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Chapter 1
DEO-Nano-SoC
Development Kit

The DEO-NanoSoC Development Kit presents a robust hardware design platform built around the
Altera Systemon-Chip (SoQ FPGA, which combines the latedtialcore CortexA9 embedded
cores with industnfeading programmable logic for ultimate design flexibility. Users can now
leverage the power of tremendousconfigurability paired witha high-performance, lowpower
processor sy sihtegratsanMRM-msed a pr&es€or system (HPS) consisting of
processor,peripherals and memory interfaces tied seamlessly with the FPGA fabric using a
high-bandwidth interconnect backbone. Th&0-NanaSoC development boaré equipped with
high-speed DDR3 memorgnalog todigital capabilities, Ethernet ngbrking, and much more that
promise many exciting applications.

The DEO-NanoSoC Development Kitcontains all the tooleeeded to use tHardin conjunction
with a computer that runs the Microsoft WindoXB or later.

In addition, DEO-NanoSoC Kit is also called AtlasSoC Kit in Altera's Rockboard.orgLinux
community Http://www.rocketboards.org/atles®g. The hardware of DEBlanoSoC Kit and
Atlas-SoC Kit are exactly the same, however, this community provides reiffe development
resouce from DEGNanoSoC Kit. The details of kit comints can be found in the Appeéxdhaper.
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1.1 Package Contents

Figure 1-1 showsa photograph of thBEO-Nano SoC package

©® DEO-Nano-SoC Board

® DEO-Nano-SoC Quick Start Guide
© Type A to Mini-B USB Cable x1

@ Type A to Micro-B USB Cable x1
@ Power DC Adapter (sv)

® 4GB microSD card (installed)

Figure 1-1 The DEO-Nano-SoC package contents

The DEO-Nanae SoC packagencludes:

The DEO-NanoSoC developmenboard

DEO-NanoSoC Quick Start Guide

USB @ableTypeA to Mini-B for FPGA programmingr UART control
USB cable Type A to Micr® for USBOTG connect to PC

5V/2A DC poweradapter

4GB microSD Card (Installed)

1.2 DEO-Nano-SoC System CD

The DEO-NanoSaC System CD contains athe documentsand supporting materia@ssociated
with DEO-NanoSoC, including the user manual, systemilder, reference designand device
datasheets. Usecan download thig/stem CD fom the link http://cdded-nanasoc.terasic.com
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1.3 Getting Help

Here are the addresses where you can get help if you encanyppgoblens:
Altera Corporation
101 Innovation Drivésan Jose, California, 95134 USA

Email: university@altera.com

Terasic Technologies
9F., N0.176, Sec.2, Gongdao 5th Rd, East Dist, Hsinchu City, 30070. Taiwan

Email: support@terasic.com

Tel.: +886-3-575-0880

Website de0-nanagsocterasiccom
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Chapter 2
Introduction of the
DEO-Nano-SoC Board

This chapteprovides an introduction tie features and design characteristics obtrerd

2.1 Layout and Components

Figure 2-1 andFigure 2-2 showsa photograph of the boarll depicts the layout of the board and
indicates the location of the connectors and key components.

B FPGA FPGA
Configuration
HPS Mode Swith  2x20 GPIO(FPGA) LTC 2x7 Header
B System

Arduino Header

USB PHY
USB OTG
(USB Micro-AB)
5V DC
Power Jack HPS_DDR3
Altera 28-nm UART to USB
Cyclone V FPGA (USB Mini-B)
with ARM Cortex-A9
UART-to-USB
USB Blaster I Controller
(USB Mini-B) G-Sensor
Clock Generator Ethemet PHY
HPS Gigabit Ethernet
MAX I
WARM_RST
Slide Switch x4 HPS User Button
HPS_RST
LED x8

2x5 ADC Header

: Button x2
2x20 GPIO(FPGA) HPS User LED =
Figure 2-1 DEO-Nano-SoC development board (top view)
asiC DED- Nano- SoC 7 vwvw.terasic.com
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MicroSD Card
Socket

P DM AW e OGS e r

Figure 2-2 DEO-Nano-SoC development board (bottom view)

The DEO-NancSoC board has many features that allousersto implement a wide range of
designed circuits, from simple circuits to various multimedia projects.

The following hardware is provided on theard
A FPGA

Altera Cyclone® \BE5CSEMA4U23C6Ndevice

Serial mnfiguration devica EPCS

USB-Blasterll onboardfor programming; JTAGJlode

2 pushbuttors

4 dlide switches

8 greenuser LEDs

Three50MHz clock sourcefom theclock generator

Two 40-pin expanson header

OneArduino expansion headddno R3compatibility), can connect with Arduino shields.
One 10pin Analog input expansion headg@haredwith Arduino Analog input)
A/D converte, 4-wire SPI interface with FPGA

asiC DED- Nano- SoC 8 wvw.terasic.com
User Manual August 31, 2017

www.terasic.com


http://www.terasic.com/
http://www.terasic.com/

A HPS (Hard Processor System)

925MIHz Dualcore ARV CortexA9 processor
1GB DDR3 SDRAM (32bit data bup

1 Gigabit Ethernet PHY with RJ45 connector
port USBOTG USB Micro-AB connector
Micro SD card socket

Accelerometer (12C interface + interrupt)
UART to USB USB Mini-B connector

Warm reset buttorand cold reset button

One user button and one user LED

LTC 2x7 expansion header

2.2 Block Diagram of the DEO-Nano-SoC Board

Figure 2-3 is the block diagram of théoard All the connections are establish#dough the
Cyclone V SoCFPGA deviceto provide maximum flexibility fo users Usess can configure the
FPGAto implement any system design.
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Power Adaptor _ _’1‘8V
= M  [Bower 15V
5V DC Jack  rvad
1V
0.75v
>
MSEL{4:0]
50MHz
50MHz
Z
tor 'osmHz
20z,

24MHz
24MHz

2x20 pin GPIO

2x20 pin GPIO

Digital

EPCS [ o
CLOCK
50MHz

-

USB Mini-B

CLOCK 25MHz
JTAG l
v 1

Arduino Header

2x5 Header

Analog

>
>

ADC g

5%
Cycl%cg, 3

5CSEMA4U23C6

FPGA HPS

—
U USB OTG
‘_%"’ nn (Micro-AB)
PN | GB DDR3 (2 chip, x32)
—

USB Mini-B

Giga
Ethernet

Accelerometer

[—>

LTC 2x7 Header

l
it._é BEEE Illmﬁms

Push Button x2  Slide Switch x4

Button

Figure 2-3 Block diagram of DEO-Nano-SoC

Detailed information aboutigure 2-3 are listed below.

FPGA Device

5

5

Cyclone V SoOGGCSEMA4U23C6NDevice
Dualcore ARM CortexA9 (HPS)
40K programmable logiclements
2,460Kbits embedded memory

5 fractional PLLs

2 hard memoryantrollers

Configuration and Debug

Serial mnfiguration devicé EPCSon FPGA
Onboard USBBIlaster Il Mini-B USB connector)

DED- Nano- SoC
User Manual
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Memory Device

1GB (2x256Mx16) DDR3 SDRAMon HPS
Micro SD card ecketon HPS

Communication

OneUSB 2.00TG (ULPI interface with USBMicro-AB connector)
UART to USB(USB Mini-B connector)
10/100/1000 Ethernet

Connectors

Two 40pin expansion &aders

Arduino expansion header

One 10pin ADC input feader

One LTC connectofone Serial Peripheral Interface (SPI) Master ,one 12C and one GPIO
interface )

ADC

12-Bit Resolution, 500Ksps Sampling Rate. SPI Interface.
8-Channel Analog Input. Input Range : OV ~ 4.096V.

Switches, Buttons, and Indicators

3 user KeyqdFPGA X2, HPS x2

4 user swithes(FPGA ¥4)

9 userLEDs (FPGA 8, HPS x1)

., 2 HPSresetittons (HPS_ESET_nand HPS_WARM_RST_n)

Sensors

5
5

5

G-Sensor on HPS

5

Power
., 5V DC input
asiC DED- Nano- SoC 1 vwvw.terasic.com
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Chapter 3
Using the
DEO-Nano-SoC Board

This chapter provides an instruction to tiseboardand describes thgeripherals

3.1 Settings of FPGA Configuration Mode

Whenthe DE)-NancSoCboard is powerdon, the FPGA can be configured from EP@SHPS.

The MSEL[4:0] pins are used selectthe coffiguration schemdt is implementedasa 6pin DIP
switchSW10on the DB-NancSoC board, as shown ingure 3-1.

Figure 3-1 DIP switch (SW10) setting of FPP x32 mode

asiC DED- Nano- SoC 12 wvw.terasic.com
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Table 3-1 shows the relation between MSEL[4:0] ddP switch(SW10.

Table 3-1 FPGA Configuration Mode Switch (SW10)

Board Reference Signal Name |Description Default
SW10.1 MSELO ON( fi0o)
SW10.2 MSEL1 Use th ins t  the FPGA OFF( Alo)
se these pins to set the
SW10.3 MSEL?2 hesep ON(00)
Configuration scheme ——

SW10.4 MSEL3 OFF( Alo)
SW10.5 MSEL4 ON( fi0o)
SW10.6 N/A N/A N/A

Table 3-2 shows MSEL[4:0] settingfor FPGA configure and defaultsetting is FPPx32 modan
DEO-NanoSoC

When the board is powed on and MSEL[4 : 0 ] set the FPBA i8 Oohfigud,from
EPCS which is preprogrammed witlihe default code. If developers wish to configure FPGA from
an application software running drnux, the MSEL[4:0] needs to be se&b f0101® before the
programming processegins If developers using the "Linux Console with frabméfer" or "Linux
LXDE Desktop"SD Card image, theMSEL[4:0] needs to be sd¢b AO000® b ethedoam is
poweedon.

Table 3-2 MSEL Pin Settings for FPGA Configure of DEO-Nano-SoC

. . SW10.1|{SW10.2|SW10.3|SW10.4 | SW10.5|SW10.6 L
Configuration Description
MSELO | MSEL1 | MSEL2 | MSEL3 | MSEL4

AS ON OFF ON ON OFF N/A FPGA configured from EPCS
FPGA configured from HPS
software: Linux (default)
FPGA configured from HPS
software: U-Boot, with image
stored on the SD card, like

FPPx32 (Default) ON OFF ON OFF ON N/A

FPPx16 ON ON ON ON ON N/A
X LXDE Desktop or console
Linux with frame buffer
edition.
asiC DED- Nano- SoC 13 vwvw.terasic.com
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3.2 Configuration of Cyclone V SoC FPGA on DEO-Nano-SoC

There are two types of programming hed supported by DENancSoC.:

1. JTAG progranming:It is named after the IEEE standards Joint Test Action Group

The configuration bit stream is dowaled directly into the Cyclone SoCFPGA. The FP@ will
retan its current statuas long ashe power keeps applyirig the board; the configuration
information will be lost when the power af.

2. AS programming: The other programming method is Active Serial configuration

The configuration bit stream is doleaded into theserial configuration device (EP¢Swvhich
provides nonvolatile storage for the bit streamhd information is retainedithin EPCSevenif the
DEO-Nano SaC boardis turned off. When the boardpeweedon, the configuration data in the
EPCSdevice is automatically loaded into the Cyclon8&CFPGA.

A JTAG Chain on DEO-Nano-SoC Board

The FPGA device can be dagured through JTAG interface on DENanoSoC boardbutthe
JTAG chainmust form a closgloop, whichallows Quartus Il programmebpthedetect FPGA
device.Figure 3-2illustrates the JTAG chain on DENanoSoC board.

FPGA
BLASTER_TDO P HPS_TDI
(e Cypress MAXII HPS_TDO ,
-fj' > cyrceso1sa € ”  EPM570GF100 g e Cyclone??v
USB Mini-B SoC
Connector FPGA_TDO

Figure 3-2 Path of the JTAG chain

A Configure the FPGA in JTAG Mode

There are two dewes (FPGA and HPS) on the JTAGam The following show$iow the FPGA is
programmed il TAG mode step by step.

asiC DED- Nano- SoC 14 wvw.terasic.com
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Open the Quartus I |l progr adedhiafiguai3d cl i ck AAut
r% Programmer - [Chainl.cdf]* E.i
File Edit Wiew Processing Tools Window Help § Search altera.com )

_?' Hardware Setup...| DE-50C [LUSB-1] Mode: [JTAG '] Progress: [ ]

Enable real-time ISP to allow background programming when available

W File Device Chedksum Usercode Program/ Verify Blank- Examine
Configure Chedk

~ dbswp

X Delete |

- Hsaverie

 fhup |

~ Phpown |

Figure 3-3 Detect FPGA device in JTAG mode

Select detected device associated with the baardircled in~igure 3-4.

Found devices with shared JTAG ID for device 2. Please select your device,
(") SCSEBA4

@ SCSEMA4

(7 SCSKFCACS

o |

Figure 3-4 Select 5CSEMA4 device
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Both FPGA and HPS are detected, as shmwigure 3-5.

