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Chapter 1
DE10-Standard

Development Kit

The DE10-StandardDevelopment Kit presents a robust hardware design platform built around the
Altera Systerron-Chip (SoC) FPGA, which combines the latest ek CortexA9 embedded

cores with industrfeading programmable logic for ultimate design flexibility. Users can now
leverage the power of tremendouscomfigurability paired with a higiperformance, lav-power
processor system. Al t-lmlsedhas pr&essor ystetn ¢HPE) aansssng @ n
processor, peripherals and memory interfaces tied seamlessly with the FPGA fabric using a
high-bandwidth interconnect backbone. Th&10-Standarddevebpment board is equipped with
high-speed DDR3 memory, video and audio capabilities, Ethernet networking, and much more that
promise many exciting applications.

The DE10-StandardDevelopment Kit contains all the tools needed to use the board in conjunction
with a computer that runs the Microsoft Windows XP or later.

1.1 Package Contents

@ DE10-Standard Board

@® DE10-Standard Quick Start Guide
© Type Ato B USB Cable

@ Type A to Mini-B USB Cable

@ Power DC Adapter (12V)

O Four Silicon Footstands

Figure 1-1 The DE10-Standard package contents
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TheDE10-Standardhackage includes:

1 TheDE10-Standarddevelopment board

1 DE10-Standrd Quick Start Guide

1 USB @able(Type Ato B)for FPGA programming and control
1 USB cable (Type A to Mii-B) for UART control

1 12V DC poweradapter

1.2 DE10-Standard System CD

The DE106StandardSystem CD contains all théocumentsand supporting materialassocated
with DE10-Standard, including the user manual, systamidbr, reference designand device
datasheets. Usecan download this system Cioiin the link http://del@standard.terasic.com/td

1.3 Getting Help

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

1 Terasic Technologies
1 9F., No.176, Sec.2, Gongdao 5th Rd, East Dist, Hsinchu City, 30070. Taiwan

Email: support@terasic.com

Tel.: +886-3-575-0880

Welsite del0standarderasiccom
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Chapter 2
Introduction of the
DE10-Standard Board

This chapter provides an introduction to the features and desigretehitics of the board.
2.1 Layout and Components

Figure 2-1 shows a photograph of the board. It depicts the layout of the board and indicates the
location of the connectors and key components.

VGA-Out l e
MFPGA Mic-In Yiesin: VoA Sigabit AT IS USE
WHPS Line-Out 24-bit DAC ISR
L IS
B System Line-In ‘ ; I ;
l 2 AP LI U
: ¢ g—M C 1 (
Audio Codec Y
Video Decoder
PS2
SDRAM
USB Blaster I
DC 12v
Power ON/OFF

Cyclone V SoC FPGA

HSMC Connector
2x20 GPIO Connector

ADC Connector

MSEL

’ |
AN Button x4 1
Switch x10 o

7-Segment
Display

Figure 2-1 DE10-Standard development board (top view)

DE10- Standard 6 wwvw.terasic.com
asic User Manual

www.terasic.com March 9, 2017



http://www.terasic.com/
file:///C:/Users/user/AppData/Roaming/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

P02 16120029
-

nenn

EPCS

Figure 2-2 DE10-Standard development board (bottom view)

The DE10-Standardboard has many features that allmsersto implement a wide range of
designed circuits, from simple circuits to various multimedia projects.

The following hardware is provided on the board:

A FPGA

Altera Cyclone® \BE5CSXFC6D6F31C6NMevice

Altera serial configuration deviGeEPCS128

USB-Blasterll onboard for programming; JTAGlode

64MB SDRAM (16-bit data bus)

4 pushbuttors

10 slide switches

10 red user LEDs

Six 7-segment displays

Four50MHz clock sourceom theclock generator

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

PS/2 mouse/keyboard connector

IR receiverand IR emitter

One HSMC with Configurable I/O standard 1.5/1.8/2.5/3.3
One40-pin expansion head with diode protection

e I B e N
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==

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

>

HPS (Hard Processor System)

9285VIHz Dualcore ARVI CortexA9 MPCoreprocessor
1GB DDR3 SDRAM (32bit data bus)

1 Gigabit Ethernet PHY with RJ45 connector
2-port USB Host, normal TypA& USB connector
Micro SD card socket

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

Warm reset button and cold reset button

One user button and one user LED

LTC 2x7 expansion header

128x64 dots LCIModulewith Backlight

E RE I I I

2.2 Block Diagram of the DE10-Standard Board

Figure 2-3 is the block diagram of the board. All the connections are established through the
Cyclone V SoCFPGA device to provide maximum flexibility for users. Users can configure the
FPGA to implement any system design.

-_ g —  MAxil 25MHz Clock Input
. vseBeserl T gpusto (Clock Generstorx1)
Normal Type-B

» IJYAG b

Psi2 Xy T
¢ > Micro
x6 - SD Card
. * '
romi, (eeed /U U
le——p 2= Ethernet
SDRAM 1664 MB  |EREEEES x16 > GBHY
X84
HSMC
Cycl Sy sl (uss
x36 . le——» USB __ USB
T oC x|
40 pin GPIO - 4o
4 5CSXFCEDEF31C6N USB Host
Video DAC | | Normal Type-A| = 8
VGA (8 bit)
Video) ————=12_,) l—— DDR3
v.mmlv].Lb L) x72 SDRAM x32 1 GB
{11} Decoder
Mic In o x6
Audio
FPGA USB Mini-B
e HPS 12C 12¢
x2
_FromHPS_Hsicn Control —
Gliy— |
Tl «—— MZH LTC Header
Clock(Clock Generator) | S S
m P — FPGA HPS
x4 [x10 |x42 x10 l"‘ Tﬂ Tn Tx!
» pie .
o T 1 e e (o
h_ h. b' HPS  HPS HPS WARM
UserLED RST User RST
Push Button x4 Button

FFFFFFFeF | GRAU AU U OB b

nn 1L IIIILEIDEOlIII

B el 2 2
HEHBEE

7-Segment Display x6

[
m

e )

n
som

Crm

Figure 2-3 Block diagram of DE10-Standard
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Detailed information about Figure 2-3 are listed below.

FPGA Device

Cyclone V SOGGCSXFC6D6F31C6NDevice
Dualcore ARM CortexA9 (HPS)

11K programmable logiclements
5,140Kbits embedded memory

6 fractional PLLs

2 hard memoryantrollers

3.125G transceivers

=4 =4 -4 -4 4 -4 4 9

Configuration and Debug

1 Quadserial onfiguration devicé EPCS128 on FPGA
1 Onboard USBBlaster Il formaltype BUSB connector)

Memory Device

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

Communication

Two portUSB 2.0Host(ULPI interface with USB type Aonnector)
UART to USB(USB Mini-B connector)

10/100/1000 Ethernet

PS/2 mouse/keyboard

IR emitter/receiver

[12C multiplexer

E R

Connectors

1 One HSMC (8&hannel Transceivers, Configurable 1/O standards 1.5/1.8/2.5/3.3V)

1 One 40pin expansion &éaders

1 One 16pin ADC input header

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

Display
1 24-bit VGADAC
1 128x64 dots LCIModulewith Backlight

Audio
1 24-bit CODEQ Line-in, Line-out, and microphona jacks

asiC DE10- Standard 9 wwvw.terasic.com
User Manual March 9, 2017

www.terasic.com


http://www.terasic.com/
file:///C:/Users/user/AppData/Roaming/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

Video | nput
1 TV decoder (NTSC/PAL/SECAM) and i conrector

ADC

1 Interface: SPI

1 Fast throughput rate: 5003S
1 Channel number: 8

1 Resolution: 12bit

1 Analog input range0 ~4.096

Switches, Buttons, and | ndicators

1 5user KeygFPGA x4 HPS x)
1 10 user swithes(FPGA x10)
1 11userLEDs (FPGA xX10, HPS x1)
1 2 HPSreset buttons (HPS BESET_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
DE10-Standard Board

This chapter provides an instruction to uselibard and describes tperipherals

3.1 Settings of FPGA Configuration Mode

Whenthe DE1GStandardboard is powexd on, theFPGA can be configured from EB®r HPS.
The MSELJ[4:0] pins are used selectthe corfiguration schemdt is implementedasa 6-pin DIP
switchSW10o0n theDE10-Standardoard, as shown iRigure 3-1.

Figure 3-1 DIP switch (SW10) setting of Active Serial (AS) mode on DE10-Standard board

Table 3-1 shows the reltion between MSEL[4:0] and DIP switch (SW10)

asiC DE10- Standard 11 wwvw.terasic.com
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Table 3-1 FPGA Configuration Mode Switch (SW10)

) o Default
Board Reference Signal Name |Description
AS Mode
SW10.1 MSELO OFF ( 0 )
SW10.2 MSEL1 Use th ins t t the FPGA ON ( @0 )
se these pins to set the

SW10.3 MSEL?2 . I.OI ON ( @0 )

Configuration scheme -
SW10.4 MSEL3 OFF ( v )
SW10.5 MSEL4 ON ( @ )
SW10.6 N/A N/A N/A

Figure 3-1 shows MSEL[4:0] setting of AS mode, which is also the default isgtton
DE10-Standard.When the board is powed on, the FPGA is configudefrom EPCS,which is
pre-programmed witlihe default code. If developers wish to reconfigure FPGA from an application
software running orLinux, the MSEL[4:0] needs to be s¢b 010100 bef ore the pr.
process begins

Table 3-2 MSEL Pin Settings for FPGA Configure of DE10-Standard

MSEL[4:0] Configure Scheme |Description
10010 AS FPGA configured from EPCS (default)
01010 FPPx32 FPGA configured from HPS software: Linux

3.2 Configuration of Cyclone V SoC FPGA on DE10-Standard

There are two types of programming method supported by DE10-Standard:

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

The configuration bit stream is downloaded directly into the Cyclone V SoC FPGA. The FPGA will retain its
current status as long as the power keeps applying to the board; the configuration information will be lost
when the power is off.

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

The configuration bit stream is downloaded into the quad serial configuration device (EPCS128), which
provides non-volatile storage for the bit stream. The information is retained within EPCS128 even if the
DE10-Standard board is turned off. When the board is powered on, the configuration data in the EPCS128
device is automatically loaded into the Cyclone V SoC FPGA.

