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1 ThgeMEix FUNCTIONAL OVERVIEW

MMARGEE ZIRF) COD RV EEITENMRRBTHEANHEE AL EERDY
SRR COD R M= m. AFMIEA T ET B MC3377x &5 CDD LI IRER
ERNANTR. RERBERAR. ARA& RO HEBR G TR MR T2 M6E 9 v A
HEPFGT, BEMELEFK.

The ZC.MuNiu Complex Drive CDD Series Software aims to develop a platform-based
software product for complex drive CDD that meets customer functional safety requirements,
independently developed by ZC. This manual describes the functional safety application
solutions and software architecture based on the NXP MC3377x series CDD. This software
product can help system engineers and software engineers quickly apply it to customer products

to meet functional safety requirements.

AP ST B MC33774 S B IRFN TRE B S

The software driver functions implemented for the MC33774 chip include:

o HETSPIFTPL3 (%L%E) BIEWMININEE;
Communication protocol functions based on SPI or TPL3 (daisy-chain);
o EKHEARFEINGE, Cell voltage sampling function:
e Pack BEXMINEE, Pack temperature sampling function;
e Pack BRFHEINRE; Pack current sampling function:;
e Pack BB &R IEE; Pack voltage sampling function;
o H{KEXIEEIRINEE, Pack voltage sampling function:
o HWREBFIEINEE, Mode management function:;
o TE{HZHTTNRE; Hardware diagnostics function;
o X [EMAEETSIBE; Bidirectional wake-up function.
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2 ¥ FB4niE APPLICATION FIELD

FMAL B ZIR 5 COD BEHE MC33774 R = m o L A THE &SRR EFRFT KM
BMEERG . Flwm:

The ZC.MuNiu Complex Drive CDD NXP MC33774 driver software product can be applied
in battery management systems with various functional safety level requirements. Examples

include:

Hybrid electric (HEV)
Electric vehicles (EV)
Energy storage systems (ESS)

YV V. V V

Uninterruptible power supply(UPS)

Itk CDD B MC33774 a4 = M FMB A B LR EM . REMINERE TR %R
SHY, #RIE 1SO 26262 ®it, TR MC33774 k= RERIBEAR A~ RN(F) RS
th, AMEEE AL T2 B o] SIS AHfR MC33774 IRENER {4/ RIEES B ERHNN BREFER
R, FHFEHENNREFLRE, HEXIIAR &S 15026262 ASIL-D HIFREK.

This CDD NXP MC33774 driver software product manual is written for experienced hardware,
software, and functional safety engineers. It is designed in accordance with ISO 26262 and can
be integrated into the (sub)systems of customer application products. ZC software integration
engineers can support and ensure that the MC33774 driver software product is suitable for
customer-selected application integration services, and complies with the corresponding
software development processes, assisting in achieving the highest ISO 26262 ASIL-D level

requirements.
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3 BLEIRE CONFIGURATION ENVIRONMENT

FIMARLFE 2L K= CDD BEH MC33774 IR = m BRI o BB Z R.AA T BAYMCU,
MCU B13E:

The ZC.MuNiu Complex Drive CDD NXP MC33774 driver software product is currently

compatible with MCUs from multiple chip manufacturers. The supported MCUs include:

> HMARGE 2K COD IREh 47 i 5 A B T MC3377X BRI A RHRE:
The ZC.MuNiu Complex Drive CDD driver software product supports the software
configuration for the NXP MC3377X series chips:

Bt E¥f 1% Configuration Environment

Hardware (Chip) MC33774A

2 Desi io f 2 Platf
Compilers Supported S32 Design Studio for S32 Platform

Version: 3.4
Evaluation Hardware S32K344 + MC33774A
Lauterbach(Trace32
Debugger P.2023.02.000158454) or
Isystem (IC5700)
Configuration Tools Muniu_v5.1.3
Configuration Environment Win10 64bit

S32DS 3.4 #4mi¥ ey Compiler Options
-DD_CACHE_ENABLE -DI_CACHE_ENABLE -DENABLE_FPU -DGCC -
DS32K3XX -DS32K344 -DCPU_S32K344 -

IR
. . DVV_RESULT_ADDRESS=0x2043FFO0 -DMPU_ENABLE -DDSPI=1 -
ompiler
. t'p DSSPI=0 -00 -g3 -Wall -c -fmessage-length=0 -ffunction-sections
ions
P -fdata-sections -mcpu=cortex-m7 -mfloat-abi=hard -mfpu=fpv5-
sp-d16 --sysroot="/arm-none-eabi/lib"
-nostartfiles -WI,-
FEIEIE T ) - .
Link Map,"Phy_665a_example_S32K344_DSPI_Timing_DS.map" -Xlinker --
inker
) gc-sections -n -mcpu=cortex-m7 -mfloat-abi=hard -mfpu=fpv5-
Options

sp-d16 --sysroot="/arm-none-eabi/lib"
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4 FFA &= DEVELOPMENT BACKGROUND

