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Chapter 1

Introduction

The DEGNano board introduces a compaaed FPGA development platform suited fora wide
range of portable design projecisich as rbots and mobile projects.

The DEGNano is ideal for use with embedded soft processarfeatures a powerful Altera Cyclone
IV FPGA (with 22,320 logic elements), 32 MB of SDRAM, 2 Kb EEPROM, ar&dt &Mb serial
configuration memory device. For connectit@ realworld sensors the DENano includes a
National Semiconductor-8hannel 1zbit A/D converter, and it also features an Analog Devices
13-bit, 3-axis accelerometer device.

The DEGNano board includes a built USB Blaster for FPGA programming, atite board can be
powered either from this USB port or by an external power source. The board includes expansion

headers that can be used to attach various Terasic daughter cards or other devices, such as motor
and actuators. Inputs and outputs includeighputtons, 8 user LEDs and a set of 4a¥yitches.

1.1 Features

Figure 1-1 shows a photograph of tiE0-NanoBoard

Figure 1-1 The DEO-Nano Board
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The key featuresf theboardare listed below

1 Featured device
0 Altera Cyclon® |V EPACE22F17C6N-FPGA
0 153maximum FPGA I/O pins

1 Configuration status and sep elements
o Onboard USBBIlaster circuit for programming
0 Spansion EPCS64

1 Expansion header
0 Two 40pin Headers (GPI®) provide721/0O pins 5V power pins, two 3.3V power pins and
four ground pins

1 Memory devices
o 32MB SDRAM
o 2Kb I2C EEPROM

1 General user input/output
0 8green LEDs
0 2debounceghushbuttons
0 4-position DIP switch

1 G-Sensor
0 ADI ADXL345, 3-axis accelerometer vithigh resolution (1-dit)

1 A/D Converter
0 NS ADC128S022, €hannel, 12bit A/D Converter
0 50 Kspsto 200 Ksps

1 Clocksystem
0 On-board 50MHz clock oscillator

1 Power Supply
o USB Type miniAB port (5V)
o DC 5V pinfor eachGPIO heade2 DC 5V pins)
0 2-pin extermal power heagr (3.6-5.7V)
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1.2 About the KIT

The kit coms with the following contents:

9 DEO-Nanoboard

9 Quick Start Guide

I USB Cable

9 CD (Download from Terasic Web)

The systemCD contains technical documents the DEO-Nanoboard which includes component
dataveet, demonstrationschematic, and user manudker can download this System CD from the
web: http://deBGnano.terasic.com/cd

Figure 1-2 shows the photograph dfd DEO-Nanokit contens.

© Altera DEO-Nano Board
® USB Mini-B Cable
©® DEO-Nano Quick Start Guide

Figure 1-2 DEO-Nano kit package contents

1.3 Getting Help

Here isinformation of howto get help if you encounter any problem:

i Terasic Technologies
1 Tel: +886:3-5750880
1 Email: support@terasic.com

9 Altera Corporation
1 Email: university@altera.com
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Chapter 2
DEO-Nano Board Architecture

This chapter desdves the architecture of thBEO-Nano board including block diagram and
components.

2.1 Layout and Components

The pictureof the DEO-Nanoboardis shown inFigure 2-1 andFigure 2-2. It depicts the layout of
the boarcandindicates the locatiaof the connectors and key coonents.

FPGA Serial Configuration Device (EPCS)

8 Creen LEDs 32 MB SDRAM 40-pin GPIO Header

GPIOO ™~ e T Ty T TR T TR e Ty T T e e e Ty e
D4 &

,_—,..,...... v ”

DDO vz 24MHz Lt.IDHLLDeLLlDbleLLDJLEDZLL

USB Type [ ~

mini-AB — gl
Port
Altera Cyclone IV
|||||l|| ? 15 EP4CE22F17C6N
e ' FPGA
{ o R H 3 cE o ge R == LSS - 26-pin Header
2-pin ,c1z7;‘?? 45«1[_!!_,'10 3 HRHEE ] - ol
External & A/D Converter
Power
Header

4 Dip Switches Digital Accelerometer

40-pin GPIO Header
2Kb 12C EEPROM 50MHz Clock Oscillator

Figure 2-1 The DEO-Nano Board PCB and component diagram (top view)
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Figure 2-2 The DEO-Nano Board PCB and component diagram (bottom view)

2.2 Block Diagram of the DEO-Nano Board

Figure 2-3 shows the lock diagram of theDEG-Nanoboard To provide maximum flexibility for
the user, all connections are made through tlgeldBe M FPGA device. Thus, the user can
corfigure the FPGA to implement any system design.

12C
EEPROM
(2Kbit)

> 40-pin GPIO
Header
X72
— 40-pin GPIO
/NOTERA,

L5
EPCS64 " [N Cyclonet1v
(64Mb) X16 2X13
—=_ .
Pin Header

X1 X8 X2
I l X4
s

50 MHz

Figure 2-3 Block diagram of DEO-Nano Board
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2.3 Power-up the DEO-Nano Board

The DEO-Nano board comes with a preloaded configuration bit stream to demonswate
features of the board. Thiallows users to see quickly if the board is working properlypdwerup
the boardwo optionsare availablevhich aredescribed below

1. Connect a USB MinB cable betweena USB (Type A) host port and the boareor
communicéion between the host and tB&0-Nanoboard it is necessary to install the Altera USB
Blaster driver software.

2. Alternatively, users can powep the DEO-Nano board by supplying 5V to the two DC +5
(VCC5) pins of theGPIO headers or supplying 635.7V) to the 2pin header

At this point you should obserfiashingLEDs on the board

1C
te Terasic DEO-Nano User Manual www.terasic.com

Www. Lerasic. com




Chapter 3
Using the DEO-Nano Board

This chapter gives instructions for using the EEno board and describes in detail its components
and connectors, along with the requiréa gssignments.

3.1 Configuring the Cyclone IV FPGA

The DEGNano board contains a Cyclone IV E FPGA which can be programmed using JTAG
programming. This allows users to configure the FPGA with a specified design using Quartus Il
software. The programmed desiwill remain functional on the FPGA as long as the board is
powered on, or until the device is reprogrammed. The configuration information will be lost when
the power is turned off.

To download a configuration bit stream file using JTAG Programming ictctlone IV FPGA,
perform the following steps:

1. Connect a USB MinB cable between a host computer and the-DN&fo.

2. The FPGA can now be programmed through the Quartus Il Programmer by selecting a
configuration bit stream file with the .sof filenametension.

A Configuring the Spansion EPCS64levice

The DEGNano board contains &pansion EPCS64erial configuration device. This device
provides norvolatile storage of the configuration {sitream, so that the information is retained
even when the powesupply to the DEINano board is turned off.
turned on, the configuration data in tBBCS64device is automatically loaded into the Cyclone IV
E FPGA.

The Cyclone IV E device supports-siystem programming of a serial configiima device using

the JTAG interface via the serial flash loader design. The serial flash loader is a bridge design for
the Cyclone IV E device that uses its JTAG interface to access the EPCS .jic file and then uses the
AS interface to program the EPCS obev Figure 3-1 illustrates the programming method when
adopting a serial flash loader soluti@hapter 9 of this document describes how to load a ci@uit

the serial configuration device.

11
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Serial

QUARTUS"II

Figure 3-1 Programming a serial configuration device with serial flash loader solution

A JTAG Chain on DE0O-Nano Board

The JTAG Chain on the DERano board is connected to a host computer usmgreboard
USB-blaster. The USBlaster consists of a USB M#E connector, a FTDI USB 2.0 Controller,
and an Altera MAX Il CPLD.

Figure 3-2 illustrates the JTAG configuration setup.

USB
Connector TDlI ¢—— TDO
/ANO[S RYA\,
My |

Cyclone?mIV
— 1Dl

1

Figure 3-2 JTAG Chain

3.2 General User Input/Qutput

A Pushbuttons

The DEO-Nano board containstwo pushbuttonsshown in Figure 3-3. Each pushbuttonis
debounced using a Schmitt Trigger circuit, as indicatédgnre 3-4. The two outputs called KEYO,

and KEY1 of the Schmitt Trigger devices are connected directly to the Cyclone IV E FPGA. Each
pushbutton provides a high logic level when it is not pressed, and provides a low logic level when
presed. Since the pushbuttons are debounced, they are appropriate for using as clock or reset
inputs.

12
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VCC2P5

£ S

KEY1 [ | =

ke N AUTERA
KEYO SN74AUC17

. omm O I T Cycloneg’lv

Figure 3-3 Connections between the push-buttons and Cyclone IV FPGA

lPushbutton depressed lPushbutton released
Before
Debouncing ||||||||| |||||||
Schmitt Trigger
Debounced

A

v

Figure 3-4 Pushbuttons debouncing

A LEDs

There are 8 green useontrollable LEDs on the DENano board. The eight LEDs, which are
presented ir-igure 3-4, allow users to display status and debuggmfgrmation. Each LED is
driven directly by the Cyclone IV E FPGA. Each LED is driven directly by a pin on the Cyclone IV

E FPGA; driving its associated pin to a high logic level turns the LED on, and driving the pin low
turns it off.

