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1. Read Me First

S32 Configuration Tools product is composed of a suite of tools for configuring NXP processors and
generating initialization code. This support consists of the following tools:

e Pins Tool

o Clocks Tool

e Peripherals Tool

o Device Configuration Data Tool
e Image Vector Table Tool

e QuadSPI Tool

e DDR Tool

e eFUSE Tool

1.1 Installation

$32 Configuration Tools - Version 1.6 Update 6 is integrated into S32 Design Studio 3.5 Update 2 which is
based on Eclipse Version 2021.06.

One can access S32 Design Studio release announcements and/or S32 Design Studio page on nxp.com to
find out latest releases and more info about the compatible S32 Software Development Kit / S32 Real
Time Drivers packages, including their download location.

S32 Configuration Tools supported in this release:

e |IVT Tool — Intuitive Image Vector Table Definition

e DCD Tool — Quick Peripherals Configuration

e QuadSPI Tool — Configuration of the QSPI parameters for boot sequence
e DDR Tool — LPDDR4, DDR3L training, DDR initialization and stress test

e  eFUSE Tool — Graphical fuse configuration

There are additional S32 Configurations Tools supported in this release and enabled with S32 Software
Development Kit / S32 Real Time Drivers NPI data:

e Pins Tool — Graphical tool to easy assign I/0 functions to different pins
e Clock Tool — Graphical clock tree for easy configuration of complicated device clocks
e Peripherals Tool — configures the device initialization and software drivers of an SDK

S32 Configuration Tools product was verified on:

e Windows 10, 64bit


https://www.nxp.com/design/software/development-software/s32-design-studio-ide/s32-design-studio-for-s32-platform:S32DS-S32PLATFORM
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1.2 Problem Reporting Instructions

Problems found in this release, or any suggestions of improvement should be posted to:

e Internal users: S32 Configuration Tools Jira project

e External users: S32 Design Studio Community

2 What’s New

S32 Configuration Tools 1.6 R Update 6 release brings stable framework, with important additions in DDR,
Pins, Peripherals, IVT and eFUSE tools. For all other supported tools, maintenance and bug fixes have been
done.

2.1 New Features

The list of newly introduced features is stated below in short and discussed at greater length in next
sections:

[DDR] Enable LPDDR4 DBI feature

[DDR] Add possibility to store and decode training messages using the DDR Tool generated code
[DDR] Removed Refresh Command Constraints option from DDR View

[DDR] Add option to synchronize input test parameters across the selected tests

[DDR] Add size constraints for Operational test parameters

[DDR] Improvements on DDR PHY impedance calibration sequence

[DDR] Add option to bypass the default XOSC configuration

[Pins] Add Import EPC feature for pins settings

[Pins] Extend Import EPC functionality to support different pin setting mapping file per derivative
[Peripherals] Add possibility to create shortcut links to another node / component

[eFUSE] Add reset to processor default functionality

[eFUSE] Enable Overview tab

[QuadSPI] Improve text field error reporting


https://jira.sw.nxp.com/browse/UCT
https://community.nxp.com/community/s32/s32ds
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[IVT] Updated list of available GMAC generation methods

2.2 New Regressions

QuadsSPI:

e [Regression] The content of MODE2 Pins dop down contains additional entries (four pad / eight
pad) when using the MODE?2 instruction from 2 difference sequences.
Workaround: Disregard the additional values, use one of valid values (one pad / two pads)

IVT:
e [Regression] “Size in bytes” text field should be highlighted in red when the entered value is 0
Workaround: No functional impact

3 Release Description

Next sections offer an insight into the most significant capabilities of all tools.

3.1 Pins Tool

Pins Tool displays, inspects, modifies any aspect of pins configuration and muxing of the device. Pins
routing can be done in multiple views:

e Pinsview

e Peripheral Signals view
e Package view

e Routed Pins
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WARNINGS; v2: There are wamings in the configuration, generated source code might not be complete or can cause compilation warnings.

Figure 1: Pins Tool

Pins Tool is used for pin routing configuration, validation and code generation, including pin
functional/electrical properties, run-time configurations, with the following main features:

Muxing and pin configuration with consistency checking
Graphical processor package view

Multiple configuration blocks/functions

Easy-to-use device configuration

Selection of Pins and Peripherals

Package with IP blocks

Routed pins with electrical characteristics

Registers with configured and reset values

Source code for C/C++ applications

Automatic pins routing

Automatic routing tries to resolve conflicts, it routes signals on different pins until a valid configuration
is reached. The used algorithm is a mixed approach between running maximum matching algorithm in a
signals — pins bipartite graph and processing remaining signals with backtracking.
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Figure 2: Pins Tool — Automatic routing

Enabled code changes highlighting for all tools. Two styles are currently supported:
e Margin highlighting
e Full line highlighting
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Figure 3: Pins Tool — Code changing highlighting

Export Pins view configuration as HTML and CSV format

* Export

Select

Choose export wizard.

Select an export wizard:

type filter text

w [= 532 Configuration Tools
Export Configuration (*.rmex)
(= Clocks Tool
(= Peripherals Tool
w [= Pins Tool

Export HTML Report
Export Registers
Export Source Files

Export the Pins in C5V (Comma Separated Values) Format

< Back

MNext >

Finish

Figure 4: Pins Tool — Export pins

Cancel

02/2023

QQisfz
B None
i ~  Line margins highlighting
I3 Full lines highlighting

PORT_DDR_MIN_DELAY,

- sITULZ,

136u,
ETJ,

PORT_MUX_ALT1,
PORT_SAFE_MODE_DISABLED,
PORT_STR7_DRIVE STRENGTH,
PORT_INTERNAL_PULL NOT_ENAI
PORT_LOW_SLEW_RATE,
PORT_INVERT_OUTPUT_DISABLE
PORT_HYSTERESYS_CMOS,
PORT_INPUT_BUFFER_DISABLED
PORT_OPEN_DRAIN DISABLED,

PCORT_OUTPUT_BUFFER ENABLED

PORT_DDR_NO_CRPOINT,
PORT_DDR_NO_TRIM,
PCRT_DDR_NO_ODT,
PORT_DDR_DDR3_MCDE,
PORT_DDR_INPUT_CMOS,
BORT_DDR_MIN_DELAY,

New preference called “Require identifier for Pins (Pins tool)”. This new preference allows user to
control the generation of identifier related warnings. With this preference enabled, warnings will be
generated for bidirectional signals with no identifier set.
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8 preferences ] X

$32 Configuration Tools $32 Configuration Tools
Appearance
Line ending style
(O Windows (CR + LF)
O Linux/Mac (LF)
@ Default (based on host)
[[] Always overwrite files without asking
Always show details before Update Code
Undo history size: | 10

Show pin label & identifier table columns (Pins tool)

[] Require identifier for Pins (Pins tool)

[[] Show Overview dialog on opening configuration for the first time
O Automatically load last configuration on startup

Restore Defaults Apply

Figure 5: Pins Tool — enable/disable identifier from preference dialog

In case Identifier is not used at all, no warnings will be triggered.

New features in S32CT 1.6 R Update 6 version:

e Extended Import EPC feature to load pins settings. A mapping file is required in the process, that
links the pins from ASR format to S32CT.
This is used by internal SDK/RTD teams while developing components with Config Tools.

e Extended Import EPC functionality to support different pin setting mapping files for different
derivatives. The link between them is done through the package name.
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3.2 Clocks Tool

Clocks tool allows users to easily configure initialization of the system clock — core, system, bus,
peripheral clocks — and generate C code with clock initialization functions and configuration structures.
The tool validates clock elements and calculates resulting output and clock frequencies.

Advanced settings can be done in Diagram and Details views. Other capabilities are listed next:

e Inspect and modify configuration of elements on clock path from clock source up to the
core/peripherals

e Validate clock elements settings and calculate the resulting output clock frequencies

e Generate a configuration code aligned with latest version of header files

o Table view of clock elements with their parameters allowing the user to modify the settings and
see the outputs

e Diagram view allows easy navigation and displays important settings and frequencies

e Peripheral Clock view which contains the list of peripherals — if a chain in form of selector,
divider and gate is found, an entry is created

e Find clock elements settings that fulfills given requirements for outputs

[ workspaces1205.3.1 - Clocks - $32 Dessgn Studio - o *
Fie Edit Wavgste Sesch Project Configlock Clack: Run Crestion VDKDebug Window Help
R E QB (s v [l UptmeCode » iFunctionsl Group BOARD BoctClockiUN ‘me Q-ill-ie | BEElt O

o Clocks Digram 73 | [ Clocks Table @ QB DE swax Y=o @rer. =z

Fun Mode DRUN +

Clock Name Ensble Source Divider Frequency &
 mroe U apen_c1x & oem 1 sme
ARC APEX APU_CLE M R /1 sMH
Mz e e CRCO.CLK M ows 1 s
QX 6645 MHz CRCT_CLK M svss /1 eem.
I S0 CTALL CLK T
o csn e ax B om0 mone
DACED.CLK M AR 1 asmee
- e DACEQ MODULE LK ™ FRC /1 4B MHz
DDR_3KHZ_CLK M ERC. /1 3k
- DECD_CLK A w6 /1 86,49,
DMAMUAD_CLK M s /1 .o
DMAMUI CLK M s 1 s
ENETO_CLK M FRC /1 48 MHz
ENETD, TIME.CLE M RRe 1 M
FLEXCANO_CLK ™ FRC /1 4B MHz
FLEXCANT_CLK M RRC 1 s
FLEXRAVD_CLK M FRC /1 48 MH:
FIIMERD_EXT_CLK M FRC /16 IMM
e FIIMERY EXT CLK M RRC /16 M
e 264 DEC_CLK M o o swe
H254 ENC_CLK M FRC /1 BMH
a3 ==
HPSMI_CLK ™ svss /1 2657
8z co.cLe M s 1 esa
40 Mz C1CLK M V6 /1 66,48,
C2_CLK M 6 /1 66.49.
b LFASTO_CLK M RRC /2 ume
N LK M FRC /1 48 MHz
LN CLE M R 1 s
MEISTO_CLK ™ FRC /1 BMH:
WUPES, CLK M RRC 1 asMee
MMDCO_CLK M DR /i 48 MHz
MMDC1_CLK M oOR /1 48 MHz -
R Probiems 31 ¢BlY = o
typefilter st
Leel sve rigin
B Eror Clocks initsization requires the C... ClocksBOARD. BoatClockRit
’, Tok B
S 3972 Wz
CEE o 2 88078
sava Starting vpsession

Figure 6: Clocks Tool

e Find near value for clock frequencies

=l Prescaler ﬂ A
Prescaler Frequency 400 MHz
ARM_PLL PHIO clock = 208 Lag

rh Unlock

Find Mear Valid Value

Figure 7: Clocks Tool — Find near value
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Reverse frequency calculation onto fractional elements in clocks path

File Edit Tools Clocks Views Help
¥ ~ ‘Functional Group | BOARD_BootCliv | [ [} { Run Mode | RUN

B Clocks Table | ;e Clocks Diagram 51
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Figure 8: Clocks Tool — Fractional elements
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Figure 9: Clocks Tool — find elements

Export Clock diagram

10
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Export O e
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/
Export to HTML format E 5 l

Select an export wizard:

type filter text

w (= 532 Configuration Tool ~
= Export Configuration (*.mesx)
v (= Clocks Tool
=| Export HTML Report
Export registers in C5V (Comma Separated Values) Format

=| Export Source Files
(= Peripherals Tool
v [ Pins Tool
=| Export HTML Report
Export Registers
Export Source Files
=| Exportthe Pins in C5V (Comma Separated Values) Format

l:?;' < Back Mext > Finish Cancel
Figure 10: Clocks Tool — Export diagram

e Add support for zoom on cursor in Clocks Diagram

III

o New “Control” and “DivType” columns in Peripherals Clock view

# Overview © Peripheral Clock View # |[€] Code Preview [l Registers = Details & Clock Consumers = =
Clock Name Enable Control Source Divider DivType Frequency Monitor LOW Freq HIGH Freq ~

ADCO CLK PER.. /1 48 MHz

ADC1_CLK PER_.. /1 48 MHz

CLKOUTO_CLK FXO.. /13 3.07.. M...

CLKOUT1_CLK FXO.. /1 40 MHz

CRCO_CLK XBA.. /1 133.33......

CTUO_CLK PER... /1 48 MHz

CTU1_CLK PER_.. /1 48 MHz

DAPB_CLK COR.. /4 200 MHz

DMAO_CLK XBA.. /1 400 MHz

DMA1_CLK XBA.. /1 400 MHz

DMAMUX0_CLK XBA.. /1 133.33...

DMAMUX1_CLK XBA.. /1 133.33......

DMAMUX2_CLK XBA.. /1 133.33...

DMAMUX3_CLK XBA.. /1 133.33......

DMA _CRCO_CLK XBA.. /1 400 MHz

DMA CRC1_CLK XBA.. /1 400 MHz

EIMO_CLK A53_.. /1 4.8 MHz

EIM1_CLK XBA.. /1 66.66... ...

FIM?2 C1K XPBA /1 AR AR v

Figure 11: Clocks Tool — Peripherals Clock view

“Control” column reflects the configuration from output element meaning if the element is or not under
driver control, possible values are ENABLED/DISABLED.

“DivType” reflects the configuration element from divider element with possible values
COMMON_TRIGGER_UPDATE/IMMEDIATE_TRIGGER_UPDATE.

11
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e Exposed more general clock properties in the Ul:

Functional group properties

Functional groups @ (7
P BOARD BootClockRUN

X
Name: BOARD_BootClockRUN
Run Mode DRUN v
Clock Development Error Dectect Disabled
Clock User Mode Support Disabled v

Clock Disable Ram Wait States Config Disabled v
Clock Loops Timeout 50000

Clock Timeout Method OSIF_COUNTER_DUMMY v
Get Clock Frequency API Disabled
Description:

Called by default initialization function

Figure 12: Clocks Tool - general properties

12
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3.3 Peripherals Tool

Peripherals Tool offers support to initialize, configure peripherals and generate code for S32 SDK drivers.
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M IE
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O  saraoc PE Clock (H) 48000000
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B e Pepsimsrent 0 . :

X Phase segment 1 [ e
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O swm & Ewor  CANPAL Driver notfoundinthet.. Peripherals

O am Sampling point ®

O weeu Data Phase

O e Propogation segment 0

0 usone Phase segment 1 0

Phase segment 2 1
Prescaler divsion factor 0 v ¢ >

ssavas © Starting vpsession

Figure 13: Peripherals Tool
Other capabilities are listed next:

e Configuration and initialization for SDK drivers

e User friendly user interface allowing to inspect and modify settings

e Smart configuration component selection along the SDK drivers used in toolchain project
il Components 3:;1 +}* Peripherals = B [T canpall &

I | @ CAN_PAL Component

Add a new configuration compenent instance to the currently selected functienal group. i
_Ee | Wi
Mode | General Mode
L lieer——

PAL Instance Config

Mame | can_instancel

e g
Peripheral over which the PAL is used | CAN Pal over FlexCAN

Instance index of the peripheral over which the

PAL is used 0

CAN Configuration

S e B
Read-only |

Figure 14: Peripherals Tool — SDK components
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ECAN Configuration

Mame

Read-only

Set maximum number of buffers

Set cperation mode

Enable flexible data rate
Set size of buffer payload

Meodule Clock (Hz)
PE Clock (Hz)

Figure 15: Peripherals Tool — constraints

Document Number: S32CT 1.6 R Update 6

Generation of initialization source code using SDK function calls

Multiple function groups support for initialization alternatives

Configuration problems are shown in Problems view and marked with decorators in other views
Instant validation of basic constraints and problems in configuration

02/2023

| can_configl

0

1o

Mi Set maximum number of buffers [typeinteger, id: maxBuffNum]
Set maximum number of buffers,
Th
Supported input formats are: decimal, hexadecimal, octal and binary. |
g | ERRORS:
Yalue above admissible range! Max 64
&6 VALUE:
4g{ 100

Missing drivers are added to project with one click using dedicated option

[J Skip add/remove components confirmation in future

a Problems &2
type filter text
Level v lssue Qrigin Target
3 Error Value above admissible range! Max... Peripherals:BOARD InitPeripherals
€3 Error Code generation failed Peripherals
& Error EMET Driver not found in the toclc...  Peripherals
.3 Error TCPIP Middleware not found in th... Peripherals
4 Error CAM_PAL Driver not found in the t.. Peripherals
SDK Compenent Management O *
, The following files will be added:
Component source Project Path(s) Info G
~ it clock drivers
Wwooal
w
w
Wwooal
~ ik can_pal pal
v =0 platform/pal/src/can SDK/platform/pal. SRC
|=| can_pal.c
v platform/pal/inc SDK/platform/pal. C_INCLUDE
|=| can_pal_mapping.h
|=| can_pal.h
v =2 platform/pal/src/can/doxygen SDK/platform/pal. DOC
= *.dox
v Ik tepip tepip
v =2 middleware/tcpip/lwip/src/core SDK/middleware/ SRC hd

Yes No

Toalchain/IDE project: cored
Toolchain/IDE project: cored
Toelchain/IDE project: cored

Figure 16: Peripherals Tool — SDK Component Management, add files

RBlY =08

| Add missing drivers (if any) to the project, for all tools.

