Alllum Getting Started with the Innovation Station

sSumm ary This tutorial provides you with an introduction to Altium’s Innovation Station. It
includes an overview of the Innovation Station, the role of Altium Designer and the
Desktop NanoBoard, FPGA and embedded project creation, targeting a design for the
Desktop NanoBoard and more.
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The term Innovation Station represents the powerful combination of Altium Designer software and the Desktop NanoBoard
reconfigurable hardware platform. Included are all of the tools and technology necessary to capture, implement, test and debug
your embedded / FPGA designs, in real-time.

With Altium's Innovation Station, the low level detail is managed for you, leaving you free to focus on device intelligence and
functionality — the source of true and sustainable product differentiation.

In this tutorial, we will first define the Innovation Station, then implement a simple processor-based FPGA design, getting it
running on a physical FPGA device plugged into the Desktop NanoBoard, showing just how these two component systems work
in concert with one another.

During the course of this tutorial, you will gain knowledge of the basics of FPGA design the ‘Altium way’, introducing you to:
e An overview of the Desktop NanoBoard

FPGA project creation within Altium Designer
e Use of design hierarchy within an FPGA project

¢ Implementing an OpenBus-based FPGA design, including sourcing and placing components, connecting them together, and
interfacing them to peripherals on the Desktop NanoBoard.

e Creating and linking an embedded project to a soft processor on the target FPGA
e Targeting a design to a daughter board FPGA on the Desktop NanoBoard using the auto-configuration feature

e Processing of a design — compiling, synthesizing and building the design to obtain the programming file used to program the
target device

e Using Virtual Instrumentation to control your system

For the example design featured in this tutorial, we will create a basic, reverb-like audio effect, in software, executing on a
processor on the target FPGA device. Reverb, like an echo effect, repeats the incoming audio signal, however the echo is
decayed to produce an effect that sounds closer to audio echoing in a large area. The decayed signal is then fed back into the
input and summed with the current incoming audio, producing a fuller sound that gives us audible clues as to the size of an
area.

Our focus for this tutorial is to create the delay and decay components of the reverb effect. A more complete reverb might
include options to control the delay and dampening for specific frequency bands.
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Figure 1. Overview of the audio system
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Getting Started with the Innovation Station

The source files can be found in the \Examples\Tutorials\Getting Started with the Innovation Station
folder of your Altium Designer installation. Refer to this example at any time to get further insight or to skip some of the steps.

What you will need

In order to complete this tutorial, you will need:

e Altium Designer Summer 08 (or later) installed

o A Desktop NanoBoard with PBO1 peripheral board and DB30 Spartan3 daughter board (or similar) installed
e An audio source (could be a PC headphone output, MP3 player, etc)

e The loopback audio cable included with your Desktop NanoBoard (or similar cable to connect your audio source to the audio
input on the Desktop NanoBoard)

e Vendor build tools. The free version of Xilinx’s ISE (8.2.03i or later) will be sufficient if you are using the DB30 daughter
board.

What is an Innovation Station?

The term Innovation Station represents the combination of Altium’s Desktop NanoBoard and the award-winning Altium Designer
software.

As a concept, the Innovation Station was conceived to provide the full range of tools required to design new and innovative
electronic products in ways never before possible; truly unlocking the creative potential of every engineer.

The hardware implementation platform - the Desktop NanoBoard - has been specifically designed to work with Altium Designer
and makes the process of developing and testing complete systems on real hardware, faster and easier than ever before.
Included on the Desktop NanoBoard are the complete range of physical-layer peripherals required to exercise the array of
FPGA-based soft IP cores included with Altium Designer. Packaged on removable peripheral boards, these peripherals can be
swapped at any time and user designed systems can even be substituted, connecting into the NanoBoard subsystem via one of
the 3 high-density peripheral board connectors available.

Altium Designer, the software workhorse that comprises the second half of this powerful pairing, is the first and only fully unified
electronics design software tool, spanning Schematic Capture, PCB Layout, FPGA Development, Embedded Software
Development, and even CAM. The fundamental difference between Altium Designer and other software tools continues to be
Altium’s holistic approach to design, looking at electronics design not as a series of individual tasks to be addressed in isolation,
but rather as a singular task comprised of many component parts each of which needs to feed off of- and work in concert with-
one another.

Altium Designer includes a complete range of reusable IP, packaged as a part of your Innovation Station. This includes soft IP
cores for use in FPGA development, the low level software drivers to support the IP from the processor-side, and complete
schematics of the each of the subsystems, to make implementing your design in the target system a snap.

Why the Desktop NanoBoard?

The Desktop NanoBoard is a completely reconfigurable hardware development platform that includes a wide range of hardware
peripherals, intended to make it easy to leverage the range of soft IP cores supplied with Altium Designer. The peripherals are
organized on a series of removable peripheral boards, each connected to the main board by way of a 100 pin connector.

By pairing the hardware with Altium Designer and supplying the complete schematics for the Desktop NanoBoard; Altium has
made it possible to leverage the NanoBoard design, in your design. So when you select an IP core from the libraries supplied
with Altium Designer, you know that not only do have access to that piece of IP, but you also have a completed physical system
to reference in your target board.

Furthermore, each of the NanoBoard subsystems has been captured using Device Sheets which are reusable documents that
can be instantiated in your target system using hierarchical symbols. This means that as quickly as you can add and wire-in a
sheet symbol into your hierarchical schematics, you can include the physical layer components used to create the Desktop
NanoBoard in your board.
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Capturing the FPGA Design

The first thing we need to do is capture our FPGA design within the Altium Designer environment. Altium Designer provides a
range of capture modes including OpenBus, Schematic, VHDL, Verilog, and even C. Deciding on the best method depends on
the project and the level of control and customization you are looking for. All of Altium’s IP cores are supplied both as OpenBus
symbols and schematic components so if you intend to use only the IP supplied with Altium Designer, then either of these two
capture methods is preferred.

Of the two, schematic and OpenBus, OpenBus is the fastest to implement, eliminating virtually all of the complicated wiring
required in schematic. Because of the required top level schematic, if there is a need to add additional components not
included in the OpenBus palette, these components can be added at the top level and wired into the sheet symbol as required.

The fact that these capture modes can be mixed and matched makes it possible to develop any range of complex systems with
the perfect complement of ease and low-level detail. For example, a design created with Altium IP using OpenBus can be
extended using VHDL or Verilog by writing your source code and linking the two documents together at another layer in the
project hierarchy.

No matter what method you choose, every FPGA project must contain a top level schematic sheet. This top level sheet will
include ports, or port plug-in components (from one of Altium’s port plug-in libraries discussed later) as these ports /
components represent the pins of the target FPGA device.

The top level schematic sheet can also include soft-core IP components and/or the interfaces to lower level source documents,
represented by sheet symbols.

FPGA designs must be hierarchical and the same rules of hierarchy apply to FPGA design as to any other design in Altium
Designer (for complete details on hierarchical design in Altium Designer, refer to AR0123 Connectivity and Multi-Sheet Design).

Since our design uses only Altium IP, the simplest capture method will be OpenBus. This will involve adding the required
components to an OpenBus document and connecting them accordingly. However, before we can address the OpenBus
document and its contents, we must create a project.

The following sections take you through the steps required to capture our design.

Creating the FPGA Project

The basis for every design created in the Altium Designer environment is a project file. For an FPGA design, we need to create
a new FPGA project (*.PrjFpg). The project document itself is an ASCII file that stores the project information such as the
documents that belong to the project, output settings, compilation settings, error checking settings, and so on.

Let's go ahead and create the FPGA project.

1. Create a new FPGA project using the File » New » Project » FPGA Project command.

2. Right-click on the name for this new project (FPGA_Projectl.PrjFpg) in the Projects panel and choose the Save Project
command. Save the project at a location of your choice with the name Audio_Effects.PrjFpg, and in a new folder
called Audio Effects Tutorial.

