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Overview

This tutorial demonstrates how to to use external FLASH memory and SSRAMs on the platform. The
example presented in this tutorial is a Complex FIR filter.

The purpose of this tutorial is to take you through the entire process of generating hardware and
software interfaces (as was done in Tutorial 1) and importing the relevant files into the Altera
environment. The tutorial will also describe how to create the platform and downloadable FPGA
bitmap, then run the application software on the platform, all using the Altera tools.

The hardware platform used in this tutorial is Altera Cyclone lll Evaluation Kit, featuring Altera
Cyclone lll EP3C25 FPGA, and a touch-screen LCD display.

This tutorial will require approximately two hours to complete, including software run times.

Steps

Loading the Complex FIR Filter Example
Understanding the Complex FIR Filter Example
Compiling the Complex FIR Filter for Simulation
Building the Complex FIR Filter Example
Exporting Files from CoDeveloper

Creating the Quartus Project

Creating the New Platform

Configuring the New Platform

Generating the System

Generating the FPGA Bitmap

Running the Application on the Platform

Note: This tutorial assumes you have purchased or are evaluating the CoDeveloper Platform
Support Package for Altera Nios Il, and that you have installed and have valid licenses for the Altera
Quartus Il, SOPC Builder, and Nios Il IDE products.

1.1 Loading the Complex FIR Filter Example

ComplexFIR Filter Tutorial for Nios Il, Step 1

To begin, start the CoDeveloper Application Manager by selecting Application Manager from the Start -
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> All Programs -> Impulse Accelerated Technologies -> CoDeveloper program group.

Note: this tutorial assumes that you have already read and understand the basic Hello World tutorial
presented in the CoDeveloper User's Guide, and Tutorial 1: Hello World on the Nios Il platform.

Open the Altera Nios Il Complex FIR filter sample project by selecting Open Project from the File
menu, or by clicking the Open Project toolbar button. Navigate to the
AExamples\Embedded\ComplexFIR_NIOS directory within your CoDeveloper installation. (You may
wish to copy this example to an alternate directory before beginning.) Opening the project will display a
window similar to the following:

s mpaiSeColieveloperA pplicationianas el niversal S iyones iR RS e eraton] S il e ey

File Edit Wiew Project Iu:ulcul.s. Window  Help l l -

FeEed 9838 4 By AR Al s EEe BRR S S O
Project Exple [ Filker_swe.c [ [S) Filker_bwe.c

7 #include <stdio.h-
= @ Application FIR_Acceleratar g #include "co.h"”
=124 Source Files 9 #include "cosim log.h”
SW@ ComplexFilter. 10 #include "Filter.h"
[ 11
b |
tsrE——j 1z extern woid call accelerator (co Stream ontput stream, co st
S'p'lﬂ Filker_sw.c 13 e = = o5
=3 Heflde' Files 14 =woid complex fir (co stream filter in, co stream filter out)
S"\FE Comple=Filter.h 15 int32  coef_mem[IF_FILT LEN]:
SE[h] Filerh 16 int3z  filt_hist[IF_FILT LEN]:
[ Project Files 17 int32  infdample;
—1 425 Document Files 13 int3a outFilter:
@ Readme.htm éa 1nE l:'t e
~ : in write idx;
3 Dther Files 21 int read idx;

Files included in the ComplexFIR project include:
Source files ComplexFilter.c, Filter_hw.c and Filter_sw.c - These source files represent the

complete application, including the main() function, consumer and producer software processes and a
single hardware process.

Quartus subdirectory - Files in the Quartus subdirectory are used later in this tutorial to simplify the
creation of the hardware platform.

See Also

Step 2: Understanding the Complex FIR Filter Example

Tutorial 2: Complex FIR Filter on the Nios Il platform

Understanding the Complex FIR Filter Example

Complex FIR Filter Tutorial for MicroBlaze, Step 2
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Before compiling the Complex FIR application to hardware, let's first take a moment to understand its
basic operation and the contents of the its primary source files, and in particular Filter_hw.c.

The specific process that we will be compiling to hardware is represented by the following function
(located in Filter_hw.c):

void conplex_fir(co_streamfilter_in, co_streamfilter_out)
This function reads two types of data:

. : Filter coefficients used in the Complex FIR convolution algorithm.
. . An incoming data stream

The results of the convolution are written by the process to the stream filter_out.

The complex_fir function begins by reading the coefficients from the filter_in stream and storing the
resulting data into a local array (coef_mem). The function then reads and begins processing the data,
one at a time. Results are written to the output stream filter_out.

The repetitive operations described in the complex_fir function are complex convolution algorithm.

The complete test application includes test routines (including main) that run on the MicroBlaze
processor, generating test data and verifying the results against the legacy C algorithm from which
complex_fir was adapted.

The configuration that ties these modules together appears toward the end of the Filter_hw.c file, and
reads as follows:

void config_filt (void *arg) {
int i;

co_streamto_filt, fromfilt;
co_process cpu_proc, filter_proc;

to filt = co_streamcreate ("to_filt", INT_TYPE(32), 4);
fromfilt = co_streamcreate ("fromfilt", INT_TYPE(32), 4);

cpu_proc = co_process_create ("cpu_proc", (co_function) call_accelerator, 2,
to filt, fromfilt);

filter_proc = co_process_create ("filter_proc", (co_function) complex_fir, 2,
to filt, fromfilt);

co_process_config (filter_proc, co_loc, "PEQ");

}

As in the Hello World example (described in the main CoDeveloper help file), this configuration
function describes the connectivity between instances of each previously defined process.

Only one process in this example (filter_proc) will be mapped onto hardware and compiled by the
Impulse C compiler. This process (filter_proc) is flagged as a hardware process through the use of
the co_process_config function, which appears here at the last statement in the configuration
function. Co_process_config instructs the compiler to generate hardware for complex_fir (or more
accurately, the instance of complex_fir that has been declared here as filter_proc).

The ComplexFilter.c generates a set of complex FIR coeffients and also a group of input data being
processed.

The Filter_sw.c will run in the MicroBlaze embedded processor, controlling the stream flow and
printing results.
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See Also

Step 3: Compiling the Complex FIR Filter for Simulation

Tutorial 2: Complex FIR Filter on the Nios Il platform

Compiling the Complex FIR Filter for Simulation
CompleFIR Filter Tutorial for Nios II, Step 3

Simulating the CompleFIR Application
To compile and simulate the application for the purpose of functional verification:

1. Select Project -> Build Software Simulation Executable (or click the Build Software
Simulation Executable button) to build the FIR_Accelerator.exe executable. A command
window will open, displaying the compile and link messages.

2. You now have a Windows executable representing the ComplexFIR application implemented as a
desktop (console) software application. Run this executable by selecting Project -> Launch
Simulation Executable. A command window will open and the simulation executable will run as
shown below:

- caw EE

"D \alte:a\ImpulueExampleﬂ\CumplexFIR MIOSSFIR_Accelerator.exe’ :J

COHPLETE APPLICATION
Prezsz Enter to continue...

Verify that the simulation produces the output shown. Note that although the messages indicate that
the ComplexFIR algorithm is running on the FPGA, the application (represented by hardware and
software processes) is actually running entirely in software as a compiled, native Windows executable.
The messages you will see have been generated as a result of instrumenting the application with
simple printf statements such as the following:

#if defined(l MPULSE_C TARGET)

/1 Print Accel eration Nunbers

printf ("\r\n--> Acceleration factor: % 2fX\r\n\n",
el apsedti ne_sw el apsedti me_hw) ;

printf ("------ > Visit ww | npul seC.comto learn nore!\r\n\n\n");
#el se

printf ("COVWLETE APPLI CATION\r\n");

printf ("Press Enter to continue...\r\n");
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c = getc(stdin);
#endi f

Notice in the above C source code that #ifdef statements have been used to allow the software side of
the application to be compiled either for the embedded Nios Il processor, or to the host development

system for simulation purposes.

See Also

Step 4: Building the Complex FIR Filter Example

Tutorial 2: Complex FIR Filter on the Nios Il platform

1.4  Building the Complex FIR Filter Example
CompleFIR Filter Tutorial for Nios Il, Step 4

Specifying the Platform Support Package

The next step, prior to compiling and generating the HDL and related output files, is to select a platform
target. To specify a platform target, open the Generate Options dialog as shown below (Project ->

Options, Generate tab):
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Build ] Simulate  Generate l S_I,Istem] Hegistratiun]

Platform Suppart Fackage:

CoBuilder Optimization Optiohs

[¥ Enable constant propagation

[¥ Scalarze amay variables

[ Relocate loop invaniant espressions

Directories

&dditional optimizer options: Hardware build directary:
| |hw

Software build directarny:

CoBulder Generation Options |3|,.-.,|

|v Gererate dual clocks

W Hardware export directon:

; ) !Guartus
[ Use std_logic types for YHOL interfaces

: ; : Software export directony:
[v Do natinclude co_ports in bus interface

|Duartus
Library options:

[ Inchude Foating point brar

-

[ Asllowe double-precision bepes and operators

| F. | Cancel Help

Specify Altera Nios Il (VHDL) as shown. Also specify hw and sw for the hardware and software
directories as shown, and specify Quartus for the hardware and software export directories. Click OK
to save the options and exit the dialog.

