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Chapter 1
DE1-SoC
Development Kit

The DE1-SoCDevelopment Kit presents a robust hardware design platform built around the Altera
Systemon-Chip (SoQ FPGA, which combines the lateduatcore CortexA9 embedded cores
with industryleading programmable logic for ultimate design flexibility. Users can now leverage
the power of tremendous-oenfigurability paired witha high-performance, lowpower processor
system. Aihtdgmatsan ARM-Hasedhard processor system (HPS) congistiprocessor,
peripherals and memory interfaces tied seamlessly with the FPGA fabric usinglzahdyaidth
interconnect backbone. THBE1-SoC development boards equipped withhigh-speed DDR3
memory, video and audio capabilities, Ethernetvoeting, and much more that promise many
exciting applications.

The DE1-SoC Development Kitcontains all the tooleeeded to use thHmardin conjunction with a
computer that runs the Microsoft WindoX® or later

1.1 Package Contents

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

[
DE1-SoC

R @ DE1-SoC Board

& ® DE1-SoC Quick Start Guide
s © Type A to 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 TheDE1-SoC developmenboard

1 DE1-SoC Quick Start Guide

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

1 12V DC poweradapter

1.2 DE1-SoC System CD

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

1.3 Getting Help

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

7 Altera Corporation
9 101 Innovation DrivéSan Jose, California, 95134 USA

Email: university@altera.com

1 Terasic Technologies
1 9F., N0.176, Sec.2, Gongdao 5th Rd, East Disin¢hu City, 30070. Taiwan

Email: support@terasic.com

Tel.: +886-3-575-0880

Website 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 of the boartt depicts the layout of theoard and indicates the
location of the connectors and key components.
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Power DC Jack
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ADC Header R
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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 theard

A

=4 =4 -4 4 -4 -4 _-9_-9_9_-9_-9_-9_-9_-25-°2-2

>

=4 =48 4 -8 4 -4 -4 -9 -5 -9

FPGA

Altera Cyclone® VSE 5CSEMA5F316N device

Altera serial onfiguration devicd EPCS128

USB-Blasterll onboardfor programming; JTAG/ode

64MB SDRAM (16-bit data bus)

4 pushbuttors

10 slide switches

10 red user LEDs

Six 7-segment displays

Four50MHz clock sourcefom theclock generair

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

PS/2 mouse/keyboard connector

IR receiverand IR enitter

Two 40-pin expanson header with diode protection

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

HPS (Hard Processor System)

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

1 Gigabit Ethernet PHY with RJ45 connector

2-port USB Hostnormal TypeA USB connector

Micro SD card socket

Accelerometer (12C interface + interrupt)

UART to USB USB Mini-B connector

Warm eset buttorand cold reset button

One user button and one user LED

LTC 2x7 expansion header

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 systn design.
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8. . 25MHz Clock Input
{ (Clock Generator x1)
Normal Type-B
X2
[ | v * ‘ v
@ I
PSsi2 P> .
| Micro
=== X6 Pl SD Card
SDRAMx1664 MB  |ReEces )
RGM" ﬁ— U U Ethernet
L.J
s spu Viceo DAC Ve sl m ae
VGA (8 bit) A
’ x12 > 5CSEMA5F31C6N USB Host
Video-In r‘_ﬁ—b w Normal Type- Al
% X72 SDRAM x32 1 GB
Line Out
g FPGA
Line In HPS I12C 12C
x2 ‘_,
From HPS _[switch Control W Q
IR RX x1 > USB Mini-B
x1
oD e
Clock(Clock Generator) —Xi—b
= FPGA HPS ﬂ 2x7 LTC Header
h A
Tea Txr0 |xa2 |x10 X6 l’“ X1 |x1 x1
-»
I
HPS HPS WARM
Push Button x4 usrED {7 e Rak
YYVVVVVVVY uon
‘ ddddddnannn
LED x10
~ Slide Switch x10 L 20 2K 2K 2k 2.
BEBEHE

7-Segment Display

Figure 2-3 Block diagram of DE1-SoC

Detailed information aboutigure 2-3 are listed below.

FPGA Device

Cyclone V SoGCSEMAS5F31Device
Dualcore ARM Catex-A9 (HPS)
85K programmable logiclements
4,450Kbits embedded memory

6 fractional PLLs

2 hard memoryantrollers

= -4 —a —a 8 9
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Configuration and Debug

1 Quadserial onfiguration devicé EPCS128on FPGA
1 Onboard USBBIlaster Il fiormaltype BUSB connector)

Memory Device

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

Communication

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

10/100/1000 Ethernet

PS/2 mouse/keyboard

IR emitter/receiver

12C multiplexer

E N

Connectors

1 Two 40pin expansion éaders

1 One 16pin ADC input feader

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 microphone jacks
Video | nput

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

1 Fast throughput rate: 5003S
9 Channel numbeB

1 Resolution: 12bit

1 Analog input range0 ~4.096

Switches, Buttons, and I ndicators

1 5user KeygFPGA x4, HPS x)

1 10 wser swithes(FPGA x10)

1 1l userLEDs (FPGA x10, HPS x1)

1 2 HPS resetittons (HPS_EBSET _nand HPS_WARM_RST _n)
1 Six 7-segment displays

Sensors

1 G-Sensor on HPS
Power

1 12V DC input
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Chapter 3
Using the DE1-SoC
Board

This chapter provides an ingction to useéheboardand describes theeripherals

3.1 Settings of FPGA Configuration Mode

Whenthe DEXSoCboard is powexrd on, theFPGA can be configured from EB®r HPS. The
MSEL[4:0] pins are usedo selectthe coffiguration schemdt is implementd as 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( A0O0)
SW10.2 MSEL1 Use th ins t t the FPGA OFF( A lo)
se these pins to set the
SW10.3 MSEL?2 . p ON( A0O0)
Configuration scheme —

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

Figure 3-1 shovs MSEL[4:0] setting of AS modewhich is also thelefaultsetting onDE1-SoC
When the board is powad on, the FPGA is configudsfrom EPCS which is preprogrammed with
the default code. If developers wish to reconfigure FPGA from an application seftwaning on
Linux, the MSEL[4:0] needs to be sdb A0101® before the programming procebegins If
developers using the "Linux Console with framéfer" or "Linux LXDE Desktop"SD Card image,
the MSEL[4:0] needs to be séb il0000® b etlieboard § poweedon.

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

10010 AS FPGA configured from EPCS (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 hmed supporteé by DEXSoC:

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

The configuration bit stream is dowalded directly into the Cyclone SoOCFPGA. 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 configuration bit stream is downloaded intodbead serial configuration devicERCS.28),

which provides nonvolatile storage for the bit streamhd information is retainedithin EPCS128
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evenif the DEL-SoC boardis turned off. When the boardpeweedon, the configuration data in
theEPCS128levice is automatically loaded into the Gyut VSoCFPGA.

A JTAG Chain on DE1-SoC Board

The FPGA device can be daggured through JTAG interface on DESoC boardbutthe JTAG
chainmust form a closgloop, 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 l
HPS_TDI
BLASTER_TDO » HPS_TDI
i /NATERVA.
— c,vclone?V
USB Blaster Il 0o SoC
Connector =

Figure 3-2 Path of the JTAG chain

A Configure the FPGA in JTAG Mode

There are two deges (FPGA and HPS) on the JTARain The following show$ow the FPGA is
programmed iITAG mode step by step.

1. Open the Quartus |1 progr ammeRgu@air3d cl i ck n

aslcC CEZ SoC User Manual 14 www.terasic.com
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‘ Programmer - [Chain3 cdf]

Fle Edit View Processing Tools Window Help 5 Search altera.com

£, Hardware Setup...| DE-SoC [USB-1] Mode: |JTAG v|  Progress: [ ]

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

! & ; File Device Checksum | Usercode Program/ Verify Blank- Examine
ptiStart | | Configure Check

wih Stop

i Delete

L Change File...r

[l save File

_ﬂuT

T pown

Figure 3-3 Detect FPGA device in JTAG mode

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

i il
% Select Device u

Found devices with shared ITAG ID for device 1. Please select your device.

() SCSEBAS

() 5CSTFDSDS
| ) 5CSXFCSCE
i) SCSXFCSD6

o ]

Figure 3-4 Select 5CSEMADS device

3. Both FPGA ad HPS are detected, as simow Figure 3-5.
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-
% Pregrammer - [Chainl.cdf]*

mlﬁlg

‘f"_,‘ Change File...
[ save File
[ Add Device...