Note: Spaces and/or dashes (-) must not be used in project or document filenames. Doing so will result in synthesis errors

during design processing. Underscores (_) should be used instead to provide readability.

Adding the Schematic and OpenBus Source Documents

The next step is to add the source documents required by our FPGA design. Though the design will be captured in OpenBus,
recall that every FPGA project requires a top level schematic document. Thus, we will be adding both a new schematic and
new OpenBus document to our project.

1. Add a new schematic document by right-clicking on the FPGA project entry in the Projects panel and choosing the Add
New to Project » Schematic command. A blank schematic sheet will open as the active document in the main design
window.

2. Save this document (File » Save) with the name Effects_Sch.SchDoc, in the same folder as the parent project.

3. Add a new OpenBus document by right-clicking on the FPGA project entry in the Projects panel and choosing the Add New
to Project » OpenBus System Document command. A blank OpenBus document will open as the active document in the
main design window.

4. Save this document (File » Save) with the name Effects_OB.OpenBus, in the same folder as the parent project.

5. The project itself will appear as modified in the Projects panel. Save the project also (right-click on its name and choose
Save Project).
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Defining the OpenBus System

OpenBus is a new way of doing system-level FPGA design. Offering a much lighter interface
than schematic based implementations, OpenBus is hardly lightweight in its capabilities. By
automatically taking care of much of the low-level detail, OpenBus lets you focus on the high-
level system and interconnection of major components. You'll find all of the components you
need in the OpenBus Palette panel. You can display the panel by clicking on the OpenBus
panel control in the lower right portion of the main editor and then selecting OpenBus Palette

from the popup menu.

Placing OpenBus Components

CpenBus Filker
OpenBus Inspector

OpenBus Lisk

CpenBus Pq‘e_\[:te

anks

OpenBusz | WADL | 2>

Now that we have our blank OpenBus ‘canvas’, it's time to add-in the required components that comprise our design circuitry.
The OpenBus Palette panel contains all OpenBus components that can be used in an OpenBus document. They have been
categorized in the palette into groups of Connectors, Processors, Memories and Peripherals. Table 1 identifies the components

required by our design.

Symbol Component Name

Description

Quantity Required

| TSK3000A

T5K-30004
32-hit RISC

10 MEM

TSK3000A 32-Bit, Wishbone-compatible
RISC processor

Audio Streaming
Controller

Audio streaming controller is used to
facilitate data transfers over the inter-IC
sound (I12S) bus.

SPI

Provides an SPI master interface, enabling a
host processor to communicate with a slave
SPI peripheral device which resides outside
of the physical FPGA device to which it is
targeted, such as the audio DAC and serial
Flash RAM devices located on the
NanoBoard.
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Port 10

Wishbone-compliant configurable parallel,
port unit, providing a simple register interface
for storing data to be transferred to/from
another device.

Terminal Instrument

Wishbone-compliant instrument allows for
effective processor debugging by providing
an 10 console. Reading and writing data is
performed via JTAG and information is
entered / displayed textually via the
associated instrument panel.

(EEl
firEfee

SRAM Controller

Provides a simple interface between a 32-bit
processor and Asynchronous Static SRAM.

Interconnect

Provides a means of accessing one or more
slave devices over a single Wishbone
interface.

Table 1. Required OpenBus components

To place an OpenBus component onto an OpenBus document:

1. Select the OpenBus component that you want to place by left-clicking on its icon in the OpenBus Palette panel.

2. The component will be locked to the mouse cursor. At this point you can use the Spacebar to rotate the component or the X
or Y keys to flip the component along the X or Y axis respectively.

3. Move the mouse to where you want to position the component and left-click to place it. The cursor will remain in placement
mode to allow you to place multiple instances if required.

Press the Esc key or right-click the mouse to exit placement mode.

Continue placing the components indicated in Table 1 as per the OpenBus diagram in Figure 2.

TUO0136 (v1.0) July 24, 2008 5



Getting Started with the Innovation Station
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Figure 2. OpenBus components required by the design

To edit the names of the OpenBus components that you have placed:

1.

2.
3.
4

Left-click once on the text associated with the OpenBus components that you want to rename. This selects the text.
Click a second time on the text or press the F2 key to enter the edit text mode.

Edit the names of the components to match Figure 2.

Press the Enter key or click somewhere else in the editor window to leave the editing mode and accept your changes.

Once you have placed and named all of the OpenBus components save your work by selecting File » Save All from the main
menu.

Connecting the OpenBus Components
In order to control the flow of data between the components on your OpenBus document, you will need to place connection links

between them. These links indicate bus connections between master ports h.4and slave portsk.. . The arrow on the
connection link indicates the direction of control.

To place a connection link between a master and slave port:

1.

2.
3.
4

Select Place » Link Open Bus Ports or click on the Link Open Bus Ports icon in the OpenBus toolbar.
Click the master port that you want to create the link from
Click the slave port that you want to connect to

Repeat steps 2 and 3 for any additional links that you wish to create. To exit the link placement mode, hit the Esc key or
right-click the mouse.

To remove a connection link between the master and slave port, left-click to select the link and hit Delete.

To change position of the ports on an OpenBus component, left-click and drag the port, repositioning it around the body of the
component.
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Interconnect Components

Since connection links can only be made between a single master and a single slave, OpenBus Interconnect components are
required to allow you to connect multiple components together.

OpenBus Interconnect components have a single slave port and one or more master ports. This allows a master device
(connected to the OpenBus Interconnect’s slave port) to control multiple other slave devices (connected to the OpenBus
Interconnect’'s master ports).

To add an additional port to an OpenBus Interconnect:
1. Select Place » Add OpenBus Port or click on the Add Open Bus Port icon in the OpenBus toolbar.

2. Hover the mouse over the outer edge of the component you wish to add a new port to. Ports are added at 4 points around
the component, the top, bottom, left, and right. Clicking on either side of the component will add the port to the respective
side.

3. Click to add the new port.

Repeat steps 2 & 3 for any additional links that you wish to create. To exit port placement mode hit the Esc key or right-click
the mouse.

To remove a port from an OpenBus Interconnect left-click to select the port and hit Delete.

To change the position of ports on an OpenBus Interconnect simply left-click and drag the port, repositioning it around the body
of the component.

Completing the OpenBus System
1. Complete the creation of the OpenBus system using the techniques outlined above. The completed system can be seen in
2. Save your work.

MCU

T5K-30004
32-bit RISC
Processor
INTERCON_1 10 LIEM INTERCOMN_2
‘ ) SP ! "
EPIO AUDIO &1 TERM SRAM

Figure 3. Completed OpenBus connectivity
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Configuring OpenBus Components

The vast majority of components found in the OpenBus Palette translate directly to similarly named components found within
the FPGA Peripherals and FPGA Processor libraries used for schematic-based FPGA design. In the same way that several of
the components in the schematic-based libraries are configurable, so too are their OpenBus counterparts. In this tutorial, we are
using several configurable components that will need to be adjusted.

Configuring the Port I/O Component

The Port I/O component, GPIO will be used to create a simple interface to the processor, for use by an instrument we will
connect later in this tutorial. For now, we need to configure the port 10 and specify the number of ports, their direction, and their
width. To configure the Port I/O component for this tutorial:

1. Right-click the GPIO component and select Configure GPIO (Port 10) from the right-click menu.
2. In the Configure OpenBus Port I/O dialog box:

- Set the Kind to Input/Output

- Setthe Port Count to 2

- Setthe Bus Width to 8
3. Click OK to save your changes.

Configuring the Memory Controller

The SRAM Controller provides a simple, generic interface to Asynchronous Static RAM. As such, it requires that we configure
the component for the amount and type of external memory we intend to use.

