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1.0 Introduction

This tutorial is designed to help new users bectaneliar with using the PicoBlaze microcontroller
with the Spartan-3E board. The tutorial gives iafintroduction to the PicoBlaze microcontroller,
and then steps through the following:

Writing a small PicoBlaze assembly language (.pf#lim)and stepping through the process of
assembling the .psm file using KCPSM3.

Writing a top level VHDL module to connect the Fitaze microcontroller (KCPSM3
component) and the program ROM, and to conneateitpgired input and output ports.
Connecting the top level module inputs and outputfie switches, buttons and LEDs on the
Spartan-3E board.

Downloading the program to the Spartan-3E boandguie Project Navigator software.

1.1 Design Functionality

The code written in this tutorial reads the valogéshe four switches and the four push buttons, and
displays the current values on the eight LEDS.

1.2 Relevant Documentation

Before commencing this tutorial, it would be helgfudownload theéSpartan-3E FPGA Starter Kit
Board User Guide[1], and thePicoBlaze 8-bit Embedded Microcontroller User Guidg2].

1.3 Pre-requisite Knowledge

Before commencing this tutorial, the user shouldrkwthrough “The Spartan-3E Tutorial 1:
Introduction to FGPA Programming” [3].

1.4 Scope

This tutorial is designed to help the user whast gtarting to “get into” using the PicoBlaze wiitie
Spartan-3E. It steps through the process of crgativery simple PicoBlaze program, running the
assembler, putting the VHDL components togethdprioject Navigator, and downloading the final
program to the board. It is not designed to betarial on VHDL syntax or to provide detailed
information on the PicoBlaze. For help with VHOhe user can consult with a number of textbooks
on the subject, such as [4,5], or find help onliffdne book by Chu [6] is also a useful referenae fo
the Spartan-3 with many useful examples. Referelesggns for the Spartan-3E can also be found
here [7]. For detailed information about the feasuand instruction set of the PicoBlaze, the aaer
consult the documentation in [2,8].

Xilinx Spartan-3E Project Navigator Version 14.3
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2.0 Equipment

The following are required to work through thisomtl:

The Xilinx ISE Project Navigator software. Vensit4.3 was used in this tutorial, but older

versions of the software can be used. The softaanebe downloaded with a free WebPack

license from the Xilinx websitehttp://www.xilinx.com/ The user will need to register and
log in.

The Spartan-3E Starter Kit, including the Spart&nei&velopment board, power cable and
USB cable for PC connection. The Spartan-3E deveémt board is shown in Figure 2.1.

The Picoblaze 8-bit Microcontroller software. Tswftware can be downloaded for free from
the Xilinx website http://www.xilinx.com/ Again the user will need to register and log in.

If a 64-bit machine is being used, software whielm cun 32-bit DOS programs, such as

DOSBox, will be needed to run the KCPSM3 executald®SBox can be downloaded from
http://www.dosbox.com/
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Figure 2.1: Spartan-3E Development Board.
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3.0 Background — The PicoBlaze Micocontroller

The PicoBlaze is an 8-bit RISC microcontroller whis specifically designed and optimized for the
Spartan-3 family. One of its main advantagessismall size, requiring only 96 FPGA slices. st i
provided as a free, source-level VHDL file with adty-free re-use within Xilinx FPGASs [2].

Figure 3.1 shows that the PicoBlaze consists ofd@armaponents. The KCPSM3 component provides
the ALU, registers, scratchpad RAM etc. The Blddkemory (Program) component stores the
instructions to be executed. This typically cotssaf a Block RAM, of 1024 bytes in size.

KCPSM3
( IN_PORT[7-0] OUT_PORT[7:0]
Interface to logic < INTERRUPT PORT_ID[7:0] [e—
, — RESET READ _STROBE|——— ¢ Interface to logic
Block Memory —P CLK WRITE_STROBE ————
(Program) INTERRUPT ACK ———
INSTRUCTION[17:0] INSTRUCTION[17:0] ADDRESS[9:0]
ADDRESS[9:0]
—» CLK

Figure 3.1: PicoBlaze components [8].

The basic design process using the PicoBlaze felltw steps below:
1. A PicoBlaze program is written in assembly leagt This file is given the extensig@sm.

2. The KCPSM3 assembler is run on them file, and a VHDL file (extensiorvhd) which embeds
the instructions in the Block Memory componenugput. The name of thehd file will be derived
from the name of thepsm file, i.e., if the.psm file is myprog.psm, then the.vhd file will be
myprog.vhd.

3. The VHDL code for the Block Memory and KCPSM@®8dules is loaded into Project Navigator.
Further VHDL code will need to be written to conn#dwe two modules and interface to the outside
world.

4. The project is compiled using the Project Namg&oftware, and ultimately downloaded to the
Spartan-3E board (or other target hardware).

Figures 3.2 and 3.3 show the VHDL component detitars for the KCPSM3 and Block Memory

respectively. Note that the name of the Block Mgmmmponent is derived from the name of the
original .psmfile, i.e., if the.psm file wasmyprog.psm, the Block Memory component will be called

myprog.

Xilinx Spartan-3E Project Navigator Version 14.3
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component kcpsm3

port (address : out std_logic_vector(9 down to 0);
instruction :in std_logic_vector(17 down to 0);
port_id > out std_logic_vector(7 downto 0) ;

write_strobe : out std_logic;
out port :outstd logic_vector(7 downto 0)
read_strobe : out std_logic;

in_port :in std_logic_vector(7 downto 0);
interrupt  :in std_logic;

interrupt_ack : out std_logic;

reset :in std_logic;

clk :in std_logic);

end component;

Figure 3.2: KCPSM3 component declaration.

PU"#1$ % &%
L ($1"’)
component
port (address —:in std_logic_vector(9 downto 0);
instruction : out std_logic_vector(17 downt 0 0);
clk :in std_logic);
end component;

Figure 3.3: Block Memory component declarations.

In addition, it is possible to download a new peogrinto the Block Memory, using the JTAG port on
the Spartan-3E board. This can provide a convenieans to update the program without having to
recompile the VHDL code in Project Navigator. g not covered by this introductory tutorial, and
the user can refer to documentation such as [3hfme information.

Xilinx Spartan-3E Project Navigator Version 14.3
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4.0 Procedure Part 1 — PicoBlaze

4.1 PicoBlaze Download

1. Download the fil&k CPSM3.zip from http://www.xilinx.com/ The version of the software for the
Spartan-3 family should be chosen.

2. Unzip the file. After unzipping, the files siid appear as shown in Figure 4.1.

. Aszernbler 4/08/2005 4:51 PM File folder

; DATAZMEM _assistance 4,/08/2005 4:51 PM File folder

) JTAG loader 4/08/2005 4:51 PM File folder

 Verilog 4/08/2005 4:51 PM File folder

. VHDL 4/08,2005 4:50 PM File folder
|| kepsm3.ngc 15/06/2004 1:58 PM NGC File 50 KB
E KCP5M3_Manual.pdf 10/10,2003 4:06 PM Adobe Acrobat D... 609 KB
| read_metd 4/08/2005 4:56 PM Text Docurnent 22 KB
E UART_Manual.pdf 23/04/2003 10046 ...  Adobe Acrobat D... 111 KB
E UART _real_time_clock.pdf 1/10/2003 4:27 PM Adobe Acrobat D... 316 KB

Figure 4.1: KCPSM3 files after unzipping.

The file KCPSM3_Manual.pdf is listed as reference [8] in this tutorial.

