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Integrating a picoblaze processor in LabVIEW
FPGA by use of CLIP node

Keywords: LabVIEW, LabVIEW FPGA, Xilinx SPARTAN3E Starter Kit,
VHDL, picoblaze, assembler, CLIP node.

X‘[‘\‘ 2009 Vincent Claes

xios Hogeschool Limburg



Introduction

Welcome to Lab 4 in the series of programming a SPARTAN3E
Starter Kit by use of LabVIEW FPGA. These labs are created by
Vincent Claes. If you encounter problems using this labs or
want some advice/consultancy on LabVIEW and especially LabVIEW
FPGA you can always contact the author.

These labs are free to use however to show respect to the
author please email him when you use them with your contact
details (feedback is also welcome).

Contact Information:

Vincent Claes

claesvincent@gmail.com
http://www.linkedin.com/in/vincentclaes

Software Requirements:

e LabVIEW 8.6 or above

e LabVIEW 8.6 FPGA module

e XUP Spartan3E starter board: download for free from:
https://lumen.ni.com/nicif/us/infolvfpgaxilsprtn/content.
xhtml

e CLIP XML Generator (CXG) 1.1.0 or above (see NI website)

e pBlazIDE (http://www.mediatronix.com/pBlazelIDE.htm)

e KCPSM3.vhd

e ROM form.coe

e ROM form.vhd

e KCPSM3.exe

Hardware Requirements:

e Xilinx Spartan3E Starter kit:
http://www.xilinx.com/products/devkits/HW-SPAR3E-SK-US-
G.htm

e User manual:
www.x1linx.com/support/documentation/boards and kits/ug23
0.pdf

Knowledge:

e Assembler

e VHDL

e CLIP node

e LabVIEW FPGA
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Step 1l: Create LabVIEW FPGA
Project for Xilinx Spartan 3E
starter board.

Like in all the previous labs you have to setup a LabVIEW FPGA
Project where vyou add the Spartan 3E Starter board as a
target. If you have troubles doing this you best review labs
1-2 and 3.

Add as FPGA I/0 the Slides Switches, the Push Buttons and the
Discrete LEDs (see figure below).

! Project Explorer - Lab 4 PicoBlaze.lvproj

File Edit “iew Project Operate Tool: Window Help

el nX|IsemE-e ol

Items | Files |

B ﬂjg Project: Lab 4 PicoBlaze. vpraj
& 8§ My Computer
E- @ FPGA Target (Devl, Spartan-3E Starter Board)
B [/ Slide Switches
- g, IO
g‘_' 5w
&, Sw2
gf-' Swi3

B[/ Push Buttons
&, BTN_MWORTH
- g, BTM_EAST
- f, BTMN_WEST
- g, BTN_SOUTH

ROT_CEMTER
B [/ Discrete LEDs

- %, LEDO
&, LEDT
- &, LEDZ
-, LED3
. & LED4

&, LEDS
- d, LEDE

LED?

OnboardClock
. T—g Dependencies
- 4 Build Specifications
_-'z? Dependencies
‘% Build Specifications
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Step 2: use pBlazIDE to program
a psm file that will run on the
picoblaze softcore processor.

Make sure vyou download pBlazIDE to program your picoblaze
application in assembler. Download it from:
http://www.mediatronix.com/pBlazeIDE.htm.

For this lab we don’t use it because we are going to use an
assembler program that I have created already for you.

Create a psm file (lvfpga.psm) 1in notepad and paste the
following code into it:

;Programmed by Vincent Claes
;http://pwo.fpga.be

INPUT s0, 00
OUTPUT s0, 01
JUMP 000

Since this is not a lab on assembler I am not going to explain
the code here. If vyou need support on coding the picoblaze
processor with your assembler code please see the following
file:

http://www.xilinx.com/support/documentation/ip documentation/u

gl29.pdf

Step 3: KCPSM3 tool to generate
a VHDL file.

