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1 IThgeMEix FUNCTIONAL OVERVIEW

HMMARGTNEERE BCC RINMMEAITEMMRRBTHANHEE ML EERD
Battery cell controller (BCC) &4~ m. AFAMEA T ETEEE MC3377x &%l BCC
KUMNMERENATR. RERMEFRAR. ARG~ R ERE TRIHMRTEIHE
BIRFW Y BEEFFmF, HENELEFK.

ZC.MuNiu Functional Safety BCC Series Software is designed to create a platform software
product for Battery Cell Controllers (BCC) that meets customers' functional safety requirements,
independently developed by ZC. This manual describes the functional safety application scheme
and software architecture based on the NXP MC3377x series BCC. This software product can
help system engineers and software engineers quickly apply it to customer products to meet

functional safety requirements.

AREBEEIT B MC33771 BB AR e B A
This product implements the software driver functions for the MC33771 chip, which

include:

> BT SPI S TPL BISHMLThAE;
Based on the SPI or TPL communication protocol functionality;
> BKE R AIREETNEE,
Single cell voltage sampling function;
> Pack )RERFEIIGE,
Pack temperature sampling function;
> Pack R RAEINGE;
Pack current sampling function;
> Pack BERHINGE;
Pack voltage sampling function;

> BAREEYEEIRINE,
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Single cell voltage balancing management function;

> RAEIEYRE,
Mode management function;
> TR TRE,

Hardware diagnostics function.
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2 N F%uiE APPLICATION FIELD

MMARGIhEER S BCC BEH MC33771 a4 mu K BT B R MELEFRFT R
HEEREP . fla:
ZC.MuNiu Functional Safety BCC NXP MC33771 driver software product can be applied in

battery management systems that require various functional safety levels. For example:

Hybrid electric (HEV)

Electric vehicles (EV)

Energy storage systems (ESS)
Uninterruptible power supply(UPS)
E-bikes

E-scooters

YV V.V V V V

Itk BCC BEE MC33771 a4 = FMB A B LR NEMS . REMINERE TR %R
SHY, RIE 1SO 26262 &it, T MC33771 Bk mEMEIE AN A~ RN RS
i, FMERHE R TRIM T IFMHR MC33771 R4~ MBS R EEANBEFER
RS, FRHEHENNRATRRE, hIISKIILEI KRS 15026262 ASIL-C FIFREK.

This BCC NXP MC33771 driver software product manual is written for experienced hardware,
software, and functional safety engineers, designed according to ISO 26262, and can integrate
the MC33771 driver software product into the (sub)systems of customer application products.
ZC software integration engineers can support and ensure that the MC33771 driver software
product is suitable for the application integration services selected by the customer, and
complies with the corresponding software development process, assisting in achieving the
highest ISO 26262 ASIL-C level requirements.
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3 BEEINE CONFIGURATION ENVIRONMENT

HMARLETNEER 4 BCC BEH MC33771 IRFiE A R E R ER S RO §H MCU,
MCU B FE:

ZC.MuNiu Functional Safety BCC NXP MC33771 driver software product is currently compatible

with MCUs from multiple chip manufacturers, including:

> HIMARH BCC IR/ M IR KR AURIX RIS R AR E
ZC.Muniu BCC driver software product supports the software configuration for the Infineon
AURIX series chips:

Bt E¥f 1% Configuration Environment

W
«

Hardware (Chip) INFINEON SAK-TC2XXT-64F200W CA
Compilers Supported HighTec GNU v4.6.5.0/ Tasking v4.2r2
Evaluation Hardware TriBoard TC264 + MC33771

Lauterbach(Trace32 R.2020.02.000121039)

Debugger or
Isystem (IC5700)

