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Introduction

 Sign ifican t ly in creased  d evice d en s ity (ASIC & FPGA) will 
lead  to  larger  n u m ber  of n ew SOC d es ign s

 For  sp ace ap p licat ion s , th is  can  solve som e of th e 
com p on en t  obsolecen s  p roblem s

 However : an  im p roved  d es ign  m eth od olgy is  n eed ed  to  
allow cos t - efficien t  d evelop m en t  of SOC sys tem s

 For  th is  p u p ose, Gais ler  Research  h as  d evelop ed  a d u al- u se 
VHDL IP library for  both  com m ercial an d  sp ace- based  
ap p licat ion s .

 Th is  p resen tat ion  will d escr ibe th e con cep t  of th e IP lib rary 
an d  p rovid e d etails  on  som e of it s  cores , in clu d in g th e 
LEON3 SPARC p rocessor .
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Com m on SOC des ign problem s

 Mergin g of 3- p ar ty IP cores  m ay cau se several p roblem s:

 Harm on isat ion  of in t er faces  (on - ch ip  bu ses , irq  ...)

 Mergin g of syn th es is  an d  s im u lat ion  scr ip t s

 Map p in g of t ech n ology sp ecific cells  (RAM, p ad s )

 Nam e sp ace con flict s

 Resolvin g CAD tool sp ecific syn tax

 Licen s in g is su es

 Problem s  for  sp ace ap p licat ion s

 SEU h ard en in g

 Por tability an d  lon g- term  su p p or t
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GRLIB des ign goals

 Efficien t  an d  u n ified  SOC d es ign  IP lib rary with :

 Com m on  in ter faces

 Un ified  syn th es is  an d  s im u lat ion  scr ip t s

 Bu ilt - in  p or tab ility

 Mu lt i- ven d or  su p p or t

 CAD tool in d ep en d en t

 Op en  an d  exten s ib le form at

 SEU toleran ce for  sp ace ap p licat ion s
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GRLIB im plem entation ov erv iew

 Based  arou n d  AMBA- 2.0  on - ch ip  bu s  (ARM)

 PCI- s tyle p lu g&p lay su p p or t  for  AMBA con figu rat ion :

 Device & ven d or  id en t ificat ion

 Ad d ress  an d  in ter ru p t  con figu rat ion

 Ven d ors  an d  cores  isolated  th rou gh  u se of VHDL librar ies

 Por tability ach ieved  th rou gh  RAM an d  p ad  wrap p ers

 SEU toleran ce by d es ign  (EDAC, p ar ity, TMR)

 Au tom at ic gen erat ion  of syn th es is  an d  s im u lat ion  scr ip t s

 Su p p or ted  tools : Men tor , Cad en ce, Syn op sys , Syn p lify

 New cores , CAD tool scr ip t s  or  t ech  wrap p ers  eas ily ad d ed
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GRLIB IP Cores

 32- bit  LEON3 SPARC p rocessor

 GRFPU IEEE- 754 float in g- p oin t  u n it

 32- bit  PCI br id ge with  FIFO an d  DMA

 Eth ern et  10/ 100 Mbit  Eth ern et  Con t roller

 AHB rou n d - robin  arb it er , APB br id ge

 Utility cores : u ar t , t im er , in ter ru p t  con t rol, GPIO, ...

 Mem ory an d  p ad  wrap p ers  for  FPGAs an d  ASIC 

 Un d er  d evelop m en t :

 CAN

 MIL- STD- 1553 (TBC)
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Initial GRLIB Vendors

 Gais ler  Research

 Main  in fra- s t ru ctu re

 LEON3, PCI, AMBA, SDRAM ct r l, t ech - wrap p ers

 Eu rop ean  Sp ace Agen cy

 Mem ory con t roller , UART

 Op en cores

 10/ 100 Mbit  Eth ern et  MAC

 Ven d or  an d  d evice ID ass ign ed  at  n o cos t
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Sam ple  GRLIB SOC des ign
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SOC des ign VHDL code

  ahb0 : ahbctrl -- AHB arbiter/multiplexer
  port map (rstn, clkm, ahbmi, ahbmo, ahbsi, ahbso);

  u0 : leon3s -- LEON3 processor
  generic map (ahbndx => i, fabtech => FABTECH, memtech => MEMTECH, isetsize => 1, dsetsize => 1)
    port map (clkm, rstn, ahbmi, ahbmo(i), ahbsi, leon3i(i), leon3o(i));

