EXPERIMENT 1: INTRODUCTION TO THE NEXYS 2

ELEC 3004 /7312: Signals Systems & Controls
EXPERIMENT 1: INTRODUCTION TO THE NEXYS 2

Aims

In this laboratory session you will:

1.

Gain familiarity with the workings of the Digilent Nexys 2 for DSP applications;

2. Have a first look at the Xilinx ISE software for FPGA programming, using both VHDL and schematics,

3.
4.

as well as Digilent Adept download software;
Appreciate the use of a look-up-table (LUT) method for generating periodic signals, such as sine waves.
See the effects of reconstruction filters.

Introduction

Digilent’s Nexys 2 is a field programmable gate array (FPGA) development board that allows for rapid and
interactive implementation and debugging of FPGA designs. The Nexys2 provides communications to and
from the FPGA, plus access to a wide range of peripherals such as LCD, RAM, serial flash memory, and
analogue to digital/digital to analogue converters (ADC/DAC) via 1O ports. This experiment focuses on the
DAC interfaces, which are available in 8-bit as well as 12-bit versions.

Control ~ » LUT ~ » DAC  »

Equipment

1.

PC with Xilinx ISE 13.4, Digilent Adept & MATLAB;

2. Nexys 2 + USB to JTAG interface cable/s

3. Digilent PMOD-DA2 DAC board and PMOD-CON4 RCA board
4.
5
6

Oscilloscope

. 2 x cable: RCA male to BNC male approx 0.5 - 1 m

1 x E36 DAC Filter board (UQ designed)
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EXPERIMENT 1: INTRODUCTION TO THE NEXYS 2

Preparation
Note: (Individual) Preparation will be checked and marked at the start of each laboratory class. Hand in

your preparation answers on a sheet to vour tutor before the lab session.

Keep a copy to work with in the lab. Keep vour marked sheet once it has been returned.

No preparation = no labs (no assessment). It will be best if vou can maintain a log book for the labs.

Read and familiarise yourself with the following documents available from the course (or manufacturer’s)
website:

The Nexys 2 Reference Manual Pages 1-5, 15, 17;
http://www.digilentinc.com/Products/Detail.cfm?NavPath=2,400.789&Prod=NEXY S2
Digilent PMOD interface boards:
http://www.digilentinc.com/Products/Catalog.cfm?NavPath=2,401&Cat=9

PMOD DA2 Dual 12-bit DAC
http://www.digilentinc.com/Products/Detail.cfm?NavPath=2.,401.487&Prod=PMOD-DA2
PMOD ADI Dual 12-bit ADC
http://www.digilentinc.com/Products/Detail.cfm?NavPath=2.401.499&Prod=PMOD-AD1

Answer the following questions:

1.

2.

@

Tabulate the two’s complement binary representation of the decimal numbers -8 to 7. How many bits
are required to do this? Identify the “sign bit” and the most significant bit.

Tabulate the unsigned binary representation of the decimal numbers 0 to 15. If this binary representation
is then “shifted” (i.e., AC coupled) so that 0 represents —Vpp/2 and 15 represents +Vpp/2, again, identify
the “sign bit” and the most significant bit.

Given the PMOD-ADI1 can handle a range of input levels from GND to Vpp (Where Vpp = 5v) and it has
a 12-bit, unipolar binary analogue to digital (ADC), what is the quantisation step-size of the ADC?

The PMOD-DA?2 is a 12-bit unipolar DAC with an output range from GND to VDD (where Vpp = 5v).
What is the quantisation step-size of its output?

Can you explain how the code in SINEWAVE.VHD generates a sine wave? Can you predict the effect
of increasing the number of samples in the LUT?

For 12-bit unsigned binary, what are the maximum and minimum decimal values?

Convert the minimum and maximum values, as well as 2048, 2831 and 3495 to hexadecimal, then into
12-bit binary. What are the values of I (index) for these values in the Look-up-table in the appendix?

v ¥

DAC Filter board

PMOD-CON4, PMOD-DA2, USB-

Nexys 2 FPGA Board ITAG
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EXPERIMENT 1: INTRODUCTION TO THE NEXYS 2

Procedure

Part 1: Getting familiar with the Nexys 2 by generating a sine wave

1. Start Xilinx ISE using the desktop icon or run C:\Xilinx\13.4\ISE_DS\ISE\bin\nt64\ise.exe

PnodoA"

€
=
(=}

A

page 1.

Now connect an RCA/BNC cable between the PMOD-CON4 upper socket and CH 1 on the oscilloscope, then connect a second
cable from the lower PMOD-CON4 socket to CH 2 on the oscilloscope.

