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Chapter 1
DE10-Standard

Development Kit

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

cores with industrfeading programmable logic for ultimate design flexibility. Users can now
leverage the power of tremendouscomfigurability paired with a higiperformance, lowpower
processor systennteld s S o C i nt e-based haedgproaessor syKdvh (HPS) consisting of
processor, peripherals and memory interfaces tied seamlessly with the FPGA fabric using a
high-bandwidth interconnect backbone. TB&10-Standarddevelopment board is equipped with
high-speed DDR3 memory, videand 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 orrlate

1.1 Package Contents

@ DE10-Standard Board

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

@ Type Ato Mini-B USB Cable

© Power DC Adapter (12V)

® Four Silicon Footstands

88 ..

Figure 1-1 The DE10-Standard package contents

TheDE10Standardgackage includes:
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TheDE10Standardlevelopment board

DE10-Standard Quick Start Guide

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

12V DC poweradapter

EREJE

1.2 DE10 -Standard System CD

The DE10StandardSystem CD contains all théocumentsand supporting materialgssociated
with DE10-Standard, including the useramual, system Wlder, reference designand device
datasheets. Usecan download this system Cioiin the link http://del8standard.terasic.com/cd/

The developers catreate their Quartus project leason thegolden_top Quartus project inclugtl
in this CD.Thegolde_topQuartus project iplacedin the folder:-Demonstration/FPGA/golden_top
Additionally, developergan use the System Builder software utility to create tQaartusproject.
A detailedintroduction of he softwares given inChapter 4

DE10-Standard SystemBuilder.

1.3 Getting Help

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

9 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 design characteristics 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.

EFPGA
EHPS
B System

USE Bilaster ||

DC 12V

owear OMNIOFF .
Pawer OMNIOF Cuedone V 8ol FPGA

| PE10-Standard . -

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

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

The following hardware is provided on the board:

A FPGA

Intel Cyclone® VSE5CSXFC6D6F31C6N device

Serial configuration devicé EPCS128

USB-Blasterll onboard for programming; JTARBode

64MB SDRAM (16-bit data bus)

4 pushbuttors

10 slide switches

10red user LEDs

Six 7-segment displays

Four50MHz clock sourceom theclock generator

24-bit CD-quality audio CODEC with linén, line-out, and microphon jacks
VGA DAC (8-bit high-speed trife DACs) with VGAout connector
TV decoder (NTSC/PAL/SECAM) and Fwv connector

PS/2 mouse/keyboard connector

IR receiverand IR emitter

One HSMC with Configurable 1/0 standard 1.5/1.8/2.5/3.3
One40-pin expansion header with diode protection

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

CE10- Standard 7 www.terasic.com
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A HPS (Hard Processor System)

9289VIHz Dualcore ARV 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

= =4 4 4 -9 -9 _9_9_9._-2 -2

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 flexibilitipr users. Users can configure the
FPGA to implement any system design.

Kol Types-f
I.m-'.- -

e .
] = 1
R e
| "
I
i ;..E%.ﬁ_ 181 J—

Cyc.ky)-%’i’ | 1 =i

oc - —
GCENFCRDAFITCEN UIBH. Haal

Phirva Tyga b =

—

P e —
I : m LE5EE Ml
ey
Wl |50 |2
f_ t if_ l._
e
FITFFFTELT
REEEREERRE
Eidm Swrich 110 £ & ¥
AEA
=
7. Begeesi L

Figure 2-3 Block d iagram of DE10-Standard
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Detailed information aboutigure 2-3 are listed below.

FPGA Device

1 Cyclone V SoOGCSXFC6D6F31C6NDevice
Dualcore ARM CortexA9 (HPS)

11K programmable logiclements

5,761 Kbits embedded memory

6 fractional PLLs

2 hard memoryantrollers

EJEJE

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
 Micro SD card ecketon HPS

Communication

1 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

1 12C multiplexer

= =4 4 =2

Connectors

1 One HSMC (Configurable I/0O standards 1.5/1.8/2.5/3.3V)

1 One 40pin expansion éaders

1 One 10pin ADC input header

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

Display

1 24-bit VGA DAC
1 128x64 dots LCModulewith Backlight

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

Video Input

CE10- Standard 9 www.terasic.com
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1 TV decoder (NTSC/PAL/SECAM) and F connector
ADC

Interface: SPI

Fast throughput rate: 5009 S
Channel number: 8
Resolution: 1zbit

1 Analog input range0 ~4.096

= =4 4

Switches, Buttons, andndicators

1 5Suser KeydFPGA x4, HPS x)L

1 10 user swithes(FPGA x10)

f  11luserLEDs (FPGAx10, HPS x )

1 2 HPS reset buttons (HPS_RESET _n and HPS_WARM_RST n)
1 Six 7-segment displays

Sensors
 G-Sensor on HPS

Power
1 12V DC input

CE10- Standard 10 www.terasic.com
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Chapter 3
Using the
DE10-Standard Board

This chapter provides an instruction to uselib@rd and describes tiperipherals

3.1 Settings of FPGA Configuration Mode

Whenthe DEl1GStandardboard is powerd on, theFPGA can be configured from EB®r HPS.
The MSELJ[4:0] pins are used selectthe corfiguration schemedt is implementedasa 6-pin DIP
switchSW10on 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 relation between MSEL[4:0] and DIP switch (SW10)

Table 3-1 FPGA Configuration Mode Switch (SW10)

) o Default
Board Reference |Signal Name |Description
AS Mode
SW10.1 MSELO Use these pins to setthe FPGA OFF ( 0 )
SW10.2 MSEL1 Configuration scheme ON ( @ )

CE10- Standard 11 www.terasic.com
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SW10.3 MSEL2 ON ( @ )

SW10.4 MSEL3 OFF ( I )
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 setting on
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 sdb M0101® 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 onDE10 -Standard

There are two types of programming method supported by {Sdifidard:
1. JTAG programming: It is named after the IEEE standards Joint Test Action Group.

The configuration bitstream is downloaded directly into the Cyclone V SoC FIPI&AFPGA 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 configuratn bitstream is downloaded into the quad serial configuration device (EPCS128),
which provides noivolatile storage for the bit stream. The information is retained within EPCS128
even if the DE165tandard board is turned off. When the board is poweretth@gpnfiguration

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 {3drfdard board, but the
JTAG chain must form a closed loaphich allows Quartus Il programmer to the detect FPGA
device.Figure 3-2 illustrates the JTAG chain on DEERlandard board.

CE10- Standard 12 www.terasic.com
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| |
A

USE Blaster Il
Connectar

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 chihafollowing show$ow the FPGA is
programmed iITAG mode step by step.
1. Open the Quartus |1l programmefgu@aidd cl i ck i

@ Frogrammer - (Chard i )
Fe Bt Ves Pocetsng Tood  Wdow  Hep

|émm5en-n:-| DE-SoC [UsE-1] Mode: | JTAG

|| Enishia naas-time |5P 1 slowy hackground programmng (for S 0 and MaX i devees

Fie D

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

DE10- Standard 13 www.terasic.com
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-
» Select Device

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

() SCSEBAG

() SCSEBABES
) 5CSEMAG

() SCSTFDEDS
() SCSXFCECE
() SCSXFCBCBES

(@ SCSXFCEDs I

() SCSXFCEDEES

Figure 3-4 Select 5CSXFC6D6 device

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

‘l)« Change Fie.. |
f;% Save File :
® Add Device...
' up

1 gown

Processing  Tool  Mindow Hep @ Search attera.com
£, Hardware Setup...| DE-SeC [USB-1] Mode: [ITAG *|  Progress: J
IE Enable reaktime ISP to allow background programming when available
% iy File Device Checksum Usercode Program/ Verify Blank- Examine
Pl Start Configure Check
ol Stop =none= S0CVHPS 00000000 <none= | ]
L — | | <none= SCSKFCED6 00000000 <nonex
B Auto Detect
| ¥ Delate |
M Add File...

4

I

SOCVHPS

SCSXFCEDE

Figure 3-5 FPGA and HPS detected in Quartus programmer

4. Right click on the FPGA device and open tkef fileto be programmedshighlighted in

Figure 3-6.

CE10- Standard
User Manual

14

www.terasic.com
March 20, 2018


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
http://www.terasic.com/

Procezsing

Tool Window Help @

-
ae Hardware Setup...

DE-S0C [USB-1]

Mode: [JTAG

-]

Enable realtims ISP to allow background programming when available

Progress:

1% pown

ToO

Delete IPS File

Add EKP File.
Change EKP File. .

Delete EKP File
SOCVHPS

Add PR Programming File...

FY

Delete PR Programming File

Attach Flash Device...

Change Flash Device...

Replaces a selected programming file

Delete Flash Device

Change PR Programming Fie...

Examine

% = File Device Checksum Usercode Program/ Verify Blank-
Bl Start Configure Check
=T Siop <none= SOCWHPS 00000000 <nonex il ]
enones ;mv:rnn:: i nnnannnn nnna:
M Auto Detect X Dekete Del
x Select All Ctri+A,
Delete
S M AddFie...
B change File
J'* changeFie.. | | | B saveFis
) saveFie Add PS File...
f’. Add Device.. Change IPS File

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

5. Select thesof file to beprogrammegdas shown irrigure 3-7.
r& Select Mew Programming File

6. ClI

==

Loaok in:

| | FADE10-Standarditrunkicdsyste._E10_Standard_Defauldemo batcn v | @ © @ | B

-‘h My Computer

R user

._.| DE10_Standard_defautt.sof |

File name;

Open

Files of type: [Pru-gramming Filez (*.zo0f = pof * jam * jbc *.ekp *jic}

v] [ Cancel

Figure 3-7 Select the .sof file to be programmed i

c k
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into the FPGAdevice,asshown inFigure 3-8.

& Programmer - [Chain edi” - ]
Fle Est Yew Poosng Joos  Wedow  Hep W sarch akara cam a
[ L. Haraware Sessp..| DE SacEE1) Wote [ITaAg »|  Pregress l J

| Erabie rest-lme [SP o slow BaCipeoend pragramesing whes svalabk

E i Fie Cemve Checksam \psmrcode Progmm!  Wenfy  Bank- txamme
E Start I Configurs Chich

s SOEWHPS 0oa06H0 thangs

- [FeiSmdmatnan. SCMrOREY ooy ossos (LI T

| s Dot
| M Dt
[ = acarm

| B= Ehange Fin

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

A Configure the FPGA in AS Mode

1 TheDEl0-Standardoardusesa quad serial configuratn device (EPCS128) to store
configuration data for th€ycloneV SoC FPGA This 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 useaial Flash Loader (SFLip program the quad serial configuration
devie viaJTAG interface. The FPG#ased SFL is a soft intellectual property (IBjecwithin
the FPGA that bridge the JTA&hdFlash interfaces. The SFL Mdgaction is availablén
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 Ddwice
the basic programming instruction on the serial configuration device

Cycilone®V

SoC

Quartus |l SFL Image

i Programimar JTAG
ili g U Blaster 1| EALIEIN | to Bridge: PLEETN o et
L lrcLat A The JTAG | H

i and ASMI
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Figure 3-9 Programming a quad serial configuration device with SFL s  olution

3.3 Board Status Elements

In addition to the 10 LEDs that FPGA device can control, there are 5 indicatiots egm indicate
the boardstatug(SeeFigure 3-10), please refer the details Table 3-3.

UART
JTAG
TX/RX TXDIRXD
12-V Power
Figure 3-10 LED Indicators on DE10 -Standard
Table 3-3 LED Indicators
Board Reference |LED Name |Description
D14 12-V Power |llluminate s when 12V power is active .
TXD UART TXD [llluminate s when data is transferred from FT232R to USB Host .
RXD UART RXD Iluminate s when data is transferred from USB Host to FT232R .
D5 JTAG_RX
Reserved

D4 JTAG_TX

3.4 Board Reset Elements

There are two HP$eset buttons on DE1Btandard, 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 DEXStandard.
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HPS_RESET n

HPS_WARM_RST n

Figure 3-11 HPS cold reset and warm reset buttons on DE10  -Standard

Table 3-4 Description of Two HPS Reset Buttons on DE18tandard

Board Reference

Signal Name

Description

KEYS5

HPS_RESET_N

Cold reset to the HPS, Ethernet PHY and USB host device.
Active low input which  resets all HPS logics that can be reset.

KEY7

HPS_WARM_RST_N

Warm reset to the HPS block. Active low input  affects the
system reset domain for debug purpose.
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USB Blaster || JTAG
Conneclaor

VCC3IP3

KEY 7
.

: o HPS WARM RST n 1
—) ety it ot =
W R

Lo HPS_RESET n

KEY 5 DEV_CLRN

| |HPS_ENET_RESET
- e f | _R n
HPS_RESET n

10/100/1000 Base-T
Ethemet PHY

HPS_RESET_PHY :

Inverter

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 tahe FPGA are used as clock sources for user ldgme 25MHzclock signalis
connected tawo HPS clock inputsand the other ones connected to the clock input of Gigabit
Ethernet Transceiver. Two 24MHz clock signals are connectethdaclock 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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553500

ALTER/AW
Cyclum?*lf
CLOCK_50{50MHz) > CLKOP °€
CLOCK2_50{50MHz) > CLKIP
CLOCKA_S50{50MHz) > CLKEP
CLOCK3_S0(50MHz) :
> CLK4P
I—p HPS_CLK2

Gigabit
Ethemest
ENET_CLK_25(25MHz} Transceiver

LISR Host PHY
USBPHY_CLK_24(24MHz) HER Rt

2-part Hub
USBHUB_CLK_24(24MHz) o Cotrolier

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 interfacesinectedo 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 pudiuttonsconnectd tothe FPGA as shown inFigure 3-14 Connections
between the pushuttors andthe Cyclone V SoC FPGASchmitt tigger circuit is implemented and
act as switch debounce igure 3-15 for the puskouttons connected. The four pdshttons

CE10- Standard 20 www.terasic.com
User Manual March 20, 2018


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
http://www.terasic.com/

namedKEYO0, KEY1, KEY2, and KEY3 cming out of the Schmitt trigger devi@ge connected
directly to theCyclone V SoCFPGA. The pustbutton generates a loWogic level when it is
pressedActive low). Since the pusluttors are debouncedthey can be used as reset inputs in a
circuit.

WCC3IP3
LiZ9
KEYD KEYD
. ——> A
i) O KEY: e -
KEY1 T4AUCTT
. | KEY2 | MMCW"’;;;EE’V
KEY
| KEvs |

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

lPushbutton depressed lPushbutton released

Before
Debouncing ||||||||| |||||||

Schmitt Trigger
Debounced

<&
<

v

Figure 3-15 Switch debouncing

There ardenslide switches connected toe FPGA as shown irFigure 3-16. These switches are
not debounce@ndto be used akevelsensitive data inputs to a circuit. Eashitsh is connected
directly and individually tothe 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 high logic levels generated to the FPGA
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1 SWO Logic'lr

Logic™
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3 T.'.l ] ] T\'.‘.’u Tn’a'a"u T.‘.l':'.ll Tn'\ tel)
SWB SW5 SWi4 SW3 SW2 SV

-

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
individually 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 LEdDsl
Cyclone V SoC FPGATable 3-6, Table 3-7 and Table 3-8 list the pin assignmentof user
pushbuttons, switches, and LEDs.

PIN AA24 _LEDO . . LEDO . |7
PIN.AB23| _LED1 , A LED1 17
PIN_AC23 LED2 MLEDE D"I

PIN_AD24 _LED3 LED3 i
fﬂtl [:l =L K AN

= e PIN_AG25S _LED4 . A LEDS .17
LEDS LEDS |77
Cyclone®™Vy A% L8 L
SoC’ PIN_AE24 _LEDE . A LED6 .1/

PIN AF24 _LED7 AN LED7 ]‘}I Ui
PIN_AB22 _LED8 A A  LEDS N '

LED9 LED9
PINLAC22) LLEDS A\ A LEDO p77 1

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
SWI1] 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
SWI4] 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
SW[7] 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
KEY]0] 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

LEDRJ[O] PIN_AA24 LED [0] 3.3V

LEDRI[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-Standardoard hassix 7-segment displays. These displays are paired to display humbers
in various sizeskigure 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 ddgwe level or high

logic level from the FPGA, respectively.

