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1.

Foreword

Designers working with GD32 series MCUs often need to replace one microcontroller with
another to meet the requirements of their products. To accelerate the launch of new products,
designers often need to port applications to new MCUs.

This application note aims to help you port your applications from GD32F4xx MCU to
GD32F5xx MCU.

The GD32F5xx series, a new Cortex®-M33 series introduced by GD in 2024, is highly
compatible with the GD32F4xx series, which belongs to GD's Cortex®-M4 series. If there are
requirements for porting from GD32F4 series to GD32F5xx series during use, this document
introduces in detail how to port the existing code of GD32F4xx series to the GD32F5xx series.

To make better use of the information in the application notes, you need to have a deep
understanding of GD32 MCUs. You can download the data of various series of GD32 MCUs,
such as Datasheet, user manual, Firmware Library, and various development tools from
GigaDevice's data website: https://www.gd32mcu.com/ or network disk:

https://pan.baidu.com/s/1mhQsNpu.



https://www.gd32mcu.com/
https://pan.baidu.com/s/1mhQsNpu
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2.

Pin compatibility

The package types of the GD32F5xx series currently include: LQFP64, LQFP100, LQFP144,
LQFP176, and BGA208.

The package types of the GD32F4xx series include: LQFP64, LQFP100, LQFP144, BGA100,
and BGA176.

The pin packaging function of GD32F5xx can completely cover the product pin functions of
GD32F4xx series.
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3.

Internal resource compatibility

The following table provides an overview of the resource comparison between GD32F4xx
and GD32F5xx

(taking the comparison between GD32F470IK and GD32F5271S as an example):

Table 3-1. Overview of internal resource comparison between GD32F470lK and
GD32F527IS series

; Compatibility
On-chip resources GD32F470IK GD32F5271S _
description
Clock frequency 240MHz 200MHz \
Compatible and
Core M4 core M33 core
enhanced
Compatible and
Flash 3M 6M
enhanced
Compatible and
Code 1M 2M
enhanced
Compatible and
RAM 256K 512K
enhanced
GPTM 8+2 8+2 Compatible
Compatible and
Advanced TM 2 2
enhanced
Basic TM 2 2 Compatible
Systick 1 1 Compatible
Watch dog 2 2 Compatible
RTC 1 1 Compatible
USART 4 4 Compatible
UART 4 4 Compatible
12C 3 6 Compatible and new
SPI/IS 6/2 6/2 Compatible
SDIO 1 1 Compatible
Compatible and
CAN 2 2*CAN FD
enhanced
USB FS+HS FS+HS Compatible
ENET 1 1 Compatible
TLI 1 1 Compatible
DCI 1 1 Compatible
SAIl \ 1 New
EXMC/SDRAM 1/1 1/1 Compatible
IAP \ 1 New
CAU \ 1 New
HAU \ 1 New
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; Compatibility
On-chip resources GD32F470IK GD32F527IS _
description
TRNG \ 1 New
PKCAU \ 1 New
ADC(CH) 3(24) 3(24) Compatible
DAC 2 2 Compatible
GPIO 140 140 Compatible
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4.

4.1.

Program porting

According to the previous section, GD32F5xx and GD32F4xx are compatible in basic
functions, and the main functional differences lie in some new peripheral functions in
GD32F5xx and the enhancement of some functions.

Note: GD32F5xx adopts the Cortex®-M33 core architecture, which requires Keil 5.25 or
newer versions (V6 compiler) and IAR 8.1 or newer versions during development.

Table 4-1. IDE support for GD32F5xx

Chip series GD32F4xx GD32F5xx
Keil Keil4 and Keil5 Keil 5.25 or newer versions
IAR IAR 6.3 or newer versions IAR 8.1 or newer versions

Direct replacement

If you do not add functions (the original library does not involve Flash operations), you can
continue using the firmware library of GD32F4xx for modification and development. To
download, you can call the download algorithm file of GD32F5xx for simulation download and
increase the size of the project FLASH file in the configuration:

B Open the Option for Target, and change the Device to the model corresponding to
GD32F5xx.