File Edit View Processing Tools Window Help 5 Search altera.com )
j' Hardware Setup... | DE-50C [USE-1] Mode: [JTAG - Progress: ]
[ Enable real-time ISP to allow background programming (for MAX 1T and MAX V devices)
0 Filz Device Checksum Usercode Program Examing
et Start Configure
E <nonex SOCVHPS 00000000 <none x
Stop
<none SCSEMAS 00000000 <none
&l Auto Detect
JL Delete

m

T up
Jl% Down

SOCVHPS

SCSEMAS

Figure 3-5 FPGA and HPS detected in Quartus programmer

4. Right click on the FPGA device ar@penthe.sof fileto be prgrammedashighlightedin
Figure 3-6.
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A
% Programmer - [Chainl.cdf]* - - - , P E‘Elg

le Edit View Processing Tools Window Help 5 Search altera.com @

j. Hardware Setup...| DE-SoC [USB-1] Mode: |JTAG ) Progress: ]

[7] Enable real-time 15P to allow background programming (for MAX IT and MAX V devices)

il

m File Device Checksum Usercode Program/ Werify Blank- Examine
ll Start Configure Check
2 Stop <nonge SOCVHPS 00000000 <none
<none> fscgmns I I D D
ﬂ' E— #  Delete Del
Select All Ctrl+A
Add File...
Iﬁ jidd fleay % Change File
% Change File... Save File
< [
[l save File Add IPS File...
I E ‘Add Device Change IPS File... i
Delete IPS File I
.
Add PR Programming File. ..
ﬂ.% Down . . i
Change PR Programming File...
Delete PR Programming File
SOCVHPS
100 Attach Flash Device... tl
— .
Change Flash Device...
Delete Flash Device
B Add Device...
Change Device '
T4 up |

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

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

iy Select New Programming File
- - T T O O O O O W W - - s

Look in: ’g. D:\de1_socltrunk\cd\CD_HW_revC.. strations\FPGADE1_SoC_Default v] QO O L [%]

-‘& My Computer | | @ demo_batch
. hc_output
a user o

Il ) VGA_DATA
=
& | DE1_SoC_Default.sof I

H
File name: | | Cpen
Files of type: [Programming Files {*.sof =.pof *.jam =.jbc *.ekp *.jic) - ] [ Cancel ]
Figure 3-7 Select the .sof file to be programmed into the FPGA device
CEZ SoC User Manual 17 www.terasic.com
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6. Click AProgr am/ Comd itghie re oatiorhie dowriiocddioacoftfile b
into the FPGAdevice,asshown inFigure 3-8.

5
\‘.hprogrammer—ichainl.cdﬂ* -— — e W —— - = | B |
File Edit Wiew Processing Tools Window Help 2 Search altera.com @
’3' Hardware Setup...| DE-SoC [USB-1] Mode: Progress: J
[7] Enable real-time ISP to allow background programming (for MAX II and MAX V devices)
% File Device Checksum Usercode Program/ Verify Blank- Examine
Confiure Creck
o Stop <none = SOCVHPS 00000000 <none f
aitl Sitoy
D:jde1_soc/trunkfcd/CO_... SCSEMASF31 03838274 03838274
2 Auto Detect
Delete
[ Add Fie...
*i Change File. ..
= 1 3
A Save File
[*# Add Device...
Thup ABERA RN
TDI
L% pown — — | »
SOCVHPS SCSEMASF31
TDO
4

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

A Configure the FPGA in AS Mode

1 TheDE1-SoCboardusesa quad serial configuratn device EPCS128to storeconfiguration
data for theCyclone V SoC FPGAThis configuration data is automatically loaded from the
guad serial configuration device chip into the FPGA when the board is powered up.

1 Users need to useaial Flash Loader (SFLp program the quad serial configuration devic
via JTAG interface. The FPGAased SFL is a soft intellectual property (IB)ecwithin the
FPGA that bridge the JTA@ndFlash interfaces. The SFL Mdgaction isavailablein
Quartus Il Figure 3-9 shows the prgramming method when adopti&gL solution

1 Please refer t€hapter9: Steps of Programming the Quad Serial Configuration Dduicthe
basic programming instructn on the serial configuration device
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/NETERA,

Cyclone?V
SoC
Quartus Il ' ASFL Image ’ / oo Ih
Programmer  [FS=R=1EEE ] toBridge M o\ AS x4 Col:%gur:::in

The JTAG
and ASMI

Circuit

Device

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

3.3 Board Status Elements

In addition to the 10 LEDs that FPGA device can control, there ardi¢ators wich can indicate
the boardstatus(SeeFigure 3-10), please refer the details Table 3-3

Clzl=lzl=lsl=l=1=1= &

Figure 3-10 LED Indicators on DE1-SoC
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Table 3-3 LED Indicators

Board Reference LED Name Description
D14 12-V Power Illuminate 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 resets shown in
Figure 3-11. Table 3-4 describes the purpose of these two HPS reset buftanse 3-12 is the
reset tredor DE1-SoC

HPS_WARM_RST n e e e e e S Sy Sy o :
en bl bl bl b bl b 1 41 | Sy

HPS_RESET n

Figure 3-11 HPS cold reset and warm reset buttons on DE1-SoC
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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 . P
- - — |system reset domain for debug purpose.
USB Blaster Il JTAG
Connector
PIN 6
VCC3P3
KEY 7
_-_ - HPS_WARM_RST n
o HPS_NRST
WARM_| RST
Veeses HPS_RESET_n
= = HPS_NPOR
KEY 5 DEV_CLRN
Il — HPS_ENET_RESET_n DNI
e o O / 11 —@ ®
HPS_RESET n
= E—1 GP1042
10/100/1000 Base-T
Ethernet PHY
KSZ9021RN
RESET_N
USB 2.0 OTG PHY
HPS_RESET_PHY >C ! USB3300

Inverter RESET

Figure 3-12 HPS reset tree on DE1-SoC board

3.5 Clock Circuitry

Figure 3-13 showsthe default frequencegf all external clockdo the Cyclone V SoCFPGA A
clock generatoris used to distribute clock sigsalvith low jitter. The four 50MHz clock signals
connected to the FPGAre usedas clock sourcesor user logic.One 25MHz clock signalis
connected tdawo HPS clock inputsand the other ones connected to the clock input of Gigabit
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Ethernet TransceiverTwo 24MHz clock signals are connected ttze clock inpus of USB
Host/OTG PHY and USBUb controller.The associated pin agamentfor clock inputs to FPGA
I/O pins islisted inTable 3-5.

Si5350C
/ANO[S RYA),
Cyclone?_V
CLOCK_50(50MHz) » CLkop >°¢€
CLOCK2_50(50MHz) N
» CLK2P
CLOCK4_50(50MHz) » CLK6P
CLOCK3_50(50MHz)
> CLK4P
HPS_CLK_25(25MHz)
> HPS_CLK1
S » HPS_CLK2

Gigabit
Ethernet

ENET_CLK_25(25MHz) XI Transceiver

USB Host PHY
USBPHY_CLK_24(24MHz) -

2-port Hub
USBHUB_CLK_24(24MHz) XI Controller

Figure 3-13 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
DEX SoC User Manual 22 wWwvw.terasic.com
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3.6 Peripherals Connected to the FPGA

This section describes the interfacesinectedo the FPGAUsers can control or monitdifferent
interfaces with user logic from tld>GA

3.6.1 User Push -buttons , Switches and LEDs

The board has four pudiuttors connected tadhe 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 pushbuttons connectedrhe four pustbuttons named
KEYO, KEY1,KEY2, and KEY3 coming out of the Schmitigger deviceare connected directly to
the Cyclone V SoOFPGA. The pustbuttongenerates a lovogic levelor highlogic levelwhen it
is pressd or not, respectivelySince the pustuttors aredebounced, they can be usasiclock or
reset inputs in a circuit.

VCC3P3

KEY0 é ; g
.
—O 0, o
KEYO
KEY1 [P  AA14
KEY1 =
—O O s ANATERVA
KEY2 74HC245 KEY?2
. Y wis Cyclqsngf?v
'®) o
O KEY3
Y16
KEY3
B
—O &,

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

Before

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

Schmitt Trigger
Debounced

A
v

Figure 3-15 Switch debouncing

There ardenslide switches connected the FPGA as shown irFigure 3-16. These switches are
not debounce@ndto be used akevelsensitive dta inputs to a circuit. Eachvich is connected
directly and individually tahe FPGA. When the switch set tothe DONN position (towardshe
edge of the board), it generatedow logic level to the FPGAWhen the switch iset tothe UP
position a hgh logic levelis generated to the FPGA

/NOERYA

Cyclone?V
SoC

TAE12TA AE1 1TAD12TAD1 1TAF1 OTAFQ TAC12TAB12 Logic™1”
E E ;

SW9 Sw8 SW7 SW6 SW5 Sw4 SwW3 SWw2 SW1 SWO0 Logic”0”

Figure 3-16 Connections between the slide switches and the Cyclone V SoC FPGA
There are alstenusercontrollable LEDs connected the FPGA Each LED is driven dectly and

individually by the Cyclone V SoCFPGA driving its associated pin to a high logic lewellow
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level to turnthe LED onor off, respectivelyFigure 3-17 shows the connections between LEDs and
Cyclone V SoC FPGA Table 3-6, Table 3-7 and Table 3-8 list the pin assignmentof user
pushbuttons, switches, and LEDs

