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Trangplant uClinux Based on S3C44B0X Through U-Boot

Wang Lwej YangHouun Fan Yanbing

(College of hfom ation Eng neering Q ingdao University Q ngdao 266071, China)

Abstract In the developm ent of an embedded system, it is necessary to build a can plete embedded operatbn systan to
achieve a faster deve bpm ent perid of application program and device driver Above all i is i perative to constuct U-
Boot lead progran. Once aU-Boot kad program for the operation system kernel & prepared the self contained starting
environm ent is used to carry out the transplant of uClinux Th is based on a S3C44B0 board F mally from the aspect
of a transp hntonto a board the transp hnting pocess & system atically analyzed and descrbed by comb ining w ih a hard-
w are p htfomn.
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S3C44B0X devebped by Sansung is a 16/32 bitR SC enbeddedMPU. It is based on ARM 7TDM I kemel
and isw iely applied in China The ARM 7TDM I functbn module integrates bts of perphery functionmodule In
addition, it is a bw-cost high-powered MPU which is developed for handhol equ pment and other alkpurpose
equipments Due to the low-cost and brief design it is useful for an applicaton w ith h gh requ irem ent of cost and

. (1
pow er consum pthIl[ ].

This sub ject uses processor S3C44B0X, which is can-

posed of he core board and extensve functbn modules The

User defined logic

[

core board ncludes processor S3C44b0X, a Flash(2M B) and Uart |
a SDRAM (M B). The extensive modules nclude a Flash . | S3C44BOX ==X LED
(1M B), two Uart a Jtag interface a Ethemet interface ITAG interfac H ﬂ
and disp hy Flash SDRAM
The functon stmcture is shown nFg 1
Presentl, uC/OS and uClinux are wo m ain enbedded Fig.1 Function Structure

operating systen s which are based on non MMU MPU'”. Derved fian Linux uC linux keeps most advantages of
L nux operatng systen, and supports multitask Besides ths uClinux & rewrited in order to be the san e w ith
nonMMU MPU, so its kemel is smal] canmonly beng used n S3C44B0 processor Therefore this sub pet

Received date 2008-06-18.
Foundation itan: 863 Progran ( 20060AA01Z110).
Correponding auther YangHouun, associte profesor field of sudy canputer systan stucure E-mail hyang666666@ 126 can

— 150, —



Wang Lwel etal Transp hnt uClnux Based on S3C44B0X Thwugh U-Boot

chooses uClinux as the operating systan of enbedded system.

I Cross Canpile Environment

1.1 Intwoducton

Cwss canpile is a pocess of creating a taget code that is created n a canputer and mn in another ong
through theway of usng canpiler to cwss canpile a pogran. Cwoss development toolmanly nchides DE inte-
grated development environment and M ak efile method . Nomally the applcation exploitatbn uses ntegrated
exploitatbn envirorm eny kemel canpilng uses the later one The fnal pupose of his subject is canpiling
uClinux kemel soM akefile method is chosen

The devebpment environment ncludes bnutils gdh gee and glbe which will be used for kemel can-
pilé 4 Cros canpile tool chain can be both selfmade and downloaded M ak ng a cross canpile tool chan is a
canp licated process and easily m ake m istakes In order to succeed in canpile kermne] this subject chooses to
download a finished cross canpile tool chan fran ntemet
1.2 Construct cross canpile envirorm ent

Because uC lnux is the operating systen which & needed to transplant it is necessary to mstall a corre
spond ng cross compik tool before the transphnt Am-elfiools— 20030314 sh is used here Execute cam-
mand /am- elf- tools— 20030314 sh and an uClinux-am cross canpile environoment can be autam atically set
up n the host ™.

W ith the nstalled tool—H - Jtag the successful canpiled bootbader can be loaded nio Flash

2 Bootloader Transp lant

Bootloader is the first progran after enbedded system be electrified which is a very mportant can ponent of
embedded systan. Constuctng or transplanting a Bootloader will bring lots of convenience to continue exploita-
ton Through Bootloader it can initialize hardw are equipment setup internal spatialmap adjst hardw are and
softvare to appropriate situatbn and prepare proper environment for he transp lanting kemnel The man wole of
Bootloader is to bad kemel mage fran host nto board then go to the kemel portal and startup he kemel

A ctalizatbn of Bootloader depends on the hardware, and different processors w ith d ifferent structures have
different Bootloaders In additbn, Bootloader actually relies on te specific confguration of board so transp lant
Bootloader amed at deve bping board is becan ng more mportant At present Bootloadermamnly have Bloh vr
vi and U-Boot in canmon use This subject chooses U-Boot to transplant
2.1 Intwducton of U-Boot

U-Boot & an open source progct follws GPL tems In additbn to all un versal functions of Bootloadey U-
Boot also has several advan tages such as supportngmu ltiple embedded operating systam keme] supportingmuk
tple processor high reliability and stability, and plenty of device driver source code
2.2 M emory space partition

Seek Table 1 Tabk 1 Manory space partition
2.3 T ransp hntU-Boot Con tent Strting address Storage m ediun
B ootload er 0x00000000 Flash