Type
Tool problem
Tool problem

platform.driver.enet Validation
platform.middleware.tcpip Validation
platform.pal.can_pal Validation
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e Manage SDK Components in sync with Peripherals view

Manage SDK components for project v2sdk’

(D) Identified SDK: 532V234 SDK RTM 1.0.0

Mote: adding/remaoving components could potentially damage your project, use it thoughtfully

s

Available SDK components

Copy sources
Import other files

I:| Sync with Peripherals Tool Configuration view, automatic add/remove components I

0s 7 | [F | driver &7 W % | = | pal 7 W %R ‘ ] | utilities 7 M % | || middleware 5 ] ¥ | =l
| type to filter ‘ | type to filter | | type to filter | | type to filter | | type to filter |
Name Version MName Version ™ Mame Version Mame Version Name Version
] dggk freertos [ dgt ade_sar [ 4t ade_pal [ dgt ammclib [ dg fatfs
=T 004 can_pal C4g sest 004 ipef
[ dgt ere [ 4t i2c_pal [ sdhc
[ dgt cse [ 4 ic_pal [ g2 tepip
g dspi O 4 mpu_pal [ 4 tepip_a
[ g edma [ 4t oc_pal [ 4 tepip_ay
O g eim O 4 pwm_pal 4% tepip_at
[ dgk enet [ dgt security_p [ 4 tepip_ag
O 4gk erm [ 4 spi_pal [ 4 tepip_ap
[ dggk fecu [ 4t timing_pa [ 4 tepip_ay
[ dt flexcan [ dgt vart_pal [ 4 tepip_aj
[ 4t flexray [ 45t wdg_pal [ 4 tepip_aj
[ gk ften_ic [ 4 tepip_ag
[ d ftrm_me [ 42 tepip_ay
O 4 ftm_oc v [ 4 tepip_a
< B < < [ 4 tepip_ag
?\ Cancel

e Move generated files to project for all tools

W Update Files

Generated file
v Pins
v board'
pin_mux.c
pin_mux.h
v Peripherals
v board',
can_pal_cfg.h
lwipcfg.h
lwipopts.h
Iwippools.h

~ DCD
v board',
ded_config.c
v A INT
v board',
ivt_config.c

Options

peripherals_can_pal_1.c
peripherals_can_pal_1.h
peripherals_enet_config_1.c
peripherals_enet_config_1.h
peripherals_osif_1.c
peripherals_osif_1.h
peripherals_tcpip_config_1.c
peripherals_tcpip_config_1.h
sdk_project_config.h

Status
8 error

@ create
@ create
€% error

E create
E create
E create
E create
Q create
E create
E create
Q create
E create
E create
Q create
E create
E change

@ create

@ create

Always show details before Update Code

Figure 18: Peripherals Tool — Update Code

Cancel

Figure 17: Peripherals Tool — SDK Component Management
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e Help mechanism for peripheral components
Mg Components | & Peripherals 53 = 0O

Y |t:.-'pe filter text

Peripheral Uszed in 4
‘M CaND t flexer- 5=
O cant R
[0 cane ﬂ Add compeonent instance
O cans [=] Edit comment
O CAN_4 B Documentation
0 cans

- Remove
[0 canNs ® -

Vligrate

O cany
O CTUAET Disable
O cruaee Move to ¥
0 eoma Copy to 3

Figure 19: Peripherals Tool — Show documentation

e Show Problem moves focus on the Ul control that reported the error
e Various enhancements for better user experience:

o Collapse/expand large arrays/structures to have a clear view of the entire content of the

driver
~ Test Config Set Preset | Custom... v
Post Build Variant Used O
Config Variant VariantPostBuild v

w collapse_struct_ref
no_expand_struct_ref

no expand/collapse feature

boolSett

fileTest | Select file

fileValue
~ quick_expand_struct_ref
stringSett | imbricatedStruct|

first

Figure 20: Peripherals Tool — Collapse/expand large structures

Enable horizontal/vertical scrollbar when size of array items becomes greater than the
screen allows

~ Result FIFO configuration +| | X

CTU_resfifoConfl | y,me [ CTU_resFifoConfig0
Read only configuration B
Overrun interrupt
Overflow interrupt
FIFO empty interrupt ]
FIFO full interrupt
Fifo threshold [o

i 5 || DMA enable (]

Figure 21: Peripherals Tool — Horizontal scrollbar
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o Possibility to insert a string spanning on more lines

test_comp_1 Quick Selection Dynamic String Compose feature test A

Multi line string feature

more than 5 lines v

Figure 22: Peripherals Tool — Multi line span

e Implemented possibility to Browse for a file in settings view

Select configuration file [ ChlUsers\Downloads'switch1Config.hex | [ select fite

Press button LOAD TABLES...

Figure 23: Peripherals Tool - Browse file

e New sub-settings element with the possibility to open pop-up dialog for more in depth
configuration:
~ Sub-settings example
P~k mmdbines nf1 mummee b m—
Sub-settings2 Struct Configuration
enum_sub_setting4

@o [0
-

.

B sub-settings: Sub-settings2 Struct Configuration X

Sub-settings2 Struct Configuration

Configure the sub-settings2 struct

~ Sub-settings2 Struct Configuration

enum_sub_setting2 s20_elem1 v
enum_sub_setting3 s21_elem1 v
bool_subsetting B

file_subsetting Select file

Figure 24: Peripherals Tool - Sub-settings

Sub-settings per each setting feature offers the possibility to display and configure more settings
that can influence the state of the current configuration and the code that is generated. These
settings can be unique or shared with other settings elements.

o Update code with dependencies from command line

Create new configuration by importing toolchain | -ImportProject {path} Creates new configuration by importing toolchain
project project based on the found .mex or yaml info. It
updates code and validates configuration.
Parameter is path to the root of the toolchain project

Figure 25: Peripherals Tool - Update code from command line

When executed from IDE, it imports toolchain project and updates code looking also into the
sdk_manifest.xml file(s) if it contributes to the code generation and brings all defined
components dependencies.
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o Import AUTOSAR ECU configuration file
S32 Configuration Tools framework can recognize and import AUTOSAR ECU configuration files
and display the content into Peripherals view based on the extracted info:

. Impert

Select

O X

Import an ECU Cenfiguration file(s) l E\“ 5 I

Select an import wizard:

type filter text

w = 532 Configuration Tools
= Impert Configuration (*.mesx)
|27 Import ECU Configuration
[Z Import Registers
[Z Import Source

< Back Finish Cancel

Figure 26: Peripherals Tool - Import ECU wizard

@ 1mport [m| *
Import ECU Configuration
€ Invalid file(s) or unsupported extension
Path:
| <path to ECU configuration file»
Browse...

(®) Import the configuration as a new one
Merge into current configuration
A Check ECUC-MODULE-DEF value

Select Processor/Board/Kit

| type filter text

Select Processor/Board/Kit Pins Clocks Peripherals DCD IWT  QuadSPl DDR  Status
» Processors

<

Mame your configuration

Select processor package Select core Select SDK version

< Back Mext > Finish

Cancel

Figure 27: Peripherals Tool - Import ECU configuration file
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One can import an ECU Configuration generated previously in the current configuration or as a
new configuration.

Support is available in Ul through new project wizard or in command line using:

Import ECU Configuration files -ImportEcuConf Import ECU Configuration file(s) (*.arxml, *.*) into
configuration.
Importing is done after loading mex or creating a new
configuration and before generating outputs

Figure 28: Peripherals Tool - Import ECU, command line

Note: Currently, ECU configuration can be imported into the Peripherals tool only.

Note: Imported ECU Configuration file(s) should be compatible with the AUTOSAR 4.4 schema
version.

e Synchronize a setting’s value between different instances of the same component

SUb—STSetting value will be synchronized between different instances of the same component.
~ lore

0 |0
@1 |0

Figure 29: Peripherals tool - synchronize values

The values of such settings are shared between all instances of a component and is highlighted
in the Ul with a specific decorator as shown in the screenshot.

e New preference introduced that controls if code is generated or not in “Enable Code Preview”
i

532 Cenfiguration Tools 5§32 Configuration Tools
Appearance

Line ending style

(O Windows (CR + LF)

(O Linux/Mac (LF)

(® Default (based on host)

[] Always overwrite files without asking
Always show details before Update Code

Unde history size:

Show pin label & identifier table columns (Pins tocl)

O Require identifier for Pins (Pins tool)

[] Show Overview dialog on opening configuration for the first time
[ ] Automatically load last configuration on startup

Enable Code Preview

Restore Defaults Apply

Apply and Close Cancel

Figure 30: Peripherals Tool - Enable Code Preview

When this preference is enabled, code generation is performed automatically after every change in the
configuration and the Code Preview is updated accordingly. When this preference is disabled, code
generation is stopped, warning message is displayed in Code Preview window, and the action can be
manually triggered by using one of the available options:
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o

By pressing “Generate Code” icon located on the toolbar

# A Y Update Cade
Figure 31: Peripherals Tool - Generate Code

By pressing “generate code” link highlighted in the warning message from the Code Preview
window

By pressing “Update Code” button on the main toolbar, where code update is preceded by
code generation

Peripherals Tool allows selection of generated artifacts through Command Line API.

Added new command line argument called -ExportArgs that can be used to export its
given arguments to javascript via scriptApi. The exported arguments can be retrieved in
javascript by calling: scriptApi.getUtils().getExportedArgs().

Example of usage:

-HeadlessTool Peripherals -ExportArgs epc epd

This new option was introduced to pair with existing -ExportAl1l that exports everything
no matter what. The new option does a filtering over generated artifacts.

This is used by internal SDK/RTD teams while developing components with Config Tools.

Peripherals Tool allows component filtering through Command Line API.

Added new command line argument called - ExportComponentIds that can be used to
export its given component ids to javascript via scriptApi. The exported arguments can be
retrieved in javascript by calling:
scriptApi.getUtils().getExportedComponentIds(). This new argument should
be used in combination with -ExportArgs flag to export certain files for the given list of
component ids.

Example of usage:

-HeadlessTool Peripherals -ExportArgs epc epd -ExportComponentIds
eth_gmac_43 adc_16

This new argument offers a new level of filtering to generate specific artifacts for specific
component(s).

This is used by internal SDK/RTD teams while developing components with Config Tools.

Support for multiple sdk features and categories files that allow modular SDK/RTD
development.

Added mechanism to support multiple sdk_features.xml and categories.xmlfiles
defined at once. This allows SDK/RTD teams which are integrating their components to
define more such files and the tool will resolve all of them.

This is used by internal SDK/RTD teams while developing components with Config Tools.
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e Enabled inheritance for component settings to improve component development process.

Added mechanism which allows creating component settings by starting from a base
setting. There are cases when a lot of settings have common parts (e.g. same options,
conditions). Using this mechanism component developers can define new settings starting
from a base setting, and the newly created settings would contain the existing
characteristics of the base setting avoiding re-writing the same options for each setting.

This can be enabled by using base_type attribute where the id of the base setting needs to

be specified. For example:
<struct id="baseStruct">
<options_expr>
<option id="structOption" expr="$this.getId()"/>
</options_expr>
<string id="name" label="Name"/>
</struct>
<struct id="struct2" base_type="baseStruct">
<string id="value" label="Value"/>
</struct>
struct2 has as a base type baseStruct inheriting all options and settings from its base.

This is used by internal SDK/RTD teams while developing components with Config Tools.

e Enable/disable state for Config Time support, option is added in “Global settings” view.
Configuration classes and variants is an AUTOSAR concept, added support in the framework.

Global settings

v SystemModel Preset | Custom... v
EcvdGenerationMethod INDIVIDUAL v
EcvdOutputPath Select directory
EcvdGenerationTrigger Generate Configuration

Peripherals Used

Unigue Instance

Synchronize Functional Groups
Generate Component Suffix

KRR O

Enable Config Time Support

Figure 32: Peripherals Tool - Enable Config Time support

This is used by internal SDK/RTD teams while developing components with Config Tools.

e Support to execute a JavaScript file from another JavaScript file.
This is used by internal SDK/RTD teams while developing components with Config Tools.

e Removed the suffix from the instance name of a component when there is only one allowed
instance.
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Added new option called GENERATE_COMPONENT_SUFFIX based on which _1 suffix is
added or not in the name of the component when max_instances="1" is set.
Name of the component with GENERATE_COMPONENT _SUFFIX option checked (true):

[% test_comp_1 =
Test Driver = @

Name test_comp_1 Custom name []

Figure 33: Peripherals Tool - Generate component suffix

Name of the component with GENERATE_COMPONENT _SUFFIX_option unchecked (false):

[ test_comp i E

Test Driver s @ |

Name | test_comp Custom name []
Figure 34: Peripherals Tool - Do not generate component suffix

This enablement is done in the system. component file.
This is used by internal SDK/RTD teams while developing components with Config Tools.

e Enabled synchronization of component instances between functional groups.

Added a new option called SYNC_FUNCTIONAL_ GROUPS which enables synchronization of
component instances between functional groups. More clearly, if a component is
added/removed/renamed in one functional group, this action will be reflected to the rest of
functional groups as well.

In order to enable this feature, the following must be added into system. component file:

# in component <options_expr> tag

<option id="SYNC_FUNCTIONAL_GROUPS"
available="$components.system.#global.syncFunctionalGroups.getValue()"/>

# in config set <settings> tag

<bool id="syncFunctionalGroups" label="Synchronize Functional Groups"/>

This is used by internal SDK/RTD teams while developing components with Config Tools.
e Enabled synchronization of the array size between different component instances.

Added a new option called SYNC_SIZE applicable to arrays that will enable the
synchronization of the array size between different component instances. More clearly,
when adding/removing an item from an array, the same action will be performed for other
arrays of the same component instances.

Note: This will synchronize only the SIZE of the array, the array elements will remain
unsynchronized.

Example of usage:

<array id="someld" type="someType" options="SYNC_SIZE">

This is used by internal SDK/RTD teams while developing components with Config Tools.
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~ Sub-settings example v Sub-settings example

Enable Sub-Settings button [ ] Enable Sub-Settings button [ ]
sub_settings_ref1_example O sub_settings_ref1_example [l
“vMorem 2vMorem
v 0 v o

test_sync_string1 ‘ test test_sync_string1

test_sync_string2 ‘ test_sync_string2 |

bool_non_sync ] bool_non_sync

bool_with_sync ] bool_with_sync O
v 1 v 1

test_sync_string1 ‘ test_sync_string1 |
test_sync_string2 ‘ test_sync_string2 |
boal_non_sync ] bool_non_sync O
bool_with_sync O bool_with_sync O

T +
Figure 35: Peripherals Tool - Sync array size

e Extended the current support for querying Pins Tool data from Peripherals Tool adding the
following options:

configuredUIValue —can be used to get any property of a routed signal

Example of usage:
# will return slewRateControl value of PJ_07 pin
queryFeatureAdvanced( PinName™, “PJ_07:slewRateControl’, ~configuredUIValue®)

assignedBitFieldValue —can be sued to get any bitfield value of an routed signal

Example of usage:

# will return the value of SSS bitfield of SIUL2_1_IMCR398 register of PJ_07 pin
queryFeatureAdvanced( PinName®, “PJ_@7:SIUL2_1_IMCR398.SSS",
“assignedBitfieldvalue™)

This is used by internal SDK/RTD teams while developing components with Config Tools.

e Added support to import an EPC file that has variant information inside.
This is used by internal SDK/RTD teams while developing components with Config Tools.

e Added support to take settings values from external references. Some settings can take their
values not only from their definition file (.component) but also from an external file (used as
a storage) which can contain values for different settings.
This is used by internal SDK/RTD teams while developing components with Config Tools.

New features in S32CT 1.6 R Update 6 version:

e Added possibility to create shortcut links from a setting in a component file to another
setting/node, in the same component file or a different one.
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Device Configuration Data (DCD) tool generates the DCD image using the format and constraints

Document Number: S32CT 1.6 R Update 6
02/2023

specified in the BootROM reference manual. BootROM reads and interprets the DCD image to configure
various peripherals on the device. The location of the DCD is determined by the pointer in Image Vector

Table (IVT) image.

DCD contains three types of commands:
e Write, write a list of bytes
e Check, test a list of bytes
e Nop, has no effect

Device Configuration Data View &3

() Self-Test DCD image

DCD Commands

New Command

Command Type: E

Check
Nop

Figure 36: DCD Tool — Commands

There are two views:
e Binary view displays DCD image in a binary format
e DCD Command view

EZ. Device Configuration Data View 52

(-] Self-Test DCD image DCD Binary
ey T Image size : 28 bytes
Command Type: Command Length: Target Width : 4 bytes ~ Byted
WRITE 12 bytes Action : Write value (00b) - Oxcc
0x40
Standard View Advanced View
0x0
Per.. BCTRL > Address: 0x400ea02c Oxcf
Re..  BISTALL bt Value/... 0x0
Bitf... BIRA_FAIL v Advanced only 00
Des. Indicates that at least one
" | BIST test has failed with fail .
Bits: [0[00] Add above | ) Delete
) Add register
Insert Command Below D pelete

New Command

Command Type: -

Figure 37: DCD Tool — Views

Bytel
0x0

0x0
0x0
0x0
0x0

Byte2

0xal0
0x0

0x0
0x0

Import
Export

Byte3

Ox4

0x2c

0x0

0x4

0x0

0x0
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Device configuration records can be saved in a variety of formats (C array, binary and proprietary .mex

format):
BB Export file x

Supported formats:

Binary format 3 is softw: P and may e used stri
4% express wnloa A
5 are ag g that v
&* If you do not agree to
8
9#if defined (_ GNUC )
10 #include "532V234.h"
1
12 const uint8_t decd commands[28] = {
13
14 /* HERDER */
5 Oxd2, 0Ox0, Oxlec, 0x50,
16
17 f* CCMMANDS */
18 /* Write command */
19 Oxcc, 0x0, Oxc, Ox4,
20 /* Write register: Peripheral: BCIRL, Register: BISTALL
2 0x40, Oxe, 0Oxal, Ox2c, 0x0, Ox0, Ox0, 0Ox0,
22 /* Check command */
23 Oxcf, 0Ox0, Oxc, Ox4,
24 f* Check register: Peripheral: */
25 Ox0, Ox0, 0Ox0, Ox0O, Ox0, Ox0, Ox0, OxO,
%
27 /* RESERVED */
23
29}
30 gendif
3
< >

o« | [Com]

Figure 38: DCD Tool — Export image

Values can be reset to processor’s defaults:

DCD Run  Creation VDK Debug Window
Reset To Processor Defaults Ctrl+R }

| Reset To Processor Defaults i

Figure 39: DCD Tool — Reset to Defaults

All reserved memory segments are set to OxFF.

