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Introduction

�

High device density (A SIC &  FPGA ) has led to a larger number 

of new SOC designs

�

A n improved design methodolgy is needed to al low cost-

eff icient development of complex SOC systems

�

For this pupose, Gaisler Research has developed a open-source 

VHDL IP l ibrary for both commercial and space-based 

applications.

�

This presentation will  describe the concept of  the IP l ibrary and 

provide detai ls on some of  its cores, including the LEON3 

SPA RC processor.



GAISLER RESEARCH

Common SOC design problems

�

M erging of  3-party IP cores may cause several problems:

�

Harmonisation of  interfaces (on-chip buses, irq ...)

�

M erging of  synthesis and simulation scripts

�

M apping of technology specif ic cel ls (RA M , pads)

�

Name space conf licts, CA D tool specif ic syntax

�

L icensing issues

�

Problems for space applications

�

SEU hardening

�

Portabil ity and long-term support
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GRLIB design goals

�

Eff icient and unif ied SOC design IP l ibrary with:

�

Common interfaces

�

Unif ied synthesis and simulation scripts

�

Target technology independent

�

IP-vendor independent

�

CA D tool independent

�

Open and extensible format

�

(SEU tolerance for space applications)
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GRLIB implementation overview

�

Based around A M BA -2.0 on-chip bus (A RM )

�

PCI-style plug& play support for A M BA  conf iguration:

�

Device &  vendor identif ication

�

A ddress and interrupt conf iguration

�

Vendors and cores isolated through use of  VHDL  libraries

�

Portabil ity achieved through RA M  and pad wrappers

�

A utomatic generation of synthesis and simulation scripts

�

Supported tools: M entor, Cadence, Synopsys, Synpli fy, ISE

�

New cores, CA D tool scripts or tech wrappers easily added
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GRLIB IP Cores

�

32-bit LEON3 SPA RC processor

�

GRFPU IEEE-754 f loating-point unit

�

32-bit PCI bridge with FIFO and DM A , PCI trace buffer

�

Ethernet 10/100 M bit Ethernet Control ler

�

PC133 32-bit SDRA M  control ler

�

32-bit PROM /SRA M  control ler

�

A HB control ler and  A PB bridge with plug& play support

�

Uti l i ty cores: uart, timer, interrupt control, GPIO, ...

�

M emory and pad wrappers for FPGA s and A SIC 
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Sample GRLIB SOC design

ETH ER

M A C

A H B

UARTS

M EM

CTRL
PCI

TIMERS

IOPORT

AHB/APB

PROM

SRA M /SDRA M

PCI

DEBUG

LINK

RS232

RS232

I/O

SPA RC

CPU
FPU

A H B I/F

MMU

PH Y



GAISLER RESEARCH

AMBA plug&play support

�

Inspired by PCI plug& play method

�

Distributed address decoding

�

=> A HB/A PB cores can be inserted/removed without 

modif ications to arbiter or address decoder/multiplexer (!)

�

Configuration table automatical ly buil t and readable from bus

�

A ddress mapping and interrupt assignment through generics

�

Pure VHDL implementation, no external SOC tools needed
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SOC design VHDL code
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SOC design simulation
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LEON3 SPARC V8 Processor

�

7-stage pipel ine, multi-processor support

�

On-chip debug support unit with instrcution trace buf fer

�

250/400 M Hz on 0.18/0.13 um, 250/400 M IPS

�

Virtex2pro: 125 M Hz, A ctel RTA X :  33 M Hz

�

SEU tolerance by design for space applications

�

A ll on-chip ram protected against SEU:

�

136x32 bit register f i le: 4-bit parity and duplication

�

Cache rams use 4-bit parity and forced miss on error

�

No timing penalty, < 0.5% area overhead (on RTA X )
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LEON3 Advanced floating-point unit

�

High-performance single/double precision FPU (GRFPU)

�

IEEE-754, ful ly pipelined, 4 clock latency

�

A DD/SUB/M UL/DIV/SQRT/COM P/CONV

�

Dual execution units, paral lel processor interface

�

Fault-tolerance against SEU ef fects

�

150/250 M Hz, 150/250 M FLOPS on 0.18/0.13 um, 100 K gates

�

40 M Hz on V irtex-I I , 9,000 LUTs

�

Too large to f i t on RTA X  devices

�

Can be used for DSP designs (custom or processor-based)
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GRLIB Master/Target PCI 

�

Implements PCI 2.1 standard (32-bit, 33 M Hz)

�

Configurable FIFO depth

�

DM A  channel for independent block transfers

�

45/75 M Hz, 9% area of  RTA X 2000S 

�

Full SEU protection through 4-bit parity and duplication

�

No timing penalty, 4 RA M  blocks overhead on RTA X
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Synthesis results

 

Core Cells % of RTAX2000 Mhz
LEON3 + caches 3650 15.00% 35
PCI, master/target + DMA 2750 9.00% 45/70
10/100 Mbit Ethernet MAC 2200 7.00% 65
PROM/SRAM controller 500 2.00% 75
SDRAM controller 550 2.00% 75

LEON3 SOC system with: 16250 51.00% 33
PCI, memory ctrl, timers, uarts,
Irq ctrl, GPIO, ethernet MAC
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LEON3 multi-processor support

�

LEON3 processor core + caches = 3 mm2 on 0.18 process

�

M ulti-processor system possible without area problems

�

M ore than 4 cores not practical due to memory bandwidth 

�

A symmetric conf iguration possible, e.g.2 'main' processors with 

FPU/M M U + 1 I /O (DM A /Interrupt) processor

�

M ulti-processor DSU and interrupt control ler available

�

4-processor system f its on X C2V3000 FPGA  @ 80 M Hz

�

4-processor system f its on a RTA X 2000 @ 25 M Hz
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GRLIB Support tools

�

GRM ON plug& play debug monitor

�

Debug 'drivers' for each specif ic IP core

�

M odules al low IP vendors to provide own drivers

�

GRSIM  modular simulator

�

M odular, re-entrant simulator based on TSIM

�

Can simulate any number of  buses, cores or cpu's

�

Vendor independent models

�

A llows hardware/sof tware co-simulation!
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LEON3/SOC Development board

�

L ow -cost L EON  CPCI  FPGA  dev elopm ent board av ai lable w i th 

X C 2V 6000 , SD RA M , Flash, SRA M , 100-M bi t Ethernet
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GRLIB availability

�

Freely available in source code under GNU GPL

�

Valuable tool for academic research

�

Improves test-coverage due to large user-base

�

A llows early prototyping and try-before-buy

�

Initial release September 2004

�

Commercial l icensing possible without restrictions

�

The fault-tolerant version of the cores and the FPU are not 

initial ly released in open-source, but the long-term strategy is to 

release al l  cores under GPL.


