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Introduction

This tutorial details how to set up and instantiate a Nios II system on Terasic Technologies, Inc.’s DE2
Altera Development and Education Board. The system includes an interface to the board’s SMB SDRAM
chip and runs the application program from SDRAM. It also sets up and implements the LCD, seven-
segment displays, red and green LEDs, switches, and pushbuttons.

Background

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

Altera provides the Nios II Integrated Development Environment (IDE) for application software
development. This tutorial includes instructions for running an example C application from SDRAM.

Application
DE2 Setup

This tutorial assumes that the user is familiar with the DE2 board and already has the USB-Blaster device
installed. Refer to the Getting Started with Altera’s DE2 Board tutorial for more information on
installing the USB-Blaster driver.

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

Starting a New Project in Quartus I

Open the Quartus II software and create a new project by selecting File > New Project Wizard. Create a
new folder on the C:\ drive called Tutorial_Files and create another folder inside of that one called
SDRAM. Specify the SDRAM folder as the working directory for this project. Also, in the second box,
call the project name SDRAM. The top level entity on the third line automatically fills in. See Figure 1.
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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 directly on the C:\ drive and that there are no spaces in the folder

names. This ensures that there are no spaces in the directory path. Folders created in the My Documents

folder cause errors. For instance, C:\Documents and Settings\Firstname_Lastname\My Documents causes
an error because of the spaces in the directory path.
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Click the Next button, and click Next again on page 2. On the third page, select the EP2C35F672C6
chip as the target device, as shown in Figure 2. This is the FPGA on the DE2 board. Click Next on the

remaining two screens, and click Finish.

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

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

Target device
" Auto device selected by the Fitter

* Specific device selected in ‘wvailable devices' list

Axailable devices:

Device family Show in ‘Advailable device' list
Earily: | Cyclone 11 ﬂ Package: Ary -
| J PFin count; Ay -
Speed grade: | Any -

[v Show advanced 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

EP2C35F 48418 1.2 322 43384 4
EP2C35FE72CE 1.2 / 4
EP2C3EFET2CY 1.2V 70 4
EP2C3EFET2CE 1.2V 433840 FO 4
EP2C35FET21E 1.2V 475 433840 FO 4
EP2C350 434 CE 1.2V 3316 322 433840 FO 4 r
COMWT2ARI 1 AQATT 1A e iy 77 A0 AN 7n A

£ *

[
v

Finizh | Cancel |

¢ Back | Meut » |

Figure 2. FPGA Selection

Create a new block diagram by selecting File > New, selecting Block Diagram/Schematic File, and
clicking OK. To save this file, select File > Save As (not to be confused with Save Project), call it
SDRAM, and click Save. Naming it SDRAM ensures that this block diagram file is the top most entity
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 II processor system. Select Tools > SOPC Builder. In the pop-up
window, set the System Name to NiosII_Processor and the Target HDL to either Verilog or VHDL.
Select OK. It is not necessary to know VHDL or Verilog to continue, 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 II System

Error and warning messages appear and disappear sporadically in the information box on the bottom of
the screen while performing the following steps. Ignore these errors; they disappear upon successful
completion of the Nios II system.

Clock Settings

In the Clock Settings pane, double click clk_0, and rename it CLOCK_50. Press Enter. The SDRAM
requires another clock to be added to the system, so click the Add button to the right of the Clock
Settings pane. Once a new clock appears, double-click on it and rename it CLOCK_100. To the right of
this new clock, under MHz, double-click on the 50, and change it to 100. 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 window, under Component Library, expand the Memories
and Memory Controllers column, then expand On-Chip, and select On-Chip Memory (RAM or
ROM). Click the Add button and the MegaWizard appears.

Set Block Type to M4K, set Total Memory Size to 20, and select Kbytes. Do not change any other
default settings. Click Finish. Refer to Figure 5.

Errors may occur after adding the On-chip memory. Ignore 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

mgeeew  (RAM or ROM)

Pararneter
Sektings

-Mermory 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

raize-
Data wvickth: =2 W
Total memary size: !E ||HEH§.-133 b

|:| 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 II processor to the system. In the upper left corner of the SOPC window, under
Component Library, select Nios II Processor, and click the Add button.

In the middle of the MegaWizard window, select Nios II/s as a Nios II core. Set Hardware Multiply to
None. Do not change any other of the default values. Click Finish and the Nios II processor is added to
the system. See Figure 6.

™ Nios Il Processor - cpu_0

k)

MagoCors”
Parameter
Settings

Core Mios IT ),» Caches and Memory Interfaces
Core Mios 1l

Select a Nios Il core:

Nios II Processor

2 Advanced Features

MMU and MPU Settings >

Family: Cyclane |l
fsystem: 500 MHz
cpuid; 0

Performance at 50.0 MHz Up to 2 DMIPS
Logic Usage B00-700 LEs
Memory Uzsage Twvo MK (ar eguiv.)

ONios Ilfe |®Nios Ilfs
. RISC RISC
Nios Il 32-bit 32-hit
Selector Guide Instruction Cache

Branch Prediction
Hardware Multiphy
Hardware Divide

Up to 25 DMIPS
1200-1400 LEs
Twen MaKs + cache

Hardweare Muttiphy: |N0ne

v | [] Harchware Divice

ONios IIF

ITAG Debug Module

RIZC

32-hit

Instruction Cache
Eranch Prediction
Hardweare Multiply
Harcharare Divide
Barrel Shifter

Data Cache
Dynamic Branch Prediction
Up to 51 DMIPS
14001500 LEs
Three Mdks + cache

Reset Yectar: tlamary: |

w |Offset [mxn

Exception Vector:  Memory: |

w |Offse‘t: IDXZD

Fast TLE Mis=z Exception Yector:  Memary:

only include the MU when using an operating system that explicity supports an MU

Offzet:

)

orn Inskruckions

Figure 6. Nios II Processor Setup
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Add a JTAG UART

In order to communicate to the Nios II processor through the USB-Blaster, add the JTAG UART to the
system. In the upper left corner of the SOPC window, under Component Library, expand Interface
Protocols, expand Serial, select JTAG UART, and click Add. Do not change any of the default
settings. Click Finish. Refer to Figure 7.

