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1 Introduction

Falcon mode is a feature of U-Boot, which is introduced to speed up the booting process, allowing it to start the
Linux kernel directly from the Secondary Program Loader (SPL).

The default i.MX releases support booting the kernel from U-Boot with boot commands (boot i, bootz, or
bootm, and so on). One drawback in the process is that the kernel is loaded relatively late.

Using Falcon mode, we can shorten this boot time. Falcon mode is helpful when a user needs a fast boot
feature for the kernel.

This application note describes a method to implement Falcon mode.
The following are the target audiences of the document, who:

1. Need the kernel to boot at an early stage.

2. Want to know more on the use of ROM APIs.

3. Want to know more usage of imx-mkimage.

4. Want to know more on the SPL boot mechanism.

The mechanism described in this application note can also be applied to other i.MX 8M and i.MX 9 series chips.

2 Introduction to U-Boot SPL

SPL is a stripped-down version of U-Boot. It helps to do some initial hardware configurations (such as DRAM
initialization using CPU cache as RAM) and load the larger, fully featured version of U-Boot.

When the board starts, besides ROM code, the first-stage bootloader is U-Boot SPL; and the second-stage
bootloader is a regular U-Boot (or U-Boot proper). The SPL stands for Secondary Program Loader, which
means that ROM code is the first thing that loads (and executes) another program, and SPL is the second thing
that loads (and executes) another program.

Figure 1 shows the common boot sequence.

SPL U-BOOT

CPU ROM Kernel

Sets up for U
BOOT

Manual for scripted

. Initialization
variables

Loads SPL

Figure 1. Boot sequence

Note: The sequence is a bit different on i.MX 8M and i.MX 9 platforms.

On Arm V8, Arm has a specified preferred way to boot Secure Component with the Arm Trusted Firmware
(ATF). The ATF first loads the OP-TEE OS. The OP-TEE operating system initializes the secure world. Then,
the ATF loads U-Boot that modifies the DTB on the fly to add a specific node to load Linux TEE drivers. Then,
the Linux operating system is booted.
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Figure 2. Boot Linux operating system
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3 Falcon mode in U-Boot

In U-Boot, Falcon mode is introduced to speed up the booting process, allowing it to boot a Linux kernel (or
whatever image) without launching a full U-Boot.

Falcon mode relies on the SPL framework. In most implementations, SPL is used to start U-Boot. Falcon mode
extends this way allowing to start the Linux kernel directly from SPL.

4 Load and boot Linux kernel from SPL

To load the Linux kernel image from SPL, perform the following steps:

To enlarge the bootpartition size to 50 MB, modify the Yocto source code.

To allow launching an image with parameters in ATF, modify the ATF code.

Create a falcon dts in the kernel. The content of the falcon dt s involves bootargs and memory information.
Build the Linux kernel image and kernel Falcon dtb into the f1ash.bin file.

(Optional) When using uuu to download the flash.bin to the card, update the U-Boot code to get the
actual bootpartition size.

aroDdN -~

See the blue block where we start the kernel image.
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Figure 3. Load and boot Linux kernel from SPL

4.1 Modify Yocto source code to enlarge bootpartition size to 50 MB

In the default release, Yocto reserves 8192 kB for bootpartition that is used to store the MBR/GPT table and
flash.bin.

When placing the Linux kernel image into the f1ash.bin file, the size of 8192 kB is no longer sufficient to
accommodate a 30 MB kernel image. So, we enlarge the bootpartition to 50 MB in the Yocto source.

The patch is as below:

-—— ./sources/meta-freescale/wic/imx-imx-boot-bootpart.wks.in.ori

2023-08-22 15:57:03.817563907 +0800
+++ ./sources/meta-freescale/wic/imx-imx-boot-bootpart.wks.in 2023-05-17
17:49:43.742919645 +0800

@@ -14,7 +14,8 @a@

# ${IMX BOOT SEEK} 32 or 33kiB, see reference manual

#

part u-boot --source rawcopy --sourceparams="file=imx-boot" --ondisk mmcblk --
no-table --align ${IMX BOOT SEEK}

-part /boot --source bootimg-partition --ondisk mmcblk --fstype=vfat --label
boot --active --align 8192 --size 64
+#part /boot --source bootimg-partition --ondisk mmcblk --fstype=vfat --label
boot --active --align 8192 --size 64
+part /boot --source bootimg-partition --ondisk mmcblk --fstype=vfat --label
boot --active --align 51200 --size 64

part / —--source rootfs --ondisk mmcblk --fstype=ext4 --label root --align 8192

See the bold text that changes the bootpartition size from 8192 kB to 51,200 kB.