Figure 4-1. Device configuration

KA Options for Target 'GD32F4XX’ *

Device lTarget ] Output I Listing] T=zer I C/AC++ (ACE) ] he=m ] Linker ] Debug ] Utilities]

|'3-:-ft'.-.-are Packs J
Vendor: GigaDevice Software Pack
Device: GD32F527IS Pack: |GigaDevice GD32F%x_DFP.0.0.8
Toolset: ARM URL: https://zd32meu. com/data/documents/T
Search:

GD32is a new 324bit high performance, low power consumption
universal microcontroller family powered by the ARM Cortex-M33
RISC core which targeted at various MCU application areas.

G032 family integrates features to simplify system design and provide
customers wide range of comprehensive and superior cost effective
MCU portfolios with proven technology and great innovation.

G032 family includes entry line, peformance line and connectivity
line currenthy.

¥ ARM -
=% GigaDevice
+-*1 GD3I2A50x Series
+-*1% GD32F4xx Series
--*1§ GD32F5ux Series
=8 GD32F5xx
&1 GD32F527BS
(6 CE-
“1% GD32HTxx Series
% GD32L23x Series ﬂ

mn

]

Defaults |

Help

B On the C/C++ tab, modify the C99 version and C++11 version, and modify AC5-like
Warnings.
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Figure 4-2. C/C++ tab

KA Options for Target 'GD32F4XX’
Device ] Target I Output ] Listing] Uzer

Preprocessor Symbols

C/C++ (ACA) ] e

] Linker ] Debug ] Utilities]

Define: [USE_STDPERIPH_DRIVER GD32F450]

Lindefine: |

Language / Code Generation
[~ Execute-only Code

™ Link-Time Optimization
[ Split Load and Store Muttiple
[V One ELF Section per Function

Waming

o |ACHike Wamings Lenguage C: |c39 -

Optimization: |-00 v | [~ Tum Wamings into Erors

[ Plain Charis Signed

Lanpuage C++ |c++11 -

¥ oo ST e

[~ Read-Only Position Independent
[~ Bead-Write Position Independent

[ use RTTI
[~ No Auto Includes

Include |..'-...'-.Flnnware'-.CMSIS'-.GD'-.GDEZFM'-.Include:..'-...'-.thil'rties:..'-...'-.Flrrnware'-.CMSIS:..'-...'-.Template:..'-...'-.I J
Paths
Misc |
Contrals

Compiler  [yc std=c99 -tanget=am-am-none-eabi mepu=cotex-m33+nodsp -mipu=fpv5-sp-d16 mfloat- ~

cortrol  |ahi=hard ¢
string v

Defaults |

Help

B Modify the maximum clock frequency (up to 200M) and the configuration of timer and

other clocks in the program to perform compilation, simulation, and operation.

Figure 4-3. Modification of the maximum clock frequency

LR =) T

| _] system_gd32f4xx.c I

38 /* system frequency define */

| _ IRCleM (IRC1leM VALUE)
_ HXTAL [HXTAL VALUE)
__5¥5_0SC_CLK (__IRC1eM)

;stal o

43 f* select a system cl
44 #define _ SYSTEM |

uncommenting the followi

# internal 16 MHz RC oscillator fregqu

ator frequ

B If the Flash operation is used, modify "Flash erase" in the program to "page erase".

10
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Figure 4-4. Flash page erase function

/et

H{

\ar a

state =

FMC PEHE

f* start

FMC PECFG

FMC_CTL
FMC_CTL
FMC_CTL

FMC erase page
page_addr: the page address to be erased.
none
state of FMC
FMC READY: the operation has been completed
FMC BUSY: the operation
read D-bus protectic

1 Program seduence er

MC ERR: program sSize not match erro
FMC_WPERR: erase/program protection error
FMC OPERR: operation error
FMC TCEERER: timeout error

fmc state enum fmc page erase (uint32 t page addr)
fmc state_enum fmc state = FMC READY;

f* wait for the FMC ready */

fme

fmc ready wait (FMC TIMECUT COUNT):

ol if (FMC_READY == fmc state) {

k page erase operation
¥ = UNLOCK PE KEY;

page erase ¥,

= FMC PE EN | page_ addr:
&= ~FMC CTL SH:

|= FMC CTL_SER:

|= FMC CTL_START:

Library replacement

To make better use of the functional applications of GD32F5xx and add new functions to the

program, the underlying driver library needs to be replaced. Because the underlying driver
function APIs of the GD32 compatible series are basically the same, you can directly

download

the

latest GD32F5xx firmware library from

website

(http://www.gd32mcu.com/cn/download?kw=), and replace the old one with it in the original

GD32F4xx project directory. As shown in the figure below, move all the content in the

Firmware folder of the GD32F5xx firmware library to the target project directory.