A JTAG Chain on DE10-Standard Board

The FPGA device can be configured through JTAG interface on DE10-Standard board, but the JTAG chain

asiC DE10- Standard 12 wwvw.terasic.com
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must form a closed loop, which allows Quartus Il programmer to the detect FPGA device. Figure 3-2
illustrates the JTAG chain on DE10-Standard board.

Extemal JTAG

Header
(Not Installed)

FPGA
HPS_TDI

P HPS_TDI

USB Blaster Il
Connector

HSMC Jumper

Figure 3-2 Path of the JTAG chain

A Configure the FPGA in JTAG Mode

There are two devices (FPGA and HPS) on the JTAG chain. The following shows how the FPGA is
programmed in JTAG mode step by step.

1. Open the Quartus |1l programmer &lgdredd3i ck fAAuto Det e

%”"‘\ ; Programmer - [Cl ain3.cdf

File Edit View Processing Tools Window Help = Search altera.com

2 Hordware Setup...| DE-SoC [USB-1] Mode: [ITAG v|  Progress: [

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

@' start
[ i Stop

| ¥ Delete

File Device Checksum Usercode Programf Verify Blank- Examine
‘ Configure Check

‘ "_J Change File...

\ {22 save File

ﬂ;“ﬂ Down

Figure 3-3 Detect FPGA device in JTAG mode
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2. Select detected device associated with the board, as circled in Figure 3-4.

r
& Select Device

]|

Found devices with shared JTAG ID for device 2. Please select your device.

) SCSEBAG

{©) S5CSEBAGES

() SCSXFCBDEES

Figure 3-4 Select 5CSXFC6D6 device

3. Both FPGA and HPS are detected, as shown in Figure 3-5.

rogram =

File Edit View

Processing Tools Window  Help

L

Search altera.com

=

=

Hardware Setup...

DE-SoC [USB-1]

Mode: [JTAG

Enable real-time ISP to allow background programming when available

z)

Progress:

]

wih start

N ol Stop

# Auto Detect

X Delete

M Add File...
i Change File...
& save File
r* Add Device...
1 up

l.% Down

File

=none=

=none=

SOCWHPS
SCSXFCBDE

Device

Checksum

ooooo000
ooooo000

Usercode

<none=

“none=

Program/
Configure

Werify Blank-

Check

mn

Examine

SOCVHPS

SCSXFCEDG
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Figure 3-5 FPGA and HPS detected in Quartus programmer
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4. Right click on the FPGA device and open the .sof file to be programmed, as highlighted in Figure

3-6.

File Edit View Procezsing Toolz Window

9

!

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

Mode: [JTAG

Enable reaktime ISP to allow background programming when available

Wi Start

File:

Device Checksum Usercode

Blank- Examing
Check

ol sio z <none=
=none=

00000000 <nongs

M Auto Detect

¥ Delste

Py
:

Change File...

Bl zave File

I‘t
&
g
g

b up

1% pown

SOCVHPS

Replaces a selected programming file

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

SYFErana B LT N LY LN
*  Delete Del
Select Al Cirl+-A
Add File...
Change File
Save File

Add IPS File...
Change IPS File...
Delete IPS File

Add EKP File...
Change EKP File...
Delete EKP File

Add PR Programming File. ..
Change PR Programming File...

Delete PR Programming File

Aftach Flash Device...
Change Flash Device...

Delete Flash Device

5. Select the .sof file to be programmed, as shown in Figure 3-7.
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6. CI

-
& Select Mew Programming File

==

Look in:

| | FADE10-Standardurunkicdisyste...E10_Standard_Defautidemo batch v | @ © @ | 7 B

;h My Computer

a user

|_|| DE10_Standard_default.zof |

File name:

Open

Files of type: [Programming Files (*=of *.pof *.jam *jbc *.ekp *.jic}

v] [ Cancel

ck

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

FPGA device, as shown in Figure 3-8.

Rasic

www.terasic.com

-
“ Programmer - [Chain5.cdf]*

fiProgr am/ Coanrfd gtulreerd c«lhiexck hDtxdhe tsdj filebntotthe o n

- 00 ow

Fie Edit Wiew Processing Tools Window Help @ Search aftera.com ®
; Hardware Setup...| DE-SoC [USB-1] Mode: |JTAG - Progress: [ ]
Enable reaktime ISP to allow background programming when available
o File Device Checksum Usercode Program/ Werify Blank- Examine
Bl Start Configure Check
= Stop <nones SOCWHPS 00000000 <nones
FYDE10-Standarditrunk/c... SCSXFCEDEF3 05012909 05012509 [ | | | [ |

M Auto Detect

3 Delete

iil[
E |8

Change File...

LLIj

Bl save File

II
=l |8
§| |8
8

I pown

SOCVHPS

SCSXFCEDEF31

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

1 TheDE10-Standardoardusesa quad serial configuratn device (EPCS128) to store
corfiguration data for th€yclone V SoC FPGAThis configuration data is automatically
loaded from the quad serial configuration device chip into the FPGA when the board is
powered up.

1 Users need to ussaial Flash Loader (SFLip program the quad serialrda@yuration devie
via JTAG interface. The FPGRased SFL is a soft intellectual property (IBjecwithin the
FPGA that bridge the JTA@ndFlash interfaces. The SFL Mdgaction is availablén
Quartus Il Figure 3-9 shows the prgramming method when adoptiSg-L solution

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

/AYOTS YA,

Cyclone?V
SoC
Quartus Il e — . . —
Programmer  [UfssR:Ea el JTAG VJTAG StELBI,-?:,Z%e VASMIN AS x4 é)u::_d Se?al
Circuit ’ _ M The JTAG bl Configuration
| and ASmI 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 are 5 indicaticts @am indicate
the boardstatug(SeeFigure 3-10), please refer the details Table 3-3

UART
JTAG
TX/RX TXD/RXD
12-V Power
Figure 3-10 LED Indicators on DE10-Standard
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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 DiSt@ndard, HPS (coldesetand HPS warm resetas
shown inFigure 3-11. Table 3-4 describes the purpose of these two HPS reset buftanse 3-12
is thereset tree for DEXS$tandard.

HPS_RESET n

o, ,

HPS_WARM_RST n

Figure 3-11 HPS cold reset and warm reset buttons on DE10-Standard
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Table 3-4 Description of Two HPS Reset Buttons on DE10-Standard

Board Reference |Signal Name Description

Cold reset to the HPS, Ethernet PHY and USB host device.
Active low input which resets all HPS logics that can be reset.
Warm reset to the HPS block. Active low input affects the
system reset domain for debug purpose.

USB Blaster Il JTAG
Connector
o PIN 6
VCC3P3

KEY5 HPS_RESET_N

KEY7 HPS_WARM_RST_N

KEY 7
B HPS_WARM_RST_n
—0
WARM_RST
veeses HPS_RESET_n
KEY 5 DEV_CLRN
HPS_ENET_RESET_n DNI
——o VI
HPS_RESET_n

10/100/1000 Base-T
Ethernet PHY
KSZ9021RN

RESET_N

USB 2.0 OTG PHY

HPS_RESET_PHY
- - >o_<,_, USB3300

Inverter RESET

Figure 3-12 HPS reset tree on DE10-Standard board

3.5 Clock Circuitry

Figure 3-13 shows the default frequency of all external clotkghe Cyclone V SoCFPGA A
clock generatoris used to distribute clock sigmsalith low jitter. The four50MHz clock signals
connected to the FPGA are used as clock sources for user @mugc25MHzclock signalis
connected tdwo HPS clock inputsand the other onis connected to the clock input of Gigabit
Ethernet Transceiver. Two 24MHz clock signals aomnected tothe clock inputs of USB
Host/OTG PHY and USB hub controll@the associated pin assignment for clock inputs to FPGA
I/O pins is listed infable 3-5.
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Si5350C
/[ANOTSRYA\,
Cyclone®V
CLOCK_50(50MHz) » cLkop  -°€
CLOCK2_50(50MHz)
» CLK2P
CLOCK4_50(50MHz) » CLK6P
CLOCK3_50(50MHz)
> CLK4P
HPS_CLK_25(25MHz)
» HPS_CLK1
o |—> HPS_CLK2

Gigabit
Ethernet

ENET_CLK_25(25MHz) X| Transceiver

USB Host PHY
USBPHY_CLK_24(24MHz) e

2-port Hub
USBHUB_CLK_24(24MHz) XI Controller

Figure 3-13 Block diagram of the clock distribution on DE10-Standard

Table 3-5 Pin Assignment of 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 interfacgmnectedo the FPGAUsers can control or monitdifferent
interfaces with user logic from tfd>GA

3.6.1 User Push -buttons , Switches and LEDs

The board has four pudiuttonsconnected tahe FPGA as shown inFigure 3-14 Connections
between the push-buttons and the Cyclone V SoC FPGA. Schmitt tigger circuit is implemented and act
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as switch debounce iRigure 3-15 for the puskbuttons conected. The four pushuttons named
KEYO, KEY1,KEY2, and KEY3 coming out of the Schmitt trigger devize connected directly to
the Cyclone V SoOFPGA. The pustbutton generates a lolegic levelor high logic levewhen it
is pressedr not, respectivgl Since the pusiuttors aredebounced, they can be usesiclock or
reset inputs in a circuit.