For more details about the part command in Yocto, see https://docs.yoctoproject.org/ref-manual/kickstart.html

4.2 Modify ATF code to allow launching an image with parameters in ATF

In the default release, ATF launches the image without any parameters. However, to boot the kernel and pass
the DTB address as a parameter to the kernel, modify ATF.
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The patch for i.MX 8M Nano is as follows:

diff --git a/plat/imx/imx8m/imx8mn/imx8mn bl31 setup.c b/plat/imx/imx8m/imx8mn/
imx8mn bl31 setup.c
index ¢87748al8..0a5a61003 100644
--- a/plat/imx/imx8m/imx8mn/imx8mn bl31 setup.c
+++ b/plat/imx/imx8m/imx8mn/imx8mn bl31l setup.c
@@ -244,6 +244,14 @@ void bl31l early platform setup2(u register t arg0,
u_register t argl,
#endif
#endif

+#if defined (USE FALCON MODE)

+ /* RAM FDT address */

I bl33 image ep info.args.arg0 = BL32 FDT ADDR;
+ bl33 image ep info.args.argl = 0U;

+ bl33 image ep info.args.arg2 = 0U;

+ bl33 image ep info.args.arg3 = 0U;

+#endif

+

#if !defined (SPD opteed) && !defined(SPD_trusty)
enable snvs privileged access();

The patch for i.MX 93 is as follows:

diff --git a/plat/imx/imx93/imx93 bl31l setup.c b/plat/imx/imx93/
imx93 bl31 setup.c
index 4cl12347cd..lce739daa 100644
--- a/plat/imx/imx93/imx93 bl31 setup.c
+++ b/plat/imx/imx93/imx93 bl31l setup.c
@@ -80,7 +80,7 @@ void bl31l early platform setup2(u register t arg0,
u_register t argl,
* tell BL3-1 where the non-secure software image is located
* and the entry state information.

*/
- b133 image ep info.pc = PLAT NS IMAGE OFFSET;
+ bl33 image ep info.pc = (u register t)PLAT NS IMAGE OFFSET;

bl33 image ep info.spsr = get_spsr_for_bl3§_eﬁtry();
SET SECURITY STATE (bl33 image ep info.h.attr, NON_ SECURE) ;

@e -100,6 +100,15 @@ void bl31l early platform setup2(u register t arg0,
u register t argl,

bl33 image ep info.args.arg3 BL32 FDT OVERLAY ADDR;

bl32 image ep info.args.arg3 = BL32 FDT OVERLAY ADDR;

#endif
+
+#if defined (USE_FALCON MODE)
+ /* RAM FDT address */
+ bl33 image ep info.args.arg0 = (u register t)BL32 FDT ADDR;
+ bl33 image ep info.args.argl = 0U;
+ bl33 image ep info.args.arg2 = 0U;
+ bl33 image ep info.args.arg3 = 0U;
+#endif
+
}
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The patch for i.MX 95 is as follows:

diff --git a/plat/imx/imx9/imx95/imx95 bl31l setup.c b/plat/imx/imx9/imx95/
imx95 bl31 setup.c
index 6£8d68b60..7d241b7f6 100644
--- a/plat/imx/imx9/imx95/imx95 bl31 setup.c
+++ b/plat/imx/imx9/imx95/imx95 bl31 setup.c
@@ -104,6 +104,14 @Q void bl3l early platform setup2(u register t arg0,
u_register t argl,
bl32 image ep info.args.arg3
#endif
#endif
+
+#if defined(USE FALCON MODE)
+ /* RAM FDT address */
+ bl33 image ep info.args.arg0 = (u register t)BL32 FDT ADDR;
+ bl33 image ep info.args.argl 0U;
+ bl33 image ep info.args.arg2 0U;
+
+

BL32 FDT OVERLAY ADDR;

bl33 image ep info.args.arg3 = 0U;

The patch for i.MX 943 is as follows:

diff --git a/plat/imx/imx9/imx94/imx94 bl31 setup.c b/plat/imx/imx9/imx94/
imx94 bl31 setup.c
index 0a9891a44..9f167463b 100644
--- a/plat/imx/imx9/imx94/imx94 bl31l setup.c
+++ b/plat/imx/imx9/imx94/imx94 bl31l setup.c

@@ -107,6 +107,15 @@ void bl31l early platform setup2(u register t arg0,

u register t argl,

bl32 image ep info.args.arg3

#endif

#endif
+
+#if defined (USE FALCON MODE)

BL32_ FDT OVERLAY ADDR;

+ /* RAM FDT address */

+ bl33 image ep info.args.arg0 = (u register t)BL32 FDT ADDR;
+ bl33 image ep info.args.argl = 0U;

+ bl33 image ep info.args.arg2 = 0U;

+ bl33 image ep info.args.arg3 = 0U;

+#endif

+

}

For the full patch, see AN14113SW.

