Lab 3 - PowerPC Processor

Adding Custom IP to an Embedded
System Lab:




Creating and Adding Custom IP to an Embedded
System Lab: PowerPC Processor

Introduction

This lab guides you through the process of creating and 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:
e Create an IP

e Add the custom IP to a real system, develop an application, and generate a bitstream
e Download the bitstream and verify the functionality in an actual hardware

Procedure

The purpose of this lab exercise is to complete the hardware design started in Lab 1 and extended
in Lab 2. Lab I included the PPC, PLB bus, JTAG_PPC, proc_Sys_Reset, DCM, PLB20OPB,
RS232_Uart_1, PLB RAM controller, and PLB BRAM components. Lab 2 added the remaining
IP, except for an MYIP instance for the LED, to extend the hardware design.
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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 LED module.

OPB
Bus
PLB
Bus
UART
JTAG_PPC PLB20OPB
INTC
PPC
Bll){I:A]TVI PLB Timer
Cntlr L
Proc_Sys_
Reset GPIO PSB
s PLB
DCM Cntlr — BT
LCD MY IP GPIO SWs

Figure 3-1. Completed Design

This lab comprises several steps involving the creation of OPB custom IP (a simple 4-bit output to
drive LEDs) and 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.

Below each general instruction for a given procedure, you will find accompanying step-by-step
directions and illustrated figures providing more detail for performing the general instruction. If
you feel confident about a specific instruction, feel free to skip the step-by-step directions and
move on to the next general instruction in the procedure.
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Creating a Custom IP Step 1

@ 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 the
Create — Import Peripheral wizard. Name the peripheral as my_led and let it
be for OPB bus.

© If you wish to continue using the design that you created in Lab 2, create a lab3 folder in the
C\xup\embedded\ppc\labs directory and copy the contents from lab2 to lab3

® Open XPS by clicking Start — Programs — Xilinx Platform Studio 7.1i — Create-
Import Peripheral

© Click Next to continue
® 1In the Select Flow panel, select Create templates for a new peripheral and click Next

© In the Repository or Project panel, select To an existing XPS project, browse to
C:\xup\embedded\ppc\labs\lab3 and click Next

reate and Import Peripheral Wizard E

Repository or Project Y

|ndicate where you want to store the new peripheral.

A new perpheral can be stored inan EDK repository, or it an <PS project. When stared in an
EDFK repository the penpheral can be acceszsed by multiple %P5 projects,

" To an EDK user repository [Sny director outside of your EDK installation path)
Repoziton J _’J Bromee
* Toan=P5 project

Praject 1C:\Hup*\eml:uedded\lab&'\lah%syﬂem.:-:m|:| LJ Browse. .,

Peripheral will be placed under;
C:hwuptembeddedhlabshlab3hpoares

tdore Info ¢ Back | Mext » irist Cancel

Figure 3-2. Repository or Project Dialog Box

® In the Name and Version panel, enter my_led as the peripheral name, accept default
versions, and click Next
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Create Peripheral - Step 1

Mame and Yersion et
Indizate the name and wersion of vaur perpheral. \

Enter the name aof wour peripheral. Thiz name will be uzed az the top level HOL module.

M ame: Im_l,l_leu:l

Wergion: 1.00.a

k ajor Revision Minor Revision H ardware/S oftware Compatibility Bevizion
=] i | =l

[ =i o = 3 =i

Logizal libramy name: my_led »1_00 a
All HOL files [either created by pou or generated by thiz tool] uzed to implement this
peripheral muzst be compiled inta the logical library named above. Any other logical libranies
referred to in wour HDL are azsumed to be available in the =P5S project where thiz
peripheral iz uzed, or in EDE. repozitories indicated in the PS5 project zettings.

kare |nfo | < Back I Hest » Firizh Cancel

Figure 3-3. Name and Version Dialog Box

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

Create Peripheral - Step 2

Bus Interface e ST
Indicate the bus interface supported by vour peripheral. \

To which bus will thiz peripheral be attached?

f*+ On-chip Peripheral Bus [OFBE
™ Processor Local Bus [PLE]

™ Fast Simplex Link [F5L]

MOTE: Other bus interfaces are not suppaorted in this releasze.

bare Info < Back | Mest » I Finieh Cancel

Figure 3-4. Bus Interface Dialog Box
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Continuing with the wizard, select RST/MIR and 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\ppc\labs\lab3 directory
and answer the questions at the end of this step

© In the IPIF Services panel, select S/W Reset and Module Information register (RST/MIR)
and User Logic S/W Register Support

Create Peripheral - Step 3 |
& S ]
IPIF Services e
Indicate the IPIF zervices required by your peripheral. :

“Your peripheral will be connected to the OPB bus thraugh the OFB IF interface (IPIF] maodule.
Bezides standard functians like address decoding, this module alza offers other commonly used
zetvices, Uzing theze services may significarrtl_l,l zimplify the implementation of your penpheral,

v S/ Reset and Module Information
reqizter [R5 T AMIR]

[ Burst Transaction Support
Aftackm ent |

_ ™ DM

el = [ FIFD

[T User Logic Intemupt Suppart
W Lser Logic 524 Fegister Suppork
[T User Logic Master Suppoart
I User Logic Address Fange Suppart

‘sng [ereyduag dup-ug

are Info | < Back I Meut = I Fitirzk Cancel

Figure 3-5. IPIF Services Dialog Box

® Click Next

© In the User S/W Register panel, click Next to accept the default values as will have only one
register that will control the LEDs
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Create Peripheral - Step 4 | | |

User S/ Register Tt

Configure the software accessible reqgizters in your peripheral.