At the same time, add the interruption service function and gd32f5xx_libopt.h (header file

inclusion file) of the original GD32F4xx project to the gd32f5xx_it.c/.h file for replacement.

Note: There are differences in clock frequency of chip, vector table offset, and some macros.

Figure 4-5. Replacement of underlying firmware

ERE > FHEEE (E) » GD32MCU » GD32FSXX » |GD32FS:ociFirmware’Library’W‘O‘O|

> HFEERE > SRR (B) » GD32MCU » GD32F4xx » | GD32F4xx Firmware Library V3.2.0

£ M E=:) Fels %
Docs 29 14:36 Docs
Examples 20, Examples
[ Firmware 20 | ———————p [ Firmware
Template 20 Template
[ wtilities 0 | —— p [ uiities

F5xx Firmware Library

After replacement, reopen the project, delete the corresponding warning file, and add the new

gd32f5xx_it.c/h
gd32fsox_libopt.h

11
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GD32F5xx underlying firmware content under the replaced firmware library. Including: clock

initialization.c, firmware content.c, startup file.s, interrupt service function.c, etc.

Figure 4-6. Replacement of files in the IDE

“@ -

| %8| cpszranx &

Froject
=% Project: Project

ez GDI2FAXK

=-F Application

il gd32fda_it.c
_1 main.c
L] systick.c
CMSIS
il system_gd32fdix.c

0]
[a

m
I

5 Peripherals
gd32fdxx_rte.c
gd32fdxx_dbg.c
gd32fdxx_dcic
gd32fdxx_gpio.c
gd32fdxx_dma.c
gd32fdxx_exti.c
gd32fdxx_rcu.c
gd32fdxx_trng.c
gd32fdxx_ade.c
gd32fdxx_can.c
gd32fdxx_cre.c
gd32fdxx_ctc.c
gd32fdxx_dac.c
gd32fdxx_enet.c
gd32fdex_exme.c
gd32fdex_fme.c
gd32fdxx_fwdgt.c
gd32fdxx_ile.c
gd32fdxx_ipa.c
gd32fdex_iref.c
gd32fdxx_misc.c

gd32fdex_pmu.c
gd32fdxx_sdio.c
gd32fdxx_spi.c
gd32fdxx_syscfg.c
gd32fdxx_timer.c
gd32fdxx_tli.c

2 B project

2| ¥ cparsx

- =g GD32F3XX

j<|

EProject @IS:-:--:-I': {} Functions

=-F Application

_1 main.c

] systickc

] gd3zfsocitc
=S CMSIS

] system_gd32f5u.c
=5 Peripherals
gd32f3xx_ade.c
gd32fixx_can.c

B

gd32f3xx_cau.c

e

gd32f3xx_cau_aes.c

e

gd32f3xx_cau_des.c
gd32f3xx_cau_tdes.c
gd32f3xx_cre.c
gd32f3xx_ctc.c
gd32fixx_dac.c
gd32f3xx_dbg.c
gd32f3xx_dcic
gd32fxx_dma.c
gd32f3xx_enet.c
gd32f3xx_exmec.c
gd32f3xx_exti.c
gd32f3xx_fme.c
gd32f3xx_fwdgt.c
gd32f3xx_gpio.c
gd32f3xx_hau.c
gd32f3xx_hau_sha_md3.c
gd32faxx_ile.c
gd32f3xx_i2c_add.c
gd32f3xx_ipa.c
gd32f3x_iref.c
gd32f3xx_misc.c

(e e e e R B e R R

L e B e R B e R e e R R e e e R

gd32f3xx_pkcau.c

e

gd32f3xx_pmu.c

PN L T

=]
JEEEEEEPEEEEEEEEEPEEEPEEREEEEEEEEE

E|

g
-

ol

[].,Tenu)l.ate:- EProject|@B-:--:-l':- {} Functions [].,Tenu)l.ate:-

Open the Option for Target, and change the Device to the model corresponding to GD32F5xx.