VCC3P3
U29
KEY0 KEY0
. — >
—O O Kev1 [ @
KEY1 74AUC17 S
N | KEV2 AAMCycl%rzg,mV
KEYs [

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

lPushbunondepmssed lPushbunonrmeased
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 data inputs to a ciftuEach svitch is connected
directly and individually tahe FPGA. When the switch set tothe DONN position (towardshe
edge of the board), it generai@dow logic level to the FPGAWhen the switch iset tothe UP
position a high logic levels generated to the FPGA
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{ANI]ED A\

Cyclone?V
SoC

[ » | Logic™”

S0 R000 00

SW9 SW8 SW7 SW6 SW5 SW4 SW3 SW2 SW1 SW0 Logic’0"

TAABO TACZQ TADBO AC28 TVZS TWZS TACSO TABZB Y27 AB30
W

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

BINRRRS _LEDO .\ A LEDO ;177

PINSAB2S) _LED1 .\ A LED1 177

PIN_.AC23 _LED2 . A LED2 >|7‘7;7‘

LED3 LEDS /7

A I:l " — x PIN_AD24 A A l

= o PINLAGES| LLED4 . A LED4 ;177

PIN_AF25 _LEDS . A -LEDS 177

Cyclone?uv —

SoC PIN_AE24 _LEDG LED6 » |77
PIN_AF24 M|

PIN_AB22| _LED8 .\ A LEDS |77
B ELEDO  \ A LEDS pi77 |

Figure 3-17 Connections between the LEDs and the Cyclone V SoC FPGA
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Table 3-6 Pin Assignment of Slide Switches

Signal Name FPGA Pin No. Description I/O Standard

SWIO0] PIN_AB30 Slide Switch[0] Depend on JP3
SW[1] PIN_Y27 Slide Switch[1] Depend on JP3
SW[2] PIN_AB28 Slide Switch[2] Depend on JP3
SWI3] PIN_AC30 Slide Switch[3] Depend on JP3
SW[4] PIN_W25 Slide Switch[4] Depend on JP3
SWI5] PIN_V25 Slide Switch[5] Depend on JP3
SWI6] PIN_AC28 Slide Switch[6] Depend on JP3
SWI7] PIN_AD30 Slide Switch[7] Depend on JP3
SWI8] PIN_AC29 Slide Switch[8] Depend on JP3
SWI9] PIN_AA30 Slide Switch[9] Depend on JP3

Table 3-7 Pin Assignment of Push-buttons

Signal Name FPGA Pin No. Description I/O Standard
KEYI[O] PIN_AJ4 Push-button[0] 3.3V
KEY[1] PIN_AK4 Push-button[1] 3.3V
KEY[2] PIN_AA14 Push-button[2] 3.3V
KEY[3] PIN_AA15 Push-button[3] 3.3V

Table 3-8 Pin Assignment of LEDs

Signal Name FPGA Pin No. Description I/0O Standard
LEDR[O] PIN_AA24 LED [0O] 3.3V
LEDR[1] PIN_AB23 LED [1] 3.3V
LEDR[2] PIN_AC23 LED [2] 3.3V
LEDR[3] PIN_AD24 LED [3] 3.3V
LEDR[4] PIN_AG25 LED [4] 3.3V
LEDR[5] PIN_AF25 LED [5] 3.3V
LEDR[6] PIN_AE24 LED [6] 3.3V
LEDR[7] PIN_AF24 LED [7] 3.3V
LEDR[8] PIN_AB22 LED [8] 3.3V
LEDR[9] PIN_AC22 LED [9] 3.3V

3.6.2 7-segment Displays

The DE10-Standardboard hassix 7-segment displays. These displays are paired to display numbers
in various sizesFigure 3-18 shows the connection of seven segments (common anode) to pins on
Cyclone VSoCFPGA. The segment can be turned on or off by applying a low logic level or high

logic level from the FPGA, resptvely.

Each segment in a display is indexed from O to 6, with corresponding positions giveuia
3-18. Table 3-9 shows the pin assignment of FPGA to theegment diplays.
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HEX0[0]

HEXO[1]

HEXO0[2] A

HEXO0[3]

HEXO0[6]

$333333

|

YA

®

HEXOH Cyclone:@,.V
HEXO[5] SoC

Figure 3-18 Connections between the 7-segment display HEX0 and the Cyclone V SoC FPGA

Table 3-9 Pin Assignment of 7-segment Displays
I/O Standard

Signal Name

HEXO0[0]
HEXO[1]
HEXO0[2]
HEXO[3]
HEXO[4]
HEXO[5]
HEXO[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]

asic]

www.terasic.com

CE10- Standard
User Manual

FPGA Pin No.
PIN_W17
PIN_V18
PIN_AG17
PIN_AG16
PIN_AH17
PIN_AG18
PIN_AH18
PIN_AF16
PIN_V16
PIN_AE16
PIN_AD17
PIN_AE18
PIN_AE17
PIN_V17
PIN_AA21
PIN_AB17
PIN_AA18
PIN_Y17
PIN_Y18
PIN_AF18
PIN_W16
PIN_Y19
PIN_W19
PIN_AD19
PIN_AA20
PIN_AC20
PIN_AA19

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]

24

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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HEX3[6] PIN_AD20 Seven Segment Digit 3[6] 3.3V

HEX4[0] PIN_AD21 Seven Segment Digit 4[0] 3.3V
HEX4[1] PIN_AG22 Seven Segment Digit 4[1] 3.3V
HEX4[2] PIN_AE22 Seven Segment Digit 4[2] 3.3V
HEXA4[3] PIN_AE23 Seven Segment Digit 4[3] 3.3V
HEX4[4] PIN_AG23 Seven Segment Digit 4[4] 3.3V
HEXA4[5] PIN_AF23 Seven Segment Digit 4[5] 3.3V
HEX4[6] PIN_AH22 Seven Segment Digit 4[6] 3.3V
HEX5[0] PIN_AF21 Seven Segment Digit 5[0] 3.3V
HEX5[1] PIN_AG21 Seven Segment Digit 5[1] 3.3V
HEX5[2] PIN_AF20 Seven Segment Digit 5[2] 3.3V
HEX5[3] PIN_AG20 Seven Segment Digit 5[3] 3.3V
HEX5[4] PIN_AE19 Seven Segment Digit 5[4] 3.3V
HEX5[5] PIN_AF19 Seven Segment Digit 5[5] 3.3V
HEX5[6] PIN_AB21 Seven Segment Digit 5[6] 3.3V

3.6.3 2x20 GPIO Expansion Header

The board haene40-pin expansion headerThw header has 36 user pins connected directly to the
Cyclone VSoCFPGA. It also comes with DC +5V (VCC5), DC +3.3V (VE33, and two GND
pins. The maximum power consumptiotoaled for a daughter card connected to one GPIO ports
is shownin Table 3-10.

Table 3-10 Voltage and Max. Current Limit of Expansion Header(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 resistor for protection against
high or low voltage levelFigure 3-19 shows the protection circuitry applied al 36 data pins.
Table 3-11 shows the pin assignment of the GPIO header.
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JcneFv

GPIO[35..0]

VCC3P3

36/
W—>

JP1

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

Table 3-11 Pin Assignment of Expansion Headers

Signal Name

GPIO[0]
GPIO[1]
GPIO[2]
GPIO[3]
GPIO[4]
GPIO[5]
GPIO[6]
GPIO[7]
GPIO[8]
GPIO[9]
GPIO[10]
GPIO[11]
GPIO[12]
GPIO[13]
GPIO[14]
GPIO[15]
GPIO[16]
GPIO[17]
GPIO[18]
GPIO[19]
GPIO[20]
GPIO[21]
GPI0[22]
GPIO[23]
GPIO[24]
GPIO[25]
GPIO[26]
GPI0[27]
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FPGA Pin No.
PIN_W15
PIN_AK?2
PIN_Y16
PIN_AK3
PIN_AJ1
PIN_AJ2
PIN_AH2
PIN_AH3
PIN_AH4
PIN_AH5
PIN_AG1
PIN_AG2
PIN_AG3
PIN_AG5
PIN_AG6
PIN_AG7
PIN_AGS
PIN_AF4
PIN_AF5
PIN_AF6
PIN_AF8
PIN_AF9
PIN_AF10
PIN_AE7
PIN_AE9
PIN_AE11
PIN_AE12
PIN_AD7

Description

GPIO Connection 0[0]
GPIO Connection 0[1]
GPIO Connection 0[2]
GPIO Connection 0[3]
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]

26

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
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GPIO[28] PIN_AD9 GPIO Connection 0[28] 3.3V

GPIO[29] PIN_AD10 GPIO Connection 0[29] 3.3V
GPIO[30] PIN_AD11 GPIO Connection 0[30] 3.3V
GPIO[31] PIN_AD12 GPIO Connection 0[31] 3.3V
GPIO[32] PIN_AC9 GPIO Connection 0[32] 3.3V
GPIO[33] PIN_AC12 GPIO Connection 0[33] 3.3V
GPIO[34] PIN_AB12 GPIO Connection 0[34] 3.3V
GPIO[35] PIN_AA12 GPIO Connection 0[35] 3.3V

3.6.4 HSMC connecto r

The board contains a High Speed Mezzantard (HSMC) interface to provide mechanism for
extending the peripherakt of an FPGA host board by means of-addlaughter cards, which can
address todayos high speed -speeg deviteiintegacersapparti r er
The HSMC inerface support JTAG, clock outputs and inputs, {sigéed serial 1/0O (transceivers),

and singleended or differential signaling. Signals on the HSMC port are showvagime 3-20.

Table 3-12 shows the maximum power consumption of the daughter card that connects to HSMC
port.

Bank 1

JTAG
SMBus
CLKINO, CLKOUTO

Bank 2

Power
D(39:0)
-or-
D(3:0) + LVDS

CLKIN1, CLKOUT1

Bank 3

Power
D(79:40)

CLKIN2, CLKOUT2

Figure 3-20 HSMC Signal Bank Diagram
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Table 3-12 Power Supply of the HSMC

Supplied Voltage Max. Current Limit
12v 1A
3.3V 1.5A

The voltage level of the 1/0 pins on the HSMC connector can be adjusted to 3.3V, 2.5V, 1.8V, or
1.5V using JP3Thedefaultsetting is 2.5Y. Because the HSMC 1/Os are conteelcto Bank5B &

8A of the FPGA and the VCCIO voltage oktetwo banls arecontrolled by the header 3Pusers

can use a jumper to select the input voltage of VCCIO5B & VCCIOS8A to 3.3V, 2.5V, 1.8V, and
1.5V to control the voltage level of the I/O pinsble 3-13 lists the jumper settings of the JP3.
Table 3-14 shows all the pin assignments of the HSMC connector.