™ JTAG UART - jtag_uart_0

JTAG UART

||| Docurmentation

Simulation >

Write FIFO (Data from Avalon to JTAG)

Buffer depth (ytes): |5y W IR threshold: |5

|:| Construct using registers instead of memary blocks

Read FIFD (Data from JTAG to Avalon)

Buffer depth fhytez): |5y w IF:G threshold: |5

|:| caonstruct using registers instead of memory blocks

Figure 7. JTAG UART Setup
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Add an LCD

To add the LCD, expand Peripherals, then expand Display, select Character LCD, and click Add.
There are no settings to modify, so select Finish. Refer to Figure 8.

Rename the led_0 that was generated to ensure proper functionality. Select led_0, right-click on it, select
Rename, rename it to led, and press Enter.

™ Character LCD - lcd_0O

“ Character LCD
Megotery”
Parameter

Il Documentation

The Optresx 16207 LCD Cortraller core provides the hardware interface reguired
for a Mios || processar to display characters on an Optrex 16207 (or eguivalent))
1E6x2-character LCD panel.

Device drivers are provided inthe HAL system library for the Mios | processor.

There are no user-configurable settings.

Figure 8. LCD Controller Setup
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Add Parallel I/0 (PIO)

Add switches to the system. Expand Peripherals, then expand Microcontroller Peripherals, select PIO
(Parallel I/0), and click Add. When the window opens, set the Width to 18, set the Direction to input
ports only, and click Finish. Refer to Figure 9.

Rename the pio_0 that was generated to ensure proper functionality. Select pio_0, right-click on it, select
Rename, rename it to switch, and press Enter.

™ PlO (Parallel 1f0) - switch

“ PIO (Parallel I/0)

|| Documentation

Inpuk Opkions f Simulation

wictth (1-32 bits) © [1 g

Diirection
{:} Eidirectional (tristate) ports

(#) Input port= only
() Both input and output ports

() Output ports only

Output Fort Reset Yalue

Reszet Walue: |

-Output Reaister

L Warning: PIO inputs are not hardwired in test bench. Undefined values will be read from PIC ingp

>

Figure 9. PIO Switch Setup
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Add the pushbuttons next. Similar to the switches, expand Peripherals, expand Microcontroller
Peripherals, select PIO (Parallel I/0), and click Add. When the window opens, set the Width to 4 and
set the Direction to input ports only. Go to the Input Options tab, check the synchronously capture
box, and select Falling edge. Also, underneath in the Interrupt section, check Generate IRQ, select
Edge, and then click Finish. Refer to Figures 10 and 11.

Rename the pio_0 that was generated to ensure proper functionality. Select pio_0, right-click on it, select
Rename, rename it to pb, and press Enter.

= PIQ (Parallel 1/0) - pio_0

“ PIO (Parallel I/0)

Docurnenkation

Basic Settings | » Input Options 3 Simulation
Width
Direction

{:} Bidirectional (tristate) ports

{#) Input parts anly
() Both input and output ports

() Output ports only

Cutput Port Reset Yalue

Dutput Register

©Warning: PIO inputs are not hardwired in test bench. Undefined values will be read fram PIO input

£ | >

Figure 10. PIO Pushbutton Setup
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= PIO (Parallel /D) - pio_0

“ PIO (Parallel I/0)

Inpuk Options / Simulation
Edge capture register
Synchronously capture
() Rising edge
() Falling edge
() Either edge

|:| Enahble bit-clearing for edge capture register

Interrupt—
Generate IRG

) Level

(Interrupt CPU when any unmasked WO pinis logic true)

{*) Edge

(Interrupt CPU when any unmasked bit in the edge-capture register
i logic true)

Warning: PIO inputs are not hardwired in test bench. Undefined values will be read from PIO inp

£ | >

[Cancel ] ’ < Eack] [Mext = ] ’Einish ]

Figure 11. PIO Pushbutton Interrupt Setup
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The green LEDs are added next. Expand Peripherals, expand Microcontroller Peripherals, select PIO
(Parallel I/0), and click Add. Do not change any of the default settings. The interface is set up for an 8-
bit output-only PIO, which is needed to use the green LEDs. Click Finish. Refer to Figure 12.

To ensure proper functionality, rename the pio_0 that was generated. Select pio_0, right-click on it,
select Rename, rename it to ledg, and press Enter.

™ P10 (Parallel 1/Q) - pio_0

“ PIO (Parallel I/0)

Documentation

Input Options S Simulation

Diirection
{:} Eidirectional (tristate) ports

(" Input port= only

() Both input and output ports

Output Fort Reset Yalue

Cutput Register

|:| Enable individual bit zetting/clearing

Figure 12. PIO Green LED Setup
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Add the red LEDs next. Expand Peripherals, expand Microcontroller Peripherals, select PIO
(Parallel I/0), and click Add. Set the Width to 18 and click Finish. Refer to Figure 13.

To ensure proper functionality, rename the pio_0 that was generated. Select pio_0, right-click on it,
select Rename, rename it to ledr, and press Enter.