2.3.1 Starup fbw analysis

. . In age load add ress 0x00040000 Flash
U-Boot startup nchdes o phases code of phase 1ds 0 0106008000 SDRAM
defned n file “ start S”, which nchides the part of electrif  Fs bad address 0x0¢600000 SDRAM

ying system that executes at 0x( configure regsters and copy
phase 2 to RAM. Phase 2 starts atman ¢ and it is to exan nem enory mappng of systam, read kemel m age
and root file systen in age fran Flash to RAM, set up the startup paran eter and transfer kemel
By ths token transplantng U-Boot in allisbn to S3C44B0 mostly ust need to modify he hardware con-
fizure of S3C44B(Q and set up the starup paran eter for kemel Besides in oder to ensure the kemelworks
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successfully it is necessary to do samne specific modificat bns
2.3.2 Transplant analysis

Due to B2 board m U-Boot 1. 1.4 adopts S3C44B0X processor The transplant of U-Bootw ill be consu lted
of B2 board

1 Constuct the board head filew W44bQ h

* Change S3C44B0m an frequency to 66

* Append RTL8019 new ork cand

# defne CONFIG_ DR VER- RTL8019

# define RTL8019- BASE  0x0a000600

* In oder to save enviromm ent variab le into F lash append Flash paran eters

#define CFG_ ENV_ K. N_ FLASH 1

#undef CFG_ ENV_ S N_NOWHERE

* Configure the size of storage space and start address for SDRAM and F lash

2 M odify hardw are configuraton

A ccodng to S3C44B0 hardw are configuration modify register valie n function board- nt

3 M odify starup fik start S

Start S is the first file that the CPU processes so it is inportant to ensure its stability In order to ensure its
stability and reliability sam emod ification should be done as follow s

* Delete seven interrupt pmp sentences append junp sentences for seven abnom al interrupts Hrpg  ab-
nomal ntermpt address

* Modify cpu. it criti part change the valhe PLLCON which correspond to MCIK 66 to 0x7c041

4 M odify lowlevel nit S

Change REFRESH register valie to 0x9603 fd
output

3 M odify the file confi; mk which under the board directory

In order to avoid conflict of startup parameter and kemel reflection change TEXT_ BASE 1o 0x¢70000Q let

refresh register and mproper configure will mpact serial

it at the high address ofmemory
6 M odify the file M akefile which under root d irectory

Configure * CROSS. COMPILE’ 1o ¢ am — elf- “, so itwill be canpiled by he cross canpile tool
Thus it has basically finished he transplant ofU-Boot F nally execute ‘ make B2_ confi’ and ‘ m ake’

canmand then get‘ u— boot bn’ file

2.4 Downbad u— boot bin to boad
Canpile and create ‘ u— boot bin’ file and then use
H - Jiag ool download it nto the board at 0xQ The serr
al has ouput and all fanctons it povied are usable
transplantng U-Boot is successful
Fi 2 shows how U-Bootworks

3 Transp lnt uC linux

3.1

vViz,

Instruction of uC lnux

uClinux is a modificaton of L nux

U-Boot 1.1.4 (Jul 23 2008 - 12:35:49)

U-Boot code: 0C700000 -> 0C71B290 BSS: -> OC71F85C
RAM Configuration:

Bank #0: 0c000000 8 MB
Flash: 2 MB

In: serial

Out: serial

Erx: serial

Hit any key to stop autoboot:
wlwdqb0=>

5000 0

Fig.2 u-boot startup

it is developed for nonMMU m icoprocessor and have been app lied

broad ly to non MM U m croprocessor such as ARM and M IPS In oder to apply to non-MMU m icroprocessor it

has been rewritteny so it ismuch snalkr than Lihux In additon itkeeps the advantages ofL nux lke stability,

excellent new ok ability and supporting file system.
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3.2 Transp hnt uClinux

Transp lant uClinux generally inclides three levels stmcture level transplang platforn level transplant and
boa level transp hnt

If the structure of CPU which is gong to be transp lanted is different fran any CPU that uClinux supports
hen mod ify related CPU structure file under “ lnux /arch”, this is called stmcture Evel transplant If uC linux
supports he CPU, create directory and write code under re lated system struciure directory, this is called p latforn
level ransplant Lastly if uClinux supports the CPU, only board level transplant is enough Board level trans
plant is creating related develop ng board directory under “ linux /arch”, thenmodify it according to board

uC linux has already supported S3C44B0X processor so just need to do board level transp lant

This subject chooses uClinux-dist— 20040408 to transphnt The lnux2.4 x in it is acally the kemel
2.4.2Q0 A lthough itsupports s3c44b0muchwel] the patch ¢ uClnux-20040408— ARM SYS patch’ is still nec-
essary which smade according to s3c¢44bQ

Now present the transp lant process of uClinux n details

1 Append 44B0 directory and file

Create 44B0 directory under “vendors/Samsung”, copy all the file fran directory 4510 o 44BQ

2 Paitch the file

Copy the patch file to uClnux-dist wot file and then execute the canmand “ patch —pl < uClnux
20040408- ARM SY S patch”.