BRI, AELNBFESRMUREEZS, WREBFNREHERDBEEMS, A7
BARENLZEMERER, AENRZEERUZINEN., VHILFEER GENRRENELSE
IS0 26262, BEMMCI774BEMEN A, FHEGHLENAIE FEBTHRSRED, X
FH SEooC(safety element out of context) #FTIRITH & o

Currently, the electronic and electrical architecture in vehicles is becoming increasingly
complex, and the safety requirements for automotive electronics are also rising. To meet the
safety demands of vehicles, functional safety is gaining more and more attention. In recent years,
the industry has been referring to ISO 26262 for functional safety standards. The NXP MC33774
is suitable for the selected applications and complies with the standards for such applications. In
the electronic and electrical systems, SEooC (Safety Element out of Context) is used for design
and development.

BT CDD AHFE ASIL-x FREMEERGIRHBABE . Pack IR, RERN, %R ISO
26262-5(2011) Clause 8 N7 2 NEE: Single-point fault metric( B & i & E &) Latent-
fault metricGEREEEE), RRAY ASIL FRERFEE R DM TTEIBERHILE B ilifE
EEMBERMIEEERTELEEREZF ASIL-x FH.

Since the CDD provides cell voltage, pack current, and temperature detection for battery
management systems of specific ASIL-x levels, ISO 26262-5 (2011) Clause 8 introduces two
metrics: Single-point fault metric and Latent-fault metric. Different ASIL levels and failure analysis

methods require that these metrics meet the corresponding ASIL-x levels.

ASILB ASILC ASIL D

Single-point fault metric 290 % 297 % 299 %
ASILB ASILC ASIL D

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

Fit, AFFN BB FEFFE ASIL-D ZEF%K, FM COD BEHE MC33774 IRz
e mis G TR, BEWMRRER K, LM MC33774 ZEFMFBEXRNLENH .

Therefore, in customer application projects that require compliance with the ASIL-D safety
level, the ZC CDD NXP MC33774 driver software product provides a software solution to meet
functional safety requirements and implement the relevant safety mechanisms in the MC33774

Safety Manual.
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5 IThgEFEIA FUNCTIONAL DESCRIPTION

5.1 &%= Product Features

composite structure SAFETYFRAME /

Application

RTE

Test Manager | Wdg Manager |

Test Module Driver Module E2E Lib wdglf
Plausibility Test ExtWdgDri| IntWwdgDr

Microcontroller{(MCU)

e P 1

AUTOSAR %244
AUTOSAR Architecture

> TEARZRENEME| AUTOSAR H
Can be integrated as a complex driver into AUTOSAR .

> TTEREIE AUTOSAR SR, RIFER

Can be integrated into non-AUTOSAR software architectures.
> IHEFZENHENHE

Support multi-core testing and applications.

> Safety Library BB R EPEF LT
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Safety Frame has internal program flow monitoring.

> BREM FFERAERNK, EEMMEHY TLF35584Lib TTSLHLE 1L ASIL-D #F3K
High security: Supports multi-core self-testing, and can achieve up to ASIL-D requirements
when paired with ZC 's TLF35584Lib.

> B RN SRRUEEREAREFHEARK
High scalability: Each module can be configured to meet the application requirements of

different customers.

5.2 E{4$%E449 Software Architecture

omposite structure COD B 8 MC3377x /

MC3377x Drv

MC3377x SchmM

MC3377x ACO MC3377x DIAG MC3377x CTRL

MC3377x COM

ZC Standard Software

LR A

Software Architecture

R RIRBIE:

L EES TR ik
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SEIMC33774RBEEETIRE, BIESPIBESTPL
BiEaE

Implement the communication management
function of the MC33774, including SPI

communication and TPL communication

MC3377x COM

processing.

SLIMMC33774R9 A EEIRTNGE, AFXIMC33774
MEENIBENE SN ARERA

Implement the scheduling management function
of the MC33774, used for scheduling of MC33774

functions and interfacing with the application

MC3377x SchiM

layer.

SCIIMC3377409 R £ TheE, BIIEE{AHE. PackHs
. PackBE. REEXRM

AIEET MC3377x ACQ Implement the sampling function of the MC33774,

2i including sampling of cell voltage, pack current,

pack voltage, and temperature.
SKHIMC33774p9 BRI E IR TIRE, TR BKE
PNERpSLL g

MC3377x CTRL Implement the cell balancing management
function of the MC33774, mainly for balancing
individual battery cells.
SCHIMC33774/912 T TheE, B REF A
L

MC3377x DIAG Implement the diagnostic function of the
MC33774, mainly to realize the safety mechanisms

in the safety manual.