4.2 Copy Files

1. Create a directory calld@dtorial_2 in an appropriate location. This will be the wiadk directory
for the rest of this tutorial.

2. Copy the following files in thAssemblerdirectory intotutorial_2:

KCPSM3.EXE
ROM_form.coe
ROM_form.v
ROM_form.vhd

3. Copy the following file in th&HDL directory intotutorial_2:

kcpsm3.vhd

Xilinx Spartan-3E Project Navigator Version 14.3
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4.3 Assembly Language Code

1. Open a text editor (for example, Notepad or \WWad), and enter the text shown in Figure 4.2. The
text consists of a very simple program writtenhe KCPSM3 assembly language.

The program runs in an infinite loop, reading tbatents of an input port at address 00h (connected
to the switches) into a register, and writing tloatents of this register to an output port at asklre
80h (connected to the LEDs). Characters whiclkeappfter a “;” in each line are comments.

; Simple loop that puts contents of input register
; into the output register

; switches DSIN $00
: LEDS DSOUT $80

start: INPUT s0, 00 ; read switches into registe rso
OUTPUT s0, 80 ; write contents of sO to ou tput port 80 - leds.
JUMP start ; loop back to start

Figure 4.2: Simple PicoBlaze program.

2. Save your file toutorial.psm, in thetutorial_2 directory. If using Notepad, be careful not tgesa
the file as tutorial.psm.txt. The name of the §lwould be restricted to 8 characters. Tiiterial_2
directory should now contain the files shown inukg4.3.

B KCPSM3.EXE 5/07/20059:33 AM  Application 89 KB
|| kepsm3.vhd 20/07/2005 8:50 AM  VHD File 67 KB
|| ROM_form.coe 25/01/2002 417 PM  COE File 1 KB
|| ROM_form.v 4/07/2005 6:05 PM W File 15 KB
|| ROM_form.vhd 5/07/20059:39 AM  VHD File 13 KB
|| tutorial.psm 3/12/201212:58 PM PSM File 1 KB

Figure 4.3: Files in the tutorial_2 working directay.

Xilinx Spartan-3E Project Navigator Version 14.3
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4.4 Running the Assembler

As shown in Figure 4.4, the assembler takes.plsen file as input, as well as three Block RAM
initialisation templates. Fifteen different outgilés are produced.

the.vhd output file.

Block RAM
initialization
templates for a
variety of design
flows

Assembled PicoBlaze

code, formatted to initialize
a block RAM for a variety

of design flows

Assembled PicoBlaze

code, formatted for other

utilities

ROM_form.vhd —
ROM_form.v —*>

ROM_form.coe —

In this tutorial, we will bsing

<filename>.psm } PicoBlaze source program

e

KCPSM3.EXE —

passl.dat
pass2.dat
pass3.dat
passd.dat
pass5.dat

L

<filename>.vhd
<filename>.v
<filename>.coe

<filename>.m

<filename>.hex
<filename>.dec

L

<filename>.log
constants.txt

labels.txt

Assembler intermediate
processing files (possibly
useful for debugging
assembly errors)

Assembler report files

Formatted version of input

<filename>.fmt } source program

Figure 4.4: KCPSM3 assembler files [2].

UG129_c10_01_052004

22

The assembler is a DOS executable file, KCPSM3whigh can be run in a DOS Command Prompt

window.

4.4.1 32-bit Operating Systems

1. Open a DOS Command Prompt window by selecting:

Start® All Programs® Accessorie® Command Prompt

2. Use theed command to change into theorial_2 working directory, as shown in Figure 4.5.

EX Command Prompt
Microsoft Windows

[Version 6.1.766811

Copyright <c?> 280? Microsoft Corporation.

H:%>cd h:sspartandEstutorial_ 2

All rights reserved.

(=]l G s

Figure 4.5: DOS Command Prompt window, after changig to working directory.

Xilinx Spartan-3E
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3. Now type the commarkiCPSM3 tutorial.psm, as shown in Figure 4.6.

e

EX Command Prompt L= | ﬂ@

Microzoft Windows [Uerzion 6.1.766811 -
Copyright (c)» 280? Microsoft Corporation. All rights reserved.

H:%>cd h:szpartan3Extutorial_ 2
h:~spartan3Extutorial_2>*KCPSM3 tutorial.psm

Figure 4.6: DOS Command Prompt window, with KCPSM3command typed in.

After entering the commanCPSM3 tutorial.psm, numerous messages should fly past on the
screen, ending with “KCPSM3 successful. KCPSM3 piete”, as shown in Figure 4.7. After the
assembler has successfully run, the working dirgctbould contain many more files, as shown in
Figure 4.12.

E¥ Command Prompt =] 3

PASS 7 — Writing coefficient file
tutorial.coe

PASS 8 — Writing UHDL memory definition file
tutorial.vhd

PASS 9 — Writing UVerdilog memory definition file
tutorial.u

PASS 18 — Writing System Generator memory definition file
tutorial.m

PASS 11 — YWriting memory definition files
tutorial.hex
tutorial.dec
tutorial.mem

KCPSM2 successful.
KCP5HM2 complete.

h:sspartan3Estutorial_ 2>

Figure 4.7: DOS Command Prompt window, after KCPSM3successfully run.

4. Typeexit to close the Command Prompt window.

Xilinx Spartan-3E Project Navigator Version 14.3
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4.4.2 64-bit Operating Systems

The KCPSM3 executable will only work on 32-bit ogiémg systems. If you are using a 64-bit
machine and attempt to run KCPMS3 in a DOS Comnigrodhpt window, the error message shown
in Figure 4.8 will appear.

e

EX Command Prompt L= | ﬂ@

Microzoft Windows [Uerzion 6.1.766811
Copyright (c)» 280? Microsoft Corporation. All rights reserved.

H:%>cd spartanlE-tutorial_2

H:“spartan3Extutorial_2>*KCPSM3 tutorial.psm

Thiz version of H:spartandEstutorial 2~KCPEM3I_EXE iz not compatible with the ve
rzion of Windows you®re running. Check your computer’s system information to see
vhether you need a =86 <32-hit>» or x64 <(64-bit) wversion of the program,. and the
n contact the software publizher.

H:“spartan3Extutorial_ 2>

Figure 4.8: Error message which appears if it is &mpted to run KCPSM3 on a 64-bit machine.

One way to work around this and run KCPSM3 is te tiee DOSbox software, which can be
downloaded frontnttp://www.dosbox.com/

1. Download and run DOSBoOX.

2. Mount the working directory and change into tHisectory. When DOSbox is started up, a
command window which resembles the DOS Command Brreammdow appears. However, it is first
necessary to mount the working directory to a digter before being able to enter this directargl a
run programs. This is done with thrunt command:

mount <drive_letter> <directory>

Figure 4.9 shows the commands entered to mountfzembe into the working directory. In this case,
the working directory is mounted as drive letterThe command: is then used to change into this
directory.

Xilinx Spartan-3E Project Navigator Version 14.3
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E DO5Box0.74, Cpu speed: 3000 cycles, Frameskip 0, Program: DOSBOX EI =] @

Welcome to DOSBox (.74

For a short introduction for new users type: INTROD
For supported shell commands type: HELP

To adjust the emulated CPU speed, use ctrl-F11 and ctrl-F1Z,
To activate the keymapper ctrl-F1.
For more information read the README file in the DOSBox directory.

HAVE FUN?
The DOSBox Team http:.-was.dosbox.com

:5\>SET BLASTER=AZZ0 I7 D1 HS T6

osvmount © hisspartandEstutorial 2
Drive C is mounted as local directory h:sspartandEstutorial 25

Figure 4.9: DOSBox window, commands entered to moaand change into the working
directory.

