Starter Platform
for OpenVINO™ Joolkit

+ User manual



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

Rlasic

www.terasic.com

Chapter 1 OVEeIVIEW.........ciiiiieiii e e e e e eans 4
1.1 PACKAGE CONENES ... ueiiiiiiiieiiieie e amemte e ettt e et emmm et e e e s bt e e e e s meme e s enne e e e e nnnes 4
1.2 Starter Platform foO p e n V| TOOIKE SyStem CD.......cooovevveeeeeiieece e, 5
1.3 GettiNg HeI. ..o rmeee et e e e e e st e e e e e e e e e e e e 5.
Chapter 2 INtrodUCLION ........cooeuiiiiiiiiee e e 6
2.1 Layout and COMPONENTS........ooiiiiiiiiiiieeamii et et e s smmmss e e e e s b e e e e e e memeeeee s 6
2.2 Block Diagram of th&tarter Platform foOp e n V1 TOOIMKE ...........cooveveriveereeieeenne, 7
Chapter 3  Using theStarter Platformfor Op e n V| NdIKit ...... 10
3.1 Configuring the Cyclone V FPGA. ...ttt emmm e 10
3.2 Board Status EIEMENLS..........ooiiiiiiiiii i 17
G0 I (o Tox Q@4 o1 11 1 2P RO 18
3.4 Peripherals Connected to the FPGA ... 18
3.4.1 User Pustbuttons, Switches and LEDS...............coiiiiiiiieeiiiiiiii e 19
3.4.2 7-SegMENDISPIAYS. .....uuuiiieeiiiie e 21
3.4.3 SDRAM MEIMOIY.... ittt et e e e et s e e e e e e et e e e e eaees 23
3.4.4 DDR3 MEBIMOIY .. ettt ettt ettt e e e e e et e e e et e e e et e e e e eeeannns 24
345 UART IO USB.. .ot et s e e et e et e e e e neeeanes 27
3.4.6 Arduino Uno R3 EXpansion HEAdEr...........oevviiii i e e 28
3.4.7 2x20 GPIO EXpansion HEader..............ceieiiiiiiieeeeiei e eeea e 32
Chapter 4  System BUIler..........ccovviiiiiiiceee e 38
o R 1 0T U Tod 1 [0 s TP OO PPP PP 38
4.2 General DESIGRIOW. ........ccoiiiiiiiiie i ieeee ettt eeee et e e e s e s e e 38
4.3 UsingStarter Platform foO p e n V | TGl System Builder.........c..cooveeveervereeence. 40
Chapter 5 Examples of Advanced Demonstrations...................... 44
5.1 Starter Platform foO p e n V | Tb@lKt Factory Default Configuration.................... 44
5.2 NIOS [] SDRAM TESL..ciieiiiiiiiiiie e eiiitierst e e e e steeee e e e s et essmme e s sssseeeeeeeansaeeeesemmmsannsneees 45
TSP User Manual 2 www.terasic.com

April 30, 2020


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

Rlasic

www.terasic.com

5.3 VErilOg SDRAM TESL.....cciiiiiiieiiiiie e iiieeme ettt rmrma et e e s snbe e e e anse s ammm e e e 48
5.4 DDR3 SDRAMTIESE....cciiitiiiiiiiiieeiitieeme e sttee e eteeeeanibeee s s immsse s s snsbeeeassneeesanseeesmmmsaeeeeanees 50
5.5 DDR3 SDRAM TeSt DY NIOS Il . ceiiiiiiiiieiiiiiee ettt emmmse e 52
I N AN @] o1 o ) PSS 55
5.7 ADC REATING . ... .uttteiiieie ettt emmmie ettt emmms et e et e ekt e e e bmeme e s e nbe e e e e nneeeenes 59
Chapter 6 Programming the EPCQ..........cccooiiiiiiiiiiiiiieeeeen 64

6.1 Convert .SOf File 10 JiIC File......cccooiiiiiiieeee e emmme e 64
6.2 Write @ .jic File 10 the EPCQ.....oi oottt 68
6.3Erase the EPCQ deVICE.........coooiiiiiiiieeeeeeci e eeeeeeeeeevvimmmss s e s e e e e e e eeseeesessmemsnnee e L O
Chapter 7 PCle Reference Design for Windows.............ccceeevevnnenees 71