5.3 Z2HrThEE Diagnostic Function

ATHENRZEH K, BEH MC33774 LI T BANZEVIHIRIT. ETIhZEH
AYSCEL, MC33774 T SEILS /& i (4 A ER ER B A 12 T IX R XM IR S 12 M Th BE
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mechanism design. Based on this safety mechanism, the MC33774 can perform diagnostics on

FIMBL 5 FITE A
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To meet functional safety requirements, the NXP MC33774 implements a general safety

the internal hardware circuits of the chip as well as on external communications.

ET = 2% 891

BEPXERFRATERE, TUNBRLTEYH !

Based on this safety mechanism design, the ZC CDD NXP MC33774 driver software product

provides a software solution that can be configured according to customer requirements to

implement relevant safety mechanisms.

ST, FM CDD B 3# MC33774 IRENE 4/~ miR A &, TiRIE

ID Description Kind ASIL
SM.e.1 |Cell voltage - Companson of primary and secondary measurement data FUNCTIONAL D
Requirement
SM.e.2 |Cell voltage - Cell connection test (BMS level) FUNCTIONAL D
Requirement
SM.e.3 |Cell voltage - Range check pnmary cell measurement FUNCTIONAL A(D)
Requirement
SM.ed |Cell voltage - Open-load detection primary cell measurement input FUNCTIONAL A(D)
Requirement
SM.e5 |Cell voltage - Range check secondary cell measurement FUNCTIONAL A(D)
Requirement
SM.e.6 |Cell voltage - Open-load detection secondary cell measurement input FUNCTIONAL A(D)
Requirement
SM.e.7 |External temperature sensor - Plausibility check/Companson FUNCTIONAL D
Requirement
SM.e.8 |General purpose voltage - Range check primary general purpose measurement | FUNCTIONAL A(D)
Requirement
SM.e.9 |General purpose voltage - Open-load detection pnmary general purpose FUNCTIONAL A(D)
measurement input Requirement
SM.e 10 |General purpose voltage - Range check secondary general purpose FUNCTIONAL A(D)
measurement Requirement
SM.e.11 |General purpose voltage - Open-load detection secondary general purpose FUNCTIONAL A(D)
measurement input Requirement
SM.e.12 |Thermistor supply voltage read-back and compare FUNCTIONAL D
Requirement
SM.e.13 |Intermediate circuit voltage - Companson of primary and secondary measurement | FUNCTIONAL D
data Requirement
SM.e 18 |Multiplexer test pnmary measurement FUNCTIONAL A(D)
Requirement
SM.e.19 |Multiplexer test secondary measurement FUNCTIONAL A(D)
Requirement
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ID Description Kind ASIL
SM.e 20 |Configuration register - CRC check FUNCTIONAL D
Requirement
SM.e.21 |Configuration register - Read-back and compare after write FUNCTIONAL D
Requirement
SM.e 22 |Result register - Invalidate on read check (optional) FUNCTIONAL B(D)
Requirement
SM.e23 |Primary ADC reference voltage check FUNCTIONAL A(D)
Requirement
SM.e.24 |Secondary ADC reference voltage check FUNCTIONAL A(D)
Requirement
SM.e25 |Primary IC temperature read-back and compare FUNCTIONAL A(D)
Requirement
SM.e.26 |Secondary IC temperature read-back and compare FUNCTIONAL A(D)
Requirement
SM.e 27 |Communication - Information redundancy FUNCTIONAL D
Requirement
SM.e.28 |Communication - Timeout monitoring FUNCTIONAL D
Requirement
SM.e.29 |Communication - Message counter FUNCTIONAL D
Requirement
SM.e.30 |Communication - Unique device address FUNCTIONAL D
Requirement
D Description Kind ASIL
SM.i1  |Result register - Invalidate on read FUNCTIONAL D
Requirement
SM.i2 | Thermistor supply voltage monitoring FUNCTIONAL D
Requirement
SM.3 | Thermistor supply voltage monitoring check FUNCTIONAL B(D)
Requirement
SM.i4 |Calibration data - CRC check pnmary processing FUNCTIONAL B(D)
Requirement
SM.i5 |Calibration data - CRC check secondary processing FUNCTIONAL B(D)
Requirement
SM.6  |Analog supply voltage monitoring FUNCTIONAL D
Requirement
SM.7T  |Analog supply voltage monitoring check FUNCTIONAL B(D)
Requirement
SM.i.8 |Configuration register - Test mode register area FUNCTIONAL D
Requirement
SMi.9 |Pnmary Clock Monitoring FUNCTIONAL B(D)
Requirement
SM.i.10 | Secondary Clock Menitoring FUNCTIONAL B(D)
Requirement
SM.i.11  |BIST completion code FUNCTIONAL |  A(D)
Requirement
SM.i.12  |Digital supply voltage monitoring FUNCTIONAL D
Requirement
SM.i.13 | Digital supply voltage monitoring check FUNCTIONAL B(D)
Requirement
SM.i.14 | Cell balancing - Cell undervoltage protection FUNCTIONAL A
Requirement
SM.i.15  |Internal bus communication - EDC FUNCTIONAL D
Requirement