3. Now type the commartdCPSM3 tutorial.psm, as shown in Figure 4.10.
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E DO5Box0.74, Cpu speed: 3000 cycles, Frameskip 0, Program: DOSBOX EI =] @

Welcome to DOSBox (.74

For a short introduction for new users type: INTROD
For supported shell commands type: HELP

To adjust the emulated CPU speed, use ctrl-F11 and ctrl-F1Z,
To activate the keymapper ctrl-F1.
For more information read the README file in the DOSBox directory.

HAVE FUN?
The DOSBox Team http:.-was.dosbox.com

:5\>SET BLASTER=AZZ0 I7 D1 HS T6

Nrmount c hisspartan3dEstutorial 2
Drive C is mounted as local directory h:sspartandEstutorial 25

:NPKCPSM3 tutorial.psm

Figure 4.10: DOSBox window, with KCPSM3 command typd in.

After entering the commanCPSMS3 tutorial.psm, numerous messages should fly past on the
screen, ending with “KCPSM3 successful. KCPSM3 glete”, as shown in Figure 4.11. After the
assembler has successfully run, the working dirgctbould contain many more files, as shown in
Figure 4.12.
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E DO5Box0.74, Cpu speed: 3000 cycles, Frameskip 0, Program: DOSBOX || =] @

PASS ¢ — Writing coefficient file
tutorial.coe

PASS 8 — Writing VHDL memory definition file
tutorial .vhd

PASS 9 — Writing Verilog memory def inition file
tutorial .v

PASS 10 - Writing System Generator memory definition file
tutorial.m

PASS 11 - Writing memory definition files
tutorial .hex
tutorial .dec
tutorial .mem

KCPSM3 =successful.

KCPSH3 complete.

Figure 4.11: DOSBox window, after KCPSM3 successflylrun.

4. Typeexit to close DOSBox.
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| || COMSTANT.TXT 3/12/20121:56 PM  Text Documnent 1KE
[ KCPSM3.EXE 5/07/20059:33 AM  Application 89 KB
|| kepsm3.vhd 20/07/2005 8:50 AM VHD File 67 KB
| LABELS.TXT 3/12/20121:56 PM Text Documnent 1KBE
|| PASS1.DAT 3/12/20121:56 PM DAT File 1 KB
|| PASS2.DAT 3/12/20121:56 PM DAT File 1KBE
|| PASS3.DAT 3/12/20121:56 PM DAT File 1KB
|| PASS4.DAT 312/20121:56 PM  DAT File 2 KB
|| PASS5.DAT 3/12/20121:56 PM DAT File 2 KB
|| ROM_form.coe 25/01/2002 417 PM COE File 1KB
|| ROM_form.v 4/07/2005 6:05 PM V File 15 KB
|| ROM_form.vhd 5/07/20059:39 AM  VHD File 13 KB
|| TUTORIAL.COE 3/12/20121:56 PM COEFile B KB
|| TUTORIAL.DEC 3/12/20121:56 PM DEC File 6 KB
|| TUTORIALFMT 3/12/20121:56 PM FMT File 1KBE
|| TUTORIALHEX 3/12/20121:56 PM HEX File TKB
|| TUTORIAL.LOG 312/20121:56 PM Text Document 1KB
ﬁ TUTORIAL.M 3/12/20121:56 PM MATLABE Code 4 KB
|| TUTORIAL.MEM 312/20121:56 PM MEM File 8 KB
|| tutcrial.psm 312/200212:58 PM - PSM File 1KE
|| TUTORIALY 3/12/20121:56 PM V File 23 KB
|| TUTORIALVHD 3/12/20121:56 PM VHD File 19 KE

Figure 4.12: Files in the working directory after KCPSM3 successfully run.
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5.0 Procedure Part 2 — Project Navigator

5.1 Startup

Start the Project Navigator software by selecting:

Start® All Programs® XILINX Design Tools® Xilinx ISE Design Suite 14® ISE Design
Tools® 32 bit Project Navigator

or

Start® All Programs® XILINX Design Tools® Xilinx ISE Design Suite 14® ISE Design
Tools® 64 bit Project Navigator

depending on your system. The Xilinx Project Natdg software should start. The initial window
which appears on startup should appear as shotigume 5.1.

File Edit View Project Souwrce Process Tools Window Layout Help

ND2EPL s obx(wa| Lrspr AR =0l rcf]@Q

|Start ~08 X|

Welcome to the ISE® Design Suite
Project commands

R.écmtpm}'gds’
Dotble dick on a project in the list below to open

Additional resources

Tutorisls on the Web
Design Resources
Application Motes.

—— 3

4
B comoe ra e |§§ |mﬁ‘a€nﬁ&f |

Figure 5.1: Project Navigator Software Startup Window.
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5.2 Creating a New Project

1. SelecFile® New Project TheNew Project Wizard will appear.

2. Typetutorial_2 in theName: field.

3. Choosd.ocation: andWorking Directory: as theutorial 2 working directory.
4. Verify thatTop-level source typeis selected asdDL .

5. The properties should now be set as shown iar€i§.2. ClickNextto move to théroject
Settingspage.

=

& Mew Project Wizard

Create New Project

Spedfy project location and type.
Enter a name, locations, and comment for the project
Mame: tutorial_2
Location: H:\spartan3E\tutorial_2

Working Directory: |H:\spartan3E\tutorial_2

B

Description: |

Select the type of top-evel source for the project

Top-evel source type:

HDL [~]

More Info [ Mext l ‘ Cancel |

Figure 5.2: New Project Wizard, Create New ProjecPage.

6. Fill in the properties as follows:

Evaluation Development Boartlone Specifiedor Spartan-3E Starter Board
Product CategonAll
Family: Spartan3E
Device:XC3S500E

Xilinx Spartan-3E Project Navigator Version 14.3
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PackageFG320

Speed Grade#

Top-Level Source TypdiDL

Synthesis ToolXST (VHDL/Verilog)

Simulator:ISim (VHDL/Verilog)

Preferred Languag&HDL

Property Specification in Project FilStore All Values
Manual Compile Ordemunchecked

VHDL Source Analysis StandarsfHDL-93

Enable Message Filteringnchecked

Note if you choosé&valuation Development Boardas Spartan-3E Started Board properties
from Product Category through toSpeedwill be filled in automatically. However, you mus

make sure tha®referred Languageis set to VHDL.

The properties should now be filled in as showRigure 5.3.

=

i
'@\ o New Project Wizard

Project Settings

Specify device and project properties.

Select the device and design flow for the project
Property Mame Value
Evaluation Development Board |None Specified E
Product Category :AII |Z|
Farnily |Spartan3E E
Device | XC35500E |-/
Package FG320 [+]
Speed -4 |E|
Top-Level Source Type HEBLE
Synthesis Tool X5T {'u’HDI._f‘-.n‘eriIrJ_g:I E
Simulator _ISim VHDL Verilog) |E|
Preferred Language 'u’H[_;IL E
Property Specification in Project File | Store all values |E|
Manual Compile Order [
VHDL Source Analysis Standard i VHDL-93 | H
Enable Message Filtering E

More Info | Mext ] [ Cancel

Figure 5.3: New Project Wizard, Project Settings Pge.

Xilinx Spartan-3E Project Navigator Version 14.3



Tutorial 2: Introduction to Using the PicoBlaze kicontroller

7. Click Next to move to thd’roject Summary page, which will appear as shown in Figure 5.4.

o

@ . Mew Project Wizard

Project Summary

Project Mavigator will create a new praject with the following specifications.