The zoftware acceszible regizters will be implemented in the uzer-logic module of your core.
These registers are addreszable on the byte, half-word or word boundaries. The following fields
determinge the characteristics of the registers.

Mumber of software acceszible regizters: =

D ata width of each register: |32 ;I

toare Info | < Back I Mest > Firizh Cancel

Figure 3-6. User S/W Register Dialog Box

® 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

Create Peripheral - Step 5 I

Select the interface between the logic to be implemented in pour peripheral and

IP Interconnect (IPIC) \1
the IFIF.

“rour penpheral iz connected to the bus through a suitable IPIF module; “rour penpheral
interfaces to the IPIF through a zet of signals called the IF interconnect [IPIC] interface. Some
of the portz are always prezent. You can chooze to include the otherz bazed on the
functionality required by wour peripheral.

Mate: all IRIC ports are active high.
— Port Diescription —

bus [iFZBus_Clk fa
SRR [wiBuz2IP_Clk :—I
WwiBLz2IP_Reszet
IPIF [T1Bus2IP_Freeze e

[ |Buz2IP_Addr
wiBuz2IP_Data

== [wiBusZIF_BE
! ﬁﬂ"—&%‘ [JBus2IP_Burst | =

[ L T T T 0 L)

More Infa I < Back I Hext = I Fimizh | Cancel |

Figure 3-7. IP Interconnect (IPIC) Dialog Box
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© In the (OPTIONAL) Peripheral Simulation Support panel, uncheck Generate BFM
simulation platform inorder not to generate the BFM simulation associated files and

directories, and click Next
Create Peripheral - Step &6 S

{(OPTIONAL) Peripheral Simulation Support

Generate optional files for simulation uzing Bus Functional Models [EFR].

The EDK provides a BFM simulation platfarm to help pou simulste your peripheral. Indicate if pou

wiant thiz tool to gererate the appropriate HOL and Bus Functional Language [BFL] stimulus file
for the target bus.

I Generate BFM simulation platform for ModelSim
HOTE: Thiz feature requires that vou have
accepted the azzociated |1BM license
agreement and installed the BEFR toolkit,

The link below shows bow:

BFM Toolkit [nstallation Instiuctions

Mare Info I < Back I Mewt = I Fipizh Cancel

Figure 3-8. Peripheral Simulation Support Dialog Box

O In the (OPTIONAL) Peripheral Implementation Options panel, uncheck Generate ISE
and XST project files to help you not to implement the peripheral using XST flow and
check Generate template driver files to help you to implement software interface

Create Peripheral - Step 7

(OPTIONAL) Peripheral Implementation Support

Generate optional files for hardware/software implementation

Upon completion, this tool will create sunthesizable HOL files that implement the IPIF services
you requested. A stub 'uger logic’ module will be created. You will need to complete the
implermentation of thiz module uzing standard HOL design flowz. The tool will alzo generate EDE

interface filez [mpd/pan] for the synthesizable templatez, so that you can hook up the generated
peripheral to a processor system.

MOTE: Should the peripheral interface [ports/parameters]

PW M-[DL} of file lizt change, you will need to regenerate the EDE.
interfface files uzing the import funchionality of thiz tool.
IPIF {WvHDL) [ Generate stub ‘user logic’ kernplate in Verilog
— irstead of VHDL,
[v Gererate ISE and =5T project files to help vau
- User Logic irnplement the peripheral using 25T Fow,

'IVHDL_}. ‘ v Generate ternplate driver files ta help vou implement

zoftware interface.

bare Infa < Back I Mext > | Firiizh Cancel

Figure 3-9. Peripheral Implementation Options Dialog Box
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@ Click Next, and you will see the summary information panel

Create and Import Peripheral Wizard | x|

Congratulations!

When you click Finish, HOL files representing your core will
be generated. vou will have to implement the functionality of
wour peripheral in uzer_logic. vhd.

IMPORTAMT: If you make any changes to the generated
port and parameter interfaces, or add new files pou will need
to regenerate the EDK. interface files by uzing thiz toal in the

|mpart miode.