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 displays.
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Figure 3-18 Connection s between the 7 -segment display HEXO and the Cyclone V SoC FPGA

Table 3-9 Pin Assignment of Zsegment Displays

Signal Name FPGA Pin No. Description I/O Standard
HEXO0[O0] PIN_W17 Seven Segment Digit 0[0] 3.3V
HEXO[1] PIN_V18 Seven Segment Digit 0[1] 3.3V
HEXO0[2] PIN_AG17 Seven Segment Digit 0[2] 3.3V
HEXO[3] PIN_AG16 Seven Segment Digit 0[3] 3.3V
HEXO0[4] PIN_AH17 Seven Segment Digit 0[4] 3.3V
HEXO[5] PIN_AG18 Seven Segment Digit O[5] 3.3V
HEXO0[6] PIN_AH18 Seven Segment Digit 0[6] 3.3V
HEX1[0] PIN_AF16 Seven Segment Digit 1[0] 3.3V
HEX1[1] PIN_V16 Seven Segment Digit 1[1] 3.3V
HEX1[2] PIN_AE16 Seven Segment Digit 1[2] 3.3V
HEX1[3] PIN_AD17 Seven Segment Digit 1[3] 3.3V
HEX1[4] PIN_AE18 Seven Segment Digit 1[4] 3.3V
HEX1[5] PIN_AE17 Seven Segment Digit 1[5] 3.3V
HEX1][6] PIN_V17 Seven Segment Digit 1[6] 3.3V
HEX2[0] PIN_AA21 Seven Segment Digit 2[0] 3.3V
HEX2[1] PIN_AB17 Seven Segment Digit 2[1] 3.3V
HEX2[2] PIN_AA18 Seven Segment Digit 2[2] 3.3V
HEX2[3] PIN_Y17 Seven Segment Digit 2[3] 3.3V
HEX2[4] PIN_Y18 Seven Segment Digit 2[4] 3.3V
HEX2[5] PIN_AF18 Seven Segment Digit 2[5] 3.3V
HEX2[6] PIN_W16 Seven Segment Digit 2[6] 3.3V
HEX3J[0] PIN_Y19 Seven Segment Digit 3[0] 3.3V
HEX3[1] PIN_W19 Seven Segment Digit 3[1] 3.3V
HEX3[2] PIN_AD19 Seven Segment Digit 3[2] 3.3V
HEX3([3] PIN_AA20 Seven Segment Digit 3[3] 3.3V
HEX3[4] PIN_AC20 Seven Segment Digit 3[4] 3.3V
HEX3[5] PIN_AA19 Seven Segment Digit 3[5] 3.3V
HEX3[6] PIN_AD20 Seven Segment Digit 3[6] 3.3V
HEXA4[0] PIN_AD21 Seven Segment Digit 4[0] 3.3V
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HEXA4[1] PIN_AG22 Seven Segment Digit 4[1] 3.3V

HEXA4[2] PIN_AE22 Seven Segment Digit 4[2] 3.3V
HEX4([3] PIN_AE23 Seven Segment Digit 4[3] 3.3V
HEXA4[4] PIN_AG23 Seven Segment Digit 4[4] 3.3V
HEX4[5] PIN_AF23 Seven Segment Digit 4[5] 3.3V
HEXA4[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 hasne40-pin expansion headerThe 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 consumption allowed for a daughter card connected to one GPIO ports
is 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 connected to two diodes and a resistor for protection against
high or low voltage levelFigure 3-19 shows the protection circuitry applied to all 36 data pins.
Table 3-11 shows the pin assignment of the GPIO header.
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YCC3Pa

GPORs.H

Figure 3-19 Connections between the GPIO header

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]
GPI0O[21]
GPI0[22]
GPIO[23]
GPI0[24]
GPIO[25]
GPIO[26]
GPIO[27]

CE10- Standard
User Manual

FPGA Pin No.
PIN_W15
PIN_AK2
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
GPIO Connection
GPIO Connection
GPIO Connection
GPIO Connection
GPIO Connection
GPIO Connection
GPIO Connection
GPIO Connection
GPIO Connection
GPIO Connection
GPIO Connection
GPIO Connection
GPIO Connection
GPIO Connection
GPIO Connection
GPIO Connection
GPIO Connection
GPIO Connection
GPIO Connection
GPIO Connection
GPIO Connection
GPIO Connection
GPIO Connection
GPIO Connection
GPIO Connection
GPIO Connection
GPIO Connection

26

0[0]
O[1]
0[2]
0[3]
0[4]
0[5]
0[6]
0[7]
0[g]
0[9]
0[10]
0[11]
0[12]
0[13]
0[14]
0[15]
0[16]
0[17]
0[18]
0[19]
0[20]
0[21]
0[22]
0[23]
0[24]
0[25]
0[26]
0[27]

JP

and Cyclone V SoC FPGA

1/0O 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 HigBpeed Mezzaninedtd (HSMC) interface to provide mechanism for
extending the peripherakt of an FPGA host board by means of-adddaughter cards, which can
address todayods high speed -speeg deviteiintegacersapparti r er
The HSMC interface support JTAG, clock outputs and inputs-spgled serial 1/0O (transceivers),

and singleended or differential signaling. Signals on the HSMC porhown inFigure 3-20.

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

Bank 1

JTAG
SMBus
CLEIND, CLEOUTD

Bank 2

Pover

£(39:0}
or
D{10) * LVDS

CLEINT, CLEQUTY

Bank 3

Powear

[yToean)
o
VDS

CLEINZ, OLEDUTZ

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 I/Os are connected 40k5B &

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 & VCCIO8A to 3.3V, 2.5V, 1.8V, and
1.5V to control the voltage level of the 1/0 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 VCCIO5 B & 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 JP 3

HSMC_CLKIN_N1 PIN_AB27 LVDS RX or CMOS /O or Depend on JP 3
differential clock input

HSMC_CLKIN_N2 PIN_G15 LVDS RX or CMOS 1/O or Depend on JP 3
differential clock input

HSMC_CLKIN_P1 PIN_AA26 LVDS RX or CMOS 1/O or Depend on JP 3
differential clock input

HSMC_CLKIN_P2 PIN_H15 LVDS RX or CMOS 1/O or Depend on JP 3
differential clock input

HSMC_CLKOUTO PIN_AD29 Dedicated clock output Depend on JP 3

HSMC_CLKOUT_N1 |PIN_E6 LVDS TX or CMOS I/O or Depend on JP 3
differential clock input/output

HSMC_CLKOUT_N2 |PIN_A10 LVDS TX or CMOS I/O or Depend on JP 3
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 1/O Depend on JP3

HSMC_DI[1] PIN_H13 LVDS RX or CMOS I/0 Depend on JP3

HSMC_D|2] PIN_C9 LVDS TX or CMOS 1/O Depend on JP3

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

HSMC_SCL PIN_AA28 Management serial data Depend on JP3
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HSMC_SDA
HSMC_RX_D_N[0]
HSMC_RX_D_N[1]
HSMC_RX_D_N[2]
HSMC_RX_D_N[3]
HSMC_RX_D_N[4]
HSMC_RX_D_N[5]
HSMC_RX_D_N[6]
HSMC_RX_D_N[7]
HSMC_RX_D_N[8]
HSMC_RX_D_N[9]
HSMC_RX_D_N[10]
HSMC_RX_D_N[11]
HSMC_RX_D_N[12]
HSMC_RX_D_N[13]
HSMC_RX_D_N[14]
HSMC_RX_D_N[15]
HSMC_RX_D_N[16]
HSMC_RX_D_P[0]
HSMC_RX_D_P[1]
HSMC_RX_D_P[2]
HSMC_RX_D_PJ[3]
HSMC_RX_D_P[4]
HSMC_RX_D_PI[5]
HSMC_RX_D_PI6]
HSMC_RX_D_P[7]
HSMC_RX_D_PI[8]
HSMC_RX_D_PI[9]
HSMC_RX_D_P[10]
HSMC_RX_D_P[11]
HSMC_RX_D_P[12]
HSMC_RX_D_P[13]
HSMC_RX_D_P[14]
HSMC_RX_D_P[15]
HSMC_RX_D_P[16]
HSMC_TX_D_N[0]
HSMC_TX_D_N[1]
HSMC_TX_D_N[2]
HSMC_TX_D_N[3]
HSMC_TX_D_N[4]
HSMC_TX_D_N[5]
HSMC_TX_D_N[6]
HSMC_TX_D_N[7]
HSMC_TX_D_N[8]
HSMC_TX_D_N[9]
HSMC_TX_D_N[10]
HSMC_TX_D_N[11]

PIN_AE29
PIN_G11
PIN_J12
PIN_F10
PIN_J9
PIN_K8
PIN_H7
PIN_G8
PIN_F8
PIN_E11
PIN_B5
PIN_D9
PIN_D12
PIN_D10
PIN_B12
PIN_E13
PIN_G13
PIN_F14
PIN_G12
PIN_K12
PIN_G10
PIN_J10
PIN_K7
PIN_J7
PIN_H8
PIN_F9
PIN_F11
PIN_B6
PIN_E9
PIN_E12
PIN_D11
PIN_C13
PIN_F13
PIN_H14
PIN_F15
PIN_A8
PIN_D7
PIN_F6
PIN_C5
PIN_C4
PIN_E2
PIN_D4
PIN_B3
PIN_D1
PIN_C2
PIN_B1
PIN_A3
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Management serial clock

LVDS RX bit
LVDS RX bit
LVDS RX bit
LVDS RX bit
LVDS RX bit
LVDS RX bit
LVDS RX bit
LVDS RX bit
LVDS RX bit
LVDS RX bit
LVDS RX bit
LVDS RX bit
LVDS RX bit
LVDS RX bit
LVDS RX bit
LVDS RX bit
LVDS RX bit

On or CMOS I/O
1n or CMOS I/O
2n or CMOS I/O
3n or CMOS I/O
4n or CMOS I/O
5n or CMOS I/O
6n or CMOS 1I/O
7n or CMOS I/O
8n or CMOS I/O
9n or CMOS I/O
10n or CMOS I/0
11n or CMOS I/O
12n or CMOS I/O
13n or CMOS I/O
14n or CMOS I/O
15n or CMOS I/O
16n or CMOS I/0

LVDS RX bit 0 or CMOS 1/O

LVDS RX bit
LVDS RX bit
LVDS RX bit
LVDS RX bit
LVDS RX bit
LVDS RX bit
LVDS RX bit
LVDS RX bit
LVDS RX bit
LVDS RX bit
LVDS RX bit
LVDS RX bit
LVDS RX bit
LVDS RX bit
LVDS RX bit
LVDS RX bit

1 or CMOS I/O
2 or CMOS I/O
3 or CMOS I/O
4 or CMOS I/O
5 or CMOS I/O
6 or CMOS I/O
7 or CMOS I/O
8 or CMOS I/O
9 or CMOS I/O
10 or CMOS 1/O
11 or CMOS I/O
12 or CMOS I/O
13 or CMOS 1/O
14 or CMOS 1/O
15 or CMOS 1/O
16 or CMOS 1/O

LVDS TX bit On or CMOS 1I/O

LVDS TX bit
LVDS TX bit
LVDS TX bit
LVDS TX bit
LVDS TX bit
LVDS TX bit
LVDS TX bit
LVDS TX bit
LVDS TX bit
LVDS TX bit
LVDS TX bit

29

1n or CMOS I/O
2n or CMOS I/O
3n or CMOS I/O
4n or CMOS 1/O
5n or CMOS I/O
6n or CMOS I/O
7n or CMOS I/O
8n or CMOS I/O
9n or CMOS I/O

10n or CMOS I/O

11n or CMOS I/O

Depend on JP3
Depend on JP3
Depend on JP3
Depend on JP3
Depend on JP3
Depend on JP3
Depend on JP3
Depend on JP3
Depend on JP3
Depend on JP3
Depend on JP3
Depend on JP3
Depend on JP3
Depend on JP3
Depend on JP3
Depend on JP3
Depend on JP3
Depend on JP3
Depend on JP3
Depend on JP3
Depend on JP3
Depend on JP3
Depend on JP3
Depend on JP3
Depend on JP3
Depend on JP3
Depend on JP3
Depend on JP3
Depend on JP3
Depend on JP 3
Depend on JP3
Depend on JP3
Depend on JP3
Depend on JP3
Depend on JP3
Depend on JP3
Depend on JP3
Depend on JP3
Depend on JP 3
Depend on JP3
Depend on JP3
Depend on JP3
Depend on JP3
Depend on JP3
Depend on JP3
Depend on JP3
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 /O Depend on JP3
HSMC_TX_D_P[0] PIN_A9 LVDS TX bit 0 or CMOS I/O Depend on JP3
HSMC_TX_D_PJ[1] PIN_ES8 LVDS TX bit 1 or CMOS I/O Depend on JP3
HSMC_TX_D_PJ[2] PIN_G7 LVDS TX bit 2 or CMOS I/O Depend on JP3
HSMC_TX_D_P[3] PIN_D6 LVDS TX bit 3 or CMOS 1/O Depend on JP3
HSMC_TX_D_PJ[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_PJ[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 I/O Depend on JP3
HSMC_TX_D_P[8] PIN_E1 LVDS TX bit 8 or CMOS 1/O Depend on JP3
HSMC_TX_D_PJ[9] PIN_D2 LVDS TX bit 9 or CMOS /O Depend on JP3
HSMC_TX_D_P[10] |PIN_B2 LVDS TX bit 10 or CMOS 1/O Depend on JP3
HSMC TX_D P[11] |PIN_A4 LVDS TX bit 11 or CMOS /O Depend on JP3
HSMC_TX_D_P[12] |PIN_A6 LVDS TX bit 12 or CMOS 1/O Depend on JP3
HSMC _TX D P[13] |PIN_C7 LVDS TX bit 13 or CMOS 1/O Depend on JP3
HSMC _TX_D P[14] |PIN_C8 LVDS TX bit 14 or CMOS /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 I/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 microphomdine-in, and lineout ports, with djustable
sample rate from 8 kHz to 96Hk. The WM8731 is controlled viaerial 12C bus, which is
connected tdHPS orCyclone V SoC FPGA throughan 12C multiplexer The connection of the
audio circuitry to the FPGAs shown inFigure 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 be found on the manufactud ssiteyoeirbthedirectoryfidatasheetéudio
CODE® of DE10-Standard $stemCD.
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SoC _ AUD_ADCDAT

ADCDAT Lime Dt 1
AUD_ADCLRCK J3
- = ADCLRCK

ALD_XCK

L

w

v

k4

k4

Figure 3-21 Connections between the FPGA and audio C ODEC

Table 3-15 Pin Assignment ofAudio 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 12C Data 3.3V

3.6.6 12C Multiplexer

The DE10-Standardooardimplements an 12C multiplexéor HPSto access the 12C bus originally
ownedby FPGA.Figure 3-22 shows the connection of 12C multiplexerthe FPGA and HR$HPS
can access Audio CODEC and TV Decodi@nd only ifthe HPS_12C CONTROLSsignal is set to
high. The pin assignmentf thel2C busis listed inTable 3-16.
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12C Bus I

TETSEA2315T

Switch_Control

HPS_I2C FPGA_I2C

G-Sensor

HPS/ARM FPGA/Qsys

SoC FPGA

Figure 3-22 Control mechanism for the 12C multiplexer

Table 3-16 Pin Assignment of I12C Bs

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

3.6.7 VGA Output

The DE10-Standard board has 1&-pin D-SUB connector populated rfa/GA output. The VGA
syndronization signals are generatdulectly from theCyclone V SoC FPGAand the Analog
Devices ADV7123 triple 1bit high-speed video DAC (only the higherf#s are usediransforms
signals fromdigital to analog to represent three fundamental cdqlad, green, and blue). ¢an
supportup to SXGA stanard (1280*1024) with signals transmittedl®MHz.Figure 3-23 shows
the signals connected between the FPGA and VGA.
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us
ViEA_R[T.0] -

VGA G[T_0]
ﬂaﬂ TERAN NI b E—

Cycione®v _VYGACLK o ADVT123

SocC VGA_SYNC_N
VGA_BLANK N

VGA_VS
WiaA HES

Figure 3-23 Connections between the FPGA and VGA

The timing specification for VGA synchronization and RGB (red, green, lola&) can be easily
found on website nowadays Figure 3-24 illustrates the basic timing requirements for each row
(horizontal) displayed on a VGA mdar. An activelow 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 be off (driven tto0aVv)

time period called the back porch (b) after the hsync pulse occurs, which is followed by the display
interval (c). During the data display interyéde RGB data drives each pixel in turn across the row
being displayed. Finally, there is a time pdricalled the front porch (d) where the RGB signals
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 and 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 time period a, b, c,
and d for both horizontal and vertical timing.

More information about the ADV7123 video DAC is available in its datasheethvdain be found

on t he manufactur er 6s \Daashestd/IDEO, DA® of DE1O:Standhrd dir
System CD. The pin assignment between the Cyclone V SoC FPGA and the ADV7123 is listed in
Table 3-19.

