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Setting Up a Nios Il System with
SDRAM on the DE2

04 November 2009

Introduction

This tutorial details how to set up and instantatgios Il system on Terasic Technologies, IncE2D
Altera Development and Education Board. The systmtdes an interface to the board’s 8MB SDRAM
chip and runs the application program from SDRAMalso sets up and implements the LCD, seven-
segment displays, red and green LEDs, switchespasitbuttons.

Background

Nios Il is a 32-bit RISC CPU designed for implenatiun as a soft core in Altera FPGAs. Altera’s
System-on-a-Programmable-Chip (SOPC) Builder allogeyrs to design Nios Il systems easily by
selecting Nios Il processors, setting up the assedimemory, and adding any desired standard and/or
custom peripherals. Once generated, the systeroagporated into an FPGA design with Altera’s
Quartus Il software and instantiated on the FPGA.

Altera provides the Nios Il Integrated DevelopmEntironment (IDE) for application software
development. This tutorial includes instructioasrunning an example C application from SDRAM.

Application
DE2 Setup

This tutorial assumes that the user is familiahwiite DE2 board and already has the USB-Blastaceev
installed. Refer to th&etting Started with Altera’s DE2 Boatdtorial for more information on
installing the USB-Blaster driver.

Also, these programs are case sensitive. If a oot is named or renamed, it needs to match what i
written in this tutorial exactly, or it may not wor

Starting a New Project in Quartus Il

Open the Quartus Il software and create a new girbjeselecting-ile > New Project Wizard. Create a
new folder on the C:\ drive calléiutorial_Files and create another folder inside of that one dalle

SDRAM. Specify theSDRAM folder as the working directory for this projeetlso, in the second box,
call the project nam8DRAM. The top level entity on the third line automatig fills in. See Figure 1.
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Setting Up a Nios Il System with SDRAM on the DE2

New Project Wizard: Directory, Name, Top-Lewvel Entity [page 1 of 3]

YWhat iz the working directony far this project’?
|E:"~T utorial_Filesh\SDRAM

What iz the name of thiz project?

[SDRAM J

YWhat iz the name aof the top-level design entity for this project? This name 1z caze sensitive and must
exactly match the entity name in the design file.

|5DHﬁM

Use Exizting Project Settings ...

| Mewt » Finizh Cancel

Figure 1. New Project Wizard

Make sure the new folders were created directltherC:\ drive and that there are no spaces indldef
names. This ensures that there are no spaces diréctory path. Folders created in the My Doautsie
folder cause errors. For instan@\Documents and Settings\Firstname_Lastname\MyuBentscauses
an error because of the spaces in the directoty pat
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Click theNext button, and cliciNext again on page 2. On the third page, selecERP2C35F672C6
chip as the target device, as shown in Figurelfls i§ the FPGA on the DE2 board. ClNkxt on the
remaining two screens, and cliEknish.

Mew Project Wizard: Family & Device Settings [page 3 of 5]

Select the family and device you want to target for compilation.

Device family Show in ‘Advailable device' list
Earily: | Cyclone 11 ﬂ Package: Ary -
| J Pin count: Ay -
Target device Speed grade: | Any -
" Auto device selected by the Fitter [v Show advanced devices
* Specific device selected in ‘wvailable devices' list [

Axailable devices:

M ame | Core v... | LEz | zerld.. | Memar... | Embed... | FLL A
EF2C35F484CY 1.2 33216 322 433840 70 4
EP2C35F484C8 1.2V 3316 322 433840 FO 4

1.2 322 433840 70 4

1.2 75 433840 4

1. 475 433840 FO 4
EP2C3EFET2CE 1. 475 433840 FO 4
EP2C35FET21E 1. 475 433840 FO 4
EP2C350 434 CE 1. 322 433840 FO 4 r
COMWT2ARI 1 AQATT 1A 77 A0 AN 7n A
£ *

