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System Software Design and Simulation for
LEON2-FT Processor based on PCI
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ABSTRACT . .

The need for high performance of on-board computer (OBC) is essential due to the growing requirements and diversified
missions, and so OBC has been developed on the basis of the standard design and reconfigurable modularization in order
to improve the utilization of OBC for different missions. The processor in OBC of next generation satellite which is currently
developed by KARI is adopted the LEON2-FT/AT697F processor based SPARC v8 as main processor and controls various
devices such as SpaceWire, MIL-STD-1553B and CAN through PCI on the standardized communication chips. This paper
presents the architecture and design of system software for LEON2-FT processor based on PCI, and development of PCI
software component. Also it describes the porting of VxWorks 6.5 for LEON2-FT and the test under the simulation

environment for LEON2-FT and PCI with communication chips.
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1. ESA LEON Processors
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12 2. AT697F Block Diagram
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¥ 1. AT697F Memory Mapping

Address Range Area Cacheability
0x0000.0000~0x1FFF.FFFF PROM | Cacheable
0x2000.0000 ~0x3FFF.FFFF /0 Non-cacheable
0x4000.0000~0x7FFF.FFFF RAM Cacheable
0x8000.0000 ~0x8FFF.FFFF REG Non-cacheable
0x9000.0000 ~0x9FFF . FFFF DSU Non-cacheable
0xA000.0000 ~0xFFFF .FFFF PCI Non-cacheable

ATEI7F= PCI spec 2.29F 23+ 33MHzZE 5381,
round-robin &318]5S 3 A 4712] PCI agentg &=
3o} PCI QlE]#]o] A% initiator (master) % targeto. & 5
25k = glom data AES 87 word= TAE 4719
synchronizing data FIFOZ E3jA 3wt} PCI o+ =
A 2B 5L 0x80000100 ~ 0x80000280 Yol SFd=|o] glo
1 Host-Bridge 2= F2}sit}

3. AAY BAHFE ZEAA HE

AA AR FE S PR 7 33 o] v =)
H% AT6OTRE: AH-3k9), FPGAS] 78 270e] E4173}
PCLEA12 8 @k 27)9) BAgol = thea mae 5

B QEE SpW, 1553B, DMA UART, UART, CAN,

=l >~
Bl

56

GPIO%2] 54 53 Wrg7} AMBA B2 A4%H

AT6I7Fe} PCI 84S 38 & 4 %5 PCI Initiator
/TargetS 7HA 1 A A EE BE B4 2E

Atk
H IPEoy AMBA %3 WAE ALE3)
g9 F7l/2HA|7) &-o]3lt]

° VHDLZ 7§+
7] wjEo] A 2-e

4MB
EEPROM

’ 4MB SRAM ‘ ’
l [omemes ]

’ 64KB PROM

QSUUART
APB UARTs,

Reset
EGSE Access En,

as |

AT697F
Processor

15538 Pwr En
—_—l

Ethernet I/F ] Sync Tick

GPS 1PPS (P/R), Aux FPGA

Time Synch
External Multiplier

A1 PCI Initiator/Target ©- 2

71% GRLIBoIl A Al&-%+&

Abge 4= 9lom AMBA W28 B3 A= A

PCl Initiator= =98 Hof
JHHER T Hrh

=
e

0. A2E 2ZEYe] A/7E B

HAE

PCI 7]%+2] LEON2-FT ZZAME 93k A28 AZE
o] e 9Jai= §-4 PCIL tnfo]x =etolw 7| gt
Hojok 311, o] wlgo g HAIZE GANAA VxWorks
652 913 BSP (Board Support Package)Z 7)&-sljo} 3o},
o}2) ZkAd] FAAFE o] o] SR EA] 94k7] Wil Al
28] ArEgolE HAE BN 3 gle AlEYolHE
37| Ffdko] lojof g} LEON2-FTS} SA13S AlE#o)A
371 $13ke] Aeroflex Gaisleroll 4] 71 ¥ TSIM-LEON2[6]
ol-gst] MI/HAE 84S 53

=
=

1. AT697F PCI Initialization
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2. PCI Initialization for Communication Chips

AT697F PCI %713} ©]|% PCI Configuration Space
(PCI/CS)E &3l 2139 PClE zx718} sllF-o]of 3t}
PCI/CSE A2 & 79 AT6I7F PCI DMA 7]5< 53l
Configuration 8#3-& AF3HA a1, HHE-S T2 43S
oHD’PCI/CS E]Xl’\ﬂ e A B