™ pIO (Parallel 1/0) - ledn

“ PIO (Parallel I/0)

|| Documentation

Input Options _‘_. Simulation _‘,

wangz s |

Direction
{:} Eidirectional (tristate) ports

() Input ports only
() Baoth input and autput parts

(%) Output parts only

Dutput Port Reset Yalue

Qutput Register

|:| Enable individual bit setting/clearing

Figure 13. PIO Red LED Setup
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Add the seven-segment displays to the system. Expand Peripherals, expand Microcontroller
Peripherals, select PIO (Parallel 1/0), and click Add. Set the Width to 16 and click Finish.

Repeat the previous step three more times to set up all eight of the seven-segment displays. Refer to
Figure 14.

To ensure proper functionality, rename the pio_0-3 that were generated. Select pio_0-3, right-click on
them, select Rename, and rename them to seven_seg 01, seven_seg 23, seven_seg_45, and
seven_seg_67.

™ pIO (Parallel 1/0) - pio_1

“ PIO (Parallel I/0)

Documentation

Input Options S Simulation

wanozos |

Direction
{} Eidirectional (tristate) ports

() Input ports anly
{7 Both input and output ports

(%) Output parts only

Dutput Port Reset Yalue

Dutput Register

|:| Enable individual bit settingiclearing

Figure 14. PIO Seven-Segment Display Setup

Add SDRAM

To add the SDRAM, expand Memories and Memory Controllers, expand SDRAM, select SDRAM
Controller, and click Add. Set Presets: to Custom, change the Bits to 16, and click Finish. Do not
change any of the other values. Refer to Figure 15.
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™ SDRAM Controller - sdram_0

“ SDRAM Controller
Magotars”
Paramneker

Memory Profile “, Timirng _‘*

Presets: | ustam

Drata width
Bits: |45 "
rArchitecture

Chip select: |1 W | Banks: |4 W

Address widths -

Share pins via tristate bridoe
|:| Controller shares dofdgmifaddr O pins

Trizstate bridge selection:

Genetic memaory model (simulation anky)

Include a functional memory model in the system testhench

Memory size = & MBytes
4194304 x 16
G4 MBit=

Figure 15. SDRAM Setup
The SDRAM operates at a different clock speed than the rest of the system. Under the Clock column,

change the sdram_0 clock to CLOCK_50. Do this by clicking on the Clock_100 across from the
SDRAM, and then choose CLOCK_50 from the drop down menu. Refer to Figure 16.

Digi-Key Corporation Page 15 of 35



Setting Up a Nios II System with SDRAM on the DE2

-Microcor‘rtrzo\ler Peripheral: =1 Avalon Memory Mapped Slave CLOCK_100 0x01011050 [0x0101105¢
Interval Timer B seven_seg_23 PIC (Parsliel 110)
P (Parslel 1) =1 Awalon Memory Mapped Slave CLOCK_100 0x01011060 (0x0101106¢F
Mutiprocessor Coordingtic— Slzeventaeo i el
PLL =1 Avalon Memory Mapped Slave CLOCK_100 001011070 |0x0101107¢
‘ m USE A B seven_seg 67 PIC (Paraliel 110}
‘( | by &1 Swalon Memory Mapped Slave LOCK_100 Dx01011080 (0x0101108¢F
5 sdram_0 SDRAM Cortraller ‘
AL ] cn Mernory Happee S CLOCK.50 4 ¢ 00800000
Tl

+, Wyarning: switch: PIO inputs are nat hardwired in test bench. Undefined values will be read from PIO inputs during simulation.
o, Wwarning: pb: PIO inputs are not hardwired in test bench. Undefined values will be read from PIO inputs during simulation

Figure 16. SDRAM CLOCK_50

To run the application from SDRAM instead of On-chip memory, specify it in the cpu_0 MegaWizard.
Select cpu_0 in the Module Name list, right-click on it, and select edit. Set the Reset Vector and the
Expansion Vector to sdram_0 as shown in Figure 17. Select Finish.

™ Nios |l Processor - cpu_0 f'5__<|

Nios II Processor

Documentation

Advanced Features / MMU and MPU Settings i3 Debug M Cuskom Instruc

Care Mios I

Select a Nios Il core:

ONios Il/e |®Nios IIfs ONios IIF
- RISC RISC RISC
Nios Il 32-bit 32-bit a2-bit
Selectar Guide Instruction Cache Inztruction Cache
Family: Cyclane I Branch Prediction Branch Prediction
Hardware Multiphy Hardwvware Muttiply
foystem: 100.0 MHz Hardware Divide Hardware Divide
. Barrel Shifter
cpuitt: 0 Data Cache
Dy ic Branch Prediction
Performance at 100.0 MHz Up to 9 DMIPS Up to 50 DMIPS Up to 101 DRIPS
Logic Usage 500-700 LEs 1200-1400 LEs 1400-1500 LEs
Memoary Usage Twvo Mk (or equiv.) T Mldis + cache Three M4ks + cache
Harchware Multiply: |N0ne * | [ Hardware Divide
Resat YWectar: Memary: |sdram_l3 w |Offset: !gxg |Dx02000000

Exception Yector: hMemary:

| Oftsat (a0 | nx02000020

only include the MU when using an operating system that explicitly supports an MU
Fast TLE Mis=s Exception Yector:  Memory: Offzet:

Figure 17. SDRAM Configuration
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Assign Base Addresses

To avoid conflicts between system components, set their base addresses. To auto assign the base
addresses, select System > Auto-Assign Base Addresses. Refer to Figure 18.

