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LAB 6. USB 2.0 TO SDHC LAB
Overview: In this lab, you will compile a Qsys based design that allows your laptop to browse the SD card on

your DECA board, essentially turning the DECA board into a mass storage device. After configuring
your DECA board with this design, you will run a C code executable on the Nios II processor to
control the data flow between the SD Card and the USB 2.0 port on your laptop.

Since this lab is complete, there will be no editing.  This exercise will provide a working knowledge of an FPGA
design flow which also includes an embedded processing component, the Nios II soft core processor.  At the end of
this lab you should be able to:

 Understand the complete Embedded FPGA design flow

 Configure the target FPGA on the DECA Board using the Quartus II Programmer

 Create and run a software application on the Nios II processor

Below is a schematic view of the embedded system you will create in this lab.

6.1 Getting Started
Overview: Please ensure that you have the necessary hardware and the software installed so that this lab can be

completed successfully.

Below is a list of items required to complete this lab:
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 Arrow DECA Evaluation Kit

 Two USB cables

 Lab Design files

 Quartus II v15.0 Design Software

 Personal computer or laptop running Windows 7 with at least an Intel i3 core (or equivalent),
4 GB of RAM, and 12 GB of free hard disk space

6.1.1 Getting your DECA Kit
If you are attending a DECA Workshop, you will receive your DECA kit in the 3-in-1 evaluation kit bundle when you
arrive at the workshop location. If you are working on this lab independently, a DECA kit can be purchased through
your Arrow sales representative or at parts.arrow.com.

Make sure you have a USB cable to connect the on-board USB Blaster to your laptop. If you
are attending the workshop, USB cables are included in your evaluation kit bundle.

6.1.2 Installing the Altera Complete Design Software v15.0
This Lab assumes you have Quartus II v15.0 installed on your computer prior to the workshop date as there is not
enough time to download and install the software during the workshop. It is recommended that you complete the
Introductory Labs before you do the USB2.0 to SDHC Lab.

6.1.3 Licensing the USB and SDHC IP cores
You will require a license in order to compile the FPGA design for this lab.  The license is provided with the lab files.
Here are the steps required to configure the license in Quartus

6.1.3.1 In the Quartus II menu, select Tools License Setup

6.1.3.2 In the License Setup section browse to your license located in:
c:\DECA\workshop_labs\6_USB_to_SDHC_Lab\deca_sls_usb_sdmmc.dat

6.1.3.3 Your screen should now look like this:
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Note that if you already have a license file in this field, you can append the new license file using a
semi-colon (;), such as:

c:\existing_license.dat;c:\DECA\workshop_labs\...\deca_sls_usb_sdmmc.dat

6.1.3.4 There are several different ways to 'refresh' the License Setup dialog box.  Generally, select OK, to close
the dialog box, then re-open it via: Tools License Setup

6.1.3.5 Review the Licensed AMPP/MegaCore functions section and scroll to the bottom of the list to see your
SLS licenses:

6.2 Review the System Design Flow
Overview: In this section, you will review the design flow needed to do an Altera FPGA Embedded design.

6.2.1 Examine the System Tool Flow
Developing software for an Altera FPGA requires an understanding of the design flow between the Qsys System
Integration tool and the Nios II Embedded Design Suite (EDS).  For this workshop, the design will be created within
Qsys, RTL will be exported from Qsys, and Quartus II will compile a program that can be downloaded to the MAX 10
FPGA on the DECA Board. The software for the Nios II will be developed using the Nios II 15.0 Software Build Tools
for Eclipse.
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The objective of this lab is to experience the complete development tool flow required to design a
complete embedded system.

The above diagram shows the typical design flow for an embedded system-level design. There are two separate
flows: hardware and software.

Within Quartus II, the hardware flow takes the Qsys generated RTL and places and routes the logic in the FPGA
fabric.  The output of Quartus is a hardware image that can be downloaded to the FPGA.

For the software flow, the Qsys system description is imported into the Nios II EDS so that a software application can
be built to match the hardware that was just created.  The output of the Nios II EDS is a software executable that can
be run on the Nios II processor.

6.3 Review and prepare the DECA Development Platform
Review the components on the DECA board. This development board provides a full system built around the MAX10,
including external memory, LEDs, sensors, buttons, and power supplies.
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There are many components on the DECA board including the LEDs, capacitive push buttons, USB, Ethernet, HDMI
and MIPI Interfaces.