7.1 PCI Express System INfraStrUCIULE..........c..uuuviiiiiiiieeeeeeeeeeeee e e e e es e cmmme s 71
7.2 PCl EXPress SOftWAre SDK........oouii i eiteee e smmm e e nneaee e e e e nmes 72
7.3 PCIEXPress SOftWare STACK ...........eeeiiieiiiiieee ettt emmi e 72
T4 PCIE LIDrary APL......oeo ettt a e e e e e e s mmnsssssnnnneeeeees ] O
7.5 PCle Referare Design Fundamental............ccccuviiiiiiiieemeieeiiieeeee e essemmme s 82
7.6 PCle Reference DeSIifDDRS..... ... ememie ettt 87
Chapter 8 PCle Reference Design for LiNUX.........ccccevevivevniviiicennnns 94

8.1 PCI Express System INfraStrUCULE...........cuvviiiiiiiieeeeeeeeeeeee e e e cmmme e 94
8.2 PCI EXPress SOftware SDK........ccccuuiiiiiiiiiieemeieie et e ee e e e e e e e e e e s s s immms s aas e e e e e e e s s 95
8.3 PCIEXPress SOftWare STACK ..........uiiiiiiiiiiii it erer e e e e e e e e e e nnes 95
8.4 PCI EXPress LIDrary APL.......ooo oo iiiieee ettt emmmee s 98
8.5 PCle Reference DesigrFundamental........ oo rmeeneeee e 98
8.6 PCle Reference DeSIIDDRS.........c.uuiiiieiiiiieie e smmme e e e 103
TSP User Manual 3 www.terasic.com

April 30, 2020


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

Rlasic

www.terasic.com

Chapter 1
Overview

The Starter Platform forOp e n V|1 N@IEit presents a robust hardware design
platform built around théntel Cyclone V FPGA, it also provides a powerful platform of
reconfigurable power with high performance and low power processing system. The
Starter Platform folO p e n V|1 NaDIKt is equipped withPCle Gef@ix4, highspeed
DDR3 menory, GPIO, Arduino and much more thgromises many exciting
applications.

The Starter Platform foO p e n V | ToOlt is equipped with PCle G&r4 interface, it

is low development cost, and can support uggrsdevelop mainstream applications and
OpenCL applications based on PCle, as wek agde range of higtspeed connectivity
applications.

The Starter Platform foO p e n V| Nodlkt contains all the tools needed to use the
board in conjunctionvith a computer that runs the Microsoft Windows 7 or later.

1.1 Package Contents

@ Terasic Starter Platform
for OpenVINO™ Toolkit (TSP)

@@ Quick Start Guide

@ PCle Bracket (Installed)

@ Fan (Installed)

@ Screws and Silicon Footstands Package
@ AC Power Cord

@ Power Adapter

@ Type AtoMini-B USB Cable

Figure 1-1 Starter Platform for Op e n V | NdDIkt package contents
A Starter Platform for Op e n V| NIkt package includes

1. TerasicStarter Platform fo© p e n V | ToGlkt
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Quick Start Guide

PCleBracket (Installed)

Fan (Installed)

Screw and Silicon Footstands Package
AC Power Cord

Power Adapter

USB to mintUSB Cable

© N O R wD

1.2 Starter Platform for Op e n V| N@bkit System
CD

The Starter Platform foOp e n V| NWodIkt System CD contains all the documents
and supporting materials associataith Starter Platform forOp e n V1 N@®IEKit,
including the user manual, system builder, reference designs, and diexasheets.
Users cardownload this system CD from the lithiktp://tsp.terasic.com/

1.3 Getting Help

Here are the addresses where you can get help if you encounter any problems:

Terasiclnc.

9F., N0.176, Sec.2, Gongdao 5th Rd, East Bistnchu City, 30070. Taiwan
Email: support@terasic.com.cn

Tel.: +886-3-575-0880

Website http://tsp.terasic.com/
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Chapter 2
| ntroduction

This chapter provides an introduction to the features and design characteristics of the
Starter Platform fo© p e n V| TOGIK.