™ Altera SOPC Builder - Miosll_Processor.sopc® (C:\Tutorial_Files\SDRAM\Niosll_Processor.sopc)
File Edit hodule

Wiewe Toolz Niosll Help

System Corterts | ¢

Auto-2Azsign IRQs
Q Component i) Inzert Avalon-=T Adapters

' Miog || Processor Diarties Famil\,-': Mame
Eridges and Adapters CLOCK 50
[#-Interface Protocals CLOCK 100
--Legacy Caomponents -
él--M,amories and Memory Controllers

Clock Settings

Uze Can... Module Mame Description
; P =1 Axvalon Memory Mapped Slave
@"SPRAM Mios Il Proc g
@ DDR ZDRAM Cortrolie — instruction_master Avalon Memary Mapped Master
» DDR SDRAM High Per ' data_master Avalon Memary Mapped Master
@ DDR2 SDRAM Contro . ftag_debug_module Avalon Memary Mapped Slave
@ DDR2 SDRAM High Pe B jtag_uart 0 JTAG UART
+ DDR3 SDRAM High Pe avalon_tag_zslave Axalon Memary Mapped Slave
: sl Lerieler = Ied Character LCD
oo onkd

Figure 18. Auto-Assign Base Addresses

Change the interrupt request (IRQ) priorities for the JTAG UART. Click the IRQ value for the
jtag_uart_0 component to select it. Type 16, and press Enter to assign it a new IRQ value. Refer to
Figure 19.

Use | Commec..  Module Name Description Clock Base Endl Tags IRG
El onchip_memory2_0 On-Chip Memory (RAM or RO
[T =1 Avalon Memory Mapped Slave CLOCK_50 000808000 |0x0080ciff
Mios Il Prc ar
S instruction_tmaster Avalon Memory Mapped Master CLOCK_50 .
chata_master Aealon Memory Mapped Master IRQ 0 IRQ 31 j—
ftag_debug_module Avalon Memory Mapped Slave 0300810800 (0x00S10fEF
O jtag_uart_0 UTAG UART '
f— avalon_tag_slave Avalon Memory Mapped Slave CLOCK_50 0x00811090 (0x00811037 [ ﬂ
O led_0 Character LCD .
f— control_slave Avalon Memory Mapped Slave CLOCK_50 0x00811000 (0x0081100¢
B switch PIO (Parallel 100}
—s =1 Lvalon Memory Mapped Slave CLOCK_50 0x00811010 |0x0081101¢F
E pb PIC (Parallel 1i0)
[— =1 Aealon Memory Mapped Slave CLOCK_50 0x00811020 |0x008110Z¢F }> 3
= ledg FIC (Parallel 100)
[— =1 Lvealon Memory Mapped Slave CLOCK_50 0x00811030 |0x0021103£
B ledr PIO (Parallel 110
[— =1 Avalon Memory Mapped Slave CLOCK_50 0x00811040 |0x0021104f
E seven_seg PIC (Parallz! 110
[—— =1 Avalon Memory Mapped Slave CLOCK_50 0300811050 (Ox0081105¢F
O sewven_seg23 PIC (Parallz! 110
[—— =1 Avalon Memary Mapped Slave CLOCK_50 0x00811060 [Dx0081106€
B seven_segd5 FIC (Parallel 110)
[— il alon Memory Mapned Slave CLOCK 50 0x00811070 |0x0031107 ¢
| Address Map... ‘ [ Fiters.. ] Fitter: Default

Figure 19. JTAG UART IRQ Setup

Generate System

Finally, generate the system. Click the Generate button on the bottom of the screen. If prompted to save
the changes, do so. When the system generation is complete, a message entitled Info: System
generation was successful appears in the message box. Upon successful system generation, 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 it in the block diagram file. Open the Quartus II window.
Right-click on the blank block diagram within the SDRAM.bdf tab. Click Insert > Symbol. A Symbol
window opens. In the Libraries pane, expand Project, select NiosII_Processor, and click OK. Refer to
Figure 20.

Symbol X

Libraries: : LCD_E_from_the_lod  [— - - |
: LCD_RS_from the lod  |— - |
; sl Processor |- LD R fram_the lod  — - -
£ c:/altera’I0spl Aquartus/librare : LCD_data_to_and_from_the_lcd[7.0] = - - |

out_part_from_the_ledg[7.0] [ - -

out_port_from_the_ledr[17..0] - - - -

- —fin_part_to_the_phl3..0]

zz_addr_from_the_sdram_0[11..0]
zz_ba_from_the_sdram_0[1..0]
zz_cas_n_from_the_sdram_0D
zz_cke_from_the_sdram_0
zz_ce_n_from_the_sdram_0
zs_dg_to_and_from_the_sdram_0[15..0]

£ > zs_dom_from_the_sdram_0[1..0]
Mame: : zz_raz_n_from_the_sdram_0 C
|Niusll Processor J : zz_wwe_n_from_the_sdram_0 — S

[~ Bepeat-insert mode out_port_from_the_seven_seg 01[15.0] =

[ Inzert symbol az block

- out_port_from_the_seven_seg_23[15.0] jm

; 3 ut_part_fram_th 45[15.10] f—b - - -
Meagawizard Plug-ln Manager. .. ‘ . out_port_from_the_seven_seg_43] !

ok LCancel

Figure 20. Insert Nios II Processor

Add VCC

Click to place the symbol somewhere in the block diagram window. Right-click on the block diagram
window again, and click Insert > Symbol. Expand the c:/altera/.../libraries folder, expand primitives,
expand other, select vee, check the box labeled Repeat-insert mode, and click OK. Place vee
somewhere on the left side of the NiosII_Processor block near reset_n. Place another vee somewhere on
the bottom right side of the block. The initial placements of vee are not important, as they can be moved
later. Hit the Esc key on the keyboard after both instances of vee are placed.
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Add Output Pins

Right-click somewhere in the blank space again, and click Insert > Symbol. Expand the
c:/altera/.../libraries folder, expand primitives, expand pin, and select output. Check the box called
Repeat-insert mode and click OK. Place two output pins just below the NiosII_Processor block. After
both output pins are placed, hit Esc on the keyboard.