2. Create an FPGA Project

- —
& ISE Project Navigator (O.87xd) - [ISE Design Suite InfoCenter] re e L .
o File Edit View Project Source Process Tools Window  Layout  Help - ||&]| %
AP L[ spox|ve| e, 3 20 ,elrce)9
Start <08 x| () -
Welcome to the ISE® Design Suite @
Project commands L ":
o
[Open Project...] [Project Browser...] :2 ISE Design Suite 13 Release Overview
pe.
[NewProject... | [ Open Exampe... | » ISE Design Suite Highlights:
SR > Introducing the 7 Series Device Support
Double dick on a project in the list below to open » Begin designing in Kintex™ -7 and Virtex®-7 devices today
» Includes Intelligent Clock Gating to reduce dynamic power
* Team Design Flow
» Improved productivity in embedded design, implementation design flow, and verification. L
> |EEE P1735 encryption flow for simulation inter-operability
» Cadence® AX] Bus Function Model (BFM), sold separately, to verify your AXl4 [P
Additional resources
15E Desian Suite InfoCenter IP Updates: Click here forthe IP Release Motes library updates and new products.
Key New Features in Project Mavigator
Tutorials on the Web
Design Resources Resources
Application Motes
* |SE Design Suite: Release Motes Guide (Including What's Mew in Xilinx ISE Design Suite Chapter)
» |SE Design Suite: Installation and Licensing Guide
* Known Issues in the Xilinx ISE Design Suite 13 Release
4| Il 3
> I5E Design Suite InfoCenter x|
Conzole +0O&F X
-
1 | 1 | +
Conszole |_6 Errors | _ﬂ Warnings | |4 Find in Files Results

3. Click on “New Project”.
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EXPERIMENT 1: INTRODUCTION TO THE NEXYS 2

4. Type in the Location or Working Directory, then the Name of your Project.

\ If you use a network drive, this will significantly slow things down, so use a local drive or USB drive!

You may have to use the Browse Directory button [...]

Enter the Device Properties as shown: General Purpose,
Spartan 3E, XC3S500E, FG320, -4, HDL, XST, ISIM, VHDL

r N 1
i — r = ]
| S ogFi Wiz &3 = NewProject Wizsrd s CR » - »w -
| Create New Project f Project Settings
Specify project location and type. Spedfy device and project properties.
Select the device and design flow for the project
& Enter a name, locations, and comment for the project
1 Property Name Value
Mames Eracty Evaluation Development Board Mone Specified [+]
Location: C:ELEC3004)Pracia [I] f Product Category General Purpose |~
Farnik Spartan3E -
| Working Directory: | C:\ELEC3004\Pracla E] | LS Lo ||
Device XC35500E [=]
e Package FG320 =
Speed -4 |~
El Top-Level Source Type HDL
Synthesis Tool XST (VHDL/Verilog) [=]
Sirulator ISim (VHDL Verilog) =
Preferred Lanquage VHDL =
Property Specification in Project File | Store all values [=]
Select the type of top-evel source for the project Manual Compile Order []
VHDL Source Analysis Standard [vHDL-93 (-]
Top-level source type:
E2X [=] Enable Message Filtering [is]
,
L

5. You will now see a Project Summary page. Click “Finish”

The files for your project can now be added

Fa .‘
\ . # ’
@ & NewProject Wizard ‘ v
il Project Summary
Project Navigator will create & new project with the following specifications,
Project:
Project Name: Pracla
Broject Path: C:\ELEC3004\Pracla
Working Directory: C:\ELEC3004\Pracla
Description:
il Top Level Source Type: HDL
Device:

Device Family: SpartaniE

Device: xc3s5008
Package: fg320
Speed: -4

Top-Level Source Type: HDL

Synthesis Tool: X5T (VHDL/Verilog)

Simulator: ISim (VHDL/Verilog)

Preferred Language: VHDL

Property Specification in Project File: Store all values
Manual Compile Order: false

VHDL Source Analysis Standard: VHDL-93

Message Filtering: disabled

Finish Cancel

4 SE Project Navigator (0.87xd) - CAELEC3004\Pracla\Praclaxise - [SE Design Sute InfoCenter]

\# File Edit View Project Source Process Tools Window Layout Help B
D3Ed|. 4c0xae| = +2BR R Z300 FRIPEL]
Design w08 x \') n
[[j|Vew: @ {ﬁ}lmu\emenman § S\mu\anan ®
E Hierarchy Al
\[ﬁ ﬁ Pracla é‘]
| B £ x3sS0e-4ig320 E I 1SE Design Suite 13 Release Overview
g I
L Empty View 2
= = P 1SE Design Suite Highlights
I VE‘ The view currently contains no fles,
chagamesmtmwkn . > Intoducingthe 7 Seres Device Suppor
. usng e tolar ateft, commancs > Begin designing inKintex™ -7 and Virtes®-7 devices loday
P from the Project menu, and by
= using te Design, Fles, and > Includes Intelligent Clock Gatingto reduce dynamic power
| Libraries panek,
» Team Design Flow
Use: > Improved productivity in embedded design, implementation design flow, and verification. L
P » [EEE P1735 encryption flow for simulation inter-operabily
» Cadence® AX| Bus Function Model (BFM), sold separately, to verffy your AXI4 IP
1| B2 NoProcesses Ruming
?t Nosingle design module is selected.
ray )
% By deigliic P Updates: Click here forthe IP Release Notes liorary updates and new products
?t Resources
-
» ISE Design Suite: Release Notes Guide (including What's New in Xilinx SE Design Suite Chapter)
» |SE Design Suite: Installation and Licensing Guide
» Know Issues in e XiinkISE Design Suite 13 Release
4| [ b
» Sat | B Desgn ‘Wj Fles |® Ubvan&s‘ Vi I5E Design Suite InfaCenter @‘
Consale @08x

| 1n) ]

Console ‘0 Emors |A Warnings |(ﬂ Find n Files Restlts
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EXPERIMENT 1: INTRODUCTION TO THE NEXYS 2

6. Download the following files from the ELEC3004 website and place them in your Working Directory:

sinewave.vhd clockdiv1.sym
clockdiv_1.vhd SINEWAVE.sym
DAC_CTRL.vhd DA2RefComp.sym
DA2RefComp.vhd DAC_CTRL.sym
squarewave.vhd squarewave.sym
triwave.vhd triwave.sym

