For Academic Use Only
[image: image36.png]




Lab 2: Adding IP to a Hardware 
Design Lab

Targeting MicroBlaze™ XUP Spartan™-3E

Lab 2: Adding IP to a Hardware Design Lab
Introduction 

This lab guides you through the process of adding additional IP to an existing processor system by using Xilinx Platform Studio (XPS). You will learn to add additional IP using the IP Catalog tab. At the end of the lab, you will create the design netlists and implement the design by using the ISE™ flow.

Objectives 

After completing this lab, you will be able to:

Add additional IP to a hardware design

· Implement the design by utilizing ISE

Procedure 

The purpose of this lab exercise is to extend the hardware design started in Lab 1. Lab 1 included the MicroBlaze processor, LMB bus and LMB memory, two GPIOs, and MDM. Lab 2 adds another GPIO to extend the hardware design.

In this lab, you will use the dialog mode of the XPS system and text mode features to add the following IP to an existing processor system (Figure 2-1):

· OPB GPIO for Push button for I/O purpose
You will also analyze the system.mhs file to understand the various sections of the hardware specifications of the microprocessor.
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Figure 2-1. Completed Design

This lab comprises five primary steps: You will add IP to the processor system designed in Lab 1, extend the hardware system, analyze the MHS file, and create a Project Navigator project used to implement the design. You will then add a software application, generate a bitstream, download in hardware and verify the functionality.
[image: image1]For each procedure within a primary step, there are general instructions (indicated by the 
symbol). These general instructions only provide a broad outline for performing the procedure. Below these general instructions, you will find accompanying step-by-step directions and illustrated figures that provide more detail for performing the procedure. If you feel confident about completing a procedure, you can skip the step-by-step directions and move on to the next general instruction.

Adding IP to the Processor System
Step 1

General Flow for this Lab:
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Create a lab2 folder and copy the contents of the lab1 folder into the lab2 folder if you wish to continue with the design you created in the previous lab. Launch Xilinx Platform Studio (XPS) and open the project file located in either the c:\xup\embedded\labs\lab2 (if you want to continue with your created design) or c:\xup\embedded\completed\lab1.

· If you wish to continue using the design that you created in Lab 1, create a lab2mb folder in the c:\xup\embedded\labs directory and copy the contents from lab1 to lab2 
· Open XPS by selecting Start ( Programs ( Xilinx Platform Studio 8.1i ( Xilinx Platform Studio
· Select File ( Open Project and browse to either the c:\xup\embedded\labs\lab2 or c:\xup\embedded\completed\lab1 folder

· Select system.xmp to open the project

Extending the Hardware System
Step 2

General Flow for this Lab:
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Add the following IP to the processor system using System Assembly View panel:
· OPB GPIO
XPS provides two methods for adding peripherals to an existing project. You will use the first method, the System Assembly View panel, to add most of the additional IP and connect them.  The second method is to manually edit MHS file.
· Select IP Catalog tab in the left window and click on plus sign next to General Purpose IO entry to view the available cores under it (Figure 2-2)

[image: image2]
Figure 2-2. System Assembly View
· Select the opb_gpio core (version 3.01.b) in the IP Catalog window and drag it in the System Assembly View window and drop it under the dcm_0 entry  
You cam also add by selecting the core and double-clicking on it. [image: image56.png]I Xilinx - ISE - C:\XUPWWarkets\Embedded\Workshops\courses\vB1 Embeddedixupsp3ellabsolutions\lab2\projnaviprojnay. ise
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· Change the instance names of the opb_gpio_0 peripheral to Push_Buttons_4Bit, by clicking once in the name column, by typing the new name for the peripheral followed by pressing Enter key
At this point, the Peripherals tab should look like the following (Figure 2-3):


[image: image3]
Figure 2-3. Peripherals Tab after Adding Peripheral
· Click on the plus sign next to the Bus Interface filter. Click once in Bus Connection column for the Push_Buttons_5Bit instance and select mb_opb for SOPB
At this point, the Bus Connections tab should look like the following (Figure 2-4):


[image: image4]
Figure 2-4. Bus Connections Tab showing Bus Connections to the Added Peripheral
· Select the Addresses filter. You can manually assign the base address and size of your peripherals or have XPS generate the addresses for you. Click under the size column in the Push_Buttons_5Bit row, change it to 64K, and hit Enter key
· The base address and the end address for Push_Button_4Bit instance will change as shown in Figure 2-5 below

Note that after entering the base address, the high address is automatically calculated.



