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Contenu présentation

 Architecture géenérale d’'un systeme embarque

 La plateforme REPTAR

= Architecture de la plateforme

= Module yC-DM3730 de la plateforme REPTAR,
architecture, plan d’adressage, I/0O simples

= Zone d’adressage pour les mémoires et
périphériques externes au yC-DM3730

= La FPGA Spartan 6, interface local bus, 1/Os
disponibles
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Architecture systémes embarqués

* Architecture utilisée dans le cadre de l'institut
REDS pour un systeme embarqué:

= plateforme comprend uC-ARM & FPGA

Ethernet
UART USB
SPI, 12C
NC-ARM
JTAG-CPU
Ctrl écran I/O

MC dispose de périphériques
standards
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Audio, vidéo
A/D, D/A /O
FPGA SPI, 12C
Memory
Con. ext.

High speed link

FPGA dispose de périphériques
spécifiques ou en nombre
important (1/0O)
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Architecture systemes embarqués

* Nouveau composant: SoC-FPGA

= Un boitier comprenant :
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SoC dual core ARM & FPGA

m?m
Architecture poeens TR ey
Zvna-7000 N | pote |

ynd o ! \

de XIIInX “{:j . uﬁgﬁl erface
m ;Series =
m Lo“;?éamma e M:catur m m

it L v | i

erli (HES-SO / HEIG-VD / REDS), 2019

Architecture REPTAR,

r4 RZDS




Plateforme REPTAR

 Utilisée pour IFS, ASP et autres ...
e Etude/utilisation d’'une plateforme embarquée

e Composeée de:
= module DM3730 basé sur un Cortex-A8
= FPGA Spartan-6
= un écran tactile 7” (800x480 capacitif)
= de nombreux périphériques

voir Reptar_Short_Datasheet.pdf

E. Messerli (HES-SO / HEIG-VD / REDS), 2019 Architecture REPTAR, p5 W

Bloc diagramme REPTAR

* Vue géneérale de la plateforme REPTAR

356 | | Wwifi | | Ethernet 12-bit 12-bit ‘ Extension
SncardJ UARTJ &GPSJ so211bgn 100Mbls] Bluetooth AID Dia | |Sensors SATA || connectors CLGL

| R B .

7 capacitive |_, CPU TI DM3730 —) FPGAs Xilinx
= |
om | o | S350 e e ) ] ) ) e e e
\ J \ J
Y Y
Périphériques connectés Périphériques connectés
sur le CPU sur la FPGA-SP6

CPU accede ceux-ci via design FPGA
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Structure DM3730
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Structure MPU subsystem

MPU : Microprocessor unit

Cortex-A8 MPU subsystem
ARM Cortex-A8 CPU
* ARM Cortex-A8 | | = ——— = m————- -
Neon | Trace/debug |
* Neon (co-processor) gary g g —————-- |
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Table 2-1. Global Memory Space Mapping