4.3 Create a falcon dts in the kernel

To boot the kernel, pass not only the DTB address as a parameter to the kernel, but also kernel bootargs and
memory layout information. These details are passed through the DTB.

To boot the kernel, create a falcon dts file and include the required bootargs, memory layout, and other
information.

Here is a template for a Falcon mode dts file:

// SPDX-License-Identifier: (GPL-2.0+ OR MIT)
/ *
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* Copyright 2019 NXP
=4

#include "imx8mn-evk.dts"

/A
model = "Falcon Mode Device Tree";
compatible = "falcon-mode";
memory {
reg = <0x00 0x80000000 0x00 0x80000000>;
device type = "memory";
i
chosen {
bootargs = "console=ttymxcl, 115200 root=/dev/mmcblklp2 rootwait
rw";

) 2
) 2

This dts template provides a basic structure for Falcon mode, including memory layout and kernel boot
arguments. You can customize it further to suit your specific requirements.

Below are some details about how to get the required information from U-Boot for the dts. This required
information is bootargs and memory layout.

Note: Normally, the memory layout is defined in the U-Boot dts and passed to the kernel, or directly defined
in the kernel dts. So that the kernel can know the size of memory available for use. For most platforms, we
have the memory layout in both kernel and U-Boot dts. For most platforms, for example, i.MX 8M, i.MX 8Q,
there is no need to define the memory layout in the Falcon dts. Add the memory layout in the Falcon dts

if it is not present in the kernel dts, for example, i.MX 93 dts. For more details on memory node in dts, see
Section 4.3.2.

4.3.1 How to get bootargs from U-Boot env

To get bootargs, there are two methods:

1. Get bootargs from <U-Boot>/include/configs/<board name>.h. Take the i.MX 8M Nano for
example, to get bootargs, perform the following steps:

a. Open <U-Boot dir>/include/configs/imx8mn evk.h
b. Search mmcargs and see how bootargs is assigned.

"mmcargs=setenv bootargs ${jh clk} ${mcore clk} console=${console} root=
S{mmcroot}\0 " \

c. Try to get bootargs.
2. Boot the original U-Boot and get bootargs. Another way is to get bootargs by running the U-Boot.
a. Boot the U-Boot. Stop the autoboot by pressing any key.
b. Run run mmcargs.
c. To get bootargs, run echo $bootargs.
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it any key to stop autoboot: @
u-boot=> run mmcargs

u-boot=> echo $bootargs
console=ttymxc1,115200 root=/dev/mmcblklp2 rootwait rw
u-boot=>

Figure 4. bootargs value

4.3.2 How to get memory layout

Below describes the memory layout:

memory {
reg = <(baseaddrl) (sizel)

(baseaddr?2) (size?2)

(baseaddrN) (sizeN)>;
device type = “memory”;

157

Where:

* baseaddrX: the base address of the defined memory bank.
* sizeX: the size of the defined memory bank.
* N: number of memory banks.

Those macros define these values:

* NI If PHYS SDRAM 2 SIZE is defined, N is 2. Otherwise, N is 1.
» Baseaddr: PHYS SDRAMIin include/configs/imx8mn_evk.h. This PHYS SDRAM is the entry of memory.

* Size: PHYS SDRAM SIZE (or PHYS SDRAM 2 SIZE)in include/configs/imx8mn_ evk.h. This
PHYS SDRAM SIZE is the size of a memory bank 1 (or 2).

Note: Because the i.MX 8M and i.MX 93 are 64-bit SoCs, the memory layout addresses are also 64-bit. Be
sure to distinguish the 64-bit from the 32-bit address notation.

For example, for i.MX 93, there is only one memory bank. The memory start is 0x0000000080000000 and
memory size is 0x0000000080000000, so the memory layout in dts is:

memory {
reg = <0x00000000 0x80000000 0x00000000 0x80000000>;
device type = "memory";

iy

Note:

» Since DTS files can vary significantly across different platforms, besides the necessary bootargs, the
additional configurations in the Falcon DTB also differ. For instance, on the i.MX 8M platform, only bootargs is
required in the Falcon DTS because the memory layout is already present in the kernel DTS. However, on the
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i.MX 93 platform, include the memory layout in the Falcon DTS since it is not present in the kernel DTS. Take
care of these differences when writing the DTS for Falcon mode.

» Besides the memory layout, U-Boot can add other contents to the DTB when booting the kernel, such
as MAC addresses, PMIC configurations, board serial number, and U-Boot version. If any configurations
are found missing in the kernel started under Falcon mode, it is necessary to investigate whether these
configurations are included in the Falcon DTB. In the U-Boot code, the code for fixing the FDT can be found in
the arch fixup fdt function (in arch/arm/1ib/bootm-fdt. c).