Generate HDL for the Hardware Process

To generate hardware in the form of HDL files, and to generate the associated software interfaces and
library files, select Generate HDL from the Project menu, or click on the Generate HDL button:

© 2003-2009 Impulse Accelerated Technologies



Tutorial 2: Complex FIR Filter on the Nios Il platform, Cyclone Ill FPGA 7

saimpulsetiolisyelopersiipplicatipnianaeerlimyversaltbd ons RS ceelsratord S il ieris
File Edit Yjew | Project | Toals  Window  Help
a2 4 = E]
A 2 {#| Clean Project 80 i . B E e )

------ Build Software Simulation Executable E '
g o ] ComplexFilker.c D ComplexFilter. b

B Launch Software Simulation Executable
(= ezone tIZ:
ioation B liti] Generate HOL - :
|- {3 Application | i SSNera |apsedtime hw, elapsedtime sw
=123 Source F Build/Launch Hardware Simulation Executable
o @ C @ Export Generated Hardware (HOL)
(0] A i
. @ o Expart Generated Software uf
R - ata[NUM SAMPS TN SLOT]:
=" Header | ;% Options -r coef[IF FILT LEN]:
syi [W] ComprewFitern 22 int32 if_filter_output[NUM_SAMPS IN_SLOT]
Si[h] Filter.h 23
{_:] Project Files zd A4 Software ComplexFIR rurming in Nios IT
~45] Dacument Files 25 =vu:uid.snftware_fir(vnid] {
B Hpacinein - e chigy hise iR RILT L
o ; in ilt his i a E
(3 Other Files 25 int32  inSauple;

A series of processing steps will run in a command window. When processing is complete you will
have a number of resulting files created in the hw and sw subdirectories of your project directory. Take
a moment to review these generated files. They include:

Hardware directory ("hw")

e Generated VHDL source files (FIR_Accelerator_comp.vhd, FIR_Accelerator_top.vhd and
subsystem.vhd) representing the hardware process and the generated hardware stream and
memory interfaces.

¢ A lib subdirectory containing required VHDL library elements.

¢ A class subdirectory containing generated files required by the Altera SOPC Builder tools.

Software directory ("sw")

e C source and header files extracted from the project that are required for compilation to the
embedded processor (in this case Filter_sw.c, Filter.h, ComplexFilter.c and ComplexFilter.h).

e A generated C file (co_init.c) representing the hardware initialization function. This file will also be
compiled to the embedded processor.

¢ A class subdirectory containing additional software libraries to be compiled as part of the
embedded software application. These libraries implement the software side of the
hardware/software interface.

If you are an experienced Altera tools user you may copy these files manually to your Altera project
area and, if needed, modify them to suit your needs. In the next step, however, we will show how to

use the hardware and software export features of CoDeveloper to move these files into your Altera
project automatically.

See Also

Step 5: Exporting Files from CoDeveloper
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Tutorial 2: Complex FIR Filter on the Nios Il platform

Exporting Files from CoDeveloper

ComplexFIR Filter Tutorial for Nios Il, Step 5

As you saw in the previous step, CoDeveloper creates a number of hardware and software-related
output files that must all be used to create a complete hardware/software application on the target
platform. You can, if you wish, copy these files manually and integrate them into your existing Altera
projects. Alternatively, you can use the export features of CoDeveloper to integrate the files into the
Altera tools semi-automatically. This section will walk you through the process, using a new Quartus
project as an example.

Note: you must have the Altera Quartus Il (version 7.1 or later) and SOPC Builder software installed in
order to proceed with this and subsequent steps.

Recall that in Step 4 you specified the directory Quartus as the export target for hardware and
software:
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I s d

Build ] Simulate  Generate l S_I,Istem] Hegistratiun]

Platform Suppart Fackage:

CoBuilder Optimization Optiohs

[¥ Enable constant propagation

[¥ Scalarze amay variables

[ Relocate loop invaniant espressions

Directories

&dditional optimizer options: Hardware build directary:
| |hw

Software build directarny:

CoBulder Generation Options |3|,.-.,|

|v Gererate dual clocks

W Hardware export directon:

; ) !Guartus
[ Use std_logic types for YHOL interfaces

: ; : Software export directony:
[v Do natinclude co_ports in bus interface

|Duartus
Library options:

[ Inchude Foating point brar

-

[ Asllowe double-precision bepes and operators

| F. | Cancel | Help

These export directories specify where the generated hardware and software processes are to be
copied when the Export Software and Export Hardware features of CoDeveloper are invoked. Within
these target directories (in this case we have specified both directories as "Quartus"), the specific
destination (which may be a subdirectory under Quartus) for each file is determined from the Platform
Support Package architecture library files. It is therefore important that the correct Platform Support
Package (in this case Altera Nios Il) is selected prior to starting the export process.

To export the files from the build directories (in this case hw and sw) to the export directories (in this
case the Quartus directory), select Project -> Export Generated Hardware (HDL) and Project ->
Export Generated Software, or select the Export Generated Hardware and Export Generated
Software buttons from the toolbar.

Note: you must select BOTH Export Software and Export Hardware before going onto the next step.

You have now exported all necessary files from CoDeveloper to the Quartus project directory.

See Also
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Step 6: Creating the Quartus Project

Tutorial 2: Complex FIR Filter on the Nios Il platform

Creating the Quartus Project

ComplexFIR Filter Tutorial for Nios I, Step 6

Now we'll move into the Altera tool environment. Begin by launching Altera Quartus Il (from the
Windows Start -> Altera menu). Open a new project by selecting File -> New Project Wizard. In the
field prompting you for the new project's working directory, use the browse button and find the directory
(Quartus) to which you exported the hardware and software files in the previous step.

Select the Quartus directory and click Open. On page one of the New Project Wizard dialog, enter
ComplexFIR in both the project name and top-level design entity fields as shown:
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[N VR S SVt W SR W G Ty T Tl RS S o ] e B e ] @1

What iz the warking directory for thiz project?
|D:"aaltera'\lmpulseE wamplezhComplexFIB_MIOSYEuartus

“What iz the name of thiz project?

|I:-:|m|:||e:-:FI 3] J

YWwhat iz the name of the top-level design entity for thiz project? Thiz name iz case sensitive and must
exactly match the entity name in the desian file.

iEnmpIe:-:FI R

Ilze Existing Project Settings ...

< Back | MHext » | Firnzh Cancel

Click Next to move to the next page.

Now you will import the VHDL files generated by CoDeveloper, as well as a block diagram file included
with this tutorial example, to your Quartus project. In the Add Files page (page 2), add the files in the
following order:

1. Block diagram file (not generated by CoBuilder): ComplexFIR.bdf

1. Core logic files in the user_logic_filt_module subdirectory: subsystem.vhd,
FIR_Accelerator_top.vhd and FIR_Accelerator_comp.vhd

2. All.vhd files in the impulse_lib project subdirectory

The files should be listed in the opposite order from which they were added (i.e., the impulse_lib files
should be at the top of the list):
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I8 BV STl SNV et ] Al B | e i e S e R ]

X]

Select the dezign files vou want to include in the project. Click Add &l to add all dezign files in the
project directory to the project. Mote; you can alwavs add design files to the project later,

File name: | | |
File name [ Type Add Al
impulze_libavalon_if. vkhd WHOL File
impulze_lib/cregizter. vhd WHDL File
impulze_lib/zzignal vhd WHOL File
impulze_lib/divmod. vhd WHOL File
impulze_libAfifo.vhd WHOL File
impulze_libAfifo_dc.vhd WHDL File
impulze_lib/amenm. vhd WHOL File
impulze_libimpack. vhd WHOL File
impulze_lib/mem_if. vhd WHOL File
impulze_lib/sema.vhd WHDL File
impulze_libstreamn. vhd WHOL File
impulze_lib/stream_dc.vhd WHOL File
uzer_logic_filk_module/FIR_Acceleratar_comp.vhd WHOL File
uzer_logic_fik_module/FIR_Accelerator_top.whd WHDL File
uzer_lagic_filt_moduledzubspsten. vhd WHOL File
Specify the path names of any non-default libraries. zer Libraries.
¢ Back | Mext » Firizh Cancel

Click Next to proceed.

In the Family and Device Settings page (page 3) select the device you will be targeting. For this
example we will choose Cyclone Ill, EP3C25F324C6 device, with 324 pins and speed grade 6. This is

the FPGA used in the Cyclone Ill FPGA Starter Board.
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Select the family and device you want ta target for cormpilation.

