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1. Bootloader

» SEZ[(Bootloader)™?

= A small program that loads the operating system into the
computer memory when the system is booted and also starts the
operating system (Webopedia)

= Briefly, boot loader is the first software program that runs when a
computer starts. It is responsible for loading and transferring
control to the operating system kerne/ software (such as Linux
kernel). The kernel, in turn, initializes the rest of the operating
system (such as RedHat 9.0) (Gnu).

= Examples
« BIOS (Basic Input Output System) in PC
= LILO (Linux Loader)

= GNU GRUB is a multiboot boot loader. It was derived from GRUB,
GRand Unified Bootloader

= EzBoot in EZ-X5 board.
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2. EzBoot

» JIS
= OIS0 LHS X138t (CPI speed, HIZ2 2], QIE{®E, UART
serial WdA)
= Kernel 0]0]X|Lt Root OIO|X| (Ram disk image) E C(I22Y & &

A= IS (Serial 2 titp 012) ¥ IRFZ E8t imageE flash

memorylll & F U= JIs (Non-volatile storage)

» dSASE FE &+ A 0HF= Jls.

A
= Start.S: Boot sequence assembly program
= Main.c: C program
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EzBoot (11)

= EZBOOT implementation

= JIEN 3ME FEZHY FEE FAS0I0 OIXNE=0 ZH2E 7

E|

= EzBoot9] J|s

|:OI:II- j|°

IHI':'EI N1l M|
EXMHIIZ OIS

HE 2. 9 HE
ZMODEMEZ 0|38t 0|01 X] T}
TFTPE 0128t 0|0|X| OI2Z

=i+ JIS X &)
|2 A MA

e M MAHE A
M=) O|ASE] J|s
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EzBoot (111)

= Memory map of EZ-X5 board

= Boot-flash (Static chip select 0) 512 Kbytes

= EZBOOT area
= EZBOOT parameter area

0x0000 0000 — 0x0008 0000

128 Kbytes

64 Kbytes

0x0000 0000 — 0x0002 0000
0x0002 0000 — 0x0003 0000

= NAND Flash memory (Static chip select 2) 64 Mbytes
0x0800 0000 — 0x0CO0 00007

= Kernel image

1 Mbytes

= Compressed RAM disk image 3 Mbytes

= Application area (yaffs)

Rest

= SDRAM (SDRAM Bank 0) 64 Mbytes

= Kernel boot parameter
= Kernel image

= RAM disk image

= EZBOOT Bootloader

= EZBOOT stack area

= EZBOOT working area
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0xA0000 0000 — 0xA400 0000

256 bytes
8M bytes
7M bytes
128 Kbytes
796 Kbytes
Rest

0xA000 0000 — OxA000 0100
O0xA000 0100 — 0xA080 0000
O0xA080 0000 — OxAOFO 0000
OxAOFO 0000 — OxAOF2 0000
OxAOF20000 — 0xA100 0000
0xA100 0000 — 0xA400 0000



EzBoot (1V)

s EzBoot HE (O] EA
« HAEN= WASXS J12IX &=

» R HI2E = 1dHE fitt 3 HIAIE JiXlal AL

gl FEEOE 2l XH 22 SS0E Al 01010k o=, 3

ST} 01012 AFROI JHSOt=2 AHEI0] UCH

3 M&0| U= =IHotH, 0I=20IM =L It OIS 1P
3, ME0t0 ALZ St

g0 0IAEd JIs

« 16IHMEX] O ™0l AHYUE S0 E ISt
« 0| OIAECIZE 0IS2 CTRL-Z II=

- 0|2 OIAELIZE 0IS2 CTRL-X JIZ2

08 4>
oln
fI0

Embedded Systems, KAIST 7



EzBoot (V)

= EzBoot Commands (1)

= HELP or? Display help message
= MD [start-address] [count]: HIZ2lLl SHAlC] LHES 40 BA
= MD 16 DWORD 4 ( 4linelil EAIOIL] F=AE 165} AIZIL.
= MD start-addr 16 DWORD 1l SHZI =AE 163J} AlZILL
. '\AA|[;ISE?rt_addr count count 3t32 8131 HHXI FAE count I3 S}
=« MWI[B/W/L] address value: HIZ22I0| 2 20}
= [B/W/L] Byte/Word/Long
= MWL 0x001234 0x88 =4 0x0012340 Long 0x888 &
= MWB 200 10 Z=4 oxC80fl Byte OX0AS £

