Class 5
DEO FPGA Development
Board and Quartus I
FPGA Design Software



Terasic DEO
Field Programmable Gate
Array (FPGA)
Development Board




March 29, 2010

Layout and Components
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Block Diagram of the DEO Board
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Power-Up the DEO Board

* The DEO board comes with a preloaded
configuration bit stream to demonstrate some
feature of the board.

— All user LEDs are flashing.

— All 7-segment displays are cycling
through O to F.
—The VGA monitor displays the

Image as shown a the right-hand
side:

Copyright © All Rights Reserved by Yuan-Hao Chang
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DEO Installation

e Step 1: Install the Altera Design Software on the host computer.

— Download the software: http://www.altera.com/download
- Quartus ll: the primary FPGA development tool
- Nios Il: soft-core embedded processor
- ModelSim-Altera: Simulation tool

Quartus® II Web Edition Software v9.1 Service Pack 1 Dmrnlmdl] 1.5 GB
{Mow with the MegaCore® IP Library, which includes the Mios® II Mo license required
Processor)

Windows Yista (32 bits) and Windows ®P {32 bits)

MNios II Embedded Design Suite {f) Download » | SE3 ME
Windows Yista (32 bits) and Windows ®P (32 bits) Cownload Service Pack 13 MB

Mo license required
Modelsim®-Altera® Starter Edition v6.5b for Quartus II Software Dmnlﬂﬂdlr] 573 MB
T30 | Cownload Service Pack 274 MB
Wiindows YWista (32 bits) and Windows ®P {32 bits) Mo license required
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DEO Installation (Cont.)

« Step 2: Install the USB Blaster

— Plug in the power cable.

— Use the USB cable co connect the USB connector
on the DEO board to a USB port on a computer.

- 1. Recognize the new hardware connected
- 2. Specify the path for USB Blaster driver
- 3. Select appropriate driver (C:\altera\91\quartus\drivers\usb-blaster)

- 4. Install USB Blast driver (C:\altera\91\quartus\drivers\usb-blaster\x32)

SEEEEREE FRGEERESE
B SR REEE SR SNEERS - o
\\
\§ Windows H &P ATEVEY - %L CD = Window
%é) ﬁn& (EJLETHIS) ik Eiﬁﬁiiﬁaﬁﬁﬁﬁﬁ (&) TEELET B PR R ABEENIE A ()

{E R T RIS IR RIS RS RETI T RREr aEes
EElint i 2 L

[ #2308 @REE ° CD-ROM..)(M)
(B =t o B i )]
O BERED Calterai0 L uertushirivershush-blaster] v (¥R

Of  BELREREEET —BESRDE
OF » BETED

Windows T8 LERF] Windows Update SIRETHE"?

O T =S » BREEETROBERED)
SHESELRTER L 5 B RS IRENTEF, - Windows T IREBITARERRISRENME
FufaT S AT e -

ST [P 48A -

[i=FB] [—2u-] [ = |
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DEO Control Panel

* The DEO board comes with a Control Panel facility.
(Start the executable DEO_ControlPanel.exe)

— Allows users to access various components on the board from a
host computer.

— Connect the host computer with the DEO board through an USB
connection.

— Verify the functionality of components on the board.

G | Bunon | Memany| FS2 | SD-caRD | viaa |

i LED
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DEO Control Panel (Cont.)

* The control codes that perform the control functions
— Is implemented in the FPGA board, and
— Communicates with the Control Panel window on the host computer.

Host
= T
Host computer: FPGA SOPC p— SEGT Controller 7-SEG Display
Cont_rol Panel : Pl SDRAM Countroller SDRAM
window z
! NIOSIT [~ - b P52 Controller P51 Keyboard
JPE— II USB cable o ) P VCA Controller —
JTAG ik PIO Controller LED/Button/
UsB "> |  Blste (= | JTAG [ 7|2 7 = Switch/ Seg/
Hardw ) ’ Ey SD- Card
Blaster = :
Flash

DEO
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Configuring the Cyclone Ill FPGA

* The DEO board contains a serial EEPROM chip (i.e., the
EPCS4 device) that stores configuration data for the
Cyclone lll FPGA.

— The configuration data is automatically loaded from the EEPROM
chip into the FPGA once the power is applied to the board.

— With Quartus Il, it is possible to reprogram the FPGA and to change
the non-volatile data in the EEPROM chip.
- JTAG (Joint Test Action Group) programming: Download the

configuration to FPGA directly, but the configuration is lost when the
power is off.

- AS (Active Serial) programming: Download the configuration into the
EEPROM chip, and the configuration is retained when the power is off.
When the power is on, data is loaded from the EEPROM.