In this step you are going to generate a VHDL file that
contains your program (see picoblaze user guide ugl29.pdf)

Copy the following files into the map where you have the
labviewfpga.psm file created: KCPSM3.EXE, ROM form.vhd,
ROM form.coe and kcpsm3.vhd . You can find these files in the
solution zip file.

Go to the Windows command prompt and execute the following
command in the map where you have placed these files:

KCPSM3.EXE Ivfpga.psm

If this exe gives the following output it is ok (the error
message about ROM form.v is normal since we use the
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ROM form.hdl - search in google for difference in verilog and
vhdl hardware description languages) :

o C:AWINDOWShspstem3Zicmd. exe

PASS 6 — Writing assembler log file *lufpga.log’.
PASS 7 — Writing coefficient file ‘'lufpga.coe’.

PASE 8 — Writing UHDL memory definition file ‘lvfpga.vhd’.

PASS 2 — Writing Uerilog memory definition file ' Ivfpga.v’.

ERROR — Could not locate file called ‘ROM_form.u’.
Fleaze make thiz file availahle to HKCPSM3.
ROM_form.v iz used to define the program
memory in Uerilog. It can bhe used for synthesis
and simulation.

KCPEM3 complete.

C:SDOCUME™1sUincent~BUREAU™1-\LAB4PI ™1 *KCPSM3 .EXE luf

Check if in your map the lvfpga.hdl file is created.

Most of the problems I have seen are users who use a different
ROM form.hdl that includes a BSCAN macro. LabVIEW FPGA will
then generate an error because you are using 2 BSCAN blocks
and there is only 1 available.

Step 4: Build top VHDL file to
connect the ROM and KCPSM3 hdl
file.

Now we have a description for our program in vhdl (lvfpga.vhd)
and our softcore picoblaze processor (kcpsm3.vhd). We need to
connect those 2 vhd files together to have a working system. I
will be doing this in another vhd file. You can do this also
in LabVIEW (maybe in another future lab ;-) )

When building a new top vhd file we need to think about
LabVIEW variable types. You can read some thinks about it on
the NI website: http://zone.ni.com/devzone/cda/tut/p/id/7444.

Create a new .vhd file and name it picoblazesystem.vhd. (You
can create vhd files in notepad.)
Paste the following code into it:

-- Created by Vincent Claes
-- http://pwo.fpga.be

library IEEE;

X/L‘\‘ 2009 Vincent Claes

G


http://zone.ni.com/devzone/cda/tut/p/id/7444

use IEEE.STD_LOGIC_1164.ALL;
use IEEE.STD_LOGIC_ARITH.ALL;
use IEEE.STD_LOGIC_UNSIGNED.ALL;
entity picoblazesystem is
Port ( switches : in std_logic_vector(7 downto 0);
LEDS : out std_logic_vector(7 downto 0);
clk : in std_logic);
end picoblazesystem;

architecture Behavioral of picoblazesystem is

-- declaration of KCPSM3 (always use this declaration 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 specify the entity name as your .psm
prefix name)
component Ivfpga
Port ( address : in std_logic_vector(9 downto 0);
instruction : out std_logic_vector(17 downto 0);
clk : instd_logic);
end component;
-- Signals used to connect PicoBlaze core to program memory and 1/O logic

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;
-- the following 2 inputs are assigend inactive values since they are unused in this
example
signal reset - std_logic :='0";
signal interrupt  : std_logic :='0";
-- Start of circuit description
begin

-- Instantiating the PicoBlaze core

processor: kcpsm3

port map(  address => address,
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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: lvfpga
port map(  address => address,
instruction => instruction,
clk => clk);
-- Connect 1/O of PicoBlaze
in_port <= switches;
LEDS <= out_port;
end Behavioral;

Step 5: Use CLIP XML Generator
to generate the XML file.

Download the CLIP XML Generator from the NI website:
http://zone.ni.com/devzone/cda/epd/p/id/ 6068

Startup the CLIP XML Generator and select the Top-level VHDL
file (picoblazesystem.vhd).
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& CLIP XML Generator.vi

e

-/ Top-Level HOL File | =3
oL

¥ UseYHDL
File Mame

|P Declaration Mame |

= =

# Select the WHDL file that containg pour CLIF's top-level entity. Then choose a
declaration name to appear in the LabWIE CLIP wWizard.