1. Right-click the SRAM component and select Configure SRAM (SRAM Controller) from the right-click menu.
2. In the Configure (Memory Controller) dialog box:

- Setthe Memory Type to Asynchronous SRAM

- Set the Size of Static RAM array to 1MB (256K x 32-bit)

- Setthe Memory Layout to 2 x 16-bit Wide Devices

3. Click OK to save your changes.

Configuring the Processor

The TSK3000 is a configurable soft processor core and as such requires you specify a few key parameters prior to using it.
This includes the size of the internal processor memory, whether or not to use a hardware multiply/divide unit, whether to
include an on-chip debugging system and how to manage breakpoints on reset. To configure the processor for this tutorial:

1. Right-click the MCU component and select Configure MCU (TSK3000A) from the right-click menu.
2. Inthe Configure (32-bit Processors) dialog box:

- Setthe Internal Processor Memory to 32 K Bytes (8K x 32-Bit Words)

- Set the Multiply/Divide Unit (MDU) to Hardware MDU

- Set the On-Chip Debug System to Include JTAG-Based On-Chip Debug System

- Set the final option to Disable Breakpoints on Hard Reset
3. Click OK to save the changes.

You may receive an error message indicating that there are “2 Nexus JTAG Parts Found but no NEXUS_JTAG_CONNECTOR
was found on the top sheet”. This message can be safely ignored as we have not yet completed the top level schematic.

Managing the Memory Map

One of the key benefits of developing our system with OpenBus is the level of automation that OpenBus brings to the
management of the system memory map. Ultimately, all peripherals and memory devices sit within a 32-bit memory space that
spans 4GBytes. To make the management of this memory space easier, OpenBus intelligently interprets the design and
automatically allocates memory spaces for each of the peripherals and memory controllers. In most situations these memory
allocations will be sufficient but in some rare cases you may wish to manually edit the memory allocations yourself. You can still
do this with OpenBus.
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Configuring the Memory Using Interconnect Components

Under normal circumstances, the interconnect component will probe the settings and memory requirements of each of its
connected devices and will update the memory map automatically. You can see (and edit) the memory mapping of the

interconnect component from the Configure OpenBus Interconnect dialog which can be accessed from the component’s right-
click menu.

Configure OpenBus Interconnect

Feripherds
Marne Mumber of bits to decode Address Size
L2 Terminal instrument (TERM) g 0xFFO30000 4 Bits - Range = 16
- Audio Streaming Controller (AUDIO) g 0xFFOZ0000 Z Bits - Range = 4
L-Port IO (GPIO) g 0xFFO10000 1 Bits - Range =2
- 5PI(SPI) g 0xFFO00000 2 Bits - Range = 4
oK l [ Cancel

Figure 4. OpenBus interconnect configuration

The Interconnect configuration information is automatically propagated to the memory map of the processor. Do not be
concerned if your Configure OpenBus Interconnect dialog does not appear exactly as it does in Figure 4. This memory map will
be handled automatically and may appear slightly different.

Automating Memory Configuration from within the Processor

In addition to the memory that is managed by each of the interconnect components within the OpenBus document; you can also
centrally manage memory from the Processor's memory and peripheral configuration dialog boxes. These can be accessed by
right-clicking the processor.

The Configure Processor Memory dialog box provides a pictorial representation of where the peripherals and memory
controllers will be positioned within the processor's memory. Checking the hardware.h (C Header File) option will cause a
hardware . h header file to be created when the project is compiled. This file contains #defines that specify the addresses
and sizes of any peripherals and the details of any interrupts used. This will ensure that all OpenBus memory settings are
incorporated and synchronized in the design each time it is compiled.

By ensuring this box is checked, any changes you make to the OpenBus document will be propagated through to the embedded
project we will create later in this tutorial.

TU0136 (v1.0) July 24, 2008 9



Getting Started with the Innovation Station

Configure Peripherals

Memory Architecture Defined Peripheral Devices
0xFFFF_FFFF 0xFFFF_FFFF
OxFFFF_FFFF
0xFFO3_0003
Processor 1/0 Space AUDIO -
10 Part INTERCOMN_1

0xFFO3_0000
of the processar =

0% FFO0_-0000 0xFFOZ_000F
TERM -

OxFERF_FFFF INTERCOM_1

OxFFOz_0000

0xFFOL_0003
SPI -

External-Memory Space INTERCOM_1 0xFFOL_0000

GPIO 0xFFO0_0001
INTERCOM_1

0x0100_0000 0xFFO0_0000
Ox00FF_FFFF OxFEFF_FFFF
Internal-M emory 0x0100_0000

Where the
boot code resides 0z00FF_FFEF
Ox0000_0000 Ox0000_0000
0x0000_0000 0x0000_0000

Address Size Irnterrupts
OxFFO00000 Ox0002
0xFFO10000 0x0004 EE
0xFFO20000 0=0010 E2E3
OxFFO30000 Ox0004

Gererate follawing files into the subpraject(z] at FPGA Project compilation
[ hardware. azm [&zsembly File) ardware.h [C Header File]
i)

LConfigure Memory ] I Ok H Cancel

Figure 5 Automating the memory configuration of the processor

To set the project to automatically import the settings from the OpenBus document:

1. Right-click the MCU component and select Configure Processor Peripheral from the right-click menu.
2. In the Configure Peripherals dialog box, check the hardware.h (C Header File) checkbox.

3. Click OK to exit.

Managing the Lower Level Signals

Though OpenBus makes strides in simplifying the complex interconnections between components that use a standard bus
interface, it is sometimes necessary to have a view into- and control over- the lower level signals in the design. This is useful if
for nothing else, to understand how the underlying signals in the OpenBus document get exposed to the top level schematic. All
of the signals used for the bus interconnects (links) are visible from the OpenBus Signal Manager.

Using the OpenBus Signal Manager

The OpenBus Signal Manager (Figure 6), accessed from the Tools menu, allows you to take finer control over which signals
are to be exposed externally to the OpenBus document.

The Clocks and Resets tabs will rarely need your attention as the default settings for these are usually adequate. The
Interrupts tab will need your attention if you are planning on using any peripherals as interrupt sources. From this dialog you
can allocate interrupts to the available interrupt channels on the main processor. Since we will be using several interrupts in this
design, we will need to specify those connections here.

The list of signals in the External connection summary cannot be edited directly however this dialog serves as an excellent
reference. All of the signals listed in this dialog will be exported to the parent schematic. The signals are grouped according to
the component that controls them, making it easier to identify and locate the source of the different signals. For instance, when
you link an OpenBus document to a parent schematic, it may not be immediately apparent where certain signals on the sheet
symbol have come from. It is in this dialog box that you will find your answers.
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Specifying Interrupts in the OpenBus Signal Manager

The TSK3000A supports a total of 32 interrupt inputs, each of which can be configured to be either level sensitive (active High)
or edge triggered (active on a rising edge).

To configure interrupts for the design:
1. Select Tools » OpenBus Signal Manager.
2. From the OpenBus Signal Manager dialog, select the Interrupts tab.

3. Locate the Audio Streaming Controller(AUDIO) in the list of OpenBus peripherals at the top of the dialog and click once in
the Interrupt column to the right of the signal INT_O to expose the drop down.

4. Assign this signal to the interrupt pin INT_I1 by selecting this item in the list of available interrupts. Notice that the Kind and
Polarity column is populated automatically. The OpenBus system is aware of the interrupt requirements of each of the
OpenBus peripherals and thus there’s no reason to manually configure the pin kind or polarity.

5. Locate SPI(SPI) in the list of OpenBus peripherals at the top of the dialog and assign the signal INT_O the interrupt pin
INT_I2.

6. Locate Terminal instrument(TERM) in the list of OpenBus peripherals at the top of the dialog and assign the signal INT_OO
to the interrupt pin INT_I3.

7. Finally, assign the terminal’s INT_O1 signal to the interrupt pin INT_I4. The table of interrupts should now appear as they do
in.