Prac1_a.sch ELEC3004top.ucf

These may also be available in a zip file

7. Now use Project\Add Source and add all the files.

”
& ISE Project Mavigator (0.87xd) - CAELEC3004\Pracla\Pracla.xise - [ISE Design Suite InfoCenter] o

%

& File Edit View Source Process  Tools  Window  Layout  Help - &| %
U2 H l'}I.| [C] Mew Source... 2B B 2R | TE DS AR E LY
Design 8 Add Source... -

View: @) Imple 2] Add Copy of Source...
[if | View: © 88 tmpiq (5] Add Copy
Hierarchy

& New VHDL Library...
Hﬂ .@j Pracla Manual Compile Order ) ) )
— | B Ed xc3s500e-{ o E Design Suite 13 Release Overview
& Impert Custom Compile File List...
?l Disable Hierarchy Reparsing E Design Suite Highlights:
e The view d .
Force Hierarchy Reparse . . .
YU_“ Caﬂ”j ai Introducing the 7 Series Device Support
B o Cleanup Project Files.. > Begin designing in Kintex™ -7 and Virtex®-7 devices today
— using the I > Includes Intelligent Clock Gating to reduce dynamic power
— Libraries pi Archive...
P .
Generate Tel Script... Team Design Flow
Use: Improved productivity in embedded design, implementation design flow, and verification. L
Design Goals & Strategies... IEEE P1735 encryption flow for simulation inter-operability

(] .
S R Cadence® AX| Bus Function Model (BFM), sold separately, to verify your AXl4 IP

=
| P3 MoProcessesh
— Design Properties...

Design Summary/Reports

r ~
& Add Source == & Adding Source Files.. s s &J
@Q-| » ugicloug on HS202-0505 » System () » ELEC3004 » Pracls » [ 4 [ Seorch proct o]
e & & The following allows you to see the status of the source files being added to the project. It
Organize ¥ New folder = O @ also allows you to specify the Design View association, and for VHDL sources the library, for
= sources which are successfully added to the project.
& system(G) 4 Name Date modified Type Size v prel
AddinlM - - -
Am;mm ! xmsgs 5/03/2012 558 PM  File folder File Mame Association Library
iseconfig 5/03/20126:08 PM__ File folder 1 {clockdiv 1 vl AN work
gfv:" 2] clockdiv Lvhd 303/2010214PM_ VHDLFile 28| 2 @ e =
DE T 5 clockdivL.sym 9/03/2010 11558 AM  SYM File 1KB S one
ET’“JEE = DAZRefComp.sym 16/07/2010 255 P SYMFile 38 3 () DAZRefComp.sym |MNone El
E(‘W o ] DAZRefComp.vhd 19/07/201010:28...  VHDLFile 10 ke 4 @ DAZRefComp.vhd |All E| work E|
clipse : -
5 DAC_CTRL, /032010253 PM  SYMFil 1K8
ELEC3004 ot S YD = 5 @ DAC_CTRL.sym Mone El
) DAC_CTRLwvhd 9/03/2010251PM  VHDL File 2(8
Pracla 2 [ eLEG004topuct 17/08/20101131 ..  UCFFile 3KB 6 @ DAC_CTRL.vhd All El work El
-mg; =1 Pract_a.sch 17/08/2010 242PM  SCH File (6 7 (@) ELEC3004top.ucf | Implementatic| | work [~]
iseconfig - . -
Pracl 5/03/2012608PM  GISE Fil k8
(B FLEC3600 Pre = EiEce T = = : 8 (@ Pracl_asch All El work El
s | Praclasise 5/03/2012608PM_ Xilinx ISE Project 3748| SINEVAVE
FZM = = SINEWAVEsym T7/08/2010 1134 ., SYMFile 1KB s @ -Sym Nene [~]
e | SINEWAVEvhd 17/08/20101236..  VHDL File 168 10 @) SINEWAVE.vhd All El work El
glassfis = - . =
oo j SQUAREWAVE.sym 010231 PM  SYMFile 1K8 11 (@) SQUAREWAVE.sym |Mone [=]
) SQUAREWAVEvhd 17/08/201023LPM_ VHDL File HE
FOR SQUAREWANE. vhd
e = TRIWAVE.sym 2101240, SYMFile 1KB 12 @ sQ All [=] werk [=]
‘I”( ‘pu ) TRIWAVEvhd 17/08/20102:32 PM__ VHDL File 2K8 13 () TRIWAVE.sym Mone El
ntel
ey 14 (@) TRIWAVE.vhd All [ =] work [=]
Mswin
Program Files
Program Files ( = _ i
| Adding files to project: | G | 14 of 14 files (0 errors)
File name: “clackdiv_Lvhd" *clockdivl sym” "DA2RefComp.sym” 'DA2RefCompahd” + | All Files () -
. . ———
o
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You will now see a Project layout like this:

-
o ISE Project Navigator (0.87xd) - CAELEC3004\Pracla\Pracla.xise - [Design Surnmary] =] B )
S ———
i File Edit View Project Source Process Tools Window Layout Help |;|Ii||i|
DRAEP L[ XoDXx|wa| 4,30 2RI =0z serf]Q
Design «0O& x| . | & Design Overview - =
view: @ {8 Implementation Simulation | = [l Sumemary I = .
L) : = Ve -] 10B Properties Project File: Pracia.xise Parser Errors: Mo Errors
dE] | Hierarchy - [ Medule Level Utilization Module Name: Pracl_a Implementation State: Mew
= | & Pracla @ [ Timing Constraints = = P — E
= | = — . rget Dev .
— [=] clockdivl.sym %] [ Pinout Report a ice: | xc3s500e-4fg rrors:
‘53 DA2RefComp.sym - [ Clock Report Product Version: |ISE 13.4 * Warnings:
- DAC_CTRL.sym ﬂ G Static Timing Design Goak Balanced * Routing Results:
&l SINEWAVE.s5ym £ Errars and Warnings
SQUAREWAVE.sym ﬁ @ Parser Messages = Design Strategy: | Xilinx Default {unlocked) * Timing Constraints:
|=] TRIWAVE.sym M - [ Synthesis Messages Environment: « Final Timing Score:
I}J = £ xc3s500e-4fg320 - 3 Translation Messages
— hg| SQUAREWAVE - behavioral (SQUAR [ Map Messages
| K TRI‘:'\."AVE - behavioral (TRIWAVE.vh _3; El::ien;r}.c.::‘;cr:;:ﬂes:age: Detailed R " 1
" XLXL2 - clo |:| Mew Source... ftgen |'~'1E£;:igez- Report HName Status |Generated |Errors | Warnings | Infos
.' XLXI11 - D4 JE| Add Source... | Implementation Messages Synthesis Report
HLXI 48 - D4 o2 eports | 8 -
1 XLXL95 - S (52 Add Copy of Source... nthesis Report Translation Report
B ELEC3004to Open lanslation Report Map Repart
[ < T &5 Remove ap Report Place and Route Report
lace and Route Report -
¥ | P2 No Processes Running ; Power Report
— _ Manual Compile Order :':,Isessage Fittering Post-PAR Static Timing Report
vl Piroce;;e;: Praf_‘l_a o5 Setas To? Meodule n Summary Contents Bitgen Report
E’t Des!gn Su.njrnar SmartGuide... Clock Report
i % Design Ut"'t'_es Tmpl t Top Modul Failing Constraints
Rl User Cor‘lstralnts w Implement Top Module Warnings 1 | 1
— Synthesize - X5

Implement Desi File/Path Display L v Show I Report Name |StatlI5 Generated |

Generate Progra

Configure Targel bR m Date Generated: 03/06/2012 - 12:29:33

Analyze Design Collapse All Relative Paths

i

|| #r Start | E1§ Design |E| My Find... Ctri+F | ¥ [Al=fene ey B = Design Summary B8

i
Console Design Properties... +08x
i) INFO:HDLCompiler:10 @ Source Properties. ELEC3004/Pracla/clockdiv_1.vhd" into library work -
i3 INFO:ProjectMomt - P mpleted successfully.

Launching Design Summary/Report Viewer...

1

4 | (11 _| b
Console ré Errors | _!}. Warnings | |28 Find in Files Results
E Display full file paths of sources

8. Set the Full Paths option as shown above
9. If you double-click on Prac1_a.sch, it will open in a window in the Project View Window:
’l ISE Project Navigator (O.S?xd)-C:\ELECSDM\PE:]E\Pmcla.x'\se—[Placl_a.sc_h"]_—_.__-_ L‘:' =l g
[B) File Edit View Project Source Process Add Tools Window Layout Help BEE
DPEFIL 4DEX|wal [228R B[R 2B D> P L[

>~ R

Options Ba=E-21

[ Select Options |

%

When you dick on a branch: ¥
@ Select the entire branch
Select the line segment

‘DA2RefComp:

AT

DaiATy i)

When you move an object:
Keep the connections to other obiects
Break the connections to other objects

Ddiazi i)

Il When you use the area select tool, select the objects that:
Are enclosed by the area 3
fl () Intersect the area

When you use the area select tool, select:

5 Objects including attribute windows
Objects excuding attribute windows
") Attributes windows only

m

o il
1714 43135

< | n »

N« BE@mdpdRPONO /|4 T/

c |ETL: Design ||E Files ||Euhranes|£ Symbols | % Options : 3 ISE Design Suite InfoCenter B Design Summary B Pracl_a.sch® a
l Console +0& %
|| Tauncning Design Summary/Report Viewer... ~
|| started : "Launching Schematic Editor to edit Pracl_a.sch". =
4 m D
Console |_6 Errors |J}‘ Warnings |fji Find in Files Results
r [432,1696]
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10. If you double-click on any of the “.vhd” files, you will see the contents of that file in the Project View window

File Edit View Project Source Process Tools Window Layout
$DEX|wa| [ APRRA
Design «+0&F X| “
View: @ ﬁl} Implementation |