Feripheral TWisazd!
Peripheral sumnmary

top name
wersion
type

features

Thank wou for using Create and Import Al

tomgr_led

: 1l.00.a

: OPEF =lawe

: =lawe attachement

=l

tare Info |

_, ........ < . Eack ........ .\, H - t > | IWI

Cancel |

Figure 3-10. Congratulations Dialog Box

® Click Finish to close the wizard

Add LED port in my_led_v2_1_0.mpd file generated by the wizard in
@ C:\xup\embedded\ppc\labs\lab3\pcores\my_led_v1_00_a\data directory

© Using Windows Explorer, browse to
C:\xup\embedded\ppc\labs\lab3\pcores\my_led_v1_00_a\data directory

® Open my_led_v2_1_0.mpd file using an editor

© Add the following line before the OPB_CIk port under the Ports section

PORT LED =““, DIR = O, VEC =[0:3]

This is necessary for the port to appear in Add/Edit Cores... (Dialog)

® Save the file and close

BFM Simulation Lab
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@ Open the my_led.vhd and user_logic.vhd files in the Text Editor window from
C:\XUP\embedded\ppc\labs\lab3\pcores\my_led_v1_00_a\hdl\vhdl directory. Add necessary
declarations and logic in my_led.vhd and user_logic.vhd files.
© Browse to C:\xup\embedded\labs\lab3\pcores\my_led_v1_00_a\hdl\vhdl directory.
® Right click on my_led.vhd file and open it with text editor program.

© Add user port LED under USER ports added here token

108> entity my_led is=s
110 ogeEneric
111 [
112 —— ADD USER GENERICS EBELOW THIS LINE ———————————————
1132 ——UTSEER generics added here
114 —— ADD USER GENERICS ABOWE THIS LINE ———————————————
115
115 —— DO MOT EDIT BELOW THIS LIME ————————————————
117 —— Bus protocol parameters, do not add to or delete
112 C_EBASEADDR : std logic weoctor == Hrfoooooooorr:
119 C_HIGHADDER : std logic wecotor = HKTOOOOFFFF':
1Z0 C_OFPE_AWIDTH 1 dintceger = 3Z:r
121 C_OFPE_DWIDTH : dinteger = 3F2:
122 C_USER_ID CODE : integer := 3:
1232 C_FAMILY T String i= MrdirtcexIZp™
124 —— DO WOT EDIT ABOWE THIS LIMNE ———————————————————
125 1z
126 port
127 i
128 —— ADD USER PORTS BELOW THIS LINE ——————————————————
129 ——USER ports added here
120 I LED : out std logic wector (0 to 3]:"_
131
122 —— ADD USER PORTS ABCOVE THIS LINE —(—————————————————
Figure 3-11. Add the User Port LED
© Search for next --USER and add port mapping statement
e -
384 —— instantiate the User Logic
=15
295 USER_LOGIC_I : entity my_led vl 00_a.user logic
287 generic map
208 i
z09 -— MAP USER GEMERICS EBELOW THIS LIMNE ————-——-———————
400 -—U3ER generics mapped here
401 —-— MAP TU3ER GEMNERICS ABOVE THIZ LINE —---—--————————-
402
403 C_DWIDTH =»> USER DWIDTH,
404 C_NUM_CE => U3ER_NUHM CE
405 ]
406G port map
407 [
408 -— MAP T3ER PORTS BEELOW THIZ LIME ---—--—--—————————
4049 ——UZER ports mapped here
410 LED =3 LED; H
411 -—- MAP USER PORTS ABOWE THIS LIME ---—--—--————————-—
Figure 3-12. Add Port Mapping Statement
BFM Simulation Lab www.xilinx.com/univ 7b-11
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® Open user_logic.vhd file from \vhid! directory and add LED port definition in the USER
Ports area

920 entity user logic is

a3 generic

94 [

a5 —-— ADD USER GENERICS BELCOW THIS LIMNE - ——————-———————-—
a5 ——U3ER generics added here

a7 —-— ADD USER GENERICS AEBOVE THIS LIME ———————————————
ag

ag -— D NoT EDIT BELOW THI3 LINE —————————————————————
100 —-— Bus protocol parsweters, do not add to or delete
101 C_DWIDTH : integer := 3Z;

102 C NUM CE : integer := 1

103 —— D NoOT EDIT AECWE THI3 LINE ————————————————— ————
1043 1

105 port

1086 [

107 —-— ADD USER PORTS BEELOW THIZ LINE ——————————————————
102 —=IISER pnort=s adfded here

109 | LED : out =td logic wector (0 to 3): |_
110 -— ADD USER PORTS ALBCVE THIS LINE ————————-mmmmm———

Figure 3-13. Add the LED Port Definition

@ Search for next --USER and add the internal signal declaration for the user logic

123 IFZBus_Error ioout std_ logic:

124 IFZBus_ToutSup : out std_logic

125 -- D2 NOT EDIT ABOWE THIS LINE ——— - —————————

126 I

127 end entity user logic:

128 -

128 @
130 —— Architecture section

1219 -—-—-—
122

133 architecture IMF of user logic is

134 -

138 ——U5ER signal declarations added here, as needed for user logic

13265 gignal LED_i : std logic wvector (0 to 31;'

w0 "

128 -- Signals for user logic slave model s/w accessible register example
128 e

140 signal =lv_regl i std logic wector (0 te ©_DWIDTH-1):

141 signal slv reg write select tostd logic wector (O to 0]