2.1 Layout and Components

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

Power 7-Segment SMAClockin CPU_RESET_n
ON/OFF Display KEY x4 -

DC12Vv Switch x4 LED x4 | SMA Clock Out | Connector

| a7 C
SO [ | (i | [t | ) (7
SWON  LEDGY LEDG2 LEDGI LEDGO CLK IN

Cycloneg Vv
STy

2x20 GPIO1

I Cyclone V
USB sg
Blaster Il

2x20GPIO O

GT device: PCle Gen2 x4
GX device: PCle Genl x4

Figure 2-1 Starter Platform for Op e n V| NdIEt (top view)
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SDRAM x16 (64MB)

Figure 2-2 Starter Platform for Op e n V| NdIEit (bottom view)

The Starter Platform foO p e n V| WooOlit board has many features that allow users
to implement a wide range odesigned circuits, from simple circuits to various

multimedia projects:

Intel FPGA Cyclone® BT 5CGTFD9D5F27C7Nlevice
Serial configuration device EPCQ256

USB-Blaster Il onboard for programming; JTAG Mode
UART to USB (USB MiniB connectoy

PCle Ge@x4

1GB DDR3 SDRAM (32bit data bus)

64MB SDRAM (16bit data bu¥

4 pushbuttons

4 slide switches

4 greenLED

Two 7-segment displays

Four50MHz clock sources from the clock generator
One Arduinoheader

Two 40 pin GPICheader

2.2Block Diagram of the Starter Platform for

Op e n VI NIkt

Figure 2-3 is the block diagram of the boardll the connections are established through
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the Cyclone V FPGA device to provide maximum flexibility for usedsers can
configure theFPGA to implement any system design.

SMA FAN
IN/Out | Connector

1GB
GT device: PCle Gen2 x4 DDR3
GX device : PCle Gen1 x4

EPCQ256

Figure 2-3 Block diagram of Starter Platformfor Op e n V| Nd@®Ikit board

Detailed information abowgigure 2-3 are listed below.
A FPGA Device

Cyclone V5CGTFD9D5F27C7Nlevice
301K programmable logic elements
13917Kbit/s embedded memory

8 fractional PLLs

2 hard memory controllers

Nine 3.125GTransceivers

> I>» I > >

A Configuration and Debug

., Quad Serial Configuration deviteEPCQ256
Onboard USBBlaster II(Mini-B USB connector)

A Memory Device

64MB (32Mx16) SDRAM
., 1GB (2x256Mx16) DDR3 SDRAM

A Communication

UART to USB USB Mini-B connector
PCle Ge@x4

TSP User Manual www.terasic.com
April 30, 2020


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

Rlasic

www.terasic.com

A Connectors

5

Two 40 Pin GPICheader features of each GPIEnnector
36 General GPIO Pins
Support to configurea® LVDS TX and LVDS RX
With diode protection
Configurable I/O standards (voltage levels: 3.3/2.5/1.8/1.5V)
One Arduino Uno Revision 3 header
A Analog ADC
A Interface: SPI
Fast througlput rate  500Ksps
Channel number: 8
Resolution 12-bit
Analog input rande 0 ~4.096 V
A Digital 10
A With diode protection
SMA IN/OUT 3.3VSingleend input and output

> > > I»

> I > > >

A Switcheg Buttons/ Indicators

5

5

5

5

5 userKeys (4 general keys,@GPU_RESET_n)
4 user switches

4 LEDG

Two 7-segment displays

A Power

5

5

12V DC Input
PCle 12Vinput

A Cooling System

12V Fan with 5000 Rotational Speed
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Chapter 3
Using theStarter Platform for
Op e n VI ToOIkt

This chapter provides instructisto how touse the board and describes the peripherals.

3.1 Configuring the Cyclone V FPGA

There are two types of programming method supportedSkarter Platform for

Op e n VI ToOI:

1. JTAG programminglt is named after the IEEE standards Joint Test Action Group.
The configuration bitstream is downloaded directly into the Cyclone V FPGA. The
FPGA will retain its current status as long as poveeappied to the board; the
configuration information will b lost when the power is off.

2. AS programming The other programming method is Active Serial configuration.
The configuration bitstream is downloaded into the Intel FPGA EPCQ256 device,
which provides notvolatile storage for the bit stream. The information is retained
within EPCQ256 even if th&tarte Platform forOp e n V| Ndolkt board is
turned off. When the board is powered on, the configuration data in the EPCQ256
device is automatically loaded into the Cyclone V FPGA.

A JTAG Chain on the Starter Platform for Op e n V| NTGokkit
Board

The FPGA device can be configured through JTAG interfacthetarter Platform for
Op e n VI ToOlEt board, but thd TAG chain must form a closed loop, which allcavs
QuartusPrimeprogrammer taetectthe FPGAdevice.

