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Introduction

In this module, you implement your microprocessor on the XUP board and run the simple
program developed in module 6a to reverse the characters in a string.

Objectives

Lab-exercise

Lab 4:

Implement and verify the
complete system including a
Vart

Cluster: Cluster2
Module: Module6b

Target group: Students

Version: 1.1

Date: 15/02/07

Author: Geert Vanwijnsberghe
Modified by:

After completing this module, you should be able to:
« Implement designs using ISE
* Configure FPGA devices

Knowledge background

* Basic knowledge of an FPGA design flow

Classification

e Level: 2
e Duration: 1 hour

Input

The solution of module6a and the system.ucf (inside the implementation folder) are actually used
as input for this module.

The lab

This material was developed with support of the European Social Fund.

ESF: Prevent and combat unemployment by promoting employability,
entrepreneurship, adaptability and equal opportunities between women and men, and
by investment in people.

http://www.esf-agentschap.be
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1. Copy the complete input folder to <your_module6b_folder>.

2. Start Xilinx ISE (Project navigator) by clicking on Xilinx ISE 8.2i — Project Navigator
from the Start menu.

When another project is currently active, close it : File — Close project

Create a new project: File — New Project...

In the New Project window, enter a Project Name “system” and choose the
<your_module6b_folder>/implementation as the Project Location.
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ew Project Wizard - Create New Project i = ] 3 | Select one or mote files to add 2l

—Enter a Name and Location for the Project Look in: |L'j systern_vhd| ﬂ & Ifi( Ef-
Project Mame: Praject Location
Isysleﬂ I;els\V‘I 1%module_Bbhsolutiontsimplementationspstem ... |

—Select the Type of Top-Level Source for the Project
Top-Level Souice Type:

| HOL =

6. Click Next. In the next window, select the Family, Device etc...for the Project as shown
below.

SR
—Select the Device and Design Flow for the Project- File name: |"TxUnit.vhd" "l vhd" "baud.vhd" "Control.vhj R I
P ty Name alle 7 3
REEg Ol Files of type: |Source[".txt *whd *.vhdl ".v *.abl ".abv ".xco "_sﬂ Cancel |
Product Category Al hd %
Family VirtewzP bd
Device HC2P30 -
Packags FFE36 i 9. Terminate the Add Existing Sources window by clicking on Open.
Speed 7 = [ES New Project Wizard - Add Existing Sources = =] 3|
—#dd Existing Sourc
TopLevel Source Type HEL J=
Synthesie Tool %ST [WHDLAerlog) =] Source File Copy to Project |~ Add Source: |
Simulater Madsksim<E VHDL =] U BRI [~ Remove |
2 sluvhd v —
Enable Enhanced Design Surimary v 3 |baudvhd 1
Enable Message Filering i 4 |eontrol.vhd ~
Display Incremental Messages i 5 counter vhd ¥
B counter_updown. vhd 3
7 |cpuvhd v
8 ldem T.vhd v
Wore Info | < Back | Mext » I Cancel 3 |fetchvhd "
10 |102Uarkvhd ~
11 | mair_mem.vhd ¥
7. Click Next. You don't need to create any new sources, so skip this window by clicking [ | i =
Next again. ] - L " o . .
8. In the current window, you Add Existing Sources. Press the Add Source button. Browse Addlng'lzlaxlslt!ng gources iz optiornal. Addltlo‘:ﬁa| sources can be added after the project is created using the “Froject->Add
" . h ) Sovrce! o 'Project-+Add Copy of Source!! commards.
to the directory where the design files are stored (system_hdl) and select all .vhd files.
More Info | < Back | Mext » I Cancel

Click next.
10. Now you get a summary of all the files that are copied to your project. Click Finish.
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ol 1L You are now back at the design summary.
[} Si

ab4_microprocessorEngels' V1.1\module_6bisolutio i =[0f x|
: g B i B File | Edit View Project Source Process Window Help —{8] x|
Project Navigatar will create a new project with the following specifications: IDEES L% BEX o e Qs oK S 8= 8 oo[]xw]a =]
3 ) n 7