Quarter Device Name Start Address End Address Size Description
Qo Boot space! 1MB
(168B) GPMC 1GB
or 1GB-1MB
GPMC 0x0000 0000 0x3FFF FFFF 1GB 8/16 EXZ/RW
a1 On-chip memory 128MB  ROMISRAM address space
(168)
0x4000 0000 Ox4001 3FFF B0KB Reserved for boot code
BogiROM Not accessible after boot
e 0x4001 4000 0x4001 BFFF 32kB 32-bit EXP/R
Reserved 0x4001 CO00 Ox400F FFFF 912KB Reserved
Reserved 0:4010 0000 0xd01F FFFF IMB Reseved
’ SRAM internal 0x4020 0000 0x4020 FFFF 64KB 32-bit EXP/RW
Plan d’adress age .
Reserved 0+4025 0000 OTFF FFFF 128,704KB__ Resenved
L4 interconnects 128MB__ Al system
I I L4-Core 0x4800 0000 0x48FF FFFF 16MB See Table 2-3
CO I I l p e u l I I O u e (L4-Wakeup)® (0x4830 000D) (0x4833 FFFF) (256KB)  Sce Table 24
La-Per 0x4200 0000 OX490F FFFF IMB_ See Table 25
Reserved 0x4910 0000 Ox4FFF FFFF 111MB Reserved
D M 3 7 3 0 SGX 64MB Graphic accelerator slave
port
SGX 0x5000 0000 0x5000 FFFF 64KB ‘Graphic accelerator slave port
Reserved 0x5001 0000 xG3FF FFFF 5472KB__ Reserved
L4 emulation 64MB Emulation
L4-Emu 0x5400 0000 Ox547F FFFF 8MB See Table 2-6.
Reserved 0x6480 0000 OSTFF FFFF 56MB_ Reseived
Reserved 84MB Reserved
Reserved 0x5800 0000 O0xSBFF OFFF 64MB Reserved
VAZ2 GAMB  IVAZZ subsystem
subsystem
IVA22 0x5C00 0000 OxXSEFF FFFF 48MB IVA2 2 subsystem. See
subsystem Table 2-8.
Reserved 0x5F00 0000 O0x5FFF FFFF 16MB Reserved
Reserved 128MB___ Reserved
Reserved 046000 0000 OGTFF FFFF 128MB_ Reseved
L3 interconnect 128MB Control registers
13 control 0x6800 0000 O:GEFF FFFF 16MB  Scc Table 22
registers
Reserved 0x6300 0000 OXGBFF FFFF 48MB__ Resenved
SMIS registers 0x6C00 0000 OxBCFF FFFF 16MB  Configuration registers SMS
address space 2
SDRC registers 0x6D00 0000 OXBDFF FFFF 6MB  Configuration registers SIS
address space 3
GPMC registers 0x6E00 0000 OX6EFF FFFF 16MB Configuration registers GPMC
address space 1
Reserved 0x6F00 0000 Ox6FFF FFFF 16MB Reserved
SDRC/SMS 256MB SDRC/SMS
SDRC/SMS 0x7000 0000 Ox7FFF FFFF 256MB ‘SDRC-SMS virtual address
virtual space 0
Address space 0
az SDRCISMS 1GB  SDRAM main address space
(1G8B) (SMs)
CS0 — SDRAM™ 0x8000 0000 Ox9FFF FFFF 512MB SDRC/SMS
CS1— SDRAM® 0xAD00 0000 OXBFFF FFFF 512MB__ SDRC/SMS
a3 Reserved S12MB___ Reserved
yiGs) Reserved 0xC000 0000 OxDFFF FFFF 512MB Reserved for future use
512MB___ SDRC!
E. Messerli (HES-SO / HEIG-VD / REDS), 2019 SBRCSHS 0xE000 0000 OXFFFF FFFF SI2MB SDRCSHS vl acdress
virtual space

Address space 1

DM3730: GPMC & Periph.

* Vue partielle du plan d’adressage

Table 2-1. Global Memory Space Mapping

Quarter Device Name Start Address End Address Size Description
(Hex) (Hex)
Qo Boot space'" 1MB
(168) GPMC GPMC: Global Memory Controller _ 1c8
or 1GB-1MB
GPMC 0x0000 0000 0x3FFF FFFF 1GB 8/16 EXIRW
Q1 on-chip memory 128MB ROM/SRAM address space
(1GB)
0x4000 0000 Ox4001 3FFF B80KB Reserved for boot code
E]?S;ZP‘M Not accessible after boot
0x4001 4000 0x4001 BFFF 32KB 32-bit Ex'2/R
Reserved 0x4001 CO00 0x400F FFFF 912KB Reserved
Reserved 0x4010 0000 0x401F FFFF 1TMB Reserved
SRAM internal 0x4020 0000 0x4020 FFFF 64KB 32-bit EX'2/RW
Reserved 0x4021 0000 0x4024 FFFF 256KB Reserved
Reserved 0x4025 0000 0x47FF FFFF 128,704KB  Reserved
L4 interconnects 128MB All system peripherals
Périphériques | L4-Core 0x4800 0000 0x48FF FFFF 16MB See Table 2-3.
du DM3730 (L4-Wakeup)® (0x4830 DOOD) (0x4833 FFFF) (256KB)  See Table 2-4.
L4-Per 0x4500 0000 0x490F FFFF 1MB See Table 2-5.
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Structure des groupes GPIO
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Figure 25-1. General-Purpose Interface Overview
Device
Gen eral-pur pose interface
GPIOA N——
L4-Wake-up Gl 210
-4 — :.: pio_[31:0] IE(:
niterconnect GPIO1_ICLK gpio_ ]
GPIOT_DBOLK
GPIOT_MPU_IRG
GPIOT_NAZ_IRQ
GPICT_WAKE
Lé-Par o GPIO_[191:158) -
wiplifas Q—I ﬁ;g;’lﬁ apio_[191:188]
Eﬂl—d GPIO_[186: 160]
5 GO —_— 1 gpio_[186:160]
é-{ GFIOE GPIO_[159:128]
1 ol o
CPRE | opio_[158:128]
Interface clock gu GPIOZ_ICLK
Sy T % GPID_[12606]
-— E GPID_[B564]
Debounce clock — | GPIo2_DBCLK
Wakeus 1 iyt GPIO_[83:34
i Y - | opioz wake L e Faad]
E i > |
8 F T
/ -
V2.2 subsyston |y mLeTUBt requests L4 cpioz_vez_iRQ
nierrupt 5 I
controlier
DACH
4 BPIo 33
Interupt requests ! TV_DETECT
MPU subsystem [ e L__1GPioz_MPU_IRQ
nterrupt & 7
controlisr bt
4 I
ofer GPI‘.j modulea
[GPID3 to GRIDE)