-

sR[rL[@Q
STD_LOGIC_ARITH.ALL; T
STD_LOGIC_UN

Simulation

5
£ H‘Ef“h!f 25 ---— Uncomment the following library declaration if instantiating
=] Pracla . 26 ---- any Xilinx primitives in this code.
=  [£] CAELEC3004\Pracla\clockdivl.sym =| 27 --library UNISIM:
& - [2] C\ELEC3004\Pracla\DA2RefComp.sym 28 --use UNISIM.VComponents.all:
— - [£] CAELEC3004\Pracla\DAC_CTRL.sym =0
& - [£] CAELEC3004\Pracla\SINEWAVE sym 30 entity clockdivl is
- [£] CAELEC3004\Pracla\SQUAREWAVE.sym 31 Port { elkin : in STD_LOGIC:
: + [£] CAELEC3004\Pracla\ TRIWAVE.sym 32 clkout : ocut STD LOGIC)H:
[4] | & E7 xc3s500e-4ig320 33 end clockdivi:
e e SQUAREWAVE - behavioral (CA\ELEC3004\Pracla\SQUAREWA 34

|©Q & ¥# & |1

= [ TRIWAVE - behavicral (C:\ELEC3004'Pracla\TRIWAVE vhd) brchitecture Behavioral of clockdivl is
= [ Pracl_a (CAELEC3004\Pracla\Pracl_a.sch) 36 signal Q: integer range O to 49999939;
[h XLXI_2 - clockdivl - Behavioral (C:\ELEC3004\Pracla\clo 37 signal state: std logic:
[ XLXI_11 - DAC_CTRL - Behavioral (C:\ELEC3004\Pracla\[] 38 begin -
[y HL¥I_48 - DA2RefComp - DA2 (CAELEC3004\Pracla\DA2) 39 clkout <= state;
[y HL¥I_95 - SINEWAVE - behavioral (CAELEC3004\Pracla\S] a0 process (elkin)
[s] CAELEC3004\Pracla\ELEC3004top.ucf 41 begin
<[ I ] ’ 42 if (clkin'event and clkin = '1') then
43 if( Q = 99) then =
B | 2 NoProcesses Running 24 Q <= 0; 3
rf'j: Processes: XLXI 2 - clockdivl - Behavioral :: e:Ls:tace T mer smAnE
2| @3 Design Utilities 47 R<=Q+ 1;
—| - #)  CheckSyntax a8 end if;
E't 49 end if:
— 50 end process:
- 51 end Behavioral:
52 L4
53 -

] . r

3 Design | L1 Fies | I[) Libraries| 2 Symbols | % Options \» | » ISEDesignSuteInfoCenter | | | £ Designsummary | | B Practasch® [ BECI04top.uck || | [2]  dockdv_tvhd w

Console +08 X
Started : "Launching ISE Text Editor to edit ELEC3004top.ucf". -
Started : "Launching ISE Text Editor to edit clockdiv_1.vhd". =

bl m r

Consale ’_6 Errors |_L\ Warnings |lii Find in Files Results

Ln35Coll VHDL

= = = = = == —st— — — =-_——— e S

11. To see the contents of ELEC3004top.ucf, double-click on the filename

-
o ISE Project Navigator (0.87xd) - CAELEC3004\Pracla\Pracia.xise - [ELEC3004top.uct] =R
. File Edit View Project 5Source Process Tools Window Layout Help E"E“zl il
DRAEH@PILE kDb X|va| »[ 2R RER 203 b L9
Design |53‘-’3A”h «+0O& Xl e 1 #PACE: Start of Constraints generated by PACE -
I:l Wiew: i:lil} Implementation () Simulation -4 W
R 3 #PACE: Start of PACE I/0 Pin Assignments
¢S] | Hierarchy 4 NET "clkSOmhz" LOC = "BE8" :
= Pracla 5 % LEDs
=| CAELEC3004%Praclatclockdivl.sym — & $MET "LEDs<0>" LOC mr1aw -
CMELEC3004%Pracla\DAZRefComp.sym 7 MNET "LED=0" LOC = "J " :
CAELEC3004%PraclafDAC_CTRL.sym > g #NET "LEDs<1>" LOC = "Ji5" E
i CAELEC3004% Pracl at SINEWAVE. sym J— g #MET "LED=<2>" LOC = "EI15"™
| C\ELEC3004%Pracl a4 SQUAREWAVE. syrm 4 10 #NET "LEDs<3>" K14m -
\ |=] CAELEC3004%Pracla’TRIWAVE.sym % 11 #NET "LEDs<4>" TLOC = "E1T7"™ ;
I [« xc3s500e-4fg320 12 #MNET "LEDs<5>" LOC = "P15" :
— g SQUAREWAVE - behavicral (C\ELEC3004%Pracla\SQUAREWS 4 13 $#MET "LED=<6>" LOC = "Fa™
i TRIWAVE - behavioral (C\ELEC3004'Pracla\TRIWAVEwhd) | g 14 #NET "LEDs<7>" LOC — "R4" L
I J’é Pracl_a (CAELEC3004%\Pracla‘\Pracl_a.sch) — 15
\ [ HLHI 2 - clockdivl - Behavioral (CA\ELEC3004'\Pracla\.clo @ 16 #5PI interface for PMOD D&l board
\ Mg HLXI_11 - DAC_CTRL - Behavioral (C:\ELEC3004"Pracla\[ (5 17 NET "DA1 D" LOC = "R1E8": # —_JB2
[Pl KLXI_48 - DAZRefComp - DA2 (CAELEC3004\Pracla\DA2[ 18 $NET "DLI D2" LOC — "RiS"s & __JB3
\ < [*Mg] HLKI_95 - SINEWAVE - behavioral (C:\ELEC3004\Pracla\S] 19 HNET "D 5 LOC = "M13": # ——JB1
I " C:\ELEC3004\Pracla‘\ELEC3004top.ucf 20 NET "D LOC = "T17"; $ ——JE4
] | m ] 3 21
22 #GPIC JA FOR FPmod boards
I P2 Mo Processes Running 23 #MET "Jh<1l>" LoC = "L15™ ;
= 24 #MET "Jh<2>" LoC = "Eiz2"™ ;
l?t Processes: ELEC3004top.uct o5 ENET "JR<3>" LOC = "L17" :
E’t ‘y‘ User Constraints 26 HNET "Jh<4>" LOC = "M15" :
= 27 #NET "Jh<T>" LoC = "KE13"™ ;
%’t 258 #NET "JL<B>" LoC = "Lig™ ;
P 29 #MET "Jh<3>" LoC = "Mi4™ ;
- 30 #MET "JA<10>" LoC = "M1&"™ ;
31 #GPIC JB
32 #MET "JB<1>" LOoC = "M1z"™ -
<« [ »
| Bt Design |Th Files IE Libran’esl X sSymbols I-?v:' Options |E] » 3 I E  Design Summary |:|J [ praci_a.sch= =B | ELEC3004top.ucf [ |4 {»
I Console —+ O 5 X ‘l