This design will use on chip memory, PLLs, Nios II soft processor, and third party USB and SDHC IP provided by
SLS.

6.3.1 Insert the SD Card
Plug the Micro SD card into the SD card slot on the back of the board

Note: This step must be completed before plugging in the USB cable, or Nios will not properly
initialize the SD card during the boot process.

6.4 Compiling the Quartus II Project
In this module, you will use a project that has  already been created. You will run this project through the design tools
including Quartus II, Qsys and Nios II EDS in order to download it to the DECA board. When you run the Nios II
executable you will be able to browse to the DECA SD card from your laptop, mimicking a USB drive.

6.4.1 Open the Project in Quartus II
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6.4.1.1 The Quartus II project resides in the default location of:
c:\DECA\workshop_labs\6_USB_to_SDHC_Lab

6.4.1.2 Launch Quartus II 15.0 (64-bit) from the Start menu if you haven't already.

6.4.1.3 Open the project via the Quartus II menu: Click File Open Project

6.4.1.4 Browse to C:\DECA\workshop_labs\6_USB_to_SDHC_Lab then open DECA_golden_top.qpf
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6.4.1.5 After the Project opens open the Qsys file via: File Open and open the Qsys file
usb20sr_refdes.qsys as shown:
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6.4.1.6 You should now have both Quartus II Project and the Qsys Project open as shown

6.4.2 Review the Qsys design

6.4.2.1 Nios II Processor Data Master Connection

The Nios II processor has two masters as part of its Harvard architecture.  The instruction master connects to the on-
chip ram where it executes the firmware.  The data master connects to the Avalon MM slaves.  The Nios II processor
uses this master to talk to all of the peripherals.  Note that there are several other masters in this design

6.4.2.2 DMA Avalon Master for USB

The connections of the USB IP core (usb20sr) are connected to the dma_0 peripheral.  This DMA engine is
configured by the Nios II processor to move data in and out of the USB IP to and from the on-chip memory.

6.4.2.3 SDHC Avalon MM Interface

The SDHC IP has an Avalon MM Slave that the Nios II processor sets up the parameters required to configure the
SDHC peripheral.  The SDHC IP also has two Avalon MM masters that is essentially a custom DMA engine built
within the IP.  These masters move data to/from the on-chip memory.

6.4.2.4 Clock Domains

You will notice that there are several different clock domains in this design.  There is a fast and slow clock domain
allowing the design to run the high-speed peripherals on the fast clock and the slow-speed peripherals on the slow
clock.  This enables the high-speed clock to run faster due to a lower fan-out (number of endpoints the net has to
reach).
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6.4.2.5 Browse the system

Browse around the rest of the system to review the dataflow for a better understanding of how the system is
connected.

6.4.3 Generate the Qsys HDL Files for the project
Qsys generates HDL (hardware description language) code so that Quartus can compile this into an FPGA
architecture.

In the Qsys tool window Select Generate Generate HDL... from the Qsys menu or click the Generate button in the
bottom right corner of the Qsys window
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6.4.3.1 Select Output files you prefer or use the defaults as shown and click Generate

6.4.3.2 Finish Qsys HDL File Generation

When Qsys finishes generating the HDL files you will see the Generation Complete message box.
Click Close.
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6.4.3.3 Finish Qsys by Clicking on Finish in bottom right of Qsys Tool window
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6.4.3.4 Compiling the Design in Quartus

Before compiling the design you can open the top-level design file by double-clicking
DECA_golden_top in the Project navigator:
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6.4.3.5 Explore the section where the Qsys system has been instantiated (usb20sr_refdes)

Here you can see all the ports of the Qsys system, and the connections that were made to the pins
of the device.
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6.4.3.6 Compile the design: Processing Start Compilation

6.4.3.7 When compilation completes you should see the following in the Quartus Tool window.

6.5 Download the Configuration File to DECA Board.
Overview: Once the design has compiled successfully, you can download the generated .sof file to the MAX 10.

6.5.1 Open the Programmer Tool
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6.5.1.1 From the Tools menu in the main Quartus II window, select Tools Programmer.

6.5.1.2 Since the DECA isn't connected yet, the Programmer should show a blank configuration.

6.5.1.3 Connect your DECA board to your PC using a USB cable. Be sure to connect it to the mini-USB connector
labeled UB2 J10 (on the bottom right of the board). Since the USB Blaster II driver software should already
be installed, the Window's Device Manager should display two entries under "JTAG Cables".