-

)

Project:

Project Name: tutorial 2
Froject Fath: H:\spartan3E\tutorial 2

Working Directory: H:\spartan3E\tutorial 2

Description:
Top Lewvel Source IType: HDL

Device:

Device Family: Spartan3E
Device: xc3=2500e
Package: fg3z0
Speed: -4

Top—-Lewvel Source Type: HDL

Synthesizs Tool: X5T (VHDL/Verilog)
Simulator: ISim (VHDL,/Verilog)
Preferred Language: VHDL

Property Specification in Project File:
Manual Compile Crder: false

WVHDL Source Analysis Standard: VHDL-93

Me=zsage Filtering: disabkbled

Store all

m

values

| Fnsh || cancel

Figure 5.4: New Project Wizard, Project Summary Pag.

8. Click Finish to exit the New Project Wizard.
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5.3 Adding Source Files

1. SelectProjec® Add Source as shown in Figure 5.5. A window will appear waliog you to
choose one or more files.

U2 E ;ﬁ| [[] Mew Source...
esan

[ | View: @ @‘Lﬂ E;] Add Copy of Source...

del | Himarchy| New VHDL Library...
pr ), htanal Manual Compile Order

5 £ xc3s500 S S
2, Import Custorn Compile File List...
E Disable Hierarchy Reparsing
= The vig Force Hierarchy Reparse
You car,
P ;ﬁ; Cleanup Project Files...
i using -
m Librarie Archive..

Generate Tcl Script.

Usze:
Design Goals 8 Strategies...

i Design Summary/Reports

> Mo Pro ;
- @ Design Properties...
?3: Me single desi UlETs Selected. |

I | @3 Design Utilities

Figure 5.5: Adding a source file to the project.

2. SelecfTUTORIAL.VHD andkcpsm3.vhdas shown in Figure 5.6. Both files can be seteate
once by clicking on the first filename, holding dothe CTRL key and clicking the second filename.
Alternatively, one file can be selected and stefisrdpeated for the second file.
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P

==

%] Documents

rJ‘ Music

[&5] Pictures

E Videos

M Com puter
&, (C) Default
- (E:) ICCM2012

3. TheAdding Source Fileswindow will now appear as shown in Figure 5.7,vgimg the two files

File name: "TUTORIALVHD" "kcpsm3.vhd"

56:05 PM V File 15KB
58:33 AM  VHD File 13 KB

|| ROM form.
| ROM_form.wvhd

m

|| TUTORIAL.MEM 3/12/2012 2:15 PM MEM File 8 KB
|| TUTORIALV V File 23 KB
|| TUTORIALVHD 3122012 2:15 PM WHD File 13 KB

53 (H:) banks (\\staf
5 (L) QUT Documn

& Add Source
P
Rk | » Computer » (H:) banks (\\staffhome.qut.edu.au’\staffgroupb5) » spartan3E » tutorial 2 » - | 45 | | Search tutorial 2 L |
Organize = MNew folder = - O @
T =
rFaivoiites Mame Date modified Type Size
B Desktop _¥msgs 3/12/2012 2:20 PM File folder
@ Downloads | iseconfig 371272012 2:20 PM File folder
r.. Recent Places = CONSTANT.TXT 3/12/2012 2:15 PM Text Document 1 KB
| || kepsm3.vhd 20/07/2005 850 AM  VHD File 67 KB |
= Libraries | LABELS.TXT 3/12/2012 Z15PM  Text Document 1KB

- | Sources( *.bedt *wvhd *vhdl *v *.| ']

’ Open

| [ concel |

Figure 5.6: Add Source file selection window.

selected to be added to the project. Click OK.

P

. Adding Source Files...

The faollowing allows you to see the status of the source files being added to the project. It
also allows you to specify the Design View assodation, and for YHOL sources the library, for
sources which are successfully added to the project.

=]

File Mame Association Library

1 @i AN (] work

2 @ TUTORIALVHD Al =] work

[

Adding files to project: [ | - of 2 files {0 errors)

| ok || cancel || heb

Figure 5.7: Adding Source Files window.

Xilinx Spartan-3E

35

Project Navigator Version 14.3



Tutorial 2: Introduction to Using the PicoBlaze Micontroller

As shown in Figure 5.8cpsm3 and tutorial will now appear in the Sources window. Double-
clicking on either filename in the Sources window display the file in a tab.

o ISE Project Navigator (P.40xd) - Hr\spartan3E\tutorial 2\tutorial Zuise - |
File Edit WView Project Scurce  Process Tools Window |

OPEHP| Lk & X|wa| = F 2R
:-!Jes.i.gn o D 5’ 5'(-_ i
] [ View: @ Eﬂ} Implementation () @ Simulation
E Hierarchy =
Sall B 'l?’j tutonal_2 i

# E| = 3 xc3s500e-4fg320
E g ;ﬁ; kcpsma3 - low_level_definition (kcpsm3.vhd)
& % _]_ B [ tutorial - low level definition (TUTORIAL VHD)
]
[&

Figure 5.8: kepsm3 and tutorial in the Sources windw.
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5.4 tutorial.vhd and kcpsm3.vhd — Observations

1. Double-click ortutorial in the Sources window. This will display the smiccode in a tab, as

shown in Figure 5.9. It can be seen that Projextigdtor colour codes the text of
make them easier to read.

VDHL files, to

Comment lines, whiatt giith “- -” are displayed in green. Reserved

words of the VHDL language are displayed in bludilev VHDL types are displayed in red.

Everything else is left as black.

o ISE Project Navigator (P.40xd) - Hi\spartan3E\tutorial_2\tutorial 2 xise - [TUTORIAL.VHD] =N <"

File Edit View Project Source Process Tools Window Layout Help NEE
OPEG| L 4obX e+ BRARD] =T 2P L9

Design 0@ x| | o =
1| Views @ @Imphmgnbﬁun S‘mu\aﬁnn ROM for KCPSM3 program defined by tutorial.psm

(5] | Hierarchy 03Dec2012-14:15:35. =|
[j‘EJ i ‘?ﬂtutonalj =
— | & g1 xc3s500e-4fg320

2 [alefs kepsm3 - low level_definition (kep: B
i B [ tutorial - low_level_definition (TUTORLIS

&

=

&)&

# &% ##% "

| Console

20 entity tutorial is & )(' % $$
= 21 Port | address : ir
2 instruction : ot *
| #) No Processes Running 2 s el 2 & &
— 24 end tutorial;
TL | Processes: tutorial - low_level_definition 25 -
{: o ¥ Design Utilities 26 architecture low level definition of tutorial is
i J 27—
P F2  Check Syntax =
e 23 ion
o 30 -
31 attribute INIT_00 : string,
32 attribute INIT_01 : string,
33 attribute INIT_02 : string,
34 attribute INIT_03 : string,
35 attribute INIT_04 : string,
36 attribute INIT_O05 : string,
37 attribute INIT_06 : string,
38 attribute INIT_07 : string,
33 attribute INIT_08 : string,
40 attribute INIT_08 : string,
41 attribute INIT OA& ! string
a7 arrvibmre TNTT OR @ anving i
P W i
& Stort | B3 Desion |I[) Fies | thrares | [ Design Summary Bl utorid. v-p 8|

Launching Design Summary/Report Viewer...
Started ! "Launching ISE Text Editor to edit TUICRIAL.VHD".

| 1 |

[El console [@ Errors |_;‘J Warrings ||ﬁ Find in Files Results

Ln20 Col16 VHDL

Figure 5.9: Source code for tutorial.vhd is displagd in a tab.