Started : "Launching ISE Text Editor to edit clockdiwv 1.whd".

Preparing to edit ELEC3004top.ucf... —
w1 »
Console ré Errors I_ﬂ Warnings I |84 Find in Files Results |

f Save all the files that need saving Lnl Coll | UCF
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EXPERIMENT 1: INTRODUCTION TO THE NEXYS 2

12. Next select Process Properties, then in Startup Options, set FPGA Start-Up Clock to JTAG Clock, and then
click OK. If this is the first time you have used this software, you may have to try instruction 13 below,
first, then repeat instruction 12 to set the FPGA Start-Up Clock.

F rocess Properties - uj ions u
» ISE Project Navigator (0.87xd) - CAELEC3004\Pracla\Praclasise - [CAELEC3004\Prac 28 Process Poperis o Op ]
B} Fle Edit View Project Source [ Add Tools Window L e e opery e =
e GCH Process cols  Window  Layou ?:::{;Lgf\::néptions g StartUpClk: | FPGA Start-Up Clock
- =] 5 s = W .. 'Startup Options -g DonePipe:  Enable Internal Done Pipe
D r'? LJ I'PI | : ‘ s, x P ImplementTopModuIe a ‘ - REﬂdh:(prPt‘Um -g DONE_cycle: Done (Qutput Events) Default (4) E
Design I?‘t Run -g GTS_cycle:  Enable Outputs (Qutput Events) Default (5) E
R ReR -g GWE_cycle:  Release Write Enable (Output Events) | Default (6) E
B D View: '-?fl Ei:EIrnplememahon b SII' ek k-’: -g LCK_cycles  Wait for DLL Lock (Output Events) | Default (NoWait) E
ﬁE' Hierarchy Rerun All j -g DriveDone:  Drive Done Pin High B
- 1
& & Eﬂ Pracla %'t Stop =
— > =] CAFLEC3004\Pracla\clock Run With Current Data i S
du| o [E] CAELECI00HPracla\DAR Force Process Up-to-Date v
o > =] CAELEC3004\Pracla\DAC_
@ E C:\ELEC3004\Prada\SINE‘.{ : f Property display level: [Standard | =] (] Displzy switch names
] s =] CAFLEC3004\Pracla\5QU | [ o J[ conca | appy |[ ren |
™ - |2] CAELEC30044Pracl a\ TRIWAVE.svm =l = —

Now you can generate the file which will be downloaded to the Nexys 2 board using Digilent Adept software.
13. Click once on the Prac1_a filename in Hierarchy, and then double-click Generate Programming File.

If necessary, repeat instruction 12 to set the FPGA Start-Up Clock.

After 1 - 2 minutes, a file called “prac1_a.bit” will be saved to your Working Directory

3 Mo Processes Running

Processes: Pracl _a

Design Summary,/Reports
Design Utilities
User Constraints
Synthesize - X5T
Implement Design

H 88 |25 &8 | v

Configure T
Analyze Des

lljll_“| Files

—

E’[ﬁ Design

prors (4[>

B Stan

If all has gone well, you will see a message, “Process "Generate Programming File" completed successfully” in the
Console window at the bottom of the screen.

Console +[O &7 x

Command Line: bitgen -intstyle ise —-f Pracl a.ut Pracl a.ncd

Process "Generate Programming File"™ completed successfully

1|

<

Console ré Errors |J.3 Warnings |rﬂ Find in Files Results

i |
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EXPERIMENT 1: INTRODUCTION TO THE NEXYS 2
Using the Digilent Adept software

1. To download the file to your board, connect the USB to JTAG cable that comes with the Nexys 2 board, then start
up the Digilent Adept software.

U, Digilent Adept (BRI i, Open
- — -
NEXYS E ™ E— [Onbnard UsE '] - + Computer b System (C) » ELEC3004 » Pracla »

Product: Mexys2 - 500 o New folder
Config |Test | Register /O | File IfO | IO Ex | Settings | B Desktop 4 Name ’ Dite modiied e Size
Downlosd
W ohigecs File folder

_nge
M File folder

FPGA = <| Documents
Fres | (aciam T~]  [mrowsen] [ rroman B e
L Groups (G) .