B LD LEDO
PIN_W16 _LED LED1
PIN_ V17 -LEDZ A A -LEDZ 5177
— PIN_V18| —LER3 A A ALERS 177
AIEI-EQA PIN_ W17 —=ER4 A AED4 177
PIN_W19 —SEBS A A LEDS 177
Cyclonev 7o LEDS |\ LEDC 7
PIN_W20
PN W21 ~LEDB A A LEDS 5177
PIN. Y21 -LEDS A LEDO 1177

Figure 3-17 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
SWIO0] 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][0] 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
aslcC DEL SoC User Manual 25 wyw.terasic.com
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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
LEDRJ[1] PIN_W16 LED [1] 3.3V
LEDR[2] PIN_V17 LED [2] 3.3V
LEDRJ[3] PIN_V18 LED [3] 3.3V
LEDR[4] PIN_W17 LED [4] 3.3V
LEDR[5] PIN_W19 LED [5] 3.3V
LEDRJ[6] PIN_Y19 LED [6] 3.3V
LEDR][7] PIN_W20 LED [7] 3.3V
LEDR[8] PIN_W21 LED [8] 3.3V
LEDR[9] PIN_Y21 LED [9] 3.3V

3.6.2 7-segment Displays

The DE1-SoC board hassix 7-segment displays. These displays paged to displaynumbersin
various sizesFigure 3-18 showsthe connectionof seven segments (common anode) to pins on
Cyclone VSoCFPGA. The segment can be turned on or off bplging a low logic levebr high
logic level from the FPGA, respectively.

Each segment in a display iidexed from O to 6, with correspondipgsitions given inFigure
3-18. Table 3-9 shows thepin assignmentf FPGA to the ’segment displays.

HEXO0[0]

HEXO[1]

éAS D E, DH %Q

HEXO[4] Cyc ’osng:§m V
O

&L o
m m
x x
S |2
< (=

ox
m
x
k=]
Kol

HEX0[6]

$$33333

Figure 3-18 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]
HEXA4[0]
HEXA4[1]
HEX4[2]
HEXA4[3]
HEX4[4]
HEXA4[5]
HEX4[6]
HEX5[0]
HEX5[1]
HEX5[2]
HEX5[3]
HEX5[4]
HEX5[5]
HEX5[6]

asic]

www.terasic.com

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 O[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 headerEachheadehas 36 user pins connected direttiyhe
Cyclone VSoCFPGA It alsocomes withDC +5V (VCC5), DC +3.3V (VCCRB3), and two GND
pins. Themaximum power consumption allowed fodaughter cardonnected to one or twGPIO
portsis shownin Table 3-10.

Table 3-10 Voltage and 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 coruketo two diodes and a resisfor protection against
high orlow voltage level Figure 3-19 shows the protection circuitgpplied to all 2x36 data pins.
Table 3-11 shaws the pin assignment of two GPIO headers

VCC3P3 P

AEERA _ GPIO_0[35.0]

oy
Cyclosgg, | 4

W4

)
L

Figure 3-19 Connections between the GPIO header and Cyclone V SoC FPGA

Table 3-11 Pin Assignmentof Expansion Heades

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
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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]

www.terasic.com

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
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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]
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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_AK26 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_1 [28] PIN_AH22 GPIO Connection 1[28] 3.3v
GPIO_11[29] PIN_AG22 GPIO Connection 1[29] 3.3V
GPIO_1 [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 microphiondine-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 inFigure 3-20, 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 found on the manufactud s sitew erbin the directory
\DE1 SOC datasheetdudio CODECof DE1-SaC System CD.
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Figure 3-20 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
[2C_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 3-21 shows the connection of 12C multiplexerthe FPGA and HR$HPS
can access Audio CODEC and TV Decodlend only iftheHPS 12C_CONTROIsignal is set to
high. Thepin assignmentf I12C busis listed inTable 3-13.
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Audio CODEC
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HPS/ARM | FPGA/Qsys

SoC FPGA

Figure 3-21 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 12C1_SCLK |PIN_EZ23 12C Clock of the first HPS I12C concontroller 3.3V

HPS_ [2C1_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
syndronization signals are generatdulectly from theCyclone V SoCFPGA and the Analog
Devices ADV7123 triple 1bit high-speed video DAC (only the higherfs are usediransforms
signals from digital to analog to represent three fundamental qokmts green, and blue). ¢dan
supportup toSXGA standrd (1280*1024) with signals transmittedl®i0MHz.Figure 3-22 shows
the signals connected between the FPGA and VGA.
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Figure 3-22 Connections between the FPGA and VGA

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

found on websitenowadays Figure 3-22 illustrates the basic timing requirements £ach row
(horizontal)displayal on a VGA monitor. An activow pulse of specific duration is applied to the
horizontal synchronization (hsync) input 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 bdrigéin(to 0 V) for a

time period called the back porch (b) after the hsync pulse occurs, which is followed by the display
interval (c). During the data display interval the RGB data drives each pixel in turn across the row
being displayed. Finally, thers ia time period called the front porch (d) where the RGB signals
must again be off before the next hsyncsputan occur. The timing ofrtical synchronization
(vsync) issimilar to the oneshown inFigure 3-23, except that a vsync pulse signifies the end of
one frame and the start of the next, and the data refers to the set of rows 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 vertical timing.

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

CD. The pin assignment between tBgclone V SoCFPGAand the ADV7123 idisted in Table

3-16.
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Figure 3-23 VGA horizontal timing specification
Table 3-14 VGA Horizontal Timing Specification
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(60Hz) 1024x768 2.1 2.5 158 0.4 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[O] PIN_A13 VGA Red[0] 3.3V
VGA_RJ[1] PIN_C13 VGA Red[1] 3.3V
VGA_R[2] PIN_E13 VGA Red[2] 3.3V
VGA_RJ[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_R[7] PIN_F13 VGA Red[7] 3.3V
VGA_G[0] 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_G[4] PIN_G11 VGA Green[4] 3.3V
VGA_G[5] PIN_G12 VGA Green[5] 3.3V
VGA_G[6] PIN_F11 VGA Green[6] 3.3V
VGA_GI[7] PIN_E11 VGA Green[7] 3.3V
VGA_BJ0] PIN_B13 VGA Blue[0] 3.3V
VGA_BJ[1] PIN_G13 VGA Blue[1] 3.3V
VGA_BI[2] PIN_H13 VGA Blue[2] 3.3V
VGA_BJ3] PIN_F14 VGA Blue[3] 3.3V
VGA_BI[4] PIN_H14 VGA Blue[4] 3.3V
VGA_BJ5] PIN_F15 VGA Bluge[5] 3.3V
VGA_B[6] PIN_G15 VGA Blue[6] 3.3V
VGA_BJ[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 nalog Device ADV7180 TV decoder chip. The
ADV7180 is an integrated video decoder whigutomatically detects and converts a standard
analog baseband television sigh@TSC, PAL, and SECAM) into 4:2:2 component video data
which iscompatible with the ®it ITU-R BT.656 interface standard. The XD180 is compatible
with wide range of video devices, including DVD players, téyased 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 busy the Cyclone V
SoCFPGAor HPS Note that the 12Cddress W/R of the TV decoder 4is 0x40/0x41. The pin
assignmentof TV decoderis listed in Table 3-17. More information abouthe ADV7180is

avail abl e on t he ,mamtoetireactoty\DE1eSOG satasheel®isléo tDecoder
of DE1-SoCSystem CD.
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Amm B [ D-CLK27 LLC AIN1 4—."/‘/

TD_RESET_N —
Cycl%ng;@V — RESET RCA JACK
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\ 4

OSC 28MHz XTAL
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Figure 3-24 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 [0] 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
[2C_SCLK PIN_J12 or PIN_E23 I2C Clock 3.3V
I2C_SDAT PIN_K12 or PIN_C24 I2C Data 3.3V
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3.6.8 IR Receiver

Theboardcomes withan irfrared renotecontrol receiver radule (model: IRMV538/TR1), whose
datasheet is provided thedirectory\DatesheetsIR Receiver and Emittesf DE1-SaC system CD.
The remote contrglwhich is optional and can be ordered from the webk#ées,an encoding chip
(uPD6121Q built-in for generatinginfrared signals.Figure 3-25 shows the connectioof IR
receiverto the FPGATable 3-18 shows thepin assignment of IR receiver to the FPGA

VCC3P3

U35

IRDA_RXD
®

vceesrs O vce
Cyclone?..v
SoC
GND
@ CHASsSIS

Figure 3-25 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 IRretter LED for IR communicatiorwhich is widely used for operating
television device wirelessly from a short kogsight distancelt can also be used to communicate
with othersystemdy matching this IR emitter LED with another IR receiver on the other side.
Figure 3-26 shows theonnection ofR emitter LEDto the FPGATable 3-19 shows thepin
assignmenof IR emitterLED to the FPGA.
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Figure 3-26 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 1éit data ling controlline, and address lineonnected to the FPGANhis chip uses the
3.3V LVCMOS signaling standard. Connections betw#enFPGA and SDRAM are shown in
Figure 3-27, andthe pin assignmems listed inTable 3-20.
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Table 3-20 Pin Assignment of SDRAM

