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Chapter 1
DE1-SoC
Development Kit

The DE1-SoCDevelopment Kit presents a robustdwaare design platform built around the Altera
Systemon-Chip (SoQ FPGA, which combines the latedualcore CortexA9 embedded cores
with industryleading programmable logic for ultimate design flexibility. Users can now leverage
the power of tremendoug-configurability paired witha high-performance, lowpower processor
system. Aihtdgrats an ABRM-MasecChard processor system (HPS) consistipgookssor,
peripherals and memory interfaces tied seamlessly with the FPGA fabric using-lzahagidth
interconnect backbone. THBE1-SoC development boards equipped withhigh-speed DDR3
memory, video and audio capabilities, Ethernetvoéeting, and much more that promise many
exciting applications.

The DE1-SoC Development Kiicontains all the toolseeded to use th®ardin conjunction with a
computer that runs the Microsoft Window® or later

1.1 Package Contents

Figure 1-1 shows a photograph of tHeE1-SoC package

@ DE1-SoC Board

® DE1-SoC Quick Start Guide
© Type Ato B USB Cable

® Type A to Mini-B USB Cable
@ Power DC Adapter (12V)

Figure 1-1 The DE1-SoC package contents
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TheDE1-SaC packagencludes:

1 The DE1-SoC developmenboard

1 DE1-SoC Quick Start Guide

1 USB @able(Type A to B)for FPGA programming and control
1 USB @ble (Type A to Mni-B) for UART control

112V DC poweradgpter

1.2 DE1-SoC System CD

The DE1-SaC System CD contains athe documentsand supporting materialassociated with
DE1-SoC, including the user manual, systenilder, reference designand device datasheets.
Uses can download this/stem CD fom the link http://cddelsoc.terasic.com

1.3 Getting Help

Here are the addresses where you can get help if you encanppgoblens:

1 Altera Corporation
9 101 Innovation Drivesan Jose, California, 95134 USA

Email: university@altera.com

1 Terasic Technologies
1 9F., Na176, Sec.2, Gongdao 5th Rd, East Dist, Hsinchu City, 30070. Taiwan

Email: support@terasic.com

Tel.: +886-3-575-0880

Welsite delsocterasiccom
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Chapter 2
Introduction of the
DE1-SoC Board

This chapteprovides an introduction tihe features and design characteristics obtheed
2.1 Layout and Components

Figure 2-1 showsa photograph othe board It depicts the layout of the board and indicates the
location of the connectors and key components.
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Figure 2-1 DE1-SoC development board (top view)
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Figure 2-2 Del-SoC development board (bottom view)

The DE1-SoC boardhas many features that allowgersto implement a wide range of designed
circuits, from simple circuits to various multimedia projects.
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The following hardware is provided on thead:
A FPGA

1 Altera Cyclone® \BE 5CSEMAS5F31C6Nevice

1 Altera serial onfiguration devicé EPGQ256

1 USB-Blasterll onboardfor programming; JTAG/ode

1 64MB SDRAM (16-bit data bus)

1 4 pushbuttors

9 10 slide switches

910 red user LEDs

1 Six 7-segment displays

1 Four50MHz clock sourcefrom theclock generator

1 24-bit CD-quality audio CODEC with linén, line-out, and microphone jacks
1 VGA DAC (8-bit high-speed triple DACs) with VGAut connector
1 TV decoder (NTSC/PAL/SECAM) and Fw connector

1 PS/2 mouse/keyboard caauator

1 IR receiverand IR enitter

1 Two 40-pin expanson header with diode protection

1 A/D converte, 4-pin SPI interface with FPGA

A HPS (Hard Processor System)

9 800MHz Dualcore ARM CortexA9 MPCoreprocessor
1 1GB DDR3 SDRAM (32bit data bus)

1 1 Gigabit EthernePHY with RJ45 connector

1 2-port USB Host, ormal TypeA USB connector

1 Micro SD card socket

9 Accelerometer (12C interface + interrupt)

1 UART to USB USB Mini-B connector

1 Warm reset buttorand cold reset button

1 One user button and one user LED

1 LTC 2x7 expansiomeader

2.2 Block Diagram of the DE1-SoC Board

Figure 2-3 is the block diagram of th&oard All the connections are establishddough the
Cyclone V SoCFPGA deviceto provide maximum flexibility for userdJsess can configure the
FPGAto implement any system design.

asic CEZ SoC User Manual 8 www.terasic.com
March 14, 2014

www.terasic.com


http://www.terasic.com/
參考/03.14.2014/參考/03.14.2014/參考/03.13.2014/參考/03.07.2014/參考/02.19.2014/www.terasic.com

Nonnal Type B

———

Ime sz

25MHz Clock Input
(Clock Generator x1)

P2 c «—
x39
SDRAM x16 64MBMB —p]
sos

cooc PEECIN

40 pin GPIO
40 pin GPIO
u— Video DAC e
VGA (8 bit)

HPS 12C

2
From HPS_fsyiten Control

D

CEES «——|

Clock(Clock Generator) [N

B o
x4

Cycl%:‘i’g?V

S5CSEMASF31C6N

FPGA HPS

[
x6 g

R U etmemet

Micro
SD Card

N %{

USB Host
Normal Type-A| = sl
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e
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 ETEEEEEEET] Button
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Figure 2-3 Block diagram of DE1-SoC

Detailed information aboutigure 2-3 are listed below.

FPGA Device

1 CycloneV SoC5CSEMA5F31Device
9 Dualcore ARM CortexA9 (HPS)

1 85K programmable logiclements

1 4,450Kbits embedded memory

9 6 fractional PLLs

1 2 hard memoryantrollers

Configuration and Debug

1 Quadserial ®nfiguration devicé EPCQ256on FPGA
1 Onboard USBBIlaster | (normaltype BUSB connector)
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Memory Device

1 64MB (32Mx16) SDRAM on FPGA
1 1GB (2x256Mx16) DDR3 SDRAMon HPS
9 Micro SD card ecketon HPS

Communication

1 Two port USB 2.0Host(ULPI interface with USB type &onnector)
1 UART to USB(USB Mini-B connector)

1 10/200/1000 Ethernet

1 PS/2 mouse/keyboard

1 IR emitter/eceiver

1 12C multiplexer

Connectors

1 Two 40-pin expansion éaders

1 One 10pin ADC input reader

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

Display

q 24-bit VGA DAC
Audio

1 24-bit CODEC Line-in, Line-out, and microphona jacks
Video | nput

1 TV decoder (NTSC/PAL/SECAM) and Fw connector

ADC
1 Fast throughput rate: 1 MSPS
9 Channel numbei8
9 Resolution: 12it
CE1L SoC User Manual 10 Wwvw.terasic.com
asicC March 14, 2014
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1 Analog input range0 ~ 2.5 V or 0 ~ 5\as selected vithe RANGE bit in the control
register

Switches, Buttons, and I ndicators

1 5 user Key§FPGA x4 HPS x)

1 10 wser swithes(FPGA x10)

7 11 userLEDs (FPGA XL0, HPS x1)

1 2 HPS resetittons (HPS_ESET _nand HPS WARM_RST _n)
1 Six 7-segment displays

Sensors

9 G-Sen®sr on HPS
Power

112V DC input

asiC DEX SoC User Manual 11 wwvw.terasic.com
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Chapter 3
Using the DE1-SoC
Board

This chapter provides an instruction to tiseboardand describes theeripherals

3.1 Settings of FPGA Configuration Mode

Whenthe DEXSoCboard is powexd on, the FPGA can be configured from EPCQHIS. The
MSEL[4:0] pins are usedo selectthe coffiguration schemdt is implementedas a 6pin DIP
switchSW10on the DE1SoC board, as shown kfigure 3-1.

L1 A, B
Bl E -
H B <

nH m -

M\ B~

NHoll - Ili-

“0» SW10  “1”

Figure 3-1 DIP switch (SW10) setting of Active Serial (AS) mode at the back of DE1-SoC board

Table 3-1 shows the relation between MSEL[4:0] P switch(SW10.
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Table 3-1 FPGA Configuration Mode Switch (SW10)

Board Reference Signal Name |Description Default
SW10.1 MSELO ON(AO0O)
SW10.2 MSEL1 Use th ins t t the FPGA OFF( Alo)
se these pins to set the
SW10.3 MSEL?2 . I.OI ON(AO0O)
Configuration scheme —

SW10.4 MSEL3 ON( AO0O)
SW10.5 MSEL4 OFF( Alo)
SW10.6 N/A N/A N/A

Figure 3-1 shows MSEL[4:0] setting of AS modewhich is also thelefaultsetting onDE1-SoC

When the board is powed on, the FPGA is configudsfrom EPCQ which is preprogrammed wh

the default code. If developers wish to reconfigure FPGA from an application software running on
Linux, the MSEL[4:0] needs to be sdab f0101® before the programming procebegins If
developers using the "Linux Console with framéfer” or "Linux LXDE Desktop"SD Card image,
theMSEL[4:0] needs to be sé&h A0O000® b etlieboard is powerdon.

Table 3-2 MSEL Pin Settings for FPGA Configure of DE1-SoC
MSEL[4:0] Configure Scheme |Description

10010 AS FPGA configured from EPCQ (default)
01010 FPPx32 FPGA configured from HPS software: Linux

FPGA configured from HPS software: U-Boot, with
00000 FPPx16 image stored on the SD card, like LXDE Desktop or

console Linux with frame buffer edition.

3.2 Configuration of Cyclone V SoC FPGA on DE1-SoC

There are two types of programming imed supported by DE$oC:

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

The configuration bit stream is dowalded directly into the Cyclorvé SOCFPGA. The FP@ will
retain its current statuss long ashe power keeps applying the board; the configuration
information will be lost when the power of.

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

The onfiguration bit stream is downloaded into thead serial configuration device (EPCQ256)
which provides norvolatile storage for the bit streamhd& information is retainedithin EPCQ256

asiC DEX SoC User Manual 13 wwvw.terasic.com
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evenif the DEL-SoC boardis turned off. When the boardp®weedon, the configuration data in
the EPCQ256levice is automatically loaded into the Cyclon8&CFPGA.

A JTAG Chain on DE1-SaoC Board

The FPGA device can be dagured through JTAG interface on DESoC boardbutthe JTAG
chainmust form a closloop, whichallows Quartus Il programmer tilne detect FPGA device.
Figure 3-2 illustrates the JTAG chain on DESAC board.