Table 3-13 Jumper Settings for different I/O Standards

: Supplied Voltage to VCCIO5B & IO Voltage of HSMC
JP3 Jumper Settings
VCCIO8A Connector (JP2)
Short Pins 1 and 2 1.5V 1.5V
Short Pins 3 and 4 1.8V 1.8V
Short Pins 5 and 6 2.5V 2.5V (Default)
Short Pins 7 and 8 3.3V 3.3V

Table 3-14 Pin Assignments for HSMC connector

Signal Name FPGA Pin No. Description I/O Standard

HSMC_CLKINO PIN_J14 Dedicated clock input Depend on JP3

HSMC_CLKIN_N1 PIN_AB27 LVDS RX or CMOS I/O or Depend on JP3
differential clock input

HSMC_CLKIN_N2 PIN_G15 LVDS RX or CMOS I/O or Depend on JP3
differential clock input

HSMC_CLKIN_P1 PIN_AA26 LVDS RX or CMOS I/O or Depend on JP3
differential clock input

HSMC_CLKIN_P2 PIN_H15 LVDS RX or CMOS I/O or Depend on JP3
differential clock input

HSMC_CLKOUTO PIN_AD29 Dedicated clock output Depend on JP3

HSMC_CLKOUT_N1 |PIN_E6 LVDS TX or CMOS I/O or Depend on JP3
differential clock input/output

HSMC_CLKOUT_N2 |PIN_A10 LVDS TX or CMOS I/O or Depend on JP3
differential clock input/output

HSMC_CLKOUT_P1 |PIN_E7 LVDS TX or CMOS I/O or Depend on JP3
differential clock input/output

HSMC_CLKOUT_P2 |PIN_A11 LVDS TX or CMOS I/O or Depend on JP3
differential clock input/output

HSMC_D|0] PIN_C10 LVDS TX or CMOS I/O Depend on JP3

HSMC_D[1] PIN_H13 LVDS RX or CMOS I/O Depend on JP3

HSMC_D[2] PIN_C9 LVDS TX or CMOS I/O Depend on JP3

HSMC_D[3] PIN_H12 LVDS RX or CMOS I/O Depend on JP3

HSMC_SCL PIN_AA28 Management serial data Depend on JP3
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HSMC_SDA PIN_AE29 Management serial clock Depend on JP3
HSMC_RX_D_NI[0] PIN_G11 LVDS RX bit On or CMOS 1/O Depend on JP3
HSMC_RX_D_NJ[1] PIN_J12 LVDS RX bit 1n or CMOS I/O Depend on JP3
HSMC_RX_D_NJ[2] PIN_F10 LVDS RX bit 2n or CMOS I/O Depend on JP3
HSMC_RX_D_NI3] PIN_J9 LVDS RX bit 3n or CMOS I/O Depend on JP3
HSMC_RX_D_NJ[4] PIN_K8 LVDS RX bit 4n or CMOS I/O Depend on JP3
HSMC_RX_D_NI[5] PIN_H7 LVDS RX bit 5n or CMOS I/O Depend on JP3
HSMC_RX_D_N[6] PIN_G8 LVDS RX bit 6n or CMOS I/O Depend on JP3
HSMC_RX_D_NJ[7] PIN_F8 LVDS RX bit 7n or CMOS I/O Depend on JP3
HSMC_RX_D_NI8] PIN_E11 LVDS RX bit 8n or CMOS I/O Depend on JP3
HSMC_RX_D_N[9] PIN_B5 LVDS RX bit 9n or CMOS I/O Depend on JP3
HSMC_RX_D_N[10] |PIN_D9 LVDS RX bit 10n or CMOS 1/O Depend on JP3
HSMC_RX_D_N[11] |PIN_D12 LVDS RX bit 11n or CMOS I/O Depend on JP3
HSMC_RX_D_N[12] |PIN_D10 LVDS RX bit 12n or CMOS 1/O Depend on JP3
HSMC _RX D _N[13] PIN_B12 LVDS RX bit 13n or CMOS I/O Depend on JP3
HSMC_RX_D_N[14] |PIN_E13 LVDS RX bit 14n or CMOS I/O Depend on JP3
HSMC_RX_D_N[15] |PIN_G13 LVDS RX bit 15n or CMOS 1/O Depend on JP3
HSMC_RX_D_N[16] |PIN_F14 LVDS RX bit 16n or CMOS I/O Depend on JP3
HSMC_RX_D_P[0] PIN_G12 LVDS RX bit 0 or CMOS /O Depend on JP3
HSMC RX D _P[1]  PIN_K12 LVDS RX bit 1 or CMOS I/0 Depend on JP3
HSMC_RX_D_P[2] PIN_G10 LVDS RX bit 2 or CMOS /O Depend on JP3
HSMC_RX_D_P[3] PIN_J10 LVDS RX bit 3 or CMOS /O Depend on JP3
HSMC_RX_D_P[4] PIN_K7 LVDS RX bit 4 or CMOS 1/0 Depend on JP3
HSMC_RX_D_P[5] PIN_J7 LVDS RX bit 5 or CMOS /O Depend on JP3
HSMC_RX_D_P[6] PIN_H8 LVDS RX bit 6 or CMOS I/O Depend on JP3
HSMC_RX_D_P[7] PIN_F9 LVDS RX bit 7 or CMOS /O Depend on JP3
HSMC RX D _P[8] |PIN_F11 LVDS RX bit 8 or CMOS I/0 Depend on JP3
HSMC_RX_D_P[9] PIN_B6 LVDS RX bit 9 or CMOS /O Depend on JP3
HSMC_RX_D_P[10] |PIN_E9 LVDS RX bit 10 or CMOS 1/O Depend on JP3
HSMC_RX _D_P[11] |PIN_E12 LVDS RX bit 11 or CMOS 1/O Depend on JP3
HSMC_RX_D_P[12] |PIN_D11 LVDS RX bit 12 or CMOS 1/O Depend on JP3
HSMC_RX_D_P[13] |PIN_C13 LVDS RX bit 13 or CMOS 1/O Depend on JP3
HSMC_RX_D_P[14] |PIN_F13 LVDS RX bit 14 or CMOS 1/O Depend on JP3
HSMC_RX_D_P[15] |PIN_H14 LVDS RX bit 15 or CMOS 1/O Depend on JP3
HSMC_RX_D_P[16] PIN_F15 LVDS RX bit 16 or CMOS 1/0 Depend on JP3
HSMC_TX_D_NJ0] PIN_A8 LVDS TX bit On or CMOS /O Depend on JP3
HSMC_TX_D_NI[1] PIN_D7 LVDS TX bit 1n or CMOS 1/O Depend on JP3
HSMC_TX_D_NJ[2] PIN_F6 LVDS TX bit 2n or CMOS /O Depend on JP3
HSMC_TX_D_N[3] PIN_C5 LVDS TX bit 3n or CMOS I/O Depend on JP3
HSMC_TX_D_N[4] PIN_C4 LVDS TX bit 4n or CMOS /O Depend on JP3
HSMC_TX_D_NI[5] PIN_E2 LVDS TX bit 5n or CMOS /O Depend on JP3
HSMC_TX_D_NI[6] PIN_D4 LVDS TX bit 6n or CMOS 1/O Depend on JP3
HSMC_TX_D_NJ[7] PIN_B3 LVDS TX bit 7n or CMOS /O Depend on JP3
HSMC_TX_D_NI8] PIN_D1 LVDS TX bit 8n or CMOS 1/O Depend on JP3
HSMC_TX_D_NJ[9] PIN_C2 LVDS TX bit 9n or CMOS /O Depend on JP3
HSMC_TX_D_N[10] |PIN_B1 LVDS TX bit 10n or CMOS /O Depend on JP3
HSMC_TX D N[11] |PIN_A3 LVDS TX bit 11n or CMOS I/0O Depend on JP3
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HSMC_TX_D_N[12] |PIN_A5 LVDS TX bit 12n or CMOS I/O Depend on JP3
HSMC_TX_D_N[13] |PIN_B7 LVDS TX bit 13n or CMOS 1/O Depend on JP3
HSMC_TX_ D N[14] |PIN_B8 LVDS TX bit 14n or CMOS /O Depend on JP3
HSMC_TX_D N[15] |PIN_B11 LVDS TX bit 15n or CMOS I/O Depend on JP3
HSMC_TX_D_N[16] |PIN_A13 LVDS TX bit 16n or CMOS 1/O Depend on JP3
HSMC_TX_D_PJ[0] PIN_A9 LVDS TX bit 0 or CMOS 1/O Depend on JP3
HSMC_TX_D_P[1] PIN_E8 LVDS TX bit 1 or CMOS I/O Depend on JP3
HSMC_TX_D_P[2] PIN_G7 LVDS TX bit 2 or CMOS 1/O Depend on JP3
HSMC_TX_D_P[3] PIN_D6 LVDS TX bit 3 or CMOS I/O Depend on JP3
HSMC_TX_D_P[4] PIN_D5 LVDS TX bit 4 or CMOS I/O Depend on JP3
HSMC_TX_D_P[5] PIN_E3 LVDS TX bit 5 or CMOS 1/O Depend on JP3
HSMC_TX_D_P[6] PIN_E4 LVDS TX bit 6 or CMOS I/O Depend on JP3
HSMC_TX_D_P[7] PIN_C3 LVDS TX bit 7 or CMOS 1/O Depend on JP3
HSMC_TX_D_P[8] PIN_E1 LVDS TX bit 8 or CMOS I/O Depend on JP3
HSMC_TX_D_P[9] PIN_D2 LVDS TX bit 9 or CMOS I/O Depend on JP3
HSMC _TX_D P[10] |PIN_B2 LVDS TX bit 10 or CMOS I/O Depend on JP3
HSMC_TX_D_P[11] |PIN_A4 LVDS TX bit 11 or CMOS I/O Depend on JP3
HSMC TX_D P[12] PIN_A6 LVDS TX bit 12 or CMOS I/O Depend on JP3
HSMC_TX_D_P[13] |PIN_C7 LVDS TX bit 13 or CMOS I/O Depend on JP3
HSMC TX_D P[14] |PIN_C8 LVDS TX bit 14 or CMOS I/O Depend on JP3
HSMC_TX_D_P[15] |PIN_C12 LVDS TX bit 15 or CMOS 1/O Depend on JP3
HSMC_TX_D_P[16] |PIN_B13 LVDS TX bit 16 or CMOS /O Depend on JP3

3.6.5 24 -bit Audio CODEC

The DE10Standard board offetigh-quality 24bit audio via the Wolfson WM8731 audio CODEC
(Encoder/Decoder). This chip supports microphondine-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 n Figure 3-21, and the associated pin assignment to the
FPGA is listed inTable 3-15. More information abouthe WM8731 codec is available in its
datasheet, which can beuftd on the manufacterr 6 ssiteyoeirbthedirectoryfdatasheetdudio
CODE® of DE10-Standard $stem CD.
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U3

WM8731
AUD_XCK XTI/MCLK Mic In —
‘_h J1
AUD_BCLK n—
N AUD_DACDAT
Am ® = DACDAT Line In |
‘—~ J2
g AUD_DACLRCK
< = DACLRCK
CyclonefYV