% Programmer - [Chainl.cdf]* L.L

Ble Edit View Processing Took Window Help 5 Search altera.com O

j. Hardware Setup...| DE-SoC [USBE-1] Mode: [JTAG hd Progress: ]

Enable real-time I5P to allow background programming when available

T aher File Device Chedksum Usercode Program, Verify Blank- Examine
1l Start Configure Check

T by || [<none> SOCVHPS 00000000 <none L O L O

\—,p <none> SCSEMA4 00000000 <none H O H O

Er=
ES
[ Msaverie |
W S0CVHPS 5CSEMA4
( Qpown | ||*

m

Figure 3-5 FPGA and HPS detected in Quartus programmer

Right click on the FPGA device armpenthe .sof file to be programmedshighlightedin Figure
3-6.

File Edit View Processing Tools Window Help 5 Search altera.com O

_9' Hardware Setup...| DE-SoC [USB-1] Mode: [JT-AG V] Progress: [ ]

Enable real-time ISP to allow background programming when available

E— File Device Checksum Usercode Program/ Verify Blank- Examine
et Start Configure Check
T dbewy | | | <none= SOCVHPS 00000000 <none H O O O
\—,D <none: {SCSEMAS { NONNNONN <nane
# Auto Detact ¥ Delete Del
4 Select Al Ctrl+A 3
4 Delete
Change File I
[% Change File... Save File
el save Fie Add IPS File... 5
Change IP5 File...
Delete IPS File
SOCVHRS
? 4 TDO Add PR Programming File. ..
Down
Change PR. Programming File. .. -

Delete PR Programming File

Figure 3-6 Open the .sof file to be programmed into the FPGA device
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Select the .sof file to bgrogrammegdas shown irrigure 3-7.

— ™
Select New Programming File u

Lookin: | | D:\DEO_NANO_SOC_Defaut |G © O L[

-

o My . Name Size Type  Date Modified
./ demo_batch File.. lder 20141229 F<F 11:03:21

i 16.0MB jicFle  2014/12/29 £4F 09:24:43
|| DED_MANO_SOC_Default.sof 3.8ME sofFile  2014/12/26 T<F 02:11:01

ll

Flename:  |DE0_NANO_SOC_Default.sof

Files of type: [Prograrru'ri"lg Files (*.sof *.pof *.jam *.jbc *.ekp *.jic)

Figure 3-7 Select the .sof file to be programmed into the FPGA device
Click AProgram/ Comd itghueare oc Icihek ki Dtoacoftfiléintb ut t on
theFPGAdevice,asshown inFigure 3-8.

File Edit View Processng Tools Window Help 5/ Search altera.com

_?. Hardware Setup...| DE-SoC [USB-1] Mode: [JT&G '] Progress: ’

Enable real-time ISP to allow badkground programming when available

m File Device Checksum Usercode Program, Verify Blank- Examine
it Start Configure Check

— 0 . | |<none> SOCYHPS 00000000 <none> ] H H
[ dlistp |
L~ | |D:/DED_MNANO_SOC_Def.. SCSEMA4U23 00440CE8 00440CE8 "1 il
& Auto Detect

|

| [ save File |

L
orss s

| ﬂ:% Down |

Figure 3-8 Program .sof file into the FPGA device
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A Configure the FPGA in AS Mode

The DEO-NanoSoCbhoardusesa serial configuratin device (EPCRo storeconfiguration data for
the Cyclone V SoC FPGAThis configuration data is automatically loaded from the serial
configuration device chip into the FPGA when the board is powered up.

Users need to useaial Flash Loader (SFLp program the serial configuration dexieiaJTAG
interface. The FPGAbased SFL is a soft intellectual property (IByecwithin the FPGA that bridge
the JTAGandFlash interfaces. The SFL Mdgaction is availabléen Quartus Il Figure 3-9 shows
the prgramming methd when adoptingFL solution

Please refer t€hapter8: Steps of Programming the Serial Configuration Defaoc¢he basic
programming instruction on the serial configuration device

Cyclone@V
SoC
Quartus Il A b - - SFL Image — Serial ;
Programmer JTAG i AS x1
] USB Blagter Il ; JTAG to Bridge ASMI l X > Kol
Circuit _ The JTAG D
and ASMI i
Figure 3-9 Programming a serial configuration device with SFL solution
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3.3 Board Status Elements

In addition to thed LEDs that FPGAPS device can control, there afeindicators wich can
indicate the boardtatus(SeeFigure 3-10), please refer the details Table 3-3

UART TXD/RXD
JTAG TX/RX-
CONF_DONE
3.3V Power
Figure 3-10 LED Indicators on DEO-Nano-SoC
Table 3-3 LED Indicators
Board Reference |LED Name Description
LED9 3.3-V Power Illuminate when 3.3V power is active.
LED10 CONF_DONE Illuminates when the FPGA is successfully configured.
LED11 JTAG_TX Illuminate when data is transferred from JTAG to USB Host.
LED12 JTAG_RX llluminate when data is transferred from USB Host to JTAG.
TXD UART TXD Illuminate when data is transferred from FT232R to USB Host.
RXD UART RXD llluminate when data is transferred from USB Host to FT232R.
asiC DED- Nano- SoC 19 vwvw.terasic.com
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3.4 Board Reset Elements

There are two HPS reset buttons onOENEanoSoC, HPS (cold)resetand HPS warm resetas
shown inFigure 3-11. Table 3-4 describes the purpose of these two HPS reset bultanse 3-12
is thereset treéor DEO-NanoSoC

20| TRRRPRORC 0004
O §3929900

['1$ %0 516,0101610]1<]

(FICSP,
v,

| HPS WARM RSTN HPS RESET_N

Figure 3-11 HPS cold reset and warm reset buttons on DEO-Nano-SoC

Table 3-4 Description of Two HPS Reset Bttons on DE)-Nano-SoC

Board Reference Signal Name Description
Cold reset to the HPS, Ethernet PHY and USB host device.
KEY4 HPS_RESET_N ) ) . .
Active low input which resets all HPS logics that can be reset.
W he HPS block. Active low i ff h
KEY3 HPS WARM RST N arm reset to the . S block. Active low input affects the
- - — |system reset domain for debug purpose.
DED- Nano- SoC 20 vwvw.terasic.com
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VCC3P3
Cyclone V SoC
KEY 3
i HPS_WARM_RST_N
O O HPS_NRST
WARM_RST
Vooar3 HPS_RESET_N
= = HPS_NPOR
KEY 4 DEV_CLRN
B HPS_ENET_RESET_N
. O O L 2 GPIO43
HPS_RST

—_— GPIO42

10/100/1000 Base-T
Ethernet PHY
RSZ9031RN

RESET_N

USB 2.0 OTG PHY
USB3300

Inverter RESET

HPS_RESET_PHY

Figure 3-12 HPS reset tree on DEO-Nano-SoC board

3.5 Clock Circuitry

Figure 3-13 showsthe default frequencyf all external clockdo the Cyclone V SoCFPGA A
clock generatoris used to distribute clock sigmsalith low jitter. The two 50MHz clock signals
connected to the FPGare usedas clock sourcefor user logic.Three 25MHz clock signalare
connected tdawo HPS clock inputsand he other onas connected to the clock input of Gigabit
Ethernet Transceive®ne 24MHz clock signal is connected to the USB controller for USB Blaster
[I circuit and FPGA One24MHz clock signals are connectedhe clock inpus of USB OTG PHY
The assaoated pin aggnmentfor clock inputs to FPGA 1/O pins issted inTable 3-5.
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CDCE937

FPGA_CLK1_50 (50MHz)

FPGA_CLK2_50 (50MHz)

\ 4

FPGA_CLK3_50 (50MHz)

v

HPS_CLK1_25 (25MHz)

v

HPS_CLK2_25 (25MHz)

v

25MHz Eag

CLK_UB2_24 (24MHz)

v

/AVOTS YA\,

S
Cyclqslgcca. ~V

CLKOP
CLK2P
CLK6P
CLK4P

HPS_CLK1

CLK_ENET_25 (25MHz)

CLK_USB_24 (24MHz)

USB Blaster Il

Gigabit
Ethernet

Transceiver

USB OTG PHY

Figure 3-13 Block diagram of the clock distribution on DEO-Nano-SoC

Table 3-5 Pin Assignmentof Clock Inputs

Signal Name FPGA Pin No. |Description I/O Standard
FPGA_CLK1 50 |PIN_V11 50 MHz clock input 3.3V
FPGA_CLK2 50 |[PIN_Y13 50 MHz clock input 3.3V

FPGA_CLK3 50 PIN_E11

50 MHz clock input (share with FPGA_CLK1 50) 3.3V

HPS CLK1 25 PIN_E20

25 MHz clock input

3.3V

HPS_CLK2 25 PIN_D20

25 MHz clock input

3.3V

3.6 Peripherals Connected to the FPGA

This section describes the interfacesnectedo the FPGAUsers can control or monitdifferent

interfaces with user logic from tle>GA

DED- Nano- SoC
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3.6.1 User Push -buttons , Switches and LEDs

The board haswo pushbuttors connected tahe FPGA as shown inFigure 3-14 Connections
between the push-buttons and the Cyclone V SoC FPGA. Schmitt tigger circuit is implementedand act
as switch debounce iRigure 3-15 for the puskbuttons connectedlhetwo pushbuttons named
KEYO and KEY1 coming out of the Schmittigger deviceare connected directly to tli&yclone V
SoCFPGA. The pustbuttongenerates a lovogic levelor highlogic levelwhen it is pressedr not,
respectivelySince the pushuttors are debounced, they can be usaclock or reset inputs in a
circuit.

VCC3P3
u29
KEYO 3
..
—O O KEYO =
L AINERAY
KEY1 74AUC17 — g
O O—e SoC

Figure 3-14 Connections between the push-buttons and the Cyclone V SoC FPGA

lPushbutton depressed lPushbutton released

Before

Debouncing||||||||| |||||||

Schmitt Trigger
Debounced

A
v

Figure 3-15 Switch debouncing

There ardour slide switches connected tile FPGA as shown irigure 3-16. These switches are
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not debounce@ndto beused adevelsensitive data inputs to a circuit. Eashitsh is connected
directly and individually tahe FPGA. When the switch s®t tothe DONN position (towardshe

edge of the board), it generat@dow logic level to the FPGAWhen the switch isd to the UP

position a high logic levels generated to the FPGA

/NETERA

Cyclone:!?f?V
SoC

THS THG TLQ TL10 Logic™1”

SW3 SwW2 Swi1 SWo Logic™0”

Figure 3-16 Connections between the slide switches and the Cyclone V SoC FPGA

There arealso eight usercontrollable LEDs connected tbhe FPGA Each LED is driven directly
and indvidually by the Cyclone V SoG~PGA driving its associated pin to a high logic lewelow
level to turnthe LED onor off, respectivelyFigure 3-17 shows the connections between LEDs and
Cyclone V SoCFPGA Table 3-6, Table 3-7 and Table 3-8 list the pin assignmentof user
pushbuttons, switches, and LEDs
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PIN_AA24| -LEDT A A LED1 177
PIN_V16 —ED2 A A LED2 I&
PIN_V15 —LED3 A A -LED3 ;. }ZL
V PIN_AF26 L—/\/\’&D}ZL

PIN_AE26 —L—M@D}ZL

PIN_Y16 L_\N\,%}ZL
PIN AA23| —-EDT A LERTSI77

Table 3-6 Pin Assignmentof Slide Switches

Figure 3-17 Connections between the LEDs and the Cyclone V SoC FPGA

Signal Name FPGA Pin No. Description I/O Standard
SWI[0] PIN_L10 Slide Switch[0] 3.3V
SWI[1] PIN_L9 Slide Switch[1] 3.3V
SW[2] PIN_H6 Slide Switch[2] 3.3V
SWI[3] PIN_H5 Slide Switch[3] 3.3V

Table 3-7 Pin Assignmentof Push-buttons

Signal Name FPGA Pin No. Description I/O Standard
KEY[O0] PIN_AH17 Push-button[0] 3.3V
KEY[1] PIN_AH16 Push-button[1] 3.3V
Table 3-8 Pin Assignmentof LEDs
Signal Name FPGA Pin No. Description I/O Standard
LEDIO0] PIN_W15 LED [0] 3.3V
LED[1] PIN_AA24 LED [1] 3.3V
LED[2] PIN_V16 LED [2] 3.3V
LED[3] PIN_V15 LED [3] 3.3V
LED[4] PIN_AF26 LED [4] 3.3V
LEDI[5] PIN_AE26 LED [5] 3.3V
LED[6] PIN_Y16 LED [6] 3.3V
LED[7] PIN_AA23 LED [7] 3.3V
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3.6.2 2x20 GPIO Expansion Header s

Theboard hagwo 40-pin expansion headerEachheadehas 36 user pins connected direttiythe
Cyclone VSoCFPGA It alsocomes withDC +5V (VCCH, DC +3.3V (VCC®3), and two GND
pins. Figure 3-18 shows the /O distribution of the GPIO connectbhe maximum power
consumption allowed for daughter cardonnected to one or twePIO porsis shownin Table 3-9

and Table 3-10 shows all the pin assignments of the GPIO connector.

