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1. Introduction

FreeRTOSTM is a portable, open source, royalty free, mini Real Time Kernel - a free to
download and free to deploy RTOS that can be used in commercial applications.

This document describes how to import open FreeRTOS source code into an
LPC1700CMSIS project package to be able to compile properly.

2. Requirement

AN10864_1

2.1

2.2

2.3
2.3.1

FreeRTOS source

The FreeRTOS version used to demonstrate is Version 5.4.0; it can be downloaded from
this site below:

http://www.nxp.com/redirect/freertos.org/

Tool suite

Current compiler tool used is CodeSourcery based on GNU-GCC version 4.3.3 with
Eclipse IDE.

Please refer to “LPC17xx_SoftwareDevelopmentToolchain” document for information
regarding:

e Compiler toolchain installation
e Java + Eclipse IDE installation
¢ Flash Magic installation

¢ J-link Segger installation (option — used to debug program in case of using with
debugger toolset)

e System Environment setting
e How to import source code in a release package to project in Eclipse.

Hardware
Basic

MCB1700 version 1.0 from Keil comes with NXP LPC1768.

See http://www.nxp.com/redirect/keil.com for more details.

Notes:

FreeRTOS had a demo on LPC1766. This demo was developed on an LPC1766 that
had been mounted on a MCB2300 development board. But this demo is now
deprecated.

The new one is NXP LPC1768 Cortex-M3 Red Suite demo that runs on RDB1768 from
CodeRed.

This document shows how to configure an environment to build with CodeSourcery
toolchain on Eclipse IDE and modify existing source code to let the demo run on
MCB1700.

MCB1700 has some jumpers that are related to functionality configuration and need to
be set accordingly to requirement of this demo. The default jumper setting state can be
found in “LPC17xx_ExampleDescription” document, chapter 2 or this link below:
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http://www.nxp.com/redirect/keil.com/mcb1700 su jumpers
2.3.2 Addition

Make sure all jumpers below are in the correct state during normal operation on this
demo:

e VBUS: shorted.

e VDDIO: shorted.

e VDDREG: shorted.

e LED: shorted.

e E/U: shorted between pin 2 and pin 3 (further side from USB port).

o E/C: shorted between pin 2 and pin 3 (further side from Ethernet port).

e RST and ISP: shorted during Flash burning and need to be removed during normal
operation.

3. Procedure

3.1 Import, modify source file content and create “make” target
e Extract FreeRTOS source file.

e Go to the “\FreeRTOS\Demo\CORTEX_LPC1768 GCC_RedSuite” folder, then run
“CreateProjectDirectoryStructure.bat” file.
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% CORTEX_LPC1768_GCC_RedSuite

File  Edit  Wiew Faworites  Tools  Help

eBack - e - Lﬁ /:‘1 Search ‘[[\__" Folders

v

fiddress |b D\ THP_WORKINGIFreeR TOS\DemalCORTEX_LPC1766_G0C_RedSuite v| Go
Folders x SVC

[C3) CORTEX_LM35102_GCC | El cproject

3 CORTEX_LM35102_KEIL (':"""”t'“; tDectorstrchure. bt

[h CORTEX_LMSSIDZ_RDWIey reaterrojectirectoryatruciure. ba

[0 CORTEX_LM3S316_IAR

() CORTEX_LM3S811_=CC

[0 CORTEX_LM3S811_IAR

O CORTEX_LM3SE11_KEIL

[ CORTEX_LM3Smx_Eclipse
0 CORTEX_LMASxxxx_IAR_Kei

1) sre
[0 CORTEX_LPC1768_GCC_Rowley
() CORTEX_STM32F103_TAR
[0 CORTEX_STM32F103_Keil
[0 CORTEX_STM32F103_Primer_GCC
(L) CORTEX_STM32F107_GCC_Rowley
[ Cygnal
[C2) dsPIC_MPLAE
|5 Flshlite
() Has
|5 HCS12_Codevwarrior_banked
() HCS12_Codeviarrior_small
[ HCS12_GCC_banked
() WIP_AWRIZ_UC3
[5) WiIP_Demo_Rowley ARM7
[C3) wIP MCFS235 GCC

| £

Fig 1. Run .bat file

Result after running the .bat file should be like this:
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@ Back -

