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Lab 3: Adding Custom IP to an Embedded System Lab

Targeting MicroBlaze™ on XUP Spartan™-3E

Lab 3: Adding Custom IP to an Embedded System
Introduction 

This lab guides you through the process of adding a custom OPB peripheral to a processor system by using the Create and Import Peripheral Wizard. 

Objectives 

After completing this lab, you will be able to:

· Create a custom IP

· Add the custom IP to your design

· Modify the UCF file

· Implement the design

Procedure 

The purpose of this lab exercise is to complete the hardware design started in Lab 1 and extended in Lab 2. Lab 1 included the MicroBlaze, debug module, three GPIOs, LMB BRAM controller, and LMB BRAM. Lab 2 added another IP.  In this lab you will add an MYIP instance for the LCD to extend the hardware design.
In this lab, you will use the Create and Import Peripheral Wizard of Xilinx Platform Studio (XPS) to create a user peripheral from an HDL module, add an instance of the imported peripheral, and modify the system.ucf file to provide an interface to the on-board LCD module (Figure 3-1).  
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Figure 3-1.  Completed Design

This lab comprises several steps involving the addition of a custom OPB peripheral. Although the change to the hardware is simple, this lab illustrates the integration of a user peripheral through the Create and Import Peripheral Wizard. This lab also illustrates the use of an existing peripheral to provide the OPB bus interface. 
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Opening the Project 
Step 1

General Flow for this Lab:
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Create a lab3 folder and copy the contents of the lab2 folder into the lab3 folder if you wish to continue with the design you created in the previous lab. Launch Project Navigator and open the project file located in either the c:\xup\embedded\labs\lab3\projnav (if you want to continue with your created design) or c:\xup\embedded\completed\lab2\projnav directory.  Select system_i and start XPS from ISE
· If you wish to continue using the design that you created in Lab 2, create a lab3 folder in the c:\xup\embedded\labs directory and copy the contents from lab2 to lab3 
· Open ISE by selecting Start ( Programs ( Xilinx ISE 8.1i SP1 ( Project Navigator
· Select File ( Open Project and browse to either the c:\xup\embedded\labs\lab3 \projnav or c:\xup\embedded\completed\lab2\projnav folder

If the project was already open, then close it
· Select projnav.ise to open the project
You will see the following project view.  Notice that all files are referring to lab2 directory.  We need to remove these files and add them back using lab3 directory path
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Figure 3-2.  Project View when Opened
· Select one file at a time in the sources which refer to lab2 directory, right-click, and select Remove to remove it

· After all the files are removed, the Sources window should look like below (Figure 3-3)


[image: image3]
Figure 3-3.  Project View after lab2mb Related Files Removed
· Right-click on xc3s500e-4fg320, select Add Source, and then select system_stub.vhd from lab3\hdl directory

Click OK to add the file 

· Right-click on the system_stub and select Add Source and then select system.xmp file from lab3 directory

Click OK to add the file to the hierarchy
· Similarly add system.ucf file from lab3\data directory
· Select system_i in Sources and double-click on Manage Processor Design in Processes to invoke XPS
Creating a Custom OPB Peripheral using the Wizard
Step 2

General Flow for this Lab:
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In XPS, select Hardware ( Create or Import Peripheral Wizard in a create mode, name the peripheral as lcd_ip for an OPB bus.  
· In XPS, select Hardware ( Create or Import Peripheral to start the wizard 
The introduction dialog box for the Create and Import Peripheral Wizard appears (Figure 3-4). 
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Figure 3-4. Create and Import Peripheral Wizard Introduction Dialog Box

· Click Next to continue and the Create and Import Peripheral Wizard’s flow selection appears (Figure 3-5). 
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Figure 3-5. Create and Import User Peripheral Dialog Box

· In the Select Flow panel, select Create templates for a new peripheral and click Next
· In the Repository or Project panel, select To an XPS project, browse to c:\xup\embedded\labs\lab3\system.xmp and click Next
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Figure 3-6. Repository or Project Dialog Box

· Click Next and the Core Name and Version dialog box appears for you to indicate the name of the peripheral
· Enter lcd_ip in the Name field and click Next (see Figure 3-7)
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Figure 3-7. Provide Core Name and Version Number

· In the Bus Interfaces panel, select On-chip Peripheral Bus (OPB), and click Next 

