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Innovate Asia 2008
SOPC Builder and NIOS 11

€ Build SOPC for DE1
& NIOS Il Programming
€ Example: SDCARD Music Player
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Build SOPC for DE1

€ New SOPC System

€ Add CPU/Component

@ Clock Setting

€ Specify Connection

& Adjust Base Address/Interrupt Number
€ Adjust Arbitration

€ Generate Code




New SOPC System

e Click SOPC Builder ICON
under Quartus Il

* |nput Project Name
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() wHDL
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Add CPU

= Nios [T Processor - cpu

Nios II Processor
Core Ning il FCathes and Memory Interfaces
Select a Hios Il core: Inétriiction Bz ster 1 Crta Mastar
ONios Ilfe ONios Ilfs le] Cache: |4 Kbntes || | ffotncacte: |2pigtes | w| [] Omt dotn master port
Ni I RISC FISC [ Enabin Bursts (Burst Size: 32 bytes) Hep | |\paiaCacheLins Size: 328ytes |
it | o T
Inciude o ﬁldhmﬁﬂn'ﬂdﬂr | ']
Famdy, Cyclone i Branch Prodiction . - piad isricton mler porka), [ ichsse tighity coupled date master portis). |
Hardware Multiphy : Hayaleal ] T Rt g il
'rymam; 1000 M Hardeare Divide
cpuid O
Porformanca ot 100.0 MHz Up o 3 DMPS Up to 50 DHPS: y
1 o | e N0 T | Ea _A9nn 4ann | £ Joe)
Hardwore Mutily: | Ervieciisd Mubisiers :] [ Hardwara Divide
Feset Vector: Whsenary: | ediraen = {f) reQOS00000
Exception Wesmory: | sdram el | 20 | o DOR00020 = i
| 152 13
4 x| 4 L |
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Add GPIO Controller for
LED/ (SEG/SWITCH/BUTTON

10 (Parallel FO) - Tedg .4 S P (Parallel 0] - key

llllllllll

IIIIIIIIIIIIIIIIIIII

() Birectional (ristate) ports () Bdiractional (ristate) ports
B =D
) Bath input el outpad perts ) Bath input anel outpad perts
@) R
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Enable Interrupt for Input GPIO

EPI0 Parallel 0]~ key oo

PIO (Parallel I/0)

[vacano

Edge capture regisier

(& symctvencusty capture )
() Rising edge
() Faling edge
() Ether edge
[] Eriabis bd-clearing for edgs capturs régisler

Inkerruph

T

T Level
(et CPL whan any urmasked 10 pin i fogic troe)
(%) Edge

(intarripd CPLI when afry urenacked b in the edpe-capture regisier
I3 logic: true)

VWarring: PIC inpads are nof haediwiresd in te=t banch, Ungefred vakues will be read from PG ingud

[<] 1 [

[Sence] [ Bockt) [ (s D
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ADD SDRAM

= -
I SDRAM Confroller —sdram I SDRAM Confroller —sdram

SDRAM Controller SDRAM Controller
= ~SORAM liming paranetars -
Presets: | Custom :J
CAS Iatency cyces: Ciz @
- Ciata width
| KEf=x 16 |
L - ] Intinliration refresh cycies: r_i _‘\
FArchitecture ' Issue one ratresh command avery 15625 us
‘mm_1 3@&; 4 :@ Dby after pawenup, before rdialization 100 s
Addrazs widlhs . Duiration of refresh command (1_mck ?IZI e
C iT12 )C T ) Durstion of precharge commard (t_rpl :JU ne
| - ACTIVE 1o READ o WRITE delay (t_rcedl 0 [
Share ping via tristale bridge ookt e '5.5 -m
[[] Controlise sharss doidgminddr UO pins Wil recovery time (1_wr mww1:
AT, rgj
Tristeds beiipe setectionr |
[ Fenenc memany model (SimulEaton oniy)
Mammmnmmm
Mamory zive = 5 MBytes
4194304 x 16
64 MBRs .
— - = .
[Comat] 7 ((piet s Y - (G
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Add SRAM/EPCS

TIPS Serdal Flash Canfrofler - epcs_controller

SRAM - srarﬁf

SREAM Cantroller
DE1 and DEZ Development and Education Boards
Total rmemory: 512 KBytes

Metnory Format: 256K x 1 6B words

The EPCE Serisd Flash Controbér core enabbss hion I systems to access an Aders EPCS serial
configuralion devce connscled lo the FRGA

Aletm provides device drivers 1or the Mos | processor which siows you 10 read and wiibe the
EPCS from Mios § software

Thera are no usar-confipurabs setlings,

[

ancel < Prew MNext =
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Add FLASH

W Flash Memory (CFI) - cfi_flash

Axraion clock period is 100 ns.
Tierireg grardarty k= in unils of Avalon clock period.