CE10- Standard 33 www.terasic.com
User Manual March 20, 2018


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
http://www.terasic.com/

Back porch (b) Front porch (d)
|

<4—»{ Display interval (c) |4

DATA | RGB _
l :
i :
HSYNC '
4P| Sync (a)
Figure 3-24 VGA horizontal timing specification
Table 3-17 VGA Horizontal Timing Specification
VGA mode Horizontal Timing Spec
Config uration Resolution(HxV) a(us) b(us) c(us) d(us) Pixel
clock(M Hz)
VGA(60Hz) 640x480 3.8 1.9 25.4 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 25 15.8 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 0.4 108
Table 3-18 VGA Vertical Timing Specification
VGA mode Vertical Timing Spec
Config uration Resolution(HxV) a(lines) | b(lines) | c(lines) | d(lines) | Pixel
clock(M Hz)
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 3-19 Pin Assignment of VGA

Signal Name FPGA Pin No. Description I/O Standard
VGA_R[O] 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_RI[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_RI[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_G[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_GI6] 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_BI[1] PIN_AJ20 VGA Blue[1] 3.3V
VGA_B[2] PIN_AH20 VGA Blue[2] 3.3V
VGA_BJ[3] PIN_AJ19 VGA Blue[3] 3.3V
VGA_B[4] PIN_AH19 VGA Blue[4] 3.3V
VGA_BI[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 VGAH_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 DElGStandard board is equipped with an Analog Device ADV7180 TV decoder chip. The
ADV7180 is anintegrated video decoder which automatically detects and converts a standard
analog baseband television sigh@lTSC, PAL, and SECAM) into 4:2:2 component video data,
which is compatible with the-Bit ITU-R BT.656 interface standard. The ADV7180 is cotifga

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 ttmewsghial 12C bus by the Cyclone
V SoCFPGA or HPS. Nt that the 12C address W/R of the TV decodef) (i 0x40/0x41. The pin
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assignment of TV decoder is listed imble 3-20. More information abouthe ADV7180is

avail abl

e on

of DE10-Standard System CD.

L4

ADNVT1E0
TD_DATA[T..O]
l P[T.0)
D ¥S
o+ - VE
TO_HS
P HS
- - LLE
TD RESET M
EE?V = = ¥ RESET
¥
SoC [2C_SCLK
= # SCLK

Signal Name
TD_DATA [O]
TD_DATA [1]
TD_DATA [2]
TD_DATA [3]
TD_DATA [4]
TD_DATA [5]
TD_DATA [6]
TD_DATA [7]
TD_HS
TD_VS
TD_CLK27
TD_RESET_N
[2C_SCLK
I2C_SDAT

_12C_SDAT

SDAT

L J

| Q50 28MHz

Y1

Figure 3-25 Connections between

L 3

XTAL

AN

Table 3-20 Pin Assignment of TV Decoder

CE10- Standard
User Manual

FPGA Pin No. Description
PIN_AG27 TV Decoder
PIN_AF28 TV Decoder
PIN_AE28 TV Decoder
PIN_AE27 TV Decoder
PIN_AE26 TV Decoder
PIN_AD27 TV Decoder
PIN_AD26 TV Decoder
PIN_AD25 TV Decoder
PIN_AH28 TV Decoder
PIN_AG28 TV Decoder
PIN_AC18 TV Decoder
PIN_AC27 TV Decoder
PIN_Y24 or PIN_E23 I12C Clock

PIN_Y23 or PIN_C24 I2C Data

36

Data[0]
Data[1]
Data[2]
Data[3]
Data[4]
Data[5]
Data[6]
Data[7]
H_SYNC
V_SYNC

Clock Input.

Reset

t h e , ania thedireatary\REL 8O@Cbodatasheettideo Deeoder

JE

B
T8 /

the FPGA and TV Decoder

RCA JACK

I/0 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
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3.6.9 IR Receiver

Theboardcomes withan irfrared remotecontrol receiver module (model: IRM538/TR1), whose
datasheet is provideoh 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 It receiver to the
FPGA.

VCCIF3

VCCIP3 VEG
Cyclone®™V O
SocC
GMND
& CHASSIS

Figure 3-26 Connection between the FPGA and IR Receiver

Table 3-21 Pin Assignment of IRReceiver

Signal Name FPGA Pin No. Description 1/0 Standard
IRDA_RXD PIN_W20 IR Receiver 3.3V

3.6.10 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 other systems by matching this IR emitter LED with another IR receiver on the other side.
Figure 3-27 shows theonnection ofR emitter LEDto the FPGATable 3-22 shows thepin
assignment ofR emitterLED to the FPGA.
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VCCIP3

IR Emitter LED

N

HE2050G

IRDA_TXD
JAITERAY

ReoeFY

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

Table 3-22 Pin Assignment of IREmitter 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 1ébit data ling controlline, and address line connected to the FPTAS chip uses the
3.3V LVCMOS signaling standard. Connections between th@ A~Bnd SDRAM are shown in
Figure 3-28, and the pin assignment is listedlable 3-23.

32Mx 18 SDRAM
, o DRAM_DO[15.0] _ (TR
| _ DRAM_ADDR{12.0] _IYEPI
DRAM_BA[1..0] N BA[1 O]
DRAM_CLK . F=R
[ D *
A o A DRAM_CKE N cke
8 DRAM_LDGM EESISTT
E@V DRAM_UDOM TSI
cv c‘lo'll - DRAM_WE_N IS
SoC DRAM_CAS N _
DRAM RAS N
DRAM_CS N

v

Figure 3-28 Connection s 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_ADDRJO0] PIN_AK14 SDRAM Address[0] 3.3V
DRAM_ADDR[1] PIN_AH14 SDRAM Address[1] 3.3V
DRAM_ADDR]2] PIN_AG15 SDRAM Address[2] 3.3V
DRAM_ADDR[3] PIN_AE14 SDRAM Address[3] 3.3V
DRAM_ADDR[4] PIN_AB15 SDRAM Address[4] 3.3V
DRAM_ADDRJ5] 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_ADDRJ9] PIN_AG13 SDRAM Address[9] 3.3V
DRAM_ADDRJ[10] PIN_AG12 SDRAM Address[10] 3.3V
DRAM_ADDR[11] PIN_AH13 SDRAM Address[11] 3.3V
DRAM_ADDRJ[12] PIN_AJ14 SDRAM Address[1 2] 3.3V
DRAM_DQI0] PIN_AK6 SDRAM Datal0] 3.3V
DRAM_DQJ1] PIN_AJ7 SDRAM Data[1] 3.3V
DRAM_DQI[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_DQI[5] PIN_AG10 SDRAM Data[5] 3.3V
DRAM_DQ[6] PIN_AK11 SDRAM Data[6] 3.3V
DRAM_DQI[7] PIN_AJ11 SDRAM Data[7] 3.3V
DRAM_DQI[8] 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_DQJ[11] PIN_AH9 SDRAM Data[11] 3.3V
DRAM_DQ[12] PIN_AH8 SDRAM Data[12] 3.3V
DRAM_DQI[13] PIN_AH7 SDRAM Data[13] 3.3V
DRAM_DQ[14] PIN_AJ6 SDRAM Data[14] 3.3V
DRAM_DQ[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 omouse.Figure 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 simultanedtyvy a PS/2 YCable, as

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

3-24.

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

should be 4PS2_CLKyv and PS2_DATvU.

PS2_CLK

VWV
PS2 CLK2
Wy

F 3 r 1

[ANO[= RYA\,
Cycionel=V

AES
AET

P52_DATZ2

VW
P52_DAT
VWV

F F 9

Figure 3-29 Connection s between the FPGA and PS/2

N

Figure 3-30 Y-Cable for using keyboard and m ouse 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

TheDE10Standard has an analtgdigital converter (TC2308, which features lomoise
eightchannel CMOS 1-bit. This ADC offers conversion throughput rate to 500KSPSThe

analog input range for all input chais can be 0 V td4.096V. The internal conversion clock allows
the external serial output datlock (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 3-31.

More information abouthe A/D converter chips available inits datasheetlt can be found on
manufacturer 6s we kdatasheedf DEXOStandardsysteen CO.i r ect or vy

VCC5 1 ADC_INO
ADC_IN1 3 ADC_IN2
ADC_IN3 ADC_IN4
ADC_IN5 7 ADC_ING
ADC_INT o » GND

Figure 3-31 Signals of the 2x 5 Header

Figure 3-32 shows the connectiotetween th&PGA, 2x5 headeand theA/D converter Table
3-25shows thepin assignment of A/D converter.
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ADC_INO
ADC_IN1

Header

ADC_ING
ADC_IN8
ADC_IN?

ADC_IN2
e
2x5 ADC_IN3
— e
ADC_IN4
—

LTC2308CUF

WINO

VIN ADC_SCLK

SCLK
DM

VINZ
VING
ving DOUT
VING
VINT

Figure 3-32 Connections between the FPGA,

Table 3-25 Pin Assignment of ADC

ADC DIM fﬁ!!i EEEAE

ADC_DOUT

N _ ~0C CS N @V
vins G5 o ¢ 2
SoC

2x5 header, and the A/D converter

Signal Name FPGA Pin No. Description I/O Standard
ADC_CONVST PIN_Y21 Conversion Star t 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 section introduces the interfaces connectetiedHPS section of th€yclone V SoCFPGA.

Users can access these interfaces via the HPS processor.

3.7.1 User Push -buttons

and LEDs

Similar to the FPGA, the HPS also has its set of switches, buttons, LEDs, and other interfaces
connected exclusively. Users caontrol these interfaces to monitor the status of HPS.

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

Table 3-26 Pin Assignment of LEDs, Switches an&@ushbuttons

CE10- Standard
User Manual

Signal Name HPS GPIO Register/bit Function
HPS_KEY GPI054 GPI101[25] /0
HPS_LED GPIO53 GPI101[24] I/O
42 wyw.terasic.com
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3.7.2 Gigabit Ethernet

The board supports Gigabit Ethernensfer by a external Micrel 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 the HPS, Gigabit Ethernet PHY, andiR&onnector.

The pin assignment associatedth Gigabit Ethernet interface is listed ifeble 3-27. More
information about the KSZ9021RN PHY chip and its datasheet, as well as the applicatiors notes,

available on the manufacturer s website.
us Ji0
HPS_ENET_TX DATA[3.0]
HPS ENET GTX CLK | o]
| = = = | GTH_CLK
HPS_ENET TX EN | . o
- : T T MDI_HPS_N
o HI-'E._I:NE r_l'{){_L}A'I.-’«:{] 0] H.IEI[E..IJ] THRXP | = 2 + TRO4
B o) s ENE A0 HP
ANTER/ZAVS PR 870 P e s
= L == = r Rx_DW
ﬁrﬂhsl;lg?d HPS ENET_MDC | /e
PSS E ] 1
H a HPS ENETMDIO | Moio: LEDA [armamr s aa LEDY.
LEDZ a2 DUAL 31, pi.
¥ HPS EMET INT M NT N
HPS_EMET RESET N
ol o = = == RESET_N
—J—_ EMET_CLK 25
— —_—
KSZB0Z1RN RJ45

Figure 3-33 Connections between the HPS and Gigabit Ethernet

Table 3-27 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 GMII and MII receive data valid 3.3V
HPS_ENET_RX_DATA[ 0] PIN_A21 GMIl and MII receive data[0] 3.3V
HPS_ENET_RX_DATA[1] PIN_B20 GMIl and MiII 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 MiII receive data] 3] 3.3V
HPS_ENET_RX_ CLK PIN_G20 GMIl and Ml 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 3.3V
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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 (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 listedianle 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 interfasémplemented byJART-USB

onboard bridge frona FT232Rchip tothe host with a USB Mini-B connectorMore information
aboutthechip s avail able on t he mdmaofydatdsheeltdARBFO 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 assignmenbf UART interface
connected to thelPS.

ur

L0} — CBu3D

A0

FTZ32_0OFP
BERS HPE LIART HXx USEDP s 1
ARTERARS - THD
Cjn‘.'-!nnn?:"'t' /
SoC HPFS_UART TX » EXD ey FT232_Ond
HPS HPS COoNY LSS n LISB Mini-B Canmnactar

-+ CBus3

HPS RESET LUART n

| mm oHPS_RESE T_n|

L=
FT232R

RESET

—_—

Figure 3-34 Connections between the HPS and FT232R Chip

CE10- Standard 44 www.terasic.com
User Manual March 20, 2018


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
http://www.terasic.com/

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 HPS 1/O banks and the
target speed is 400MHzZigure 3-35 showsthe canections between the DDR3 afyclone V
SoC FPGATable 3-30lists the pin assignment of DDR3 and its description with I/O standard.

Datax 16
* } DDR3 Device
/AN O[S RYA\ >
g - Address & Command
Cyclonet™V
SocC” »
DDR3 Device
Datax 16
« > ,

Figure 3-35 Connections between FPGAand DDR3

Table 3-30 Pin Assignmentof DDR3 Memory

Signal Name FPGA Pin No. |Description I/0O 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 |
HPS_DDR3_A[11] PIN_C30 HPS DDR3 Address[11] SSTL-15 Class |
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-15 Class |
HPS_DDR3_BA[0] PIN_E29 HPS DDR3 Bank Address[0] SSTL-15 Class |
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HPS_DDR3_BA[1] PIN_J24 HPS DDR3 Bank Address[1] SSTL-15 Class |
HPS_DDR3_BA[?] 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 HPS DDR3 Clock Differential 1.5 -V
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-15 Class |
HPS_DDR3_DMJ0] PIN_K28 HPS DDR3 Data Mask][0] SSTL-15 Class |
HPS_DDR3_DMJ1] PIN_M28 HPS DDR3 Data Mask[1] SSTL-15 Class |
HPS_DDR3_DM]2] PIN_R28 HPS DDR3 Data Mask][2] SSTL-15 Class |
HPS_ DDR3 DM]3] PIN_ W30 HPS DDR3 Data Mask[3] SSTL-15 Class |
HPS_DDR3_DQI[0] PIN_K23 HPS DDR3 Data[0] SSTL-15 Class |
HPS_DDR3_DQ[1] PIN_K22 HPS DDR3 Data[1] SSTL-15 Class |
HPS_DDR3_DQ[2] PIN_H30 HPS DDR3 Data[2] SSTL-15 Class |
HPS_DDR3_DQ[3] PIN_G28 HPS DDR3 Data[3] SSTL-15 Class |
HPS_DDR3_DQ[4] PIN_L25 HPS DDR3 Data[4] SSTL-15 Class |
HPS_DDR3_DQ[5] PIN_L24 HPS DDR3 Data[5] SSTL-15 Class |
HPS_DDR3_DQ[6] PIN_J30 HPS DDR3 Data[6] SSTL-15 Class |
HPS_DDR3_DQJ[7] PIN_J29 HPS DDR3 Data[7] SSTL-15 Class |
HPS_DDR3_DQ[8] PIN_K26 HPS DDR3 Data[8] SSTL-15 Class |
HPS_DDR3_DQ[9] PIN_L26 HPS DDR3 Data[9] SSTL-15 Class |
HPS_DDR3_DQJ[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_DQJ[14] PIN_L28 HPS DDR3 Data[14] SSTL-15 Class |
HPS_DDR3_DQ[15] PIN_M30 HPS DDR3 Data[15] SSTL-15 Class |
HPS_DDR3_DQ[16] PIN_U26 HPS DDR3 Data[16] SSTL-15 Class |
HPS_DDR3_DQJ[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_DQJ[19] PIN_N28 HPS DDR3 Data[19] SSTL-15 Class |
HPS DDR3 DQ[20] PIN_P26 HPS DDR3 Data[20] SSTL-15 Class |
HPS_DDR3_DQJ[21] PIN_P27 HPS DDR3 Data[21] SSTL-15 Class |
HPS_DDR3_DQI[22] PIN_N27 HPS DDR3 Data[22] SSTL-15 Class |
HPS DDR3 DQ[23] PIN_R29 HPS DDR3 Data[23] SSTL-15 Class |
HPS_DDR3_DQ[24] PIN_P24 HPS DDR3 Data[24] SSTL-15 Class |
HPS_DDR3_DQ[25] PIN_P25 HPS DDR3 Data[25] SSTL-15 Class |
HPS_DDR3_DQ[26] PIN_T29 HPS DDR3 Data[26] SSTL-15 Class |
HPS_DDR3_DQ[27] PIN_T28 HPS DDR3 Data[27] SSTL-15 Class |
HPS_DDR3_DQ[28] PIN_R27 HPS DDR3 Data[28] SSTL-15 Class |
HPS_DDR3_DQ[29] PIN_R26 HPS DDR3 Data[29] SSTL-15 Class |
HPS_DDR3_DQJ[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 |
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HPS_DDR3_DQS_n[1] PIN_N24 Differential 1.5 -V
_DDR3_DQS_nf1] PIN_ HPS DDR3 Data Strobe n[1] frerentia

SSTL Class |
HPS DDR3 DQS n[2] |[PIN_R18 Differential 1.5 -V
- - - - HPS DDR3 Data St 2
S 3 Data Strobe n[2] SSTL Class |
HPS DDR3 DQS n[3] |[PIN_R21 Differential 1.5 -V
- - - - HPS DDR3 Data St
S 3 Data Strobe n[3] SSTL Class |
HPS_DDR3 _DQS _p[0] |PIN_N18 Differential 1.5 -V
- - - - HPS DDR3 Data Strobe p[0
ata Strobe plOlgor) Class |
HPS_DDR3 _DQS _p[1] |PIN_N25 Differential 1.5 -V
HPS DDR3 Data Strobe p[1] SSTL Class |
HPS DDR3 DQS p[2] |[PIN_R19 Differential 1.5 -V
- - - - HPS DDR3 Data St 2
S DDR3 Data Strobe pl2] - oop) cjags |
HPS _DDR3 DQS p[3] |[PIN_R22 Differential 1.5 -V
- - - - HPS DDR3 Data St
S 3 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-15 Class |
HPS_DDR3 RESET_n |PIN_P30 HPS DDR3 Reset SSTL-15 Class |
HPS_DDR3_WE_n PIN_C28 HPS DDR3 Write Enable SSTL-15 Class |
HPS_DDR3_RZQ PIN_D27 External reference ball for 15V

output drive calibration

3.7.5 Micro SD Card Socket

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

Table 3-31lists the pin assignment of Micro SD card socket to the HPS.

a3 LK
50_CL o 5
.y 50_CMD )
- ol * 7 Micro-SD Card
50 DAT1 p Sockel
Cyclone@ ¥ u— = - 8
SoC A A 50 _DATZ A 2
HPS —rhorh S0_DATICD A 5
o

Figure 3-36 Connections between the FPGA and SD card s ocket
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Table 3-31 Pin Assignment 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_DATA[0] PIN_G18 HPS SD Data[0] 3.3V
HPS_SD_DATA[1] PIN_C17 HPS SD Data[1] 3.3V
HPS_SD_DATA[2] 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 USB3300 device in -pn QFN package interfaces with tH&MSC
USB2512B hub controller. This device supports UFMLow Pin Interface (ULPI), which
communicates with the USB 2.0 controller in HPS. The PHY operates in Host medeariecting

the ID pin ofUSB3300to 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 UEH'G PHYto the HPS.