I & o[ @eeesslo o
i 3 - x|
Project: = 2l Frge Desig [=] SYSTEM Project Status
Froject Name: system Souoes e [Sptresisnplerenision 71| 5 Desin Dvervien Projoct File- systemise Current State Hew
Project Path: D:%Lab4 microprocessoriEngels\V1.1\module 6b%solution)implements 1 g”;‘“"}nmgs fD“B'"'P"aW g Module Name: system + Enors:
— - 21 £ ueep topeties = 2
Top Level Source Type: HDL e sty b | & Tiving Constiats Target Device: #02vp30-7HE6 « Warnings: |
- D3 Pinout Report Product Version: 1SE 8.2.031 « Updated: Fii 23 Feb 1343432007
5 [ Clock gt
RENEoR Enors and Warings SYSTEM Partition Summary I
Device Family: VirtexiP [ Synthesis Messages | e patiion information was found. |
Device: xeZvpan [ Translation Messages
PatRaies frEgE ~[Map Meseages Detailed Reports
£ [ Place and Raute Mess... R .
cnart Name Status Generated | Errors Warnings | Infos
Speed: -7 [ Timing Messages
[ igen Mossages Syrthesis Aeport
3 § Al Cunent Messages Translation Report
Synthesis Tool: XST (VHDL/Verilog) 23 Detailed Repants Map Repott
Simmlator: Modelsiw-XE VHDL [ Syrihesis Fregart Flace and Fioute Repot
ST'E”S‘E““” Aepot Stallc Thing Fieport
Map Fizpott
Enhanced Design Sunmary: enabled [ Place and Route Repatt BiGen Bt
i ing: di Statc Timing Fepert:
Message Filtering: dissbhled Em - :” e ‘ s e
Dizsplay Incremental Messages: dissbled v s =l | Repart Name [ Status [ Generated
e | |
P \ Hplorer Repart | |
. l Enable Erhanced Design 31
Erishihm s oass O Enable Message Fitering
TxUnit.vhd copy to Project e O Display "
0 Add Exising Souice Erhanced Design Summany Contents
alu.vhd copy to Project ] Create NewSource Shaw Parttion Data
baud.vhd copy to Project P35 View Design Summary O Show Enars
3 Design Uiities O Shew Wamings
control.vhd copy to Project é:g Usor Coratiaits 01 Show Faing Constisints
counter.vhd copy to Project - B8 e 1 Show Clack Report
counter updown.vhd copy to Project 02 Implement Design
o : @-8d  Generale Piogramiing File
EPE-PHIAEO B CHEEOTRCE -7 Undale Bitstream with Processor Datz >
dem 1.vhd copy to Project = > 9 3l
i e
feteh.vhd copy to Project . Piocesses r Sl
IozUart.vhd copy to Project o
wain mewm.vhd copy to FProject Started : "Launching Design Sweeary”.
wemCtrl.vhd copy to Project
memory.vhid copy to Project < i _>|_|
| micro comn vk.vhd covv to Proiect | _Ill onsole | @) Euors |3\ Werings | {0 el Gonsole | gy FindinFies |
4
[ 4
e | Erien I el | 12.  In the sources window you can expand system (hit the + sign before system-struct). If you

also expand mem1 you will see that there is still a ? before the internal blockRAM.

Click OK.
Adding Source

The following allows you ta see the status of the source files being added to the
project, and allows you ta specify the Design View association for sources which are
successfully added to the project.

Design Unit | Azzociation ﬂ
[E) Telnitvhd
Taldnit Behaviour ISynthesis#Imp + Simulation -
@ alu.vhd
alu behavioral ISynthesis.-"Imp + Simulation

0K I Cancel Help
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13. Add the edif description of the blockRAM that was created in the previous module 6a as
shown in the next figures. At the end you will see that the question mark before the

=

Sources for:I Sunthesis/lmplementation ;I
; spstem
- £ wo2vp30-THEI6
B ,;g‘;;system - ghruct [systern. vhd]
Inst_dc:m_‘l -decm 1 - BEH&WIORA
cpul - cpu - struct [cpu.vhd)
mermCtll - memChl - behavioral [me:
mem1 - main_mem - struct [main_me

. blockRAb - microb_ram
><|EI2Uart - 102U art - behaw [102U0a
uart - minilJART - uart [minilART v

gl | 2

ER% Sources | 4 Shapshots | |D Libraries

blockRAM has been replaced by an edif icon.