Move the mouse to the blue line coming from reset_n on the block diagram. The mouse cursor should
change into a cross-hair shape. When this happens, click and hold in order to draw a line connecting
reset_n to the closest vee. Let go of the mouse as soon as a small box shape appears on vee.

Click and hold vee in order to move it. When vee is moved, the line that was just drawn follows vee. If
the line moves with vce, there is a proper connection. If not, click and drag the mouse to connect the line
between reset_n and vee. Connect both of the output pins to the other vee following these same steps.

Double-click one of the output pins to open the Pin Properties window. In the Pin name(s): section,
rename the pin to LCD_ON, and click OK. Rename the other pin LCD_BLON. Refer to Figure 21.

Pin Properties §|

General l Bl ]

To create multiple pinz, enter a name in AHOL buz notation [for example,
"name[3..0]"]. or enter a comma-zeparated list of names.

Einnamefsi  |LCD_ON

(] | Cancel

Figure 21. Rename Output Pins

Add a PLL

Right-click somewhere in the block diagram again, and click Insert > Symbol. Click on the
MegaWizard Plug-In Manager... button. In the new window, select Create a new custom
megafunction variation, and click Next. Refer to Figure 22.
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MegaWizard Plug-In Manager [page 1] PX|

The Megawizard Flug-In Manager helps you create or modify
dezign files that contain custom vanationsz of megafunctions.

Wwihich action do you want to perfarm?

{* Create a new custom megafunction variatior

" Edit an existing custarm megafunchion sariation

" Copy an existing custom megafunction variation

Copyright [C] 1991-2009 Altera Corporation

Cancel | | MHest > | |

Figure 22. MegaWizard Plug-In Manager, Page 1

On the left side, under Installed Plug-Ins, expand I/O and click on ALTPLL. On the right side, where it
asks for the name, browse to where the project is stored, and name it pll_block. If it was created on the
C:\ drive as described in this tutorial, the path name should be C:\Tutorial_Files\Test2\SDRAM\pll_block.
Click Next. Refer to Figure 23.

MegaWizard Plug-In Manager [page 2a] Fz|
Which megafunction would you like to customize? W'_hicg device family will vou be |E_.IJ,3|DnE Il ﬂ
Select a megafunction from the lizt below I

+- & Arithmetic Py Which type of output file do you want to create?
+- @8 Communications ™ AHDL
+-lg D5P & WHDL
+- 88 Gates ]
& 10 " “erilog HOL
‘What name do you want for the output file? Browse. ..
ALTASMI_PARALLEL |Ei:\TutoriaI_FiIes\SDHAM\pII_bInck
q ALTCLECTRL
ALTCLELOCE,
ALTDDIO_BIDIR
ALTDDIO_IN [ Retum to this page for anather create operation
ALTDDIO_DOUT
Mate: Ta compile a project successiully in the Quartuz || zoftware,
ALTDA your design files must be in the project directony, in the global uzer
libraries specified in the Options dialog box [Tools menu], or & uzer
ALTDOS library specified in the Uger Libraries page of the Settings dialog
o bow [Azzignments menu).
'our current uzer library directories are:;
ALTLVDS
iRALTPLL b

Cancel | < Back | Meut > | ‘

Figure 23. MegaWizard Plug-In Manager, Page 2
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On the ALTPLL page, leave the speed grade set to 6. Change the frequency of the inclock( input to 50
MHz. Click Next. Refer to Figure 24.

MegaWizard Plug-In Manager [page 3 of 10]

Docurentation

Currently selected device Family; i
II_block =
pi_ 1 Match project)default

inclk0

able to implement the requested PLL
areset

inclkll frequency: S0.000 hiHz
Operation hade: Momal

i [Reto] P G [ 05 o
[eo | 11 | 000 [ s0.00]
Crylane 11 | D —
‘which device speed grade will wou be using? !._E ~ |
‘What is the Frequency of the inclackd input? !:50-00 lMHz v |
”
PLL bype

Wwhich PLL type will you be using?

@) Select the PLL type automatically

Cperation mode
Hows will the PLL outputs be generated?
8 Use the feedback path inside the PLL
0 In Marmal Mode

7 In Source-Synchronous Compensation Maode
' In Zero Delay Buffer Mode

() With no compensation

‘Which output clock will be compensated For? [-CD =

| Cancel ” < Back ” Mext = ” Einish |

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

MegaWizard Plug-In Manager [page 4 of 10]

FE&
'ﬂ ALTPLL

Dwacumenkation

Abaout

[1 | Parameter

Settings

GeneralModes

Able to implement the requested PLL

pll_block

jnclk0 Optional inputs

inclkd frequency: 50.000 kiHz
Operation hode: Mormal

[ [ h o] € 05
o[ 1| 000 | o]

[] Create an ‘pllena’ input to seleckively enable the PLL
[ ] Create an ‘areset’ input ko asynchronoushy reset the PLL

[ Create an 'pfdena’ input to selectively enable the phase(freq. detector

Lock output

Cyclone 11

[ Create 'locked' output

Advanced PLL parameters
Using these parameters is recommended for advanced users only
[ Create output file(s) using the 'Advanced' PLL parameters

- Configurations with output clock(s) that use cascade counters are nok supported

| Cancel || < Back || Mext = || Einish |

Figure 25. MegaWizard Plug-In Manager, Page 4
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Click Next on page 5. On page 6, select Enter output clock parameters: and verify that 100 MHz is in
the Requested settings. Click Next. Refer to Figure 26.