13

ter Terasic DEO-Nano User Manual

www.terasic.com
wwwwwwwwwww m




LEDO ’l// LEDG
|
el —  LED1 piz LEDG
A13 —— !
B18 —— LED2 .~ LEDG
& LED3 ‘. LEDG
L
Z:A! IERA " =
® o
Cyclone?lv LED4 1 LEDG
DI — _LEDS .y~ LEDG
F3 — '
B1 — LED6 ,.-~ LEDG
L3 — q
LED? L LEDG

Figure 3-5 Connections between the LEDs and Cyclone IV FPGA

A DIP Switch

The DEO-Nanoboard contains a 4 dipwitches A DIP switch provides, to the FPGA, a high logic
level when it is in the DOWN position, and a low logic levélen in the UPPER position.

Table 3-1 Pin Assignments for Puskbuttons

Signal Name FPGA Pin No. |Description I/O Standard
KEY[O0] PIN_J15 Push-button[0] 3.3V
KEY[1] PIN_E1 Push-button[1] 3.3V

Table 3-2 Pin Assignments for LEDs

Signal Name FPGA Pin No. Description I/O Standard
LEDIO0] PIN_A15 LED Green[0] 3.3V
LED[1] PIN_A13 LED Green[1] 3.3V
LED[2] PIN_B13 LED Green[2] 3.3V
LED[3] PIN_A11 LED Green[3] 3.3V
LED[4] PIN_D1 LED Green[4] 3.3V
LEDI[5] PIN_F3 LED Green[5] 3.3V
LED[6] PIN_B1 LED Green|[6] 3.3V
LEDI[7] PIN_L3 LED Green[7] 3.3V
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Table 3-3 Pin Assignments forDIP Switches

Signal Name FPGA Pin No. |Description I/O Standard
DIP Switch[0] PIN_M1 DIP Switch[0] 3.3V
DIP Switch[1] PIN_T8 DIP Switch[1] 3.3V
DIP Switch[2] PIN_B9 DIP Switch[2] 3.3V
DIP Switch[3] PIN_M15 DIP Switch[3] 3.3V

3.3 SDRAM Memory

The board features Synchronous Dynamic Random Access Memory (SDRAM) device providing
32MB with a 16-bit data lines connected to the FPGA. The chip uses 3.3V LVCMOS signaling
standard.All signals are registered on the positive edge of the clock sigdRAM_ CLK.
Connections between the FPGA and SDRAM chips are showigiime 3-6.

DRAM_DQ[15..0]
DRAM_ADDR[12..0]
DRAM_DQM[1..0]

A DYA DRAM_CLK
= DRAM CKE
DRAM_WE N
Cyclone?,IV DRAM_CAS N
DRAM_RAS_N SDRAM 16MX16
DRAM CS N
DRAM_BAO
DRAM_BA1

Figure 3-6 Connections between FPGA and SDRAM

Table 3-4 SDRAM Pin Assignments

Signal Name FPGA Pin No. Description I/O Standard
DRAM_ADDRI[0] PIN_P2 SDRAM Address[0] 3.3V
DRAM_ADDR][1] PIN_N5 SDRAM Address[1] 3.3v
DRAM_ADDR][2] PIN_N6 SDRAM Address[2] 3.3V
DRAM_ADDRJ[3] PIN_M8 SDRAM Address[3] 3.3V
DRAM_ADDR[4] PIN_P8 SDRAM Address[4] 3.3v
DRAM_ADDRJ[5] PIN_T7 SDRAM Address[5] 3.3V
DRAM_ADDR[6] PIN_N8 SDRAM Address|[6] 3.3v
DRAM_ADDR][7] PIN_T6 SDRAM Address[7] 3.3V
DRAM_ADDRI[8] PIN_R1 SDRAM Address[8] 3.3v
DRAM_ADDRI[9] PIN_P1 SDRAM Address[9] 3.3v
DRAM_ADDRJ[10] PIN_N2 SDRAM Address[10] 3.3V
DRAM_ADDRJ[11] PIN_N1 SDRAM Address[11] 3.3v
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DRAM_ADDR[12] PIN_L4 SDRAM Address[12] 3.3V
DRAM_DQI[0] PIN_G2 SDRAM Data[0] 3.3V
DRAM_DQJ[1] PIN_G1 SDRAM Data[1] 3.3V
DRAM_DQ[2] PIN_L8 SDRAM Data[2] 3.3V
DRAM_DQI3] PIN_K5 SDRAM Data[3] 3.3V
DRAM_DQ[4] PIN_K2 SDRAM Data[4] 3.3V
DRAM_DQI[5] PIN_J2 SDRAM Data[5] 3.3V
DRAM_DQ[6] PIN_J1 SDRAM Data[6] 3.3V
DRAM_DQ[7] PIN_R7 SDRAM Data[7] 3.3V
DRAM_DQI[8] PIN_T4 SDRAM Data[8] 3.3V
DRAM_DQ[9] PIN_T2 SDRAM Data[9] 3.3V
DRAM_DQ[10] PIN_T3 SDRAM Data[10] 3.3V
DRAM_DQ[11] PIN_R3 SDRAM Data[11] 3.3V
DRAM_DQ[12] PIN_R5 SDRAM Data[12] 3.3V
DRAM_DQ[13] PIN_P3 SDRAM Data[13] 3.3V
DRAM_DQ[14] PIN_N3 SDRAM Data[14] 3.3V
DRAM_DQ[15] PIN_K1 SDRAM Data[15] 3.3V
DRAM_BA[O0] PIN_M7 SDRAM Bank Address[0] 3.3V
DRAM_BA[1] PIN_M6 SDRAM Bank Address[1] 3.3V
DRAM_DQM[0] PIN_R6 SDRAM byte Data Mask[0] 3.3V
DRAM_DQMJ1] PIN_T5 SDRAM byte Data Mask[1] 3.3V
DRAM_RAS N PIN_L2 SDRAM Row Address Strobe 3.3V
DRAM_CAS N PIN L1 SDRAM Column Address Strobe 3.3V
DRAM_CKE PIN_L7 SDRAM Clock Enable 3.3V
DRAM_CLK PIN_R4 SDRAM Clock 3.3V
DRAM_WE_N PIN_C2 SDRAM Write Enable 3.3V
DRAM_CS N PIN_P6 SDRAM Chip Select 3.3V

3.412C Serial EEPROM

The DEGNano contains a 2Kbit Electrically Erasable PROM (EEPROM). The EEPROM s
configured through a-@ire 12C serial interface. The device is organized as one bki2ktox 8bit
memory. The 12C write and read address are OxAO and 0xAl, respectigelye 3-7 illustrates its
connectios with the CycloneV FPGA.
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VCC3P3

EEPROM
vce —O

NITERAN 12C_SCLK _ BL i ,

I2C_SDAT Al — AN

= SDA A2 —AA—1
VSS
WP

Figure 3-7 Connections between FPGA and EEPROM

Table 3-5 Pin Assignments forl2C Serial EEPROM

Signal Name FPGA Pin No. Description I/O Standard
[2C_SCLK PIN_F2 EEPROM clock 3.3V
[2C_SDAT PIN_F1 EEPROM data 3.3V

3.5 Expansion Headers

The DEGNano bard provides two 4pin expansion headers. Each header connects directly to 36
pins of the Cyclone IV E FPGA, and also provides DC +5V (VCC5), DC +3.3V (VCC33), and two
GND pins.Figure 3-8 shows the 1/O distribudn of the GPI1O connectors.
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GPIO-1
JP2

GPIO_0_INO GPIO_00 GPIO_1_INO 2  GPIO_10

GPIO_0_INT GPIO_01 GPIO_1_IN1 4 GPIO_11

GPIO_02 GPIO_03 GPIO_12 6 GPIO 13

GPIO_04 GPIO_05 GPIO_14 8 GPIO 15

GPIO_06 GPIO_07 GPIO_16 10 GPIO_17

1

vee_sysO GPIO_08 GPIO 09 vee_sysO GPIO 18 1 GPIO_19
GPIO_010 GPIO_011 GPIO_110 GPIO_111
GPIO_012 GPIO_013 GPIO_112 17 18 | GPIO_113
GPIO_014 GPIO_015 GPIO_114 19 20 | GPIO_115
GPIO 016 GPIO 017 GPIO 116 21 22 | GPIO 117
GPIO 018 GPIO 019 GPIO 118 23 24 | GPIO 119
GPIO_020 GPIO_021 GPIO_120 25 26 | GPIO_121
GPIO_022 GPIO_023 GPIO_122 28 | GPIO 123

29

veesPsO GPIO 024 | GPIO 025 VeesP3O GPIO 124 31 | GPIO 125
GPIO_026 GPIO_027 GPIO 126 33 34 | GPIO_127
GPIO 028 GPIO 029 GPIO 128 35 36 | GPIO 129
GPIO 030 GPIO 031 GPIO 130 37 38 | GPIO 131
GPIO 032 GPIO 033 GPIO 132 40 | GPIO 133

Figure 3-8 Pin arrangement of the GPIO expansion headers

Thepictures below indicate the pin 1 location of the expansion headers.

