
3
NTC | S [< OPTO1-3 (ASIL B)
»{JISENSEL
VCoM
33K 33K
apios [}
33K 33K
HV Connector
e
| A —; {erios OPTO1-MOS OPTO2-MOS|
| B I
| C | — LINK- t—fFcusc-
D
\ E S —
r LINK-
| F ‘ H | | | I
| ! e '
H | | Vain_Neg E |
| FC-/ISC-
L ] | — \
| I
| Charger_Neg Relay F :
|
PDU |
I L e - = ___ -
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NXP BJB Solution (MM9Z21638)

|
| = | EC+/SC+
I 1 I |
I Pre-charge SC/FC |
R S iy y vt |
A T Main_Pos B PDU_FUSE C I
o | . . < ' LINK+
~— I ” o
: Pre-charge Pre-charge R FUSE_DETECTION :
| |
=
CELL_N =|__
[}
[ J
L
VBAT_12V
I D :
GND
CELL_NI2
! CAN H
_I_ F CAN_L

CA oad

N
100uohm el j L
— LINK-
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NXP BJB Solution (MC33772)

r— ——

LINK-

_— - e —

FC-/SC-

I———__——____——___l
Charger_Pos Rela
g — y D | FC+/SC+
SYSTEM I e | T I
OUTLINE I
I Main_Pos
A — B C | LINK+
| i O\ 0O - >
PDU_FUSE I
I Pre-charge Pre-charge R
| Cell Monitor I I
: Cell Monitor | I
| Cell Monitor I I I
X
V Connector
| Cell Monitor : 2 I I I — e
o
) ° || |, +5V/+12V from BMU
BMU | CMU Cell Monitor o |<T:I I <1
| Cell Monitor : m Optional Diode, : CAN_H
S I T canL
| Cell Monitor I |
1 | " GND from BMU
. L]
| | Cell Monitor | | I I Report Fault to BMU
| Cell Monitor — I —_— e

I PUD/BDU I

—_———d
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NXP BMS System Solution Supplier

Solutions

MCU
Master/salve

AFE

SBC

Isolated
Comm

CAN

(isolated)

ESD
for CAN

E-switch

GA & Logic

CAN based - functional safety
ASIL-C/D, <= 3xCAN

CAN based — functional safety
ASIL-C/D, > 3xCAN

CAN based - functional safety
<= ASIL-B, <= 3xCAN

CAN based - functional safety
<= ASIL-B, > 3xCAN, high end

CAN based - functional safety
<= ASIL-B, > 3xCAN, low/mid
end

MPC574xP/
KEA

MPC574xR/
KEA

S32K144/
KEA

MPC574xB/C/D/G/
KEA

MPC560xB/C/
KEA

MC33771/
MC33772

MC33771/
MC33772

MC33771/
MC33772

MC33771/
MC33772

MC33771/
MC33772

MC33FS6
5xx/
MC3390x

MC33FS6
5xx/
MC3390x

MC33FS4
5xx/
MC3390x

MC33FS4
5xx/
MC3390x

MC33FS4
5xx/
MC3390x

MC33664

MC33664

MC33664

MC33664

MC33664

TJIA1057T/
TJIA1052I

Low power:
TJA1044T,
TJA1043T

PESD1CAN

PESD1CAN

PESD1CAN

PESD1CAN

PESD1CAN

MC15XS3400/
MC35XS3400
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PCF8563T

PCF8563T

PCF8563T

PCF8563T

PCF8563T

GA:
PMEG3020EH
PMEG10020ELR
PMEG4020EP
PMEG6020ETP
BZX384-C30
BAS716
PBSS5350Z

Logic:
74HC595-Q100
74HC4051-Q100



What NXP Can Supply

R
Bl [ e “._LA_%:
e sj ‘» i FFE’%M *
'::: e . S ‘;H"M.‘\ iy :;;(m
s—st;s;(:{:* - =R el Lo
mes= 2
Sy S PEE
£ e b
L =]
e
ﬁ £
Jwitch (PS_k)
{case 1:

TFG[I.] = new PS_punkt(PS_xp, ps Yo):
i TFG[l].PS_FomatquG(PS_Kolnr, s s;,mnu "
void PS_stary;Click(objectisender, Eventirgse) -
TFG[1].PS_uykresl();
int PS_N; break;
if (caséng:Iesgemmiepty(Ps_ti:zb:eoswa.um(ps_mmm, v‘s_vml
TFG[1] = new PS_o\grag(?S_Xp, Pf_\q;,s [ ﬁan::hn")s.
PS err‘orTEGt&r}vESLPGQInatu]FG(PSQKolor,J?S;W 5 Pos

RD33771CDSTEVB

; )5
TFG[1] .ps_wykres1();

J
peturn;
break;

i
@
o
%
z
>
5
&
©

2

adrat(PS_xp’Ps'v?;mm, 7.6

jro(ps Yolors P5-
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What NXP Can Supply
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