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1 Introduction

When using a CAN protocol stack, it takes time to send the CAN frame at the wake-up from Standby mode.
The boot time is long because of the large size of the CAN communication stack software. However, if

your application must send the CAN frame quickly at the wake-up, LLCE and RAM boot can help. You can
develop your own "mini LLCE FW" using LLCE FDK (Firmware Development Kit) to perform specific CAN
communication. 32 kB Standby SRAM is implemented on S32G, which retains its value during Standby mode.
Boot from Standby SRAM (RAM Boot) is faster than the normal boot from Flash (Full Boot). Therefore, if the
mini LLCE FW and its bootloader are stored in the Standby SRAM, RAM boot can quickly send the CAN frame
at the wake-up as shown in the following figure:

CAN Stack
—=Hl ;
. | Full Boot w/ CAN stack > d@%
Stand-by
Send CAN msg
o
== Jw
Stand-by Send CAN msg

With LLCE mini-FW

Figure 1. RAM boot with LLCE mini FW enables quick CAN frame sending at wake-up

This document introduces the PoC for such quick CAN frame sending at the wake-up from Standby mode.

2 RAM boot with LLCE mini FW

S32G’s power domain has two power domains:

* RUN power domain
* STANDBY power domain

When in Standby mode, the power supply from the full regulator of PMIC to the RUN power domain is cut off.
However, a small standby regulator provides a low-power supply to the STANDBY power domain as shown

in Figure 2. The 32 KB STANDBY RAM retains the Interrupt Vector Table (IVT) and the application code even
during Standby mode. S32G has a boot mode called RAM boot, which boots from the STANDBY RAM. RAM
boot is faster than the usual Full boot from Flash. By creating a "Mini LLCE FW" and storing it in the STANDBY
RAM, which is loaded to LLCE when wake-up, LLCE executes the code quickly after wake-up.

AN14156 All information provided in this document is subject to legal disclaimers. © 2024 NXP B.V. All rights reserved.

Application note Rev. 1.0 — 21 February 2024

2/14



NXP Semiconductors AN 1 41 56

S$32G LLCE Quick sending CAN frame at wakeup

RUN STANDBY power
power domain

domain 32K STBY
RAM

Slow
RTC IRC

WKPU

PMIC
Standby
regulator

Mini LLCE FW is stored herel AsCl

Figure 2. STANDBY power domain

3 Quick CAN frame broadcasting PoC

This chapter explains the PoC of the Quick CAN frame broadcasting. The PoC comprises of two S32DS
projects, namely "S32G274Astandby mode" and "standbyramboot". Both codes are flashed in the NOR flash on
RDB2. When S32G274Astandby mode is booted from NOR flash, it copies the code of standbyramboot from
NOR flash to the Standby-RAM. Also, it creates the Interrupt vector table (IVT) and application header on the
Standby-RAM to boot the standbyramboot from the Standby-RAM when waking up from Standby mode.

IVT:0x24000000 \

App header:
0x24000400

App header

Appliction:
0x24000800

Binary of the
standbyramboot
Figure 3. The memory map of Standby-RAM
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Then, it brings S32G2 into the Standby mode activated RTC to expire approximately 5 seconds later. After that,
the RTC wakes up the SoC, which then performs a RAM boot. The standbyramboot application is executed
from Standby-RAM. The standbyramboot binary contains the tiny LLCE FW, which is created using the LLCE
FDK. LLCE consists of 4 Cortex-MO0+ cores that work in a coordinated multicore processing way. The normal
LLCE FW is larger than the 32 KB Standby-RAM area, so it cannot be stored in the Standby-RAM. However,
you can create your own LLCE FW using LLCE FDK. In this PoC, LLCE is only needed to send a specific

CAN frame broadcasting, so the FW is created with a sufficiently small size to store into the Standby-RAM. It
works only on one core of LLCE (that is, the TxPPE core) as shown in the following figure. The FW activates all
CAN controllers and sends hard-coded classic CAN frames from odd CAN channels. After the successful TX
completion on all those channels, it lights up an onboard LED.

LLCE “Mini-FW”

Only TxPPE core is alive. Rest of cores are disabled.

- Activate all BCAN channels.

- Transmit hard-coded Classic CAN frame from odd BCANSs.
(i.e. BCAN1,3,5,7,9,11,13,15)

- Once transmission complete for all 8 channels, light up the
on-board LED (GPDO[[6]) to notify user and host core that
the FW finished successfully.

Figure 4. Mini LLCE FW

Upon wake-up, standbyramboot code is booted with RAM boot from the Stand-by RAM. The code copies the
mini-FW into the LLCE RAM and starts the TxPPE core. Eventually, the TxPPE core can send the hard-coded
CAN frame to the odd CAN channels quickly.

PoC uses S32G-VNP-RDB2 and the connection overview is as below. All LLCE CAN channels are connected
between odd CAN channels and even CAN channels (that is, LLCE_CANO and LLCE_CAN1, LLCE_CAN2,
LLCE_CANS, and so on). Those CAN channels along with PMIC_STBY_MODE_B and PMIC_VDD_OK are

connected to a logic analyzer to see the timing.