= ] FEEs L esIgn S ummarny

Sa_ur_ces for: | Synthesiz/mplementation

LI @Design Overview

spstem
- £ #c2vp30-76896

B- ;&; spstem - struct [spstem. vhd)

cpul - cpu - struct [opu.vhd)]

Inst_dc:m_‘l -dem_1 - BEHAVIORA

Summaty
108 Properties

[ Timing Constraints
[ Finout Report

[ Clack Report

memCtl1 - memChil - behavioral [me @Errors and Warnings

D Synthesiz Meszages

[
: aoe
Mew Source...
- [g] iart - miniLIART - art [minilJaF  Add Source.., Me
Mew Partition
. ges
Delete Partition
Pattition Propetties. .
Partition Farce Kot
Set as Top Madule
Re
Remove itk
0 | Maye ta Lirary.,,
Erg Sources I £ Snapshots. I [ Librari & open =
Toggle Paths dr
5 P tiesi, Fil
Pracesses: El I ELHES: il

Add Copies of Existing Sources

Look ir: |k':'} coregen

= e ®= ek E-

2lx|

!ﬂ micro6_rarm, vhid
5| rnicr oG _ram, xco
r::j microf_ram_flist.txt

rij microé_ram_readme, bxt

File hame:

Files of type:

|mic:r08_ram.edn j
|Sources[_".txt * whd " vhdl "._v *.abl *.abv ".?:co "ﬂ

Open

Caticel |
o
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[EE Adding Source Files... . x|

The following allows pou ta see the status of the source files being added to the
project, and allows you ta specify the Design View association for saurces which are
successiully added ta the project.

Dresign Linit: Aszzociation
@ microb_ram. edn
Eﬂ ricrob_ram

(B]3 I Cancel | Help

14. Before we can start the synthesis and implementation of the design into the FPGA we still
have to specify the constraints. In this design the only constraints that we will apply are:
mapping of the 10 pins of system to the 10 pads of the FPGA and the frequency of the
clock. These constraints were written in system.ucf. Add this constraints file to system as

follows:

e

Sources fDr:l Synthesis/ mplamentation ﬂ &3 Diesian Overy
: '@j system - || Summary
=+ £3 wo2vp30-7FFA96 D I0E Frop

Bl Eg’;}system - struct [systern. vhd] D Timing Cc
o Pl Inst_dem_1 - dem_1 - BEHAVIORE | - [ Pinout R
cpul - cpu - struct [cpu.vhd) D Clock Re
memCtll - memCll - behavioral [me @Enors and '
mem‘l - main_rmem - struct [main_me D Sunthesiz
- [ Translatic
- [ Map Mes
- [ Place arx
- [ Timing b
- [ Bitgen M
- o] &l Curren
@Detailed Fept
- [ Swnthesis
- [ Translatic
D Map Fep
- [ Place ar
- [ Static: Tire
4 | _;I - [ Bitgen Re

#72 T i s O
ENS Sources | {4 Shapshots | [y Libraries -

=

Project Properties
Enable E
O Enable b

The Microelectronics Training Center
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15.

Z S5 FPGA Design Summa

Sources for I Sunthesis/lmplementation LI @Design Owverview

3 E'j systemn
- £3 wo2vp30-7IE96 D 108 Properties
= ] Chm o ts
Inst_dorn_1 - dom,_1 - BEHAVI I LB SOCRER S
cpul - cpu - struct [cpu.vhd) Add Source...
o mermChll - memChil - behaviore|
mem] - main_mem - ghuct [mai Hew Partition a
----EﬂblockHAM - microb_ram [n » a
FgdnzUart - I02Uart -behay 0. Coiete Paftien
uart - miniJART - uart (minil4F Partition Rropetties,, b
Partition Force 3
Set as Top Moduls
Remove i
Move to Library...
@' Cpen i
Togale Paths P
|"—£| Propetties. .. [
4 | ;I | 7 Bitgen Report

Fd=

BN Sources =i Snapshots Libraries
| ] I |D |Pr0iect Froperties

Browse to the implementation folder and choose syst em ucf and click Open.
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16.

