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2. INTRODUCTION

This document describes the basic steps of working with a project in Quartus Il for the
Nokia Wrist-Attached Sensor Platform (NWSP). NWSP is based on an older project simply
called sensor platform (SP). This document was created for the SP project but has been
updated for NWSP use. Complete design flow includes both HDL and SW creation
although if appropriate HDL template is provided, only SW creation is required. Most of the
steps described in this document are kept on the general level. Thus, designer might be
able to omit some of them or, on the contrary, might have to acquire deeper knowledge to
perform some tasks. Asthe NWSP is based on Altera’s Cyclone Il FPGA, the development
is done with Altera’s Quartus Il development tools. The instructions in this document apply
to Quartus Il version 6.1 but might to some extent be applicable to other versions as well.

2.1 References

2.2 Definitions

SP Sensor Platform

NWSP Nokia Wrist-Attached Sensor Platform
HW Hardware

SW Software

IC Integrated Circuit

BT Bluetooth

NA Not Applicable

NC Not Connected

TBD To Be Defined

10 Input / Output

GPIO General Purpose 10

UART Universal Asynchronous Receiver/Transmitter
SPI Serial Peripheral Interface

12C I°C, IIC, Inter-IC Bus

AD Analog to Digital

ADC Analog to Digital Converter/Conversion
DA Digital to Analog

PWM Pulse Width Modulation
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3. OVERVIEW
3.1 Overview on the Nios Il system development flow

Since the NWSP is based on Altera’s Cyclone Il FPGA family, most projects are likely to be
based on Altera’s Nios Il system (readily provided embedded soft-CPU solution). Altera
provides in addition to the Quartus Il tools an integrated development environment (IDE) for
the Nios Il CPU, simply called Nios Il IDE. Figure 1 shows a typical design flow in Nios Il
environment. The instructions in this document apply to Nios Il IDE version 6.1 but might to
some extent be applicable to other versions as well.
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Figure 1: Nios Il system design flow

Basic steps are as follows:

1. Nios Il CPU and relevant embedded peripherals are generated with SOPC builder
(.ptf file)

2. This system is integrated into top-level HW description in Quartus II. A HW image
(.sof & .pof file) is created by compiling the system

HW image is uploaded into SP with programmer

> w

SW system is created based on the HW image
5. SW is loaded into HW
6. SW and HW images are combined into a single flash image (.jic file)

7. Flash image is uploaded with programmer

Figure 2 better shows this basic flow. If HW image is readily provided it can be uploaded as
it is and only SW design, i.e. steps 3-5, are required. When SW is loaded into programmed
HW the system is fully functional and its operation can be easily verified. However, all
instructions are still in volatile memory and will be erased whenever power is switched off.
To make system rebootable, HW and SW images need to be combined into a flash image
which is then uploaded into non-volatile flash memory. Uploading such a flash image is
considerably slower than uploading HW and SW images so usually only steps 1-5 are
needed for prototyping and 6-7 are used only when needed.

2 IDE
.| .sof & .pof . . D
Y files " " 1 D
HW‘ y SW‘ y HW+S\/\/‘ y

Figure 2: Basic design flow

4. SETTING UP A NEW PROJECT
4.1 Design files

A new SP project can always be built from scratch but this is very time consuming and
involves several pitfalls. Therefore it is suggested that designers should start with some
ready-made template. If HW image is already completely built and now changes are
needed to use it, the HW image file (.sof/.pof) can be readily used for SW creation.
Otherwise relevant changes need to be done and the HW system needs to be re-compiled.
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Most relevant files for a project are:

1. Project file (.qpf) which describes the project and its settings and source files

2. HDL files (VHDL or Verilog)

a. Top-level description file (either in ASCII format or as schematic entry). It is
suggested this file should be named sensor_platform.vhd (VHDL)

b. Additional HDL files describing definitions and HW blocks
3. If no project file is available, a new project file can be created based on the HDL

files. In this case all relevant settings and pin assignments need to be configured. A
ready-made script file (sensor_platform.tcl) can be used to assign pins.