3 Append the mage file

M od ify “M ake fik” under “ vendor/Sam sung /44B0”, append the related content about i age file so “ m-
age ran” and “ mage ram” can be got

4 M odify kernel configure file

A ccodng to the d bgraphic configuration of S3C44BQ modify the address and size of SDRAM and F hsh,
man frequency and extemal cbck and startup parameter “CONFIG. CMDLINE”. Neglectng these w ill cause
kernel mns iregu hrly

3 Append ranfs file system

Because of the shortage of lnux-2. 4.20 for supportng ranfs file system, it is mportant to add ranfs file
system manua lly

* Append related file mage infam ation

In order to create the ram fs file systen, modify “M akefik” which under “ vendor/Sam sung/44B0”:

(CROSS. COMPIE) Id —r—o0$ (ROOTDIR)  (LNUXDIR) /tanfs o —b bnary$ (ROMFSMG)

* Modify the file“ blkmem ¢’ under “ Inux-2. 4 x/drwvers/b bck”

Append variables “ ran s datal |7 and “ ran & data. end[ ]”. And append “ {Q ranfs data — 1}” in
order to pont the address ran fs p laced

* Modify file“ vm lhux-amv. ds n” which under “ Ihux-2. 4 x/arch/amnmmu”

Append ranfs 9 and capture its start and end address “rom fs. data” and “ rom f&. data end”.

6 Append serial drver

L nux2. 4. 20 kemel only mplements smple serialdriver HrS3C44B0X, so append ng seral driver progran
is mportant

* Append configure option of serial

Append seral nterface optbn n the file “Config in” under “ lnux-2. 4 x /driver/serial’, n order to make
sure that it has the option when canpilng the kemel

* Defmne serial port number

Append definitbn of “PORT. S3C44B0” n “ serial core h”, define the valie to 38

* Append objectie file h “M akefile” under“ linux-2. 4 x /driver/serial”:
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obj-$ (CONFIG. SERIA L. S3C44B0X) + = serial s3c44bQ o
3.3 Configure and canpile kemel

Campile and configure kemel after finish the basic transp lant Firsi execute canm and “ m ake m enucon fig”
under directory “ uClinux-dist”, choose “ Sam sung” as pwducer and board “ 44B0”, use “ lnux2. 4 x” kemel
and “uClbc” libramy.

And i’ s necessary to sekct he optons “ Custan ize Kemel Setings” and “ Custan ize Vendor/U ser Set
tings”, whichmeans that the kemel and vendor/user option w ill be configured manually

Configure filew ill be set to “ config linux 2.4 x” and “ config vendor 2.4 x”, then make sure the con-
feure and append other functbns needed manly as follws

* The base address and size of SDRAM and F lash defined in the “ System Type” options

* Notice defnitions ofman frequency and extemal clock frequency which under System Type options

* Another pointneeded to pay attenton to is “ Default kernel canmand strng” n General setup optons

Set up parameters w hich are used when stariup kemel Set up it as” root= /dev/ran0 init= /lnuxrc”,

1

‘ wot” desknates root file system on “ /dev/ran0”, set“ mit= /linuxr¢” in ower to load root file systen correct
k.

Thus confiure of kemel is basically finished, according to practical circumstance to do other confiures
A fier hat execute canmands of “make dep”, “make lb. onk”, “make user. only”, “make ran 5", “make
Inux”, “make m age” orderly then the m age filewill be generated
3.4 Deéebug and down bad

U-Boot provides wo different operatng modes startup and load mode download mode U nder startup and
loadmode U-Boot loads and mn operating system nto RAM, users can’ t intervene the process under down-
bad mode U-Boot down bads kemel mage and wot file system into RAM fran Host thiough canmunicaton
method sudh as serial or network This mode w ill not engross too much memory space, this sub pct use new ork

nterface to download executable file

Install tfip sewer n host wuse the “ thp” finctbn Helcome to
download “ mage ran” and “ ranfs mg” to RAM at S
—1 iz
“ 0xc008000” and “ Oxc600000”, then mplement “ go U I B |
» (I O I O T ¥ N B B AN VA
0xc008000” order and startup kernel REEREIEENEERRY \
\ (UL O Y \_/\_/

4 Conclisions

This paper descrbes transplant u-boot lead ng proce-  For further information check:

dure and transp lant pwocess of uClnux kemel hat based on ks £/, DELAnN. ol

s3c44b( beng master of the transplant process of u-boot Execution Finished, Exiting
and uClinux is mportant for subsequent equ pment drive ?gSh command shell (version 1.1.1)
transp lanting and writing
Fig.3 uclinux startup
A ccodng to the transp hnt nchides three levels this
paper particu larly presents he transplant process of uC lnux fram “ transplant based on board” pontofview. In
add ition, pay attention to the relatbnship betveen sofiware and hardv are durng the pwcess it elicits subsequent

transp lant of other board and makes it easer
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