DCD Tool has command line support for a set of actions:

02/2023

Command name Command argument Description

Import DCD binary image -ImportBin Import the binary DCD image in the current configuration.
The path of the imported binary image is expected as argument.

Export DCD image in binary format -ExportBin Export the DCD image in binary format.
Folder name is expected as argument.

Folder name is expected as argument.

Export DCD image in C format -ExportC Export the DCD image in C format.
Folder name is expected as argument.
Export all generated files -ExportAll Export generated files (with source code etc.).
(to simplify all export commands to Code will be regenerated before export.
one command) Includes -ExportBin,-ExportC and in framework -ExportMEX.

Figure 40: DCD Tool - Command line options
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Duplicate functionality is available for the DCD commands:

EE Device Configuration Data View 2

@ Self-Test DCD image @
DCD Commands

Command Type: Command Length: Target Width : 4 bytes -

CHECK: 12 bytes Action : All bits in mask clear -
Standard View Advanced View

Peripheral: PMUEVENTOBSERVER - Address: 0x0

Register: CTLO v Value/Ma... 0Oxc

Bitfields: - Count:

Description: Advanced only

Bits: [0][0][00][00][o0]

Insert Command Below Duplicate g Delete

Figure 41 Duplicate command button

Record command is available for a limited set of processors:

= Device Configuration Data View 2

DCF Records
Command Type: Command Length:
RECORD 8 bytes
Target Module: -
Client selection: v
Data Word View Control Word View

Data Word: 0x0 Control ... 0x0

Bitfields: v Chip Sel... | Chip v
Address: 0x0

Description:
Parity:

Bits:

Insert Command Below 0 Delete
New Record command: @ Set

Figure 42 Record command type
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Code Preview tab is available, displaying the DCD image content in C format

DCD Binary
Image length : 16 bytes

ByteD
Oxcf
0x0
0x0

Bytel
0x0

0x0
0x0

Byte2

0x0
ox0

Byte3
0x4

0x0

Oxc

=

Import
Export

O & overview Code Preview 2 & Problems = g
@  dcd_config.c QQuZ~
1/*
2* Copyright 20818-2022 NXP.

This software is owned or controlled by MNXP and may onl
By expressly accepting such terms or by downloading, in
you are agreeing that you have read, and that you agree
If you do not agree to be bound by the applicable licen

9#include "stdint.h"

1@

12

<

11 const uint8_t dcd_commands[32] = {

/* HEADER */
Oxd2, Ox8, ex1e, ox68,

/* COMMANDS */

/* Check command */

Oxcf, Ox@, Oxc, Ox4,

/* Check register: Peripheral: PMUEVENTOBSERVER, Regis
Ox@, 0x0, 0x0, Ox0, 0x0, Ox0, Ox0, Oxc,

/* RESERVED */

/* GMAC */

oxff, oxff, oxff, oxff, oxff, oxff, oxff, oxff,
oxff, axff, oxff, oxff, oxff, oxff, oxff, oxff,

Code successfully generated

Figure 43 DCD Code Preview
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3.5 Image Vector Table Tool

Image Vector Table (IVT) tool configures and generates the IVT image, the first data structure that
BootROM reads from boot device. The IVT contains the required data components like image entry
point, pointer to DCD and other pointers used by the BootROM during boot process.

B WTView 52
Boot Configuration Image Table Start Memory Layout
BootTarget| AS3.0  ~ ® On [x]
BOOTSEQ: Secured boot mode ESAREED
s — B
Boot Target Watchdog L
Start address | 0x100 | Sizeinbytes | 4
Life Cycle
® On
BElide L) 0x0 IVT Image - 256 bytes Oxff
.f I Self-Test DCD (backup)
Interface selection =
N/A E B
Boot device type | QuadSPl Serial Flash  ~ [} Start address | 0x108 | Sizeinbytes | 4
V| Configure QuadSPl parameters
o {[E Automatic Align *
QuadS... N/A N B - )
‘0‘ Automatic align successful
Import IVT Image N
100 Self-Test DCD - 4 bytes 0x103
Export INT Image St
4bytes
Import Blob Image ® On Q
0x108 Self-Test DCD (backup) - 4 bytes 0x106
Export Blob Image DCD (backup)
Flash Image A __IRNc Abytes
Start address  0x118 | Sizeinbytes 4
110 DCD - 4 bytes o113
Reserved
4bytes
‘ ‘ HSE
0x118 DCD (backup) - 4 bytes 0dib
Abytes
Automatic Align
0x120 Application boatloader - 4 bytes 0x123
Automatic Align Start Address: | 0x0 Align Reserved
4bytes
HSE (backup)
0x128 Application bootloader (backup) - 4 bytes 0x12b

Figure 44: IVT Tool — Automatic Align

User can start the configuration using three views:
e Boot Configuration panel allows configuration of boot specific options
e Image Table view allows configuration of IVT pointers by selecting size and start address
e Memory Layout is a graphical representation of the memory to visualize the IVT segments

IVT tool segments can be automatically aligned to eliminate overlaps.

Application bootloader image can be generated where a pre-validation mechanism is used to check for
its accuracy.
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Application bootloader
N/A [ ]

Start address | 0x130 | Sizeinbytes | 4

¥ Application Boot Code Image

Application Boot Image
RAM start pointer
Address
RAM entry pointer
Address
Code length
Export Image
® On

Application bootloader (backup)
N/A ]

Start address | 0x138 | Sizeinbytes | 4

» Application Boot Backup Code Image

Figure 45: IVT Tool — Application Boot Image

Document Number: S32CT 1.6 R Update 6
02/2023

Control mechanism for reserved sections and pointers will be set to OxFFFFFFFF.

® On
DCD

N/A

Start address | 0x100 Fh Size in bytes | 4

Browse

® On

Set the current IVT pointer to be reserved ornot. [ ) (hackup)

[ET

Start address | 0x104 'h Size in bytes | 4

Browse

Figure 46: IVT Tool — Reserved pointers

The currently available import options are:
e Import IVT Image
o Import Image from any IVT pointers
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® On
Application bootloader
C:\S32CT_Workspace\appBootloaderimg

Start address | Ox400 T Sizein bytes | 8072

W Application Boot Code Image

Application Boot Image

RAM start pointer

Address | 0x34300000

RAM entry pointer

Address | 0x34300000

Code length | 8008

Figure 47: IVT Tool — Import Application bootloader

e Import Blob Image
= NTView 2

Boot Configuration z

Boot Target | AS3.0  ~

BOOTSEQ: Secured boot mode

Boot Target Watchdog

Life Cycle

Life Cycle

Interface selection

Boot device type | QuadSPl Serial Flash = o
V| Configure QuadSPI parameters
QuadSPl pa.. | N/A | | B

Import IVT Image

Export IVT Image

Import Blob Image
Export Blob Image

Flash Image

Figure 48: IVT Tool — Import blob image

Exporting all existing images as Blob file including IVT.bin, DCD.bin, HSE.bin, Application_bootloader.bin
etc. is also possible.

30



NXP Semiconductors Document Number: S32CT 1.6 R Update 6
Release Notes 02/2023

VT View 53

Boot Configuration

BOOTSEQ: Secured boot mode

Boot Target Watchdeg

Boot Target | R520 =

Interface selection

Boot device type | QuadSPl Senal Flash =

v | Configure QuadSPI| parameters

Import INT Image

Expart VT Image

Export Blob Image

Figure 49: IVT Tool — Export Blob Image

The currently available export options are:
e Exporting IVT Image as binary
e Exporting IVT Image as C code
e Exporting Blob Image as binary
e Exporting Application Bootloader sub-image as binary

[ Export file %
Supported formats: 10/ VT Binary *, “
13 const uwint8_t ivt_binary[256] = {

Binary format 14

R

23 OxEE, OxZf, Omff, OxZf,
24 /* DCD */
25 ox0, Oxl, Ox0, 00,

/* DCD (backup) *

boot.
3 e, 0xl, 0x0, 0x0,
4 /* Application bootloader

ackup) *
35 oxc, Oxl, Ox0, 0x0,

kL * boot_config *

37 ox0, 0x0, Ox0, 00,

9 , OXff, OXff, OXff, Oxff,

0 * hse fu x

a1 Oxff, Oxff, Oxff, Oxff, Oxff, Oxff, Oxff, Oxff, Oxff, Oxff, Oxff, Oxff, Oxff, Oxff, Oxff, Oxff,
42 OXff, Oxff, Oxff, Oxff, Oxff, Oxff, OxXff, Oxff, Oxff, Oxff, Oxff, Oxff, Oxff, Oxff, Oxff, OxIf,
23 o ny

a4 OxE Oxff, Oxff, Oxff, Oxff, Oxff, Oxff, Oxff, Oxff, Oxff, Oxff, Oxff, Oxff, Oxff, Oxff,
45 Oxff, Oxff, Oxff, Oxff, Oxff, Oxff, Oxff, Oxff, Oxff, Oxff, Oxff, Oxff, Oxff, Oxff, OxEf, Oxff, v

< >

o |[om]

Figure 50: IVT Tool — Export image
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IVT Tool provides a graphical user interface to flash the IVT image, making the interaction with the Flash

Tool more effective.
The IVT Flash feature can be accessed in the IVT Tool view, in the Buttons area (near Export, Import and

Export Blob buttons):

IVT Image Address

VT Image Start Address Ol U

Automatic Align

Align

Automatic Align Start Address: | 0x0

Import VT Image

Export IVT Image

Impaort Blob Image
Export Blob Image

Flash Image

Figure 51: IVT Tool - Flash IVT image option

Once the button is clicked, a flash dialog pop-up should appear on the screen.

il Flash IVT image *

Image: Ch\ProgramData\NXP\532FlashTool\ivt_blob_image Browse

Add

Algorithm: | MX25UW12A45G_R52.bin

Serial port: COM3

Progress:

» bin\532FlashTool -t C:\ProgramData\NXP\mcu_data_vB\processors\5325247 TV amp_sdk1_Oivt
45325247TV.bin -a flash\MX25UW12A45G_R32.bin -i uart -p COM3
- Initializing Target.

Figure 52: IVT Tool - Flash IVT image dialog
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IVT Tool’s operations have support in Command line:

Command name

Import IVT binary image -lmportBin
Export IVT image in binary -ExportBin
format

Export IVT image in C format -ExportC
Export Blob image in binary -ExportBlob
format

Export application bootloader -ExportAB

image

Insert value for RAM start
pointer address -start_pointer_addr

Insert value for RAM entry -entry_pointer_addr

pointer address

Path to the raw binary code for | -raw_binary
the application bootloader
pointer

Export all generated files
(to simplify all export
commands to one command)

-ExportAll

Validate configuration -ValidateConfiguration

Automatic alignment for IVT
segments

-AutoAlign

Definition and parameters

Description

Import the binary IVT image in the current configuration.
The path of the imported binary image is expected as argument.

Export the IVT image in binary format.
Folder name is expected as argument.

Export the IVT image in C format.
Folder name is expected as argument.

Export Blob image (the binary which contains IVT image and all loaded pointer
images.
Folder name is expected as argument.

Export the complete application bootloader image.
Folder name, path to the raw binary code file, start ram pointer address value
and entry ram pointer address value are expected as arguments.

Value used for the RAM start pointer address for application bootloader. This
value will be included in the header of the exported application bootloader.

Value used for the RAM entry pointer address for application bootloader. This
value will be included in the header of the exported application bootloader.

Path to a binary file which contains the raw code (no header) for the
application bootloader pointer.

Export generated files (with source code etc.).

Code will be regenerated before export.

Includes -ExportBin,-ExportC, -ExportBlob and in framework -ExportMEX.
Folder name is expected as argument.

Validates the current loaded configuration and display the problems found.

Automatically aligns all segments in order to fix alignment problems and
segment overlapping problems. It has an optional parameter. The user can
specify the start address from which the pointers will be aligned or in case no
parameter is specified the auto align start address from the storage will be
used.

Figure 53: IVT Tool - command line options

More details and examples are available in the Help documentation.

Support is available for security features in IVT Tool:

o Generate IVT blob image in secure mode. The blob defines the layout of the images that will be

loaded at boot time

e HSE Firmware configuration was added in the blob image with:

- SYS-IMG Pointer Start Address

- SYS-IMG Pointer (backup) Start Address

- SYS-IMG External Flash Type

- SYS-IMG Flash Page Size

- Application BSB External Flash Type
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e GMAC (Galois Message Authentication Code) section is generated for each binary input using a
specified ADKP (Application Debug Key/Password)

® On [x]
HSE

N/A [

Start address = Ox120 @ Sizeinbytes 4

¥ HSE FW Configuration

HSE FW Configuration

5Y5-IMG pointer

Address | 0x31000

Size in bytes

SYS-IMG pointer(backup)

Address  0x8d000

Size in bytes
5Y5-IMG External Flash Type
asel -
5YS5-IMG Flash Page Size
Size 0x1000
Application BSB External Flash Type
asA -

Figure 54: IVT Tool — HSE Configuration

e SYS-IMG pointers do not require a binary to be imported since their content will be generated
at runtime by the HSE

e IVT Tool will check that no overlapping occurs between SYS-IMG pointers and other segments

e |VT Tool can generate the GMAC (Galois Message Authentication Code) bytes for each binary

input using a specified ADKP (Application Debug Key/Password):
GMAC Generation

ADKP File | N/A [ ‘
| Reserved
W select file X
Life| € v | C:\test] ~ | ] O Search test
Organize * New folder ==« [H 0
~
o # Quick access “ Name Date modified Type Size
|| Documents d adkp.txt 4/16/2021 4:46 PM Text Document 0KE
o ; Downloads
Qual =] Pictures
[ Desktop
eclipse
df
INT P v
File name: | adkp.tet b i -
o
Au

Figure 55: IVT Tool - GMAC generation
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User must load a txt file that contains a string of 32 characters for the ADKP value. Using the
ADKP value, the IVT, DCD, Self-Test DCD, and Application Bootloader images are signed when
the Blob image is exported.

U CApIiLUshy GLLLPLANE Suail Ll W G Gl By anidsUsasing) WLsarwls B WM W S A waal e S

ing that you have read, and sy, such licensze t

Supported formats: ‘ se

| Binary format

with and are bound

¢e 0 comp

license terms, then

e bound by the app may nct retain, install, a

9 wif defined (__GNUC_)
10 #include "stdint.h”

/* IVT binary */

13 const uintd_t ivt_binary[256] = {

* HEADER */

@xdl, Ox1, 9x9, ex6d,

/* reserved 1 */

oxff, oxff, oxff, oxff,
20 * Self-Test DCO */
2 0x9, ox1, ox0, exe,

* Self-Test DCD (b

@x8, Ox1, Ox0, x9d,
* 0Co */
25 9x10, Oxi, °ox0, oxe,
26 * OCD (backup) *

0x18, ox1, exe, exe,
. o | ! 4
2 exff, exff, exff, exff,
3 /* HSE (backup) */
oxff, oxff, exff, exff,
f* Application bootloader */
8x3e, exl, exe, oxe,
- /* Application bootloader (backup) */

9x38, Ox1, Oxe, exe,

beot_config */

exl, exe, exe, exa,

/* life_cycle_config */

@x0, exe, oxe, exo,
40 * reserved 2 *

oxff, oxff, exff, oxff,

/* hse_fw_config */

oxff, oxff, oxff, oxff, oxff, exff, oxff, oxff, oxff, oxff, oxff, oxff, exff, exff, exff, exff,

oxff, exff, exff, oxff, exff, exff, oxff, exff, exff, oxff, oxff, oxff, exff, exff, exff, oxff,

/* reserved 3 */

exff, oxff, exff, oxff, exff, oxff, exff, exff, exff, oxff, oxff, oxff, exff, exff, exff, exff,
) oxff, oxff, oxff, oxff, exff, oxff, oxff, oxff, oxff, oxff, oxff, oxff, exff, oxff, oxff, exff,
43 oxff, exff, exff, exff, exff, exff, oxff, exff, exff, exff, oxff, oxff, oxff, oxff, exff, exff,
oxff, oxff, oxff, oxff, oxff, oxff, oxff, oexff, oxff, oxff, oxff, oxff, oxff, oxff, oxff, oxff,
oxff, exff, exff, exff, exff, oxff, exff, exff, oxff, oxff, oxff, oxff, Oxff, oxff, exff, oxff,
oxff, oxff, oxff, oxff, oxff, oxff, oxff, oxff, oxff, oxff, oxff, oxff, oxff, oxff, oxff, oxff,
oxff, oxff, exff, exff, oxff, oxff, oxff, oxff, oxff, oxff, oxff, oxff, Oxff, oxff, oxff, exff,
oxff, oxff, exff, oxff, oxff, oxff, oxff, oxff, oxff, oxff, oxff, oxff, oxff, oxff, oxff, oxff,
oxff, exff, exff, oxff, oxff, oxff, oxff, oxff, oxff, Oxff, oxff, Oxff, oxff, Oxff, oxff, oxff,

@xff_ OnfE  OnkE  OnkE  OnkE  OnEE _OuFE  OuEE  OuEF  OuEE  OnEE  ouEE

AR AR

gmac */

@x98, ex6a, exdS, exbb, Ox70, @x37, @xd4, exe, ©Oxd9, @x71, exfb, ex9b, exd7, excl, @x74, ox7a,
2}
61 #endif

< >

Figure 56: IVT Tool - GMAC generation

Note: Before using the GMAC generation feature, make sure the selected processor supports the
offline GMAC generation using the ADKP value.
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Context help action is available in the user interface for easy access to documentation:

Image Table .
@ On @
Self-Test DCD
N/A E : O 0x0
Start address | 0x100 rh Size in bytes | 4

Figure 57: IVT Tool - Context help

The “?” icon is available at the top-right corner on the main panels available in the Ul and it
opens the same Help documentation available at Help > Contents. It is enabled for IVT, DCD,

QuadSPl and DDR tools.