PINI
GPIO 0 GPIO 1
PINI
GPIO 0 (JPL
PIN_V12 GPIO_0[0] GPIO_0[1] PIN_AF7 PIN_Y15 GPIO_1[0] GPIO_1[1] PIN_AG28
PIN.W12 GPD_0[2] GPIO_0[3] PIN_AF8 PIN_AA15 GPIO_1[2] GPIO_1[3] PIN_AH27
PIN.YS  GPIO_O[4] GPIO_0[5] PIN_AB4 PIN_AG26 GPIO_1[4] GPIO_1[5] PIN_AH24
PIN. W8  GPIO_0[6] GPIO_0[7] PIN_Y4 PIN_AF23 GPIO_1[6] GPIO_1[7] PIN_AE22
PIN.Y5  GPIOO[8] GPIO_0[9] PIN_U11 PIN_AF21 GPIO_1[8] GPIO_1[9] PIN_AG20
5V GND 5V GND
PIN.T8  GPIO_O0[10] GPIO_0[11] PIN_T12 PIN_AG19 GPIO_1[10] GPIO_1[11] PIN_AF20
PIN_AH5 GPIO_0[12] GPIO_0[13] PIN_AH6 PIN_AC23 GPIO_1[12] GPIO_1[13] PIN_AG18
PIN_AH4  GPIO_0[14] GPIO_0[15] PIN_AG5 PIN_AH26 GPIO_1[14] GPIO_1[15] PIN_AA19
PIN_AH3 GPIO_0[16] GPIO_0[17] PIN_AH2 PIN_AG24 GPIO_1[16] GPIO_1[17] PIN_AF25
PIN_AF4  GPIO_0[18] GRO_0[19] PIN_AG6 PIN_AH23 GPIO_1[18] GPIO_1[19] PIN_AG23
PIN_AF5  GPIO_0[20] GPIO_0[21] PIN_AE4 PIN_AE19 GPIO_1[20] GPIO_1[21] PIN_AF18
PIN_T13  GPIO_0[22] GPIO_0[23] PIN_T11 PIN_AD19 GPIO_1[22] GPIO_1[23] PIN_AE20
PN_AE7  GPIO_0[24] GPIO_0[25] PIN_AF6 PIN_AE24 GPIO_1[24] GPIO_1[25] PIN_AD20
3.3V GND 3.3V GND
PIN_AF9  GPIO_0[26] GPIO_0[27] PIN_AE8 PIN_AF22 GPIO_1[26] GPIO_1[27] PIN_AH22
PIN_AD10 GPIO_0[28] GPIOO[29] PIN_AE9 PIN_AH19 GPIO_1[28] GPIO_1[29] PIN_AH21
PIN_AD11 GPIO_0[30] GPIO_0[31] PIN_AF10 PIN_AG21 GPIO_1[30] GPIO_1[31] PIN_AH18
PIN_AD12 GPIO_0[32] GPIO_0[33] PIN_AE11 PIN_AD23 GPIO_1[32] GPIO_1[33] PIN_AE23
PIN_AF11 GPIO_0[34] GPIO_0[35] PIN_AE12 PIN_AA18 GPIO_1[34] GPIO_1[35] PIN_AC22

Figure 3-18 GPIO Pin Arrangement
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Table 3-9 Voltage and Max.Current Limit of Expansion Heade(s)
Supplied Voltage Max. Current Limit
5V 1A (depend on the power adapter specification.)
3.3V 1.5A

Table 3-10 Show all Pin Assignmentof Expansion Headers

Signal Name FPGA Pin No. Description I/O Standard
GPIO_0[0] PIN_V12 GPIO Connection 0[0] 3.3V
GPIO_0[1] PIN_AF7 GPIO Connection 0[1] 3.3V
GPIO_0[2] PIN_W12 GPIO Connection 0[2] 3.3V
GPIO_0[3] PIN_AF8 GPIO Connection 0[3] 3.3V
GPIO_0[4] PIN_Y8 GPIO Connection 0[4] 3.3V
GPIO_0[5] PIN_AB4 GPIO Connection 0[5] 3.3V
GPIO_0[6] PIN_WS8 GPIO Connection 0[6] 3.3V
GPIO_0[7] PIN_Y4 GPIO Connection 0[7] 3.3V
GPIO_0[8] PIN_Y5 GPIO Connection 0[8] 3.3V
GPIO_0[9] PIN_U11 GPIO Connection 0[9] 3.3V
GPIO_0[10] PIN_T8 GPIO Connection 0[10] 3.3V
GPIO_0[11] PIN_T12 GPIO Connection 0[11] 3.3V
GPIO_0[12] PIN_AHS5 GPIO Connection 0[12] 3.3V
GPIO_0[13] PIN_AH®6 GPIO Connection 0[13] 3.3V
GPIO_0[14] PIN_AH4 GPIO Connection 0[14] 3.3V
GPIO_0[15] PIN_AG5 GPIO Connection 0[15] 3.3V
GPIO_0[16] PIN_AH3 GPIO Connection 0[16] 3.3V
GPIO_0[17] PIN_AH2 GPIO Connection 0[17] 3.3V
GPIO_0[18] PIN_AF4 GPIO Connection 0[18] 3.3V
GPIO_0[19] PIN_AG6 GPIO Connection 0[19] 3.3V
GPIO_0[20] PIN_AF5 GPIO Connection 0[20] 3.3V
GPIO_0[21] PIN_AE4 GPIO Connection 0[21] 3.3V
GPIO_0[22] PIN_T13 GPIO Connection 0[22] 3.3V
GPIO_0[23] PIN_T11 GPIO Connection 0[23] 3.3V
GPIO_0[24] PIN_AE7 GPIO Connection 0[24] 3.3V
GPIO_0[25] PIN_AF6 GPIO Connection 0[25] 3.3V
GPIO_0[26] PIN_AF9 GPIO Connection 0[26] 3.3V
GPIO_0[27] PIN_AES8 GPIO Connection 0[27] 3.3V
GPIO_0[28] PIN_AD10 GPIO Connection 0[28] 3.3V
GPIO_0[29] PIN_AE9 GPIO Connection 0[29] 3.3V
GPIO_0[30] PIN_AD11 GPIO Connection 0[30] 3.3V
GPIO_0[31] PIN_AF10 GPIO Connection 0[31] 3.3V
GPIO_0[32] PIN_AD12 GPIO Connection 0[32] 3.3V
GPIO_0[33] PIN_AE11 GPIO Connection 0[33] 3.3V
GPIO_0[34] PIN_AF11 GPIO Connection 0[34] 3.3V
GPIO_0[35] PIN_AE12 GPIO Connection 0[35] 3.3V
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3.6.3 Arduino Uno R3 Expansion Header

The boardorovidesArduino Uno revision ompatibility expansion headetich comes with four
independent headerBhe expansion header ha3 user ping16pins GPIO and 1pin Reset)
connected direbt to the Cyclone \SoCFPGA.6-pins Analog input connects to AD@&nd also
providesDC +9V (VCC9), DC +5V (VCC5), DC +3.3V (VCCB3 and IOREF, andthreeGND
pins.

Please refer teigure 3-19for detailed pirout information. The blue font represents the Arduino
Uno R3 board piout definition.

SCL SCL
SDA SDA
Analog_Vref
NC GND
IOREF Arduino_l013  D13/SCK
Reset Arduino_Reset_N Arduino_lO12 D12/MISO
VCC3P3 Arduino_lO11  D11/MOSI
VCC5 Arduino_lO10 D10/SS
GND Arduino_lO9 D9
GND Arduino_IO8 D8
VCC9
Arduino Arduino_I07 D7
Arduino_lO6 D6
A0 ADC_INO
B Arduino_IO5 D5
A1 ADC_IN1
. Arduino_IlO4 D4
A2 ADC_IN2
B Arduino_lO3 D3
A3 ADC_IN3 _
B oTTIITTTY Arduino_lO2 D2
- i e Arduino_IO1  D1/TX
I 1 rduino_|
A5 ADC_IN5 I O O O
N N O 0 0O Arduino_IO0  DO/RX
DI2MISO  ArdUiNO_IO12 ---mmmmmmmeeet |} 1 e VCC5
D13/SCK  ArdUINO_lO13 s=mmmmmmmmmmmeed & e Arduino_I011  D11/MOSI
Arduino_Reset_ -----====-======-st  heeeieiiooooooooooo GND

Figure 3-19 lists the all the pin-out signal name of the Arduino Uno connector. The blue font
represents the Arduino pin-out definition.

The 16 GPIO pins are provided to the Arduino Header for digi@l Table 3-11lists the all the pin
assignments of the Arduino Uno connector (digyj signal names relative to tligclone VSoC
FPGA.
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Table 3-11 Pin Assignments forArduino Uno Expansion Headerconnector

Schematic ) o Specific features

Signal Name FPGA Pin No. [Description o A I/O Standard
Arduino_10O0 PIN_AG13 Arduino 100 RXD 3.3-V
Arduino_lO1 PIN_AF13 Arduino 101 TXD 3.3-V
Arduino_l02 PIN_AG10 Arduino 102 3.3-V
Arduino_lO3 PIN_AG9 Arduino 103 3.3-V
Arduino_|04 PIN_U14 Arduino 104 3.3-V
Arduino_l05 PIN_U13 Arduino 105 3.3-V
Arduino_lO6 PIN_AGS8 Arduino 106 3.3-V
Arduino_lO7 PIN_AH8 Arduino 107 3.3-V
Arduino_lO8 PIN_AF17 Arduino 108 3.3-V
Arduino_lO9 PIN_AE15 Arduino 109 3.3-V
Arduino_1010 PIN_AF15 Arduino 1010 SS 3.3-V
Arduino_1011 PIN_AG16 Arduino 1011 MOSI 3.3-V
Arduino_|012 PIN_AH11 Arduino 1012 MISO 3.3-V
Arduino_lO13 PIN_AH12 Arduino 1013 SCK 3.3-V
Arduino_l014 PIN_AH9 Arduino 1014 SDA 3.3-V
Arduino_lO15 PIN_AG11 Arduino 1015 SCL 3.3-V
Arduino_Reset_n |PIN_AH7 Reset signal, low active. 3.3-V

Besides 16 ips for digital GPIO, there are alanalog inputs on the Arduino Uno R3 Expansion
HeaderfADC_INO ~ ADC_IN5). Consequently, we use ADC LTC2308 from Linear Technology on
the board for possible future analtugdigital applicationsWe will introduce in he next section.
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3.6.4 A/D Converter and Analog Input

The DEO-NaneSoC has an analoetp-digital converter (TC2308.

The LTC2308 is a low noise, 500ksps;i@&annel, 1zbit ADC with aSPI/MICROWIRE compatible
serial interfaceThis ADC includes an internagéference and a fully differentiahmpleandhold
circuit to reduce common moaeise. The internal conversion clock allows the extesagaal
output data clock (SCK) to operate at any frequancyo 40MHz.

It can be configured to accepight input sigals at input&DC_INO throughADC_IN7. These
eight input signals are connectedat®xs header, ashown inFigure 3-20.

VCC5 ADC_INO
ADC_IN1 ADC_IN2
ADC_IN3 ADC_IN4
ADC_IN5 ADC_IN6
ADC_IN7 GND

Figure 3-20 Signals of the 2x5 Header

TheseAnaloginputs are shared with the Arduino's analog inpai{ADC_INO ~ ADC_IN5)

Figure 3-21 shows the connectiotetween the FBA, 2x5 headerArduino Analog input, and the
A/D converter

More information abouthe A/D converter chips available inits datasheetlt can be found on
manufacturer 6s we DatashedADG of DEOMNant3oE€systemiCB.ct or y
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ADC_CONVST | +-ADC_INO
— < ADC_IN1
ADC_SCK «ADC_IN2

|

ADC_SDO <« ADC_IN4
—_—

ADC_SDI <ADC_IN6

LTC2308

VCC5

1014

NC

IOREF
Arduino_Reset_n
VCC3P3

VCC5 .

S Arduino

GND

VCC9

ADC_INO
rocont | M ||
ADC_IN2 TSI

ADC_IN3 £ i -
ADC_IN4 pob
ADC_IN5 P

Analog_Vref
GND
Arduino_|O13
Arduino_l012
Arduino_lO11
Arduino_lO10
Arduino_lO9
Arduino_|O8

Arduino_lO7
Arduino_lO6
Arduino_lO5
Arduino_lO4
Arduino_|O3
Arduino_|02
Arduino_lO1
Arduino_lO0

Arduino_[012 -------mmeeni 1 U e
ArUING_IO13 = =-nmmmsmmmmmat b4 el
Arduino_Reset_n -----------smsamand eeoooooos

» ADC_INO

ADC_IN1 5

4 ADC_IN2

ADC_IN3 s

s ADC_IN4

ADC_INS 7

s ADC_ING

ADC_IN7

GND

Figure 3-21 Connections between the FPGA, 2x5 header, and the A/D converter

Table 3-12 Pin Assignment ofADC

Signal Name FPGA Pin No. Description I/O Standard

ADC_CONVST PIN_U9 Conversion Start 3.3V

ADC_SCK PIN_V10 Serial Data Clock 3.3V

ADC_SDI PIN_AC4 Serial Data Input (FPGA to ADC) 3.3V

ADC_SDO PIN_AD4 Serial Data Out (ADC to FPGA) 3.3V
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3.7 Peripherals Connected to Hard Processor System (HPS)

This section introduces the interfaces connected to the HPS section@fdbee V SoCFPGA.
Users can access these interfaces via the HPS processor.

