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Battery Management System Measures Cell Voltage, Current & Temperature

To Contactors
———p

Contactor

Driver
——p
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BMS MARKET




Types of ePowertrain Systems

Plugin Hybrid  Full Electric

40 to 80 kW >80 kW
> 300V > 400-800V

Plugin Plugin
Capability Capability

Full Hybrid
15to 60 kW
. : 100 to 300V
Mild Hybrid
Micro Hybrid 10 to 20 kW
48 to 100V
4to 10 kW
12 to 48V
2 to 4kW / 12V Regenerative
Braking Regenerative Regenerative Regenerative
- - — — -
Conventional Conventional
ICE ICE Downsized ICE Downsized ICE Downsized ICE

Electrical Assistance & Energy Mgt. Electrical Drive Capability
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CO, & CAFE Standards Drive BMS Market Growth

- Car electrification megatrend

- Mandates for CO2 emission
reduction & fuel efficiency

- Diesel not clean & viable for CO2
reduction

- Market growth

- BCC for power train electrification
and renewable energy

- 14V BCC as Li-lon replaces lead
acid

- 12V Lead acid battery sensor as
start/stop function adoption

- Key market sub-segments
- Battery sensors: for 12 V Lead-Acid

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

Legislation & Commitments EU US CAFE Japan China Korea
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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
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Global Demand by Powertrain Type

120000
° Rapld adoptlon Of Start/StOp Source: Strategy Analytics (2016)
Systems
. 100000
- Mostly 12V lead-acid today
- 48V & 14V Li-lon next gen
80000
- Lower cost step for small car =
segments 5
- PHEV, Plug-In EV g .
- ICE used to charge smaller battery :
(series hybrid config) 40000
= Electric drive train with battery sized
for 50 miles in EV mode. 20000
- Full EV
- Used in small car and performance )
2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
Car Segments Natural Gas 844 929 1021 1123 1236 1359 1495 1645 1809 1990
_ Wldel’ adoptlon expected aS LI_Ion I Diesel 16230 | 16870 | 16744 17473 | 17962 | 18543 18934 | 19465 | 20061 @ 20594
. .y . m Flex-Fuel 4272 3690 3436 3531 3674 3795 3886 4010 4087 4142
Ce” COSt and re“ablllty Improve Over = Gasoline 63340 63927 65712 64970 65677 66711 66920 66937 66536 ‘_629_28__.
t|me_ s Electrified 2728 | 3368 | 4486 5741 | 7879 | 10047 11893 | 13920 15932: 17627 ‘.
—Electrif.+Stop-Start| 21911 | 28401 | 34174 39544 | 46283 | 53601 @ 60127 | 66704 72889: 78071 :
wr
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XEV Forecast S—

Source: Strategy Analytics (2016}
18000 -

Does not include
vehicles with Start / Stop 16000 -
SyStem. 14000 -

6000 -
4000
) I I

2014 2015 2016 2017 2018 2019 2020

8
8

Production [k Units)
g 8
g8 g

L=

=]

'mPure EV ' ' 1392 | 1671 | C 2121 2336
'WPluginHybrid 146 | 353 | 702 1163 | 1796 = 2555 3226 = 4006 | 4738 | 5325
'wFullHybrid | 1850 | 2008 | 2443 | 2598 | 2859 | 3001 | 2998 = 3118 | 3254 @ 3410
‘WMildHybrid |~ 474 = 619 | B2 | 1276 | 2178 | 3099 3997 4910 = 5819 | 6557
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LITHIUM-ION BATTERY OVERVIEW




Li-lon Battery Examples
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Lithium-lon Batteries Performance

- Common rechargeable batteries
- Lead-acid
-NiCd
- NiMH
- Li-ion

- Li-ion offers best general
performance

- Rapidly growing volume of Li-ion:

- Significant drop in cell cost
(10~14% per year till 2020)

(JP Morgan & Morgan Stanley, June 2016)

- Significant improvement in product
maturity

Calendar Life

Toxicity

Coulombic
Efficiency

PUBLIC
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Lithium-lon Cell Chemistries

] 280
Chemistry Symbol Nominal Full _ Full
voltage charge discharge
240
LCO  Lithium Cobalt Oxide  LiCoC, 3.6V 4.2V 3.0V
o 200
LMo  LithiumManganese ), o 37V 42V 3.0V
Oxide
o 160
=
LFP Lithium Iron Phosphate LiFePo, 3.3V 3.65V 2.5V é
120
Nca  Lithium Nickel Cobalt ) iimoni0,  36v 42v 3.0V
Aluminum Oxide 80
nmc  Lithium Nickel LiINiIMNCoO, 3.6V 4.2v+ 3.0V
Manganese 40-
LTO Lithium Titanate Li,TiO,4 2.4V 2.85V 1.8V O.EI

Lead Acid NiCd NiMH LTO LFP LMO NMC LCO NCA

http://batteryuniversity.com/learn/article/types_of _lithium_ion
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Open Circuit Voltage vs State of Charge

SOC accuracy depends on voltage measurement accuracy

NMC

10 20 30 40 50 60 70 80 90 100
SOC (%)

1V = 80% SOC!
(12,5mV/1% SOC)

LFP

3.60
3.50
3.40
3.30

$320..

