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SoC
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- SoC (Systerron-Chip) -

» Egy chipes rendszer, amely analég, digitalis és
MEMS (micro-electro-mechanical system) részeket
tartalmaz (BM)

» Egy chipes rendszer amely analdg és digitalis
egységeket tartalma4.ycent)

» Egy chipbe integralt digitalis rendsz&yopsys)
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North | South
Bridge| |Bridge
Vortex86DX CPU Board
ox | erv |
SoC Vcore
1.8v DDR2
3.3viio
DRAM ¥ osc: 14.318
0OSC: 32.768

Power Consumption 5 Watts

e 600MHz- 1 GHz

» 256 K L2 Cache

* Embedded BIOS

* 16 bit DDR2 controller
 PCI+ISA +LPC

« USB2.0+5xRS232
« IDE + GPIO
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* Microcontroller
» 16 digitalis blokk
— pl. PWM
» 12 analdg blokk
— Erdsitok
— Kapcsolt-kapacitas
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-inden ut SoC iranyba v-

Virtex 5 FPGA (Xilinx) TMS320C6474 DSP (TI)
5 bemeneti LUT technolégia 3 db 16 bites fix pontos mag
550 Mhz 1 Ghz
1 Mbyte BRAM memoria 3 Mbyte L2 RAM
4 GEthernet MAC GEthernet MAC
PCI Express (x8) PCI interfész
1000+ I/O lab 64ch DMA
16 csatorna Rocket IO Rocket IO
T \WVIRTEX
2

SOPC
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Processzor

Processzor
Processzor

Co-

| processzor

Meméria

Meméria Meméria

] Utasitas
Hagyominyos Co-processzor kiterjesztés
DCT mag p
Lebegépontos ALU

DES kodol6
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z FPGA integracio fefidé

Embedded Software Tools

CPU

Logic + Memory
+IP+
Processors +
RocketlO

CPU Embedded Software Tools

Embedded Software Tools

FPGA +
Memory +IP +
High Speed 10
(4K & Virtex™)

Logic Design Tools

FPGA

10

Logic Design Tools

Funkcidk integraltsaga

Memory

{ Logic Design Tools

M 1dé .
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* 1 x Spartan 3 FPGA ($ 20)
— 250 ezer kapu
— 12 BRAM
— 12 szorz6
¢ SRAM
e FLASH
e LED etc.
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LIS LR AL IR LR
LIRS LR RAT IR LR i
LR L R LILIHE LRI ¢ 32 MICI’ObIaze / FPGA
DOR2 DIvRZ DOR2 DIkdM3
1%3 1%3 1%3 13‘3 e 4x OpenSPARC T1 (w. Cachq)
L2 v ¥
[&7]
QO5H-CF- Usger Ugerd - Q5H-DP-
040 a0 BT e I VL I 40
Cxl } E " E=m + 4 x Virtex-5 FPGA ($2000)
2 e ¢ 16 x DDR2 memdria
+ PCIE * ¢ Nagysebessdposszekottetés
ke B e ,
@SHLCF 0 Uscr3 .. Usert .- asiopr ¢ 4 x PCl Express (x8) csatlakozo
o et g - TS i - V7 B el )
Xl o | ¢ 4 x QSH-DP (LVDS) csatlakoz6
A4 At * 8x10 GBit/s-es CX-4 Interfész
DDgQ DI&MD 3332 DI&MD ¢ 4x 1 GBit/s Ethernet
D2OR2 DIk A1 JDR2 DIk
DDR2 DI DOR2 DINR2
DDR2 DIwh3 DOR2 DINRZ
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- Spirothor -

* Spartan 3 FPGA
+ SDRAM

* NAND Flash

* NOR Flash

« 3 UART
« Aramlasméré IF

e uC Linux

- Overview

» Design specification

» Single chip FPGA solution

» Special features
— Embedded QVGA controller
— System configuration

— Direct sound playback % | .=

 Results E3ES
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- Design Specification