Extemal JTAG

Header

(Not Installed)
l FPGA '
FPGA_TDI ol
BLASTER_TDO » FPGA_TDI
- /NOTERA,
USB Mini-B Cycl%gg?V

Connector HPS_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$ow the FPGA is
programmed i TAG mode step by step.

1. Open the Quartus |1 progr ammeRgu@air3d cl i ck n
- 14 . ic.
asic CEZ SoC User Manual www.terasic.com
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‘ Programmer - [-a'it cdf]

File Edit View Processing Tools Window Help "'=J Search altera.com @

2 Hardware Setup...| DE-5oC [USB-1] Mode: [ITAG v|  Progress: [

|| Enable real-time ISP to allow background programming (for MAX IT and MAX V devices)

| i > File Device Checksum | Usercode Program/ Verify Blank- Examine
gl Start | Configure Check

o Stop

M Delete

‘ L Change File... |

[ save File

Figure 3-3 Detect FPGA device in JTAG mode

2. Select detected device associated with the board, as circteglire 3-4.

r'% Select Device u-‘

Found devices with shared JTAG ID for device 1. Please select your device.
(") SCSEBAS

@ SCSEMAS

(") SCSTFDSDS

| ) 5Cs¥FCECE
(™) SCSXFCSDE

o |

Figure 3-4 Select 5CSEMADS device

3. Both FPGA and HPS are detected, as show-igure 3-5.

asiC DEZ SoC User Manual 15 wvw.terasic.com
March 14, 2014

www.terasic.com



http://www.terasic.com/
參考/03.14.2014/參考/03.14.2014/參考/03.13.2014/參考/03.07.2014/參考/02.19.2014/www.terasic.com

/AYOTS RYA),
UNIVERSITY
PROGRAM

% Programmer - [Chainl.cdf]®

File Edit View

Processing  Tools

Window  Help =)

. il

o[ ]

Search altera.com @

W_“_: Change File...
[ save File

1o up
ﬂ'ﬁl Down

£, Hardware Setup... | DE-SoC [USE-1] Mode: |JTAG hd ] Progress: ] |
[7] Enable real-time ISP to allow background programming (for MAX II and MAX V devices)
o File Device Checksum Usercode Frogram/ Blank- Examine

bt Start Configure Check

T <none = SCSEMAS 00000000 <None >
L <none = SOCVHPS 00000000 <none >

b Auto Detect
& Delete

m

SCSEMAS

SOCVHPS

Figure 3-5 FPGA and HPS detected in Quartus programmer

4. Right click on the FPGA device arapenthe .sof fileto be programmedshighlightedin

Figure 3-6.
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: :

Fie Edit View Processing Tools Window Help &) Search altera,com (]

5, Hardware Setup...| DE-SoC [USB-1] Mode: [ITAG h Progress: : |

[ Enable real-time ISP to allow background programming (for MAX II and MAX V devices)

BT File Device Checksum Usercode Program/ Verify Blank- Examine
| il Start ‘ Configure Check
| | [ome
| P ‘ pr—— oo ¥ Delete Del ] W] 0 0

ﬂﬁ Auto Detect Select All Ctrl+A
ol '
(B8 cmmere

Add File...
& SaveFie
Change File...

Bagmere.) ||, —— e —— :
|l saverie | Change IPS File....

B Add Device... Delete IPS File

Add PR Programming File...

Thiup
J'i pown

Change PR Programming Fik. .

Delete PR Programming File

Attach Flash Device...

Change Flash Device. .
Delete Flash Devica
%  Add Device...
Change Device

i up
I pown |

Figure 3-6 Open the .sof file to be programmed into the FPGA device

5. Select the .sof file to berogrammegdas shown irrigure 3-7.

% Select New Prcgra_E iﬁ
Lockin: |gg D:\det sockrunk\ed\CD_HW revA..strations\FPGADEL SoC Default ~ | & © @ |
A My Computer || & demo_batch
i #. hc_output
R user &% v
e e e ———
[ || DE1 SoC_Defauit.sof
e
|
|
I
|
Filename:  |DE1_SoC_Default.sof |[_geen |
|| Files of type: [Prog‘arrmngFies(*.sof*.paf*.jam =.jbe *.ekp *.jic) v] [ Cancel ]

Figure 3-7 Select the .sof file to be programmed into the FPGA device

6. Click AProgr am/ Comd itghuere oc Icihelk ki Dtoacoftiilé b ut t
into the FPGAdevice,asshown inFigure 3-8.
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r — — 5
m Programmer - [ChainZ.cdf]* - - . . =NEC X

Fle Edit View Processing Tools Window Help 57 Search altera.com @

f. Hardware Setup...| DE-SoC [USB-1] Mode: Progress:

[ Enable real-time ISP to allow background programming (for MAX I and MAX ¥ devices)

File Device Chedksum Usercode Program/ Verify Blark- Examine
Configure Check

D:/dei_soc/trunkfcd/CO_... SCSEMASF31 03838274 03888274
<none SOCVHPS 00000000 <nong

W start

au Stop
3 Auto Detect
I Delete

[ Add File...

&? Change File...

n 3

A Save File

[ Add Device. ..

fuup PAITERA

s
.
H
5
H
Hi
-
5
H
SOCVHPS

1‘“1 Down

Figure 3-8 Program .sof file into the FPGA device

A Configure the FPGA in AS Mode

1 TheDE1-SoCboardusesa quad serial configuratn device (EPCQ256) to store

configuration data for th€yclone V SoC FPGAThis configuration data is
automatically loaded fra the quad serial configuration device chip into the FPGA
when the board is powered up.

1 Users need to ustaial Flash Loader (SFLp program the quad serial configuration

device viaJTAG interface. The FPGRAased SFL is a soft intellectual property (IP)
core within the FPGA that bridge the JTABdFlash interfaces. The SFL
Megdunction is availablén Quartus Il Figure 3-9 shows the prgramming method
when adoptingFL solution

1 Please refer t€hapter: Stepsof Programming the Quad Serial Configuration Device

Rasic
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for the basic programming instruction on the serial configuration device
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Quartus Il SFL Image

RN USB Blaster |l | to Bridge XYy (uad Serial
W—» S, JTAC N e JTAG ASMI «— Corglg\l;:gztlon

and ASMI ’
4

Figure 3-9 Programming a quad serial configuration device with SFL solution

3.3 Board Status Elements

DE1-SoC has foustatus LEDs onboardable 3-3 describeghe status of tte=eLED indicatos.

Table 3-3 LED Indicators

Board Reference |LED Name Description
D14 12-V Power llluminate when 12V power is active.
TXD UART TXD llluminate when data is transferred from FT232R to USB Host.
RXD UART RXD llluminate when data is transferred from USB Host to FT232R.
D5 JTAG_RX

Reserved
D4 JTAG_TX

3.4 Board Reset Elements

There are two HPS reset buttons on EEIC,HPS (cold)resetandHPS warm resefts shown in
Figure 3-10. Table 3-4 describes the purpose of these two HPStrestons.Figure 3-11 is the
reset tredor DE1-SoC
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HPS_WARM_RST n T= e A
e bl bl b el bl b 1 i 6

HPS_RESET n

Figure 3-10 HPS cold reset and warm reset buttons on DE1-SoC

Table 3-4 Description of Two HPS Reset Bttons on DE1SoC

Board Reference |Signal Name Description
Cold reset to the HPS, Ethernet PHY and USB host device.

KEY5 HPS RESET N . . . .
- - Active low input which resets all HPS logics that can be reset.
Warm reset to the HPS block. Active low input affects the
KEY7 HPS WARM _RST_N .
- - — |system reset domain for debug purpose.
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USB Blaster Il JTAG
Connector

PIN 6

VCC3P3

KEY 7
.
O O
WARM_RST
VCC3P3

HPS_WARM_RST n

HPS_RESET_n

HPS_NPOR

KEY 5 DEV_CLRN

i HPS_ENET_RESET_n
[ 4 o O ®
HPS_RESET_n

GPIO43

— GPIO42

DNI 10/100/1000 Base-T
Ethernet PHY
KSZ9021RN

RESET N

USB 2.0 OTG PHY
HPS_RESET_PHY Dc USB3300

Inverter RESET

v

Figure 3-11 HPS reset tree on DE1-SoC board

3.5 Clock Circuitry

Figure 3-12 showsthe default frequencyf all external clockgo the Cyclone V SoCFPGA A
clock generatoris used to distribute clock sigmsalith low jitter. The four50MHz clock signals
connected to the FPGAre usedas clock sourcesor user logic.One 25MHz clock signalis
connected tdwo HPS clock inputsand the other ones connected to the clock input of Gigabit
Ethernet TransceiverTwo 24MHz clock signals are connected ttze clock inpus of USB
Host/OTG PHY and USBUb controller.The associatedin asggnmentfor clock inputs to FPGA
I/O pins islisted inTable 3-5.
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Si5350C
/ANO[S RYA,
Cyclone,ng
SoC
CLOCK_50(50MHz) » CLKOP =
CLOCK2_50(50MHz)
» CLK2P
CLOCK4_50(50MHz) » CLK6P
CLOCK3_50(50MHz)
» CLK4P
HPS_CLK_25(25MHz)
» HPS_CLK1
— » HPS_CLK2

Gigabit
Ethernet

ENET_CLK_25(25MHz) XI Transceiver

USB Host PHY
USBPHY_CLK_24(24MHz) -

2-port Hub
USBHUB_CLK_24(24MHz) Controller

Figure 3-12 Block diagram of the clock distribution on DE1-SoC

Table 3-5 Pin Assignmentof Clock Inputs

Signal Name FPGA Pin No. Description I/O Standard
CLOCK_50 PIN_AF14 50 MHz clock input 3.3V
CLOCK2_50 PIN_AA16 50 MHz clock input 3.3V
CLOCK3_50 PIN_Y26 50 MHz clock input 3.3V
CLOCK4_50 PIN_K14 50 MHz clock input 3.3V
HPS_CLOCK1_25 PIN_D25 25 MHz clock input 3.3V
HPS_CLOCK2_25 PIN_F25 25 MHz clock input 3.3V

3.6 Peripherals Connected to the FPGA

This section describes the interfacesinectedo the FPGAUsers can control or monitaiifferert
interfaces with user logic from tld>GA
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3.6.1 User Push -buttons , Switches and LEDs

The board has four pudiuttors connected tadhe FPGA as shown inFigure 3-13 Connections
between the push-buttons and the Cyclone V SoC FPGA. Schmitt tigger ciicuit is implementedand act
as switch debounce iRigure 3-14 for the puskbuttons connectedrhe four pustbuttons named
KEYO, KEY1,KEY2, and KEY3 coming out of the Schmitigger deviceare connected directly to
the Cyclone V SoGFPGA. The pustbuttongenerates a lowogic levelor highlogic levelwhen it
is pressedr not, respectivelySince the pusibuttors aredebounced, they can be usesiclock or
reset inputs in a circui