* Select the top-level entity from the file you have chogen,

= Add paths to all ¥HOL files needed to compile the CLIP.

Select the Top-Level Entity

Add Paths to Implementation Files and Folders

AddPath | Remove Path |

;l Recurse | File ar Folder

|-]

.

Cancel | << Back | Mext > | Finish

Click "“Add Path”

and lvfpga.vhd
[ CLIP XML Generator_vi

Top-Level YHOL File [ picoblazesystem YHD =2

¥ UseHDL
File Mame

CLIP Declaration Mame |picoblazesystem

and add the following vhd files:

kcpsm3.vhd

I =

* Select the WHDL file that containg pour CLIF's top-level entity. Then choose a
declaration name to appear in the LabWIE CLIP wWizard.

* Select the top-level entity from the file you have chozen,

& Add paths to all WHDL files needed to compile the CLIP.

Select the Top-Level Entity

Add Paths ta Implementation Files and Folders

- , AddPath | Remave Path |

Recurse | File or Folder

—
|-l

picoblazesypstem YHD

.

Cancel | << Back | MNext >» | Finish
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& CLIP XML Generator.vi = =] ]

# Select the WHDL file that containg pour CLIF's top-level entity. Then choose a

Top-Level vHDL Filelpicoblazesystem.\-"HD (= | declaration name to appear in the Lably|EMW CLIP Yizard.
CLIP Declaration Name |picoblazesystem ¥ Use YHOL * Select the top-level entity from the file you have chogen,
File Narme o Add paths to all VHDL files needed to compile the CLIP.
Select the Top-Level Entity Add Paths to Implemertation Files and Folders Add Fath | Remave Path |
Recurse | File ar Folder [ =]
picoblazesypstem YHD
IWFPGANHD
kcpzm3. vhd

=N ;l;l

Cancel | << Back | Mext > | Finish

Click the “next button”.

[l CLIP XML Generator. i =] B2

Drag signals from your WHOL port list inta the appropriate CLIP interface(s).
® You don't have to use all the signals fram pour YHDL.
Uiressiaed Sl e e T ® Ay signals added to the Socket interface must be defined exactly as required

[ HDL Signal by your socket.
Y
LEDS i

_j ® ‘f'ou may not define both a Socket and a LabWIEW interface.
switches |
\.abVIEW Interface
>

// HOL Signal Labt B M amme Signal Tupe  Direction Data Type  FreqMin - FreqMax ;I

Socket Interface
HOL Signal LabWIEWS Mame Signal Type  Direction Data Type  FregMin  FregMax ;I

= =

Cancel | << Back | MNext >» | Finish

Move the “clk”, “LEDS” and “switches” to the LabVIEW Interface
“HDL Signal”.
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& CLIP XML Generator.vi = =] ]

Drag signals from your WHOL port list inta the appropriate CLIP interface(s).
® You don't have to use all the signals fram pour YHDL.

Ui Sl e Bt ® Any signals added to the Socket interface must be defined exactly as required
- by wour socket,
;I HOL Signal ® ‘fou may not define both a Socket and a LabvIEW interface.

LabWIE' Interface

HOL Sighal LabWIEWS Mame Signal Type  Directioh Data Tupe  FreqMin  FregMax ;I
clk. clk
LEDS LEDS
switches awitches
|

Socket Interface
HOL Signal LabWIEWS, Mame Signal Type  Direction Data Tupe  FregMin  Fregkax d

Cancel | << Back | Mext > | Finish

Make the following settings for the “Signal Type”, “Direction”
and “Data Type”, the “Freg Min” and “Freqg Max” settings for
the clock are a little buggy © we will manipulate them in the
next paragraph (be carefully, those settings need to be
correct!):

[ CLIP XML Generator. vi M= B

Drrag signals fram your YHOL part list into the apprapriate CLIP interface(s).
* You don't have to uze all the signals from wour YHOL.