12
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Figure 4-7. Modification of Device model

KA Options for Target 'GD32F4XX’ X
Derice lTarget ] Output I Listing] User I C/C++ (ACE) ] Asm ] Linker ] Debug ] Utilities
|50ﬂ'r'\'are Packs J
Vendor: GigaDevice Software Pack
Device: GD3IZF527I5 Pack: |GigaDevice.GDaZFﬁu_DFP.ﬂ.ﬂ.E
Toolset: ARM URL:  https://zd3%meu. comfdata/dacuments/T
Search:
W ARM | |GD32iz a new 32+bit high peformance, low power consumption
@ GigaDevi | |universal microcontroller family powered by the ARM Cortex-M33
& 1gabievice RISC core which targeted at various MCU application areas.
vig GD32450x Series G032 family integrates features to simplify system design and provide
\,}3 . customers wide range of comprehensive and superior cost effective
GD32F4xx Series MCU portfolios with proven technology and great innovation.
2% GD3I2F5xx Series GD32 family includes entry line, peformance line and connectivity
line curmently.
=% GD32F5xx
# GD3zrs278S

-ﬂ GD32F327I5
“}[3 GD32HTxx Series
% GD32L23x Series ~|

0K | Cancel | Defaults | Help

On the C/C++ tab, modify the corresponding macros, and add the corresponding header file
path again. Modify the C99 version and C++11 version, and modify AC5-like Warnings.

Figure 4-8. Modification of C/C++ tab
K4 Options for Target 'GD32F5XX" *

Device I Target] Dutput] Listing] User C/T++ (ACG) l.ﬂ.sm ] Linker ] Dlebug I Ttilities ]

Preprocessor Symbals
Qeﬂyle; |GD32F Sox

Undefine: |

Language / Code Generation

[ Executz-only Code Wamings: |ACE-—Iike Wamings ﬂ Language C: |c95 -
Optimization: |-0D j [ Tum Wamings into Emors Lagnguage C++: m

[ Link-Time Optimization [ Plain Charis Signed I+ Short enums,/wchar
[~ Split Load and Store Muttiple [ Read-Cnly Position Independert [ use RTTI
W One ELF Section per Function [ Bead-Write Position Independent [ Mo Auto Includes
Include| |\, \Fimware\CMSIS\GD\GD32FSoc\Include:..\. \Uiities;..\..\Firnware\CMSIS;..\..\Template;.\..\l D
Paths
Misc |
Controls
Compiler  |c -std=c99 ~target=am-am-none-eabi mcpu=cotex-m33+nodsp -mfpu=fpv5-sp-d16 mfloat- '
C:trrtrol abi=hard -
ring w

114 | ‘ Cancal | | Defaults

Finally, search for the header file inclusion names of GD32F4xx in the project, and modify all
of them to the header files of GD32F5xx. Adjust the corresponding clock frequency in the
system_gd32f5xx.c code. The compilation can be performed normally, and downloading and

13
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debugging can be carried out later.

If some macros cannot be found, GD32F5xx may be named or used differently. You can find
the corresponding macros or similar application macros and modify them.

Figure 4-9. Replacement of corresponding header files

33 L
34
35 #include "gd3ZfSxx.h"
36 #include "gd32f527 eval.h"
37 include "systick.h"
38 <stdio.h>
38 .
g pVision
41
42 Replace | Find  Find in Files
43
:: Find what: |gd32f5xx.h
46
. 47  File types: | opptoogt.ogtht hppt oot hhfasm;* s AT A251;%4
458
49 Laolk ine |Current Project

Figure 4-10. Modification of clock frequency

I [l system_gnmsml _1 gd3z2fsich

34 /* This file refers the CMSIS standard, soms adjustments are made according to GigaDewvice chips */

36 #include "gd3ZfSxx.h"

38 /* system frequency define */

_ IRCI1eM (IRC1eM VALUE) f* internal 16 MHz RC oscillator freguency */
_ HXTAL (I—D(TALJ\_JALU'E] /* high speed crystal oscillator fregquency */
_ S5¥Y5_05C_CLE (__ IRC1&HM) /* main oscillator freguency */

a tem clo

sy
_ 5
_ 5
_ 5

M PLL 25M HXTAL (uint32_t) (1€
M CLOCK 4001«1 PLL . 451*[ HXTAL {uinc32_t) (2

(uint32_t) (

£
Y5T
YST!
s
Y5T
Y5T
Y5T
Y5T!
Y5T!
TE.
YST
Y5 {uint32

_ 5
S
S
_ 5
_ 5
5
_ 5
S

ﬂef_re

volatile uint32_t i;
if(0 !'= _ delay){ \
DOTT CEQO 1o DOTT DE LCESYS DT L

56 i #d=fine RCU _MODIFY(_ delay) do{

14
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5.