Actual setup Bre for nesd and wribe trarsiers: 400 ne
Acciual bokd e for pesd snd wiile trenstsrs 160 ne
Croale an interince to arvy incusiry-standard CFI (Common Flash iInberiace)-complant Actual wad-state time Tor reac and wrie transfers: 40.0ne
Mash memary device, Salact from a k=t of {ested flash memonies or provide interface
s timing infeemation for & CFlimemory device whith doss not appear on the st

3] nifa: Fiash mesary capacty: 40 MEytes (3194304 tytes). 3] nifa: Fiash mesary capacty: 40 MEytes (3194304 tytes).

i) (=)
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Add Tristate Bridge
for Flash

* Bridge and Adapters->Memory Mapped-
>Avalon-MM Tristate Bridge

W valon MM Tristate Bridge  tristate_bridge flash
m Avalon-MM Tristate Bridge
Miagutarn

Increses off-chip fmax, bul slo incresses lalesncy

(23 hok regisiered

Fedeces latancy, bl skoo recuces: b
Hobe: Check the input sahup tmes anabysis in the Guarius: compdation repork
o be sure your bus inputs mesd gy slem-level timing requirements

Cudgoing e and cortrol Sgrals are abways regiziened

10
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JTAG-UART/UART

" _UART [RS-212 Serial Port) - vart

I JTAGUART - jrag_uart

UART

JTAG UART (RS-232 Serial Port)

peb

:  Baud rate
Write FIF O (Drata fror Avalon to JTAG)
B | Baedrme(pst 115200 v
Butfer depth (bytes) B4 >l RO tweshokt | B S
N B error 0.01 %
(] Contrumt using registers instea of memory blocks [ o rates o s chianged by softwire (Divison rogisier is wribsbia)
Raead FIFCQ lﬂa!a froamy JTAG m.\l’arﬂ‘m' = .Pa”" Dats Bits: F B‘lﬂ‘!:l bide
Butter deptn (btss) |64 ¥l movvess 8 | rere (v 5 ] 1 v
| [ Comstruct using registers nstesd of memary blocks. - Flow s artre]
!@mmﬂm pere and mmmuu;)
Sireaming data (DMA} conlral
[] tnchsde end-of-packet segistes
|
= =

11



Timer/Time-Stamp/sysid

'" Inlerval Timer - timer

Hardware options
Pressts: Custom
rRegelans

[#] Witnbsie period

[+] Readakia snapshot

[] Start/Siop contred bits.
[ Oufput signais

[ Timesnut putse (1 clock wids)
[[] Sy=tem rezst on timeoit (Wabchadog)

= System ID'Peripheral’- sysid

Parameter

Setkings

waten D 561854792
Tirme starmp: 1210866954

A unigue ID iz assigned every time the system iz generated.

© 2008 Terasic Corporation
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UPLL - pll

PLL Settings Interface i 1 et st Pl
rPLL configuration B
derrad
The Avalon PLL configuration wizard crestes a cotmponent wrapper around an Altera STy e T e —
ALTPLL megafunction. Use the ALTPLL Megaizard to configure the PLL settings.
ol by o e pukel pod T 10
When you finish configuring the PLL, the PLL clock output appears inthe clock takle L -
on the SOPC Builder Systetn Contents takb. BL e
e PLL trp ol b g
~ .
( Launch Aftera's ALTPLL Megstizard ) . i L 0 A
= ot gl e
Vi roll B 1L ctgar Lo gueramsimt
+ kil Hw fpadigeh path e T 1L
I e Hsds
s ol i M
I Zoves iy Bt P
. ) e e
i s chh i e @ 8
[Coel] - [ (] — e
| Concel | [ Hext » | | Funish =1 (e how]

13
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Add PLL (2)

;Mc'gaWizard Plug-In Maneger [page 4ol 8]

=C Output Clack cl=C Output Clack.
altpliph bk to implessank the requested PLL altpliph bl bo implemant the requested PLL
PO | ok trcqusncy: 40000 Mbtr PO | ok srcquincy: 40000 Mbtr
Dpueation Muda: fisnrsl Operseion Modu: tismreal
o [Ramio [P g OC 133 O | Rato [P (g DG ()
B 176000 Enter output clock frequency: sh 1.3 } B | o000 Enter output clock frequency:
w000 ] s0.00 o1 | 20 |eono| so00
7] oo | s000 (% Enker output clock parameters: el 7] o0 | 5000 (% Enker output chock i
. ¥ Factor
I Clack multiphcation Factor I Clack multiphcabion
Clack, division fackor
Clock phase shift

‘ P l | Clock duty cydle (%)
IHore Detas >>
Per Clock Feasiblity Indcators
Clock o

[l |[ <t (> ) oot | [(eoea I <tk JTwow> L) |

14



© 2008 Terasic Corporation

Clock Setting

Target Clock Seftings

Device Family: Cyclone |l lv] Marne Source MHz

Use

=

=

B & EEEEEA

Cannec...

pll ¢2 audio

Iodule RMarme

=

=

epcs_controller
epcs_control_port
tristate_bridge_flash
avalon_slave
tristate_master
cfi_flash

Description

EPCS Serial Flash Controller
Avalon Slave

Avalon-wihd Tristate Bridge
Sovalan Slave

Aocalan Tristate Master
Flazh Memory (CFD

Avalon Tristate Slave

PLL

Avalon Slave
Pl (Parallel 1627
Sovalan Slave
Pl (Parallel 1427
Avalon Slave
PIC [Parallel 1427
Avalon Slave
Pl (Parallel 1627
Sovalan Slave
Pl (Parallel 14827
Aovalan Slave
PIC [Parallel 1427
Avalon Slave
Pl (Parallel 1827

External

pll_c0_cpu

pll_c0_cpu

pll_c0_cpu

pll_c0_cpu

pll_c0_cpu

pll_c0_cpu

Eaze

D:01901800

Dec019020e0

D=1 N2060

D:01902100

001902110

O=01902120

D:401902130

»

]