SoC AUD_ADCDAT

ADCDAT Line Out |
—ine Out
AUD_ADCLRCK J3

ADCLRCK

A 4

A
A 4

v

4
A 4

A

A
A 4

Figure 3-21 Connections between the FPGA and audio CODEC

Table 3-15 Pin Assignment of Audio CODEC

Signal Name FPGA Pin No. Description I/O Standard
AUD_ADCLRCK PIN_AH29 Audio CODEC ADC LR Clock 3.3V
AUD_ADCDAT PIN_AJ29 Audio CODEC ADC Data 3.3V
AUD_DACLRCK PIN_AG30 Audio CODEC DAC LR Clock 3.3V
AUD_DACDAT PIN_AF29 Audio CODEC DAC Data 3.3V
AUD_XCK PIN_AH30 Audio CODEC Chip Clock 3.3V
AUD_BCLK PIN_AF30 Audio CODEC Bit-stream Clock 3.3V
I2C_SCLK PIN_Y24 or PIN_E23 I2C Clock 3.3V
I2C_SDAT PIN_Y23 or PIN_C24 I2C Data 3.3V

3.6.6 12C Multiplexer

The DE10-Standardboardimplements an 12C multiplexdor HPSto access the 12C bus originally
ownedby FPGA.Figure 3-22 shows the connection of 12C multiplexerthe FPGA and HR$PS
can access Audio CODEC and Décoderif and only ifthe HPS_12C_CONTROIsignal is set to
high. Thepin assignmentf 12C busis listed inTable 3-16.
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1 12¢ Bus

v

Switch_Control \
—> TI:-TS5A23157

A

HPS_I2C FPGA_I2C
XN «— | N——t

HPS/ARM FPGA/Qsys

SoC FPGA

Figure 3-22 Control mechanism for the I12C multiplexer

Table 3-16 Pin Assignment of 12C Bus

Signal Name FPGA Pin No. Description I/O Standard
FPGA_I2C_SCLK |PIN_Y24 FPGA 12C Clock 3.3V
FPGA_I2C_SDAT |PIN_Y23 FPGA 12C Data 3.3V
HPS 12C1_SCLK |PIN_EZ23 I12C Clock of the first HPS 12C concontroller 3.3V
HPS_[2C1_SDAT |PIN_C24 I2C Data of the first HPS 12C concontroller 3.3V
HPS 12C2_SCLK |PIN_H23 I12C Clock of the second HPS 12C concontroller 3.3V
HPS_[2C2_SDAT |PIN_A25 I2C Data of the second HPS I2C concontroller 3.3V

3.6.7 VGA Output

The DE10-Standard board has a-pt D-SUB connector populated fd/GA output. The VGA
syndironization signals are generatduectly from theCyclone V SoC FPGAand the Analog
Devices ADV7123 triplel0-bit high-speed video DAC (only the higherf#s are usediransforms
signals from digital to analog to represent three fundamental coémts green, and blue). ¢an
supportup toSXGA stanard (1280*1024) with signals transmittedl®MHz.Figure 3-23 shows
the signals connected between the FPGA and VGA.
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us

VGA_R[7..0]
VGA_G[7..0]

éA! O E.: P %Q ) VGA_B[7..0]

Cycione®y _VCACLK
Eec VGA_SYNC_N

VGA_BLANK_N

VGA DAC
ADV7123

vV VvV v vV Vv

VGA_VS
VGA_HS

Figure 3-23 Connections between the FPGA and VGA

The timing specification for VGA synchronization an&R (red, green, blue) data can be easily
found on website nowadaysigure 3-24 illustrates the basic timing requirements for each row
(horizontal) displayed on a VGA monitor. An actilev pulse of specific duraih 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 be off (driven to 0 V) for a
time period called the back porch @fjer 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, there is a time period called the front porch (d) where the iRGE s

must again be off before the next hsync pulse can occur. The timing of vertical synchronization
(vsync) is similar to the one shown fingure 3-24, except that a vsync pulse signifies the end of
one frame adh the start of the next, and the data refers to the set of rows in the frame (horizontal
timing). Table 3-17 and Table 3-18 show different resolutions and durations of tipgziod a, b, c,

and d for both horizontal and vertical timing.

More information about the ADV7123 video DAC is available in its datasheet, which can be found
on t he manufactur er 6s \Daashestd/IDEO, DA® of DE1O:Stahdhre di
SystemCD. The pin assignment between the Cyclone V SoC FPGA and the ADV7123 is listed in
Table 3-19.
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Figure 3-24 VGA horizontal timing specification
Table 3-17 VGA Horizontal Timing Specification
VGA mode Horizontal Timing Spec

Configuration

VGA(60Hz) 640x480
VGA(85Hz) 640x480
SVGA(60Hz) 800x600
SVGA(75Hz) 800x600
SVGA(85Hz) 800x600
XGA(60Hz) 1024x768
XGA(70Hz) 1024x768
XGA(85Hz) 1024x768
1280x1024(60Hz) 1280x1024

Table 3-18 VGA Vertical Timing Specification

VGA mode
Configuration

VGA(60Hz) 640x480
VGA(85Hz) 640x480
SVGA(60Hz) 800x600
SVGA(75Hz) 800x600
SVGA(85Hz) 800x600
XGA(60Hz) 1024x768
XGA(70Hz) 1024x768
XGA(85Hz) 1024x768
1280x1024(60Hz) 1280x1024
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Table 3-19 Pin Assignment of VGA

Signal Name FPGA Pin No. Description I/O Standard
VGA_R[O0] PIN_AK29 VGA Red[0] 3.3V
VGA_R[1] PIN_AK28 VGA Red[1] 3.3V
VGA_R[2] PIN_AK27 VGA Red[2] 3.3V
VGA_R[3] PIN_AJ27 VGA Red[3] 3.3V
VGA_R[4] PIN_AH27 VGA Red[4] 3.3V
VGA_R[5] PIN_AF26 VGA Red[5] 3.3V
VGA_R[6] PIN_AG26 VGA Red[6] 3.3V
VGA_R[7] PIN_AJ26 VGA Red[7] 3.3V
VGA_G[0] PIN_AK26 VGA Green[0] 3.3V
VGA_G[1] PIN_AJ25 VGA Green[1] 3.3V
VGA_G[2] PIN_AH25 VGA Green[2] 3.3V
VGA_GI[3] PIN_AK24 VGA Green|[3] 3.3V
VGA_G[4] PIN_AJ24 VGA Green[4] 3.3V
VGA_G[5] PIN_AH24 VGA Green[5] 3.3V
VGA_GI[6] PIN_AK23 VGA Green|[6] 3.3V
VGA_G[7] PIN_AH23 VGA Green[7] 3.3V
VGA_B[0] PIN_AJ21 VGA Blue[0] 3.3V
VGA_BJ[1] PIN_AJ20 VGA Blue[1] 3.3V
VGA_BJ[2] PIN_AH20 VGA Blue[2] 3.3V
VGA_B[3] PIN_AJ19 VGA Blue[3] 3.3V
VGA_B[4] PIN_AH19 VGA Blue[4] 3.3V
VGA_B[5] PIN_AJ17 VGA Blue[5] 3.3V
VGA_BI[6] PIN_AJ16 VGA Blue[6] 3.3V
VGA_BI[7] PIN_AK16 VGA Blue[7] 3.3V
VGA_CLK PIN_AK21 VGA Clock 3.3V
VGA_BLANK_N PIN_AK22 VGA BLANK 3.3V
VGA_HS PIN_AK19 VGA H_SYNC 3.3V
VGA_VS PIN_AK18 VGAV_SYNC 3.3V
VGA_SYNC_N PIN_AJ22 VGA SYNC 3.3V

3.6.8 TV Decoder

The DEl1GStandard board is equipped with an Analog Device AD8O TV decoder chip. The
ADV7180 is an integrated video decoder which automatically detects and converts a standard
analog baseband television sigh@TSC, PAL, and SECAM) into 4:2:2 component video data,
which is compatible with the-Bit ITU-R BT.656interface standard. The ADV7180 is compatible
with wide range of video devices, including DVD players, thpsed sources, broadcast sources,
and security/surveillance cameras.

The registers in the TV decoder can be accessed and set through serial BQhHmi€yclone V
SOoCFPGA or HPS. Note that the 12C address W/R of the TV decodbriglDx40/0x41. The pin

asiC DE10- Standard 35 wwvw.terasic.com
User Manual March 9, 2017

www.terasic.com


http://www.terasic.com/
file:///C:/Users/user/AppData/Roaming/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

assignment of TV decoder is listed imble 3-20. More information abouthe ADV7180is
available on thena nu f a ct u r, errinGledirecomly\DE1tSOC datasheet¥ideo Decoder
of DE10-Standard System CD.

U4

ADV7180
TD_DATA[7..0]
l P[7..0]
TD_VS
—= Vs
TD_HS J6
< HS o
AEIEA o ¢ oy LLC AIN1 [¢——, .'/
TD_RESET_N | =
cyc’%ng§v —_— i el RCA JACK
2 = » SCLK
12C_SDAT
— » SDAT
OSC 28MHz | XTAL
Y1
Figure 3-25 Connections between the FPGA and TV Decoder
Table 3-20 Pin Assignment of TV Decoder
Signal Name FPGA Pin No. Description I/O Standard
TD_DATA [0] PIN_AG27 TV Decoder Data[0] 3.3V
TD_DATA[1] PIN_AF28 TV Decoder Data[1] 3.3V
TD_DATA [2] PIN_AE28 TV Decoder Data[2] 3.3V
TD_DATA [3] PIN_AE27 TV Decoder Data[3] 3.3V
TD_DATA [4] PIN_AE26 TV Decoder Data[4] 3.3V
TD_DATA [5] PIN_AD27 TV Decoder Data[5] 3.3V
TD_DATA [6] PIN_AD26 TV Decoder Data[6] 3.3V
TD_DATA [7] PIN_AD25 TV Decoder Data[7] 3.3V
TD_HS PIN_AH28 TV Decoder H_SYNC 3.3V
TD_VS PIN_AG28 TV Decoder V_SYNC 3.3V
TD_CLK27 PIN_AC18 TV Decoder Clock Input. 3.3V
TD_RESET_N PIN_AC27 TV Decoder Reset 3.3V
I2C_SCLK PIN_Y24 or PIN_E23 I2C Clock 3.3V
[2C_SDAT PIN_Y23 or PIN_C24 I2C Data 3.3V
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3.6.9 IR Receiver

Theboardcomes withan infrared remotecontrol receiver module (model: IRM538/TR1), whose
datasheet is providenh the directory \Datasheets IR Receiver and Emitteof DE10-Standard
system CD.The remote control, which is optional and can be ordered from the website, has an
encoding chip(uPD6121G built-in for generatinginfrared signals.Figure 3-26 shows the
connectionof IR receiverto the FPGA Table 3-21 shows the pin assignment of IBceiver to the
FPGA.