5.1.

Differences of peripheral devices

GD32F5xx and GD32F4xx are mostly compatible in terms of peripherals, but as a more
advanced MCU, GD32F5xx has many more new functions in terms of functional safety than
GD32F4xx.

The following lists the new peripheral functions of GD32F5xx.

FMC

There are big differences in FMC between GD32F5xx and GD32F4xx, mainly around function
expansion and new functions:

TCMSRAM: 64 KB;

SRAM ECC: 512 KB - 1 MB;
CodeFlash ECC: 1 MB - 2 MB;
DFlash ECC: Up to 5.5 MB;

GD32F5xx whose main flash memory capacity is no more than 7680 KB contains up to eight
16 KB sectors, two 64 KB sectors, thirty 128 KB sectors, and fourteen 256 KB sectors. Each
sector of the main flash memory can be erased separately. The flash memory structure is
divided into 4 MB dual blocks, 2 MB dual blocks, 1 MB single block, and 512 KB single block.
Each structure has Bank1 extended flash memory (Bank1_EXx).

Note: The extended flash memory address of Bank1_Ex always starts from 0x08400000. For
small-capacity GD32F5xx, the Bank1_Ex address may be discontinuous.

B ECC supports single-bit error correction and double-bit error detection.

B Add support for 64-bit double-word programming.

B Provide 64-byte OTPO blocks for storing user data, and add 128 KB OTP1 and 128 KB
OTP2.

The OTP1 area can be used for secure boot of the program, and with the key stored in OTP2,
the execution redirects to the APP code.

B Forone-time programmable non-volatile EFUSE memory cells, no bits can be rolled back
from 1 to 0.

EFUSE can work with OTP1&0OTP2 to perform secure boot of the fixed address.
B Code area loading

FMC_CTL register BIT29 NWLDE can be modified: Enable and disable the loading of zero
wait area after system resetting (reset values are restored only after power supply reset).

B Option byte.

Add USER BIT1 ECCEN to enable or disable ECC.
15



©

GigaDevice

AN194
Migration from GD32F4xx series to GD32F5xx series

5.2.

Add WPO BIT 5 NWA and select the zero wait area. You can select BankO or Bank1 as the
zero wait code area (this bit only takes effect after power supply reset for the 4 MB dual-block
series).

System security

GD32F5xx is enhanced in security levels:
B Multi-level code and data protection (OTP0/1/2)

OTP1 128 KB, user-trusted root code area. Block Read/Write Lock: After the trusted root code
is read by the CPU and redirection is executed, the area is locked and cannot be read or
executed by the APP.

OTP2 512 Byte, key protection area, and Area Read/Write Lock: Some data is locked and
cannot be read by the APP after the trusted code is executed, while certain data can be read
by the App.

B User secure storage
Read protection: None/Low Level/High Level.

Write and erase protection: The option bytes are configured with Sector erase and write
protection.

The core comes with MPU User/Priv mode to control resource access.
B Boot protection

Unique entrance protection, EFUSE configuration, and Flash/OTP1 trusted root code area
boot.

In the OTP1 secure and trusted root code area, check the correctness of system configuration
and verify the integrity and legality of subsequent Apps. (SHA1/224/256, ECC640, and
RSA3136) Hash summary information, shared key OTP2 area, and APP firmware signature
are stored in Flash after each update.

Secure boot is executed before the user App firmware when the MCU is reset, and it provides
the security functions in the initial stage. You can store user-level secure boot in the OTP1
area, and then set the OTP1 area as the unique boot entry for the MCU. Every time the MCU
is reset, it must boot in the secure boot mode.

16
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Figure 5-1. Secure boot flow chart

o
| APy [ m

| |
| ZRRE) | OTP1IX l |
| I CREFAMX R E A | I
| } Aug) | |
} 1 TR : | R 1 |

|
| T EMCUZR A FLE | I [
| H *A“(im;f) o | weEsExs |1 :
l I | | CAIEAEARRS AT i) I : I

e | BEILAPPI

| H prpT e R B St :
| I (MPUEFWDGT) | I |l |
| | | I
| H | | Il :
I 1 HASHiH5 APPIE {f | | I |
| BIHASH| | : W[ wetesmee || |
| e | AR || e AR, R || : CRIfEAERBI AT ) I
RNl M meepmttmme |, L curaePi || |
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I V11 s 47 e Flash < B || | l
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|
I Nl wE TR T IEW : |
| IS N R | :
- -

Y
H P APP -

B Secure debugging

SPC sets the security level. The code area can only be executed, and the code cannot be
accessed through the debug interface. However, the registers can still be accessed through
the debugger.