End IR

b0l 201£ £

b1 M EE £

01 S0E2051

(k1 A2

k01 S0 £

ka0l A210£

ka0l 4211 £

k01 921 24

0] 021 3

15
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Connection

e Master Port - Slave Port

K [ & [E

E key
=1
= =witch
=1
EH =sdram
=1
= epcs_controller

—p— epcs_control_port

= cpu
instruction_master
data_master
ftag_debug_module

= tristate _bridge flash
avalon_slave
tristate_master

cfi_flazh
=1

PID (Parallel 1427

Avalon Slave

PID (Parallel 142

Avalon Slave

=DRAM Caontraller

Avalon Slave

EPCS Zerial Flash Contraller
Avalon Slave

Mioz Il Processor

Avalon Master

Avalon Master

Avalon Slave

Avalon-kitd Triztate Bridge
Avalon Slave

Avalon Tristate Master

Flazh Metmory (CF1D
Avalon Tristate Slawve

16



« Apply Auto
e Adjust in manual
e Lock Address

D=01901200

IF 0
0::01901000

00190

2040 D

k01201 £££

k01 201 TH £

k01 ML £ £

01 ATX05

IF) 3

o

[

avalon_slave

tristate_master
B cfi_flash

pll
=1
hexl
=1
hex1
=1
hex?
=1
hexd

O O o o

|

] (! N

pll_cl_cpu

[ tristate_bridge_flash

0=c01400000

T R 902040
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Adjust Base Address
and Interrupt Number

Ayalon-hhd Tristate Bridoge

Mol T lma

Editt... Ctri+E

Component Details

Fetnove
Lock Baze Address kel
& Move To Top
s Move Up
7 Move Down

22 Maove To Bottom

@Lﬂu-.ﬂ.s gh IR2s )]
v Showy Connections Calumn

Shovwy Arbitrstion

k01 ML £ £

k11 A0X05E

pll_cl_cpu

001900200

k01 AT ef

r

pli_

clk
pli_
pli_
pil_
pil_

plIl_

pIl_

17
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Adjust Arbitration

E cpu Mios Il Processar
instruction_master Avalon Master
data_master Avalon Master

fag_debug_module Avalon Slave

[ tristate_bridge_flazh | &valon-MM Tristate Bridge

Mol Ly nm,

gvalon_glovs—
tristate_p  ECt-.

cfi_flazh Cotnponent Details
=1 Fenarme
= pll
=1 Remove
EH hexd
cl & hove To Top
EH hext
= A hove Up
E hex2 7 Move Doven
=1 =% Move To Bottom
EH hexl
=1 Auto-Azsign Base Addresses
H =d_clk Ato-Azsign IRGs
=1
B sd_dat v Show Connections Caluimn
=1
[ =d datl e

Ctrl+E

Ctrl+R

» Il

<] K & K E

& [

B ledg

=1
E ledr

=1
E key

=1
B switch

=1

sdram

=1
E epcs_controller
epcs_contral_port
cpu
instruction_master
data_master
{ag_debug_module

18
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Generate Code

Bullder - DE1
Bl B Modds Sysism Yiew' Jodks: Wosl fop
| System Conterts | System Generation |

Cxfliores
System mocks jogic will be created In Verfog.
[T Smuiation, Create project sivwstor thes

Moz I Tools
|-|lg SR w'— — uoww Se— m

Fitoc foihe terms and concitions of the Asta Program Lcenss

nie Subscriplion Agreesmart, Allera MagaCose Function Licensa

infor Agreement, or cther applicabls lcense sgreemerd, including,

it without madion, that your uss is for the sole purpose of

it progeamining logc devices manufactured by Abera and sokd by

Infoc Akera or ks authorized dislribuiors. Fleass rafer to the

kit applicabis sgreement for further detads,

e Processing starded Tue May 13170228 2002
3 nio Command quartus_sh -t DE1_SOPC_setup_quarius fcl
i) Wtec Evalustion of Ted seript DE1_SOPC_tatup_guartus 120 was suctezsful
1D Wt Quartus i Shel was successtul 0 errors, 0 wamings

Wit Adocabed 46 megebyies of mamary SUNng pIOCERTING

It Processng endsd Tus May 13 17:12 28 2008

it Blapaad tme, 000000
20050503 17,12 29 (*) Compastesd generation for system DE1_SOPC
& 200005 43174 223 () THE FOLLOWNG S'vSTEM ITEMS HAVE BEEN GENERATED:
SOPC Bulider database © DrAI0S_LOET D81 _MOSIDET _SOPC pit
System HOL Model | D ABOS_UDETDET_NOSLDE! _SOPCY

System Generation Seript | D-NCS_LDE1/DET_NCSLDE _SOPC_generslion_seript
F 2000543 171 2 25 () SUCCESS: SYSTEM GEMERATION COMPLETED
-@l\x System genarstion was successiu j
&

L Warning. key. PO inpuis are rof hardwired in test bench. Undafined wnlues 'wil be read from PED inguts during simdation ]
1 Warming: sweitchc Fi inputs: are not harchwined in test banch, Undefined vaiuss will be read from FIC inputs during simuéstion,
¥ into: ¢fi_Mast Flssh memory cagacty. 4,0 MBytes (4134304 bytes)

L., Warring sd_dat: P0 inputs are nol hardwired in test bench, Undefined values will be read from PO inputs: during samulation,
s Warning. sd_det: PO inputs are nol handwired in et bench. Lincefined vabues will be resd from PO inpuls duing simlation
1, Wsrring. md_emvd: PIO inpits Brs not hardweirsed in bast banch. Uinsatinad viskes will be reat from P inputs during siwalstion :J

19
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Instantiate SOPC 1n Quartus Top