Copyright © All Rights Reserved by Yuan-Hao Chang
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Configuring the FPGA In JTAG Mode

* Download the .sof (SRAM Object File) file by the
programmer of Quartus Il

USE Blaster Circuit
Quartus Il

PROG/RUN
_u JTAG UART . @
JTAG Config signals || C¥clone="1II
RUN-

Programmer

&

DQUARTLUS 11
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Configuring the FPGA in JTAG Mode (Cont.)

* The steps to program SRAM Object File (.sof) into the FPGA device on the
DEO board are as follows:

— Step 1. Power on DEO board with SW11 to RUN mode and connect it to the host.
Step 2: Open Quartus Il, and choose Tools - Programmer

— Step 3: Click “Hardware Setup” and then Select “USB Blaster”

— Step 4: Click “Add File” to select the .sof file in JTAG mode, and then click “Start”
to program it.

% Ouartes 11 o=
Ee El# Yww Prwct Ampoenn !mm@ﬂmw Belp [ %] Quartus I1 - [Chainl .cdf] g@
2 O 3 :
HEASIL Ele Edit Processing ool Window
M -
Project Navigatir 1 &, Hardware Satup..‘ USE-Blaster [USE-0]
‘Enity | Mode: JTAG -
& Conpieson Hie nechy L = Made: [JTAG |
Progress:
........ Frogress: 0%
I Enabi Hardware Setup
o T 1 ™ Enable realtime ISP to allow background programming [for MAX [ devices] ]
ware Settings | JTAG Bettings
o . | |Fie Dol |Ehecksum ‘Llsan:ude ‘ e | Wi
— Select a programming hardware setup to use when programming devices. This programming il
hardware setup applies anly ta the current programmer windaw, ‘
m Auta Detect Currently selected hardware: IELISE-EIaster [USB-0] :LI N" Auto Detect ‘

2 Ayailable hardware items:
Hardware | Server | Port [ | Add Hardware. ‘
G Add Flle 5B Blaster Local EEE |

Clos= | <] il [>

For Help, press Fl

For Help, press Fl
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Configuring the EPCS in AS Mod

* Download the .pof (Programmer Object File) file by the
programmer of Quartus Il

Quartus Il | USB Blaster Circuit
Pi’gﬁrggfr PROG/RUN Auto an._.fer-on
Config @
& } — *| Cyclonet: Il
DUTARTLIISIT PROG
AS Mode
Config

EPCS4
Serial

Configuration
Device

Copyright © All Rights Reserved by Yuan-Hao Chang
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Configuring the EPCS4 in AS Mode (Cont.)

* The steps to program Programmer Object File (.pof) into the EPCS4 device on
the DEO board are as follows:

— Step 1. Power on DEO board with SW11 to PROG mode and connect it to the host.
— Step 2: Open Quartus Il, and choose Tools - Programmer
— Step 3: Click “Hardware Setup” and then Select “USB Blaster”

— Step 4: Click “Add File” to select the .pof file in Active Serial Programming mode,
and then click “Start” to program it. (Remember to select “Add Device >"EPCS4")

——eg (=[5
% Quartes 11 .L.E,_
Bl B2 Tev bowet depuent Poces] JoB] Medov Eelp 15 Quartus It - [Chainl cdf] E]@
Dl gl Re =
- E I; Hardware Setup...l USB-Blaster [USB-0] File Edit Processing Tools Window
| Mok ] [imaE = USB-Blaster [USE-0]

Progress: Mode: UTAG ﬂ

Hardware Setup =

[ Enable real-t Progress: 0%

Hordvare Settings | JTAG Settings | I~ Enable ieaktime ISP to allow background programming (for MAX 1l devices)
— Select a programming hardware setup to use when programming devices. This programming ‘ File Device |Checksum ‘ Usercode ‘ Program/ | Ve

hardware setup applies anly ta the current programmer windaw, Configure

m Auta Detect Currently selected hardware: IELISE-EIaster [USB-0] :LI
:‘ Available hardware items: B duto Detect
Hardware | Server | Port [ | Add Hardware. ‘
2 Add File LISE-Blaster Lacal UsB-a |
L (G AddFile.. |

For Help, press Fl h) p For Help, press Fl
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Bg \|-\|:2 D2 E4 E3 H7 JT G5 G4 Hé H5 Jé
- G3 Cycl’one@m

