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YcTtpoucteso FPGA

[TTTNC — nporpammumnpyemas norndeckas
NHTEerpanbHaga cxema

FPGA(Field Programmable Gate Array)
pa3sHoBuaHocTb MNJINC

B oTnnumne oT 00ObIYHBIX LMAPOBLIX MUKPOCXEM,
noruka pabotbl NJINMC He onpenenseTcsa npu
N3roTOBMNEHNN, a 3aaETCA NOCPEACTBOM
nporpamMmmmpoBaHmns (NPoeKkTupoBaHuga). ns
nporpaMmmMnpoBaHnsa Ncrnonb3yrTcs a3bikn Verilog,
VHDL.
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i YcTtpoucteso FPGA

Apxutektypa Kpuctania FPGA cocTouT n3s naTtu
otiSEIKOR BREMa(AtBOAa (BBB)
= KOH(pUrypupyembix norndeckmnx onokos (KJ1b)

= ONOYHOW NaMATH
= MOAynewn ynpasrneHns cuHxpoHusaumen (DLL)
= TPACCUPOBOYHbIX pecypcoB
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bnoyHasa
NamMsaTb




KoHurypmpyembin
fIorM4eckmnm bnok

= KJ1b peanusytoT norm4yeckne n permcTtpoBblie
doyHKUNM

= KJ1b cocTouT U3 AByXx cekuun, Kaxgaqa n3
KOTOPbLIX COCTOUT U3:

= 4-BXOO0BbIX (PYHKLUNOHANbHbIX rEHEPaTOPOB
= NNOMMKMN YCKOPEHHOIO NepeHoca

= ABYX PEMCTPOBbLIX 3NIEMEHTOB

= ABYyX OydoepoB C TpEMSA COCTOSAHUAMM
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CTtpykTypHaa cxema KJ1b
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i OyHKUMOHAanNbHLIN reHepaTop

DyHKLUWOHAbHbIE reHepaTopbl peanm3oBaHbl B BUuae 4-
BXOLI),OBbIX Tabnuy npeobpazoBanus (Look-Up Table -
LUT

Mcnonb3oBaHne LUT-3nemMeHTOoB:
= COOCTBEHHO DYHKLUMOHAmNbLHbLIN reHepaTop

= CUHXpPOHHas namatb Tuna RAM pasmepHocTbio 16x1
onT

= U3 AByx LUT-anemeHTOB peanu3oBaTtb

s CUHXPOHHYI0O RAM-namaATb pa3sMmepHOCTbIO 16x2
nnu 32x1 ont

= AByxnopTtoBas cuHXpoHHas RAM-namaTb
pasMepHoCcTbo 16x1 6ut
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i brnokun BBOOa/BbiBOAA

= bBnoku BBOOa/BbiBOAa OCYLLECTBMAAT COEAUHEHNE BHYTPEHHEN
NOMMKM KpUcTanna ¢ BbIBOAaMM KOpryca MUKPOCXEMbI

= BbBB nogaoepxusatoT 19 curHanbHbIX CTaHOapTOB BBOAA/BbIBOAA,
BKItoYasa anpdepeHumansHble ctaHgapTtel LVDS, BLVDS u
LVPECL. JocTonHcTBA:

= OuddepeHumnaneHblie ctangaptel LVDS n BLVDS nossongaioT
kommyTmposatb MITIAC ¢ gpyrummn mukpocxemamm Ha nnarte 6e3
NCNoNb30BaHNA OOMOSTHUTENbHLIX KOHBEPTOPOB U
TPaHCNATOPOB.