MegaWizard Plug-In Manager [page 6 of 10]

-ﬂ ALTPLL
About Docurnentation

0 - CarefExkernal Qukput Clack

pll_block Able ko implement the requested PLL

jnclkn ¥ Use this clack.

Clock Tap Setkings

inclkD freq L 50,000 MHz
Operation hiode: Mormal

(i [Fatie] P @] 02 5 Requested settings Actual settings
’ = [
[oo [ 21 | .00 | 5000 ] ® Enker output clock Frequency | 100.0000000 | ! MHz | i 100, 000000 |
Tyatane Il _ Enter output clock parameters: :
Clack multiplication Factar C P |
<< oy |
Clock division Factor C il |

e

Clock phase shift ID.DD |deg i | P'DD |

Clack duby cycle (%) 50,00 . 50.00
More Details ==

Per Clock Feasibility Indicators
(gl gl g2

| Cancel || < Back || Mext = || Einish |

Figure 26. MegaWizard Plug-In Manager, Page 6

Digi-Key Corporation Page 23 of 35



Setting Up a Nios II System with SDRAM on the DE2

On page 7, check Use this clock. On the Clock phase shift option, change the Requested settings to
-3.00ns. The deg might need to be changed to ns before selecting -3.00. Verify that the value is
negative. Click Next. Refer to Figure 27.

MegaWizand Plug-In Manager [page 7 of 10]
: a ALTPLL
About

Documentation

cl - CorefExternal Qukput Clock

pll_black Ahle to implerent the requested PLL
L= LI frequency: 50.000 MHz ':1 & Use this clack
Operation hieda: Hormal & Clock Tap Settings
T [t [P G O 05 Requested settings Actual settings
c | 271) 000 f 5000 ) Enter oukput clock Frequency: v FU-DDUUUU |
cl | 14 | -54.00 | S0.00
) Erker oukput dock pararmeters:
o
Cyelane 1 Clock multiplication Factor |1 |1 |
— == oy T
Clock division Factor [t 1L |
Clock phase shift ECE- N | e

Clack duty cyele (%) 50,00 50,00
More Details ==

Pet Clack Feasibility Indicators
0 ol c2

| Cancel || < Back || Mext = || Finish |

Figure 27. MegaWizard Plug-In Manager, Page 7
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Click Next on pages 8 and 9, and click Finish on page 10. The Symbol window opens again. Click OK,
and place the newly created pll_block to the left of the NiosII_Processor block. Refer to Figure 28.

A Quartus I - C:fTutorial_Files/SDRAM/SDRAM - SDRAM - [SDRAM. bdf]

File Edit Wew Project Processing Tools  Window
= ¥
z Il_black fadks
ke . P - iMiosll_Processar
Al L cLock_ton
A D ARt LI [T et ey
o SO i trecquency: 50 000 Rz |0 i
ol Opertion hivde: Mormal cl FesEt
‘—l 5 Clk_| Ratio | Ph (dg) OC (%) LCD_E_fram_the_lcd  —
Sk o0 BA1E | S0.00F 250 00 LCD_RS_fram_the_led  |—
: o | Aem)enm LCD_RY_from the_led | —
Iﬁl Ry LCD _data_to_snd_from_the_loo[7 0] f—
= insts Cyelone Il
el R out_port_from_the_ledg[7..0] e
=B
@\ out_port_from_the_ledr[17 0]  pe—
f 11D in_port_to_the_pb[3.0]
dh | 75 _adldr_from_the_sedram_0[11.0] =
zs_ba_trom_the_sdram_0[1..0]  je—
¥ zz_cas_n_from_the_scram 0 —
B zs_cke_from_the_sdram_0 —
zs_cs_n_trom_the_sdram_0 —
2 75 _oey_to_ancd_from_the_scram_0[15..0] e
o zs_dgm_from_the_sdram_0[1.0] =
B zs_ras_n_from_the_sdram_0 —
[®)] zz_wwe_n_from_the_sdram_0 —
N~
¥ out_port_from_the_seven_seq 01[15.0] e
v
: out_port_from_the_seven_seq_23[15.0] e
out_port_from_the_seven_seq 45[15.0]
out_port_from_the_seven_seq_BT[15.0]  je—
- i in_port_to_the_switch{17..0]
inst
B I e 13 1T A e i Uy 1 T i
< | *
Far Help, press F1 S92, 226

Figure 28. PLL Block Placement
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Right-click somewhere in the block diagram, and click Insert > Symbol.... Expand the
c:/altera/.../libraries folder, expand primitives, expand pin, select input, and click OK.

Click to place this pin to the left of the inclk( terminal on the pll_block. Double-click the newly created
input pin to open the Pin Properties window. In the Pin name(s): section, rename the pin to
CLOCK_50, and click OK.

Right-click somewhere in the block diagram, and click Insert > Symbol.... Expand the
c:/altera/.../libraries folder, expand primitives, expand pin, select output and click OK.

Click to place this pin to the left of the CLOCK_50 terminal on the NiosII_Processor. Double-click the
newly created output pin to open the Pin Properties window. In the Pin name(s): section, rename the
pin to SDRAM_CLK, and click OK.