VCC3P3
U35
AEIEE{A «RDA_RXD ot
®
veesps O vce
Cyclone,ng
SoC
GND
& CHASSIS

Figure 3-26 Connection between the FPGA and IR Receiver

Table 3-21 Pin Assignment of IR Receiver

Signal Name FPGA Pin No. Description I/0 Standard
IRDA_RXD PIN_W20 IR Receiver 3.3V

3.6.10 IR Emitter LED

The board has an IR emitter LED for IR communication, which is widely used for operating television device
wirelessly from a short line-of-sight distance. It can also be used to communicate with other systems by
matching this IR emitter LED with another IR receiver on the other side. Figure 3-27 shows the connection
of IR emitter LED to the FPGA. Table 3-22 shows the pin assignment of IR emitter LED to the FPGA.
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VCC3P3

IR Emitter LED

IRDA_TXD .

AIEIE%A HE8050G
®

Cyclone,@mV
SoC

Figure 3-27 Connection between the FPGA and IR emitter LED

Table 3-22 Pin Assignment of IR Emitter LED

Signal Name FPGA Pin No. Description I/O Standard
IRDA_TXD PIN_W21 IR Emitter 3.3V

3.6.11 SDRAM Memory

The board feature64MB of SDRAM with a single64MB (32Mx16) SDRAM chip. The chip
consists of 1éit data ling controlline, and address line connected to the RPGnis chip uses the

3.3V LVCMOS signaling standard. Connections between the FPGA and SDRAM are shown in
Figure 3-28, and the pin assignment is listedlable 3-23.

32Mx16 SDRAM

DRAM_DQ[15..0]

D[15..0]

<

DRAM_ADDR[12..0]

N Al12.0]
DRAM_BA[1.0] | FYNER
= DRAM_CLK ___ JfSS
EA! | | E I:)_/AE DRAM_CKE oS
8 DRAM_LDQM _ EESfal
Cyclone®V v R
e DRAM_WE_N _ [SyS
SoC DRAM_CAS_N _ [FSS
DRAM_RAS_N _ [FREJR
DRAM_CS_N ; nCS

Figure 3-28 Connections between the FPGA and SDRAM
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Table 3-23 Pin Assignment of SDRAM

Signal Name FPGA Pin No. Description I/O Standard
DRAM_ADDRJ[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_ADDRJ[3] PIN_AE14 SDRAM Address|[3] 3.3V
DRAM_ADDR[4] PIN_AB15 SDRAM Address[4] 3.3v
DRAM_ADDRJ[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_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_DQI0] PIN_AK6 SDRAM Data[0] 3.3V
DRAM_DQI1] 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_DQ[4] PIN_AK9 SDRAM Data[4] 3.3V
DRAM_DQ[5] PIN_AG10 SDRAM Data[5] 3.3V
DRAM_DQI6] PIN_AK11 SDRAM Data[6] 3.3V
DRAM_DQ[7] PIN_AJ11 SDRAM Data[7] 3.3V
DRAM_DQI8] PIN_AH10 SDRAM Data[8] 3.3V
DRAM_DQ[9] PIN_AJ10 SDRAM Data[9] 3.3V
DRAM_DQ[10] PIN_AJ9 SDRAM Data[10] 3.3V
DRAM_DQJ11] PIN_AH9 SDRAM Data[11] 3.3V
DRAM_DQ[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_DQI[15] 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
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3.6.12 PS/2 Serial Port

The DE10Standard board comes with a standard PS/2 interface and a connector for a PS/2
keyboard or mouse=igure 3-29 shows the connection of PS/2 circuit to the FPGA. Users can use
the PS/2 keyboard and mouse on the DEfdhdard board simultaneously by a PS/€able, as

shown inFigure 3-30. Instructions on how to use PS/2 mouse and/or keyboard can be found on
various educational websites. The pin assignment associated to this interface is shewie in

3-24.

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

shoul d be PS2_CLK and PS2_DAT

AD7 < FPS2.CLK N\'
R | Ps2 cLk2 ‘f\/\’
/AN [S RY/A\
®
Cyclonegv |
SoC J12
AEg < PS2DAT2 W\'
PS2_DAT
AE7T +—= \j\f\,

Figure 3-29 Connections between the FPGA and PS/2

)

Figure 3-30 Y-Cable for using keyboard and mouse simultaneously
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Table 3-24 Pin Assignment of PS/2

Signal Name |FPGA Pin No. Description I/O Standard
PS2_CLK PIN_AB25 PS/2 Clock 3.3V
PS2_DAT PIN_AA25 PS/2 Data 3.3V
PS2 CLK2 PIN_AC25 PS/2 Clock (reserved for second PS/2 device) 3.3V
PS2_DAT2 PIN_AB26 PS/2 Data (reserved for second PS/2 device) 3.3V

3.6.13 A/D Converter and 2x5 Header

The DE10-Standard has an analog-to-digital converter (LTC2308), which features low noise, eight-channel
CMOS 12-bit. This ADC offers conversion throughput rate up to 500KSPS. The analog input range for all input
channels can be 0 V to 4.096V. The internal conversion clock allows the external serial output data clock
(SCLK) to operate at any frequency up to 40MHz. It can be configured to accept eight input signals at inputs
ADC_INO through ADC_IN7. These eight input signals are connected to a 2x5 header, as shown in Figure
3-31.

More information abouthe A/D converter chips available inits datasheetlt can be found on
manufactur er 6s we kdatasheedf D&EXOStandardiysteen CB.i r ect or vy

VCC5 ADC_INO

ADC_IN1 ADC_IN2
ADC_IN3 ADC_IN4

ADC_IN5
ADC_IN7

ADC_IN6
GND

Figure 3-31 Signals of the 2x5 Header

Figure 3-32 shows the connectiotetween the FPGA, 2x5 headand theéA/D converter Table
3-25 shows thepin assignment of A/D coerter.
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2X5
Header

ADC_INO

ADC_IN1
ADC_IN2
ADC_IN3
ADC_IN4
ADC_IN5
ADC_IN6
ADC_IN7

LTC2308CUF

ADC_DOUT
I

ADC_CS N
——

ADC_SCLK =
ADC_DIN A = A
®

Cyclone§V

Figure 3-32 Connections between the FPGA, 2x5 header, and the A/D converter

Table 3-25 Pin Assignment of ADC

Signal Name FPGA Pin No. Description I/O Standard
ADC_CONVST PIN_Y21 Conversion Start 3.3V
ADC_DOUT PIN_V23 Digital data input 3.3V
ADC_DIN PIN_W22 Digital data output 3.3V
ADC_SCLK PIN_W24 Digital clock input 3.3V

3.7 Peripherals Connected to Hard Processor System (HPS)

This sectim introduces the interfaces connected to the HPS section Glytlene 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 its set of switches, buttons, LEDs, and o#r&ced
connected exclusively. Users can control these interfaces to monitor the status of HPS.

Table 3-26 givesthe pin assignment of all the LEDs, switches, and {iusgtons.

Table 3-26 Pin Assignment of LEDs, Switches and Push-buttons

Signal Name HPS GPIO Register/bit Function
HPS_KEY GPIO54 GPI01[25] I/O
HPS_LED GPIO53 GPIO1[24] I/0
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3.7.2 Gigabit Ethernet

The board supports Gigabit Ethernet transfer byexernal Micel KSZ9021RN PHY chip and
HPS Ethernet MAC function. The KSZ9021RN chip with integrated 10/100/1000 Mbps Gigabit
Ethernet transceiver also supports RGMII MAC interfa€elure 3-33 shows the connections
between te HPS, Gigabit Ethernet PHY, and-B3 connector.

The pin assignment associated to Gigabit Ethernet interface is list@dbie 3-27. More
information about the KSZ9021RN PHY chip and its datasheet, as well appheation notes,
which are available on the manufactureroés web

us J10
HPS_ENET_TX_DATA[3..0] _

»| TXD[3..0]
| | HPS_ENET_GTX CLK | < 1"(ik

HPS_ENET_TX_EN _
HPS_ENET_RX_DATA[3..0]

TX_EN
RXD[3..0] TXRXP TRD+

= MDI_HPS_P
. R e e e EE TXRXM |« — = 5 TRD-
HPS_ENET_RX_DV_| '~/

HPS_ENET_MDC | |/

MDI_HPS_N

A
v

A

0
3
H
0
0
5
A4

HPS ’ HPS_ENET_MDIO LED2_DUAL_1

LED2 _DUAL 2

MDIO LED1

LED2
T HPS_ENET_INT_N INT_N

LEDY-
LEDG-

A A

ol o HPS_ENET_RESET_N
J—__ ENET_CLK_25
= — =y

RESET_N

Xl

KSZ9021RN RJ45

Figure 3-33 Connections between the HPS and Gigabit Ethernet

Table 3-27 Pin Assignment of Gigabit Ethernet PHY

Signal Name FPGA Pin No. Description I/O Standard
HPS_ENET_TX EN PIN_AZ20 GMIl and MIl transmit enable 3.3V
HPS_ENET_TX DATAJ[O] PIN_F20 MII transmit data[0O] 3.3V
HPS_ENET_TX_DATA[1] PIN_J19 MIl transmit data[1] 3.3V
HPS_ENET_TX DATA[2] PIN_F21 MIl 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 Mill receive data valid 3.3V
HPS_ENET_RX_DATA[O0] PIN_A21 GMIl and Mill receive data[0] 3.3V
HPS_ENET_RX_DATA[1] PIN_B20 GMIl and Ml receive data[1] 3.3V
HPS_ENET_RX_ DATA[2] PIN_B18 GMIl and Mill receive data[2] 3.3V
HPS_ENET_RX_DATAJ[3] PIN_D21 GMIl and Ml receive data[3] 3.3V
HPS_ENET_RX_ CLK PIN_G20 GMIl and Mll receive clock 3.3V
HPS_ENET _RESET_N PIN_E18 Hardware Reset Signal 3.3V
HPS_ENET_MDIO PIN_E21 Management Data 3.3V
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HPS_ENET_MDC Management Data Clock 3.3V

PIN_B21
- Reference
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 (LEDGid yellow LED (LEDY), which represent the status of
Ethernet PHY (KSZ9021RNI)The LED control signals are connectedthe LEDson the RJ45
connectorThe state and definition of LEDG and LEDY are listediable 3-28. For instancethe
connection from board to Gigabit Ethernet is established once the LEDG lights on.

