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by: NXP Semiconductors

1 Introduction

There are several means for firmware upgrade, including the bootloader,
hardware debugger (such as CMSIS-DAP, J-Link, and ULink), and third-party
programmer (such as Flash Magic). Efficient and fast flash programming in the
production flow is an important part of cost-effective manufacturing and field
servicing of MCUs. From the firmware upgrade tools mentioned above, the
hardware debugger is suitable for product development. The third-party
programmer and bootloader are suitable for mass production. For NXP MCUs,
Flash Magic only supports SWD, Ethernet, and UART (except for the USB).
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The secondary bootloader in the NXP MCU bootloader provides multiple serial protocols (such as USB HID/MSC, UART, SPI,
12C, and CAN) for quick and easy programming through the entire product lifecycle. The USB interface is widely used due to
high data transmission rate and driver support by various mainstream operating systems.

2 Why to port USB bootloader

As described on the official NXP website, a secondary bootloader is supported in the SDK for i.MXRT1050, LPC54018,
LPC54016, and LPC54005. Therefore, the LPC51U68 USB bootloader can be ported from the SDK of the mentioned MCUs.
This application note selects LPC54018 as a reference and describes how to port the USB bootloader from LPC54018 to

LPC51U68.

* Secondary Bootloader
MX RT103
F
FCS4016

Figure 1. MCUs supported by secondary bootloader

3 System hardware setup and connection

3.1 System hardware setup

LPCXpresso51U68 version Rev A is used as the evaluation board for USB bootloader porting. Make sure that jumper JP10 is
fitted, so that JP10 connects the VBUS from the target USB connector J5 to the LPC51U68. The other jumpers (configured by

default) are described in Table 1 and Figure 2.
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Table 1. Board jumper setting

System hardware setup and connection

Jumper number Description Status
J1,J2,J7, J8 Expansion connectors Open
J3 External processor control header Open
Ja PMod™ (SPI / 12C) bridge connector Open
J5 Target MCU power / USB device Connect to PC via USB cable for
connector firmware update
J6 Link2 micro USB B-type connector Connect to PC via USB cable for
bootloader preprogramming
JP1 LPC51U68 target SWD disable Open
JP2 Buffer power selection Fit to Loc
JP3 Isolate the Link2 debug probe (SPI Open
bridge function) from the LPC51U68
target to prevent current leakage.
JP4 Disconnect all reset sources from the Open
LPC51U68 device, except for the reset
from the AP control port (J3).
JP5 Reduce the voltage sense resistance. Open
JP6 Measure the LPC51U68 current Open
consumption.
JP7 Link2 (LPC43xx) force DFU boot Open
JP8 Tri-color LED anode voltage enable Open
JP9 Power supply voltage selection Fit pin 2-3 to select 3.3 V power supply
JP10 Target connector USB (J5) VBUS to Fit
LPC51U68 connection
P1 10-pin SWD connector Open
P2 LPC51U68 VDD current monitor Vsense | Open
measurement
P3 FTDI serial header Open
P4 External ADC reference input Open
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USB bootloader porting from LPC54018 to LPC51U68

Figure 2. Board jumper setting

3.2 Connection

The connection shown in Figure 3 is a must for normal communication between the LPCXpresso51U68 board and PC. The USB
cable connected to connector J6 is used to download the bootloader and the cable connected to connector J5 is used to update
the user application firmware.

el ]

Bootloader update interface

Figure 3. USB connection between LPC51U68 and PC

4 USB bootloader porting from LPC54018 to LPC51U68

4.1 Flash-resident USB bootloader porting

Porting USB Bootloader from LPC54018 to LPC51U68, Rev. 0, 02/2020
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USB bootloader porting from LPC54018 to LPC51U68

4.1.1 Creating new project and adding necessary files

* Download SDK_2.6.0_LPCXpresso51U68 from the official NXP website. This application note uses the Keil IDE to
perform USB bootloader porting. Therefore, create a new empty project (as shown in Figure 4) by clicking "Project -> New
uVision Project" and selecting the project directory (as shown in Figure 5), assuming that the project directory is Iboards.

C\LocalData\NXP_work\10_LPC_Controlle’\LPC\LPC51L

File Edit

New pVision Project...

View Peripheral

ug

New Multi-Project Workspace...
Open Project... 2

Close Project

Figure 4. Creating new Keil project

K Create New Praject s

o

« « 40 | @ Loca. » LPCSIUES USE baot.. « |

Organize = Mew folder vEepck Enres oine = S )

LocslDats  *  Name : Diate modified Type
bodyCheck
datashest
BoIm
Detiesg
LPCS1UEE LS
MEP_work
1_imvetigate
2 _test_gn30
3 Ces Ot
4 an300ve ¥ Praject name
File name | LPCS1USE_LSE_Bootloader w
P WW‘

Project type

 ideFoiders =

*|

Figure 5. Selecting project directory and names

» Download SDK_2.6.0_LPCXpresso54018 from the official NXP website.