LiE

|
HFS USE DATAIT 0§ LS8 CPEN LS8 VCCS
- = AP0 o patar.a IFEl —— =k El, ouT
[ o 5 EXTVEL
= B P LISE, CLMOUT ccour  ExTvBus [SBERTVEUS ) L o
Alm HPS_LISA_WET = USE VEUS  TPEInEE
i HXT VB [+ T
Wb. vl L HPE USE_DIR e o Lo USBUP DM
SoC = — o
HFS_USE 5TP s P L SBUP.DP |, cniip P i
HPS RESET B USAOMT_DOP (s |
_LSEPHY CLE 3 ) USEDN|_OM fa— [m——
o [ J‘I_IEE T,
- IJSHUNE_ Oop f=—e
LUSEOMNI_OM f— ——
LISB3300 ISBHUB CLE 24 LEER T
i . . Il'éﬁ ETALINCLKIN FB Typo

Figure 3-37 Connections between

w HPS_RESET m
ADMAAZ

TouUsEEsiz

Table 3-32 Pin Assignment of USB OTG PHY

Signal Name FPGA Pin No. | Description I/O Standard
HPS_USB_CLKOUT PIN_N16 60MHz Reference Clock Output 3.3V
HPS_USB_DATA|O] PIN_E16 HPS USB_DATA[0] 3.3V
HPS_ USB_DATA[1] PIN_G16 HPS USB_DATA[ 1] 3.3V
HPS_USB_DATA[2] PIN_D16 HPS USB_DATA] 2] 3.3V
HPS_USB_DATA[3] PIN_D14 HPS USB_DATA] 3] 3.3V
HPS_USB_DATA[4] PIN_A15 HPS USB_DATA[ 4] 3.3V
HPS_USB_DATA[5] PIN_C14 HPS USB_DATA] 5] 3.3V
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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_Al14 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 witla digital accelerometer sensor mod(#XL345), commonly known as
G-sensor This Gsensoris a small, thin, ultralow power assumptiora8s accelerometer with
high-resolution measurement. Digitalized output is formatted abitl6 n ¢ camopement and

can be accessed throudBC interface. The |2Caddress of &ensoris 0xA6/0xA7. More
information about this chip can be foundita datasheetwhich is available omanuf act ur e
website or in the directoDatasheet folder dDE10-Standardsystem CD.Figure 3-38 shows the
connections betweethe HPS and &ensor.Table 3-33 lists the pin assignment of-&nor to the

HPS.

u28
= HPS 1201 _SCLK
T
cm, v ) HPS_12C1_SDA »| SDA_SDI SDIO
SoC A HPS GSENSOR_INT T4
HPS ADXL345

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

Table 3-33 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 board has a igin 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 gozols is bidirectional. The 14in header can also be used for
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GPIO, SPI, or 12C 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 listetkible
3-34.

o] VECIPI
27
. | HP5 5P CLK
| ———— 1 2
ﬁ!- HPS_SPIM_55 3 e A DR
AEIE% _ bap HPS_SPMLMOS! | 5 ele
c %5‘; E3a HFS SPIM_MISD I e B VOCIP3
yecl Ds':ci 3 HPS_ 1202 SOAT ol Cannectos
AJE 4 WS o 10 ]
Al - DTBRC2 SCLK . s R #11 12— o
HPS HPS_LTC_GFI
B o o-LTC.GRO 13 1404 —
Li41 ! T
HPS_SPIN_MOS| “ND b
{c comt| MOsi_soa
HPS_ [12C2 SDAT | %
HPS_SPIM_CLK ;
‘ﬁc comz| SCK_SCL
HPS 1202 SCLK R

4] HPS LTC GPIQ

T53A5018

Figure 3-39 Connections between the HPS and LTC c onnector

Table 3-34 Pin Assignment 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/S lave Output 3.3V

HPS_SPIM_MOSI PIN_D22 SPI Master Output /S lave Input 3.3V

HPS_SPIM_SS PIN_D24 SPI Slave Select 3.3V

3.7.9 128x64 Dots LCD

The board equipsneLCD Module with 128x64 dots for displasapabilities The LCD module uses
serial peripheral interface to connect witte HPS. To uséhe LCD module, please reféw the
datasheet folder itsystem CD.Figure 3-40 shows the connections betwettre HPS and LCD
module. The default setiy for LCD backlight power is ON bghorting the pins of header JP4
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Table 3-35lists the pin assignments between LCD module@yelone V SoGFPGA

J20  128x64 LCD Module

HPS LCM SPIM SS |

; m . HPS LCM SPIM CLK :| z:;qscu
N] >y HPS LCM DC =.~! AD
cms.:c HPS LOM_SPIM MOS! ! pamisn

- HPS_LCM_RST n » RES

LCM Backlight
VGG _LCMOr VW E l

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

JPa

() ()

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/C ommand |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 /S lave Input 3.3V
HPS_LCM_SPIM_SS PIN_H20 SPI Slave Select 3.3V
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Chapter 4
DE10-Standard
System Builder

The developers can start th€uartusproject base on the golden_top quartus project included in
the DE10GStandard System CNeverthelessif developers plan to use Terasic daughtereguire
only a few interface in DE10-Standard, the System Builder cassistdevelopers to establish
Quartus project within minutes.

This chapter descréds 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 to healigers create a
Quartus 1l poject for DED-Standardwithin minutes. The generated Quartus Il project files
include:

Quartus Il projectife (.qpf)

Quartus Il settingille (.qsf)

Top-level cesign fle (.v or .vhd
Synopsis designonstraints file (.sdc)
Pin assignmentatument (.htm)

= =4 4 4

The above files generated tiye DE10-StandardSystem Buildercan also prevenvccurrence of
situations that are prone to compilation emdren users manuallydé the toplevel design file or
place pin assignmernthe common mistakesersmayencounter are

1 Boardis damagd due to incorrect bank voltage settingpor assignment.
1 Boardis malfunctiored because of wrordgvicechosendeclaration of pin locatioar
direction is incorrect or forgotten.

1 Performance degdationdue toimproper pin assignment

CE10- Standard 52 www.terasic.com
User Manual March 20, 2018


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
http://www.terasic.com/

4.2 Design Flow

This section providesmintroduction tothe design flow ofbuilding a Quartus Il project for
DE10-Standardunderthe DE10-StandardSystem BuilderThedesign flow is illustrated irfrigure
4-1.

The DE10-StandardSystem Buildewill generate two major files, a tdpvel design file (.\or .vhg
and aQuartus Il setting file (.gs@fter users launch the D&BtandardSystem Builder and create a
new project according to their design requirements

The toplevel design file containatop-level Verilogor VHDL HDL wrapper for users to add their
own cesign/logic. The Quartus Il setting file contains information such as FPGA device type,
top-level pin assignment, and the 1/0O standard for eachdefered 1/O pin.

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

Launch DE1O-5tandard
System Builder

Launch Quartus Il
and Open Project

Add User
Design/Logic

Create New DE10-Standard
System Builder Project

Generate Quartus Il
Project and Document

Compile to
generate SOF

Configure FPCA
QPF

QSF
Moer VHD
HTM

sSDC

Figure 4-1 Design flow of building a project  from the beginning to the end
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4.3 Using DE10-Standard System Builder
This sectiorprovidesthe complete proceduren howto usethe DE10-Standardsystem Builder
A Install and Launch the DE10-Standard System Builder

The DE10-StandardSystem Builderis located in the directoryfiToolsSystemBuilded 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
SystemBuildeexe on the host computer.

DE10 Standard V100 =
=--Sys‘f§m Configuration
WWW,CETRETE Cam Froject Name: DE10_Standard
DE10 Standard FPGA Board Top File Type: |viarilog -
A | _ e | ¥ CLOCK ¥ 7-Segment x 6
M LEDx 10 VI Switchx 10
¥l Button x 4 W1 R TXIRX
MVGEA ¥lYideo-In
¥l Audio M ADC
VI SDRAM, 32MB Wl ps2
CIHFS
GPIO Header (3.3V)
[None v|
Prefix Name:

HSMC Header

‘ Load Sefting ‘ ‘ Generate ‘ 12 Voltage: @
Mone v|
{ Save Setting J ‘ Exit ‘ Prefix 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 assigreatomatically as the name of your {lgvel design
entity.
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DE10 Standard V1.0.0 =

~Systern Configuration
P

WWW,CETRETE Cam | (Froject Name: DE10_Standard )
DE10 Standard FPGA Board Top File Type: | verilog -| |
- s | ¥ CLOCK ¥ 7-Segment x 6

M LEDx 10 VI Switchx 10

¥l Button x 4 W1 R TXIRX

MVGEA ¥lYideo-In

¥l Audio M ADC

VI SDRAM, 32MB Wl ps2

CIHFS

GPIO Header (3.3V)

[None v|

Prefix Name:

HSMC Header

|0 Voltage: |25V (Default) -

lNone v]

l Load Setting H Generate ‘

[ Save Setting ] ‘ Exit ‘ Prefi: Name:

Figure 4-3 Enter the project name

A Top File Type

Select the desireHDL type, as shown ifrigure 4-4. If Verilog is selected, a .v VerilogDL top
file will be generatedif VHDL HDL is sdected,a .vhd VHDL top file will be generated

CE10- Standard 55 www.terasic.com
User Manual March 20, 2018


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
http://www.terasic.com/

DEL0 Standard V1.0.0 =

~Systern Configuration
ysm Co7fg

WWW,CETRETE Cam Froject Name: DE10_Standard
|
DE10 Standard FPGA Board 6p File Type: |varilog j

- W ZLOCK ¥ 7-Segment x 6
M LEDx 10 VI Switchx 10
¥l Button x 4 W1 R TXIRX
MVGEA ¥lYideo-In
¥l Audio M ADC
VI SDRAM, 32MB Wl ps2
CIHFS
GPIO Header (3.3V)
[None v|
Prefix Name:

HSMC Header

|0 Voltage: |25V (Default) -

|None v|

‘ Load Setting H Generate ‘

Prefix Name:

[ Save Setting H Exit ‘

Figure 4-4 Select Top File Type

A System Configuration

Users are given the flexibilityn the System Configuration to include their choice of components in
the project, as shown iRigure 4-5. Each componentnboard is listed andsers an enable or
disableone or more componentt will. If a component is enabled, tH@E10-StandardSystem
Builder will automatically generate its associated pin assignmaiuding the pin name, pin
location, pin direction, and I/O standard.
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DE10 Standard W1.0.0

W, CEFBSIC. COM

‘ Load Setting H Generate ‘

Exit ‘

[ Save Setting H

~Systern Configuration

Froject Name: DE10_Standard

Top File Type: |verilog

% |

(cLock ¥ 7-Seqmentx 6\
WILEDX 10 ¥l Switch % 10
V] Button x 4 M IR TR
VIWGEA ¥video-In
¥l Audio ¥ ADC
WISDRAM. 32MB W PS2
;\D HPS Y,

GPIO Header (3.3V)

[None

Prefix Mame:

HSMC Header

|0 Voltage: |25V (Default) -

|None

= |

Prefix Name:

Figure 4-5 System c onfiguration g roup

A GPIO and HSMC Expansion

If usersconnectany TerasicGPIO-basedor HSMCGbaseddaughter carsito the GPIO connectar
HSMC connectoon DE10-Standargdthe DED-Standardsystem Builder can generate a project that
include the corresponding module, as showhiaure 4-6. It will also generate the associated pin
assignnentautomaticallyjncluding pin name, pin location, pin direction, and I/O standard.
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DE10 Standard V1.0.0 | &

=--Sys‘f§m Configuration
WWW,LEFRSTE, Com Froject Name: DE10_Standard
DE10 Standard FPGA Board Top File Type: |vierilog -
' L i : ¥ CLOCK ¥ 7-Segment x 6
M LEDx 10 ¥l Switch x 10
¥ Button x 4 VIR TR
MvGEA ¥lideo-In
¥l Audio FADC
VI SDRAM, 32MB M P52
CIHFS
/" GPIO Header (3.3V) N
| [osm-GPio |
Prefix Mame: il

HSMC Header

|0 Woltage: 2BV (Default] - 5

| MTLC2 -Multi-Touch/LCD/Cam | ﬁ

| \Preﬂ}{ MName: _/J

‘ Load Setting H Generate ‘

'-..

‘ Save Setting H Exit ‘

Figure 4-6 GPIO and HSMC expansion g roup

The #APr ef anxoptibhalfieatdre thasdensthe pin name of the daughter card assigned in
your designUsers may leave this field blank

A Project Setting Management

The DE10-StandardSystem Buildealso provideghe optionto load a setting osave u s ecureeiit
board configuration in .cfg file, ahown inFigure 4-7.
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DEL0 Standard V1.0.0 =

~Systern Configuration
ysm Co7fg

WWW,CETRETE Cam Froject Name: DE10_Standard
DE10 Standard FPGA Board Top File Type: |viarilog -
£ L i i ¥ CLOCK ¥ 7-Segment x 6
M LEDx 10 VI Switchx 10
¥l Button x 4 W1 R TXIRX
MVGEA ¥lYideo-In
¥l Audio M ADC
VI SDRAM, 32MB Wl ps2
CIHFS
GPIO Header (3.3V)
[None v|
Prefix Name:

HSMC Header

_
-2 By Default v
Load Setting P Generate ‘ | 10 Voltage: (Default) |
Mone =

Saaieiing J/ Bt ‘ Frefix Name:

—

Figure 4-7 Project Settings

A Project Generation

When users press th8eneratebutton, the DE10-StandardSystem Builderwill generate the
corresponding Quartus 1l files and documeasslistel in Table 4-1:

Table 4-1 Files generated by the DE10-Standard System Builder

No. | Filename Description

1 <Project name >.v or .vhd Top level Verilog or VHDL HDL file for Quartus Il
2 <Project name>.qgpf Quartus Il Project File

3 <Project name>.qgsf Quartus Il Setting File

4 <Project name>.sdc Synopsis Design Constraints file for Quartus Il

5 <Project name>.htm Pin Assignment Document

Users caradd custom logic into the project Quartus Iland compile the project to generate the
SRAM Object He (.sof).
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Chapter 5
Examples For FPGA

This chapter provides examples of advanced designdementedby RTL or Qsyson the
DE10-Standardboard. Theseeference designs cover the features of peripherals connected to the
FPGA, such as audioSDRAM, and IR receiverAll the associated files can be found in the
directory\Demonstrationg$PGA of DE10-StandardSystem CD.