Figure 3-14. Internal Signal Declaration for the User Logic

® Search for —~USER logic implementation and add the following code
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147 hegin

148

143 ——I3ER logic implementation added here

150 LED PROC : process [(BusiZIP Clk) is

151 begin

1582 if Bus2ZIP_Clk'ewvent and Bus2IP Clk = '1l' then
153 if BusiZIP_Reset = '1' then

154 LED i <= "0O0O00";

155 else

166 if BuszZIP WrCE(0O) = '1' then

157 LED i <= Bus2IP Data(l to 3); L —
158 else

153 LED_i <= LED_ i:

150 end if:

161 end if:

162 end 1if;

162 end process LED_PROC:

164 LED <= LED i;

165 —

168 = @ 0 e

167 —— Example code to read/write user logic slswve model =/w accessible
158 -

Figure 3-15. Add Code

© Save changes and close the my_led-imp

Importing and Adding Custom IP to the Project Step 2

Browse to C:\xup\embedded\ppc\labs\lab3 and open system.xmp. Using Tools

-> Create/Import Peripheral, import the created my_led custom IP to the

project

© Browse to C:\xup\embedded\ppc\labs\lab3 and double-click on system.xmp. Open up the
Create and Import Peripheral Wizard by selecting Tools - Create/Import Peripheral...

from XPS menu and click Next to continue

® In the Select Flow panel, select the Import existing peripheral mode and click Next

BFM Simulation Lab www.xilinx.com/univ 7b-13
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Create and Import Peripheral Wizard

Createflmport User Peripheral 'Q

|ndicate if pou want to create a new peripheral or import an existing peripheral.

Thiz tool will help you create templates for a new EDFK. compliant peripheral, or help vou import an
exizting penpheral into an #FP5 project or EDE repository. The interface filez and directany
structures required by EDE. will be generated.

Select Flow

5
CI'BHIITWPHUE % ™ Create templates for a new peripheral

o |mport existing peripheral

- Flow Diezcription-
Thiz ool will help you import & fully implemented peripheral into
a #P5 project or EDE repository. Such peripherals need to
have portz and parameters that conform to the conventions
required by EDE.

Mare Info < Back | Mest > | Firteh Cancel

Figure 3-16. Create/Import User Peripheral Dialog Box

© In the Repository or Project panel, choose to import To an existing XPS project and select
your current project from the drop down list c:\xup\embedded\ppc\labs\lab3\system.xmp

and click Next

7b-14
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Repository or Project S e
Indicate where you want to stare the new peripheral. \

& niew periphieral can be stared inan EDK repositony, ar in an #PS project. When stored in an
EDF. repozitary the penpheral can be accezzed by multiple =FS projects.

" Toan EDK uzer repositar [&ny directony outside of vour EDE inztallation path]

Repozitan IE"-.E-:il=_user_repnmhzl_-.l ;l Browse.. |

% To an existing <F5 project
Project II::'\training"-.eml:nedded'\Ial:ns'\lalﬁ'\s_l,lstem.:-cmp Li Browse, .. |

Fieripheral will be written under:
C:hhrainingtembeddedslabshlab3spoores

kare Info | < Back Mest = Firrzh Cancel

Figure 3-17. Repository or Project Dialog Box

® In the Core Name and Version panel, select my_led from the drop down list box, check Use
Version and accept 1.00.a, and click Next

Import Peripheral - Step 1

Core Name and ¥Yersion

- Lk
Indicate the name of vour peripheral. Alzo indicate if you are uzing the EDE \
perpheral verzion naming schenme.

E niter the name of the top WHDL entity or Vernlog module of your penpheral.

Marme |m_|,|_|e.;| LJ
W Uszeersion Mame: 1.00.a
M ajor Revision Minar Revision Hardware/Software Compatibility B evizion

1 e joo = la =
i Logical library name: my_led_w1_00 a

All the filez for this peripheral are compiled into the logical library named abowve, If
the perpheral refers to other logical libraries, they are aszumed to be available in
the current project or in the repozitones accesszible through the curent project
zettings. Since all deszign files are compiled in the same directory, uzsing logical
libraries other than given above may cause name space conflicts, Loagical libraries
named wark are not allowed.

More Info < Back | Mext = Firnzh Cancel

Figure 3-18. Core Name and Version Dialog Box
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© In the Source File Types panel, check HDL Source Files(*.vhd, *.v), and click Next

Import Peripheral - Step 2

Source File Types

Indicate the twpes of files that make up your peripheral.

Indicate the tupes of files that make up vour peripheral.
v HOL Source Files [*.vhd, *.v]
I HMetlist Files [*.edn, *.edf, *.ngo, *.nac)

I Documentation Files [*.doc, *t=t. " pdf. 7]

bore Info % Back I Mext » Firms Cancel

Figure 3-19. Source File Types Dialog Box

O 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\ppc\labs\lab3\pcores\my_led_v1_00_a\data\my_led_v2_1_0.pao, and
click Next

Import Peripheral - Step 3 =|

4 e %,
HDL Source Files gt
Indicate how thiz tool zhould lacate the HDL files that make up vour peripheral. \

Inwhat HOL i= your peripheral implemented? I'\-"HDL vI

[T Use data [*.mpd] collected during a previous inwocation of this tool

I Broze, I

— How to locate your HOL source fles and dependent libray filss
" Use an=5T project file [7 prj)
Thisz tool will input the HOL file-set and the logical ibraries they are compiled into
from the appropriate lines in the project file.