File Edit VYiew Favaorites Tools  Help

? ) I? /’. ) Search ‘[E‘ Folders

'

EBX

t

Address |Iﬁ L TMP_WORKING FreeR TOS| Demol CORTER_LPC1768_GCC_Redsuitelsrc

Folders

[ CORTEX_LM35102_GCC
# [5) CORTEX_LM35102_KEIL
# |5) CORTEX_LM35102_Rowley
& |5) CORTEX_LM3S316_TAR
& |) CORTEX_LM35811_GCC
& |5) CORTEX_LM35511_IAR
 |5) CORTEX_LM33811_KEIL
L) CORTEX_LM3Sxxxx_Eclipse
(L) CORTEX_LM3gxxox_IAR_Keil
= () CORTEX_LPC1768_GCC_Redsuite
.:‘ .\_
¥ ) Common Demo Tasks
& ) FreeRTOS
i K]

[ ) wehserver
L) CORTEX_LPC1768_ GCC_Rowley
(L) CORTEX_STM32F103_IAR
& () CORTEX_STM3ZF103_Keil

H (3 CORTEX_STM32F103_Primer_GCC
[ ([3) CORTEX_STM32F107_GCC_Rowley

# ) Cygnal

¥ |5 dsPIC_MPLAE

[# |5 Flshlite

) Hes

(5 HCS12_CodeMvarrior_banked
[ [ HCS12 Codewarrior small

X

i Common Dema Tasks

LD

core_cm3.h
a3 WisualStudio,h.8.0
46 KB

FreeRTOSConfig.h
WisualStudio h.8.0
& kKB

main.c
WisualStudio.c..0
12FKE

SNENEINAR

prinkF-stdarg.c
VisualStudio.c. 8.0
7 KB

syscalls.c
WisualStudio.c. 8.0
ZKE

FreeR.TOS

webserver

cr_startup_lpcl?.c
WisualStudio.c, 8.0
11 KB

LPC17x.h
WisualStudio,h.3.0
39KB

ParTest.c
WisualStudio.c. 8.0
4 kB

rtosdemo_rdb1768_Debug.ld
LD File
ZkEB

system_LPC1 7w h
WisualStudio,h.8.0
ZKE

Fig 2. Result after run .bat file
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e Create new folder and sub-folder under “.\Examples” at root of project in Eclipse, in
this case, it would be “\Example\FreeRTOS\CORTEX_LPC1768 GCC_RedSuite”.

o Import all files and folders inside
“\FreeRTOS\Demo\CORTEX_LPC1768 GCC_RedSuite” (FreeRTOS source file
after extracted) into “.\Example\FreeRTOS\CORTEX LPC1768 GCC_RedSuite”
folder of project in Eclipse.
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& lpo24oc - C/C++ - Eclipse Platform
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IR = - R -

File  Edit

S
i~

Refactor

window  Help

G- /- B  H-0-G- ™S 5

[ Project Explarer 53
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“(E Core 3104
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[=- (£ = Examples 3246
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==

v = H
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iy GPID 3220 Open in Mew Window
-y 12C 3122 = Copy Chrl+C
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& Import

Select

Import resources From the local file system into an existing project,

Select an import source:

|type filker text

Import from directory

Select & directory to import From.