— Device family — Show it ‘Available device' list
Family: II:ycInne 1] j Package: Ay *
Dieyices; |-"-"-|| d Fin count; 324 -
~ T arget device Speed grade: IE j‘
" &uto device selected by the Fitter ¥ Show advanced devices
' Specific device zelected in ‘Bvailable devices' list [T HardCapy compatible arly

Avalable devices:

M ame | Core ... | LE= | zerlf... | kdemor... | Embed... | PLL | I

EF3C25F324CE 2 24524 B0E2

]

EF3C40F324CE 1.2 33600 136 1181216 22 4

S E

= Companion device

HardCopy: |

¥ Lirmit DSP & Fab to HardCopy device resource

=

< Back I Mest » I

Finizh Cancel

Click Next again. Skip the EDA Tool Settings page (page 4) by again clicking Next.

You will see a Summary page listing the options you have chosen as shown below:

© 2003-2009 Impulse Accelerated Technologies




14

Impulse ComplexFIR Tutorial for Altera Cyclonelll Evaluation Kit

e O BT S e ERS TR e N e e s ﬂ]
wihen pou click Finizh, the project will be created with the following settings:
Praject directan:
[ AalteradlmpulzeE samples/ ComplesFIR_MNIOS AQuartus/
Project name: ComplexFIR
Top-evel dezign entity: Comple=FIR
Mumber of files added: 15
Murmber of uzer lbranes added: 0
Device azsignments:
Family narne; Cyclone 11
Device: EF3C2EF324CE
EDA tools:
Dezign entrysynthesis; <Mones
Simulation: <M ores
Timing analyzis: <Maones
Operating conditions:
WCCINT voltage: 1.2
Junction temperature ranges; 0-85 °C
¢ Back | Finizh | Cancel

Click Finish to exit the Wizard and return to Quartus.

The next steps will demonstrate how to create and configure a hardware system with a Nios Il
processor and the necessary I/O interfaces for our sample application.

See Also

Step 7: Creating the New Platform

Tutorial 2: Complex FIR Filter on the Nios Il platform
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1.7 Creating the New Platform

ComplexFIR Filter Tutorial for Nios I, Step 7

Now that you have created a Quartus project using the wizard, you will need to specify additional
information about your platform in order to support the requirements of your software/hardware
application. These steps include the creation of a hardware system with a Nios Il processor and the
necessary 1/O elements.

You will use SOPC Builder to create a hardware system containing an Altera Nios Il embedded
processor, the FPGA module created for the ComplexFIR hardware process by CoBuilder, and several
necessary peripherals. To do this, select Tools -> SOPC Builder to start SOPC Builder.

In the Create New System dialog that appears, enter ComplexFIRSystem as the System Name, and
specify VHDL for the Target HDL language:

=]

File Edit Module System “iew Tools Help

System Corterts | System Generation

_J Altera SOPC Builder Target Clock Settings
FUL) Create newy component...

Mioz Il Processar

[#-Bridges and Adapters

[#Interface Protocols

#-Legacy Components

[#-Memaries and Memory Controllers

[+-Petipheralzs

[#-PLL

#H-USE

#-User Logic Syatem Mame: ComplexFIRSystem

Device Family: Cyclone Il [+ Matme Source MHz i

@ Clock Eaze End

= Greate New System|

[#-4iden and Image Processing
Target HOL: () Werilog

© W

& = N v e Do Address Map... I [ Filter ..

@ Info: Your system is ready to generate.

Exit 4 Fre Mext l [ Generate

Click OK to continue.
Note: the System Name that you specify in this step must be a valid VHDL identifier. Specifically, it

must not begin with a numeric character or include spaces or other non-alphanumeric characters other
than the underscore character ().

See Also

Step 8: Configuring the New Platform

Tutorial 2: Complex FIR Filter on the Nios Il platform
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1.8

Configuring the New Platform

ComplexFIR Filter Tutorial for Nios I, Step 8

The following instructions will lead you through the process of creating your Nios Il-based platform
using SOPC Builder. This process requires many steps, but will only need to be done once for each
new project that you create.

We'll begin by adding the largest component of the ComplexFIR system, the Nios Il processor. From
the System Contents tab (on the left side of the SOPC Builder window), double-click Nios Il
Processor under Altera SOPC Builder. The Nios Il Processor - cpu configuration Wizard will
appear. Select the Nios ll/s core as shown below:

S Tus [ H g5y - e i

Nios II Processor

Documentation

Core Mios IT Caches and Memory Interfaces Advanced Features MMU and MPU Settings ITAG Debug Module Custom Instruckions

Core Mios ||

Select a Nios Il core:

ONios Ilfe |®Nios Iifs O Nios If
. RISC RIZC RIZC
Nios Il 32-bit 32-hit 32-hit
Selector Guide Instruction Cache Instruction Cache
Family: Cyclone Il Branch Prediction Branch Prediction
Hardware Multiply Hardware Muttiphy
fs stem: 000 MHZ Hardware Divide Hardware Divide
-
S Barrel Shifter
pulth Data Cache
Dynamic Branch Prediction
Performance at S0.0 MHz Up to & DMIPS Lk to 32 DRIPS Up to 57 DMIPS
Logic Usane E00-700 LEs 1200-1400 LEs 1400-1500 LE=
Memory Usage Twvo M3Ks (or equiv.) Tuvo Maks + cache Three M3ks + cache
Harchware Multioly: | Erbedded huttiplisrs | | [] Hardware Divide

Click Finish to add the Nios Il CPU to the system and return to SOPC Builder. A module called cpu
appears in the SOPC window.

e AleraS ORI dEestomplexiIRbystemisopesiial ievasimpulsebxamplestGomplEx i RN S S rantassEomplExI RSystemso po)| ‘_JJall
File Edit Module System “iew Tools Niosll Help |

System Contents | System Generstion
£ Altera SOPC Builder Target Clock Seftings
Device Family:| Cyclone I [+ Mame Source MHz add
clk External |50.0 | lt=
erface Protocols
Legacy Components
-tdemories and Memory Cortrollers
-Peripherals :
L Use Con... Module Matne Description Clock Base Enc IRG
USE = cpu ENios Il Processor
User Logic | instruction_master !Avalon hemary Mapped Master |elk
den and Image Processing | data_master !Avalon hemary Mapped Master IEQ O IRQ 31—
I ftag_debug_module |Avalnn Metmory Mapped Slave 0300000800 |0:x00000£ff |

Next, you must add the necessary peripherals to the new Nios Il system. If you are not familiar with
how to do this in SOPC Builder, you may wish to review the information provided in your Nios Il
Development Kit documents, and in particular the tutorials provided by Altera. Refer to the
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instructions provided by Altera in the following file:

http://www.altera.com/literature/tt/tt nios2 hardware tutorial.pdf

The relevant information begins with the section titled Timer (page 2-9) and ends with the section titled
External RAM Bus (Avalon Tri-State Bridge) (page 2-13).

Using the methods described in the Altera documentation (and summarized below), you will need to
add the following components:

Timer
To add the timer peripheral, perform the following steps:

Select Interval Timer under Peripherals -> Microcontroller Peripherals, and click Add. The Interval
Timer - timer wizard appears.
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I ntervalMamershimer

File Edit Module System “iew “ I
nterval Timer
Magators”

System Contents ._System Generation

1] Attera SOPC Builder

-5 Create nevy componert...
¢ Miosg | Processar

+-Bridges and Adapters

H-Interface Protocolz Timeout period-

Legacy Components

Parameter
Sektings

[#-hemories and Metmory Controllers EEEiCE | mz o hi
:E!--F‘nj:ripherals
[#-Debiug snd Performance —Tirmer counter size-
Display : —
Counter Size: Y
FPGA Periphersls sl i bits
—t-Microcortroller Peripherals i
,  [TEr——— 2 Hardware options
IMerval | 'J.
: ¢ PID (Parallel 1100
F-Muttiprocessor Coardination Presets: | cuystom j
#-PLL
H-USE Registers
#-U=er Logic . ;
#-Yideo and Image Processing ek et
Readable snapshat

Start/Stop contral bits

Output sighals-

[] Timeout pulse (1 clock wide)

|:| System reset ontimeout QWWatchdog)

CJ To Do epu; Mo reset vector has be
CJ To Do eput Mo exception vector b i
o, Warning: epu: Reset vector and Ex

Leave the options at their default settings, and click Finish to add the timer to your system. You are
returned to the Altera SOPC Builder window.

External Flash Memory Interface
To add the external flash peripheral, perform the following steps:

Select Flash Memory (CFI) under Memories and Memory Controllers -> Flash, and click Add. The
Flash Memory (CFI) - cfi_flash wizard appears.

Make sure Intel 128P30 is selected in the Presets drop-down box. In the Size box, change the
Address Width to 23 bits, and Data Width to 16 bits.
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a 4 EElaehiMemony (CEI) = chifiash;

Fle Edt Moduls Systsm View | “ Flash Memory (CFI)

System Corterts ] System Generation |

Documentation

5] Alters SOPC Builder

i n]’_",a Creste newy component ..
o Mios | Processor

+-Bridges and Adapters

+-Interface Protocols P

#-Legacy Components

=-Memories and Memory Controllers

Parameter
Settings

; 2 Timing . P

@__DMA rSize:

=Flash Address Width (hits): | 25 ]

i oo CompactFlash Interface] - !
+ EPCE Serial Flash Contry | Data'Width (kits): |45 L_.J

Create an interface to any industry-standard CFl (Common Flash Interface)-compliant

&
'ﬂ hb flash memary device. Select from a list of tested flash memories or provide interface
-SRAM and timing information for & CFlmemory device which does not appeatr onthe list
(#-Peripherals
#-PLL (5] Info: Flash memary capacity: 16.0 MEytes (16777216 bytes).
H-1J58

+-User Logic
#-Yideo and Image Processing

Design Entry 2
Click Finish. You are returned to the Altera SOPC Builder window.
External SRAM Interface

To add the external SRAM peripheral, perform the following steps:

Select Cypress CY7C1380C SSRAM under Memory -> SRAM, and click Add. The Cypress
CY7C1380C SSRAM - ssram wizard displays.