Pl el cput),

c1 sdram{DRAM CLKID
aset nil

i the key
in_port_to the key(KEY),

ffthe ledg
out_port_from_the ledgiLEDG),

i the ledr
out_port_from_the ledriLEDR),

fthe sdram
Z5_ba mrom_the sdrami{LFEAM BAT TDRAM _BA_UH,
Z5_cas_n_from_the sdram{DREAM CAS M),
Z5_cke from_the sdrami(DRAM_CKE),
Zs s n_from_the sdram(DREAM CS M),
Z5 dg to_and from_the sdramiDREAM_ DG,
Z5s_dgm_from_the sdrami{DRAN LD DEAM _LDGNE,
Z5 ras_n_from_the sdram{DEAM_RAS M),
Zzs we n_from _the sdramiDREAM WWE M),

20
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NIOS II Programming

4 New NIOS Il Project
®NIOS |l System API

© 2008 Terasic Corporation
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Start NIOS Il IDE 7.2

 Windowsz: H1f] ,QFJ?E FR =

- Altera->NIOS |l EDS 7 29NIOS Il IDE

(.27

Wlmtth

Altera Nios Il IDE

22
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Setup Workspace

12 H“File> Switch Workspace...

Select a workspace

Mios IT IDE stores waur projec I: a Folder II |:| a workspac I
Choose a workspace Folder ko F this

D:ANIOS_INDE1\
software\project_hello

23
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New Nios Project

22 H1“File->New->Nios Il C/C++ Application”
ﬁ

Nios II C/C+ + Application

Click. Finish to create application with a default system library as DHANIOS_IIDEL
\DE1_NIOSIT SoftwarelProject _HelloiHello

Epecify Location

Location; |D:\MIOS_INDELDEL _MIOSIDSoftware\Project_Hello

Select Target Hardware,

SOPC Builder System PTF Fil t CuAMIOS_INDENDE] _NIOSINDEL_SOPC,ptf

CPLI;

Select Project Template

Hello Freestanding [A] Description
Hello LED Prints 'Hella From Mios 1T
Details

Hello world Small

Host File Syskem Hello World prints 'Hella From Nios II' to STDOUT, -~

Memory Tesk

MicroCFOS—II Message Box This example runs with or without the MicrofOS-IIRTOS and | =

MicrorOS-I1 Tutorial = requires an STOOUT device in wour svstem's hardware,

Simple Socket Server

Tiglletly Couplad Memary ;hi; soFFware example runs on the Following Mios II hardware

Web Server eSS [v]

Zip File System »
P —

@ Mest = ]ﬂ Einish Iﬁ Cancel

_—

24
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Hello Project

"3 C/C++ Projects X SEEWREGT e

s 8rErEr B-0-0c B

T | i L ful bl L} “:-:: R Welcome o the Altera
= S o Nios I!IDE

e bl vl (D7 72 Conbrol Panel 3000

L

# =% altera.components Biopry e iy

== hello_syslib [DE2_70_S0PC] R S

[+

& M Twgetn
winclude <prdin, b E Whil's Maw
i 1 oy sl i
printd ("Nello frem Miae IIfin");
e I — -
S "4+ Projecks Mawigakar it
r]
T=— altera.componenks
palnrals = ) .
== fhelio | * Editor
............ 5 B | 15 eatiesa Lorvasle | Froperte
<> Binaries s e e
;- . Inl:ll_":lES Dt Fiadis L Lcatin

= De=bug QQ

EI Tello _wworld,
\=| application.=kF

E'u:HpSE
readme . Exk PrOJeCt ﬁ e+
=% hello_svslib [DEZ_70_SoOPC] Management J

25
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Project Configuration

SHios T INCIE>+ - "hello world.c - Nios'|

File Edit Refactor Mawigate Search Projec
Ci~-EH & B - 8%~ [ -

g altera.components

e R

s—=

= Go [Nko

=

-1 Open in Mew Window

_ Rebuild Inde:x

B2 he Active Build Configuration L4

Run As L
Debug As »

Build Project
Clean Project

E=] Copy
@I Paske

Delete

Mowe...
F.ename

E=g Impoart...
£ Expart...

Q:)(h Refresh

Close Project

Team »
Compare With »
Restore From Local Hiskary. ..

| Properties for hello syslils

Indo

Blders

CIC++ Bl

CIC++ Dot stion
CIC++ File Types
CIC++ Irchade Pathe s
CIC++ Imddascar
CfC4+ Maks Projset
CfC++ Projact Pathe
Projact Referances
Puef actoring History
System Libeary

System Library
Target Hardvars -
SOPC Bulder System:
P
Siystinm Libracy Contents
RTOS! none {single-thrsaded) -
stdout: g st ™
stoerr: fag_uart i]
shebn: Rag_uart E|
Tirvezstamp timer : Pefie E
[iae il descriphors: xR
[ Priogram never exits [#]Chean ek (Fush buffers)
Support C++ [[Jneduced device drivers
[ Lightwssight: desvice driver 491 [C] Small € Mwary
[l Link v profilng frary [CIiodsisem orky, no hardeare suppcet

[l Unirplemented instruction handler [ Run teme stack chacking

Linkes Seript
() Cuskam irker seript

(8) Use auto-genersted linker script
Prograem memary (bext):
FRead-only data memory (.rodata):
Read/write data memory (. rwdata):
Heap memody:

Shatk mamory:

[Cuse & separate sxception stack
Exoeption stack memory!