0 3.10

0

? 3.00
2.90
2.80
2.70
2.60

—e—charge
—e—discharge

0O 10 20 30 40 50 60 70 80 90 100
OCV (%)

140mV = 80%
SOC!
(1,75mV/1% SOC)
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SOC Estimation

Qlnitial State of Charge estimation is necessary and needs to be accurate
QThen current is integrated by using the Coulomb counting function

70

60 - o
+0,25 % Offset
| j y Egi & AN N
i P | i . \.h\._.;vnr ,.I""V'r V‘l“N Wy ¥ True SOC
\M./* W\,{\\.{l:r -0,25 % Offset
50

-1 % Offset

S0C/%
o
wn

40

0 200 400 600 800 1000 1200 1400
tis

— SOC accuracy depends on measurement accuracy of both current and voltage

P
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SOH Estimation

Q State of Health = SOH
Q Internal cell resistance is one of the many factors used to determine SOH

a SOH measurement requires a good synchronization of current and voltage measurements (typ
100us)

100% - L moderate decreasing >:( descend sharply )I
RL ~ bl SC AT ; i ;
SOH (R ) 100 = e Failure Threshold g i'L, ; i
0 = ' !
S 60% -
=
S
0 -
2 0% —CellA —Cell B
= —CellC  —CellD
20% -
00/0 T T T T T
0 200 400 600 800 1000
Cycle Number

y
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Cell Capacity / Charging Mismatch

QaSlight mismatch in capacity during manufacturing, additional mismatch during
lifetime

QThis results in wasted capacity during both charge and discharge

L. : ,
QCell balancing is used to equalize SOC’s Passive Cell Balancing

ML =
il BRLLL =

1 2 3
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Lithium-lon Battery Safety

O Battery over-voltage (OV): secondary chemical reactions triggered: battery overheating, smoke
emission, inflaming or explosion are very likely. OV typically close to 4V.

dThermal runaway (OT): can start a positive temperature feedback mechanism, with the same
consequences as an OV. OT typically close to 60 °C.

O Battery under-voltage (UV): results in progressive breakdown of the electrodes substances.
With LFP cells this may happen over a few cycles. UV typically close to 2V.

Q Battery over-current (OC): may result in the melting of the battery contactors. Major safety
Issue: impossibility to open the contactors and inability to drive the system to the disabled safe
state.

d Battery under-temperature (UT): loss of robustness of the contactors, reduction of the battery
capability to provide current, dendrites. Need to limit current to avoid damage.

— Need to comply with stringent Safety standards (1ISO26262 for Automotive)
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Main Functions of BMS systems

Cell Voltage (V)

Guarantee Safety

/ .
o& P
r —— ne
o 75 : 5t : i ‘ 90
Capacity (Ah)
Danger:

* Over voltage

» Extra heat

+ Unstable chemical stage

* Thermal runaway=>fire/explosion
* Low temperature charge

V/IIT measurement
OV/UV/OT/UT detection

Guarantee Performance

Residual Lithium-ion Discharge Mode! |
(unusable)
Capacity /

o Discharge
C-Rate

(8]

Temperature ‘C

Requirements:

+ Safe & fast charging

» Discharge optimization

State of charge (SOC) estimation
State of health (SOH) estimation

V/I/IT measurement
Coulomb counting
Internal resistance calculation

Guarantee Multi-cell Function

Under Voltage Limit

Challenges:

» Up to hundreds of cells
« Manufacture mismatch
« Capacity degradation
 Lifetime degradation

Cell balancing
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NXP's BMS PORTFOLIO




NXP BMS Targeted Systems

Rechargeable Batteries

l Highest Growth

Automotive

|
| Single Cell Li-lon 3.6V I
battery charger IC |
(see Power
| Management portfolio) [

Robotic Smart Grid Replacement HEV/PHEV/EV
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NXP’s Scalable Battery Management Portfolio

Addresses all Battery Management Applications — Maximizes HW/SW reuse

Battery Cell Controller

Battery Cell Controller (n x MC3377x)
(MC33771)
Battery Cell Controller Tax e
(MC33772) Vv _ : 1
1x] - x| == CO, -100%
Intelligent Battery Sensor 7XT I o
(lBS) 6xV ‘_45 M S E 1A,
x| © FClB
4T | 2 fpuy c 2 3 o | — '\CA ‘;’
IxV MR S ' ul c
1xI |BCHE B
IxT pusy C
(Eﬁfp:ﬁn?t\momttd)
3 T-‘z" 1 J | T v | 12v LM
- - - e - . .
Start-Stop

Advanced Start-Stop

12V Pb Battery 14V Li-ion Battery

48V Mild Hybrid

EV/PHEV
48V Li-ion Battery

High Voltage Li-ion Battery
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MC33771B - 7 to 14 Cells Li-ion Batmrv“(‘nll Cnntrnller

Single chip 48 V battery control scalable to > 1000 V
ASIL-C functional safety compliant

300 mA cell balancing transistors and 0.5% current sensors
Isolated 2 Mbps differential communication or 4.0 Mbps SPI
>2.5x higher transformer coupled daisy chain isolation (3750
V)

Synchronized cell I/V measurement with coulomb counter

2 mV voltage measurement accuracy

65us one shot synchronized cell impedance determination
Fast data acquisition: 3.6 ms for 96 cells, 4.5 ms for 112 cells
Functional verification & diagnostics supporting 1SO26262
Automotive robustness: ESD, EMC, Hot plug, AEC Q-100

Product Features

9.6 V < VPWR = 61.6 V operation, 70V transient

7 to 14x differential cell voltage + stack voltage measurement
7x ADC + GPIO + temperature sensor Inputs

Low power modes

64 pin QFP package

Low-level drivers to simplify SW development

48 V and High Voltage EV battery system
Energy storage systems (ESS)
Uninterrupted power supply (UPS)
E-bikes, E-scooters