[image: image5]
Figure 2-5. Peripherals Memory Map

· Lock down the addresses for all peripheral instances except the Push_Buttons_4Bit instance by clicking in the lock field adjacent to the size. Let XPS create them by clicking Generate Addresses

At this point, the Addresses tab should look like the following (Figure 2-6):


[image: image6]
Figure 2-6. Addresses View after Changing the Added Peripheral Addresses
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Use the Ports filter to connect necessary ports.
· Select the Ports filter in the toolbar of the System Assembly View and click plus sign next to the Push_Buttons_4Bit instance (Figure 2-7)

· Click in the Net column of the GPIO_in port of the Push_Buttons_4Bit instance, select Push_Buttons_4Bit_GPIO_in as the net name when the drop down box appears (Figure 2-7), and hit Enter key 
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[image: image7]
Figure 2-7. GPIO_in Port Connection Added to Instance

· Right-click anywhere in the Name column of the Push_Buttons_4Bit instance and select the Configure IP… option
Note:  You can also access the configuration window for a peripheral instance by double-clicking anywhere in the instance listing

· Notice that the peripheral can be configured for two channels, but, since we want to use only one channel keep the Enable Channel 2 unchecked.  Next click Channel 1 to view first channel related configurable parameters (Figure 2-8): 


[image: image8]
Figure 2-8. Configurable Parameters of GPIO Instance
· Click on the drop down button of the first two parameters for Channel 1 and set Channel 1 is Bi-directional to False and Channel 1 is input Only to True (Figure 2-9)

[image: image9]
Figure 2-9. Setting Configurable Parameters

· Click OK
· Double-click anywhere in the Push_Buttons_4Bit listing area and a configurable parameter will be displayed

· Click on the GPIO Data Bus Width down arrow and set it to 4 (Figure 2-10) and then click OK

[image: image10]
Figure 2-10. Setting GPIO Data Bus Width

· Click on the plus sign next to External Ports in the System Assembly view and observe that the push buttons ports are not listed there yet

· Click in the Net column of the GPIO_in port of the Push_Buttons_4Bit instance and select Make External (Figure 2-11) and hit enter key

[image: image11]
Figure 2-11. Making a Port External

Note: The port will connect externally on the FPGA and now appear in the External Ports Connections field with [0:3] as the range
[image: image59.png][ Hle Edt Vew Projct Hordwere Software Device Corfguration Debug_Simuation tindow_tep oD
Projec Infomaion Area o fe
Puoect| Appioatons | PCatsbg | & O Busintatace @ Pots O Addesses [Be Flr (ppied) | (3, Add Enemal Part
Pt Nare Diection et Clss | Sensivty | Range | P Type 1P Version
= Project Files StseralPots
MHS Fie: systemnhs Sricioblze_0 mieotlzz 4008
1SS Fil:sytemmss o o2 110e
UCF Fil: data/systemct Sinb W0 100s
MPACT Command Fie: tc/dowrload cnd Sdb W0 100s
Implementaion Dptons i tcfast_uiime oot > debug_ modide opbmen 2008
Bitgen Optons Fil: et/bitgenat S db_ e I _bram_i_cot 1005
= Project Options Simb_en Inb_bram_i_cot 1,005
Devos: ne3sE00elg20-4 SRS232 DCE opb_uatite 1005
Netist TopLevel SLEDs @it obopo 3016
Inplementaion: Prolsv = <> Push Bultons 451t obopo  301b
HOL VHDL PANTC It 0 NoCommecton INTE... LEVELLH.
Sim Mokt BEHAVIORAL GADI0 10 NoComecion s
= Reference Files GPI0n I Push Bultors 481 GPI0_in [
oaFies GPDdow 0 NoComesion [
Repot Fies GPDtow 0 NoComesion [
GADZI0 10 HoComecton e
« Push_Buttons_4Bit : opb_gpio_v3_01_b
1008
L Toggetares e s
User | Syten |
Common
Charnel 1 isBicectonsl
Charnel2
Channel 1 is Iput Oy
Charnel 1 Dt Feset Ve
Charnel 1 Dats Tistate Reset Value
[Pltiom Stuci.._ | [T System Assembly.. | B system |
x| [VERBOSE ] Processing command SetPreference (Pachlype, Ahsoluce)

[VERBOSE ] Processing comuand

[VERBOSE ] Processing comuand
[VERBOSE ] Processing comuand
[VERBOSE ] Processing comuand
[VERBOSE ] Processing comuand
Done'!