Make sure the memory size is set to 1 MBytes:
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=

File Edit Module System ‘“iew Tools

Ry press GYAC1E BOESERAM = ssram|

x|

System Contents -_S\;stem Generstion |

' Cypress CY7C1380C SSRAM .

Documentation

£ Attera SOPC Builder
[ Create nesw componert ..

@ Mios | Processor
[#-Bridges and Adapters
[#-Interface Protocols
#-Legacy Components
[=-Memaries and Memary Controllers
DM,

o IDTT1W416 SRAM
(- Periphersalz

-PLL

-UsE

+-User Logic

[#-%ideo and Image Processing

Syhchronous static RAM

The Mios Development Board (Cyclone | 2635 and Stratix | 2560 edition) has s Cypress CYTC1380C-167AC
SSRAM chip arranged as 512K by 36 bits (32 bits are used by this component resulting in 2MBvtes total
address span).

This SSRAM irterface alloves parameterization of SSRAM size and read latency to accommodate your desired
device and clock speed selection.

Hote: Changes in SSRAM read latency must be accompanied by timing analysis and clock phase adjustment.

Timing parameters

Read latency (cycles) |2

“SERAM size

Memory size (MBytes): ] [+] 18 ward aligned address bits

-Generic memary model {simulation anly)

Include functional memory model in the simulation testhench

Click Finish. You are returned to the Altera SOPC Builder window.

External RAM Bus (Avalon Tristate Bridge)

For the Nios Il system to communicate with memory external to the FPGA on the development board,
you must add a bridge between the Avalon bus and the bus or buses to which the external memory is

connected.

To add the Avalon tristate bridge, perform the following steps:

Select Avalon-MM Tristate Bridge under Bridges and Adapters -> Memory Mapped, and click
Add. The Avalon-MM Tristate Bridge - tristate_bridge wizard displays. See that the Registered

option is turned on by default.
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2 =Syl MMnETate BrideeE s aie shrdee Q1
|

File Edit Module System ‘iew Tools “ A'ialorl MM Tristate Bridge
Siystem Conterts | System Generation| iy

K] Attera SOPC Builder
1) Create new componert ...
> Mios Il Processor
idges and Adapters
emaory Mapped () Registered
@ Awalon-kihd Clock Crossing B
Aowalol MM P e!in__e Eir' e

Parameter
Setkings

Increases off-chip fmax, but alsa incresses latency.

. i () Mot registered

JTAG to Avalon Master Bridg

Pl Slave to Avalon Master B Reduces Iatencyf, but alzo repiu-:es fmax.. ] o

Mote: Check the input setup times analysis in the Quartus compilation report

Be-Streaming o be sure your bus inputs meet system-level timing reguirements.

“nterface Protocols
eqacy Components

Cutgoing address and control signals are always registered.
-Memories and Memory Contraollers

[#-Yideo and Image Processing

[Cancel l [Next i ”Finish |

Design Entry 2
Click Finish. You are returned to the Altera SOPC Builder window.

Connect the External Memories to the Tristate Bridge

The external memories cfi_flash and ssram modules must be connected to the tristate_bridge.
Click both the open circles inside the red oval to make the connections.
The open circles will turn black to indicate a bus connection.

Use  Connec.. Module Name Description Clack Base End IRG
B cpu Moz | Processor
instruction_master Avalan Memory Mapped Master clk
data_master Awvalon Memory Mapped Master IRQ O IRQ 31
jftan_debug_module Avalon Memory Mapped Slave 000000800 [0x00000fff
Bl timer Irterval Timer
=1 Avalan Memory Mapped Slave clk 000000000 |0x000000L1f
B cfi_flash Flash Memary (CF1)
=1 Avalon Memory Mapped Tristate Slave  |clk 000000000 [0x00ffffff
B ssram Cypress CYTC1380C SSRAM
sd SR n Mamory Mapped Tristste Slave ek 008000000 lox000££2£¢
avalon_slave Avalan emary clk
triztate_master Avalan Memory Mapped Tristate Master

Double-click the tristate_bridge module to edit the its Parameter Settings. In the Shared Signals
tab, Check address under both ssram.s1 and cfi_flash.s1. This will allow the external ssram and
flash module to share the address bus in the generated system.
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= BAvalon-MMinEtate Bridop = frstate Shndoe a

“ Avalon-MM Tristate Bridge
= [oonenen

Incoming Signals / Shared Signals

Specity which signals should share external system connections.
Mate: The data signal iz always shared, and the chipselect_n signal iz never shared.

saram.s1 4
address
[]adse_n
[]bwe_n
[]bwre_n

[] outputenable_n

| *]]

cfi_flash.s1

]
:
o
a

IE_JI'

Click Finish to accept the changes.

JTAG UART Interface

The JTAG UART is used for communication between the board and the host machine and for
debugging software running on the Nios Il processor. To add the JTAG UART peripheral, jtag_uart,
perform the following steps:

Locate Interface Protocols -> Serial -> JTAG UART, and double-click to add. The JTAG UART -
jtag_uart wizard displays.

Leave all options at their default settings.
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a 2L ITAG UART: - jta

File Edit Module System “iew Too m JTAG UART

System Conterts | System Generation
Yi—-—- Mogators”

ocurnentation

£ Altera SOPC Builder

- ..‘r_,; Create nevy component ...
@ Mios | Processar

+-Bridges and Adapters

=-interface Protocolz ririte FIF O Data fram Awalon to JTAG)
|

Sirnulation

Euffer depth (bytes) g4 E] IRG threshold: |5

: |:| Conzstruct using registers instead of memory blocks

l.é'--Sn_ariaI -

fe @ Avalon-ST JTAG Interface || -Read FIFO (Data from JTAG to Avalon)-

o Awvalon-2T Serial Peripheral —
= Buffer depth (bytes) gy L_] IRG threshald: |5

SPI3 Wire Serial)

o UART (RS-232 Serial Port) |:| Construct using registers instead of memory blocks

+-Legacy Components

+-tMemories and Memary Controllers

+-Peripherals

-PLL

+-USE

-Uzer Logic

|-*ideo and Image Processing

Click Finish. You are returned to the Altera SOPC Builder window.
Adding the Hardware Process Module "filt_module”

Now add the filt_module, which implements the ComplexFIR hardware process. Double-click User
Logic under Avalon Modules in the System Contents pane. Select img_arch module and click Add:
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S anlieraSUREH TR tomplexdRSyEtemesop e EAal i erabimpii ety
File Edit Module Zwstem Vieww Toolz RNiosll Help
System Contents | System Generation
13 ? SORC Bilder Target Clock
] Create new componert ... =
BE=R s e Device Family: Cyclane { Matr
#-Bridges and Adapters clk
+ Irterface Protocals
.'J:r'; Legacy Components
[F-temaries and Memary Cartrollers
.??;--Peripherals
.?ir';--F'LL Uze | Connec.. Module Mame
#-USE | | = epl
Z-Uszer Logi instruction_mazter
M data_master
#-Widen and Image Processing ftag_debugy_module
| B timer
=1

The ComplexFIR hardware process, user_logic_filt_module_classic_0 module, will be connected to
the shared Avalon data bus automatically. The system module listing will appear as shown below:

Use = Connec.. hodule Mame Description Clock Ease Endl IR
E cpu Mioz || Processar
— instruction_master Axvalon Methory Mapped Master clk
— data_master Avalon Memory Mapped Master IRQ 0O IRQ 31/
L 2 Jiag_debug_module Avalon Methory Mapped Slave 000000800 [0x00000f££
B timer Interval Timer
=1 Avalon Memory Mapped Slave clk 0200000000 |[0x0000001f >—ﬁ|
B efi_flash Flash Memary (CFI)
=1 Avalon Memory Mapped Tristste Slave  clk 0200000000 [Ox00ffffff
= ssram Cypress CYTC1380C SSRAM
=1 Avalon Memmory Mapped Tristate Slave  |elk 0200000000 (Ox000ff£f£f£
[ tristate_bridge Avalon-hih Tristste Bridge
k_< avalon_slave Axvalon Methory Mapped Slave clk
tristate_master Avalon Memory Mapped Tristate Master
E jtag_uart JTAG USRT
avalon_tag_slave Avalon Mermory Mapped Slave clk 000001020 [0x000010Z7 >—E|
B user_logic_fit_module_classic_0 (it module
p_cpu_proc_output_stream Axvalon Methory Mapped Slave clk 000001000 [0x0000100f
P_cpu_proc_input_stream Avalon Memory Mapped Slave 0200001010 [0x0000101f
PLL

We need to generate different clocks for various modules. The CPU can run at a fast clock of 100
MHz, while peripherals need slower clock sources. The hardware process filt_module needs to run at a
slow clock of 40 MHz. Adding a PLL module will serve this purpose.