Figure 3-1 illustrates the JTAG chain aie Starter Platform foOp e n V| Woolkt
board.
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Extemal JTAG
Header Bl ) —p FPGA_TDI
(Not Installed)

/AVOTS RYAN,
Cyclone®V

US <+ +—>
Blaster Il

Figure 3-1 Path of the JTAG chain

A Configure the FPGA in JTAG Mode

There is one FPGA device on the JTAG chain. The following shows how the FPGA is
programmed in JTAG mode step by step.

1. Open the Quartu®rime programmer undeQu ar t us Pr i me Altool s and
Detecto, FRgared rcl ed in

» Quartus Prime Programmer Standard Edition - [Chain1.cdf] O X
File Edit View Processing Tools Window Help .

9

‘ & Hardware Setup... ‘ |C5P [usB-1] Mode: |[JTAG < Progress: :

[] Enable real-time ISP to allow background programming when available

File Device Checksum Usercode Program/ ferify 3lank- 2xamine¢ securit Tra:
Configure Check Bit

»b Start

=4 Stop

J Auto Dete

X Delete

™ Add File.

Change Fil

¥ Save File

14 Up

1% Down

Al [o] [a] [&] | ¥ <<Filter=> | 88Find..  8FindNext

rvhe TN Mes<ane

s m ox

|Messages

System Processing

Figure 3-2 Detect FPGA device in JTAG mode

2. Select detected deviesssociated with the board, as circledrigure 3-3.
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! » Select Device X |

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

~
() 5CGTFD9AS5

(O 5CGTFDOC5

(® 5CGTFDID5

‘ () 5CGTFD9ES

(O 5CGXBCYAG
() 5CGXBCOAT
() 5CGXBCOC6

() 5CcGXBCOCT

Figure 3-3 SelectsCGTFD9D5

IF the FPGAis Cyclone V GX device on your TSP board, please select 5CGXFC9D6
as shown in Figure 3-4.

& Select Device x

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

~
(O 5CGXBCOAG

O 5CGXBCOAT
O 5CGXBCACE
O scexBCOCT
O scexBCoD6
O scexBCoDT
O 5CGXBCYE6
O 5CGXBCOET
O 5CGXFCOAG
O 5CGXFCOAT
O 5CGXFCOCE

() 5CGXFCOCT

@ 5CGXFCOD6

(O 5CGXFCOD7

(O 5CGXFCIE6

Figure 3-4 Select5CGXC9D6
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3. The FPGA isdetected, as shown ifigure 3-5. For FPGAGX device of the TSP
board,it should be shown iRigure 3-6.

» Quartus Prime Programmer Standard Edition - [Chain1.cdf]*

— O s

File Edit View Processing Tools Window Help
9

#» Hardware Setup...  |(C5P [USB-1] Mode: JTAG < Progress: :

[ ] Enable real-time ISP to allow background programming when available

|Search altera.com |.

% o tart File Device Checksum Usercode Program/ Jerify 3lank- xamine securit “rag

Configure “heck Bit
s Stop <none> 5CGTFDYDS 00000000 <none>

y Auto Dete

Delete

" Add File.

Change Fil JETTreern i

4 Save File ’

Add Devic

5CGTFDIDS
TDO
%Up
% Down
iAll o |A |4 A| | ¥ <<Filter>> M Find... | | 8 Find Next

rvne ™™ Mee<ana

|Messages

System Processing

Figure 3-5 FPGA detected in Quartus programmer
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» Programmer - [Chain1.cdfl* - O X ‘
File Edit View Processing Tools Window Help [se irch altera.com |.
s Hardware Setup... _CSP [UsB-1] | Mode; JTAG - Progress: J

[[] Enable real-time ISP to allow background programming when available

File Device Checksum Usercode Program/ Verify Blank- Examine Security Erase ISP

U Start
= Configure Check Bit CLAMF

b stop <none> SCGXFCOD6 00000000 <none>
8 Auto Detec
Delete
" Add File...
* Change File