Note: Fori.MX 95 and i.MX 943 platforms, refer to i. MX93. However, testing reveals that i.MX 93 and i.MX 943
require memory node integration within the Falcon device tree.

Incorrect memory nodes in Falcon DTS can trigger kernel panic. For example:

dfaf2136deb2 #19
0.000000] Hardware name: NXP i.MX95 15X15 board Falcon Mode Device Tree

[ 0.000000] SError Interrupt on CPUO, code 0x00000000be000011 -- SError

[ 0.000000] CPU: 0O UID: 0 PID: 0O Comm: swapper Not tainted 6.12.20-

gdfaf2136deb2 #19

[ 0.000000] Hardware name: NXP i.MX95 15X15 board Falcon Mode Device Tree
(DT)

[ 0.000000] pstate: 800000c9 (Nzcv daIF -PAN -UAO -TCO -DIT -SSBS BTYPE=--)

[ 0.000000] pc : new slab+0xle4/0x468

[ 0.000000] 1r : new slab+0x174/0x468

[ 0.000000] sp : ffff8000821e3ccO

[ 0.000000] x29: ff£f£f8000821e3ccO x28: 0000000000000000 x27: 0000000000000000

[ 0.000000] x26: ff£f£f8000823cad90 x25: ff£f£f0000000000c0 x24: 0000000000010082

[ 0.000000] x23: f££f££000000000100 x22: fffffdffc0000000 x21: 0000000000000004

[ 0.000000] x20: f££f££000000000100 x19: ffff800081lea2780 x18: 000000000000000d

[ 0.000000] x17: 0000000000000000 x16: ff£ff8000823cl1l160 x15: ffff00007fbad40c8

[ 0.000000] x14: 0000000000000000 x13: 0000000000000001 x12: 00000000£0000000

[ 0.000000] x11: 0000000000000068 x10: 0000000000000100 x9 : 0000000000000000

[ 0.000000] x8 : 0000000000000038 x7 : 0000000000000000 x6 : 0000000000000000

[ 0.000000] x5 : ffff7£f£f£f£fdc28000 x4 : 0000000000000001 x3 : 0000000000000000

[ 0.000000] x2 : 0000000000000000 x1 : 0000000000000000 x0 : 0000000000000020

[ 0.000000] Kernel panic - not syncing: Asynchronous SError Interrupt

[ 0.000000] CPU: 0 UID: O PID: O Comm: swapper Not tainted 6.12.20-

g

[

(DT)
[ 0.000000] call trace:
[ 0.000000] dump backtrace+0x94/0Oxec
[ 0.000000] show stack+0x18/0x24
[ 0.000000] dump stack 1v1+0x38/0x90
[ 0.000000] dump stack+0x18/0x24
[ 0.000000] panic+0x388/0x3e8
[ 0.000000] nmi panic+0x40/0x8c
[ 0.000000] armé64 serror panic+0x64/0x70
[ 0.000000] arm64 is fatal ras serror+0x3c/0Oxb4
[ 0.000000] do serror+0x60/0x78
[ 0.000000] ellh 64 error handler+0x30/0x48
[ 0.000000] ellh_64_error+0x64/0x68
[ 0.000000] new slab+0xle4/0x468
[ 0.000000] do kmem cache create+0x2fc/0x588
[ 0.000000] create boot cache+0x98/0x118
[ 0.000000] kmem cache init+0xf4/0x1c0
[ 0.000000] mm core init+0x90/0xfc
[ 0.000000] start kernel+0x2dc/0x710
[ 0.000000]  primary switched+0x80/0x88
[ 0.000000] ---[ end Kernel panic - not syncing: Asynchronous SError

Interrupt ]---
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Therefore, suggestions for adding memory nodes to Falcon DTS are:

1. User can refrain from adding memory nodes in Falcon DTS initially, while carefully distinguishing potential
boot issues during Falcon mode operation.

2. If the above kernel oops error persists regardless of whether the memory node is added, it suggests that
U-Boot fixup operation has modified the memory node before launching the kernel. In this case, apply the
0001-u-boot-Add-fdt-fixup-arch-command.patch patch from the software package to U-Boot.
This patch introduces the £fdt fixup arch command. Then, follow the procedure below to obtain the
correctly fixed-up memory node.

a) Apply the patch to U-Boot and boot.
b) Input commands:

run loadfdt

fdt addr $fdt addr r
fdt fixup arch

fdt print

¢) Check memory node in output dts.

4.4 Build the Linux kernel image and Falcon DTB into flash.bin

Usually, we use the script in imx-mkimage to generate f1lash.bin.