]
§§§

- F1

SW8 sSW8 SW7 SWe SW5 Sw4 SW3 SW2 SW1 SWO

3 Pushbutton switches: 10 Slide switches (Sliders):
Not pressed - Logic High Up - Logic High
Pressed - Logic Low Down - Logic
SWI[1] PIN_H5 SWI[6B] PIN_H7
BUTTON [0] PIN_ H2 SWI[2] PIN_H6 SW[7] PIN_E3
BUTTON [1] PIN_ G3 SW(3] PIN_G4 SWig] PIN_E4
BUTTON [2] PIN_F1 SW[4] PIN_G5 SWI9] PIN_D2
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LEDS 10 LEDs

......................... | Opuput high - LED on

Pin number , Output low = LED off
Cyclone™HI
1 LEDGO
LEDGO » _
) VY !-31 LEDGIO] PIN_J1
J2 LE[’LW ',v
LEDG2 LEDGZ LEDGI1] PIN_J2
J3 .
LEDG3 YV LEDGE LEDG[Z] PIN_J3
H1 »
YWV LEDG[3] PIN_H1
LEDG4 LEDG-L;
F2 | "
VW  EDGs LEDGI[4] PIN_F2
=1 | LEDGS s
| EDGE LEDG[5] PIN_E1
LEDGS 3
3 VWV  EDG7 LEDGI6] PIN_C1
LEDG7 5
A
- VWV  EDGE LEDGI7] PIN_C2
LEDGS 5
—— atal
~ WV LEDG[8] PIN_B2
LEDGS EDGY
bulal
B VWV = LEDGI9] PIN_B1
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HEX0_DO
L <
HEX0_D5 HEX0 D1[¥ |
HEX0_D6 )
aas
HEX0_D4 HEX0 D2 |[¢—
«
m @ Hexo_DP :
_ SignaNamo_[ FPGA Pin o.
HEX0_D[0] PIN_E11 HEX1_D[0] PIN_A13
HEX0_D[1] PIN_F11 HEX1_D[1] PIN_B13
HEX0_D[2] PIN_H12 HEX1_D[2] PIN_C13
HEX0_D[3] PIN_H13 HEX1_D[3] PIN_A14
HEX0_D[4] PIN_G12 HEX1_D[4] PIN_B14
HEX0_D[5] PIN_F12 HEX1_D[5] PIN_E14
HEX0_D[6] PIN_F13 HEX1 D[6] PIN_A15
HEX0_DP PIN_D13 HEX1_DP PIN_B15

- PIn number
- (a
)
« HEX0 D2 H12
« HEX0 D3 H13
>
o Cyclonet™ Il
“"HEX0 D5 c¢12
. HEX0 De Ei
« HEX0_DP D13
HEX2_D[0] PIN_D15 HEX3_D[0] PIN_B18
HEX2_D[1] PIN_A15 HEX3_D[1] PIN_F15
HEX2_D[2] PIN_B16 HEX3_D[2] PIN_A19
HEX2_D[3] PIN_E15 HEX3_D[3] PIN_B19
HEX2_DI[4] PIN_A17 HEX3_D[4] PIN_C13
HEX2_D[5] PIN_B17 HEX3_DI[5] PIN_D19
HEX2 DI6] PIN _F14 HEX3_DI[6] PIN_G15
HEX2 DP PIN_A18 Rights HEX3_DP PIN_G16

17
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______________________________________________________________________________

- Block editor: Block Diagram/Schematic File (.bdf) |
Design entry Text editor: Verilog HDL (.v) or VHDL (.vhd) |

(block editor or text

editor) y Specify the | Download to FPGA
l designed circuit ‘

Create project and Determine the s
assign target device placement of the Les Compilation and
(New Project Wizard) and choose routing Fitting
| wires in the chip I
v |
Compilationand = Simulation (Vector ) AsElTTTETS
Fitting Wave File (.vwf) )

__________________________________________________________________________________________________________________________________

Timing simulation: verify functional correctness and timing issues.
'Functional simulation: verify functional correctness without considering timing |ssues

Copyright © All Rights Reserved by Yuan-Hao Chang
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Schematic Design with Quartus |

« Example: When the BUTTONO is pressed, LEDGO shows the
ANDed result of SWO0 and SW1 and LEDG1 shows the ORed
result of SWO0 and SW1.