[

¢ Back | Meut » | Finizh | Carcel |

Figure 2. FPGA Selection

Create a new block diagram by selectiilg > New, selectingBlock Diagram/Schematic File,and
clicking OK. To save this file, sele€ile > Save Agnot to be confused with Save Project), call it
SDRAM, and clickSave Naming itSDRAM ensures that this block diagram file is the tostnemtity
of the project, as specified in Figure 1.
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Nios Il System Design in SOPC Builder

The next step is to build a Nios Il processor syst&eleciTools > SOPC Builder In the pop-up
window, set theSystem Nameto Niosll_Processorand theTarget HDL to eitherVerilog or VHDL.
SelectOK. It is not necessary to know VHDL or Verilog tortinue, so select either one. Refer to
Figure 3.

™ Create New System @l

System Mame: |Miosll_Processor

Target HOL: (%) Verilog
() WHDL

[ 8] H Cancel ]

Figure 3. Create New Nios Il System

Error and warning messages appear and disappaadsgly in the information box on the bottom of
the screen while performing the following stepgndre these errors; they disappear upon successful
completion of the Nios Il system.

Clock Settings

In theClock Settingspane, double clicklk_0, and rename IELOCK_50. Pres€nter. The SDRAM
requires another clock to be added to the systermjck theAdd button to the right of th€lock
Settingspane. Once a new clock appears, double-click and rename IELOCK_100. To the right of
this new clock, unddviHz, double-click on th&0, and change it t&00. Refer to Figure 4.

Clock Settings

Iame Source MHz add
CLOCK_50 External 50.0
CLOCK_100 External 100.0

Figure 4. External System Clocks

Add On Chip Memory

On the upper left side of the SOPC Builder windanderComponent Library, expand théemories
and Memory Controllers column, then expan@n-Chip, and selecOn-Chip Memory (RAM or
ROM). Click theAdd button and the MegaWizard appears.

SetBlock Type to M4K, setTotal Memory Sizeto 20, and selecKbytes. Do not change any other
default settings. Clickinish. Refer to Figure 5.

Errors may occur after adding the On-chip memagyore these errors, because they disappear as more
components are added to the system.
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= On-Chip Memory (RAM or, ROM) - onchip_memory2_0

“ On-Chip Memory

Megatars” (RAM or ROM) Documentation

Pararneter
Sektings

-ermory type
(#) RAM (Nritakle) ) ROM (Read-only)
[[] busl-port access
Read During YWrite hMode:
Block type: |r-.-14K w

Intialize memary cortent

Memory will be initislized from onchip_memory2_0 hex

rSize
Data wvickth: =2 W
Total memory size: |E ||HEH§.-133 bl

|:| Minimize memory block usage (may impact fmax)

Read latency
Slave =1 Slave 52
rMermary initialization-

[] Enable non-defautt intislization file

Uszer-created intialization file: hex

|:| Enakble In-Zystem Memory Content Editor feature

Instance ICx |

Figure 5. On-Chip Memory Setup
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Add a Nios Il Processor

Now, add the Nios Il processor to the system.hénupper left corner of the SOPC window, under
Component Library, selectNios Il Processor and click theAdd button

In the middle of the MegaWizard window, seldlibs Il/s as a Nios Il core. Sétardware Multiply to

None Do not change any other of the default valuékck Finish and the Nios Il processor is added to
the system. See Figure 6.

Figure 6. Nios Il Processor Setup
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Add a JTAG UART

In order to communicate to the Nios Il processooulgh the USB-Blaster, add the JTAG UART to the
system. In the upper left corner of the SOPC wmdmderComponent Library, expandnterface
Protocols, expandSerial, selectITAG UART, and clickAdd. Do not change any of the default
settings. ClickFinish. Refer to Figure 7.