14 Cel
Voltage

Measurs

14 Cell
Voltage
Measure

Current
Measure

WPWR1
WVPWR2

{ cT14
+ Lo e

CB14:13 C
P::\; : cTi3

1
1
1
1
1
1
1
| PO A
+ cB2:1 C

CTni
i
CBn

T Cfﬁi CBl
L CTREF

4 GNDREF

.L GNDFLG

r ISENSE+
b isense-

MC33771

SPI_COM_EN

SCLE/RDTX _IN-

ROTH _OUT:
ROTY_OUT-

WICOM

CGND
VANA

AGND

DGND

FAULT]
DA
SCL
S0
csB

RESET
SI/RDTX _IN4

GPIDO
GPioL | §
crio2 | !
GPio3 [
GPIOg | §
GFIOS
GPIDS

WPWERL
WPWR2

T
I__q
o —
I AV

CT14

814
CB14:13 €

CcT13

CBn |

CT1

CB2:1 C
81
CTREF

GNDREF

g— GNDFLG

* ISENSE+

L
1w

MC33771

SPI_COM_EN

SCLK/RDTX _IN-

ROTX _OUT+
ROTH_OUT-

WICOM

CGND
VANA
AGND
DGND
FAULT
SDA
sa
S0
CsB

RESET
SI/RDTH _IN+]

GPIOO
GPIO1
crio2 | £
GPIO3 |
GPIO4
GPIOS
GPIOS
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MC33772 - 31to 6 Cells Li-lon Battery Cell Controller

Operating Voltage:
- 5V <=sV,,k <30V Operation, 42 V Transient

(for SPI communication)
- TV =Vpyg S30V Operation, 42 V Transient o MCSS?H?MEE T
(for TPL communication) o ROTY_OUT-
4.0 Mbps SPI or Isolated 2 Mbps Differential Communication -~ AMA—] cT8 VCOM 4
3 to 6 Cells Voltage Measurement Channels + I—fvvy cB6 caND T 0 sy
Total Stack Voltage Measurement + l ?:'S‘C VPRE :’ Reference
Current sensor with +0.5% accuracy from mA to kA I ‘:::; Bassery
Coulomb Counter (in low-power mode as well) 6 Cell : CTn | BaND Aeference
. ni FALLf—
7 x ADC/GPIO/Temperature sensor inputs ;"“EE' | e SDA . MCU
5.0 V@ 5mA Reference Supply Output l o1 SFI_mMF:[EHﬁII_O VPRE
Integrated Sleep Mode Over/Under Voltage & Temperature + T cBa1 c GEF ﬁ
Monitoring a1 FIEESI:‘.!' GPIOx
I Yy C58
Over/Under Voltage, Over/Under Temperature Fault Verification e T . AMNN—] CTREF 50 MISO
Onboard Passive Cell Balancing with Diagnostics and balancing f ISENSE+ SCSL':;‘F;';:‘I—"I“: ’:'CDLE'
timers Current - VCOM
H H Ieasure GPIOD | 2
Open Cell Terminal Detection -[_ GPloL | §
. . ISEMSE- GPioz | §
Internal Diagnostics GPIO3
Hot Plug Capable ,& — :5 e ek
H Refarence GPIOS
Operational Low Power Mode Barsery
48'LEAD LQFP'EP Reference

Temp range: -40°C to 125°C
AEC-Q100 Automotive Qualified
EMC/ESD Robustness
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MC33664ATL Transformer Physical Layer

Features:

* 2Mpbs Isolated Network Communication Rate
» Dual SPI Architecture for Message Confirmation

* Robust Conducted and Radiated Immunity with Wake-up

+ 3.3V and 5.0V 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

McCu

INT

SCLK_D
GPIO
MOSI_0

SCLK_1
GPIO
MISO

GFI10

33664TL

33V/50V

nH

Yvyy

VIO

INTB

SCLK TX
CSB TX
DATA TX

SCLK_RX
CSB RX
DATA RX

EN

AGND

RDTX+

ROTX;

VCC5h 4
—2

50V

1:1

T1

NC
GND

DGND

VCCS
VIO VIO, POR
AGND
DGND BG, IBIAS, V2.5
GNDS
GNDT
: ,
INTB 6.0 MHz
h -
| ) Oscillator
ENL | PLL Differential
Transmitter
T {1 rRDTX+
5 Sine Wave 25
cseTxT —»  Generator f ‘I >$' !
) g L=
SCLK_TXE ; £ 1RDTX-
LOGIC Control
Enable |
DATATX[]TE;
Differential
Receiver with
wakeup
Phase
csB Rx [ :]_ b Comparator & 24
T Digital Filter L]
SCLK_RX I::I—{l :]—
DATA_RX []%:]—
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Products Overview - Battery Cell Controller | Isolated
Communication

.

Premium Advanced Basic Current Half Duplex
Differential PHY

MC3377xySP (SPI comm; MC3377xySA (SPI commg MC3377xySE (SFI comm;
MC33772yTC (TPL comm) MC33664ATL1

MC3377xyTP (TPL comm MC3377xyTA (TPL comm MC3377xyTE2 (TPL comm

measurement

Temp measurement,
‘O/U temperature

Functional verification &
diagnostics -

‘Communication:

Package:
481d LQFP EP
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Battery Cell Controllers: Part Numbering

Functionality & Communication

Precise differential cell
Product status: .
MC: General Market Qualified voltage measurement Temperature Communication
\Y/[@300) 0 21006]7's{®—— PC: Prototype Half Duplex
P/N CTx Cell OV/UV [Measurement| OT/UT differential
X X X

SC: Custom Qualified

Market: 32: Consumer, MC3377xyT" X X X X X X
33 : Auto, 34: Industrial MC3377xySP X X X X X X X X NO
Series/Family MC3377xyTA X X X X X NO NO X X
(incl. generation) MC3377xySA X X X X X NO NO X NO
m Product MC3377xyTB X X NO NO NO NO NO X X
MC3377xySB X X NO NO NO NO NO X NO
Version MC33772yTC NO NO X X NO X X X X
Communication:
TorS < Sowted Transformer Battery Chemistry Type & Number of Cells Examples