AamADanmneeadnde @@ RH2E0

10-0101115:F0 3 suene
. :
202)8 par O

zs GExes [0 RNZ

Figure 3-9 Pinl locations of the GPIO expansion headers

Table 3-6 GPIO-0 Pin Assignments

Signal Name FPGA Pin No. Description I/O Standard
GPIO_0_INO PIN_AS8 GPIO Connection DATA 3.3v
GPIO_00 PIN_D3 GPIO Connection DATA 3.3V
GPIO_0O_IN1 PIN_B8 GPIO Connection DATA 3.3V
GPIO 01 PIN_C3 GPIO Connection DATA 3.3V
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GPIO_02 PIN_A2 GPIO Connection DATA 3.3V
GPIO_03 PIN_A3 GPIO Connection DATA 3.3V
GPIO_04 PIN_B3 GPIO Connection DATA 3.3V
GPIO_05 PIN_B4 GPIO Connection DATA 3.3V
GPIO_06 PIN_A4 GPIO Connection DATA 3.3V
GPIO_07 PIN_B5 GPIO Connection DATA 3.3V
GPIO_08 PIN_A5 GPIO Connection DATA 3.3V
GPIO_09 PIN_D5 GPIO Connection DATA 3.3V
GPIO_010 PIN_B6 GPIO Connection DATA 3.3V
GPIO 011 PIN_A6 GPIO Connection DATA 3.3V
GPIO_012 PIN_B7 GPIO Connection DATA 3.3V
GPIO_013 PIN_D6 GPIO Connection DATA 3.3V
GPIO_014 PIN_A7 GPIO Connection DATA 3.3V
GPIO_015 PIN_C6 GPIO Connection DATA 3.3V
GPIO_016 PIN_C8 GPIO Connection DATA 3.3V
GPIO_017 PIN_E6 GPIO Connection DATA 3.3V
GPIO_018 PIN_E7 GPIO Connection DATA 3.3V
GPIO_019 PIN_D8 GPIO Connection DATA 3.3V
GPIO_020 PIN_ES8 GPIO Connection DATA 3.3V
GPIO_021 PIN_F8 GPIO Connection DATA 3.3V
GPIO_022 PIN_F9 GPIO Connection DATA 3.3V
GPIO_023 PIN_E9 GPIO Connection DATA 3.3V
GPIO_024 PIN_C9 GPIO Connection DATA 3.3V
GPIO_025 PIN_D9 GPIO Connection DATA 3.3V
GPIO_026 PIN_E11 GPIO Connection DATA 3.3V
GPIO_027 PIN_E10 GPIO Connection DATA 3.3V
GPIO_028 PIN_C11 GPIO Connection DATA 3.3V
GPIO_029 PIN_B11 GPIO Connection DATA 3.3V
GPIO_030 PIN_A12 GPIO Connection DATA 3.3V
GPIO_031 PIN_D11 GPIO Connection DATA 3.3V
GPIO_032 PIN_D12 GPIO Connection DATA 3.3V
GPIO_033 PIN_B12 GPIO Connection DATA 3.3V
Table 3-7 GPIO-1 Pin Assignments
Signal Name FPGA Pin No. Description I/O Standard
GPIO_1_INO PIN_T9 GPIO Connection DATA 3.3V
GPIO_10 PIN_F13 GPIO Connection DATA 3.3V
GPIO_1 IN1 PIN_R9 GPIO Connection DATA 3.3V
GPIO_11 PIN_T15 GPIO Connection DATA 3.3V
GPIO_12 PIN_T14 GPIO Connection DATA 3.3V
GPIO_13 PIN_T13 GPIO Connection DATA 3.3V
GPIO_14 PIN_R13 GPIO Connection DATA 3.3V
GPIO_15 PIN_T12 GPIO Connection DATA 3.3V
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GPIO_16 PIN_R12 GPIO Connection DATA 3.3V
GPIO_17 PIN_T11 GPIO Connection DATA 3.3V
GPIO_18 PIN_T10 GPIO Connection DATA 3.3V
GPIO_19 PIN_R11 GPIO Connection DATA 3.3V
GPIO_110 PIN_P11 GPIO Connection DATA 3.3V
GPIO_111 PIN_R10 GPIO Connection DATA 3.3V
GPIO_112 PIN_N12 GPIO Connection DATA 3.3V
GPIO_113 PIN_P9 GPIO Connection DATA 3.3v
GPIO_114 PIN_N9 GPIO Connection DATA 3.3V
GPIO_115 PIN_N11 GPIO Connection DATA 3.3V
GPIO_116 PIN_L16 GPIO Connection DATA 3.3V
GPIO_117 PIN_K16 GPIO Connection DATA 3.3V
GPIO_118 PIN_R16 GPIO Connection DATA 3.3V
GPIO_119 PIN_L15 GPIO Connection DATA 3.3V
GPIO_120 PIN_P15 GPIO Connection DATA 3.3V
GPIO_121 PIN_P16 GPIO Connection DATA 3.3V
GPIO_122 PIN_R14 GPIO Connection DATA 3.3V
GPIO_123 PIN_N16 GPIO Connection DATA 3.3V
GPIO_124 PIN_N15 GPIO Connection DATA 3.3V
GPIO_125 PIN_P14 GPIO Connection DATA 3.3V
GPIO_126 PIN_L14 GPIO Connection DATA 3.3V
GPIO_127 PIN_N14 GPIO Connection DATA 3.3V
GPIO_128 PIN_M10 GPIO Connection DATA 3.3V
GPIO_129 PIN_L13 GPIO Connection DATA 3.3V
GPIO_130 PIN_J16 GPIO Connection DATA 3.3V
GPIO_131 PIN_K15 GPIO Connection DATA 3.3V
GPIO_132 PIN_J13 GPIO Connection DATA 3.3V
GPIO_133 PIN_J14 GPIO Connection DATA 3.3V

3.6 A/D Converter and 2x13 Header

The DEO-Nano contains an ADC128S022 lower power, eighainnel CMOS 1-bit
analogto-digital converter This Ato-D providesconversion throughput rates of 50 k4ps200

ksps. It can be configured to accept up to eight input signals at inputs INO throughhibl'gight

input signals are connectedttee 2x13 headerasshown inFigure3-10. The remaining 1/Os of the
2x13 header are a DC +3.3V (VCC33), a GND and 13 pins, which are connect directly to the
Cyclone IV E device

For more detailed information on the A/D converter chip, please refer to its datasheet which is
avail able on manuf act ur etfoldler ofthedygemtCB. or wunder
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GPIO_2_INO 2
GPIO_2_IN2 4 GPIO_2_IN1
GPIO_21 @ GPIO_20
GPIO_23 g GPIO_22
GPIO_25 GPIO_24
GPIO_27 GPIO_26
GPIO_29 13 GPIO_28

@ &

GPIO_211 15 GPIO_210
Analog_In5 17 GPIO_212
Analog_In7 19 Analog_In6
Analog_In2 21 Analog_In3
Analog_In0 23 Analog_In4

25 Analog_In1

00 WINMMMMIIMBIMNINNY

°° NOOO®

2X13 HEADER

Figure 3-10 Pin distribution of the 2x13 Header

Figure 3-11 shows the connectiorms the 2x13 header, A/D convertrdCyclone IV devce.

y GPIO_2[12..0] =
GPIO_2_IN[2.0] _
/ANO[S R¥A\
2X13 Header %
IND Cyclone™1V
IN1
IN2 CS_n f42RCCSN
ADC_SADDR
IN3 DIN $e——= ; T
Analog D01 | e pouT (=
9_nts. ADC_SCLK
IN5 SCLK t
IN6
IN7

ADC1285022CIMTX

Figure 3-11 Wiring for 2x13 header and A/D converter

Thepictures below indicate the pin 1 location of the 2x13 header.
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Figure 3-12 Pinl locations of the 2x13 header