A close up of the code for thatorial entity is shown in Figure 4.10. Note that thasresponds to

the Block Memory (Program) component of Figuresehd 3.3.

20 entity tutorial is=s

21 Fort | address : in std logic wvector (9 downto 0);
22 instruction : out std logic wector (17 downto 0):
23 clk : in =std logic):

24 end tutorial;

Figure 5.10: tutorial entity.
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2. Double-click onkcpsm3in the Sources window, to display the source dodekcpsm3.vhd. A
close up of the code for thespsma3entity is shown in Figure 5.11. Note that thisresponds to the
KCPSM3 block of Figures 3.1 and 3.2.

77 entity kcpsm3 is

78 FPort | address out =std logic wvector (9 downto 0);
74 instruction : in std logic wvector (17 downto 0);
80 port_id : out std logic wvector (7 downto 0);
81 write strobe out =2td logic:

82 out_port out =std logic wvector (7 downto 0);
83 read strobe out std logic:

84 in port in =std logic wvector (7 downto 0):
85 interrupt in =std logic;

86 interrupt ack ! out std logic;

87 reset ! in std logics

88 clk : in std logic);

88 end kcpsm3;

Figure 5.11: kcpsm3 entity.
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5.5 Adding a top_level Entity

VHDL code still needs to be written to tie togetliee kcpsm3 andtutorial entities, and also to
interface with the Spartan-3E board. We will ceeaffile called top_level.vhd for this purpose.

1. SelecProject® New Sourceas shown in Figure 5.12. Thiew Source Wizardwill appear.

.o ISE Project Mavigator (P.40xd) - H\spartan3E\tutorial_2\tutorial_2 xise - [TUTORL
File Edit View BIEGTESS Source  Process Tools Window  Layout
02 H0 SR - » 2 ~
Design E Add Source... 5 —— |
[ | View: @ ff mple [iz] Add Copy of Source... & —-— 5t
. T
& | Hierarchy New VHDL Library... & libra
HIEJ =] tutorial 2 Manual Cornpile Order 9 use I
| = £ xc3s500e-2 S 10 use I
ﬂui:t ﬁnﬁ kc.p Import Custorn Compile File List... L. .
&g (v tutoria Disable Hierarchy Reparsing 12 -- _
— Force Hierarchy Reparse s
14 -- =i
Cleanup Project Files... 15 --
E P 16 libra
il Archive... 17 wuse u
Generate Tcl Script... I
19 —
Design Goals & Strategies... 20 entit
21 E
i Design Summary/Reports 22
— - : 23
tzd Design Properties...
&4 Design Prop 4 -
23 -
) i : 26 archi
# | ) No Processes Running 2T _
— 8 -— AT
“-]: Processes: tutorial - low_level_definition 29 -- Th
B | @@ Design Utilities U
— P20  Check Syntax T
H{: 32 attrai
— 33 attri

Figure 5.12: Adding a source file to the project.

2. Select Source Type ®1DL Module .

3. Enter the file name a@sp_level and enter the location of the file (same as ttegept location
entered earlier.

4. Verify that theAdd to project box is checked. The New Source Wizard should appear as
shown in Figure 5.13.
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& New Source Wizard

Select Source Type

Select source type, file name and its location.
EMM File

&% Chip5cope Definition and Connecticn File
EJ Implermnentation Constraints File

S IP (CORE Generator & Architecture Wizard)
MEM File
1] Schematic !
2 System Generator Project File name:
(=] User Document top_level
Verilog Medule _
4] Verilog Test Fiture Location:
'y VHDL Module H:\spartan3Eitutorial _2 u

Add to project
Mare Info Mext ] I Cancel

Figure 5.13: New Source Wizard, Select Source Type.

5. Click Next to go to theDefine Module window.

6. Define the ports (inputs and outputs of the gigsby entering the information as shown in
Figure 5.14. These ports are described as follows:

switches will be an input consisting of 8 bits, amnill be connected with the 4 slide
switches and 4 push buttons on the Spartan-3E.

clk will be an input consisting of 1 bit, and whie connected to the clock input.

LEDs will be an output consisting of 8 bits, andlwe connected with the LEDs on the

Spartan-3E.
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@ o New Source Wizard
Define Module
Specify ports for module.
Entity name |top_level
Architecture name |Behavioral
Port Mame Direction Bus M5B L5B it
switches in |Z| 7 0
clk in =]
LED= out |E|
in l=| = 3
in |E| 0
in |E| [l
in |E| [l
in |E| [ &4
in |E| 0
in =D L
[ Mext l [ Cancel

Figure 5.14: New Source Wizard, Define Module.

7. Click Next to move to thé&summary page, as shown in Figure 5.15.

Xilinx Spartan-3E
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@ . New Source Wizard

Summary

Project Mavigator will create a new skeleton source with the following spedifications,

Add to Project: Yes

Source Directory: H:\spartan3E\tutorial_2
Source Type: VHDL Module

Source Mame: top_level.vhd

Entity name: top_level
Architecture name: Behavioral

Port Definitions:
switches Bus: 7:0 in
ck Fin in
LEDs Bus: 7:0 out

[ Finish ] [ Cancel

Figure 5.15: New Source Wizard, Summary.

9. Click Finish to exit the New Source Wizard.

As shown in Figure 5.1@pp_level will now appear in the Sources window. Doubleilng on
top_levelin the Sources window will display the fil®p_level.vhdin a tab.
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$+)') &
# &%

Figure 5.16: top_level in the Sources window.
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5.6 Editing the top_level Entity

1. Double-click ortop_levelin the Sources window to display the fitep_level.vhdin a tab. The
code for top_level.vhd is shown in Figure 5.17.

/

| #&H#

Figure 5.17: top_level.vhd, as displayed in Projedilavigator, before editing.

The code in Figure 5.17 contains emtity and anarchitecture section. Theentity section defines
the inputs and outputs of this hardware block.thia case these have been automatically added usin
the New Source Wizard.

Thearchitecture section still needs to be written for this module.

2. Replace tharchitecture block in Figure 5.17 with the code in Figure 5d)8ind (b). This code
is a trimmed down version of theitial Design for the Spartan-3E FPGA Starter Kit Board (the
original design shipped with the board), downloaffech [7].

For reference the complete code fop_level.vhdis listed in Appendix A. Note that where VDHL
code is listed in this tutorial, the same colouding as Project Navigator is used, to assist with
readability.