New option added to export the application bootloader image in serial boot format:

Application bootloader
Chapplication
Start address | Ox120 r’h Size in bytes | 96
¥ Application Boot Code Image

¥ Application Boot Image

RAM start pointer

Address | 0x34300000

RAM entry pointer

Address | 0x34300000

Code length | 16

¥ Serial Boot

V| Serial Boot Image

Include Transmission Marker

Export Image

Figure 58: IVT Tool - Serial boot image
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User can choose between the classical format of the application bootloader image and the serial boot
format. However, please note that the serial boot image is not included in the final blob image as there
is no reference to it.

e  GMAC generation using Plain ADKP, Hashed ADKP, Wrapped ADKP, and UID calling volkano utils
API (libraries and scripts, a subset of secure debug authorization framework).

Before, the IVT, DCD, Self-Test DCD, and Application Bootloader images could be signed based
on a Plain ADKP at the time the Blob image was exported. In this release, new ways of
generating the GMAC were introduced:

GMAC Generation

Key Type | UID " (%]
Plain ADKP
ADKP File| ;2ohed ADKP N

Wrapped ADKP

’7 uiD

Figure 59: IVT Tool - Generate GMAC

Life Cycle

Hashed ADKP is a 64 hex characters file generated based on the Plain ADKP.
Wrapped ADKP is a 512 hex characters file generated based on the Hashed ADKP.
UID represents the ID registered in volkano utils database based on the Wrapped ADKP.

e Added EFUSE VDD Marker and EFUSE VDD Word structures in HSE FW Configuration.

The eFuse VDD Marker is a checkbox that sets the bytes related to the VDD marker to a certain
pattern and enables the configuration of eFuse VDD Word structure.

The eFuse VDD Word configures the Polarity (1 - when driving the GPIO High, 0 - when driving
the GPIO Low), the delay before initiating any fuse writes and the GPIO MSCR value
corresponding to the pin used in eFuse process.

eFuse VDD Marker

' | eFuse VDD Marker

eFuse VDD Word

IO Polarity | GPIO high =

GPIC MSCR value | 402

Delay in microseconds | 32000

Figure 60: IVT Tool - EFUSE VDD configuration
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Added reserved buttons for SYS-IMG pointers in HSE FW configuration. When a SYS-IMG pointer
is set on reserved, the bytes representing the start address of the pointer are set on reserved in

the IVT Image.

¥ HSE FW Configuration

HSE FW Configuration
® On
SYS-IMG pointer
Address | 0x81000 f’h
Size in bytes
() Reserved

Figure 61: IVT Tool - SYS-IMG pointers

Highlight the fields that changed after automatic align process, these are marked with a blue

background.

Image Table

® On (]
Self-Test DCD

N/A E| | B|C

Start address | 0x400 i Sizein bytes| 4

® On (]

Self-Test DCD (backup)

N/A E | &E|C

Start address T Sizein bytes | 4

® On (]

DCD
N/A E O

Start address | Ox410 @ Sizein bytes| 4

Figure 62: IVT Tool - Automatic align changes

.
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e Added clear button for GMAC generation structure that will clear/reset to default the values

from the GMAC structure

GMAC Generation

ADKP File | N/A

Key Type | Plain ADKP -

Figure 63: IVT Tool - Clear ADKP file selection

e Improved log messages in command line.

e Improved the Export file dialog for Binary format with a new table header and color highlighting
based on the segments:
- Red bytes represent the header of the image
- Black bytes represent the segments in the image
- Grayed out bytes represent the reserved values

- Brown bytes represent the GMAC value of the IVT Image

Meaningful tooltips were enabled for each segment bytes.

xport file

C format

Binary format

Supported formats:

Offset
0x00000000
0x00000010
0x00000020
0x00000030
0x00000040
0x00000050
0x00000060
0x00000070
0x00000080
0x00000090
0x000000A0
0x000000B0
0x000000C0
0x000000D0
0x000000E0
0x000000F0

0x00 0x01
oxD1  exel
ex1e oxel
Bx30 oxel
BxFF  @xFF
Bx20 0x10
Bx5A  BxA5
BxFF  OxFF
OxFF  OxFF
BxFF  OxFF
BxFF  @xFF
BxFF  OxFF
BxFF  OxFF
BxFF  @xFF
BxFF  OxFF
OxFF  OxFF
BxFF  OxFF

0x02
0x00
0x00
0x00
BxFF
Bx0@
Bx54
BxFF
OxFF
BxFF
BxFF
BxFF
BxFF
BxFF
OxFF
BxFF
BxFF

0x03 Ox04 Ox05 Ox06 Ox07 Ox08 Ox09 Ox0A Ox0B OxO0C OxOD OxOE OxOF
Bx60  OxFF OxFF  GxFF  GxFF  06x09 0x01 0x00 0x00 0x88 0x01 0x00 Ox00
0x00 0x18 oxe1l Bx01 ©x20 ©0x00 OxFF 6xFF 8xFF @xFF
0x00 0x38 oxe1l DCD (backup) Bx00 ©x00 0x00 06xP@ 0xe0 Ox00 ©0xea
GxFF  @x00 0x19 0Ox08 0xP0 0x00 0xDO Ox08 0x00 0Ox08 0xPd ©0xed oOxe0
Bx00 0x00 0Ox0d 0Ox00 0OxBd OxFF @xFF BOxFF ©OxFF ©xFF @xFF @xFF OxFF
BxA5 OxP8 OxPP OxP8 OxBB 6xFF @xFF  BxFF OxFF BxFF @xFF @xFF 6xFF
@xFF @xFF OxFF @xFF @xFF OxFF @xFF @xFF ©@xFF ©xFF ©xFF ©OxFF ©xFF
OxFF @xFF OxFF ©@xFF @xFF 0xFF ©@xFF OxFF ©0xFF OxFF ©xFF OxFF OxFF
@xFF @xFF OxFF OxFF ©@xFF ©OxFF @xFF ©xFF ©xFF ©OxFF @xFF @xFF BxFF
OxFF @xFF ©OxFF ©OxFF OxFF ©xFF ©@xFF ©xFF OxFF ©OxFF @xFF ©@xFF ©OxFF
@xFF @xFF OxFF @xFF @xFF @xFF @xFF ©xFF ©@xFF ©OxFF @xFF @xFF 0OxFF
@xFF @xFF OxFF ©0xFF OxFF 0xFF ©@xFF ©xFF ©OxFF ©xFF @xFF ©@xFF OxFF
BxFF  @xFF 6xFF 0@xFF @xFF @xFF @xFF 8xFF ©xFF BxFF @xFF @xFF @xFF
OxFF @xFF ©OxFF @xFF @xFF OxFF @xFF ©xFF ©xFF ©xFF ©xFF ©xFF ©OxFF
OxFF  @xFF 0OxFF @xFF @xFF 0xFF @xFF 0xFF ©@xFF 6xFF @xFF @xFF 6xFF
OxFF @xFF ©OxFF ©OxFF ©OxFF ©OxFF ©@xFF ©OxFF ©OxFF ©OxFF @xFF ©@xFF ©OxFF
o

Figure 64: IVT Tool - Export File

This was enabled for all Boot tools — IVT, DCD, and QuadSPI tools.
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Import/export functionality for DDRC image
New command line options:

Command name Definition and parameters

Import application bootloader -ImportAB
image

Export DDRC interface init -ExportDDRC
application image

Import DDRC interface init -Import DDRC

application image

Document Number: S32CT 1.6 R Update 6
02/2023

Description

Imports the complete application bootloader image in the current
configuration.

The path of the imported complete application bootloader image is expected
as argument.

Export the complete DDRC interface init app image.

Folder name, start ram pointer address value, entry ram pointer address value,
path to the raw binary code file, bootrom timeout value and path to the pre-
defined data file are expected as arguments.

Import the DDRC interface init app image into the current configuration.
The path to the imported binary image is expected as argument.

Figure 65 Extended list of IVT CLI supported commands

New IVT format supported, following Image Table structure is available for a limited set of

processors:

Image Table

MN/A

Start address | Ox400100

CM7_0 core

(h Size in bytes | 4

Reserved

CMT7T_1 core

Reserved

CMT7_2 core

Figure 66 New Image Table structure

Ul option for Life Cycle configuration word address, available for a limited set of processors:
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@

Boot Configuration Word

Cortex-M Core | CM7_0 -

Intialize application SWT

| BOOTSEQ: Secured boot mode

Interface selection

Boot device type | QuadSPI Serial Flash

LC Configuration

Life Cycle | Advance Life-Cycle to INFIELD

Life Cycle Address ’ 0x400100

=

Figure 67 Life Cycle Address configuration field

Enabled new authenticated image format, available for certain processor revisions.

GMAC Generation

Key Type | Plain ADKP -

Key File | N/A

v | Use new authenticated image format {only for device revisions strictly above 532G2 Rev2.1)

(%]

Figure 68 Authenticated image format selection

New features in S32CT 1.6 R Update 6 version:

Updated list of available GMAC generation methods to enhance security of the signing process, plain

ADKP remains the only recommended option.
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3.6 QuadsSPI Tool

BootROM supports boot from external flash memory device over the QuadSPI interface. Booting from
QuadsSPI provides flexibility for choosing the configuration parameters for which the controller must be
programmed during boot. QuadSPI tool allows the configuration of these parameters and generate the
QuadSPIl image that will be programmed in flash memory.

Flash Port Connection QuadSPI Registers Command Sequences
ﬂ K - I Reglster Name Value Description

Binary Content

DLL Modes  FLSHCR

IPCR Enable Mode L4
[ I8
;

SFLASH Clock Frequency

Flash Write Data

# Address Valid Configuratio... Valid Addres. PAD oMp Config/Statu... Configuratio.

ol

Figure 69: QSPI Tool — Overview
QuadSPI (QSPI) Tool graphical interface consists of four main parts:

e QuadSPI General Parameters where general parameters are configured, and final image
imported/exported

e QuadSPI Registers Table that allow user to view and modify registers’ values while checking
that no reserved values get modified

e QuadSPlI Command Sequences

e Flash Write Data

After the user obtains the optimal QuadSPI configuration, the result can be exported in a .bin file that
will be imported in the QuadSPI parameters field of the IVT tool in order to be integrated in the final
blob image.

QuadSPI General Parameters

Flash Port Connection

Flash Port Connection

Port| A -|

Figure 70: QSPI Tool — Flash Port Connection
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Selects the QuadSPI port on which external flash memory is connected to (port A or B). DLLCR,
SFLASH_1_SIZE and SFLASH_2_SIZE configured registers are dependent on the port selection (e.g.
DLLCRA/DLLCRB).

DLL Modes

DLL Modes

DLL Bypass mode
v'| DLL 5LV Update mode

DLL Auto Update mode

Figure 71: QSPI Tool — DLL Modes
IPCR Trigger

Enables the IPCR register in the QuadSPI Registers Table:

IPCR Enable Mode

IPCR Trigger

Figure 72: QSPI Tool — IPCR Enable Mode
SFLASH Clock Frequency

SFLASH Clock Frequency

Clock Frequency [MHz] | 0x0

Figure 73: QSPI Tool — Splash Clock Frequency

User-provided frequency (in MHz) which corresponds to the QSPI_1X_CLK clock.

Import/Export button

User can select to import a .bin file that will be applied over the current configuration. User can select to
export a .bin or .c file.

Import QuadSPI Image
Export QuadSPI Image

Figure 74: QSPI Tool — Import/Export image

QuadSPI Registers Table
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Every QuadSPI register has a size of 4 bytes. Bitfields of the register can be viewed and modified when
expanding a register. User can change the register value by setting the bitfields values or directly setting
the register’s value. The displayed bitfields and register values are always in sync.

QuadSPI Registers

Register Name Value Description
» MCR Oxf404c Module Configuration Register
¥ FLSHCR 0x303 Flash Configuration Register
TDH 00 (bits 17-16) Serial flash memory...
TCSH 0011 (bits 11-8) Serial flash memory ...
TCSS 0011 (bits 3-0) Serial flash memory C...
P BFGENCR I bm Buffer Generic Configuration Re...
» DLLCRA 0x1200000 DLL flash memory A Configurati...
> PARITYCR 0x0 Parity Configuration Register
¥ SFACR 0x800 Serial flash memory Address Co...
(bits 31-18) Reserved bit-field
BYTE_SWAP 0 (bit 17) Byte swapping
WA 0 (bit 16) Word addressable

Figure 75: QSPI - Registers Table

If the user tries to enter a value that modifies a reserved bitfield, an error will be shown. The erroneous
values will be reset to last valid version when the focus on the textfield is lost.

» DLLCRA 0x1200000 DLL flash memory A Configurati...

¥ PARITYCR OXOFZXDCV Parity Configuration Register
CRC_WNDW_FB 0 (bit 31) CRC address window co...
CHUNKSIZE_FB 000000 (bits 30-25) Chunk size for flash...
BYTE_SIZE_FB 0 (bit 24) Byte size for flash mem...
CRCEN_FB 0 (bit 23) CRC parity checker logic

Figure 76: QSPI - Registers Table Error
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QuadSPI Command Sequence

The Command Sequence represents a Look-Up Table (LUT). The LUT consists of a number of pre-
programmed sequences. Each sequence is basically a sequence of instruction-operand pairs, which
when executed sequentially, generate a valid serial flash memory transaction. Each sequence can have a
maximum of 10 instruction-operand pairs. The LUT can hold a maximum of 16 sequences. User-provided
LUT configuration can be used for “read” type operations over the AHB interface. The LUT should be
programmed as per requirements of the flash memory connected and the mode of operation selected,
including clock, DDR, SDR, 1-bit, 4-bit, or 8- bit operation. The LUT sequence to be invoked during a read
is controlled by the configuration provided in BUFGENCR.

Command Sequences

Add Remove
# Binary Content
0 0x12 Oxd 0x23 0x7 0x34 0x32 0x0 0x7 0x0 0x7 0x0 0x7 0x0 0x7 Ox0 0x7 0x0 Ox7 Edit
1 Ox11 0x7 0x22 0x7 0x33 0x13 Ox44 0x1b 0x55 0x2b 0x66 0x17 Edit
2 0x0 0x7 Ox0 0x7 Ox0 0x7 0x0 0x7 0x0 0x7 0x0 0x7 0x0 Ox7 0x0 Ox7 0x0 0x7 OX0 Ox7 Edit
- Edit

Figure 77: QSPI - Command Sequences

When the Add button is clicked, a new sequence is created. To configure a sequence, click Edit button. A
new window is displayed, and user can create the structure of the sequence. A sequence consists of
multiple instruction-operand pairs. To add a new pair, click the Add button. Each pair contains
Instruction, Pads and Operand.

:: Sequence 1 O X
Add Remove

# Instruction Pads Operand

0 | cvD - EightPads ~ Ox11

T | cMD - Eight Pads ~ 0x22

2 | MODE - Eight Pads ~ 0x33

3 | MODE4 - EightPads ~ 0x44

4 | ADDRDDR ~ Eight Pads ~ 0x55

5 | MODE2 - Eight Pads ~ 0x66
oK Cancel

Figure 78: QSPI - Command Sequence
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QuadsSPI Flash Write Data

Represents an array of 10 structures, each of them containing details of a command and related
parameters to be sent to flash memory after Phase 1 and before Phase 2.

Flash Write Data

Add Remove
# Address Valid Configuration ... Valid Address ... PAD CMD Config/Status ... Configuration ...
0 W 2Bytes ~ 0x11 QUAD ~ 0x22 0x33 0x0
1 3Bytes ~ Ox1 QUAD ~ 0x44 0x0 Ox1
2 v 0 Bytes ~ 0x0 DUAL v Ox6f Oxaa Oxda

Figure 79: QSPI - Flash Write Data

A Flash Write Data structure has 12 bytes and contains header, configuration status register address and
configuration data. Each of these components have a size of 4 bytes. Header contains Address Valid (1
bit), Configuration Data Size (7 bits), Valid Address Bits (6 bits), PAD (2 bits) and CMD (8 bits).

QuadSPI Problems View

Problems view will indicate if the QuadSPI tool has a problem. Tool will perform the following
verifications:

e Value in a textfield has expected format (hexadecimal, decimal, binary)
o Textfield value is not empty

o Textfield value is within the width limit

e Register value does not modify a reserved bitfield

B Problems

Levei Issue Origin Target Resource
@ Error Input value width is invalid! Value width is of length @ and should be of length 1 Ouad5PI: Field value 011111111 QuadS5PI Registers: CRC_WMNDW_FE

i Information No toolchain project detected Project

<

Figure 80: QSPI - Problems View
QuadSPI Export Image

This option allows the user to export the configured QuadSPI binary image. There are two exportable
formats available:

e Binary format
e Cformat
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The import/export options can be found on the left side of QuadSPI View.

Flash Port Connection

Port A -

DLL Modes

DLL Bypass mode
DLL SLV Update mode

DLL Auto Update mode

IPCR Enable Mode

IPCR Trigger

SFLASH Clock Frequency

Clock Frequency [MHz]  0xO

Import QuadSPI Image

Export QuadSPI Image
Figure 81: QSPI - General Parameters

When clicking export, a window appears on the screen that will allow user to preview the content of the
image and export the code in the desired format.