3.7.1 User Push-buttons and LEDs

Similar tothe FPGA, the HP&lso has itset of switchesbuttons, LEDs, and otheénterfaces
connected exclusiveljyserscan control these interfaces to monitor the status of HPS.

Table 3-13 givesthe pin assignment of all the LEDs, switshand pusibuttons.

Table 3-13 Pin Assignment ofLEDs, Switches andPush-buttons

Signal Name FPGA Pin No. HPS GPIO Register/bit Function
HPS_KEY PIN_J18 GPIO54 GPIO1[25] I/0
HPS_LED PIN_A20 GPIO53 GPI01[24] IO

3.7.2 Gigabit Ethernet

The board supports GigabEthernettransfer byan external Micrel KSZ981RN PHY chip and
HPS Ethernet MAC function. The KSZ3DRN chip with integrated 10/100/1000 Mbps Gigabit
Ethernet transceivealso suppors RGMII MAC interface. Figure 3-22 shows the connectign
between théiPS,Gigabit Ethernet PHYand R3#45 connector

The pin assignment associated @gabit Ethernet interfaces listed in Table 3-14. More
information about th&KSZ9MB1RN PHY chip andits datasheetas well as thepplication notes,
which are available on the manufacturerds web
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u17 J10
HPS_ENET_TX_DATA[3..0] _ —_—
| | HPS_ENET_GTX_CLK GTX_OLK
HPS ENHEF"FS_REXNEDEX([EE(,)\‘]: =i
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HPS_ENET_RESET N
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L CLK_ENET_25
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KSZ9031RN RJ45

Figure 3-22 Connections between the HPS and Gigabit Ethernet

Table 3-14 Pin Assignment ofGigabit Ethernet PHY

Signal Name FPGA Pin No. |Description I/0 Standard
HPS_ENET_TX EN PIN_A12 GMIl and MIl transmit enable 3.3V
HPS_ENET_TX_DATA[0] PIN_A16 MII transmit data[0] 3.3V
HPS _ENET_TX_DATA[1] PIN_J14 MIl transmit data[1] 3.3V
HPS ENET_TX_DATA[2] PIN_A15 MIl transmit data[2] 3.3V
HPS_ENET_TX_DATA[3] PIN_D17 MIl transmit data[3] 3.3V
HPS ENET_RX DV PIN_J13 GMII and Mill receive data valid 3.3V
HPS_ENET_RX_DATA[O] PIN_A14 GMIl and Ml receive data[0] 3.3V
HPS_ENET_RX_DATA[1] PIN_A11 GMIl and Mill receive data[1] 3.3V
HPS_ENET_RX_DATA[Z2] PIN_C15 GMIl and Ml receive data[2] 3.3V
HPS_ENET_RX_DATA[3] PIN_A9 GMIl and Mill receive data[3] 3.3V
HPS_ENET_RX CLK PIN_J12 GMIl and Ml receive clock 3.3V
HPS ENET_RESET N PIN_B14 Hardware Reset Signal 3.3V
HPS_ENET_MDIO PIN_E16 Management Data 3.3V
HPS _ENET_MDC PIN_A13 Management Data Clock Reference 3.3V
HPS_ENET _INT_N PIN_B14 Interrupt Open Drain Output 3.3V
HPS ENET_GTX_CLK PIN_J15 GMII Transmit Clock 3.3V

There are two LEDs, green LED (LEDG) and yellow LED (LEDY), which represent the status of
Ethernet PHY (KSZ9B1RN). The LED control signals are connectedthe LEDson the RJ45
connector.The state and definition of LEDG and LEDY are listed@#ble 3-15. For instancethe
connection from board to Gigabit Ethernet is established once the LEDG lights on.
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Table 3-15 State andDefinition of LED Mode Pins

LED (State) LED (Definition) Link /Activity

LEDG LEDY LEDG LEDY

H H OFF OFF Link off

L H ON OFF 1000 Link / No Activity
Toggle H Blinking OFF 1000 Link / Activity (RX, TX)
H L OFF ON 100 Link / No Activity

H Toggle OFF Blinking 100 Link / Activity (RX, TX)
L L ON ON 10 Link/ No Activity

Toggle Toggle Blinking Blinking 10 Link / Activity (RX, TX)
3.7.3 UART

The boardhasone UART interface connected for communicatieith the HPS. This interface

d o e ssuppotrt HW flow control signals. The physical interfasémplemented byUART-USB
onboard bridge frona FT232Rchip to the host withan USB Mini-B connectorMore information
about the chip is available on the manufacur er 6 s we b s i tdiecgtory or
\Datasheett) ART_TO_USB of DEO-NanaSoC system CD.Figure 3-23 shows the connections
between the HPS, FT232R chip, and the USB Minconnector.Table 3-16 lists the pin
assignmenof UART interface connected to th&PS.

U12
TXD — CBUSO
- ceusT FT232_DP
AE'ERA . 3 HPS_UART_RX T3 USBDP |¢————e—p l
Cycloneﬁ??v
7 HPS_UART_TX
e © = = »| RXD USBDM <FT232_DM N
s USB Mini-B Connector
< HPS_CONV_USB_N CBUS3
HPS_UART_RESET_N RESET
| -
- HPS_RESET_N

| FT232R

Figure 3-23 Connections between the HPS and FT232R Chip
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Table 3-16 Pin Assignment of UART Interface

Signal Name FPGA Pin No. Description I/O Standard
HPS_UART_RX PIN_A22 HPS UART Receiver 3.3v
HPS_UART_TX PIN_B21 HPS UART Transmitter 3.3V
HPS_CONV_USB_N PIN_C6 Reserve 3.3V

3.7.4 DDR3 Memory

The DDR3 devicesonnected to the HPS are the exact samedel as the onesonnected to the
FPGA The capacity is 1GB and the data bandwidth is #bi8Zomprised of two x16 devices with
a single address/command biike signals are coested to theledicatel Hard Menory Controller
for HPS I/O banks and the target speed is 400 MKRle 3-17 lists the pin assignment dDR3
and itsdescription with/O standard

Table 3-17 Pin Assignmentof DDR3 Memory

Signal Name FPGA Pin No. Description I/O Standard

HPS _DDR3_A[Q] PIN_C28 HPS DDR3 Address[0] SSTL-15 Class |

HPS DDR3_A[1] PIN_B28 HPS DDR3 Address[1] SSTL-15 Class |
HPS_DDR3_A[2] PIN_E26 HPS DDR3 Address|2] SSTL-15 Class |
HPS_DDR3_A[3] PIN_D26 HPS DDR3 Address[3] SSTL-15 Class |
HPS_DDR3_A[4] PIN_J21 HPS DDR3 Address[4] SSTL-15 Class |

HPS DDR3_A[5] PIN_J20 HPS DDR3 Address[5] SSTL-15 Class |
HPS_DDR3_A[6] PIN_C26 HPS DDR3 Address|6] SSTL-15 Class |
HPS_DDR3_A[7] PIN_B26 HPS DDR3 Address[7] SSTL-15 Class |
HPS_DDR3_A[8] PIN_F26 HPS DDR3 Address[8] SSTL-15 Class |
HPS_DDR3_A[9] PIN_F25 HPS DDR3 Address|9] SSTL-15 Class |

HPS DDR3_A[10] PIN_A24 HPS DDR3 Address[10] SSTL-15 Class |
HPS_DDR3_A[11] PIN_B24 HPS DDR3 Address[11] SSTL-15 Class |

HPS DDR3_A[12] PIN_D24 HPS DDR3 Address[12] SSTL-15 Class |
HPS_DDR3_A[13] PIN_C24 HPS DDR3 Address[13] SSTL-15 Class |

HPS DDR3_A[14] PIN_G23 HPS DDR3 Address|[14] SSTL-15 Class |
HPS_DDR3_BAJ[0] PIN_A27 HPS DDR3 Bank Address[0] |SSTL-15 Class |
HPS_DDR3_BA[1] PIN_H25 HPS DDR3 Bank Address[1] | SSTL-15 Class |

HPS DDR3 BAJ[2] PIN_G25 HPS DDR3 Bank Address[2] |SSTL-15 Class |
HPS_DDR3_CAS n PIN_A26 DDR3 Column Address Strobe SSTL-15 Class |
HPS_DDR3_CKE PIN_L28 HPS DDR3 Clock Enable SSTL-15 Class |

HPS DDR3_CK_n PIN_N20 HPS DDR3 Clock Differential 1.5-V SSTL Class |
HPS _DDR3 CK_p PIN_N21 HPS DDRS3 Clock p Differential 1.5-V SSTL Class |
HPS DDR3 CS n PIN_L21 HPS DDR3 Chip Select SSTL-15Class |
HPS_DDR3_DM[0] PIN_G28 HPS DDRS3 Data Mask[0] SSTL-15 Class |

HPS DDR3 DM[1] PIN_P28 HPS DDR3 Data Mask[1] SSTL-15 Class |
HPS_DDR3_DM[2] PIN_W28 HPS DDRS3 Data Mask[2] SSTL-15 Class |

asiC DED- Nano- SoC 36 vwvw.terasic.com

bt 1 User Manual August 31, 2017


http://www.terasic.com/
http://www.terasic.com/

/AVO[S RYA),

UNIVERSITY
PROGRAM

HPS_DDR3_DM[3] PIN_AB28 HPS DDR3 Data Mask[3] SSTL-15 Class |
HPS DDR3 DQ|0] PIN_J25 HPS DDRS3 Data[0] SSTL-15 Class |
HPS_DDR3_DQ[1] PIN_J24 HPS DDRS3 Data[1] SSTL-15 Class |
HPS _DDR3_DQ|2] PIN_E28 HPS DDR3 Data[2] SSTL-15 Class |
HPS_DDR3_DQ[3] PIN_D27 HPS DDRS3 Data[3] SSTL-15 Class |
HPS_DDR3_DQ[4] PIN_J26 HPS DDRS3 Data[4] SSTL-15 Class |
HPS_DDR3_DQI5] PIN_K26 HPS DDR3 Data[5] SSTL-15 Class |
HPS_DDR3_DQ[6] PIN_G27 HPS DDRS3 Data[6] SSTL-15 Class |
HPS _DDR3_DQ[7] PIN_F28 HPS DDRS3 Data[7] SSTL-15 Class |
HPS_DDR3_DQ[8] PIN_K25 HPS DDRS3 Data[8] SSTL-15 Class |
HPS _DDR3_DQ[9] PIN_L25 HPS DDRS3 Data[9] SSTL-15 Class |
HPS_DDR3_DQ[10] PIN_J27 HPS DDR3 Data[10] SSTL-15 Class |
HPS_DDR3_DQ[11] PIN_J28 HPS DDR3 Data[11] SSTL-15 Class |
HPS_DDR3_DQ[12] PIN_M27 HPS DDR3 Data[12] SSTL-15 Class |
HPS_DDR3_DQJ13] PIN_M26 HPS DDRS3 Data[13] SSTL-15 Class |
HPS DDR3_DQJ[14] PIN_M28 HPS DDRS3 Data[14] SSTL-15 Class |
HPS_DDR3_DQJ15] PIN_N28 HPS DDRS3 Data[15] SSTL-15 Class |
HPS_DDR3_DQJ16] PIN_N24 HPS DDRS3 Data[16] SSTL-15 Class |
HPS_DDR3_DQ[17] PIN_N25 HPS DDR3 Data[17] SSTL-15 Class |
HPS_DDR3_DQJ18] PIN_T28 HPS DDRS3 Data[18] SSTL-15 Class |
HPS DDR3_DQJ[19] PIN_U28 HPS DDRS3 Data[19] SSTL-15 Class |
HPS_DDR3_DQI[20] PIN_N26 HPS DDRS3 Data[20] SSTL-15 Class |
HPS DDR3 DQJ21] PIN_N27 HPS DDRS3 Data[21] SSTL-15 Class |
HPS_DDR3_DQ[22] PIN_R27 HPS DDR3 Data[22] SSTL-15 Class |
HPS_DDR3_DQJ23] PIN_V27 HPS DDRS3 Data[23] SSTL-15 Class |
HPS_DDR3_DQ[24] PIN_R26 HPS DDR3 Data[24] SSTL-15 Class |
HPS_DDR3_DQI25] PIN_R25 HPS DDRS3 Data[25] SSTL-15 Class |
HPS DDR3 _DQI[26] PIN_AA28 HPS DDRS3 Data[26] SSTL-15 Class |
HPS_DDR3_DQI27] PIN_W26 HPS DDRS3 Data[27] SSTL-15 Class |
HPS_DDR3_DQI28] PIN_R24 HPS DDRS3 Data[28] SSTL-15 Class |
HPS_DDR3_DQ[29] PIN_T24 HPS DDR3 Data[29] SSTL-15 Class |
HPS_DDR3_DQI[30] PIN_Y27 HPS DDRS3 Data[30] SSTL-15 Class |
HPS DDR3 DQI[31] PIN_AA27 HPS DDRS3 Data[31] SSTL-15 Class |
HPS_DDR3_DQS n[0] PIN_R16 HPS DDRS3 Data Strobe n[0] Differential 1.5-V SSTL Class |
HPS DDR3 DQS n[1] |PIN_R18 HPS DDRS3 Data Strobe n[1] Differential 1.5-V SSTL Class |
HPS_DDR3 DQS n[2] |PIN_T18 HPS DDRS3 Data Strobe n[2] Differential 1.5-V SSTL Class |
HPS_DDR3_DQS_n[3] |PIN_T20 HPS DDR3 Data Strobe n[3] Differential 1.5-V SSTL Class |
HPS_DDR3_DQS_p[0] |PIN_R17 HPS DDR3 Data Strobe p[0] Differential 1.5-V SSTL Class |
HPS_DDR3 _DQS p[1] PIN_R19 HPS DDRS3 Data Strobe p[1] Differential 1.5-V SSTL Class |
HPS_DDR3 DQS_p[2] |[PIN_T19 HPS DDR3 Data Strobe p[2] Differential 1.5-V SSTL Class |
HPS_DDR3_DQS p[3] PIN_U19 HPS DDRS3 Data Strobe p[3] Differential 1.5-V SSTL Class |
HPS _DDR3_ODT PIN_D28 HPS DDR3 On-die Termination SSTL-15 Class |
HPS_DDR3_RAS n PIN_A25 DDR3 Row Address Strobe SSTL-15 Class |
HPS _DDR3_RESET n |PIN_V28 HPS DDR3 Reset SSTL-15 Class |
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HPS_DDR3_WE_n PIN_E25 HPS DDR3 Write Enable SSTL-15 Class |
HPS_DDR3_RZQ PIN_D25 External reference ball for 15V
output drive calibration