3. Save the file by selectirigle  Savefrom the main menu.
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architecture Behavioral of top_level is
-- declaration of KCPSM3 (always use this declarati
-- up PicoBlaze core)
component kcpsm3
port (address

out std_logic_vector

instruction in std_logic_vector
port_id out std logic_vector
write_strobe : out std logic ;
out_port out std_logic_vector
read_strobe out std logic ;
in_port in std_logic_vector
interrupt in std_logic ;
interrupt_ack : out std logic ;
reset in std_logic ;
clk in std_logic );

end component ;

-- declaration of program memory (here you will spe
-- as your .psm prefix name)
component tutorial
port (address
instruction :
clk :
end component ;

in std_logic_vector
out std_logic_vector
in std_logic );

-- Signals used to connect PicoBlaze core to progra

-- the following input is assigned an inactive valu
-- unused in this example

signal interrupt : std_logic  :='0%

-- Start of circuit description
begin
-- Instantiating the PicoBlaze core
processor: kcpsm3
port map (address => address,
instruction => instruction,
port_id => port_id,
write_strobe => write_strobe,

(9 downto 0);
(17 downto 0);

(17 downto 0);

(7 downto 0);

signal address: std_logic_vector (9 downto 0);
signal instruction : std_logic_vector

signal port_id : std_logic_vector (7 downto 0);
signal out_port : std_logic_vector

signal in_port : std_logic_vector (7 downto 0);
signal  write_strobe : std_logic ;

signal read_strobe : std_logic ;

signal interrupt_ack : std_logic  ;

signal reset: std_logic ;

on to call

(9 downto 0);
(17 downto 0);
(7 downto 0);
(7 downto 0);

(7 downto 0);

cify the entity name

m memory and I/O logic

e since itis

Figure 5.18(a): Architecture of top_level.vhd, partl.
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out_port => out_port,

read_strobe => read_strobe,

in_port => in_port,

interrupt => interrupt,

interrupt_ack => interrupt_ack,
reset => reset,

clk => clk);

-- Instantiating the program memory
program: tutorial
port map (address => address,
instruction => instruction,
clk => clk);

-- Connect I/O of PicoBlaze

————— KCPSM3 Define input ports

-- The inputs connect via a pipelined multiplexer
input_ports: process (clk)
begin
if clk'event and clk="1' then
case port_id(1 downto 0) is
-- read simple toggle switches and buttons at a ddress 00 hex
when "00" =>
in_port <= switches;
-- Don't care used for all other addresses to ensure minimum
-- logic implementation
when others =>
in_port <= "XXXXXXXX";
end case ;
end if ;
end process  input_ports;

-- KCPSM3 Define output ports

-- adding the output registers to the processor at address 80 hex
output_ports: process (clk)
begin
if  clk'event and clk="1' then
if port_id(7)="1' then
LEDS <= out_port;
end if ;
endif ;
end process  output_ports;

end Behavioral;

Figure 5.18(b): Architecture of top_level.vhd, part2.
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After top_level.vhdhas been edited and saved, it will now appedrérSources window as shown in
Figure 5.19. Sincéhe top_levelmodule uses thkcpsm3 andtutorial modules as components, it
has now moved above these modules in the hierarchy.

$+)") &
# &%

Figure 5.19: top_level in the Sources window.
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5.7 top_level.vhd — Code

This section briefly outlines different parts oétbode of the architecture block of top_level.véud

their functions.

48

At the start of the architecture block, tkepsm3 and tutorial components that will be used are

declared, as shown in Figure 5.20.

-- declaration of KCPSM3 (always use this declarati on to call
-- up PicoBlaze core)
component kcpsm3

port (address : out std_logic_vector (9 downto 0);
instruction : in std_logic_vector (17 downto 0);
port_id : out std_logic_vector (7 downto 0);
write_strobe : out std logic ;
out port out std logic_vector (7 downto 0);
read_strobe : out std logic ;
in_port : in std_logic_vector (7 downto 0);
interrupt  : in std_logic ;
interrupt_ack : out std logic ;
reset : in std_logic ;
clk : in std_logic );

end component ;

-- declaration of program memory (here you will spe cify the entity name
-- as your .psm prefix name)
component tutorial

port (address : in std_logic_vector (9 downto 0);
instruction : out std logic_vector (17 downto 0);
clk : in std_logic );

end component ;

Figure 5.20: Component declarations.

Next, the signals which connect the componentopf level, as well as connecting the inputs
outputs to the outside world, are declared in Fdgugl.

and
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-- Signals used to connect PicoBlaze core to progra

signal address: std_logic_vector (9 downto 0);
signal instruction : std_logic_vector (17 downto 0);
signal port_id : std_logic_vector (7 downto 0);
signal out_port : std_logic_vector (7 downto 0);
signal in_port: std_logic_vector (7 downto 0);
signal  write_strobe : std_logic ;

signal read_strobe : std_logic ;

signal interrupt_ack : std_logic ;

signal reset: std_logic ;

signal interrupt : std_logic =04

m memory and I/O logic

Figure 5.21: Signal declarations.

The code in Figures 5.22 to 5.24 appears betweebegin andend statements in the architecture
block. First, the&kcpsm3andtutorial components are instantiated, with ports connaatsignals, as

shown in Figure 5.22.

-- Instantiating the PicoBlaze core
processor: kepsm3
port map (address => address,
instruction => instruction,
port_id => port_id,
write_strobe => write_strobe,
out_port => out_port,
read_strobe => read_strobe,
in_port => in_port,
interrupt => interrupt,
interrupt_ack => interrupt_ack,
reset => reset,
clk => clk);

-- Instantiating the program memory
program: tutorial
port map (address => address,
instruction => instruction,
clk => clk);

Figure 5.22: Component instantiations.
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The code in Figure 5.23 consists of a VHDL proceds. each rising edge of the clock, if the current

port_id is 00h, it copieswitchesinto thein_port of the kcpsma3.
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---- KCPSM3 Define input ports

-- The inputs connect via a pipelined multiplexer
input_ports: process (clk)
begin
if clk'event and clk="1' then
case port_id(1 downto 0) is
-- read simple toggle switches and buttons at a ddress 00 hex
when "00" =>
in_port <= switches;
-- Don't care used for all other addresses to ensure minimum
-- logic implementation
when others  =>
in_port <= "XXXXXXXX";
end case ;
end if ;
end process  input_ports;

Figure 5.23: Input ports.

The code in Figure 5.24 consists of a VHDL proce3a.each rising edge of the clock, if the current
port_id is 80h, it reads theut_port of the kcpsm3 intb EDS.

-- adding the output registers to the processor at address 80 hex
output_ports: process (clk)
begin
if  clk'event and clk="1' then
if port_id(7)="1' then
LEDS <= out_port;
end if ;
endif ;
end process  output_ports;

end Behavioral,;

Figure 5.24: Output ports.
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5.8 Syntax Checking

Syntax checking can be done at this stage, to ctietkhe VHDL code has been entered correctly.
The following steps refer to the Project Navigatoreen of Figure 5.25.

1. Verify that thelmplementation check box toward the top left of the screen hanlselected.
2. Verify that theDesigntab has been selected.

3. Click on the '+’ next taSynthesize — XST This will expand out to show various items, utihg
Check Syntax

219)1 &

v

v

Figure 5.25: Portion of Project Navigator screen vih Synthesize — XST expanded.
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4. Double-click onCheck Syntax After some time, a green tick should appeardse€iheck
Syntax, as shown in Figure 5.26. If instead, a red caygzears, this means a syntax error has
been found. Any errors should be fixed before pedking. For example, in Figure 5.27, a syntax
error has been purposely made, in that a spackd®sleft between “LED” and “S” in “LEDS”.

If a syntax error has been found, an error messhgeld appear in thEonsole Window which
should assist with diagnosing and fixing the problgee Figure 5.27).

&#O 1
#0 , 1

v

Figure 5.26: A green tick next to Check Syntax shosvthat no errors were found.