Figure 7. JTAG UART Setup
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Add an LCD

To add the LCD, expar@eripherals, then expan®isplay, selectCharacter LCD, and clickAdd.
There are no settings to modify, so sefgnish. Refer to Figure 8.

Rename thécd_Othat was generated to ensure proper functionaBglectcd 0, right-click on it, select
Rename rename it tdcd, and pres&nter.

Figure 8. LCD Controller Setup
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Add Parallel I/O (PIO)

Add switches to the system. Expdperipherals, then expandlicrocontroller Peripherals, selectPlO
(Parallel I/0O), and clickAdd. When the window opens, set Weédth to 18, set theDirection to input
ports only, and clickFinish. Refer to Figure 9.

Rename theio_0that was generated to ensure proper functionaliglectpio 0, right-click on it, select
Rename rename it tewitch, and pres&nter.

Figure 9. PIO Switch Setup
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Add the pushbuttons next. Similar to the switcleepandPeripherals, expandMicrocontroller
Peripherals, selectP10 (Parallel 1/0), and clickAdd. When the window opens, set th&dth to4 and
set theDirection to input ports only. Go to thdnput Options tab, check theynchronously capture
box, and selecFalling edge Also, underneath in tHaterrupt section, checksenerate IRQ, select
Edge, and then clicinish. Refer to Figures 10 and 11.

Rename theio_0that was generated to ensure proper functionaliglectpio 0, right-click on it, select
Rename rename it tgb, and pres&nter.

Figure 10. PIO Pushbutton Setup
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Figure 11. PIO Pushbutton Interrupt Setup
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The green LEDs are added next. ExpBedpherals, expandvicrocontroller Peripherals, selectPlO
(Parallel I/O), and clickAdd. Do not change any of the default settings. ihtexface is set up for an 8-
bit output-only P1O, which is needed to use theegreEDs. ClickFinish. Refer to Figure 12.

To ensure proper functionality, rename e O that was generated. Selead_0, right-click on it,
selectRename rename it tdedg, and pres&nter.

Figure 12. PIO Green LED Setup
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Add the red LEDs next. Expateripherals, expandMicrocontroller Peripherals, selectPlO
(Parallel I/O), and clickAdd. Set thaVidth to 18 and clickFinish. Refer to Figure 13.

To ensure proper functionality, rename e O that was generated. Selead_0, right-click on it,
selectRename,rename it tdedr, and pres&nter.

Figure 13. PIO Red LED Setup
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Add the seven-segment displays to the system. riedparipherals, expandMicrocontroller
Peripherals, selectP1O (Parallel 1/0), and clickAdd. Set théNidth to 16 and clickFinish.

Repeat the previous step three more times to sall efght of the seven-segment displays. Refer to
Figure 14.

To ensure proper functionality, rename ge_0-3that were generated. Selgiad_0-3 right-click on
them, selecRename and rename them t®ven_seg Qkeven_seg 23even_seg 4%and
seven_seg_67

Figure 14. PIO Seven-Segment Display Setup

Add SDRAM

To add the SDRAM, exparidemories and Memory Controllers, expandSDRAM, selectSDRAM
Controller, and clickAdd. SetPresets:to Custom, change th&its to 16, and clickFinish. Do not
change any of the other values. Refer to Figure 15
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Figure 15. SDRAM Setup
The SDRAM operates at a different clock speed thamrest of the system. Under @kck column,

change thesdram_Oclock toCLOCK_50. Do this by clicking on th€lock_100across from the
SDRAM, and then choogeL OCK_50 from the drop down menu. Refer to Figure 16.
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Figure 16. SDRAM CLOCK_50

To run the application from SDRAM instead of Ongmemory, specify it in thepu_0MegaWizard.
Selectcpu_0in the Module Name list, right-click on it, andesgt edit. Set theReset Vectorand the
Expansion Vectorto sdram_0as shown in Figure 17. Selé&ghish.