Figure 3-27 Connections between the FPGA and SDRAM

32Mx16 SDRAM

D[15..0]
A[12..0]
BA[1..0]
CLK
CKE
LDQM

uDQM
nWE
nCAS
nRAS
nCS

Signal Name FPGA Pin No. Description I/O Standard
DRAM_ADDR[0] PIN_AK14 SDRAM Address[0] 3.3V
DRAM_ADDRJ[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_ADDRJ[4] PIN_AB15 SDRAM Address[4] 3.3V
DRAM_ADDR[5] PIN_AC14 SDRAM Address[5] 3.3V
DRAM_ADDRJ6] PIN_AD14 SDRAM Address[6] 3.3V
DRAM_ADDR[7] PIN_AF15 SDRAM Address[7] 3.3V
DRAM_ADDRJ8] PIN_AH15 SDRAM Address[8] 3.3V
DRAM_ADDRJ[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_DQIO0] PIN_AK6 SDRAM Data[0] 3.3V
DRAM_DQ[1] PIN_AJ7 SDRAM Data[1] 3.3V
DRAM_DQ[2] PIN_AK7 SDRAM Data[2] 3.3V
DRAM_DQI3] PIN_AKS8 SDRAM Data[3] 3.3V
DRAM_DQ[4] PIN_AK9 SDRAM Data[4] 3.3V
DRAM_DQI5] PIN_AG10 SDRAM Data[5] 3.3V
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DRAM_DQI[6] PIN_AK11 SDRAM Datal[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_DQJ10] PIN_AJ9 SDRAM Data[10] 3.3V
DRAM_DQ[11] PIN_AH9 SDRAM Data[11] 3.3V
DRAM_DQJ[12] PIN_AHS8 SDRAM Data[12] 3.3V
DRAM_DQ[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[O0] 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 Port

The DEL-SoC board comes witla standard PS/2 interface and a connector for a PS/2 keyboard or
mouse.Figure 3-28 shows the connection &S/2 circuitto the FPGA. Wers can use the PS/2
keyboard and mouse on the DEC board simultaeously by &S/2 ¥Cable as shown irFigure

3-29. Instructions on how to ugeS/2 mousandbr keyboard can be found on various education
websites. The pin assignment associated to this interfabeven inTable 3-21.

@
o Note. If users connect only one PS/2 equijpment, the PS/2 signals connected to the FPGA I/O

shoul d be PS2 CLK and PS2 DAT
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AD7 < PS2CLK \f\f\'
PS2_CLK2
AD9 ——= \/\[\,
/ANO[S RYA\
®
Cyclone,§,V
SoC 12
AEo < PS2.DAT2 \f\/\'
PS2_DAT
AE7 —= \/\/\,

Figure 3-28 Connections between the FPGA and PS/2

i~ <

@

Figure 3-29 Y-Cable for using keyboard and mouse simultaneously

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

TheDE1-SoC has an analotp-digital converér (LTC2308, which features lowoise

eightchannel CMOS 1-bit. This ADC offers conversion throughput rafe to500KSPS The

analog input range for all input chais can be 0 V td.096v. The internal conversion clock allows
the external serial outpdfta clock (SCK) to operate at any frequency up to 40MHzan be
configured to accemight input signals at inpufsDC_INO throughADC _IN7. Theseeight input
signals are connected aa2»5 header, ashown inFigure 3-30.

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

VCC5 ADC_INO
ADC_IN1 ADC_IN2
ADC_IN3 ADC_IN4
ADC_IN5 ADC_IN6
ADC_IN7 GND

Figure 3-30 Signals of the 2x5 Header

Figure 3-31 shows the connectiotetween the FPGAX5 headerand theA/D converter
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LTC2308CUF

ADC_INO

ADC_IN1
ADC_IN2
2x5 ADC_IN3

ADC_IN4
ADC_IN5
ADC_IN6
ADC_IN7

ADC_SCLK
A0 o
ADC_DIN {A! I:l = = A
®

ADC_DOUT
=

S Cyclone?V
SoC

Header

Figure 3-31 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_AK3 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 connected to the HPS section@fdbee V SoCFPGA.
Userscan access these interfaces via the HPS processor.

3.7.1 User Push-buttons and LEDs

Similar tothe FPGA, the HPS also has #st of switchesbuttons, LEDs, and othenterfaces
connected exclusivelyyserscan control these interfaces to monitor the stat$Rs.

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

Sighal Name HPS GPIO
HPS_KEY GPIO54 GPIO1[25]
HPS_LED GPIO53 GPI101[24]

3.7.2 Gigabit Ethernet

The board supports GigabEthernettransfer byan external Micrel KSZ9021RN PHY chip and
HPS Ethernet MAC function. The KSZ9021RN chip with integrat@f100/1000 Mbps Gigabit
Ethernet transceivealso suppors RGMII MAC interface Figure 3-32 shows the connectign

Register/bit

between thédPS,Gigabit Ethernet PHYand R35 connector

Function
/0
/0

The pin assignment associated @galt Ethernet interfaceis listed in Table 3-24. More

information about th&KSZ9021RNPHY chip andits datasheetas well as thapplication notes,

wh i

asic]

ch are avail able on the manufacturer 6s
us J10
HPS_ENET_TX_DATA[3..0] —
| | HPS_ENET_GTX_CLK: GTX_CLK
HPS_ENET_TX EN | oo -\
L - MDI_HPS N
g HES ENET R DATAIR. 0] RXDI[3..0] TXRXP |« —————| TRD+
— MDI_HPS P
. ¢ HPS ENET_RX_CLK RX_CLK TXRXM |« == TRD-
& ey < HPS_ENET RX DV_| o ~v
yclones"c,w HPS_ENET_MDC | |\~
HPS LED2 DUAL_1
< HPS—ENET—MDIO= MDIO LED1 |« LEDZ_DUAL_Z LEDY-
K HPS_ENET_INT_N LEC2 % LEDG:
= = = |INT_N
HPS ENET RESET_N
—l_—O._c = = = RESET_N
—_— ENET_CLK_25
— > Xl
KSZ9021RN RJ45

Figure 3-32 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 MII 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 MII 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 MII receive data[0] 3.3V
HPS_ENET_RX_DATA[1] PIN_B20 GMIl and MII 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 MII receive data[3] 3.3V
HPS_ENET_RX CLK PIN_G20 GMIl and MII 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 represent the status of
Ethernet PHY (KSZ9021RNI)The LED control signals are connected tttee LEDson the RJ45
connectorThe state and definition of LEDG and LEDY are listediable 3-25. For instancethe
connection from board to Gigabit Ethernet is established tyeceEDG 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 interfae connected for communication with thH#*S. This interface

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

onboard bridge frona FT232Rchip to the host withan USB Mini-B connectorMore information
abouttheclpi s avail able on t he mdmaofydatdsheetdARB O we b s
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/AVO[S RYAN

UNIVERSITY
PROGRAM

USB of DE1-SaC system CD.Figure 3-33 shows the connections between the HPS, FT232R 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

HPS HPS_CONV_USB_n USB Mini-B Connector

< CBUS3

HPS_RESET_UART_n

| - HPS_RESET_n
| FT232R

Figure 3-33 Connections between the HPS and FT232R Chip

RESET

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 board spports IGB of DDR3 SDRAM comprising of two x1bit DDR3 devicen HPS side

The signals are connected to the dedicated Hard Memory Controller for HPS I/O banks and the
target speed is 400 MHZable 3-27 lists the pin assignment dDDR3 and itsdescription withl/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 |
HPS_DDR3_A[6] PIN_F29 HPS DDR3 Address[6] SSTL-15 Class |
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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_DM[0]
HPS_DDR3_DM[1]
HPS_DDR3_DM[2]
HPS_DDR3_DM[3]
HPS_DDR3_DQI0]
HPS_DDR3_DQI[1]
HPS_DDR3_DQI[2]
HPS_DDR3_DQ[3]
HPS_DDR3_DQI[4]
HPS_DDR3_DQI[5]
HPS_DDR3_DQ[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]
HPS_DDR3_DQ[23]
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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
PIN_R29

CE1L SoC User Manual

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]

HPS DDR3 Data[23]

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 |

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-15 Class |
SSTL-15 Class |
SSTL-15 Class |
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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_DQS_n[1] PIN_N24
HPS_DDR3_DQS_n[2] PIN_R18
HPS_DDR3_DQS_n[3] PIN_R21
HPS_DDR3_DQS_p[0] PIN_N18
HPS_DDR3_DQS_p[1] PIN_N25
HPS_DDR3_DQS_p[2] PIN_R19
HPS_DDR3_DQS_p[3] PIN_R22
HPS_DDR3_ODT PIN_H28
HPS_DDR3 RAS n  PIN_D30
HPS_DDR3_RESET n PIN_P30
HPS_DDR3_WE_n PIN_C28
HPS_DDR3_RZQ PIN_D27