» Copy the mcu-bootfolder from the SDK_2.6.0_LPCXpresso54018I\middlewarel folder to the
SDK_2.6.0_LPCXpresso51U68Imiddleware folder.

* Modify the "LPC54018" string in the external_memory_property_map_LPC54018.c, hardware_init_ LPC54018.c,
memory_map_LPC54018.c, and peripherals_LPC54018.cfiles in the Imiddlewarelmcu-bootltargetsILPC51U68Isrcl folder
to "LPC51U68".

» Create a source file named internalFlashAPI.c (other names are also OK) and a header file named /infernalFlashAPI.h
(other names are also OK) for the LPC51U68 on-chip flash to provide operations such as erase, read, write, and execute
in the Imiddlewarelmcu-bootlsrcimemorylsrc folder.

Porting USB Bootloader from LPC54018 to LPC51U68, Rev. 0, 02/2020
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USB bootloader porting from LPC54018 to LPC51U68

» Copy the pin_mux.c, pin_mux.h, clock_config.c, and clock_config.h files from the |boardsljpcxpresso51u68lusb_examples

lusb_device_cdc_vcomlfreertos folder to the lboards folder.

» Copy the files shown in Table 2 from the |boardsljpcxpresso51u68lusb_exampleslusb_device_msc_ramdisklfreertos folder

to the Iboards folder.

Table 2. USB device files

Number

File

1

usb_device_ch9.c

usb_device_ch9.h

usb_device_class.c

usb_device_class.h

usb_device_config.h

usb_device_descriptor.c

usb_device_descriptor.h

usb_device_msc.c

[Co 2 oo I I I =2 2 & B I - B G I ()

usb_device_msc.h

N
o

usb_device_msc_ufi.c

11

usb_device_msc_ufi.h

» Copy the usb_device_hid.c and usb_device_hid.h files from the lboardsljpcxpresso51u68lusb_examples
lusb_device_hid_genericlfreertfos folder to the lboards folder.

» Add the groups and files shown in Table 3 to the project created in the first step.

Table 3. Groups and files

Group

File

device

\devices\LPC51U68\fs|_device_registers.h
\devices\LPC51U68\LPC51U68.h
\devices\LPC51U68\LPC51U68_features.h
\devices\LPC51U68\system_LPC51U68.c
\devices\LPC51U68\system_LPC51U68.h

startup

\devices\LPC51U68\arm\startup_LPC51U68.s

source-usb-bm_composite

\middleware\mcuboot\src\bm_usb
\bootloader_hid_report_ids.h

\middleware\mcu-boot\src\bm_usb\composite.c
\middleware\mcu-boot\src\bm_usb\composite.h
\middleware\mcu-boot\src\bom_usb\fat_directory_entry.h
\middleware\mcu-boot\src\bm_usb\hid_bootloader.c
\middleware\mcu-boot\src\bm_usb\hid_bootloader.h

\middleware\mcu-boot\src\bm_usb\msc_disk.c

Table continues on the next page...

Porting USB Bootloader from LPC54018 to LPC51U68, Rev. 0, 02/2020

Application Note

5/28



NXP Semiconductors

Table 3. Groups and files (continued)

USB bootloader porting from LPC54018 to LPC51U68

Group

File

\middleware\mcu-boot\src\bm_usb\msc_disk.h
\middleware\mcu-boot\src\bm_usb\usb_descriptor.c
\middleware\mcu-boot\src\bm_usb\usb_descriptor.h

\middleware\mcu-boot\targets\LPC51U68\src
\usb_device_config.h

source-autobaud

\middleware\mcu-boot\src\autobaud\autobaud.h

\middleware\mcu-boot\src\autobaud\src\autobaud_irg.c

source-bootloader

\middleware\mcu-boot\src\bootloader\bl_app_crc_check.h
\middleware\mcu-boot\src\bootloader\bl_command.h
\middleware\mcu-boot\src\bootloader\bl_context.h
\middleware\mcu-boot\src\bootloader\bl_irg_common.h
\middleware\mcu-boot\src\bootloader\bl_peripheral.h

\middleware\mcu-boot\src\bootloader
\bl_peripheral_interface.h

\middleware\mcu-boot\src\bootloader\bl_shutdown_cleanup.h
\middleware\mcu-boot\src\bootloader\bl_user_entry.h
\middleware\mcu-boot\src\bootloader\bl_version.h

\middleware\mcu-boot\src\bootloader\bootloader.h

source-bootloader-src

\middleware\mcu-boot\src\bootloader\src\bl_app_crc_check.c
\middleware\mcu-boot\src\bootloader\src\bl_command.c
\middleware\mcu-boot\src\bootloader\src\bl_context.c

\middleware\mcu-boot\src\bootloader\src
\bl_exception_handler.c

\middleware\mcu-boot\src\bootloader\src\bl_main.c
\middleware\mcu-boot\src\bootloader\src\bl_misc.c