Move the mouse to the blue inclk0 line on the pll_block. The mouse cursor should change into a cross-
hair shape. Click and hold to draw a line connecting inclk0 to the CLOCK_50. Let go of the mouse
when a small box shape appears on CLOCK_50. If a small “X” appears, it is not connected properly.

Following the same procedure, connect ¢l on the pll_block to CLOCK_50 on the NiosII Processor
block, connect ¢0 and Clock_100, and connect SDRAM_CLK to the line between CLOCK_50 and c1.
Refer to Figure 29.

i Quartus |1 - C:/Tutorial_Files/Test2/SDRAM/SDRAM - SDRAM - [SDRAM. bdf*]

File Edit Wew Project Processing Tools  indow

oll_block

.................. Miosll Processor

inelkll frequency: 50.000 MHz COpEes e S s CLOCK_ 100
Operation Moda: Normal cl CLOCK_S0

reset_n

Clie | Fiatio| Ph (dg1[DC (%)
FEIET
ol | 141 | 54.00 | 50.00

LCD_E_from_the_lcd
LZD_RS_from_the_lcd

LoD R _from_the_lod
LCD_clata_to_and_from_the_led[7..0]

...................... inste Cyelone 1|

B g 31000 > | &

out_port_from_the_leds[7..0]

out_port_from_the_ledr[17..0]

R 1 i 1

................................. in_port_to_the_ph(3..0]

=

zz_addr_from_the_sdram_0[11..0]
zs_ba_from_the_sdram_0[1..0]
zz_cas_n_from_the_sdram_0

7= _cke_from_the_sdram_0
z=_cs_n_from_the_sdram_0
zz_d_to_and_from_the_sdram_0[15..0]
z&_dgm_from_the_sdram_0(1..0]
zz_tas_n_from_the_sdram_0
Tz_we_n_from_the_sdram_0

L7 00

out_port_from_the_seven_sed_01[15..0]

it oo fram the seven sen 235 1Y

<
For Help, press F1 236, 432

Figure 29. pll_block Connections
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Pin Generation

Right-click on the NiosII_Processor block, and click Generate Pins for Symbol Ports. Input and
output pins are automatically generated for the rest of the Nios II system. Verify that the newly generated
pins do not cover the vee placed earlier. Move vee to a different location if it is covered. Refer to Figure
30 for the completed block diagram.

o e s
7 Quartus Il - C:/Mutorial Files/SDRAMISORAM - SDRAM - [SDRAM, bdf*] EEX
Fie Edi View Project Processing Tools Window
=] 2

l3 pll_block
A :  {fliosi]_Processor
o LR ot L K g fraquancy: 60,000 ke B LOCK_100
o Operation Mode: Normal L] LOCK_50
4 [t JRetio[Pn o[ ¢ o
= P P I e
1 LCD_RS_from_the_lcd ST TS o, Tha.Jed
: JUTPUT LCO_RWW_from _the_lcd
itz instd Tycione Il LCD_R_trom_the _lod TR o e
ik LCD_data_to_and_from the_loe7.0] B ———— L0 dstato_snd_from the led[7 0]
-
cut_port_from_the_ledg(7..0] Sl oidt part_from _the_leda(f. 0]
out_port_trom_the_ledr[17 0] e out_pert_from,_the ledr[17..0]
Iy in_port_ta_the_ph{3.0]
2zs_addr_from_the_sdram_0[11.0] S e Nl LN )
5_ba_from the_sdram_0[1.0] i TEUE——, =5 b3 _from_the _sdram_0{i ]
zs_pas_n_from_the_sdram_0 ™ P S o, he. sdram D]
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7s_cs_n_from_the_sdram_01 TR e e R o the sdram D .
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Figure 30. Complete Quartus II System
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Analysis and Elaboration

The next step is Analysis and Elaboration. Under the Processing menu, select Start > Start Analysis &
Elaboration. Choose to save changes if prompted. Upon completion of the process, a message window
appears. Ignore the warnings and click OK.

Pin Assighments

Make the pin assignments for the devices. Under the Assignments menu, select Import Assignments...
Click the ... box to the right of the File name: section, and browse for the Pin_Assignments.csv file that
accompanies this tutorial. Select Open and click OK.

Verify that the pins are named correctly. Under the Assignments menu, select Pins. In the Filter: menu,
choose Pins: unassigned. Only 8 pins should appear in the list: pins [7] and [15] from each of the pin
groups out_port_from_the_seven_seg_XX (where XX is 01, 23, 45, 67). If there are more than eight
pins listed, check the SOPC builder section of this tutorial again to ensure that all of the devices are
named exactly as specified in this tutorial. Close the Pins window.

Compilation

Compile the design. Under Processing, select Start Compilation. The success message in Figure 31
appear upon completion. Ignore the warnings that are listed, and click OK.

\y Full Compilation was successful {138 warnings)

Figure 31. Successful Compilation Window
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System Programmer

Plug the power supply and USB-Blaster cable into the DE2 board. Hit the red power button to turn on the
DE2 board. Under the Tools menu, select Programmer. If a pop-up window appears, click OK. In the
Programmer window, choose Hardware Setup... Verify that the USB-Blaster[USB-0] is selected, and
click Close. Verify that the Mode: selected is JTAG. Set switch SW19 on the DE2 board (next to the
LCD) to Run. Click Start in the programmer window. Refer to Figure 32 for the programmer setup.

] Quartus Il - C:fTutorial_Files/Flash_Memory/Flash_Memory - Flash_Memory - [Flash_Memory_time_limited.cdf]

File Edit Processing Tools Window

éa Hardware Setup... USE-Blaster [USE-0] Mode: [JTAG | Progress: 0%

™ Enable realtime ISP to allov background prograrming [for Mas || devices)

Frogram/ . Blank-
W Start Configure Vet | Check
O

Flash_Memary_time_limit.. EP2C35FE72 005EF1F2 FFFFFFFF O
*E'ﬂ Auto Detect
(2 f4dd File. .
(2 Add Device...