HPS DDR3 Data Strobe n[0]
HPS DDR3 Data Strobe n[1]
HPS DDR3 Data Strobe n[2]
HPS DDR3 Data Strobe n[3]
HPS DDR3 Data Strobe p[0]
HPS DDR3 Data Strobe p[1]

Differential 1.5-V SSTL Class |
Differential 1.5-V SSTL Class |
Differential 1.5-V SSTL Class |
Differential 1.5-V SSTL Class |
Differential 1.5-V SSTL Class |
Differential 1.5-V SSTL Class |
HPS DDR3 Data Strobe p[2] Differential 1.5-V SSTL Class |
HPS DDR3 Data Strobe p[3] Differential 1.5-V SSTL Class |
HPS DDR3 On-die Termination |SSTL-15 Class |

DDR3 Row Address Strobe SSTL-15 Class |

HPS DDR3 Reset SSTL-15 Class |

HPS DDR3 Write Enable SSTL-15 Class |

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 3-34 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.
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SD_CLK
= > 5
A SD_CMD o
= >
A = A rrs SD_DATO .
C » 7 Micro-SD Card
SD_DAT1 Socket
N | N g
Cycloneg S > 8
L J
SoC A A SD_DAT2 | 4
HPS A SD_DAT3/CD )

! Vool

Figure 3-34 Connections between the FPGA and SD card socket

Table 3-28 Pin Assignment of Micro SD CardSocket

Signal Name FPGA Pin No. Description I/O Standard
HPS_SD_CLK PIN_A16 HPS SD Clock 3.3V
HPS_SD_CMD PIN_F18 HPS SD Command Line 3.3V
HPS_SD_DATA[O] PIN_G18 HPS SD Data[0] 3.3v
HPS_SD_DATA[1] PIN_C17 HPS SD Data[1] 3.3V
HPS_SD_DATA[?] PIN_D17 HPS SD Data[2] 3.3V
HPS_SD_DATA[3] PIN_B16 HPS SD Data[3] 3.3V

3.7.6 2-port USB Host

The board has two USB 2.0 typ% ports with a SMSC USB3300 controlleand a 2-port hub
controller The SMSC USB3300 device in -ph QFN package interfaces with tH&MSC
USB252B 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 modiae device is poweredylihe two
USB typeA ports. Figure 3-35 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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USB_EXTVBUS
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Table 3-29 Pin Assignment of USB OTG PHY

Figure 3-35 Connections between the HPS and 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[(] PIN_E16 HPS USB_DATAJO] 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 accéerometer with
high-resolution measurement. Digitalized output is formatted abkitlé n  t camoplement and

can be accessed througl2C interface. The I2Caddress of &ensoris O0xA6/0xA7. More
information about this chip can be foundiia datasheetwhich is available omanuf act ur e
website or in the directoryDatasheet folder oDE1-SaoC system CD.Figure 3-36 shows the
connections betweeahe HPS and &Gensor.Table 3-30 lists the pin assignment of-&nor to the

HPS.
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u28
e HPS_I2C1_SCLK .

. » SCL_SCLK
CyclonegV < b ot SUAT »| SDA_SDI_SDIO
SoC’ L HPS_GSENSOR_INT -

HRS ADXL345

Figure 3-36 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 12C 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 al4-pin header, which ieriginally used to communicate with various daughter
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 lsed for
GPIO, SPI, ot2C based communication with the HRSnnectiondetween théiPS and.TC
connector are shown iRigure 3-37, and thepin assignment of LTC connectarlisted inTable
3-31L
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HPS_SPIM_MOSI

c23
D24
D22
E24
A25
H23
H17

HPS_I2C2_SDAT

HPS_SPIM_CLK

HPS_I2C2_SCLK

_HPS_LTC_GPIO

TS3A5018

Figure 3-37 Connections between the HPS and LTC connector

Table 3-31 Pin Assignmentof LTC Connector

VCC9 VCC3P3
J17
HPS_SPIM_CLK A N
HPS_SPIM_SS 3 4le A A 0ohm
HPS_SPIM_MOSI 5 6l
A HPS_SPIM_MISO — |7 . LTCt 8 VC%3P3
P | 2 DAT onnector
DS 1202 DAT  Aaadse »o 10
HPS 12C2 LK —_
S_12C2_SC AN »11 12 0.1uF
HPS LT Pl |
< Sul TG CHO 13 14 ¢
U41 GND GND
{c COM1| MOSI_SDA
g
&:*c COM2| SCK_SCL

Signal Name FPGA Pin No. Description I/O Standard

HPS_LTC_GPIO PIN_H17 HPS LTC GPIO 3.3V

HPS_I2C2_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
DEI-SoC System
Builder

This chapter descré@s how users can create a custterign projectwith the toolnamedDE1-SoC
System Builder

4.1 Introduction

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

1 Quartus Il projectife (.qpf)

1 Quartus Il settingile (.gsf)

1 Top-level designife (.v)

1 Synopsis designamstraints file (.sdc)
71 Pin assignmentatument (.htm)

The above files generated the DE1-SoCSystem Buildecan also preverdccurrence of sitations
that are prone to canilation errorwhen users manually edit the tgvel design file or place pin
assignmentThe common mistakes thagars encounter are

1 Boardis damage due to incorrect bank voltage settingoor assignment.

1 Boardis malfunctiored because of wrordgvice chosendeclaration of pin location or
direction is incorrect or forgotten.

1 Performance degdationdue toimproper pin assignment

4.2 Design Flow

This section providesmintroduction tothe design flow ofbuilding a Quartus Il project for
DE1-SoC undethe DE1-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 laurcthe DEXSoC System Builder and create a new
project according to their design 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 sscRRGA device type, televel
pin assignment, and the 1/O standard for eachdesimed 1/0 pin.

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

interface.
v

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

\ 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 sectiomprovidesthe procedurem detailson howto usethe DE1-SoCSystem Builder
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A Install and Launch theDE1-SoC System Builder

The DE1-SoC System Buildeiis 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 irFigure 4-2, after executing th®E1-SoC SystemBuilder.exe on

the host computer.

(DE1-s0C V100 A S5
System Configuration
UNIVE RSITY www. terasic.com PrOJeCT Name
PROGRAM
DE1_SQC
DE1-SoC FPGA Board - )
¥ CLOCK ¥l 7-Segment x 6
W m AR AP MILEDX 10 ] Switch x 10
; = ¥| Button x 4 IR TX/IRX
| i . VIVGA VI Video-In
: ¥l Audio ¥ ADC
; 2 VISDRAM, 32MB ™ PS2
8 : EHPS
I Issifler - GPIO-0 Header
‘ A' vl [None 'I
LJ sl
dslitatetattil: CIelele]; . -
GPIO-1 Header
[ Save Setting J l Generate I [None vl
Prefix Name: |
| loadSettng | | 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 will be assigreatomatically as the name of your {lgvel design
entity.
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(bE1-secvi00 A 5]
AITERA System Configuration
UNIVERSITY www. terasi com PrOIeCt Name
PROGRAM —-— -
@E] _sac )!
DE1-SoC FPGA Board ~ '
V] CLOCK V] 7-Segment x 6
U n VI LEDx 10 V] Switch x 10
i £ [¥] Button x 4 V] IR TXIRX
q . FIVGA ¥l Video-In
i V] Audio vIADC
2 VISDRAM, 32MB vl PS2
@ . FIHPS
I s T | GPIO-0 Header
5 6loalo [None v]
LJ L J L] L]
dllitetilaEttiE CIeleole], -
GPIO-1 Header
[ Save Setling ] l Generate l [None vl
Prefix Name: !
| loadsSetng | | Exit

Figure 4-3 Enter the project name

A System Configuration

Users are given the flexibilitin the System Configuration to include their choice of components in
the project, as shown iRigure 4-4. Each componendnboard is listed andsers can enable or
disableone or more eamponentsat will. If a component is enabled, tlXE1-SoC System Builder

will automatically generate its associated pin assignmealiding the pin name, pin location, pin
direction, and 1/O standard.
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p
DE1-SoC V100

ABTERA

UNIVERSITY
PROGRAM

WWW.Terasic.com

System Configuration

Project Name:

DE1_SOC
DE1-SoC FPGA Board
/(@ cLocK VI 7-Seqmentx 6 )
IJ n M LEDxX 10 V] Switch x 10
= ] Button x 4 VI R TXIRX
3& = - IVGA ¥ Video-In

! @l Audio @ ADC

g VI SDRAM, 32MB vl PS2
< \[I HPS )

GPIO-0 Header

[None

——— Prefix Name:
dslitatitattil CIelele] - -
GPIO-1 Header
I Save Setling ] [ Generate [N one v]
Prefix Name: !
| loadSetng | | Exit