For i.MX 8MN, flash.bin consists of an image header, an SPL image, and a U-Boot . itb file in the
FIT format. Here, we are planning to add kernel image and kernel dtb to kernel.itb and replace U-
Boot.itb with the kernel.itb.

Figure 5 shows the change to f1ash.bin structure.

r A
I Signed HDMI/DP FW** 1

IVT SPL

SPL (u-boot-spl.bin) SPL

DDRFW image

CSF SPL

FDT FIT
flash.bin

IVT FIT

CSFFIT
FIT

Kernel image and DTB image
(kernel.itb)

U-boot dtb

ATF (bl31.bin)

1 OP-TEE* (bl32.bin) 1
L -

* OP-TEE is optional
** HDMI/DP FW only for i.MX8MQ aaa-053246

Figure 5. Change in structure

To generate U-Boot . itb, a description file called U-Boot . its is required. In the imx-image, U-Boot.its is
generated using the script mkimage fit atf.sh. Therefore, to include a description segment for the kernel
image and kernel DTB, modify mkimage fit atf.sh.

Note: From U-Boot. its, we can understand that U-Boot. i tb can contain more than U-Boot. It can also
include other components, such as b131.bin (ATF), tee.bin, dek blob, .dtb files.
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Figure 6 shows the general diagram.

Add kernel
image and
kernel DTB
to .its file.
(iMX8M/mkim

LY Call mkimage to
generate the
flash.bin with

kernel image and
DTB inside

image and
kernel DTB
targets in
Makefile.
(iMX8M/soc.m
ak)

Figure 6. General diagram

See 0001-imx-mkimage-iMX8MN-Add-falcon-mode-support-to-imx-mkimage-o.patch for more
details.

Note: Other platforms like i.MX 93 use a different image structure (not FIT image, but i.MX container)
to organize the flash.bin file. But the operation is similar, which is to replace the u-boot.bin in the
flash.bin with the kernel image and device tree blob (DTB).

See 0001 -imx-mkimage-iMX93-Add-falcon-mode-support-to-imx-mki.patch for more details.

4.5 (Optional) Modify U-Boot for ease of use with UUU for downloading

There is a bug in the U-Boot Fastboot feature: when downloading to an SD card, the bootpartition size is fixed
to4 MB (0x400000). This size is not sufficient when our f1ash.bin has been increased to 30 MB and it
results in a uuu download failure.

Figure 7. UUU download failure - uuu log

Detect USB boot. Will enter fastboot mode!
Starting download of 30668272 bytes

downloading of 30668272 bytes finished
Image too large for the partition

Figure 8. UUU download failure - console log
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The patch 0001 -uboot-adjust-bootloader-partition-size-for-uuu-download.patch is intended
to fix this issue.

For details about the patch, see AN14113SW.

5 Test steps and results

The test shows that the kernel launches from SPL.

If-5.15.71-2.2.0 environment for building f1ash.bin and kernel image on i.MX 8M Nano and i.MX 93 and
If-6.12.20-2.0.0 environment for i.MX 943 and i.MX 95::

* Repo imx-mkimage

* Repo atf-nxp

* Repo linux-firmware-imx
* Repo uboot-nxp

* Repo linux-1lts-nxp

5.1 Falcon mode test on i.MX 8M Nano

The test steps and results are as follows:

1. Apply the 0001 -imx-mkimage-iMX8MN-Add-falcon-mode-support-to-imx-mkimage-o.patch to
imx-mkimage.

2. Apply the patch 0001 -atf-imx8mn-Add-support-to-start-image-with-parameter.patch to
atf-nxp.

3. Build atf and copy b131.bin t0 imx-mkimage

make PLAT=imx8mn bl31
cp build/imx8mn/release/bl31.bin <imx-mkimage>/iMX8M/

4. Apply the patch 0001-1inux-imx8mn-Add-falcon-dts.patchto linux-1ts-nxp.
5. Build linux kernel image and dtb and copy to imx-mkimage:

make ARCH=arm64 imx v8 defconfig

make ARCH=arm64

cp arch/armé64/boot/Image <imx-mkimage>/iMX8M/kernel image.bin
cp arch/armé64/boot/dts/freescale/

imx8mn-evk-falcon.dtb <imx-mkimage>/iMX8M/kernel dtb.bin

6. (Optional) Apply the patch 0001-uboot-adjust-bootloader-partition-size-for-uuu-
download.patch to U-Boot.