PCI DMAE %3
, PCI/CS F2 0x00
%) d]o]E]+= PCI DMA

Configuration Read W#H-S A$shd
=] =]
o sl AR2=H < 3k

(Device ID)& ¢1o] A A},
= F8lA4 AT6I7F SRAM
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H 2. AT697F PCI Initialization Step

Step PCI Operation on AT697F
#1 Check AT697F PCI Device ID
#2 Reset AT697F PCI Core
#3 Mask all AT697F PCI Interrupts
#4 Map AT697F SRAM at PCI Address Space
# Set AT697F PCI Target Page Address
Enable AT697F PCI Master and Target Memory
#6
Command Response
#7 Set AT697F Latency Timer
#3 Set AT697F PCI Initiator Configuration
#9 Enable all AT697F PCI Interrupts

PCI Address

AT697F Space COMM Bd#1

Com-8a#1
BARI access

OXFFFE.FFFF

I 0¢7000.0000

OcFFFF.FFFF

OcFFFF.FFFF

0xFC00.0000

‘CoM-Ba#1
BARD access

0cF500.0000

: 0x0000.0000
. §> COMM Bd#0

0¢A000.0000

OcFFFF.FFFF

YT

0xFC00.0000

< AT697F Pl Direct Address
3

0¢A000.0000

- 0¢°800.0000

4P Registers

0x8000.0000 0¢8000.0000

0x6000.0000 o

AT697F

E—
T rea fopping |

0x4000.0000

0¢4000.0000

ATGO7F
110 Area

0x2000.0000 0¢2000.0000

AT6TF
ROM Area

0x0000.0000 0¢0000.0000

T2l 4. PCI Configuration Space Read Operation
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H# 3. Comm. Chips PCI Initialization Step

Step | Addr Operation for Communication Chip
#1 0x00 | Read Device ID/Vendor ID

#2 0x04 | Read Status/Command

#3 0x08 | Read Class Code & Revision ID

#4 0xOC | Read BIST, Header Type, Latency Timer
# | 0x04 | Clear Status/Command

#6 0x10 | Write PCI address to BARO

#7 0x10 | Read BARO and check

#3 0x14 | Write PCI address to BARI

#9 0x14 | Read BARI and check

Enable Memory Space & Bus Mater to
#0 | Ox04
Status/Command

#11 0x04 | Read Status/Command and check

#12 | OxOC | Set Latency Timer

#13 | 0x3C | Set Interrupt Line

#14 - PCI to AMBA mapping for PCI BAR1
P AT697F PCIS::SI;ESS OKFFFF.FFFF COMM Bd#1 ONFFFF.FFFF
y — YA -
T“m“m e i EOION,_commBdro

1% 5. PCl Address Space after Initialization

3. AT697F Access to Communication Chips

AT697F2] PCI initiatori= ollA sk Axd PCI
Direct Addressing ControllerE ©]-83F Memory-Mapped
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PCI DMA ControllerE ©]-8% 74-9- PCI Address Space

EELDJ— E]X] oko oﬂOd_vl:_ QH,/H]Z;%L" o]ou:] EHB_ak

tole & &4l 3=

o
]

MA transactions A&

F



CPU #4188 2
1] 15538, SpWel 74 A5 =
ol DMA #400] Golan], EAHNAE DMA 42
F3 AHsH o2 AT6ITF SRAMOY o8& 3
oh DMA 5  AHE40.% PCI 9 Y

9] Sl dold $/4419) g sl A,
9 7 trle] s Evjolng Fal BAR00] 54 992
gl o= HH o2 ATEI7FS] PCI DMA #¥ HA|~HE

2743}

Ak

FE ApEH oz

PCI QIE{HEZ} &

AAs & DMA operations
SRAM 54 99 dlo]elr}t &
Ayt

PCl Address
AT697F MM Bd#1
OxFFEE FEFE Ll SPACe  peprrprer o COMMBAM1 o
@y R Regiers (908
BARI access T R p————
0FC00.0000
0xF000.0000 Comnpant
BARO access
00800.0000 078000000
commnpat TEAR T Restes PV ATD o
M BARY access BARY access o s of oums
£ 0:0400.0000 0:0400,06%
3 ComnBa1 CoM-B#1
2 BARD access BARD access
& 010000.0000
£ Comn8ai0 COMNB#0
H BARI access BARY access
£ oaccon 0000 e, oo
& om0 Con a0 000000000
g BARO access BARO access
< 0xca00.0000 00
COMMBA#O _ e
Com-Bdr0
BAR1 access
oxrcoe,
0xA000.0000 0xA000.00
BARO access
078000000
P el e v
e oo
08000.0000 0x8000.0000
o
060000000 0x6000.0000 s Conturton pce et
uTss7F . 000000000
RAM Area Avea Wapping
040000000 0c4000.0000
AT6S7F
110 Avea
02000.0000 0c2000.0000
AT6STF
000000000 0:0000.0000