A Installation of Demonstrations

To install the demonstrations on your computer

Copy the foldeDemonstrationso a local directory ofour choice. It is important to make sultee
path toyour local directory contains NO space. Otherwise it will lead to errdtias Il. Note
Quartus 1l 6.1 or lateris required for allDE10-Standarddemonstrations to suppo@tyclone V
SoCdevice.

5.1 DE10-Standard Factory Configuration

The DELO-Standard board has a default configuration btream preprogrammed, which
demonstrates some thfe basic features onboarthe setupequired for this demonstration and the
locationof its files are shown below.

A Demonstration Setup, File Locations, and Instructions

1 Project directoryDE10_StandardDefault

i1 Bitstreamused:DE10_Standard Default.sof oDE10_Standard Defaultjic

1 Power on théE10-Standardboardwith theUSB cable connected to the USasterll
port. If necessary (that i# the default factory configuration is not currently store¢th@EPCS
device), download thbkit stream to the board viTAG interface.

1 You shaild now be able to obsertiee #segment displays are showiagequence of
charactes, and the red LEDs are blinking

1 If the VGA D-SUB connectois connected to a VGA display, it would shaweolor
picture

1 If the stereo lineout jackis connected to a speaker and KEY[1] is presaddkHz
humming sound will come out of the lhwait port

1 For the ease of executicedemo_batch foldes provided in theroject. It is able tmot
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only load the bit stream into the FPGAcommand lingbut also program or erage 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 foldmrdexecute the test.baOp t i o will coret
the.sof to .jicand p t i evil pr8gcam .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.
erazing .jic from EPCS.

"G for ERIT batch.

3030 - —3nf -0 - Juf~3nf-Jof - Juf~Juf-JoF o ~3eF-JoF - ~3aE-JoE-J0 ~3eE-Jof -0 ~af—Jof 30 ~Jef—Jef -3 -efJof JmfTef-Jef -

Pleasze enter your choise: [1.2.3.4.517_

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

5.2 Audio Recording and Playing

This demonstration showsw to implement aaudio recorder and player @E10-Standardboard
with the builtin audio CODEC chiplt is developed based d@sysandEclipse Figure 5-2 shows
the buttons and slide switches used to intefastdemonstratioonboard Users can configure this
audio system throughvo pushbuttons andour slide switches

1 SWoO is used to specitherecording source to be Lida or MIC-In.

1 SWi1, SW2,and SW3 are used 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
recorder and player.

Sample Rate Flay
|Record

Audio Source:
MIC or LINE IN

Figure 5-2 Buttons and switches for the audio  recorder and p layer

Figure 5-3 shows the block diagram afudio recorder andlgyer design. There are hardware and
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software pagin the block diagram. The software patoresthe Nios Il program irthe onchip
memory The software part is built undé&iclipsein C programming langu&g The hardware part is
built underQsysin Quartus Il. The hardware part includes all the other blecksc h as t he
Contr ol | isga osedefimddQsydcomponentand it isdesigned to send audio data to the
audio chip or receive audio data from the audio chip.

The audio chip is programmed through 12C protpatiich is implemented in C code. The I2C in
from the audio chipareconnected t@)syssystem mterconnectabric tirough PIO controllersThe
audio chip is configured in aster nodein this demonstratiariThe 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 audiowtroller.

asyYs — 1y
E I ! LA = Store Audic Data
SOMHZ —— 'r I =
; _ Nesu @
=
3 On Chip. | Nios Il Program
g
JTAG g
REEBET n=—# 3 3
- . UART . ”
i ALDH
; AUDIO
E 'ﬁm— —
Clock to SDRAM #— Bl P LED/KEY
— Signioller, ISWI2C

Figure 5-3 Block diagram of the audio recorder and player

A Demonstration Setup, File Locations, and Instructions

Hardware poject directoryDE10_Standard Audio
Bitstream useddE10_ StandardAudio.sof

Software poject directoryDE10_Standard Audio\software
Connet an audio surce to the Linen port

Connect a Microphae tothe MIC-in port

Conrect a speaker or headsetie Line-out port

Load the bistream intdhe FPGA (note *1)

Load thesoftware executionlé into the FPGA (note *1)
Configure the audio witBW0, as shown imable 5-1
Press KEY3 to start/stop audio redimg (note *2)
Press KEY?2 to start/stop audio playing (note *3)

=4 =2 4424844 _-°4_-°-°->"
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Table5-1 Slide switchesusage for audio source

Slide Switches 01 DOWN Position 17 UP Position
SWO0 Audio is from MIC -in Audio is from Line -in

Table 5-2 Settings ofswitchesfor the sample rateof audio recorder and player

SW5 SWA4 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 DHI Standard Audio/demo_batcH/test bat to download .sof and .elf files.
(2). Recording process will stop ifthe audio buffer is full.

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

5.3 Karaoke Machine

This demonstration uses the microphamdine-in, and lineout ports orDE10-Standardto createa
Karaoke nachine The WM8731 CODEC is configured inmaster mode The audio CODEC
generates AD/DA serial bit clock (BCK) and the left/righawchel clock (LRCK) automatically-he
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 microphon@ 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®6ycling within ten predefined gain
values (volume levels) provided by the device.
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Figure 5-4 Block diagram of the Karaoke m achine demonstration

A Demonstration Setup, File Locations, and Instructions

1 Project directoryDE10_Standardi2sound

9 Bitstream usedE10 Standard i2soundsof

1 Connect a microphone to the microphangort (pink color)

1 Conrect the audio output of a music player, such B8 player or computemtthe
line-in port (blue color)

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

1 Load the batream inb the FPGAy executinghe batch filedest.babin thedirectory
DE10 _Standard i2sounddemo_batch

1 Usersshouldbe able to hear a mixture wiicrophone sound and the sound from the music
player

1 Press KEYO to adjust the volume; it cycles between volured Geto 9

Figure 5-5 illustrates the setup for this demonstration.
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MP3/
Any Audio Cutput

f

Microphaone

Clock/Data
Fraguency
Generator

Figure 5-5 Setup for the Karaoke machine

5.4 SDRAM Tes t in Nios Il

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

also showshow Inteld s S DR A M r ¢tPoancesses SDRAM and how the Nios Il processor
reads and writethe SDRAM for hardware verificationThe SDRAM controller harlds complex
aspects of accessi®PRAM such as initializing the memory deviaeanaging SDRAM banks,
and keeping thdevices r&eshed 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 64MB controller. The
working frequency of the SDRAM controller is 100MHmd theNios Il programis running orthe
on-chip memory.
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l.'::?"‘_"' Qsys

50 MHz

ﬂ
>
@
System Infercomant Fabnc

SDRAM

e 1
Controdler SEAEN

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

The sysem flow is controlled by g@rogmam running 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 programvill show the progress imNios-terminal when

writing/reading data to/from the SDRAM. Whéme verification process reaches 100%, the result

will be displayed inNios-terminal

A Design Tools

T Quartus livle.1
1 Nios Il Eclipsev16.1

A Demonstration Source Code

1 Quartusproject directorySDRAM_Nios_Test
1 Nios Il Eclipsedirectory SDRAM_Nios_TesiSoftware

A Nios Il Project Compilation

T Click ACleano from the AProjecto menu
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design

inNios Il Eclipse

A Demonstration Batch File

The files are located in the directdr§DRAM_Nios_Testdemo_batch

The folderincludesthefollowing files:

1 Batch fle for USB-Blader Il : testbat
1 FPGA configurationife : SDRAM_Nios_Test.sof
1 Nios Il program:SDRAM_Nios_Test.elf

A Demonstration Setup

1 Quartus Ilv16.1 and Nios Ilv16.1 must be prenstalled on the hofC.
1 Power on th®E10 Standardboard.

1 ConnectheDE10 Standardboard(J13) to thehostPCwith a USB cable and install the
USB-Blasterll driverif necessary.
T Execute t he destbhabfroin the dirdctorfSDRAB_Nibos Tesdemo batch
1 After theprogramis downloaded and executed successfallgrompt message will be
displayed in nios2erminal.
1 Pressanybutton(KEY 3~KEYO) to startthe SDRAM verificationprocessPresKEYO0 to
run thetestcontinuously

1 Theprogram will displaythetest progress and resudis shown irrigure 5-7.

&8 Altera Nios IT EDS 16.1 [geed] o[ )

Using cahle "DE-So0C [USB-11", device 2, instance BxB8

Resetting and pausing target processor: OK

Initializing CPU cache <if present)

0K

Downloaded 75KB in B.1s

Verified 0K

Gtarting processor at address BxB4828244

nios2-terminal: connected to hardware target wsing JITAG UART on cahle
nios2-terminal: “DE-S%0C [USB-11". device 2, instance @
nios2—-terminal: <Use the IDE stop bhutton or Ctrl-C to terminate’

SDRAM Test?! Size=64MB <(CPU Clock:1808068068>

any KEY to start test [KEYB for continued test]
> SDRAM Testing, Iteration: 1
write. ..
18 20x 382 482 58+ 6Bx Y@: 88:x 978:x 108«
readsverify...
18 20x 382 482 58+ 6Bx Y@: 88:x 978:x 108«
SDRAM test:Pass. 11 seconds

FPress any KEY to start test [KEYA for continued test]

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

DE10-Standardsystem CD offers another SDRAM test with its test code written in Verilog HDL.
The memorysize ofthe SDRAM bankesteds still 64MB.

A Function Block Diagram

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

FPGA
spRAM R WL RW_Test
i Sdram i -
Conrtaller | Test i
CLOCK_50 ' Confrol =
L Yomm "EYO
—

| ! Process
N — | SN

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

RW _test module writes the entire memory with a test sequence first before comparing the data read
back with the regenerated test sequence, which is same as the data written to the KiEf0ory.

triggers test control signals fahe SDRAM, and thd_EDs will indicate the test resudiccording to

Table 5-3.

A Design Tools
1 Quartusllvi6el

A Demonstration Source Code

1 Project directoryDE10_Standard DRAM_RTL_Test
9 Bitstream useddE10 Standard DRAM_RTL _Testsof

A Demonstration Batch File

Demo batch filedlder:\DE10_Standard DRAM_RTL_Testdemo_batch
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Thedirectoryincludesthefollowing files:

i Batch fle: testbat
1 FPGA configurationife: DE10_Standard DRAM_RTL_Testsof

A Demonstration Setup

1 Quartus Iivl6.1must be prenstalled to thédnostPC.

1 ConnectheDE10 Standardboard(J13) to the host PC with a USB cable and install the
USB-Blasterll driver if necessary

1 Power on th&E1l SoChoard.

1 Executethedao b at ®BRI10 fStaddad SDRAM_RTL_Test b d@ramothe directoy
\DE10 Standard SDRAM_RTL_Testdemo_batch.

1 PresKEYO on theDE1_SoChoard to start the verification process. WiKYO is
pressed, theEDR [2:0] should turn onWhenKEYO is then releasedlED R1 andLED R2
should start blinking.

1 After approximately8 seconds|.ED R1 should stop blinking and stay ON to indicate the
testis PASS Table 5-3 lists thestatus olLED indicators.

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

1 If LEDR1 failed to remain ON after approximately 8 seconds, the SDRAM test is NG.
1 PressKEYO againto repeat the SDRAM test.

Table 5-3 Status ofLED Indicators

Name Description

LEDRO Reset

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

5.6 TV Box Demonstration

This demonstratioturns DED-Standardboard into a TV box by playing video and audio from a
DVD player using the VGA output, audio CODE@dathe TV decoder on the DEBRilandard
board Figure 5-9 shows the block diagram of the design. fEhare two major blocks in the system
called 12C_AV_Config and TV_to VGA. The TV_to_VGAIdzk consists of the ITUR 656
Decoder, SDRAM Fame Buffer, YUV422 to YUV444, YCbCr to RGB, and VGAController The
figure also shows the TVedoder (ADV7180and the VGA DAC (ADV7123) chipsed.

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 commuicate with the TV decodethe TV decodewill be
unstable for a time periagbon power up, anthe Lock Detectoblock is responsible for detecting
this instability.
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The ITU-R 656 Decoder block extracts YcrChb 4:2:2 (YUV 4:2:2) video signals from theR'B5%H

data stream sent from the Téabder. It also generates a data valid control sigviach indicates

the valid period of data outputhe video signal for th@V decoder is interlacedie-interlacing
needs to be performed on the data saufidee SDRAM Frame Riffer and a field selection
multiplexer (MUX), which is contlled by the VGA ©ntroller, are used to perform the
de-interlacing operation. fe VGA Qontroller also generates data request and odd/eveniselect
signals to the SDRAM Frameufer and filed selection multiplexer (MUX)lhe YUV422 to
YUV444 block converts the selected YcrCb 4:2:2 (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 oufpet.VGA
Controller block generates standard VGA synchronous signals VGA_HS and VGA_VS to enable
the display on a VGA monitor.

YUV 4:2:2

ﬂata Wl

------

T p Eahg

o

=

e
TETFAMA

lEE. _SCLK

nr - ﬁ Tduqzz ﬁ

Figure 5-9 Block diagram of the TV box demonstration

Demonstration Source Code

>

1 Project directory: DEQ_Standard TV
1 Bitstream used: DHEL Standard TV.sof

A Demonstration Batch File

Demobatch directory\DE10_Standard TV \demo batch

The folderincludesthefollowing files:
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1 Batch fle: DE10_Standard TV.bat
1 FPGA configuration fle : DE10_Standard TV.sof

A Demonstration Setup, File Locations, and Instructions

T Connect a DVD pl ayer 6s c ogptbesvidaeie RCAjacke o o u't
(J6) ontheDE10_Standardboard as shown irrigure 5-10. The DVD player has to be
configured to provide:

NTSC output

60Hz refresh rate

4:3 aspect ratio

Non-progressive video

Connect the VGA output of tHeE10 Standardboardto a VGA monitor.

1 Comect the audio output of the DVD player to the dingoort of theDE10_Standard

board and connect a speaker to the-tineport. If the audio output jacks frometVD player
are RCA type, an adaptorngeded to convert thé mintstereo plug supportezh the
DE10_Standardboard

1 Load the bistream intathe FPGA by executing h e b a DEdth Stdndlaid@éV. ® at 6
from the directoryDE10_Standard TV \demo_batch Press KEYO on the DI®_Standard
board to reset the demonstration.

= =4 4 4 2

DVD Player

e | i

CVBS Output

v
ITU-R 656 |=— | De-Interdace
YUV 422 e —
Decoder

Figure 5-10 Setup for the TV box demonstration
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5.7 TV Box Demonstration (VIP)

This section will demonstrate how tse Intel FPGA VIP (Video Image Processing)tumn the
DE10-Standard board into a TV box allowing the users to pidgo and audio from a DVD player
by using the VGA output, audio CODEC and the TV decoder on the {SEk@ard board.)

Figure 5-11 shows the block dgram of the design. There are two major blocks in the systam
I2C_AV_Config and Qsys/Vips The Qsys/Vips block consists ofa lot of Video and Image
ProcessingVIP) IPs, such a€locked Video Input |l Color Plane Sequencer, Deinterlacer 1)
Clipperll, Frame Bufferdl, Chroma Resampler,IColor Space Converter, IBcaler I| andClocked
Video Output The figure also shows the TV decoder (ADV7180) and the VGA DAC (ADV7123)
chipthat areused.

The register values of the TV decoder are usaitdigure the TV decoder via the 12C_AV_Config
block, which uses the 12C protocol to communicate with the TV decoder. The TV decoder will be
unstable for a short periaaf time upon power up, and the Lock Detector block is responsible for
detecting this istability.

EORAM

Conirolles

Color Spacs
Camaries (I

Frame Buffar 1l
T4

Figure 5-11 Block diagram of the TV box demonstration (VIP)
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The Qsys/Vips process the fuyreamed videfrom the TV decodelinputto the VGA output.
The Clocked Video Input Il: Convertsclocked video formats to Avale8T Video.
(720x576 interlaced Y&DbCr, 4:2:2ormat)
Color Plane Sequencer Il Converts the twsequence color plane parallel

Deinterlacer Il: Deinterlaeng the nterlaced videdrom TV-input (PAL/NTSC) toprogressive
videofor VGA-oufput

Clipper Il : Clip the video resolution from 720x576 to 720 x480.
Frame Buffer Il : Buffers the video streams to SDRAM.
Chroma Resampler Il: Resamplsvideo datgrom 4:2:2 format to 4:4:4 format.

Color Space Converter I Converts color space from 8CbCr (digital television) to
R&G@BGcomputer monitors).

Scaler II: Scalesthe video resolution from 720x480 to 640 x480.

Clocked Video Output Converts data from Avale8T Videoprotocol to clocked video.