8. Click OK to exit.

OpenBus Signal Manager,

ElExternaI conneckion summary
TSKZ000A(MCL) A

Mame Kind and Palarity Interrupk
- 5PI{SPT)

— INT_O H— Rising edge INT_I2
=11 Terminal instrument{TERM)

| INT_0(1..0]
= INT_D0 ]£ Rising edge INT_I3
—a INT_O1 ]_I; Rising edge INT_ 14

-2 Audio Streaming Controller{aUDIO)

— INT_O = High level INT_I1
=18 Interrupt pins

—q| INT_I0 Mot Exported

—q INT_11 Mot Exparted

— INT_IZ Mot Exported

—o INT_I3 Mok Exparted

—o INT_14 Mot Exparted

— INT_IS Mot Exported

—o INT_I6 Mok Exparted “

QK l [ Cancel

Figure 6. Specifying interrupts from the OpenBus Signal Manager

Linking the OpenBus Document to its Parent Schematic

As mentioned earlier in this tutorial, the top level document in an FPGA project needs to be a schematic. Now that we have
created an OpenBus document, we must now link that document back to the top level schematic sheet that we have previously
created.

Creating a Sheet Symbol from the OpenBus Document

To link the OpenBus document to a parent schematic, you need to create a sheet symbol from the OpenBus document and
place it on the parent schematic.
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Open Effects_Sch.SchDoc
Select Design » Create Sheet Symbol from sheet or HDL.
When the Choose Document to Place dialog box appears, select the Effects_OB.OpenBus document and click OK

» w0 DB

A large sheet symbol will be attached to the cursor. Position it where you want to place it on the schematic page and click
once to commit the placement.

The sheet entries on the newly placed sheet symbol have been loosely organized with inputs and bidirectional signals on the left
and outputs on the right. You must now go through the process of positioning all of these sheet entries so that you can connect
them to the port plugins in the NanoBoard more easily.

OpenBusEffects

K_] AUDIO_SCK SRAM_SRAMO_DJ15..0]

K_] AUDIO_WS SRAM_SRAML_A[17..0]

K_] AUDIO_SDO SRAM_SRAMO_CE

> AUDIO_SDI SRAM_SRAMO_WE
SRAM_SRAMO_OE

K__] AUDIO_ADCK SRAM_SRAMO_UB

SRAM_SRAMO_LB

SRAM SRAML_DJ[15..0]
SRAM_SRAMO_A[17..0]
SRAM _SRAM1_CE

K] SPI_SPI_DOUT SRAM SRAML WE
> SPI_SPIDIN SRAM SRAML OE [
] SPI_SPI_CLK SRAM SRAML UB [
SRAM_SRAML LB [
K] SPI_SPI_MODE
K] SPI_SPI_CS
GPIO_PAI[7.0]
T LKL GPIO_PBI[7.0]
GPIO_PAO[7.0]
> RSTI GPIO_PBO[7.0]

Effects_OB.OpenBus

Figure 7. Organizing sheet entries

Placing the Final Components in Schematic

To complete the placement process and finalize the top level schematic, you'll need to first place a number of components.
You'll find these libraries in the \Libraries\FPGA folder of your Altium Designer installation.

1. From the FPGA NB2DSKO1 Port-Plugin.IntLib library:
- CLOCK_BOARD
- TEST_BUTTON
- NEXUS_JTAG_CONNECTOR
2. Fromthe FPGA PBO1 Port-Plugin.IntLib library:
- AUDIO_CODEC
- AUDIO_CODEC_CTRL
4. From the FPGA DB Common Port-Plugin.IntLib library:
- SRAM_DAUGHTERO
- SRAM_DAUGHTER1
5. From the FPGA Instruments. IntLib library:
- DIGITAL_IO
6. From the FPGA Generic.IntLib library:
- NEXUS_JTAG_PORT
- OR2N1S
7. Fromthe FPGA Peripherals. IntLib library:
- FPGA_STARTUPS
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Configuring the Digital 10 Instrument

With the components placed the next step is to configure the Digital IO Instrument. This instrument is a configurable device that
provides an efficient and uncomplicated means by which to monitor/generate digital signals in your design. Once programmed,

interaction with this device is done live from within the Altium Designer software, allowing you to read and manipulate signal

values of FPGA signals as they execute on the FPGA, in system and in real time.

In this design, the digital 10 instrument will be used to mimic the user interface to the system. Instead of building a complete
implementation platform, we will use the digital IO instrument to trigger events in the processor, ensuring we can continue on
with development though we don’t yet have a PCB prototype.

=[Z] For complete details on the Digital IO instrument see the document CR0179 DIGITAL_IO Configurable Digital 10

Module

To configure the Configurable Digital IO Instrument:

1. Right click the DIGITAL_IO component and select Configure U? (DIGITAL IO) to launch the Digital /0O Configuration

dialog.

2. Press the Add button to the right of the Input Signals section at the top of the dialog to add a second group of signals

named BIN[7..0]

3. Click once in the Style column to the right of the signal AIN[7. .0] to expose the arrow and select the Bar style.
Click once in the Color column to the right of the signal AIN[7 . .0] to expose the arrow and select the color Orange.

Press the Add button to the right of the Output Signals section at the bottom of the dialog to add a second group of signals

named BOUT[7. .0]

Click once in the Style column to the right of the signal AOUT[7 . . 0] to expose the arrow and select the Slider style.

Click once in the Style column to the right of the signal BOUT[7 . . 0] to expose the arrow and select the LED Digits style.
To dialog should now appear as it does in Figure 8

8. Click OK.

Digital /0 Configuration

Input Signals

M armne Style
BIM[F..0] LEDs
Output Signals

Hame Style
AOUTI7..0] Slider
BOUT[7..0] LED Digits

Color

Orange

Fed
Color Fiadiz
Green Biram

Freview

=
I

Add
Remove
Move Up

tove Down

-
[
(=

Remove
Maove Up

tove Down

0K

l

Cancel

Figure 8. Configuration of the Digital 10 instrument
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Completing the Schematic Wiring
With the components configured, the next step is to complete the final placement and wiring of the top level schematic.
To complete the wiring of the design:

1. A completed version of the Effects_Sch.SchDoc schematic is given in Figure 9. Use this as a guide to position the port-
plugin components around the sheet symbol, then reorder the sheet entries so they will line up nicely with them.

Using Figure 9 as a guide, complete the wiring of the components in your design.

Once you have completed wiring up the schematic, select Tools » Annotate Schematics Quietly to annotate the design
by giving each component a unique designator.

4. Compile the design by selecting Project » Compile FPGA Project Audio_Effects.PrjFpg. Fix any compilation or wiring
errors as necessary.

5. Save your work.

OpenBusEffects

|
ﬁ\! AUDIO_[25_ECLE }=t ] AUDIO_SCK SRAM_SRAMO_D15. 1] <t SEEMA DOLE.0]
AUDIO_125_WCLE | ] AUDIO_WS SRAM SRAMI_A07.0] [ SRAMO_A[17..0]
m AUDIO_125_DOUT | ] AUDIO_SDO SEAM _SEAMO_CE [ ——
[ AUDIO_I25_DIN [ > AUDIO_SDI SRAM SRAMO WE [,
FITORTR SRAM_SRAMO O [,
I ﬁ\' ] AUDIO_ADCE SRAM_SRAMO_UE [ ——t
SRAM _SRAMO_LE [ SEAMO_LE
(AU MEEN Jo—||-cn0
@ SRAM _SRAML D[5.0] < (SEAMI D[I5.0] >
SRAM SRAMO_A[17.0] [ SRAMI_&[17.0]
SRAM _SEAML CE [ ——
I SFI_DOUT | ] SPI_SF1_DOUT SRAM_SRAMI_WE [ 2
;[ __spiom > SPI_SPI_DIN SRAM_SRAMI OF [ SRAMI OE
1 SFI_CLE ] SPI_SFI_CLE SRAM SRAM] UB [ ——{ SRAMI UB
b SRAM SRAML 1B [ SEAMI LD

SPT_MODE "] SPI_SPI_MODE
—rrr,—r SPI_SEL |+ ] SPI_SPI_CS
DELAY[7.0
o e L] EEFECT EN0
> CLK I GPIO_PEI[?.0]
l TT 7]
@ ELE CLE INIT [ GPIO_PAO[?.10] D:%‘:
> RST_I GPIO_PRO[?.0] [
O ety ;

DELAY[7.0] L
FPG4_STARTUPE AFR.’ZNIS

Effects OB Openfus

ACUTL?. O] =T
EOUT[7.0] | L

IGITAL_ 1O

JTiG_WEZUS_TCE > TCE
JTaG_WEZUS_THME = TME |m

TRST

JTAG_WEETS_TDI = —TD-
JTAG NEXUS TDO |} =TI

Figure 9. Finalizing the schematic wiring

Configuring projects to run on the Desktop NanoBoard

At this point, we have completed the bulk of the FPGA design but there is one additional step required before we can run it on
the Desktop NanoBoard. Constraining an FPGA design is the process of defining the specific FPGA pins that you want each of
the signals in your design to appear on. This is an important step as it will ensure that the FPGA design is able to interact with
NanoBoard resources that have been hardwired to the FPGA daughter board.