Magmmem excception stack sire (bytes) |

[ belp | |Restors pefoks |

Properkies

26
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Compile
 Menu “Project->Build All”

FProbleens | B corescle ¢ E e ] ] ] | = = e
i il [Feeilo ]

(= obj

$define LCD_SPAN 16
= stem_descriptiﬂnﬁ #define ALT MODULE CLASS led altera avalon led 16207
EEE |

= FEasd Lol a2 o cerndt i cpas e daois  Dhemlangy O Serr e et ke L Qe wow oo
Ty T e — == 1 1 A e 1 wache =
Cogegi ling hello oo lad.ooc o o o
Tt a3 i rscy S 1 L. o= L L o
b O Fme=1 1 .. e=13] =57 HEy o e B AT O T T = 3 I i e e o e -
A mmd dewl L =ecE CEewnT o) .
Txaos = - = IR ey === o =ramachc A4 s o
e L TN e E e e T el ek . e . o o
e T = e e e e e ) N O === (=0 =g 2 _ L = 3 L= =Sl T B B-_:n-e!’n- Eues sz
Moo s e = Ao Less dceas i -w e = Enmdse 1 ek = = e oo e T ST
Fsag i Loclep = e SR AL ENES L ROy AR e Lo Ee T Frsme rlmrsme e =S Sencl e 5o
E. o T (= f o B =-_ o L =8 _ 3 8 s F ] = A yrien 1 e o Ee Smﬂ a - e BN B T _ O (= S WL N ==
[= =3 __F_° e T=1 = e X ed = L =8 .3 dsn=c E npce T Ao - = A EnLk L e - 3
Eaai Lo g Lo el = = L SED e reckom
Sytem.h
Fﬁ] CIC++ Projecks X Mavigak
[ ojects gator S B
h 1
|.-III w :
1
v % led configuration i
€ i |
l= altera.components N i
s s !
= thello ey :
pllces P .
=-1=% hella_syslib [DEZ_70_SOPC] : !
. I _ 1
g Archives #define LCD _NAME "/dev/locd" :
= Includes fdefine LCD TYPE "altera avalon led 162077 !
| _ - - - - 1
=@ Debug #define LCD_BASE 0x000Z0010 :
1
1
1
1
1

_________________________________________________________________

27
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Download Hardware . SOF

 Menu “Tools->Quartus Il Progammer”

("> Quartus Il Programmer - [Chaint.cd/*] = L |
Flo Edt Optiors Processng  Helo

@- Haidwars Setup. | USBHWHJSBN) Mods: [JTAG x| Proges:

[ Enable reabine ISP o allow background programiming {for MAX 1| devices)
T S N P - [ A e ard I P

o QIO IADET/DE  JEPCAIF4B DOGIH1E  FFFFFFFF : ] O 9 Ll

M Ao Detect /

& Il

8 Add Device

i A

L]

$ioen |

Type |Heasw go I
[\ System |
Fisady UM

28
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Run

| S Mios [I'C/C++ - hello_world.c - Nios II'IDE

File Edit Refactor Mawvigate Search Project Tools Run Window Help

- B & G E @ 0*—- &P i m-

. Mios I CfC++ Projects X - Elﬂ' {-@ hella_world.c &2 7
3 CDQ: o A
"-ﬁéaltera.mmpnnentsé * "Hello World" example.
=12 hello T _
= @ hella_warld.c * This é:-:ample prints 'Hello £i
_____ application . stf u t-hE.Nll:lE II 'stande.xrd' : 'f1..J.l.
| i readme. b * designs. It runs with or wit]
@ hella_syslib [PCT_S0PC] * device in your saystem's hard
* The memory footprint of this
* uzing the standard reference
I3
#* For & reduced footprint wers:
* to reduce the memory footprii
# M"amall hello world"™ template

29
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Run Configuration

Create, manage, and run cohfigurathons t::i is
DRx &3 ,
|| Hame: | hedo bhiss 11 HW configuration
'.TDII&‘FI E — . - -
= 0 e ) o s e
(B | ZfC4-+ Local Appdcation
= M

|

ITAG cabls:

@ Freo ek, RTANBLOr

) rios 11 Modeism

B tisos I8 Multiprocessor Codection || | JTA device:
| anskommatic <the device which has the processor > E
Mo 1T Tirmanal comimumication devios:
frag_usrt <shdinfstdout/stderr E
Hast COM pork:

Audukthonal négs2-berminal arguenants:

&l > [ deety || Rewet |
@ )
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Result

» “Hello from Nios II!” appears in Consol
Window

Problems | &l Consale Propetties ] w BB | Bl - -

hella Mios IT HW configuration [Mios IT Hardware] Mios IT Terminal Window (200701119 TF9 12:57)
niosd-terminal: connected to hardware target using JTAG TTAR'
niosZz-terminal: "USE-Elaster [UIZE-0]", dewvice 1, instance 0O
niosd-terminal: (Use the IDE stop button or Ctrl-C Lo termi:

Hello fromwm MNios II!
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" "Nios I CIC++ - hello_world.c - Nios Il IDE
Froject  Tools. Bun  Window

ERNCE o
= E | g hello_world.c 2

= .

File Edit Mavigate Search
[

5w e

i Nins ITEf T+ Projects

Refackor

f JConfirm Perspective Switch

9 This kind of launch is configured to open the Debug perspective when it
v suspends,
This Debug perspective is designed to support application debugging, It
incorporates views For displaying the debug stack, variables and breakpoink
management.

Do wou want ta open this perspective naw?