A Demonstration Source Code

1 Project directory: DE10_Standard_VIP_TV
1 Bitstream used: DE10_Standard_VIP_TV.sof

A Demonstration Batch File

Demo batch directoryDE10_Standard_VIP_T\Wemo batch
The folder includeghefollowing files:

1 Batch file: DE10_Standard_VIP_TV.bat
1 FPGA configuration fle : DE10_Standard_VIP_T¥of
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A Demonstration Setup, File Locations, and Instructions

T Connect a DVD pl ayer 6s c ogiptbesvidaeeputiRCAd e o o u't
jack (B) onthe DE10_Standardboard as shown irrigure 5-12. The DVD player has to be

configured to provideNTSCor PAL output 60Hz refresh ratet:3 aspect ratio

Non-progressive video

1 Connect the VGA output of tHeE10_Standardboardto a VGA monitor.

1 Optional, @nnect the audio output of the DVD player to the-iimgut port of the
DE10_Standardboard and connect a speaker to the-tingut port. If the audio output jacks

from the DVD playeris RCA type, an adaptor ieeded to convert thé ministereo plug

supported omthe DE10_Standardboard

1 Load the bistream intathe FPGA by executingh e babDE DO f $t @andar d_ VI F
from the directoryDE10_Standard_VIP_T\Wemo_batch

1 Press KKYO on the DBEO_Standard board to reset the demonstration.

1 The video will be displayed on the LCD Monitor.

DVD Player

(s (i
~ e

CWBS Output

Video In

Figure 5-12 Setup for the TV box demonstration  (VIP)

5.8 PS/2 Mouse Demonstration

A simply PS/2 controller coded in Verilog HDIs provided to demonstrate kiirectional
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communicatiorwith a PS/2 mouseA comprehensive PS/2 controller can be developed based on it
and more sophisticated functions can be implemented such as setsagibleng ate or resolution,
which needto transfer two data bytes at once.

More information about the PS/2 protoan be found on various wates.

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 lifteésbut
the PS/2 devicerhich generateshe clock signal during data transmission.

A Data Transmission from Device to the ©ntroller

After the PS/2 mouseeceivesan enabling signaht stream modeit will start sendng out
displacement datavhich consists of 33 bits. The frame detaut into three sections and each of
them contains a start bit (always zereight data bits (with LSB first), one parity check {@dd
check), and one stop bit (always one).

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

easily be implemented using a shift register of b®3, but be cautious with the clock domain
crossing problem.

A Data Transmission from the Controller to Device

Whenthe PS/2controller wants to transmit data to device, it first pulls the clock line low for more
than one clock cycl¢o inhibit the currentransmissiorprocess or to indate the start of a new
transmission process, which is usually callednagbit state.lt then pulls low the data lindefore
releasinghe clock line Thisis called the request state. The rising edge on the clock linedoloy

the release action can also be used to indicate the sample time point as for a 'start bit. The device
will detect this succession and generates a clock sequence in less than 10ms time. The transmit data
consists of 12bits, one start bit (as explaifmedore), eight data bits, one parity check bit (odd
check), one stop bit (always one), and one acknowledge bit (always zero). After sending out the
parity c heck bit, the controller should release the data line, and the device will detect any state
changeon t he data |Iine in the next clock cycl e.
cycle, the device will pull low the data line again as an acknowledgement which means that the data
is correctly received.

After the power on cycle of the PS/2use, it enters into stream mode automatically and disable
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data transmit unless an enabling instruction is receivegire 5-13 shows the waveform while
communication happening on two lines.

sending command
CLK Inhibit L ans [+ 10th 14t
< > CLK CLK I_"’T CLK CLK CLK
e ea
DATA # Tmic S

wse 4k e
"

Start bit BitD-Bi7 Parity bit Stop Line
bit  control bit

Raceiving data
CLK 1:' 2-'\1 1ﬂ||'l 1_1-.'
CLK CLK I_/F‘ CLK t{:u&l
[ W B
DATA ry.

sese i ks wwes
" —

Start bt Bit0-Bit7? Parity bit ~ Stop bit

Figure 5-13 Waveform of clock and data signals during data transmission

Demorstration Source Code

1 Project directoryDE10_Standard PS2
1 Bitstream usedE10 Standard PS2sof

Demonstration Batch File

Demo batch file directayDE10_Standard PS2\demo batch
Thefolderincludesthefollowing files:

1 Batch fle:testbat
1 FPGA configuration fle : DE10_Standard PS2sof

Demonstration Setup, File Locations, and Instructions
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1 Load the bistream intahe FPGA by executinDE10 Standard PS2

\demo_batchestbat

1 Plug in the PS/2 mouse

1 Press KEY][O] to enabldata transfer

1 Press KEY[1}to clear the display data cache

1 The7-segment displaghould changerhen tte PS/2 mouse moveshd& LEDR[2:0] will

blink according torable 5-4 when the leftbutton, rightbutton andbr middlebutton is pressed.

Table 5-4 Description of 7-segment Display and LED Indicators

Indicator Name Description

LEDRJO] Left button press indicator
LEDR[1] Right button press indicator
LEDRI[2] Middle button press indicator
HEXO Low byte of X displacement
HEX1 High byte of X displacement
HEX2 Low byte of Y displacement
HEX3 High byte of Y displacement

5.9 IR Emitter LED and Receiver Demonstration

DE10_Standaragystem CD has an exammeusingtheIR Emitter LED and IR receiverhis
demonstration is coded in Vierg HDL.

FPGA

e " DATA j b IR Emitter  §
= ey ¢
IRRX TR P
ey = gy
- 'Y

Six HEXs IR
Remote

Figure 5-14 Block diagram of the IR e mitter LED and r eceiver demonstration

Figure 5-14 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 trgatato be compatible
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with NEC IR transmission protocol and send it out throtighlR emitter LED.The IR receive
will decode the received dasmd display it orthe six HEXs.Usels canalsouse a remoteontrolto
senddata tothe IR ReceiverThe main function of IR TX /RX controller and IR rematentrolin
thisdemonstrations described in the following sections.

A IR TX Controller

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

The NEC IR transmission patol uses pulse distantteencodehe message bit&ach pise burst is
562.515 in length witha carrier frequency of 38kHz (26.3}s).

Figure5-15s hows t he dur at i o hogioafbitsla tranemitted agifdllows.and A0 0 .

A Logical '0'T a 562.515 pulse knst followed by a 562.515 spaeeth a total transmit time
of 1.125ms

A Logical '1'T a 562.515 pulse burst followed by a 1.687%bspacavith a total transmit time
of 2.25ms

Liongical *1" Lgical "T7

TR

L] S

7 2ms | 1,135ms

Figure 5-15 Duration of | ogical fildoand logical 00

Figure 5-16 shows drameof the protocol.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 burss sento signify the end of message transmission.
Becauséhe data isentin pair (original and invertedjccording to the protocalhe overall
transmissionime is constant.
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Figure 5-16 Typical frame of NEC protocol

Note: The signal received bR Receiveris inverted. For instance, iR TX Controller senda lead
code 9 ms high and the&n5 mslow, IR Receiver will receive a 9 ms loandthen 4.5 ms high lead

code

A IR Remote

When a key on the remote contrgthown in Figure 5-17 is pressed, the remote contvall emit a
standardframe, as shown in Table 5-5. The beginning of the frame is the lead cpdehich

represents the start bigllowed bythe keyrelated informationThe lastit end code represents the

end of the framelhe value oftiis frame iscompletely inverted at the receiving end.

Table 5-5 Key Code Information for Each Key on

Figure 5-17 The remote control

used in this demo nstration

the Remote Control

Key

Key Code

Key

Key Code

Key

Key Code

Key

Key Code
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Inv Key Code | Code
Key Code 8bits 8bits 1bit

<

Lead Code 1bit Custom Code 16bits

.

A 4
A
y
A\ 4

P
hl

A

Figure 5-18 The transmitting frame of the IR remote control

A IR RX Controller

The following demonstration shows how to implementlehef IR receiver controller in the FPGA.
Figure 5-19 showsthe modules used ithis demo, includingCode Detector, State Macia, and
Shift Register. At the beginniné IR receiver demodulatése signd inputs to theCode Detector
The CodeDetectorwill check the Lead Code and feedback the examination resultetState
Machine

The State Machine block will change the state from IDLE to GUIDANCE once #a Ihde is

detectedlf the Code Detector detedise Custom Code status, the cuatrstate will change from
GUIDANCE to DATAREAD state. e Code Detector withisosave thaeceiving dataand output
to the Shift Register andisplay onthe 7-segment.Figure 5-20 shows thestate shift diagram of
State Machine block.He input clock should be 50MHz.
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IR Signal

Ehift Regiabe

Stofe Maching

Figure 5-19 Modules in t he IR Receiver controller

I

End Code Lead Code

Custom Code
Figure 5-20 State shift diagram of State Machine  block

Demonstration Source Code

1 Project directory: DE10_StandardIR
9 Bitstream used: DEI10_ StandardiR.sof

Demonstration Batch File

Demo batch file directoryDE10_StandardIR \demo_batch
Thefolderincludes the following files:

1 Batch fle: testbat
1 FPGA configurationife : DE10_StandardR.sof

Demonstration Setup File Locations, and Instructions

1 Load the bistream intadhe FPGA by executin@pE10_Standard IR \demo_batchtestbat
1 Keep pessng KEY[0] to enable the patterio besentout continuouslyby the R TX
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Controller.

1 Obsere the six HEXsccording tolable 5-6

1 Releas&KEY]0] to stop the IR TX.

1 Point the IR reager with the remoteontroland press any button
1 Observe the six HEXaccording torable 5-6

Table 5-6 Detailed Information of the | ndicators

Indicator Name Description
HEX5 Inversed high byte of DATA(Key Code)
HEX4 Inversed low byte of DATA(Key Code)
HEX3 High byte of ADDRESS(Custom Code )
HEX2 Low byte of ADDRESS(Custom Code )
HEX1 High byte of DATA(Key Code)

HEXO Low byte of DATA (Key Code)

5.10 ADC Reading

This demonstration illustrates steps to evaluate the performance ofdhandel 12bit A/D
Converter LTC2308. The DC 5.0V on the 2x5 header is used to drive the analog signals by a
trimmer potentiometer. The voltage should be adjusted within the rahgedme0 and 4.096V. The

12-bit voltage measurement is displayed on the NIOS Il consaieire 5-21 shows the block
diagram of this demonstration.

The default fullscale of ADC is 0~4.096V

FPGA |
{::j'--—b QsYs |
50 MHz -
-
| W
il
dTAG g
=]
-
T
: ’ Ef 4 ADC Contraller
P 4

.l,

25 Header

Figure 5-21 Block d iagram of ADC reading
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Figure 5-22 depicts the pin arrangement of the 2x5 header. This header is the input source of ADC
convertor in this demonstration. Users can connect a tnrtortae specified ADC channel

(ADC_INO ~ ADC_IN7) that provides voltage to the ADC convert. The FPGA will read the
associated register in the convertor via serial interface and translates it to voltage value to be
displayed on the Nios Il console

J15

voocs— O B ADC_IND
ADC_IM1 _ ADC_IN2
aoc_na  ADC_INg
ADC_INS r ; ADC_ING
ADCNT

25 Enx Her
Figure 5-22 Pin distribution of the 2x5 Header  for the ADC
The LTC2308 is a low noise, 500ksps;cBannel, 1zhit ADC with an SPI/MICROWIRE
compatible serial interface. The internal conversion clock allowsexternal serial output data

clock (SCK) to operate at any frequency up to 40MHz.In this demonstration, we realized the SPI
protocol in Verilog, and packet it into Avalon MM slave IP so that it can be connected to Qsys.

Figure 5-5-23is SPI timing specification of LTC2308.

taco
—>| [ twHcony thconvsT —= |~'—

CONVST H

oomy

1 2 3 4 5 6 7 8 9 10 11 12

SO1 S/D|0/s] 1] S0 JUNI{SLP

M5B LSB

Hi-Z Hi-Z

SDO B11 B10| B9| B8 | B7| BE| BS| B4 | B3| B2| B1| BO I—

Figure 5-5-23 LTC2308 Timing with a Short CONVST Pulse

Important: Users should pay more attention to the impedance matching between the input source
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and the ADC circuit. If the source impedance of the driving circuit is low, the ADC inputs can be
driven directly. Otherwise, more acquisition time should bewatb for a source with higher
impedance.

To modify acquisition time tACQ, user can change the tHCONVST macro value in adc_Itc2308.v.
When SCK is set to 40MHz, it means 25ns per ufite default tHCONVSTis set to 320,
achieving a 100KHz fsampléhus addag more tHCONVST time (by increasing tHCONVST
macro value) will lower the sample rate of the ADC Converter.

| “define tHCONVST 320 |

Figure 5-5-24 shows the example MUX configurations of ADC. In this demonstration, it is
configured as 8 signand channel in the verilog coddser can chang8W[2:0] to measure the
corresponding chann&he default reference voltage is 4.096V.
The formula of the sample voltage is:

Sample Voltage = ADC Data / full scale Data * Reference Voltage.
In this demonstration, full scale is 212 =4096. Reference Voltage is 4.096V. Thus

ADC Value = ADC data/4096*896 = ADC data /1000

4 Differential | 8 Single-Ended
+ (—]‘ —{ CHO +——] CHO
— (+)! —— CH1 +—— CH1
+—{ CH2
+ (—1‘ ] CH2 4+ — CH3
+ (=) —{ CH4 A E:g
— (+)t —cH5 :—“ i
+ (—|| i CHb
— (4) ——CHT [LcoM (=)

Combinations of Differential
and Single-Ended

+y — CHD
= —o CH1
-l — CH2
+ ! —— CH3
+ —] CH4
+ —— CH5
+ —— CHB
+ =i CH7
F COM (=)

nm A

Figure 5-5-24 Example MUX Configurations
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A System Requirements

The following itemsare required for thidemonstration

1 DEI10_Standardboardxl
M Trimmer Potentiometer x1
1  Wire Strip x3

A Demonstration File Locations
1 Hardware poject directoryDE10_Standard ADC
1 Bitstream useddE10_Standard ADC.sof
1 Software poject directoryDE10 Standard ADC software
1 Demo batch file DE10_Standard ADC\demo_batchDE10 Standard ADC.bat

A Demonstration Setup and Instructions
1 Connect the trimmer to corresponding ADC channel on the 2x5 header, as slogurdan
5-25, as well as the +5V and GND signals. The setup shown above is connected to ADC
channel O
1 Execute the demo batch fiE10 Standard ADC.bat to loadhe bitstreamand ®ftware
executionfile to theFPGA.
1 The Niosll console will display the voltage of the specified channel voltage result
information
1 Provide any input voltage to other ADC channels and set SW[2:0] to the corresponding
channel if user want to measure other channels

Figure 5-25 Hardware setup for the ADC reading demonstration
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Chapter 6
Examples for HPS
SoC

This chapter provides sevef@codeexampledased on théntel SoC Linux built by Yocto mject
Theseexamplesdemonstrate major features connected to HPS interface of-8Bi&ddardboard

such asusers LED/KEY, 12Cinterfaced Gsensorand 12CMUX. All the associated files can be

found in thedirectory Demonstration'SOC of the DE10 _StandardSystem CD.Pleaserefer to
Chapter 5 Running Linux on the DEl0-Standard board® from the
DE10-Standard Getting_Started_Guide.ptif run Linux on DED Standardboard.

A Installation of the Demonstrations

To install the demonstrations on the hosiputer

Copy the directorfpemonstrationsnto a local directory of your choictntel SoC EDS 6.1 is
required for users to compile the eode project.

6.1 Hello Program

This demonstration shovew to develogirst HPS program withintel SoC ELS tool. Rease refer
to My_First HPSpdffrom the system CD for more details.

The major procedures tdevelop and build HPS projeate:

Install Intel FPGASoC EDS on the hoStC.

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

Build the projetunderintel SoC EDS

A Program File
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Themain progranfor theHello World demonstration is

finclude <atdio.h>

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

returnl 0O ):
H

A Makefile

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

A Compile

Please launch SoC EDS Command Steetompile a projedby executing
C:\intelFPGA16.1\embeddedEmbedded Command_Shell.bat

The "cd" commandan change the current directory to where the Hello [&Vproject is located.

The "make”commandwill build the project. The executable filmy_first_hps" will be generated

after he compiling process is successfithe "dean all* commandemoves all temporay files.