2! 6, AT697F PCI Direct Addressing for Write Operation

PCI Address
ousrrr.prre ——ATO97TF Space oprrrrr  COMMBA#T o ppp e
Comnaan
SART access
onrco.0000
oxF000.0000 B
AR aceess
0x0800.0000 one800.0000
Comoarn Conaant
B BART access BART access
£ 004000000 0400050
H Comnsan Consant
2 BARD sccess BARD sccess
£ 0xD000.0000
£ Cowsar Cowsam
H BARI access BARI access
£ oucconooon O 000
& CoMBa#0. CoMMBA0  ~. 0x0000.0000
g BARO access 54RO access
< 0xcs00.0000 Ry
COMM Bd#0 OXFFFF.FFFF
o )
S acces ) [ p———
o000
0u000.0000 01A000.00% [ram——
8ARD access [
e 2
AT697F PCI_SA - OXCD00.0000 OxFE 00
APB Registers [ P AR 1 Registers (APBIANS of CONN)
e -
ons000.0000 [ OO0 | 0x8000.0000 B Sreee
on6000.0000 o
0ca020.0000 e
AT6S7F o 0:0000.0000
RArea Area Napping
ox4000.0000 oxa000.0000
012000.0000 0r2000.0000
RO Aren
0r0000.0000 0100000000

1% 7. AT697F PCI DMA Transfer for Read Operation

4, AT697F & Communication Chips Simulation

B

Aeroflex Gaislerol| 4 tmjslal 2l TSIM-LEON2 ol &
go]Efrte] LEON2 Z=2AX S A&k, TSIM-LEON2<]
A= Atmel AT697 PCIE Aol & 4 LS oJF B

B 29 7sS AE sk Ak PCIE AloxE FA3S

A B ol AE 317 98+e] Communication Chips Emulation

Modules 7H 3}91 2™ TSIM-LEON2 &4 37 24
wo] FaFh

FA1Fe gigk dE

ol 7% PCIE A~ 4 uj

58

CmlRE]) HA] PCL 4ol w
BARO 34|28l 7%

PCI Access 2E°] &

=3
2} BARO/BARLIZ F& 7,

Address SpaceE AlE# oA 520, BAR1 A1 4%
7_} BAl BE9 F0]o] gigh ol Edo]ds & F UEF T
ihsloich AlEdold REle B C A& sl o
T ERE 7I%S 7 itk dA) 71749 A 2
Fol gigk BA} 75 te] T Elow A Xldel whet X
AHo g BE 75S 78 T ook
TSIV-LEON2 Al oo ol
at697.so

at697_subsystem

‘ i

simif ioif procif

Communication Chips PCI
Emulation Module | 1/OAccess PCI Access | | Set Up
NGSCB.so
[
Rlemony UART || AHBSTAT || GPTIMER PCIF CAN
Config
’ AHBRAM ‘ ’ GRGPIO ‘ ’ Spw2 ‘ ’ SRAM ‘ ’ 15538 ‘ ’ PnP ‘

1% 8. Communication Chips Emulation Model

5. Al2" AZE0] HAE

Mg tulo] 2~ =gto|Hel S| A|xE]l AXESJO|E
A EdolHo 29 2 3t Ay} Gg oz PCl I/F%_L =2
F x7|gsd o SA1% 9] Plug & Play (PnP) AXE