When defining constraints, it is possible to hardcode them into the top-level schematic sheet but this is not advisable. The
reason for this is because it binds the design to a specific device and limits your ability to retarget a different FPGA should the
need arise. Best practice is to store constraint information in a separate location to the schematic. Altium Designer implements
this approach using a set of pre-built and user-definable constraint files which can be added to the FPGA project.
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Auto-configuring projects running on the Desktop NanoBoard

»

& Connected
701 > Configure Fpga Project 3 | Audio_Effects. PriFpg %J
1 Yiew Configuration, .. :
. Mews FPGEA Project
Live ManoBoarc-NE2-D5 i

Shows Power Manitor Panel, .,

Figure 10. Auto configure the FPGA project

In order to make the process of targeting your design to the Desktop NanoBoard easier, Altium Designer includes a handy auto
configuration feature. By utilizing some smarts that have been built into the NanoBoard’s firmware, Altium Designer is able to
probe the Desktop NanoBoard and determine exactly what daughter and peripheral boards are connected. A set of pre-defined
constraint files will then be loaded and grouped together into a configuration that targets your specific hardware setup.

Configuration Manager For Audio_Effects.PrjFpg

Constraint Files Configurations
NE2DSKD1_08_DE30_04
onElre I
DB 30.04.Canstraint v
PE0Z.0E.Constraint v
PE03.0E.Canstraint v
FPEO1.07 Congtraint v
MEZ2DSK01_08_DE30_04_Eoardiapping. Constraint v
Configurations Add.. Constraint Files Add.. Force Columns Inta Yiew |
Figure 11. Configuration manager dialog
Projects w
To auto-configure your FPGA design to run on a Desktop NanoBoard: Workspacel.Denwik h
1. Make sure your Desktop NanoBoard is connected to your PC and |"’“‘dm—E”'EC“S'P”F"g ” e l
powered on. (%) File Wiew () Stucture Editar
2. Select View » Devices View or click on the Devices View icon in =P Audio_Efects.PiiFpg =
the toolbar. =11 Source Documents
. . . . =14 Effects_Sch.SchDoc
3. Inthe Devices Vlew, ensure that the Live checkbox .|s checked. [ Effects_0B.OperBus *
You should see a picture of the Desktop NanoBoard in the upper =1 Settings
region of the d|sp|ay =1 L1 Canstraint Files
_ _ _ _ 2 NB2DSKIN 08 Canstraint
4. Right-click the Desktop NanoBoard icon and select Configure ., DB30.04.Carshairt
FPGA Project » Audio_Effects.PrjFpg. % PBO2.06 Canstraint
, i , , €, PB03.06. Constraint
5. Altium Designer will take just a few moments to probe the Desktop €., PEOT.07 Constraint
NanoBoard and create a new configuration. Click OK to accept the
new configuration.

You may notice that a new Settings folder has been added to the

prOjeCt. In this folder you will find a Constraint Files folder with all of Figure 12. Settings folder in the Projects pane|
the newly added constraint files.

Several of the files will have a ‘shortcut’ % symbol. Altium Designer uses this notation to indicate files which are not stored in
the main project folder. These particular files are all pre-defined constraint files that are shipped with Altium Designer. They are
specific to the various peripheral and daughter boards that they represent and should NOT be edited as changes made to these
files will affect all other projects that you build for the Desktop NanoBoard.

The constraint file that has been highlighted in Figure 12 was automatically created by the auto-configure process and is stored
with the project. This file defines where the peripheral boards are located on the Desktop NanoBoard.

Creating User Constraints

The auto-configuration process deals with the mapping of ports defined on the top-level FPGA schematic and their target FPGA
pins. There are, however, additional constraints (such as the clock frequency) that are important for the design but which can
not be handled automatically. In order to capture this information, it is best to create another constraint file that is reserved for
this information and add it to the configuration.
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To create a new user constraint file and add it to the configuration:

1. Right click the Audio_Effects.PrjFpg project in the Projects panel and select Add New to Project » Constraint File.
2. Select File » Save As to save the file. Give it a meaningful name such as MyConstraints.Constraint and click OK.
3. Go to Project » Configuration Manager or right click the project in the Projects panel and select Configuration Manager
4

Locate MyConstraint.Constraint in the Constraint Files column and check the box in the Configurations column to
add the constraint to the existing configuration.

5. Click OK to close the Configuration Manager and save your changes.

Configuration Manager For Audio_Effects.PrjFpg

Constraint Files Configurations
Constraint Filename NEZ2DSKO1_08_DE30 04
DB30.04.Constraint v
MWEB 205K, 08 Corstraint v
MNE2DSK0_08_DB30_04_BoardMapping Constraint v
PBO1.07 . Constraint ¥
PBO2.0E.Constraint v
PBO3.0E.Constraint v
wstraint. Constraint \’%
Configurations ’ Add... ] [ Delete... ] ’ Rename.. ] Constraint Files Add... ] ’ Riemove... ] Force Columns [nto Yiew I ok l ’ Cancel

Figure 13. Adding a new constraint file to the configuration

To add a clock constraint to the CLK_BRD signal:
1. Open MyConstraints.Constraint
2. Select Design » Add Modify Constraint » Port
3. In the Add/Modify Port Constraint dialog:
- Set the Target to CLK_BRD
- Set the Constraint Kind to FPGA_CLOCK_FREQUENCY
- Set the Constraint Value to 50MHz
Click OK to close the Add/Modify Port Constraint dialog.
5. Observe that a new constraint record has been added to MyConstraints.Constraint. Save your work.
| Record=Constraint | TargetBimd=Fort | TargetId=CLE_EFD | FPGA CLOCK FREQUEHRCY=50MH= |

Building the FPGA Design

Once the FPGA design has been defined along with its constraints, you are now ready to build it. Building an FPGA design is
the process of compiling and synthesizing your entire FPGA design into a configuration bit file that can be downloaded and run
from the target FPGA device. Altium Designer standardizes the way you build an FPGA design so that it is vendor independent.
You'll recall that a copy of the Vendor tools for the specific device you are targeting was listed in the What you will need section
of this tutorial. Altium Designer needs these vendor tools in order to place and route the design but the interaction with these
back end tools will be largely transparent to the user.

To build an FPGA design:
1. Make sure your Desktop NanoBoard is connected to your PC and powered up.

2. Select View » Devices View or click on the Devices View icon *# in the toolbar.

3. Ensure the Live checkbox is checked. You should see a picture of the Desktop NanoBoard in the upper region of the
display and an icon of the Spartan 3 FPGA in the middle region.

4. In the drop down list just below the Spartan 3 icon, be sure that the Audio_Effects / NB2DSK01_08_DB30_04 project /
configuration pair is selected.

5. Locate the Compile, Synthesize, Build, Program FPGA buttons running left to right just below the Desktop NanoBoard icon.
As this is the first time you have built your design, the colored indicators on each of the buttons will appear RED. Click once
on the words Program FPGA to begin the build process.