= RST: ADEYQ{MOZ OIS MBI
= OIENIO= 2IMEIX] &=L

= GK: S8 a¥otl.
« O] HHEHO| AHLD] M)l 2O HEA

= GO addr: =
= TM, ZM HEHOZ E

S0[0IXI7t ZXHOL0 OF SHCL.
II2EJ} 0l st

2 T test!

0X

2

Hu A

= B>

o HU

@ |1

""2 HU 2

s
I
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EzBoot (VI)

= EzBoot Commands (I1)
= PING ddd.ddd.ddd.ddd [count] ping HHE
= pingQ 2= JI2 321010
= ARP ddd.ddd.ddd.ddd  Host9] MAC FAE A=
= Host IPJ} AEE|0 A0{0F THLL

= FM[K/R] SdHAICl LS 2= SAIeHHL
= [K/R] K: HEO0I0IXI, rR : HOATOIO|X]
= FMK : ScHAINIA == HEE HZZ SAlet.
= FMR : EHAIOIA == HOATE HZCEZ SABHT
= FM flash-addr sdram-addr count - S{AIO] F=A0A NI F=AF
JIRE HiE S A8t
= MF[K/R] HZdO HES SAHAIZ SAIEHL.
= [K/R]: K: HLO0IOIXI, R : HOATO0|OIX
= MFK : HZ WA == HESHE SHAIZ SAISHH.
= MFR: H220A =2 HOATFHAS SHAIZ SAILHTHTL
= MF sdram-addr flash-addr count - HIZ 2O =A0A SHAl F=AZE Ft

SE 0132 S AI8H.
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EzBoot (VII)

EzBoot Commands (111)

ZM sdram_addr X|&& HZd F2A0 IS W=0.

= Z[M/F][B/K/R] M| z-RPHOZEZZT MIAS S ETHL
= [M/F] M:HZ2lF: SHAl
= [B/K/R] B: 2E=ZQ K: HLOIOIXI R : HOATOIOIXI
« ZMK XAEE HZ22 =40 HEE =0
= ZMR X3 H2d =40 HOATISE B=0
= ZFK XEE SHAl F20 HEE B=0.
= ZFR X SAAl =20 HOATE B=00L
= ZFB 0x00000000 (ZeHADO S EZHE &=0

ZF flash_addr  X|&E SeHAl =20 S W=C

T[M/F][B/K/R] OlQYl titp T2 EEZ MAS IS2EEBHL.

[M/F] M:HZe F: SeHAl

[B/K/R] B: REZH K : HE O|0IXI R : O A3 O]0OIX|
TMK XA 22 =20 HES 2=0

TMR XEE H2e F40 HOAIE w=0

TFK A= EdA =20 HES 2H=0

TFR XA SdAl =20 2OATS B=0L

TFB 0x00000000 (SeHADOI S EZHE =0

TM sdram_addr file : 3" HEZe F20 MesS 2=
TF flash_addr file : XM= SAl =20 IS 9=t
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EzBoot (VIII)

= EZBoot Commands (1V)
= FEK NAND flash 9] kernel partition& X| 2}
= FER NAND flash ©] Ram disk partition2 X|2C}
= SET SIEANAEZEZ S0
= MAC address [00:a2:55:12:26:25] Copy ramdisk [Y]
= Local IP [192.168.10.155] Architecture number [303]
= Host IP [192.168.10.1] » Serial FF/BT/ST [2: Standard]

= Host tftp directory = Kernel command 1st
= zImage filename [zImage.x5]

Kernel command 2nd

= Ramdisk filename [ramdisk.x5.gz] Kernel command 3rd

Load default

= Bootloader filename [ezboot.x5]

= Autoboot wait time [3] = Apply & Exit
= Boot menu key [ ] = Save
= Exit
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3. Boot Sequence

s Reset

= Reset exception: Starts at address 0x00000000
= EzBoot: entry.S, main.c

= Program entry.S performs
= Mask all interrupts
= Determine the CPU speed
= Initialize LED display
= Activate instruction cache
= Initialize memory
= Test boot loader area in memory
= Copy the bootloader to memory
= Initialize the stack pointer
= Jump to main.c

Embedded Systems, KAIST



Boot Sequence (1)

= Start.S (1)