New Project Wizard: Family & Device Settings [page 3 of 5]
. . Select the family and device you want to target for compilation.
® Step 1- Start a. neW prOJeCt Devic:efarniI_I,JjJ - - . Show it ‘tewailable device' izt
. . . Family | Cyclone I =l Package: Ay -
— Select File > New Project Wizard | o engane o]
. . Target device Speed grade: | Any :"
- Working directory: Class5 e e e sy | | onechanced doees
= PrOjeCt name: ClaSSS Awailable devices:
. Mame | Care v... | LEs | User 2. | tdemor... | Embed.. | PLL ad
- Top-level design entry: Class> EPaCIeF ooc P2 ise dm  seow 12
. . . EP3C1EF256CT 1.2 15408 189 51E096 112 4
— Family & Device Settings EPACIEF 25817 12 i%ee d  sew 12
EF3CIEF 48447 1.2 15408 47 S1E09E 112 4
_ Device family: Cyclone I R
evice y: Cy 5 0
- Avallable device: EP3C16F484C6 b
— EDA Tool Settings .
- Leave it alone at the moment x| fow | o | |

Copyright © All Rights Reserved by Yuan-Hao Chang
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Schematic Design with Quartus Il (Cont.)

« Step 2: Design entry using the graphic editor
— Select File > New - Block Diagram/Schematic File (.bdf)
— Save as “Classb.bsf” (check “Add file to current project™)

— Select “primitives” of “Symbol Tool” to add

- Three input pins A, B, and C, two output pins X and Y

- One AND gate, one OR gate, two tri-state buffers, and one NOT gate.
— Select “Orthogonal Node Tool” to connect the nodes. !

— Select “Start Compilation” to compile the circuit

f82) Quartus II - D:/Usersflohnson/Lectaring/Digital Logie Design Lab/DLDL 201002/ ab/ClassExample/Class5/Class5 - Class5 - IC... [~ |01/

File Edit View Project Processing Tools Window

= P

Y T L

i AL O N

@

44

oo R

N S S S S S S S S S S S SIS P

For Help, press L 200, 146 Reserved by Yuan-Hao Chang
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Schematic Design with Quartus Il (Cont.)

« Step 3: Simulation with Vector Waveform File (.vwf)
— Select File > New - Vector Waveform File (.vwf)
— Save as “Class5.vwf” (check “Add file to current project”)

— Select “Edit = Insert = Insert Node or Bus = Node Finder” to add
input/output pins into the simulation.

— Select “Edit & End Time” and select “Edit = Grid Size” to config the
simulation period and count period.
- A count value, binary, count every 50ns, multiplied by 1. g
- B: count value, binary, count every 50ns, multiplied by 2.
- C: forcing high or forcing low. & &
— Select “Start Simulation” to simulate the circuit.

_ Functlonal SImUIatlon [4 Master Time Bar | 14.075 ns j_>|F'-:inter: 5871 ns  Interval: 4464 ns
o . A : O Iz

- Select “Assignments = Settings => > T =
Simulator Settings” to set e =l — ——
“Simulation mode” as Functional. >1| B B0 /]

. w2 | B0

- Select “Processing - Generate i}i 23| x B0 | —
Functional Simulation Netlist” 4] Y BO I [

- Select “Start Simulation” to simulate the Circuit. <o ight © Al Rights Reserved by Yuan-Hao Chang
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Schematic Design with Quartus Il (Cont.)

« Step 3: Simulation with Vector Waveform File (.vwf)
— Select “Assignments - Device” to configure the board settings.

- Set Family as Cyclone Il and Device as EP316F484C6

- Select “Device and Pin Options”
- Select and set “Unsigned Pings” as “As input tri-stated” and

- Select “Configuration” to set configuration scheme as “Active Serial” and configuration device as

‘EPCS4”

— Select “Assignments - Pins” to activate the “Pin Planner”.
— Select “Start Compilation” to compile the circuit with circuit assignment.
— Select “Tools = Programmer” to download the .soft file to the FPGA board for

testing.
Mode Mame Direction Locakion
1 A Inpuk PIN_1A
2 I E Inpuk PIN_HS
3 e C Inpuk PIN_HZ
4 ¥ ¥ Cukput PIN_]J1
o 0 Cukput PIN_J2

(Bt T LML DL e bl -G - Ol el = 15

EE e
& v S| 58 S 1550 ece 725 =1 e RN

[ Erbie ol F5F b sl sk e ocnammre [ B840 e |

E A Troge k- Secuty L
| P e e ) e o T e P
Clptetined EFICIFaM [y FFFFFFGF 7]
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r
Lab 5

e Part 1 - Simulation

— Use the block editor (Block Diagram/Schematic File: .bdf) to design a
NAND gate with one output pin F and two input ping A and B. Then
use Vector Waveform File (.vwf) to simulate the results.

- A: count value, binary, simulation period=4us, advanced by 1 every 100ns
- B: count value, binary, simulation period=4us, advanced by 1 every 200ns

e Part 2 - Transferring a Design to a Target FPGA

— Use three slides (SW2-SWO0) as the binary input value.

- The corresponding LED (LEDGO-7) is on when selected by the binary input.
Other LEDs are off. E.g., 100 (SW2-SWO) lights LEDGA4.