6. As the build process progresses, the colored indicator from each stage will turn yellow while it is processing and then green
when completed successfully. The process of building the design may take several minutes to complete. You can observe
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the progress of the build from the Messages and Output panels which can be accessed from the System panel tab in the
lower right section of the main workspace.

=/ Altium Designer Summer 08 - Workgroup [Workspace1.Dsn\Wrk] - Devices - Audio_Effects.PrjFpg. Licensed to License Store - HO. Not signed in.

| Dy¥P Ele Wiew Project  Tools HardDevices Processors  Window  Help Devices, FpgaFlow ML« B4 o
0= L8 gk LF | UsBITAG (D) S0 ol @
: - =
BEDEEts ¥ i3 & Devices % (2) Constraint File = | (@ Effects OB.OperBus * | _d Effects Sch.SchDoc |_'] Licenze Managemert 22 E
o
‘wiorkspacel Dsriwrk - S T
& Connected - -
| fudic_Ettects PiFpg | Proiest | ‘ |
(&) FileWiew ) Stucture Editar e
BF 3 Audio_Effects.PriFpg * B
=11 Source Documents
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[ Effents_0B OpenBus * o v @ ML - 7 —‘
=11 Settings ®
=1 Constraint Files
% ME205K01_08_DB30_04_EoardM apping. Constraint SPAR 4
S NB2DSK01.08.Constraint ®
% DB30.04.Constraint
£, PROZ.0 Constraint (i
&, PB3.06.Constraint 5 Do
QoPBOLO7Constraint L T MM
% MyConstraint Constraint = Spartan3 XC351500-4FGETEC
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Phase 1.1 ! Tsk3oooa | TERMINAL
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Figure 14. FPGA Build process in the Devices View

7. If any errors occur you will need to rectify them before you can proceed. Try to locate the source of the error by retracing
your steps through the instructions of the tutorial.

8. A summary dialog will be displayed once the design has been built and downloaded successfully. Click (el
OK to close this dialog. Tgr{an_nm
Lnning
Once the FPGA design has been downloaded to the Desktop NanoBoard, you should notice that the status of  rsk-3000a |
the TSK3000 processor has changed from Missing to Running. -| 32-bit RISC -
We can now begin work on the embedded code that this processor will run. i

Developing the Embedded Code

Altium Designer uses an Embedded Project as the container for all of the source code intended to execute on a given target.
To create a new embedded project:

1. Select File » New » Project » Embedded Project from the menus, or click Blank Project (Embedded) in the New section
of the Files panel.

2. The Projects panel will display a new Embedded project with the default name Embedded_Projectl._PrjEmb. Select
File » Save Project or right-click the project in the Projects panel and select Save Project. Save the file as
Audio_Effects_Emb.PrjEmb. If you want to keep your embedded project documents separate from your FPGA project
documents, you may wish to save the Embedded Project in a subfolder called Embedded under your FPGA project folder.
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Adding the Source Code to the Embedded Project

When a new embedded project is first created, it will be created as an empty container. You must then add or create the
relevant source files to the project. Altium Designer can compile C source files, C header files, or Assembly files as part of your
project.

To create a new C file and add it to the project:

1. Select File » New » C Source Document, or right-click the embedded project in the Projects panel and select Add New
to Project » C File. A blank text document named Sourcel.C will be added to the Embedded Project and displayed in
the main editor window.

2. Rename the newly created file (with a .C extension) by selecting File » Save As. Navigate to the same folder as your
embedded project and type the name main.C and click on Save.

Linking an Embedded Project to its Target Processor

An Embedded Project can be developed in isolation but pretty soon you're going to want to run it on a target processor. Altium
Designer gives you the ability to link your embedded project to an FPGA project containing an embedded processor.

To link an Embedded Project it is target processor:

1. Make sure both the Embedded Project and the FPGA Projects
Project that contains the target processor are both loaded Workspacel Deriwik -
in the Projects panel.

1

x

Wiorkspace

. . Audio Effects_Emb.PriEmb Praject
2. Enable the Structure Editor option at the top of the

Projects panel to switch to the Structure Editor mode. O File View (=) Structure Editor
3. Left-click and drag the Embedded Project over the top of =& Audio_Effects.PriFpg

the FPGA project. Any valid processor targets will be = Laiffects_SCh-SchDﬂc

T - f - OpenBuskffects

highlighted in light blue. Drop the project on the MCU = 2 Effects OB OpenBus

(TSK3000A) processor. i_EMCU [TSE30004] e
4. Switch the Projects panel back to File View. Observe that - LF TERM [TERMINALT 8] |

. . . 42 [DIGITAL_IO]
the hierarchy of the projects have been updated placing B Audio, Effects Emb.PiEmb |

Audio_Effects_Emb.PrjEmb as a child of
Audio_Effects.PrjFpg.

Figure 15. Linking Projects from the Structure Editor

Writing some C Source Code

Now that our Embedded Project has been linked to a hardware platform that it can execute from, we are ready to start writing

some C code. We'll take things slowly and using this small section of code, write the value 0x55 to the input at Port A of the

Digital 10 Instrument.

To add some simple code to the Embedded Project:

1. Open the auto generated hardware . h file that is now part of the Audio_Effects_Emb.PrjEmb project. Observe that

an entry for the Port IO component’s base address has been made. The base address Base_GP10 may be slightly
different in your design.

47
#define Base_GPIO OxFFO00000
#define Size GPIO 0x00000002
47

2. Open main.C and enter the following source code:

#include "hardware.h"
#define DIGIO_PORTA (*(unsigned char*)Base_GPIO)
void main (void)

DIGIO_PORTA = 0Ox55;
}

3. Switch to the Devices view by selecting View » Devices View or clicking on the Devices View icon # in the toolbar.
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4. Click the arrow "X to the left of the words Program FPGA on the Program FPGA button to rerun the FPGA build process.

From the Devices view, locate the digital 10 instrument in the soft JTAG chain. Right-click the instrument and select
Instrument to bring up the device’s Instrument Rack.

6. The value for the signal AIN[7. .0] should display 0x55 as it does in Figure 16.

Instrument Rack - Soft Devices
JTAG CORE

AIN[T..0] AQUT[7..0]

e ——
- e

Digital 'O Module

Figure 16. Digital 10 instrument rack

If nothing appears on the AIN[7..0] input of the Digital 10 instrument, be sure that the OR2N1S component is correctly
positioned on the schematic (changing it will require a re-build of the design from the Devices View). The TEST_BUTTON
port plugin must be connected to the inverted input or the device will remain in a reset state.

Developing the Complete Application

At the beginning of this tutorial, we indicated that we would be developing a complete application capable of accepting an
incoming audio signal and producing an audio output with a reverb-style effect added in software. So far we have laid the
foundations for this application and only a few steps remain.

Interacting with the Peripherals

As well as providing a number of high-level peripheral devices, Altium Designer also includes software routines that make
interfacing with those peripherals much simpler. By using the included Device Software Framework (DSF) provided for these
peripherals, you can skip over having to deal with low level interfaces and instead use higher-level control routines. While the
software framework ‘abstracts away’ most of the physical layer from the embedded application development process, you
continue to have access to the processor’s interrupt system.

All of the source code for the software framework can be found in the \System\Tasking\dsT directory under your Altium
Designer installation.

To enable the software framework:

1. Add the following #define and #include statement to the top of main.C.

#define DSF_IMPLEMENT
#include "dsf_system_h"

2. Right click the embedded project in the Projects panel and select Project Options to launch the Options for Embedded
Project Audio_Effects_Emb.PrjEmb dialog.

3. Expand Device Software Framework from the tree along the left hand side and click on General.
4. Select the option Use Processor Abstraction Layer in project under General in the section to the right.
5. Click OK

Though falling outside of the scope of this tutorial, know that the Processor Abstraction Layer will be used to initialize the host
processor and enable and disable processor interrupts.

