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Chapter 1

Introduction

The DEGNano board introduces a compaced FPGA development platform suited fora wide
range of portable design projecisich as roits 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 &b serial
configuration memory device. For connecting reatworld 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, artetboard 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 include ghputtons, 8 user LEDs and a set of 4sliptches.

1.1 Features

Figure 1-1 shows a photograph of tiE0-NanoBoard

Figure 1-1 The DEO-Nano Board

5
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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 (GPIQgrovide721/0O pins 5V power pins, two 3.3V power pins and
four ground pins

1 Memory devices
o 32MB SDRAM
o 2KbI2C 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 withigh resolution (13it)

1 A/D Converter
o0 NS ADC128S022,&hannel, 1zbit A/D Converter
0 50 Kspsto 200 Ksps

1 Clocksystem
0 On-board 50MHz clock oscillator

1 Power Supply
0o USB Type miriAB port (5V)
o DC 5V pinfor eachGPIO heade(2 DC 5V pins)
0 2-pin extern&power headr (3.6-5.7V)
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1.2 About the KIT

The kit coms with the following contents:

9 DEO-Nanoboard

I USB Cable

9 Quick Start Guide

9 CD (Download from Terasic Web)

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

Figure 1-2 shows the photograph ofd 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
9 Email: support@terasic.com

9 Altera Corporation
9 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 conmamts.

FPGA Serial
Configuration Device (EPCS)

32 MB
8 Green LEDs SDRAM 40-pin GPIO Header

2 Push-buttons

USB Type
mini-AB Port
Altera Cyclone IV
EP4CE22F17C6N
FPGA
2Kb 12C 26-pin Header
EEPROM
4 Dip Switches
A/D Converter
40-pin GPIO
Header
2-pin External Digital 50MHz Clock
Power Header Accelerometer 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 tlelode M FPGA device. Thus, the user can
configure the FPGA to implement any system design.

12C
EEPROM
(2Kbit)

Dip
Switch

5 40-pin GPIO
Header

SDRAM

(32MB)
40-pin GPIO

Header

-

EPCS64 Cyclone™1v

IX1 lXS
s

50 MHz

(64Mb)

X16 2X13
4—’ o
Pin Header

Jro

X4 AID

X2

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
communicabn 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
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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 required g@ssignments.

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 int€yiatone 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 filenamdension.

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 DEENano board is turned off.
turned on, the configuration data in tBECS64device is automatically loaded into the Cyclone IV
E FPGA.

The Cyclone IV E device supports-siystem programming of a serial configimat 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 dmviFigure 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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Q\\~Q\ SB Blaster Circuit AIEI-ERA \ — erial

c_vclone§IV

QUARTUS"II

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

A JTAG Chain on DEO-Nano Board

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

Figure 3-2 illustrates the JTAG configuration setup.

USB
Connector

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 indicatéddnre 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
pressd. 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 debuggirfgrmation. 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
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LEDO ’V/ LEDG

|
A13 — I
B13Y — LED2 .~ LEDG
& LED3 ’I LEDG
L
Z:A! TERA " =
® -
Cyclone?lv LED4 1 LEDG
Dl LEDS N,«/ LEDG
F3 —— |
B1 = LED6 ~ LEDG
L3 — B
LED7 ’{// 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 levelewlin 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
LED[O] 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
LED[5] PIN_F3 LED Green[5] 3.3V
LED[6] PIN_B1 LED Green|[6] 3.3V
LED[7] PIN_L3 LED Green([7] 3.3V

14
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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?mlv DRAM_CAS N
DRAM_RAS_N SDRAM 16MX 16
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_ADDR[8] PIN_R1 SDRAM Address|[8] 3.3v
DRAM_ADDR[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

15
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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 blo2k6k 8bit
memory. The 12C write and read address are OxAO and 0xAl, respectigelye 3-7 illustrates its
connectios with the CycloneV FPGA.

1€
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VCC3P3

EEPROM
vce —O

NITERAN 12C_SCLK _ B - ,

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
I2C_SDAT PIN_F1 EEPROM data 3.3V

3.5 Expansion Headers

The DEGNano boad provides two 44pin 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 I/O distributio of the GPIO connectors.