[CRemember my decision
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[ _“Debup - hello world.c - Nios Il IDE

Filo Edt Refactor Mawigabe Search Project Tods Run Window Help
Mokl @& CB-0-" Q> @ e Y=g % S0 T s Debug =
3 Debug 12 = 1 [t9= varintles 1 . Breakpoints | Regiters | Modues| =i
WA BB ES i 7 AR X NT
= ] helo Mo T HW configuration [Mcs I Hardware] (&) hame vakie
= R hwos 1 EF Debugger (2007/11/27 T4F 9:29) {Suspendsd)
S i® Theead [0] (Susporded)
= 3 maind) ot .. hebo_workd.£125 000000220 L
= zat_mand) o lovpdivelciensiT2innszeds\comens | (g ] " 3]
= 1 _start() 020000020c :
I < storminated, et vahue: 0805 [ Download outout (20071175
1% i | *
ST
L % 8w e
void hello_led{veid): U doh o
D siring.h
int watni) ] ‘W;:ﬂ-h
| F hello_led
> printf{"Hello from Nics II!\n"): | » men
. o heldo_lcd
‘ helle ledi):
b
return 07 [ne]
<] [isl
© Corcole 51 Tasks Memary| . %% ==
helo Mos 11 HW configuration [Mos 1T Hardwar _
plo=Z-terminal: connected L s -
niosz-terminal: "USB-Blaste F6 Step Over
niosZ=terminal: (Uas che 1D
F5: Step Into -
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Altera Data Type
t 32: singed 32-bit integer
t u32: unsigned 32-bit integer
t 16: singed 16-bit integer
t ul6: unsigned 16-bit integer
t 8: singed 8-bit integer
t u8: unsigned 8-bit integer
defined in “alt_types.h”

QY Y O DV QD
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Access Hardware

e Access Memory:
— Pointer (Data Cache Enabled)

 Access Device Regqister:
— |ORD, IOWR (Data Cache Disabled)

 Access by HAL API:

— open, write, read, close (and fcntl)
— alt_xxx

35



© 2008 Terasic Corporation

PIO-LED Example
LEDEJ /4

void testl led(void ){
alt u32 led_mask=0;
while(1){
// green led control
IOWR_ALTERA_AVALON_PIO DATA(
PIO_GREEN LED BASE, led_mask);
// red led control
IOWR_ALTERA_AVALON_PIO_DATA(
PIO_RED_LED_ BASE, led_mask);
// toggle led
led _mask "= OxFFFFFFFF;

/Il sleep 0.2 second
usleep(200*1000);
} I/ while

}
/l PIO_GREEN_LED_BASE & PIO_RED_LED_BASE defined in system.h
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PIO-SWITCH Example

SwitchAKEEEE T~

void test2 switch(void ){
alt_ u32 mask;
while (1){
Il (switch up) active-high
mask = IORD_ALTERA_AVALON_PIO DATA(PIO_SWITCH_BASE);

/I high-active
IOWR_ALTERA_AVALON_ PIO DATA(PIO_RED LED BASE, mask);

}
}
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PIO-IRQ Example (1)

Pushbutton IRQ Enable

void test3 irq_pushbutton(void ){
static alt_u8 led_indicate=0x00;
/l init led indicator
IOWR_ALTERA _AVALON_ PIO DATA(PIO_GREEN_LED BASE, led_indicate);

/[ enable interrupt, 4-button
IOWR_ALTERA_ AVALON_PIO_IRQ_MASK(PIO_BUTTON_BASE, 0x0F);

/I Reset the edge capture register
IOWR_ALTERA_ AVALON_PIO_EDGE_CAP(PIO_BUTTON_BASE,0);

/] register ISR

if ((alt_irq_register(PIO_BUTTON_IRQ, (void *)&led_indicate, pushbutton_isr) = 0))
printf("[pushbutton]register button IRQ fail\n");

else
printf("[pushbutton]register button IRQ success\n");
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PIO-IRQ Example (2)

Pushbutton ISR

void pushbutton_isr(void * context, alt u32 id){
alt_u8 pushbutton_mask;
alt_u8 *pled_indicate = (alt_u8*)context;

/Il get the edge capture mask
pushbutton_mask = IORD_ALTERA_AVALON_PIO _EDGE_CAP(
PIO_BUTTON_BASE) & OxOF; // 4-button

I/l Reset the edge capture register
IOWR_ALTERA_AVALON_PIO _EDGE_CAP(PIO_BUTTON_BASE,0);

/[ update led indicator

*pled_indicate *= pushbutton_mask;

IOWR_ALTERA AVALON PIO DATA(
PIO_GREEN _LED BASE, *pled_indicate);

39



Timer Example
Time Measurement
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void test_timer(void){
alt_u32 time_start, time_elapsed, ticks_per_second,;

/I check hardware
ticks_per_second = alt_ticks_per_second();
if (ticks_per_second == 0){
printf("timer hardware not works well\n");
return;

}

// measure time

time_start = alt_nticks();

usleep(1*1000*1000); // sleep 1 second

time_elapsed = alt_nticks() - time_start;

printf("[timer test]time elapsed:%.3f seconds\n”,
(float)time_elapsed/(float)ticks_per_second);
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Alarm Example
LED Blink

#define ALRAM_DUR (alt_ticks_per_second()/2)

alt_u32 alarm_callback(void *context){
static alt_u8 led_mask = OxFF; ¥
IOWR_ALTERA_AVALON_PIO I3‘A\TA(PIO GREEN_LED_ BASE, led_mask);
led_mask = OxFF;

return ALRAM_DUR,; S \
) .
. . \
void test_alarm(void){ \
int result; \
static alt_alarm alarm; \
result = alt_alarm_start (&alarm, ALRAM_DUR, alarm_callback, NULL);

if (result = 0)
printf("[alarm test] failed to start alarm\n");

