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FPGA(Field Programmable Gate Array)
cOL dzso dH dzsMIs! 1 [ RH

] tsldazdydj Bl " ydz' =« ydwtts
e dC O tOBBIST 1 [ Ry daj BGYftc]
JLelstsoadzj dzdd, O L OHOY Ismmpw ¢
ftesctcOdRzdi3dtetso Odedwv ( ftetsy CIsd te
fosctcORBtetso Odzdy MYy sdz L iz¥
VHDL.
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» LVCMOS18
» LVPECL
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~fstclstso OW RAM ) dzj L O d M
HSGt f stelsO

OQodmd dizOY CdWdekzteOydw {t
| BBtcOL s Olsj dzd tcOL d3j tcdats s c

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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Listes2Misats 1 [ RE

[ Bh d2 Devklepment Board

APS Event Receiver | L €1 a0s | DS_‘ Dev drhatix g (ARGA] K t

Connection
ColdFire 10
Two 14-bit
DACs
Transition Board
Two 12-bit
ADCs
Serial Network High Res A/D Module Connection
17
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Ilabmon B3auMo-
ii [ 1. 11
aciicrena ¢ FPGA penporneccop

________ Y o ___
Koo na azexce O :
1

| TllaGron Kojta Ha A3BIKE |

3. Cunrakcuyeckuii
AHAITHIATOD WadmoHa

________ ) SE
Kona na sasike VHDL | " i
]

j‘ q b q q E 3 Y Y FP@M Eigl{if;ﬁl:ai? Tl i E[L{I[ _PdHHb[Ii DLL- {m’m]l

CS MSU Graphics & Media Lab (Video Group)
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A Mentor Graphics Catapult C Synthesis

A Quartus Il

Adbdd3z dzd e s
Verilog o gates

o Odzd J

A Nios-Il Development Kit
As B d dzd tec ts & GAEdDJOSHE: s H

A ModelSim

A Verilogmd d3z d
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i Catapult C Synthesis
i/ BL Bt f@&ardd O
i [ B L BI®S Development Kit
i JfIsddBdL Oydw OB SISt
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Catapult C Synthesis

Admg

S az! L

s9 OC

Synt hesi s
sJ L dts
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S H dzl
C/C++.
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i Catapult C Synthesis

A Bhdaso dzOVY dzOGctelzL €O 8 tslsdzO
ftes] S SO fJjtej desmdIlsmw dzO B s
OB MistcOSC ydd

AOdZOdzdL Odz' sjtcdzOIsdo dzr = 9 Ofte
Odze stcdIlsdzgse dzO C/ C+ +

AfdmMOdzdy ftetsj CIsO dzO C/ C+ +
or Btclz RS tetsOterndlsy Slskzter (
sjrdtsdzcedd toj OdzdL Oydd.

Al LOeadMmMddismlsd Bls f tslstcj B dats
cOLtcOBSISCd BHIE d Iss yJ
dmMf sdz2 L s9 Odets COC HAzw o] Odz
FPGA t©6OL&Zdyde =~ Isdfse, IsOC
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Catapult C Synthesis
[reere}—,

MopenuposaHue
anropuTmMa

| . Bubop
uHTepdeiica |

Mnauuposaxue
onepauui

Cospatme Hacrpoiiku -

ynpasnsiowiero W OTPOHUYEHHS
annapara

MogenvposaHue 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
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i [ B L BI®S Development Kit
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i Altera Quartus |
] sfdz] His Ols j dz' desils 't

1. Create a nNnnew projec
2. Add Verilog code to the project

3. Edit your Verilog code

4. Complile it

5. Simulate it

6. Debug it

7.

Go to step 3
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i Quartus: dzso r 2 ff tofs

File A New Project Wizard
A Next

AlTBteOIs! COIOdzsG
A1 OL 9 Prigect (eg, my xor)
A1 OL 9 @pslevel design file (eg, my_xor)
AT BB Oo dIs! : &gy deor.v
Al O OMextdz] MG sdz! S8 OL
Al T B®ECYycl oned device family
AlTB®WW@O as the speed grade,
A Finish
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module my xor( C, A, B);

output C;
_ _ Operation | Operator
INput A, B; - Bitwise NOT
& Bitwise AND
: — (A AR | Bitwise OR
assign C = (A" B); A Bitwise XOR
endmodule
Convention: Outputs come f i
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Quartus: s s &3t d dzd te
hd dglz dzd te s 9 O dzd J

Processing A Start Compilation
A (wait a while)

p

A Open my_xor.vwf
A Right-cl i ck i n the O6Named column (white

a
Al nsert Node or Busé
A» Node Finder é
Press List button
Under ONodes Founddé, choose inputs 6A6 and 0
Press 6>6 button to move them to 6Sel ected n
Press OK
A Press OK