  sd0 : mctrl -- PROM/SRAM/SDRAM memory controller
  generic map (ahbndx => 0, apbndx => 0, apbaddr => 0, sden => 1)
  port map (rstn, clkm, memi, memo, ahbsi, ahbso(0), apbi, apbo(0), wpo, sdo);
  end generate;

  apb0 : apbmst -- AHB/APB bridge
  generic map (ahbndx => 1, memaddr => 16#800#)
  port map (rstn, clkm, ahbsi, ahbso(1), apbi, apbo );

  uart0 : apbuart -- UART 1
  generic map (apbndx => 1, apbaddr => 1,  irq => 2)
  port map (rstn, clkm, apbi, apbo(1), u1i, u1o);

  irqctrl0 : apbictrl -- interrupt controller
  generic map (apbndx => 2, apbaddr => 2, ncpu => NCPU)
  port map (rstn, clkm, apbi, apbo(2), irqi, irqo);

  timer0 : gptimer -- timer unit
  generic map (apbndx => 3, apbaddr => 3, irq => 8)
  port map (rstn, clkm, apbi, apbo(3), gpti, open);

  pci0 : pci_target generic map (ahbndx => 1, device_id => 16#0210#, vendor_id => 16#16E3#)
  port map (rstn, clkm, pciclk, pcii, pcio, ahbmi, ahbmo(1));

  eth0 : eth_oc
  generic map (mstndx => 2, slvndx => 5, ioaddr => 16#B00#, irq => 12)
  port map ( rst => rstn, clk => clkm, ahbsi => ahbsi, ahbso => ahbso(5),
  ahbmi => ahbmi, ahbmo => ahbmo(NCPU+dbg+pci), ethi => ethi, etho => etho);
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SOC des ign s im ulation
VSIM 1> run
# LEON3 Demonstration design
# GRLIB Version 1.0
# Target technology: infered,  memory library: infered
# ahbctrl: AHB arbiter/multiplexer rev 1
# ahbctrl: Common I/O area at 0xfff00000, 1 Mbyte
# ahbctrl: Configuration area at 0xfffff000, 4 kbyte
# ahbctrl: mst0: Gaisler Research        Leon3 SPARC V8 Processor
# ahbctrl: slv0: Gaisler Research        PROM/SRAM/SDRAM Controller
# ahbctrl:       memory at 0x00000000, size 16 Mbyte, cacheable, prefetch
# ahbctrl:       memory at 0x40000000, size 16 Mbyte, cacheable, prefetch
# ahbctrl: slv1: Gaisler Research        AHB/APB Bridge
# ahbctrl:       memory at 0x80000000, size 16 Mbyte
# apbmst: APB Bridge at 0x80000000 rev 1
# apbmst: slv1: Gaisler Research        Generic UART
# apbmst:       I/O ports at 0x80000100, size 256 byte
# apbmst: slv2: Gaisler Research        Multi-processor Interrupt Ctrl.
# apbmst:       I/O ports at 0x80000200, size 256 byte
# apbmst: slv3: Gaisler Research        Modular Timer Unit
# apbmst:       I/O ports at 0x80000300, size 256 byte
# apbmst: slv7: Gaisler Research        AHB Debug UART
# apbmst:       I/O ports at 0x80000700, size 256 byte
# eth_oc5: Opencores 10/100 Mbit ethernet MAC, rev 0, irq 12
# gptimer3: GR Timer Unit rev 1, 16-bit scaler, 2 32-bit timers, irq 8
# apbictrl: Multi-processor Interrupt Controller rev 1, #cpu 2
# apbuart1: Generic UART rev 1, irq 3
# ahbuart7: AHB Debug UART rev 0
# leon3_0: LEON3 SPARC V8 processor rev 0
# leon3_0: icache 1*2 kbyte, dcache 1*1 kbyte

# cpu0: 0x00000000    flush  0x0000
# cpu0: 0x00000004    sethi  %hi(0x00001000), %g1  [0x00001000]
# cpu0: 0x00000008    or   %g1, 0x00c0, %g1  [0x000010c0]
# cpu0: 0x0000000c    mov  %g1, %psr
# cpu0: 0x00000010    mov  0, %wim
# cpu0: 0x00000014    mov  0, %tbr
# cpu0: 0x00000018    mov  0, %y
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LEON3 SPARC V8  Proces s or