: : Export file

Supported formats: 1 /%% ~

2 %k (B;J\j’r‘ighl 2020 rjIXP. ) )

Binary format 3 ** his software is owned or controlled by NXP and may only be used strictly in accordance with the
4*% By expressly accepting such terms or by downloading, installing, activating and/or otherwise usi

5*% you are agreeing that you have read, and that you agree to comply with and are bound by, such li
6** If you do not agree to be bound by the applicable license terms, then you may not retain, instal
7%/

9#if defined (__GNUC_)

10 #include "S$32G274A.h"

1

12 /* QuadSPI binary */

13 const uint8_t quadspi_binary[512] = {
14

15 /* HEADER */
16 Bx5a, @x5a, @x5a, @x5a,
17
18 /* MCR */
19 Ox4c, @x40, Oxf, ©0x0,
20 /* FLSHCR */
21 0x3, 0x3, @x0, 0xe,
22 /* BFGENCR */
23 Ox0, 0x@, @xd, Ox0,
24 /* DLLCRA */
25 0x0, 0x@, @x20, oxl,
26 /* PARITYCR =/
7 ox0, 0x0, Ox0, Ox0,
28 /* SFACR */
29 0x0, 0x8, @x0, 6x0,
30 /* SMPR */
31 0x0, @x0, 8x@, Ox0,
32 /* DLCR */
33 Oxff, 0x40, Oxff, 0x48,
34 /* SFAL1AD */ v
< >

o |[oma]

Figure 82: QSPI - Export C format
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™ .
L] Export file

Supported formats:  1@x@806_B@G@: 5A 5A 5A 5A 4C 40 OF 00 ©3 03 00 G0 00 00 0 00
Cromat | 70x0000_0@10: 60 00 20 01 00 00 60 0O 00 08 00 00 00 09 00 0D
30x0000_0020: FF 40 FF 40 00 00 00 00 00 00 00 00 43 34 55 AA
40x0000_0A30: 00 00 0@ 00 FF FF FF FF 00 00 00 00 00 00 00 00
50x0000_0040: 00 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
50x0000_B50: FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
70x0000_060: FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
30x0000_0870: FF FF FF FF FF FF FF FF FF FF FF FF EF FF EF FF
90x0000_0080: FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
10@8x0000_0090: FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
110x0000_B0OA0: FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
120x0000_0BA: FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
1@x0608_0eCca: FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
148%0000_0ODO: FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
5©x0000_POE®: FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
160x0000_0@F0: FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
17@8x@000_0160: FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
120x@000_0110: FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
100x0000_0120: FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
200x0600_0130: FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
210x0000_0140: FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
228x8000_8150: FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
230x0000_0160: FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
240%@000_0170: FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
250x0000_0180: FF FF FF FF 00 00 00 00 00 00 00 00 00 00 00 00
260x0000_0190: FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
270x@000_B1A0: FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
260x0000_01B0: FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
200%@000_01C0: FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
300x0000_01D0: FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
310x@000_B1EQ: FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
320x0000_01F0: FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF

o |[Cam]

Figure 83: QSPI - Export binary format

After the format is chosen, user can click OK button and a file dialog chooser will appear in order to
select the location where the QuadSPl image will be saved.

For some processors, QuadSPI tool contains several default boot images configurations (depending on the
device, flash type, clock frequency and mode) that can be imported in the IVT tool for easy configuration.
The path where these files can be found is:

mcu_data -> processors -> <processor> -> <SDK version> -> quadspi -> default_boot_images
Note that NXP has only performed functional testing of these configurations in nominal lab settings
(room temperature). However, these configurations are aligned to design simulation analysis, and hence
are expected to work across PVT. User is however strongly advised to test their system across operating
conditions since the behavior is also dependent on QSPI Flash device and PCB layout.

Reset to processor default functionality

File Edit Tools QuadSPl Views Help

#® A Reset To Processor Defaults  Ctrl+R |
= QuadSPiView &
&) 7
Flash Port Connection QuadSPI Registers
Register Name Value Description
Port| A = * MCR Mod B P
MCR 000404 Module Configuration Register
* FLSHCR 000000303 Flash Memary Configuration Regi.

Figure 84 QuadSPI Reset to processor default option
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Command line support for QSPI Image generation

All commands listed below require -HeadlessTool QuadSPI

Command name Definition and parameters | Description

Import QuadSPI binary image -ImportBin Import the binary QuadSPI image in the current configuration.
The path of the imported binary image is expected as argument.

Export QuadSPIl image in binary | -ExportBin Export the QuadSPI image in binary format.

format Folder name is expected as argument.

Export QuadSPIl image in C -ExportC Export the QuadSPI image in C format.

format Folder name is expected as argument.

Export all generated files -ExportAll Export generated files. Code will be regenerated before export.

Includes -ExportBin,-ExportC and in framework -ExportMEX.
Folder name is expected as argument.

New features in S32CT 1.6 R Update 6 version:

e Improve text field error reporting
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3.7 DDR Tool

DDR Tool help users to execute LPDDR4/DDR3L training, stress test and DDR initialization. Generated
code can be used within u-boot as it follows u-boot coding style.
Currently supported memories are:

e LPDDR4 (JEDEC 209-4A)

e DDR3 (JEDEC JESD79-3F)

DDR Tool has two main views:
1. DDR tab - will provide configurable fields for PHY training
2. Validation tab - will run a set of tests in order to ensure stable DDR functionality

Additional tabs that will provide information:
1. Problems view - will display any problems that may occur during DDR initialization
2. Code Preview - will display generated code after DDR training

DDR view
DDR view offers basic configuration for: memory type, frequency, number of channels and others. All
options are available as drop-down menus.

DDR Type: | LPDDR4 v
- DDR Preset | Default Configuration w

v Device Information

Clock Cycle Freq (MHz) 800 MHz v
DDR_CLK frequency A00MHz

Density per channel (Gb) 3G v
Number of ROW Addresses 16

MNumber of Chip Selects used 2 v
Number of Channels 2 v
Number of COLUMM Addresses 10 v
Number of BANK addresses 3 v
Murmber of BANKS 8

Total DRAM density (Gb) 32

Bus Width 32

Clock Cycle Time (ns) 1.25

# Initial Board Settings

PHY QDT Impedance 60 Ohm w

PHY Drive Strength 40 Ohm v

PHY Vref Quotient 0x18

PHY Vref 0.206 V

DRAM ODT Impedance 40 Ohm v

DRAM Drive Strength 40 Ohm v
# ECC options

Enable Inline ECC yes W

Mote Only 7/8 of total DDR memary is available when ECC mode is enabled. (3,758,096,384 bytes)
Train 2D yes W
PHY Log Level Firmware complete )
Static Refresh Rate [0.23x] no )
Per Bank Refresh no v
Auto Derating Errata yes ]

# DQ Swapping

31 30 29 28 27 26 25 24 23 2 21 2 19 18 17 1B 15 14 13 12 1 wsg 8 7 6 5 4 3 2 1 0
3N 30 29 28 2r 2% 25 24 B 2 21 20 19 18 17 16 15 14 13 12 11 0 9 & 7 6 5 4 3 2 1 0

Figure 85: DDR Tool - DDR view
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DDR view helps users to configure a DDR controller depending on the DDR memory placed on the board.
The DDR memory may differ by various parameters such as number of chip selects, memory size, or
ranks interleaving.

Following options are available:
e DDRtype - can be LPDDR4 or DDR3L and is selected according to DDR memory on the board

table may help in choosing a frequency:

Clock Cycle Frequency (MHz) | Data Transfer Rate (MTis)
800 1600
1066 2133
1333 2666
1600 3200

Figure 86: DDR Tool - DDR mapping

e Clock Cycle Frequency - user can select between predefined frequencies for DDR; the following

DDR_CLK frequency - is the frequency that DDR subsystem should consume; the following table
may help to configure correct clock for DDR PLL:

DDR input clock (MHz) |Data Transfer Rate (MT/s)
400 1600
533.3 2133
666.6 2666
800 3200

Figure 87: DDR Tool - DDR_CLK

For more details please consider microcontroller datasheet.
Density per channel - Amount of Gb per channel; information can be extracted from memory

datasheet. Below is an example of LPDDR4 memory specifications extracted from datasheet. For
memory example, Density per channel is 8Gb:

Configuration 1024M32 (32Gb)
Die per package 4

Device density (per die) 8Gh
Device density (per channel) 8Gb

Configuration

% 2 channels x 2 ranks

64Mb x 16 DQ x 8 banks

Number of channels (per die)

1

Number of ranks per channel

2

Number of banks (per channel)

Array prefetch (bits) (per channel)

256

Number of rows (per bank) 65,536
Number of columns (fetch boundaries) 64
Page size (bytes) 2048

Channel density (bits per channel)

17,179,869,184

Total density (bits per die)

8,589,934,592

Bank address BA[2:0]
x16 Row addresses R[15:0]

Column addresses C[9:0]
Burst starting address boundary 64-bit

Figure 88: DDR Tool — Example of LPDDR4 Memory Specifications
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e Number of ROW Addresses - is calculated based on Density per Channel selection

e Number of chip selects used - can be extracted from DDR memory datasheet; in the example is
mentioned as 2 chip selects

e Number of channels - can be extracted from DDR memory datasheet; in the example is
mentioned as 2 channels

e Number of Column addresses - can be extracted from DDR memory datasheet; in the example
is mentioned as C[9:0]

e Number of Banks addresses - can be extracted from DDR memory datasheet; in the example it
can be extracted from Number of banks - 243=8 hence Number of Banks addresses is [2:0]

e Number of Banks - is calculated based in Number of Banks addresses; in this example there are
8 banks

e Total DRAM Density - can be extracted from DDR memory datasheet; in the example it is
mentioned as 32 Gb

e Bus Width - is calculated based on Number of Channels: number_of channels * 16 DQ

e Clock Cycle Time - is time representation of Clock Cycle Frequency selected

e Train 2D - option to select if training should perform optional 2D training; 2D training is the DDR
reference voltage training and is available for LPDDR4 and DDR4; due to I/O construction DDR3
can't have 2D training as it's voltage reference is fixed; more details on this feature are available
in Diag test training

e PHY log level - is log level provided by PHY which may contain additional information during
training: MR register values, CA training, etc.

e DQ Swapping - due to various possibilities of routing of DDR memory, DQ lines can be swapped.
General rules that apply to DQ swapping:

1. All values must be unique
2. Itis allowed swapping at bit lane level. For example: 1 and 4 can be mapped inside [7:0]
laine but cannot be mapped inside [15:8] laine.

To be noted that mapping is done at memory level, i.e. upper line is DDR memory and lower line
is MCU.

Validation view
Validation view has three embedded tabs:

e Init - gives possibility to init ddr and doesn't execute any tests

e Diags - runs TxEye and RxEye diag tests; TxEye and RxEye will run init automatically and will
output eye diagram; for more information please refer to Diag margin test chapter

e Operational - operational test table has DDR tests that will perform basic operations like writing
logical '1' and reading for given DDR memory ranges or stress testing a DDR region; each test
contains a possibility to set a timeout for how long should a test be running; if target is still
running and timeout occurs then a pop-up will appear and test will end.

In order to begin testing please configure in DDR tab required settings, configure performed test and
configure connection by choosing connection type and connection settings. Connection type can be one
of two types: Serial or S32 Debug. Serial connection is using BootROM communication to upload DDR
training data so ensure that serial boot is available.
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Current progress can be viewed in Summary tab. After test is finished Fail or Pass will be displayed

in Result column. For Fail a status will be displayed in Fail reason column. For current progress and more

details on execution of tests script consider opening Logs tab.

4 DDR View ¥4 Validation 2 =
“ [Results . Choose Tests g

Scenarios Result —
= Firmware Init test 7100 % PHY Test

Pass / Total |Checking...]
o |

11

legend: DE00EBOOR
Init .~ Diags| Operational | Shmoo
Summary | Logs
B> Start Validation N -
View lag for: Phy Init - Run 1 (Passed) ~ || DEBUG ~

result to be returned: num_records ~
result to be returned: debug

result to be returned: err_capt_regs

Serial v result to be returned: debug_regs

Connections:
Select connection type:

****TEST RESULTS=**

5 v |4
EEaulpait com7 Ld {'app_state’: 287454020, err_capt_regs’: (0000000, records’: [{'state’ 1, ‘test_id': 200, ‘data’: [0x00000000', '0x00000000", 0x(

XOSC source frequency: 40 = MHz s ONE*++

DEBUG:backend:Executing: quit

v < >
Figure 89: DDR Tool - Validation View

Operational test contains a Stress Test suite that is meant to stress test DDR memory. As all other tests,
it contains start address and size. In addition, there is a test timer for how long should stress test run.

Results | Choose Tests =]

Select which tests the scenario will run, and how many times.

[] sync selection across all scenarios

Timeout (seconds): | 9000 = Stress Test parameters

: Start address | 0x80000000 ' hex
Test Repetit...
Write-Read-Compare 1 Size | 8 | KB ~

D Walking Ones 0 - _
D Walking Zeros 0 Tesit e IZ +| Hours IE +| Minutes
Stress Test 1 Timer enabled

Data is address

Row hop reading

SSN memcpy X32

Byte SSN memcpy X32

Memcpy random pattern

IRAM to DDR X32

IRAM to DDR V2 X32

Test description

A collection of test suites that verify the performance and stability of the DDR
memory by "stressing” it with different value writes bnd accesses patterns.

Figure 90: DDR Tool — Operational Tests
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Available tests:

Data is address - This test basically programs the source buffer’s data words with its address
(and immediately read-verifies), then copies (memcpy) the source buffer to a destination buffer
and verifies the data transferred correctly. For example, if the source address being written to is
“0x80000008”, the data value of that address is “Ox80000008”. Once the source buffer is
completely written, the data is transferred to the destination where it is verified. A basic test to
ascertain that simple read/writes work.

Row hop reading - This test performs single word reads by hopping from one DRAM row to the
next, reading the first column in each row and in each bank. Once all rows are read from the
first column, the reads start again from the first row, and begin at the second column. The intent
is to perform non-sequential reads and to force pre-charge and activate commands before each
read access.

SSN memcpy x32 - This test utilizes a custom written memory copy function that issues load and
store pair (LDP, STP) instructions, to test the bursting behavior of the DDR interface. This test
uses data patterns to help root out simultaneous switching noise (SSN). This test also breaks up
the total DDR density into four “banks” or memory regions, where each bank contains a
different SSN data pattern. The test uses various stress patterns such as walking ones and
walking zeros, and OxA’s followed by 0x5’s.

Byte SSN memcpy x32 - The purpose of this test is to root out any SSN within byte lanes. It
accomplishes this by writing byte-wise patterns to one location and the inverse of each byte to
the subsequent location. Each of the four bytes values are equal to one another and the test
increments the byte pattern as follows (with the inverse value in brackets: 0x00000000
[OXxFFFFFFFF]; 001010101 [OXFEFEFEFE]; 002020202 [OXFDFDFDFD]; ... OXFFFFFFFF
[0x00000000].

Memcpy random pattern - This test utilizes a custom written memory copy function that issues
load and store pair instructions to test the bursting behavior of the DDR interface. The data
pattern used is pseudo-random. This test also breaks up the total DDR density into four “banks”
or memory regions, where each bank contains a different “seed” for each pseudo-random data
pattern.

IRAM to DDR x32 - The purpose of this test is to root out any SSN and isolates the DDR read and
write accesses by using the Internal RAM (IRAM) as an intermediate data storage location. This
test moves data from DDR to IRAM and then from IRAM to a different DDR location, then
compares DDR location 1 and location 2. This test is similar to IRAM_to_DDRv1 test (described
next), but instead transfers the data 1000 times per test to ensure that the data never changes
to root out random glitches. Also, the test uses various data patterns to root out SSN.

IRAM to DDR x32 v2 - The purpose of this test is to root out any SSN and isolates the DDR read
and write accesses by using the IRAM as an intermediate data storage location. This test moves
data from DDR to IRAM and then from IRAM to a different DDR location, then compares DDR
location 1 and location 2.

Diag Margin Test

Validation view has two set of tests scenarios in Diags tab: Tx Eye and Rx Eye.

TxEye test collects the transmit eye associated with a specific byte and bit. The eye is measured
by running traffic while varying the DRAM VREF and Phy’s TxDq delay settings. The test records
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how many errors occur at each delay and voltage setting and returns a matrix of encoded error

counts.

RxEye test collects the receive eye associated with a specific byte and bit. The eye is measured

ile varying the Phy’s VREF and RxClkDly delay settings. The test records how

many errors occur at each delay and voltage setting and returns a matrix of encoded error

by running traffic wh
counts.

Chose Test tab has two dropdown options available to configure Rx/Tx Eye test

Byte lane
Bit lane

, Start Validation can be performed. After successful run, eye diagram will

ion

t

iguring connec

After confi

be displayed in Result tab.

TxEye
nVref

=75

nDly = 36
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Figure 91: DDR Tool - Example Messageblock ErrorCount Output
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B+ Start Validation
Connections:

Select connection type:

Serial v

Select COM port:

XOSC source frequency: 40 2 MHz

COM17 w [ |4

Figure 92: DDR Tool — Start Validation

DDR Code Preview

DDR Tool generates source code which can be incorporated into an application to initialize the DDR
subsystem. The source code uses an array-based format and is generated after validation on target is
finished.