Option #2: ] MC33771ASF3 - 14 channel, LFP, revA, Current Sensor, SPI
Battery chemistry type & MC33771AT"6 > 8 channel, LTO, revA, Current Sensor, TPL

number of channels/cells _-_— MC33771ATA6 = 8 channel, LTO, revA, NO Current Sensor, TPL

P,ABorC
Package Suffix 3 LFP (F) L 6 MC33772ASP5 - 6 channel, LTO, revA, Current Sensor, SPI
4 8 4 MC33772ASP2 - 4 channel, NMC, revA, Current Sensor, SPI

E Tape and Reel _-_— MC33772ATAL > 6 channel, NMC, revA, NO Current Sensor, TPL
et s s 4

MC33772AT - Current Sensor meas, TPL, NO Cell Meas/ Balancing

Eunctionality Chemistry No of Channels / Cells MC33771AT1 > 14 channel, NMC, revA, Current Sensor, TPL
(See table) Option #2 type MC33771 MC33772 MC33771ATAL - 14 channel, NMC, revA, NO Current Sensor, TPL
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MC33771 / MC33664 Feature Set




33771 Block Diagram

Features

9.6 V<VPWR =<61.6 V operation, 75 V transient
7 to 14 cells management

Isolated 2.0 Mbps differential communication or 4.0 Mbps
SPI

Addressable on initialization

Synchronized cell voltage/current measurement with
coulomb count

Total stack voltage measurement
Seven GPIO/temperature sensor inputs
5.0 V at 5.0 mA reference supply output

Automatic over/under voltage and temperature detection
routable to fault pin

Integrated sleep mode over/under voltage 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

Single chip ASIL C capable

Fully compatible with the MC33772 for a maximum of six
cells

___________________________________________________

VPWR OV/LV/UVPOR
VPRE, VCOM
VANA, VbgHP

6.0 MHe Osc

CB_14:13_ C[}

]
]
1
]
VANA
]
]

|
CB_13[}

cT_13[3

cT_12[3

cB_12[}
]

CB_1211_C [}

1
cB_11[F

CT_11

|
—_—
~—

“-»!

}

CT 2 [

cB 2 [}
|

1
CcB 2.1 C[#
1

1
CB_1[}

CT1 3
CT_REF [}

1
ANO_GPIO0 [}

AN1_GPIO1

AN2_GPIO2

AN3_GPIO3

AN4_GPIO4

AN5_GPIO5
ANG_GPIO6

ISENSE + [

ISENSE - [}
I

GNDFLAGE%::::
GNDREF 1

Digital Contro
Data Registers
&
Communication
Interface

AGND
VCOM

CGND
RESET
000

SPI_COM_EN
|

RDTX_OUT-
RDTX_OUT+

1
SVRDTX_IN +

SCLK/RDTX_IN -




Modes of Operation revA

——————
-
-~

;~ Anywhere (highest\
Q IDLE Mode \ priority)

- No messages are recognized, only a valid )
wake-up lets the device transition from IDLE

mode to INIT mode. RESET [Soft RST cmd]
D Normal mode [Bus wake-up OR CSB wake-up] [(NOT POR) AND (NOT RESET)jto=t;
- The 33771 performs communication, ADC m ,N,;y
CO nverS|OnS, etC .. (2) 5 [t-to >twaez_nir}/send wake-up sequence;
[(SYS_CFG1[GO2DIAG}=1) AND E@?f:;}ﬁf?ﬁﬁémf; s [Part address « 0000b]
O S|eep mode (SYS_CFG1[DIAG_TIMEOUT]«: - fto=t; e
- OV, UV, OT, UT and OC circuitry can remain Wi ‘ Q
cyclically active o e ool (( NORMAL. TS bus Ayt
0=t; 2% )
AQWhen any fault happen (such as OV ™
/UV/OT/UT/OC), then BCC can perform a bus e e = —— T oy
wake-u p ORFaultwake-sp .. ORFaul wako_ug OR(SYS_CFG_GLOBAL[GO2SLEEP}=1)
OR CSB wake-up] OR CSB wake-up] AND (full sequence EQC)]
Di ti de et 2. _INOT Cycic signal Activel
- Used to perform regular self-diagnostics of the N g AN s
[Cydiic signal Active]

IC
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Modes of Operation revB

aLoss of Communications

aDevice resets If no TPL comm
during a specified interval.

AThis mode is an optional addition
to revA.

A Oscillator Monitor

aDevice resets of 100kHz osc is
out of range.

~

~

-

[(SYS_CFG2[FLT_RST_CFG]==0SC
FAULT_MONITORING_& RESET AND

(FAULT2_STATUS[OSC_ERRIF1)]  /[(SYS_CFG2[FLT_RST_CFG]==0SC

FAULT_MONITORING_&_ RESET AND
(FAULT2_STATUS[OSC_ERRJ=1)]

SYS_CFG1[SOFT_RST]=1 [Bus wake-up OR CSB wake-up]

[(SYS_CFG1[{GO2DIAG]=0) OR
(SYS_CFG1[DIAG_TIMEOUT}£0) OR
(tto > SYS_CFG1[DIAG_TIMEOUT])]

[(SYS_CFG[GO2DIAG]=1) AND
‘ (SYS_CFG1[DIAG_TIMEOUTI#0)]
to=t;
[(SYS_CFG1[GO2DIAG]=1) AND
(SYS_CFG1[DIAG_TIMEOUTI]#0))/to=t;

[TPL_bus wake-up

OR Fault wake-up OR Fault wake-up

OR CSB Wake-upl_.-"' OR CSB wake-up]
= [Cyclic_Signal#Active]
e See
«  Cycuc_wup )

" [TPL_bus wake-up

Anywhere

RESET

[(POR=0

Y

[t-to Styake niml/send wake-up sequence;

