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FPGA Verification Platform for ARCA3 CPU Based Embedded SoC

CHEN Da-yan, WANG Jin-xiang, SUN Jun, YANG Yi

(Center of Microelectronics, Harbin Institute of Technology, Harbin 150001, China)

Abstract; FPGA-based verification platform is an effective verification way of SoC, and it is becoming very important

to build a prototype of the SoC on FPGA. ARCAS3 is a high— performance and low— power processor. Integrated
EMC and IPs to ARCA3 CPU, build a embedded SoC. Implement its prototyping system and Hardware/Software
Co-design system on FPGA for SoC verification. The system hardware and software can be fully verified by running

bootloader and OS on FPGA prototyping machine. FPGA based verification platform can improve the efficiency of

IPs verification and accelerate the development of software for ARCA3,
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& AMBA B TP #%#EF ] LA ARCA3 2.
AIRRET ARCAS fH AT SoC & #45 ARB _
#,7E FPGA S8 T JRAIT i R GEFBRE D) I 30 B MIG | sDRAM

EFASE. 38 B2 U-Boot F1 Linux JKBEEAHAR
FEAARTE, 7 ARCAS3 ¥ & iz 47 Bootloader Fi#g
YERGE, BT SoC W MIIRE, MR RIET
SoC B Zh BE CBREE 4 B R IR .

2 EF ARCA3 A SoC igit

2.1 SoC HyTEH#£H
T ARCA3 b3 28 5 SoC FE 144544 I 1.
SoC ki AMBA B HES IP BB, B1F
ARCA3 AbFRAS , 7 4% 8% 42 i 2% . DDR2 £ #(2%, &8
I, o W7 1 58, 5 BY 85, LA K W MAC, USB,
DMA 4.
(ron) (Comn ) ("
A 1 T

APB - k>

Controller, Bndge
( UART > Timer ) ( P ) &

B 1 ETF ARCA3 BT SoC 4

EMC RANIRTF i #2145 » ww& SRAM #I
FLASH, Fsk2:38 1B 21 5 1 Bootloader, ICTL £
T H Ry, AR & 3 UART, TIMER, GPIO, A K
M MAC %88 i i, T 5 5 % 8] ARCAS 4
7E8% k. DDR2 #2 il #% >k #2 % FPGA k5
DDR2 TEfi#2%.

2.2 SoC MEHHE

SoC BTG  TEHITRAR RTL 5 E.
IGHER A~ TP R B 8l ARCA3 F1 AMBA Z244
G, BRREOES TR E ER, & MERMIIEE
MBI EHRT IER.

SoC # DDR?2 =4 28 2 Xilinx IP %, &6
AHB S8 0, FEXMHAM AHB S &#0. & 2
£ DDR2 # I 88HIAE .

ZadH A M DDR2 #EH B ERBEARGH
FTERIUE, Xt DDR2 F74% 28 $E47 & Fhi 5 B2 4E LA B ¢
DDR2 & #8  F FE4s #1715 , 58 B DDR2 5 i
A EIE.

HoAth TP £ Synopsys DesignWare 1P, HIhREZ
T 7 IC AR BEAE, F A RTL FERIEIP 5

DDR2 Model
DDR2 Controller o

M2 DDR2 4§ BEHUER
ARCA3 Z RN OE S EEE T EHA.

3 SoC i FPGA [RBIIGE

3.1 i&itey FPGA L3

X F FPGA L # SoC Z i, & E WK SoC #
ASIC sz P 5% ¥ 35 FPGA 23, B AU T LA
yiliaf ‘

(1) FPGA WfFiEas £ A FPGA | Byt
By EDA T B4 B, Bt 5t 3] FPGA A Block Memo-
ry. ASIC MBS R EMFEA T MR HH Mem-
ory complier T B4 i},

(D) HAbMBTT, o nET4h PLL f1—2% FPGA
JRE AL

JRRIEGHE & 4t F B Xilinx A 7 B ML510 FP-
GA ¢ f§ #. ML510 B FPGA ® 5 R
XC5VFX130T, 84 20 480 4~ Slice, /1™ Slice £y
FONFAESMENANmAERE, #H10 728kB
) Block RAM, P1 K% IBM PowerPC 440 4h 3
FHERE MR EEHA U AKMEA NOR FLASH,
DDR2 776%8% . PCI s 4 0, USB # 0%, XM T
BRI ATX EHREW. R 1R NEINR
Sife FPGA SCHLET BT A o BB (4 B 5.