@001

11 RZDS

Structure de l'interf

25.4

General-Purpose Interface Functional Description
Figure 25-5 shows the general-purpose interface description.

Figure 25-5. General-Purpose Interface Description

L4
interconnect GPIO1 to GPIOG Legend
Interface Sleep mode request > :Nr:t;i;lz
clock management &g
Debounce DSys[gm configuration Internal clock handing I I> Debouncing value I 1O pins
clock P
- - 1
1 i
_____________________________ |
Interrupt 1 1 i ! |
request 1 to > Interrupt enabiet | I
MPU — |
Output enable [
+—K Her | _______ , PData input register I<_| Synchronization I register
32
.
1 :
Interrupt Interrupt Data output register [
request 2 to OR32 status 2
IVA2.2 register 2 |- 1
________ T !
] 1 I |
* i
: 1 |
[ 28 !
122 [ R
‘Wake-up [—-—=--- 1
request : ;
<+ i
32 ! i
Idie mode edge | |
detection 1f 1 -
[~ Wake-up enable 1
Channel 0...31 -
gpif-005

ace d'un GPIO

Figure 25-5 details GPIOs in the general-purpose interface block diagram with their configuration registers

and their main functional paths:
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Périphériques GPIO du DM3730

e Zone L4 core & wake-up

Table 2-3. L4-Core Memory Space Mapping "

Device Name Start Address End Address Size Description
(Hex) (Hex)
L4-Core 0x4800 0000 Ox48FF FFFF 16MB
Reserved 0x4800 0000 0x4800 1FFF 8KB Reserved
System control module (SCM) 0x4800 2000 0x4800 2FFF 4KB Module
0x4800 3000 0x4800 3FFF 4KB L4 interconnect

Clock manager 0x4800 4000 0x4800 5FFF 8KB Module region A

- DPLL 0x4800 6000 0x4800 67FF 2KB Module region B

zone pour accéder au GPIO, groupe 1 (Bank 1)

UX4830 Y000 UXAB3U YFHF a L4 interconnect
Reserved 0x4830 ADOD 0x4830 FFFF 24 Reserved
GPIO1 0x4831 0000 0x4831 OFFF 4 Module
0x4831 1000 0x4831 1FFF 4 L4 interconnect
Reserved 0x4831 2000 0x4831 3FFF 8 Reserved
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Périphériques GPIO du DM3730

e Zone L4 peripheral

Table 2-5. L4-Peripheral Memory Space Mapping

Device Name Start Address End Address Size Description
(Hex) (Hex)
L4-Per 0x4900 0000 0x490F FFFF 1MB
L4-Per configuration 0x4900 0000 0x4900 OTFF 2KB AP
0x4900 0800 0x4900 OFFF 2KB P
0x4900 1000 0x4900 1FFF 4KB LA

zone pour accéder au GPIO groupes 2 a 6 (Bank 2 to 6)

RESEIVEU UX43US 4UUU UX4DU4 FEEE 4TRD RESEIVET
GPIO2 0x4905 0000 Dx4905 OFFF 4KB Module

0x4505 1000 0x4905 1FFF 4KB L4 interconnect
GPIO3 0x4905 2000 0x4905 2FFF 4KB Module

0x4905 3000 Dx4905 3FFF 4KB L4 interconnect
GPIO4 0x4905 4000 0x4905 4FFF 4KB Module