= [OuddepeHumnanbHblie cTaHgapTbl O0iee CKOPOCTHbIE, YEM
O4HONPOBOAHbIE,

= CHmxKeHune saHepronoTpebneHue KkpucTanna u LWymMoB
= YCTpPaHSATCH 3NeKTPOMarHMTHbIe HAaBOOKM.
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[ToggepxumnBaemble [TTINC
cTaHOapTbl BBOAa/BbiBOAA

= VHTepdencel MexkpuctanbHoro obmeHa

o LVTTL

o LVCMOS2

o LVCMOS18

o LVPECL

= MHTepdencol mexay
nnaTamu

o PCI 33/66 MHz, 3,3V o SSTL3-T&II

o HSTLI o LVDS

o GTL 0] AGP'ZX

o GTL+ o SSTLZ'I & II
o BLVDS

o HSTLIII & IV
o CTT
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i BrioyHas namsTb (Block RAM)

= Kaxgbin 6nok namaTtn (4096 6UT) - 9TO CUHXPOHHAsA
asyxnoptosasd RAM c He3aBUCUMbIM ynpaBneHnem 4ns
Ka)x[oro nopra

= HesaBucmmasi KoHUrypaumsi no3BoNseT co3gaBaThb
npeobpasoBaTenn pasmepHOCTU LLUNHBI

PazpagHocTb MNybuHa WrHa WrHa
agpeca AaHHBIX
1 4096 ADDR<11:0> DATA<D=
2 2048 ADDR<10:0> DATA<«<1:0>
4 1024  ADDR<9:0> DATA<3:0>
8 512 ADDR<8:0>= DATA<7:0>
16 216 ADDR«<7:0> DATA«15:0>
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* BrioyHas namsaTb (cxema)

RAMB4_S# S#
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Mogynv
aBTOnoAcCTpounkn 3agepxku (DLL)

[ToNHOCTbIO UMD pPOBas aBTOMOACTPOMKA 3a4EPIKKU
(DLL) MOXeT yCTpaHSATb Nnepekoc 3aZiepXXeKk Mexay
CUHXPOCUTHANIOM Ha BXOAHOM KOHTaKTe€ MUKPOCXEMbI
M CUrHaNaMM Ha TaKTOBbIX BXOAAX BHYTPEHHUX CXEM
YCTPOUCTBA NYTEM BBEAEHUS AOMNOSTHUTENBHOW

3aaepxku (43).
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Moaynu aBTonoacTPONKU
3agepxku (DLL)

= /13 BBOAUTCHA TakuM 06pa3oM, YTOOblI (DPOHTHI
CUrHaNoB CUHXPOHM3aUNKU AOCTUraNuU BHYTPEHHMUX
TpUrrepoB B TOYHOCTM Ha OAMNH Nepuon
CUHXPOHMU3ALIMN MO3XKE UX NPUX0Aa Ha BXOAHOW
KOHTaKT

= moaysib DLL MoXeT co3gaBaTth YeTbipe
KBaZpaTypHble a3bl N3 UCXOAQHOIro0 MCTOYHUKA
CUHXPOCUrHana; yaBamBaTb YacTOTY CUHXpPOCUIrHana
NN AennTb 3Ty 4YacToTy Ha 1.5, 2, 2.5, 3,4, 5, 8
nnun 16.
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2 Yctpounctso IMJINC
» Yctpoucteo Development Boards
1 Pa3paboTka
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i YcTtpoucTteo Development Boards

Development Board — cneunanbHasa nnarta
(BHeLHAA nnn BHyTpeHHAS Ha PCI/PCI-EX)
ans paspaboTtkm nporpamm noa MNJIAC.

CocrTas:
«  OpHa vinn Heckonbko MTTNC
«  Mukpocxema npoueccopa (onunoHanbLHoO)

«  PasnuyHble nopTbl ANA NOOKMNIOYEHUS N UX
KOHTPONMNepsLI
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GRAPHICS & MEDIA LAB

Yctpouctso TJTINC

O6bwunn Bng Development Board

APS Event Receiver f;ltera s DSP DevelopmghtK|t tratix Il (FPGA)

Connection i)
ColdFire 10
Two 14-bit
DACs
Transition Board™ EREREREY B £ oAl
Two 12-bit
ADCs
Serial Network High Res A/D Module Connection
17
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KoHurypaumsa yepes
nopt JTAG

Test-Logic- |
Reset )

CS MSU Graphics & Media Lab (viaeo uroup) 18



i Outline

2 Yctpounctso IMJINC
1 YcTtpounucteo Development Boards
> Pa3paboTka nporpamm
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i Pa3paboTka nporpaMm