Figure 4-4 System configuration group

A GPIO Expansion

If usersconnectany TerasicGPIO-based daughter card to the GPIO connector(s) on$i€], 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 associated pin assignraatdmaticallyjncluding pin name,

pin location, pin direction, and I/O standard.
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(DE1-S0C V100 A : =5)
AITERA System Configuration
UNIVERSITY m Project Name:

PROGRAM Ywwterasic.com

DE1_SOC
DE1-SoC FPGA Board
VI CLOCK VI 7-Segment x 6
L W n VAR Are. MILEDX 10 ] Switch x 10
i ; = V] Button x 4 VIR TX/IRX
| B - MIVGA ¥l Video-In
- V1 Audio ¥l ADC
_ | VI SDRAM, 32MB ¥l PS2
R _ FIHPS
I e | GPIO-0 Header
FEETNE |D5M - 5M Pixel Camera |
I ———— Prefix Name:
dRlstetatatEttiE OIeIele];" . -
GPIO-1 Header
[ Save Setling ] [ Generate ] (None vJ
Prefix Name:
| loadSetng | | Exit ]

Figure 4-5 GPIO expansion group

The APr ef axoptiNmalrfeatore thas dendte pin name of the daughter card assigned in
your designUsers may leave this field blank

A Project Setting Management

The DE1-SoC System Builderlso provideshe optionto load a setting osawe us e cusrént board
configuration in .cfg file, ashown inFigure 4-6.

aslcC CEZ SoC User Manual 58 www.terasic.com
January 28, 2019

www.terasic.com



http://www.terasic.com/
../../Users/Chung-Chieh%20Wei/AppData/Roaming/Microsoft/Word/Download/參考/05.14.2014/參考/04.11.2014/參考/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

p
DE1-SoC V100

AIHERA

UNIVERSITY
PROGRAM "W

System Configuration

Project Name:

DE1_SOC
DE1-SoC FPGA Board 3 ,
vl CLOCK VI 7-Segment x 6
u m VI LEDx 10 V] Switch x 10
E ¥] Button x 4 V] IR TX/RX
| o 5 FIVGA ¥l Video-In
i V] Audio M ADC
; . VISDRAM, 32MB V] PS2

FIHPS
GPIO-0 Header

Prefix Name:
dRlsfetatatEttilE OIelele]; . -
GPIO-1 Header
l Save Setting ‘ l Generate l [None e — ‘
[ Load Setting l [ = l Prefix Name:
L=

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 and documeasslistel 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>.qsf 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 the projeict Quartus lland compile the project to generate the
SRAM Obiject File (.sof).
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Chapter 5
Examples For FPGA

This chapter provides examples of advanced desigolementedy RTL or Qsyson theDE1-SoC
board. Theseeference designs cover the features of peripherals connected to the stRBAs
audia SDRAM, and IR receiver.All the associated files can be found in thHeectory
\DemonstrationsPGA of DE1-SoCSystem CD.

A Installation of Demonstrations

To install the demonstrations on your computer

Copy the foldeDemonstrationso a local directory of yourtwice. It is important to make suttee
path toyour local directory contains NO space. Otherwise it will lead to errdfias 1. Note
Quartus 1l 6.0 or lateris required for alDE1-SoC demonstrations to suppo@tyclone V SoC
device.

5.1 DE1-SoC Factory Configuration

The DEL-SoC boardhasa default configuration bistreampre-programmed, whiclilemonstrates
some ofthe basideatures onboardrhe setupequired for this demonstration and the locatbits
files are shown below.

A Demonstration Setup, File Locations, and Instructions

1 Project directoryDE1_SoC Default

1 Bitstreamused:DE1_SoC Default.sof oDE1_SoC_Defaulfic

1 Power on th®E1-SoCboardwith theUSB cable connected to the USasterll port. If
necessary (that iff,the default factory configuration is not currently storeth@EPCS
device), download thbkit stream to the board ViAG interface.

1 You shauld now be able to obsentke Zsegment displays are showiagequence of
charactes, and the red LEDs are blinking
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1 If the VGA D-SUB connectors connected to a VGA display, it would shaweolor picture

1 If the stereo lineout jackis connected to a spear and KEY[1] is pressed, a 1 kHz humming
sound will come out of the lireut port.

1 For the ease of executiomdemo_batch foldes provided in theroject. It is able tmot only
load the bit stream into the FP@GAcommand lingbut also program orrase.jic file to the
EPCSby executinghetest.bat fileshown inFigure 5-1.

If usels want toprogramanew design into thEPCSdevice, the easiestethod is to copy the
new .sof file into the demo_batch fotdendexecute the test.baOp t i o will corret
the .sof to .jicand p t i avii pr@gtam .jic file intahe EPCSdevice

Fleasze choose your operation

"1" for programming .sof to FPGA.

2" for converting .sof to .jic

"3" for programming .jic to EPCS.
eraszing .Jjic from EPCS.

"5 for EXIT batch.

JmE3mE -0 - ~3nf-3of - Juf—Jnf-oF - Jof ~3uf-oF - Jof ~3uf-JoF -0 ~3ef-JoF -0 ~3ef-JoE-J0~eE-JoE-J0f -JeE-Jof-J0f-eE-Jof -Jef-eE-Jof -

Pleasze enter your choise: [1.2.3.4.517_

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

5.2 Audio Recording and Playing

This demonstration shows how to implementadio recorder and player @E1-SoCboard with
the builtin audio CODEC chiplt is developed based d@sysandEclipse Figure 5-2 shows tle
buttons and slide switches used to intethid demonstratiomnboard Users can configure this
audio system throughvo pushbuttons andour slide switches

1 SWO is used to specitherecording source to be Liria or MIC-In.

1 SW1, SW2and SW3 aresed to specify the recording sample rate such as 96K, 48K, 44.1K,
32K, or 8K.

1 Table 5-1 andTable 5-2 summarize the usage dide switches for configuring the audio
recoder and player.
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n bl b bl bl IR0l -

Audio Source: Play
MIC or LINE IN

Sample Rate Record

Figure 5-2 Buttons and switches for the audio recorder and player

Figure 5-3 shows the block diagram afudio recorder andlayer cesign. There are hardware and
software pag in the block diagram. The software patoresthe Nios Il program irthe onchip
memory The software part is built undEclipsein C programming langu&g The hardware part is
built underQsysin Quartus 1.The hardware part includes all the other blogksc h as t he
Contr ol | i ga asedefimddQsydcomponentand it isdesigned to send audio data to the
audio chip or receive audio data from the audio chip.

The audio chip is programmed throu@& protoco) which is implemented in C code. The I2C in
from the audio chipareconnected t@)syssystem mterconnectabric through PIO controllerhe
audio chip is configured in aster nodein this demonstratiarnThe audio interfaeis configured as
16-bit 12S mode 18.432MHz clock generated by the PLL is connected tdMBEK/XTI pin of the
audio chip through the audioatroller.
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Figure 5-3 Block diagram of the audio recorder and player

Demonstration Setup, File Locations, and Instructions

Hardware poject directoryDE1 SoC_Audio
Bitstream useddE1 SoC Audio.sof

Software poject directoryDE1 SoC_Audio\software
Connet an audio surce to the Linen port

Connect a Microphae tothe MIC-in port

Conrect a speaker or headsethe Line-out port

Load the bistream intdhe FPGA. (note *1)

Load the software executioief into the FPGA. (note *1)
Configure the audio wit&WQ0, as shown infable 5-1.
Press KEY3 to start/stop audio redimg (note *2)
Press KEY?2 to start/stop audio playing (note *3)

Table 5-1 Slide switchesusage for audio source

Nios Il Program

Slide Switches |07 DOWN Position 17 UP Position
SWO0 Audio is from MIC-in Audio is from Line-in
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Table 5-2 Settings ofswitchesfor the sample rateof audio recorder and player

SW5 SwW4 SW3

(07 DOWN; (07 DOWN; (07 DOWN; Sample Rate
1- UP) 1-UP) 1-UP)

0 0 0 96K

0 0 1 48K

0 1 0 44.1K

0 1 1 32K

1 0 0 8K

Unlisted combination 96K

Note:

(1). Execute DE1 SoC Audlio ldemo_batchl DE1-SoC Audio.bat to download .sof and .elf
files.
(2). Recording process will stop if the audio buffer is full.

(3). Playing process will stop if the audio data is played completely.

5.3 Karaoke Machine

This demonstration uses the microphameline-in, and lineout ports onDE1-SoC to createa
Karaoke nachine The WM8731 CODEC is configured inmaster mode The audio CODEC
generates AD/DA sal bit clock (BCK) and the left/right channel clock (LRCK) automaticailye
I2C inteface is used to configure thedio CODEG as shown irFigure 5-4. Thesample rate and
gain of the CODEC are set in a similaanner, and the data input from the {ineport is then
mixed with the microphonan port The result is serdutto the lineout port.