7. Build the U-Boot.

make imx8mn evk defconfig
make

8. Copy mkimage, u-boot-spl.bin, and imx8mn-evk.dtb to <imx-mkimage/iMX8M>.

cp tools/mkimage <imx-mkimage>/iMX8M/mkimage uboot
cp spl/u-boot-spl.bin <imx-mkimage>/iMX8M/
cp arch/arm/dts/imx8mn-evk.dtb <imx-mkimage>/iMX8M/
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9. Copy the Ipddr binary from <linux-firmware-imx>/firmware/ddr/synopsys/ to <imx-
mkimage>/1MX8M.

cp -rf <linux-firmware-imx>/firmware/ddr/synopsys/*.bin <imx-mkimage>/iMX8M

10. Build the flash.bin.

make SOC=iMX8MN flash evk falcon

11. Download flash.bin to offset 32 K in the TF card (or use uuu to download the flash.bin).
12. Boot the board.

The Boot log is as below:

J-Boot SPL 2022.04-00001-ga@885fceac (Aug 22 2023 - 16:44:59 +0800)

DRINFO: start DRAM init

DRINFO: DRAM rate 3200MTS

DRINFO:ddrphy calibration done

DRINFO: ddrmix config done

ECO: RNG instantiated

ormal Boot

rying to boot from BOOTROM

Boot Stage: Primary boot

image offset Ox8000, pagesize ©x200, ivt offset Ox0

OTICE: BL31: v2.6(release):automotive-13.0.0 1.1.0-rc2-1-g55a839d45

OTICE: BL31: Built : 07:48:37, Aug 22 2023

[ 0.000000] Booting Linux on physical CPU 0x0000000000 [@x410fd@34]

[ 0.000000] Linux version 5.15.71-dirty (nxa@8384@1sv11258.swis.cn-sha@l.nxp.

com) (aarch64-poky-linux-gcc (GCC) 9.2.8, GNU 1d (GNU Binutils) 2.32.0.20190204)

#7 SMP PREEMPT Wed Aug 23 15:23:25 CST 2023
0.000000] Machine model: NXP i.MX8MNano EVK board
0.000000] efi: UEFI not found.
0.000000] Reserved memory: created CMA memory pool at Ox@000000058000000,

ize 648 MiB
0.000000] OF: reserved mem: initialized node linux,cma, compatible id shar

-dma-pool

Figure 9. Successful boot log

5.2 Falcon mode test on i.MX 93

The test steps and results are as follows:

1. Apply the patch 0001 -imx-mkimage-iMx93-Add-falcon-mode-support-to-imx-mki.patch to
imx-mkimage.

2. Apply the patch 0001-atf-imx93-Add-support-to-start-image-with-parameters.patchto
atf-nxp.

3. Build atf and copy b131.bin to imx-mkimage.

make PLAT=imx93 bl31
cp build/imx93/release/bl31.bin <imx-mkimage>/iMX9/

4. Apply the patch 0002-1inux-imx93-Add-falcon-dts.patchto linux-1lts-nxp.
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. Build the Linux kernel image and dtb and copy to imx-mkimage:

make ARCH=arm64 imx v8 defconfig

make ARCH=arm64

cp arch/armé64/boot/Image <imx-mkimage>/iMX9/kernel image.bin

cp arch/arm64/boot/dts/freescale/imx93-11xl11l-evk-falcon.dtb <imx-mkimage>/
iMX9/kernel dtb.bin

. (Optional) Apply patch 0001 -uboot-adjust-bootloader-partition-size-for-uuu-download.

patch to U-Boot.

. Build the U-Boot.

make imx93 11x11 evk defconfig
make

. Copy mkimage and u-boot-spl.bin to <imx-mkimage/iMx9>.

cp spl/u-boot-spl.bin <imx-mkimage>/iMX9/

. Copy the 1pddr binary from <linux-firmware-imx>/firmware/ddr/synopsys/ {0 <imx-

mkimage>/iMX9.

cp -rf <linux-firmware-imx>/firmware/ddr/synopsys/*.bin <imx-mkimage>/iMX9

Build the f1ash.bin.

make SOC=iMX9 flash singleboot falcon

Download the flash.bin to offset 32 K in the TF card (or use uuu to download the f1ash.bin).
Boot the board.

5.3 Falcon mode test on i.MX 95

The test steps and results are as follows:

1.

Apply the patch 0001 -imx-mkimage-iMX95-Add-falcon-mode-support-to-imx-mki.patch.