%# 1 # %*& &- $H*
#0 , 1 45 %45(
/ [

Figure 5.27: Example where an error was purposelyniroduced. A red cross next to Check
Syntax indicates that an error was found.
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5.9 Pin Assignment

Recall that the VHDL code for thiep_levelentity is:

entity  top_level is
Port ( switches : in  STD_LOGIC_VECTOR (7 downto 0);
clk : in STD_LOGIC;
LEDs : out STD _LOGIC _VECTOR (7 downto 0));

end top_level;

We wish to connect the inputs and outputs of tipe level entity to the switches, buttons, LEDs and
clock on the Spartan-3E board. For example, wé wisread inputs switches(0-3) from the four
slider switches. These are connected to pins L18, H18 and N17 of the FPGA chip. Similarly,
we wish to read inputs switches(4-7) from the fpush buttons on the board. The North, South,
East and West push buttons are connected to pinskd#, H13 and D18 of the FPGA. Also, we
wish to connect the output LEDs(0-7) to the eigBiDis on the board, corresponding to pins F12,
E12, E11, F11, C11, D11, E9 amd F9 respectivahally, we wish to connect the clk input to the
50MHz on board clock, which is pin C9 of the FPGA.

For each input and output port of the top_leveltgnTable 5.1 lists the name of the device on the
Spartan-3E board that we wish to connect the por description of what it physically corresponds
to (clock, slider switch, push button or LED), a&hé FPGA pin number that it is connected to. This
information comes from the Spartan-3E FPGA StatteBoard User Guide [1].

Port name Spartan-3E board device name DescriptionFPGA pin
clk CLK_50MHz Clock C9
switches(0) SWO0 Slider switch L13
switches(1) Swi Slider switch L14
switches(2) SwW2 Slider switch H18
switches(3) SW3 Slider switch N17
switches(4) BTN_North Push button V4
switches(5) BTN_South Push button K17
switches(6) BTN_East Push button H13
switches(7) BTN_West Push button D18
LEDs(0) LDO LED F12
LEDs(1) LD1 LED E12
LEDs(2) LD2 LED E11
LEDs(3) LD3 LED F11
LEDs(4) LD4 LED Cl1
LEDs(5) LD5 LED D11
LEDs(6) LD6 LED E9
LEDs(7) LD7 LED F9

Table 5.1: Input/output ports of the top_level entiy; and the name, description and FPGA pin
no. of the devices on the Spartan-3E board that theorts will be connected to.

The following steps are used to connect the inpats outputs to the switches, buttons and LEDs on
the Spartan-3E board:
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1. As shown in Figure 5.28, click on the ‘+' next tiser Constraints This will expand out to
show various items, includingO Pin Planning (PlanAhead) — Pre-Synthesis

v

2 &) &- /
6) %78

, &

Figure 5.28: Portion of Project Navigator screen, vth User Constraints expanded.

2. Double-click on 1O Pin Planning (PlanAhead) — Pre-SynthesisThe first time this is done, the
window of Figure 5.29 will appear, asking whethas iOK to create a UCF file. Clickes

Figure 5.29: Dialog Box asking if you wish to cre& an Implementation Constraint File.

3. After clicking Yesin Figure 5.29, thé&lanAhead window of Figure 5.30 will appear. Click on
the I/O Ports tab, and then th#oat frame icon. This displays the I/O Ports in a separate
window, as shown in Figure 5.31.
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Figure 5.30: Initial appearance of PlanAhead window

4. Click on the ‘+' next toLEDs(8), switches(8)and Scalar ports(1) in Figure 5.31. This will
display all individual input/outputs as shown igie 5.32.

Figure 5.31: 1/0 Ports displayed in a separate winalw.

Xilinx Spartan-3E Project Navigator Version 14.3

55



Tutorial 2: Introduction to Using the PicoBlaze kicontroller

Figure 5.32: 1/0 Ports window with individual ports expanded.

5. Enter theSite, I/O Std, Drive Strength, Slew Type and Pull Type columns, with the values
given in Table 5.2. ThBank andVcco columns will be filled in automatically when tigite
andl/O Std columns respectively are filled in.

Port Site I/O Std Drive Strength  Slew Type Pull @yp
LEDs(7) F9 LVTTL 8 SLOW

LEDs(6) E9 LVTTL 8 SLOW

LEDs(5) D11 | LVTTL 8 SLOW

LEDs(4) C11 LVTTL 8 SLOW

LEDs(3) F11 LVTTL 8 SLOW

LEDs(2) E11 LVTTL 8 SLOW

LEDs(1) E12 LVTTL 8 SLOW

LEDs(0) F12 LVTTL 8 SLOW

switches(7) D18 | LVTTL PULLDOWN
switches(6) H13 | LVTTL PULLDOWN
switches(5) K17 | LVTTL PULLDOWN
switches(4) V4 LVTTL PULLDOWN
switches(3) N17 | LVTTL PULLUP
switches(2) H18 | LVTTL PULLUP
switches(1) L14 LVTTL PULLUP
switches(0) L13 LVTTL PULLUP

clk C9 LVCMOS33

Table 5.2: Values to enter in the 1/O Ports window.

The 1/0 Ports window should now appear as showviigare 5.33.
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Figure 5.33: 1/0 Ports window with values filled in

6. Click the Save button in the PlanAhead window (location of Sawetdn is shown in Figure
5.30), to save the entered pins. The PlanAheadamircan be closed at this stage.

Xilinx Spartan-3E Project Navigator Version 14.3
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5.10 Synthesize, Translate, Map, and Place & Route

The next stage involves going through the Syntleesizanslate, Map and Place and Route Steps.
These steps are carried out by the Project Navigaftware, and are briefly described as follows:

Synthesize: generates netlists for each source file
Translate: merges multiple files into a singleisetl
Map: the design is mapped to slices and I/O blocks.

Place and Route: works out how the design is tgplaeed on the chip and components
connected.

1. As shown in Figure 5.34, click on the ‘+’ next lmplement Design This will expand out to
show theTranslate, Map andPlace & Routestages.

%) !
&-

v

Figure 5.34: Portion of Project Navigator screen, vth Implement Design expanded.
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2. Double-click on Implement Design. This will firglause Synthesize — XST to run. Next,
Translate, Map and Place & Route will run in tudss each stage is completed, a green tick will
appear next to it. If there are warning messagesyastage, a yellow icon with an exclamation
mark will appear. The user can inspect these mwgrmessages and decide whether they are
critical to the design. After all three stages @mplete, the Project Navigator screen will appear
as shown in Figure 5.35.

Figure 5.35: Portion of Project Navigator screen, vth Implement Design expanded, after
Translate, Map and Place & Route have successfulleen run.
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5.11 Download Design to Board

The next steps involve generating the program ditel downloading it to the Spartan-3E board using
iIMPACT.

1. As shown in Figure 5.36, click on the ‘+’ next@onfigure Target Device This will expand out
to show theMlanage Configuration Project (iMPACT) option.

- 1&- &)
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v

Figure 5.36: Portion of Project Navigator screen, vth Implement Design expanded.
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2. Double-click onGenerate Programming File When this has successfully run, a green tick wil
appear next teenerate Programming Fileas shown in Figure 5.37.

3. Connect the power cable and the USB cable to treet&p3E board (refer to Figure 2.1 for
locations of the power and USB plugs). Plug th&ld&ble from the Spartan-3E into the PC, and
make sure the Sparan-3E board is switched on.

Figure 5.37: Portion of Project Navigator screen, fier Generate Programming File has
successfully been run.
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4. Double-click onManage Configuration Project (iMPACT). The iIMPACT window should
appear as shown in Figure 5.38.

Figure 5.38: The initial IMPACT window.
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5. Double-click on Boundary Scan as shown in Figui@95. The message “Right click to Add
Device or Initialize JTAG Chain” should appear he right.

% , #

3

- $%

Figure 5.39: IMPACT window, after double-clicking an Boundary Scan.
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6. Right click on the text “Right click to Add Deviaw Initialize JTAG Chain”, and selebtitialise
Chain, as shown in Figure 5.40.