Table 3-8 Pin Assignments for2x13Header

Signal Name FPGA Pin No. Description I/O Standard
GPIO_2[0] PIN_A14 GPIO Connection DATAIO] 3.3V
GPIO_2[1] PIN_B16 GPIO Connection DATA[1] 3.3V
GPIO_2[2] PIN_C14 GPIO Connection DATA[2] 3.3V
GPIO_2[3] PIN_C16 GPIO Connection DATA[3] 3.3V
GPIO_2[4] PIN_C15 GPIO Connection DATA[4] 3.3v
GPIO_2[5] PIN_D16 GPIO Connection DATA[5] 3.3V
GPIO_2[6] PIN_D15 GPIO Connection DATA[6] 3.3V
GPIO_2[7] PIN_D14 GPIO Connection DATA[7] 3.3V
GPIO_2[8] PIN_F15 GPIO Connection DATA[8] 3.3V
GPIO_2[9] PIN_F16 GPIO Connection DATA[9] 3.3V
GPIO_2[10] PIN_F14 GPIO Connection DATA[10] 3.3V
GPIO_2[11] PIN_G16 GPIO Connection DATA[11] 3.3V
GPIO_2[12] PIN_G15 GPIO Connection DATA[12] 3.3V
GPIO_2_IN[O] PIN_E15 GPIO Input 3.3V
GPIO_2_IN[1] PIN_E16 GPIO Input 3.3V
GPIO_2_IN[2] PIN_M16 GPIO Input 3.3V

Table 3-9 Pin Assignments forADC

Signal Name FPGA Pin No. Description I/O Standard
ADC _CS N PIN_A10 Chip select 3.3V
ADC_SADDR PIN_B10 Digital data input 3.3V
ADC_SDAT PIN_A9 Digital data output 3.3V
ADC_SCLK PIN_B14 Digital clock input 3.3V
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3.7 Digital Accelerometer

The ADXL345 is a small, thin, ultralow power,-&Xis accelerometer with high resolution
measurement. This digltaccelerometer can be accessed through a $®ie3digital interface or

I2C 2-wire digital interface. Main applications include medical instrumentation, industrial
instrumentation, personal electronic aid and hard disk drive protection etc. Some @f thatlres

of this device are listed below. For more detailed information, please refer to its datasheet which is
available on manufacturero6s websit.e or under

1 Up to 13bit resolution at +/169g

1 SPI (3 wire) or 12C (2-wire) digital interface
1 Flexible interrupts modes

Figure 3-13 shows the connections betwebrADXL345 andthe Cyclone IVE device

VeLaRy ADXL345
12C_SCLK 1 N——
MR SDA_SDI_SDIO
/ANO[S RYA\ A/\—— SDO_ALT_ADDRESS

G_SENSOR_CS_N

CS_n

A\ 4

G_SENSOR_INT

INT1
Ye—AN—INT2

A

Figure 3-13 Wiring between the ADXL345 and the Cyclone IV E device

Table 3-10 Pin Assignments forDigital Accelerometer

Signal Name FPGA Pin No. Description I/O Standard
12C_SCLK PIN_F2 EEPROM clock 3.3V
I2C_SDAT PIN_F1 EEPROM data 3.3V
G_SENSOR_INT PIN_M2 G_Sensor Interrupt 3.3V
G_SENSOR_CS N PIN_G5 G_Sensor chip select 3.3V

3.8 Clock Circuitry

The DEGNano board includes a 50 MHz oscillator. The oscillator is connected directly to a
dedicated clock input pin of the Cyclone IV E FPGA. The 50MHz clock inputbeausedas a
source clock to drive the phase lock loops (PLL) circuit. The clock distribution on theNBx&®

board is shown ifrigure 3-14.
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50MHz CLOCK_50 /ANO[S RYAN
» R8
0OSC
Cycloneg.lv

Figure 3-14 Block diagram of the clock distribution

3.9 Power Supply

The DEO-Nanoboards power is provided through the USB p@wer the 5V VCC pins on the two
40-pin headers or the-Rin power headeiThe DC voltage is then stepped down to variegglired
voltages For portableproject applications, connect a battery power supply (3.6~5.7et@pin
external power header shownHrimyure 3-15.

N

8

[ TN ENERGY ]

Ni-MH BATTERY CHARGER

Figure 3-15 Portable Battery Connection
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A Power Distribution System

Figure 3-16 shows the power distribution system on EHe0-Nanoboard.

'3 B
5V power pins
~
il USB 5V P 05;/A — On two 40-pin
ower ]
(Max. 500mA output) GPIO Headers
N J
5V VCC pins on two 40-pin
headers - N
2-pin power header 5V USB PHY
\s Y, 0.025A —» FT245BL
N .
Regulator
LP59?)0TL—2.5 ozdgzslA — E;’fgg :
(Max. 0.15A output) ’
- 7 3av - /| EPCs16&
5 \J 002A —> - % 24LC02B
Regulator
3.3V VCCIO
LP385005D-ADJ
: —
(Max. 1.5A output) Gpisa EP4CE22
i ’—l 33V e /| vDD &VvDDQ
0.292A —» 2 N SDRAM
3.3V VCCINT & VCCIO
01A —» MAX || EPM240
3.3V s “ | ADXL345 &
0.00014A —» - N VDDIO
3.3V power
3.3V pins
02A —» of two 40-pin
GPIO headers
-
a R
Regulator W VCCINT
LP385005D-ADJ 1.2V o
(Max. 1.5A output)J 0654A —> EP4CE22
e J

Figure 3-16 DEO-Nano Power Distribution System
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Chapter 4
DEO-Nano Control Panel

The DEO-Nano board comes with a Control Panel facility that allows users to access various
components on the board from a host computer. The host computer communicates with the board
through a USB connection. The facility can be used to vdréyfunctionality of components on the

board or be used as a debug tool while developing RTL code.

This chapter first presents some basic functions of the Control Panel, then describes its structure in
block diagram form, and finally describes its capabdit

4.1 Control Panel Setup

The Control Panel Software Utility is located in thieectoryfitoolsDEO_NANQ ControlPaneb in
the DEO-Nano System CD It's free of installation, just copy the whole folder to your host computer
and launch the control panel by exa t i nREO tNAND CntrolPanel.exe .

When Control Panel starts it will attempt to download a configuration file onto tBeNaBoboard.

The configuration file contains a design that communicates with the peripheral devices on the board
that are attactd to the FPGA device. Perform the following steps to ensure that the control panel
starts up successfully:

1. Make sure Quartus 1I0.0 or latewersionis installed successfully on your PC.
2. Connect a USB Ato MinB cable to a USB (Type A) host poricto the board

3. Start the executablPEO_NANO ControlPanel.exen the host computer. The Control Panel
user interface shown iRigure 4-1 will appear.

5. The DEO_NANO ControlPanel.sof bit stream is loaded auwtically as soon as the
DEO_NANO ControlPanel.exe is launched.

6. In case the connection is disconnected, click on CONNECT where the .sof willdrdesl
onto the board.

Note the Control Panel will occupy the USB port until you choose to close theapmnogr
disconnect it from the board by clicking the Disconnect button. While the Control Panel is
connected to the board, you will be unable to use Quartus Il to download a configuration file into
the FPGA.
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8. The Control Panel is now ready for use; exg®e it by setting the ON/OFF status for some
LEDs and observing the result on tB&0-Nanoboard.

Eaca s

Figure 4-1 The DEO-Nano Control Panel

The concept of th®EO-NanoControl Panel is illustrated iRigure 4-2. T h e A CQircuitor alh a t
performs the control functions is implemented in the FPGA board. It communicates with the
Control Panel window, which is active on the host computer, via the USB Blaster link. The
graphical interface is used to issue commands to the casitoniit. It handles all requests and
performs data transfers between the computer andE®eNanoboard.

+—> Accelerometer

+—> ADC

USB Blaster _ | Control
— Button/ Switch

Circuit

b o d  SDRAM/ EEPROM/ EPCS

Figure 4-2 The DEO-Nano Control Panel concept
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The DEO-Nano Control Panel can be used to light up LEDs, change the bigwagtehesstatus,
read/writeto SDRAM Memory,read ADC channels, and display the Accelerometer information.

4.2 Controlling the LEDs

A simple function of the Control Panel is alow setting the values displayed on LE@hoosing
the LED tab displaysthe window inFigure 4-3. Here, you can directly turthe LEDs on or off
individually orbyclickingi Li ght Al 1 6 or AUnlight Al Il 0.

‘ + Accelerometer l

Figure 4-3 Controlling LEDs

4.3 Switches and Pushbuttons

Choosing theswitchestab displaysthe window inFigure 4-4. The function is designed to monitor
the status oklide switches andustbuttonsin real time and show the status in a graphical user
interface. It can be used to verify the functionality ofglee switches angbustbuttons.
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Figure 4-4 Monitoring switches and buttons

The ability to check the status pfistbutton andslider switchesis not needed in typical design
activities. However, it provides a simple mechanism for verifying if the buttons and switches are
functioning correctly. Thus, it can be used for bilmshooting purposes.

4.4 Memory Controller

The Control Panel can be used to write/read data to/from the SHEERROM/EPCSon the
DEO-Nanoboard. As an exampleve will describe how the SDRAM may be accessed; the same
approach is used to access the EEPROMER@S Cl i ck on t he Memory t al
to reach the window ifigure 4-5.
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Length: ﬁ File Length

TR AT

Length: (I} Entire Memary

Figure 4-5 Accessing the SDRAM

A 16-bit word can be written into the SDRAM bytering the address of the desired location,
specifying the data to be written, and pressing the Write button. Contents of the location can be read
by pressing the Read buttdAgure 4-5 depicts the result of wiitg the hexadecimal value 06CA

into offset address 20®@ollowed by reading the same location.