S A : start.S
& 3 2JHAl S5 = 2E

======================================================================*/
#include <ez_x5.h>
dext
/[———————————————
/| CIHEE HIH HO|2
[[——————————
globl _start
start: b reset // MCUJL el el AlSHEICH
b undefined_instruction // 2T Xl = HEHO0| =& ZIASTH A H
b software_interrupt [/ SWDDI =8| AS [ ASHEIC}.
b prefetch_abort // GIOIEIZ Z2| THX| A Ol D A Al
b data_abort // GIOIEF Ofl 24Dt A G AlSHEICH,
b not_used /] A2 X 2=C
b IRQ // IRQ QIHEEDI &M 3 ASE]
b FIQ /[ IRQHZBEEL 4RO Y= CIHEE
JF ehM o ASHEIC)
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Boot Sequence (111)
= Start.S (I1)

/-
// RESETO| &Mt HU M0 =H K2 M XS == FEO|ICH
/-
reset:

/-

% change Supervisor mode & IRQ/FIQ Disable

mrs r0, CPSR

bic ro, rO, #0x1f

orr r0, r0, #(0x13 | 0xc0)

Wsr CPSR, r0

% Change CPU SPEED

// CCCRAINIAEHE £330 CPU SEE U=L.

|dr r0, =PXA_REG_CCCR

|dr r1 =CPU_SPEED

str , [r0]

/ %’—‘.‘i—_'.:_% A SHCE

mov r0, #PXA_COP_CCLKCFG_FCS

mcr pl4, 0, r0, c6, c0, 0

// EL'?'_E'_EDP U=X EOISHCE,

and r1, r1, #(0x7 << 7) // CCCR_BF_N Mask

cmp r1, #CCCR_BF_N_RUN_X10

beq 10f

/| EHEREE 43} St}

mov r0, #PXA_COP_CCLKCFG_TURBO

mcr pl4, 0, r0, c6, c0, 0

Embedded Systems, KAIST



Boot Sequence (1V)

= Start.S (111)

10:

e
// Active I-Chache

e e
// I-Cache H| &4 3}

mcr p15, 0, r1, c7, ch, 0

CPWAIT

// |-Cache &4 3}

mrc pl15, 0, r0, c1, c0, 0

orr r0, r0, #0x1000

mcr p15, 0, r0, c1, c0, 0

CPWAIT

mov r5, #DEBUG_START

bl led_out
e
// GPIO &3
e
bl gpio_init
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Boot
Sequence (V)

O gpIOS

Embedded Systems,

st gpio.S

& & EZ-X5 2 GPIOE A0l of

#include "ez_x5.hn"

text

.globl gpio_init
gpio_init:

KAIST

rir
gl
rm
(=)
[w

// GPIO Alternate function

|dr r0, =PXA_REG_GP_BASE

ldr r1, =GAFRO_L_VALUE

str r1, [r0, #PXA_REG_OFFSET_GAFRO_L]

ldr r1, =GAFRO_U_VALUE

str r1, [r0, #PXA_REG_OFFSET_GAFRO0_U]
// Repeat for GAFR1, GAFR2

dr r1, =GPDRO_VALUE

str r1, [r0, #PXA_REG_OFFSET_GPDRO]

// Repeat for GPDR1, GPDR2
// PSSR &3 - GPIO 22 &3}

|dr r0, =PXA_REG_PSSR

|dr r1, =PSSR_VALUE

str r1, [rO]

// debug led off

|dr r0, =PXA_REG_GP_BASE

mov r1, #(_LED_3|_LED_2|_LED_1|_LED_0)
str r1, [r0, #PXA_REG_OFFSET_GPSRO]

mov pc, Ir // Return!




Boot Seq

uence (VI)

= Start.S (1V)

m
bl

SDRAM, Static MEM & &
mem_config // In memory.S
oV r5, #DEBUG_READY_MEMTEST
led_out
Memory Test
mem_test
oV r5, #DEBUG_MEM_OK
led_out
FEZHE K220 =¢elCt.
mem_clear
copy_loader_to_ram
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Boot Sequence (VII)

= mMemory.S

DS~ s s A, P---
/| ¥ RE ZHE &0l S
e

.globl copy_loader_to_ram
copy_loader_to_ram:
|ar
|dr
mov

10: |dr
str
cmp
bne

lar
|dr
|dr

20: lar
|dr
cmp
bne
cmp
bne

mov

comp._error: mov
Fmbedded Systems, KA@&T

r0, =eZ_X5_RAM_BOOT
r1, =BEZ_X5_RAM_BOOT_END
r2, #EZ_X5_BASE_ROM

r3, [r2], #4
r3, [r0], #4
r0, ri
10b

r0, =EZ_X5_BASE_ROM
r1, =EZ_X5_RAM_BOOT
r4, =EZ_X5_RAM_BOOT_END

r2, [r0], #4
r3, [r1], #4
re, r3
comp_error
r, r4

20b

pc, Ir
r5, #DEBUG_MEM_ERROR

led_out
error_loop

/] 22| HIOoIA HEY A
/] 128kbyte
/] & HIOIA ({EYIA

/] Get
// Put
// Complete?
// Loop if not

/| HEE WES HIWEHCh

//Jump to Error routine!