UnessEred Sk Asynchionous Resst & Any signals added to the Socket interface must be defined exactly as required
- by pour socket.
d HOL Signal » 'ou may not define both & Socket and a LabVIE'W interface.

LabWIE' Interface

HDL Signal LabtIEW M ame Signal Type  Direction [ata Type  FreqMin FreqMas o
LEDS LEDS Data From CLIF | L& n'a n'a
switches switches Data To CLIF g na na

|

Socket Interface
HOL Sighal

Sighal Type  Direction Data Tupe  Freq Min FreqMax;I

|

Cancel < Bark New>s | Frish

Click the “Next button”.
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& CLIP XML Generator.vi

XML File: Path

picoblazesystem. xml

ML File Content

C:\Documents and Setings\WincentsBureaubladiLab 4 PicoBlazet, —1

=l

= =

problem(z).

Werify the contents of the CLIP XL

® |f the =ML iz comect. click "Finizh' to write it ta the file path shown.
# IFitiz incomect, click "Back" ta returm to the previous pages and carect the

<Formattfersion:1.0</F ormatfersion:

<ImplermentationList>

¢Pathz picoblazesystem WHD < /Pathe:
<Path: LVFPGANVHD </Path:

<Pathz kepam3. vhd< /Path:

< AmplementationLists:

<Interfacelist:

<Interface Name="Labi/|E'W 0"

<Signallizt>
<Signal Mame="clk">
<HDLMame>clk< /HDLM ames

£ 2umnl wersion="1.0" encoding="UTF-8" standalone="na" #>
<CLIPDeclaration Mame="picoblazesystem'>

<HDLM ame>picoblazespstemd /HO LM ames

¢InterfaceT yper LabWIE'w'< Anterface T ype:

|»

<D atatypes
<Booleanss
</Datatyper
<D_ilecti0n>TOELIF'<x’D!recti0n> -
Cancel << Back MNext >» | Finish
Click the “Finish” button.

Now go back to your map where you where working
picblazesystem.xml
In notepad we are going to set the

there 1is
notepad.

an

file.

“Freq Max” settings for the clock.

X
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MHaam Groottel Type | Gewizigdop ~
=] picoblazesystem 2kB  HML-document 31842009 10:49 Ak
m picoblazesystem 3kB  YHD-bestand 3/18/2009 10:37 AM
PASSE kB DAT-bestand 3/18/2009 10:16 AM
PASS4 4kB DAT-bestand 3/18/2009 1016 AM
PASS3 3kB DAT-bestand 3/18/2009 10:16 AM
PAS52 3kB DAT-bestand 3/18/2009 1016 AM
PASST 3kB DAT-bestand 3/418/2009 10116 AM
LWFPGA AT 1kB FMT-bestand 3/18/2009 10:16 AM
LYFPGA COE 9kB COE-bestand 3/18/2009 1016 AM
m LWFPGEA ‘B WHD-bestand 3/18/2009 10:16 AM
[Z] LVFPGA «8  Tekstdocument 3/18/2009 1016 AM
[£] LABELS TkB  Tekstdocument 3/418/2009 10116 AM
[Z] COMSTANT 1kB  Tekstdocument 3/18/2009 10:16 AM
m lvfpga 1kB  PSM-bestand 3/18/2009 1016 AM
Lab 4 PicoBlaze. sliazes TkE ALIASES-bestand 341842003 10:17 AM
Lab 4 PicoBlaze. lvips 1kB L¥LP5-bestand 3/418/2003 3:51 AM
[l Lab 4 PicoBlazs 18kE  LabVIE'W Praoject 3418/2009 3:51 AM
=] picotest? 2kB  XML-document 341772009 10:09 AM
m kepsm3 E7 kB WHD-bestand 3/4/2009 8:01 PM
?J pBlazIDE 1.445 kB Toepassing 10/20/2008 4:04 P
ROM_form.coe 1kB COE-bestand 6/22/2006 4:01 Pk
m ROM_form 13kE  WHD-bestand B/22/2006 4:01 P
Fkcrsmz 88 kB Toepassing B/22/2008 4:01 Ph
) CLIP #ML Generator [CG)1.1.0 Bestandsmap 341842009 10:40 Ak
2009

Open

and see if
this fill with
“Freq Min” and
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Place the value of 100M between the <Max> </Max> XML tags and
the value 1M between the <Min> </Min> tags, save the file and
close it.