The sample rate is set to 48Hz in this demonstratianThe gain of the audio CODEGs
reconfiguredvia 12C busby pressing the pushbutton KEY®@ycling within ten predefined gain
values (volume levels) provided by the device.
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Figure 5-4 Block diagram of the Karaoke machine demonstration

A Demonstration Setup, File Locatims, and Instructions

Project directoryDE1_SOC _i2sound

Bitstream useddE1_SOC _i2soundof

Connect a microphone to the microphengort (pink color)

Conrect the audio output of a music player, such & player or computemtthe linein
port (bluecolor)

Connect a headset/speaker to the-tineport (green color)

Load the bitream into the FPGBy executinghe batch fileDE1_SOC _i2souniin the
directoryDE1_SOC_i2sounidemo_batch

1 Usersshouldbe able to hear a mixture oficrophone sound artie sound from the music

player
1 Press KEYO to adjust the volume; it cycles between volume level O to 9

= -4 -4 -1

= =

Figure 5-5 illustrates the setup for this demonstration.
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Figure 5-5 Setup for the Karaoke machine

5.4 SDRAM Test in Nios Il

There are rany applications use SDRAMSs a temporay storage. Botthardware and software
designs are provided to illustrate heesvperformmemory accss in Qsysn this demonstratianit

also shoshow Al terads SDRAM controll er | P accesse
reads and writethe SDRAM for hardware verificationThe SDRAM controller harids complex

aspects of accessir®PDRAM such as initializing the memory deviaeanaging SDRAM bdss,

and keeping thdevices refreshed at certain interval

A System Block Diagram

Figure 5-6 shows the system block diagram of this demonstration. The system requires a 50 MHz
clock input from the board. TheSDRAM controller is configured as &4MB controller. The
working frequency of the SDRAM controller is 100MHmd theNios Il programis running orthe
on-chip memory.
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FPGA

O |esws
-

50 MHz

‘ PO |
Gl - -

. , SDRAM |V
i ) |“ Controller “ SDRAM

Figure 5-6 Block diagram of the SDRAM test in Nios Il

System Intercoment Fabric

The sysem flow is controlled by g@rogramrunning in Nios Il The Niosll program wites test
patterns into the entir€é4MB of SDRAM first before calling theNios Il system function,
alt_dade _flush_all, to make sure all the data aréten tothe SDRAM. It thenread data from
the SDRAM for dat verification. The programwill show the progress imiosterminal when
writing/reading data to/from the SDRAM. Whéme verification process reaches 100%, the result
will be displayed imiosterminal

A Design Tools

T Quartus Iv16.0
1 Nios Il Eclipsev16.0

A Demonstration Source Code

9 Quartusproject directoryDE1 _SoC_SDRAM_Nios_Test
1 Nios Il Eclipsedirectory DE1_SoC_SDRAM_Nios_Te$Boftware
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A Nios Il Project Compilation

T Click ACI eano f rnuofNiodlliEelipsé iefore compmlingithe netemrence
design inNios Il Eclipse.

A Demonstration Batch File

The files are located in the directdBE1_SoC_SDRAM_Nios_Te&tlemo_batch
The folderincludesthe following files:

1 Batch fle for USB-Blager Il : DE1_SoC_SDRAM_Nios_Tedtat and
DE1_SoC_SDRAM_Nios_Tesbashrc

1 FPGA configurationife : DE1_SoC_SDRAM_Nios_Test.sof

1 Nios Il program:DE1_SoC_SDRAM_Nios_Test.elf

>

Demonstration Setup

1 Quartus liv16.0and Nios Ilv16.0must be prenstalledon the hosPC.
Power on th®E1-SoCboard.

]

1 Connecthe DE1-SoCboard(J13) to thehostPCwith a USB cable and install the USBaster

driver if necessary.

T Execute t he DOEMoCSDBRAMcNos festlat fror the directory
DE1 SoC _SDRAM_ Nios_T#éslemo_batch

1 After theprogramis downloaded and executed successfallyrompt message will be
displayed in nios2erminal.

1 Pressanybutton(KEY 3~KEYO0) to startthe SDRAM verificationprocessPresKEYO0 to run
thetestcontinuously

1 Theprogram will dsplaythetest progress and resudis shown irrigure 5-7.
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3 Alters NiosT EDS 13.0 [geed] = o[

Info: Quartus II 32-bhit Programmer was successful. B errors,. B warnings
Info: Peak virtual memory: 172 megabytes
Info: Processing ended: YWed Sep @4 15:22:21 26813
Info: Elapsed time: B@:88:06
Info: Total CPU time <on all processors): GB:80:82
Uzing cabhle "DE-SoC [USB-11", device 1., instance BxB8
Resetting and pausing target processor: OK
Initializing CPU cache <if presentl
0K
Dovwnloaded 61KB in B.1s
Verified OK
Starting processor at address Bx2800201B4

nios2—terminal: connected to hardware target using JTAG UART on cable
nioz2-terminal: "DE-%0C [USB-11". dewice 1, instance B
nios2—terminal: (Use the IDE stop button or Ctrl-C to terminated

SDRAM Test! Size=64MB <(CPU Clock:180888888>

=» SDRAM Testing. Iteration:
write...
18 28x 38x 48:» 58 60x 78+ 80x 98:x 1868:x
read-verify...
18 28x 38x 48x -8

Figure 5-7 Display of progress and result for the SDRAM test in Nios Il

5.5 SDRAM Test in Verilog

DE1-SoC ystem CD offers another SDRAM test with its test code written in Verilog HiDie.
memorysize of the SDRAM bantesteds still 64MB.

A Function Block Diagram

Figure 5-8 shows thdunctionblock diagram of this denmstration.The SDRAM controller use 50
MHz asareference clock angenerate 100MHz asthememory clock

- ‘
LI RW_Test

Test
Control

Sdram
Conrtoller

Y
0]
%]
c
=

KEYO

:
, rocess
' — =

Figure 5-8 Block diagram of the SDRAM test in Verilog

CLOCK_50 L

...........................
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RW_test module writes the entire memoryhnattest sequence first before comparing the data read
back with the regenerated test sequence, which is same as the data written to the KEr0ory.
triggers test control signals fahe SDRAM, and thd_EDs will indicate the test resudiccording to
Table 5-3.

A Design Tools
1 Quartusli v16.0
A Demonstration Source Code

1 Project directoryDE1_SoC_SDRAM_RTL_Test
1 Bitstream usedE1 SoC_SDRAM_RTL Tesof

A Demonstration Batch File
Demo batch filedlder:\DE1_SoC_SDRAM_RL_Testdemo_batch
Thedirectoryincludesthefollowing files:

1 Batch fle: DE1_SoC_SDRAM_RTL_Tediat
1 FPGA configurationife: DE1_SoC_SDRAM_RTL_Tesof

A  Demonstration Setup

1 Quartus Ilv16.0must be prenstalled to thénostPC.

1 Connecthe DE1-SoCboard(J13) to the host PC with a USB cable and install the UBEb&ster
Il driver if necessary

1 Power on thdE1_SoCboard.

TExecute t he ®ELMSOHC ISBRAK IRTL Tedtke drafndthe directoy
\DE1 SoC_SDRAM_RTL_Tedtdemo_batch.

1 PresKEYO on theDE1_SoChoard to start the verification process. WikdaYO is pressed,
theLEDR [2:0] should turn onWhenKEYO is then released,ED R1 andLED R2 should
start blinking.

1 After approximately8 secondsl.ED R1 should stop blinking and stay ON to indicate tb&tis
PASS. Table 5-3 lists thestatus olLED indicators.

1 If LEDR2 is not blinking, it means 50MHz clock source is not working.

If LEDRL1 failed to remain ON after approximately 8 seconds, the SDRAM test is NG.

1 PresKEYO againto repeat the SDRAM test.

=
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Table 5-3 Status of LED Indicators

Name Description

LEDRO Reset

LEDR1 ON if the test is PASS after releasing KEYO
LEDR2 Blinks

5.6 TV Box Demonstration

This demonstratioturns DEXSoC board into a TV box by playing video and audio from a DVD
player using the VGA output, audio CODEC and the TV decoder on theSbElboardFigure

5-9 shows the block diagram of the design. fEhare twomajor blocks in the systernalled
I2C_AV_Config and TV_to VGA. The TV_to VGAIlbck consists of the ITUR 656 Decoder,
SDRAM Fame Buffer, YUV422 to YUV444, \CbCrto RGB, and VGAController The figure also
shows the TV dcoder (ADV7180and the VGA DAC (AV7123) chipused.

The register values of the TV deco@dee used to configure the TV decoder via the 12C_AV_Config
block, which uses the 12C praol to communicate with the TV decod@&he TV decodewill be
unstable for a time periogbon power up, anthe Lock Detectoblock is responsible for detecting
this instability.