VCC3P3
KEY0 3 é g
N
—0 @, o
KEYO
KEY1 AA14
KEY1 =
—o 0 s /NETERA
KEY2 74HC245 | (pyp
. wis Cyclone®™V
o O SoC
KEY3
——> Y16
KEY3
I
—0 (®

Figure 3-13 Connections between the push-buttons and the Cyclone V SoC FPGA

lPushbutton depressed lPushbutton released
Before

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

Schmitt Trigger
Debounced
Figure 3-14 Switch debouncing
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/AVO[S RYAN

UNIVERSITY
PROGRAM

There ardenslide switches connected the FPGA as shown irFigure 3-15. These switches are
not debounce@ndto be used akevelsensitive data inputs to a circuit. Eaehitsh is connected
directly and individually tahe FPGA. When the switch set tothe DONN position (towardshe
edge of the board), it genera@dow logic level to the FPGAWhen the switch iset tothe UP
position a high logic levels generated to the FPGA

JAITERAN

Cyclone?V
SoC

TAE12TAD1OTACQ TAE1 1TAD12TAD1 1TAF1OTAF9 TAC12TAB12 Logic™1”
SW9 Sw8 SW7 SW6 SW5 Sw4 Sw3 Sw2 SW1 SWO0 Logic”0”

Figure 3-15 Connections between the slide switches and the Cyclone V SoC FPGA

There are alstenusercontrollable LEDs connected the FPGA Each LED is driven directlgnd
individually by the Cyclone V SoCFPGA driving its associated pin to a high logic lewellow
level toturnthe LED onor off, respectivelyFigure 3-16 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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SR - LED0 LEDO
PIN _W.,a‘ LED1 LED1
PIN—V17 LED2 . A -LED2 77
SN LLED3 . A _LED3 Qi
[ANO[S RYA\ . i LED2 A AALED4 177
® £
LED5 LED5 n |77
PIN. W19 ———AA\N\/——"D
Cyclone?V i LED6 LED6 |77
SoC PIN_Y19 >
BIN W20/ ELEDZ A A -LEDZ 3177
B LLEDE A\ A LED8D|22
PIN‘Y21 LED9 . A LED9b|22

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

Table 3-6 Pin Assignmentof Slide Switches

Signal Name FPGA Pin No. Description I/O Standard
SWI0] PIN_AB12 Slide Switch[0] 3.3V
SWI1] PIN_AC12 Slide Switch[1] 3.3V
SWI[2] PIN_AF9 Slide Switch[2] 3.3V
SWI3] PIN_AF10 Slide Switch[3] 3.3V
SWI[4] PIN_AD11 Slide Switch[4] 3.3V
SWI5] PIN_AD12 Slide Switch[5] 3.3V
SWI[6] PIN_AE11 Slide Switch[6] 3.3V
SWI[7] PIN_AC9 Slide Switch([7] 3.3V
SWI8] PIN_AD10 Slide Switch[8] 3.3V
SWI[9] PIN_AE12 Slide Switch[9] 3.3V

Table 3-7 Pin Assignmentof Push-buttons

Signal Name FPGA Pin No. Description I/O Standard
KEY[O0] PIN_AA14 Push-button[0] 3.3V
KEY[1] PIN_AA15 Push-button[1] 3.3V
KEY[2] PIN_W15 Push-button[2] 3.3v
KEY[3] PIN_Y16 Push-button[3] 3.3V
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Table 3-8 Pin Assignmentof LEDs

Signal Name FPGA Pin No. Description 1/0 Standard
LEDRJ[O] PIN_V16 LED [0] 3.3V
LEDR[1] PIN_W16 LED [1] 3.3V
LEDR[2] PIN_V17 LED [2] 3.3V
LEDR[3] PIN_V18 LED [3] 3.3V
LEDR[4] PIN_W17 LED [4] 3.3V
LEDR[5] PIN_W19 LED [5] 3.3V
LEDR][6] PIN_Y19 LED [6] 3.3V
LEDR][7] PIN_W20 LED [7] 3.3V
LEDR[8] PIN_W21 LED [8] 3.3V
LEDRJ[9] PIN_Y21 LED [9] 3.3V

3.6.2 7-segment Displays

The DE1-SoC board hassix 7-segment displs. These displays apaired to displaynumbersin
various sizesFigure 3-17 showsthe connection ofseven segments (common anode) to pins on
Cyclone VSoCFPGA. The segment can be turned on or off pplging alow logic levelor high
logic level from the FPGA, respectively.

Each segment in a display iirdexed from O to 6, with correspondipgsitions given inFigure
3-17. Table 3-9 shows thepin assignmentf FPGA to the segment displays.

HEX0[0]

% HEXO[1]

‘/\/\’ HEXO[2] fAEI I | |=|§ Dngé
\/\/\/ HEX0[3] &
wz=- liona Y
Wy HEXO[6]

Figure 3-17 Connections between the 7-segment display HEXO and the Cyclone V SoC FPGA
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Signal Name
HEXO[0]
HEXO[1]
HEXO0[2]
HEXO[3]
HEXO0[4]
HEXO[5]
HEXO0[6]
HEX1[0]
HEX1[1]
HEX1[2]
HEX1[3]
HEX1[4]
HEX1[5]
HEX1[6]
HEX2[0]
HEX2[1]
HEX2[2]
HEX2[3]
HEX2[4]
HEX2[5]
HEX2[6]
HEX3[0]
HEX3[1]
HEX3[2]
HEX3[3]
HEX3[4]
HEX3[5]
HEX3[6]
HEX4[0]
HEXA4[1]
HEX4[2]
HEXA4[3]
HEXA4[4]
HEX4[5]
HEXA4[6]
HEX5[0]
HEX5[1]
HEX5[2]
HEX5[3]
HEX5[4]
HEX5[5]
HEX5[6]

asic]
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Table 3-9 Pin Assignmentof 7-segment Displays

FPGA Pin No.
PIN_AE26
PIN_AE27
PIN_AE28
PIN_AG27
PIN_AF28
PIN_AG28
PIN_AH28
PIN_AJ29
PIN_AH29
PIN_AH30
PIN_AG30
PIN_AF29
PIN_AF30
PIN_AD27
PIN_AB23
PIN_AE29
PIN_AD29
PIN_AC28
PIN_AD30
PIN_AC29
PIN_AC30
PIN_AD26
PIN_AC27
PIN_AD25
PIN_AC25
PIN_AB28
PIN_AB25
PIN_AB22
PIN_AA24
PIN_Y23
PIN_Y24
PIN_W22
PIN_W24
PIN_V23
PIN_W25
PIN_V25
PIN_AA28
PIN_Y27
PIN_AB27
PIN_AB26
PIN_AA26
PIN_AA25

CE1L SoC User Manual

Description

Seven Segment Digit 0[0]
Seven Segment Digit 0[1]
Seven Segment Digit 0[2]
Seven Segment Digit 0[3]
Seven Segment Digit 0[4]
Seven Segment Digit 0[5]
Seven Segment Digit 0[6]
Seven Segment Digit 1[0]
Seven Segment Digit 1[1]
Seven Segment Digit 1[2]
Seven Segment Digit 1[3]
Seven Segment Digit 1[4]
Seven Segment Digit 1[5]
Seven Segment Digit 1[6]
Seven Segment Digit 2[0]
Seven Segment Digit 2[1]
Seven Segment Digit 2[2]
Seven Segment Digit 2[3]
Seven Segment Digit 2[4]
Seven Segment Digit 2[5]
Seven Segment Digit 2[6]
Seven Segment Digit 3[0]
Seven Segment Digit 3[1]
Seven Segment Digit 3[2]
Seven Segment Digit 3[3]
Seven Segment Digit 3[4]
Seven Segment Digit 3[5]
Seven Segment Digit 3[6]
Seven Segment Digit 4[0]
Seven Segment Digit 4[1]
Seven Segment Digit 4[2]
Seven Segment Digit 4[3]
Seven Segment Digit 4[4]
Seven Segment Digit 4[5]
Seven Segment Digit 4[6]
Seven Segment Digit 5[0]
Seven Segment Digit 5[1]
Seven Segment Digit 5[2]
Seven Segment Digit 5[3]
Seven Segment Digit 5[4]
Seven Segment Digit 5[5]
Seven Segment Digit 5[6]

27

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
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
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
3.3V
3.3V
3.3V
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3.6.3 2x20 GPIO Expansion Header s

Theboard haswo 40-pin expansion headerEachheadethas 36 user pins connected direttlifthe
Cyclone VSoCFPGA It alsocomes withDC +5V (VCC5), DC +3.3V YCC3P3), and two GND
pins. Themaximum power consumption allowed fodaughter cardonnected to one or twGPI1O
portsis shownin Table 3-10.