System and memory
— 32 bit embedded processor
— NOR Flash & SDRAM memory for application code
— NAND Flash for bulk data storage
* User interface
— Multiplexed keyboard input
— Graphical User Interface (QVGA color LCD)
— Audio playback capability
« Connectivity
— USB, Bluetooth and RS232 PC connection
— Thermal printer interface
« Application specific digital interface
e Low power consumption, built-in Li-lon battery
* Small size & low cost

i
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COTS solution

* Intel - PXA or AMD (RM) — Alchemy
 Small form factor modules available

 Integrated peripherals
— LCD controller
— RTC, SPI, keyboard & user I/O
— AC97 Codec IF
— 2 UARTs/USB

* Embedded operating system support
* Problems:

— Serial port number

— Application specific I/0

— ~1000 mW power consumption

— Price

i
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FPGA solution

Hardware can be tailored to specification
Single chip controller solution

Full embedded development software av
Integrated peripherals

— Standard

— Third party IP

— User coded peripheral cores

~150 mW power consumption

Problems:

— Drivers for non-standard peripherals

— Graphical library if no embedded OS
— Development time

ailable
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-bedded System Conn
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128 Mbyte 2x512 k
gDMRl}’:: NAND NOR
Flash Flash
oL o -
r T |
> =
I 5 .
: <] Microslaze
X N [
| Application l«>»| Standard /O ]<—>
specificlo , [ | =—=—=a== |
L - I
320x280
2.5" LCD Buttons
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Peripherals

» Standard system components

— Microblaze - embedded 32 bit microprocessor

— SDRAM controller (16 bit x 4 M)
NAND Flash memory interface: Bulk data storage
Serial ports: RS232, thermal printer & Bluetooth
SPI controller: onboard SPI flash memory & RTC

» User defined peripherals

— QVGA display controller

— DAC interface for audio CODEC

— Interface for onboard USB chip

— Multiplexed keyboard input controller

— System supervisory I/0O (e.g. battery management)
—/\Ij;dicated application specific digital interface

A2
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Block diagram

SPI
Serial #1-2
_ | Debug #1-3 - SDRAM
Micreslaze 7| module I 7'y controller
T A& X
y % X
A
] EA
1%} ©
= [a] OPB
N oeB2PF i
L - - ___ I IPIF
r—-—r-c—r-—~— ——— """ T | T T\
|2-‘6||§..||2..||u.| I Display II-E|I ||aa_3|| |
g€ 28! 9l | controller 181, © 1127 |Application |
|§g||§%||%%||g| | syne || | S0, © |I1&E [specific HW|
EELET T Ll EE |
L —_—— -— — — —— ———
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- QVGA controller 1. -

Common features
— 320 x 240 resolution
— Max. 18 bit color depth
— VGA “like” timing
— Serial interface for parameter configuration

OPB

{ BRAM based
L__omarr 1 e — Frame buffer in 15 BRAM memory
T [ I .
| e “IEI o | — 3 bit color depth
|__4__+__||____[___|
T i
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SDRAM based display controller
— Frame buffer in system memory
— Full color depth (3x6 bit)

— Dedicated DMA

MicreBlaze SDRANIemony
LY K
......... < OPB
§oo-oe-ee- [ g
| N
L Sheer IPIF LS C L
Tomnn |
| Otheruser || Line
| peripheral | Co!'ltrol :' SYNC buffer
| I
a1
QveA
display
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- System configuration-

» FPGA configuration and SW code is ,
stored in the same SPI flash memory. <A
* Boot process:

1. FPGA configures itself via SPI interface in maserial
mode.

2. Bootloader located in BRAM, copies program code to
SDRAM from flash via SPI controller located on OPB.

3. Main program code is executed from SDRAM.

4. Main program installs reset & interrupt vect@sBRAM
location.

. ﬁ;sy firmware upgradeability
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- Direct sound playbacl-

» 16 bit/ 44Khz sound quality (Mono)

« Amplifier circuit for piezoceramic & standard
speakers

» Dedicated channel from NAND flash to DAC

* No processor interaction is needed

OPB

| I
heruser | | ’;‘:’:’? | | Audio D/A

|
ripheral controller
perip| I | controller | | :