Figure 17. SDRAM Configuration
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Assign Base Addresses

To avoid conflicts between system components f&@t base addresses. To auto assign the base
addresses, seleBystem> Auto-Assign Base AddressesRefer to Figure 18.

Figure 18. Auto-Assign Base Addresses

Change the interrupt request (IRQ) priorities for JTAG UART. Click théRQ value for the
jtag_uart_0 component to select it. Ty{d®, and pres&nter to assign it a new IRQ value. Refer to
Figure 19.

Figure 19. JTAG UART IRQ Setup

Generate System

Finally, generate the system. Click 8eneratebutton on the bottom of the screen. If promptedave
the changes, do so. When the system generatammiplete, a message entitledo: System

generation was successfappears in the message box. Upon successful sgsteenation, close the
SOPC Builder window.
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Block Diagram Design in Quartus Il

Add Processor

Now that the SOPC system is built, implement ithi@ block diagram file. Open the Quartus Il window
Right-click on the blank block diagram within tB®RAM.bdf tab. Clickinsert > Symbol. A Symbol
window opens. In theibraries pane, expanBroject, selectNiosll_Processor,and clickOK. Refer to
Figure 20.

Figure 20. Insert Nios Il Processor

Add VCC

Click to place the symbol somewhere in the bloadgtam window. Right-click on the block diagram
window again, and clicknsert > Symbol. Expand the:/altera/.../libraries folder, expangrimitives,
expandother, selectvcc, check the box labelddepeat-insert mode and clickOK. Placevcc

somewhere on the left side of tNesll_Processorblock neareset _n Place anothaercc somewhere on
the bottom right side of the block. The initiahpeéments ofcc are not important, as they can be moved
later. Hit theEsckey on the keyboard after both instancegaafare placed.
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Add Output Pins

Right-click somewhere in the blank space again,dic#t Insert > Symbol. Expand the
c:/altera/.../libraries folder, expangrimitives, expandin, and selecbutput. Check the box called
Repeat-insert modeand clickOK. Place two output pins just below tResll_Processorblock. After
both output pins are placed, Ei$con the keyboard.

Move the mouse to the blue line coming froeset_non the block diagram. The mouse cursor should
change into a cross-hair shape. When this happkeisand hold in order to draw a line connecting
reset_nto the closestcc. Let go of the mouse as soon as a small box shapears omcc.

Click and holdvccin order to move it. Whewccis moved, the line that was just drawn folloves. If
the line moves witlvce, there is a proper connection. If not, click a@ndg the mouse to connect the line
betweerreset_nandvcc. Connect both of the output pins to the otrerfollowing these same steps.

Double-click one of the output pins to open Bie Propertieswindow. In thePin name(s):section,
rename the pin tbCD_ON, and clickOK. Rename the other pilCD_BLON. Refer to Figure 21.

Figure 21. Rename Output Pins

Add a PLL

Right-click somewhere in the block diagram agamd alickInsert > Symbol. Click on the
MegaWizard Plug-In Manager... button. In the new window, seleCteate a new custom
megafunction variation, and clickNext. Refer to Figure 22.
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Figure 22. MegaWizard Plug-In Manager, Page 1

On the left side, undeénstalled Plug-Ins, expand/O and click onPALTPLL . On the right side, where it
asks for the name, browse to where the projetbied, and name fll_block. If it was created on the
C:\ drive as described in this tutorial, the paime should b&:\Tutorial_Files\Test2\SDRAM\pll_block
Click Next. Refer to Figure 23.

Figure 23. MegaWizard Plug-In Manager, Page 2
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On the ALTPLL page, leave the speed grade sét ©Bhange th&equency of the inclockO inputto 50
MHz. ClickNext. Refer to Figure 24.

Figure 24. MegaWizard Plug-In Manager, Page 3
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On page 4, deseleCreate an ‘areset’ input to asynchronously reset th PLL, and also deselect
Create ‘locked’ output. Click Next. Refer to Figure 25.