To add a PLL module, simple select it under PLL, and click Add:
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i Pl [x]

File Edit Module
| %3 PLL

[ System Corterts | 5 Pl
13 Aters SOPC Buil [T :
E _-; Create nevw © BT
o @ Miog Il Proces
l?iE:--EIridges and Adap
[-Interface Protocal|[ PLL configuration
I?E:--Legacy Compons
-Memaries and te | The &walon PLL configurstion wizard crestes & component wwrapper around an Altera
i ALTPLL megafunction. Use the ALTPLL Megavizard to configure the PLL settings.

l?;:--Peripherals

':??"PIE‘L Yhen you finizh configuring the PLL, the PLL clock output appears inthe clock takle
B 333 on the SOPC Builder System Corterts tab.

#-ISE

l?fE:--Llser Loigic

- Yideo and Imace | Launch Aftera's ALTPLL Megavizard J

Click Launch Altera's ALTPLL MegaWizard to continue. The MegaWizard Plug-In Manager will
appear as shown below:
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M EER|
About Documentation

A B lgg- L g = [uzg= ] ai |

,, ALTPLL

Currently selected device Family:
altpllpl 1 Match projectdefault
inclkd inclkd fraquency: 50.000 MHz Able to implement the requested PLL
Operation hdeds: Mo Compensation
[E23 (0 ) S S
Coyclone 111
which device speed grade will vou be using? .‘-".n_'.J il |
wWhat is the Frequency of the inclockd inpuk? 5000 .MHz 2 |
PLL type
Wwhich PLL type will you be using?
i#) Select the PLL bype automatically
COperation mode
How will the PLL outputs be generated?
i#) |Use the Feedback path inside the PLL
7 InMormal Mode
) In Source-Synchronous Compensation Mode
2 In Zero Delay Buffer Mode
N
| Cancel | 4 | Mext = || Finish |

In the Operation mode box, check With no compensation item. Click Next to continue.

Switch to the Output Clocks tab of the wizard. In page 6 of the wizard, check Use this clock to
activate clock c0. Enter 2 in the Clock multiplication factor box. This will create a clock c0 of 100

MHz.
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MAE P vt P e e e e e e |

G ALTPLL

Abaout

HEE|

Docurnentation

altpllpll

inclko

inclkd frequancy : 50.000 hiHz
Operation hiode: Mo Compensation

[ [ S )
[so ] 21 | 000 | 00

Coyclone (11

0 - CorefExternal Gutput Clock
Able to implement the requested PLL

Clock Tap Settings

1 Enter output: clock frequency:

(%! Enter autput clack parameters:

Clack multiplication Fackar
Clock division Factor

Clock phase shift

Phase shift step resolution{ps)

Clock duty cycle (%)

More Details ==

Requested settings

.H..N.
e B

poe B [es

e

[soo0 B

e

—
e

Actual settings

100000000

R

D.00

50,00

Click Next to continue. In page 7 of the wizard, check Use this clock to activate clock c1. Enter 2 in
the Clock multiplication factor box. In the Clock phase shift box, enter -2000.00 ps. This will create

a clock c1 of 100 MHz.

Y ALTPL

gavyizand Bl npeinianae e prage s ois

altplipll

inclki

inclkD frequency: S0.000 hiHz
Operation Mede: Ho Compensation

Clk | Ratio] Ph @] DC (]
oo | 211 | o.oo | 5000
ot |zt [-7zo0] 5000

Coyclone 11

cl - CorefExternal Output Clock
Able ko implement the requested PLL

M Use this clock
Clock Tap Settings

0 Enker output clack Frequency:

@) Enter output clock parameters:

Clock multiplication Factor
Clock division Factaor

Clock phase shift

Phase shift step resolutionips)

Clock duty cyvcle (%)

Mare Details ==

Requested settings

-2000.00 & [ ps

soo0 B

=1E1x]

Documentation

1 }f]

Actual settings

[t00-0oa0a0

Fzo00.00

£0.00

Click Next to continue. In page 8 of the wizard, check Use this clock to activate clock c2. Enter 6 in
the Clock multiplication factor box, and 5 in the Clock division factor box. This will create a clock
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c2 of 60 MHz.

AEE|

i ALTPLL

Docurmentation

About

c2 - Corg/External Output Clock

altpllpll Able to implement the requested PLL
okl | o frequency: 50,000 MHz i1 Use this clock
Operation hade: Mo Compensation Clock Tap Settings
o T ) Requested settings . Actual settings .
s0] 2] ooo ] soo0 1 Enker output clack fraquency: 100, 000008 ~ /50.000000 |

cl | 24 |-Fz.00) 50.00
ok | Gf& | 0.00 | 50.00

# Enter output clock parameters:

Clack multiplication Factor

5

Coyclone 11

Clock division Factaor

[

Clock phase shift

Phase shift step resolution{ps)

Clack duty cvcle (%)

Mare Details ==

Click Next to continue. In page 9 of the wizard, check Use this clock to activate clock c3. Enter 4 in
the Clock multiplication factor box, and 5 in the Clock division factor box. This will create a clock
c2 of 60 MHz.

Mega e e W evTas e e u.i _3@1
‘a ALTPLL

Docurmentation

3 - Corg/External Output Clock

altpllpll Able to implement the requested PLL
oD | okt frequency: 50,000 bz 1 Use this clock
Operation hade: Mo Compensation Clock Tap Settings
ST LT RS Requested settings . Actual settings .
ol | 21 | D.00 | 50.00 s Enter output cock frequency: ?}D'DUUDDD |

cl | 24 |-Fz.00) 50.00
ok | Gf& | D.00 | 50.00
w3 | 4% | 0.00 ) S0.00

# Enter output clock parameters:

Clack multiplication Factor

Coclone 111

Clock division Factaor

Clock phase shift

Phase shift step resolution{ps)

Clack duty cvcle (%)

Mare Details ==
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Now we are done with configuring clocks. Click Finish to view the Summary page of the wizard.

|z et e el g = [usid= P2 il = Sz H_J _J@

g ALTPLL

abaut Docurmentation

E Surnmary

Turn on the Files vou wish ko generate. A gray checkmark indicates a File that is
automatically generated, and a red checkmark indicates an optional file, Click
altplipll Finish ko generate the selected Files, The skate of each checkbox is maintained in

subsequent Megaiizard Plug-In Manager sessions,

jnclki

inclkD frequency: 50,000 hiHz
Operation hade: No Compensation The Mega'wizard Flug-In Manager creates the selecked Files in the Following

directory:

ok [Ratia[Ph dgy[ 0T 0%
o0 | 21 | noo | soo0
el | ant | -7200] s0.00
o2 | 65| noo | 5000

[ halker s\ ImpulseE:ampleshComplexFIR_MIOS Quartus),

oo e T File | Drezcription
[ altpllpll. vhd W ariation file
Tyelane Il [ altpllpll.ppt FirPlanner ports PPF file
O altpllpll.inc AHDL Include file
[ altpllpll.crip YHDOL component declaration file
O altplipll. bef Quartug 1 symbol file
O altpllpll_inzt.«vhd Inigtantiation template file
O altplipl_bb. vhd
O alktpllpll_wawveforms. himl
O altplipll_wave® jpg

Click Finish again to accept the PLL settings, and then click the Finish button on the PLL - pll dialog
box. A pll module will be added to the system.

Rename Clocks

In order to better identify the clocks, rename the clocks as follows:

External -> osc_clk
pll.cO ->cpu_clk

pll.cl ->ssram_clk
pll.c2 -> peripheral_clk
pll.c3 ->filt_co_clk

The Clock Settings in the SOPC Builder will appears as shown below:

Target Clock Settings

Device Family:| Cyclone Nl '_. Mame Source hHz
cpu_clk ||:|Il.l:ll
ssram_clk pll.c1

peripheral clk_ pll.c2

Next, change the Clocks for each module to the following settings:

e osc_clk: pll
e cpu_clk: cpu, cfi_flash, ssram and tristate_bridge
e peripheral_clk: timer and jtag_uart
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To do so, click on the clock name, and choose the right clock source. The example of changing the
Clock of cpu from osc_clk to cpu_clk is shown below:

Target

Usze

Device Faily: | Cyclone Il

CORNEC...