__r_l I___+ ______ T—
v 12 ¥

e

PN

DAC & >
Flash memory Amplifier Q
/\/\A
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- Results

* Printed circuit board

» FPGA (XC3S500A — PQ208 )

* 50 MHz system frequency
e ~150 mW power consumption

— 4 layer PCB
— 74 x 70 mm size
— 273 components

— 3400 FF (36%)
— 4100 LUT (44%)
— 19 BRAMs (95 %)

pppppp

Heim DataRec4
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-n Systems DATaRec4 -

» Nagyteljesitményi, modularis, sokcsatornas,
elosztott adatgyijt 6, jelfeldolgozo és tarold rendszer

» Alkalmazasi teriletek

— Zaj, rezgés, mechanikai igénybevétel analizis
« Jarmivek, mitargyak, berendezések
* Idészinkron mérés
 Digitalis adattarolas, feldolgozas
o Kllonbo6zé interfészek (USB, FireWire, GE, WLAN)

-n Systems DATaRec4 -

» Alapmodulok

o A R A

— Adatgyijté 5
— Tapegység
— Térolok
—W\?mmunikéciés A
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— Ipari akusztikus jelek, szenzoradatok feldolgozasa
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» Adatgyiijt 6 / Jelfeldolgoz6é modul
* 6 mérési csatorna
» 24 bit felbontas, galvanikus levalasztas
» Bemeneti jel érzékenység allitas
» Hiba kompenzalas
* Bemeneti opcidk
— Mérémikrofon
— Kapacitiv szenzor toltésjel
— Nyulasmés bélyeg
— Torzibs rezgeés érzékel

M

* Moduljellemzék

— Integralt tApegység, 18 — 24 V

— Lokalis felhasznaldi kijelzés

— USB 2.0 nagysebessegdatkapcsolat
» Programozhato savszélesség

— Digitalis atlapolodasgatlo FIR &

— Extrém kovetelmények
» Diagnosztika és dnellefirzés

i
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-DIC6 hardver blokkv-

Platform SDRAM FLASH
Flash
t ‘ f
Analog Input ADC ¢ i l
CPLD |«» FPGA [«—wf G20 L,
Digital
Digital Input Input [y Iy
CLK | Link Module
Syntheser
UART |=
Display |« » USB e I —

/\/\/\ Host Computer
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- Sajat rendszerelem-

PLB bus
z )
@ : o
Address Range Slave
PLB — IPIF Support Attachment
IPIF

@

4
v |
Platform Flash A/D
CPLD converter
‘ Analog
=] Inputs

M
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I AX0ics modul FIR strsbankil

Modul mintavételi frekvenciatartomany
— 500Hz — 200kHz, 10 Hz-es lepésekben allithatd
Analog frekvenciatartoméany: DC — 80kHz
Mintavételi arany: Fs / Fmax = 2,5
FIR paraméterek: Filter
— Max  +0.002 dB DC - 0,4Fg® e
— Min -110 dB >0,5Fs
Bemeneti adatfelbontas: 24 bit
Egyutthato pontossag: 32 bit  -10as——--——-
Kimeneti adatformatumok: 04FS 05 Fs Fs
— 32 és 16 bites felbontas

Mirrored spectra,
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i i i i i i i i
| | | | | I I I
e ! N Solution:
I O D I VN 101 tap equiripple LP filter
| | | | | | | | |
o Nominal pass band frequeney, |1
0.01dB@ 0.4 1 1 1 1 1 1
& B e B Al il Bl § ol Bl el Rl il
) | | | | | | | | |
[} | | | | | | | | |
E GOl e et el ttis Sttt Bl Mty I
% | | | | | | | | |
L R e e T R R R
1, Nominal stop band frequency | AR
-110dB @ 0.5 l ‘I’ ! f‘ | w l
Ty R (O Y IR (R I L RNAEEEE AR
| | | | | | RN | |
| | | | | | | | I
460 — — Ao b oy P e
| | | | | | | | |
| | | | | | | | |
-180 1 1 1 1 1 1 | I |
0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9
/\/\/\ Normalized Frequency (xrtrad/sample)
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SB illesztés Iehésé-
Device .