Figure 25. MegaWizard Plug-In Manager, Page 4
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Click Next on page 5. On page 6, selBater output clock parameters: and verify thatt00 MHz is in
theRequested settings Click Next. Refer to Figure 26.

Figure 26. MegaWizard Plug-In Manager, Page 6
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On page 7, chedydse this clock On theClock phase shiftoption, change thRequested setting$o
-3.00ns Thedegmight need to be changedrisbefore selecting -3.00. Verify that the value is
negative. ClickNext. Refer to Figure 27.

Figure 27. MegaWizard Plug-In Manager, Page 7
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Click Next on pages 8 and 9, and cliEkiish on page 10. Th8ymbolwindow opens again. ClidRK,
and place the newly creatptl block to the left of theNiosll_Processorblock. Refer to Figure 28.

Figure 28. PLL Block Placement
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Right-click somewhere in the block diagram, andlclnsert > Symbol.... Expand the
c:/altera/.../libraries folder, expangrimitives, expandin, selecinput, and clickOK.

Click to place this pin to the left of theclkO terminal on thepll_block. Double-click the newly created
input pin to open th@in Propertieswindow. In thePin name(s):section, rename the pin to
CLOCK_50, and clickOK.

Right-click somewhere in the block diagraamd clickinsert > Symbol.... Expand the
c:/altera/.../libraries folder, expangrimitives, expandin, selecoutput and clickOK.

Click to place this pin to the left of tHel OCK_50 terminal on théNiosll_Processor Double-click the
newly created output pin to open R Propertieswindow. In thePin name(s):section, rename the
pin toSDRAM_CLK, and clickOK .

Move the mouse to the blireclkO line on thepll_block. The mouse cursor should change into a cross-
hair shape. Click and hold to draw a line conmegticlkO to theCLOCK_50. Let go of the mouse
when a small box shape appearsGf®©CK_50. If a small “X” appears, it is not connected pedp.
Following the same procedure, connetbn thepll_block to CLOCK_50 on theNiosll Processor

block, connect0 andClock_10Q and connecBDRAM_CLK to the line betwee@LOCK_50 andcl.
Refer to Figure 29.

Figure 29. pll_block Connections
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Pin Generation

Right-click on theNiosll_Processorblock, and clickKsenerate Pins for Symbol Ports Input and
output pins are automatically generated for theakthe Nios Il system. Verify that the newly geated
pins do not cover thecc placed earlier. Moveccto a different location if it is covered. ReferRaure
30 for the completed block diagram.

Figure 30. Complete Quartus Il System
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Analysis and Elaboration

The next step is Analysis and Elaboration. UnbeProcessingmenu, selecstart > Start Analysis &
Elaboration. Choose to save changes if prompted. Upon cdmaplef the process, a message window
appears. Ignore the warnings and cliik.

Pin Assignments

Make the pin assignments for the devices. UndeAfsignmentsmenu, seledimport Assignments...
Click the... box to the right of th&ile name: section, and browse for tfén_Assignments.csyile that
accompanies this tutorial. Sel&ypenand clickOK.

Verify that the pins are named correctly. UnderAbsignmentsmenu, seledPins. In theFilter: menu,
choosePins: unassigned Only 8 pins should appear in the list: gifisand[15] from each of the pin
groupsout_port_from_the_seven_segXX (whereXX is 01, 23, 45, 67). If there are more than eight
pins listed, check the SOPC builder section oftthiigrial again to ensure that all of the devices a
named exactly as specified in this tutorial. ClisePins window.

Compilation

Compile the design. Unde@rocessing selectStart Compilation. The success message in Figure 31
appear upon completion. Ignore the warnings ttetisted, and cliciOK.