E epu

—

-

Clock Settings

Mame
cpu_clk
ssram_clk
peripheral_clk
filt_co_clk

faculs Marme

data_master
Jtag_debug_module
= timer
=1
= cfi_flash
=1
= ssram
=1

Source
|pt.co
|pilet
|pll.c2
|pll.c3

Description

|Mios Il Processor
¥ : i

E’Avalon Memor:f Mapped Master
|&wvalon Memory Mapped Slave
(Interval Timer

|&walon Memory Mapped Slave
[Flash Memary (CFT)

|&valon Metmory Mapped Tristate Slave
!Cypress CYTC 380C SSRAM

!Avalon Metmory Mapped Tristate Slave

MHz

[100.0

[100.0

!BD.D

1400
Clock Baze
ozc ok
cpu_ch IRQ O
fitt_co_clk 0300000800
osc_clk
peripheral _clk 000000000
ssram_clk
cpu_clk 000000000
cpu_clk 000000000

Al
Encl IR
IrQ 31
Ox00000£££
0x0000001£
Ox00£££££F
Ox000£££££

After this is done, the modules and their associated names and bus connections in the SOPC Builder
should appear as below:

Source
|pll.co
piL.c1
pll.c2
pll.c3

Description

Target Clock Settings
Device Family: Cyclone Nl Mame
cpu_clk
ssram_clk
peripheral_clk
ﬁlt__co_clk
Use = Connec.. Module hlame
= cpu
— instruction_master
— data_master
— jtao_debug_module
E timer
— =1
E cfi_flash
=1
B ssram
=1
B tristate_bridge
— avalon_slave
tristate_master
= jtag_uart
[— avalon_jtag_slave
= user_logic_fit_module_classic_0
— p_cpu_proc_output_stream
— p_ohu_proc_input_stream
B pll
| =1

Setting "More 'cpu’ Settings"

Ai-'alon Memory Mapped Master
Avalon Memory Mapped Master
Axvalon Memory Mapped Slave

Irterval Timer

Avalon Memory Mapped Slave

Flash Memory (ZFI1)

Avalon Memory Mapped Tristste Slave
Cypress CYTC1380C SSRAM

Avalon Memory Mapped Tristate Slave
Axalon-hhd Tristate Bridge

Avalon Memory Mapped Slave

Avalon Memory Mapped Tristate Master
TR UART

Ayvalon Memory Mapped Slave

fitt miocuile

Axyalon Memaory Mapped Slave

Aralon Memaory Mapped Slave

PLL

Axalon Memaory Mapped Slave

hiHz

Alcd
[100.0
|1 000
iED.D | =
400 |
Clock Base Encl IR
| ] !
icpu_clk
IRQ O IRD 31—
03200000800 |(0x00000E£££
peripheral_clk 0200000000 (0x000000Lf >—‘[j:|
cpu_clk 0300000000 (Ox00ffffff
cpu_clk 000000000 OxOQO0f££££
cpu_clk
peripheral_clk 000001020 [0x000010Z7 >—-E|
cpu_clk 0x00001000 |0:x0000100f
0x00001010 |0x0000101f
osc_clk 0x00001040 |0:x0000105f

Now double-click the cpu module to edit the Nios Il Processor - cpu settings. Change the Reset
Vector Memory to cfi_flash, and the Exception Vector Memory to ssram as shown;
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E sl iProGeEssorE |

Nios II Processor

Core Mios II Caches and Memory Interfaces

Zare Miog |

Select a Nios Il core:

Advanced Features

MU and MPL Settings

ONios Ilfe |®Nios Il/s ONios IIF
. RISC RISC RISC
Nios Il 32.bit 32-bit a2-bit
Selector Guide Instruction Cache Inztruction Cache
Branch Prediction Branch Prediction

Family; Cyclone Il

Hardware Multiply
Hardware Divide

Toystem: 100.0WHz

cpuid: 0

Performance st 100.0 MHz Up ta 15 DMIPS
600-700 LE=
Toweo MOKs (or equiv.)

Logic Usage
Memory Usage

Hardware MUKplY: | Eppedded Muttipliers

Reszet YWectar: Memaory. | ofi_flash

Exception Wectar:  Memory: | EEES

Click Finish to save the changes.

Assign Addresses

Up to 64 DMIPS
1200-1400 LE=
Twwo MSK= + cache

Hardwware Multiply

Hardware Divide

Barrel Shifter

Data Cache

Dynamic Branch Prediction
Up to 113 DMIPS

1400-1500 LE=

Three M3ks + cache

[] Harchware Divide

| Offset | own

[ Offset pxzo 0x00000020

ITAG Debug Module

000000000

31

Documentation

Custom Instruckion

We can see that as we add modules, error messages appear in the console window showing address
conflicts. Here, we let the SOPC to re-assign addresses for all the memory-mapped modules to avoid
address overlaps. From the SOPC Builder menu, select System -> Auto-Assign Base Addresses.

The newly assigned addresses are shown below:

Use  Connec... hModule Mame
instruction_master
—t data_master
Jtag_debug_module
B timer
— =1
B cfi_flash
=1
B ssram
=1
E tristate_bridge
avalon_slave
k—< tristate_master
B jtag_uart
— avalon_tag_slave
E user_logic_fit_module_classic_0
s p_cpu_proc_output_stream
] p_cpu_proc_input_stream
B pll
i =1

Description Clock Basze
Ayalon Memory Mapped Master cpu_clk
Ayalon Memary Mapped Master IRQ 0O
Awalon Memary Mapped Slave 0x02200800
Irteswal Timer
Ayalon Memary Mapped Slave peripheral_clk 002201000
Flash Memary (CFT)
Awalon Memoary Mapped Tristate Slave  jepu_elk 0301000000
Cypress CYTC1380C SSRAM
Ayalon Memary Mapped Tristste Slave  [cpu_clk 0202100000
Aealon-Mh Tristate Bridge
Awalon Metmory Mapped Slave cpu_clk
Ayalon Memary Mapped Tristate Master
JTAG LART
Ayvalon Memary WMapped Slave peripheral_clk 0x02201060
fitt module
Ayalon Memary Mapped Slave cpu_clk 002201040
Aalon Memary Mapped Slave 002201050
PLL
Ayalon Memary Mapped Slave osc_clk 002201020

Save the system by selecting File -> Save from the SOPC Builder menu.

Your new Nios Il platform is ready for system generation.

End

Ing 21

Ox0zZZ00f££

0x0220101£

OxO1lffffff

Ox0Z1L£££££

Ox0z22Z01067

Ox0220104 £
Ox0zZZ0105€£

0x0220103f£

IRG

A
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1.9

See Also

Step 9: Generating the System

Tutorial 2: Complex FIR Filter on the Nios Il platform

Generating the System

ComplexFIR Filter Tutorial for Nios I, Step 9

At this point you have set up and configured your new Nios ll-based platform, including the hardware
module generated by CoDeveloper, and can now start the system generation process within the
SOPC Builder.

Click Generate on the bottom of the SOPC Builder window to generate the system. The SOPC
Builder will automatically switch to the System Generation tab and display generation
information.Make sure the Simulation option is unchecked to save time. This process may take
several minutes.

SN lieraSURE T deRstomplex R Ry tenesopeial ieratimpirsexamplesitomplex i RN IS arasiEompiex

File Edit Module Swystem “iew Toolz Mozl Help

Syatem Contents |:-

Options
System module logic will be created in WHDL.
D Simulstion. Creste project simulator files.

Mios I Tools

Moz Il IDE

Info; Processing started: Mon Feb 23 13:38:33 2009
.g,l Info: Command: gquartus_sh 4 ComplexFIRSystem_setup_quartus tcl
C;r) Info: Evaluation of Tcl script ComplexFIREystem_setup_quartus tol was successiul
I;_.;) Infor Quartus | Shel was successul. O errars, O warnings
Info: Peak virtual memory: 47 megabytes
Info; Processing ended: Mon Feb 23 13:38:33 2009
Info: Elapsed time: 00;00:00
Info; Total CPU time (on all processors), 00,0000
#2009.02.25 13:38:34 (*) Completed generation for system: ComplexFIRSystem.
#2009.02.23 13:38:34 (%) THE FOLLCWAMG SYSTEM ITEMS HAWE BEEM GEMERATED:
SOPC Builder databasze : DufateradmpulseExamplesiComplexFIR_MIOSGuartusiComplexFIR Sy stem ptf
System HOL Model ; D:fatteraimpulzeExamplesiComplexFIR_MIOSGuantusComplexFIRSystem. vhd
System Generation Script | D:falteradmpulzeExamplesiComplexFIR_NIOSCuartus ComplexFIR System_generation_script
#2009.02.23 133534 (%) SUCCESS: SYSTEM GEMERATION COMPLETED:.
I{,?; Info: System generstion was successul.

@ Info; cfi_flagh: Flash memory capacity: 16.0 MBEytes (16777216 bytes).
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When generation is complete you may exit SOPC Builder and return to Quartus.

Now you will need to use the block diagram editor to connect the complete SOPC Builder-generated
system (which includes the ComplexFIR hardware process module, the Nios Il processor, and
peripherals) to the pins on the FPGA.