Configure DDR controller from DDR View

Select Connection type and configure parameters

Select test, e.g. Firmware Init test

Click on Start Validation

Wait until execution finishes

The generated code is shown in the Code Preview tab on the right window. It displayes all
generated files, each in its own tab

ok wnNneE

[€) Code Preview = 4 Oven

ddr_init.c| ddr_inith | dq_swap_r:fg.[| phy_rfg(| pie_tfg.(| ddrss_tfg.[| ddr[_rfg{‘ imem_rfg‘[‘ dmem_rfg.t| im.h‘ ddr_utils.h | ddr_utils.[| ddr_lp.(| ddr_lp‘h‘ ddr_lp_tsr.[| ddumll.(|
1/*
2 * Copyright 2021 NXP

Figure 93: DDR Tool — Generated files

Generated Files:

e ddr_init.c — main source file and the entry point of ddr initialization. The method which needs to
be called from the user application in order to initialize the DDR subsystem is ddr_init(). It
configures the DDRC controller based on the selected Ul values from DDR View and executes the
PHY training algorithm
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33 /* Main method needed to initialize ddr subsystem. */
34uint32_t ddr_init(veid)

35

36 uint32_t ret = NO_ERR;

37 size_t 1 = @;

38

39 init_image_sizes();

49

41 for (i = ©; i < ddrss_config size; i++) {
42 /* Init DDR controller based on selected par‘lameter‘ values */
43 ret = ddrc_init_cfg(&configs[i]);
44 if (ret != NO_ERR)

45 return ret;

46

47 /* Setup AXI ports parity */

48 ret = set_axi parity();

49 if (ret != NO_ERR)

50 return ret;

51

52 /% Init PHY module */

53 ret = execute_training(&configs[i]);
54 if (ret != NO_ERR)

55 return ret;

56

57 /* Execute post training setup */
58 ret = post_train_setup();

59 if (ret != NO_ERR)

60 return ret;

61 1

62 return ret;

63}

Figure 94: DDR Tool — Generated code example

e ddr_init.h — main header file, contains method prototypes and global variable definitions
e dq_swap_cfg.c — contains DQ swapping options, generated based on selection from Ul

DQ Swapping

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 ¢ 8 7 €6 5 4 3 2 1 0

Figure 95: DDR Tool — DQ Swapping example

e phy_cfg.c — contains phy module initialization sequence, based on the selected parameters from
Ul
e pie_cfg.c — contains PIE initialization sequence
e ddrss_cfg.c —initializes global data structure used in ddr_init() method
e ddrc_cfg.c — DDRC controller initialization sequence, generated based on selected values in Ul
(e.g. Clock Cycle Freq (MHz))
e imem_cfg.c — IMEM initialization sequence, covering both training stages:
o struct regconfimem_1d[];
o struct regconfimem_2d[];
e dmem_cfg.c — DMEM initialization sequence:
o struct regconf dmem_1d[]; - mandatory
o struct regconf dmem_2d([]; - optional, depending on the selected value from Ul
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= DDR | U Validation [
-]

~ DDR Device Information
Device Information Memory type LPDDR4 -
Clock Cycle Freg (MHz) 1600 MHz v
Density per channel (Gb) 16G v
Number of ROW Addresses 17
Mumber of Channels 2 ks
Number of Chip Selects used 2 v
Total DRAM density (Gb) 32
Number of COLUMN Addresses | 10 v
Number of BANK addresses 3 b4
= Number of BANKS 8
Bus Width 32
Clock Cycle Time (ns) 0.625
Train 2D E> yes v
PHY Log Level Firmware complete v

Figure 96: DDR Tool — Train 2D option

e io.h—io access utility methods

e ddr_utils.c — utility methods used by the phy training algorithm

e ddr_utils.h — utility methods header file

e ddr_Ip.c —low power utility methods for transitioning the DDR subsystem from normal more to
low power (and back); see more details in Low Power section below.

e ddr_Ip.h—low power utility methods leader file

o ddr_lp_csr.c — list of registers which need to be stored/restored while transitioning the DDR
system

e ddr_poll.c - contains an example of polling method which must be periodically called from user
application in case Auto Derating Errata option is enabled. The method will revert changes made

by errata workaround if they are no longer needed.

A subset of the files above is dynamically generated based on the output log file obtained from the
target. If the log file is missing, a custom message is displayed, and code generation is stopped.

Code Preview 2 Registers Overview = 0
ddr_inith QQig b~

1/% Log file could not be found. Validation not executed or not yet completed. */

£

Figure 97: DDR Tool — Log file is missing example

Code generation is supported for Firmware Init and Operational scenarios. Running Read Margin Test or
Write Margin Test scenarios will display the eye diagram but will not generate initialization code in Code
Preview. A custom message is displayed instead:
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[37)
3]

ddr_inith

1/* Code generation is not supported for currently selected scenario. */

2

Document Number: S32CT 1.6 R Update 6

02/2023

= B8

QQig b~

Figure 98: DDR Tool — Code generation not supported example

Other important capabilities:

Support for DDR max frequency 1600 MHz, data rate 3200 MT/s

DDR Type: | LPDDR4
~ DDR Preset | Custom..

~ Device Information

= O [ Code Preview
Qe

v

v

Clock Cycle Freq (MHz) 1600 Mnz] A
DDR_CLK frequency 800 MHz Clock Cycle Freq (MHz) [type:enum, id: clock_cycle_freq_mhz_id_general]
Density per channe! (Gb) 1066 MHz
Number of ROW Add 1333 MHz Select DDR bus clock value.
mber o resses

. 1600 Mhz H{PLLDDRPHIO) = 400 MHz & SDRAM clock frequency = BOO MHz & Speed Grade 1600
Number of Chip Selects used M1/
Number of Channels: 2 v | {PLLDDRPHIO) = 533,3 MHz & SDRAM clock frequency = 1066 MHz & Speed Grade 2133
Number of COLUMN Addresses 10 v

1{PLLDDRPHIO) = 666,6 MHz 2 SDRAM clock frequency = 1333 MHz = Speed Grade 2666

Number of BANK addresses 3 v M5
Number of BANKS 8 f(PLLDDRPHIO) = 800 MHz & SDRAM clock frequency = 1600 MHz & Speed Grade 3200
Total DRAM density (Gb) 32 MT/s
Bus Width 32 VALUE:
Clock Cycle Time (ms) 0625 1600 - 1600 Mhz

Results . Choose Tests

Figure 99: DDR Tool — Max frequency 1600MHz

=8

LPDDR4 Inline Error Correcting Code — includes the configuration of ECC scrubber

Bus Width 32

~
Clock Cycle Time (ms) 1.25
ECC options
Enable Inline ECC yes W
Note Only 7/8 of total DDR memory is available when ECC mode is enabled. (3,758,096,383 bytes)
Train 2D yes ~
PHY Log Level Firmware complete k4
DQ Swapping
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4
< >
v

Figure 100: DDR Tool — LPDDR4 Inline ECC

Support for 2020.06 DDR PHY Firmware

Code size optimization for LPDDR4 configuration code

Static Refresh Rate [0.25x] - Disables automatic refresh rate and adjust register settings for static

refresh rate of 0.25X. Auto Derating Errata is not applicable if this opti

on is enabled.
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e Auto Derating Errata — If the system is hot or cold prior to enabling derating, temperature
update flag (TUF) might not be set in MR4 register, causing incorrect refresh period and timing
parameters being used (tRCD, tRAS, tRP, tRRD). Software workaround requires reading MR4
during initialization, disabling auto-derating and adjusting timing parameters, if necessary.
When this option is enabled, poll_derating_temp_errata method needs to be periodically called
from user application, in order to monitor TUF and enable auto-derating logic when possible. In
case DDR traffic can be halted, timing parameters can also be restored (see traffic_halted
parameter). This option is not applicable if Static Refresh Rate is used

FOr LUH Level PGS LU peLe w
Static Refresh Rate [0.25x] no ]

Auto Derating Errata fres v

» DQ| Auto Derating Errata [type:enum, id: enable_high_temp_errata]

31| When this option is enabled, pell_derating_temp_errata method needs to be periodically called from user
application.

Enable workaround for [ERRO50543 errata]: LPDDR4 Derating logic does not consider the System Temperature prior
to Derating is Enabled

If the system is hot or cold prier to enabling derating, Temperature Update Flag might not be set in MR4 register,
causing incorrect refresh period and derated timing parameters (tRCD, tRAS, rRP, tRRD) being used.

Software workaround requires reading MR register, disabling aute-derating and adjusting timing parameters, if
necessary.

w

Not applicable if Static Refresh Rate is used.

VALUE:
yes

Figure 101: DDR Tool — Static Refresh Rate & Auto Derating Errata

e Ul option that allows user to enable Per Bank Refresh (PBR) mechanism:

~ ECC options

Enable Inline ECC yes e
MNote Only 7/8 of total DDR memory is available when ECC mode is enabled. (1,879,048,192 bytes)
Train 2D yes s
PHY Log Leve! Firmware complete s
Static Refresh Rate [0.25x] no W
Per Bank Refresh no "
Auto Derating Errata yes oo

Figure 102: DDR Tool - Per Bank Refresh option

- Per bank refresh (PBR) is an alternative refresh scheme in which the refresh is executed
one memory bank at a time, allowing the other banks to be used for read/write
accesses, thus increasing performance. If Per bank refresh is disabled, all memory
accesses are stopped until all banks finish the refresh job, resulting in a longer period of
inactivity (lower performance).

- Thereis a known issue (ERR050336: "LPDDR4 Per-bank Refresh Issued to the Same Bank
within tRFCpb) which applies for memories with density per channel higher than 4Gb. As
such, DDR Tool will only support PBR if density per channel value is <= 4Gb.

- Static Refresh Rate and Per Bank Refresh can’t be enabled simultaneously (setting either
of them to “yes” will disable the Ul element of the other).
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e DDR Tool generates a html report of the training parameters and mode registers settings that
can be stored by the customer along with the generated code, using Update Code:

General Information

DDR Type - LPDDRS

Firmware version : 2020_06

Ul Configuration

/\ Device Information

Clock Cycle Freq (MHz) 800
DDR_CLK frequency - 400MHz
Density per channel (Gb) - 8G
Number of ROW Add 16
Number of Chip Selects used : 2
Number of Channels : 2
Number of COLUMN Addresses 710
Number of BANK add 3
Number of BANKS &
Total DRAM density (Gb) 32
Bus Width - 32
Clock Cycle Time (ms) - 1.25

/\ Board settings

PHY ODT Impedance 60
PHY Drive Strength - 40
PHY Vref : Ox11

Vref - 0.746 V

DRAM ODT Impedance - 40
DRAM Drive Strength = 40

/\ ECC options

Enable Inline ECC  yes
Note : Only 7/8 of total DDR memory is available when ECC mode is enabled. (3,758 096.384 bytes)

Train 2D yes
PHY Log Level firmwareComplete
Static Refresh Rate [0.25x] : no
Per Bank Refresh no
Auto Derating Errata - yes

/A DQ Swapping

(313020 ]28 o726 |25 |2 |23 |22 21 2o | 19 ws 716 [us | aaf 3] 12 11 oo ]ef7]6]s 4] 3] 2] 1 fo]

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 98 7 6 5 4 3 2 1 0
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Mode Registers

RPST = 0x nWR (for AP) = 0x2 RD-PRE = 0xd WR-PRE=0x1 BL=0x0
MR2 0x12  WR Lev=0x0 WLS = 0x0 WL = 0x2 RL = 022
MR3  0x33  DBI-WR = 0x0 DBI-RD=0x0  PDDS = 0x6 PPRP = 0xf WRPST=0x1 PU-CAL = Ox1
MR4  0x00 TUF=0x0 Thermal Offset = 0x0 PPRE = 0x0 SRAbort=0x0  Refresh Rate = 0x0l
MR11  0x66 Reserved = (x0 CA ODT = 0x6 Reserved= 0x0 DQ ODT = 06
MR12 DxdD CBT Mode for Byte Mode =0x0  VR-CA = 0x1 Vref{CA) = Oxd
MR13  DxB FSP-OP = 0x0 FSP-WR =0x0 DMD = 0x0 RRO = Dxd VRCG = 0x1 VRO = 0x0 RPT = 0xD CBT = 0x0
MR14  0xdF  Vref(DQ) = 0x0 VR(DQ)=0x1 RFU=0xf
MR16 0x00 PASR Bank Mask = 0x0
MR17T 0x00 PASR Segment Mask = 0x0
MR22  Dx6 ODTD for xB_2ch(Byte) mode = 0x0 ODTD-CA=0x0 ODTE-CS=0x0 ODTE-CK=0x0 SOC ODT = 0x6

MR24 0x00 TRR Mode = 0xD TRR Mode BAn = 0x0 Unlimited = 0x0  MAC Value = 0x0

Figure 103: DDR Tool - Detailed report

e “Board settings” section was added in DDR View allowing configuration of On Die Termination
(ODT) impedances, drive strengths and PHY Vref values, depending on the client’s custom board
layout:

- PHY ODT Impedance

- PHY Drive Strength

- PHY Vref Quotient

- PHY Vref

- DRAM ODT Impedance
- DRAM Drive Strength

» Board settings

PHY ODT Impedance 60 Ohm v
PHY Drive Strength 40 Ohm v
PHY Vref Quotient 0x18

PHY Vref 0.206 V

DRAM ODT Impedance 40 Ohm v
DRAM Drive Strength 40 Ohm v

Figure 104: On Die Termination (ODT) impedance

- PHY ODT Impedance - On Die Termination impedance value (in Ohms) used by PHY during
reads

- PHY Drive Strength - Select the driver impedance value (in Ohms) used by PHY during writes
for all DBYTE drivers (DQ/DM/DBI/DQS

- PHY Vref Quotient - Should be programmed with the Vref level to be used by the PHY during
reads. The units of this field are a percentage of VDDQ according to the following equation:
PHY Vref = VDDQ * PhyVrefQuotient[6:0] / 128

- PHY Vref — Vref value calculated with above formula, based on PHY Vref Quotient value.

- DRAM ODT Impedance — Select On Die Termination impedance value (in Ohms) used by
DRAM during write
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- DRAM Drive Strength - Select the driver impedance value (in Ohms) used by DRAM during
reads

e DDR Tool can generate code with reference methods for reading or writing to a mode register
(MR).

e DDRTool Log View is now available when running Margin tests, displaying real-time information
about the test progress:

2 DDR View ® Validation =
Results . Charts Choose Tests =]
Scenarios Result
~ [W] = Diags margin stage Diag Tx Eye
£ Diag Write Margi+~ 100 % Pass/ Total |Diag Tx Eye]
[[] &2 Diag Read Margi _ 1/1

Init| Diags.~~ Operational
B> Start Validation
legend: OE00@O DD
Connections: Summary | Logs
Select connection type:

View log for: | Diag Tx Eye - Run 1 (Passed)
532 Probe v ‘ - - ‘

~ DEBUG v

DEBUG:backend:> Symbol: TEST_OUT.records[0].data[15] "
DEBUG:backend:Executing: output/x *0x341000c4

(O Ethernet

DEBUG:backend: Result: 0x0

INFO:testCompleted memory testing

('app_state: 287454020, "err_capt regs" ['x], records" [{'state" 1, ‘test_id" 200, ‘data": ['0x0’, ‘0x0', '0x0’, 't
EEEEDONE****

DEBUG:backend:Executing: quit

Specify USB serial number: | Serial number

XOSC source frequency: 40 <

MHz

Figure 105: DDR Tool - Log view

e New Shmoo test category introduced in the DDR Tool
Shmoo tab contains a suite of tests designed to experiment with different Initial Board Setting
values and display a map of the results. The list of possible values depends on the currently
selected memory type, but all memory types offer the following Shmoo tests:
o Write test - PHY Drive Strength and DRAM ODT are varied across the list of possible
values. Consecutive trainings are executed, displaying the results for each combination

of values:
3 DDR View ¥ Validation &2

Results . Choose Tests

Scenarios Result

[] = LPDDR4 Write Test LPDDR4 Wiite Test

= LPDDR4Read Test  B1556% A DRAM ODT

[] = LPDDR4 Phy Vref s/ Total I Ohm |48 Ohm | 60 Chm | 80 Ohm [120 Ohm 240 Ohm

71 71 71 71 71 71

- . / / / / / /
T
& 71 71 171 171 171 171
Z 160 Ohm / / / / / /
=
a
> (120 Ohm
=

Init| Diags | Operational | Shmoo

Figure 106: DDR Tool - Shmoo, Write test
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o Read test - PHY ODT and DRAM Drive Strength are varied across the list of possible

values. Consecutive trainings are executed, displaying results for each combination of

values:
# DDR View ¥ Validation

* [Results _Choose Tests

Scenarios Result
[[] & LPDDR4 Write Test LPDDR4 Read Test
) LPDDR4 Read Test <~ 100 % DRAM Drive Strength
] = LPDDRA Phy Vref Pass /Total 0 Ohm [ 28 Ohm |60 Ohm |80 0hm [120 Ohm [240 Ohm
=00 | /1 7 7 7 7 n
Sleoohm | 11 171 7 171 1
Z [1200mm | 1/1 7 7 7 7 7

Init | Diags | Operational | Shmoo
Figure 107: DDR Tool - Shmoo, Read test

o Phy Vref - the purpose of this test is to get an optimized Phy Vref value which will be
used as starting value for the consequent 1D trainings. This is useful when the default
value provided for Phy Vref is not good enough for the custom board to have 1D training
passing because if 1D training is already passing, Phy Vref is further optimized during 2D
training. The test will display as result the value of Phy Vref Quotient corresponding to
the optimized Vref value:

&3 DDR View ¥ Validation 22

Results ~_Choose Tests

Scenarios Result
[] = LPDDR4 Write Test Optimizing Phy Vref |
[ ] & LPDDR4 Read Test Pass / Total |Pheref Quotient
=1 LPDDR4 Phy Vref 100 % o | 0x15

Init | Diags | Operational | Shmoo

Figure 108: DDR Tool - Shmoo, Phy Vref test

e Added DDR Tool Synopsis firmware version into the generated code

46

47 /* Compute the number of elements in the given array */
48 #define ARRAY SIZE(a) (sizeof(a) / sizeof((a)[0]))

49

50 #define FIRMWARE_VERSION "2020 @g"

51

Figure 109: DDR Tool - Firmware version
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e Improved DDR log when tests fail by adding brief human-readable information about the failure

Resuits ~_Choose Tests

Operational Tests
Pass / Total
Wnite-Read-Compare
Walking Ones
W‘;Iking Zeros

Stress Test

Smoke Tests

legendOCGCOOEBOEE
Summary  Logs

View log for: Stress Test - Run 1 (Failed)

v | DEBUG v
UMMM ¢ A TU TV MU AVUVVAY §) A WA - LL S ¢ T T Sy A2MI s VM

o =
FAILED TEST REPORT:

FAILED TEST: IRAM to DDR V2 X32
R 00000560

First failed memory address: 0x80000008L
Found value: Ox24d8acf0

Expected pattern/value:  0x2468acf0

<

Figure 110: DDR Tool - DDR log with info

e DDR Tool generated code provides reference code to transition the DDR subsystem from normal

mode to low power mode (retention mode) as well as the other way around. Low power related
methods can be found in:
o ddr_lp.h, ddr_Ip.c

o utility methods for storing and loading configuration registers to / from a given

address

ddr subsystem transitioning methods: ddrss_to_io_retention_mode and
ddrss_to_normal_mode
o ddr_csr_lp.c

o

o the list with registers which need to be stored / restored
o generated dynamically, based on the memory type

Added new Ul option to select generated code format. Code Preview content will vary
depending on the selected format.
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Auto Derating Errata yes W |
v DQ Swapping
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 & 7
< >
v Code Generation
Code format U-boot A|
U-boot -V
MISRA = "
ATF
]

Figure 111: DDR

Tool - Generate code format

e  MISRA-C 2012 compliance for DDR generated code with limited list of exceptions (deviations)
which are documented in the files they occur in.