Continuing with the wizard, select User Logic S/W Register support.  Select only one software accessible register of 32-bit width. Generate template driver files. Browse to the C:\xup\embedded\labs\lab3 directory and answer the questions at the end of this step

· In the IPIF Services panel, select User Logic S/W Register Support 
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Figure 3-8.  IPIF Services Dialog Box

· Click Next
· In the User S/W Register panel, click Next to accept the default values as we will have only one register that will control the LCD 

· Scroll through the IP Interconnect (IPIC) panel, which displays the default IPIC signal which are available for the user logic based on the previous selection, click Next
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Figure 3-9.  IP Interconnect (IPIC) Dialog Box

· In the (OPTIONAL) Peripheral Simulation Support panel, leave Generate BFM simulation platform unchecked, and click Next
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Figure 3-10.  Peripheral Simulation Support Dialog Box

· In the (OPTIONAL) Peripheral Implementation Options panel, leave Generate template driver files to help you to implement software interface checked, making others unchecked
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Figure 3-11.  Peripheral Implementation Options Dialog Box

· Click Next, and you will see the summary information panel
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Figure 3-12. Congratulations Dialog Box

· Click Finish to close the wizard

· Click on IP Catalog tab in XPS and observe that Project Repository entry with lcd_ip sub-entry is created
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Figure 3-13. IP Catalog Updated Entry

Add lcd port in lcd_ip_v2_1_0.mpd file generated by the wizard in C:\xup\embedded\labs\lab3\pcores\lcd_ip_v1_00_a\data directory
· Using Windows Explorer, browse to C:\xup\embedded\labs\lab3\pcores\ lcd_ip_v1_00_a \data directory

· Open lcd_ip_v2_1_0.mpd file using an editor (wordpad)
· Add following line before the OPB_Clk port under the Ports section

PORT lcd = “ “, DIR = O

· Save the file and close

Open the lcd_ip.vhd and user_logic.vhd files in a text editor window from C:\xup\embedded\labs\lab3\pcores\lcd_ip_v1_00_a\hdl\vhdl directory.  Add necessary declarations and logic in lcd_ip.vhd and user_logic.vhd files.  

· Browse to C:\xup\embedded\labs\lab3\pcores\ lcd_ip_v1_00_a\hdl\vhdl directory.

· Select lcd_ip.vhd file and open it with a text editor program

· Add user port lcd of width 7 under USER ports added here token (see Figure 3-14)
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Figure 3-14. Add the User Port LED

· Search for next  --USER and add port mapping statement, save the file and then close it
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Figure 3-15. Add Port Mapping Statement

· Open user_logic.vhd file from the vhdl directory and add lcd port definition in the USER Ports area
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Figure 3-16. Add the lcd Port Definition

· Search for next  --USER and the internal signal declaration for the user logic
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Figure 3-17. Internal Signal Declaration for the User Logic

· Search for –USER logic implementation and add the following code
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Figure 3-18. Add Code

· Save changes and close the user_logic.vhd

Importing and Adding Custom IP to the Project
Step 3
In XPS, using Hardware ( Create or Import Peripheral, import the created lcd_ip custom IP to the project 

· In XPS, open up the Create or Import Peripheral Wizard by selecting Hardware ( Create or Import Peripheral… from XPS menu and click Next to continue

· In the Select Flow panel, select the Import existing peripheral mode and click Next
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Figure 3-19. Create/Import User Peripheral Dialog Box

· In the Repository or Project panel, choose to import To an XPS project and select your current project from the drop down list C:\xup\embedded\labs \lab3\system.xmp and click Next

[image: image20]
Figure 3-20. Repository or Project Dialog Box

· Click Next and the Core Name and Version panel will be displayed.  In the Core Name and Version panel, select lcd_ip from the drop down list box, check Use Version and accept 1.00.a, and click Next
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Figure 3-21. Core Name and Version Dialog Box

· In the Source File Types panel, check HDL Source Files(*.vhd, *.v), and click Next
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Figure 3-22. Source File Types Dialog Box

· In the HDL Source Files panel, select Use existing Peripheral Analysis Order file (*.pao) as the way to locate the HDL source files, specify the PAO file generated in the create mode by using the Browse button and browsing to C:\xup\embedded\labs\ lab3\pcores\lcd_ip_v1_00_a\data\lcd_ip_v2_1_0.pao, and click Next
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Figure 3-23. HDL Source Files Dialog Box