I Browse; I

i+ Lze esisting Peripheral &nalysiz Order file t“.pao]
II::"-.training'\embeddedhlabs'\.labS'\MyF’rDcessorlF'Lib"-.pcoles"-.m_ Erowse... I

" Browse to your HDL source and dependent library files [*vhd, = %] in nest step

fore Info | < Back I Mest > | Btk | Cancel I

Figure 3-20. HDL Source Files Dialog Box
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® The HDL Analysis Information panel shows 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, wizard based on the PAO file automatically
intuits all files needed. 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, select No Interrupt, and
click Next to continue

Import Peripheral - Step 8 | x|

Identify Interrupt Signals f‘

|dentify the interrupt signals on your peripheral.

|ndicate the attributes of the interrupt signals by checking the interrupt port name on the left and
then clicking on the radio buttons to the right. EDE, uses this infarmation to automatically
cohnect the interrupt portz of your peripheral.

— Praperties of interrupt park:
= [nterrupt Sensitivity

[JLED

" Falling edge sensitive. € Low level sensitive

" Bising edge sensitive. € High level zensitive

— Felative [nterrupt Friority

) Low | fedium = High

tare nfo | ¢ Back I Mewt = Firizh Cancel

Figure 3-20. Identify Interrupt Signals Dialog Box

©® Click Next until you reach the last page and click Finish to close wizard

You will see following message box. Click Yes

Xilinx Platform Studio %]

You must close and reopen the project in order o utilize the imported peripheral.
Do yiou wankt to close and reopen the project nows

Figure 3-21. Confirmation Dialog Box
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@ Using Project 2 Add/Edit Core... (dialog) from XPS, add my_led to the
project, make bus connections, generate address for the my_led instance, add
necessary ports to the instance, name them appropriately and bring out the data
port. Add following to the UCEF file:

Net fpga_0_LEDs_4Bit GPIO_d_out<0> LOC=AC4;
Net fpga_0_LEDs_4Bit_GPIO_d_out<1> LOC=AC3;
Net fpga_0_LEDs_4Bit_GPIO_d_out<2> LOC=AA®6;
Net fpga_0_LEDs_4Bit_GPIO_d_out<3> LOC=AAS;

O Click Project > Add/Edit Core... (dialog) from XPS.
® In the Peripherals tab, click the OPB radio button from the Bus group, click the Custom IP
radio button from the Component Filter group, then highlight the custom peripheral my_led

from the list box, and click << Add button to add it to the hardware system

© Switch to the Bus Connections tab, attach my_led_0 to OPB bus as a salve device by
clicking on the cell that corresponds to my_led_0 sopb row and opb column

® Switch to the Addresses tab, select size as 512 from drop down box for my_led_0 and click
the Generate Addresses button to let XPS automatically assign addresses for all the
peripherals for you, including the my_led custom peripheral

© Switch to the Ports tab and perform the following
o Select my_led_0 from the Ports Filter combo box
o Select the LED and OPB_CIk ports displayed under my_led_0 from the right list box

o Click << Add to add them to the Internal Ports Connections table

o Locate my_led_0’s OPB_CIk port in the table, modify its Net Name to sys_clk_s by
selecting from its drop down list box

o Locate my_led_0’s LED port in the table, modify its Net Name to
fpga_0_LEDs_4Bit_GPIO_d_out by typing in the Net Name field

o Select my_led_0’s LED port click on Make External

o In the External Ports Connections table, select my_led_0_LED and type [0:3] in the
corresponding Range field

O Click OK to close the Add/Edit Hardware Platform Specifications dialog, open up the
system.mbhs file and verify following snippets

PORT fpga_0_RS232_Uart_1_RX_pin = fpga_0_RS232_Uart_1_RX, DIR = IN
PORT fpga_0_RS232_Uart_1_TX_pin = fpga_0_RS232_Uart_1_TX, DIR = OUT

PORT sys_clk_pin = dem_clk_s, DIR = IN
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(7]

(8]

PORT sys_rst_pin = sys_rst_s, DIR = IN
PORT PUSH = PUSH, VEC = [0:4], DIR =1
PORT DIP = DIP, VEC =[0:3], DIR =1

PORT fpga_0_LEDs_4Bit_GPIO_d_out = fpga_0_LEDs_4Bit_GPIO_d_out, VEC = [0:3],
DIR=0

Add following pin assignments in the UCF file

Net fpga_0_LEDs_4Bit_GPIO_d_out<0> LOC=AC4;
Net fpga_0_LEDs_4Bit_GPIO_d_out<1> LOC=AC3;
Net fpga_0_LEDs_4Bit_GPIO_d_out<2> LOC=AAG®6;
Net fpga_0_LEDs_4Bit_GPIO_d_out<3> LOC=AAS;

Save and close the UCF file

Develop Application and Verify the Design in Hardware Step 5

@ Run LibGen. Edit TestApp.c source file in the TestApp software project to
display its settings on the LEDs. Compile the program successfully.