4.2 Setting up Quartus Il
If project file is available, choose
File --> Open project --> choose appropriate .qpf file
Open the project settings dialog from the menu:

Assignments --> Settings

Click on Device category and check that correct FPGA device information is provided in the
Device settings. Figure 3 shows correct device settings.
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Figure 3: correct device settings for SP v1.0

From the project settings dialog click files and check that all relevant HDL files are imported
to the project. If something is missing, it can easily be added. Notice that the files need to
be in correct hierarchial order for system to work. Top-level description is the last one
on the list since it is the last one to be compiled (lower level block need to be analyzed
before they can be combined to larger hierarchies).
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Figure 4: Add/remove files in project

It is important to configure all the FPGA pins before starting. If there are undefined pins or
wrongly defined pins, the device can be damaged by excessive I/O currents and heating.
Pin planner can be opened from the menu:

Assignments --> Pins

All pins should be 3.3-V LVTTL standard, and this can be set as default from the project
setting dialog (Device & pin options under device category). For each pin the node name
must be set and the correct pin direction (input, output, bidirectional). For some pins a
weak pull-up resistor is enabled and for some pins the current strength is specified. For the
NWSP project, files are provided with pin assignments ready made. There is also a
comma separated values (.csv) file available with all pin information that can be viewed
with a spreadsheet program.

The HDL files can be opened in a window for viewing or editing. This can be done from the
menu:

File -->Open --> choose .vhd or .v file,

or by navigating to the file in Project Navigator view (Figure 5) with files tab active, and
double clicking it.
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Figure 5: Project Navigator
4.3 Setting up SOPC builder

SOPC builder is used to create and manage Nios Il processor systems (“soft CPU”). In
addition to the CPU core itself, SOPC builder includes various ready-made embedded
peripherals (memory controllers, busses, programmable 10s etc) that can be added
according to the project needs. SOPC Builder can be opened from the menu:

Tools --> SOPC Builder
With ready-made project templates SOPC is usually configured as well and therefore no

changes to the system are required. If you make any changes, the system needs to be re-
generated.

Figure 6 shows an example SOPC system for SP v1.0. It is not complete in any way but
gives an idea what the system will look like.
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Figure 6: System contents created with SOPC builder

Most important settings here are the clock settings and the way how different blocks are
connected to each other. The clock setting for NWSP is external 54 MHz oscillator.
Actually the external clock is 27 MHz, but as it has been doubled by the PLL there should
be 54 MHz here because this is what the NIOS Il processor runs on.

You can manually tune Base address and IRQ settings or you can leave this task to SOPC
builder (Auto-assign base addresses & IRQs).

By double clicking the cpu_0 component in the list you can configure the Nios Il CPU. The
Nios II/f Core version is recommended for performance. Instruction cache of 4kb and data
cache of 2kb is recommended. JTAG debug level of 2 or higher is recommended during
development.

Own components can be added to SOPC builder. This is how, for example, CellularRAM is
interfaced to Nios Il. This is already beyond the scope of this document. For more
information on how to achieve this please check Quartus Il handbook Volume 4: SOPC
Bulder, Chapter 10: Developing components for SOPC Builder.
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Important! In SOPC builder open the Nios Il More CPU settings tab. Check that Reset
address is directed to epcs_controller and Exception address is directed to ext_ram. This
way the FPGA will boot the software from the epcs flash memory and interrupt are directed
to the external RAM where the software is run.

If changes were made, re-generate SOPC system (by pressing Generate button) before
exiting. System generation creates HDL files that will be automatically included in the
project, which need to be re-compiled by Quartus II. In addition, the software needs to be
recompiled with Nios Il IDE after system generation. This is because software drivers (a
Hardware Abstraction Layer, HAL) for the system hardware need to be re-built to match the
new system. The most important system file is the system.h file that needs to be included
in the software project. It contains addresses and interrupts of the hardware, among other
things, and it will be automatically created by a software build from the information provided
by SOPC builder.

Some times there might be problems running software on the hardware after system
generation. It might be solved by doing a make clean within Nios Il IDE, or manually
deleting object files (Debug and Release directories). In addition restarting the Quartus I
and Nios Il IDE programs might help.

4.4 Setting up Nios IDE

Nios IDE is used for SW creation. Applications can be created in C or C++. Considering
embedded system, in general C is slightly more computationally efficient but C++ is more
modular. Naturally code written in both languages can be mixed in a project, remembering
to specify calling convention when C++ code calls C functions. Nios IDE asks for a
workspace folder in the during the start-up. Each new project is assigned its own folder
inside this folder. For Nios IDE to automatically find and import available projects,
workspace folder needs to be addressed to this common folder (usually
project_name/quartus/project_name/).