IC5) CORTEX_LM35316_IAR
IC5) CORTEX_LM35611_GCC

12

== General
[ archive File
ﬁ} Existing Projects inta Workspace

L preferences
= O+
== s
= RunDebug
(= 3WN
5"-_;? Frojects From S
(= Tasks
= Team

[ B B

[C5) CORTEX_LM33511_IAR
[C3) CORTEX_LM35511_KEIL
() CORTEX_LM3Smxxx_Eclipse
[ CORTEX_LM3Sx00_LAR_Keil
= @ CORTEX_LPC1768_GCC_RedSuite
] |
|25 Common Dema Tasks
[C5) FreeRrTOS
Lo —
[5) webserver
[C3) CORTEY_LPC1768_GEC_Rowley
[C5) CORTEX_STM32F103_IAR
[C5) CORTEX_STM32F105_Keil
[C3) CORTEX_STM32F103_Primer_GCC
@ CORTEX_STM3IZF107_GCC_Rowley
£ Cvgnal

':':’:' < Back Finish

L5 dsPIC_MPLAB
< &

154

Folder: | shC |

Cancel

] [MakeNewFoIder ] I Ok %J[ Cancel ]
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& Import
File system P
Import resources from the local file system. E?
-
From drectory: | Di\TMP_WORKINGIFreeR TOSIDemo|CORTEX_LPC1768_GCC_Redt v | | Browse.. |
= m [€] core_em3.h ~
[€] er_startup_lpe17.c
€] FreeRTOSCanfig.h
[ LPet 7
@ main.c
@ ParTest.c
[ ] prinkF-stdarg.c
m rtosdemo_rdbl1768_Debug.ld
@ syscalls.c
[¥] [€l system LPC17:xx.h v
[Filter Tvpes...] ’ Select Al ] ’ Deselect Al ]
Into Folder: |LPC1?DEICMSIS,I'ExampIes,I'FreeRTOS,I'CORTEX_LPC1?SS_GCC_RedSuite | ’ Browse, .,
Opkions
D COwepwribe existing resources without warning
() Create complete Folder struckure
() Create selected Folders only
':'E’:' Mexk = Finish L\\\J [ Cancel
Fig 3. Import source file
The result should be like this:
AN10864_1 © NXP B.V. 2009. All rights reserved.
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= {3:3 = LPC1700CMSIS 3246 [htbp: 137 55,225, 192
[ Includes
Zk Core 3104
(= Drivers 3200
[y EthDew 3053
[={Fy = Examples 3246
[y ADC 3212
7y CAM 3351
[y DRC 3217
[y EMAC 3121
[=(*3 FreeRTOS
CORTER_LPC17 ( L
(=% Common Demo Tasks
=% FreeRTOS
« LCD
- webserver
core_cm3.h
cr_startup_lpci?.c
FreeRTCSConfig.h %
LPC17x0h
rmain.c

ParTest.c

3 printf-stdarg.c

syscalls.c

k3 swstem_LPC17xx.h

t‘; rtosdemo_rdb1 768 _Debug.id

(3 doc

[}y GPDMA 3218

[y GPIO 3220

By [ZC 3122

&y 125 3388

[l MCPWM 3226

[fy MISC 3097

[ PWM 5187

[=Fy QEL 3227

[=f RIT 3228

o < S -
PWYRERYTR DY Y

[ ] ] ] ] ] R R

Fig 4. Result in project window after importing

e From this time, all files and folders mentioned are all files and folders inside
“\Example\FreeRTOS\CORTEX_LPC1768 GCC_RedSuite” folder — root of demo
example folder.

¢ Re-name “Common Demo Tasks” folder to “CommonDemoTasks” — remove ‘space’.

o Copy “makefile” (comes together with this package) to root of demo and modify this
file.

o Create new folder named “bin” to the root of demo.
e Delete “LCD” folder (will be replaced by a new one).
o Make a target.
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=% FreeRT0OS