(2]

In XPS, select Options — Project Options and then select the Hierarchy and Flow tab

Under Implementation Tool Flow, select the XPS (Xflow) option and click OK to accept the
settings

Click Tools > Generate Libraries and BSPs to run the library generator

In the Application tab, double-click on TestApp_Memory.c under the Sources of
TestApp_Memory software project

Edit the TestApp_Memory.c file to match the following
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[24
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27
23
(20
=0
(=1
[32

#include: "Eparameters. h"

#include: "=gpioc.h"

finclude: "zutil . h"

Finclude "ny led. R
#/================z======z==z====z==z===============z=======
int main- (void)

I

AGpio-dip_push;
int-i.psbh checl. -dip _checlk:;

- -print({"—— -Start of - the program-—xr~n"};

i
E
i
E
i
E

- Gpio _Initialize(&dip_push, XPARE DIP PUSH DEVICE ID)
-KGpio SetDatalirectioniédip push, 1, O0=ffffffff;

--XGpio Initialize(édip push, XPARE DIF PUSH DEVICE ID):
-HGpio SetDatalirection(édip push, 2, 0=ffffffff);

while{l)
1

i
E
i
E

p=b_check = XGpio DiscreteRead(édip push.1):;

Zil printf("Push Buttons Status- ;- Xx~n~r".psb _checlk)
dip _check = XGpio DiscreteRead(édip push,. 2);

21l printf("Dip-Switch -Status- .  Xzx~n~r".dip _checlk):

|-

b33

HY_LED mWriteRegl AlaR Rt _LED U_BFASELDDR, U, dip_check) ]

FE
i

FE

¥

=leepl 1l

< -print({"—— End-of - the program —x>n"):

¥

creturn-0;

® Compile the program successfully

© Click Tools — Update Bitstream to generate the bit file

@

This may take over 10 minutes.

® Download the bit file on the board

@ Change dip switch settings and see the corresponding LED turning ON and OFF, verifying

the functionality

Conclusion

This lab led you through the creating a custom IP. Once created, it guided you to import and add
the custom IP into a system. Further, you developed an application using the custom IP driver and
verified its functionality in hardware. Thus you were able to see the ease of creating/importing a
custom IP.

BFM Simulation Lab

www.xilinx.com/univ 7b-20
xup@xilinx.com



Completed MHS File

# HHHHHHHH AR R R R
# Created by Base System Builder Wizard for Xilinx EDK 7.1.1 Build EDK_H.11.3

# Wed Jun 08 23:27:28 2005

# Target Board: Xilinx XUP Virtex-II Pro Development System Rev A

# Family: virtex2p
# Device: xc2vp30
# Package: ff896

# Speed Grade: -6

# Processor: PPC 405

# Processor clock frequency: 300.000000 MHz

# Bus clock frequency: 100.000000 MHz

# Debug interface: FPGA JTAG

# On Chip Memory : 64 KB

# HHHHHH R AR R

PARAMETER VERSION =2.1.0

PORT fpga_0_RS232_Uart_1_RX_pin = fpga_0_RS232_Uart_1_RX, DIR = INPUT

PORT fpga_0_RS232_Uart_1_TX_pin = fpga_0_RS232_Uart_1_TX, DIR = OUTPUT

PORT sys_clk_pin = dcm_clk_s, DIR = INPUT

PORT sys_rst_pin = sys_rst_s, DIR = INPUT

PORT PUSH = PUSH, VEC =[0:4], DIR =1

PORT DIP = DIP, VEC = [0:3], DIR =1

PORT fpga_0_LEDs_4Bit_GPIO_d_out = fpga_0_LEDs_4Bit_GPIO_d_out, VEC = [0:3], DIR = O

BEGIN ppc405

PARAMETER INSTANCE = ppc405_0

PARAMETER HW_VER = 2.00.c

BUS_INTERFACE JTAGPPC = jtagppc_0_0
BUS_INTERFACE IPLB = plb

BUS_INTERFACE DPLB = plb

PORT C405RSTCHIPRESETREQ = C405RSTCHIPRESETREQ
PORT C405RSTCORERESETREQ = C405RSTCORERESETREQ
PORT C405RSTSYSRESETREQ = C405RSTSYSRESETREQ
PORT RSTC405RESETCHIP = RSTC405RESETCHIP

PORT RSTC405RESETCORE = RSTC405RESETCORE

PORT RSTC405RESETSYS = RSTC405RESETSYS

PORT CPMC405CLOCK = proc_clk_s

PORT PLBCLK = sys_clk_s

END

BEGIN ppc405

PARAMETER INSTANCE = ppc405_1
PARAMETER HW_VER = 2.00.c
BUS_INTERFACE JTAGPPC = jtagppc_0_1
END
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BEGIN jtagppc_cntlr