If you choose to use a readily available project, no further action is needed if Nios IDE
imports this project. Creating a new project is covered in this paper.

To create a new project choose

File --> New --> New C/C++ Application
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Figure 7: New project view
1. Give name to the project
2. Select correct HW image file (e.g. sensor_platform.pof)

3. Hello World Small is a good starting point for any new project, but to do further
development on the available NWSP software you should choose blank project and
copy the NWSP source code files to the software project directory.

4. Choose next to configure system library

It is good approach to create projects using a single system library, which describes the
HW, register addresses and available services to the application. This system library
should be made as concise as possible, i.e. it should include all HW features. Many project
related settings (build, optimization etc.) are configured through the system library, thus it is
much easier to manage only one or two system libraries than several ones.

If system library is not provided, you can create a new system library just choosing Create
a new system library (Figure 8). Otherwise choose a readily available system library (e.g.

sensor_platform_syslib). If you have to create a new one, you should immediately rename
it to something more descriptive (default would be hello_world_small_0_syslib). Normally



NOKIA QUARTUS Il SETUP AND 14 (23)

FLASHING INSTRUCTIONS
FOR NWSP V1.2

NRC / Helsinki
Teemu Ramod, Tom Ahola 2008-04-28

you will not change or create anything in the system library, it is created automatically
during the software build from information from the SOPC system. You may want to view
files in the system library, however. The important system.h include file is located here and
it should be included in all code files that access system hardware. Hardware addresses
and interrupts, among other things are defined in the system.h file.

Some times there might be problems running software on the hardware after system
generation. It might be solved by doing a make clean within Nios Il IDE, or manually
deleting object files (Debug and Release directories). In addition restarting the Quartus Il
and Nios Il IDE programs might help. Some times it is necessary to re-create the whole
software project to fix this situation.

Figure 8: System library window of a new project

Now you should have a project all set up. System library has its own settings. Most
interesting ones are found under System library and C/C++ Build categories. In system
library menu you can reduce the image size by selecting Small C library and Reduced
Device drivers. In C/C++ Build (Nios Il Compiler --> General) you can adjust the
optimization method, e.g. whether to optimize speed or size or both.
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5. RUNNING PROJECTS ON HARDWARE
5.1 Overview

This section will focus on the actual steps needed to run a project on HW. Flow is the same
as was already presented in Figure 2. There are basically three ways to implement systems
on NWSP v1 HW.

During development phase the most convenient way is to load HW and SW images straight
to FPGA using a programmer. In this case these images are stored only in volatile memory,
which means that they need to be reloaded each time when power is switched off.
Programming the HW image and loading the SW image takes only few seconds so this is
the best approach for most HW prototyping. Software can be loaded either to on-chip RAM
or external RAM. The NWSP uses external RAM for program memory.

If on-chip memory is sufficient (i.e. the SW image is small enough to fit in on-chip memory)
creating a bootable flash image is somewhat easier than when using external RAM. As HW
prototyping is usually done with previous method and final version can be converted into a
flash image in the hard way, this method is not very usefull. Nevertheless, this option will be
covered as well because the external RAM is known to be damaged with some SP v1.0
boards. You can create bootable applications for these as well using this method.

Last method is to combine HW and SW images into a single programmable flash image.
The lack of automated tool for this process makes it somewhat harder than the previous
methods. Additionally, erasing and programming the flash image takes minutes rather than
seconds. As a result you will get a flash image that will remain in un-volative memory when
power is switched of, allows the use of external RAM for SW execution, and is easily
redistributable.