NMpuHuun padoTtsl FPGA
+
npuUHUMN paboTkl npoueccopa

Bo3HukatoT npobriemMei:
= BOMNPOCLI apXUTEKTYpbl (40 Ha4ana pa3paboTKkn)
= BbIOOpP A3bIKa

. _——" FPGA

= pa3aiesieHne BblHNCrieHnm \ ]:[

Processor

20
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i Hauano pa3paboTku

= [lepen Havyanom pa3paboTkmn noa
[TJINC cnepgyeT BbISICHUTL AeTanu:

= Jlornyeckoe ycTponucTBO
= BBoa/BbiBOA
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i Jlornyeckue anemeHTsl

= KonnyectBo BX0O0B
= Konnyecteo pabounx pyHKUUM
= Y BCex nn oyHKUMN N BXOOOB

= Kak BXoObl MUKPOCXEMbI CBSA3aHbI C
BXo4amMun PyHKLUN

s CneumnanbHag noruka
= Cymmarop n 1.4.
= Perncrpsl

22
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i BRnoku BBOOA BbIBOAA

s CKOJIbKO HOXEK MUKPOCXEMBI

= /lHanBuayanbHOE unmn rpynnoBoe
nporpaMmMnpoBaHne BXOA0B

= Bce nu Bxoabl moryTt paboTtaTb Cco BCceMu
dYHKLNAMU

CS MSU Graphics & Media Lab (Video Group)
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i Outline

2 Yctpounctso [MJINC
1 YcTtpoucteo Development Boards
»> Pa3paboTka nporpamm
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Iladmaon B3auMO- 1
neitcrend ¢ FPGA I

(TiTabmon oomena mpop- |

1
s as ]
| Marmeii H B3aUMOIEi- —
|
]

1
CTEHA ¢ ITAMATLIO 1

CxeMa aBTOMaTMYyeCcKou
reHepaumn koaa ang FPGA
CS MSU Graphics & Media Lab (Video Group)

—» 1. llpenpotieccop

________ Y o ___
Koo na azexce O :
1

| TllaGron Kojta Ha A3BIKE |

3. Cunrakcuyeckuii
AHAITHIATOD WadmoHa

r - i ]
i O0padoTanHBIH KIace

I
: KOMITOHCTITA IMTPAaBHT
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MHCTpPYMEHTDI
i pa3paboTku Altera

= Mentor Graphics Catapult C Synthesis

= Quartus I

= CumynmposaHne n KOMnNMNnMpoBaHue
Verilog B gates

= Nios-Il Development Kit
= KomnunuposaHue C-koga B NIOS-koa

= ModelSim
= Verilog cumynsartop

CS MSU Graphics & Media Lab (Video Group)



i Outline

2 Yctpounctso INJINC
1 YcTtpounucteo Development Boards

» Pa3paboTka nporpamm
» Catapult C Synthesis
» O0630p naketa Quartusl!
» OBb30p NIOS Development Kit
» OnTumMnsaumna paboThbl
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i Catapult C Synthesis

= Kcnosnib3oBaHue cucrtemsl Catapult C
Synthesis no3BonseT aBToMmaTu4ecKku
cuHTe3npoBaTb RTLonncaHmne n3
MCXOJHOro onncaHua anropnTtMoB Ha
C/C++.
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i Catapult C Synthesis

= OCHOBHasd Harpyska no otnagke u Bepugukaumu

NpoeKTa nepeHocnTcs Ha bonee BbICOKUA YPOBEHb
abcTpakymm

aHann3 anbTepHaTUBHbLIX BapuaHTOB peanusauumu
anroputmoB Ha C/C++

onucaHune npoekta Ha C/C++ He NpmBA3aHO K
BbIDOPY MUKPOAPXUTEKTYPLI N KOHKPETHOM
TEXHOMNOrMM peannsauun.