Table 3-10Voltage ard Max. Current Limit of Expansion Heade(s)

Supplied Voltage Max. Current Limit
5V 1A
3.3V 1.5A

Each pin on the expansion headers is connected to two diodes and a fassiatection against
high orlow voltage level Figure 3-18 shows the protection circuitgpplied to all 2x36 data pins.
Table 3-11 shows the pin assignment of two GPIO headers

VCC3P3 JP1

ALTERANRTre

Cyclone?V ‘
SoC

W4

90000000ODOGDOKGOGOGOGLOLONONONGONONGS

®
®
e
e
®
®
e
®
e
®
e
e
e
®
L
®
®
®
®
®

L

Figure 3-18 Connections between the GPIO header and Cyclone V SoC FPGA

Table 3-11 Pin Assignmentof Expansion Headers

Signal Name FPGA Pin No. Description I/O Standard
GPIO_0[0] PIN_AC18 GPIO Connection 0[0] 3.3V
GPIO_0[1] PIN_Y17 GPIO Connection 0[1] 3.3V
GPIO_012] PIN_AD17 GPIO Connection 0[2] 3.3V
GPIO_0[3] PIN_Y18 GPIO Connection 0[3] 3.3V
DE% SoC User Manual 28 www.terasic.com
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GPIO_0[4]
GPIO_0[5]
GPIO_0[6]
GPIO_017]
GPIO_0[8]
GPIO_0[9]
GPIO_0[10]
GPIO_0[11]
GPIO_0[12]
GPIO_0[13]
GPIO_0[14]
GPIO_0 [15]
GPIO_0[16]
GPIO_0[17]
GPIO_0[18]
GPIO_0[19]
GPIO_0 [20]
GPIO_0[21]
GPIO_0[22]
GPIO_0[23]
GPIO_0 [24]
GPIO_0 [25]
GPIO_0[26]
GPIO_0[27]
GPIO_0[28]
GPIO_0[29]
GPIO_0 [30]
GPIO_0[31]
GPIO_0[32]
GPIO_0[33]
GPIO_0[34]
GPIO_0[35]
GPIO_1[0]
GPIO_1[1]
GPIO_1[2]
GPIO_1[3]
GPIO_1[4]
GPIO_1[5]
GPIO_1[6]
GPIO_1[7]
GPIO_1[8]
GPIO_1[9]
GPIO_1[10]
GPIO_1[11]

asic]
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PIN_AK16
PIN_AK18
PIN_AK19
PIN_AJ19
PIN_AJ17
PIN_AJ16
PIN_AH18
PIN_AH17
PIN_AG16
PIN_AE16
PIN_AF16
PIN_AG17
PIN_AA18
PIN_AA19
PIN_AE17
PIN_AC20
PIN_AH19
PIN_AJ20
PIN_AH20
PIN_AK21
PIN_AD19
PIN_AD20
PIN_AE18
PIN_AE19
PIN_AF20
PIN_AF21
PIN_AF19
PIN_AG21
PIN_AF18
PIN_AG20
PIN_AG18
PIN_AJ21
PIN_AB17
PIN_AA21
PIN_AB21
PIN_AC23
PIN_AD24
PIN_AE23
PIN_AE24
PIN_AF25
PIN_AF26
PIN_AG25
PIN_AG26
PIN_AH24

CE1L SoC User Manual

GPIO Connection 0[4]
GPIO Connection 0[5]
GPIO Connection 0[6]
GPIO Connection 0[7]
GPIO Connection 0[8]
GPIO Connection 0[9]
GPIO Connection 0[10]
GPIO Connection 0[11]
GPIO Connection 0[12]
GPIO Connection 0[13]
GPIO Connection 0[14]
GPIO Connection 0[15]
GPIO Connection 0[16]
GPIO Connection 0[17]
GPIO Connection 0[18]
GPIO Connection 0[19]
GPIO Connection 0[20]
GPIO Connection 0[21]
GPIO Connection 0[22]
GPIO Connection 0[23]
GPIO Connection 0[24]
GPIO Connection 0[25]
GPIO Connection 0[26]
GPIO Connection 0[27]
GPIO Connection 0[28]
GPIO Connection 0[29]
GPIO Connection 0[30]
GPIO Connection 0[31]
GPIO Connection 0[32]
GPIO Connection 0[33]
GPIO Connection 0[34]
GPIO Connection 0[35]
GPIO Connection 1[0]
GPIO Connection 1[1]
GPIO Connection 1[2]
GPIO Connection 1[3]
GPIO Connection 1[4]
GPIO Connection 1[5]
GPIO Connection 1[6]
GPIO Connection 1[7]
GPIO Connection 1[8]
GPIO Connection 1[9]
GPIO Connection 1[10]
GPIO Connection 1[11]

29

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
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
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
3.3V
3.3V
3.3V
3.3V
3.3V
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GPIO_1[12] PIN_AH27 GPIO Connection 1[12] 3.3V
GPIO_1[13] PIN_AJ27 GPIO Connection 1[13] 3.3V
GPIO_1[14] PIN_AK29 GPIO Connection 1[14] 3.3V
GPIO_1[15] PIN_AK28 GPIO Connection 1[15] 3.3V
GPIO_1[16] PIN_AK27 GPIO Connection 1[16] 3.3V
GPIO_1[17] PIN_AJ26 GPIO Connection 1[17] 3.3V
GPIO_1[18] PIN_AK?26 GPIO Connection 1[18] 3.3V
GPIO_1[19] PIN_AH25 GPIO Connection 1[19] 3.3V
GPIO_1 [20] PIN_AJ25 GPIO Connection 1[20] 3.3V
GPIO_1[21] PIN_AJ24 GPIO Connection 1[21] 3.3V
GPIO_1[22] PIN_AK24 GPIO Connection 1[22] 3.3V
GPIO_1[23] PIN_AG23 GPIO Connection 1[23] 3.3V
GPIO_1 [24] PIN_AK23 GPIO Connection 1[24] 3.3V
GPIO_1[25] PIN_AH23 GPIO Connection 1[25] 3.3V
GPIO_1[26] PIN_AK22 GPIO Connection 1[26] 3.3V
GPIO_1 [27] PIN_AJ22 GPIO Connection 1[27] 3.3V
GPIO_11[28] PIN_AH22 GPIO Connection 1[28] 3.3V
GPIO_1[29] PIN_AG22 GPIO Connection 1[29] 3.3V
GPIO_11[30] PIN_AF24 GPIO Connection 1[30] 3.3V
GPIO_1[31] PIN_AF23 GPIO Connection 1[31] 3.3V
GPIO_1[32] PIN_AE22 GPIO Connection 1[32] 3.3V
GPIO_1[33] PIN_AD21 GPIO Connection 1[33] 3.3V
GPIO_1[34] PIN_AA20 GPIO Connection 1[34] 3.3V
GPIO_1[35] PIN_AC22 GPIO Connection 1[35] 3.3V

3.6.4 24 -bit Audio CODEC

The DEL-SoC board offershigh-quality 24bit audio via the Wolfson WM8731 audio CODEC
(Encoder/Decoder). This chip supports microphomdine-in, and lineout ports, with djustable
sample rate from 8 kHz to 96Hk. The WM8731 is controlled viaerial 12C bus, which is
connected tdHPS orCyclone V SoC FPGA throughan 12C multiplexer The connection of the
audio circuitry to the FPGAs shown i Figure 3-19, and the associated pin assignment to the
FPGA is listed inTable 3-12. More information abouthe WM8731 codec is available in its
datasheet, which can be uftd on the manufacterr 6 s sitewerbin the directory
\DE1 SOC datasheetdudio CODECof DE1-SaC System CD.
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Figure 3-19 Connections between the FPGA and audio CODEC

Table 3-12 Pin Assignmentof Audio CODEC

Signal Name FPGA Pin No. Description I/O Standard
AUD_ADCLRCK PIN_K8 Audio CODEC ADC LR Clock 3.3V
AUD_ADCDAT PIN_K7 Audio CODEC ADC Data 3.3V
AUD_DACLRCK PIN_H8 Audio CODEC DAC LR Clock 3.3V
AUD_DACDAT PIN_J7 Audio CODEC DAC Data 3.3V
AUD_XCK PIN_G7 Audio CODEC Chip Clock 3.3V
AUD_BCLK PIN_H7 Audio CODEC Bit-stream Clock 3.3V
I2C_SCLK PIN_J12 or PIN_E23 I2C Clock 3.3V
I2C_SDAT PIN_K12 or PIN_C24 I2C Data 3.3V

3.6.5 12C Multiplexer

The DEL-SoC boardimplements an 12C multiplexeior HPS to access the 12C bus originally
ownedby FPGA.Figure 3-20 shows the connection of 12C multiplexerthe FPGA and HR$PS
can access Audio CODEC and TV Decodl@nd only if the HPS _12C_CONTROiIsignal is set to
high. Thepin assignmentf 12C busis listed inTable 3-13.
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Figure 3-20 Control mechanism for the 12C multiplexer

Table 3-13 Pin Assignmentof 12C Bus

Signal Name FPGA Pin No. Description I/O Standard
FPGA_I2C_SCLK |PIN_J12 FPGA 12C Clock 3.3V
FPGA_I2C_SDAT PIN_K12 FPGA 12C Data 3.3V
HPS_[2C1_SCLK |PIN_E23 I12C Clock of the first HPS 12C concontroller 3.3V

HPS 12C1_SDAT |PIN_C24 12C Data of the first HPS 12C concontroller 3.3V
HPS_12C2_SCLK |PIN_H23 12C Clock of the second HPS 12C concontroller 3.3V

HPS 12C2_SDAT |PIN_A25 12C Data of the second HPS I12C concontroller 3.3V

3.6.6 VGA

The DE1-SoC board hasa 15pin D-SUB connectorpopulatedfor VGA output. The VGA
syndironization signals are generatduectly from theCyclone V SoCFPGA and the Analog
Devices ADV7123 triple 1bit high-speed video DAC (only the higherf#s areused)transforms
signals from digital to analog to represent three fundamental coémts green, and blue). ¢an
supportup toSXGA stanard (1280*1024) with signals transmittedl®MHz.Figure 3-21 shows
the signals connected between the FPGA and VGA.
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VGA BLANK N
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Figure 3-21 Connections between the FPGA and VGA

The timing specification for VGA synchronization and RGB (red, green, blue) data czasibe

found on webste nowadays Figure 3-21 illustrates the basic timing requirements £ach row
(horizontal)displayed on a VGA monitor. An actilew pulse of specific duration is applied to the
horizontal synchronization (hsyni)put of the monitor, which signifies the end of one row of data
and the start of the next. The data (RGB) output to the monitor must be off (driven to 0 V) for a
time period called the back porch (b) after the hsync pulse occurs, which is followeddisplhag
interval (c). During the data display interval the RGB data drives each pixel in turn across the row
being displayed. Finally, there is a time period called the front porch (d) where the RGB signals
must again be off before the next hsyncsput@ occur. The timing of/ertical synchronization
(vsync) issimilar to the oneshown inFigure 3-22, except that a vsync pulse signifies the end of
one frame and the start of the next, and the data refers to tbkreets in the frame (horizontal
timing). Table 3-14 and Table 3-15 show different resolutions and durations of time period a, b, c,
and d for both horizontal and vertidahing.