Table 3-28 State and Definition 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 to USB

The boardhasone UART interface connected for communication with HfeS. This interface

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

onboard brige froma FT232Rchip to the host withraUSB Mini-B connectorMore information
aboutthechip s avail able on t he mdmaofydatdsheetdARB O we b s
USB of DE10-Standardsystem CD.Figure 3-34 shows the connections between the HPS, FT232R
chip, and the USB MinB connector.Table 3-29 lists the pin assignmenbdf UART interface
connected to thelPS.

u7

— CBUSO

il i FT232_DP

/NOTERYA\. | . HPS_UART RX - USBDP |[¢———=—» 1

Cyclone®™V )
Soc HPS_UART_TX » RXD USBDM |« T232-0M

HPS USB Mini-B Connector
< HPS_CONV_USB_n ——

HPS_RESET_UART_n

| g oHPS_RESET n
| FT232R

RESET

Figure 3-34 Connections between the HPS and FT232R Chip
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Table 3-29 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 supportsGB of DDR3 SDRAM comprising of two x1bit DDR3 deviceon HPS side
The signals are connected to the dedicated Hard Memory Controller for HP&@nkS and the
target speed is 400 MHEZigure 3-35 showsthe canections between the DDR3 a@gclone V
SoC FPGATable 3-30lists the pin assignment of DDR3 and its desmipwith 1/0 standard.

( Data x 16 )
DDR3 Device
éAS D f: ﬁ %Q >
® Address & Command
Cyclone?V
SoC -
( Data x 16 ) DDR3 Device
Figure 3-35 Connections between FPGA and DDR3
Table 3-30 Pin Assighment of 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 |
HPS_DDR3_A[7] PIN_E28 HPS DDR3 Address[7] SSTL-15 Class |
HPS_DDR3_A[8] PIN_H27 HPS DDR3 Address[8] SSTL-15 Class |
HPS_DDR3_A[9] PIN_G26 HPS DDR3 Address[9] SSTL-15 Class |
HPS_DDR3_A[10] PIN_D29 HPS DDR3 Address[10] SSTL-15 Class |
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HPS _DDR3_A[11] PIN_C30 HPS DDR3 Address[11] SSTL-15Class |
HPS_DDR3_A[12] PIN_B30 HPS DDR3 Address[12] SSTL-15 Class |
HPS_DDR3_A[13] PIN_C29 HPS DDR3 Address[13] SSTL-15 Class |
HPS_DDR3_A[14] PIN_H25 HPS DDR3 Address[14] SSTL-15Class |
HPS_DDR3_BA[0] PIN_E29 HPS DDR3 Bank Address[0] |SSTL-15 Class |
HPS_DDR3_BA[1] PIN_J24 HPS DDR3 Bank Address[1] |SSTL-15Class |
HPS_DDR3_BA[2] PIN_J23 HPS DDR3 Bank Address[2] |SSTL-15 Class |
HPS DDR3 CAS n PIN_E27 DDR3 Column Address Strobe |SSTL-15 Class |
HPS_DDR3_CKE PIN_L29 HPS DDR3 Clock Enable SSTL-15 Class |
HPS _DDR3 CK n PIN_L23 Differential 1.5-V
HPS DDR3 Clock SSTL Class |
HPS _DDR3 CK p PIN_M23 Differential 1.5-V
HPS DDR3 Clock p SSTL Class |
HPS DDR3 CS n PIN_H24 HPS DDR3 Chip Select SSTL-15Class |
HPS_DDR3_DM]J0] PIN_K28 HPS DDR3 Data Mask[0] SSTL-15Class |
HPS_DDR3_DMJ[1] PIN_M28 HPS DDR3 Data Mask[1] SSTL-15Class |
HPS_DDR3_DM][2] PIN_R28 HPS DDR3 Data Mask[2] SSTL-15 Class |
HPS_DDR3_DM]I3] PIN_W30 HPS DDR3 Data Mask([3] SSTL-15 Class |
HPS_DDR3_DQI0] PIN_K23 HPS DDR3 Data[0] SSTL-15 Class |
HPS_DDR3_DQJ1] PIN_K22 HPS DDR3 Data[1] SSTL-15 Class |
HPS_DDR3_DQI[2] PIN_H30 HPS DDR3 Data[2] SSTL-15Class |
HPS_DDR3_DQI3] PIN_G28 HPS DDR3 Data[3] SSTL-15 Class |
HPS_DDR3_DQ[4] PIN_L25 HPS DDR3 Data[4] SSTL-15Class |
HPS_DDR3_DQI5] PIN_L24 HPS DDR3 Data[5] SSTL-15 Class |
HPS_DDR3_DQI6] PIN_J30 HPS DDR3 Data[6] SSTL-15 Class |
HPS_DDR3_DQI[7] PIN_J29 HPS DDR3 Data[7] SSTL-15Class |
HPS_DDR3_DQI8] PIN_K26 HPS DDR3 Data[8] SSTL-15 Class |
HPS_DDR3_DQJ[9] PIN_L26 HPS DDR3 Data[9] SSTL-15Class |
HPS_DDR3_DQ[10] PIN_K29 HPS DDR3 Data[10] SSTL-15 Class |
HPS_DDR3_DQ[11] PIN_K27 HPS DDR3 Data[11] SSTL-15 Class |
HPS_DDR3_DQ[12] PIN_M26 HPS DDR3 Data[12] SSTL-15 Class |
HPS_DDR3_DQ[13] PIN_M27 HPS DDR3 Data[13] SSTL-15 Class |
HPS_DDR3_DQ[14] PIN_L28 HPS DDR3 Data[14] SSTL-15Class |
HPS_DDR3_DQ[15] PIN_M30 HPS DDR3 Data[15] SSTL-15 Class |
HPS_DDR3_DQ[16] PIN_U26 HPS DDR3 Data[16] SSTL-15Class |
HPS_DDR3_DQ[17] PIN_T26 HPS DDR3 Data[17] SSTL-15 Class |
HPS_DDR3_DQ[18] PIN_N29 HPS DDR3 Data[18] SSTL-15 Class |
HPS_DDR3_DQ[19] PIN_N28 HPS DDR3 Data[19] SSTL-15Class |
HPS_DDR3_DQ[20] PIN_P26 HPS DDR3 Data[20] SSTL-15 Class |
HPS_DDR3_DQ[21] PIN_P27 HPS DDR3 Data[21] SSTL-15Class |
HPS_DDR3_DQ[22] PIN_N27 HPS DDR3 Data[22] SSTL-15Class |
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-15Class |
HPS_DDR3_DQ[26] PIN_T29 HPS DDR3 Data[26] SSTL-15Class |
HPS_DDR3_DQ[27] PIN_T28 HPS DDR3 Data[27] SSTL-15Class |
HPS_DDR3_DQ[28] PIN_R27 HPS DDR3 Data[28] SSTL-15Class |
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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 Differential 1.5-V
HPS DDR3 Data Strobe n[0] SSTL Class |
HPS_DDR3_DQS n[1] PIN_N24 Differential 1.5-V
- - - - HPS DDR3 Data St 1
S DDR3 Data Strobe nfl] \qqr) o5qq |
HPS_DDR3 DQS n[2] PIN_R18 Differential 1.5-V
- - - - HPS DDR3 Data St 2
S DDR3 Data Strobe nf2]  \qqr) (65|
HPS_DDR3 _DQS n[3] |PIN_R21 Differential 1.5-V
- - - - HPS DDR3 Data Strob 3
aa strobe N3l gor) ojags |
HPS_DDR3_DQS_p[0] PIN_N18 Differential 1.5-V
HPS DDR3 Data Strobe p[0] SSTL Class |
HPS_DDR3_DQS p[1] PIN_N25 Differential 1.5-V
- - - - HPS DDR3 Data St 1
S DDR3 Data Strobe p{l]  qqr) 65|
HPS_DDR3_DQS_p[2] PIN_R19 Differential 1.5-V
- - - - HPS DDR3 D 2
S 3 Data Strobe p[2] SSTL Class |
HPS_DDR3_DQS p[3] [PIN_R22 Differential 1.5-V
-DDR3_DQS_p[3] PIN_ HPS DDR3 Data Strobe p[3] . '
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-15Class |
HPS_DDR3 RESET n PIN_P30 HPS DDR3 Reset SSTL-15 Class |
HPS_DDR3_WE_n PIN_C28 HPS DDR3 Write Enable SSTL-15Class |
HPS_DDR3_RZQ PIN_D27 External reference ball for 15V

output drive calibration

3.7.5 Micro SD Card Socket

The board suppatMicro SD card mterface with x4 data lines. It serves not only an external
storage for the HPS, but also an alternative boot option for £ddard board-igure 3-36
shows signals connected between the HPS and Micro SD @ket.so

Table 3-31lists the pin assignment of Micro SD card socket to the HPS.
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\Tb 2
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Figure 3-36 Connections between the FPGA and SD card socket

Table 3-31 Pin Assighment of Micro SD Card Socket

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_DATAIO] 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 typeports with a SMSC USB3300 controlland a 2-port hub
controller The SMSC USB300 device in 3pin QFN package interfaces with tH&MSC
USB2512B hub controller. This device supports UTMI+ Low Pin Interface (ULPI), which
communicates with the USB 2.0 controller in HPS. The PHY operates in Host maderiecting

the ID pin ofUSB33® to ground When operating in Host mode, the device is powered by the two
USB typeA ports. Figure 3-37 shows the connections of USB PTG PHY to the HR®le 3-32

lists the pin assignment of USBIG PHYto the HPS.
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_ HPS_USB_DATA[7.0] USB_CPEN USB_VCC5
< | DATA[7..0] CPEN > EN out
USB_EXTVBUS
E < HPS_USB_CLKOUT CLKOUT  EXTVBUS [¢——= FAULT_N —‘
Amm HPS_USB_NXT <« USB_VBUS "TPS2553DRVR
o < NXT VBUS [« 0o
S P_DM
Cycl%’zg.gv < HPS_USB _DIR DIR om |«—2SBPOM rsBuP_om
HPS_USB_STP o) 55 DP [«—USBUPOP | cnup pp &
HPS RESET D USBDN1_DP (¢ [—
USBPHY CLK 24 | | USBDN1_DM (¢ [—
—’ -
=4 J7U58Type-A
- USBDN2_DP |¢— —
USBDN2_DM |¢—> I—fc—:]
USB3300 USBHUB_CLK_24
————="—=""p XTALIN/CLKIN UsBTyveh