0x4905 5000 Dx4905 3FFF 4KB L4 interconnect
GPIOS 0x4905 6000 0x4905 6FFF 4KB Module

0x4905 7000 0x4905 7FFF 4KB L4 interconnect
GPIO8 0x4905 8000 Dx4905 8FFF 4KB Module

0x4905 9000 0x4905 9FFF 4KB L4 interconnect

Reserved 0x4905 ACDO 0x490F FFFF BE4KB Reserved rs




Plan d'adressage carte REPTAR

Adresse

DM3730

REPTAR

Description

0x0000 0000 OxOOOF FFFF [Boot space

Boot space 1MB

0x0010 0000 Ox17FF FFFF GPMC

0x1800 0000 Ox1FFF FFFF FPGA SP6/SP2 GPMC CS3 (128 MB), asynchr.
0x2000 0000 Ox27FF FFFF FPGA SP6 GPMC CS4 (128 MB), synchr.
0x2800 0000 Ox2BFF FFFF

0x2C00 0000 Ox2FFF FFFF Ethernet GPMC CS5 (64MB)

0x3000 0000 Ox3FFF FFFF GPMC Nand Flash  GPMC CSO (256MB)

0x4000 0000 0x400F FFFF On-chip Boot ROMinterne

0x4010 0000 Ox47FF FFFF memory RAMinterne

0x4800 0000 Ox48FF FFFF L4-Core Peripherals & GPIO

0x4900 0000 Ox49DF FFFF L4-Per Peripherals & GPIO

0x49EO0 0000

OX67FF FFFF

0x6800 0000

Ox6FFF FFFF L3 interconnect

0x7000 0000

OX7FFF FFFF

0x8000 0000
0x9000 0000

OX8FFF FFFF

OXBFFF FFFF

E. Messerli (HES

0xC000 0000

OXFFFF FFFF

SRAM 256 MB

Plan adressage GPMC-REPTAR

Adresse DM3730 REPTAR Description
0x0010 0000 Ox17FF FFFF GPMC non utilisé
0x1800 0000 FPGA GPMC CS3 (128 MB),
Ox19FF FFFF SP6, 32MB  Local bus mode asynchrone
0x1A00 0000 FPGA
Ox1BFF FFFF SP3, 32MB
0x1C00 0000 Inaccessible
Ox1FFF FFFF 64MB
0x2000 0000 FPGA SP6 GPMC CS4 (128 MB),
Ox23FF FFFF SP6 64MB  Local bus mode synchrone
0x2400 0000 Inaccessible
Ox27FF FFFF 64MB
0x2800 0000 non utilisé
Ox2BFF FFFF
0x2C00 0000 Ethernet GPMC CS5 (64MB)
Ox2FFF FFFF
0x3000 0000 Nand Flash  GPMC CSO (256 MB)
Ox3FFF FFFF GPMC
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General-Purpose Memory Controller (GPMC)

e Contréleur mémoire a usage general

= bus d’adresse de 27 bits, dont 16 multiplexés
* remarque: adresse en word 16 bits !!

= bus de données de 16 bits multiplexés
= plage adressable: 128M x 16bits soit 256 MB
= différents protocole: asynchrone, synchrone, ...
= 8 CS configurable dans le 1°" quadrant: Q0
» plage
= zone du premier quadrant Q0
= configuration via des registres ....
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Sighaux du bus du GPMC (local bus)

Figure 10-2. GPMC to 16-Bit Address/Data-Multiplexed Memory

Device
GPMC Extemal device/
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nCS[7:0] gpmc_ncs[7:0] . nCE
RADV/ALE gpmec_nadv_ale o ROV
nOE/NRE gpmec_noe » o
nWE gpmc_nwe nWE
nBEO/CLE gpmc_nbe0_cle nBEQICLE
nBE 1 gpme_nbe1 nBE1
WP gpmc_nwp HWP
" gpmec_wait[3:0]
WAIT[3..0] WAIT
| Retiming
gpme_clk | 1o J
CLK configuration "Eﬂ P CLK
logic
System control
module
INPUTENABLE bit

gpme-0a2
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Sighaux du bus du GPMC (local bus)

* Lignes d’adresse disponibles sur le local bus
du GPMC:

* The device (GPMC) does not provide the A0
byte address line required for random-byte
addressable 8-bit-wide device interfacing.