· Click Next and the HDL Analysis Information panel is displayed showing you all the dependent library files and HDL source files to compile your peripheral, as well as corresponding logical libraries those files will be compiled into. For this custom peripheral, all files needed are automatically intuited by wizard based on the PAO file. Click Next to continue

· In the Bus Interfaces panel, check the OPB Slave (SOPB) bus interface

· Click Next until the Identify Interrupt Signals panel is reached, un-check Select and Configure interrupt(s) option as there is no interrupt generation by this peripheral, and click Next to continue 
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Figure 3-24. Identify Interrupt Signals Dialog Box

· Click Next until reach the last page and click Finish to close wizard

The peripheral which you just added becomes part of the available cores list. Use Windows Explorer to browse to your project directory and ensure that the following structure has been created by the Create and Import Peripheral Wizard (Figure 3-25)
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Figure 3-25. Structure Created by the Create and Import Peripheral Wizard

Note: The ipwiz.log file is the Create and Import Peripheral Wizard log file and data_old directory is a backup directory created by the Import wizard.

Adding the Custom Peripheral to the System
Step 3

General Flow for this Lab:



 Using System Assembly View, add lcd_ip instance, connect it to the opb bus, assign address range to it, connect the lcd data port, and make it external.

· In IP Catalog, select lcd_ip core, drag and drop it in the System Assembly View panel 
· Make sure that the Bus Interface filter is selected in the System Assembly View and click on the circle in the bus connection diagram to make bus connection (Figure 3-26)

You should see the filled up circle indicating bus connection has been made


[image: image26]
Figure 3-26.  Making Bus Connection

· Select Ports filter, click plus sign next to lcd_ip_0 instance, click on the drop-down box under the Net column, and select lcd_ip_0_lcd as the net name(Figure 3-27)
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Figure 3-27. Assign the lcd_0 Instance

· Again, click at the same place and select Make External so the port is also added in the  External Ports list

· Select Addresses filter, click on the plus sign in the toolbar (so all addresses are displayed) and change size of the lcd peripheral to 32K
· Lock addresses of all devices except for the lcd_ip_0 instance (as shown in Figure 3-28) and then click Generate Address 
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Figure 3-28. Generate Addresses

Modify the system.ucf file to assign lcd connections.  Remove lab2.c source file from the project and add lab3.c file from C:\xup\embedded \labsolutions folder.  Compile the source code and update the bitstream with the new executable.  Save Project and then exit XPS.
· Open the system.ucf file by double-clicking the UCF File: data\system.ucf entry under Project Files in the System BSP window
· Open the C:\xup\embedded\labsolutions\lab3.ucf file and copy the pin assignments into the ucf 
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Figure 3-29. Adding UCF Constraints
· Save and close the file 
· Click on the Applications tab and remove lab2.c file from the sources

· Add lab3.c file in sources from C:\xup\embedded\completed folder
· Open lab3.c and add space anywhere in white space and then save the file so new timestamp occurs

· Click on Hardware ( Generate Bitstream button

· Click on Software ( Build All User Applications to compile the software program
· Click on Device Configuration ( Update Bitstream to update the bistream with the new executable 

Verify the Design in Hardware
Step 4
General Flow for this Lab:



Use EDK to generate the configuration file and program the Spartan-3E xc3s500e-4fg320 device.
· Connect the USB and RS-232 cables to the XUP Spartan-3E board and power it up.
· Start a HyperTerminal session by double-clicking the ht115200.ht file in the C:\xup\ embedded\labsolutions directory
· From EDK, click on Device Configuration ( Download Bitstream to download the system to the FPGA
Note: Once the bitstream is downloaded, you should see the DONE LED ON and a message displayed in HyperTerminal as shown in Figure 3-32
[image: image30.png]LCD Test Over

Fle Edt Vew Add Buk Scan Reset Zoom Options Took Help

m O @ @ @ @ ﬂ

UNIVERSAL SCAN

T —
|Comededomnzs e





Figure 3-32. Screen Shot after the BitStream Downloading

You should see LCD Test Over in the HyperTerminal window and “Welcome to the #1 Prof Workshop” on the LCD panel on the XUP Spartan-3E board
· In the HyperTerminal window, click the Disconnect button to terminate the session 
· Close HyperTerminal without saving settings