Configuration Tools Muniu_v5.1.3

Configuration Environment Win7 64bit

Hightec 4.6.5.0 45i%¥ 85i% 10

Hightec 4.6.5.0 Compiler Options

-fno-common -fno-short-enums -Os -g2 -W -Wall -Wextra -
Wdiv-by-zero -Warray-bounds -Wecast-align -Wignored-
RiERIN qualifiers -Wformat -Wformat-security -save-temps=obj -
Compiler DBRS_DERIVATIVE_TC27X -fno-builtin -iquote -WI,--gc-sections
Options -WI,--mem-holes -WI,--no-warn-flags -WI,--cref -fshort-
double -mcpu=tc27xx -mversion-info -std=c99 -maligned-data-

sections

FEIEIE T
Link -nostartfiles -T".\MC33771.ld" @IROM.objectlist -mcpu=tc27xx -
inker
. WI,--mem-holes -WI,--warn-orphan
Options

EAEBRAEN I F K AT Page 4



@® oy 3 ]
%?E = HMMEHE: ZHAEM

0 M T B Easy to know Easy to do

Taskingv4.2r2 45 %853 I

Taskingv4.2r2 Compiler Options

VL TR —th??x ——I§I—core:ch --is0=99 ——!anguage:—gcc,—
volatile,+strings - -switch=auto --align=4 --no-clear --default-
near-size=0 - -default-a0-size=0 --default-al-size=0 -0O2 --
tradeoff=4 --compact-max-size=200 -g --source

Compiler
Options

-Ctc27x --lIsl-core=vtc -I"D:\Git\xxx" -WI-0"${PROJ}.hex":IHEX:4 -
FEIEIET WI-0"${PROJ}.sre":SREC:4 - -hex-format=s -WI-
Linker DMCU_SMALL_ENDIAN=1 "../xxx_SW.IsI" -WI-OtxyCL -WI--map-
Options  file="${PROJ}.mapxml|" XML -WI-mcrfiklsmnodug -WI--error-
limit=42 -g

4 F&EE DEVELOPMENT BACKGROUND

BRI, AELNBFESEMHEEHRESR, WREBFNLEMERDERES, ATH
ERENREMHRR, AEMRERESMRBEZEEN, WHIEEX, ANRTERELSE
ISO 26262; R&H MC37T71ERAHEN A, FHELENAIRE HELETHESRGEP,
K A SEooC(safety element out of context) FfTIRITH & -

Currently, the electronic and electrical architecture of automobiles is becoming increasingly
complex, and the safety requirements for automotive electronics are also becoming higher. To
meet the safety needs of automobiles, functional safety in automobiles is being taken more
and more seriously. In recent years, the industry has referred to the ISO 26262 standard for
functional safety; NXP MC33771 series chip is suitable for the selected applications and
complies with such application standards, and in the electronic and electrical systems, it is

designed and developed using the SEooC (safety element out of context) approach.

T BCC A4FE ASIL-x ERBMERRFIRMBABE. Pack B, RERN, =E
ISO 26262-5(2011) Clause 8 AN 7T 2 NEE: Single-point fault metric(Z = & f& E £2) 0
Latent-fault metricCEREE R E), A EAY ASIL FREZ KRB E R T A ERHIAE
BAMEREMNEANEEEFTELEENREF ASIL-x F4X.
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Since the BCC provides single cell voltage, pack current, and temperature detection for

battery management systems of a specific ASIL-x level, according to ISO 26262-5(2011) Clause
8, it introduces two metrics: Single-point fault metric (single point fault measure) and Latent-
fault metric (latent fault measure). Different ASIL level requirements and fault failure analysis
methods all require it to meet the corresponding ASIL-x level for single-point fault measure

and latent fault measure.

ASILB ASILC ASILD

Single-point fault metric 290 % 297 % 299 %
ASIL B ASIL C ASIL D

Latent-fault metric =60 % =80 % =90 %

RIE MC33771 9% & F MR, MC33771 AR L L BIiREERS ASIL C FHEX
MR ISR B9 SPEM #1 LFM 23K, 1R

According to the safety manual of the MC33771, the different safety objectives of the
MC33771 meet the highest ASIL C level requirements and the corresponding SPFM and LFM

requirements. These are as follows:

Rank Single-point Latent fault metric Portion of system
fault metric PMHF
Safety goal % % FIT

SA1 ASILC > 97 >80 =09
SA2 ASIL C =97 =80 =038
SA3 ASILC =97 = 80 0.8
SA4 ASILC > 97 >80 =03
SA5 ASILC =97 = 80 =03
SAB6 ASILC =97 = 80 0.8
SA7 ASILC =97 =80 =0.8

Eity, AEANBIE BEEZ/FE ASIL-C ZEEHR, M BCC BE#H MC33771 IRFNE
B RIR MRS AR, BENELEEKR, T MC33771 REFMFBEXNLENEH .