Conmand SetPreference is not yet implemented
Adasource (C:\ XUP\ Harkets) Exbedded) Uorkshops) courses\ ve 1Enbedded) xupsp3e} Labsolut ions) 1ab2\ inp Lementat ion) systen. ngc)

€1\ XUP\ Harkets)\ Exbedded) Uorkshops\ courses\ v81Enbedded) xupspe) LabsoLut ions) 1ab2\ inpLenentation), system,
Adasource (C:\ XUP\ Harkets) Exbedded) Uorkshops) courses v8 1Exbedded) xupsp3e} Labsolut ions) 1abz\ inpLementat ion systen.bun, systen)

SetProperty( Macro Search Path,

CloseProject ()

>

Inplement Design, 4)

ConsoleWindow




Generate libraries. Remove TestApp_Memory.c file from the application tab. Add the lab2.c source code from c:\xup\embedded\labsolutions directory to implement the functionality of push button and leds. Compile the program.  Change project option to generate the processor system as a top-level module in ISE flow.
· Click on [image: image12.bmp] or Software ( Generate Libraries and BSPs to generate libraries and xparameters.h file in Applications tab under Processor
· Click on Applications tab and under Sources, right-click on TestApp_Memory.c file and select Remove

[image: image13]
Figure 2-12. Remove Original TestApp_Memory Code

·  Right click on Sources and add lab2.c file from c:\xup\embedded\labsolutions folder
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Figure 2-13.  Add Source Code


[image: image15]
Figure 2-14. Snippet of source code.

· Click on the system.ucf file under the Project tab and add the following code to assign pins to push buttons (The same is stored in lab2.ucf file in c:\xup\embedded\labsolutions directory.  Copy it from there and paste it in your ucf file)

[image: image16]
Figure 2-15. UCF file (pin assignments).

· Save the .ucf file and Click on [image: image17.bmp] to compile the source code. Make sure that it compiles error free
· Select Project ( Project Options to change the hierarchy and flow options


[image: image18]
Figure 2-15.  Project Options

· Check Use Project Navigator Implementation Flow and choose c:\xup\embdded\ labs\lab2\projnav\system.ise as the ISE project directory and project file
· Click OK to accept the settings

Analyzing the MHS file
Step 3

General Flow for this Lab:
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Open the system.mhs file, study its contents, and answer the following questions.

· Double-click the system.mhs file to open it if it is not already open 

· Study the external ports sections and answer the following questions
1. Complete the following:
Number of external ports:







Number of external ports that are output:





Number of external ports that are input:





Number of external ports that are bidirectional:




· Study the entire MHS file

2. List the instances to which the sys_clk_s is connected: 

________________________________________________________________

________________________________________________________________

List the devices connected to the mb_opb bus:

________________________________________________________________

________________________________________________________________



3. Draw the address map of the system, providing instance names

[image: image19]
· Close the XPS program
Creating a Project Navigator Project
Step 4

General Flow for this Lab:




Because you modified the MHS file, you must run PlatGen to regenerate the hardware netlist. Create a Project Navigator project by setting options for the ISE™ flow.

· Click Start ( Programs ( Xilinx ISE 8.1i SP1 ( Project Navigator to open the Project Navigator program (Figure 2-16)
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Documentation




Figure 2-16. Start Project Navigator Program
· Click OK to close the initial dialog box, if presented
Click File ( New Project in the Project Navigator window

· Click browse button and browse to c:\xup\embedded\labs\lab2 directory. Click OK

[image: image21]
Figure 2-17. Create New Project 
· Enter projnav in the project name field and click Next
· Configure the dialog box to match the options as shown below (Figure 2-21)

[image: image22]
Figure 2-18. New Project Wizard Dialog Box

Note that the family, device, package, speed parameters should match the XPS project settings (i.e. board specifications)