Conclusion

Use the Create and Import Peripheral Wizard to integrate your user peripheral into an existing processor system.  The wizard creates the necessary directory structure and adds the necessary files (MPD, PAO) to the project directory. After importing the peripheral, you can use the peripheral in the design by using the same XPS flow that you have seen in the previous labs.  Once the peripheral is incorporated in the design, you can generate the bitstream and test in hardware using a software application.
Completed MHS File 

# ##############################################################################

# Created by Base System Builder Wizard for Xilinx EDK 8.1 Build EDK_I.18.7

# Thu Jan 26 21:27:03 2006

# Target Board:  Xilinx Virtex 4 ML403 Evaluation Platform Rev 1

# Family:
 virtex4

# Device:
 xc4vfx12

# Package:
 ff668

# Speed Grade:
 -10

# Processor: Microblaze

# System clock frequency: 100.000000 MHz

# Debug interface: On-Chip HW Debug Module

# On Chip Memory :   8 KB

# ##############################################################################

 PARAMETER VERSION = 2.1.0

 PORT fpga_0_RS232_Uart_RX_pin = fpga_0_RS232_Uart_RX, DIR = I

 PORT fpga_0_RS232_Uart_TX_pin = fpga_0_RS232_Uart_TX, DIR = O

 PORT fpga_0_LEDs_4Bit_GPIO_IO_pin = fpga_0_LEDs_4Bit_GPIO_IO, DIR = IO, VEC = [0:3]

 PORT sys_clk_pin = dcm_clk_s, DIR = I, SIGIS = DCMCLK

 PORT sys_rst_pin = sys_rst_s, DIR = I

 PORT Push_Buttons_5Bit_GPIO_in_pin = Push_Buttons_5Bit_GPIO_in, DIR = I, VEC = [0:4]

 PORT lcd_ip_0_lcd_pin = lcd_ip_0_lcd, DIR = O, VEC = [0:6]