\middleware\mcu-boot\src\bootloader\src
\bl_shutdown_cleanup.c

\middleware\mcu-boot\src\bootloader\src\bl_tree_root.c
\middleware\mcu-boot\src\bootloader\src\bl_user_entry.c

\middleware\mcu-boot\src\bootloader\src
\usb_hid_msc_peripheral_interface.c

source-crc

\middleware\mcu-boot\src\crc\crc16.h
\middleware\mcu-boot\src\crc\crc32.h

\middleware\mcu-boot\src\crc\src\crc16.c

Table continues on the next page...
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USB bootloader porting from LPC54018 to LPC51U68

Table 3. Groups and files (continued)

Group

File

\middleware\mcu-boot\src\crc\src\crc32.c

source-include

\middleware\mcu-boot\src\include\bootloader_common.h

\middleware\mcu-boot\src\include\bootloader_core.h

source-memory

\middleware\mcu-boot\src\memory\memory.h

source-memory-src

\middleware\mcu-boot\src\memory\src\device_memory.c
\middleware\mcu-boot\src\memory\src\device_memory.h
\middleware\mcu-boot\src\memory\src\memory.c
\middleware\mcu-boot\src\memory\src\normal_memory.c
\middleware\mcu-boot\src\memory\src\normal_memory.h
\middleware\mcu-boot\src\memory\src\pattern_fill.h
\middleware\mcu-boot\src\memory\src\pattern_fill.s
\middleware\mcu-boot\src\memory\src\sram_init.h
\middleware\mcu-boot\src\memory\src\sram_init_Ipc.c
\middleware\mcu-boot\src\memory\srclinternalFlashAPl.c

\middleware\mcu-boot\src\memory\src\internalFlashAPI.h

source-packet

\middleware\mcu-boot\src\packet\command_packet.h

\middleware\mcu-boot\src\packet\serial_packet.h

source-packet-src

\middleware\mcu-boot\src\packet\src\serial_packet.c

source-property

\middleware\mcu-boot\src\property\property.h

source-sbloader

\middleware\mcu-boot\src\sbloader\sb_file_format.h

\middleware\mcu-boot\src\sbloader\sbloader.h

source-sbloader-src

\middleware\mcu-boot\src\sbloader\src\sbloader.c

source-utilities

\middleware\mcu-boot\src\utilities\fs|_assert.h
\middleware\mcu-boot\src\utilities\fsl_rtos_abstraction.h

\middleware\mcu-boot\src\utilities\vector_table_info.h

source-utilities-src

\middleware\mcu-boot\src\utilities\src\fsl_assert.c

\middleware\mcu-boot\src\utilities\src\fsl_rtos_abstraction.c

source-drivers

\middleware\mcu-boot\src\drivers\smc\smc.h

source-property-src

\middleware\mcu-boot\src\property\src\property_Ipc.c

LPC51U68

\middleware\mcu-boot\targets\LPC51U68\src
\bootloader_config.h

\boards\clock_config.c

Table continues on the next page...
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Table 3. Groups and files (continued)

USB bootloader porting from LPC54018 to LPC51U68

Group

File

\middleware\mcu-boot\targets\LPC51U68\src
\external_memory_property_map_LPC51U68.c

\middleware\mcu-boot\targets\LPC51U68\src
\hardware_init_LPC51U68.c

\middleware\mcu-boot\targets\LPC51U68\src
\memory_map_LPC51U68.c

\middleware\mcu-boot\targets\LPC51U68\src
\peripherals_LPC51U68.c

\middleware\mcu-boot\targets\LPC51U68\src
\peripherals_pinmux.h

\middleware\mcu-boot\targets\LPC51U68\src\target_config.h

\middleware\mcu-boot\targets\common\src
\pinmux_utility_Ipc.c

\boards\pin_mux.c

\boards\pin_mux.h

usb-device-class-hid

\boards\usb_device_hid.c

\boards\usb_device_hid.h

usb-device-class-msc

\boards\usb_device_msc.c
\boards\usb_device_msc.h
\boards\usb_device_msc_ufi.c

\boards\usb_device_msc_ufi.h

usb-device-source

\boards\usb_device_ch9.c
\boards\usb_device_ch9.h
\middleware\usb\device\usb_device_dci.c

\middleware\usb\device\usb_device_dci.h

usb-device-class

\boards\usb_device_class.c

\boards\usb_device_class.h

usb-device-source-lpcip3511

\middleware\usb\device\usb_device_lpcip3511.c

\middleware\usb\device\usb_device_lpcip3511.h

usb-include \middleware\usb\include\usb.h
\middleware\usb\include\usb_misc.h
\middleware\usb\include\usb_spec.h
osa

\middleware\usb\osa\usb_osa.h

\middleware\usb\osa\usb_osa_bm.c

Table continues on the next page...
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Table 3. Groups and files (continued)