3.7.5 Micro SD Card Socket

The board suppors Micro SD card inteiace with x4 data lines. It serves not only an external
storage for the HPS, but also an alternative boot option f@-NdhoGSoC boardFigure 3-24
showssignals connected between the HPS and Micro SD card socket

Table 3-18lists the pin assignment of Micro SD card socket to the HPS.

SD_CLK
> 5
A SD_CMD o 5
A 2JA
= SD_DATO g
o «—— - » 7 Micro-SD Card
g SD_DAT1 Socket
™\ = Vg ) W >
CyclonetV <+ > 8
L J
SoC P SD_DAT2 ]
HPS PN SD_DAT3/CD .

=
! vl

Figure 3-24 Connections between the FPGA and SD card socket

Table 3-18 Pin Assignment of Micro SD Card Socket

Signal Name FPGA Pin No. |Description I/O Standard
HPS_SD_CLK PIN_B8 HPS SD Clock 3.3V
HPS_SD_CMD PIN_D14 HPS SD Command Line 3.3V
HPS_SD_DATAJ[O] PIN_C13 HPS SD Data[0] 3.3V
HPS_SD_DATA[1] PIN_B6 HPS SD Data[1] 3.3V
HPS_SD_DATA[2] PIN_B11 HPS SD Data[2] 3.3V
HPS_SD_DATA[3] PIN_B9 HPS SD Data[3] 3.3V
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3.7.6 USB 2.0 OTG PHY

The board provides USB interfaces using the SMSC USB3300 controller. A SMSC USB3300
device in a 32in QFN package devices used to interface to a single Type ABicro-USB
connector. This device supports UTMI+ LownHnterface (ULPI) to communicate to USB 2.0
controller in HPS. As defined by OTG mode, the PHY can operate in Host or Device modes. When
operating in Host mode, the interface will supply the power to the device throuyhiciteeUSB
interface.Figure 3-25 shows theconnections of USB PTG PHY to the HPSble 3-19lists the pin
assignment of USBTG PHYto the HPS.

Signal Name
HPS_USB_CLKOUT
HPS_USB_DATA[O]
HPS_USB_DATA[1]
HPS_USB_DATA[2]
HPS_USB_DATA[3]
HPS_USB_DATA[4]
HPS_USB_DATA[5]
HPS_USB_DATA[6]
HPS_USB_DATA[7]
HPS_USB_DIR
HPS_USB_NXT
HPS_USB_RESET
HPS_USB_STP

Rlasic
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HPS_USB_DATA[7..0]
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HPS_USB_CLKOUT

> DATA[7..0]
CLKOUT
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NXT

A A A

HPS_USB_DIR

DIR

HPS_USB_STP

» STP

CLK_USB_24
St =

S

U31
COR Y —O
HPS_RESET_N

TPS3831

RESET
X1

u7

USB_VCC5

CPEN

EXTVBUS

VBUS

USB_CPEN
= > EN out
USB_EXTVBUS
S FAULT_N
_USB_VBUS " TPS2553DRVR _
_USB_DM
_USB_DP

_USB_ID

USB3300

Table 3-19 Pin Assignment of USB OTG PHY

DED- Nano- SoC
User Manual

FPGA Pin No.
PIN_G4
PIN_C10
PIN_F5
PIN_C9
PIN_C4
PIN_C8
PIN_D4
PIN_C7
PIN_F4
PIN_E5
PIN_D5
PIN_H12
PIN_C5

Description

60MHz Reference Clock Output

HPS USB_DATA[0]
HPS USB_DATA[1]
HPS USB_DATA[2]
HPS USB_DATA[3]
HPS USB_DATA[4]
HPS USB_DATA[5]
HPS USB_DATA[6]
HPS USB_DATA[7]

Direction of the Data Bus

Throttle the Data

HPS USB PHY Reset

Stop Data Stream on the Bus

39

USB Micro-AB Conhector

Figure 3-25 Connections between the HPS and USB OTG PHY

I/O Standard
3.3V
3.3V
3.3V
3.3V
3.3V
3.3V
3.3V
3.3V
3.3V
3.3V
3.3V
3.3V
3.3V

wwvw.terasic.com
August 31, 2017


http://www.terasic.com/
http://www.terasic.com/

3.7.7 G-sensor

The board comes with digital accelerometer sensor mod(#XL345), commonly known as
G-sensor This Gsensoris a small, thin, ultralow power assumptiora8s accelerometer with
high-resolution measurement. Digitalized output is formatted akitlié n  t comopéesent and

can be accessed througl2C interface. The 12Caddress of &ensoris O0xA6/0xA7. More
information about this chip can be foundita datasheetwhich is available oomanuf act ur e
website or in the directo\Datashe&G-Sensoifolder of DEO-NancSoC system CD.Figure 3-26

shows the connections betwetdre HPS and &Gensor.Table 3-20 lists the pin assignment of
G-senor to the HPS.

u19
e HPS_[2C0_SCLK R
. » SCL_SCLK
Cyclone§v < HEe 200 SDRT »| SDA_SDI_SDIO
SoC’ HPS_GSENSOR_INT
< INT1
e ADXL345

Figure 3-26 Connections between Cyclone V SoC FPGA and G-Sensor

Table 3-20 Pin Assignment of Gsenor

Signal Name FPGA Pin No. |Description I/O Standard
HPS_GSENSOR_INT PIN_A17 HPS GSENSOR Interrupt Output 3.3V
HPS 12C0_SCLK PIN_C18 HPS 12C0 Clock 3.3V
HPS_12C0_SDAT PIN_A19 HPS 12C0 Data 3.3V

3.7.8 LTC Connector

The boardchas a 14in header, which ieriginally used to communicate with various daughter
cards from Linear Technology. It@®nnected téhe SPI Master and 12@orts of HPS. The
communication with these two protocols isdiedional. The 14pin header can also be used for
GPIO, SPI, ot2C based communication with the HRSnnectionbetween théiPS and_TC
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connector are shown iRigure 3-27, and thepin assignment of LTC connectarlisted inTable

3-21

|
AHERA.

o
Cyclqst;g, v

HPS

HPS_SPIM_MOSI

HPS_I2C1_SDAT

HPS_SPIM_CLK

HPS_12C1_SCLK

VCC9 VCC3P3
J17
HPS_SPIM_CLK
_SPIM_ ] 3
HPS_SPIM_SS i A -
HPS_SPIM_MOSI . ole
< HPS_SPIM_MISO i e . vegsps
(HPS_12C1_SDAT AL ol Connector =
HPS_I2C1_SCLK 1
== AN »{11 12 o
HPS_LTC_GPIO "
< — 13 14}« |
u2 GND GND
ic COM1| MOSI_SDA
&:*c CcoM2| SCK_SCL

ﬁ

i__< IN

_HPS_LTC_GPIO

TS3A5018

Figure 3-27 Connections between the HPS and LTC connector

Table 3-21 Pin Assignmentof LTC Connector

Signal Name FPGA Pin No. Description I/O Standard
HPS _LTC_GPIO PIN_H13 HPS LTC GPIO 3.3V
HPS 12C1_SCLK PIN_B21 HPS 12C1 Clock 3.3V
HPS_I12C1_SDAT PIN_A21 HPS I2C1 Data 3.3V
HPS_SPIM_CLK PIN_C19 SPI Clock 3.3V
HPS_SPIM_MISO PIN_B19 SPI Master Input/Slave Output 3.3V
HPS_SPIM_MOSI PIN_B16 SPI Master Output /Slave Input 3.3V
HPS_SPIM_SS PIN_C16 SPI| Slave Select 3.3V
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Chapter 4
DEO-Nano-SoC
System Builder

This chapter describes how users capate a custom design project with the tool named
DEO-NanoSoCSystem Builder

4.1 Introduction

The DEO-NanoSoCSystem Builders a Windowsbased utility. It is designed to help users create a
Quartus Il project forDEO-NanoSoC within minutes. The generateQuartus Il project files
include:

1 Quartus Il project file (.qpf)

1 Quartus Il setting file (.qsf)

1 Top-level design file (.v)

1 Synopsis design constraints file (.sdc)
1 Pin assignment document (.htm)

The above files generated by tbE0O-NancSoC System Buildercan also prevenbdccurrence of
situations that are prone to compilation endren users manually edit the ttgvel design file or
place pin assignmenthe common mistakes that users encounter are:

1 Board is damaged due to incorrect bank voltage settipqh@assignment.
1 Board is malfunctioned because of wrong device chosen, declaration of pin location or

direction is incorrect or forgotten.
1 Performance degdationdue to improper pin assignment.

4.2 Design Flow

This section providesmaintroduction tothe design flow of building a Quartus Il project for
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DEO-NanoSoCunder theDEO-NanaSoC System BuilderThe design flow is illustrated inigure
4-1.

The DEO-NanoSoC System Buildemvill generate two major files, a tdpvel design file (.v) and a
Quartus Il setting file (.gsffter users launch tHeEO-NanoSoC System Builder and create a new
project according to their design requirements

The toplevel design file contains a tejevel Verilog HDL wrapper for users to add their own
design/logic. The Quartus Il setting file contains information such as FPGA device typeyebp
pin assignment, and the I/O standard for eachdeskmed 1/0O pin.

Finally, the Quartus Il programmer is used to download .sof file to the developwamlvia JTAG
interface.

Start

Launch Quartus II

Launch DEO-Nano-SOC and Open Project

System Builder

v

Create New DE0—Nano—-S0C
System Builder Project

l Compile to
Generate Quartus II generate . SOF

Project and Document l

Configure FPGA

Add User
Design/Logic

End

Figure 4-1 Design flow of building a project from the beginning to the end

4.3 Using DEO-Nano-SoC System Builder

This section providethe procedurem details on how to use ti#EO-NancSoCSystem Builder
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A Install and Launch the DEO-Nano-SoC System Builder

The DEO-NanoSoC System Builders located in the dir¢ory: fiToolsSystemBuilded of the
DEO-NanoSoC System CD. Users can copy the entire folder to a host computer without installing
the utility. A window will pop up, as shown irrigure 4-2, after executing th®EO-NanocSoC
SystemBuilder.exe on the host computer.

www.terasic.com

DEO-Nano-SoC V1.0.0 - ||
= System Configuration-
UNIVERSITY tcrm Project Name:

— DEO_NANO_SOC
DEO-Nano-SoC FPGA Board

VI CLOCK VILEDx8

V] Button x 2 V] Switch x 4
VIADC 2x5 Header [Vl Arduino Header

O HPS

GPIO-0 Header
[None v]
Prefix Name:

GPIO-1 Header

[ Save Setting ] [ Generate ‘ [None v]
Prefix Name:

[ Load Setting ] [ Exit ]

Figure4-2 The GUI of DEO-NanoSoCSystem Builder

A Enter Project Name

Enter the project name in the circled area, as showiyine 4-3.