Each method is described in its own section
5.2 Connecting the NWSP platform to the JTAG progra  mmer

To be able to program the NWSP platform a JTAG programmer is needed. Altera USB
Blaster and Terasic Blaster (USB) have been used for this purpose. These are small
devices that plugs to the computer via USB and they have a 2x5-way 0.1” pinheader socket
for the target. To the development version of the NWSP this programmer can be directly
connected as shown in Figure 9. Be careful to align the pins correctly when inserting the
connector and notice the orientation. To program the NWSP wrist unit the unit must be
opened as shown in Figure 10 and an adapter must be used. The adapter is a circuit board
with a 0.1” pinheader to the JTAG programmer and a finer pitch pinheader for the NWSP
wrist unit. Carefully align the pins when connecting and observe orientation of the adapter
and JTAG programmer. There is a white marking for pin 1 of the JTAG programmer cable.
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Figure 9: USB Blaster connected to NWSP development  unit

Figure 10: USB Blaster connected to NWSP wrist unit
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5.3 Loading HW and SW images straight to FPGA

2 IDE

.sof & .

w sw]

Figure 11: Design flow for direct loading

Steps on the HW side are:

1.

10.

11.

If SOPC system has been changed re-generate system

Note: to avoid recompiling the whole system due to wrong memory settings, check
the SOPC Builder's Nios Il More CPU settings tab. Reset address should be
directed to epcs_controller and Exception address to external RAM.

Compile open project in Quartus Il
--> Processing --> start compilation

Check compilation report for errors, especially in timing
Attach programmer adapter (Altera USB Blaster or Terasic Blaster) to NWSP device.

Start programmer (Figure 12)
--> Tools --> Programmer

Use Hardware setup to configure your programming device if it is not enabled by
default

Switch the power on to the NWSP device

Important! Don't keep the power switched on to a new unprogrammed device for
too long before programming (max 30 seconds). An unprogrammed device will
have undefined pins and excessive /O currents might damage the device and it
might get very hot.

If no file or a wrong file is already selected in the list of programming files, double
click the file name in the list (file browser opens) or click the Change file button and
navigate to correct .sof file. If there is no lines in the list you can press the Auto
Detect button to create one and change the file to the correct .sof file.

Check the Program / Configure box on the line

Hit start-button and verify from the message window that the programming was
successful

The FPGA should be now configured and ready to receive SW. The FPGA remains
configured as long as power is not switched off.
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Figure 12: Programmer screen when .sof is loaded

If programming fails, check first that the NWSP device is powered on with a charged
battery and the JTAG cable is connected properly. Then try scanning the HW by hitting
Auto Detect button. If scanning is successful, the window should look like Figure 13. If this
still does not help, there is some fundamental problem with the programmer, its cable
connection or the NWSP device itself.

Figure 13: Scanning successful

Steps on the SW side are:

1. Check that in system library settings (Figure 14) the memory settings are correct, i.e.
they match SOPC Builder’'s Exception Address setting.

2. Right-click on the correct application in Projects panel and select
--> Run As --> Nios Il Hardware
(Once you've done this the first time, hitting run button in the tool bar is enough)

3. Project is now automatically built, loaded and run on the FPGA.

a. There is some issue with Nios Il IDE as it occasionally leaves target
processor in a paused state. If a report like this is shown on the Console
window, just hit the Run button again. Another faster workaround is to
program the FPGA configuration (.sof file) each time before running software
(stop SW execution first from the Nios Il IDE).

4. When you make any changes to SW project, just save the source files and hit the
Run button again. FPGA configuration does not need to be reprogrammed in
between unless the power is switched off (except in the problematic case
menitioned above).
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Figure 14: System library settings

5.4 Creating a rebootable flash image using on-chip RAM

This is the easier but somewhat restricted way to create a rebootable flash image. The
provided NWSP software will not fit into on-chip RAM so this method is not usable in that
case. If you don't really need this solution, feel free to jump to next section.

Error! Objects cannot be created from editing field codes.
Figure 15: design flow for on-chip flash image

Follow these steps:
1. (Quartus Il) In SOPC builder set both Reset Address and Exception Address to on-
chip memory and generate system
Compile project to create .pof file

Program HW image to FPGA if you want to test system. Otherwise this is not
needed

4. (Nios Il IDE) Make sure in System library setting that selected memory is on-chip
RAM

5. Build project to automatically create an on-chip RAM SW image file in the
workspace folder (i.e. onchip_memory_o.hex)

6. Run project if you want to verify that your application works and you have already
programmed the FPGA
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(Quartus 1) Recompile the project without making any changes. On-chip RAM
image is automatically included to the created HW image (.sof)

Program .sof file to the FPGA. If everything went OK, this should launch the
program immediately (some programmed status LED is a good indicator)
Note: program is still in the volatile memory