. CommonDemaTasks
- FreeRTOS

LD

- webserver

core_cm3.h
cr_startup_lpcl?.c
FreeR TOSConfig.h
LPC17.h

main.c

ParTest.c

5 printf-skdarg.c

5 syscalls.c
system_LPC17x0h
|z Makefile

&

il lesleslealealeslealnE R

e R R R =R e A |

=

|:'-:' rtosdemo_rdb176&_Debug.ld
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Fig 5. Make atarget
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Open in Mew Window
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1
[[5) Paste Chrl+Y
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Renarme. .. Fz
£2g Import...
E7 Export...
& | Refresh F5

Exclude From build, ..
Index L4
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Compare with 4
Replace with 4
Restore from Local History,

Properties Alk+Enter

ion) .

ard demo ts
ithin this
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i= to chec
status can

e task that
in this tas

roperties {)n SEi

o JSbhindtasl]

Create, 1
In/uip.o [%1
ings.o ./bii
in/integer .

Shindbloe
d ./binfps.

srrrpreepa—rs . d . /bin/

Rk S T b e (S EETRE S

& Create a new Make target

E' & Create a new Make target

X

Target Mame:; | all

| Target Mame:; | clean

Make Target

Make Target

Make Targek: | all

| Make Targek: | clean

Build command
Use default

Build command
Use default

Build command:

Build command:

Build Setting
Stop on first build error,

Run all project builders,

Build Setting
Stop on first build error,

Fun all project builders,

| Creake %[ Cancel

Create [%H Cancel

Fig 6. Make atarget (clean and all)
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3.2 Source file modification
3.2.1 GLCD

3.2.2

3.2.3

In order to re-target the LCD control (designed to work with LCD on RDB1768 from
CodeRed) to match the GLCD on MCB1700 board, a new GLCD driver must be used to
replace the old one.

This GLCD driver comes together with Keil SD File Demo on LPC1768 and can be
downloaded from Keil. Only two files: “GLCD.h”, “GLCD.c” will be copied in to GLCD
folder above.

Change ASCII_Table[] variable to const type to save memory space in RAM (in
“\GLCD\font.h" file).

LEDs

The GPIO used to drive the LEDs needs to be changed in “ParTest.c” file (Re-target to
P2.2 > P2.6)

Using LPC1700CMSIS CM3 Core

The essential files in CM3 core reside at “.\Core\CM3":

Table1l. CM3 core files

CM3 Core File Function

ACore\CM3\cm3_core.h CMSIS Cortex-M3 Core Peripheral Access
Layer Header File

\Core\CM3\cm3_core.c CMSIS Cortex-M3 Core Peripheral Access
Layer Source File

ACore\CM3\LPC17xx.h CMSIS Cortex-M3 Core Peripheral Access
Layer Header File for NXP LPC17xx Device
Series

ACore\CM3\system_LPC17xx.h CMSIS Cortex-M3 Device Peripheral Access

Layer Header File for the NXP LPC17xx
Device Series

ACore\CM3\system_LPC17xx.c CMSIS Cortex-M3 Device Peripheral Access
Layer Source File for the NXP LPC17xx Device
Series

Delete these files inside root of demo since they are in CM3 core folder already:
“core_cma3.h”, “LPC17xx.h” and “system_LPC17xx.h".

Re-name “LPC17xx.h” at root of demo to “LPC17xx_FreeRTOS_def.h” to avoid any
conflict with “LPC17xx.h” in CMSIS CM3 core. “LPC17xx_FreeRTOS_def.h” expands
some old macros that are used in some source files of this demo (such as
“\webserver\emac.c”, .

Modify “Makefile” at root of demo to include these object files in “.\Core\CM3” folder that
will be built together.

Modify “Makefile” at root of demo to set path of included files folder as “.\Core\CM3".

Note: Startup file in CM3 core is ignored since FreeRTOS uses file “cr_startup_lpcl7.c”
as its own startup file.

© NXP B.V. 2009. All rights reserved.
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3.2.4 Using LPC1700CMSIS Firmware Library

Here’s LPC1700CMSIS firmware library section

Table 2. LPC1700CMSIS firmware library

LPC1700CMSIS fwlib part Function

ADrivers\include\*.h Driver Included files of LPC1700CMSIS fwlib.