31/*
32 *
33

MISRA-C:20812 violations

[MISRA 2012 Advisory Directive 4.9]:

A function should be used in preference to a function-like macro where they
are interchangeable.

Violated since functions-like macro are used to generate more efficient
code.

[MISRA 2812 Advisory Rule 1.2]:

Language extensions should not be used.

Violated since read/write functions-like macro use assembly instructions for
MEMOry acCesses.

[MISRA 2012 Advisory Rule 11.4]:

A conversion should not be performed between a pointer to object and an
integer type.

Violated since conversion is required in this particular case for the
read/write memory accesses.

[MISRA 2012 Advisory Rule B.7]:

Functions and objects should not be defined with external linkage if they
are referenced in only one translation unit.

Violated since ddr_init function is provided as API, to be used from
external files.

I
&
H K K M K K K K K K K K N K K K K K K K K K K K K K K K ¥ K ¥

64 [*/

[MISRA 2812 Advisory Rule 15.5]:
A function should have a single point of exit at the end.
Violated to simplify code logic for ddr_init and execute training functions

65

66 #include "ddr_init.h"

Figure

112: DDR Tool - MISRA compliant code

66



NXP Semiconductors Document Number: S32CT 1.6 R Update 6

Release Notes

n
* Check if 2d trai
* the second training stage.
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ving images have been initialized before executing

:I.'F. {{config->imem_2d size » 0U) B& (config->dmem_Jd size > BU)) {|

f* Load 2d imem image *f

writel (UNLOCK_CSR_ACCESS, MICROCOMT_MUX_SEL);

ret = load_phy_image(IMEM_START_ADDR, config-rimem_32d_size,
config-»imem_2d);

if I’rff 1w T fltlt} i
return ret;
} L

writel{LOCK_CSR_ACCESS, MICROCONT _MUX_SEL);

f® Load 2d deesm image ®f

writel (UNLOCK_CSR_ACCESS, MICROCONT MUX_SEL);

ret = load_phy_image(DMEM_START _ADDR, confip->dmem_2d_size,
config->dmen_32d);

if {ret I= NO ERR) {
¥
writel (LOCK_CSR_ACCESS, MICROCONT_MUX_SEL);

f* Configure PLL optimal settings */

set_optimal _pll();

writel(LOCK_CSR_ACCESS, MICROCONT MUX_SEL);
writel{APBONLY_RESET_STALL_MASK, APEONLY HICRORESET);
writel (APBONLY_STALL_TO_MICRO_MASK, APBONLY MICRORESET):
writel (APBONLY MICRORESET_CLR_MASK, APBONLY MICRORESET):

Figure 113: DDR Tool - MISRA deviations

e ATF (Arm Trusted Firmware) format for DDR generated code

123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
15@
151
152
153
154
155

/*
* Check if 2d training images have been initialized before executing
* the second training stage.
*/
if (config->imem_2d size > @U && config->dmem_2d_size » @U) {
/* Load 2d imem image */
mmio_write 32(MICROCONT MUX_SEL, UNLOCK_CSR_ACCESS);
ret = load phy image(IMEM_START_ADDR, config->imem_2d_size,
config->imem_2d);
if (ret != NO_ERR)
return ret;
mmio_write 32(MICROCONT MUX_SEL, LOCK_CSR_ACCESS);

/* Load 2d dmem image */
mmio write 32(MICROCONT MUX_SEL, UNLOCK_CSR_ACCESS);
ret = load phy_ image(DMEM_START_ADDR, config->dmem_2d_size,
config->dmem_2d);
if (ret != NO_ERR)
return ret;
mmio_write 32(MICROCONT MUX_SEL, LOCK_CSR_ACCESS);

/* Configure PLL optimal settings */
set_optimal _pll();

mmio_write_32(MICROCONT_MUX_SEL, LOCK_CSR_ACCESS);
mmio_write_32(APBONLY_MICRORESET, APBONLY_RESET_STALL_MASK);
mmio_write_32(APBONLY_MICRORESET, APBONLY_STALL_TO_MICRO_MASK);
mmio_write_32(APBONLY_MICRORESET, APBONLY_MICRORESET_CLR_MASK);

ret = wait_firmware_execution();
if (ret != NO_ERR)
return ret;

Figure 114: DDR Tool - ATF compliant

67



NXP Semiconductors Document Number: S32CT 1.6 R Update 6
Release Notes 02/2023

e Integrated errata ERR050759 workaround for multi-rank configurations
e Added sanity check to Firmware Init scenario. Basic write/read memory accesses are performed
after executing the training and the result is reported by the tool:

Results ~._Choose Tests} ‘

PHY Test

Legend: OO @O

Summary (Logs
View log for: |Phy Init - Run 1 (Failed) ~ DEBUG v
raise PhyTrainingException(self.get_error_ message(result_status)) ~

PhyTrainingException: DDR PHY: after training sanity check has failed. Read/Write memory accesses are not corsistent.l

DEBUG:backend:Executing: quit

< >

Figure 115: DDR Tool - Firmware init, sanity check

o Improved readability of the generated code by using macro definitions

e Included center coordinates (Vref, delay) in Margin tests eye diagrams
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Figure 116: DDR Tool - Center coordinates (Vref, delay) in Margin tests

e Enabled 3032MT/s configuration option on platforms where this configuration is stable
~ Device Information

Clock Cycle Freq (MHz) 1516 MHZ

DDR_CLK frequency 800 MHz Clock Cycle Freq (MHz) [type:enum, id: clock_cycle_freq_mhz_id_general]

1066 MHz Select DDR bus clock value.

1333 MHz f{PLL_DDR_PHI0) = 400 MHz & SDRAM clock frequency = 800 MHz & Speed Grade 1600

Density per channel (Gb)

Number of ROW Addresses m MT/s

Number of Chip Selects used [1600MHz | f{PLL_DDR_PHI0) = 5333 MHz a SDRAM clock frequency = 1066 MHz & Speed Grade 2133
Number of Channels 2 MT/s

Number of COLUMN Addresses 10 :(AF;L/I;_DDR_PHIO) = 666,6 MHz 2 SDRAM clock frequency = 1333 MHz & Speed Grade 2666
Number of BANK addresses 3 f(PLL_DDR_PHI0) = 758 MHz & SDRAM clock frequency = 1516 MHz & Speed Grade 3032
Number of BANKS 8 MT/s

Total DRAM density (Gb) 32 f{PLL_DDR_PHIO) = 800 MHz & SDRAM clock frequency = 1600 MHz 2 Speed Grade 3200
Bus Width 2 Ml

Clock Cycle Time (ns) 0.6596306069| yALUE:

v Initial Board Settings 1516 - 1516 MHz

Figure 117: DDR Tool - Option for 3032MT/s configuration
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Eye diagrams can be now exported in ASCIl format

[) Code Preview &2 & Overview D Console
ddr_diag_nch

4} struct dq_info[{
a4 uint8_t chip_select;

45 double center_vref;

46 uint8_t center_tap_delay;
a7 uint8_t dq_index;

48 uint8_t byte_index;

49 uint8_t bit_index;

50 double max_vref_opening;|
51 double max_delay_width;
52};

53

55 double vrefs[VREF_NUMBER];

56 int delays[DELAY_NUMBER];

57  uint8_t data_eye[VREF_NUMBER][DELAY_NUMBER]
58};

59

r;‘struCt diag_result t

61 const struct dq_info *dq_info_result;

62 const struct diag_eye *diag_eye_result;
63};

66* | CS: @ | Vreef: 8.176847 V | TapDelay:
B7% —ccccccccccccccccc e e e ccc e e e e e e s e e e
68* | DQ: © (Byte: @ | Bit: @) |

L

70* | H: ©.274516 V | W: 83.33 31 |

71% - - - - - . cosw csee -

72* VREF(V) \ Strobe delay (UI) | -6 |
73*

74" 0.052 | g |
75* 0.056 | s |
76* 0.060 | ¢ |
77" 0.064 | s |
78* 9.068 | s |
76 * 9.072 | |
80" 0.076 | g |
81" 0.080 | g |

Figure 118: DDR Tool - Eye diagram in ASCIl format
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QAQu

3 | 2 | 3= | o | 1 2 4
| # | ¢ | # | £ | ¢ |
| s | # | s | # | |
| s | # | ¢ | # | ¢ |
| # | # | s | # | # |
| & | ¢ | ¢ | # | # |
| # | # | ¢ | # | ¢ |
| # | & | # | & | g |
| g | ¢ | s | ¢ | ¢ |

Updated content retention routines to provide improved CA margins across temperatures after

standby exit

Ul option to control whether CA Vref training is executed — static value can be configured if

the user chooses to disable the training step.

DRAM ODT Impedance |40 Ohm v
DRAM Drive Strength 140 Ohm v
CA Vref Training |yes v |
DRAM Drive Strength |40 Ohm v
CA Vref Training | no v |
VREF CA Range: | Range 1 v |
Range 1: |27.2% v

Figure 119 CA Vref training disabled example with static value configured
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e Improved COM port scanning action by adding a progress bar in Validation View to inform user

about the status

Connections: Connections: Connections:
Select connection type: Select connection type: Select connection type:
Serial

V] Serial Y Serial A
Select COM port: com3 v Select COM port: com4 v|ls Select COM port: None v

Scanning for COM ports... Scanning completed

Scanning completed. No COM ports were found.

XOSC source frequency: 40 = MHz XOSC source freguency: 40 5| MHz XOsC source frequency: 40 = MHz
Figure 120 COM port scanning progress

e Enable serial connection for secured parts
Connections: Connections:
Select connection type: Select connection type:
Serial v Serial e
[“IiSerial boot for secured application: Serial boot for secured application

Export files for signing Export files for signing

Select signed binary j E Select signed binary 1 ‘ 32G2_M7_A53_NON_SECURED.bin
sl enn com4 v Select COM port: CoM4 v

P

Scanning completed.

Scanning completed.

XOSC source frequency: |4D = | MHz

XOSC source frequency: | 40 = | MHz

Figure 121 Secured serial boot in 2 steps
e Added possibility to disable the PMIC watchdog before running DDR training

v Code Generation

Code format U-boot v
+?Advanced Settings

Disable PMIC watchdog yes v
BBMIC DCD image path ’ [ setect ite]

Figure 122 Select DCD image for disabling PMIC watchdog

o Added support for Modified and Legacy modes for the refresh command timing constraints
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Train 2D yes v
PHY Log Level Firmware complete A4
Refresh Command Constraints ~
Static Refresh Rate [0.25x] Legacy

Modified

Per Bank Refresh o
Auto Derating Errata yes v

v DQ Swapping

31 30 29 28 27 26 25 24 23 22 21 20 19 18
31 30 29 28 27 26 25 24 23 22 21 20 19 18

Figure 123 Refresh command timing constraints

e Upgraded DDR3 firmware version

e Improve show problem functionality

e Include processor name in the generated HTML report
e Update dfi_init_start programming sequence

New features in S32CT 1.6 R Update 6 version:

e Enabled LPDDR4 DBI feature for read and write accesses.
e Add possibility to store and decode training messages using the DDR Tool generated code.
o Messages will be stored by the generated code after enabling the option in DDR View

v Debug
Save debug messages yes ~
Start address 0x34410000

Figure 124 Store messages option in DDR View

o Binary content can be extracted from memory and decoded using the new tab available
in Validation View

Summary | Logs | Decode messages

Select file | | C\Users\nxf52099\Desktop\phy_log_messages.bin

Decode | |PMU10: #** Start LPDDR4 Training. PMU Firmware Revision Ox1012 **** ~
PMU10: Setting boot clock divider to 32
Export | PMU10: PHY TOTALS - NUM_DBYTES 4 NUM_NIBBLES 8 NUM_ANIBS 10{
PMU10: CSA=0x03, CSB=0x03, TSTAGES=0x131F, HDTOUT =5, MMISC=0 DRAMFreq=3200MT DramType=LPDDR4
PMU10: UseBroadcastMR set. All ranks and channels use MRXX_AQ for MR settings.
PMU10: Pstate0 MRS MRO1_A0=0x54 MRO2_AD=0x2D MRO03_A0=0x33 MR11_A0=0x66
PMU10: Pstate0 MRS MR12_A0=0x4D MR13_A0=0x08 MR14_A0=0x4F MR22_A0=0x04
PMUS5: CA bitmap dump for cs 0
PMUS: CAAD FFEFFFFfc000000000000000FFHEFFFEFFFEfFFEFFFreref
PMUS: CAAT FFEFFFFfcO00000000000000FfFHEFFFEFFFEfFFEFFFreref v

Figure 125 Decoded debug messages

71



NXP Semiconductors

Document Number: S32CT 1.6 R Update 6
Release Notes

02/2023

e Removed Refresh Command Constraints option from DDR View. Default configuration is working
both on Legacy and on Modified mode devices because 2x and 4x refresh rates are disabled by
default in MR13 OP[4].

e Add option to synchronize input test parameters across the selected tests

[ ]

Add size constraints for Operational test parameters

Results | Choose Tests > Configuration - General Ir
Select which tests the scenario will run, and how many times.

v Configuration - HW Info
Sync selection across all scenarios Processor: S32G399A
— Part number: 532G399A_525
Timeout (seconds): | 9000 = Write-Read-Compare parameters &l

Core: Cortex-A53 (Cc

, Start address | 0x60000000
Test Repetit...

| hex SDK Version: amp_sdk1_0
@ Write-Read-Compare 1 Size ‘ 4 ‘ GB ~ > Proiect
[J  Walking Ones 0 [ Use random pattern The current parameters configuration requires a maximum size of 3,758,096,384 bytes! |
] Walking Zeros 0 Pattemn v DDR
@ Stress Test ! Py ey T VTP VN

Figure 126 Size validation synchronized across scenarios

Add option to bypass the default XOSC configuration, allowing the user to configure the

oscillator with custom settings. The custom configuration must be done before launching the
DDR validation.

Oscillator bypass no

Figure 127 XOSC bypass in DDR View

e Improvements on DDR PHY impedance calibration sequence
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eFuse tool provides an intuitive graphical interface for writing/programming the OTP (One Time

Programable) bits by software.

Initial support includes a Standard configuration panel where each fuse word can be configured based on
the value of its components. Initially all fuse settings have the default values (all bits are 0).

EE EfuseView
Standard
Boot ROM Fuses MAC Fuses
BootInt..| QuadSPiBoot ~ | Prot..| No Protection - Prot.. No Protection - GP Register | GP1
MAC Ad... 0x0

Disable Serial Boot
QuadSP| Related Fuses V.. 00

CAN/UART Related Fuses

Quad Flash Memory + Data aligned as PosEdge of internal clock =
Pad Override
0as| DES Intemal = F. Sampling as non-inverted clock  ~
: Fuse/Shadow Protec !
QuadsPl Port | PortA = Full Speed D.. Same DQS eFuse/Shadaw Protection SIS
QuadSPI POR Del. 03ms hd
DULS... 00 Fuse | BOOT_CFG1

XOSC Related Fuses

XOSC Configuration

Fuse-based Boot Serial RCON Detection
Differential Clock K2 Clock XOSC Mode | Bypass - /| XOSC Bypass Mode
Slave Delay

Figure 128 EfuseView - Standard layout

Standard Layout provides the following options:

e Configuration of MAC fuses

MAC Fuses

MAC Address  (Ox0 Protection | No Protection

Figure 129 MAC fuses panel

e Configuration of General Purpose fuses
General Purpose Fuses
- Protection o Protection

GP Register GP1

Value  Ox0

Figure 130 General purpose fuses panel

General Purpose Fuses

Protec.. No Protection

Protection

ECC

ECC Protection

Serial Boot

Export
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e Configuration of Boot fuses, with different Ul options based on the selected Boot Interface

Boot ROM Fuses

Boot Interface | SD Boot - Protection | No Protection -
Disable Serial Boot
SD Related Fuses
SD Speed | Default Speed (125M8/s) = Wait Period | No Wait (74 Clock Cycles)  ~

Fuse-based Boot Serial RCON Detection

SD IOMUX Pin Configuration

Pad Overide

Figure 131 Boot ROM fuses panel for SD Boot

e Control of fuse protection attribute, available for all fuse words

MAC Fuses

Protection | No Protection -
MAC Address = 0x0 .
No Protection

Read Protect

CAN/UART Related Fus ¥Write and Overnde Protect

Read, Write and QOverride Protect
Pad Override

Figure 132 Fuse protection options

e Configuration of ECC protection

ECC

Fuse | BOOT_CFG_1 > v'| ECC Protection

Figure 133 ECC protection panel

e Constraint mechanism aligned with the Reference Manual

e Export functionality

Current fuse configuration can be exported in 2 binary image formats:

o raw binary format
o serial boot format (if Serial Boot checkbox is selected).

v/| Serial Boot | Export

Figure 134 Export panel with Serial boot option

02/2023
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e Added save/restore configuration functionality
e Added import functionality

Serial Boot Export

Figure 135 eFuse import button
e Enabled command line support to export the eFUSE binary image

Command name Definition and parameters | Description

Export eFUSE Configuration -ExportConfig Export eFUSE binary configuration.
Folder name/path is expected as argument.

Include serial boot header -serial_boot Include the serial boot header into the exported eFUSE binary configuration.
No arguments are required.