Convert .sof file to a .jic flash image file (Figure 16)
--> File --> Convert Programming Files

a.

b
c
d.
e. Add Device to Flash Loader

—h

Load conversion setup data (if you haven’t done one, continue to next steps)
Change Programming file type to JTAG Indirect Configuration File (.jic)
NWSP v1 Configuration device is EPCS64

Give any descriptive name to output file

--> Cyclone Il --> EP2C20F256 (NWSP v1)

Add File to SOF Data
--> sof file that you just compiled

Leave Hex User Data empty
Hit generate

Before exiting you should save conversion setup since then you can load it
from a file next time and save some time

Open Programmer

Double-click on the first (and hopefully only) entry in the list. File browser should
emerge. Choose the jic file you just created.

Tick both Program / Configure boxes. Also tick Verify if you want programmer to
verify that the flash image was transferred successfully (takes few minutes)

Hit start button to program flash image (takes few minutes).

To load the image from the flash to FPGA, rebooting of the HW required (switch
power off). When power is switched back on, both HW and SW should be loaded to
the FPGA automatically
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Figure 16: Conversion options

5.5 Creating a flash image that boots software tor  un on external RAM

This is by far the most complicated task requiring some manual labor. The end product is a
rebootable flash image including both FPGA configuration and SW image that can be
loaded into external RAM. This allows you to make much larger applications since there is
much more space on the external RAM. This flash image can also be distributed as-is,
making it much easier to transfer applications to other designers as well.

J 2 IDE
.sof & . =

N —_— :

l HW+SWl

Figure 17: Design flow for creating flash image for external RAM
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Follow these steps:
1. Modifying boot code

SOPC generates a bootrom.hex image that is used to boot the system running software
from internal RAM. To boot from EPCS configuration flash memory to run software from
external RAM a special provided bootrom.hex is needed. Copy the provided bootrom.hex
file over the generated bootrom.hex file in the project root directory. The FPGA design
must be re-compiled to include the boot ROM data in the FPGA configuration data (.sof file).

2. Preparing software to be flashed into EPCS confi  guration flash memory

Open the NIOS Il IDE command shell. (Available eg. from Windows start menu.) This
shell is a cygwin environment. Change to your Release or Debug directory under the
sofware root directory where the compiled and linked software image (.elf file) is. Hint: try
command cd c: to get to the windows c-drive root directory. Use the provided
create_flash.sh shellscript to remap the .elf file and convert it to a .hex file:

create_flash.sh project_name.elf

Hint: Copy the shellscript to a directory in your cygwin path or to the same directory as
the .elf file (in which case you might need to put ./ in front of the command).

Copy the created .hex file to the project root directory.
3. Create a flash (.jic) file from the .sof and .he  x files
In Quartus Il open the conversion tool from the menu:
File -> Convert Programming File
a. Choose JTAG indirect Configuration File (.jic)
b. Choose EPCS64
c. Choose proper file name.
d. Check Memory map File.
e. Choose EP2C20F256 as Flash Loader.
f. Add the .sof file containing the FPGA configuration as SOF data
g. Add the .hex file created previously as hex user data.
h. Press Generate.
4. Programming the EPCS configuration flash memory
The .jic file can be flashed to the EPCS over JTAG using the Quartus Il programming tool:

Tools --> programmer
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a. Select the JTAG programmer (USB Blaster) device (from Hardware Setup)
b. Connect NWSP to the programmer and turn on power to the NWSP

c. Auto Detect the device

d. Replace programming file with the .jic file created previously

e. Check the programming checkbox

f. Press start

g. This takes a while while the flash memory is erased and programmed

h. Turn off NWSP power and remove it from the programmer (or no harm
letting it be connected)

i. Turn on NWSP to boot the new system from the flash memory
6. TROUBLESHOOTING AND SUPPORT
Any problems with the development tools should be addressed to Altera at

http://www.altera.com . A very useful forum for NIOS developers is
http://www.niosforum.com .

As the NWSP system is provided “as is” and software & HDL sources are freely
downloadable as open source we are unable to provide support regarding any issues with
the NWSP platform. We might at our discretion provide limited support, however. To
contact us go to http://opensource.nokia.com/NWSP and find the contact information at the
bottom of the page.

In the future we might set up a discussion forum for NWSP users and developers to
exchange experiences and ideas.