4 Save File Manpsnasy

™™
“* add Device —pi

bUp e
SCEXFCADE
' Down 0O

Figure 3-6 FPGA detected in Quartus programmerfor GX device

4. Right click on the FPGA device and select Change téilepen the .sof file to be
programmed,as highlighted inFigure 3-7. Note that, FPGA for the GX device
version of the TSP board can also use the FPGA code of the GT device to configure
FPGA.
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» Quartus Prime Programmer Stc X Delete Del
File Edit View Processing Tool Select All Ctrl+A
S % Add File...
& Hardware Setup... | |C5P [USB:_I " ChangeFile
4 Save File
D Enable real-time ISP to allow bz
Add IPS File...
W start File Change IPS File... Program/ /erify 3lank- xamine jecurit rase ISP
Delete IPS File Configure Check Bit LAMI
. ' 5§ & § § E N
SIOPY | fsnone> 3C  Add EKP File...
JAuto Dete Change EKP File...
Delete EKP File
X Delete
Add PR Programming File...
™ Add File. E §
Change PR Programming File...
Change Fil [poreeswece; . Delete PR Programming File
ToI =
W Save File 4’§ Attach Flash Device...
ad .;_m..,m_: Change Flash Device...
Add Devic
Too SCETFDIDS Delete Flash Device
-—
o
43 * Add Device...
b Down Change Device
% Up
b Down

& Hardware Setup
ISP CLAMP State Editor

* Define CFI Flash Device :
o lan] [0 [&] (4] [A] [¥ d.. | | #8Find Next
il EF'  Properties

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

5. Select the .sof file to be programmed, as showfigare 3-8.

» Select New Programming File X

\
Look in: o"‘ C:\Users\jmlei\Desktop\...mo\Default\output files ~ @ O 0 @ E\

™ My Computer D Default.sof

2 imlei
| Filename: |Defaultsof | | Open ‘
| Files of type: |Programming Files (*.sof *.pof *.jam *.jbc *.ekp *.jic) < Cancel

Figure 3-8 Select the .sof file to be programmed into the FPGA device

6.Cl i ck AProgegran/bCeoenki @agdr t hen <c¢click #AStarto
the .sof file into the FPGA device, as showrrigure 3-9.
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o

»Qua\tus Prime Programmer Standard Edition - [Chain1.cdf]*

File Edit

| pad

Search altera.com [

View Processing Tools Window

Help

& Hardware Setup... |C5P [USB-1]

[ ] Enable real-time ISP to allow background programming when available

Mode: |JTAG

»b Start

b Stop
Y Auto Dete
¥ Delete
" Add File.
Change Fil
4 Save File
Add Devic:

* Up

s Down

File Device Checksum Usercode Program/

Configure

Jerify 3lank- xamine securit frag
Zheck Bit

C:/Usersfjmlei.. 5CGTFD9D.. 01D680CB 01D680CB

All

= @

Q A N ¥ <<Filter>> 88 Find... 88 Find Next

Fvne

™ Mes<sanes

‘Messages

System

Processing

>

Figure 3-9 Program .sof file into the FPGA device

Configure the FPGA in AS Mode

The Starter Platform foO p e n V| ToOlit board uses thEPCQ256 device

to store configuration data for the Cyclone V FPGA. This configuration data is
automatically loaded from the quad serial configuration device chip into the
FPGA when the board is powered up

Users need to use Serial Flash Loader (SFL) toraroghe EPCQ256 device
via JTAG interface.

The FPGAbased SFL is a soft intellectual property (IP) core within the FPGA
that bridge the JTAG and Flash interfaces. The SFL Megafunction is available
in the Quartus PrimeFigure 3-10 shows the programming method when
adopting SFL solution.

Please refer tacChapter 6 Program the EPC(or the basic programming
instructiors on the serial configuration device

TSP User Manual
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Quartus Prime ITAG
USB Blaster

W 1

Cyclone®™V

Quad Serial
Configuration

SFL Image v

to Bridge evice
| — | The JTAG .

and ASMI

Figure 3-10 Programming a quad serial configuration device with SFL solution

3.2Board Status Elements

In addition to the 4 LEDs thahe FPGA device can control, theage 4 indicators which
can indicatehe board status, as shownHFigure 3-11, please refeto the details infable

3-1.

12V Power

FPGA Config Done

Figure 3-11 LED Indicators on the Starter Platform for Op e n V| NIkt

Table 3-1 LED Indicators

LED Name Signal Name Description
D10 12V Power Light upwhen 12V power is active
D43 JTAG_RX Light upwhen USB Blaster lieceives data
D44 JTAG_TX Light upwhen USB Blaster Il transmits data
D42 CONF_DONE Light upwhen FPGA is configureslccessfully
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3.3 Clock Circuitry

Figure 3-12 shows the default frequency of all external clocks to the Cyclone V FPGA.
The 50MHz is generated by a crystal oscillator. The 50MHz clock sigealisected to

the FPGA are used as clock sowder user logic. The board also includes two SMA
connectors which can be used to connect an external clock source to the board or to drive
a clocksignal in/out through the SMA connector. All these clock inputs are connected to
the phasdocked loops (PL) clock input pins of the FPGA to allow users to use these
clocks as a souradock for the PLL circuit

The associated pin assignment for clock inputs to FFGAins is listed infable 3-2.