· Click Next and Create New Source dialog will be displayed

· Click Next again and Add Existing Source window will be displayed.  Click on Add Source button and browse to c:\xup\embedded\labs\lab2. Select system.xmp.  Uncheck Copy to Project and click Next
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Figure 2-19. Adding System.XMP file as a Source to ISE Project
· Click Finish, followed by OK and you will see the system.xmp file being added to the project


[image: image24]
Figure 2-20.  Processor System Added to ISE Project
· Select system.xmp file in the Sources window and double-click View HDL Instantiation Template in the Processes window to generate the instantiation template (Figure 2-21)

[image: image25]
Figure 2-21.  Generate Instantiation Template
When the process is complete the following informative dialog box will be displayed.  Click OK 
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Figure 2-22. Instantiation Template Complete Message
Add system_stub.vhd file and system.ucf file to the ISE project and try to implement the design in the Project Navigator.  Observe the ucf file constraints errors.  Fix the errors.
· Click Project ( Add Source in Project Navigator window

· Browse to c:\xup\embedded\labs\lab2\hdl directory, select system_stub.vhd file and click Open
· The following Adding Source Files … dialog box will be displayed. Click OK
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Figure 2-23.  Adding System_stub.VHD 

· Similarly, click Project ( Add Source and add system.ucf file from the c:\xup\ embedded\labs\lab2\data directory 
· Select system_stub.vhd file in the Sources window and double-click Implement Design in the Processes window

[image: image28]
Figure 2-24. Start Implement Design Process

Wait for the implementation process to complete.  Verify that it has completed successfully.
· Select System_Stub in ISE Sources and double-click Update BitStream with Processor Data in Processes window to generate the updated bitstream 
The Generate Programming File process generates system_stub_download.bit file which can be used to verify the design in hardware
Verify the Design in Hardware
Step 5

General Flow for this Lab:




Use the iMPACT program in ISE to assign the configuration file and download it to the Spartan-3E xc3s500e device.
· Start a HyperTerminal session by double-clicking the ht115200.ht file in the c:xup\ embedded\labsolutions directory
· From ISE, expand Generate Programming File and double-click Configure Device (iMPACT) to start the iMPACT program (Figure 2-25) 
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Figure 2-25. Start iMPACT Program

· Select Configure devices using Boundary-Scan (JTAG) and click Finish (Figure 2-26)
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Figure 2-26. Select Boundary-Scan Option
· Click Cancel All and the devices in chain will be displayed
· Select V4 device in the chain, right-click and select Assign New Configuration File (Figure 2-27)
[image: image31.png]o

0.

|

|

fle 7~

| ==

Get Device ID

et Device SignatureUsercode





Figure 2-27.  Assigning Configuration File

· Browse to c:xup\embedded\labs\lab2\pronav, select system_stub_download.bit file, and click Open (Figure 2-28)
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Figure 2-28. Select Configuration File

Click OK twice to assign the file

Download the bitstream file using iMPACT. Test the functionality of your system Test the functionality of your application.

· Right-click the FPGA device and select Program to download the bitstream 
Note: Once the bitstream is downloaded, you should see the DONE LED ON and a message displayed in HyperTerminal as shown in Figure 2-29
[image: image33.png]ht115200 - HyperTerminal

Ele Edt Vew Cal Transfer tiep

|lolsl sl3] ols| s

- Entering main() —
Press center push button to exit
Any other to see corresponding LED turn ON

Em ED &4

PUSHS

RESET FUSHI PUSR: PUSR: PSR
UNIVERSAL SCAN

| _>l;I





Figure 2-29. Screen Shot after the BitStream Downloading
· Press PUSH1 and you should see LED1 being lit while the button is kept pressed.  You should also see a message being displayed on the HyperTerminal (Figure 2-30)
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Figure 2-30. PUSH1
· Similarly press PUSH2, PUSH3 and PUSH4, and observe the messages (Figure 2-31)

[image: image35.png]Ele Edt Vew Cal Transfer tiep

D= 53] | &

-- Entering main() —-

Press center
Any other to
Push buttons
Push buttons
Push buttons
Push buttons

push button to exit

see corresponding LED turn ON
status 1

status 2

status &

status 8




Figure 2-31. More Testing
· Disconnect and close the HyperTerminal window.
Conclusion 

Xilinx Platform Studio (XPS) can create an MHS file representing the processor system. You can configure the system by using peripheral parameters and controlling internal and external ports. After defining the system, you can create the processor system netlists.