USB bootloader porting from LPC54018 to LPC51U68

Group

File

\middleware\usb\osa\usb_osa_bm.h

usb-device-include

\middleware\usb\device\usb_device.h

drivers

devices\LPC51U68\drivers\fsl_clock.c
devices\LPC51U68\drivers\fsl_clock.h
devices\LPC51U68\drivers\fs|_common.c
devices\LPC51U68\drivers\fs|_common.h
devices\LPC51U68\drivers\fsl_crc.c
devices\LPC51U68\drivers\fsl_crc.h
devices\LPC51U68\drivers\fsl_inputmux.c
devices\LPC51U68\drivers\fsl_inputmux.h
devices\LPC51U68\drivers\fsl_inputmux_connections.h
devices\LPC51U68\drivers\fsl_iocon.h
devices\LPC51U68\drivers\fsl_power.c
devices\LPC51U68\drivers\fsl_power.h
devices\LPC51U68\drivers\fsl_reset.c
devices\LPC51U68\drivers\fsl_reset.h
devices\LPC51U68\drivers\fsl_iap.c
devices\LPC51U68\drivers\fsl_iap.h
devices\LPC51U68\drivers\fs|_gpio.c
devices\LPC51U68\drivers\fsl_gpio.h

source-drivers-microseconds

\middleware\mcu-boot\src\drivers\microseconds
\microseconds.h

\middleware\mcu-boot\src\drivers\microseconds\src
\microseconds_sysclk.c

4.1.2 Configuring Keil IDE

4.1.2.1 Selecting MCU part number

Click the "Device" tab and select the MCU part number, as shown in Figure 6.
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USB bootloader porting from LPC54018 to LPC51U68

K Options for Target 'LPCS1U6E_USE. Bootlcader =
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Figure 6. Selecting MCU part number

4.1.2.2 Generating binary executable file
Click the "User" tab and carry out the configuration (as shown in Figure 7) to generate a binary executable file when the project

is compiled.

K Options for Tanget TPCS1UGE_LISE Bootioader x

Device | Target | Ouput | Lsting  User | CiCos | Aam | Linker | Debusg | Lties |

Command Items User Command Stop on Ex
= Before Compile C/Cs = File

™ Run#1 5| Mot Specifi

[~ Run#&2 _3] Mot Specifi
=l Befere Build/ Rebuild

[T Run#1 'L.ﬂ'hl:n: Specifi

[~ Run= 5| Mot Specifi
= After Build/Rebuild

[# Run#t SK/ARM/BIN/EWDw T exe IL BASEADDRESS{O) (23] Net Specifi

F Run &2

SKLARMUARMCC\bin\ fromelf.exe --ban --output=8Lbin 1L | 5] Not Specifi

|51

W Fun ‘After-Buld Conditionaly
¥ Besp Whan Complste:

[ Stant Debuggng

Defauts |

[Tok ] caee |

Figure 7. Binary executable file generation setting
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USB bootloader porting from LPC54018 to LPC51U68

4.1.2.3 Seting preprocessor symbols and header file path

Click the "C/C++" tab and use the "_DEBUG=1,DEBUG, CPU_LPC51U68JBD64, USB_STACK_BM,
USB_STACK_USE_DEDICATED_RAM=1, BL_TARGET_FLASH" string as the preprocessor symbols (as shown in Figure 8).

K Options for Tanget TPCS1UGE_LISE Bootloader

Device | Target | Output | Listing | User C"f-**l‘ﬂﬂ | Linker | Disbug | Uties |

=

Freprocemor Symbol
[iedrie |_DEBLE-1.DEELG.EPU_LPC51LI5NEDE4. LISE_STACK_BM. USB_STACK_USE_DEDICATED _RAM

urm--|

Figure 8. Preprocessor symbols setting

Click the "C/C++" tab and add the header file search path. Click the "Include Paths" button (as shown in Figure 9) and enter the
"Folder Setup" interface to add the header file search path (as shown in Figure 10). Add the header file directories according to

Table 4.

K options for Target TPCS1UBE_USE Bootloader

Device | Torget | Output | Lsting | User  CCo+ | am | WLinkew | Dieboug | Utiien |

Prepeocessor Symboly

[iefria |_DF='$LE-1.DEELG.EPU_LPCHLIIS&JEDH.LISB_STH:IC_EM USB_STACK_USE_DEDICATED _RAM
Undefine: |
Language / Code Generation
r Exscuteonly Code I St ANSIC Wamings: |Al Wamings -
Cptama abon Ingdﬂmu] rI I Erwen Cortamers shwarys ind = i
™ Optirize for Time [T Plain Charis Signed ™ Mo Auto Includes
[~ Spit Load and Store Multicle ™ Read Oy Postion independent W C99 Mode
W One ELF Section per Function ™ Read-Wrte Postion independent ¥ GNU extensions

h;:;-i: [-.tusmum “devices. \devices \LPCSTUEE: \devices \LPCS 16T devers. 'middeware'mey