You should see the LEDs light up on your DECA including the blue LEDs labeled 3.3V and the green LED labeled
CONF_D.

If the Device Manager shows an unconfigured USB Blaster, if Windows tries to look for drivers, or if the
LEDs on the DECA do not light up, ask your workshop trainer for help.
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6.5.1.4 In the Programmer window, click Hardware Setup on top left. When the pop up below appears double-click
the Arrow MAX10 DECA entry in the Hardware pane. This option will appear in the Programmer Tool
window.  Depending on your PC, the USB port number may be different. Click Close.

6.5.1.5 Click "Add File…" and browse to C:\DECA\workshop_labs\6_USB_to_SDHC_Lab\output_files in
your compilation directory. Open the DECA_golden_top_time_limited.sof file. A pop up will appear
mentioning that the IP in this design is time limited, click Open.
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6.5.1.6 Make sure that the Programmer shows the correct file and the correct part in the JTAG chain as below.

6.5.1.7 Make sure the Program/Configure checkbox is checked and click Start to program the DECA board. You
should see the CONF_D LED turn on to indicate that the configuration is complete and the Progress bar
should reach 100% (Successful).

Note:  There is an OpenCore Plus Status dialog box that pops up.  Because the SLS USB and SDHC
IP is licensed for trial purposes only, this IP will run for approximately two hours before it times out.

6.5.2 Create the Software Design
In this section, you will use the Nios II Software Build Tools (SBT) for Eclipse to create a board support package
(BSP) and a C software application to run on the Nios II processor you implemented in the last section. After creating
and compiling the project, you will run the executable on the Nios II enabling you browse files on the DECA Board
SD Card.

6.5.3 Start Nios II Software Build Tools for Eclipse
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6.5.3.1 From Windows, Select  Start and  type in "Nios II 15.0" and select Nios II 15.0 Software Build Tools for
Eclipse.

6.5.3.2 The Eclipse Workspace Launcher will open. Click "Browse…" and browse to the
C:\DECA\workshop_labs\6_USB_to_SDHC_Lab folder that  you created in the last section. Click "OK".

6.5.3.3 Add eclipse_workspace after the path in the window below, for a full path of:
C:\DECA\workshop_labs\6_USB_to_SDHC_Lab\eclipse_workspace
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6.5.4 Eclipse Opens with a Blank Project
Now that Eclipse has a workspace, a new software application project and BSP can be created for your hardware
system.

6.5.5 Open the USB2.0 Project Software Project
You can now load the design files as follows, select File Import
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6.5.5.1 The Import dialog box appears. Select General Existing Projects into Workspace and Click Next
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6.5.5.2 Browse to C:\DECA\workshop_labs\6_USB_to_SDHC_Lab and check the settings match the
screenshot below.  Select "Finish".

Now that the software project has been created, there are two steps involved in creating the executable file we need
to run.  The first is to generate the BSP, the second is to build (make) the project.
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6.5.5.3 To generate the BSP, Right click the folder: usb_sdhc_bsp in Eclipse as shown:

6.5.5.4 In the context menu that pops up, select Nios II Generate BSP
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6.5.5.5 The Generate BSP Dialog box will appear for a brief period

6.5.5.6 Build the executable code for the Nios II and Run it. Select usb_sdhc in Eclipse, right click and Select Run
As Nios II Hardware

This step will first build the software, then launch the Nios II download engine to download the ELF (Executable
Linker File) to the Nios II processor's on-chip ram where execution begins.

If communication to the Nios II processor hasn't been established (in some cases), you may need to open the Run
Configurations Dialog box via the menu: Run Run Configurations…  Go to the Target Connections tab and click
Refresh Connections
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6.5.5.7 You should now see the following message in the Eclipse console.
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6.5.5.8 Connect your second USB Cable to the USB connector (J8 USB) and connect this to your computer

6.5.5.9 You should now see the following message in the Eclipse console. At this point you now have access to
the SD Card on the DECA board as signified by the browser pop up.
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6.5.5.10 Select "Open Folder to View files"

6.5.5.11 The DECA board is now setup as a USB mass storage device where you can move files or view files on
the SDHC memory card.

6.5.5.12 Open the video on the SDHDC card located in E:\Altera\Benefits of Dual Configuration
Flash based FPGAs.mp4

6.5.5.13 Feel free to explore at your own leisure.

CONGRATULATIONS!
YOU HAVE COMPLETED THE USB2.0 TO SDHC LAB!