Figure 136 eFUSE Command Line support

e Integrated Problems View and error reporting mechanism, checking the following:
o Value in a textfield has expected format (hexadecimal, decimal)
o Textfield value is not empty
o Textfield value is within the width limit (overflow error is reporte

T Problems 2

‘ type filter text

Level Resource Issue Origin Target Type
@ Error Value Input value is invalid! Input is bigger than allowed width. eFUSE: Field value: Oxfffffffff Tool problem
S Error MAC Address TextField cannot be empty, please insert a value eFUSE: Textfield value is empty. Tool problem

Figure 137 eFuse Problems View example

o Added eFUSE advanced layout, which allows configuration of each fuse word with any custom
value which is aligned with the reference manual constraints. It provides the following options:

o Adding a new fuse word to be configured, “Add Fuse Word” button is located in “Fuse

Configuration” area

Removal of an existing configured fuse word, “Remove Fuse Word”

Changing the value of any available fuse word.

Graphical representation of the eFUSE configuration in binary format

Same export/import functionalities as standard layout

O O O O
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£ eFUSEView &

Standard | Advanced

Add Fuse Word

Fuse Configuration

Document Number: S32CT 1.6 R Update 6
02/2023

Offset
8x00002000

Fuse Word | BOOT CFG 1 - Address  0:234
6x00008010
Eemoysfssiiont Value | 0x20000000 oxeavecaze
Fuse Word | BOOT_CFG.2 - Address 0173 0x80000040
©x00008050
Remove Fuse Word Value| 00 8x00000050
Fuse Word | MAC ADDRB10]  ~ Address (104 8x00000080
0x00000090
Bemosleciiod Value| 0x0 0x000000A0
©x00006050
©x000060C0
©x000080D0

0x00
OxEF
oxFF
0x00
0x00
OxFF
0x00
OxFF
OxFF
0x02
oxFF
0x00
OxFF
oxed
0x00

0x01
0x00
OxFF
0x00
0x0E
OxFF
0x00.
OxFF
0x00
0x00.
OxFF
0x00
OxFF
OxFF
OxAL.

0x02
0x00
OxFF
0x00
0x00.
OxFF
0x00
OxFF
000
000
oxFF
0x00
OxFF
OxFF
0x02

0x03
ax60
exFF
ax00
@x0
axFF
@x00
@xFF
@x00
ex12
xFF
ax00
exFF
2x00
@x00

Figure 138 Add/Remove fuse word in eFUSE Advanced layout

0x04
ex34
exFF
0x00
@xee
exFF
@x00
@xFF
@x00
@x00
OxFF
0x00
exFF
@x08
@x00

0x05
0x02

OxFF
ex0
OxFF

Output

0x06 0x07 0x08 0x09 Ox0A
0x@0 ©x08 OxBD 0x00 0x00
OxFF  BxFF OxFF OxFF OxFF
8x@0 0x00 8xel Oxe0 Oxe0
OxFF  @xFF OxFF OxFF OxFF
OxFF  BxFF 0x00 ©x00 ©0x00
0x3C ©x02 Ox00 ©x00 OxOF
OxFF  @xFF @xFF OxFF OxFF
0x20 ©x00 Ox00 0x00 Ox00
0x@0 OxFF OxFF OxFF OxFF
OxFF  @x03 OxFF OxFF 0x00
8x@0 0x08 Ox4C 0x82 0xe0
OxFF  @xFF OxFF OxFF OxFF
0x00 0x00 0x00 x99 ©0x00
0xB0 ©x00 Ox00 OxFF OXFF

e Added HTML report generation — report is exported together with the .bin or .elf files and
contains the efuse configuration in a human readable format

eFuse Fuse Words Table

0x0B
000
OxFF
0x00
OxFF
000
0x00
OxFF
000
OxFF
0x00
0x00
OxFF
000
OxFF

0x0C O0x0D
OxFF  OxFF
0x00 OxFF
0x20  0x38
OxFF  OxFF
0x00 0x00
0x00 ©x00
OxFF  OxFF
0x00 0x00
OxFF  OxFF
0x00 0x00
ox13  0x00
OxFF  OxFF
0x00 0x00
OxFF  OxFF
Serial Boot

Fm\ Time
pl e Spem Hold
B0OT_GFG1 | 0x20000000 Das:o1 = = ey
o a 00
B0OT_CFG2 00
Pad
5 Pad Slew
S0OT_CFG3  0x0 o e
MACO_ADDR  0x0
MACO_ADDR  0x0
GP1 0x0
GP2 0x0
GP5[31:0] 00
GPOPIAZ]  Ox0
GPEpsB4]  Ox0

GPS[127:06]  0x0

GPO[I5e:128]  0x0

GPE[191:180]  0x0

GPEE1D] 0x0
GPEE332]  0x0
GPEpRSEY  0x0

GPe[127:06]  0x0

GPE[158:128]  0x0

eFuse/Shadow
Frotection : 00

LOCK_BITS1  0x0

LOCK_BITS2  0x0

Wednesday Oct

274A_Rev2, SDIC: amp_sdk1_0, 532 ¢

Differential
Clock =0

Slave Delay Offsst : 0000

cAN
CANTX  RX ACVR
PUS:0  BUS [

[

ons Tools: 202210080904)

Figure 139 HTML report with the exported eFUSE configuration

QuasSPI POR Delay : 000

‘Slave Dalay Coarse : 0000

©SC
Bypzss

o

Column Address Space
000

Slave
Delsy
0

Gmk

GP5 Fuses
Protection -
oo

Lo

Fad

Ovarride
[]

Reom
Datectior
0

Transconductance (GM_SEL) : 0000

MACO_ADDR Fuses
Frotection : 00

omrtace: | QuadSPl Mode : 000
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OXOE  OXOF
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0x00  0x00
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0x02  OxFF
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OxFF  OxFF
0x00  0x00
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OxFF  OxFF
0x00  0x00
OXFF OXFF
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e Export eFUSE configuration in ELF format

axFF  OxFF @xFF @xFF
Serial Boot Export Binary
Export ELF

Import Binary

Figure 140 Export EIf format

e Extend command line support

Command name Definition and parameters | Description
Export eFUSE Configuration in -ExportELF Export eFUSE configuration in elf format.
ELF format Folder name/path is expected as argument.

e Added Undo/Redo functionality

New features in S32CT 1.6 R Update 6 version:

e Added Reset to processor default functionality
e Enabled Overview tab

02/2023
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3.9 S32 Design Studio Integration

3.9.1 Open S32 Configuration Tools

Document Number: S32CT 1.6 R Update 6
02/2023

To start using S32 Configuration Tools user must first setup a project in S32 Design Studio. This is done

by selecting:

File > New > S32DS Application Project

File Edit Source Refactor Mavigate Search Project ConfigTools Run Creation VDK Debug  Window Help
New Alt+Shift+N > I 532DS Project from Example Ctrl+Alt+E
Open File... | © 532DS Application Project Crl+Alt+4
4 Open Projects from File System... = 53205 Library Project Ctrl+Alt+L
532D5 Application Project |
Close Ctrl+W & Makefile Project With Existing Code
Close All Ctrl+Shift«W | ] C++ Project
Save Thro | M sl
Save Ae.. [E] C/C++ Project
Y .
[y saveal Ctsshiftes [ Project.
Revert Convert to a C/C++ Project (Adds C/C++ Nature)
e
Move.. &% Source Folder
# Rename... F2 & Folder
& .
Refiesh E5 ¢/ Source File
o )
Convert Line Delimiters To > | b hieadeybile
“ File from Template
Print... Ctrl+P @ Class
T >
Switch Werkspace N Bemple..
Restart
™ Other.. Ctrl+ M
fx  Import.
g Export.
Properties Alt+Enter

1 main.c [g21_M7_0/src]
2 main.c [g2_M7_0/src]

Exit

Figure 141: Open S32 Configuration Tools

After that, a new window is prompted to “Create a S32 Design Studio Project”. Follow the wizard by

choosing a Project name, Project location and Processor.

Next user must select the required cores, parameters for them, and the preferred SDK/RTD from the
available ones. Note that this step is recommended when working with Pins, Clocks, or Peripherals tools

as additional enablement is added from SDK/RTD.
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[8 53205 Application Project m] X

Create a 5§32 Design Studio Project
€3 Mame cannot be empty.

Project name:

Use default location

Location: | C\Users\nxa06358\workspace532D5.3.4 Browse...

Processors: ToolChain Selection:

[typefifter text Core Kind Name Toolchain

> (= Family 532G M4 Cortex-M4F NXP GCC 6.3 for Arm 32-bit Bare-Metal v

> = Family 532K1xx

5 (= Family 532K2TV

> (= Family 532K3xx

» [ Family 532R

3 [= Family 5325

v (= Family 532v2
532V2 Certex-A53 Linux
532V232 Cortex-M4
532V232 Cortex-A53
532v234 Cortex-M4
532V234 Cortex-A53 GMU 6.3 Toolchain is selected

amily SJATT10x

Description:

T EE X BX BX BX

> &

@ <Back Next > Finish Cancel

Figure 142: Integration - Create Project

New $32D5 Project for 532234 Cortex-M4

Select required cores and parameters for them,

DS Application Project u] b4

Project Name s3v2
Core Cortex-M4F
Library MewLib “
1/0 Support Ne /0 v
FPU Support Toolchain Default v
Language c v
SDKs.
Debugger 532 Debugger v
8 select DK X
MName Version Type Description Edit/Show info...
[0 AMMCLIB_S32V234_ M4 1.1.20 External Autometive Math and Motor...
Clone from git
[ 532v234 SDK 100 External 532234 SDK RTM 1.0.0

Reload

[ Show only latest versions

@

Figure 143: Integration — Select SDK
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By clicking on Finish the project is all setup. To open S32 Configuration Tools views right-click on the
project and go to S32 Configuration Tools option or select the same option from the upper toolbar.

File Edit Source Refactor Mavigate Search Project Configloels Run  Creation VDK Debug Wizard Window Help

il | B-{-BICRF ORI SO0 Brig-a -GS
[ Project Explorer 32 5% %Y § = 0 3 i OpenPins
R R N Open Clocks
e D % Open Peripherals
Go Into i % OpenDCD
Open in New Window = OpenVT
Show In Alt+Shift+ W > =5 Open QuadsPl
Show in Local Terminal > @ OpenDDR
B Coy P 2( Manage SDK Components
3 Delete Delete
[ Paste Curl+V
™ Rename.. F2
Source >
Move...
v Import..
3 Export..
Build Project

Clean Project

Refresh F3
Close Project

Close Unrelated Project

& D Build Targets > P = 5
Index >
= Py Build Configurations bl
= ¢
g-. { Build path >
E Build Configurations Explorer
* B
SDKs
Kt
¥ Migrate...
T I S
“5¢ @ Runhs >
& T 45 Debugas >
;*‘:E Restore from Local History... P —
i : =ee—s asks ] Console
i 532 Configuration Tools > il Open Pins
*M
Team > T Open Clocks ~
@ ( Re
o { Compare With > ¢  Open Peripherals
Configure > | s OpenDCD
Source > = OpenIVT
Validate 45 Open QuadSPl
Properties AtsEnter | ¥ OpenDDR

Import Configuration (*.mex)

Manage SDK Components

Figure 144: Integration — Open configuration

3.9.2 Add SDK drivers to project

When the configuration is opened in one of the S32 Configuration tools’ perspectives, user can just
choose “Manage SDK components” button from the toolbar.

workspaceS32D5.3.2 - Peripherals - 5325247_R52_0_0/src/main.c - 532 Design Studio
File Edit Source Refactor MNavigate Search Project ConfigTools Peripherals Run Window Help

S - | G s32v234 v | @ A [E] Update Code ~ : @ ‘Functional Group | BOARD_InitPeri

| Manage SDK Components

i Components 2 | 4 Peripherals = 0O Q Start

| | | © Use Peripherals View or Components View to add new comr

Drivers (+]

Figure 145: Integration — Open Manage SDK Components

After the option is selected, a dialog with the supported S32 SDK components is displayed:
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]
M SRRy

Project Explorer

L 532v234: Debug TCM

# Dashboard =1

~ Project Creation

- Build/Debug
& Build (A
¥« Ce

- Settings

% Debu
~ Miscellaneous

—
Quick a

& s32v234

Wl @Sy EvE Yy B ORI S P v il .

{ [ Manage SDK components for project '$32v234

® Identified SDK: $32v234 SDK RTM 1.0.0
Note: adding/removing companents could potentially damage your project, use it thoughtfully
| .
| Available SDK components
[ Copy sources
[Fimport other files
[ Sync with Peripherals Tool Configuration view, automatic add/remove components

os 5 driver

Document Number: S32CT 1.6 R Update 6

02/2023

ck Acce Z®w ¢

5 2 Outline ©
i SRR o %
U sdk project configh
" exit_code

e

®  main(void)

v %|®m e pal v %| & & utilities v % & middleware 2 ¥ %! E E
to filte '
Name Version Name Version A | Name Version A | Name Version Name Version ~
[Z]& freertos & adc_pal []& ammdiib [(]& fatfs
)& can_va (& sest & ipet
[ i2c_pal []® sanc
[ icoal 0® tip
[]® mpu_pal []® tepip_ap
[]® oc.pal ()& tepip.ap
[]& pwm_pa [1& tpip_ap
)8 security [1® tepip.ap
[]& spi_pal []@ tepip_ap
[v] & timing_p []& tepip_ap
[]8 vart_pa []® tepip_ap
v 18 wda oal b []® tepip_ap
< ¥ | > > < > [T18 tenin an ¥ kv
prace vy
Message Plug-in Date A
© [TOOL] Not called from main thread, might not work in RAP com.nxpswioolsval. 9/13/19, 10:52 AM
3 [TOOL] Not called from main thread, might not work in RAP commxpswioolsval.. 9/13/19, 10:52 AM
'00L] Not called from main thread, might not work in RAP com.nxpswioolsval.. 9/13/19, 10:52 AM
[TOOL] Not called from main thread, might not work in RAP commxpswioolsval. 9/13/19, 10:52 AM
© No script file found while trying to recompile the codegeneration script for DDR Confic com.nxp.swtoolsdd... 9/13/19, 10:52 AM 2

Figure 146: Integration — Manage components

The available options that can be selected are:

linked from existing sources in the SDK.

be imported.

Copy sources - if checked, sources are copied to the workspace project, otherwise they are
Import other files - if checked, other files listed in the SDK components and/or example.xml will

Sync with Peripherals Tool Configuration view, automatic add/remove components - if true, for

each dependency, if available, in Peripherals Tool Configuration the drivers will be
added/removed only if the configuration for the selected project is opened.

When “OK” button is pressed, a pop-up with all the drivers’ sources are shown for each operation, add
to project or remove from project:

SDK Component Management [m] x SDK Component Management m] x
[ ~ The following files will be removed from project and from the Peripherals Tool 'e The following files will be added in the project and in the Peripherals Tool Configuration:
&' configuration. Are you sure you want to continue? L 4
Component source Project Path(s) Info X Component source Project Path(s) Info ~
~ 4 freertos freertos ~ dgk clock drivers
~ I rtos/doxygen SDK/rtos/doxygen DOC o
2 *dox B
~ -t rtos/FreeRTOS_S32V/Source SDK/rtos/FreeRTOS SRC B
|= croutine.c -
= event_groups.c =
v
=) stream_buffer.c B
=l tasks.c ~
= timers.c 2]
=2 rtos/FreeRTOS_532V/Source/portable/GCC/ARM_CI SDK/rtos/FreeRTOS SRC ~ g
=l portc P
~ =2 rtos/FreeRTOS_S32V/Source/include SDK/rtos/FreeRTOS C_INCLUDE B
*h M
~ =i rtos/FreeRTOS_S32V/Source/portable/GCC/ARM_CI SDK/rtos/FreeRTOS C_INCLUDE 9 =] )
[ Skip add/remove components confirmation in future [] Skip add/remove components confirmation in future
Yes No Yes No

Figure 147: Integration — Add/remove drivers from project
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4 Known limitations

IVT Tool:

e Very rarely, the GMAC section is not generated properly using UID
Workaround: re-try the operation in the Ul a few times or use directly the volkano utils commands
in the console

e Sporadically, “Problems occurred” shows-up after working in IVT Tool perspective and restarting
S32 Design Studio
Workaround: ignore error as it doesn’t impact any functionalities

e  SYS-IMG Pointers should be highlighted in red when entering overlap value
Workaround: No functional impact.

e  “Size in bytes” text field should be highlighted in red when the entered value is 0
Workaround: No functional impact

e For some processors, when the imported blob image is too large, the process may be slower than
usual

e Errors are duplicated when execute -AutoAlign command

e All valid numerical entries should be saved in the mex file, even if they violate certain constraints

DCD Tool:

e When errors exist in “Problems view”, “Show Problem” does not focus the Ul control that
generated the error

e “Problems view” does not report errors for hidden commands after importing an existing
configuration
Workaround: Scroll through the DCD command list to check for errors

e Allvalid numerical entries should be saved in the mex file, even if they violate certain constraints

QuadSPI Tool:

e Allvalid numerical entries should be saved in the mex file, even if they violate certain constraints.
e Invalid registers values are reset to the latest valid value when the view is closed and reopened
e The content of MODE2 Pins dop down contains additional entries (four pad / eight pad) when
using the MODE?2 instruction from 2 difference sequences.
Workaround: Disregard the additional values, use one of valid values (one pad / two pads)

DDR Tool:

e DDR View interface may be slow when creating content in Ul
e Performance degradation when running walking ones/zeros tests
e Validation view is reset to default after closing it

eFuse Tool:

e Allvalid numerical entries should be saved in the mex file, even if they violate certain constraints.
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S32 Configuration Tools framework:

e Importing new mcu_data with “Data Manager” places the data one level up than expected if no
previous data existed before
Workaround: manually move the mcu_data in the correct location

e Command line options are not working outside of installation folder
Workaround: Open .ini file from installation folder and replace the efxclipse.java-modules.dir
relative path with the absolute one

S32 Design Studio, integration with RTD/SDK:

e Insome cases there might be warnings with message "Invalid project path: Include path not found
..." after removing an SDK/RTD component
Workaround: remove include path entries manually from Project properties > C/C++ Build >
Settings > Includes
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