[Part addi

Y

NORMAL

PUBLIC

[(POR=1) OR
(RESET=1) OR
(STAT

AND (EOC)]

~
N\
\

«_ (highest priority) ,’

-

-

E_CODE_ERROR=1)]

[(SYS_CFG2[FLT_RST_CFG]==0SC
FAULT_MONITORING_& RESET AND
(FAULT2_STATUS[OSC_ERRI=1)]

) AND (RESET=0)}/to=t;

[(((SYS_CFG2[FLT_
RST_CFGJ=COM_TIMEOUT) AND
(to=t>tcom Loss)) OR

SYS_CFG1[SOFT RST}=1]

ress # 0000b]

) > [Communication_ Actvityj/to=t

[(SYS_CFG_GLOBAL[GO2SLEEP]=1)
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MC33771 — Connectivity Options

A
MC3ITH |
vl X
E S e MC33771
—T'-L:'—m :: 3 mw.o _'_LO-::':- VPWR? ROTX _OUT‘ f——
. an Py sy VPWR2  ROTX_OUT- — Voom
. o -
: | o +
$ 1CB14
: e H_cmg cc:1‘.13 c Cm Ballery
P g = VANAH TR
D e ————AW—cTs e Batry
| L:;i . mmr:; " ‘: DGND Rafaranos
oMot | 3 FAULT e
I_ amon [ CTn SOA
- 208 . can spL f——LEePRov | ucy
Gnod ] i /
— PyeTy : SP1_COM_EN r—o &COM
CD G = I i RESET GPIOX
Ko AN CTH CcsB S8
MCITTT S0 MISO
v ﬁ,"‘:gﬁ: ) 45 5 U5 U5 5 40 W W W W § + C821’c SWDTX_W’ mS|
o €81 SCLKROTK M- SCLK
FR— 1 P : Voou
—ng: ne e " Opeararen Battery Pack Controller CTREF
. ORI, - e
: (.'Y’a PAIS e l
. e = :f:] —
: | wE o
A : coaf— oy ees T
1 " v =
= ‘:'_c JROTX I jﬂ Y ROTXs ml"l @0
CIREF  SCLEFOTXCIN :'IBEIDT» SP1 T o] = 3
ezt o0 Yoo = GNDREF
s ‘ Voo 01 Battery GNDFLG
omea| | Reference
BONSE- z; L
¢ e, g P i
ow ‘\"O wm ey
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TPL Communication Translation

'y
csu | | Command from MCU to 33771 F
i | \
SCK1|! !
| ‘ T TTTTTTTTTTTTT ST
! 1
MOSI _'.—J \ I A el
\\\ “11” ' “q” ‘\\ “0” {\ “00” “11” “0” “q” “00”
AY N
- “ \* » \‘ )
TPL \ \ AL NI (4 W ~ A Y — =<
\ 1 1 N b \ \ RN
_____________ A ! \ 4 ) ' 1
CS2\ _| | \ R I lus _I \ ' ) I
1
]

¥ | v
sck2| | T [

MISO | . _ L \ f

Echo of Command (local between 33664 and MCU) Response from 33771 to MCU

= 33771
E— MCU
I ey <———— MOSI
| 33664 ————— Cs1\
! n 4——— SCK1
| W
L= % % TPL g % =
Tf R —_—p Cs2)

——» SCK2
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Recommended Transformer for Isolated Communications

www.pulseelectronics.com

ok @ Fuise,

ELECTRICAL CHARACTERISTICS AT +25°C UMLESS OTHER SPECIFIED
(FOR REFERENCE ONLY. USED FOR CUSTOMER IMFORMATION.)

FPARAMETER SPECIFICATIONS
PUlse QUALIFICATION FER AEC-Q200
HM2102NL OPERATING TEMPERATURE —40°C TO 125 'C
DATE CODE CTRY OF MFG TURNS RATIO 1.00 £ 2%
p POLARITY PER SCHEMATIC
|:| |:| H |:| |:| |:| DC RESISTANCE TRAEJSFORMER SIDE CM CHOKE SIDE
1 5 0.45 OHMS MAX 0.85 CHMS Max
PIN 1
INDUCTAMCE (QCL)
AT 100 kHz, 100 my 150 uH MIN, 370 uH MAX
12 11 10 g 8 7 (—40'C TO +125°C)
ﬁ) ? ? ? INSERTION LOSS 0.25 dB MAX @ 4 MHz
RETURN LOCSS
= = =
:j :j (Z out 100 OHM £15%) 20 dB MIN @ 4 MHz
D pllla
CRDSE:I—ithEf'SDJACENT —50 dB MIN @ 4 MHz
LLLLLUA U,Llu COMMON MODE 1 — 10 MHz 10—1000 MHz
C[)r\m C[)y@ﬂ"rl REJECTION RATIC —35 dB MIN —20 dB MM
INFUT — QUTPUT
ISOLATION 4300 VDC OR 3100 WAC FOR B0 SECCMDS
WORKING VOLTAGE 1800 VDC FOR 12 YEARS
SCHEMATIC
@ Copyright, 2016, Pulse Electronics Corp. All rights reserved. Pulse confidential & propristary. {11,/23/18)
PRODUCT DESCRIFTION TLA DRAWING PS DRAWING SHEET PART MO. DATASHEET REV.
P5—-0023.002—-A 2 0OF 2 HWMZ2102NL G

TRANSFORMER/CMC,DUAL, 4. 3kV,SMT HMZ10ZNL-P3

E—MAIL: PRODINFONETWORK@PULSEELECTROMICS.COM(US), ASIABPULSEELECTRONICS.COM{Asia) PHONE: USA:B58 674 B100, GERMANY:49 7032 7B0B0, SINGAPORE:ES G287 8998, SHANGHAIEE 21 627B7060, TAWAN:BEE 3 4356768
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MC33771 SPI Communication