PARAMETER INSTANCE = jtagppc_0
PARAMETER HW_VER = 2.00.a
BUS_INTERFACE JTAGPPCO = jtagppc_0_0
BUS_INTERFACE JTAGPPC1 = jtagppc_0_1
END

BEGIN proc_sys_reset

PARAMETER INSTANCE = reset_block
PARAMETER HW_VER = 1.00.a

PARAMETER C_EXT_RESET _HIGH =0

PORT Chip_Reset_Req = C405SRSTCHIPRESETREQ
PORT Core_Reset_Req = C405SRSTCORERESETREQ
PORT System_Reset_Req = C40SRSTSYSRESETREQ
PORT Rstc405resetchip = RSTC405RESETCHIP
PORT Rstcd405resetcore = RSTC405SRESETCORE
PORT Rstc405resetsys = RSTC405SRESETSYS

PORT Dcm_locked = dem_0_lock

PORT Bus_Struct_Reset = sys_bus_reset

PORT Slowest_sync_clk = sys_clk_s

PORT Ext_Reset_In = sys_rst_s

END

BEGIN plb_v34

PARAMETER INSTANCE = plb
PARAMETER HW_VER =1.02.a
PARAMETER C_DCR_INTFCE =0
PARAMETER C_EXT_RESET_HIGH =1
PORT SYS_Rst = sys_bus_reset

PORT PLB_Clk = sys_clk_s

END

BEGIN opb_v20

PARAMETER INSTANCE = opb
PARAMETER HW_VER =1.10.c
PARAMETER C_EXT_RESET HIGH =1
PORT SYS_Rst = sys_bus_reset

PORT OPB_CIk = sys_clk_s

END

BEGIN plb2opb_bridge

PARAMETER INSTANCE = plb2opb
PARAMETER HW_VER =1.01.a

PARAMETER C_DCR_INTFCE =0
PARAMETER C_RNGO_BASEADDR = 0x40000000
PARAMETER C_RNGO_HIGHADDR = Ox7{ffffff
PARAMETER C_NUM_ADDR_RNG =1
BUS_INTERFACE SPLB = plb
BUS_INTERFACE MOPB = opb

PORT OPB_CIk = sys_clk_s

PORT PLB_CIk = sys_clk_s

END
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BEGIN opb_uartlite

PARAMETER INSTANCE = RS232_Uart_1
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 = opb

PORT RX = fpga_0_RS232_Uart_1_RX
PORT TX = fpga_0_RS232_Uart_1_TX
PORT OPB_CIk = sys_clk_s

END

BEGIN plb_bram_if_cntlr

PARAMETER INSTANCE = plb_bram_if cntlr_1
PARAMETER HW_VER = 1.00.b

PARAMETER c_plb_clk_period_ps = 10000
PARAMETER c_baseaddr = 0xffff0000
PARAMETER c_highaddr = Oxffffffff
BUS_INTERFACE SPLB = plb
BUS_INTERFACE PORTA = plb_braml

PORT PLB_Clk = sys_clk_s

END

BEGIN bram_block

PARAMETER INSTANCE = plb_bram_if_cntlr_1_bram
PARAMETER HW_VER = 1.00.a

BUS_INTERFACE PORTA = plb_braml

END

BEGIN decm_module

PARAMETER INSTANCE =dcm_0
PARAMETER HW_VER = 1.00.a
PARAMETER C_CLKO_BUF = TRUE
PARAMETER C_CLKFX_BUF = TRUE
PARAMETER C_CLKFX_DIVIDE = 1
PARAMETER C_CLKFX_MULTIPLY =3
PARAMETER C_CLKIN_PERIOD = 10.000000
PARAMETER C_CLK_FEEDBACK = 1X
PARAMETER C_EXT_RESET HIGH =1
PORT LOCKED = dcm_0_lock

PORT CLKIN = dem_clk_s

PORT RST =net_gnd

PORT CLKFX = proc_clk_s

PORT CLKO = sys_clk_s

PORT CLKFB = sys_clk_s

END
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BEGIN opb_gpio

PARAMETER INSTANCE = dip_push
PARAMETER HW_VER =3.01.b
PARAMETER C_GPIO_WIDTH = 32
PARAMETER C_ALL_INPUTS =1
PARAMETER C_IS_BIDIR =0
PARAMETER C_IS_DUAL =1
PARAMETER C_ALL_INPUTS_2=1
PARAMETER C_IS_BIDIR_2=0
PARAMETER C_BASEADDR = 0x40000000
PARAMETER C_HIGHADDR = 0x4000ffff
BUS_INTERFACE SOPB = opb

PORT GPIO2_in = DIP

PORT GPIO_in = PUSH

PORT OPB_CIk = sys_clk_s

END

BEGIN plb_bram_if_cntlr

PARAMETER INSTANCE = plb_bram_if_cntlr_2
PARAMETER HW_VER = 1.00.b

PARAMETER c_plb_clk_period_ps = 10000
PARAMETER c_baseaddr = 0x00000000
PARAMETER c_highaddr = 0x00003fff
BUS_INTERFACE SPLB = plb
BUS_INTERFACE PORTA = plb_bram2