— PHY | Protocol |es e - Peripheral —
Controller o -

USB 2.0 Controller

Device
PHY [ Protocol
Controller

USB 2.0 Interface

PHY
USB 2.0 PHY

IHHHHH

; M
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Az USB periféria

» Valasztott megoldas

Device
RHY Protocol

—
L USB2.0Interface | -

Controller

!
|

* NET 2272 chip tulajdonsagai:
— Hi-Speed USB- 480 Mbit/s
— 8/ 16 bites interfész DMA-val
— 186mW fogyasztas
— 8.1uW készenléti fogyasztas

i




-eégyazott JTAG perif-

* HW eszkdzok kilénbod gyartoktol
— Xilinx Platform Flash + Xilinx Virtex-1l FPGA
— Lattice MACH4256Z CPLD
o Kb8z6s IEEE 1149.1 JTAG interfész (HW kompatibilis)
» Gyartofliggo programozasi tamogatas
— Lattice ispLSI kabel
— Xilinx Parallel 111 / V. =
— Fejlesztéskor j6 tamogatas
— Verzio frissitésre nem alkalma

i

-x rendszerfejlesztesi tén-

 Virtex-1l Pro JTAG interfész
~2JTAGTAP vezéd
— Fuggetleniil is hasznalhateme

labai

— Kozositett esetben l
* IMPACT letoltés %:
» ChipScope debug
» GDB program bekévés
* XMD hozzéférés

CPU JTAG
DEBUG PORT

:,,
FPGA JTAG &

Fix/dedikalt
JTAG labak az
/\/\/\ CONFIG PORT FPGA &ramkoron
%
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- Verzio frissités -

» Végfelhasznalénal 1éd berendezések frissitése
— Hianyz¢ feltételek
* Fejleszémérnok megfeld ismeretekkel
* Lattice/Xilinx letolté szoftver/kabel

* Egységes SW/HW verzio frissités, gyarto fuggetlen
transzparens letdltés

» USB interfészen keresztil, a PowerPC processzor alta
» Gyarto specifikus konfiguracios fajlok egységesitése

4

Serial Vector Format (SVF) alkalmazasa
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- SVF alapu konfiguréci-

« A JTAG rendszer kezelésére kidolgozott modszer
» |pari szabvany, széveges formatum
« Minden fejlesztdi kdrnyezet képes generalni

/I Created using Xilinx IMPACT Software [ISE Foundatio nj
/I Validating chain...

/ISIR 12 TDI (Ofea) SMASK (Offf) TDO (0a81) MASK (0 fc3) ;
/lLoading device with ‘idcode’ instruction.

SIR 6 TDI (09) SMASK (3f) ;

SDR 32 TDI (00000000) TDO (f1414093) ;

/l Loading device with a “cfg_in" instruction.

SIR 6 TDI (05) ;
SDR 192 TDI 0000000000000000e00000008001000c66a2995 51fffffff)
SIS it ffff) ;
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- SVF konfiguracio -

» Konfiguracio frissités
— Bedagyazott mester JTAG TAP vezdsl
— PowerPC periféria a PLB buszon
— USB-n fogadja az SVF adatokat
— Felprogramozza a konfiguralhatd elemeket
— A folyamat kovethéta modul kijel®n
» Felhasznaldi oldalrol
— Rendszer frissitést vagjalkalmazas inditasa
— Programozandé eszkdz és az adatfajl kijelblése
— Programozas + Ujrainditas ( ~ PC BIOS frissités)

-Beégyazott JTAG vez

A konfiguracio frissités megoldasa

Serial Configuration Platform

| usB JTAG N\
-t >

M
PLB bus u Isolation —w  CPLD
X

Host Computer
PowerPC - ’—>

JTAG
Virtex Il Pro TAP

OcCcwmo
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