2. Apply the patch 0001-atf-imx95-Add-support-to-start-image-with-parameters.patch.
3. Build atf and copy b131.bin to imx-mkimage
make PLAT=imx95 bl31
cp build/imx95/release/bl31.bin <imx-mkimage>/iMX95/
4. Apply the patch 0001-1inux-imx95-Add-falcon-dts.patch to linux-1ts-nxp.
5. Build the Linux kernel and dtb and copy to imx-mkimage:
make ARCH=arm64 imx v8 defconfig
make ARCH=arm64
cp arch/armé64/boot/Image /iMX95/kernel image.bin
cp arch/armé64/boot/dts/freescale/imx95-15x15-evk-falcon.dtb <imx-mkimage>/
iMx95/
6. (Optional) Apply the patch 0001-uboot-adjust-bootloader-partition-size-for-uuu-
download to U-Boot.
7. Build the U-Boot.
make imx95 15x15 evk defconfig
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make

. Copy mkimage and u-boot-spl.bin to <imx-mkimage/iMX95>.

cp spl/u-boot-spl.bin <imx-mkimage>/iMX95/

. Copy the Ipddr binary from <linux-firmware-imx>/firmware/ddr/synopsys/ t0 <imxmkimage>/

iMX95.

cp -rf <linux-firmware-imx>/firmware/ddr/synopsys/*.bin <imx-mkimage>/iMX95

Build the flash.bin.

make SOC=iMX95 REV=BO OEI=YES LPDDR TYPE=lpddr4x KERNEL DTB=imx95-15x15-evk-
falcon.dtb flash all falcon

Download the flash.bin to offset 32 kB in the TF card (or use UUU to download the f1ash.bin).
Boot the board.

5.4 Falcon mode test on i.MX 943

The test steps and results are as follows:

1.
2
3.

Apply the patch 0001 -imx-mkimage-iMxX943-Add-falcon-mode-support-to-imx-mki.patch.
Apply the patch 0001-atf-imx943-Add-support-to-start-image-with-parameters.patch.
Build atf and copy b131.bin to imx-mkimage

make PLAT=imx94 bl31
cp build/imx94/release/bl31l.bin <imx-mkimage>/iMX94/

Apply the patch 0001-1inux-imx943-Add-falcon-dts.patch to linux-1lts-nxp.

. Build the Linux kernel and dtb and copy to imx-mkimage:

make ARCH=arm64 imx v8 defconfig

make ARCH=arm64

cp arch/armé64/boot/Image /iMx94/kernel image.bin

cp arch/arm64/boot/dts/freescale/imx943-evk-falcon.dtb <imx-mkimage>/iMX94/

. (Optional) Apply the patch 0001 -uboot-adjust-bootloader-partition-size-for-uuu-

download to U-Boot.

. Build the U-Boot.

make imx943 evk defconfig
make

. Copy mkimage and u-boot-spl.bin to <imx-mkimage/iMx94>,

cp spl/u-boot-spl.bin <imx-mkimage>/iMX94/

. Copy the Ipddr binary from <linux-firmware-imx>/firmware/ddr/synopsys/ to <imxmkimage>/

iMX94.

cp -rf <linux-firmware-imx>/firmware/ddr/synopsys/*.bin <imx-mkimage>/iMX94
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10. Build the flash.bin.

make SOC=iMX94 REV=B0 OEI=YES LPDDR_TYPE=lpddr4 KERNEL_DTB=imX943—er—
falcon.dtb flash all falcon

11. Download the flash.bin to offset 32 kB in the TF card (or use UUU to download the flash.bin).
12. Boot the board.

6 Optimization

The advantage of Falcon mode is its quick boot-up time. Falcon mode skips the U-Boot boot-up time by directly
booting the kernel, saving approximately 3 to 4 seconds, which is the time U-Boot takes to run.

To speed up the boot process, optimize not only the bootloader but also the kernel and user space.

For optimizations on kernel and user space, refer to “Chapter 5” and “Chapter 6” in the Linux Boot Time
Optimizations for i.MX8M Family (document AN13709).

7 Limitations

The solution we implement Falcon mode in this document also has some limitations:

1. eMMC card uses the user partition to boot. As f1ash.bin is too large, it cannot be put to the bootpartition
of the eMMC card. So, use the user partition to boot. To boot from the eMMC user partition, disable the
bootpartition functionality in EXT_CSD register 179, while ensuring that the FAST_BOOT fuse remains
unprogrammed.

Note: Another method is to use the U-Boot command bootpart-resize to resize the bootpartition. However,
if this command does not work on your eMMC card, consult with your eMMC provider first.

2. Speed. Only ROMAPI is used to load images. The maximum speed mode of eMMC that ROM can support
is DDR50 (can be supported by changing the boot switch), which needs consideration. However, the
DDR50 is 100 MB/s, which is enough for the fast boot.

Note: In Linux Boot Time Optimizations for i.MX8M Family (document AN13709), another method for
implementing Falcon mode has been discussed. Users can review and choose the best one that suits their
needs.

8 Software package description

A software package is attached with this application note.

The software package provides patches for i.MX8 MN and i.MX 93 based on If-5.15.71-2.2.0, and patches for
i.MX 943 and i.MX 95 based on If-6.1.20-2.0.0.