More information abouthe ADV7123 video DAC is available in its datasheet, which can be found
onthemanuf act ur er @hedirecotyDaasheets/IREO DAChof DE1-SoC System

CD. The pin assignment between tBgclone V SoCFPGAand theADV7123 islisted in Table

3-16.
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Figure 3-22 VGA horizontal timing specification
Table 3-14 VGA Horizontal Timing S pecification
VGA mode Horizontal Timing Spec
Configuration Resolution(HxV) a(us) b(us) c(us) | d(us) Pixel clock(MHz)
VGA(60HZz) 640x480 3.8 1.9 254 0.6 25
VGA(85Hz) 640x480 1.6 2.2 17.8 1.6 36
SVGA(60Hz) 800x600 3.2 2.2 20 1 40
SVGA(75Hz) 800x600 1.6 3.2 16.2 0.3 49
SVGA(85Hz) 800x600 11 2.7 14.2 0.6 56
XGA(60HZz) 1024x768 2.1 25 15.8 04 65
XGA(70Hz) 1024x768 1.8 1.9 13.7 0.3 75
XGA(85Hz) 1024x768 1.0 2.2 10.8 0.5 95
1280x1024(60Hz) 1280x1024 1.0 2.3 11.9 04 108
Table 3-15VGA Vertical Timing Specification
VGA mode Vertical Timing Spec
Configuration Resolution(HxV) a(lines)  b(lines) ' c(lines) | d(lines) @ Pixel clock(MHz)
VGA(60HZz) 640x480 2 33 480 10 25
VGA(85Hz) 640x480 3 25 480 1 36
SVGA(60Hz) 800x600 4 23 600 1 40
SVGA(75Hz) 800x600 3 21 600 1 49
SVGA(85Hz) 800x600 3 27 600 1 56
XGA(60Hz) 1024x768 6 29 768 3 65
XGA(70Hz) 1024x768 6 29 768 3 75
XGA(85Hz) 1024x768 3 36 768 1 95
1280x1024(60Hz) 1280x1024 3 38 1024 1 108
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Table 3-16 Pin Assignmentof VGA

Signal Name FPGA Pin No. Description I/O Standard
VGA_R[0] PIN_A13 VGA Red|[0] 3.3V
VGA_R[1] PIN_C13 VGA Red[1] 3.3V
VGA_R[2] PIN_E13 VGA Red[2] 3.3V
VGA_R[3] PIN_B12 VGA Red[3] 3.3V
VGA_R[4] PIN_C12 VGA Red[4] 3.3V
VGA_R[5] PIN_D12 VGA Red[5] 3.3V
VGA_RI[6] PIN_E12 VGA Red[6] 3.3V
VGA_RJ[7] PIN_F13 VGA Red[7] 3.3V
VGA_GJ0] PIN_J9 VGA Green[0] 3.3V
VGA_G[1] PIN_J10 VGA Green[1] 3.3V
VGA_G[2] PIN_H12 VGA Green[2] 3.3V
VGA_G[3] PIN_G10 VGA Green[3] 3.3V
VGA_GJ[4] PIN_G11 VGA Green[4] 3.3V
VGA_GI[5] PIN_G12 VGA Green[5] 3.3V
VGA_GI6] PIN_F11 VGA Green|[6] 3.3V
VGA_GJ[7] PIN_E11 VGA Green[7] 3.3V
VGA_B[0] PIN_B13 VGA Blue[0] 3.3V
VGA_BJ[1] PIN_G13 VGA Blue[1] 3.3V
VGA_B[2] PIN_H13 VGA Blue[2] 3.3V
VGA_BI[3] PIN_F14 VGA Blue[3] 3.3V
VGA_B[4] PIN_H14 VGA Blue[4] 3.3V
VGA_B[5] PIN_F15 VGA Blue[5] 3.3V
VGA_B|[6] PIN_G15 VGA Bluel[6] 3.3V
VGA_B[7] PIN_J14 VGA Blue[7] 3.3V
VGA_CLK PIN_A11 VGA Clock 3.3V
VGA_BLANK_N PIN_F10 VGA BLANK 3.3V
VGA_HS PIN_B11 VGA H_SYNC 3.3V
VGA_VS PIN_D11 VGA V_SYNC 3.3V
VGA_SYNC_N PIN_C10 VGA SYNC 3.3V

3.6.7 TV Decoder

The DEL-SoC board is equipped with an Analog Device ADV7180 TV decoder chip. The
ADV7180 is an integrated video decoder whielutomatically detects andonverts a standard
analog baseband television sigh@lTSC, PAL, and SECAM) into 4:2:2 component video data
which iscompatible with the ®it ITU-R BT.656 interface standard. The X180 is compatible
with wide range of video devices, including DVD ptxs, tapebased sources, broadcast sources,
and security/surveillance cameras.
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UNIVERSITY

PROGRAM

The registers in th&V decoder can be accessed and set thrgeghl 12C budy theCyclone V
SoCFPGAor HPS Note that the 12Cddress W/R of the TV decoder 4Uis 0x40/0X¥1. The pin
assignmentof TV decoderis listed in Table 3-17. More information abouthe ADV7180is

avail abl e on t he,ania thedireatory\REL 8O@Codatasheet¥idea Deeoder
of DE1-SoCSystem M.

U4

ADV7180
TD_DATA[7.0]
l P[7..0]
TD_VS
= Vs
TD_HS J6
% HS
o LLC AIN1 [¢——— .' /
TD_RESET_N — /
§ = = » RESET
Cyclosng, 2% o RCA JACK
o
= » SCLK
12C_SDAT
«—= > SDAT
OSC 28MHz > XTAL

Y1

Figure 3-23 Connections between the FPGA and TV Decoder

Table 3-17 Pin Assignment of TV Decoder

Signal Name FPGA Pin No. Description I/O Standard
TD_DATA [O] PIN_D2 TV Decoder Data[0] 3.3V
TD_DATA [1] PIN_B1 TV Decoder Data[1] 3.3V
TD_DATA [2] PIN_E2 TV Decoder Data[2] 3.3V
TD_DATA [3] PIN_B2 TV Decoder Data[3] 3.3V
TD_DATA [4] PIN_D1 TV Decoder Data[4] 3.3V
TD_DATA [5] PIN_E1 TV Decoder Data[5] 3.3V
TD_DATA [6] PIN_C2 TV Decoder Data[6] 3.3V
TD_DATA [7] PIN_B3 TV Decoder Data[7] 3.3V
TD_HS PIN_A5 TV Decoder H_SYNC 3.3V
TD_VS PIN_A3 TV Decoder V_SYNC 3.3V
TD_CLK27 PIN_H15 TV Decoder Clock Input. 3.3V
TD_RESET_N PIN_F6 TV Decoder Reset 3.3V
12C_SCLK PIN_J12 or PIN_E23 I2C Clock 3.3V
[2C_SDAT PIN_K12 or PIN_C24 I2C Data 3.3V
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3.6.8 IR Receiver

Theboardcomes withan irfrared remotecontrol receiver rmdule (model: IRMV538/TR1), whose
datasheet is provided thedirectory\Datesheet§IR Receiver and Emittesf DE1-SaC system CD.
The remote controlleincluded in thekit has an encoding chi@@PD6121G built-in for generating
infrared signalsFigure 3-24 shows the connectioof IR receiverto theFPGA Table 3-18 shows
thepin assignment of IR receiver to the FPGA.

VCC3P3
U35

AEE%A < /RDA_RXD i
®

veesrs O vce
Cyclone§V

SoC
GND
@ CHASSIS

Figure 3-24 Connection between the FPGA and IR Receiver

Table 3-18 Pin Assignment ofIR Receiver

Signal Name FPGA Pin No. Description I/O Standard
IRDA_RXD PIN_ AA30 IR Receiver 3.3V

3.6.9 IR Emitter LED

The board has an IRvetter LED for IR communicatiorwhich is widely used for operating
television deice wirelessly from a short linef-sight distancelt can also be used to communicate
with othersystemsy matching this IR emitter LED with another IR receiver on the other side.
Figure 3-25shows theonnectia of IR emitter LEDto the FPGATable 3-19 shows thepin
assignment ofR emitterLED to the FPGA.
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Figure 3-25 Connection between the FPGA and IR emitter LED

Table 3-19 Pin Assignment oflR Emitter LED

Signal Name FPGA Pin No. Description I/O Standard
IRDA_TXD PIN_ AB30 IR Emitter 3.3V

3.6.10 SDRAM Memory

The board feature64MB of SDRAM with a single64MB (32Mx16) SDRAM chip. The chip
consists of 1ébit data ling controlline, and address lineonnected to the FPGAhis chip uses the
3.3V LVCMOS signaling standard. Connections betw#enFPGA and SDRAM are shown in
Figure 3-26, andthe pin assignmems listed inTable 3-20.
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Figure 3-26 Connections between the FPGA and SDRAM

Table 3-20 Pin Assignment of SDRAM

Signal Name FPGA Pin No. Description I/O Standard
DRAM_ADDRI[0] PIN_AK14 SDRAM Address[0] 3.3V
DRAM_ADDR[1] PIN_AH14 SDRAM Address|[1] 3.3V
DRAM_ADDR][2] PIN_AG15 SDRAM Address[2] 3.3V
DRAM_ADDR[3] PIN_AE14 SDRAM Address|[3] 3.3V
DRAM_ADDR[4] PIN_AB15 SDRAM Address[4] 3.3V
DRAM_ADDRI[5] PIN_AC14 SDRAM Address[5] 3.3V
DRAM_ADDR[6] PIN_AD14 SDRAM Address|[6] 3.3V
DRAM_ADDR][7] PIN_AF15 SDRAM Address[7] 3.3V
DRAM_ADDR[8] PIN_AH15 SDRAM Address|[8] 3.3V
DRAM_ADDRI[9] PIN_AG13 SDRAM Address[9] 3.3V
DRAM_ADDRJ[10] PIN_AG12 SDRAM Address[10] 3.3V
DRAM_ADDRJ[11] PIN_AH13 SDRAM Address[11] 3.3V
DRAM_ADDRJ[12] PIN_AJ14 SDRAM Address[12] 3.3V
DRAM_DQI0] PIN_AK6 SDRAM Data[0] 3.3V
DRAM_DQJ[1] PIN_AJ7 SDRAM Data[1] 3.3V
DRAM_DQ[2] PIN_AK7 SDRAM Data[2] 3.3V
DRAM_DQI3] PIN_AKS SDRAM Data[3] 3.3V
DRAM_DQI[4] PIN_AK9 SDRAM Data[4] 3.3V
DRAM_DQI5] PIN_AG10 SDRAM Data[5] 3.3V
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DRAM_DQI6] PIN_AK11 SDRAM Data[6] 3.3V
DRAM_DQI[7] PIN_AJ11 SDRAM Data[7] 3.3V
DRAM_DQI8] PIN_AH10 SDRAM Data[8] 3.3V
DRAM_DQI9] PIN_AJ10 SDRAM Data[9] 3.3V
DRAM_DQ[10] PIN_AJ9 SDRAM Data[10] 3.3V
DRAM_DQJ[11] PIN_AH9 SDRAM Data[11] 3.3V
DRAM_DQ[12] PIN_AHS8 SDRAM Data[12] 3.3V
DRAM_DQJ[13] PIN_AH7 SDRAM Data[13] 3.3V
DRAM_DQ[14] PIN_AJ6 SDRAM Data[14] 3.3V
DRAM_DQJ15] PIN_AJ5 SDRAM Data[15] 3.3V
DRAM_BA[0] PIN_AF13 SDRAM Bank Address[0] 3.3V
DRAM_BA[1] PIN_AJ12 SDRAM Bank Address[1] 3.3V
DRAM_LDQM PIN_AB13 SDRAM byte Data Mask[0] 3.3V
DRAM_UDQM PIN_AK12 SDRAM byte Data Mask][1] 3.3V
DRAM_RAS_N PIN_AE13 SDRAM Row Address Strobe 3.3V
DRAM_CAS_N PIN_AF11 SDRAM Column Address Strobe 3.3V
DRAM_CKE PIN_AK13 SDRAM Clock Enable 3.3V
DRAM_CLK PIN_AH12 SDRAM Clock 3.3V
DRAM_WE_N PIN_AA13 SDRAM Write Enable 3.3V
DRAM_CS N PIN_AG11 SDRAM Chip Select 3.3V