& F e E

N

File narme:

|system.uc:f j Open

Files of type:

ISources[ * tut * whd * vhdl * v *.abl *.aby *xco "j Cancel

S adding Source Files... il x|

The following allows you ta see the statuz of the source filx:as being added to the
project, and allows you to specify the Design Yiew association for sources which are
suceesshully added to the project.

Design Unit | Association

system. uck

E apstem, ucf |Synthesis.-"lmplementation Only

(5] 4 I Canicel Help

Hit OK and system.ucf will be added in the Sources window.

Now you are ready to implement your design. Choose the top level of your design in the
Sources pane. In this case, itis syst em st ruct (syst em vhd) . Double-click

The Microelectronics Training Center

For Academic Use Only

17.

Generate Programming File in the Processes pane.
Sources for;l Synthesiz/mplementation j
; ﬁ system
(= €3 »c2vp30-7FE96
(el system - struct (system.vhd]
Inst_dem_1 - dem_1 - BEHAVIORA
cpul - cpu - struct [cpu.vhd)
mermCtlT - memCll - behavioral [me
: m mem] - main_mem - struct [main_me
: Eﬂ blockRAb - microb_ram [microf
XID2Uart 102U art - behaw 102U
uark - minilUART - uart [miniJART v
E aystem.ucf [zystem. uck]

< | ol

B3 Sources | gy Snapshats | [Py Libraries

1 x|

Processes:

-] Add Existing Source

-]  Create New Source

=0 Wiew Design Summary
-3 Design Utilties
[]--y User Constraints
H-fQ  Synthesize - X5T
#-83  Implement Design
[ Frogramming File

E Update Bitstream with Processor Data

Analyze Design Using Chipscope

d i

E‘—I: Processes |

Xilinx ISE synthesizes the design and performs placement and routing and then generates
the programming file. This procedure takes 3 to 5 minutes.

Lab4Mod6bV1.1_E.doc

www.mtc-online.be

1121

For Academic Use Only

Lab4Mod6bV1.1_E.doc

www.mtc-online.be 12/21




The Microelectronics Training Center

SYSTEM Project Status

Project File:
Module Name:
Target Device:

Product Version:

spstam ise Current State:
system + Errors:
we2vp307HEIE « Warnings:
ISE 8.2.03 + Updated:

Pragramming Fils Generated
Mo Errors

31 Warnings

Fri 23, Feb 15:49:36 2007

SYSTEM Partition Summary

| Mo partition information was found.

Timina Constraints:

Device Utilization Summary

Logic Utilization Used Available Utilization Notels)
Number of Slice Flip Flops 1514 27,352 5%
Number of 4 input LUT= 2922 27392 10%
Logic Distribution
MNumber of occupied Slices 2233 13,696 16%
Mumber of Slices containing anly related logic 2233 2233 100%
Number of Slices containing unrelated logic 1} 2233 0%
Total Number 4 input LUTs 2935 27,392 10%
Number used as logic 2,822
Number used as a route-th 1
Number used as 16x1 BAMs 12
Mumber of bonded |08 4 556 1%

|0 Flip Flops 1
Number of PPC405s 1} 2 14
Mumber of Block RaMs g 138 5%
Number of MULT18%18s 1 136 1%
Number of GCLKs 2 16 12%
Number of DCMs 1 8 12%
Number of GTs a L 0%
Number of GT10s 1} 1} 0%
Total equivalent gate count for design 570.268
Additional JTAG gate count for I0Bs 192

Performance Summary
Final Timing Score: 1} Pinout Data: Pinout Report
Routing Results: All Signals Completely Routed Clock Data: Clack Report
All Constraints Met

Have a look at the design summary. There should be no errors, the 4 I10s have to be
bonded, all the signals have to be routed and all constraints should be met.

18. When ready, connect the USB cable and the serial cable of the XUP board with your PC.
Now switch on the power of the board. You should get a message that an USB device has

been detected.

The Microelectronics Training Center
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19.

20.
21.

Expand the Generate Programming File in the Processes pane.