// call alt_alram_stop(&alarm) to stop it.
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Timestamp Example
Time Measure

void test_timestamp(void){
alt_u32 timestamp _freq;
timestamp_freq = alt_timestamp_freq();
if (timestamp_freq == 0){
printf("timestamp hardware not works well\n");
return;

}

printf("[timestamp]timestamp_freq = %ld\n", timestamp_freq);
I/

alt_timestamp_start();

usleep(1*1000*1000); // sleep 1 second

printf("[timestamp]timestamp 1:%.3f seconds\n",
(float)alt_timestamp()/(float)timestamp_freq);

usleep(500*1000); // sleep 0.5 second

printf("[timestamp]timestamp 2:%.3f seconds\n",
(float)alt_timestamp()/(float)timestamp_freq);
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UART Example (1)

UART Write & None-Blocking Read

void test8 uart(void ){
int uart, result;
char szHello[] = "\r\nHello from Nios Il Uart, please input:\r\n";
char szRead[1];

/[ open uart
uart = open(UART_NAME, O_ACCMODE); // UART_NAME defined in system.h
if (fuart){

printf("failed to open uart\n®);

return ;

}

Il write uart

if (write(uart, szHello, strlen(szHello)) != strlen(szHello)){
printf("failed to write uart");
close(uart);
return ;

}
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UART Example (2)

UART Write & None-Blocking Read

// none-blocking read
fcntl(uart, F_SETFL, O_ ACCMODE | O_NONBLOCK);
while (result >= 0){
result = read(uart, szRead, sizeof (szRead));
if (result == -1){
printf("failed to read uart");
}else if (result > 0){
printf("%c", szRead[0]);
}

}
fentl(uart, F_SETFL, O_ACCMODE);

close(uart);
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Memory Access Example
Write & Read

void test8 memory(void 1
Int i;
const int test num = 8;
alt_ u32 data3z;
volatile alt u32 *pSDRAM = (alt_u32 *)SDRAM_U1 BASE;

for (i=0;i<test._num;i++){
*(DSDRAM+i) = i;
}

for (i=0;i<test_num;i++){
data32 = *(pSDRAM+1i);
printf("*(pSDRAM+%d)=%08IXh\n", i, data32);

}
}
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Flash Erase Example (1)

Erase Flash

void test1l0 flash_erase(void ){
alt_flash_fd* fd_flash;
flash_region *regions_flash=0,*nextreg;
int number_of regions_flash=0;
int error_code, r, i, offset;
alt_u32 length, block_index;

fd_flash = alt_flash_open_dev(CFlI_FLASH_NAME);
if (fd_flash){
error_code = alt_get_flash_info(fd_flash,&regions_flash, &number_of regions_flash);
if (error_code == 0){
block index = 0;
nextreg = regions_flash;
for (r=0;r<number_of regions_flash && !'error_code;r++){

r, nextreg->region_size, (alt_u32)nextreg->offset,
nextreg->number_of blocks, nextreg->block_size);
offset = nextreg->offset;
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Flash Erase Example (2)

for (i=0;i<nextreg->number_of blocks && 'error_code;i++){
length = nextreg->block_size;
error_code = alt_erase_flash_block(fd_flash, offset, length);
if (error_code)
printf("faied to erase flash block %d\n", block_index);
else
printf("erase block %d success\n", block index);
offset += length;
block_index++;
}// fori
nextreg++;
Y orr
printf("faied to get flash info\n");
}
alt_flash_close_dev(fd_flash);
telse{
printf("failed to open flash\n");
}

}
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Example
SDCARD Music Player

€ SOPC Hardware Design
®NIOS Il C Program Design

48



© 2008 Terasic Corporation

SDCARD Music Player - Function

Speaker

|
<= gD Card
& with Music File (WAV)

Play Time

Audio Signal Strength

Volume Down
t Volume Up
Next Song

Repeat Song
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Music Player - SOPC

-
FPGA
=
_‘I,.-'mh /\
Y S VR i »
el . m—g ] Tl I .} EOMLAM
~ " A * Sireaming 5,
- 4 L ™ *
i f—] = L | ' Contzedler { d
il Aadio
= Codec Chip
= A >, 12c Py A,
= * -
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- + igla) A SD-C Rl
=y * 3
T :::: - k| W C oz ler ' ::il Simchket
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rogram Flow Chart
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Music Player - NIOS Il Program

Main

Audio lorary

Audio Configure @lc
NIOS 11 Streaming System
System ’
@jﬂ"mr DFiver

[OWE/IORD

SOPC Hardware
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[2C Protocol

o Start/Stop: Change at SCLK High
e Data: Change at SCLK Low

—

| ]
DN | | K HADDHX RIW \ ACK
|

[ [
( DATi 511531 ack | DATJ:LE?-D\ ACK

b, [
/

e AYava aval laval
GD

-

—Fi

g
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[2C Implementation

NIOS Implement I2C protocol

Use two PIO controllers
— |2C Clock
— 12C Data

12C Clock Implement (output pin)
— IORD_ALTERA_AVALON_PIO DATA

1I2C Data Implement: (inout pin)

— IOWR_ALTERA _AVALON_PIO_DIRECTION
— IORD_ALTERA_AVALON_PIO_DATA

— IOWR_ALTERA_AVALON_PIO_DATA

54



© 2008 Terasic Corporation

SDCARD Interface

« SD 1-Bit Protocol: CMD, DATO, CLK

Roar Revo Rwe

ﬁ 6 b‘ VSS
" -_
Write Protect -

m y - r Y
Host ATD 3 - %
Eaa

CI® .
bl T
I : 1
¢ L
E

_iCrjC2 [C
—_— _— 9

SD Memory E:
Card
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SDCARD - Bus Protocol (1)