Loopback between odd CAN channels
And even CAN channels.

—

Figure 5. PoC Connection
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4 Run the PoC and the result

The Standby-RAM contains the IVT, App header, and binary of the LLCE mini FW and the SoC enters Standby
mode. Then, the RTC triggers a wake-up to the PMIC via the signal PMIC_STBY_MODE_B as follows. PMIC
then ramps the power supply, which takes 3.75 ms, and asserts PMIC_VDD_OK. After that, the S32G boots the
standbyramboot app from standby RAM. The standbyramboot app loads the mini FW code from the Standby
RAM to the LLCE RAM and then boots it. The Mini FW then sends the CAN frames on all odd LLCE CAN
channels. From the triggering PMIC wake-up to the beginning of sending CAN frames, it takes only 9.38 ms.

+W710ms

lw

PMIC STBY MODE 8

PHIC VDD OK

LLCECANT)

LLCE GANT)} CAN: Bits
} CAN Fields

L(CE CAN

) CAN: Fields

LLCE CANG

[IGEHEIED CAN Bis
) CAN:Fiekds

Figure 6. Broadcasting CAN frames in less than 10 ms at wake-up

5 How to play the PoC

Import both the projects (S32G274Astandbymode and standbyramboot) into S32DS and build the projects.
Then a .bin file is generated.

[£2 Problems ] Tasks @ Console 3 [T] Properties 4’ Search =g Progress “z Include Browser [22 Problems ] Tasks B Console 53 [T] Properties 4’ Search =g Progress “zZ Include Browser
CDT Build Console [$32G274Astandbymode]

CDT Build Console [standbyramboot]
Building target: S326274Astandbymode.elf

Invoking: Standard $3205 C Linker Building target: standbyramboot.elf
arm-none-eabi-gcc -0 "$326274Astandbymode.elf” "@5326274Astandbymode. args” ;:Vckmg' Sf?n::;d :3505 € Linker e1f* “gstandbyranboot.args"
Finished building target: $32G274Astandbymode.elf - -gee -0 “standby < .
Fnished building taree standbymode. & Finished building target: standbyramboot.elf
Invoking: Standard $320S Create Flash Image .
arm-none-eabi-objcopy -0 binary $3262 elf "s3262 bin" Invoking: Standard S320S Create Flash Image . .
Invoking: Standard $3205 Print Size arm-none-eabi-objcopy -0 binary standbyramboot.elf "standbyramboot.bin
arm-none-eabi-size --format=berkeley $32G274Astandbymode.elf Invoking: Standard $320S Print Size
text  data bss dec hex filename arm-none-eabi-size --format=berkeley standbyramboot.elf
16912 4 904 17820  459c S$32G274Astandbymode.elf text  data bss dec hex filename
Finished building: $326274Astandbymode.siz 5088 908 4 6000 1770 standbyramboot.elf
[T A TN 55627445 tandbymode . bin) Finished building:

standbyramboot.siz
Finished building: EENLISUEllIEIbT)

14:52:11 Build Finished. © errors, 19 warnings. (took 13s.677ms)
15:35:39 Build Finished. @ errors, 17 warnings. (took 11s.766ms)

Figure 7. Build S32G274Astandbymode and standbyramboot

For S32G274Astandbymode, you must create a blob binary file that includes the IVT and DCD config

using the IVT tool on S32DS. You can refer the following settings and also use a prepared DCD binary file
"DCD_SRAM_INIT.bin” to initialize SRAM. Or, you can skip those procedures if you use the prebuilt blob binary
“S32G274Astandbymode_blobimage.bin” located in the S32G274Astandbymode folder for your convenience.
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Figure 8. IVT tool config to create blob binary of S32G274Astandbymode

v Application Boot Code Image

¥ Application Boot Image

® On Q & On (X]

DCD Application bootloader
1spaceSZ~ZDS.3.5\5326274A5(andbymode\] B B | 3\$32G274Astandbymode\Debug\$32G274Astandbymode.bin | | B
Start address | 0x100 | Sizeinbytes | 68 Start address | 0x148 W Sizein bytes | 16916

RAM start pointer

Address = 0x34400000

RAM entry pointer

Address = 0x34400000

Code length 16920

» Serial Boot

Export Image

Then, flash the binaries into the NOR flash on the RDB2 as follows.
Step 1: Set S32G to Serial Boot Mode.

SW9[0:1]

SW10[0:1]

OFF:OFF
OFF:OFF

Serial Boot

Figure 9. Set serial Boot Mode

Step 2: Connect your PC and RDB2 via USB (UARTO).
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& UARTO

Figure 10. Connect your PC and RDB2 via USB (UARTO0)
Step 3: Run S32 Flash Tool (s32ft.exe).