The Sequential Write function of the Control Panel is used to write the contents of a file into the
SDRAM as follows:
1. Specify the starting address in tha@dressbox.

2. Specify the number of bytes to be written in the Length box. If the entire file is to be loaded,
then a checkmark may be placed in the File Length box instead of giving the number of bytes.

3. To initiate the writingorocess, click on the Write File to Memory button.

4. When the Control Panel responds with the standard Windows dialog box asking for the source
file, specify the desired file in the usual manner.

The Control Panel also supports loading files with a .hex extension. Files wik extension are
ASCII text files that specify memory values using ASCII characters to represent hexadecimal
values. Foexample, a file containing the line

0123456789ABCDEF

defines eight &it values: 01, 23, 45, 67, 89, AB, CD, EF. These values will dezldd
consecutively into the memory.

The Sequential Read function is used to read the contents of the SDRAM thredn into a fileas
follows:
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1. Specify the starting address in the Address box.

2. Specify the number of bytes to be copied into theifilehe Length box. If the entire contents
of the SDRAM are to be copied (which involves 38 Mbytes), then place a checkmark in the
Entire Memory box.

3. Press Load Memory Content to a File button.

4. When the Control Panel responds with the standardddWws dialog box asking for the
destination file, specify the desired file in the usual manner.

Users can use the similar way to accessBBROMand EPCS Please note that users need to
erase th&PCSbefore writing data to it.

4.5 Digital Accelerometer

The Control Panel can be used to display the status of the Digital Accelerometer where it measures
the output of its @&axis (X, Y, Z). The measurement range and resolution is set to default value £2g
(acceleration of gravity) and 10bit twos complement respagtiFigure 4-6 shows the current

digital accelerometer status of the DE@no when Accelerometer tab is clicked. The units that are
displayed are the raw register values converted to decimal.v@lue in parentbses isthe
gravitational acceleration values (mg) calculated from #wgster values according thiermula.

Table 4-1 shows the rule

Table 4-1 acceleration valuesonvert rule

Register Value *Formula Result (mg)
0 0/511*2 0

1 1/511*2 3.9

2 2/511*2 6.8

17 17/511*2 66.4

511 511/511*2 2000
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Switches

: 'Memm\_.-'

17 (66.4mg)
24 (93.8mg)
229 (894.5mg)

Figure 4-6 Digital Accelerometer status

4.6 ADC

From the Control Panel, users are ableigw the eightchannel 12bit analogto-digital converter
reading The values shown are the ADC register outputs from all of the eight separate channels. The
voltageshown is the voltage reading from the separate pins on the extension keader.4-7

shows theADC readings when the ADC tab is chosen.

hemary

celerometer

Figure 4-7 ADC Readings

32
Terasic DEO-Nano User Manual www.terasic.com

Www. Lerasic. com




/AVOTS RYA),

4.7 Overall Structure of the DEO-Nano Control Panel

The DEO-NanoControl Panel is based on a Nios Il SOPC system instedtiatthe Cyclone INE
FPGA with software running on the -@hip memory.The software part is implemented in C code;
the hardware part is implemented in Verild®L code with SOPC builder. The source code is not
available on th®EO-NanoSystem CD.

To runthe Control Panel, useshiould make theonfiguration according t&ection4.1. Figure 4-8
depicts the structure of the Control Panel. Each input/output device is controlled bjoshié N
Processor instantiateéd the FPGA chip. The communication with the PC is done via the USB
Blaster link. The Nos Il interprets the commands sent from the PC and performs the corresponding
actions.

FPGA/ SOPC

ADC

JTAG Blaster
Hardware

olqe 4 }08UU0oIBIU| WS)SAS

Figure 4-8 The block diagram of the DEO-Nano Control Panel
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Chapter 5
DEO-Nano System Builder

This chapter describes how users can create a custom design projectDitO4dNano board by
usingDEO-NanoTool i DEO-NanoSystem Builder.

5.1 Introduction

The DEO-Nano System Builder is a Windows k& software utility, designed to assist users
creaing a Quartus Il project for th®EO-Nano board within minutes. The generated Quartus Il
project files include:

1 Quartus Il Project File (.qpf)

1 Quartus Il Setting File (.gsf)

1 Top-Level Design File (.v)

1 Synopsg/s Design Constraints file (.sdc)
1 Pin Assignment Document (.htm)

By providing the above file)EO-Nano System Buildehelps topreventsoccurrence of situations
that are prone to errors when users manually edit théet@b design file or place piassignments
The common mistakes that users encounter are the following:

1. Board damaged for wrong pin/bank voltage assignsnent

2. Board malfunction caused by wrong device connections or missing pin counts for connected
ends.

3. Performance degeneratibecause of improper pin assignments

5.2 General Design Flow

This section will introduce the general design flow to build a project foDtB@Nanoboard via
the DEO-NanoSystem Builder. The general design flow is illustratediiure 5-1.

To create a new system using the ENEno System Builder, begin by launching the ENEo
System Builder software. The software will then prompt you to specify the name of the project you
wish to create, as well as the componentshenDEGNano board you wish to you. Once your
specification is complete, you can generate the system.
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The generated system is described using several files. In particular, there is the project file (.qpf),
the toplevel Verilog wrapper file (.v) that desibes the 1/0 pins you will use in your design, and

the Quartus Il settings file (.gsf) that specifies which pin on the FPGA each I/O in your design
should connect to. A Synopsys Design Constraints (.sdc) file with timing constraints and an HTML
file with pin descriptions will be generated as well.

To proceed with your design, open the Quartus Il CAD software and open your-creatgd

project. You will now be able to implement the logic of your design by describing your design in a
hardware description tguage, and connecting it to I/Os in the-tepel wrapper file. Once your
design is complete, compile the design using Quartus Il, and then use the Quartus Il Programmer
tool to configure the FPGA on the DE(ano board, using the JTAG programming mode.

Start

' I

Launch DEO-Nano
System Builder

!

Launch Quartus Il
and Open Project

Create New
DEO-Nano System Builder
Project

!

!

Add User Design/ Logic

Generate
Quartus Il Project
and Document

!

!

Compile to generate.SOF

.QPF  HTM
.QSF  .SDC
V

!

Configure FPGA

!

End

Figure 5-1 The general design flow of building a design
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5.3 Using DEO-Nano System Builder
This section provides thietailedprocedure®n how theo use thddEO-NanoSystem Builder
A Install and launch the DEO-Nano System Builder

The DEO-Nano System Builder is located in the directoffioolSDEO_NANQO SystenBuilder" on

the DEO-Nano System CD. Users can copy the whole folder to a host computer without installing
the utility. Launchthe DEO-NanoSystem Buildeby execuing the DEO_NANO_SystemBuilder.exe

on the host computandthe GUI window will appear as shownfingure 5-2.

Terasic DEO-Nano System Builder ¥1.0.0 O X
System Configuration
AITERA .
UNIVERSITY [hd Project Name:
LR e TS
DEO-Nano FPGA Board CLOCK LEDx8
PR R Button x 2 Dip Switch x 4

® i
: VI SDRAM, 32MB MaADC

¥l EEPROM, 2Kb M EPCS

Accelerometer 2x13 Pin Header

GPIO-0 Header
None

| [

Prefix Name: ]

GPIO-1 Header
Generate l None v

[ Load Setting

I l Prefix N
refix Name:
[ Save Setting l t Exit J SIREMS: |

Figure 5-2 The DEO-Nano System Builder window

A Input Project Name

Input project name as showfingure 5-3.

Project NameType in an appropriate name here, it will automatically be assigned as the name of
your toplevel design entity
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Terasic DEO-Nano System Builder ¥1.0.0

UNIVERSITY

PROGRAM Wwwterasic.com

.

[ Load Setting

Generate

|
[ Save Setting ]

|

Exit

System Configuration

Project Name:

&3]3

ﬁDEO_NANo ]
CLOCK LEDx 8

Button x 2 Dip Switch x 4

M SDRAM, 32MB MADC

¥ EEPROM, 2Kb M EPCS

M Accelerometer

GPIO-0 Header

213 Pin Header

|None

Prefix Name: ‘

GPIO-1 Header
|None
Prefix Name: ‘

Figure 5-3 The DEO-Nano Board Type and Project Name

A System Configuration

Under System Configuration users are given the flexibilityewébling their choice of included
components on thBEO-Nanoas shown irF-igure 5-4. Each component of tHeEO-Nanois listed

where users can enable or disable a component according to their design by simply marking a check
or removing the check in the field provided. If the component is enable@BBéNano System

Builder will automatically generate the associated pin assignments including the pin name, pin

location, pin direction, and I/O standard.