ADrivers\source\*.c Driver Source files folder of LPC1700CMSIS
fwlib.

\Drivers\library\DriversLPC17xxgnu.a Driver library file of LPC1700CMSIS fwlib.

@ Archived after compiling all LPC1700CMSIS project.

Modify “Makefile” at root of demo to include all header files of fwllib in “.\Drivers\include”
folder.

Modify “Makefile” at root of demo to include library file
“\Drivers\library\DriversLPC17xxgnu.a” that is required during linking object files.

3.2.5 Main

Comment-out this line following in “main.c” file (at the root of demo)

| & Makefile

EE]
i5
i6
a7
ig
g
40
41
4z
43
44
45
36 %
47
45

(€] mair.c E3 =08

Flease ensureJ:D read the configuration and relewvant port sections of the
online documentation.

http://wyw. FreeRTO3 . ory - Documentation, latest information, license and
contact details.

http://www. 3afeRTOS . com — L wersion that is certified for use in safety
critical systems.

http://www. OpenRTOS . com — Commercisl support, development, porting,
licensing and training services.

{ 49/ /#error The batch file Demo' CORTEX LPC1768 GCC_RedSuitelCreateProjectlirectory3tru }

o
51

Fig 7. Comment-out this line.

AN10864_1

e Modify source code in “main.c” file to include required header files.

e |n this demo, UART driver of LPC1700CMSIS fwlib is used in
Ipc1700cmsis_fwlib_uart_demo() function.
Note:

In case of using driver of LPC1700CMSIS fwlib, Systeminit() function should be called
instead of using prvSetupHardware() function of FreeRTOS. Since FreeRTOS initializes
system clock in its own way that is hot compliant with CMSIS convention, while all driver
in LPC1700CMSIS fwlib are compliant with that rule.

© NXP B.V. 2009. All rights reserved.
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3.2.6 Build and execute program

When everything is completed, all source files will be built into “Burn.hex” file when
executing “make all” command; result should be like this after compiling:

-MMD -MF -MF"bin/http-strings.d" -MT"hin/http-strings.d® —o"hin/http-strings.o™ "./webserver/http-strings
arm-none—-eabi-gee —nostdlib -mthund -nostartfiles ——no-go-sections —-Xlinker -Map=./binfoutput.map -mopu= -T
rtosdewo rdbl768 Debug.ld -o"./bin/RTCS0emo.axf™ ./bin/port.o ./bin/list.o ./bin/tasks.o ./binfqueus.o

/binfheap 2.0 ./binfmain.o ./bin/BlockQ.o fbinfinteger.o /bin/PollQ.o ./bin/semtest.o ./bin/GenQTest.o

Ahin/QPeek.o J/binfrecwutex.o Sbin/GLCD.o ./bin/ParTegic.o ./bin/flash.o ./hinfsblocktim.o . /bin/princf-stde
Ahinfer startup lpel?.o J/bin/system LPC17xx.o0 ./hin/syscalls.o  ./binfuip arp.o ./bin/psock.o ./bin/timer.
Sbhinfuip.o /bin/uIP Task.o ./binfemac.o . /bin/httpd.o in/httpd-cgi.o ./bin/httpd-f=.0 ./bin/http-strinc

arm-none—-esbi-obhjcopy -0 ihex ./bin/RTO3Demo.axf{./bin/Burn.hex

Fig 8. Result after compiling

Using this “Burn.hex” file to burn chip.