3.6.11 PS/2 Serial P ort

The DEL-SoC board comes witla standard PS/2 interface and a connector for a PS/2 keyboard or
mouse.Figure 3-27 shows the connection &#S/2 circuitto the FPGA. Wers can use the PS/2
keyboard and mouse onet DEL-SoC board simultaeously by &S/2 ¥Cable as shown irFigure

3-28. Instructions on how to ugeS/2 mousandbr keyboard can be found on various education
websites. The pin assignment associated taritesface isshown inTable 3-21.

@
Note. If users connect only one P8 equipment, the PS/2 signals connected to thé=PGA I/O should

}i dknMzrgf G | 2 gknMz_| oG/
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Figure 3-27 Connections between the FPGA and PS/2

Figure 3-28 Y-Cable for using keyboard and mouse simultaneously

i~ <

@

Table 3-21 Pin Assignment of PS/2

Signal Name |FPGA Pin No. Description I/O Standard
PS2_CLK PIN_AD7 PS/2 Clock 3.3V
PS2_DAT PIN_AE7 PS/2 Data 3.3V
PS2 CLK2 PIN_AD9 PS/2 Clock (reserved for second PS/2 device) 3.3V
PS2_DAT?2 PIN_AE9 PS/2 Data (reserved for second PS/2 device) 3.3V
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3.6.12 A/D Converter and 2x5 Header

The DE1-SoC has an analetp-digital converter AD7928, which featuresower power,
eightchannel CMOS 1-bit. This ADCoffers conversion throughput rate to 1IMSPSThe analog
input rangdor all input chanelscan bed V to 2.5V or 0 V to 5V depending othe RANGE bit in
the control registeit can be configured to accepight input signals at inpufeDC_INO through
ADC_IN7. Theseeight input signals are connectedat®xb header, ashown inFigure 3-29.

More information abouthe A/D converter chips available inits datasheetlt can be found on
manufacturer 6s we kdatasheedf DelrSoGsysteh@e di rect ory

VCC5 ADC_INO
ADC_IN1 ADC_IN2
ADC_IN3 ADC_IN4
ADC_IN5 ADC_IN6
ADC_IN7 GND

Figure 3-29 Signals of the 2x5 Header

Figure 3-30 shows the connectiotetween the FPGAX5 headerand theA/D converter
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=
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Figure 3-30 Connections between the FPGA, 2x5 header, and the A/D converter

Table 3-22 Pin Assignment ofADC

Signal Name FPGA Pin No. Description I/O Standard
ADC_CS_N PIN_AJ4 Chip select 3.3V
ADC_DOUT PIN_AKS3 Digital data input 3.3V
ADC_DIN PIN_AK4 Digital data output 3.3V
ADC_SCLK PIN_AK?2 Digital clock input 3.3V

3.7 Peripherals Connected to Hard Processor System (HPS)

This section introduces the interfaces connectetiedHPS section of th€yclone V SoCFPGA.
Users can access these interfaces via the HPS processor.

3.7.1 User Push-buttons and LEDs

Similar tothe FPGA, the HPS also has gst of switchesbuttons, LEDs, and othenterfaces
connected exclusivelyJserscancontrol these interfaces to monitor the status of HPS.

Table 3-23 givesthe pin assignment of all the LEDs, switches, and {iugtons.
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Table 3-23 Pin Assignment ofLEDs, Switches andPush-buttons

Signal Name HPS GPIO Register/bit Function
HPS_KEY GPIO54 GPIO1[25] I/0
HPS_LED GPIO53 GPIO1[24] I/0

3.7.2 Gigabit Ethernet

The board supports GigabEthernettransfer byan external Micrel KSZ9021RN PHY chip and
HPS EtherneMAC function. The KSZ9021RN chip with integrated 10/100/1000 Mbps Gigabit
Ethernet transceivealso suppors RGMII MAC interface Figure 3-31 shows the connectign
between thé1PS,Gigabit Ethernet PHYand R35 connector

The pin assignment associated @gabit Ethernet interfaces listed in Table 3-24. More
information about the&KSZ9021RNPHY chip andits datasheetas well as thapplication notes,
whichareavailla®d on t he manufacturero6és website.
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Figure 3-31 Connections between the HPS and Gigabit Ethernet
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Table 3-24 Pin Assignment ofGigabit Ethernet PHY

Signal Name FPGA Pin No. Description I/O Standard
HPS_ENET_TX EN PIN_A20 GMIl and MII transmit enable 3.3V
HPS_ENET_TX_DATA[O] PIN_F20 MII transmit data[0] 3.3V
HPS _ENET_TX_DATA[1] PIN_J19 MIl transmit data[1] 3.3V
HPS_ENET_TX_DATA[2] PIN_F21 MII transmit data[2] 3.3V
HPS _ENET_TX_DATA[3] PIN_F19 MIl transmit data[3] 3.3V
HPS_ENET_RX_DV PIN_K17 GMIl and MII receive data valid 3.3V
HPS_ENET_RX_DATAJ[O] PIN_A21 GMIl and Mll receive data[0] 3.3V
HPS_ENET_RX_DATA[1] PIN_B20 GMIl and Mll receive data[1] 3.3V
HPS_ENET_RX_DATA[2] PIN_B18 GMIl and MII receive data[2] 3.3V
HPS_ENET_RX_DATA[3] PIN_D21 GMIl and Mll receive data[3] 3.3V
HPS_ENET_RX_CLK PIN_G20 GMII and Mill receive clock 3.3V
HPS_ENET_RESET_N PIN_E18 Hardware Reset Signal 3.3V
HPS_ENET_MDIO PIN_E21 Management Data 3.3V
HPS_ENET_MDC PIN_B21 Management Data Clock Reference 3.3V
HPS_ENET_INT_N PIN_C19 Interrupt Open Drain Output 3.3V
HPS_ENET_GTX_CLK PIN_H19 GMII Transmit Clock 3.3V

There are two LEDs, green LED (LEDG) and yellow LED (LEDY), which repregenstatus of
Ethernet PHY (KSZ9021RNI)The LED control signals are connectedthe LEDson the RJ45
connectorThe state and definition of LEDG and LEDY are listediable 3-25. For instancethe
connection fom board to Gigabit Ethernet is established once the LEDG lights on.

Table 3-25 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 communication with #feS. This interface

d o e ssupport HW flow control signals. The physical interfasémplemented byJART-USB

onboard bridge frona FT232Rchip to the host withan USB Mini-B connectorMore information
aboutthechip s avail abl e on the mdmraofydatasheeldARDEO we b s
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USB of DE1-SaC system CD.Figure 3-32 shows the connections between the HPIR32ZR chip,
and the USB MiniB connectorlable 3-26 lists the pin assignmerdf UART interface connected to
the HPS.

u7

XD — CBUSO

RXD —| cBUST
FT232_DP

/ANO[SRYA\. . HPS_UARTRX o USBDP <—>-J
Cyclone®V
Soc’ HPS_UART_TX »| RXD FT232_DM
—)

USBDM

A

USB Mini-B Connector

HPS
<« HPS_CONV_USB n —
HPS_RESET_UART _n RESET
| HPS_RESET_n
_lo——|— -
FT232R
Figure 3-32 Connections between the HPS and FT232R Chip
Table 3-26 Pin Assignment of UART Interface
Signal Name FPGA Pin No. Description I/O Standard
HPS_UART_RX PIN_B25 HPS UART Receiver 3.3V
HPS_UART_TX PIN_C25 HPS UART Transmitter 3.3V
HPS_CONV_USB_N PIN_B15 Reserve 3.3V

3.7.4 DDR3 Memory

The DDR3 devicesonnected to the HPS are the exact samédel as the onesonnected to the
FPGA The capacity is 1GB and the data bandwidth is #bi82Zomprised of two x16 devices with
a single address/command btlike signals are connected to ttedicatel Hard Menory Controller
for HPS 1/0 banks and the target speed is 400 MHRle 3-27 lists the pin assignment dDR3
and itsdescription with/O standard