Home H) iseconfig 6/03/201212:29 PM  File folder

ome
PROM [ ~]  [Browse..] [ Program =z s auto 0 xdb 6/03/20121252PM  Filefolder
HLCFD4S 2 Material (M) -

3 xst 6/03/20121243 PM  File folder

L] prid‘j.hil 6/03/20121252PM  BIT File 278 KB

i Libraries
3 Documents
rj' Music
k| Pictures

E videos

Initialize Chain

K Computer

Found device ID: f5046093
Found device ID: 41c22093
Initialization Complete. ¥ Groups (G)

Device 1: XC35500E = s

Device 2: XCF045
Set Config file for XC35500E: "C:\ELEC3004\Pracia‘pracl_a.bit™ EEnane pra:l abit v | FPGA Config files (“bit "si) ~+
Com I

‘; System (C)

3. Now press the Program button. A green progress bar will appear
{2, Digilent Adapt e=l=ifmezml] R Digitent Adept = [ |

NEXYS E I Connect: [Gnboard UsB | NEXYS E - Connect: | Onboard USE
Product: Nexys2 - 500

Product: Mexys2 - 500

Config |Test | Register /O | File IO | I/0 Ex | Settings | Config |Test | Register /O | File /O | 170 Ex | Settings

FPGA
«C35500E |praci_a.bit g v] [Browse...] [ Program | XCFS":‘SESQDE pracl_a.bit
PROM = PROM
== —
HOF045 ( o [Eewse) 2 HCFO45

o
8

Initialize Chain Initialize Chain

- Device 1; XC35500E
Device 2: XCF045

Found device ID: f5046093

Found device ID: 41c22093
Initizlization Complete. Set Config file for XC3S500E: "C:\ELEC3004\Pracia‘pracl_a.bit”™
Device 1: XC3S500E Set Config file for XC35500E: “C:\ELEC3004\Pracla‘pracl_a.bit™
Device 2: XCF045 Preparing to program XC35500E. ..
Set Config file for XC35500E: "C:\ELEC3004\Pracia\pracl_a.bit™ Programming...
[— —

4. You should now have a sinewave being sent to the PMOD-DA2 on port JB1 of the Nexys 2. You may look at this
with your oscilloscope to verify that it is working correctly. To see the VHDL code used to generate the sinewave,

double-click on the SINEWAVE.VHD file.

The University of Queensland - School of Information Technology and Electrical Engineering
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EXPERIMENT 1: INTRODUCTION TO THE NEXYS 2

Questions

If you have the DAC Filter board available, the Raw signal is connected to the upper PMOD-
CON4 connector and the Filtered signal is connected to the lower PMOD-CON4 connector.

1. Plot the output waveform/s on the oscilloscope. What is the amplitude and frequency of the sine wave
generated on each available channel?

2. The Master Clock is 50MHz, which is then divided by 200, in clockdiv1.vhd, to produce Fr.
This frequency, Fr, controls the readout rate of the LUT which is n=16 elements long. If it takes 16
clock cycles of Fr to produce a complete LUT cycle, what is the theoretical audio output frequency? Is
it the same as your measured frequency?

3. Can you derive the simple equation for the audio output frequency, based on the value of clockdivl,
and n = the length of the LUT?

4. Try to confirm that the DAC step size is approximately the same as that calculated in the preparation. If
it is not, can you explain why? Hint 1: is the DAC connected directly to the output? Hint 2: can you see
a relationship between the steps in the output waveform, and the changes in the values in the LUT?

5. Suggest how you might modify the VHDL code so that a LUT with only 8 points is required. What are
the advantages and disadvantages of this approach?

Part 2: Direct Digital Synthesis

Modify the original HDL code so that:
1. A sine wave of half the original amplitude is generated. Look at the resultant trace of the oscilloscope.
Hint: how does the “shifted” binary representation change if you divide by two?
2. A sine wave of half the original frequency is generated. Note: in principle there are two ways of doing
this; changing the clock divide or changing the size of the LUT. Try both. Which is best?
3. What would you need to do to generate a sine wave of an arbitrary frequency? Can you write some
Matlab code that generates the values required for the LUT? Hint: A sinewave ranges from -1 to +1.
Now convert this to a 0 to +1 range, then from 0 to the 12-bit maximum value.
Next, try using the dec2bin(value, no. of bits) function.

Part 3: Attempt the following for a challenge

Sinewave.vhd can be replaced with either triwave.vhd, or squarewave.vhd, thus changing the output waveform.
In fact, an arbitrary waveform (shape and frequency) could be generated using a suitable LUT.

The following instructions show how to replace sinewave.vhd with one of the others.

ISE Project Navigator (0.87xd) - C:\ELEC3004\Pracla\Pracla.ise - [C\ELEC3004\Pracla\Pracl_a.sch] . | e S|
- s 'gi e F
@ File Edit View Project Source Process Add  Tools Window Layout Help & X
D3 %] & |loc| "R R ,RIR ZET2Leir L]
Symbols aEIﬂx
P
Categories — |
<Al Symbols—» B g ‘DAZRefComp::
<CAELEC30044Pracla> Lo B T
Arithmetic tronionEl
Buffer
oy Losi i  Elockdiv{ SINEWAVE
Comparator ==
Counter — |
DDR Flip_Flop =
Decoder - S
lbol o
Symbols :
(@]
DAZRefComp ~ :
DAC_CTRL :
SINEWAVE O
SQUAREWAVE A :
TRIWAVE —::
clockdivl :

1. Click on the Symbols tab, then click once on the name of your project in the Categories window.
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EXPERIMENT 1: INTRODUCTION TO THE NEXYS 2

2. You will see a list of symbols related to your project. If you click on SQUAREWAVE in the Symbols
window, then move the mouse over the schematic, you will see a grey symbol on the schematic.