A You now have two input waveforms

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

A Processing A Start Simulation
A (wait a bit)
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@ File Edit Yiew Project Assignments Processing Tools  ‘Window Help

=0l x|
=&l x|

JD@E|%‘%E|“ ﬁ'|k?“m~j.-'_x|jr

e | l_ dlll Simulation Waveforms
E ntity Logic C [:E A Master Time Bar | 1200ms 4| *|Pointer: | 335ps  Interval | -119.67 ns Start: End:
Compilation Hierarchy e @\ | | |
= p—_— T N T N - |
M A .l.|
e = A I
@ % ||| e v | ] | | [
KN | | R | 52 g ot L L LT
NEE Z )G Inputs |~ ||
zrifa del -
Module | Pragress %2 | Time & Wy W O ut u 1 g ate e ay g ItC |/]
Simulatar 00:00:0 }@ }@ ( )
- 8ns here
BE: 24
<] | i3
:’;‘Il &) Irfor Running Quartus 11 Simulator ;I

100.00 %

f,l,) Info; Command: quartuz_gim --import_settingz_fileg=on --export_zettings_filez=off my_sor -c mo_wor
’# Info; Simulation coverage is
¢,) Imfc: Murnber of transitions in smulation is 30

/Hil) Info; Quartuz 11 Simulator was succeszsful. 0 erorz, 0 wamings

Systemn ﬂ‘\ Processing /

IMessage: 0af 10

E ﬂ I Laozation:

j Locate |

Far Help, press F1

LA T3 Idle

s

CS MSU Graphics & Media Lab (Video Group)
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%0?
Quartus: 1 r mMstets] & 3 c{”ﬁfﬁ{'
hd d3iz dzd tc & aUSmigdFynctional Mode

A Processing A Generate Functional
Simulation Netlist

A Assignments A Set ti ngse
A Select Simulator
A Simulation mode: Functional
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Q | I al I l lS GRAPHICS & MEDIA LAB
VIDEO GROUP

& FT 2 = A 5 A A A A

%, Quartus II - C:/Documents and Settings/Guy Lemieux; My Documents,/Quartus /Hor-gake/my_Xor - my_x = |I:I| Xl

@ File Edit Yew Project Assignments Processing Tools  Window  Help

=18 x|

{ETR
NEF Z

Module | Progress % | Time & p T
Simulator| e (000001 )@ )@
2
B 24
I —

DBE (& & BR|o o |8 |fmy_or Axee®s oy x|k |&® [
e | dl il simulation Waveforms

Entity Logic C m A Master Tirme Bar: | 120.0 ns J_Pl Pairter: | Irtersyal | Stark: | End: |
Compilation Hierarchy s @\ |
i Eb ps 2EI.FI nz 4EI.FI Nz EiEI.IEI nz EEI.FI nz 'IEIEIiEI nz 12|:IiEI Nz

ab my_war 11] Name 1200 s

Y o
u 2 | | B I | | |
| R - B S L |

S
Hls Odzs dzz 1

1| A Info: Running Quartus || Simulator
/Hi,) |rfo: Command: quartus_zim -import_zettings_filez=on --export_settings_files=aff my_sor -c my_sor
zé,) Info: Simulation coverage s 100.00 %
Zi,) Info: Humber af transitions in simulation s 10

z\i,) Info: Quartuz Il Simulator waz successul. O erars, 0 warnings

I
-l

System ) Processing

IMessage: 0af10 ﬂ ﬂ ILu:u:atiDn:

j Locate |

For Help, press F1

[ | Idle [ [ 4
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i Outline

C LI

¢ U

IS tc 1

s?MmMlsets 1 [ rRH

IS tc 1

S 20g\elment Boards

i [ OLWOBBISCO {(teisc tcOd3d:
i/ BL Bt f@Aartudd O
i [ B L BNiOS Development Kit

iffddiBdL Oydw OB TBSIsT
tR MY sdz/ L SVARHERHURBI!
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Altera Nios I
NIOS Development Kit (NDK)

Al MeMlsOsj yYil'tj Cd*yje'n St&fsd
A NIOS Il IDE

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

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

A Cygwin http://www.cygwin.com
A ALinuxo | ayer on top of Wi ndows

A GNU C Compi | emtp:/Ma.ordusrg 6 gcc 6
A A popular, free C compiler that targets many different CPUs
A Integrated into the IDE

A Documentation
A Click oO6full documentationd under I t e
A Click 6The Nios |1 Processor Ref eren

CS MSU Graphics & Media Lab (Video Group)


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

i NIOS IDE: New Project

BoFecg dof QEbYyYy bodoj o 6ed
. JrBetste sdf O sy C1Is0
A Altera NIOS II, C/C++ Application, Next
2. 1 T B e @B dztddlwystone

. 1" Bte@lgldzj:L 5 Br ows e é
4~ (Cyclone, Aria GX, Spartain etc.)