CSB N |

Dontcaslevel - : s - "Li" _Dontcarelevel __ __

SCLK | B

_89_13___'<' e N >< N4 — ’>__Trf*___
F G |

sl |

_____________ < ww X X ] T G

Up to 4MHz operation
Input data latched on falling edge of SCLK

Output data changes on rising edge of SCLK
40bit message frame
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Command & Response Frame Format

Command
Memory Data Master/Slave Memory Address De{gf;‘;':':ﬁﬁﬁ Command CRC
Bit[39:24] Bit[23] Bit[22:16] Bit[15:12] Bit[11] | Bit[10] Bit[&] Bit[&] Bit[7-0]
A “ ~
| —— -~
| e -~
| Sem. -
I - -~ [
| S - -~
-~y -
| kT -
v ~~~

bit 16 | bit 14 \ bit 12 \ bit12 | bit 11 bIt1D| bit 9 | bit 8 bit 7 bité | bits | bitd | bita | btz | bit1 \ bit 0

sS0C PGA_GAIN CC_RS | pis_c
T H_CO | ADC1_A_DEF | ADC1_B DEF | ADG2_DEF
- o P

~.|EOC_N PGA_GAIN_S
y

iy
-~
.~
L -

Response
-
Memory Physical Address ‘U
Memory Data Master/Slave Add - (Cluster 1D) Tag ID CRC
Biff39 24] Bit[23] B[22 16] Bit(15 12] 8i[11:10] Bit[9 8] Bit{7.0)
Memo
Memory Data 1 , 'eg ciD Tag ID Bit{7 0]
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Cell Measurement

Two ADC's have selectable 13-Bit to 16-Bit
resolution to support measurement resolution

versus acquisition speed requirements

Stack voltage measurement possible between
VPWR & GND. Verify cell voltage sum equals
stack voltage

Conversion command and measurement data are
synchronized with Tag ID’s

Selectable cell measurement thresholds for sleep

mode wake up

Measurement chain verification made available
with separate internal references at cell inputs
and ADC inputs

Cell 14

Cell 13

Cell 12

Cel 11

Cell 10

Cell 9

Cell 8

Cell 7

Celle

CellS

Cell4

Cell3

Cell 2

W+JW+1'H1'HI'H1

lﬂLl{LlHLlﬂhIALlﬁhl{hlfhl_

HR HH HR H R HA R

Leve | Shifter

ADC Data

Registers

Level Shifter

ADC Data
@_. Registers
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Cell Balancing

Energy dissipated across external resistor 300mA, 750mQ Integrated MOSFET
Reat CB_n
Wv E} . ¢ 4 J/ -
€r-n Rpo_ca L' i
—X ] = P
Ripra Ripr2 \ Detect ; A
Cell n _i :E Current Limit OpeniSh;rt@ 0.55V Open/Short
Sem— CB_n:n-1_C Comparator Detect Threshold
| I —1 Cell balance in sleep mode
gl an_ca ; 8:’:(," L
’_< ] i Detect - Gate Drive
Risrt Riprz - Control
)
Celln-1 |+ _ L s .
T Raat el b3 Current Limit 8pen/Shc:n ge?s\i %zns:snr:gn
I Wv [3 . a
CT_n-2 _
+—< ] Short & open detection
Ripr1 Rier2

Cell balance timer 30sec-511min Cell balance voltage thresholds

Cell balance auto pause during CT measurement
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Current Measurement

Measures current flowing in both directions

Redundant Current
Sense Inputs

Input Offset Cancellation

ANS_GPIOS _
ANG_GPIO6 ADC Resolution 0.6uV/LSB

Open Pin Detection

ISENSE +

ISENSE -

+150mV Input Range

AGC & Galin Settings of 4, 16, 64 & 256

PUBLIC | 37 4\



Coulomb Counter

Each successive continuous ADC Each successive ADC acquisition
acquisition is added to the CC accumulator Increments the CC number

COULOMB_CNT (32bit) CC_NB_SAMPLES (16bit)

Operates in normal & sleep modes
» Normal mode: Continuous conversions
= Sleep mode: Conversions based on
cyclic timer setting
Selectable coulomb counter threshold for

#

011xx11 11Ixx11 R o r— -

sleep mode wakeup
Selectable counting modes;
= Qverflow counter or
= Clamp counter

000xx00 000xx0G

v

100xx00

lave = Coulomb_CNT + CC_NB_Samples
AQ = (Iave) X (told — 1:new) W
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Temperature / GPIO Measurement

o
$IL[> G100, Wakeup GPIO Anx
gPio | std ‘g’”_"& Convert | oo | moiiomet IHERRE
-ll;l Port gpio C:;E?r: Trgger o T
gli—[}t < 'mm 0 X X X X
1 X X X
};, 2 X X X X
o<t 3 X X X
éll—b GPID2, Trigger 4 X X X
'Jl_:" 5 X X X X
N dher . N_. 6 X X X X
il ill_D GPRIO3
% . T Open & short circuit detection
}GPIOA = {: j |
NTCK veom é'LD GPI04 .
vl i Selectable UT / OT thresholds with
X bl_é - _ Fault output assertion
g | ‘PI
\i [ o UT / OT functional verification
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Measurement Sequence

0 Voltage conversions of ADC1-A and ADC1-B are synchronized with the current measurement of ADC2 (SOH)

a At time tgync the V/I samples are frozen and then post processed (offset cancellation, temperature compensation).