// Return




Boot Sequence (VIII)

= Start.S (V)

R
/] STACK EQIE{E & A SHL.
/[
|dr r0, =EZ_X5_RAM_BOOT_END

sub sp, r0, #0x04

mov r5, #DEBUG_JUMP_C

bl led_out

e e
/] ezboot B2 HIZeI0 HEAISHC,
e
mov r1, #0xA0000000

mov r2, #0x0000

str r2, [r1]
S
// main.c 2 0|S&tCt.
e
|dr r0, =EZ_X5_RAM_BOOT

add r0, r0, #EZ_X5_C_MAIN_OFFSET

mov pc, r0

/] 0|Re2= ML K| L=C.

b error_loop
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Boot Sequence (1X)

= Start.S (VI)

e
// Reset 0|2/2 CIHEE Hel
[[—————————
data_abort:
mov r5, #DEBUG_DATA_ABORT
bl led_out
b error_loop
undefined_instruction:
software_interrupt:
prefetch_abort:
not_used:
IRQ:
FIQ:
mov r5, #DEBUG_OTHER_EXCEPT
bl led_out
b error_loop

Embedded Systems, KAIST Q



Boot Sequence (X)

= Main program of EzBoot (main.c)

int main( void )

{
/] &&Z22 2201,
LoadConfig();
// EtOIHE =D|3} &tC}.
Timerlnit();
// GPIOE =D|3} &tL}.
GPIOInit();
/] ANelgS =D|3t &tCt.
Seriallnit( BAUD_115200 );
ZModem_Baudrate = 115200;
/| OIXIRE A& HAXIE 20HEL
printf( "Wnwn");
printf( "WELCOME EZBOOT.X5V1.6.ccevvveenenennn.n. for PXA255%Wn");

printf( "Program by You Young—chang, fooji (FALinux Co.,Ltd)Wn");

printf( "Last Modify 2004.09.06WnWn");
// LED € Z2t0f H AU S EAISHC.
LedBlink();

/| BE Zci4 =015

BootFlash_Init(); printf("Wn");

// NAND Zc2li2 =D|5t
NandFlash_Init(); printf("Wn");

// CS8900= =J|3} &tC}.
CS8900_Init(); printf("Wn");

mbedded Systems, KAIST
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Boot Sequence (XI)

= main.c (11)

/] eztiny OlA E0H=221012t3 HIZ22I2 LHES ZcHAI0 S AFSHCE
switch ( start_option )
{
// [ezboot]
case 0x0000 :

/] Autoboot =======================

printf( "Quickly Autoboot [ENTER] /" );

if( Cfg.BootMenuKey =="'")

printf( "Goto BOOT-MENU press [space bar]");

else printf( "Goto BOOT-MENU press [%c]", Cfg.BootMenuKey );

if ( getc_timed( Cfg.BootMenuKey, Cfg.AutoBootWaitTime*1000 ) )
{
printf( "Wn");
Copylmage();
GoKernel( 1, NULL );
}
break;
/] leztiny]
case 0x0001 : SelfCopy_BootLoader();
break;
}

printf( "WnWwn");
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Boot Sequence (XII)

main.c (111)

// Boot propmt =====================
/] SE=2 O4DI|8HCH.
while (1) {
printf( "EZBOOT>");
memset( ReadBuffer, 0 , sizeof( ReadBuffer ) );

/] N2l SE0oF L= TNEX CHI|SECE
gets_his( ReadBuffer );

printf( "Wn");

argc = parse_args( ReadBuffer, argv );

if (argc) {
UpperStr( argv[0] );
cmdlp = 0;
while( Cmds[cmdlp].CmdStr ) {

if( strcmp( argv[0], Cmds[cmdlp].CmdStr) ==0) {
Cmds[cmdlp].func( argc, argv );
printf( "Wn");
break;

}

cmdlp++;

}
}
}
}
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References

s Bootloader, EzBoot
= EZ-X5 User’'s Manual,
http://www.ffalinux.com
= Boot segence

= EX-X5 CD,
sw/ezboot.x5.v16/v16.0r

g.tar.gz

m Step by step one goes a
long way.
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http://www.ffalinux.com/
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