B 3aBMCMMOCTU OT NOTPEDOHOCTEN TEKYLLEN
pa3paboTkM OQHO M TO Xe onmcaHne MoXeT ObITb
MCNOJIb30BaHO KaK aNda peanu3aumm npoekta Ha base
FPGA pasnun4yHbixX TUNOB, Tak 1 B Buage ASIC.
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Catapult C Synthesis
[reere}—,

MopenuposaHue
anropuTmMa

| o Bubop
uHTepdeiica |

Mnauuposaxue
onepauui

Cospatme Hacrpoiiku -

ynpasisoLlero M OrpaHUYEHHUS
annapara

MonenuposaHue Ha AHanus
YPOBHE TPaH3aKUMUHA €

leHepaTop Jlornyeckuii
RTL kona CUHTE3

MopenuposaHue Mogenvposanue
Ha RTL ypoBHe Ha BEHTUNEHOM ypoBHE
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i Catapult C Synthesis

Catapult C
Synthesis

CHUHTE3

CS MSU Graphics & Media Lab (Video Group)

KoxsepTep TpaHaakumit

Questa

ModelSim  yStation
- AnnapaTHoe

NPOTOTUNMPOBAHKUE

BEPUDUKALING



i Outline

2 Yctpounctso INJINC
1 YcTtpounucteo Development Boards

» PaspaboTtka nporpamm
» Catapult C Synthesis
» O630p naketa Quartusll
» OBb30p NIOS Development Kit
» OnTumMnsaumna paboThbl
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i Altera Quartus |

[TocnepoBaTernbHOCTb pa3paboTKu
1. Create a “new project”

Add Verilog code to the project

Edit your Verilog code

Compile it

Simulate it

Debug it

Go to step 3

NOoO OA WD
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i Quartus: HOBbI NPOEKT

File - New Project Wizard
s Next

= BbiOpaTb kaTanor
= HasBartb project (eg, my_xor)
« Hassartb top-level design file (eg, my_xor)

« [lobaButb hamnbl: eg, my_Xxor.v

= HaxkaTb Next HeCKOomnbKo pas3

= Bbibop ‘Cyclone’ device family
= Bbibop 7’ as the speed grade, then select “1C20F400C7’

= Finish

CS MSU Graphics & Media Lab (Video Group)



module my xor( C, A, B );

output C;
| Operation | Operator
input A, B; ~ Bitwise NOT
& Bitwise AND
| | Bitwise OR
ign C = (A *~ B);
assign C ( ) i A Bitwise XOR

endmodule

Convention: Outputs come first in the “parameter list”
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Quartus: KomnunnpoBaHue u
CUMYNMpoOBaHNE

= Processing - Start Compilation
= (wait a while)

= Open my_xor.vwf
= Right-click in the ‘Name’ column (white area)

= Insert Node or Bus...

= Node Finder...
Press List button
Under ‘Nodes Found’, choose inputs ‘A’ and ‘B’
Press >’ button to move them to ‘Selected nodes’
Press OK

= Press OK
= You now have two input waveforms

= Try to change their value (select region, right-click or press buttons)
= Save

= Processing - Start Simulation
= (wait a bit)

CS MSU Graphics & Media Lab (Video Group)



@ File Edit Yiew Project Assignments Processing Tools  ‘Window Help

=0l x|
=&l x|
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i cumynupoBaHune — Using Functional Mode

= Processing = Generate Functional
Simulation Netlist

= Assignments - Settings...
= Select Simulator
= Simulation mode: Functional

CS MSU Graphics & Media Lab (Video Group)



4’ Quartus II - C:/Documents and Settings/Guy Lemieux/My Documents/Quarkus /Hor-gate/my_Hor = my

@ File Edit Yew Project Assignments Processing Tools  Window  Help

GRAPHICS & MEDIA LAB
VIDEO GROUP
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i Outline

2 Yctpounctso INJINC
1 YcTtpounucteo Development Boards

» PaspaboTtka nporpamm
» O030p naketa Quartusll
» 0030p NIOS Development Kit
» OnTuMnsaumna paboThbl
» icnonb3oBaHne MAX+PLUSII

CS MSU Graphics & Media Lab (Video Group)
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Altera Nios I
NIOS Development Kit (NDK)

= B coctaBe YeTblp€ KIMto4YeBbIX KOMIMOHEHTA.