O At time to: all results are stored into user registers and their associated data ready bits are set to Logic 1

SOC SYNC EOC
Analog blocks | |
Analog blocks | | }
ADC1b settling time Cell7 Cell8 Cell9 Cell10 Cell11 Cell12 Cell13 Cell14 Stack+ Stack- ree Offset post processing
PGA Zero Current Current Current
ADC2 settling conversion + F.’GA. Currer.1t l.:GA. conversion + PGA. conversion + e F.’GA. conversion +
. settling time conversion settling time settling time settling time
time _ DAC comp _ _ average average _ average
0 100uS 200US< Time
Start of conversion command All cell voltage converted All conversion results available

Write 1 to the SOC bit to initiate a conversion sequence . f
13-Bit Resolution 148 us

. t
\ . .
| bt15 | bit14 | bit13 | bt12 | ol11 [ oi10 [ vt | its | oit7 | oee | bits | vita | baz | otz | vt1 | vto . 14-B[FRESD|UUDH 201 s
| | CC_RS — « 15-Bit Resolution 307 s
SOC PGA_GAIN - |DIS_C . . .
TAG_ID - T | H.CO | ADCt_A_DEF | ADC1_B_DEF | ADC2_DEF 16-Bit Resolution 520 Ms
EOC_N PGA_GAIN_S 0 MP
Note: SOC=Start of Conversion, not State of Charge in this case wr
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MC33771 Diagnostic / Safety Features

Sleep/Normal Mode OV/UV OT/UT Detection
FAULT Pin Daisy Chain Heart Beat

CTx OV/UV Functional Verification

CTx Open Detection

CTx Open Detection Functional Verification
CTx Leakage Test

Cell Voltage Channel Functional Verification
ADC1 Precision Fault Check

Current Channel Functional Verification
Oscillator Clock Monitoring

Cell Balance Short/Open Protection/Detection
ISENSE+/- Measurement Integrity Check
ISENSE+/- Open Detect

GPIO Short Detection Protection

GPIO Open Detection

VPWR OV/UV Detection

VCOM Short/UV Protection Detection
VANA Short/UV Protection Detection
Onboard Temperature Protection Mode
Exit Diagnostic Mode Safety Timer

Loss of Ground Detection

TAG ID for Conversion Data

Register Address Identification Frame
Eight Bit CRC with Non-Zero Seed

Unique ldentifiable Message Start and Stop Bits
Communication Confirmation Architecture
Communication Error Count Register
Write Command Echo Confirmation
Multiple VPWR/GNDREF Pins

Adjacent Pin Short Capable

PUBLIC | 41




Cell Voltage Signal Chain Functional Verification

Precision references are gated into the cell terminal

inputs to verify the measurement signal chain

Cell 2 =

% T v
Cell 1 == L T | Z:S"|
! v, A/ o— .II

v Level Shifter s " ADCData
Registers

PUBLIC | 42



CT Leakage Current Measurement

Kelvin Connection Via CB Input

Cell n _

Celln-1 |

Level Shifter

§ ADCL-A

ADC Data

1 Registers

PUBLIC

Gates to accommodate leakage into & out of the CT
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Cell OV and UV Functional Verification & Open Circuit Detection

Cell6 =

Cell 5 =

Cell 4 =

Cell3 _—

Cell 2 =

Cell1 =

Alternating the switch closure sets up OV & UV voltages

to verify the OV & UV diagnostic signal chain is functional

s

Vel * Rep/(Rexr + Rpp)
A 2*°VgL

Veew * (1+Rext/(Rexr + Rpp))

N

Level Shifter

ADC Data
ADC1-A .
I Registers

Rext = 2(RepratRipra)
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Fault Pin

ov
uv
ot YPRE
uT
RSTh—] I
GND Loss

Comm Loss
ECC

Cale

—_

Maskable Faults

Clock Monitor

GPIO Short/Open

CC Overflow —

ADC diag fault

Cell Balance Short/Open
Isense Open

—

Fault pin not necessary for ASIL-C

Fault Pin

(Heart Beat or Active High)

Emﬂit

I
o~

Master Node

uController

11

TPL }"

| E

5PI1

MC33771
ROTX _OUT+ GPIOO
ROTK _OUT- ZD1
Cluster #N BZXB4C4V/7-E3-08
(N up to 15) 10 k2
SI/ROTX_IN+ FALLT } - E
CLE/RDTX_IN- k ‘
’7 PS2703-1-F3-K-A ——
<= P e
VPWR

-

L1

ot

MC33771

RDTX_OUT+
RDTX _OUT-

SI/RDTX _IN+

CLE/RDTX_IN-

26 kQ
10 k2
GPIO0

ZD1
Cluster #2 10k BZX84C4V7-E3-08 * % 10 k2

FAULT

¥

’7!:’52?{}3-1 -F3-K-A

~
VPWR

=000000

I

MC33771

ROTX _OUT+
RDTX _OUT-

Cluster #
SI/RDTH _IN+

CLK/ROTX_IN-

26 kQ
10 ko2
GPIOO

Zon |
1 -E3-
10 kQ BZX84C4\/T-E3-08 * 10 k2

FAULT N } e

PS2703-1-F3KA

[ ]
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BMS Applications




12V System (4/6 cells)

AINX: Vi Voltage
KL30 Volt .
AIN4: Vpacyeuse Voltage —
Bistable .
Contactor GPIOX: Vpag Enable
CAN FD PHY
RTC/Counter
Wak
)
‘3 Watchdog
[0
(14
(@]
£
[}
c
%
g CTO..6: Cell Voltages
3
i AINx: Cell Temperatures
E
£
CBL1..6: Balancing FETs
KL31 ISENSE: Current
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48V System (20 cells) based on 2 MC33771