M
Contrody. |

Compler |59 —pru © ~cpu Contex-MO+ g O —apcssnberwork ~spit_ssctions
contrd | _‘devices - ../devices/LPCST1USE 4 /devices/LPC51
sy

Include Paths button

ok |  Caced | Dotets | Help

Figure 9. Enter folder setup interface
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USB bootloader porting from LPC54018 to LPC51U68

Folder Setup

Setup Compier include Paths:

(X + +

WCMSIS Unchuade
devices
devices\LPCS1U6S
Adevices \LPCS UGS drivers
‘middieware \mcu-boot \arc
middiewans\mcu-boot \srcautobaud
middiewans meu-bool\are \ore
. middiewans \mou-boot \src \Dootloader
‘middleware \mcu-boot s bm_usb
ymiddiewane \meu-boot srcinclude
middiewans mcu-boot \src \statup
middleweans \mcu-boot s \utiites

Figure 10. Folder setup interface

Table 4. Header file directories

Number Header file directory

1 .\CMSIS\Include

2 .\boards

3 ..\devices

4 .\devices\LPC51U68

5 .\devices\LPC51U68\drivers

6 .\middleware\mcu-boot\src

7 .\middleware\mcu-boot\src\autobaud

8 .\middleware\mcu-boot\src\crc

9 .\middleware\mcu-boot\src\bootloader

10 .\middleware\mcu-boot\src\bm_usb

11 .\middleware\mcu-boot\src\include

12 .\middleware\mcu-boot\src\startup

13 .\middleware\mcu-boot\src\utilities

14 .\middleware\mcu-boot\src\drivers

15 .\middleware\mcu-boot\src\drivers\microseconds
16 .\middleware\mcu-boot\src\drivers\smc

17 .\middleware\mcu-boot\src\drivers\lpc_gpio
18 .\middleware\usb\device

Table continues on the next page...
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Table 4. Header file directories (continued)

USB bootloader porting from LPC54018 to LPC51U68

Number Header file directory

19 .\middleware\usb\include

20 .\middleware\usb\osa

21 .\middleware\mcu-boot\targets\LPC51U68\src

4.1.24 Assembly setting

Click the "Asm" tab and perform the assembly language settings (as shown in Figure 11).

H Options for Target ‘UPC51L86E_USE Bootloader

Condbonal Aasembly Cortrol Symbola

Device | Target | Outout | Lsing | User | C/Cow Aam | Lirkier | Dobug | Ubiies |

I[H’nu. DEBUG,__CC_ARM KEIL

Language / Cods Generabon

I Fisacd-Only Posison independent ™ Solt Load and Siors Muliple
T~ Read-Wite Postion Independent

™ Thumb Mode [T Execute-onky Code

™ Me Warwrss ™ Mo Auts behudes

Figure 11. Assembly language setting

4.1.2.5 Linker setting

Uncheck the "Use Memory Layout from Target Dialog" checkbox to use the scatter file to assign the memory area for the binary
executable file and carry out the miscellaneous control settings shown in Figure 12.

Porting USB Bootloader from LPC54018 to LPC51U68, Rev. 0, 02/2020

Application Note

13/28



NXP Semiconductors

USB bootloader porting from LPC54018 to LPC51U68

E Dptions for Target ‘UPC5 168 USE Bootloader
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L

Figure 12. Linker setting

Click the "Edit" button and edit the scatter file shown in Figure 14. The memory setting in the scatter file is derived from the
memory map shown in Figure 13.
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Figure 13. LPC51U68 memory map
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B! armocc =E

#if (defined{ ram wector table }}

fdefine _ ram vector table size Qx00000400
felae
bdefine _ ram_vector_table_size 0x 00000000
Foendif
fdeline m._i.:l'uL::rrl.Ip'L:-s_:-sLd:L QxQOQOI000
#define m interrupts size 0x00000400
fdefine m text start Qx00000400
fdefine m text size Ox0003PCO0
fdefine m_interrupts_ram start 0x20000000
#define m_interrupts ram _size _ram_vector_table_size
fdelfine rn_cl.tL.'L__::'L.: o {m e interrupt 5 ram start + m_ inter rup'l.::__r.'lrn_.ﬂ:i.znﬁ.ﬁ
fdeline deﬂLd_sizf {Ox00010000 = m_intnrruPLu_rnm_siz&b

/¥ Sizes +/
#if (defined{ stack asize 1))

fdefine .'?L.h'_'k_ﬂ:i.ztr _::L.t::]c_::':zu_
f=lze

fdefine Stack Size 00400
fendif

#if (defined{_heap size_ ))

Fdefine Heap Size __heap size
falae

fdefine Heap Size [}
LR B _Text & _LOTEITUPTO_STAIT M _TEKT_STAZLHE_TeXT_siIe-m_inteIIupTe _STAIT
{ricad region sire region