There's a pre-compiled “Burn.hex” file in “.\bin” folder as default release state of this
package. The default IP address in this demo set to 192.168.0.201. The result is shown
as follows:

AN10864_1 © NXP B.V. 2009. All rights reserved.
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5 Tera Term - COM1 ¥T
File Edit Setup Control  window  Help

Hello WEP Semiconductors ~
Thiz iz demo of porting FreeRTOS to LPCTITOOCMEIS project
W#F LPC1768 bazed on &RM Cortex-M3FreeRTOS ¥G.4.0

C:AWINDOWS\system 3 2vemd. exe

Microzoft Windows HP [Uersion 5.1.26801
(C> Copyright 1985-2001 Microsoft Cowrp.

C:~Documents and Settings“Hieu>ping 1922.168.0.201

Pinging 172.168.8.201 with 32 bhytes of data:
192.168.8.281: bytes=32 time<{ims TTL=1Z8
192.168.8.281: bytes=32 time<{ims TTL=1Z8

192.168.8.281: bytes=32 time<{ims TTL=1Z8
Reply from 192.168_A.201: hytes=32 time{ims TTL=128

Ping statistics for 192.168_0.201:

Packets: Bent = 4. Received = 4, Lost = @ <Bx loss>.
Approximate round trip times in milli-seconds:

Minimum = Bms. Maximum = Bns. Average = Bms

C:~Documents and Settings“HieulX_

AN10864_1 © NXP B.V. 2009. All rights reserved.
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Coogle|[= Ol x

" 1" Nohe album bt Em GER An., % [ FreeRTOS,org IR WEE ser.., _[Eimﬁbi?l;lﬂlﬁw'_ﬁﬁl.@ﬂé@%%,; b

€ =5 | Q|| s htp//192.168.0, 201 /ndex, skt P OG- E-
(] gou = . ” R A-l
Task Stats | Run Time Stats | TCP Stats | Connections | FreeRTOS org Homepage | 1O =
Task statistics 1
Fage will refresh every 2 seconds.

Task Jtate Priority Stack # i
Eoi ol o i oo o ol o o o o

ulf 23 3 149 9

IDLE R a 53 30

QProdBz2 23 a 37 1

QProdB3 R a 35 2

QConsEa 23 a 27 5

QProdbS 23 u} 26 4

Pol3EN1 23 a 42 =1

FPolZEHNZ 23 u} 41 9

IntMath 23 a 55 14 ~|

Fig 9. “Ping” command and working with web browser
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4.1 Definitions

Draft — The document is a draft version only. The content is still under
internal review and subject to formal approval, which may result in
modifications or additions. NXP Semiconductors does not give any
representations or warranties as to the accuracy or completeness of
information included herein and shall have no liability for the consequences
of use of such information.

4.2 Disclaimers

General — Information in this document is believed to be accurate and
reliable. However, NXP Semiconductors does not give any representations
or warranties, expressed or implied, as to the accuracy or completeness of
such information and shall have no liability for the consequences of use of
such information.

Right to make changes — NXP Semiconductors reserves the right to make
changes to information published in this document, including without
limitation specifications and product descriptions, at any time and without
notice. This document supersedes and replaces all information supplied prior
to the publication hereof.

Suitability for use — NXP Semiconductors products are not designed,
authorized or warranted to be suitable for use in medical, military, aircraft,
space or life support equipment, nor in applications where failure or
malfunction of a NXP Semiconductors product can reasonably be expected
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to result in personal injury, death or severe property or environmental
damage. NXP Semiconductors accepts no liability for inclusion and/or use of
NXP Semiconductors products in such equipment or applications and
therefore such inclusion and/or use is for the customer’s own risk.

Applications — Applications that are described herein for any of these
products are for illustrative purposes only. NXP Semiconductors makes no
representation or warranty that such applications will be suitable for the
specified use without further testing or modification.

Export control — This document as well as the item(s) described herein
may be subject to export control regulations. Export might require a prior
authorization from national authorities.

4.3 Trademarks

Notice: All referenced brands, product names, service names and
trademarks are property of their respective owners.

© NXP B.V. 2009. All rights reserved.
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Please be aware that important notices concerning this document and the product(s)
described herein, have been included in the section 'Legal information'.
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