Precharge Unit
N

2 CTO0..10: Cell Voltages
o
c
KI;‘O | SN % » AINx: Cell Temperatures
@5
Contactor  Fuse 22 CBL..10: Balancing FETs
o 2
[
§_ TPL Communication
AINXx: PreCharge Temperature
GPIOx: PreCharge Enable
Volta .
AINX: Vo Voltage Buck/Boost
e
: AINX: Vpackruse VOltage
48V CAN FD PHY
Battery GPIOX: Veau Enable RTC/Counter
(20 cells)
: Wake Up
Surgg Watchdog
rotection TPL Communication
j=2)
£
2
% " CTO0..10: Cell Voltages
M5
3 @
g Eg AINx: Cell Temperatures
=
H
£ CB1..10: Balancing FETs
KL41 ISENSE: Current
(ol
KL31
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48V System (

20 cells) based on MC33771 & MC33772

Precharge Unit

CTO..14: Cell Voltages

KL40 I
0

o~

AINx: Cell Temperatures

KL41

Contactor

Surge
rotection

Fuse CB1..14: Balancing FETs

—

TPL Communication

Input Filter & Balancing
Resistors

AINx: PreCharge Temperature
GPIOx: PreCharge Enable
Torage AINX: Vo Voltage

Vol
D(i’v‘i?jgef AINX: Vpacruse Voltage

GPIOX: Vpack Enable

4a8v
Battery
(20 cells)

TPL Communication

AINx: Cell Temperatures

Input Filter & Balancing
Resistors

CBL..6: Balancing FETs
VCOM: Current Adjustment

ISENSE: Current

CTO..6: Cell Voltages

KL31
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48V System (14 cells) based on MC33771

Precharge Unit
(nTC)

AINx: PreCharge Temperature

AINX: Vi Voltage

GPIOx: PreCharge Enable
KL40 Vol
Contactor Fuse
! GPIOX: Vpae Enable
pa—
— CAN FD PHY
_—l__+ RTC/Counter
[]
T " Wake Up
5 TPL C icati
Surge g ommunication Watchdog
rotection ?
14
N =]
asv
Battery %
(14 cells) g CT0..14: Cell Voltages
: 3
: [ AINXx: Cell Temperatures
: H
: £
—|—T 2 CB1..14: Balancing FETs
L
s -
KL41 Shunt ISENSE: Current
[o}
KL31
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HV Battery System Overview

Precharge
Contactor
NN
HV+ HV+ Contagtor
\\.
Fuse
BCCO8 | _ ___
}
}
}
|
: CAN/TPL
}
Battery CAN Battery ,'— }
Management [~~~ Switch Box Cell :
Controller Controller e L
Module | BCCO3 [ ___|
I 03 :
}
! T | CAN/TPL
1 CAN/TPL —1 |
)
i Cell :
! Module | BCC02 '_'_'_'_‘I
1 02 :
}
: I : CAN/TPL
1 }
! Cell :
! Module |BCco1[ ~ "~~~
I [ o= = —-
} 01 }
}
}
HV-
[o] >

HV- Contactor
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HV Battery Cell Controller with CAN

150 mA LDO :
Watchdog

TPL Communication
SPI2CAN | CAN FD PHY |
Gateway

Wake Up
CTO..14: Cell Voltages
AINXx: Cell Temperatures

CBL1..14: Balancing FETs

Battery
Module

Input Filter & Balancing Resistors

I2C Master EEP
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HV Battery Cell Controller with TPL

)]
S
i)
N2
()]
Q
x
(@]
£
(&)
c
)
©
m
o3
S
2
LL
—
>
Q.
£

TPL Communication

CTO..14: Cell Voltages

AINXx: Cell Temperatures

CBL1..14: Balancing FETs

I12C Master
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HV Battery Switch Box Controller

T

~CE O

- e s

o I~ -~
HV+ Contactor Fuse

=

..__||+_|

TPL Ci icati
ommunication Watchdog

Bati:ery

AINx: Shunt Temperature
100 pQ - .
HV- Shunt ISENSE: Current

[ Il a
Lonage AINX: V. Voltage

HV- Contactor
GPIOX: Viink. Enable
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Enablement Tools




http://mwww.nxp.com/products/automotive-products/energy-power-management/battery-management/battery-cell-controllers/14-channel-li-ion-battery-cell-controller-ic:MC33771?tab=Design_Tools_Tab

33771/ 33664 Evaluation Kit

MCIIT71/772 Evelaatare GUI

KIT33664AEVB

BATT-14AAAPACK

KIT33771TPLEVB

KIT33771SPIEVB \
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Product Differentiation

NXP’s Battery Cell Controller solution enables reliable, safe and BOM optimized

Li-ion cell control applications with low-cost high-speed Isolated communication

Sl XCECE el [ 2101462 Low-cost high performance High-speed Isolated Automotive Robustness
Overall System Cost

No need for external current sensor, external Avoid expensive isolated CAN communication while maintaining No damaging of devices at customer assembly.

balancing, diagnostics and functional safety isolation, high-speed and safe communication. Avoids external components for robustness protection.
monitor.
* Current Measurement * Sine Phase Encoded Asynchronous Communication * Proven automotive high volume process and
* Coulomb Counting « Safe protocol: package technology.
* Current Wakeup * 8bitCRC * Protected cell terminal inputs, power and ground
* Current Voltage Synchronization * Bit Count pins.
* Integrated Passive Balancing * Cluster ID * Hot connect.
* Integrated Diagnostics and Functional * TAG ID
Safety » Data Address

* High speed : 2Mbps TPL, 4Mbps SPI

* High Immunity, Low Radiated Emissions
* Robust design for BCI>200mA

* Voltage Isolation Level: >3750 Vrms
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SECURE CONNECTIONS
FOR A SMARTER WORLD

NXP and the NXP logo are trademarks of NXP B.V. All other product or service names are the property of their respective owners. © 2017 NXP B.V.