SMA CLKOUT
CLOCK 50_B3B o cikoTis FPLL_BR_CLKOUT Y25 ——— )
| o

50MHz |,
osc

CLK2 U12 J2

5 5
CLOCK_50_BSB CLK6 R20 m

CLOCK 50 BSA e n20 ®
Cyclone?V

CLOCK_50_B7A
— CLKI10 H12

CLOCK 50 BBA | o ne

———————p CLK7T21
} SMA_CLKIN

L
AN

Figure 3-12 Block diagram of the clock distribution on Starter Platform for
Op e n VI NIkt
Table 3-2 Pin Assignment of Clock Inputs

, FPGAPIn| = . -

Signal Name . Direction Description I/O Standard
CLOCK_50_B3B|PIN_T13 [Input 50MHz clock input(Bank 3B) [1.5V
CLOCK_50_B4APIN_U12 |nput 50MHz clock input(Bank 4A) [1.5V
CLOCK_50_B5B|PIN_R20 [Input 50MHz clock input(Bank 5B) 3.3V LVTTL
CLOCK_50_B6APPIN_N20 [nput 50MHz clock input(Bank 6A) [3.3V LVTTL
CLOCK_50_B7APIN_H12 |nput 50MHz clock input(Bank 7A) 3.3V LVTTL
CLOCK 50 BSAPIN_N9 |Input 50MHz clock input(Bank8A) 3.3V LVTTL
SMA_CLKIN PIN_T21 |[Input Externa SMA) clock input 3.3V LVTTL
SMA CLKOUT PIN_Y25 |Output Externa(SMA) clock output  [3.3-V LVTTL

3.4 Peripherals Connected to the FPGA

This section describes the interfaces connected to the FPGA. Usersomol or
monitor differentinterfaces with user logic from the FPGA.
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3.4.1 User Pushbuttons, Switches and LEDs

The board has four pudbuttons connected to the FPGA, as showrfigure 3-13.
Schmitt trigger circuit is implemented and @asa switch debounce ifrigure 3-14 for
the pushbuttons connect. The four pustbuttonsarenamed KEYO, KEY1, KEY2, and
KEY3; they arecoming out of the Schmitt trigger devieedare connected directly to the
Cyclone V FPGAThe puskoutton generates a high logic level when it is not preased
provides a low logic level when pressed. Since the fustons are debounced, they can

be used as reset inputs in a circuit
VCC3P3

Ut

KEYO
< —> M21

KEY1

——> K26 Cyclone?V

74HC245

< < =< <
“ o™ o~ off°

!
|

Figure 3-13 Connectionsbetween the puskbuttons and the Cyclone V FPGA

lPushbutton depressed lPushbutton released

Before

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

Schmitt Trigger
Debounced

A
v

Figure 3-14 Switch debouncing

There are four slide switches connected to the FPGA, as shofigure 3-15. These
switches aranot debounced anareto be used as lewskensitive data inputs to a circuit.
Each switch is connectetirectly and individually to the FPGA. When the switch is set to
the DOWN position (towards thedge of the board), it generates a low logic level to the
FPGA. When the switch is set to the PBsition, a high logic level is generated to the
FPGA.
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AN 2 EYA
Cyclone?,V

T H19

!

e
)

sSw2

TFZ'I

!

T G20 Logic"l"

!

SwWo Logic"0”

Figure 3-15 Connections between the slide switches ar@@lyclone V FPGA

There are also four useontrollable LEDs connected to the FPGA. Each LED is driven
directly andindividually by the Cyclone V FPGA, driving its associated pin to a high
logic level or lowlevel to turn the LED on or off, respectivelyigure 3-16 shows the
connections between LEDs a@yclone V FPGA Table 3-3, Table 3-4 and Table 3-5

list the pin assignment of uspushbuttons, switches, and LEDs.