S32ft.exe is found under the S32DS installed folder as shown in the following figure:

- v o » ThisPC » OSDisk (C:) » NXP » 532D5.3.5 » 532D5 » tools » 532FlashTool » GUI

.

software ~ Name
tools cenfiguration
gdb-arm features
532Debugger a0 jre
532FlashTool p2
bin plugins
. readme
configs
workspace
d -
oc || artifactsxml
flash [55] eclipsec.exe
FlashSDK_Ext s32ft.exe
GUI 2] s32ftini

Figure 11. Flash Tool

Step 4: Fill the parameters in the Flash Tool.

Target: S32G274A

Algorithm: MX25UM51245G

COM: Check the com number of your PC for UARTO.
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Figure 12. Flash Tool

Initialization

Select target and algorithm for uploading:
Target S32G274A v | [[]Ovenride XOSC frequency
Algorithm MX25UM51245G v

% Upload target and algorithm to hardware...

Flash operations

1 Upload file to device...

¥ Get flash ID...

¥ Download from device...

¥ Download from device to file...

% Frase memory range...

Execution

Communication

Select communication device
and parameters:

® com

Port name:
(O CAN Bus

Device name: | VectorXL

Ethernet

Step 5: Initialize the hardware.

Click “Upload target and algorithm to hardware...”

Target

Initialization
Select target and algorithm for uploading:

S32G274A v D Override XOSC frequency

Algorithm MX25UM51245G v

“%|Upload target and algorithm to hardware... I

Flash operations

T Upload file to device..

£ Get flash ID...

¥ Download from device...

£ Download from device to file...

Figure 13. Initialize HW

* Erase memory range...

Execution

Communication

Select communication device
and parameters:

® com
Port name:
(O CAN Bus
VectorXL

Ethernet

Step 6: Erase memory range.

Click Erase memory range.

Fill the “memory range dialog box”.

Start Address: 0x00000
Size: 0x20000

AN14156
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Simple View

Initialization
Select target and algorithm for uploading:
$32G2xxx

Target v

[ Secure serial bootloader:
Algorithm | MX25UM51245G v

“% Upload target and algorithm to hard

Communication
Select ¢

[ Override XOSC frequency  40M

Browse.

ication device and p
@com

Port name:
(O CAN Bus

COM3

IXXAT

Flash operations

4 Upload file to device...
& Getflash ID...

& Download from device...

& Download from device to file...

iErase memory range..

Figure 14. Erase memory range

Erase Memory Range

Start address: Ok !bOOOO | l Size: 0 !20000 | |

OK

[T

Cancel

Test connection...

Step 7: Upload S32G274Astandbymode binary to device.

Click “Upload file to device”.
Fill the Dialog box.

Start Address: 0x00000
Keep “Verify” checked.

File; Choose the S32G274Astandbymode blob image.

ONCAN Ruce

Algorithm |MX25UM51245G

%% Upload target and algorithm

Flash operations

1 Upload file to device... |
& Get flash ID...

4 Download from device...

3 Download from device to file.

¥ Erase memory range...

Fvarutinn

Upload File To Device

Start address: l#( E]Ver*y

File: I)\AppNoteSW\S3ZG274Astandbymode 532G274Astandb mode_bloblmae.bin

Browse...

oK

(ol o

Figure 15. Upload S32G274Astandbymode binary

Step 8: Upload standbyramboot binary to device

Click “Upload file to device”.
Fill the Dialog box.

Start Address: 0x8000
Keep “Verify” checked.

File; Choose the standbyramboot binary.

AN14156

All information provided in this document is subject to legal disclaimers.

© 2024 NXP B.V. All rights reserved.

Application note

Rev. 1.0 — 21 February 2024

9/14



NXP Semiconductors AN 1 41 56

S$32G LLCE Quick sending CAN frame at wakeup

P m e

ONCANR
Algorithm | MX25UM351245G
9 Upload File To Device o x
“& Upload target and algorithm
SAOpCrarou Start address: l)l 8000 Ver#y
| 4 Upload file to device..| N —]
3 Getflash D ‘ File: Iads\LLCEworkshop\AppNoteSW\standbyramboot\Debug SEnt el | | Browse...

4 Download from device...

J, Download from device to file. oK

3 Erase memory range...

Execution

Figure 16. Upload standbyramboot binary

Step 9: Set the DIP switch as shown in the following figure:

SW9 1-OFF 2-OFF
SW10 1-ON, 2-OFF

Figure 17. Set DipSW

Step 10: Close the Flash tool and open the terminal on the PC for UARTO.

Port: COM3 w
Speed:
Data: 2 bit w
Parity: nene W
Stop bits: 1 bit w
Flow control: nene o

Figure 18. Terminal setting

Step 11: Ensure the connection as shown in the following figure and power on the board and then push any key
to start on the terminal.
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Loopback between odd CAN channels
And even CAN channels.

—

Figure 19. Connection

Approximately 5 seconds later, you see the waveform as previously described.

MU COM3 - Tera Term VT
File Edit Setup Contrel Window Help
PHIC initial status Read:2006

PHIC status before entry:a

Push any key to go into low-pousr standby state.; I

Figure 20. Push any key to enter the standby

6 Revision history

Table 1. Revision history

Document ID Release date Description

AN14156 v.1.0 21 February 2024 Initial release
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