= An 8-bit device must be connected to
D[7:0] / gpmc_d[7:0] data bus of the GPMC (rather
than D[15:8] gpmc_d[15:8]). This limits the use of 8-
bit-wide device interfacing to byte-alias
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Protocole d'acces sur le bus GPMC

e Convention CPU: adressage par byte

* Bus GPMC: bus de data de 16bits
= ligne d'adresse AO du CPU pas transmise

= deux signaux indiquent les bytes valides pour le
transfert en cours :
« BEO pour les bytes pairs, correspondant a A0 ="'0’
* BE1 pour les bytes impairs, correspondant a A0 = '1'
* BE pour Byte Enable
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Plan d'adressage des FPGAs

Adresse DM3730 CS3 (CS4 FPGA Mode Size Use  Description
GPMC '0' ‘0’
0x17FF_FFFF GPMC ‘0’ ‘0’
0x1800_0000 0x180F_FFFF GPMC "1' ‘0’ SP6 1MB Std  Standard interface
0x1810_0000 "1 Asynchr. 15MB Std  Reserved
0x18FF_FFFF "' SP6 Std
”770x1900_07(560 Ox1rE7373F_FFFFm "1 SP6 7 4MB User lrJrsrer interfa(r:;(labs & de?ﬁos)
0x1940_0000 "' Asynchr. 12MB User Reserved
0x19FF_FFFF GPMC "' '0" SP6 User
0x1A00 0000 GPMC 1" ‘0’ SP3 1MB Std  Standard interface
"' Asynchr. 31MB Std  Reserved
Ox1BFF_FFFF "1' SP3 Std
7”bx1COO_6660 ; | "1' 7
"1’ 64MB Inacessible
Ox1FFF_FFFF "1 '0"
0x2000_0000 0" 1 SP6 Local bus mode synchrone
"' Synchr. for access to DDR2 or
O0x1BFF_FFFF "1 SP6 special user interface
~ 0x1C00_0000 el '
"' 64MB Inacessible
O0x27FF_FFFF GPMC '0' '

0x2800_0000

Plan adressage GPMC-FPGA
SP6 et SP3

Adresse DM3730 Cs3 CS4 FPGA Mode Size Use Description

Ox17FF FFFF GPMC '0' '0'
0x1800 0000 O0x180F_FFFF GPMC 7' '0' SP6 1MB Std Standard interface
0x1810_0000  Ox182F_FFFF 7' 2MB Std Unused
0x1830_0000  Ox183F_FFFF ' Asynchr. 1MB Std Peripherals descriptors table
0x1840_0000  Ox187F_FFFF '1' 4MB Std REDS - internal designs
0x1880_0000  Ox18BF_FFFF 7' 4MB Std REDS - internal designs
0x18C0_0000  Ox18FF_FFFF 1 " 4MB Std Unused/reseverd
0x1900_0000  0x193F_FFFF '1' 4MB User  REDS - labs and demos
0x1940_0000  Ox197F_FFFF 7' Asynchr. 4MB User  REDS - labs and demos
0x1980_0000  Ox19BF_FFFF 7' 4MB User  REDS - external projects
0x19C0_0000 Ox19FF FFFF GPMC '1' '0' SP6 4MB User EXT USER - free to use
0x1A00 0000 GPMC 1 '0' SP3 Std Standard interface

7' Asynchr. 32MB Std
Ox1BFF_FFFF ' SP3 Std

0x1C00_0000




Plan d'adressage des FPGAs

e La carte REPTAR dispose de 2 FPGAs
 FPGA Spartan 6

 Utilisée avec un projet Logisim
« Conception et réalisation d’interfaces dans la zone

d’adressage "user interface" soit :
0x1900 0000 - 0x193F_FFFF

« Zone d'adressage "standard" n'est pas utilisée sauf
pour les 2 registres avec les versions.
- plage d'adresse standard: 0x1800_0000 - Ox18FF_FFFF

- registres implémentés:
0x1800_0000: HW-version, ID-FPGA, ID-design-FPGA

0x1800_0002: ID-sub-design, version-number
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Plan d'adressage des FPGAs

* La carte REPTAR dispose de 2 FPGAs
= FPGA Spartan 3

« Utilisation du design standard (chargé au boot)
« Utilisation des I/O simples
* Voir : Spartan3_registers_ifs.xIsx
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