Therefore, in customer application projects that require compliance with the ASIL-C safety
level, ZC.MuNiu BCC NXP MC33771 driver software product offers a software solution that

meets functional safety requirements and implements the safety mechanisms described in the
MC33771 safety manual.

EAEBRAEN I F K AT Page 6



%TE Soe) MBS 5 HTE M

&1 M 1% Easy to know Easy to do
5 IhREdEIAR FUNCTIONAL DESCRIPTION

5.1 &%= Product Feature

composite structure SAFETYFRAME /

Application

RTE

Test Manager | Wdg Manager |

Test Module Driver Module E2E Lib Wdglf
Plausibility Test ExtWdgDri{IntwdgDr

Microcontroller(MCU)

e P 1

AUTOSAR Z244
AUTOSAR Architecture

> AEARZRIRENERRLE] AUTOSAR H
Can be integrated as a complex driver into AUTOSAR .
> TTEREIE AUTOSAR R, RIFER
Can be integrated into non-AUTOSAR software architectures.
> ZFEZNHENHE
Support multi-core testing and applications.
> Safety Library EF RN EPEFR LT
Safety Frame has internal program flow monitoring.
> BRel FZEARNE, EEMMBIE TLF35584Lib LI EIA ASIL-D &
High security: Supports multi-core self-testing, and can achieve up to ASIL-D requirements

when paired with ZC 's TLF35584Lib.
mrenasn E RS Page 7
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> BV RN SRROIEEHREAEEFANNAER
High scalability: Each module can be configured to meet the application requirements of

different customers.

5.2 % {44844 Software Architecture

oomposite strudure ocE B mc33TT /

MC3377x Drv

MC3377x Schm

MC3377x ACOQ MC3377x DIAG MC3377x CTRL

MC3377x COM

ZC Standard Software

BRI 5R 4

Software Architecture

BRI RIRBIE:

The software modules include:

IR FARR ik
Module Submodule Description
MC3377x SSPMC33771HBIE EHEINME, BIESPIRESTPL
MC3377x COM
Drv B{E4ALE
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MC3377x SchM

MC3377x ACQ

MC3377x CTRL

MC3377x DIAG
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Implement the communication management
functions of the MC33771, including SPI
communication and TPL communication
processing.

SKIMC33771R HE EETIRE, AT XIMC33771
MEMAENE SR BEREA

Implement the scheduling management functions
for the MC33771, used for scheduling of MC33771
functions and interfacing with the application layer.
SKHIMC33771R)RFFIhEE, BIEHRMABE. Pack®
M. PackB &, JEEFRF

Implement the sampling functions of the MC33771,
including sampling of individual cell voltage, pack
current, pack voltage, temperature, and other
measurements.
SCHIMC33771R A e B TIE, TEXBARR
IS AR TE

Implement the single cell balancing management
function of the MC33771, primarily for the
balancing treatment of individual cells.
SEIMC337711912 Wi TheE, T ELIREFMHH
Z 2L H

Implement the diagnostic functions of the
MC33771, mainly to realize the safety mechanisms

described in the safety manual.
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5.3 iZHrThEE Diagnostic Function

ATHEWRLTEHER, BEH MC33771 KU TBAMNZ2NEIRIT. BF 2o
RYSEEL, MC33771 a] SLELX I A A8 A A ER ER B A9 12 M I BTSN B R T2 M T sE

To meet functional safety requirements, NXP MC33771 series chip has implemented a
general safety mechanism design. Based on the implementation of this safety mechanism, it can
perform diagnostics on the chip's internal hardware circuits as well as diagnostics for external

communications.