Figure 31. Successful Compilation Window
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System Programmer

Plug the power supply and USB-Blaster cable ineoRE2 board. Hit the red power button to turn o t
DE2 board. Under th€ools menu, seled®rogrammer. If a pop-up window appears, clié. In the
Programmer window, choosélardware Setup... Verify that theUSB-Blaster[USB-0]is selected, and
click Close Verify that theMode: selected iISTAG. Set switch SW19 on the DE2 board (next to the
LCD) toRun. Click Start in the programmer window. Refer to Figure 32tfe programmer setup.

Figure 32. Programmer Window

The window shown in Figure 33 opens. This wind@nfrms that the FPGA on the DE2 board
successfully configured.

Figure 33. Successful Connection Window
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Software Design in the Nios Il IDE

Creating a New C/C++ Application

Next, implement a software application for the Niosystem. Open the Nios Il IDE. Under thige
menu, seleddew > Nios Il C/C++ Application to open théNew Projectwindow. In theName:
section, typeutorial_SDRAM . In theSOPC Builder System PTF File browse to the location where
theNiosll_Processorwas saved (when created with SOPC builder), aed idp UndeiSelect Project
Template, selecBlank Project. Click Finish. Refer to Figure 34.

Figure 34. New C/C++ Application Window
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Importing Source and Header Files

Select thelTutorial_ SDRAM folder in theNios Il C/C++ Projects pane. In thé&ile menu, select
Import... In thelmport window, selecFile Systemas shown in Figure 35, and cliblext. Browseto
the folder containing the example files accompagyiis tutorial. ChecDRAM.c andheader.has
shown in Figure 36, and clidgkinish. SDRAM.c and header.h should now appear in the
Tutorial_SDRAM folder in the Nios Il IDE.

Figure 35. Import File System
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Figure 36. Import Files
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System Library Configuration

Before the program can be run, it is necessargjissathe system library properties. Right-clicktbe
Tutorial_SDRAM folder, and selec®ystem Library Properties. A new window opens. Select
sdram_0in theProgram memory (.text): drop-down menu. Also selestlram_0for theRead-only

data memory (.rodata): drop-down menu. Do not change any of the othulesettings. CliclOK.
Refer to Figure 37.

Figure 37. System Library Properties
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Running the Software

Finally, run the program. Right-click on thetorial SDRAM folder, and seled®un As > Nios Il
Hardware. If prompted to save changes, clitgs It may take some time for the program to budlat,
upon successful completion, a message similaretdalfowing displays in th€onsoletab:

nios2-terminal: connected to hardware target using JTAG UART on cable
nios2-terminal: "USB-Blaster [USB-0]", device 1, in stance 0
nios2-terminal: (Use the IDE stop button or Ctrl-C to terminate)

The DE2 board should be running the program. dfshmple code was used, the LCD should display:

You Are AWESOME!
LCD Works ###

The seven-segment displays count in hexadecimaltrengreen LEDs count in binary. If a switch is
switched to the up position, the red LED abovesthigch turns on. If the pushbutton KEYO is pressed
all of the devices count down instead of up. If¥KlEs pressed, the devices resume counting uph Eac
time KEY2 is pressed, the devices count incrembnfiaster. Likewise, each time KEY3 is presseé, th
devices count incrementally slower.

If any changes are made to the code, right-clicKkatorial SDRAM , and selecRun As > Nios Il
Hardware to run the new code.

Conclusion

This application note explains how to set up a Niieystem that uses the SDRAM on Terasic
Technologies, Inc.’s DE2 board. The LCD contrglfmrshbuttons, seven-segment displays, switches,
and red and green LEDs on the DE2 board are atxh us

Additional Information

Getting Started with Altera’s DE2 Board. Alterar@oration. 2008.

DE2 User Manual. Altera Corporation. 2005.

Nios Il Processor Reference Handbook. Altera Capan. 2009.

Nios Il Software Developer's Handbook. Altera Cangtion. 2009.

Quartus Il Handbook, Volume 5: Embedded Peripheralgera Corporation. 2009.
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