U0 _F
RST_n MR_n

HPS_RESET_n
ADM812

UsB2512

Figure 3-37 Connections between the HPS and USB OTG PHY

Table 3-32 Pin Assighment 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[O] 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 Accelerometer (G-sensor)

The board comes with digital accelerometer sensor mod#éXL345), commonly known as
G-sensor This Gsensoris a small, thin, ultralow power assumptiorads accelerometer with
high-resolution measurement. Digitalized output is formatted abkitl6 n  t camopement and

can be accessed throudRC interface. The I2Caddress of &ensoris O0xA6/0xA7. More
information about this chip can be foundita datasheetwhich is available omanuf act ur e
website or in the directory\Datasheet folder dDE10-Standardsystem CD.Figure 3-38 shows the
connections betweethe HPS and &Gensor.Table 3-33 lists the pin assignment of-&nor to the

HPS.
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u28

= HPS_12C1_SCLK ‘
o HPS_I2C1_SDAT | Setsete
Cyclonegv < Pe o, »| SDA_SDI_SDIO
SoC' " L HPS_GSENSOR_INT -
S ADXL345

Figure 3-38 Connections between Cyclone V SoC FPGA and G-Sensor

Table 3-33 Pin Assignment of G-senor

Signal Name FPGA Pin No. Description I/O Standard
HPS_GSENSOR_INT |PIN_B22 HPS GSENSOR Interrupt Output 3.3V
HPS [2C1_SCLK PIN_E23 HPS I2C 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 is originally used to communicate with various daughter
cards from Linear Technology. It is connected to the SPI Master and 12C ports of HPS. The
communication with these two protocols isdrectional. The 14in header can also be used for
GPIO, SPI, or I12C based communication with the HPS. Connections between the HPS and LTC
connector are shown Figure 3-39, and the pin assignment of LTC connector is liste@ainle
3-34.

asiC DE10- Standard 50 wwvw.terasic.com
User Manual March 9, 2017

www.terasic.com


http://www.terasic.com/
file:///C:/Users/user/AppData/Roaming/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

VCC9 VCC3P3

17
HPS_SPIM_CLK
Cc23 ————= 1 2
024 HPS_SPIM_SS 3 4 A A0ohm
/ANO[S RYA\  pyp _HPS_SPIM_MOSI = i
HPS_SPIM_MISO
Cyclone®V % +———- —{7 LTC 8 VOgeRs
SoC’ HPS_I2C2_SDAT 0 ohm Connector
A25 < AN »o 10
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{o COM1| MOSI_SDA
HPS_I2C2_SDAT 4~
HPS_SPIM_CLK :
&:*c CcoM2| SCK_SCL
HPS_I2C2_SCLK #

_HPS_LTC_GPIO

TS3A5018

Figure 3-39 Connections between the HPS and LTC connector

Table 3-34 Pin Assighment of LTC Connector

Signal Name FPGA Pin No. Description I/O Standard

HPS_LTC_GPIO PIN_H17 HPS LTC GPIO 3.3V

HPS_12C2_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

3.7.9 128x64 Dots LCD

The boardequips a LCD Module with 128x64 dots for displayapabilities The LCD module uses
serial peripheral interface to connect witite HPS. To use the LCD module, please rdtethe
datasheet folder itsystem CD.Figure 3-40 shows the connections betwettre HPS and LCD
module. The default setting for LCD backlight power is ONshgrting the pins of header JP4
Table 3-35lists the pin assignments between LCD module@yalone V SoCFPGA
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HPS_LCM_SPIM_SS

J20 128x64 LCD Module

» CS1
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LCM Backlight

JP4

() O

Figure 3-40 Connections between Cyclone V SoC FPGA and LCD Module

Table 3-35 LCD Module Pin Assignments

Signal Name FPGA Pin No. Description I/O Standard
HPS LCM_D_C PIN_C18 HPS LCM Data bit is Data/Command |3.3V
HPS LCM_RST_N PIN_E17 HPS LCM Reset 3.3V
HPS_LCM_SPIM_CLK |PIN_A23 SPI Clock 3.3V
HPS LCM_SPIM_MOSI |PIN_C22 SPI Master Output /Slave Input 3.3V
HPS_LCM_SPIM_SS PIN_H20 SPI Slave Select 3.3V

CE10- Standard
asic User Manual

www.terasic.com

52

www.terasic.com
March 9, 2017


http://www.terasic.com/
file:///C:/Users/user/AppData/Roaming/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

Chapter 4
DE10-Standard System
Builder

This chapter descrds how users can create a custdesign projectwith the tool named
DE10-Standardsystem Builder

4.1 Introduction

The DE10-StandardSystem Builders a Windowsbased utility. It is designed teelpusers create a
Quartus 1l poject for DED-Standardwithin minutes. The generated Quartus Il project files
include:

1 Quartus Il projectife (.gpf)

1 Quartus Il settingile (.gsf)

1 Top-level designife (.v)

1 Synopsis designamstraints file (.sdc)
1 Pin asignment dcument (.htm)

The above files generated blye DE10-StandardSystem Buildercan also prevenbccurrence of
situations that are prone to compilation emdren users manually edit the ttgvel design file or
place pin assignmenthe common miakes that sers encounter are

1 Boardis damagd due to incorrect bank voltage settingpor assignment.

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

1 Performance degdationdueto improper pin assignment

4.2 Design Flow

This section providesmintroduction tothe design flow ofbuilding a Quartus Il project for
DE10-Standardunderthe DE10-StandardSystem BuilderThedesign flow is illustrated ifrigure
4-1.
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The DE10-StandardSystem Buildemwill generate two major files, a tdpvel design file (.v) and a
Quartus Il setting file (.qsffter users launch the DEBtandardSystem Builder and create a new
project according to their desigaquirements

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 typeyeabp
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 L h rtus 11 and
SOC Kit System Builder a”fgpeg‘,éioj‘git an
Create New
SOC Kit System Builder Add User Design/Logic
Project
l A 4
Generate :
Quartus II  Project Compllgé%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 DE10-Standard System Builder

This sectiorprovidesthe procedurem detailson howto usethe DE10-Standardsystem Builder

A Install and Launch the DE10-Standard System Builder
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The DE10-StandardSystem Builderis located in the directoryfiToolsSystenBuildeo of the
DE10-StandardSygem CD. Users can copy the entiodder to a host computer without installing
the utility. A window will pop up, as shown inFigure 4-2, after executing th&®E10-Standard
SystemBilder.exe on the host computer.

DE10 Standard V1.0.0 P
Systern Configuration
Ljasic ’ ’
WWw.Cerasic.com PrOjeCT Name:

DE10 Standard FPGA Board DE10_Standard

) r ﬁ U lymmgrra. CLOCK 7-Seament x 6
‘ — M LEDx10 [V Switch x 10
I ] Button x 4 1R TX/RX
YViEA [¥ideo-In
Audio [V ADC
M SDRAM, 32MB ¥ PS2
[CTHPS
GPIO Header (3.3V)
MNons v]
Prefix Name:

HSMC Header

[0 Yoltage: 256% (Default) -

None v]

l Load Setling H Generate l

[ Save Setting ] l Exit l Prefic Name:

Figure 4-2 The GUI of DE10-Standard System Builder

A Enter Project Name

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

The project name typed in will be assigretomatically as the name of your tlgvel design
entity.
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DEL0 Standard V1.0.0 =

Systern Configuration
WWww.Cerasic.com PrOJeCT Name
DE10 Standard FPGA Board DE10_Standard

) ! [0 Dumauray, ¥ CLOCK [¥] 7-Seqment x &
il ﬁ G : WILEDx 10 ¥ Switch % 10
1| || @ Buttonx4 [ IR TXIRX
FVGEA [¥*ideo-In
¥ Audio [ ADC
¥ SDRAM, 32MB ¥ PS2
EITHPS
GPIO Header (3.3V)
lNone v]
Frefix Name:

HSMC Header

IO Voltage: |2:8 ¥ (Default)  ~

lNone v]

l Load Setling H Generate l

[ Save Setting ] l Exit l Prefi: Name:

Figure 4-3 Enter the project name

A System Configuration

Users are given the flexibilityn the Sytem 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 componentg will. If a component is ebled, theDE10-StandardSystem
Builder will automatically generate its associated pin assignmeaiuding the pin name, pin
location, pin direction, and I/O standard.
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DEL0 Standard V1.0.0 =

Systern Configuration
' i
WWW.CErBSIC. Com PrOjeCT Narme:

DE10 Standard FPGA Board DE10_Standard

ﬁ I lwmmg77a. (‘@ cLock @7Seamentxs )
: - LED® 10 ¥ Switch % 10
i | @ Buttonx4 @ IR TXIRX

VIWGEA [¥]"ideo-In

¥l Audio ¥ ADC

VI SDRAM.32MB  [WIPS2
\D HPS Y,

GPIO Header (3.3Y)

lNone v]

!

Prefi: Name:

HSMC Header

IO Woltage: 265 (Default)  ~

[None v]

l Load Setfling H Generate l

[ Save Setting ] l Exit l Prefix Name:

Figure 4-4 System configuration group

A GPIO and HSMC Expansion

If usersconnectany TerasicGPIO-basedor HSMCbaseddaughter carsito the GPIO connectar
HSMC connectoon DEX-Standargdthe DED-StandardSystem Builder can generate a project that
include the corresponding module, as showFigure 4-5. It will also generate the associated pin
assignmenautomaticallyjncluding pin name, pin location, pin direction, and I/O standard.
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Figure 4-5 GPIO and HSMC 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 DE10-StandardSystem Buildealso provideghe @tionto load a setting osave u s ecureeidt
board configuration in .cfg file, ahown inFigure 4-6.
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