2. Next/Finish
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i NIOS Cygwin

ANEZES YydsdzOdz! dzsfls 4
AJgtSL d3ts ) dats s - c{fnti]’nix&lzlzdz%m@ﬂzc{\e
SHJ
AUnxzlsddzdlsrl s, | ess, grep,

AY tod d3j dzj dzd J
A Efnl]’ sSdz' L myec@d)] ¢ s i3 daMQApd d
S H
Al BL A3ty dzts M Is assemplad@@dssemble

NIOSC 5H O
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i GCC and Objdump

AstRBYddzdteso Odzd] d: HdL OMMJ d3B dzc

% nios2-elf-gcc 1 O i ¢ dhrystone.c
compiles program, optimizes code, writes object file dhrystone.o

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

AstBYf Jdzdteseo Odzdd HEzV: MBS d

% nios2-elf-gcc 1 O 1 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 i ¢ dhrystone.s
assembles program, writes object file dhrystone.o

CS MSU Graphics & Media Lab (Video Group)
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i } to d NS Assembly

|nt main() file "fib.c"
C Code section text Assembly Code
inta=1; .align 3
intb =1; .global main
int c; type main, @function
inti, main:
addi sp, sp, -8
for(i=2; i <=100; i++){ movi r4,1
c=a+b; stw  fp, 4(sp)
a=>b; mov 5, r4
b =c; mov  fp, sp
} movi r3, 98
.L6:
return c; add r2,r5,r4
} addi r3, r3, -1
mov 15, r4
mov 14, r2
Run these commands: bge r3, zero, .L6
% nios2 -elf -gcc 102 i Sfib.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 Tcfib.s .ident "GCC: (GNU) 3.3.3 (Altera Nios Il 1.0 b316)"
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il tc d dBNI@S Disassembly

|nt main() fib.o: file format elf32 - littlenios2
inta=1; C Code Disassembly of section .text: .
intb = 1; Disassembled Code
int c; 00000000 <main>:
inti, 0: defffe04 addi sp,sp, -8
4: 01000044 movi r4,1
for(i=2; i <=100; i++){ 8: df000115 stw  fp,4(sp)
c=a+b; c. 200b883a mov 15,14
a=>b; 10: d839883a mov  fp,sp
b=c;
} 14: 00c01884 movi 13,98
return c; 18: 2905883a add r2,r5,r4
} 1c: 18ffffc4 addi  r3,r3, -1

20: 200b883a mov r5,r4
24: 1009883a mov r4,r2

Run these commands: 28: 183ffbOe bge r3,zero,18 <main+0x18>
% nios2 -elf -gcc 102 icfib.c
% nios2 -elf -objdump 1S fib.o 2c: dfo00117 ldw  fp,4(sp)
30: dec00204 addi sp,sp,8
Output is shown in next column. 34: f800283a ret
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}esyd MM dzOY d
‘LNIOSU tcts G tc Odgdz

l smdz Hs9 Ols ] dz dzsls HJ 2 Mmls

1. 1 0fdmodad j dz0
% vi foo.c

2. s szt d dzd tc ts as€edzdlyjcode
% nios2 -elf -gcc TO TS foo.c

3. 1 J HOCIs( tc msse@blpdcgde (dzO { tc . ZH Odzy
dzJ f sSHHjty doa Oj 3" = ddzmMlstclzC yd
% vi foo.s

4. 4Bt O (OMMj dsB dzdtetseo Odzd § )
% nios2 -elf -gcc icfoo.s

5. 1dL OMMmj dsdzd tets 9 Odzd j

% nios2 -elf -objdump 1S foo.o > foo.txt

6. RLOdzf yjdzedJ B ddzOtcdzscts BBON d dedats G s

% Vi foo.txt
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c LM

s2Mmlsets 1] R

s 2Dg\eldment Boards

i [ OLWOBBISCO {(teisc tcOd3d:
i/ BL Bt f@Aartudd O
i [ B L BBI®S Development Kit
i flsddBBdL Oydw OB IS

48
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) sfMdzj Hiso Ols | dziteey
‘Ltﬁ@B slsr  f tets ¢ tc Od3H

A Longest Path =15 ns
A fMAX =73 MHz

10 ns 5ns 5ns
sl reg s2
Logic
Register
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