Terasic DEO-Nano System Builder ¥1.0.0

/ANO[SRYA\

UNIVERSITY
PROGRAM

WWW.Lerasic.com

l Load Setting

|

Generate

l

|
[ Save Setting ]

|

Exit

System Configuration
Project Name:
'DEO_NANQ
CLOCK LEDx 8
Buttonx 2 Dip Switch x 4
M SDRAM, 32MB MADC
M EEPROM, 2Kb M EPCS

Accelerometer

2%13 Pin Header

GPI0-0 Header

|None

Prefix Name:

GPIO-1 Header
TNone
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Figure 5-4 System Configuration Group

A GPIO Expansion
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Usess can connect GPIO expansion card onto GPIO header located @kE@idano board as

shown inFigure 5-5. Select the appropriate daughter card you wish to include in your design from
the dropdown menuThe system tilder will automatically generate the associated pin assigrsment

including the pin name, pin location, pin direction, and 10 standard.

I f a

customi zed daughter

board i s

used, users

pin nameandpin diredion according to the specification of the customized daughter board.

The

Terasic DEO-Nano System Builder ¥1.0.0

= ‘ tcrm
UNIVERSITY
www.te

PROGRAM rasic.com

DEO-Nano FPGA Board

Generate

l

[ Load Setting ]
| Exit

[ Save Setting

l

System Configuration

Project Name:

B &

DEO_NANO

CLOCK

Button x 2
SDRAM, 32MB
EEPROM, 2Kb
Accelerometer

LEDx8

Dip Switch x 4
ADC

EPES

2%13 Pin Header

GPIO-0 Header

Prefix Name: |

{O5M -5M Pixel Camera g

GPIO-1 Header
None
Prefix Name: |

Figure 5-5 GPIO Expansion Group

AnPrefix

assignd in your design. Users may leave this field empty

A Project Setting Management

The DEO-Nano System Builder also provides functions to restore default setting, loading a setting,
b o a rFdjurecc®.nUkarsgcanrsave theocarrerit bolard

and

saving users?o

Na me 0 which denotes thepptefixpin name df the dawghter card

configuration information into a .cfg file and load it to tDEO-NanoSystem Builder.
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Terasic DEO-Nano System Builder ¥1.0.0 Cfe X
System Configuration

ABTERA ¢ !
UNIVERSITY Mram“om Project Name:
FRocRAm \DEO_NANO
DEO-Nano FPGA Board cLOCK LED% 8
Button x 2 Dip Switch x 4

M SDRAM, 32MB MADC
[¥] EEPROM, 2Kb M EPCS
Accelerometer 2%13 Pin Header

GPI0-0 Header

{D5M - BM Pixel Camera v ;
Prefix Name:

GPIO-1 Header
l Load Setting ‘ l Generate l ‘None v

Prefix Name: ‘

[ Save Setting ] [ Exit

Figure 5-6 Project Settings

A Project Generation

When uses press the Generate button, tBEO-Nano System Builder will generate the
corresponding Quartus 1l files and documents as listed incthie 5-1:

Table 5-1 The files generated byDEO-Nano System Builder

No. | Filename Description

1 <Project name>.v Top level Verilog HDL file for Quartus Il

2 <Project name>.qpf Quartus Il Project File

3 <Project name>.qsf Quartus Il Setting File

4 <Project name>.sdc Synopsys Design Constraints file for Quartus I
5 <Project name>.htm Pin Assignment Document

Users can use Quartus Il software to add custom logic into the project and compile the project to
generate the SRAM Object File (.sof).
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Chapter 6

Tutorial: Creating an FPGA Project

This tutorial provides comprehensive information for understanding how to create a FPGA design
and run it on the DEDlano development and education board. The following sections provide a
quick overview of the design flow, explaining what is needed tcsigeted, and describe what is
taught in this tutorial.

6.1 Design Flow

Figure 6-1showsa block diagram othe FPGA design flow.

The first step in the FPGA design flow starts is design entry. The standard designethuogs are

using schematics or a hardware description language (HDL), such as Verilog HDL or VHDL. The
design entry step is where the designer creates the digital circuit to be implemented inside the
FPGA. The flow then proceeds through compilation, satah, programming, and verification in

the FPGA hardware

|

Design ——» Compile ——» Simulate —— Program —— Hardware

Figure 6-1 Design Flow

This tutorial describes all of the steps except for simulation. Although it is not covered in this
document, simulation igery important to learn. There are two types of simulation, Functional and
Timing Functional simulation allows you to verify that your hardware is performing the desired
functionality. Timing (or post placandroute) simulation verifies that the designetsetiming and
functions appropriately in the device. Simulation tutorials can be found on the Altera University
Program website at http://university.altera.com
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6.2 Before You Begin

This tutorial assumes the following prerequisites

dz You have a general understanding of FPGAs. This tutorial does not explain the basic concepts
of programmable logic

dz You are somewhat familiar with digital circuit design and electronic design automation (EDA)
tools.

dz You have installed the Altera Quas Il 10.1software on your computer. If you do not have the
Quartus Il software, you can download it from the Altera wehag www.altera.com/download.

dz You have aDEO-Nano Development Board on which you will test your project. Using a
development bad helps you to verify whether your design is really working.

dz You have gone through the quick start guide and/or the getting started user guide for your
development kit. Thesgocuments ensure that you have:

1 Installed the required software.
71 Determined tht the development board functions properly and is connected to your computer.

Next step is to install the USBlaster driver, if not already done. To install the driver, connect a
USB cable between the DE0ano board and a USB port on a computer thatrging the Quartus
Il software

The computer will recognize the new hardware connected to its USB port, but it will be unable to
proceed if it does not have the required driver already installed. If theBl&Ber driver is not
already installed, the Netardware Wizard irrigure 6-2 will appear.
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Welcome to the Found New
Hardware Wizard

Windows will search for current and updated software by
looking on your computer, on the hardware installation CD, or on
the Windows Update Web site [with your permission).

Read our privacy policy

Can Windows connect to Windows Update to search for
software?

O Yes, this time only
(O Yes, now and every time | connect a device
() No, not this time

Click Next to continue.

[ Next > ][ Cancel ]

Figure 6-2 Found New Hardware Wizard

The desired driver is not available on the Windows Update Weltlsiteforesele¢ A No , not
t i meo dlex This leads th the window iRigure 6-3.

Hardware Update Wizard

Welcome to the Hardware Update
Wizard

Thiz wizard helps pau install software far:

|1SB-Blaster

\) If your hardware came with an installation CD
‘-‘.{ﬁh or floppy dizk, insert it now.

“what do you want the wizard to do’?

) Install the software automatically [Fecommended)
() Inztall fram a list or specific location [Advanced)

Click Mexst to continue.

[ Mewt = ][ Cancel

Figure 6-3 The driver is found in a specific location
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The driver is available withithe Quartus Il software. Hence, seléketstall from alist or specific
locatiordo and clickNext to get toFigure 6-4.

Found Mew Hardware Wizard

Pleaze chooge your search and installation options. :.

(%) Search for the best driver in these locations.,

Uz the check bares belaw ta limit or expand the default search, which includes lacal
pathz and removable media. The best diver found will be inzstalled.

Search removable media [loppy, CD-ROM. )

Include this location in the gearch:
C:Aakkerat 10,1 hquartuzhdrivershuzb-blaster w

() Don't zearch. | will choose the driver ta install

Choosge thiz option to zelect the device driver from a lizt. Windows does not guarantee that
the driver vau chaoose will be the best match far paur hardware.

[ < Back ” Mest » l[ Cancel

Figure 6-4 Specify the location of the driver

Now, selectfiSearch for the best driver in these locatiansd click Browse to get to the poip
dialog boxin Figure 6-5 Find the desired driver, which is at location
C:\alteral0.0\quartusdriversusbblaster.Click OK and then upon returning Eogure 6-4 click
Next. At this point the installation will commence, but a dialog baxignire 6-6 will appear
indicating that the drier has not passed the Windows Logo testing. Click Continue Anyway.
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Browse For, Folder

Select the Folder that contains drivers Faor your hardware,

=I5 101 -
I installer
= ip
=) nioszeds
= 15 quartus
I bim
I binge
I comman
IS0 cusp
= I drivers
I 386
I sentinel
EREY sb-blaster
[
I w64
I dsp_builder
F 7= eda X

To view any subfaolders, click a plus sign abowve.,

(o] 4 l [ Cancel

Figure 6-5 Browse to find the location

Hardware Installation

L] "_\ The zoftware pou are installing for this hardware:
[ ]
Altera LISE-Blazter

has not paszed Windows Logao kesting ta werify ite compatibility
with "Windows =P, [Tell me why this testing is imporkank. |

Continuing your installation of thiz software may impair
or destabilize the correct operation of your spstem
either immediately or in the future. Microzoft strongly
recommends that you stop thiz installation now and
contact the hardware vendor for zoftware that has
pazzed Windows Logo testing.