Table 1 describes the files in AN14113SW.

Table 1. Files in software package

Filename Description Comments
5.15.71-2.2.0/imx8mn/0001-imx- Add kernel image and kernel DTB to flash.bin as a Based on version If-5.
mkimage-iMX8MN-Add-falcon-mode- |loadable image. Add build options to build flash.bin with 15.71-2.2.0
support-to-imx-mkimage-o.patch kernel image and DTB inside for i.MX 8M Nano.

5.15.71-2.2.0/imx93/0001-imx- Add kernel image and kernel DTB to flash.bin as a Based on version If-5.
mkimage-iMX93-Add-falcon-mode- |loadable image. Add build options to build flash.bin with 15.71-2.2.0
support-to-imx-mki.patch kernel image and DTB inside for i.MX 93.
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Table 1. Files in software package..

.continued

Filename

Description

Comments

5.15.71-2.2.0/imx8mn/0001-atf-
imx8mn-Add-support-to-start-image-
with-parameter.patch

Allow atf to start the image with parameters for i.MX 8M
Nano.

Based on version If-5.
15.71-2.2.0

5.15.71-2.2.0/imx93/0001-atf-imx93-
Add-support-to-start-image-with-
parameters.patch

Allow atf to start the image with parameters for i.MX 93.

Based on version If-5.
15.71-2.2.0

5.15.71-2.2.0/imx8mn/0001-linux-
imx8mn-Add-falcon-dts.patch

Add Falcon mode dfs to Linux for i.MX 8M Nano.

Based on version If-5.
15.71-2.2.0

5.15.71-2.2.0/imx93/0002-linux-
imx93-Add-falcon-dts.patch

Add Falcon mode dfs to Linux for i.MX 93.

Based on version If-5.
15.71-2.2.0

5.15.71-2.2.0/common/0001-yocto-
change-boot-partition-size-to-50MB.
patch

Enlarge the bootpartition to 50 MB.

Based on version If-5.
15.71-2.2.0

5.15.71-2.2.0/common/0001-uboot-
adjust-bootloader-partition-size-for-
uuu-download.patch

Optional patch to fix bootpartition size in fastboot.

Based on version If-5.
15.71-2.2.0

Based on If-6.1.20-2.2.0, similar patches are provided, the details of which are omitted here for brevity.

9 Acronyms

Table 2 lists the acronyms used in this document.

Table 2. Acronyms

Acronym Description

ATF Arm Trusted Firmware

DTB Device Tree Blob

DTS Device Tree Source

FIT Flattened Image Tree

(OS] Operating System

ROM Read-Only Memory

SoC System on Chip

SPL Secondary Program Loader

10 Reference

* i.MX Porting Guide (document IMXBSPPG)
* Linux Boot Time Optimizations for i. MX8M Family (document AN13709)
* Understanding U-Boot Falcon Mode

11 Note about the source code in the document

Example code shown in this document has the following copyright and BSD-3-Clause license:
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Copyright 2024-2026 NXP Redistribution and use in source and binary forms, with or without modification, are
permitted provided that the following conditions are met:

1. Redistributions of source code must retain the above copyright notice, this list of conditions and the
following disclaimer.

2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the
following disclaimer in the documentation and/or other materials must be provided with the distribution.

3. Neither the name of the copyright holder nor the names of its contributors may be used to endorse or
promote products derived from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS I1S" AND ANY
EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES
OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT
SHALL THE COPYRIGHT HOLDER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED
TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR
BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN
CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN

ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH
DAMAGE.

12 Revision history

Table 3 summarizes the revisions to this document.

Table 3. Revision history

Revision number Release date Description

AN14113 v.3.0 13 July 2026 Updated document for i.MX 943, i.MX 95

AN14113 v.2.0 22 February 2024 Section 5 and Section 7 are updated.

AN14113 v.1.0 13 November 2023 | Initial version
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Disclaimers
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or completeness of such information and shall have no liability for the
consequences of use of such information. NXP Semiconductors takes no
responsibility for the content in this document if provided by an information
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lost profits, lost savings, business interruption, costs related to the removal
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risk.
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in the customer’s applications or products, or the application or use by
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necessary testing for the customer’s applications and products using NXP
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and the products or of the application or use by customer’s third party
customer(s). NXP does not accept any liability in this respect.
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Suitability for use in non-automotive qualified products — Unless
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unidentified vulnerabilities or may support established security standards or
specifications with known limitations. Customer is responsible for the design
and operation of its applications and products throughout their lifecycles

to reduce the effect of these vulnerabilities on customer’s applications

and products. Customer’s responsibility also extends to other open and/or
proprietary technologies supported by NXP products for use in customer’s
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