To begin, open the block diagram file ComplexFIR.bdf by selecting the Files tab in the Project
Navigator window and double-clicking ComplexFIR.bdf. The block diagram file contains input and
output pins to be connected to the ComplexFIRSystem symbol as shown below:

f@ RuartusdlinyalienalimpulsebxamplesiComplextiRENIO5/@uantusComplexilesomplexbl S Cormplexiitbd i)
1) File Edit Visw Projsct Assignments Procsssing Tools Window Help

hsdg & o [compleFir RallE - R R R P Dk &8 G e
Project Navigator . x

ik impulse_lib/fifo_de vhd
ik impulse_lib/gmenn. vhd
- gt impulse_lib/impack. vhd

s impulse_lib/mern_if.vhd
e impulse_lib/sema. vhd

i impulse_lib/stizam.vhd

i impulse_lib/stisam_de.vhd

~gh user_logic_fit_module/FIF_tioc|

user_logic_Ffilt_madule/FIR_4ct

user_Ingic_filt_module/subsyste|
RSystem.gip

i A

e R - -

20240110000 @

3] I B
HieralchyJ [ Files | gf Design Units]

Now add the block representing the SOPC Builder-generated system. Double-click anywhere in the
open block diagram file to bring up the Symbol dialog. Open the Project folder and select the
ComplexFIRSystem symbol as shown below:
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Jaiul

Librariss:

= & Project

1 altplipl

H 23 dalera’80/quartusdibranes! | |- - - - ErrnpionEiGSyatam

----- — ozc_clk cpu_clk — s
S —reset_n fitt_co_clk  — Heih:
i peripheral_clk  — tacE
SEEy szram_clk IS e

..... adsc_n_to_the_ssram

..... b _n_to_the_ssram[3.0]

..... brove_n_to_the_ssram

..... chipenablel _n_to_the_ssram

..... outputenable_n_to_the_ssram

e read_n_to_the cfi_flash — SR
T zelect_n_to_the_cti_flash — R

..... tristate_bridge_address[23..10]

..... triztate_bridoge _data[31..0]

..... werite_n_to_the_cfi_flash

T ame:

J ----- —co_clk_to_the_user_logic_fit_module_classic_0

|Comple:¢FIH5ystem

[ Repeatinsert mode

[ Inzert syrbal as block
-

Megatwizard Plug-n Manaager. .. |

ak. | Cancel |

Click OK. A symbol outline appears attached to the mouse pointer. Align the outline with the pins on
the block diagram and click once to place the symbol as shown:

osc_clk cpu_clk
reset_n fitt_co_clk
peripheral_clk

ssram_clk

adsc_n_to_the ssram

biv_n_to_the_ssram(3 0] T e N T TN
bwve_n_to_the_ssram RN 1 Y e T W Y S
chipenablel _n_to_the ssram B 11 T e 2T Y
outputenable_n_to_the_ssram MTPUT  —— szram_oe
read_n_to_the_cti_flash ST, ash i n
select_n_to_the_cfi_flash R 11 -

iristate_bridge_address(23..0] s _ : e e M L P
tristate_bridge_data[31..0] T e G P L LN iehes
write_n_to_the_cti_flash

co_clk_to_the_user_logic_fit_module_classic 0

inst

Pin Assignment

The next step is to assign pins. Instead of assigning each individual pin (a tedious process), this tutorial
includes a Tcl script that does the pin assignments for you. To run the Tcl script, select Tools -> Tcl
Scripts... The following dialog will appear:
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licl 5cripts ai

Libraries;

Run |
= & Project _
L ComplexFIRSystern_setup quartus. bol Open File |
b Cyclorelll ping est ram bl |
WLH zopc_add_qip_filekcl Add to Tel Toaolbar |
F 23 dalera80dquartusdcommondtel appsdguid
Cancel |

Presview

Copyright () 1891-2005 Altera Corporation |
Your use of Altera Corporation's design tools, ngii—?
and other software and tools, and its AMPP parthner
functions, and any output files from any of the fore
[including device programning or Simulation files),
associated documentation or information are exXpress.
to the terms and conditions of the Altera Program L
Subscription Agreemwent, Altera MegaCore Function Lic

J

fn o . S o s S -

-

Select Cyclonelll_pins_ext_ram.tcl in the Project folder and click Run to assign the pins in your
design.

Your project is now ready for bitmap generation and subsequent downloading.

Tip: you may wish to to save your Altera project at this point and save a copy for later use with other
CoBuilder-generated projects.

See Also

Step 10: Generating the FPGA Bitmap

Tutorial 2: Complex FIR Filter on the Nios Il platform

1.10 Generating the FPGA Bitmap
ComplexFIR Filter Tutorial for Nios Il, Step 10
At this point, if you have followed the tutorial steps carefully you have successfully:

e Generated hardware and software files from the CoDeveloper environment.

e Created a new Altera Quartus Il project and used SOPC Builder to create a new Nios ll-based
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platform.
¢ Imported your CoDeveloper-generated files to the Altera tools environment.

e Completed a block diagram and assigned pins for the selected FPGA device.
You are now ready to generate the bitmap and download the complete application to the target

platform. This process is not complicated (at least in terms of your actions at the keyboard) but can be
time consuming due to the large amount of processing that is required within the Altera tools.

Pin Settings

First, you must apply some compiler settings related to pin assignment. Select Assignments ->
Settings... from the Quartus menu, and select the Device Category.

SelLnEsEEompiexii E‘B

Categaory:
General
Files
Libraries Select the family and device pou want to target for compilation,
Device
=+ Operating Settings and Conditions Device Farnily Show it ‘Swvailable devices' list
Waltage i }
M. Farnily: |C}lclc-ne I} j Package: Ay -
-|- Compilation Process Settings Fir count: 124 =
Early Tirirg Estimate | J
Incrermental Compilation Speed giade: |B T
—|- EDA T ool Settings Target device ™ Show advariced devices
D.esignlEntryHS_l,lnthesis (" Auto device selected by the Fitter —
S!mlulatlc-n ; " Specific device selected in ‘Available devices' lizt
Tiring Analyzis
Formal Yerification = | Device and Fin Ophions... |
Phyzical Synthesis
Board-Level Lwallable devices:
=1 Analysic & Synthesis Settings Hame | Coe v | LEs Userl/. | Memor . | Embed . | PLL | Gilobal .. |
YHDL Input EP3C25F324C6 1.2 24624 218 E08256 132 4 20
Yerilog HOL Input EF3CA0F324CH 1.2 39600 196 1161216 282 4 20

Default Parameters

Synthesiz Metlist Optimizations
—|- Fitter Settings

Phyzical Sypnthesis Optimizations
=+ Timing Analysiz Setlings

Timeluest Timing Analyzer

4 Clazzic Timing Analyzer Settings Migration compatibility
Agzembler

Design Sssistant Migration Devices... J

Slgr?aIT ap Il Logic Analyzer 0 migration devices selected ~
Logic Analyzer Interface

+- Simulator Settings
PowerPlay Power Analyzer Settings

Ok | Cancel |

Click the Device & Pin Options... button to open the Device & Pin Options dialog:

In the General tab, check the Enable device-wide reset (DEV_CLRnN) option. This will allow the
system to be reset by an external push button on the board.
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e Cesand i phons a-‘

Fin Placement ] Error Detection CRC ] Capacitive Loading ] Board Trace kModel ]
General l Configuration 1 Pragramming Files ] nuzed F'ins1 Dual-Purpoze F'ins1 ‘Jn:nltage1

Specify general device optionz. These optionz are not dependent on the configuration
zcheme.

Options:

[w]Auto-restart configuration after error
[TJReleasze clears befare tri-states
[TJEnable uzer-supplied start-up clock [CLELSE]

Enal:ule device-wide output enable [DEWV_0E]
[CJEnable IMIT_DOME outprt
[C1Enable OCT_DOME

[~ Auto usercode
JTAG uzer code [32-bit hexadecimal]: |FFFFFFFF

| =

D'ezcription:

[Enables the DEY_CLRn pin, which allows all regizters of the device to be rezet by
an external zource. [f this optian iz turned off, the DENV_CLR R pin iz digabled when

the device operates in uzer mode and is available az a uzer [/0 pin.
Feset
0k, | Cancel ‘

Next, select the Dual-Purpose Pins tab and specify Use as regular I/O for all dual-purpose pins
listed:
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iz e s gel B O els Lﬁ

Fin Placement ] Eror Detection CRC ] Capacitive Loading ] Board Trace Model ]
General ] Configuration ] Programming Files ] Unuged Fine Dual-Purpose Pins l‘v"u:ultage]

Specify how dual-purpose ping should be uzed after device configuration is complete.
The default zettings for each pin depend oh the current configuration scheme
zelected in the Configuration tab, which iz Active Serial

Mote: For HardCopy, theze settings apply to the FRGA prototype device.