VECTOR_ROM m_incerrupts start m_intersupts _size

f:load address = gxecution addcess

* (RESET,+FIRST)
b

ER m text m Text start FINED m cext size
I:.-?-'.:-i a-:lr.l:::: --rxe-:_":.:..'r. ﬂd.:l?f:l.! 2

* {InRootffSectiona)

A (=RO)
b

#if (defined| _ram_wector_table_ )}
VECTOR_FAM m interzupts_ram acart EMFIY B anterzupts_zam size
]
]
#elae
VECTOR RAM m_interzupts stazt EMPTY O
(]
¥
#endif

BN _m data m data_start m data size-Stack Size-Heap Size
[;AN daza

JANY (+RN O +2I)
¥

ARM LIB_HEAF +0 EMPTY Heap Size
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}

ARM_LIB_STACK m_data_start+m dava_size EMPTY -Scack_Size
rScack region growing down

{
¥

Figure 14. Scatter file
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4.1.2.6 Debug setting

Click the "Debug" tab and select the simulator according to the actual situation. This application note uses the on-board J-Link
debugger of the LPCXpresso51U68 board. Check the "Load Application at Startup" and "Run to main()" checkboxes (as shown

in Figure 15).

K options for Target TPCS1UGE_Flashi cader
& a »

Device | Target | Output | Listing | User | C/Cos | Aam | Linker Db | Litities |
[ Use Smuator  with matictions Settings | |[¥ Use: [I-LINK/ J-TRACE Conex i Setings |
[ Limt Speedic Real-Trms
W Lead Appbcation o Statup W Fum to maind) lF Load Applcation al Startup I?Fhmernm[rl
Iniiakz.ateon Fle z
| i
2] 4 | J ]
Restore Debug Session Settings Festore Debug Session Seltings
I Breakponts b Tookox b Breskponts b Tookex
W Watch Windows & Pedormance Analyrer R Watch Windows
¥ Memary Deapley W System Viewer W My Desplay W Symem e
CPUDLL Parameter Derver DLL Pararmster
[s.mmu: DLL [ [sa.nw:ua DLL |
Dualog DLL Parameter Duslog DLL Parsrwter
[pARMCMY DL [£CMD- [TARMCMIDLL [pCHO-
[~ ‘Wam f outdated Exscutable i lnaded I Wam § outdated Exscutable is laded

Manage Component Viewer Description Fles

ok | coce Defats |

Figure 15. Debug setting

4.1.3 Compiling and fixing errors

Errors are generated when compiling the project. To fix these errors, make these modifications:

* Open Imiddlewarelmcu-bootltargetsILPC51U68Isrclbootloader_config.h and remove this macro:

#define FSL FEATURE SYSCON FLASH PAGE SIZE BYTES (0)

» Open Imiddlewarelmcu-boot|srcicrclsrcicre16.c and modify the header file include command from #include "lpc crc/

fsl crc.h" to #include "fsl crc.h".

* Open Imiddlewarelmcu-bootlsrcicrclsrclcre32.c and modify the header file include command from #include "lpc crc/

fsl crc.h" 0 #include "fsl crc.h".

» Open Imiddlewarelmcu-bootlsrcicrclsrcicre 16.c and modify the "crc16_onfi_update” function. For the specific function

definition, see the project code that matches the documentation.

* Open Imiddlewarelmcu-bootltargetsILPC51U68Isrclhardware_init LPC51U68.c and maodify the "init_hardware" function.
For the specific function definition, see the project code that matches the documentation.

» Open Imiddlewarelmcu-bootltargets|LPC51U68Isrclhardware_init LPC57U68.c and include the pin_mux.h header file:

#include “pin_mux.h”

» Open Imiddlewarelmcu-bootltargetsILPC51U68Isrclhardware_init LPC51U68.c and remove the "spifi_clock_gate",

"spifi_source_clock", and "spifi_iomux_config" functions.

» Open Imiddlewarelmcu-bootlitargets|LPC51U68|srclhardware_init LPC51U68.c and modify the "usb_clock_init" function.
For the specific function definition, see the project code that matches the documentation.
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» Open Imiddlewarelmcu-bootlitargetsILPC51U68Isrclbootloader_config.h and modify the "BL_CONFIG_USB_HID",
"BL_CONFIG_HS_USB_HID", BL_CONFIG_FLEXCOMM_USART_0", "BL_CONFIG_FLEXCOMM_I2C_2",
"BL_CONFIG_FLEXCOMM_SPI_9", and "BL_FEATURE_SPIFI_NOR_MODULE" macros:

#define BL CONFIG _USB_HID (1)

#define BL_CONFIG_HS USB_HID (0)
#define BL FEATURE_SPIFI_NOR MODULE (0)
#define BL CONFIG_FLEXCOMM USART_0 (0)
#define BL CONFIG FLEXCOMM I2C 2 (0)
#define BL CONFIG FLEXCOMM SPI 9 (0)

» Open lboardsiclock_config.c and add the definition of the "configure_clocks" function. For the specific function definition,
see the project code that matches the documentation.