&1 SoC# ML510 3tH & Al FPGA ®|il

Used Total H4rEL/%
Slice Register 24 252 81 920 29
Slice LUTs 40 439 81 920 49
Slice 15 620 20 480 76
Block RAM/FIFO 141 298 47
Memory(KB) 4 752 10 728 44

3.2 &TF FPGA HyRBIWIE

Hs ISE A BUAYRE A LU RrIRL T 23] FPGA F . 4§
BRRRERF , BiE SoC KyZhEE. BT F i, 7]
ERGEBATENFE I B I IR AT HATEE R BB 3
¥ B3R B I, B R R PC THL. B
T FPGA B SCRR R84 BB, L FPGA ZIRERAIE
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AR RTLFEAEE HERNEE . E AWK
WEAMETEMNRIESRY. BIFEIBNT .

(1) &R I64IE . % DDR2 1245 885517 & Fh ik
E#4E, BIE DDR2 #EH BT RE R G IERS. WO,
Timer, GPIO, # W #5 il 8% 55 MR AR IR & 77 % 2
B Vi, BiE AMR SR I AL B & IE5.

(2) RERKIE  /EWIRET, W CPUFF
fE28 SN (8B O 8 TIMER) Fleb i i 8% &8
B R A Th 88t 8. 1E SoC K Zh RE AN
HEEE.

(3) ML %E FFT,.MUSIC & 1% 5
BFTE SoC AT, BIER S SoC MTREF 4 BE.
##8 U-boot 1 Linux 3] ARCA3 K& £, ik SoC
847 Bootloader FI#EIE R4, FI F K BE (4 P [F) ok 3
IE SoC, f# SoC MR RIS IE R A B = 1T S5 4.

4 SoC HERFE {4t B 38 E

BAE RGN IR SHAR T AT LUA B R A a7 88
PEAR S5, B o R BE 4 48 YT, B I 7E FPGA B i
it , 7 FPGA LHATERVER G MIXSN R Al LUAIE
FREIFREERE RN EIEE B, &5 BiEE
#E.

4.1 mini_boot BFig&it

FPGA WA ERS R, B8 B 3BT
15463 FPGA B Block Memory 5, FERE {4 L 45 1
—BHIET R, BRRKERNIE, PATXEREF.

BT EF LR ARSI BRER KR, X
BRI R A E, BRBOEHR T ER
B LRI B B LA/ NS BT ). BRI AR TR E
T—A/NEE boot BT, XEFRF AR ERNE
TIAE BT E] Block Memory H, REE K
Evit, ATX B F. mini_boot B] LB HT N
Bk 207 B L R AR T R P0T. X
2, AR 8 YUK, 5 R U-boot T Linux #4ER
SN AR 2T mini_boot AR,

4,2 Bootloader #1&

Bootloader fRIGE S B G HABRERGZ
AMIPITH—BRE, FERARERARUELRD
BITHR, HERAWBRIERS R shERIH K EH
R HRIERGENE.

U-Boot &£ sourceforge B ¥ _E ) — 4~ FF 15 T
H.© 2% E K THEIF Woligang Denk M
8XXROM RIS K BT K I, BEX R L A3, b
1 PowerPC, ARM,MIPS HI x86. U-Boot 37§ f#

YER % B VxWorks, QNX, RTEMS, NetBSD,
Linux 4.
U-Boot A% #¢ ARCA3 (AR5, HIL TR EE
% U-Boot MRS HEES] ARCA3 (K REH. B
MEE TR ARCA3 MREBHHMEIMAZ
U-Boot . =4y U-Boot H FHBHEIES .
(1) board: - &3¢ , FE B B AR AR /Y B %3
. i ARCA3 & f9AaK3XHF1 C A8,
(2)cpu: FH MR, A CPU A4 B %30
A ARCA3 HYIC 44 50 A AR FOEC AL BE (4 B IR 2
L. B A O RBT 8 X4 Start. S # Serial. ¢
P
(3)lib_arca: FEHXK, A ARCA3 §) C E
¥, EE R Board. ¢ 3L,
(4) Include . 3@ Fi sk U4 FAFF R BCE X 14, 2
3. ARCA3 MIBCLE X, BIL G A & LI bk
GOIBEHTRE B F ) Makefile FI4EH 4 DA K
& F B F89 Makefile.
F ARCA3 32 X 448 B 4#E U-Boot, & i,
B AT 38 0. U-boot AT M UATHIZE
(1)U-Boot M cpu/arca B # T #Y start. S FFif
PAT  FEREWIR CPU, X T, 3[4 Cache, %
B
(2)Bk%E 2] 1ib_arca/board. ¢ [ start_arcaboot
ORBE, THRAGVBL T/, REFELTE, ¥
AR, BB O BEE MRLER S,
AEPGH LB FRA R
U-Boot JAZhfE, REHANKEH &, B s O
5 PC FH#HTXE. FRAPEWAGS. B 3 fix
73 U-Boot 7t FPGA £ JRE E K217, WidE R
@it 0 £E 3] PC .
U-Boot 1. 1. 6 (Jan 8 2010—19.01:22)
U-Boot code; 90100000—+90117390 BSS;—9012909C
DRAM:64 MB
CPU.ARCA3