- The first 7-segment LED (HEXO) shows the decimal value of the binary
input when the first pushbutton (BUTTONO) is pressed. Otherwise, HEXO is
off. E.g., When BUTTONO is pressed and the binary input is 101 (SW2-
SWO0), HEXO shows 5.

Copyright © All Rights Reserved by Yuan-Hao Chang
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Report

e Part 1 — Simulation

— Explain the simulation result. (L § % & % a2k 7))
— Write down what you learned from this experiment (5§ 2% < i¥)

e Part 2 - Transferring a Design to a Target FPGA
— Explain the process of the circuit design (GLP? 7 3K 3 e:E 42)

HEXO0

HEX0_D0
L]

HEX0_DS HEX0_D1
HEX0_D6 N
[
HEXCI_Dd, lHExu_Dz

e exo_or [

HEX0_D3

Press to enableI

BUTTOND

Combinational
Logic Circuit

LEDGO

LEDG1

LEDG2

LEDG3

LEDG4

LEDGS

LEDG6

EI Inputi ﬂ ﬂ

LEDG7
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Bg \|-\|:2 D2 E4 E3 H7 JT G5 G4 Hé H5 Jé
- G3 Cycl’one@m

]
§§§

- F1

SW8 sSW8 SW7 SWe SW5 Sw4 SW3 SW2 SW1 SWO

3 Pushbutton switches: 10 Slide switches (Sliders):
Not pressed - Logic High Up - Logic High
Pressed - Logic Low Down - Logic
SWI[1] PIN_H5 SWI[6B] PIN_H7
BUTTON [0] PIN_ H2 SWI[2] PIN_H6 SW[7] PIN_E3
BUTTON [1] PIN_ G3 SW(3] PIN_G4 SWig] PIN_E4
BUTTON [2] PIN_F1 SW[4] PIN_G5 SWI9] PIN_D2
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LEDS 10 LEDs

......................... | Opuput high - LED on

Pin number , Output low = LED off
Cyclone™HI
1 LEDGO
LEDGO » _
) VY !-31 LEDGIO] PIN_J1
J2 LE[’LW ',v
LEDG2 LEDGZ LEDGI1] PIN_J2
J3 .
LEDG3 YV LEDGE LEDG[Z] PIN_J3
H1 »
YWV LEDG[3] PIN_H1
LEDG4 LEDG-L;
F2 | "
VW  EDGs LEDGI[4] PIN_F2
=1 | LEDGS s
| EDGE LEDG[5] PIN_E1
LEDGS 3
3 VWV  EDG7 LEDGI6] PIN_C1
LEDG7 5
A
- VWV  EDGE LEDGI7] PIN_C2
LEDGS 5
—— atal
~ WV LEDG[8] PIN_B2
LEDGS EDGY
bulal
B VWV = LEDGI9] PIN_B1
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HEX0_DO
L <
HEX0_D5 HEX0 D1[¥ |
HEX0_D6 )
aas
HEX0_D4 HEX0 D2 |[¢—
«
m @ Hexo_DP :
_ SignaNamo_[ FPGA Pin o.
HEX0_D[0] PIN_E11 HEX1_D[0] PIN_A13
HEX0_D[1] PIN_F11 HEX1_D[1] PIN_B13
HEX0_D[2] PIN_H12 HEX1_D[2] PIN_C13
HEX0_D[3] PIN_H13 HEX1_D[3] PIN_A14
HEX0_D[4] PIN_G12 HEX1_D[4] PIN_B14
HEX0_D[5] PIN_F12 HEX1_D[5] PIN_E14
HEX0_D[6] PIN_F13 HEX1 D[6] PIN_A15
HEX0_DP PIN_D13 HEX1_DP PIN_B15

- PIn number
- (a
)
« HEX0 D2 H12
« HEX0 D3 H13
>
o Cyclonet™ Il
“"HEX0 D5 c¢12
. HEX0 De Ei
« HEX0_DP D13
HEX2_D[0] PIN_D15 HEX3_D[0] PIN_B18
HEX2_D[1] PIN_A15 HEX3_D[1] PIN_F15
HEX2_D[2] PIN_B16 HEX3_D[2] PIN_A19
HEX2_D[3] PIN_E15 HEX3_D[3] PIN_B19
HEX2_DI[4] PIN_A17 HEX3_D[4] PIN_C13
HEX2_D[5] PIN_B17 HEX3_DI[5] PIN_D19
HEX2 DI6] PIN _F14 HEX3_DI[6] PIN_G15
HEX2 DP PIN_A18 Rights HEX3_DP PIN_G16
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