Dual-purpoze pins:

Mame Walue

DEEI) Use a3 regular | R

Data[1]4a500 Uze az regular /U

Data[7..2] Uze az regular [/0

DCLE Uze az regular /0

FLASH_nCE/mC50 Uze az regular /0

nCED Uze az regular [/0

Other Active Parallel pine Uze az regular [/0
Description:

Specifies how the Data[0] pin should be used when the device iz operating in uzer
mode after configuration iz complete. Depending on the current device and
configuration scheme, the D ata[0] pin can be reserved as a regular 10 pin, a2 an
iput that iz tri-stated, az an output that drives ground, az an output that drives an
unzpecified signal. or compiler configured. If the Data[0] pin iz reserved az a regular

Reset
k. | Cancel |

Click OK to save the changes.
Compiling the System

Now you're ready to synthesize, download, and run the application. To generate the bitmap, select
Processing -> Start Compilation as shown below:

!’@' artussi IS Al e ranimpuisetstanyiesiony el i | WS et asilonypissc e

@ File Edit “iew Project Assignments | Eie====E Tools  Window  Help
u
LrzEd & 5 I{
Project Mavigator o SN ot Cornilatian CE i
'T’.-i Files | @ Analvze Current File i
b ab - impulze_libd avalon_if vhd Start -
fe 200 jmpulse_libderegister.vhd o &
'j";':f : & = .g Update Mernary Initialization File
e impulze_lib/czignal. vhd o !
L2 impulse_lib/divmod. vhd € compilation Report Clth: §-

YHD
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From the Task window, you can see the compilation progress.

Task[&
B & > Conpie Desion
= Analpsiz & Synthesis

W Fitter [Flace & Route]
v Agzembler [Generate programming flez)

[+

Note: this process may require 10 minutes or more to complete, depending on the speed and memory
of your development system.

During compilation, Quartus will analyze the generated VHDL source files, synthesize the necessary
logic and create logic that is subsequently placed and routed into the FPGA along with the Nios I
processor and interface elements that were previously specified. The result will be a bitmap file (in the
appropriate Altera format) ready for downloading to the device.

Downloading Bitmap

When the bitstream has been generated, select Tools -> Programmer to open a new programming
file. Select File -> Save As and save the chain description file as ComplexFIR.cdf (make sure the "Add
file to current project” option is selected).

The programming file ComplexFIR.sof should be visible in the programming window. If it is not, select
Add File... and open ComplexFIR.sof.

Enable Program/Configure for ComplexFIR.sof and make sure your programming hardware (e.g., the
ByteBlasterMV cable) is configured properly. Click Start to begin downloading the ComplexFIR.sof file
to the target device.

Note: If you don't have the full license for OpenCore Plus megafunctions, then a message will pop up.
Click OK to continue. The bitmap file with be named ComplexFIR_time_limited.sof instead. After the
downloading is done, a OpenCore Plus Status message box will pop up. Don't click the Cancel
button. Otherwise the downloaded bitmap will be reset.
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1.11

i) e SR R Wt L Y P S e ey e Sy STyl o 1S Sy e SV ST o e e T o ok e S

File Edit Processing Tools Window

e

& Hardware Setup... LISE-Blaster [U5E-0]

[ Enable realtime ISP to allow background programming [for Mas || devices)

Proagram.

Checkzum |Jzercode Canfigure

Wl St ' |File
*Fﬂ Auta Detect
> Delete

& Add File...
T Change File. ..

Now that the hardware is programmed, you are ready to download and run the software application on
the platform.

o e rrrrrrrl L]

See Also

Step 11: Running the Application on the Platform

Tutorial 2: Complex FIR Filter on the Nios Il platform

Running the Application on the Platform

ComplexFIR Filter Tutorial for Nios Il, Step 11

In the previous step, you programmed the FPGA device with the design you created in Quartus and
SOPC Builder. Now you will use Altera Nios Il IDE to compile the software portion of the project and
run it on the development board.

Begin by starting the Nios Il IDE (usually available in the Windows Start menu under altera -> Nios |l
EDS 8.0 -> Nios 11 8.0 IDE).

Create a new project to manage the ComplexFIR software files. Select File -> New -> Nios Il C/C++
Application. A New Project dialog box will appear.

Select the project path, target hardware, and project template as follows, using the Browse... buttons
to locate the appropriate Path and SOPC Builder System PTF File options:

Name: ComplexFIR
Specity Location: <selected>

Location: D:\altera\lImpulseExamples\ComplexFIR_NIOS\Quartus\software\ComplexFIR

© 2003-2009 Impulse Accelerated Technologies



Tutorial 2: Complex FIR Filter on the Nios Il platform, Cyclone Ill FPGA 41

(The project path should point to the software files that were exported by CoDeveloper in Step
5.)

SOPC Builder System PTF File:

D:\altera\ImpulseExamples\ComplexFIR_NIOS\Quartus\ComplexFIRSystem.ptf
(This is the system .ptf file generated by SOPC Builder in Step 9.)

CPU: cpu
Select Project Template: Blank Project

The New Project dialog box will look as follows

K. |z Hig]=et hﬁ
Nios II C/C+ + Application ) c
Click Finish to create application with a defaulk swstem library as || : 7
Di\alkeralImpulseExamples ComplexFIR_MIOSWQuartusisoftwar e\ ComplexFIRY ComplexFIR. ¥ ¥

Marne: ComplexFIR
Specify Location

Locakion: | DhalteralImpulseE xamples|ComplexFIR_WNIOSWQuartustsoftwarelComplexFIR

Select Target Hardware,

SOPC Builder Syskem PTF File: | DiialteralImpulseE:xamplesiComplexFIR_MIOS\Quartus\ComplexFIRSystem. ptf | | Browse, .,
CPL: cpu

Select Project Template

Blark. Froject. Description
Board Diagnostics

! Creates a blank project
Count Binary

Hello Freestanding I Detkails
Hello Microcjs-11 -
HZIIE '-A-:;?de ! Ti Elank Project creates an empty project o which vou can add wour code,

Hello Wwarld Srnal
Mermnry Tesk

(7 [ Next = H Finish H Cancel ]

Click Finish to create the new project. Two new projects (ComplexFIR and ComplexFIR_syslib)
should appear in the Nios Il C/C++ Projects window in the Nios Il IDE, as shown below.

Copy the software files that were exported in Step 4 (co_init.c, ComplexFilter.c, Filter_sw.c and
ComplexFilter.h, Filter.h) to the ComplexFIR project as shown below.
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File Eai_r:u'aviqate Search  Project Tools  Run Window I-iélp

m e -G i FE-0-Q S

=

B &

R

EIE;E- altera.components

EIIL—S ComplexFIR
. 2 application,

5 readme.txt

Address ||a D:'l,altera'l,ImpuIseExamples'l,CDmplexFIR_NIOﬂQu{artus'l,su:uFtware'l,FiIt

Faolders

Mame -

)

co_inik.c

A]

= 153 Quartus
I .sope_builder
Iy ComplexFIRSystem _sim
o
|51 impulse_lib
= 55 software
= filt

Comple:

lE Complex
ClFilker b
@ Filker_si.c

The software files will appear under the ComplexFIR project as shown below:

i

Filé Edit -I;J;v;g;ate_m;ea;;:h‘ I;-'rcujeu:t Tools  Ri
- H & | e o 65 [gf~
="'

L ¥ - E .:-5::' =4

EI% altera.components

EI'[E- ComplexFIR,

. m ComplexFilter.h
|| Filter.h

@ co_init.C

i @ ComplexFilter.c
B E] Filter_sw.c

B application,stF

readme. bxk
[ ComplexFIR_svslib [ComplexFIRSystem])
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Now build the project by right-clicking the ComplexFIR project and selecting Build Project. The IDE
will build the ComplexFIR_syslib system library, which includes a driver for the Impulse C hardware
module created by CoBuilder, along with the application software code in the ComplexFIR project.

Huild o fae |

-

ir) Operation in progress...

[ )

Building CamplexFIR. ..

[Run in Bau:lggr-:uund] [ Cancel ] I Details =

Once the software has finished building, you are ready to run the application on the hardware platform.
Right-click the ComplexFIR project and select Run As -> Nios Il Hardware.

You should see printed output in the Console window as shown below:
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Problems | Bl consale 52 Properties

ZomplexFIR Mios IT HW' configuration [Mios IT Hardware] Mios I Terminal Window (2/24/09 11:33 AM)
nioséd-terwinal: connected to hardware target using JTAG TART on cable
niosZ-terwinal: "U3E-EBlaster [U3IEB-0]", dewvice 1, instance 0O
niosiZ-termwinal: (Use the IDE stop button or Ctrl-C to terminate)

/ s A / ; C-toFPGA Tools

pgr W T Batgtefa T il for Altera FPGA
PR . W P e Flatforms
B bt Ll el we oV ekl N B

Complex FIR Filter Acceleration demonstration, featuring the Lltera
Nios II Processor, Cyclone—-IITI FPGL and Impulse C-to-FPGL tools.

——» Begin filtering two slots
o i i e e i e e e e e e e

——» Done filtering two =lots, execution time : 7.770000 seconds

——» Begin filtering two slots
o e i e e ol e e e e e el e e e el e e

——» Done filtering two =lots, execution time : 0.132000 seconds
——> Aoceleration factor: 55.56X
—————— > Wizit wyw. ImpulseC.com Lo learn more!

The result tells us that with hardware acceleration, the execution of the ComplexFIR filter is 58.86
times faster than the software-only version.

Congratulations! You have successfully completed the Image Filter tutorial.
See Also

Tutorial 2: Complex FIR Filter on the Nios Il platform
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