Continue Anyaay ] [ STOPR Installation

Figure 6-6 There is no need to test the driver
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Thedriver will now be installed as indicated fimgure 6-7. Click Finish and you can start using the
DEO-Nanoboard.

Found Hew Hardware Wizard

Completing the Found New
Hardware Wizard

The wizard hasz finizhed instaling the saftware for:

% Altera USE-Blaster

Click Finizh to cloze the wizard.

Figure 6-7 The driver is installed

6.3 What You Will Learn

In this tutorial you will perform the following tasks:

Create a design that causes LEDs ondbeelopment board to blink at two distinct ratéhis

design is easy to create and gives you visual feedback that the design works. Of course, you can use
your DEO-Nanoboard to run other designs as well. For the LED design, you will write Verilog HDL
code for a simple 3Bit counter, add a phasecked loop (PLL) megafunction as the clock source,

and add a 2nput multiplexer megafunction. When the desigrrunning on the board, you can

press an input switch to multiplex the counter bits that drive the output LEDs.

6.4 Assign The Device

Begin this tutorial by creating a new Quartus Il project. A project is a set of files that maintain
information about your FBA design. The Quartus Il Settings File (.gsf) and Quartus Il Project File
(.qpf) files are the primary files in a Quartus Il project. To compile a design or make pin
assignments, you must first create a projElee steps used to create a project are:
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1. Inthe Quartus Il software, seldéle > New Project Wizard. The Introdution page opensas
shown inFigure 6-8.

4 New Project Wizard

Introduction

The MNew Project Wizard helps you create a new project and preliminary project settings, incuding the following:

Project name and directory

Mame of the topdevel design entity
Project files and libraries

Target device family and device
EDA tool settings

‘fou can change the settings for an existing project and specify additional project-wide settings with the Settings command (Assignments menu). You can use
the various pages of the Settings dialog box to add functionality to the project.

LE R R R J

[]:Don't show me this introduction again ;

< Back Einish Cancel ] [ Help

Figure 6-8 New Project Wizard introduction

2. Click Next.

3. Enter the following information about your proje¢Note: File names, project names, and
directories in the Quartus Il software cannot contain spaces.)

a. What is the working directory for this project? Enter a directory in which you wiié stour
Quartus Il project files for this desighor exampleE:\My_designmy_first_fpga.

b. What is the name of this project? Typeg_first_fpga.

c. What is the name of the tdpvel design entity for this project? Typey first fpga. See
Figure 6-9.
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4' New Project Wizard

Directory, Name, Top-Level Entity [page 1 of 5]

What is the working directory far this project?

| E:\y_designimy_first_fpga |E]
What is the name of this project?

| my_first_fpga |E]
What is the name of the top-level design entity For this project? This name is case sensitive and must exactly match the entity name in the design file.

| my_first_fpga |E]

[Use Existing Project Settings. ..

[ < Back ]L Pt = J[ Finish H Caniel H Help

Figure 6-9 Project information

d. Click Next.

e. In the next dialog box, yo will assign a specific FPGA device to the desi§electthe
EP4CE22F17C6device, as it ishe FPGA on the DEBlano, as shown iRigure 6-10.
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ew Project Wizard

Family & Device Settings [page 3 of 5]

Select the family and device you want to target for compilation.

Device family Show in 'Available devices' list
Family: |Cydone IVE "| Package: |Any V|
Devices: |AII | Pin count: |-l’u'1\-I "|
Target device Speed grade: |'A"\" v|
O Auto device selected by the Fitter Show advanced devices
(%) Spedfic device selected in 'Available devices' list HardCopy compatible only
Cther: nfa

Available devices:

Name Core Voltage LEs User I/0s Memory Bits Embedded multiplier 9-bit elements PLL ™
EP4CEZ22E2217 1.2v 22320 80 608256 132 4 20
EP4CE22E2218L 1.0V 22320 80 603256 132 4 20
EPACE2OF17A7 1.2V 608256
__I
EPACE22F17C7 1.2V 608256 4
EP4CE22F 17C8 1.2v 22320 154 608256 132 4 20
EP4CE22F17CBL 1.0V 22320 (154 603256 132 4 20 3

Companion device

HardCopy:

Limit DSP & RAM to HardCopy device resources

’ < Back H Mext > H Finish H Cancel H Help

Figure 6-10 Specify the Device Example

f. Click Finish.

4. When promptedselectYesto create the my_first fpgaroject directory. You just created your
Quartus Il FPGA projectour project is now open in Quartus Il, as showRimure 6-11.
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File Edit View Project Assignments

Processing Tools Window Help

DEE@E 12l » o

Project Mavigator

& x|

Entity
Cydone IV E: EP4CE22F 17CH
- my_first_fpga

< ] | »

QUARTUSII C

&y vierarchy | Files ” & DesigndJ b

Tasks

& x|

Flow: |Compilation

V| [Cusbomize... ]

Task =
= # Compile Design
e Analysis & Synthesis
P Fitter (Place & Route)
P Assembler (Generate pi
W TimeQuest Timing Analy —
P EDA Netiist Writer
[ = = - =
< i I >

ALTERAY

QUARTUSII C

© View Quartus Il
Information

® Documentation

/AN ][5 0 /)

Type HMessage

@

E \_System /\_Processing J\_ExtraInfo /\_Info J/\_Warning /\_Critical Warning /\_Error /\ Suppressed /\_Flaag /

&

2 || Message: ‘E 9 |L0cati0n: Locate
0%  00:00:00 .

Figure 6-11 my_first_fpga project

6.5 Creating an FPGA design

This section describes how to create an FPGA design. This includes creatinglthestasign,

adding components (in Verilog HDL and using the megafunctions), adding pins and interconnecting

all the components and pins

First, create a togevel module. In this tutorial, you will use schematic entry, via a Block Design

File (.bdf). Alternatively, you could use Verilog HDL or VHDL for the tgvel module. The
following steps describe how to create thelmgel schematic

1. SelectFile > New > Block Diagram/Schematic FilgseeFigure 6-12 to create a new file,
Block1.bdf which you will save as the tdpvel design.
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2. Click OK.

3. SelectFile > Save Asand enter the following information.

i File namemy_first_fpga

Mew Quartus II Project
SOPC Builder System
Desian Files
AHDL File
Blodk Diagram/Schematic File
EDIF File
Qsys System File
State Machine File
SystemVerilog HOL File
Td Script File
VHDL File
Verilog HOL File
Memory Files
Hexadedmal (Intel-Format) File
Memory Initialization File
Verification/Debugging Files
In-System Sources and Probes File
Logic Analyzer Interface File
SignalTap II Logic Analyzer File
Other Files
AHDL Indude File
Block Symbal File
Chain Description File
Synopsys Design Constraints File
TextFile

QK H Cancel ][ Help

Figure 6-12 New BDF

i Save as typeBlock Diagram/Schematic File (*.bdf)

4. Click Save The new design file appears in the Block Editor (sgare 6-13).
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4 Quartus II — E:/Hy_dezign/my first fpga/my first fpga — my first fpea |T||E|r§|

File Edit View Project Assignments Processing Tools Window Help

DEEHE@ & & BR © o |nyfst e VY s EREG T rsH SO AL 0
Project Navigator A x | = my_first_fpga.bdf [x] |
- B TMADL-O11NNNOON Y g ase ' & »
% Cydone IV E; EPACE22F17C6 R e .=
> my_first_foga o) A
< | Bl [ f
By | Bris | @ omrib 15111
Tasks B X[ [
Flow: |Compiation v [ustomize,, ] 20t L
Task ] A
= # Compile Desian
»  Analysis & Synthesis
P Fitter (Place &Route)
P Assembler (Generate pi
W TimeQuest Timing Anahy— | | - -
P EDA Netiist Writer | [ 7 :
e - - - e i’
< | > < | s
;Tmeﬁessage
@
2 \_system /\_Processing /\_ExtraInfo /\_Info J/\_Warning /\_Critical Warning /\_Error J\_Suppressed /\_Flag /
2 | Message: ‘B 9 |L0cati0n: Locate

638, 218 | 0% 00:00:00

Figure 6-13 Bank BDF

Adding a Verilog HDL to the Schematic

>

1. Add HDL code to the blank block diagram by choosing File > New > Verilog HDL File.

2. SelectVerilog HDL File in the tree anclick OK.

3. Save the newly created file, by selectiilp > Save Asand entering the following information
(seeFigure 6-14).

i File namesimple_counter.v
1 Save as type¥erilog HDL File (*.v, *.vlg, *.verilog)
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Save fs

Sawve in: ||;i' my_first_fpga j I:j( T

1 IChdb
Lﬁ' [Charevbox_tmp

My Recent IChincremental_db

Documents counter_bus_mu v
@ counter_bus_mux_bb,y
pll.w
Desktop pll_bb,v
. simple_counter v

7

ty Documents

My Computer
My Metwark  File name: |$imp|e_|:l:nunter.v ﬂ \il

Flaces
Save a3 bype: |"-.-"E[i|l:|g| HOL Files [* v * wlg * werilog) j m

[v Add file to current project

Figure 6-14 Saving the Verilog HDL file
The resulting empty file is ready for you to enter the Verilog HDL code.