Table 3-27 Pin Assignmentof DDR3 Memory

Signal Name FPGA Pin No. Description I/O Standard
HPS_DDR3_A[0] PIN_F26 HPS DDR3 Address[0] SSTL-15 Class |
HPS_DDR3_A[1] PIN_G30 HPS DDR3 Address[1] SSTL-15 Class |
HPS_DDR3_A[2] PIN_F28 HPS DDR3 Address[2] SSTL-15 Class |
HPS_DDR3_A[3] PIN_F30 HPS DDR3 Address[3] SSTL-15 Class |
HPS_DDR3_A[4] PIN_J25 HPS DDR3 Address[4] SSTL-15 Class |
HPS_DDR3_A[5] PIN_J27 HPS DDR3 Address|[5] SSTL-15 Class |
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HPS_DDR3_A[6]
HPS_DDR3_A[7]
HPS_DDR3_A[8]
HPS_DDR3_A[9]
HPS_DDR3_A[10]
HPS_DDR3_A[11]
HPS_DDR3_A[12]
HPS_DDR3_A[13]
HPS_DDR3_A[14]
HPS_DDR3_BA[0]
HPS_DDR3_BA[1]
HPS_DDR3_BA[2]
HPS_DDR3_CAS_n
HPS_DDR3_CKE
HPS_DDR3_CK_n
HPS_DDR3_CK_p
HPS_DDR3_CS_n
HPS_DDR3_DMI[0]
HPS_DDR3_DM[1]
HPS_DDR3_DM[2]
HPS_DDR3_DM[3]
HPS_DDR3_DQ[0]
HPS_DDR3_DQI[1]
HPS_DDR3_DQI[2]
HPS_DDR3_DQ[3]
HPS_DDR3_DQI[4]
HPS_DDR3_DQI[5]
HPS_DDR3_DQI[6]
HPS_DDR3_DQ[7]
HPS_DDR3_DQI[8]
HPS_DDR3_DQI[9]
HPS_DDR3_DQ[10]
HPS_DDR3_DQ[11]
HPS_DDR3_DQ[12]
HPS_DDR3_DQ[13]
HPS_DDR3_DQ[14]
HPS_DDR3_DQ[15]
HPS_DDR3_DQ[16]
HPS_DDR3_DQ[17]
HPS_DDR3_DQ[18]
HPS_DDR3_DQ[19]
HPS_DDR3_DQ[20]
HPS_DDR3_DQ[21]
HPS_DDR3_DQ[22]
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PIN_F29
PIN_E28
PIN_H27
PIN_G26
PIN_D29
PIN_C30
PIN_B30
PIN_C29
PIN_H25
PIN_E29
PIN_J24
PIN_J23
PIN_E27
PIN_L29
PIN_L23
PIN_M23
PIN_H24
PIN_K28
PIN_M28
PIN_R28
PIN_W30
PIN_K23
PIN_K22
PIN_H30
PIN_G28
PIN_L25
PIN_L24
PIN_J30
PIN_J29
PIN_K26
PIN_L26
PIN_K29
PIN_K27
PIN_M26
PIN_M27
PIN_L28
PIN_M30
PIN_U26
PIN_T26
PIN_N29
PIN_N28
PIN_P26
PIN_P27
PIN_N27
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HPS DDR3 Address[6]
HPS DDR3 Address[7]
HPS DDR3 Address[8]
HPS DDR3 Address[9]
HPS DDR3 Address[10]
HPS DDR3 Address[11]
HPS DDR3 Address[12]
HPS DDR3 Address[13]
HPS DDR3 Address[14]
HPS DDR3 Bank Address[0]
HPS DDR3 Bank Address[1]
HPS DDR3 Bank Address[2]
DDR3 Column Address Strobe
HPS DDR3 Clock Enable
HPS DDR3 Clock

HPS DDR3 Clock p

HPS DDR3 Chip Select
HPS DDR3 Data Mask[0]
HPS DDR3 Data Mask[1]
HPS DDR3 Data Mask[2]
HPS DDR3 Data Mask([3]
HPS DDR3 Data[0]

HPS DDR3 Data[1]

HPS DDR3 Data[2]

HPS DDR3 Data[3]

HPS DDR3 Data[4]

HPS DDR3 Data[5]

HPS DDR3 Data[6]

HPS DDR3 Data[7]

HPS DDR3 Data[8]

HPS DDR3 Data[9]

HPS DDR3 Data[10]

HPS DDR3 Data[11]

HPS DDR3 Data[12]

HPS DDR3 Data[13]

HPS DDR3 Data[14]

HPS DDR3 Data[15]

HPS DDR3 Data[16]

HPS DDR3 Data[17]

HPS DDR3 Data[18]

HPS DDR3 Data[19]

HPS DDR3 Data[20]

HPS DDR3 Data[21]

HPS DDR3 Data[22]

47

SSTL-15 Class |
SSTL-15 Class |
SSTL-15 Class |
SSTL-15 Class |
SSTL-15 Class |
SSTL-15 Class |
SSTL-15 Class |
SSTL-15 Class |
SSTL-15 Class |
SSTL-15 Class |
SSTL-15 Class |
SSTL-15 Class |
SSTL-15 Class |
SSTL-15 Class |

Differential 1.5-V SSTL Class |
Differential 1.5-V SSTL Class |

SSTL-15 Class |
SSTL-15 Class |
SSTL-15 Class |
SSTL-15 Class |
SSTL-15 Class |
SSTL-15 Class |
SSTL-15 Class |
SSTL-15 Class |
SSTL-15 Class |
SSTL-15 Class |
SSTL-15 Class |
SSTL-15 Class |
SSTL-15 Class |
SSTL-15 Class |
SSTL-15 Class |
SSTL-15 Class |
SSTL-15 Class |
SSTL-15 Class |
SSTL-15 Class |
SSTL-15 Class |
SSTL-15 Class |
SSTL-15 Class |
SSTL-15 Class |
SSTL-15 Class |
SSTL-15 Class |
SSTL-15 Class |
SSTL-15Class |
SSTL-15 Class |
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HPS_DDR3_DQ[23] PIN_R29 HPS DDR3 Data[23] SSTL-15 Class |

HPS _DDR3_DQ[24] PIN_P24 HPS DDR3 Data[24] SSTL-15 Class |
HPS_DDR3_DQ[25] PIN_P25 HPS DDR3 Data[25] SSTL-15 Class |

HPS DDR3_DQ[26] PIN_T29 HPS DDR3 Data[26] SSTL-15 Class |

HPS _DDR3_DQ[27] PIN_T28 HPS DDR3 Data[27] SSTL-15 Class |
HPS_DDR3_DQ[28] PIN_R27 HPS DDR3 Data[28] SSTL-15 Class |

HPS _DDR3_DQ[29] PIN_R26 HPS DDR3 Data[29] SSTL-15 Class |
HPS_DDR3_DQ[30] PIN_V30 HPS DDR3 Data[30] SSTL-15 Class |

HPS DDR3 DQ[31] PIN_W29 HPS DDR3 Data[31] SSTL-15 Class |
HPS_DDR3 _DQS n[0] PIN_M19 HPS DDR3 Data Strobe n[0] Differential 1.5-V SSTL Class |
HPS_DDR3 DQS n[1] PIN_N24 HPS DDR3 Data Strobe n[1] Differential 1.5-V SSTL Class |
HPS_DDR3_DQS_n[2] |PIN_R18 HPS DDR3 Data Strobe n[2] Differential 1.5-V SSTL Class |
HPS_DDR3 _DQS n[3] |PIN_R21 HPS DDR3 Data Strobe n[3] Differential 1.5-V SSTL Class |
HPS_DDR3 _DQS_p[0] PIN_N18 HPS DDR3 Data Strobe p[0] Differential 1.5-V SSTL Class |
HPS DDR3_DQS p[l1l] |[PIN_N25 HPS DDR3 Data Strobe p[1] Differential 1.5-V SSTL Class |
HPS_DDR3 DQS_p[2] PIN_R19 HPS DDR3 Data Strobe p[2] Differential 1.5-V SSTL Class |
HPS_DDR3 _DQS_p[3] [PIN_R22 HPS DDR3 Data Strobe p[3] Differential 1.5-V SSTL Class |
HPS_DDR3_ODT PIN_H28 HPS DDR3 On-die Termination SSTL-15 Class |
HPS_DDR3_RAS n PIN_D30 DDR3 Row Address Strobe SSTL-15 Class |
HPS_DDR3_RESET_n |PIN_P30 HPS DDR3 Reset SSTL-15 Class |
HPS_DDR3_WE_n PIN_C28 HPS DDR3 Write Enable SSTL-15 Class |
HPS_DDR3_RZzZQ PIN_D27 External reference ball for 15V

output drive calibration

3.7.5 Micro SD Card Socket

The board suppors Micro SD card intdiace with x4 data lines. It serves not only an external
storage for the HPS, but also an alternative boot option for-&#1 board Figure 3-33 shows
signals connected between the HPS and Micro SD card socket

Table 3-28lists the pin assignment of Micro SD card socket to the HPS.

asiC DEX SoC User Manual 48 wwvw.terasic.com
March 14, 2014

www.terasic.com


http://www.terasic.com/
參考/03.14.2014/參考/03.14.2014/參考/03.13.2014/參考/03.07.2014/參考/02.19.2014/www.terasic.com

UNIVERSITY
PROGRAM

Micro-SD Card
Socket

SD_CLK
> 5
e SD_CMD ol 5
A = ~YA SD_DATO i
® —PN = > 7
g SD_DAT1
CyclonetEV <« — k
SoC PRI NI’ N SD_DAT2 |
HPS A b SD_DAT3/CD | "
ESD

!

Voo

Figure 3-33 Connections between the FPGA and SD card socket

Table 3-28 Pin Assignment of Micro SD Card Socket
FPGA Pin No.

Signal Name
HPS_SD_CLK
HPS_SD_CMD
HPS_SD DATA[0]
HPS_SD_DATA[1]
HPS_SD DATA[2]
HPS_SD_DATA[3]

PIN_A16
PIN_F18
PIN_G18
PIN_C17
PIN_D17
PIN_B16

3.7.6 2-port USB Host

Description

HPS SD Clock

HPS SD Command Line
HPS SD Data[0]

HPS SD Data[1]

HPS SD Data[?2]

HPS SD Data[3]

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

The board has two USB 2.0 typk ports with a SMSC USB3300 controlleand a 2-port hub
controller The SMSC USB3300 device in -pih QFN package interfaces with tH&MSC
USB2512B hub controller This device supports UTMI+ Low Pin Interface (ULPWhich
communicates with thedSB 2.0 controller in HPSThe PHY operates in Host modg tonnecting
the ID pin ofUSB3300to ground When operating in Host modide device is powered by the two
USB typeA ports. Figure 3-34 shows theconnections of USB PTG PHY to the HPSble 3-29
lists the pin assignment of USH' G PHYto the HPS.
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Figure 3-34 Connections between the HPS and USB OTG PHY

Table 3-29 Pin Assignment of USB OTG PHY

Signal Name FPGA Pin No. Description I/O Standard
HPS_USB_CLKOUT PIN_N16 60MHz Reference Clock Output 3.3V
HPS_USB_DATA[0] PIN_E16 HPS USB_DATA[0] 3.3V
HPS_USB_DATA[1] PIN_G16 HPS USB_DATA[1] 3.3V
HPS_USB_DATA[2] PIN_D16 HPS USB_DATA|[2] 3.3V
HPS_USB_DATA[3] PIN_D14 HPS USB_DATA[3] 3.3V
HPS_USB_DATA[4] PIN_A15 HPS USB_DATA[4] 3.3V
HPS_USB_DATA[5] PIN_C14 HPS USB_DATA[5] 3.3V
HPS_USB_DATA[6] PIN_D15 HPS USB_DATA[6] 3.3V
HPS_USB_DATA[7] PIN_M17 HPS USB_DATA[7] 3.3V
HPS _USB_DIR PIN_E14 Direction of the Data Bus 3.3V
HPS_USB_NXT PIN_A14 Throttle the Data 3.3V
HPS _USB_RESET PIN_G17 HPS USB PHY Reset 3.3V
HPS_USB_STP PIN_C15 Stop Data Stream on the Bus 3.3V