17
ter Terasic DEO-Nano User Manual www.terasic.com

wwwwwwwwwww m.




GPIO 0 IN0_1 [ GPIO_00 GPIO_1_INO GPIO_10
GPIO_0_INT : GPIO_01 GPIO_1_INT GPIO 11
GPIO 02 ®o GPIO 03 GPIO 12 GPIO 13
GPIO 04 o GPIO 05 GPIO 14 GPIO 15
GPIO. 06 : : GPIO 07 GPIO_16 GPIO_17
VeC_sYSO—551555 ® o a0 09 VCC-SYSO—55 s GPIO 19
GPIO_010 e GPIO_011 GPIO_110 GPIO_111
GPIO_012 ®o GPIO_013 GPIO_112 GPIO_113
GPIO_014 : : GPIO_015 GPIO_114 GPIO_115
GPIO 016 i GPIO 017 GPIO 116 GPIO 117
GPIO 018 i GPIO 019 GPIO 118 GPIO 119
GPIO_020 e GPIO_021 GPIO_120 GPIO_121
GPIO_022 g GPIO_023 GPIO_122 GPIO_123
VeCIPs 05515022 o gpio 025 VOO —Ei5 s | GPIO 125
GPIO_026 : : GPIO_027 GPIO_126 GPIO 127
GPIO 028 b GPIO 029 GPIO 128 GPIO 129
GPIO_030 g GPIO 031 GPIO_130 GPIO 131
GPIO_032 e GPIO_033 GPIO_132 GPIO_133

Figure 3-8 Pin arrangement of the GPIO expansion headers

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

Pin1

L B N B N

sSesnonns

Figure 3-9 Pinllocations 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_0_IN1 PIN_BS8 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, eighannel CMOS 1.bit
analogto-digital converter This Ato-D providesconversion throughput rates of 50 ksps200

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 heder 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
available on manufact ur etfoldes ofthedystemCB. or under
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JP3

vcesrs O 1 ® 0 SPI0_2 IND
GPIO_2 IN1 3 o0 GPIO_2_IN2
GPIO_20 5 P GPIO_21
GPIO_22 7 o0 GPIO_23
GPIO_24 9 P GPIO_25
GPIO_26 11 PP 12 GPIO_27
GPIO_28 13 PP 14 GPIO_29
GPIO_210 15 Ps ' 16 GPIO_211
GPIO_212 17 ps . 18 Analog_In5
Analog_In6 19 PP 20 Analog_In7
Analog_In3 21 ps ' 22 Analog_In2
Analog_In4 23 o0 24 Analog_In0
Analog_In1 25 P

2X13 HEADER ———

Figure 3-10 Pin distribution of the 2x13 Header

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

2X13 Header

Analog_In[7..0]

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

ADC128S022CIMTX

y GPIO_2[12.0]
I GPIO_2_IN[2..0] ;
INO
IN1
IN2 CS_n e ~2CCSN
i OiN L ADC_SADDR
IN4 poUT {—ADCSDAT T
IN5 SCLK pen2C=SCLK
ING
IN7

Thepictures below indicate the pin 1 location of the 2x13 header.

wwwwwwwwww
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Pin1
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 DATA[O] 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 digitalccelerometer can be accessed through a SRie3digital interface or

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

of this device are listed below. For more detailed information, please refer to its datasheet which is
avail able on manufacturer o6s websit.e or wunder

1 Up to 13bit resolution at +/169g
1 SPI (3 wire) or 12C @-wire) digital interface
1 Flexible interrupts modes

Figure 3-13 shows the connections betwedbrADXL345 andthe Cyclone IVE device

YeLars ADXL345
12 SCIK » SCL_SCLK
MR SDA_SDI_SDIO
/ANO[S RYA\ A/\—— SDO_ALT_ADDRESS

G_SENSOR_CS_N

CS_n

v

Cyclone?IV
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
[2C_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 input eamsédas a
source clock to drive the phase lock loops (PLL) circuit. The clock distribution on theNBs®

board is shown ifrigure 3-14.
23
Terasic DEO-Nano User Manual www.terasic.com

Www. Lerasic. com




ATE
50MHz CLOCK 50 ¢ /[ANO S RYA\ .