Baengen )R E RS Fan
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5.4 Hm{FMix Software Testing

JIXERLER Testing Environment

B#5MIR QAC Helix QAC 20191
Static Testing QAC MISRA-C: 2012
7SI Tessy

4312

Dynamic Testing Tessy

Evaluation Hardware NXP PC33774A

Configuration Environment Win7 64bit / Win10 64bit
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Development

Process

mREE

Requirement

Collection

BT/ RIT
Software
Requirement

Analysis

REEMRIEIT
Software

Architecture

Design
AR
BRI
Detailed

Software Design

and Unit Design

BB T
Software Unit

Testing

LSES I EE 514
A
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XA

Document Description

BEPBRXY

Customer Requirements Document
TR

Requirements Analysis

BRAITAAES

Requirements Analysis Specification
BRH-FRIBIRR

Software Requirements Traceability Matrix
&P Rie) @am AR

Customer Issue Communication Form
B R A1 B

Software Architecture Specification

B R IIBER R

Software Architecture Traceability Matrix
AR RH

Detailed Design Document

MuNiu B2 & T Bi&it

MuNiu Configuration Tool Design

R FEMIRITIEER TR

Software Detailed Design Traceability Matrix
FMEI T

Detailed Design Review

QAC iR &

QAC Analysis Report

Tessy MIRXIR &

Tessy Test Report

B R IT IR A

Software Unit Verification Strategy
SRR R I

Integration Strategy
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Development

Process
Software
Integration and
Integration

Testing

BN
Software
Qualification
Testing

&l

Release
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Document Description

ST

Integration Manual
SRR SR
Integration Test Strategy
SRR R E
Integration Test Report
TR RS

Resource Analysis Report
B RS

Software Test Report
BN R & 1
Software Test Report Review
RIS

Release documentation
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7.1 IhEERE£TEHIRE Functional Safety Assessment Report

7.2 ThEEREUEP Functional Safety Certificate

WeChat Official Account
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CERTIFICATE NO FS/71/220/23/1031 PAGE 111

ZERTIFIKAT NR.: SEITE(N)

LICENCE HOLDER & MANUFACTURER

GENEHMIGUNG SINHABER & HERSTELLER

Shanghai ZC Technology Co., Lid. ®
Building C, 888 Huanhu West 2nd Road, LK—’
Pudong New Area, a m M ﬂ E
Shanghai,
P.R. China
PROJECT NO/-ID LICENSED TEST MARK CERT. REPORT NO.
PROJEKT-NRAD GENEHMIGTES PRUFZEICHEN ZERTIFIKATSBERICHT NR.
T4A8-ALO1 7 . i T4A80002

is an integral part of this ceriificate.

Tl ] ASIL D COMPLIANT ist ein infegraler Besfandfed diases Zertiikats
Punctonl Satry

( SAAR

Certified product(s) SafetyFrame
Zeriifizierte(s) Produki{e) Version 2.1.0

Tested according to  1SO 26262-2:2018
Depon haeh ISO 26262-6:2018
I1SO 26262-8:2018
ISO 26262-9:2018

Technical Data and The judgement of the achieved functional safety for the above-
Parameter mentioned SafetyFrame Software is “accepted” according to
Y Tectiecs OMBR URd TRt above mentioned standards ASIL D reguirements.

The SafetyFrame Software is suitable for integration into
systems up to ASIL D.

The' oltiicate,is based on vawntary tests. The compliance of Ine cerlfied product against the recuiremenis of above fsled functicnal safety
_slendards was evalusted. Any changes lo the design. components or processing may require repelition of some parts of the certification to ratain
the.cerification, All'appiicabie raquirements of the testing and certification regulations of SGS-TUV Saar GmbH have to be complied, see www.sgs-
10v-388", COM/ICrTIUG and . S95-Lv-SGAL. COm/QIC-TUG

N

% Certlfcatmn Body
for Funcﬂunal Safety & Munich, Feb 22, 2023
~ Cyber Security %
SGS-TUV Saar GmbH . i
Gudrun Neumann

SGS-TUV Saar GmbH, Hofmannstr. 50,
81379 Miinchen. Deutschfand [ Gerniany

Siistuv-sa o
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To Be the Global Leading Automotive Basic Software Company

Business Contact
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