» Open lboardsiclock_config.c and include three header files and one macro definition:

#include "bootloader_ common.h"

#include "property/property.h"

#include "bootloader/bl context.h"
#define BOOTLOADER CLOCK FREQ 48000000U

» Open Imiddlewarelmcu-bootisrclbootloaderlsrclbl_shutdown_cleanup.c and add the definition of the "init_interrupts"
function. For the specific function definition, see the project code that matches the documentation.

4.1.4 Testing USB communication between LPCXpresso51U68 and PC
To test the USB communication between the LPCXpresso51U68 board and PC, follow these steps:
» Compile the project.
 Fit the JP10 jumper on the LPCXpresso51U68 board to connect the USB (J5) VBUS to the LPC51U68.

» Use a USB cable to connect the J6 header to the PC and download the project executable binary file to the LPC51U68
flash area.

» Use a USB cable to connect the J5 header to the PC.
» Power up and reset the LPCXpresso51U68 board.

* Run Imiddlewarelmcu-boot|bini Tools|blhostlwinlblhost.exe and enter the blhost command (as shown in Figure 16). If the
following command feedback appears, it indicates that the USB bootloader porting is implemented successfully. The MCU
Bootloader host (blhost) User's Guide (document MCUBLHOSTUG) describes the detailed usage of the blhost commands
mentioned below.
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MINGWES/clocalDatarSDKE 2.6.0 LPCKpressoS 1 UGE  middlewane mou-boot, b O L

Figure 16. USB communication test

4.1.5 Flash API porting

The USB bootloader for LPC54018 updates the firmware to the on-chip Quad SPI Flash through the SPIFI interface. Unlike
LPC54018, LPC51U68 contains a 256-KB on-chip flash, which can be accessed through the Flash In-Application Programming
(IAP). Therefore, the LPC51U68 USB bootloader requires the Flash API which implements the read, write, and erase operations
to update the firmware to the on-chip flash. The Flash API for LPC51U68 is implemented in the /infernalFlashAPI.c and
internalFlashAPI.h files created in step 8 in Creating new project and adding necessary files.

4.1.6 Memory map porting

The memory maps for LPC54018 and LPC51U68 are different. Open Imiddlewarelmcu-bootltargetsILPC51U68Isrc
Imemory_map_LPC57U68.c and redefine the "g_memoryMap" structure, as shown in Figure 17.

Figure 17. LPC51U68 memory map structure

Open Imiddlewarelmcu-bootlitargetsILPC51U68Isrclbootloader_config.h and define the
"BL_FEATURE_USING_INTERNAL_FLASH" macro:

#define BL FEATURE USING INTERNAL FLASH (1)
Open Imiddlewarelmcu-bootisrcilmemorylmemory.h and export "g_internalFlashinterface":
#if BL FEATURE USING INTERNAL FLASH

extern const memory region interface t g internalFlashInterface;
#endif
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4.1.7 Testing flash operations for flash-resident version

To test flash operations such as erase, read, write, and reset for a flash-resident version, follow these steps:
» Compile the project.
 Fit the JP10 jumper on the LPCXpresso51U68 board to connect the USB (J5) VBUS to the LPC51U68.

» Use a USB cable to connect the J6 header and PC and download the project executable binary file to the LPC51U68 flash
area.

* Use a USB cable to connect the J5 header and PC.
» Power up and reset the LPCXpresso51U68 board.

* Run Imiddlewarelmcu-bootlbin|Tools|blhostlwinlblhost.exe and enter the blhost commands shown in Figure 18, Figure 19,
and Figure 20. If the following command feedbacks appear, it indicates that the bootloader porting of flash operations is
implemented successfully. Note that gpio_led output.binis an example of a user application binary file (other user binary
file names are also OK). Note that "0x80d5" in the execute command is a routine entry address which is a reset handler
address in a vector table and it can be read from a binary file (as shown in Figure 21).

RAINGWEL o/ LocalData/NXP _work/10_ LPC_Controlles/LPC/LPCS 1USE/SDE 2,50 1 = O X

Figure 18. Flash erase all

MINGWEL oL ocal Data/NXP_work/ 10 LPC_Controller/LPCAPCS 1L068 Mashl oader_Residon O X

Figure 19. Flash write
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Figure 20. Execute program

-1
o
=

]

Figure 21. Entry address and stack pointer address

4.2 RAM-resident USB bootloader porting

4.2.1 Configuring Keil IDE

The project configurations for the RAM-resident version are basically consistent with the flash-resident version. The following are
the differences between the RAM-resident version and the flash-resident version.