J|For Help, press F1

Segﬁ”t"" ‘ Eraze
O

File Device ‘Checksum Uszercode Examine

ISP
CLAMP
O

Figure 32. Programmer Window

The window shown in Figure 33 opens. This window confirms that the FPGA on the DE2 board

successfully configured.
OpenCore Plus Status

Click Cancel to gtop uzing OpenCore Plusz [P

Time remainirig: unlimited

Figure 33. Successful Connection Window

Digi-Key Corporation Page 29 of 35



Setting Up a Nios II System with SDRAM on the DE2

Software Design in the Nios Il IDE

Creating a New C/C++ Application

Next, implement a software application for the Nios II system. Open the Nios II IDE. Under the File
menu, select New > Nios II C/C++ Application to open the New Project window. In the Name:
section, type Tutorial_SDRAM. In the SOPC Builder System PTF File, browse to the location where
the NiosII_Processor was saved (when created with SOPC builder), and open it. Under Select Project
Template, select Blank Project. Click Finish. Refer to Figure 34.

.. New Project E]

Nios II C/C+ + Application e
o
Click, Finish ko create application with a default system library as
A Tutorial_Files\SDRAMY software) Tukarial _SDRAM

Mame: | Tutorial_SDRAM |

[] specify Location
| |

Select Target Hardware,

SOPC Builder System PTF File: | C:\Tutorial_Files\SDRAMiNiosII_Processor . ptf v | [gr.;.wse. . ]

CPL: i cpu_0 b d |

Select Project Template

Blank Project ] Cescription

Board Diagnostics Creates a blank project

Count Binary

Hello Freestanding Details

Hello MicroC/OS-11

qug '-.-'-.-!;:II:EI ! Blank Project creates an empty project to which vou can add f\

Hello Warld Smal your cods.

gl Test

Sifnrgﬁargn:k; Server This software example runs on the Following Mios IT hardware 3

weh 5 designs:

=H SEEr - Standard
- Full Featured
b

'\':’:' B Mext = ] [ Einish l [ Zancel

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

Select the Tutorial_SDRAM folder in the Nios II C/C++ Projects pane. In the File menu, select
Import... In the Import window, select File System as shown in Figure 35, and click Next. Browse to
the folder containing the example files accompanying this tutorial. Check SDRAM.c and header.h as
shown in Figure 36, and click Finish. SDRAM.c and header.h should now appear in the

Tutorial_ SDRAM folder in the Nios II IDE.

L omport x|
Select

N \d
Import resources From the local File system inko an existing project. I E 5 I

Seleck an impork source:

I tvpe Filter bext

[Fl-= General

- [E archive File

--eﬁ Breakpaints

"T__<|> Existing Projects inko Workspace

(= Altera Mios 1T
F-= CicH+
E cYs

E-E= Team

(7 = Back I Mesk = I Firish Cancel

Figure 35. Import File System
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File system

Impaort resources Fram the local file syskem,

From directory: I ZHSDRAM_Tubarial j Bronwse. ., |

------ [ = SDRAM_Tutarial || header.h

D @I_a']Pin_P.ssignments.csv
[€ soRam.c

Filter Types. .. | Select al Deselect Al

Inko Folder: Iwebcam Browse. .. |

Options
[~ Overwirite existing resources withouk warning
" Create complete Folder struckure

¥ Create selected Folders only

@) < Back et = | Finish I

Cancel

Figure 36. Import Files
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System Library Configuration

Before the program can be run, it is necessary to adjust the system library properties. Right-click on the
Tutorial_SDRAM folder, and select System Library Properties. A new window opens. Select
sdram_0 in the Program memory (.text): drop-down menu. Also select sdram_0 for the Read-only
data memory (.rodata): drop-down menu. Do not change any of the other default settings. Click OK.
Refer to Figure 37.

. Properties for Tutorial SDRAM_syslib
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Figure 37. System Library Properties
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Running the Software

Finally, run the program. Right-click on the Tutorial SDRAM folder, and select Run As > Nios II
Hardware. If prompted to save changes, click Yes. It may take some time for the program to build, but,
upon successful completion, a message similar to the following displays in the Console tab:

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

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

You Are AWESOME!
LCD Works ###

The seven-segment displays count in hexadecimal, and the green LEDs count in binary. If a switch is
switched to the up position, the red LED above the switch turns on. If the pushbutton KEYO is pressed,
all of the devices count down instead of up. If KEY1 is pressed, the devices resume counting up. Each
time KEY?2 is pressed, the devices count incrementally faster. Likewise, each time KEY3 is pressed, the
devices count incrementally slower.

If any changes are made to the code, right-click on Tutorial_SDRAM, and select Run As > Nios II
Hardware to run the new code.

Conclusion

This application note explains how to set up a Nios II system that uses the SDRAM on Terasic
Technologies, Inc.’s DE2 board. The LCD controller, pushbuttons, seven-segment displays, switches,
and red and green LEDs on the DE2 board are also used.

Additional Information

Getting Started with Altera’s DE2 Board. Altera Corporation. 2008.

DE?2 User Manual. Altera Corporation. 2005.

Nios II Processor Reference Handbook. Altera Corporation. 2009.

Nios II Software Developer’s Handbook. Altera Corporation. 2009.

Quartus II Handbook, Volume 5: Embedded Peripherals. Altera Corporation. 2009.
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