 No Data: 1).No response 2). Response

From
host to

card(s) \

CMD —————

Command

\ /“‘

Command

DAT

Fesponse

Operation (no response

J_'_‘_ Operation (no data) >

<+
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SDCARD - Bus Protocol (2)

 Multiple Block Read

From
host to

card(s) \

CMD

DAT

Bisl Stop command
card to stops data transfer
host Data from &
/ card to host
Command |4 Response 7 Command [ Response
Data block | crc Data block | crc[{Data block | crc
Block read operation > < Data stop operation
Multiple block read operation >

<
&
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SDCARD - Bus Protocol (3)

e Multiple Block Write

From From cre OK Stop
host to card to Data response command
card host from card and busy stops data
/ to host / from card transfer
CMD -] Command |4 Response / { Command |4 Response
DAT Data block | crcH |BusyHy Data block | crc H |Busy
Block write operation Data stop operatign
< : >
Multiple block write operation
< P P »
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SDCARD - Command Token Format

 Token Size: Fixed to 6 bytes

Command content: command and

Transmitter bit: address information or parameter,

"1'=host command protected by 7 bit CRC checksum
Start bit =nd bt
Ay 'D‘\ K always "1°
0 1 Content CRC 1

Total length = 48 bits
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SDCARD - Data Packet Format

e Size: 1-512 Bytes

MSB (4095) LSB (0)
Start bit End bt
always ‘D'\ / always '1"
Standard busy .
0 CRC 1
(only DATO used):
Block length
-« >
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SDCARD - Response Token Format

Transmitter bit:
'0'=card response

Start bit

always ‘D'\

R1, R3, R6

R2

Response content: mirrored command and status

information (R1 response), OCR register (R3 response)

or RCA (R6) protected by 7 bit CRC checksum

End bt:
/ always "1'
0 Content
Tofal length = 48 bits
< >
0 Content = CID or CSD CRC 1
Total length = 136 bits
-«

End bt:
always "1'
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SDCAR Driver Implementation

NIOS Il Implement 1-bit SD mode protocol

Use three PIO controllers
— Clock

— Command

— Data

Clock and Command Implement (output pin)
— |IORD_ALTERA_AVALON_PIO_DATA

Data Implement: (inout pin)

— IOWR_ALTERA_AVALON_PIO_DIRECTION
— IORD_ALTERA_AVALON_PIO_DATA

— IOWR_ALTERA_AVALON_PIO_DATA

62



Brytes Per
Sector

Sector Per
Cluster

Reserved
Sector Count

Number of

FAT

FAT System

Partition #1

™

F 3

Sector 0

Master
Bool Rector

512 Byte
Master
Boot Record
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16 byte
Partition
Entry

FAT Size

Volume
Boot Rector

Max Root
Directory
Entry

Fat Entry
Sector

Partition #1

Root Directory
Entry Sector

Data Entry
Sector

Partition #1

Partition #1
Entry

Partition #2
Entry

Partition

Type

Partition #3
Entry

Partition Start
Seclor

Partition #4
Entry

Partition Size
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FAT - File

FAT index 011 7 _8 9 ).
Reserved goc| o n( o [FAT table
|
FAT entry ' 8
2 4 4 5 & T ® 9 Logical Cluster Walue
17a\1/z|2/4)242]|3/4]a/4
-t - el ad
x x g/ | e Data area
-t —_— : |
- PN — R | -
*Ialola|le|e |2
:,-'-'Jﬁ::%:: iy e
L PR u B L | |s5 | =
| S
Cluster
i el [IFﬂename StariCluster
irectory entry | fFile1_txt 2 :
(simplified) @ﬁ.\ 335 Directory
R — e —— |
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. WAV - File Format

endian

big
little
big
big
little
little
little
little
little
little
little
hig
little

liftle

File offset field name Field Size
(hytes) (hytes)
0
ChunklD 4
&
Chunk3ize 4
a
Format 4
12
Subchunki11D 4
16
subchunkl 3ize 4
20
AudioFormat Z
e
HumChannels Z
2
SampleRate 4
i
ByteRate 4
ac
BlockaAlign 2
ad
BitsPerSample g
5151
SubchunkzID 4
40
subchunkz 3ize 4
4
i}
H
oo
5
5
£
=
o |
oo

The "RIFF” chunk descriptor

The Format of concern here is
“WAYVE", which requires two
sub-chunks: "fint " and "data"

The "fmt " sub-chunk

describes the format of
the sound infarmation in
the data sub-chunk

The "data” sub-chunk

Indicates the size of the
sound information and
contains the raw sound
data
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WAV -

ChunkSize = 70534
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Example

Subchunk1Size = 16 NumChannels = =

AudioFormat = 1 (PCM) \

chunk descriptor ¥ fimt subchunk - Y ¥
52 49 46 46(24 08 00 0057 41 56 45|66 6d 74 20010 00 00 00 @
E I F F W & ¥ E| f m t []
ByteRate = 88200 BitsPerSample = 15

BlockAlign = 4

Subchunk2Size = 7048

SampleRate = 22050 )
— e —

] data subchunk ¥
22 56 00 00088 58 01 o0x04 Q0 @ 64 61 74 61200 08 00 00x00 00 .00 00
d a t a L —

sample 1

@;@9
=A== =%

Jfk o,
Tt

sample 2 sample 3 sample 4

right channel sam ples

sample 5 sample & sample 7

left channel samples
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