EFUSE BIT permanently disables the debug interface.
B Security upgrades

OTA: A bank is executed, B bank is upgraded, written in, and swapped after successful
verification. Verify the firmware version to prevent rollback.

B Hardware encryption algorithm & random number;
17
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5.3.

5.4.

5.5.

SHA-1, SHA-224, and SHA256 supported.
AES128 and 256 supported.
TRNG supported - NIST sp800-22 satisfied

B UID: Each chip has an independent UID.

Enhanced Safety

IEC61508 SIL2 supported;

Flash/SRAM ECC supported.

TIMER

GD32F5xx adds the composite PWM mode to the advanced TIMER, and adds two
comparison points for frequency conversion and phase shift to change the duty cycle. Four
pairs of complementary outputs are added to enhance the flexibility of control.

Figure 5-2. Composite PWM output

CARL — I I ! : ! : !
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The GD32F4xx series provides the CAN2.0 function. The GD32F5xx series provides the
2*CAN-FD function and is compatible with the CAN2.0 function. The maximum baud rate for
CAN-FD frame communication is 6 Mbit/s, and it supports a transmission delay compensation
mechanism. For detailed information about its specific functions and register configurations,
please refer to the GD32F5xx User Manual.
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5.6.

12C

GD32F5xx introduces new I12C interfaces, namely 12C3, 12C4, and 12C5. These interfaces
have the same basic features as 12C0, 12C1, and 12C2, with additional functionalities. Some
of the key features include support for multiple 7-bit slave addresses, programmable setup
time and holding time, compatibility with SMBus 3.0 and PMBus 1.3 standards, optional PEC
(message error check) production and verification, the ability to wake up from sleep mode
and deep sleep mode when an address is matched, and an independent clock source
separate from PCLK.
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6.

Revision history

Table 6-1. Revision history

Revision No.

Description

Date

1.0

Initial release

April 10, 2024
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Important Notice

This document is the property of GigaDevice Semiconductor Inc. and its subsidiaries (the "Company"). This document, including any
product of the Company described in this document (the "Product"), is owned by the Company under the intellectual property laws and
treaties of the People's Republic of China and other jurisdictions worldwide. The Company reserves all rights under such laws and
treaties and does not grant any license under its patents, copyrights, trademarks, or other intellectual property rights. The names and

brands of third party referred thereto (if any) are the property of their respective owner and referred to for identification purposes only.

The Company makes no warranty of any kind, express or implied, with regard to this document or any Product, including, but not
limited to, the implied warranties of merchantability and fitness for a particular purpose. The Company does not assume any liability
arising out of the application or use of any Product described in this document. Any information provided in this document is provided
only for reference purposes. It is the responsibility of the user of this document to properly design, program, and test the functionality
and safety of any application made of this information and any resulting product. Except for customized products which have been
expressly identified in the applicable agreement, the Products are designed, developed, and/or manufactured for ordinary business,
industrial, personal, and/or household applications only. The Products are not designed, intended, or authorized for use as components
in systems designed or intended for the operation of weapons, weapons systems, nuclear installations, atomic energy control
instruments, combustion control instruments, airplane or spaceship instruments, transportation instruments, traffic signal instruments,
life-support devices or systems, other medical devices or systems (including resuscitation equipment and surgical implants), pollution
control or hazardous substances management, or other uses where the failure of the device or Product could cause personal injury,
death, property or environmental damage ("Unintended Uses"). Customers shall take any and all actions to ensure using and selling
the Products in accordance with the applicable laws and regulations. The Company is not liable, in whole or in part, and customers
shall and hereby do release the Company as well as its suppliers and/or distributors from any claim, damage, or other liability arising
from or related to all Unintended Uses of the Products. Customers shall indemnify and hold the Company as well as its suppliers and/or
distributors harmless from and against all claims, costs, damages, and other liabilities, including claims for personal injury or death,

arising from or related to any Unintended Uses of the Products.

Information in this document is provided solely in connection with the Products. The Company reserves the right to make changes,

corrections, modifications or improvements to this document and Products and services described herein at any time, without notice.
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