— Cyclone?.lv

Figure 3-14 Block diagram of the clock distribution

3.9 Power Supply

The DEO-Nanoboards power is provided through the USB pu@wer the 5V VCC pins on the two
40-pin headers or the-Rin power headeiThe DC voltage is then stepped down to varieaglired
voltages For portable mject applications, connect a battery power supply (3.6~5.7¥Het@pin
external power header shownHRimure 3-15.

[ I ENERGY ]

Figure 3-15 Portable Battery Connection
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A Power Distribution System

Figure 3-16 shows the power distribution system on Eie0-Nanoboard.

e B>
- 5 5V power pins
USB 5V P 05;/A — 0 o Pl
ower ;
(Max. 500mA output) GPIO Headers
L 2
5V VCC pins on two 40-pin
headers 4 ~N
2-pin power header 5V USB PHY
3 ) 0.025A —» FT245BL
\ Y,
77 N 7 N
Regulator
LESE00TIS 020'3&5/A u E;/fccé\z ’
(Max. 0.15A output) ’
= - 3.3V = - EPCS16 &
p N 0.02A —» P N 24L.C02B
Regulator N
LPIBS00SD-AD) 5t gpace,
(Max. 1.5A output) '
B < | 33v \ /| vDD &VvDDQ
0.292A —» P N SDRAM
3.3V VCCINT & VCCIO
0.1A —» MAX 1| EPM240
3.3V 5 - ADXL345 &
0.00014A —» - N VDDIO
3.3V power
3.3V pins
02A —» of two 40-pin
GPIO headers )
e N
Regulator W VCCINT
LP385005D-ADJ 12V gl
(Max. 1.5A output)J 0654A —>
e y.

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 ver#yuhctionality 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 capabtiti

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 exec i n EQ MAANIO fontrolPanel.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 attaclieto 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 MirB cable to a USB (Type A) host portdato the board

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

5. The DEO_NANO ControlPanel.sof bit stream is loaded autbcadly 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 theapnogr
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; exgrae it by setting the ON/OFF status for some
LEDs and observing the result on tB&0-Nanoboard.

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 at
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
grephical interface is used to issue commands to the coct@iit. It handles all requests and
performs data transfers between the computer andE®eNanoboard.

+—> Accelerometer

+—> ADC

USB Blaster _ | Control
p— 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 tthoav 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 orbyclickingin Li ght Al 1 06 or AUnlight AIlIIl 0.

[ ® Memary

‘ + Accelerometer l

REREEEER

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 oflide switches andpushbuttonsin real time and show the status in a graphical user
interface. It can be used to verify the functionality ofshee switches angbustbuttons.
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Memory

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 tdleshooting 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 EEPROME®@S Cl i ck on t he Memory t al
to reach the window ifigure 4-5.

29
t" Terasic DEO-Nano User Manual www.terasic.com

Www. Lerasic. com




File Length
—— TRV

Length: (I} Entire Memary

Figure 4-5 Accessing the SDRAM

A 16-bit word can be written into the SDRAM by tening 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 writig 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 thaédressbox.

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 writingprocess, click on the Writ 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 with extkasion 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 laeleld
consecutively into the memory.

The Sequential Read function is used to read the contents of the SDRANM e 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 the filthe Length box. If the entire contents
of the SDRAM are to be copied (which involves 3 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 standard dMieddialog 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 Gntrol 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 respagtivFigure 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 parenthees 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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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.

Memory

celerometer

Figure 4-7 ADC Readings
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4.7 Overall Structure of the DEO-Nano Control Panel

The DEO-NanoControl Panel is based on a Nios Il SOPC system instathiiatine Cyclone IVE
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 instantiated ithe 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| WSISAS

| snmEEEEE

L=

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 baksoftware utility, designed to assist usars
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 Synopsgss 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 théeteb design file or place pirsaignments
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 degeneratioadause 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 ENEho
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 desbes 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 lgmage, 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 DEG-NanoSystem Buildeby execuing the DEO_NANO_SystemBuilder.exe

on the host comput@andthe GUI window will appear as shownfingure 5-2.

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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