Completing the Software

The final step is to complete the software required to create the reverb effect. Figure 17 contains the complete listing of
main.C.
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#define AUDIO_CS4270
#define DSF_IMPLEMENT
#include "dsf_system._.h"

#include <string.h>
#include <stdint.h>
#include <stdio.h>

#define CLKFREQ 50000000L

#define 12S_BUF_SIZE 512
#define AUDIO_BUF_SIZE 65536 //this number MUST be a power of
#define 12S_SAMPLERATE 48000

//buffers for the teminal 10 instrument
#define TERMINAL_RXBUFSIZE 256
#define TERMINAL_TXBUFSIZE 256

//millisecond samples

#define MS_SAMPLES (12S_SAMPLERATE / 1000)
//specify the mode of the 12S interface to stereo
#define 12S_MODE 12S_STEREO

#define 12S_WORDWIDTH 20

#define VOLUME 30

int32_t i2s_inbuf[12S_BUF_SIZE] = {0};
int32_t i2s outhuf[12S_BUF_SI1ZE] = {0};
intlé_t in_temp buf[12S_BUF_SIZE / 2] = {0};
intl6_t process buf[AUDIO_BUF_SIZE] = {0};
intl6_t loop buf[AUDIO_BUF_SIZE * 4] = {0};

static uint8_t rxbuf[TERMINAL_RXBUFSIZE];
terminal_receive_buffer_t receive buffer;

static uint8_t txbuf[TERMINAL_TXBUFSIZE];
terminal_transmit_buffer_t transmit _buffer;

i2s_context_t i2s context;

void init_audio(void);

void init_terminal(void);

void get_audio(void);

void process_audio_echo(uint8_t delay);
void passthrough(void);

void put_audio(void);

bool terminal_isr_tx(uint32_t int_num, void* ctx)

{
terminal_handle_tx_interrupt(&transmit_buffer);
return O;
3
bool terminal_isr_rx(uint32_t int_num, void* ctx)
{
terminal_handle_rx_interrupt(&receive buffer);
return O;
3

audio_cs4270_context_t audio_dev;

void main(void)
{
uint8_t effect enable;
uint8_t delay coefficient = 0;

pal_interrupt_disable(Intr_AUDIO_A);
pal_interrupt_disable(Intr_SPI_A);
pal_interrupt_disable(Intr_TERM_A);
pal_interrupt_disable(Intr_TERM_B);
pal_processor_initialize(CLKFREQ);

20
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//initialize terminal
init_terminal();

//initialize the audio
init_audio();

//enable interrupts
pal_global_interrupt_enable();

//enable the general purpose 10 port
prtio_open(Base _GPI0);

//output a list of iInstructions on how to use the digital 10 example to control audio on the
terminal

printf(""\n\nAudio Reverb Example:\n");

printf("'\nl. Set Bit 0 of BOUT[7..0] on the digital 10 instrument for audio pass\n
through.\n");

printf(''\n2. Set Bits 1 - 7 to initiate the audio Reverb Effect.\n");

printf(” The Slider AOUT[7..0] will control the delay used by the reverb effect.\n");

printf(""3. Clear all bits on BOUT[7..0] to stop audio-\n"");

while (1)

effect_enable = prtio_read_b(1); //read the value from the digital 10 connected into
GPIO port A

prtio_write_b(l, effect _enable); //loop value of "a" to the output of the GPIO port
A (display to user)

//create a coefficient to control the delay from value of digital 10 slider at port
B of GPI0 (aka Port O or OUTB[7..0])
delay coefficient = prtio_read_b(0);

//1oop value of delay_coefficient to B input of digital 10 to display on the digital
10 input channel B
prtio_write_b(0, delay coefficient);

//fTunction to go and get the audio -- always gets audio when available and tries to
fill input buffer
get_audio(Q);

//test for the 10 port A status to indicate what type of effect to create
if (effect_enable==1)
{

//simple fetch and put audio function
passthrough(Q);

//function to put the audio in the output buffer
put_audio(Q);

else if (effect_enable > 1)

{
//function to process the audio and create the echo
process_audio_echo(delay_coefficient);
//function to put the audio in the output buffer
put_audio(Q);
3
3
3
/*
*get audio and place into audio buffer
*/

void get_audio(void)

while (i2s_rx_avail(& i2s context) < 12S BUF_SIZE / 2) // if the incoming buffer is < 256
samples (1/2 buffer size), get more samples

i2s_rx_start(& i2s_context); // if no samples available, make sure the receiver is
running

i2s_readl6(& i2s_context, in_temp buf, 12S_BUF_SIZE / 2); // read samples into the incoming
buffer

}
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/*
*accept incoming audio and create a reverb effect
*/
void process_audio_echo(uint8_t delay)
{
static intl6_t * prcs_insert_ptr = process_buf;

//creating 2 pointers, slightly offset from one another to read data at different times in the
history of the data acquisition process. the delta between the

//two corresponds to the length of delay

intlé_t * prcs echo _ptr = prcs_insert ptr - ((MS_SAMPLES * ((delay) * 5)) + 1);

intlé_t * curr_ptr = in_temp buf;

if (prcs_echo ptr <= process_buf)
prcs_echo_ptr += AUDIO_BUF_SIZE;

for (int 1 = 0; 1 < I2S BUF_SIZE / 2; i++)

{
*prcs_insert_ptr = (*prcs_echo_ptr >> 1) + *curr_ptr;
prcs_insert_ptr++;
if (prcs_insert_ptr == & process_buf[AUDIO_BUF_SIZE])
prcs_insert_ptr = process_buf;
curr_ptr++;
prcs_echo_ptr++;
if (prcs_echo ptr == & process _buf[AUDIO_BUF_SIZE])
prcs_echo_ptr = process_buf;
3
}
/*
*passthrough audio triggered from the digital 10
*/
void passthrough(void)
{
static intl6_t * prcs_insert_ptr = process buf;
intlé_t * curr_ptr = in_temp_buf;
for (int i = 0; i1 < I2S BUF_SIZE / 2; i++)
{
* prcs_insert_ptr = * curr_ptr;
prcs_insert_ptr++;
ifT (prcs_insert_ptr == & process buf[AUDIO_BUF_SIZE])
prcs_insert_ptr = process buf;
curr_ptr++;
¥
3
/*
* write audio to the 12S output buffer
*/
void put_audio(void)
{

static Intl6_t * prcs_extract ptr = process_buf;

while (i2s_tx_avail(& i12s context) < 12S_BUF _SIZE / 2) // wait till there is space for the
received samples to store in the transmit buffer

{

i2s_tx_start(& i2s_context); // if no space available, make sure the transmitter is running

i2s_writel6(& i2s context, prcs_extract ptr, 12S BUF_SIZE / 2);

prcs_extract_ptr += 12S_BUF_SIZE / 2;

while (prcs_extract ptr >= & process buf[AUDIO_BUF_SIZE])
prcs_extract _ptr -= AUDIO_BUF_SIZE;
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/*
* initialize the audio peripherals
*
/
void init_audio(void)
{
/* init interrupt */
pal_register_interrupt_handler(Intr_AUDIO_A, & i2s_context, & i2s_isr);
pal_interrupt_enable(Intr_AUDIO_A);

// enable access to tsc2301 by SPI-bus (= device 0xB)
while (Inanoboard_spi_open(Base_SPl, DEVICE_EXTCO));

cs4270_init(& audio_dev, Base_SPl);

nanoboard_spi_close(Base_SPl); // disable SPl access to tsc2301

/* init 12S core */
i2s_init(& i2s _context, Base AUDIO, i2s_inbuf, 12S_BUF_SIZE, i2s_outbuf, 12S_BUF_SIZE,
12S_SAMPLERATE, 12S_MODE, 12S_WORDWIDTH, CLKFREQ);

b

void init_terminal(void)