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 formatiedlébit i n t cemoplement and

can be accessed througl2C interface. The [2Caddress of &ensoris OxA6/0xA7. More
information about this chip can be foundiia datasheetwhich is available omanuf act ur e
website or in the directoryDatasheet dlder of DE1-SoC system CD.Figure 3-35 shows the
connections betweeahe HPS and &Gensor.Table 3-30 lists the pin assignment of-&nor to the
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HPS.
u28
ATE HPS_12C1_SCLK _
. » SCL_SCLK
Cyclone§V < HPS 1201 SDAT »| SDA_SDI_SDIO
SoC' L HPS_GSENSOR_INT -
HPS ADXL345
Figure 3-35 Connections between Cyclone V SoC FPGA and G-Sensor
Table 3-30 Pin Assignment of Gsenor
Signal Name FPGA Pin No. Description I/O Standard
HPS_GSENSOR_INT PIN_B22 HPS GSENSOR Interrupt Output 3.3V
HPS 12C1_SCLK PIN_E23 HPS I12C Clock (share bus with LTC) 3.3V
HPS_12C1_SDAT PIN_C24 HPS 12C Data (share bus) 3.3V

3.7.8 LTC Connector

The boardhas a 14in header, which ieriginally used to communicate with various daughte
cards from Linear Technology. It e®nnected téhe SP1 Master and 12@orts of HPS. The
communication with these two protocols isdiectional.The 14pin header can also be used for
GPIO, SPI, ot2C based communication with the HRSnnectiondbetween theHPS and-TC
connector are shown iRigure 3-36, and thepin assignment of LTC connectsrlisted inTable
3-3L
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Figure 3-36 Connections between the HPS and LTC connector

Table 3-31 Pin Assignmentof LTC Connector

Signal Name FPGA Pin No. Description I/O Standard

HPS_LTC_GPIO PIN_H17 HPS LTC GPIO 3.3V

HPS_[2C2_SCLK PIN_H23 HPS 12C2 Clock (share bus with 3.3V
G-Sensor)

HPS_12C2_SDAT PIN_A25 HPS 12C2 Data (share bus with 3.3V
G-Sensor)

HPS_SPIM_CLK PIN_C23 SPI Clock 3.3V

HPS_SPIM_MISO PIN_E24 SPI Master Input/Slave Output 3.3V

HPS_SPIM_MOSI PIN_D22 SPI Master Output /Slave Input 3.3V

HPS_SPIM_SS PIN_D24 SPI Slave Select 3.3V
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Chapter 4
DE1-SoC System
Builder

This chapter descré@s how users can create a custterign projectith the tool name®E1-SoC
System Builder

4.1 Introduction

The DE1-SoC System Builderis a Windowsbased utility. It is designed to helsers create a
Quartus Il poject for DEXSoCwithin minutes. The generated Quartus Il project files include:

1 Quatrtus Il projectife (.gpf)

1 Quatrtus Il settingile (.qsf)

1 Top-level designife (.v)

1 Synopsis dsign onstraints file (.sdc)
1 Pin assignmentatument (.htm)

The above files generated the DE1-SoCSystem Buildecan also preverdccurrence of sitations
that are prone to compilation errshen users manually edit the ttgvel design file or placeip
assignmentThe common mistakes thagars encounter are

1 Boardis damage due to incorrect bank voltage settingoor assignment.

1 Boardis malfunctiored because of wrordgvicechosendeclaration of pin location or
direction is incorrect or forgotten

1 Performance degdationdue toimproper pin assignment

4.2 Design Flow

This section providesmaintroduction tothe design flow ofbuilding a Quartus Il project for
DE1-SoC undetheDE1-SoCSystem BuilderThedesign flow is illustrated ifigure 4-1.
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The DE1-SoC System Builderwill generate two major files, a tdpvel design file (.v) and a
Quartus 1l setting file (.gsfafter users launch the DESoC System Builder and create a new
project according to their dgs requirements

The toplevel design file containa top-level Verilog HDL wrapper for users to add their own
design/logic. The Quartus Il setting file contains information such as FPGA device tyeyabp
pin assignment, and the 1/O standard for asagrdefined 1/0 pin.

Finally, the Quartus Il programmerused to download .sdfle to the developmertioardvia JTAG

interface.
v

Launch Launch rtus II and
SOC Kit System Builder ”Opegtﬁi‘oﬁct
Create New
SOC Kit System Builder Add User Design/Logic
Project
! v
Generate :
Quartus II  Project Compllg(t)%generate
and Document -

A 4

Configure FPGA

End

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

4.3 Using DE1-SoC System Builder

This sectiorprovidesthe procedurem detailson howto usethe DE1-SoCSystem Builder

A Install and Launch theDE1-SoC System Builder
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ANERAY

UNIVERSITY

PROGRAM
The DE1-SoC System Buildetis located in the directoryiToolsSystemBuilded of the DE1-SoC
Sydem CD. Users can copy the entfodder to a host computer without installing the utiligy.
window will pop up,as shown inFigure 4-2, after executing th®E1-SoC SystemBuilder.exe on
the host computer.

(bE1-soc V100 A [5)
AITERA System Configuration
U N I V E R S I TY www. terasic.com PrOJeCT Name
PROGRAM
DE1_SOC
DE1-SoC FPGA Board - )
¥l CLOCK vl 7-Segment x 6
LJ m VILEDx 10 V] Switch x 10
Lte B ¥l Button x 4 M IR TX/RX
j B . WIVGA ¥ Video-In
: VI Audio VI ADC
: VISDRAM, 32MB VI PS2
g . EIHPS
I e | GPIO-0 Header
‘ -n slwille {None v]
L) e ifegn
dltstalatititils CTelele]; - -
GPIO-1 Header
I Save Setting ] [ Generate ] [None vJ
Prefix Name: [
| lomdsSettng | | Exit

Figure 4-2 The GUI of DE1-SoC System Builder

A Enter Project Name

Enter theproject namen the circled areags show in Figure 4-3.

The project name typed in wibe assignedutomatically as the name of your tlgvel design
entity.
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(DE1-S0C V100 7 5]
AITERA System Configuration
UNIVERSITY Project Name:

PR OGRA MJ Y erasic.com 6E1 G . |
DE1-SoC FPGA Board C - )

¥ CLOCK ¥l 7-Segment x 6
W n VAT AT MILEDX 10 ] Switch x 10
: ; = | Button x 4 IR TXIRX
¥ | = '* VIVGA ¥l Video-In
i ¥ Audio VIADC
. 2 VISDRAM, 32MB v PS2
2 . BHPS
I s T | GPIO-0 Header
— BE RS (Nore Y
e Prefix Name:
dRslitatitattit: wIelele] - -
GPIO-1 Header
[ Save Setting ] l Generate l [None 'I
Prefix Name:
| loadsSetng | | Exit

Figure 4-3 Enter the project name

A System Configuration

Users are given the flexibilityn the System Configuration to include theioate of components in
the project, as shown iRigure 4-4. Each componendnboard is listed andsers can enable or
disableone or more componeng will. If a component is enabled, tl¥E1-SoC System Builder
will autorratically generate its associated pin assignmealyding the pin name, pin location, pin
direction, and 1/O standard.
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(DE1-50C V100 A : =50
AITERA System Configuration
U N I VE RSITY www. terasic.com PrOJeC.t Name
PROGRAM
DE1_S0OC
DE1-50C FPGA Board
(@ cLock ¥ 7-Seqmentx6 )
W n VAT AT MLEDX 10 ] Switch x 10
i ; . [¥] Button x 4 V] IR TX/RX
q = - FIVGA ¥l Video-In
- ¥l Audio ¥ ADC
: 2 VISDRAM, 32MB ¥ PS2
g . \C HPS )
I e | GPIO-0 Header
| T
0 Glo G [None v]
LJ -] L] L)
dlulutEtElEEEEE CISIele!; .-
GPIO-1 Header
[ Save Setting J l Generate I [None v]
Prefix Name: "
| loadSetng | | Exit

Figure 4-4 System configuration group

A GPIO Expansion

If usersconnectany Teraic GPIO-based daughter card to the GPIO connector(s) on$if], the
DE1-SoC System Builder can generate a project that include the corresponding module, as shown
in Figure 4-5. It will also generate the associdtpin assignmerdautomaticallyjncluding pin name,

pin location, pin direction, and I/O standard.

asiC DEX SoC User Manual 57 wwvw.terasic.com
March 14, 2014

www.terasic.com



http://www.terasic.com/
參考/03.14.2014/參考/03.14.2014/參考/03.13.2014/參考/03.07.2014/參考/02.19.2014/www.terasic.com

(DE1-S0C V100 A 5)
AITERA System Configuration
UNIVERSITY www. terasic.com PrOJeC.t Name
PROGRAM
DE1_SQC
DE1-SoC FPGA Board -
¥l CLOCK ¥ 7-Segment x 6
W n VAT AT MLEDX 10 ] Switch x 10
i : ; e ¥| Button x 4 IR TXIRX
| " = VIVGA vl Video-In
! ¥l Audio ¥ ADC
. 2 VI SDRAM, 32MB ¥ PS2
g _ EIHPS
I | GPIO-0 Header
06864 |DM - M Pixel Camera |
LJ L L)
dsiutatatetititas CTelele], -~
GPIO-1 Header
l Save Setting l l Generate I [None v]
Prefix Name: |
| loadSetng | | Exit

Figure 4-5 GPIO expansion group

The fAPr ef amxoptiNnalfeatore thas dendtee pin name of thdaughter card assigned in
your designUsers may leave this field blank

A Project Setting Management

The DE1-SaC System Builderlso provideshe optionto load a setting osave u s ecureeid board
configuration in .cfg file, ashown inFigure 4-6.
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Figure 4-6 Project Settings

A Project Generation

When users press th&enerate button, the DE1-SoC System Builderwill generate the
corresponding Quartus 1l files andalmnentsas listel in Table 4-1:

Table 4-1 Files generated bythe DE1-SoC System Builder

No. | Filename Description

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

2 <Project name>.qpf Quartus Il Project File

3 <Project name>.qgsf Quartus Il Setting File

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

Users caradd custom logic into thergjectin Quartus lland compile the project to generate the
SRAM Object File (.sof).
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