BEGIN microblaze

 PARAMETER INSTANCE = microblaze_0

 PARAMETER HW_VER = 4.00.a

 PARAMETER C_USE_FPU = 0

 PARAMETER C_DEBUG_ENABLED = 1

 PARAMETER C_NUMBER_OF_PC_BRK = 2

 BUS_INTERFACE DLMB = dlmb

 BUS_INTERFACE ILMB = ilmb

 BUS_INTERFACE DOPB = mb_opb

 BUS_INTERFACE IOPB = mb_opb

 PORT CLK = sys_clk_s

 PORT DBG_CAPTURE = DBG_CAPTURE_s

 PORT DBG_CLK = DBG_CLK_s

 PORT DBG_REG_EN = DBG_REG_EN_s

 PORT DBG_TDI = DBG_TDI_s

 PORT DBG_TDO = DBG_TDO_s

 PORT DBG_UPDATE = DBG_UPDATE_s

END

BEGIN opb_v20

 PARAMETER INSTANCE = mb_opb

 PARAMETER HW_VER = 1.10.c

 PARAMETER C_EXT_RESET_HIGH = 0

 PORT SYS_Rst = sys_rst_s

 PORT OPB_Clk = sys_clk_s

END

BEGIN opb_mdm

 PARAMETER INSTANCE = debug_module

 PARAMETER HW_VER = 2.00.a

 PARAMETER C_MB_DBG_PORTS = 1

 PARAMETER C_USE_UART = 1

 PARAMETER C_UART_WIDTH = 8

 PARAMETER C_BASEADDR = 0x41400000

 PARAMETER C_HIGHADDR = 0x4140ffff

 BUS_INTERFACE SOPB = mb_opb

 PORT OPB_Clk = sys_clk_s

 PORT DBG_CAPTURE_0 = DBG_CAPTURE_s

 PORT DBG_CLK_0 = DBG_CLK_s

 PORT DBG_REG_EN_0 = DBG_REG_EN_s

 PORT DBG_TDI_0 = DBG_TDI_s

 PORT DBG_TDO_0 = DBG_TDO_s

 PORT DBG_UPDATE_0 = DBG_UPDATE_s

END

BEGIN lmb_v10

 PARAMETER INSTANCE = ilmb

 PARAMETER HW_VER = 1.00.a

 PARAMETER C_EXT_RESET_HIGH = 0

 PORT SYS_Rst = sys_rst_s

 PORT LMB_Clk = sys_clk_s

END

BEGIN lmb_v10

 PARAMETER INSTANCE = dlmb

 PARAMETER HW_VER = 1.00.a

 PARAMETER C_EXT_RESET_HIGH = 0

 PORT SYS_Rst = sys_rst_s

 PORT LMB_Clk = sys_clk_s

END

BEGIN lmb_bram_if_cntlr

 PARAMETER INSTANCE = dlmb_cntlr

 PARAMETER HW_VER = 1.00.b

 PARAMETER C_BASEADDR = 0x00000000

 PARAMETER C_HIGHADDR = 0x00001fff

 BUS_INTERFACE SLMB = dlmb

 BUS_INTERFACE BRAM_PORT = dlmb_port

END

BEGIN lmb_bram_if_cntlr

 PARAMETER INSTANCE = ilmb_cntlr

 PARAMETER HW_VER = 1.00.b

 PARAMETER C_BASEADDR = 0x00000000

 PARAMETER C_HIGHADDR = 0x00001fff

 BUS_INTERFACE SLMB = ilmb

 BUS_INTERFACE BRAM_PORT = ilmb_port

END

BEGIN bram_block

 PARAMETER INSTANCE = lmb_bram

 PARAMETER HW_VER = 1.00.a

 BUS_INTERFACE PORTA = ilmb_port

 BUS_INTERFACE PORTB = dlmb_port

END

BEGIN opb_uartlite

 PARAMETER INSTANCE = RS232_Uart

 PARAMETER HW_VER = 1.00.b

 PARAMETER C_BAUDRATE = 115200

 PARAMETER C_DATA_BITS = 8

 PARAMETER C_ODD_PARITY = 0

 PARAMETER C_USE_PARITY = 0

 PARAMETER C_CLK_FREQ = 100000000

 PARAMETER C_BASEADDR = 0x40600000

 PARAMETER C_HIGHADDR = 0x4060ffff

 BUS_INTERFACE SOPB = mb_opb

 PORT OPB_Clk = sys_clk_s

 PORT RX = fpga_0_RS232_Uart_RX

 PORT TX = fpga_0_RS232_Uart_TX

END

BEGIN opb_gpio

 PARAMETER INSTANCE = LEDs_4Bit

 PARAMETER HW_VER = 3.01.b

 PARAMETER C_GPIO_WIDTH = 4

 PARAMETER C_IS_DUAL = 0

 PARAMETER C_IS_BIDIR = 1

 PARAMETER C_ALL_INPUTS = 0

 PARAMETER C_BASEADDR = 0x40000000

 PARAMETER C_HIGHADDR = 0x4000ffff

 BUS_INTERFACE SOPB = mb_opb

 PORT OPB_Clk = sys_clk_s

 PORT GPIO_IO = fpga_0_LEDs_4Bit_GPIO_IO

END

BEGIN dcm_module

 PARAMETER INSTANCE = dcm_0

 PARAMETER HW_VER = 1.00.a

 PARAMETER C_CLK0_BUF = TRUE

 PARAMETER C_CLKIN_PERIOD = 10.000000

 PARAMETER C_CLK_FEEDBACK = 1X

 PARAMETER C_DLL_FREQUENCY_MODE = LOW

 PARAMETER C_EXT_RESET_HIGH = 1

 PORT CLKIN = dcm_clk_s

 PORT CLK0 = sys_clk_s

 PORT CLKFB = sys_clk_s

 PORT RST = net_gnd

 PORT LOCKED = dcm_0_lock

END

BEGIN opb_gpio

 PARAMETER INSTANCE = Push_Buttons_5Bit

 PARAMETER HW_VER = 3.01.b

 PARAMETER C_GPIO_WIDTH = 5

 PARAMETER C_IS_BIDIR = 0

 PARAMETER C_ALL_INPUTS = 1

 PARAMETER C_BASEADDR = 0x40020000

 PARAMETER C_HIGHADDR = 0x4002ffff

 BUS_INTERFACE SOPB = mb_opb

 PORT GPIO_in = Push_Buttons_5Bit_GPIO_in

END

BEGIN lcd_ip

 PARAMETER INSTANCE = lcd_ip_0

 PARAMETER HW_VER = 1.00.a

 PARAMETER C_BASEADDR = 0x7f600000

 PARAMETER C_HIGHADDR = 0x7f60ffff

 BUS_INTERFACE SOPB = mb_opb

 PORT lcd = lcd_ip_0_lcd

END

Step 4: �Verify the design in hardware
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