. 1SE Project Navigater (0.87xd) - CAELEC3004\Pracla\Pracla.ise - [CAELEC3004\Pracla\Pracl_a.sch]

oag 5] %

Symbols

[6] File Edit View Project Source Process Add Tools

ol | »iALRE

Window Layout Help

AR L

«+08 X

Categaries

<Al Symbols-—>
<CAELEC3004\Pracla>
Arithmetic

Buffer

Carry_Logic
Comparator

Counter

DOR Flip_Flop
Decoder

& |5

EIERS

Symbols

DAZRefComp
DAC_CTRL
SINEWAVE
SQUAREWAVE
TRIWAVE
clockdivl

El>0ONO0 J |4

A= T

3. Ifyou click once at a suitable location on the schematic, then press the ESC key, you will see the

SQUAREWAVE symbol at that location. It can now be moved with the mouse. To place multiple
copies of the symbol, click at multiple locations until you have enough, then press ESC

. ISE Project Navigator (0.87xd) - C:AELEC3004\Pracla\Praclaaise - [C\ELEC3004\Pracla\Pracl a.sch]

aeEn 5 S

@ File Edit View Project Source Process Add Tools

O2EI -

ool | AAPBER RO =E

Window Layout Help

Options

'-Dﬂx

Select Options

When you ciick on a branch:

i L

@ Select the entire branch

Select the line segment

When you move an object:

@ Keep the connections to other objects

Break the connections to other objects

Wihen you use the area select tool, select the objects that:

—{LEReRy |

m

@ Are enclosed by the area

Intersect the area

Viihen you use the area select tool, select:
@ Objects including attribute windows
Objects exduding attribute windows

Attributes windows only

o [smaera I

< T »

B cEECI004practalpract_asch ] ELEC3004top.uch dockdiv_1.vhd

NjeBemdpdE[FONO J[EWRT

ISE Design Suite InfoCenter % Design Summary (Programming File Generated)

o |8 Design | Fies | [ Libraries| £ symbols | 28 Options El

There are four window functions available: F5 = Refresh, F6 = Show all, F7 = Zoom out, F8 = Zoom in.

4. If you click once on a placed symbol, it will change from blue to red. If you then press the Delete key, it
will be removed from the schematic, thus:

clockdiv
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EXPERIMENT 1: INTRODUCTION TO THE NEXYS 2

5. The SQUAREWAVE module can now be dragged to the location where SINEWAVE was and the
connections will be automatically joined.

—

J|8=0T

6. Use the Save All button which is just under View on the menu bar.

o [5E Project Mavigator (0.87xd) - CAELEC3004YPracla\Pracla.xise - [CAELEC3004\Pracla\Pracl a.
[2] File Edit View Project Source Process Add  Tools Window Layout Help
= i ey ¥ 1 T -
DAE@ 5% XB0 X0 o xﬁﬁfgl =
Options
Save }'—'xllk
| Select Options

Before generating the new “.bit” file, you may wish to rename the previous “Pracla.bit” to
“Pracl_sinewave.bit”, because the process will overwrite the current “Pracla.bit” with the bitfile relating to
your new schematic, and it is easier to compare different project outputs by using Digilent Adept to download a
bitfile in a few seconds, than to create/rebuild a project with different functionality.

7. Click once on the Design tab, then right-click Generate Programming File, then click on Rerun All
Assuming there are no errors, a new bitfile will be generated.

[ c:\ELEC3600\PracialELEC3600
-
| | 3

Processes: Pracl_a

-

= Design Summary Reports

2] Design Utilities
[+ User Constraints

#- PAE) Synthesize - XST
- @A) Implement Design
[ Vo Conﬁgur?ﬁ Bun

4 | ReRun
Design Librg
Options

[ s

P A

SIETE

S stop
View Text Report
Force Process Up-to-Date

Open Without Updating

NO /| |ERIN

When you dickon z g Implement Top Module
&+ Selecttheentt  pesign Goals & Strategies...

% Process Properties...

Design Summary {out of date)

B

Pracl_a.sch

nnnnn I~

P R R

8. Follow the steps from “Using the Digilent Adept software” to download this new file to the Nexys 2

board.
Q.1
channel?
Q.2
Q3
Q4
Q.5

How could you halve the amplitude?
How could you double or halve the frequency?

If you have the filter board, is there a difference between the waveforms on each channel?

Repeat Steps 1 to 8 immediately above, using TRIWAVE.VHD

Look at the waveform/s on the oscilloscope. What amplitude and frequency do you observe on each
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Appendix:

Sinewave.vhd

library IEEE;
use IEEE.std logic 1164.all;
use IEEE.std logic_unsigned.all;

entity SINEWAVE is port
(
DATAOUT : out std logic_vector(ll downto 0);
SAMPLECLK : in std_logic
) i
end SINEWAVE;

architecture behavioral of SINEWAVE is
signal I : integer range 0O to 15;
begin

with T select
DATAQUT <= "100000000000"™ when O, --800

"101100001111" when 1, --BOF
"110110100111" when 2,
"111101100011" when 3,
"111111111111" when 4,
"111101100011" when 5,
"110110100111" when 6,
"101100001111" when 7,
"100000000000" when 8,
"010011110000" when 9,
"001001011000" when 10,
"000010011100" when 11,
"000000000000" when 12,
"000010011100" when 13,
"001001011000" when 14,
"010011110000"™ when 15;

T <=1 + 1 when rising edge (SAMPLECLK) ;

end behavioral;
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