:'. picoblazesystem - Kladblok =1=]=]
Bestand Bewerken Opmaak Beeld Help
<7xm] wersion="1.0" encoding="UTF-8" standalone="no" 7> =]

<CLIPDeclaration Mame="picoblazesystem":
<Formatversion:Ll.0</Formatversions
<HDLName>picohlazesystem<HOLNama>
<ImplementationList>
<Path>picoblazesystem.vHD</Path:>
<Path>LVFPGA. VHD</Path>
<Pathrkcpsm3.vhd</Path>
</ImplementationList>
<InterfacelList:>
<Interface Mame="LabVIEWD">
<InterfaceTypesLabvIEw</InterfaceTypes
<signalLists
<signal mame="clk"s>
<HDLMame>c Tk < HDLMame:
<batatype>
<Boolean,>
</Datat¥pe>
<Direction>ToCLIP</Direction:
<signalTyperclock</SignalTyp
<FreglnHertzs
<Maxz=100M</Max>
<m T n1Mp M s
</FregqInHertz>
</signals>
<signal Mame="LEDS">
<HDLMame>LEDS<,/HDLMame>
<Datatyper
<UB/ >
</Datatype>
<DirectionzFromCLIP</Direction:
<signalType>data</signalType>
</signal>
<signal mame="switches">
<HDLMame>switches</HDLNames
<Datatypes
<UB/ >
</Datatype:
<Direction>ToCLIP</Direction:
<signalTypesdata<s/signalTypes
</signals>
</signalLists
</Interfaces
</Interfacelists
</CLIPDecClarations

Step 6: Import CLIP.

Now it is time to go back to your LabVIEW environment. Go to
the previously created LabVIEW FPGA project. Do a right
mouseclick on your Xilinx Spartan 3E Target.
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]

k2! Project Explorer - Lab 4 PicoBlaze Ivproj

d File Edit View Project Operate Tools Window Help |

E en Eeeld

= AaBbi
Eim e = =
JoSe [x D0 X ek @& ol o
Items | Fikes |
=3 IT_gg, Project: Lab 4 PicoBlaze lvproj
B B My Computer ‘
Slide Switches b
Push Buttons Start IP Generator...
Discrete LEDs -
OnboardClock Execule Yl on »
Dependencies Add »
"% Buid Specifications -
' Deperdenciss Arrange by 3

Expand All
Collapse 4l

Build Specifications

Remove fram Project
Rename... F2

Help.

LabVIEW

B projec

obla:

Check the “run when loaded to FPGA” checkbox and then select
the “Component Level IP” selection on the left side of this
window.

B FPGA Target Properties

Categary

Debugging

Top-Level Clock
Component Level IP
Conditional Dizable Symbolz

Mame

FPGA Target

Target Class
Spartan-3E Starter Board

Wl Properties

[ Run when loaded to FPGA

0K Cancel Help

o\
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In this new window click the “+” button.

B! FPGA Target Properties

Cateqgary
General

Debugging

Top-Level Clack

1]

Declaration Mames Component Lewvel IP File Path

||

Cancel Help

Select “picoblazesystem.xml” and click the “OK button”.

Select a Component Level IP Declaration File

Zoeker in; I =9 Lab 4 PicoBlaze

ECOr

Bureaublad

I

Mijrn

documenten

Dieze computer

8|

-

Bestandsnaam: Ipiu:u:ul:ulazesystem

B estandstypen: I}{M L [ =ml]

[
=~

(1] 4 I
Annuleren |

7
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FPGA Target Properties

Categary
General

Debugging

Top-Level Clock

Declaration Mames
|:|i|::| m

1]

Component Level IP File Path

=

oK

Cancel Help

Now click the “OK button”.