= NIOS Il IDE

» Integrated Development Environment for Windows, GUI-based
programming environment

« Based on Eclipse http://www.eclipse.org

= Cygwin http://www.cygwin.com
» “Linux” layer on top of Windows

= GNU C Compiler Tools ‘gec’ http://gcc.gnu.org
« A popular, free C compiler that targets many different CPUs
« Integrated into the IDE

= Documentation
= Click ‘full documentation’ under item 4.
= Click ‘The Nios Il Processor Reference Handbook’

CS MSU Graphics & Media Lab (Video Group)


http://www.eclipse.org/
http://www.cygwin.com/
http://gcc.gnu.org/

i NIOS IDE: New Project

STanbl CO34aHNUA HOBOIro NpoekKkTa

1. Bblbop Tnna npoekta
= Altera NIOS Il, C/C++ Application, Next

>. BblOpaTb wabnoH: Dhrystone

3. BblbpaTtb XKeneso: Browse...
= (Cyclone, Aria GX, Spartain etc.)

2. Next/Finish

CS MSU Graphics & Media Lab (Video Group)



i NIOS Cygwin

s OYHKUMOHAINbHOCTD:

= BoamoXxHOCTb ncnonb3oBaHns Unix oyHKUUN B
Kooe

= Unix ytunutol: Is, less, grep, sed, awk, etc...

= [lpmeHeHne

= Vlcnonb3oBaHue gcc anga komnunauum C B NIOS
Koa

= Bo3MoXXHOCTb genaTtb assemble/disassemble
NIOS kopna

CS MSU Graphics & Media Lab (Video Group)
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GCC and Objdump

= KomnunupoBaHue n gnsacceMOnuHr:

% nios2-elf-gcc —O —c dhrystone.c
compiles program, optimizes code, writes object file dhrystone.o

% nios2-elf-objdump —S dhrystone.o
disassembles object file (or executable file) to screen (stdout)
shows instructions, labels, memory addresses, and binary machine code

= KomnunuposaHue gns cbopkn n coopka:

% nios2-elf-gcc —O —S dhrystone.c
compiles program, optimizes code, writes assembly file dhrystone.s
shows labels and instructions only (no addresses or binary code)

% nios2-elf-gcc —c dhrystone.s
assembles program, writes object file dhrystone.o

CS MSU Graphics & Media Lab (Video Group)
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i Mpumep NIOS Assembly

1nt main () .file "fib.c"
C Code .section text Assembly Code
int a = 1; .align 3
int b = 1; .global main
int c; . type main, @function
int i; main:
addi sp, sp, -8
for( i=2; i <= 100; i++ ) { movi r4, 1
c =a+ b; stw fp, 4(sp)
a = b; mov r5, r4
b c; mov fp, sp
} movi r3, 98
.L6:
return c; add r2, r5, r4
} addi r3, r3, -1
mov r5, r4
mov r4, r2
Run these commands: bge r3, zero, .L6
% nios2-elf-gcc -02 -S fib.c
% cat fib.s ldw fp, 4(sp)
addi sp, sp, 8
Output is shown in next column. ret
.size main, .-main
% nios2-elf-gcc —c fib.s .ident "GCC: (GNU) 3.3.3 (Altera Nios II 1.0 b3le)"

CS MSU Graphics & Media Lab (Video Group)
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i Mpumep NIOS Disassembly

1nt main ()

L C Code
int a = 1;
int b = 1;
int c;
int i;

for( i=2; i <= 100; i++ ) {

c=a+b
a =b;
b =c;

}

return c;

Run these commands:
% nios2-elf-gcc -02 —c fib.c
% nios2-elf-objdump -S fib.o

Output is shown in next column.

fib.o:

Disassembly of section

file format elf32-littlenios2

00000000 <main>:

0:
4:
8:
c:
10:

14:

18:
lc:
20:
24:
28:

2c:
30:
34:

defffe04
01000044
df000115
200b883a
dg839883a

00c01884

2905883a
18ffffc4
200b883a
1009883a
183ffb0e

df000117
dec00204
£800283a

.text:

addi
movi
stw
mov
mov

movi

add
addi
mov
mov
bge

ldw
addi
ret

Disassembled Code

sp,sp, -8
r4,l
fp,4 (sp)
r5,r4
fp,sp

r3,98

r2,r5,r4

r3,r3,-1

r5,r4

r4d,r2

r3,zero,18 <main+0x18>

fp,4 (sp)
sp,sp,8
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[lpouecc HanncaHus

i NIOS nporpammbi

[locnenoBaTenbHOCTb AENCTBUN

1.

2.

6.

HanuncaHue Ha C

[o)

% vi foo.c
KomnunuposaHue B assembly code

[o)

% nios2-elf-gcc -0 =S foo.c

PepaktnpoBaHue assembly code (Hanp. yaaneHue
HenoaaepXXnBaeMbiX MHCTPYKLINI)

[o)

% vi foo.s

Cbopka (accembnmnpoBaHue)

% nios2-elf-gcc —c foo.s
[nsaccemnupoBaHue

% nios2-elf-objdump -S foo.o > foo.txt
N3BneyeHne GMHapHOro MallMHHOIO Koaa

[o)

% vi foo.txt

CS MSU Graphics & Media Lab (Video Group)
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2 Yctpounctso INJINC
1 YcTtpounucteo Development Boards

» Pa3paboTka nporpamm

» O030p naketa Quartusll
» O0630p NIOS Development Kit
» ONnTMMn3auna paboTbl
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[locnenoBaTenbHOCTbL

‘L paboTbl NPOrpaMMbl

= Longest Path = 15ns
s fMAX =73 MHz

10 ns 5ns

5ns

s2
@>

s1 reg
e P>

Logic

Register
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[locnenoBaTenbHOCTbL

PaboTbl NporpamMmmbil

Longest Path = 10 ns
fMAX = 100 MHz

OnTuManbHee

Logic in L2 Pushed Forward Across Register
All Signals in L2 Are Delayed by One Cycle & “ Rd” is Appended to Their

Original Nanfé ns

clock

5ns 5ns

s1 sl Rd s2
- > e @ &
reg
Logic
Register
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OKOHOMUSA PETNCTPOB

reg

inl

in2

In3

in b

s tco = Slow
m (su = Fast
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‘L OKOHOMMS PErMCTPOB

sl Ra reg sl

inl out
>
in2
In3
= Improved tco
- = tsuls Slower

reg Is Advanced So Output
; of LUT1 Is Advanced by
in_b

= One Cycle

Eliminated 2 Registers
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2 Yctpowucteo TJINC
2 YcTtpoucteo Development Boards

» PaspaboTtka nporpamm
» O030p naketa Quartusll
» OBb30p NIOS Development Kit
» OnTumMnsaumna paboTobl
> Acnonb3oBaHne MAX+PLUSII
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MAX+PLUS Il Pa6oTa

(ADT PALACE Compiler Enabled)

Customer
Configuration
ADT PALACE
Compiler
tdo
MAX+PLUS I Compare Results MAX+PLUS Il
MAX+PLUS I
Results
= Customer Configuration & ADT PALACE Configuration Komnunupytotca
aBTOMaTU4EeCKU
=  MAX+PLUS Il BbigaeT pesynbtathl Yepe3 GREATER fMAX on Slowest
Clock
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MAX+PLUS I
i V's. Quartus Il for MAX

= MAX+PLUS Il v10.2 Provides Best
Average f,,,« Performance at the Expense
of Longer Compile Times

= Quartus Il v2.1 Uses Fewest Macrocells
With Default Settings
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i PekomMeHaaLmnm

= Quartus |l ncnonb3oBaTtb Ansd HOBbLIX 2.5V
and 3.3V FPGA

s MAX+PLUS Il ncnonb3oBatb Ang
HEeCnoXHbIX NpoekToB n 5-V MAX FPGA
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