4.2.1.1 Setting preprocessor symbols and header file path

Click the "C/C++" tab and use character string "_DEBUG=1,DEBUG, CPU_LPC51U68JBD64, USB_STACK_BM,
USB_STACK_USE_DEDICATED_RAM=1, BL_TARGET_RAM" as the preprocessor symbols (see Figure 22).
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Figure 22. Setting bootloader target location

4.2.1.2 Linker setting

The scatter file for the RAM-resident version is shown in Figure 23. It is different from that for the flash-resident version.
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it armcc -E

fv Birpsg ®f

biL tt]-.'ljllﬁ-:lli___.-:f.-ll.'k_ :::uil:__] ]

fdefine Stack Size atack size
felze
fdefine Stack Size Q2000

fendif

bif (defined|{_heap size })

Fdefine Heap Size heap aize
felse
Fdeefine Heap Size 01000

lendil

fdefine m _interrupts start G 20000000
fdefine m =

i Size Do GODOD4 00

fdefine m text start G2 0000400
tdefine :-_:frxt_r:izu: G GO0OFC00
l.l-:_r _I-"xL m £ start -.u_'.-.-:-cl 18 | i load reglon siie region
ER m Lext st start m text size = Stack Size-Heap Size| ; Iload address executlon addreas

o (IR
SANY (+RO)
AMY (+BEW #Z1)

L8mctiona)

ARM LIB HEAF [Imagelimit(ER_m_text)) EMFTY Heap Size | * Heap region growing up

ARM LIR STACK (ImageLimit(AFM LIB HEAP} + Stack Size) EMPTY =5tack Size | ; Stack reglon growing down

LE m interruptzs m inte ze |
ECTOR ROM & Sntere [ 2 load addrass specytion address
& [RESET,+FIRST)
I
LE 7 terrupts ram m_ interrupta start m intecrupts size |
start m_interropts size [ ; load address execution address

Figure 23. Scatter file

4.2.1.3 Debug setting

Click the "Debug" tab and select the simulator according to the actual situation. This application note uses the on-board J-Link
debugger of the LPCXpresso51U68 board. Uncheck the "Load Application at Startup" checkbox (as shown in Figure 24). Click
the "Edit" button in the "Initialization File" area and edit the JL/ink Settings.inifile (as shown in Figure 25).
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Figure 24. Debug setting

rl'i

* All rights reserved.

L]

b4

FUNC void Setup {void) {
SP = _ROWORD(&x20088898) ;
PC = _RDWORD(8x20888884);

WOWORD({@xERBREDSE, SxiBeseses);
1§

LOAD %L INCREMENTAL
Setupl);

g, main

Figure 25. Initialization file

* Copyright (c) 2015 Freescale Semiconductor, Inc.

* SPDX-License-Identifier: BSD-3-Clause

f/ Setup Stack Pointer
// Setup Program Counter
// Setup Vector Table Offset Register

/f Download to RAM

4.2.1.4 Utilities setting

Click the "Utilities" tab and uncheck the "Update Target before Debugging" checkbox (as shown in Figure 26). Click the "Settings"
button and enter the "Cortex JLink/JTrace Target Driver Setup" interface. The download and programming algorithm settings are

shown in Figure 27.
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K options for Target TPCSTUGE_Flashicader
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Figure 27. Download and programming algorithm

4.2.2 Testing flash operations for RAM-resident version

To test the flash operations such as erase, read, write, and reset for the RAM-resident version, follow these steps:
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» Compile the project.
* Fit the JP10 jumper on the LPCXpresso51U68 board to connect the USB (J5) VBUS to the LPC51U68.

» Use a USB cable to connect the J6 header and PC and download the project executable binary file to the LPC51U68 RAM
area.

* Use a USB cable to connect the J5 header and PC.
» Power up and reset the LPCXpresso51U68 board.

* Run Imiddlewarelmcu-boot|bin|Tools|blhostiwinlblhost.exe and enter the "blhost" command (as shown in Figure 28,
Figure 29, and Figure 30). If the following command feedbacks appear, the bootloader-porting flash operations are
implemented successfully.

MINGWES SclocalData/NXP _work/10 LPC_Controller/LPC/LPCS 1USE/S0K_2,5.0 1 = o X

Figure 28. Flash erase all

MENGWES Solocal DataNEP work 10 LIPC Conibrg

Figure 29. Flash write
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FIMNGWES: o/LocalData/NXP_work/10 LPC_Controller/LPC/PCS 1UGE/SDK_2.5.0 L... (] .Y

Figure 30. Execute program

5 References

* SDK_2.6.0_LPCXpresso51U68 URL: https://www.nxp.com/products/processors-and-microcontrollers/arm-
microcontrollers/general-purpose-mcus/Ipcxpresso51u68-for-the-lpc51u68-mcus:OM40005

» SDK_2.6.0_LPCXpresso054018 URL: https://www.nxp.com.cn/design/microcontrollers-developer-resources/Ipcxpresso-
boards/Ipcxpresso54018-development-board:OM40003#buy
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