Go back to the project explorer do a right mouse click on the

FPGA target and select “New” > “Component Level IP”.

! ] Project Explorer - Lab 4 PicoBlaze lvproj =

en

Fie Edit View Project Opergte Tools Window Help t

|

H5] x D OX IS EE

Items | Files |

B ITE;» Project: Lab 4 PicoBlaze. lvproj
= B My Compute
& ¥ [

Slide Switches
Push Buttons

Dizcrete LEDs
OnboardClock.
Dependencies

g Build 5 pecifications
ependencies
uild Specifications

[=1=]

Beeld

A 2| snelonderde
” st v ] wordart -
Tekstvak , _
ummer ~ - g Decoratieve i
voettekst Tekst
» il
Start IP Generatar... Cite=! el
Cantral
Execute V|
secute Y on » s
Add » Statechart
Armange by » FPGA 140
Expand All FPG& Baze Clock,
Collapze All FIFD
!
Remove from Project \"n=-nl L
Rename... F2 =2
Help...
Froperties

) 108
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A new window appears; you have to select your
“picoblazesystem” in the “Component Level IP Declaration”
dropdown box.

i bl Component Level IP Properties

Categon -

Clock Selection:

Narme

ICUmpUnEnl Level IP

Component Level IP Declaration
|<Se|ect a Declaratior ll

J <Select a Declaration:

The Declaration "' could not be: found. =]

LI oK | Cancel | Help |

Change also the name to “picoblazesystem”. The select in the
left corner of the window “Clock Selections”.

B! Component Level IP Properties

Category

Clock Selections

MHarme

Ipicoblazesysten{

Component Level IP Declaration
| picoblazespsten ;I

;I 0K Cancel Help
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Be sure that for the Component Level IP Clock Y“clk” the “Top-
Level Clock” is selected. Then Click the “OK button”.

B! Component Level IP Properties

Cateqgary
General
[
Component Level IP Clock Connection E
clk |Tn|:--LeveI Clack =
| <Gelect Clock> =
|<Select Clock: j
|<Select Clock: j
|<Select Clock: j
|<Select Clock: j
|<Select Clock: j
|<Select Clock: j
| <Gelect Clock> jE
;I 0K | Cancel | Help |

In LabVIEW Explorer you now have to see the “picoblazesystem”
CLIP which has an output port “LEDS” and an input port
“switches”.

! Project Explorer - Lab 4 PicoBlaze. lvproj =

Fil= Edit “iew Project Operate Toolz: Window Help

Pacse] » DO X[k R & 2

ltems | Files |

I=

=3 |T_gg, Project: Lab 4 PicoBlaze. vproj
B B My Computer
=R =4 FPGA Target ([Devl, Spartan-3
B [ Slide Switches
L_l Push Buttons
& [J) Discrete LEDs
. %B OnboardClock
E| §* picoblazesystem
. }+ LEDS
&, switches
-5 Dependencies
°% Build Specifications
_'-.'q_' Dependencies
‘3»_ Build Specifications

XI‘\‘ 2009 Vincent Claes

xios Hogeschool Limburg



Step 7: Build picoblaze LabVIEW
FPGA VI.

Now create a new FPGA vi. You can use the input and output of
your CLIP by selecting them in LabVIEW Explorer and dropping
them down in your “Block diagram” of the FPGA vi. As an
example you could build the following vi:

B A% picoblazesystertLEDS S

awitch array

(]
E‘% piu:u:ul:ulazesystem'xswitu:hes':"||

leds array

r

7 e 0000
gwitch array

Now press the “Run” Dbutton to have a softcore “picoblaze”
running on your Xilinx Spartan 3E starter board with LabVIEW
FPGA.

Enjoy.

Vincent Claes

XIOS Hogeschool Limburg

Department of Industrial Sciences and Technology
Universitaire Campus - Agoralaan - Gebouw H
B-3590 Diepenbeek

Belgium
vincent.claesl@xios.be
tel.: +32 11 26 00 39
fax: +32 11 26 00 54

mobile: +32 478 35 38 49
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