Processes:

.]_P_rocessesde Existing Source

-] Create Mew Source

- Wiew Design Summary

£ Design Utiities

}-‘3‘ User Constraints

- 3t Synthesize - 45T

- 8 2D Implement Design

Generate Programming File
@@Programming File Generation R eport
% Generate PROM, ACE, or JTAG File

Update Bitstream with Processor Data
&% Analyze Design Using Chipscope

e et e O

4| | |

El—": Processes I

Double-click the Configure Device (IMPACT) process in the Processes pane.
IMPACT starts and the Configure Devices window is displayed. Click Next without

changing the default settings.
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i
—Please select an action from the list belo
(% Configure devices using B oundary-Soan [ITAG)
I Automatically connect to a cable and identify Boundary-Scan chain j
{~ Prepare a PROM File
" Prepare a System ACE File
" Prepare a Boundary-Scan File
SWF =
" Corlfigurs devices
wzitg Slave Seral mode j
4 Back Cancel

Click Finish.

22. For the first 2 devices, click Bypass when the Assign New Configuration File window is
displayed.

“l Assign New Configuration File

21|
Loak in: I‘:_j ngeIsN‘I.‘I.-"module_Bb.-"soIution.-"implementation.-"system.-"ll 4= 3] o5 @
) _ngo

D _nmsos

[ st

File narne: I

| Cancel |

Cancel Al |

File type: I All Design Files [ mcs " exo "isc * bad)]

Bypass. |
4

23. The third device is the target FPGA. Choose the file syst em bi t and click Open.

-l Assign New Configuration File

Look ir: IE_*] ngeIsN‘I.‘I.-"module_Bb.-"solution.-"impIementation.-"system.-"LI 4= 5 |5

B.

i|f,'| _hgo
1) _wmsgs
lﬁ wat

File: name: Isystem.bit

LI ‘Cancel |

Cancel & |

File type: I All Design Files [7bit *rbt *nky *isc " bsd]

Bupaszz |

%

24. Add Virtex-ll Pro/Virtex 4 Object Files window is displayed. Click OK.
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—Wirtex-1l Pro/wirtexd Fil

—Wirtes-|l Profitexd Configuration File

syztenn. bit

s |

—BMM Fil

Add... |

—Power PC Software Files

Remove |

Add... | Remaove |

Azzociate ELF Tags... |

ak | Cancel I

25.  Accept the following Warning message.

hias been changed to. the bitstream stored in memary,

26. Right-click the FPGA device and select Program to start the configuration.

Lab4_microprocessor/Engels; odule_bby/solution/implementation/system,/system.ipf - [Boundar

&} File Edit View Operstions Options Output Debug Window Help

[PH &« DEX|[E=xitnd: 2s0]eW

i
#-Z3Bounday Scan  +
~ 228 laveSeiial
=25 electMAP

33 Desktop Configu
SiDiect 5Pl Corfp. o |

Verify

e xcf32p xooace oz
bypass bypass sysl  Get Devies 1D
= ™ Get Device Signatureflisercade
[Available Operations are: = ssign Hew Configurstion Fil...
= Program S —
il -
=Gt Device D :I

"MPACT Frocess Operations

E} Bounday Sean

X PROGRESS_END - End Operation.
|| Erapsed Time - 1 sec.

27. Accept the default settings in the Program Options window.
Now you get a programmed successfully message.

28. Start HyperTerminal from the Start Menu by choosing Programs — Accessories —
Communications — HyperTerminal.

29. Inthe Connection Description window, enter t est as the Name of the connection and
click OK.

Connection Description

30. Click OK to accept the default setting in the Connect To window.
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Connect To & test - HyperTerminal

33. Choose the Settings tab in the test Properties window. Press ASCII Setup button and
check Echo typed characters locally. Click OK. Dismiss the Properties window by
clicking OK.

31. Inthe COM1 Properties window do the following changes:
Bits per second: 115200 test Properties
Flow Control: None

Leave the remaining settings unchanged and click OK.
COM1 Properties

T

32. Click on File — Properties in the main window of HyperTerminal.
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ASCI Setup

34. A connection with Micro6 is established. The program that Micro6 runs accepts a string of
characters terminated by ‘0. When ‘0’ is received, Micro6 echoes the string you have
entered after reversing the order of its characters.

& test - HyperTerminal

Hicro6 @ 6orcil

Congratulations!!!

35.  You can restart the program by pressing the SW2 switch on the board.
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