Figure 5.40: IMPACT window, showing Initialize Chain selected.
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7. After a while, a picture of a “chain” should appeglbng with the messaddentify Succeededn
a blue box (Figure 5.41). The first chip, tte8s500eis the FPGA chip that we wish to program.
The other twoxcfO4sandxc2c64a are other chips on the board that will be bypésse

A dialog box, asking “Do you wish to continue aredest configuration file(s)?” will appear, as
shown in Figure 5.41. Clickes

Figure 5.41: IMPACT window, assign configuration fles.
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8. The Assign New Configuration File window will appear (Figure 5.42).  Select theefil
“top_level.bit”, and clickOpen. This associates the file top_level.bit with #@8s500e.

Figure 5.42: IMPACT window, assigning the configuréion file for the xc3e500e.
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9. A message stating “This device supports attaclesthfPROMs. Do you want to attach an SPI or
BPI PROM to this device?” will appear (Figure 5.43)his is not needed for this design. Click
No.

Figure 5.43: IMPACT window, dialog box asking if wewish to attach an SPI or BPI PROM.
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10. The Assign New Configuration Filewindow will appear again (Figure 5.44). In thi&se click

Bypass This ensures that the xcfO4s is bypassed.

Figure 5.44: iIMPACT window, bypassing the xcfO4s.
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11. The Assign New Configuration Filewindow will appear yet again (Figure 5.45). Agalick

Bypass This ensures that the xc2c64a is bypassed.

Figure 5.45: IMPACT window, bypassing the xc2c64a.
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12. A window entitledDevice Programming Properties — Device 1 ProgrammiProperties will
appear (Figure 5.46). ClicBK.

Figure 5.46: IMPACT window, Device Programming Progrties dialog box.
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13. The iMPACT window should now appear as shown irufFegh.47. Right click on the xc3e500e
chip (Figure 5.48) and seldetogram.

Figure 5.47: IMPACT window, showing the device chai.

Figure 5.48: IMPACT window, options which appear wken right clicking on the xc3s500e.

Xilinx Spartan-3E Project Navigator Version 14.3

71



Tutorial 2: Introduction to Using the PicoBlaze kicontroller

14. The program should now be downloaded to the Spa&famoard. After the download is
complete, the message “Program Succeeded” willagpea blue box (Figure 5.49).

Figure 5.49: IMPACT window, after the program has keen successfully downloaded to the
Spartan-3E board.
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6.0 Running the Program on the Spartan-3E Board

The Spartan-3E board after downloading the progrsnshown in Figure 6.1. Note that the
appearance of the LCD screen may differ from wkashiown. The LCD screen will normally
continue to display whatever was being displayethatinstant the new program was downloaded.
The LCD screen is not used in this tutorial.

Z I

+ + ;< =

Figure 6.1: The Spartan-3E board with the program unning.

Now the program can be tested on the Spartan-3&t. the slider switches, SW0, SW1, SW2 and
SWa3, the switch in the UP position indicates that $witch is on. LDO-LD3 should switch on when
SW0-SW3 are on. LD4-LD7 should switch on when BNgrth, BTN_South, BTN _East and
BTN_West are pressed.
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7.0 Further Information

For further information about this tutorial, pleasetact:

Dr. Jasmine Banks
School of Electrical Engineering and Computer Szen

Queensland University of Technology
GPO Box 2434, Brisbane 4001,
AUSTRALIA

Email: [.banks@qut.edu.aor jbanks@ieee.org
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Appendix A — top_level.vhd

-- Company:

-- Engineer:

-- Create Date: 15:42:06 12/03/2012

-- Design Name:

-- Module Name: top_level - Behavioral
-- Project Name:

-- Target Devices:

-- Tool versions:

-- Description:

-- Dependencies:

-- Revision:

-- Revision 0.01 - File Created
-- Additional Comments:

library IEEE;
use |EEE.STD LOGIC 1164. ALL;

-- Uncomment the following library declaration if u sing
-- arithmetic functions with Signed or Unsigned val ues
--use IEEE.NUMERIC_STD.ALL,;

-- Uncomment the following library declaration if i nstantiating
-- any Xilinx primitives in this code.

--library UNISIM;

--use UNISIM.VComponents.all;

entity  top_level is
port ( switches : in STD_LOGIC_VECTOKZ downto 0);
clk: in STD_LOGIG
LEDs : out STD_LOGIC VECTOKZ downto 0));

end top_level;

architecture Behavioral of top_level is
-- declaration of KCPSM3 (always use this declarati on to call up PicoBlaze
-- core)
component kcpsm3
port (address : out std_logic_vector (9 downto 0);
instruction : in std_logic_vector (17 downto 0);
port_id : out std logic_vector (7 downto 0);
write_strobe : out std logic ;
out port out std_logic_vector (7 downto 0);
read_strobe : out std logic
in_port : in std_logic_vector (7 downto 0);
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interrupt in std_logic ;
interrupt_ack : out std logic ;
reset : in std_logic ;
clk : in std_logic );

end component ;

-- declaration of program memory (here you will spe
-- as your .psm prefix name)
component tutorial

port (address in std_logic_vector

instruction : out std logic_vector
--proc_reset : out std_logic; --Used by JTAG Loade
clk : in std_logic );

end component ;

-- Signals used to connect PicoBlaze core to progra

signal address: std_logic_vector (9 downto 0);
signal instruction : std_logic_vector (17 downto
signal port_id : std_logic_vector (7 downto 0);
signal out_port: std_logic_vector (7 downto 0);
signal in_port : std_logic_vector (7 downto 0);
signal  write_strobe : std_logic

signal read_strobe : std_logic

signal interrupt_ack : std_logic

signal reset: std_logic ;

-- the following input is assigned an inactive valu
-- unused in this example

signal interrupt : std_logic  :='0";

-- Start of circuit description
begin
-- Instantiating the PicoBlaze core
processor: kcpsm3
port map (address => address,
instruction => instruction,
port_id => port_id,
write_strobe => write_strobe,
out_port => out_port,
read_strobe => read_strobe,
in_port => in_port,
interrupt => interrupt,
interrupt_ack => interrupt_ack,
reset => reset,
clk => clk);

-- Instantiating the program memory
program: tutorial
port map (address => address,
instruction => instruction,

cify the entity name

(9 downto 0);
(17 downto 0);

m memory and I/O logic

e since itis
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--proc_reset => reset, --Used by JTAG Loader
clk => clk);

-- Connect I/O of PicoBlaze

-- KCPSM3 Define input ports

-- The inputs connect via a pipelined multiplexer

input_ports: process (clk)
begin
if  clk'event and clk="1"' then

case port_id(1 downto Q) is
-- read simple toggle switches and buttons at a
when "00" =>
in_port <= switches;
-- Don't care used for all other addresses to
-- logic implementation
when others =>
in_port <= "XXXXXXXX";
end case ;
end if ;
end process  input_ports;

-- KCPSM3 Define output ports

-- adding the output registers to the processor at

output_ports: process (clk)
begin
if  clk'event and clk="1' then
if port_id(7)="1' then
LEDS <= out_port;
endif ;
endif ;

end process  output_ports;

end Behavioral;

ddress 00 hex

ensure minimum

address 80 hex

Xilinx Spartan-3E

Project Navigator Version 14.3

82



Tutorial 2: Introduction to Using the PicoBlaze kicontroller

Xilinx Spartan-3E

Project Navigator Version 14.3

83