A Demonstration Source Code
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Build tool: SoC EDS 6.1

Project directory\DemonstratiokBoOmy_first_hps

Binary file: my_first_hps

Build command: make'(ake cleart to remove altemporay files)
Execute ommand: ./my_first_hps

EREJE

>

Demonstration Setup

1 Connecta USB cableto theUSB-to-UART connectoKJ4) on theDE10 Standardboard
andthehost PC.

1 Copythe demo file my_first_hps" into amicroSD card undethe '’Thome/root’ folder in
Linux.

1 Insert the booting mic®D card into the DHEL Standardboard.

1 Power on th®E10 Standardboard.

1 Launch PuTTY and establish connecttorthe UART port of PuttyType 'foot" to login
Intel Yocto Linux.

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

6.2 Users LED and KEY

This demonstration showsw to control the users LE&hd KEY by accessing the register of
GPIO controller througlthe memorymapped device driver. The memeanapped device driver
allows developer to access the system physical memory.

A Function Block Diagram

Figure 6-1 shows theunction block diagram of this demonstratiofihe users LECand KEY are
connected to th&PIO1 controller in HPS The behavior ofSPIO controller is ontrolled by the
register inGPIO controller. The registers can be accessed by application software through the
memorymapped device driver, which is built inftatel SoC Linux.
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FPGA SoC

HPS

Figure 6-1 Block diagram of GPIO demonstration

A Block Diagram of GPIO Interface

The HPS provides three genepalrpose 1/0 (GPI1O) interface modulésgure 6-2 shows the block
diagram ofGPIO InterfaceGPI10[28..0] is controlled bthe GPIOO controller and GPIO[57..29] is
controlled bythe GPIO1 controllerGPIO[70..58] and inpubnly GPI[13..0] are controlled bthe
GPIO2 controller.

GPI[13..0] > GPIO Interface

i . ) 2 Cortax Al Subsystam
Reset gpia_rst_n[n] Interrupt & goiol_Intr_in 'S Core : Interrupt
Manager [hexg

Clock 14_mp_clk
e e
Maneger

GRIO[28.0]

— e
- GPIOIST. 29
a
[ PRl ksl S 1Y

GPIC{70..58]

Interface

L4 Peripheral Bus I e

Figure 6-2 Block diagram of GPIO Interface

A GPIO Register Block

The behaviorof 1/0 pin is controlled by the registers in the register blddiere are three 3Rit
registers in the GPIO controller usedlins demonstration. The registers are:
gpio_swporta_dr. write outputdata to output I/O pin

gpio_swporta_ddr. configure the direction of I/O pin

gpio_ext_porta read input data of 1/O input pin
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The gpio_swporta_ddr configures the LED pin as output pin and dsivtehigh or low by writing

data to thegpio_swporta_dr registe. The first bit (least significant bit) ofpio_swporta_dr
controls the direction of first IO pin in the associated GPIO controller and the seitamhtrols

the direction of second 10 pin in the associated GPIO controller and sthenzalue "1" inthe
register bit indicates the 1/O direction is output, and the value "0" in the register bit indicates the 1/0
direction is input

The first bit ofgpio_swporta_dr register controlshe output value of first I1/O pin in the associated
GPIO controller, andhe second bit controls the output value of second I/O pin in the asdociate
GPIO controllerand so on. The value "1" in the register bit indicates the output value is high, and
the value "0" indicates the output value is low.

The status of KEY can be gued by reading the value gpio_ext_portaregister. The first bit
represents the input status of first 10 pin in the associated GPIO controller, and the second bit
represents the input status of second IO pithénassociated GPIO controli@nd so onThe value

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

A GPIO Register Address Mapping

The registers of HPS peripherals are mapped to HPS base address space 0xFC000000 with 64KB
size.The egsters ofthe GPIO1 controller arenapped to the base address OXFFO0O0 with 4KB

size, andthe registers ofthe GPIO2 controller arenapped to the base address 0XFAJ00 with

4KB size, as shown iRigure 6-3.

HPS
Identifier: HP'S
Agpcess: W
Deescriplion: Address map for the HHP HPS system-domain
Title TIdentifier Oifset
Reserved i
()SP1 Flash Controller Module QSPIREGS O FF703000
| Repisics
[

OxFF705100

TManager Module Fre

ACP ID Mapper Registers AC . -
GPIO Module GPIO0 OxFF708000
Reserved OxFFTOR0ED
GPIO Module GPIO] 0xFF 709000
Reserved OxFETO%080
GPIO Module GPIO2 OxFF70A000

Feserved UxFFTOADRD
/—\\U_H: OxFFR00000
Nx FFEEON00

AND Controller Module Data NANLE
| (AXT Slave) :
[ EMAC Module EMACI [ OxFF702000

Figure 6-3 GPIO address m ap

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

open openmemory mapped device driver

mmap: map physical memory to user space
alt_read_word: read a value from a specified register
alt_write_word: write a value into a specified register
munmap: clean up memory mapping

close: close device driver.

Developers caalso use the following MACRO to access the register

alt_setbits_wordset specified bit value to offier a specified register
alt_clrbits_word set specified bit value to zefar a specified register

5

The program must inade the following header files tose the above API to access the registers of
GPIO controller.

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

#include "socal/alt_gpio.h"

A LED and KEY Control

Figure 6-4 shows the HPS users LEdhd KEY pin assignment for the DE1_SoC board. The LED
is connected to HPS_GBb53 and the&KEY is connected ttHPS_GPIO54Theyare controlled by
the GPIOL1 controller, tich also controls HPS_GPI1029 ~ HPS_GPIO57.

HPS_GPlOs4 |-G21 ___HPS KEY
HPS_GPIO53 |-A24  HPS LED

Figure 6-4 Pin assignment of LED and KEY

Figure 6-5 shows thegpio_swporta_ddr register of the GPIO1 controller. The -Bitcontrols the
pin direction of HPS_GPIO29. The {34 controls the pin direction of K2 GPIO53, which
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connects to HPS_LED, the {6 controls the pin direction of HPS_GPIQ%hich conrects to
HPS KEY and so onThe pin direction of HPS_LED andPS KEY are controlled by the b4
and bit-25 in the gpio_swporta_ddr register of the GPIO1 controller, respectivebymilarly, the
output status of HPS_LE» controlled by the biP4 in thegpio_swporta_dr register of the
GPIO1 controller. The status of KEY can be queried by reading the value of {4 initthe
gpio_ext_portaregisterof the GPIO1 controller.

GPIOY Coniroller
geo_swporta ddr registar

Bit-28 | Bit-27 | Bit-26 | Bit-25 | Bit-24 |

Comrois the Direction of HPS_GPIO29
Conirods the Direction of HPS_GPIO30
Conirots the Direction of HFS GPIO3T

Contralg the Directon of HPS GPIOS3(HPS LED)
Conirots the Direction of HPS_GPIOSA{HPS_KEY) i
Controls the Deection of HPS_GPIOSS
Controls the Dhrection of HPS_GPIOSE :
Controls the Direction of HPS_GPIOST

L

Figure 6-5 gpio_swporta_ddr register in the GPIO1 controller

The following mask is defineth the demo cod¢o control LEDand KEY direction andLED&
output value.

#define USER_IO_DIR (0x01000000)

#define BIT_LED (0x01000000)

#define BUTTON_MASK (0x02000000)

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

alt_setbits_word( ( virtual_base +
((uint32_t )(ALT_GPIO1_SWPORTA DDR_ADDR) &
(uint32_t )(HW_REGS_MASK) ) )JSER_IO_DIR);

The following statemernis used to turronthe LED.

alt_setbits_word( ( virtual_base +
((uint32_t )(ALT_GPIO1_SWPORTA DR_ADDR) &
(uint32_t )(HW_REGS_MASK) ) BIT_LED);

The following statemens used to read the contentgyio_ext_portaregister. The bit mask is used
to check the status diekey.
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alt_read_word( ( virtual_base +
((uint32_t)( ALT_GPIO1_EXT_PORTA ADDR) &
(uint32_t)(HW_REGS_MASK))));

A Demonstration Source Code

Build tool: SoC EDS 6.1

Project directory\DemonstrationNSoCGhps_gpio

Binary file: hps_gpio

Build command: make (‘make clean’ to removeéeatiporalfiles)
Execute command: ./hps_gpio

= =4 4 A =

>

Demonstration Setup

1 Connecta USB cableto theUSB-to-UART connectoJ4) on theDE10 Standardboard
andthehost PC.

1 Copythe executable fileHps_gpio" into themicroSD card under theliome/root’ folder
in Linux.

1 Insert the boting micro SD card into the D1 Standardboard.

1 Power on thédE10 Standardboard.

1 Launch PuTTY and establish connection to the UART port ttiyPlype 'foot" to login
Intel Yocto Linux.

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

oo OOl .

=

HPS_LED will flash twice andses cancontrol the user LED with pusbutton
Press HS_KEY to light up HPS_LED.
1 Press "CTRL + C" téerminate tle application.

=

6.3 12C Interfaced G -Ssensor

This demonstratioshowshow to control the &ensor by accessing its registers through the-iouilt
I2C kernel driver inintel Soc Yocto Powered Embedded Linux

A Function Block Diagram
Figure 6-6 shows thefunctionblock diagram of this demonstratiofhe Gsensor on the DE1_SoC

board is connected to th2CO controller in HPS. The &ensor 12C bit device address is 0x53
The system 12C bus driver is used to access the register files ingbes@r. The Gensolinterrupt
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signal is connected to thlO controller. This demonstratiomses polling method to read the
register data

FPGA SoC DDR3: ARM Program

HPS Linux Uiser Moda

Linux Kerne! Mode

12C_CLK

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

A 12C Driver

Theprocedurego read a register value fromg&nsor register files lihe existing 12C bus driver in
the systenare

1. Open 12Cbus driver "/dev/i2€)": file = open("/dev/i2ed", O_ RDWR);

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

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

The Gsensor 12C bus is connected to the 02©@ntroller, as shown in thieigure 6-7. The driver
namegivenis ‘/dev/i2¢c0'.

E23 HPS 12C1 SCLK
C24 HPS_I2C1_SDAT

12C0_SCL
|I2C0_SDA

Figure 6-7 Connection of HPS 12C signals

The step 4 above can be changed to the followingrite avalue into a register

write(file, &Data8, sizeof(unsigned char));
Thestep 4above can also be changedhe following to read multiple byte values.

read(file, &szData8, sizeof(szData8)); h&re szData is an array of bytes

CE10- Standard 94 www.terasic.com
User Manual March 20, 2018


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
http://www.terasic.com/

Thestep 4above can be changed to the followingvrite multiple byte values.

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

A G-sensor Control

The ADI ADXL345 provides 12Gnd SPI interfaces. 12{Dterface is selecteloy sdting the CS pin
to high on theDE1 SoC board.

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

Full resolution mode
+ 169 range mode
Left-justified mode

The X/Y/Z data value can be derived from the DATAX0(0x32), DATAX1(0x33), DATAY0(0x34),
DATAY1(0x35), DATAZ0(0x36), and DATAX1(0x37) registers. @& DATAXO repregnts the least
significant byteand the DATAX1 represents the most significant bytké.is recommendedo
perform multiple-byte read of all registers to preveahange in data betweesequential registers
read The following statement rea® bytes of X, Y, or Z value.

read(file, szData8, sizeof(szData8)); // where szData is an arraylofteix

A Demonstration Source Code

Build tool: SoC EDS 6.1

Project directory\Demonstratiok5oQhps_gsensor

Binary file: gsensor

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

= =4 4 4

A  Demonstration Setup

1 Connecta USB cableto theUSB-to-UART connectoKJ4) on theDE10 Standardboard
andthehost PC.

1 Copythe executable filegsensot into themicroSD card under theiome/root" folder in
Linux.

1 Insert the boting micrdSD card into the DEQ_Standardboard.

1 Power on th®E10_ Standardboard.

1 Launch PUuTTY taeestablishconnedn to the UART port of DEQ_Standardboard Type
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"root" to login Yocto Linux.

1 Execute “/gsensof in the UART terminal of PuTTYo start the Gensor polling.

1 The demo program will showehX, Y, and Z values in the PuTTas shown irrigure
6-8.

Figure 6-8 Terminal output of the G-sensor demonstration
1 Press "CTRL + C" to terminate the program.

6.4 12C MUX Test

The 12C bus on DHEStandardis originally accessed by FPGA onlyhis demonstratioshows
how toswitchthe 12C multiplexer for HPS t@ccess the 12C bus

A Function Block Diagram

Figure 6-9 shows thefunction block diagram of this demonstratiohhe 12C bus from botkRPGA
and HPS are connected @a 12C multiplexer It is controlled by HPS 12C_CONTRQIwhich is

connected tdhe GPIO1 controllerin HPS.The HPS 12Cis connected to th&2CO controller in
HPS as well as the Gensor.

) FPGA SoC DDR3: ARM Program
J FPGA_IZC HPS Linwx User Mode
. UmerpRP
12 Mux ala: B 1260 Controdsr ARM
| Linux Karmal Mode

1, _— ) ]
M W | HPS_I26_CONTROL

Figure 6-9 Block diagram of the 12C MUX test demonstration

A HPS_I2C_CONTROL Control

HPS 12C_CONTROL is connected to HPS_ GPIOd&ich is bit-19 of the GPIO1 controller.

Once HPS gets access to the 12C bus, it can then akedes CODEC and TV Decoder when the
HPS_I12C_CONTROIsignal is set to high.

CE10- Standard 96 www.terasic.com
User Manual March 20, 2018


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
http://www.terasic.com/

The following maskin the demo codes defined to controthe direction and output value of
HPS_I12C_CONTROL

#define HPS_I2C_CONTROL ( 0x00080000 )

The following statement igsed to configure thdPS_12C_CONTROIlassociated pins as output
pin.

alt_setbits_word( ( virtual_base
( (uint32_t)(ALT_GPIO1_SWPORTA_DDR_ADDR) &
(uint32_t )( HW_REGS_MASK ) ) KIPS_12C_CONTROL);

The following satement isised tosetHPS _12C_CONTROIlhigh.

alt_setbits_word( ( virtual_base +
((uint32_t )(ALT_GPIO1_SWPORTA_DR_ADDR) &
(uint32.t)(HW_REGS_MASK ) ) )HPS_12C_CONTROI);

The following statement igsed tosetHPS_12C_CONTROllow.

alt_clrbits_word( ( virtual_base +
( (uint32_t)(ALT_GPIO1_SWPORTA_DR_ADDR) &
(uint32_t)( HW_REGS_MASK ) ) KPS [12C_CONTROI);

A 12C Driver

Theprocedureso readregistervalue from TV Decoder bthe existing 12C bus driver in the system
are

SetHPS 12C_CONTROIhigh for HPS toaccess 12C bus.

Openthel2C bus driver "/dev/i2€)": file = open("/dev/i2e0", O_RDWR);
Specifythel2C address @0 of ADV7180: ioctl(file, 12C_SLAVE, 0x0);
Read or write registers;

SetHPS 12C_CONTROIlow to releasehel2C bus.

> I I > I>»

A Demonstration Source Code

Build tool: Intel SoC EDS 6.1

Project directory\Demonstratiok50Q hps_i2c_switch

Binary file: i2c_switch

Build command: make (‘make clean’ to removéeatiporalfiles)
Execute command:i2c_switch

= =4 4 A

A Demonstration Setup
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1 Connecta USB cableto theUSB-to-UART connectoiJ4) on theDE10 Standardboard
andhost PC.

1 Copythe executable file i2c_switch" into themicroSD card under thegfiome/root"
folder in Linux.

1 Insert the booting mic®D card into the DEQ_Standardboard.

1 Power on th®E10 Standardboard.

1 Launch PuTTY teestablishconnedbn to the UART port of DE1_SoC boradype 'foot"
to login YoctoLinux.

1 Execute ‘/i2c_switch" in the UART terminal of PuTTYo startthe 12C MUX test.

1 The demo program will show tlesultin the Putty, as shown iagure 6-10.

Figure 6-10 Terminal output of the 12C MUX Test D emonstration
1 Press "CTRL + C" to terminate the program

6.5 SPI Interfaced Graphic LCD

This demonstratioshowshow to control the Graphic LCBy using the HPS SPIM (SPI Master)
controller and HPS GPIO controllers.