The ITU-R 656 Decoder block extracts YcrChb 4:2:2 (YUV 4:2:2) video signals from theR'B5H

data stream sent from the T¥¢abder. It also generates a data valid control sigviach indicates

the valid period of data outpude-interlacing needs to be performed on the data source because the
video signal for thelV decoder is interlaced. THBDRAM Frame Biffer and a field selection
multiplexer (MUX), which is convlled by the VGA G©ntroller, are used to perform the
de-interlacing operation. fe VGA (ontroller also generates data request and odd/eveniselect
signals to the SDRAM Frameulfer and filed selection multiplexer (MUX)The YUV422 to
YUV444 block converts the selected Ycr€i2:2 (YUV 4:2:2) video data to the YcrCb 4:4:4 (YUV
4:4:4) video data format.

Finally, the YcrCb_to RGB block converts the YcrCb data into RGB data output. The VGA
Controller block generates standard VGA synchronous signals VGA_HS and VGA_VS to enable
the display on a VGA monitor.
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=

YUV 4:2:2

Data Valid

- 99414-8

12C_SCLK

12C_SDAT

Figure 5-9 Block diagram of the TV box demonstration

Demonstration Source Code

1 Project directory: DE1SoC_TV
9 Bitstream used: DESoC_TVsof

Demonstr ation Batch File

Demobatch diectory \DE1 SoC_TW\demo batch
The folderincludesthefollowing files:

9 Batch fle: DE1 SoC_T\bat
1 FPGA configuration fle : DE1 SoC_T\Vsof

Demonstration Setup, File Locations, and I nstructions

fTConnect a DVD pl ayer 6s c oghptloes/ideeie RCAjjacké®d o ut p i
ontheDE1-SoCboard as shown irfrigure 5-10. The DVD player has to be configured to
provide:

1 NTSC output

9 60Hz refresh rate

9 4:3 aspect ratio

1 Non-progressive video
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1 Connect the VGA ouit of theDE1-SoChoardto a VGA monitor.
1 Connect the audio output of the DVD player to the-lmport of theDE1-SoCboard and
connect a speaker to the koat port. If the audio output jacks frometbVD player are RCA
type, an adaptor iseeded to awvert to he mintistereo plug supported oine DE1-SoC
board
1 Load the bistream intdhe FPGA by executing h e b aDEL ISoCt TVIbeatéd f r om t h

directory\DE1 SoC_TW\demo_batch Press KEYO on the DESoCboard to reset the
demonstration.

VGA(LCD/CRT)

Monitor

i

Video In VGA Out |
CVBS Output

o

g5 bl ool bl ol b ol el o]

ITU-R 656
YUV 422
Decoder

De-Interlace

Figure 5-10 Setup for the TV box demonstration
5.7 PS/2 Mouse Demonstration

A simply PS/2 controller coded in Verilog HDIs provided to demonstrate kiirectional
communicatiorwith a PS/2 mouseA comprehensive PS/adntroller can be developed based on it

and more sophisticated functions can be implemented such as setsagibieng rate or resolution,
which needto transfer two data bytes at once.

More information about the PS/2 protoamn be found on various wates.
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A Introduction

PS/2 protocol usetwo wires for bidirectional communication. One is the clock line and the other
one is thedata line. The PS/2 controller always has total control over the transmission lirtasbut
the PS/2 devicerhich generateshe clock signal during data transmission.

A Data Transmission from Device to the ©ntroller

After the PS/2 mouseeceives an enabling signak stream modeit will start sendng out
displacement datavhich consists of 33 bits. The frame detaut intothree sections and each of
them contains a start bit (always zereight data bits (with LSB first), one parity check bit (odd
check), and one stop bit (always one).

The PS/2 controller samples the data line at the falling edge eofP®/2 clock signalThis is
implemented by a shift register, which consists of 33 bits.

easily be implemented using a shift register of 33 bits, but be cautious with the clock domain
crossing problem.

A Data Transmission from the Controller to Device

Whenthe PS/2controller vants to transmit data to device, it first pulls the clock line low for more
than one clock cycl¢o inhibit the current transmissigorocess or to indate the start of a new
transmission process, which is usually callednagbit state.lt then pulls low the data linebefore
releasinghe clock line Thisis called the request state. The rising edge on the clock line formed by
the release action can also be used to indicate the sample time point as for a 'start bit. The device
will detect this successicmnd generates a clock sequence in less than 10ms time. The transmit data
consists of 12bits, one start bit (as explained before), eight data bits, one parity check bit (odd
check), one stop bit (always one), and one acknowledge bit (always zero). Attargseut the

parity check bit, the controller should release the data line, and the device will detect any state
change on the data |ine in the next clock cyc
cycle, the device will pull low the dataé again as an acknowledgement which means that the data

is correctly received.

After the power on cycle of the PS/2 mouse, it enters into stream mode automatically and disable
data transmit unless an enabling instruction is receivegire 5-11 shows the waveform while
communication happening on two lines.
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Sending command

CLK ——0 Inhibit qst ond — gth 10th 11th

4 > CLK CLK CLK CLK CLK
20 00
DATA SL e

veee L 1L .
o —

Start bit Bit0-Bit7 Parity bit Stop Line
bit  control bit

Receiving data

1st 2nd 1 Oth 1 1(h

CLK CLK |_//_| CLK CLK
L N

DATA v

e L L Ll
f—

Start bit Bit0-Bit7 Parity bit ~ Stop bit

CLK

Figure 5-11 Waveform of clock and data signals during data transmission

Demonstration Source Code

1 Project diectory:DE1_SoC_PS2 DEMO
9 Bitstream usedE1l SoC_PS2 DEM@of

Demonstration Batch File

Demo batch file directayDE1_SoC_PS2_DEMG@emo batch
Thefolderincludesthefollowing files:

9 Batch fle: DE1_SoC PS2 DEM®at
1 FPGA configuration fle : DE1_SoC_PS2DEMO.sof
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Demonstration Setup, File Locations, and I nstructions

1 Load the bistream intathe FPGA by executingDE1_SoC_PS2_DEM@lemo_batch
DE1 _SoC _PS2 DEM®at

1 Plug in the PS/2 mouse

1 Press KEY][O] to enabldata transfer

1 Press KEY[1] to clear the displaata cache

1 The7-segment displaghould change/hen tle PS/2 mouse moveshd& LEDR[2:0] will blink
according tolable 5-4 when the leftbutton, rightbutton andbr middlebutton is pressed.

Table 5-4 Description of 7-segment Display and_ED Indicators

Indicator Name Description

LEDRI[O] Left button press indicator
LEDRJ[1] Right button press indicator
LEDR([2] Middle button press indicator
HEXO Low byte of X displacement
HEX1 High byte of X displacement
HEX?2 Low byte of Y displacement
HEX3 High byte of Y displacement

5.81R Emitter LED and Receiver Demonstration

DE1-SoC system CD has an exampfeusingthe IR Emitter LED and IR receiverhis
demonstration is cel in Verlog HDL.
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FPGA

Controller

IRRX TR
Controller _ Receiver
— A

!

IR
Remote

Six HEXs

Figure 5-12 Block diagram of the IR emitter LED and receiver demonstration

Figure 5-12 shows the blockidgram of the design. implemens a IR TX Controller and a IR RX
Cortroller. When KEYO is pressedath test pattern genéoa will generatedatato the IR TX
Controllercontinuously When IR TX Controller is active, it will format theatato be compatible
with NEC IR transmission protocohd send it out througthe IR emitter LED.The IR receive
will decode the received dagad display it orthe six HEXs.Users canalso use a remotntrolto
senddata tothe IR ReceiverThe main function of IR TX /RX controller and IR rematentrolin
this demonstrations described in the following sections.

A IR TX Controller

Usess can input 8bit address and-Bit command intdhe IR TX Controller.ThelR TX Controller will
encodeheaddress and command fitetfore sending ibut according to NEIR transmission protocol
throughthe IR emitter LED. The input clock of IR T&ontroller should be 50MHz

The NEC IR transmission protocol uses pulse disttmeacoddhe message bit&ach pise burst is
562.515 in length witha carrier frequency of 81z (26.31s).

Figure5-13s hows t he dur at i o hogioafbitsla ¢rangmited agifdllows:and @0 0 .

Logical '0'7 a 562.5p5 pulse st followed by a 562.515 spaeeéth a total transmit time
of 1.125ms
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Logical '1'1 a 562.5;5 pulse burst followed by a 1.68%apacevith a total transmit time
of 2.25ms

Logical "1" __: Logical "0" L'

562 25us 562 25us 562 25us

2.25ms i 1.125ms .5

r s
v
r'y
¥

Figure 5-13 Duration of logical ildand logical fi00

Figure 5-14 shows drameof theprotocol.Protocolsend a lead code firsiyhich is a 9ms leading
pulse burstfollowed bya 4.5mswvindow. The secondnverseddata is sent to verify the accuracy of the
informationreceivedA final 562.515 pulse burgs sentto signify the end of message transmission.
Becauséhe data isentin pair (original and invertedjccording to the protocalhe overall

transmission time is constant.

Figure 5-14 Typical frame of NEC protocol

Note: The signal received bR Receiveris inverted. For instance, liR TX Controller senda lead
code 9 ms high and th&n5 ms low, IR Receiver will receive a 9 ms lamdthen 4.5 ms high lead
code
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