The project name typed in will be assignaatomatically as the nanma your toplevel design
entity.
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DEO-Nano-SoC V1.0.0 - [ S|
AERAY = System Configuration
UNIVERSITY m Project Name:

PROGRAM Wwwrerasic.com

DEO-Nano-SoC FPGA Board

DEO_NANO_SOC

CLOCK VILEDx 8

VI Buttonx 2 [V Switch x 4

VI ADC 2x5 Header [Vl Arduino Header

CHPS

GPIO-0 Header
[None v}

Prefix Name:

GPIO-1 Header
[ Save Setting ] l Generate ’ [None v]
|

Prefix Name:

l Load Setting l Exit

Figure4-3 Enter the project name

A System Configuration

Users are given the flexibility in the System Configuration tduide their choice of components in
the project, as shown iRigure 4-4. Each component onboard is listed and users can enable or
disable one or more components at will. If a component is enable@E®&NancSoC System
Builder will automatically generate its associated pin assignment, including thagomhe, pin
location, pin direction, and I/O standard.
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DEO-Nano-SoC V1.0.0 - (S|
AERAY T System Configuration
UNIVERSITY Project Name:

PROGRAM Wwwrerasic.com

DEO-Nano-SoC FPGA Board

DEO_NANO_SOC

CLOCK VILEDx 8 \

V] Buttonx 2 V] Switch x 4

VI ADC 2x5 Header [Vl Arduino Header
[FIHPS

- J

GPIO-0 Header
[None v}

Prefix Name:

GPIO-1 Header
[ Save Setting ] l Generate | [None v]
|

Prefix Name:

l Load Setting l Exit |

Figure4-4 System onfiguration goup

A GPIO Expansion

If users connect any TerasiGPIO-based daugbr card to the GPIO connector(s) on
DEO-NanoSoC the DEO-NancSoC System Builder can generate a project that include the
corresponding module, as shownHigure 4-5. It will also generate the associated pin assignment
automatically, including pin name, pin location, pin direction, and I/O standard.
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IAITERA System Configuration-
3 cr H Ia 4
UNIVERSITY Project Name:

PROGRAM www.terasic.com
DEO_NANO_SOC
DEO-Nano-SoC FPGA Board

LA CLOCK CERR

V] Buttonx 2 V] Switch x 4

VIADC 2x5 Header V] Arduino Header

CIHPS

GPIO-0 Header
| DM - M Pixel Camera |
Prefix Name:

GPIO-1 Header

l Save Setting J [ Generate j [None v]
Prefix Name:
| loadSettng | | Ext ]
Figure 4-5 GPIO expansion group
The APrefix Nameod is an optional feature that

your design. Users may leave this field blank.

A Project Setting Management

The DEO-NanoSoCSystem Buildealso provide t he option to | oad a se
board configuration in .cfg file, as shownkmure 4-6.
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‘ System Configuration
UNIVERSITY m Project Name:

PROGRAM Wwwrterasic.com

DEO-Nano-SoC FPGA Board

DEO_NANO_SOC

CLOCK VILEDx 8

V] Buttonx 2 V] Switch x 4
VI ADC 2x5 Header

CIHPS

GPIO-0 Header
[None =

Prefix Name:

GPIO-1 Header
[None -J
Prefix Name:

7
[ Save Setting J ( Generate
l

U Load Setting [ Exit l

[Vl Arduino Header

Figure 4-6 Project Settings

A Project Generation

When users press th@eneratebutton, theDEO-NanoSoC System Builderwill generde the

corresponding Quartus Il files and documents, as listédhie 4-1:

Table 4-1 Files generated ly the DEO-Nano-SoC 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 Synopsis Design Constraints file for Quartus Il
5 <Project name>.htm Pin Assignment Document

Users can add custom logic into the project in Quartus Il and compile the project to generate the
SRAM Object File (.sof).
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Chapter 5
Examples For FPGA

This chapter provides examples oflvanced designs implementdyy RTL or Qsyson the
DEO-NanoSoChboard. These reference designs cover the features of peripherals connected to the
FPGA, such asA/D Converter All the associated files can be found in the directory
\Demonstrationg&PGA of DEO-NancSoCSystem CD.

A Installation of Demonstrations

Install the demonstrations on your computer

Copy the foldeDemonstrationso a local directory of your choice. It is important to make sure the
path to your local directory contains NO space. Qtise it will lead to error in Nios Il.

Note Quartus Il ¥4.0or lateris requred for allDEO-NanoSoCdemonstrations to suppa@yclone
V SoCdevice.

5.1 DEO-Nano-SoC Factory Configuration

The DEO-NanoSoC board has a default configuration bitream pre-programmed, which
demonstrates some tife basic features droard The setupequired for this demonstration and the
locationof its files are shown below.

A Demonstration Setup, File Locations, and Instructions

1 Project directoryDEO_NANO_SOC_Default

1 Bitstream usedDEO_NANO_SOC_Defaulkof orDEO_NANO_SOC_Defaulic

1 Power on thddEO-NanaSoCboardwith the USB cable connected to the USasterll port.
If necessary (that isf the default factory configuration is not currently storedha EPCS
device),download thebit stream to the board VIHAG interface.

1 You shauld now be able to observe the LEDs are blinking

1 For the ease of execution, a demo_batch folder is provided in the project. It is able to not only

asiC DED- Nano- SoC 49 vwvw.terasic.com
User Manual August 31, 2017

www.terasic.com


http://www.terasic.com/
http://www.terasic.com/

/AVO[S RYAN

UNIVERSITY
PROGRAM

load the bit stream into the FPGA in commdme, but also program or erase .jic file to the
EPCS by executing théest.bat fileshown inFigure 5-1

If users want to program a new design into the &EB€Vice, the easiest method is to copy the

new .sof fie into the demo_batch foldendexec ut e t he test. bat. Opt
the .sof to .jic and opti ®GdeviGeo will progran
ER C\Windows\system32\cmd.exe |ﬂ‘i:_hjﬁ

Il tat el st atetatatatatatatatatatataststotatstotatstotatstatataad -
Makezure MSELIL[4:8]1 iz set to "188168"

Plesase choose wour operation

1" for programming .sof to FPGA.

2" for converting .sof to .jic

3" for programming .jic to EPCS.

4" for erasing .Jjic from EPCS.
EEalateTaEatatetototetotototototsatootototatototetatotatatotataked

Please enter your choise: [1.2,.3.417

b ¥

Figure 5-1 Command line of the batch file to program the FPGA and EPCS device

5.2 ADC Reading

This demonsation illustrates stepso evaluate the performance of thecl@annel 12-bit A/D

ConverterLTC2308 The DC 5.¢ on the 2% header is used tdrive the aalog signalsby a

trimmer potentiometer. e voltage can be pwted within the range between 0 ah@96V. The

12-bit voltage measurement is displayed the NIOS Il console Figure 5-2 shows the block
diagram ofthis demonstration.

If the input voltage is2.0V ~ 2.0V, a prescale circuit can be used to adjust it to O
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l

Timer 2
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2 ADC Controller f ———— JUNBIeCnVes:
G

a—— ~ - - - 2x5 Header

Figure 5-2 Block diagram of ADC reading

Figure 5-3 depicts the pin arrangement of the héader. Tis header is the input source of ADC
convertorin this demonstratianUsers can connect a trimmer to the specified ADC channel
(ADC_INO ~ ADC _IN7) thatprovides voltage tohe ADC convert. TheFPGA will read the
associated register in the convertor via serial interface and translates it to voltagéovia&ie
displayed on the Niold console

VCCS ADC_INO
ADC_IN1 ADC_IN2
ADC_IN3 ADC_IN4
ADC_INS ADC_IN6
ADC_IN7 GND

Figure 5-3 Pin distribution of the 2x5 Header for the ADC
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A System Requirements

The following items are required for this demonstration

9 DEO-NanoSoC boardl
M Trimmer Potentiometer x1
1 Wire Strip x3

A Demonstration File Locations

Hardware poject directoryDEO_NANO_SOC_ADC

Bitstream usedDEO_NANO_SOC_ADGsof

Software poject directoryDEO_NANO_SOC_ADGsoftware

Demo batch file DEO_NANO_SOC_ADGdemo_batchDEO _NANO _SOC_ADat

A Demonstration Setup and Instructions

1 Connect the trimmer to corresponding ADC channel on the 2x5 headsgrown irFigure 5-4,
as well as the +5V and GND signal$ie setup shownbave is connected to ADC channel 0

1 Execute the demo batch filBEO_ NANO_SOC_ADCbat to loadthe bitstreamand ®ftware
executionfile to the FPGA.

1 The Niosll console will display the voltage of the specified channel voltage result information

Figure 5-4 Hardware setup for the ADC reading demonstration
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Chapter 6
Examples for
HPS SoC

This chapter provides sevef@icodeexampledased on the Altera SoC Linux built by Yocto
project Theseexamplesiemonstrate majdeatures dbperipheralonnected to HPS interface on
DEO-NanoSoCboard such assers LED/KEY, I20nterfaced GsensorAll the associated files can
be found in the directoripemonstrationSOCof theDEO-NanoSoC System CD. Please refer to
Chapter 5 Running Linux on the DEO-Nano-SoChoard"” from the
DEG-NanoSaC_Getting_Started_Guide.pttf run Linux onDEO-NancSoC board.

A Installation of the Demonstrations

To install the demonstrations on the host computer

Copy the directorypemonstrationsnto a local diectory of your choiceAltera SoC EDS v#4.0is
required for users to compile the ecode project.

6.1 Hello Program

This demonstration showew to develop first HPS program with Altera SBOS tool. Please
refer toMy_First HPSpdf from the system CD for mocketails.

The major procedures to develop and build HPS praject

Install Altera SoC EDS on the host PC.

Create program .c/.h files with a generic text editor
Create a "Makefile" with a generic text editor

Build the project under Altera SoC EDS
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A Program File

The main progranfor theHello World demonstration is

H#include <stdio.h>

int mainiint argc, char **argw) |
printf("Hello World!Scin'™:

returni O J:

A Makefile

A Makefile is requiredo compile a projeciThe Makefile used for this demo is:

#
TARGET = my_first hps

2]

CROSS COMPILE = arm-linux-gnueabihf-

CFLAGS = =g =Hall I §{Z0CEDE DEST ROOT)/ipfaltera/hps/altera hpa/hwlib/include
LDFLAGS = ~-g -Wall

CC = §(CRO3% COMPILE) goc

ARCH= arm

bwild: § (TRERGET)

F(TARGET) : main.o
§(CC) §(LDFLAGE) % —o @

.0 1 k.cC
§(CC) §(CFLAG3) -c §< -o §@

PHONY: clean
clean:
rm =f 5 (TARGET] *.a T.o *~

A Compile
Please launch Altera SoC EDS Command Sbeatbmpile a projedby executing
C:alteral4.0lembeddedEmbedded Command_Shell.bat

The "cd" commandaanchange the current directory to where the Hello World project is located.
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The "make"commandwill build the project. The executable fileny_first_hps" will be generated
after the compiling process successful. The "clean all" command rems@alieiemporay files.

A Demonstration Source Code

Build tool: Altera SoC EDS 14.0

Project directory\Demonstratiok5oGmy _first_hps

Binary file: my_first_hps

Build command: make (iake clearf to remove altemporay files)
Execute command: ./my_first_hps

= =4 =4 =4 =2

A  Demonstration Setup

1 Connecia USB cableto theUSB-to-UART connectoJ4) on theDEO-NanacSoCboard and
thehost PC.

1 Copythe demo file hy_first_hps" into amicroSD card under thetiome/root' folder in

Linux.

Insert the booting microSD card into the ®EanoSoC board.

Power on th&EO-NancSoCboard.

1 Launch PuTTY and establish connection to the UART port of Plitpe 'foot" to login Altera
Yocto Linux.

1 Type "/my_first_hps" in the UART terminal of PuTTYo start the program, aride"Hello
World!" messagavill be displayedn the terminal.

= =

6.2 Users LED and KEY

This demonstration showsw to control the users LE&nd KEYby accessing the register of
GPIO controller through the memorgapped device driveriE memorymapped device driver
allows developer to access the system physical memory.

A Function Block Diagram

Figure 6-1 shows thefunction block diagran of this demonstrationThe users LECand KEY are
connected to th6&PIO1 controller in HPSThe behavior ofGPIO controller is controlled by the
register inGPIO controller. The registers can be accessed by application software through the
memorymapped dvice driver, which is built into Altera SoC Linux.
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FPGA SoC DDR3: ARM Program
HPS Linux User Mode
LED <
Linux Kernel Mode

KEY

Figure 6-1 Block diagram of GPIO demonstration

A Block Diagram of GPIO Interface

The HPS providedtee genergpurpose 1/O (GPIO) interface modulésgure 6-2 shows the block
diagram of GPIO Interface. GPIO[28..0] is controlledtby GPIOO0 contrtder and GPIO[57..29] is
controlled bythe GPIO1 controllerGPIO[70..58] and inpubnly GPI[13..0] are controlled bthe

GPI0O2 controller.