A Function Block Diagram

Figure 6-9 shows thefunction block diagram of this demonstratiohhe LCD is connected to the
SPIMO, GPIO1 controller in HPS on this DE10-Standard board. The builtin virtual
memorymapped device driver in the system is used to access the registers in the HPS SPIM and
GPIO controlles. The SPI interface is used to transfer Data or Command from HPS to LCD.
Because the LCD is writenly, only three SPI signalsCM_SPIM_CLK , LCM_SPIM_SS and
LCM_SPIM_MOSI are required. TheCM_D_C signal is used to indicate the signal transferred
on theSPI bus is Data or Command. WHe@M_D_C signal is pulled high, it means the signal on
SPI bus is Data. WhdrlCM_D_C signal is pulled low, it means the signal on SPI bus is Command.
The LCD_RST_n is the reset control signal of LCD. This signal is low axtitheLCM _BK
signal is used to turn on/off the black light of the LCD. When this signal is pulled high, LCD
backlight is turned on.
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FPGA SoC DDRIARM Program

HPS

LCM_SPIM_CLK
LCM_SFIM_S5
LCM_SPIM_MOS!
LCM_D_C
LCM_RST_n
LCM_BK

& & &

I B

Figure 6-11 Block Diagram of the Graphic LCD Demonstration

A LCD Control
Developer needs to initialize the LCD before sending any display dat@ifikzation includes

Common output mode select (Code: 0xC0O~0xCF)
Power sontrol set (Code: 0x28~0x2F)

Display start line set (Code: 0x40~0x7F)

Page address set (Code: 0xBOBBX
Columnaddress set (Code: 0x00 to 0x18)

Display ON/OFF (Code: OXAE~OXAF)

For details of command sets, please refer to the NT7534 datasheet in the System CD. After the LCD
is initialized, developer can start transferring display data. Due to theylsa is divided into 8

page, developer must first specify target page and column address before starting to transfer display
data.Figure 6-12 showsthe relationship between image data bits and LCD display pixels when
page = 0, column = 0, and start line = 0.

fmage Daia LCD Pixel

g

- EBEEEBEEB

BYE 127 1

Figure 6-12 Relation between LCD display pixel and image data bits

A SPIM Controller
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In this demonstration, the HPS SPOMcontroller is configured as T®Only SPI with clock rate
3.125MHz. Please refer to the function "LCDHW _Init" in LCD_Hw.c for details. The header file
"socal/alt_spim.h", which needs to be included into the SPI controller prpgtafmes all
necessary constants for the SPIM controller.

A C-code Explanation
This demonstration includes the following major files:

LCD_HW.c: Lowlevel SPI and GPIO API to access LCD hardware
LCD_Driver.c: LCD configuration API

LCD_Lib.c: Toplevel LCD catrol API

lcd_graphicc: Graphicand fontAPIsfor LCD

font.c: Font bitmap resource used by lcd_graphic.c

main.c: Main program for this demonstration

The main program main.c calld CDHW_Init" to initialize the SPIN) and GPIO controllers,
which are used to control the LCD. It then call€DHW_BackLight' to turn on the backlight of
LCD. "LCD_Init" is called to initialize LCD configuration. Finally, the APIs in Icd_graphic.c are
called to draw graphic on the LCD.

APIsin Icd_graphic.c do@é drive LCD to draw graphic pixels directly. All graphic pixels are stored
in a temporary image buffer called "Canvas". When APRAW_Refresh is called, all drawing
data in the Canvas is transferred to LCD. In this demonstration, pnagram callsDRAW_Cleaf

to clear LCD Canvas first DRAW_Rect and 'DRAW_Circle' are called to draw geometry in
Canvas. DRAW_PrintString is called to draw font in Canvas. Finalf)pRAW _RefresH is called

to move Canvas data onto LCD.

A Demonstration Source Code

Build tool: SoC EDS vé.1

Project directory\DemonstratiokBoChps_lcd

Binary file: hps_lcd

Build command: make ("make clean"” to removeaethporay files)
Execute command: ./hps_lcd

= = =4 4 =

A Demonstration Setup

1 Connecthe USB cableto theUSB-to-UART connectoiJ4) on theDE10-Standardoard and
host PC.

1 Make sure the executable filepg's_lcd' is copied into the SD card under the /home/root folder
in Linux.

1 Insert the booting micro SD card into th&10-Standardoard.
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1 Power on thd®E10-Standard board.

1 Launch PuTTY to connect to the UART port@E10-Standardoard and typerbot” to login
Yocto Linux.

1 Inthe UART terminal of PUTTY, type/hps_lcd' to start the LCD demo, as shownFimure
6-13.

Figure 6-13 Launch LCD D emonstration

I Users should see the LCD displayed as showignre 6-14.

Figure 6-14 LCD display for the LCD D emonstration

6.6 Setup USB Wi -Fi Dongle

This section describes how to setup the-RViUSB dongle undetinux, so Linux user can
wirelessly connectto the Wi-Fi AP (Access Point) through the Wi USB Dongle and finally
connect to the internet. The Wi AP is assumed to have the DHCP server capability and is

connected toheinternet.You shouldalso make sure ycknow the SSID and Password of the-FVi
AP.

A SystemDiagram

Figure 6-15 shows the block diagram of this demonstration. TheFWWAP assume you have the
DHCP server capability and is connected to the LAN (Local Area Networl)eonternet. The
USB Wi-Fi Dongle connects to the Wi AP and getan address IP from the Wi AP. Through the
Wi-Fi AP, the USBDongle will be able to comamicate with the devices connected to the LAN or
theinternet.
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Wifi AP Internet

DE10-Standard Server

Figure 6-15 System diagram of USB Wi -Fi dongle

A Wi-Fi Setup Procedure

1 Connecta USB cableto theUSB-to-UART connectoJ4) on theDE10-Standardoard
andthehost PC.

1 Plug the USB Wi Dongle into theJSB port onthe DE10-Standard

1 Power on théE10-Standardoard.

1 LaunchPuTTYto establish the connection between the UART potti@®DE10-Standard
board and the host PType "root" and thepress "Enter."” By pressing "Enter,"” you can login
to Linux without the need to enter the password.

1 Type 'ifconfig wlanO up" in the UART terminal of PuTTYo start wlanO network
interface

1 Type 'iwlist wlanO scan | grep ESSID in the UART terminato searcmearby WiFi AP.
Make sure your WFi AP is found.

# iwlist wlan® scan

1 Type 'vim /etc/wpa_supplicant/wpa_supplicant.corifin the UART terminato edit
Wi-Fi configurationfile.
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1 In the configuration file, replacé/dur_SSID and"Your_WPAKey_ASCII" with the
SSID and passord for your WiFi AP, in respectively

e=/var/runfwpa_ supplicant

b

ctrl_interf

ncerrTad

1 Type 'ifconfig wlan0" in the UART terminato confirm an IP Address is assigned to wlanO
interface.

1 Make sure WAiFi AP is connected to thaternet. Type ping -c 4 www.terasic.comi in the
UART terminalto check internet connection status. If 0% packet loss is reported, it means the
connection is good.
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6.7 Query Internet Time

This demonstration shows how clients use timing web server ang tiieemternet time through
Internet. The time information will be shown on the UART terminal with the format HH:MM:SS.
The DE1GStandardconnects to Ethernet through wire RJ45 Port or wireles&iWISB-Dongle.

For details about how to setup the-WiUSB-Dongle, please refer to the chapfet Setup USB
Wi-Fi Dongle.

A Function Block Diagram
Figure 6-16 shows the function block diagram of the Query Internet Tifeee third-party library

libcurl is to handle URL transfer tasks. The main prograns Usip get" request to query web
contentand directly display the response content on the NIOS Il terminal.

I

Ethemet or
Wi-Fi

Hw —

Internet Web Server

Figure 6-16 Function block diagram of Internet Time demonstration

A URL transfer library : libcurl

Thelibcurl library is designed for the client site thfe network. The library implemerscomplex
internet protocol but providesimple C API for developers. The developers for client program can
easly communicateo the server by calling the APl exported in tHediry.

For details, please refer tps://curl.haxx.se/libcurl/

A How to Query Internet Time
The internet time information is availableat http://demo.terasic.com Sendng URL

http://demo.terasic.com/timéd the web server, it will respdrwith current time inthe following
format HH:MM:SS
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A Demonstration Source Code

Build tool: SoC EDS V6.1

Project directory\Demonstratiok50C_AdvancedNET_Time
Binary file: NET_Time

Build command: make (‘make clean' to removeéeatiporalfiles)
Execute command:NET_Time

ERE I

>

Demonstration Setup

1 Connect a speaker to the Lioat audio jack () on the DEiBtardard board.

1 Connecta USB cableto the USB-to-UART connectoJ4) on theDE10-Standardoard
andthehost PC.

1 Copythe executable fileNET_Time" into themicroSD card under theliome/root"
folder in Linux.

1 Insert theLXDE booting microSD card into the DBE1Standardboard.

1 Power on th®E10-Standardoard.

1 Launch PuUTTY to establish the connection between the UART port of SElk®lard
board and the host PType "root" and then press "Enter." By pressing "Enter," you can login
to LXDE Linux without the need to enter the password.

1 Type"/NET_Time" in the UART terminal of PuTTYo start the program

root@DEle@-Standard:~# ./NET_Time

E3:25:26

1 The UTC(Universal Time Coordinated) time will be display on the UART terminal
Press "CTRL + C" to terminatedtapplication.

6.8 ALSA Audio Play

This demonstration shows hdw use the ALSAAudio API to play the audio. The builh ALSA
driver is included the DE18tandard LXDE Desktop BSP

Note: LXDE Desktop BSP is required for this demonstration.
A Function Block Diagram

Figure 6-17 shows the function block diagram of th&lL.SA Audio Play demonstration

The ALSA driver uses Linux I12C driver to configure the Audio Chip and sends audio data to Audio
Controller in FISA side. The audio controller will send the received audio data to the Audio Chip
through the 12S interface subsequently for the audio chip to drive the speaker through-thie line
audio jack.
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DET0-Standard Board

HSP FPGA

Main program
Linux DA Audio 125 Audio Line-out |
ALSA ' Controlier '_" Audio Jack :

Lifux
[2C Diriver Speaker

H

12 2C
Contraller

Figure 6-17 Function block diagram of ALSA Audio Player demonstration

A Play Audio

In the ¢ code project, tHélay function is implemented to play a specified frequency tone in a given
duration. The main program will call thélay function to generate various audio frequencies. The
function prototype is defined as

bool Play(float fToneFreq, int ms_dur)
Described below is the major procedure in Rty function:

Open a stream playback PCM device

Set PCM device sample rate as @41

Set PCM device channel as 2 channels

Allocate a memory buffer to store PCM signals
Generate PCM signals and same then in the buffer
Play PCM signals

Free memory.

Close PCM device.

= =4 444442

A ALSA Library and Header File for HPS ARM

The ALSA library and header file is located in thlsafolder under this demonstration folder. The

i ncl ude pa tlhlsapnaluda me ts e ra d iMakefile tsm thet chngpiler can find the
associated header f il e.-L/3sk/igraryilasounar yi si nacdl duedde
Makefile, so the linker can find the associated library and linkiifure 6-18 shows the content of

the Makefile.
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TREGET = alsa_play

ALT DEVICE FAMILY ?= soc _cVv_av
SOCEDS_ROOT ?= S(SDCEDS_DEST_RDDT)
HWLIBS RCOT = £ (SCCEDS_ROOT) /ip/altera/hps/faltera hps/hwlib

CROSS COMPILE = arm-linux-gnueabihf-

CFLAGS = -g -Wall -std=c++11 -D§(ALT DEVICE FAMILY)(-I./alsa/include
LDFLAGS = -g -Wall —15tdc++€;alsailibrary —lazound

$CC = £ (CROSS_COMPILE) gec

CC = £(CROSS_COMPILE)g++
ARBCH= arm

build: §(TARGET)

£ (TARGET) : main.o
$(CC) $ (LDFLAGS) £~ _g 5@

.0 : %.c
£(CC) & (CFLRGS) -c %< -o 2@

LPHCONY: clean
clean:
rm -f % (TRRGET) *.a *.o #*~

Figure 6-18 Makefile content of audio play demo

A Demonstration Source Code

Build tool: SoC EDS 6.1

Project directory\Demonstratiok50C_Advancedlsa_play

Binary file: alsa_play

Build command: make (‘make clean’ to removéeatiporalfiles)

Execute command:alsa_play

ALSA Library and Header FilaDemonstratiok5oC_Advancedlsa_plajalsa

= =4 4 4 A A

A  Demonstration Setup

1 Connect a speaker to thenk-out audio jack (J3) on the DEERtandardoard.

1 Connecta USB cableto theUSB-to-UART connectoJ4) on theDE10-Standardoard
andthehost PC.

1 Copythe executable filedlsa_play' into themicroSD card under thetiome/root' folder
in Linux. (DE10-Stardard LXDE has prenstalled this code, sasers can skip this copy
action.)

1 Insert theLXDE booting micro SD card into tHeE10-Standardoard.

1 Power on th®E10-Standardoard.

1 Launch PUuTTY to establish the connection between the UART port of SEiflard
board and the host PC.

1 Inthe PUTTY UART terminal, type "rootto login LXDE Linux.

1 Type "/alsa_play" in the UART terminato start the program

1 You will hear audio sound from the speaker attached to E&fa0dard board.
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Chapter 7
Examples for using
both HPS SoC and

FGPA

This Chapterdemonstrates how to use the HPS/ARM to communicate with FPGA. We will
introduce the GHRD project for DEA®andarddevelopment board. And we develop one ARM C
Project which demonstrates how HPS/ARM program controls the ten cBDwected to FPGA.
We will show how HPS controls the FPGA LED through Lightweight HiBSPGA Bridge. The
FPGA is configured by HPS through FPGA manager in HPS.

7.1 Required Background

This section prassumed the developers have the following background knowledge:

A FPGARTL Design

Basic Quartus Prime operation skill

Basic RTL coding skill

Basic Qsys operation skill

Knowledge about Memory-Mapped Interface

A C Program Design

Basic SoC EDS(Embedded Design Suite) operation skill

Basic C coding and compiling skill

Skill to Create a Linux Boot SD-Card for DE10-Standard with a given image
file

Skill to boot Linux from SD-Card on DE10-Standard Skill to cope files into
Linux file system on DE10-Standard Basic Linux command operation skill
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7.2 System Requirements

Before starting this tutorial, pleasete that the following items are required to complete the
demonstration project:

A Terasic DE10 -Standard FPGA board, includes

Mini USB Cable for UART terminal
Micros SD-Card, at 4GB minimum
Micros SD-Card Card Reader

5

p>

A x86 PC

Windows 7 64 bit operation system Installed
One USB Port

Quartus Prime 16.1 or Later Installed

SoC EDS 16.1 or Later Installed

Win32 Disk Imager Installed

7.3 AXI bridges in Intel SoC FPGA

In Intel SoC FPGA, the HPS logic and FPGA fabric are connected through theA#&Xar(ced
eXtensible Interface) bridge. For HPS logic to communicate with FPGA fabric, Intel system
integration toolQsysshould be used for the system design to ldB& component. From the AXI
master port of the HPS component, HPS can access those Qsysoneoims whose
memorymapped slave ports are connected to the master port.

The HPS contains the following HFF?GA AXI bridges.
1 FPGAto-HPS Bridge

1 HPSto-FPGA Bridge
1 Lightweight HPSto-FPGA Bridge
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Figure 7-1 shows a block diagram of the AXI bridges in the context of the FPGA fabric and the L3
interconnect to the HPS. Each master (M) and slave (S) interface is shown with its data width(s).
The clack domain for each interconnect is noted in parentheses.

p—.

32, 84, or 128 Bits 32 Bis 32,64, or 128 Bits
(h2f_ax_ chk) (h2f_bw_axt_clk) {h2f_am_clk)
M 32 Bits 32 Bis 5
5 {_mp_clk) {kd_mp_clk) s
AKXl AX1
AHB AHB
(GPV) M M o (GPV)
HPS-t0-FPGA AHB AXI AHB FPGA-10-HPS
Bridge Lightweight Bridge
HPS-to-FPGA Bridge
8 3 i M
AXi axi |GV AX1
. “ E ]
64 Bits 32 Bits B4 Bits
(I13_main_cik) {i4_mp_clk) {12_main_clk}
] M 5
AXl AXl AXl
(L3 Main Switch) (L3 Slave Penpheral Switch) (L3 Man Switch)
L3 Interconnect

Figure 7-1 AXI Bridge Block Diagram

The HPSto-FPGA bridge is mastered by the level 3 (L3) main switch and the lightweight
HPSto-FPGA bridge is mdered by the L3 slave peripheral switch.

The FPGAto-HPS bridge masters the L3 main switch, allowing any master implemented in the
FPGA fabric to access most slaves in the HPS. For example, the-teP@2S bridge can access
the accelerator coherency.

All three bridges contain global programmer view GPV register. The GPV register control the
behavior of the bridge. It is able to access to the GPV registers of all three bridges through the
lightweight HPSto-FPGA bridge.

This Demo introduces to users howuse the HPS/ARM to communicate with FPGA. This project

includes GHRD project for the DEX8tandardone ARM C Project which demonstrates how
HPS/ARM program controls thred LEDs connected to FPGA.

7.4 GHRD Project

The term GHRD is short for Golden Hardwarefé®ence Design. The GRD project provide by
Terasic for the DEX®tandard development board is located in the CD folder:
CD-ROM\DemonstratioksOC_FPGADE10 StandardGHRD.
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