PORT plb_clk = sys_clk_s

END

BEGIN bram_block

PARAMETER INSTANCE = plb_bram_if_cntrl_2_bram
PARAMETER HW_VER = 1.00.a

BUS_INTERFACE PORTA = plb_bram2

END

BEGIN my_led

PARAMETER INSTANCE = my_led_0
PARAMETER HW_VER = 1.00.a
PARAMETER C_BASEADDR = 0x7d800000
PARAMETER C_HIGHADDR = 0x7d80ffff
BUS_INTERFACE SOPB = opb

PORT LED = fpga_0_LEDs_4Bit_GPIO_d_out
PORT OPB_CIk = sys_clk_s

END
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&> Completed MSS File

PARAMETER VERSION =2.2.0

BEGIN OS

PARAMETER OS_NAME = standalone
PARAMETER OS_VER = 1.00.a
PARAMETER PROC_INSTANCE = ppc405_0
PARAMETER STDIN = RS232_Uart_1
PARAMETER STDOUT = RS232_Uart_1
END

BEGIN OS

PARAMETER OS_NAME = standalone
PARAMETER OS_VER = 1.00.a
PARAMETER PROC_INSTANCE = ppc405_1
END

BEGIN PROCESSOR

PARAMETER DRIVER_NAME = cpu_ppc405
PARAMETER DRIVER_VER = 1.00.a

PARAMETER HW_INSTANCE = ppc405_0
PARAMETER COMPILER = powerpc-eabi-gcc
PARAMETER ARCHIVER = powerpc-eabi-ar
PARAMETER CORE_CLOCK_FREQ_HZ = 300000000
END

BEGIN PROCESSOR

PARAMETER DRIVER_NAME = cpu_ppc405
PARAMETER DRIVER_VER = 1.00.a
PARAMETER HW_INSTANCE = ppc405_1
PARAMETER COMPILER = powerpc-eabi-gcc
PARAMETER ARCHIVER = powerpc-eabi-ar
END

BEGIN DRIVER

PARAMETER DRIVER_NAME = plbarb
PARAMETER DRIVER_VER =1.01.a
PARAMETER HW_INSTANCE = plb
END

BEGIN DRIVER

PARAMETER DRIVER_NAME = opbarb
PARAMETER DRIVER_VER =1.02.a
PARAMETER HW_INSTANCE = opb
END

BEGIN DRIVER
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PARAMETER DRIVER_NAME = plb2opb
PARAMETER DRIVER_VER = 1.00.a
PARAMETER HW_INSTANCE = plb2opb
END

BEGIN DRIVER

PARAMETER DRIVER_NAME = uartlite
PARAMETER DRIVER_VER = 1.00.b
PARAMETER HW_INSTANCE = RS232_Uart_1
END

BEGIN DRIVER

PARAMETER DRIVER_NAME = bram
PARAMETER DRIVER_VER = 1.00.a

PARAMETER HW_INSTANCE = plb_bram_if cntlr_1
END

BEGIN DRIVER

PARAMETER DRIVER_NAME = generic
PARAMETER DRIVER_VER = 1.00.a
PARAMETER HW_INSTANCE = dcm_0
END

BEGIN DRIVER

PARAMETER DRIVER_NAME = gpio
PARAMETER DRIVER_VER =2.00.a
PARAMETER HW_INSTANCE = dip_push
END

BEGIN DRIVER

PARAMETER DRIVER_NAME = bram
PARAMETER DRIVER_VER = 1.00.a

PARAMETER HW_INSTANCE = plb_bram_if_cntlr_2
END

BEGIN DRIVER

PARAMETER DRIVER_NAME =my_led
PARAMETER DRIVER_VER = 1.00.a
PARAMETER HW_INSTANCE = my_led_0
END
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<A> Completed C File

#include "xparameters.h"
#include "xgpio.h"
#include "xutil.h"
#include "my_led.h"

/1
int main (void)

{

XGpio dip_push;
int i,psb_check, dip_check;

print("-- Start of the program --\r\n");

XGpio_Initialize(&dip_push,XPAR_DIP_PUSH_DEVICE_ID);
XGpio_SetDataDirection(&dip_push, 1,0xffffffff);

XGpio_Initialize(&dip_push,XPAR_DIP_PUSH_DEVICE_ID);
XGpio_SetDataDirection(&dip_push,2,0x ffffffff);

while(1)

{
psb_check = XGpio_DiscreteRead(&dip_push,1);
xil_printf("Push Buttons Status : %x\n\r",psb_check);
dip_check = XGpio_DiscreteRead(&dip_push,2);
xil_printf("Dip Switch Status : %x\n\r",dip_check);
MY_LED_mWriteReg(XPAR_MY_LED_0_BASEADDR,0.dip_check);
sleep(1);

}

print("-- End of the program --\r\n");
return O;

}
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