GPI[13..0] =———> GPIO Interface

gpio0_Intr_In Cortex A9 Subsystem

Reset gpio_rst_n[n] Interrupt &
Manager > Control

Register
|4_mp—0|k
Manager

Slave
Interface

' N

GPIO[28..0]
GPIO[57..29]

GPIO[70..58]

L4 Peripheral Bus v

g4 Core Generic Interrupt
Controller

«

v

Figure 6-2 Block diagram of GPIO Interface

A GPIO Register Block
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The behaviorof 1/0 pin is controlled by the registers in the register blddere are three 3Rit
registers in the GPIO controller useds demonstration. The registers are:
gpio_swporta_dr. write ouput data to output I/O pin
gpio_swporta_ddr. configure the direction of 1/0O pin
gpio_ext_porta read input data of I/O input pin

The gpio_swporta_ddr configures the LED pin as output pin and drives it high or low by writing
data to thegpio_swporta_dr register. The first bit (least significant bit) afpio_swporta_dr
controls the direction of first 10 pin in the associated GPIO controller and the sSeitawhtrols
the direction of second 10 pin in the associated GPIO controller and dthenalue "1"in the
register bit indicates the 1/O direction is outpuhile the value "0" in the register bit indicates the
I/O direction is input

The first bit ofgpio_swporta_drregister controlshe output value of first I/O pin in the associated
GPIO contrdeer, the second bit controls the output value of second 1/O pin in the associated GPIO
controller and so on. The value "1" in the register bit indicates the output value is high, and the
value "0" indicates the output value is low.

The status of KEY @an be queried by reading the valuegpio ext porta register. The first bit
represents the input status of first 10 pin in the associated GPIO controller, and the second bit
represents the input status of second 1O pin in the associated GPIO contbber@n The value

"1" in the register bit indicates the input state is high, and the value "0" indicates the input state is
low.

A GPIO Register Address Mapping

The registers of HPS peripherals are mapped to HPS base address space 0xFC000000 with 64KB
size.The registers othe GPIO1 controller are mapped to the base address OxFF708000 with 4KB
size, anahe registers ofthe GP1O2 controller are mapped to the base address 0xFF70A000 with
4KB size, as shown iRigure 6-3.
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A Software API

Developers can use the following software API to access the register of GPIO controller.

. open open memory mapped device driver
., mmap: map physical memory to user space

\

-
“IND Controller Module Data

HPS

Identifier: HPS

Access: R/W

Description: Address map for the HHP HPS system-domain
Title Identifier Offset
Reserved 0x0
QSPI Flash Controller Module QSPIREGS 0xFF705000

Registes

IS

/_\ \
TManager Module e
ACP.ID Mapper Registe

OxFF705100

iy

| (AXI Slave)

-
GPIO Module GPIOO OxFF708000
Reserved OxFF708080
GPIO Module GPIO! 0xFF709000
Reserved 0xFF709080
GPIO Module GPI1O2 OxFFT0A000
[Reserved OxFF70ADR0
/\ &GS OXFF00000

OxFF880000 e

| EMAC Module

EMACI

|
[OxFF702000

Figure 6-3 GPIO address map

. alt_read_word: read a value from a specified register
. alt_write_word: write a value into a specified register
., munmap: clean up memory mapping

close: close device driver.

Develgers can also use the following MACRO to access the register

alt_setbits_wordset specified bit value to one for a specified register
. alt_clrbits_word set specified bit value to zero for a specified register

The program must include the following headigs to use the above API to access the registers of

GPIO controller.

#include <stdio.h>

#include <unistd.h>
#include <fcntl.h>
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#include <sys/mman.h>
#include "hwlib.h"
#include "socal/socal.h"
#include "socal/hps.h"

#include "socal/alt_gpio.h"

A LED andKEY Control

Figure 6-4 shows the HPS users LEBnd KEY pin assignment for thBEO-NANO-SoC board.
The LED is connected to HPS_GPIO53 and tKEY is connected tdHPS_GPIO54They are
controlled by thesPIO1 controller, which also controls HPS_GP1029 ~ HPS_GPIO57.

HPS_GPIOSS | 15— {ips KEY

HPS_GPIO54

Figure 6-4 Pin assignment of LED and KEY

Figure 6-5 shows thegpio_swporta_ddr register of the GPIO1 controller. The -Bitcontrols the
pin direction of HPS_GPIO29. The {88 controls the pin direction of HPS_GPIO53, which
connects to HPS_LED, the 6 controls the pin directionf tHPS_GPIO54which connects to
HPS KEY , and so onThe pin direction of HPS_LED and HPEEY are controlled by the bR4
and bit25 in the gpio_swporta_ddr register of the GPIO1 controller, respectivebymilarly, the
output status of HPS_LEDs controled by the bi#24 in the gpio_swporta_dr register of the
GPIO1 controller. The status of KEY can be queried by reading the value of &4 initthe
gpio_ext_portaregisterof the GPIO1 controller.

GPIO1 Controller
gpio_swporta_ddr register

e v v | vz e s

Controls the Direction of HPS_GPI1029

Controls the Direction of HPS_GPIO30
Controls the Direction of HPS_GPI031

vy vy

Controls the Direction of HPS_GPIO53(HPS_LED)
Controls the Direction of HPS_GPIO54(HPS_KEY) J
Controls the Direction of HPS_GPIO55
Controls the Direction of HPS_GPI056
Controls the Direction of HPS_GPIO57

vy vYYyY

Figure 6-5 gpio_swporta_ddrregister in the GPIO1 controller
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The following mask is defineth the demo cod¢o control LEDand KEY direction andLEDG
output value.

#define USER_IO_DIR (0x01000000)

#defineBIT_LED (0x01000000)

#define BUTTON_MASK (0x02000000)

The following statemerns used to configure the LED associated pins as output pins.

alt_setbits_word( ( virtual_base +
( (uint32_t)(ALT_GPIO1_SWPORTA_DDR_ADDR) &
(uint32_t )( HW_FEGS_MASK ) ) ),USER_IO_DIR);

The following statemens used to turn othe LED.

alt_setbits_word( ( virtual_base +
( (uint32_t )(ALT_GPIO1_SWPORTA_DR_ADDR) &
(uint32_t )( HW_REGS_MASK ) ) BIT LED);

The following statemens used to read theoatent ofgpio_ext_portaregister. The bit mask is used
to check the status tfiekey.

alt_read_word( ( virtual_base +
((uint32_t)( ALT_GPIO1_EXT_PORTA_ADDR) &
(uint32_t )(HW_REGS_MASK))));

A Demonstration Source Code

Build tool: Altera SoC EIB V14.0

Project directoryiDemonstratiok5oGhps_gpio

Binary file: hps_gpio

Build command: make (‘make clean' to removéeatiporalfiles)
Execute command: ./hps_gpio

= =4 =4 4 =4

A  Demonstration Setup

1 Connecia USB cableto theUSB-to-UART connectoiJ4) on theDEO-Nano-SoC board and

thehost PC.
1 Copythe executable fileHps_gpio” into themicroSD card under theliome/root’ folder in
Linux.
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Insert the booting micro SD card into th&0-Nano SoC board.
Power on thd&EO-NanoSoC board.

Launch PUTTY and establish comtien to the UART port of Puttyfype 'foot" to login Altera
Yocto Linux.

Type "/hps_gpio " in the UART terminal of PuTTYo start the program

E

]

=]

HPS_LED will flash twice and usecan control the user LED with pustutton.
Press HPS_KEY to light up HPSED.
1 Press "CTRL + C" to terminatedtapplication.

]

6.3 12C Interfaced G-sensor

This demonstratioshowshow to control the &ensor by accessing its registers through the-iouilt
12C kernel driver inAltera Soc Yocto Powered Embedded Linux

A Function Block Diagram

Figure 6-6 shows the function block dagram of this demonstratiorifThe Gsensor on the
DEO-NanoSoC board is connected to th2CO controller in HPS. The &Gensor 12C bit device

address is 0x53he system 12C bus driver is used to access the register files indbrsGr. The
G-sensor irgrrupt signal is connected to the PIO controller. This demonstratispaoiéieag method

to read the register data
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FPGA SoC DDR3: ARM Program
HPS Linux User Mode
B I
—
12C_SDA 12C0 Controller ARM
G-Sensor —

12C address: 0x53

-+
—

Interrupt

[ [ — Linux Kernel Mode
--"_’ T

Figure 6-6 Block diagram of the G-sensor demonstration

A 12C Driver

Theprocedures to read a register value froragasor register files by the existing 12C bus driver in
the systenare

1. Open 12Cbus driver "/dev/i2€)": file = open("/dev/i2e0", O_RDWR);

2. SpecifyG-sensor's 12C addss 0x53: ioctl(file, I2C_SLAVE, 0x53);

3. Specify desired register index irsgnsor: write(file, &Addr8, sizeof(unsigned char));
4. Read onébyte register value: read(file, &Data8, sizeof(unsigned char));

The Gsensor 12C bus is connected to the 02©ntroller as shown in th&igure 6-7. The driver
namegivenis '/dev/i2¢c0'.

12co0 SpDA | A19 HPS_12C0_SDAT
12C0_SCL C18 HPS_I12C0_SCLK

Figure 6-7 Connection of HPS 12C signals
The step 4 above can be changed to the followingite a value into a register

write(file, &Data8, sizeof(unsigned char));

Thestep 4above can also be changedhe folowing to read multiple byte values.

read(file, &szData8, sizeof(szData8)); // where szData is an array of bytes

Thestep 4above can be changed to the followingvrite multiple byte values.
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write(file, &szData8, sizeof(szData8)); // where szData iarasy of bytes

A G-sensor Control

The ADI ADXL345 provides 12C and SPI interfaces. 12C interface is selected by setting the CS pin
to high on the DB-NanoSoC board.

The ADI ADXL345 Gsensor provides useelectable resolution up to -b® + 16g. The
redlution can be configured through the DATA_ FORAMT(0x31) regiskbe data format in this
demonstration is configured:as

Full resolution mode
+ 16g range mode
Left-justified mode

The X/Y/Z data value can be derived from the DATAX0(0x32), DATAX1(0x33), BYA0(0x34),
DATAY1(0x35), DATAZ0(0x36), and DATAX1(0x37) registers. The DATAXO represents the least
significant byte andhe DATAX1 represents the most significant byté.is recommendedo
perform multiple-byte read of all registers to prevent change atadbetween sequential registers
read.The following statement rea® bytes of X, Y, or Z value.

read(file, szData8, sizeof(szData8)): // where szData is an arrayloftsix

A Demonstration Source Code

Build tool: Altera SoC EDS 14.0

Project directoryiDemonstratiokBoGhps_gsensor

Binary file: gsensor

Build command: make (‘make clean' to removéeatiporalfiles)
Execute command: ./gsensor [loop count]

= =4 =4 4 =4

A  Demonstration Setup

1 Connecia USB cableto theUSB-to-UART connectoKJ4) on theDEO-NanaeSoC boardand
thehost PC.
1 Copythe executable filegsensof into themicroSD card under thefiome/root’ folder in
Linux.
Insert the booting mici®D card into theDEO-NanoSoC board.
1 Power on thé&dEO-Nanc SoC board.

]
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9 Launch PuTTY taestablishconnecdion to the UART port of DEO-NanoSoC board Type
"root" to login Yocto Linux.

1 Execute ‘/gsensot in the UART terminal of PuTTYo start the Gensor polling.
1 The demo program will show the X, Y, and Z values in the PuTTY, as shawaglire 6-8.

Figure 6-8 Terminal output of the G-sensor demonstration

91 Press "CTRL + C" to terminate the program.
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Chapter 7

Examples for using
both HPS SoC
and FGPA

Although HPS andFPGA can operate independently, they are tightly coupled via ablaigtiwidth
system interconnect built from higierformance ARM AMBA® AXITM busridges. Both FPGA
fabric and HPScan access to each other via thegerconnect bridges. This abter provides
demonstratios on how to achieve superior performance and lower latenioyough these
interconnect bridges when comparing solutions containing a separate FPGA and discrete
processor.

7.1 HPS Control FPGA LED

This demonstration shows how HPS controls the FPGA LED thraigjttiweight HPSto-FPGA
Bridge The FPGA is configured by HPS through FPGA manager in HPS.

A Abrief view on FPGA manager

The FPGA managen HPSconfigures the FPGA fabric from HPS. It alsaonitors the state of
FPGA anddrives or sampls signals to or from the FPGA fabrithe commands providedto
configure FPGA through the FPGA manager. The FPGA configuration data is stored in the file
with .rbf extensionThe MSEL[4:0] must be set t00000befae executing theommandn HPS.