 7- s tage p ip elin e, m u lt i- p rocessor  su p p or t

 On - ch ip  d ebu g su p p or t  u n it  with  t race bu ffer

 SEU toleran ce by d es ign  for  sp ace ap p licat ion s

 250/ 400 MHz  on  0 .18/ 0 .13 u m , 250/ 400 MIPS

 Actel RTAX:  35  MHz

 All on - ch ip  ram  p rotected  again s t  SEU:

 136x32 b it  regis t er  file: 4 - b it  p ar ity an d  d u p licat ion

 Cach e ram s  u se 4- b it  p ar ity an d  forced  m iss  on  er ror

 No t im in g p en alty, <  0 .2% area overh ead  (on  RTAX)
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LEON3 Adv anced floating- po int unit

 High - p erform an ce s in gle/ d ou ble p recis ion  FPU (GRFPU)

 IEEE- 754, fu lly p ip elin ed , 4  clock lat en cy

 ADD/ SUB/ MUL/ DIV/ SQRT/ COMP/ CONV

 Du al execu t ion  u n it s , p arallel p rocessor  in ter face

 Fau lt - toleran ce again s t  SEU effect s

 150/ 250 MHz , 150/ 250 MFLOPS on  0 .18/ 0 .13 u m , 100 
Kgates

 40 MHz  on  Vir tex- II, 9 ,000 LUTs

 Too large to  fit  on  RTAX d evices

 Can  be u sed  for  DSP d es ign s  (cu s tom  or  p rocessor- based )
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GRLIB Mas ter/ Target PCI 

 Im p lem en ts  PCI 2 .1  s tan d ard  (32- b it , 33  MHz )

 Con figu rable FIFO d ep th

 DMA ch an n el for  in d ep en d en t  b lock t ran s fers

 45/ 75  MHz , 9% area of RTAX2000S 

 Fu ll SEU p rotect ion  th rou gh  4- b it  p ar ity an d  d u p licat ion

 No t im in g p en alty, 4  RAM blocks  overh ead  on  RTAX
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Sy nthes is  res ults

 

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 m ulti- proces s or s upport

 LEON p rocessor  core +  cach es  =  3  m m 2 on  0 .18  p rocess

 Mu lt i- p rocessor  sys tem  p oss ib le with ou t  area p rob lem s

 More th an  4  cores  n ot  p ract ical d u e to  m em ory ban d wid th  

 Asym m etr ic con figu rat ion  p oss ib le, e.g.2  'm ain ' p rocessors  
with  FPU/ MMU +  1  I/ O (DMA/ In ter ru p t ) p rocessor

 Mu lt i- p rocessor  DSU an d  in ter ru p t  con t roller  availab le

 4- p rocessor  sys tem  fit s  on  XC2V3000 FPGA @ 80 MHz

 4- p rocessor  sys tem  fit s  on  a RTAX2000 @ 25 MHz
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GRLIB Support too ls

 GRMON p lu g&p lay d ebu g m on itor

 Debu g 'd r ivers ' for  each  sp ecific IP core

 Mod u les  allow IP ven d ors  to  p rovid e own  d r ivers

 GRSIM m od u lar  s im u lator

 Mod u lar , re- en t ran t  s im u lator  based  on  TSIM

 Can  s im u late an y n u m ber  of bu ses , cores  or  cp u 's

 Ven d or  in d ep en d en t  m od els

 Allows  h ard ware/ software co- s im u lat ion !
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LEON3/ SOC Dev e lopm ent board
 Low- cos t  LEON CPCI FPGA d evelop m en t  board  availab le with  

XC2V6000 , SDRAM, Flash , SRAM, 100- Mbit  Eth ern et
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GRLIB av ailability

 Freely availab le in  sou rce cod e u n d er  GNU GPL

 Valu ab le tool for  acad em ic research

 Im p roves  t es t - coverage d u e to  large u ser- base

 Allows  ear ly p rototyp in g an d  t ry- before- bu y

 In it ial release Ju n e 2004

 Com m ercial licen s in g p oss ib le with ou t  res t r ict ion s

 Th e fau lt - toleran t  vers ion  of th e cores , an d  th e FPU, are 
n ot  in it ially released  in  op en - sou rce, bu t  th e lon g- term  
s t rat egy is  to  release all cores  u n d er  GPL.