{
receive buffer._buffer = rxbuf;
receive_buffer.buffer_size = TERMINAL_RXBUFSIZE;
receive_buffer.baseaddr = Base_TERM;
receive_buffer.head = 0;
receive_buffer.tail = 0;
transmit_buffer._buffer = txbuf;
transmit_buffer.buffer_size = TERMINAL_TXBUFSIZE;
transmit_buffer_baseaddr = Base_TERM;
transmit _buffer.head = 0;
transmit_buffer.tail = 0;
transmit_buffer.busy = 0;

terminal_init(Base TERM, CLKFREQ, 19200, F UART_TXFULL | F_UART_TXEMPTY | F_UART_RXNEMPTY |
F_UART_RXFULL);

setbuf( stdout, NULL ); // Disables line buffering on stdout
setbuf( stdin, NULL ); // Disables line buffering on stdout

pal_register_interrupt_handler(Intr_TERM_A, NULL, terminal_isr_tx);
pal_register_interrupt_handler(Intr_TERM_B, NULL, terminal_isr_rx);
pal_interrupt_enable(Intr_TERM_A);
pal_interrupt_enable(Intr_TERM_B);

3

int _write( int fd, const char * buf, int size )

{ for ( fd = 0; Td < size; fd++ )
{ terminal_send_byte(Base TERM, *buf++, &transmit_buffer);
ieturn size;

3

Figure 17. Listing of main.C
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To complete the embedded project and download the software to the target:
1. Copy the contents of the listing in Figure 17 to the clipboard.
Return to main.C and use Edit » Select All or Ctrl » A to select the existing C code and hit Delete.
Select Edit » Paste or Ctrl+V to paste the clipboard contents into main.C.
Save your work.
Recompile and download the updated program by pressing the Compile and Download button 'P in the toolbar.
Connect an audio source to the black Line In port on the back of the Desktop NanoBoard.
Switch to the Devices View by selecting View » Devices View.

© N o gk~ wDd

Right click the Terminal Instrument and select Instrument to launch the device’s Instrument Rack. The Terminal
Instrument should display a list of instructions as they appear in Figure 18. (These instructions are created using printf
commands in the main.C source file).

9. Launch the instrument rack for the Digital IO instrument and set bit O of BOUT[7 . . 0] by clicking on the right most bit in the
instrument rack. This will enable the audio pass-through and audio should now be heard through the speakers on the
Desktop NanoBoard. Use the volume knob on the front of the Desktop NanoBoard to adjust the volume.

10. Set bit 1of BOUT[7 . -0] from within the Digital 10 instrument to enable the reverb effect. Use the slider AOUT[7..0] to
hear the difference in audio output.

Instrument Rack - Soft Devices
JTAG CORE

AIN[7..0] AQUT[T..0]
'

> [ |

i 1
BIN[7..0] BOUT[7..0]

= I

Options Digital O Module

JTAG

Audio Reverb Example:

1. Set Bit 0 of BOUT[7..0] on the digital I0 instrument for audio pass
through.

2. Set Bits 1 - 7 to initiate the audio Reverh Effect.
The Slider AOUT[7..0] will control the delay used hy the reverb effect.

3. Clear all bits on BOUT[7..0] to stop audio.

Save To File Terminal Module

Figure 18. Instrument Rack — Soft Devices

Considering your Deployment Options

Now that we've arrived at a functional design, let's examine how you might deploy your product in the field. Altium provides a
range of deployment NanoBoards that you can either use entirely as an off-the-shelf solution or that you can customize with
your own peripheral boards. Alternatively you can go for a fully custom PCB solution that makes selective use of existing
NanoBoard circuit blocks and combines them together into a single design. The choice of deployment options will be influenced
by a range of factors including cost, time to market, logistics, and form and fit constraints. While we can’t tell you which solution
will be best for your specific situation, we can present the range of options so that you can get a fair indication of their pros and
cons.

Level 1: Development of pure ‘Device Intelligence’

Almost all designs will begin at this level. The focus of development
is around the application software and programmable hardware
using one of the Development NanoBoards such as the Desktop
NanoBoard. Very little regard is given to the hardware platform to
be used in the final implementation and work can rapidly proceed
on proving out and cementing the features of the design. The
decision of how (or if) to deploy the newly created system is
independent of this level of design.
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Assuming you intend to deploy your design beyond one of the Desktop NanoBoard products, you have two degrees of freedom.
1. Hardware Platform — Will you use off-the-shelf (OTS) hardware, create your own, or use a mixture of the two?
2. Enclosure — Will you use an OTS enclosure, create your own from scratch, or modify an existing one?

The following sections discuss how you might work within these degrees of freedom to varying levels.

Level 2: OTS Hardware Platform, OTS Enclosure

This level is the simplest deployment option as it makes use of both an off-the-shelf hardware platform and enclosure. By using
one of Altium’s deployment NanoBoards, you can mix and match different daughter boards and peripheral boards to produce a
customized hardware platform that is tailored to your application. In addition, enclosing the complete NanoBoard in one of
Altium’s supplied cases will ensure a professional appearance of your product and avoids the logistical headaches associated
with manufacturing. Design compatibility ensures you can seamlessly migrate your design from the Desktop NanoBoard to a
complete deployment solution.

Deploying your designs in this fashion allows you to focus primarily on the device intelligence without being bogged down by
hardware implementation issues. The unique identification system that has been built into the NanoBoard enables it to probe all
connected daughter and peripheral boards and quickly reconfigure the entire design. You can be up and running on your
deployment platform in little more than the time it takes to rerun the FPGA build flow.

Level 3: OTS Hardware Platform, Custom Enclosure

Deploying your design using an OTS deployment NanoBoard inside an enclosure of your own design is an incremental step
from level 2 that can have a dramatic impact on the level of professionalism that you are able to portray to your customers. Use
one of Altium’s mechanical STEP models as the basis for customization or construct a completely new enclosure of your own
design. Either way, you'll have the ability to tailor the form and fit of your end product to ensure it fits snuggly into its final
environment.

Altium Designer’s 3D bodies allow you to quickly visualize your end product and trap any interference issues that may crop up
between the ECAD and MCAD environments.

Level 4: Mixture of OTS and Custom Hardware Platform, OTS or Custom Enclosure

While Altium is continuously developing more peripheral boards, there still might be occasions when you need to include your
own custom hardware as part of the design. The expandability of the NanoBoards ensures that this is a relatively simple task
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and it gives you the best of both worlds. You can selectively customize the hardware platform while still leveraging off the
existing infrastructure that has been designed into the NanoBoard architecture.

As with the previous level, the extent to which you use an existing enclosure or create/customize your own is completely up to
you.

Level 5: Custom Hardware Platform, OTS or Custom Enclosure

This final level requires the greatest amount of hardware development but gives you the greatest flexibility in terms of form and
fit. In particularly cost-conscious applications it may be necessary to rationalize NanoBoard circuitry to only those subsystems
that are absolutely necessary to the design. The design reuse capabilities of Altium Designer makes this process a very quick
and easy task. Because all of the NanoBoard circuits are included as design reuse blocks and installed as part of Altium
Designer, you can link those blocks into your custom hardware design and avoid having to reinvent the wheel. Altium Designer
even includes the part numbers and supplier information of all parts used in the NanoBoards. This makes the process of
procuring parts an absolute breeze.

Transferring the Design to a Deployment Platform

The deployment level you choose will have some bearing on how simply you can retarget your design. The NanoBoard
infrastructure includes intelligence that allows it to probe connected daughter boards and peripheral boards and automatically
create a new configuration based on the connected hardware. All hardware supplied by Altium conforms to this standard but if
you are using hardware from a third party or your own custom hardware that does not include this feature then you may need to
perform some configuration steps manually to arrive at the same destination.

There is plenty of help available in Altium Designer, through the Knowledge Centre, to assist with the creation of new constraint
files and configurations and so | won't repeat that content here. It is sufficient to say that once the new configuration has been
defined, you can be up and running on your deployment platform in little more than the time it takes to rerun the FPGA build
flow.
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