pj—b‘] oﬂ/q]/\ 61— /\ o]oh;].
= AR AN .
El layright@fswlinux:~/LEON2/at697 - Shell - Konsole _=]
Session Edit View Bookmarks Settings Help
TSIM/LEON SPARC simulator. version 2.8.20 (professional wersion) B
Copyright (C) 2601, Gaisler Research - all rights reserved.
For latest updates, go to http://www.gaisler.com/
Comments or bug-reports to tsimggaisler.com
using B4-bit time
loaded ./at697.s0
serial port A on stdin/stdout
allocated 4896 K RAM memory, in 1 bank(s)
allocated 32 M SDRAM memory, in 1 bank
allocated 2048 K ROM memory
icache: 1 * 4 kbytes, 16 bytes/line (4 kbytes total)
dcache: 1 * 4 kbytes, 16 bytes/line (4 kbytes total)
loaded ./input/NGSCB.so
at697 inp_setup:Claiming ESA PCI
section: .text, addr: Bx40000008, size 45536 bytes
section data, addr: Bx4080bleB, size 3044 bytes
read 217 symbols
tsin> go
resuming at 8x40080800
Step #1 : AT697 PCI H/W Initialization
Step #2 NGSCB Bd#0 Initialization
- Step #2-1 : Read Device ID & Vendor ID (0xB88) : ©7811AC8
- Step #2-2 : Read Status & Command (0x084) 80600006
- Step #2-3 : Read (lass Code & Revision ID (8x88) 628800080
. Step #2-4 : Read BIST, Header type, Latency Timer, Cache Line Size (8x8C) : BBEOBBED
- Step #2.5 : Write 0x00600080 to Status & Command (Bx84) EELELEETS
- Step #2-6 : MWrite OxCB60008E to BARG (6x10) LELEERET:
- Step #2-7 : Read BARD {Bx18) : CB8BGBAD
- Step #2-8 : Write OxCCB0E0BE to BAR1 (6x14) : (8000068
- Step #2-9 : Read BARL {Bx14) : CCOBBBAO
- Step #2-18 : Write 0xDBBBBOBE to Status & Command {BxB4)
> This enables Bit2 {Bus Master) & Bitl (Memory Space]
- Step #2-11 : Read Status & Command (Bx84) 00080086
_ Step #2-12 : Write 0x0BBB40BO to BIST, Header type, Latency Timer, Cache Line Size (Bx6C)
- Step #2-13 : Write 0x000000FF to Max_lat, min_gnt. interrupt pin, interrupt line (@x3C)
|==> NGSCE Bd#0 Initialization End
Step #3 : NGSCE Bd#0 Configuration
- Step #3-1 : ¥rite OxFCOO0000 to PCI to AMBA mapping for PCI BAR1 (0xCE8000000:0xFE000000)
read data : FCO0OOQO
Step #4 : NGSCE Bd#1 Initialization
- Step #4-1 : Read Device ID & Vendor ID (0x00) : ©7011ACE
- Step #4-2 : Read Status & Command (0x04) : ©0000000
- Step #4-3 : Read Class Code & Revision ID (©x08) : 02800000
- Step #4-4 : Read BIST, Header type, Latency Timer, Cache Line Size (0x0C) : 00000000
- Step #4-5 : Write 0x00000000 to Status & Command (€x84) : 00000000
- Step #4-6 : Write 0xD0OOOEOOO to BARD (6x10) : 00000000
- Step #4-7 : Read BARE (@x10) : DOEEOEOE
[ ]| @ shen l

12 9. AT697F/Comm. Chips Initialization Test
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et AAR AZEQO A H AIZ20|N

E layright@fswlinux:~/LEON2/at697 - Shell - Konsole

Session Edit View Bookmarks Settings Help

Session Edit View Bookmarks

— O [% | & layright@fswlinux:~/LEON2/at697 - Shell - Konsole

Settings Help

AMBA PNP info: [+
--------- AHB Masters ---------
BxB8: BxB1:Bx75: UENDDH GAISLER

GAISLER _PCIF

joccan:
OCCAN:

1'm tayrignt!
-> gr701show
GR-781 devices:

Interrupt Cnt:
FREQ:

ISR[B
ISR[B1]:
ISR[02]:
ISR[63]:
ISR[B4]:
ISR[BS]:
ISR[06]:
ISR[87]:
ISR[BB]:
ISR[89]:
ISR[16]:

CPU: Gaisler SPARC/LEON2 non-MMU BSP
Memory Size: Bx3fe000.
Created: Jul 29 2011, 16:00:38
EDSR Policy Mode: Deployed

#Haadraarrs GRIO1A-BA#0-BARL (GRSPWE reg) [BxCCBBBADE:OxFCOBOABE]

IRQ Handled Cnt:

1111111111111 1111111111

11111111111 1111 1111111111 11 111 (R)
1 111111117 111111 11111111 11 111
11 1111111 11111111 111111 1 11 111
111 111111 111 ] I 111 1100 1100 11 1111 11 11111
1111 1111 111 11 11111 111101 11 1111110 1111 11 1111
11111 1111 11111 I 1111 11 111 1111111 111
111111 11111 111111 111 11 11 1111 11111111 111
1111111 11111 1 111111 1 111 1111 11 117 1111 1111 1111
11111110 11111111 1111111 1 1111111 1111 1111 1111 1111
I1111111111111111111111111]
HTI01111110111111011 1 Development System
1111111111111111111111111111
IT1111111111111111111111] Vxhorks 6.5
IITT110111111011101100 KERMEL: WIND version 2.18
1111111111111111111111111 Copyright wind River Systems, Inc., 1984-2007

Processor #8.
BSP version 2.6/9.

registered /gr701/1/occan/0 to major 5 @ xd7TcBEO0 irg 13
registered /gr701/0/occan/0 to major 5 @ Oxcffc@00 irg 13

-> 0x00000000

,,,,,,,,,, 1 - /Qr701/1 ---o-ooo--
PCIBAR[D] : 0xd0000000
PCIBARIL]: 0xd4000000
PCIBAR[2]: 8x8

PCIBAR[3]: 0x0

PCIBAR[4]: ox0

PCIBAR[S] : %0

IMASK: 0x8

TPEND: 0x0

ISTATUS: ox0

0
0
33000000 Hz

Interrupt routines [FUNC., ARG]:
B]:

0x8, 8x0
0x0, 0x0
0x0, 0x0
0x0, Ox@
0x40008b8,
0x0, 0x0
0x0, 0x0
OxB, Bx0
0x8, 8x0
0x8, 0x0
0x40010624, 0x4010d538

0x4010d738

GAISLER SPW

GAISLER SPw

6x03:0x01:0x1F: VENDOR_GAISLER
irg: 12 (ver: 0)

6xB4:0x81:8x72: VENDOR GAISLER
irg: 4 (ver: 0)

GAISLER_SPW

GAISLER BL553BRM

......... AHB Slaves
6xB0:0x01:0x56: VENDOR GAISLER GAISLER FTSRCTRLB
irg: 0 (ver: 3)
mem: 0xd5000000 - GxdG000000
men: Bxd60BBEB0 - Bxd7000800
6xB1:0x01:0x06: VENDOR GAISLER GAISLER APBMST
irg: © (ver: 0)
men: Bxd4008000 - Bxdd100000
6xB2:0x01: Bx75: UENDDH GAISLER GAISLER PCIF
irg: 8 (ver:
6x03:0x01: 0x72: VENDDR GAISLER GAISLER BI553BRM
irg: 4 (ver: )
mem: Bxd7700000 - Oxd7701000
6x04:0x01:0x19: VENDOR GAISLER GAISLER CANAHB
irg: 13 (ver: 0)

men: Bxd7fcBO0D - Bxd7fclE00
605 0x01: Bx50: VENDDRiGAISLER GAISLER FTAHBRAM
irg: 0 (ver:
mem: 0xn7aooooo - Oxd7b00000
rrrrrrrrr APB Slaves
6x00:0x01:0x56: VENDOR GAISLER GAISLER FTSRCTRLE
irg: @ (ver: 3)
apb: ©xd4800000 - 0xd4088100
6x01:0x01:0x0c: VENDOR GAISLER GAISLER APBUART
irg: 2 (ver: 1)
apb: 0xd4000100 - 0xd4000200
6xB2:0x01:0x52: VENDOR GAISLER GAISLER AHBSTAT
irg: 1 (ver: 0)
apb: 0xd4000200 - 0xd4000300
6xB3:0x81:8x11: VENDOR_GAISLER GAISLER GPTIMER
irg: B (ver: 0)

apb: 0x04000300 - 0xd4000400

6x04:0x01:0x75: VENDOR_GAISLER GAISLER PCIF
irg: B (ver: 8)
apb: 0xd4000400 - 0xd4000500

6x05:0x01:0x50: VENDOR GAISLER GAISLER FTAHBRAM
irg: ® (ver: )
apb: 0xd4800500 - 0xd4088600

6x06:0x01:0x1a: VENDOR GAISLER GAISLER GPIO
irg: 0 (ver: 0)

@ @ shell |

@ shell J

o) whgo
SN BT

SR BEE R
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a7 otk

6. VxWorks 6.5 BSP %
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2008.
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