In future labs in this course, you will learn how to add user cores, add software to the system, simulate the design, debug the software, and verify the functionality of the completed design by using a XUP Spartan-3E board.

Answers 

1. Complete the following:

Number of external ports:



6


Number of external ports that are output:

2


Number of external ports that are input:


4


Number of external ports that are bidirectional:

0


2. List the instances to which the sys_clk_s is connected: 

microblaze_0, mb_opb, debug_module, ilmb, dlmb, dcm_0, LEDs_8Bit, Push_Buttons_4Bit and RS232_DCE
List the devices connected to the mb_opb bus:

microblaze_0, debug_module, LEDs_8Bit, Push_Buttons_4Bit and RS232_DCE


3. Draw the address map of the system, providing instance names. You can sort the peripheral addresses by base address from the Addresses tab of the Add/Edit Cores (dialog) box.

	0x00000000–0x00001fff
	
	dlmb, llmb
	

	
	unused
	  
	

	0x40000000– 0x4000ffff
	
	LEDs_8Bit
	

	0x40020000– 0x4002ffff
	
	Push_Buttons_5Bit
	

	0x40600000– 0x4060ffff
	
	RS232_DCE
	

	0x41400000– 0x4140ffff
	
	debug-module
	


Completed MHS File 


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

# Created by Base System Builder Wizard for Xilinx EDK 8.1.01 Build EDK_I.19.5

# Fri Apr 21 13:35:56 2006

# Target Board:  Xilinx Spartan-3E Starter Board Rev C

# Family:
 spartan3e

# Device:
 XC3S500e

# Package:
 FG320

# Speed Grade:
 -4

# Processor: Microblaze

# System clock frequency: 50.000000 MHz

# Debug interface: On-Chip HW Debug Module

# On Chip Memory :   8 KB

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

 PARAMETER VERSION = 2.1.0

 PORT fpga_0_RS232_DCE_RX_pin = fpga_0_RS232_DCE_RX, DIR = I

 PORT fpga_0_RS232_DCE_TX_pin = fpga_0_RS232_DCE_TX, DIR = O

 PORT fpga_0_LEDs_8Bit_GPIO_d_out_pin = fpga_0_LEDs_8Bit_GPIO_d_out, DIR = O, VEC = [0:7]

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

 PORT sys_rst_pin = sys_rst_s, DIR = I

 PORT Push_Buttons_4Bit_GPIO_in_pin = Push_Buttons_4Bit_GPIO_in, DIR = I, VEC = [0:3]

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 = 1

 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 = 1

 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 = 1

 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_DCE

 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 = 50000000

 PARAMETER C_BASEADDR = 0x40600000

 PARAMETER C_HIGHADDR = 0x4060ffff

 BUS_INTERFACE SOPB = mb_opb

 PORT OPB_Clk = sys_clk_s

 PORT RX = fpga_0_RS232_DCE_RX

 PORT TX = fpga_0_RS232_DCE_TX

END

BEGIN opb_gpio

 PARAMETER INSTANCE = LEDs_8Bit

 PARAMETER HW_VER = 3.01.b

 PARAMETER C_GPIO_WIDTH = 8

 PARAMETER C_IS_DUAL = 0

 PARAMETER C_IS_BIDIR = 0

 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_d_out = fpga_0_LEDs_8Bit_GPIO_d_out

END

BEGIN dcm_module

 PARAMETER INSTANCE = dcm_0

 PARAMETER HW_VER = 1.00.a

 PARAMETER C_CLK0_BUF = TRUE

 PARAMETER C_CLKIN_PERIOD = 20.000000

 PARAMETER C_CLK_FEEDBACK = 1X

 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_4Bit

 PARAMETER HW_VER = 3.01.b

 PARAMETER C_BASEADDR = 0x40020000

 PARAMETER C_HIGHADDR = 0x4002ffff

 PARAMETER C_IS_BIDIR = 0

 PARAMETER C_ALL_INPUTS = 1

 PARAMETER C_GPIO_WIDTH = 4

 BUS_INTERFACE SOPB = mb_opb

 PORT GPIO_in = Push_Buttons_4Bit_GPIO_in

END
A
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