A Function Block Diagram
Figure 7-1 shows theblock diagram of this demonstration. The HPS sudaghtweight

HPSto-FPGAAXI Bridge to communicate with FPGAThe hardware ilFPGApartis built into
Qsys. The data transferrdttoughLightweight HPSto-FPGA Bridgeis converted into AvaleMM
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master interfaceThe PIO Controller works as Avalon-MM slave in the systa. They catrol the
associategbinsto change thestate of LED . This is similar to asystem umg Nios Il processor to
control LED.

HPS FPGA

> Control
Block

User App

Memory-Mapped LWAXI PIO )

Figure 7-1 FPGA LED are controlled by HPS

A LED Control Software Design

The Lightweight HPSto-FPGA Bridgeis a peripheralof HPS. The software running on Linux
camot access the physical address of the HEf$pperal The physical addressust be mappetb

the user space befotbe peripheral can be accessed. Alternatively, a customized device driver
module can be added to the kerriehe entire CSR span ¢iPSis mapped toaccess various
registers within that spaithe mapping function and the macro defined below can be reused if any
other peripherals whose physical address is also in this span.

#define HW REGS BASE ( ALT STM OFST )
#define HW REGS SPAN ( 0x04000000 )
$define HW REGS MASK ( HW REGS SPAN — 1 )

Thestart address dfightweight HPSto-FPGA Bridgeafter mapping can betrievedby
ALT_LWFPGASLVS_OFSTwhich is defined in altera_hps hardware librdiye slavdP
connectedo the bridgecanthenbe accessed through the base address and the register offset in
these IPs. For instance, the base address of the PIQRIavhis systems 0x0001_0040the
direction control register offset is OxCdndthe data register offset is OxOthefollowing statement
is used taretrieve the base address of PIO sldve
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h2p_Iw_led_addr=virtual_base+( ( unsigned long )( ALT_LWFPGASLVS O
+ LED_PIO_BASE ) & (unsigned long)( HW_REGS_MASK)) );

Considering this demonstration only needs to setitieettbn of PIO as output, which is the default
direction of the PIO IP, the step above can be skippkd.following statement is used to set the
output state othePIO.

alt_write_word(h2p_Iw_led_addr, Mask );

The Mask in the statement decides whadhin the data register of the PIO IP is high or |GWe
bits in data register decide the output state of the pins connected to the LED.

A Demonstration Source Code

Build tool: Altera SoC EDS ¥4.0

Project directory\DemonstrationSoC_FPGAHPS CONTROL FPGA _LED
FPGA configuration fie : HPS CONTROL_FPGA _LEDrbf

Binary file: HPS CONTROL_FPGA_LED

Build app command: make ('make clean' to removeaiporalfiles)

Execute app commandHPS CONTROL_FPGA _LED

= =4 =4 =4 A=

A Demonstration Setup

1 Quartus Il andsoCEDSmust benstalled on the host PC.

1 The MSELJ[4:0] is set to@OQO.

1 Connecia USB cableto theUSB-to-UART connectoiJ4) on theDEO-Nana SoC board and
thehost PC.

1 Copythe executable fie"HPS CONTROL_FPGA_LED and the FPGA configuration file
HPS CONTROL_FPGA_IED.rbf" into themicroSD card under thefiome/root' folder in
Linux.

1 Insert the booting microSD card into the ®EancSoC board Please refer to the chapter 5
"Running Linux on thédEO-NanoSoC board” onDEO-NanaSoC
_Getting_Started_Guide.pdh how tobuild a booting microSD card image.

Power on thd&EO-NanaSoC board.

1 Launch PuTTY teestablishconnecion to the UART port othe DEO-NanoeSoC board Type

"root" to login Altera Yocto Linux.

1 Execute dd if=HPS CONTROL_FPGA_LEDbf of=/dev/fpga0 bs=1Min the UART
terminal of PUTTYto configure the FPGA through the FPGA manager. After
configuration is successfuhe message shownlingure 7-2 will be displayed in the

=
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terminal.

Figure 7-2 Running command to configure the FPGA

1 Execute'/HPS CONTROL_FPGA LED in the UART terminal of PuTTYo start the
program.

1 The message shownfigure 7-3, will be displayed in the terminal hE LED[7:0] will be
flashing.

Figure 7-3 Running result in the terminal of PUuTTY

1 Press "CTRL +C" to terminate the program.
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Chapter 8
Programming the
EPCS Device

This chapterdescribes how to program tiserial configurationEPCS)device with Serial Flash
Loader (SFL) function via the JTAG interface. Usean programEPCSdevices with a JTAG
indirect configuration (.jic) file, which is converted fronuserspecified SRAM object file (.sof) in
Quartus. The .sof file is generated after the project compilation is successful. The steps of
converting .sof to .jic in Quartus Il are listed below.

8.1 Before Programming Begins

The FPGA should be set to AS x1 mode MSEL[4.0]=1 1060 10 o Elask asta FRGA
configuration devicgas shown irFigure 8-1.

Figure 8-1 DIP switch (SW10) setting of Active Serial (AS) mode
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8.2 Convert .SOF File to .JIC File

1. ChooseConvert Programming Filesfrom the File menu of Quartus Il, as showrigure
8-2.

File | Edit Wiew Project Assignments Proces

] Mew... Ctrl -+

£ Open... Crl+0
Close Cirl+F4

s  Mew Project Wizard. ..

&% Open Project... Ctrl+3

Save Project
Close Project

Save Cirl+5

- N

Save As...

@ Ssave al Ctrl +5hift+5
File Properties...

Create [ Update r

Eport

I Convert Programming Files... ’

\H] Page Setup...

Figure 8-2 File menu of Quartus II
2. SelectJTAG Indirect Configuration File (.jic) from the Programming file type field in
the dialog ofConvert Programing Files.
3. ChooseEPC34
4. from theConfiguration devicefield.
5. ChooseActive Serial from theMode filed.
6. Browse to the target directofsom theFile namefield and specify th@eameof output file.

7. Click on theSOF datain thesectionof Input files to convert, as shown irrigure 8-3.
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- Y
liff Convert Programming File - D:/system_cd/Demenstrations, DED_NANO_SOC_Default .. (20 n=lh| mwé 5w
File Tools Window Search altera.com @
QU G SIS0 0T CITELC T IO DT IO OOTer TIES ard Save [e CoTTVEr Sior SE T o= UorT Cred (eg TTEre 1o
future use, "
Conversion setup files
Open Conversion Setup Data... ] [ Sawve Conversion Setup... ]
Output programming file
Programming file type: | JTAG Indirect Configuration File {.jic) - ]
OptionsBoot info... | Configuration device: [EPCSG4 * | Mode: Active Serial - ]
File pame: output_file.jic

J ]

Remote/Local update difference file: MOME

Create Memory Map File (Generate output_file.map)
Create CvP files (Generate output_file. periph. jic and output_file.core.rbf)

[7] Create config data RPD (Generate output_file_auto.rpd)

m

Input files to convert
File/Data area Properties Start Address Add Hex Data

Flash Loader
| soF Data | Page <auto> Ealians

Generate ][ Close ][ Help ]

Figure8-3Di al og of HfAConvert Programming Fil eso
8. Click Add File.
9. Select the .sab be converted ta .jic file from the Open File dialog.
10. Click Open.
11.Click ontheFlash Loaderand clickAdd Device as shown ifrigure 8-4.

12.Click OK and theSelect Devicepage will appear.
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K —
7} Convert Programming File - D/system_cd/Demonstrations/FPGA/DE0_NANO_SOC_Default/DE0_NANG_SOC_Default... [E=REE
file Tools Window Search altera.com @
TOU CarT disU T CIrped s T mrrorrra o TrorTT OrormeEr TS arid Save Uie LOTTVET SIONT SETUR rormia uorm Creg ted riere rar
future use. -
Conversion setup files
Open Conversion Setup Data... ] [ Save Conversion Setup... ]
Qutput programming file
Programming file type: | JTAG Indirect Configuration File (.jic) - ]
Options/Boot info... | Configuration device: [EPC564 * | Mode: Active Serial - ]
File name: output_file.jic E]

Remote Local update difference file: MNONE -

Create Memory Map File (Generate output_file.map)
Create CvP files (Generate output_file.periph.jic and output_file. core.rbf)

[] Create config data RPD (Generate output_file_auto.rpd)

m

Input files to convert

File/Data area Properties Start Address Add Hex Data

I|Flash Loader | I
4 SOF Data Page_0 <autos =of Page

DEO_NANO_SOC_Default, sof SCSEMA4U23

Remove

Up
Down

Properties

Generate ] ’ Close ][ Help

Figure8-4Cl i ck on tLhhea dfeFldas h

13. Select the targeted FPG& be programed into tHelash Loaderas shown ifrigure 8-5.
14.Click OK and he Convert Programming Filespagewill appear, as shown iRigure 8-6.

15. Click Generate
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r% Select Devices u

Device family Device name
APEX20K - [ scexrcanz - New...
Arria GX ] scGxFcaEs
Arria II G ] scexFcee? EiiE
Arria 11 GZ [ scseeaz ExporEL.
Arria V ] scsesas
Arria V GZ ] scsesas Edit...
Cydone = 1 scsesas

Remaove

Cydone I 1 scseBases
Cydone III ] scsemaz Uncheck Al
Cydone IIILS |[A scsemag |
Cydone IVE ] scseEmas
Cydone IV GX ] scsemas

W cydone v b ] scsTFDsDs
HardCopy 11 ] scsTFDSDS
HardCopy I11 ] scsxrczcs
HardCopy IV ] scsxrcacs
MAX 10 FPGA 1 scsxrescs
MAX TI - ] 5csxFcsDs -

Y| Convert Programn

file  Tools  Window Search altera.com @
O CaT SIS0 PO TN T IO 0T T O Orer TIES & Save e CorNverSion SeTap TTOriE U0 O ea (20 Tere 1o
future use. i
Conversion setup files I
=
[ Open Conversion Setup Data... ] [ Save Conversion Setup... ]
i
Qutput programming file
Programming file type: [JT&G Indirect Configuration File {.jic) - ]
Options/Boot info... | Configuration device: [EPCSG4 * | Mode: Active Serial v]
File name: output_file jic E]
Remote/Local update difference file: MNONE -
Create Memory Map File (Generate output_file.map)
Create CvP files (Generate output_file.periph.jic and output_file.core.rbf)
[ create config data RPD (Generate output_file_auto.rpd)
Input files to convert i
File/Data area Properties Start Address Add Hex Data
4 Flash Loader
SCSEMA4 SofPage
4 5OF Data Page_0 <auto Add Device...
DE0_MANO_S0C_Default.sof SCSEMA4U23 :
Remove
Up
Down
Properties
[ Generate ] [ Close ] [ Help ]
i
Figure86fA Convert Programming Fileso page after sel
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8.3 Write JIC File into the EPCS Device

When the conversion of S@B-JIC file is complete, please follow the steps below to program the
EPCS device with the .jic file created in Quartus Il Programmer.

1.

www.terasic.com

SetMSEL[ 4. . 0] = A100100
ChooseProgrammer from theTools menwandthe Chain.cdf window will appear
Click Auto Detect and then slectthe correct devicebcCSEMA4) Both FPGA device and
HPS should be detecteals shown irrigure 8-7.
Double click the red rectangle region shown irrigure 8-7 and the Select New
Programming File page will appearselect thejic file to be programmed.
Program theEPCS device by licking the correspondindg’rogram/Configure box. A
factory default SFL image will be load as shown irrigure 8-8.
Click Start to progranthe EPCSlevice
rw Programmer - D:/SVN/DE0_nano/DE0_NANO_SOC_Default/DE0_NANO_SOC_Default - DEO_NANO_SOC_Default - [.. l =Nac &1
Fle Edit View Processing Tools Window Help 5 Search altera.com ()
08 Soc L1 progrss ]
[ Enable real-time ISP to allow background programming when available
File Device Checksum Usercode Program, Verify Blank- Examine
et Start Configure Check
i 5t OCVHPS 00000000 <none
— <none> SCSEMA4 00000000 <none>
& Auto Detect
Delete
1% Change File... v = :
Al Save File i
Thue o /NOTERE /NOTERYE
40 Down E— — L
SOCVHPS SCSEMA4
Y TDO
Figure 8-7 Two devices are detected in the Quartus Il Programmer
asiC DED- Nano- SoC 74 vwvw.terasic.com
User Manual August 31, 2017


http://www.terasic.com/
http://www.terasic.com/

Figure 8-8 Quartus Il programmer window with one .jic file

8.4 Erase the EPCS Device

The steps to erase the existiilg in the EPCSdeviceare
1. Set MSEL[4..0] = nA100100
2. ChooseProgrammer from theTools menu and he Chain.cdf window will appear

3. Click Auto Detect and then select correct device, both FPGA device and HPS will detected.
(SeeFigure 8-7)

4. Double click the red rectangle regionshown in Figure 8-7, and the Select New
Programming File page will appearSelectthe correctjic file.

5. Erase theEPCSdevice byclicking the correspondinderase box. A factory default SFL
image will be loadd, as showin Figure 8-9.
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