EF LW S EiET, S1M BCC B&5H MC33771 IREhER 4= IR A R, TJiRE
BPLRFREKRHTEE, SUMNBEXLENHEE:

Based on the design of this safety mechanism, ZC.MuNiu BCC NXP MC33771 driver software
product offers a software solution that can be configured according to the actual needs of

customers, and the implemented safety mechanisms include:

Safety Mechanisms

1 SMO01 OV and UV Functional verification

2 SM02 CTx Open Detect and Open Detect Functional Verification
3 SM03 Cell Voltage Channel Functional Verification
4 SM04 CTx Cell Terminal Leakage Monitor

5 SMO05 GPIOx OT/UT Functional Verification

6 SMO06 GPIOx Open Terminal Diagnostics

7 SMO7 ADC1-a and ADC1-b Functional Verification
8 SM08 Oscillator Frequency Monitor

9 SMO09 VCOM Short/UV Protection Detection

10 SM10 VANA Short/UV Protection Detection

11 SM11 Onboard Temperature Protection Mode
12 SM12 Loss of Ground Detection

13 SM13 Fuses ECC

15 SM15 VANA OV Detection

17 SM17 Register address identification frame
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Safety Mechanisms

18 SM18 Echo of register content

19 SM19 Eight bit CRC with non zero seed

22 SM22 TAG ID for Conversion Data

23 SM23 VCOM OV Detection

24 SM24 VPWR OV Detection

25 SM25 VPWR UV Detection

29 SM29 OV/UV internal detection

30 SM30 Read data ready bit

31 SM31 Fuses bit error flag

32 SM32 Use interleaved cyclic and on demand conversion

33 SM33 Plausibility check of redundant ANx in the pack controller

34 SM34 OV/UV detection in the pack controller

35 SM35 Rolling counter

36 SM36 Diagnostic of open between shunt and PGA

37 SM37 Diagnostic of measuremeht chain offset with shorted PGA
inputs

38 SM38 Diagnostic of measurement chain with minimum PGA gain

39 SM39 Use of AN5 and ANG as current measurement input

40 SM40 Cell balance open load detection

44 SM44 Cell Voltage plausibility test at system level

45 SM45 VPWR comparison to sum of cell voltages

Baengen )R E RS Fan
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ﬂ

#5188 QAC
Static code QAC
TS Tessy

Dynamic Tessy

Evaluation Hardware

Configuration Environment

Baengen )R E RS Fan

Helix QAC 2019.1
MISRA-C: 2012

4312

TriBoard TC264 V2.0 with

Evaluation Board

Win7 64bit
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6 1IFEX4H PROCESS DOCUMENTATION

FERE

Development

Process

XA

Documentation Description

BRIEE
Requirement

Collection

KB RI
Software
Requirement

Analysis

AR 1& 1T
Software
Architectural

Design
W&
BoTigit
Software

Detailed Design
and Unit Design

BT
Software Unit
Testing

B R FE K
iz,
Software

Integration and

Baengen )R E RS Fan

BERPFRXHY

Customer Requirement Document
R DA AS

Requirement Analysis Document
BHHKRIEBERR

Software Requirement Traceability Matrix
RESANGCES

Issue Communication Form

B 2R A1 B

Software Architecture Specification

B R EBER R

Software Architecture Traceability Matrix
BRI R

Software Detailed Design Specification
e E T BRI

Configuration Tool Design Document
HRIFEMIRITIE ER TR

Software Detailed Design Traceability Matrix
BRI R

Software Detailed Design Review Form

QAC 7Tk &

QAC Analysis Report

Tessy Wik &

Tessy Test Report

BB TSI SR

Software Unit Verification Strategy
%

Integration Strategy

ST

Integration Manual
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X HEIR

Documentation Description

Integration

Testing

BRHERG MR
Software System
Testing

V&l

Release

Baengen )R E RS Fan

S AL SR
Integration Test Strategy
SN R &
Integration Test Report
TR TIRE

Resource Analysis Report
RGN IRE

System Test Report
RGN RS =
System Test Report Review
R0 XY

Release Documentation
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7 IhREZ 4 FUNCTIONAL SAFETY

7.1 IhEERE£TEHIRE Functional Safety Assessment Report

7.2 ThEERLUEP Functional Safety Certificate

To be continued.
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