* * % Warning-bad CRE, using default environment

In: serial

Out: serial

Err: serial

¥ # # main_loop entered: bootdelay=>5
£ # £ main_loop bootemd=“bootm”
Hit any key to stop autoboot:5

ARCA3 #

B 3 U-Boot # FPGA MR B MIHIT
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4.3 Linux ERGZEAZBHE
Linux B— 1R UNIX BERLG, AR
SR BB I2. Linux RS £ 008 A A E
2REEH] , 05 ARM.PowerPC.MIPS £, ly F Linux
FRERTD, A REBREGFE TIEBREET
Linux FJ.

Linux A7 ARCA3 K& 45H, Bk EEB
I Linux WK Z B4 530, % Linux B 3] AR-
CASRRGH. REBBRMM S F CPU KREH
TSR IR S

Fi ARCAS3 32 X 45 7% 2% 37 44 1% Linux, A] A
J#rt U-Boot 3| % Linux BYERS. B 4 fin R
Linux 7& FPGA B84 R B/ /5 333 B2 A Linux shell
AT, 7E PC FHLE L B OEHI G5 shell TH.

ALinux NET4.0 for Linux 2.4
{Based upon Swansea University Computer Society NET3. 039

/|Starting kswapd

ASerial driver version 5.05c (2001-07-08) with no serial options enabled
AttyS00 at 0xe0001000x (irq = 7) is a Arcal6550

411yS01 at 0xe0001400x (irg = 8) is a Arcal8550

{ttyS02 at 0xe0001800x (irg = 9) is a 8260

ttyS03 at Oxe7f£03f8x (irq = 68) is a 8260

AttyS0O4 at Oxe7ff02f8x (irq = 67) is a 8250

Jblock: 64 slots per queue, batch=16

ARAMDISK driver imitialized: 16 RAM disks of 8192K size 1024 blocksize
ARAMDISK: Compressed image found at block 0

#Freeing initrd memory: 384k freed

AVFS: Mounted root (ext2 filesystem).

dFreeing unused kernel memory: 40k freed

{Welcome to ARCA3_FPGA Linux

{-/bin/sh: /bin/hostname: not found
18 1s

Abin home lost+found sbin var
qdev lib proc tmp

tetc Linuxre root usr

14 cd bin

18 vi a_

4 Linux 7 FPGA B4 FRIMIES
5 HRIE

7E ARCA3 #1 AMBA g2l F¥in DDR2

FEHI 2R B O ERTER P RTE H EE S — MR A TP
B — 1B AR SoC. 7 Xilinx AFM
ML510 FPGA ¥4t | SC BB 7 Gt A9 4K BE 14 0
7] 36 4F 37 5%, B S % 4 U-Boot #1 Linux P4 #% %)
ARCAB KRR &M, AR AREAHHRBIET
SoC KRB FPGA B6iF 3 35 J& — Rp 5 {4 & &9
B REREER A EATUEKENRIE
ﬁﬁm_

SoC ) FPGA JRRIBIE R AL LI E T AR-
CASHERHFAREEENESLBEARTLE
Linux 8/ER % _ER#FF £ 2T ARCA3 # i 2
F. AT LI ETF ARCA3 AR ER Y IP 1K
IEREEHE G E AR, BERR R IP &
BLANBHIE A B[R] A4S BIH Z AR E FHRE —4
mini_boot 2%, Fi T & FPGA KRR .
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