4. Type the following Verilog HDL code into thdank simple_counter.v fileas shown irFigure
6-15.

/It has a single clock input and a-BR output port
module simple_counter (
CLOCK_5,

counter_out

input CLOCK 5;
output [31:0] counter_out;

reg [31:0] counter_out;
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always @ (posedge CLOCK_5) /I on positive clock edge
begin

counter_out <= counter_out {/lincrement counter

end
endmodule /I end of module counter
1 F/It has a single clock input and a 32-bit output port
2 EHmodule Simple counter |
3 CLOCE 5,
4 COUnter out
5 B )z
& input CLOCE 5 »
7 output [31:0] COUnter out:
8 reg [31:0] COUnter out:
9
10 alwavs B (posedoge CLOCE_5) S5 on pogitive clock edge
11 & begin
1z COUnter out <= counter out + 1; SS increment counter
13 - end
14 = endmodule S/ end of module counter
15

Figure 6-15 The Verilog File of simple_counter.v

5. Save the file by choosirigle > Save pressindgCtrl + S, or by clicking the floppy disk icon.

6. SelectFile > Create/Update > Create Symbol Files for Current Fileto convert the
simple_counter.vfile to a Symbol File (.sym)You will use this Symbol File to add the HDL code
to your schematic.

The Quartus Il software creates a Symbol File and displays a méssageure 6-16).

# Quartus IT

\i‘) Create Symbol File was successful

Figure 6-16 Create Symbol File was Successful

7. Click OK.
8. To add thesimple_counter.vsymbol to the topevel design, click theny_first_fpga.bdf tab.
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9. Right click in the blank area of the BDF file, aselectinsert > Symbol.
10. Doubleclick the Project directory to expand it.
11. Select the newly created simple_counter symbol by clicking its icon.

7 Symbol X]

Libraries:

21 Project
£3 d:/altera/10. 1/quartusfibraries,

Siiiiioooioooo—{OlOCKS  counter om3i.0) i

I ek S R

hame: R DI
|simple_counter [Ced |
[] Repeat roert made SRS AR E AR AL e A EE Ut E RS EEEUE HEE LR EER RPN
[ tnsert symbol as block R LR RN RE
Launch MegaWizard Plug-In N N N N N N

[ egawizard g n enager.. SRS AR E IR EEEEE A EE U tEEEEE RS EEREE HERP LR EERRE IR EE

OK ] [ Cancel

Figure 6-17 Adding the Symbol to the BDF

12. Click OK.

13. Move the cursor to the BDF grid; the symbol image moves with the cursor. Click to place the
simple_counter symbol onto the BDF. You can move the block after placing it by simply clicking
and dragging it to where you want it and releasing the mouse button to placertySees-18.

. simple_counter

— CLOCK_5  counter_out[31..0] —

Figure 6-18 Placing the simple_counter symbol
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14.  Press thd&sckey or click an empty place on the schematic grid to cancel placing further
instances of this symbol.

15.  Save your project regularly.

A Adding a Megafunction to the Schematic

Megafunctions, such as the ones available in the LPM, ardggsigned modulghat you can use in

FPGA designs. These Alteprovided megafunctions are optimized for speed, area, and device
family. You can increasefficiency by using a megafunction instead of writing the function yourself.
Altera also provides more complex funct® called MegaCore functions, which you can evaluate

for free but require a license file for use in production designs. This tutorial design uses a PLL clock
source to drive a simple counter. A PLL uses théaard oscillator DEO-NanoBoard is 50 MHz)

to create a constant clock frequency as the input to the counter. To create the clock source, you will
add a prebuilt LPM megafunction named ALTPLL.

1. Right click in the blank space in the BDF aselectinsert > Symbol or click the Add Symbol
icon on thetoolbar

2. Click the Megawizard Plugn Managerbutton The MegaWizard® Pldg Manager appears
as shown irrFigure 6-19,

4 NegaWizard Plug-In Nanager [page 1]

The MegaWizard Plug-In Manager helps you create ar modify design files that contain custom variations of
megafunctions.

Which action do you want to perform?

@ {Create a new custom megafunction variation |

() Edit an existing custom megafunction variation

(:} Copy an existing custom megafunction variation

Copyright (C) 1991-2010 Altera Corporation

Figure 6-19 Mega Wizard Plug-In Manager
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3. Click Next.
4. In MegaWizard Plugn Manager [page 2a], specify the following selections [seere 6-20):
a. Selectl/O >ALTPLL .

b. Under fiwhich device family will you be using?selectthe Cyclone IV E for DEG-Nano
development board.

c. Underiwhich type of output file do you want to creaieselectVerilog HDL .

d. Underiiwhat name do you want for the output fileype pll at the end of the already created
directory name.

e. Click Next.

4 NegaWizard Plug—In Nanager [page 2al

Which megafunction would you like to customize?  yyhich device family will you be using? | Cydone IVE V|
Select a megafunction from the list below

o Which type of output file do you want to create?

4, ALTDDIO_IN ~

3, ALTDDIO_OUT O aHoL

“4, ALTDLL () VHDOL

*{ ALTDQ

¥ ATDOS (®) Verilog HOL

%, ALTDQ_DQS What name do you want for the output file?

*4, ALTDQ_DQS2 v10.1 .

\ ALTGX |E:ﬂﬂy_demgnfmy_ﬁrstjpgafpll.'u' |E]

4 ALTGX_RECONFIG
*%, ALTIOBUF

2 ATV R [] Return to this page for another create operation
*% X

‘*":7\ ALTLVDS_TX Mote: To compile a praject successfully in the Quartus II software, your design
1+-‘;~ ALTMEMPHY files must be in the project directary, in a library specified in the Libraries page of
Y ATOCT the Options dialog box (Tools menu), or a library specified in the Libraries page

of the Settings dialog box (Assignments menu).

:+":~.. ALTPLL_RECONFIG Your current user library directories are:
*{ ALTREMOTE_UPDATE
4, ALTTEMP_SENSE
*4, Altera PLL v10.1

o S s T O 8

Cancel ][ < Back ][ Mext = Finish

Figure 6-20 MegaWizard Plug-In Manager [page 2a] Selections

5. In the MegaWizard Plugn Manager [page 3 of 14] window, make the following selections
(seeFigure 6-21).

a. Confirmthat thecurrently selected device family optiomset toCyclone IV E.
b. Fordevice speed graddooses for DEO-Nana
c. Setthe frequency of the inclockO input 50 MHz.
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d. Click Next.

Nega¥izard Plug—In NManager [page 3 of 14]

7%

Farameter

Settings

GeneralModes ":3’ InputsfLock > Bandwidth,ss ;:1’ Clock switchover ,::)

Currently selected device family:

Cycone IVE |

Match project/default

Able to implement the requested PLL

General

Which device speed grade will you be using?

Use military temperature range devices only

What is the frequency of the indkQ input? | 50,000 | |MH2 V|
Setup PLL in LVDS mode Datarate: |Mot Available Mbps
PLL Type
Which PLL type will you be using?
Fast PLL Enhanced PLL (#) Select the PLL type automatically
Operation Mode

How will the PLL outputs be generated?
(%) Use the feedback path inside the PLL

O In source-synchronous compensation Mode
(O In zero delay buffer mode
Connect the fbmimic port (bidirectional)

() With no compensation

Create an 'fhin' input for an external feedback (External Feedback Made)

Which output dock will be compensated for?

| Cancel || < Back || Mext = || Einish |

Figure 6-21 MegaWizard Plug-In Manager [page 3 of 14] Selections

6. Unselectall options on MegaWizard page 4. As you turn them off, pins disappear from the PLL
bl ockds gr ap hHgerad?22forareexamplav. Se e
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Nega¥izard Plug—In Manager [page 4 of 14]

:::3’ Clodk switchover :::3’

Able to implement the requested PLL

Optional Inputs

Create an 'pllena’ input to selectively enable the PLL

[JiCreate an 'areset input to asynchronously reset the PLL

[] create an 'pfdena’ input to selectively enable the phaseffrequency detector

Lock Qutput

[] create locked' output
[] Enable self-reset on loss lock

Advanced Parameters

Using these parameters is recommended for advanced users only

[] create output file{s) using the ‘Advanced' PLL parameters

- Configurations with output dock(s) that use cascade counters are not supported

| Cancel || < Back || Mext = || Finish |

Figure 6-22 MegaWizard Plug-In Manager [page 4 of 14] Selections

7. Click Nextfour timesto get to page.8

8. Set the Clock division factor th0, as shown irrigure 6-23.
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Figure 6-23 MegaWizard Plug-In Manager [page 8 of 14] Selections

9. ClickNext and then clickFinish.

10. The wizard displays a summary of the files it creates Kgpee 6-24). Select the pll.bsf
option and kick Finish again.
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