BINBUEEN -LEDC A\ A LEDSQ, 77
/ANOZRYA\ . PN T ZE2L AL 2
Cwlone:é?V PN LED2 MLEDGZE}W,/@
PIN_y23 | —LED3 A ALEDG3, 177

I

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

Table 3-3 Pin Assignment of Slide Switches

Switch Name | FPGAPin No.| Direction Description I/O Standard
SWI[0] PIN_G20 Input Slide Switch [0] 3.3VLVTTL
SWI[1] PIN_F21 Input Slide Switch [1] 3.3VLVTTL
SWI[2] PIN_E21 Input Slide Switch [2] 3.3VLVTTL
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SWI3] PIN_H19 Input Slide Switch [3] 3.3VLVTTL

Table 3-4 Pin Assignment of Puskbuttons

Generate a high logic level whe|z 3,
CPU_RESET _n [PIN_AB24 Input
is not pressed LVTTL
3.3V
KEY[O] PIN_M21 Input
LVTTL
Generate a high logic level whe(3.3-V
KEY[1] PIN_K25 Input i
is not pressed. Four pustuttonsLVTTL
(KEYO, KEY1, KEY2 and KEY33.3V
KEY[2] PIN_K26 Input
are debounced. LVTTL
3.3V
KEYI[3] PIN_G26 Input
LVTTL

Table 3-5 LED Pin Assignment of LEDs

il G N PO

LED[0] | PIN_U20 Output 3.3V
LVTTL

LED[1] | PIN_T19 Output Drive high logic 1 to /O pin tq 3.3V
turn the LED on. LVTTL

LED[2] | PIN_Y24 Output Drive lowh logic 0 to /O pin td 3.3V
turn the LED off. LVTTL

LED[3] | PIN_Y23 Output 3.3V
LVTTL

3.4.2 7-Segment Displays

Starter Platform forOp e n V| NIkt has two 7segment displaysFigure 3-17
shows the connection of seven segments (common anode) to piyaone V
FPGA The segment can be turned on or off by applying a low logic level orlagit
level from the FPGArespectively. Each segment in a display is indexed from 0 to 6, with
the corresponding positions given ithe Figure 3-17. Table 3-6 shows the pin
assignment of FPGA to theségment displays
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Figure 3-17 Connections between the -6egment displays andCyclone V FPGA

Table 3-6 Pin Assignment of Zsegment Displays

FPGA Pin| . . I/0
HEX Name Direction Description
No. Standard
. 3.3V
HEXO_DP PIN_AAG6 Output Seven Segment Digit 0 DP
LVTTL
Output o 3.3V
HEXO[O] PIN_T8 Seven Segment Digit 0[0]
LVTTL
Output o 3.3V
HEXO[1] PIN_P26 Seven Segment Digit 0[1]
LVTTL
Output o 3.3V
HEXO0[2] PIN_V8 Seven Segment Digit 0[2]
LVTTL
Output o 3.3V
HEXO[3] PIN_U7 Seven Segment Digit 0[3]
LVTTL
Output o 3.3V
HEXO0[4] PIN_U25 Seven Segmeimigit 0[4]
LVTTL
Output o 3.3V
HEXO[5] PIN_W8 Seven Segment Digit O[5]
LVTTL
Output o 3.3V
HEXO0[6] PIN_U26 Seven Segment Digit 0[6]
LVTTL
Output o 3.3V
HEX1 DP PIN_V25 Seven Segment Digit 1 DP
LVTTL
Output o 3.3V
HEX1[0] PIN_T7 Seven Segment Digit 1[0]
LVTTL
Output o 3.3V
HEX1[1] PIN_W20 Seven Segment Digit 1[1]
LVTTL
Output o 3.3V
HEX1[2] PIN_AB6 Seven Segment Digit 1[2]
LVTTL
Output o 3.3V
HEX1][3] PIN_AC22 Seven Segment Digit 1[3]
LVTTL
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Output o 3.3V
HEX1[4] PIN_Y9 Seven Segment Digit 1[4]
LVTTL
Output o 3.3V
HEX1[5] PIN_W21 Seven Segment Digit 1[5]
LVTTL
Output o 3.3V
HEX1[6] PIN_N25 Seven Segment Digit 1[6]
LVTTL

3.4.3 SDRAM Memory

The Starter Platform foOp e n V| WoOlit features 64MB of SDRAM with a single
64MB (32Mx16) SDRAM chip The chipconsists of 1éit data line, control line, and
address line connected to the FPGA. This chip uses the 3.3V LVCMOS signaling
standard.Connections between the FPGA and SDRAM are showrigare 3-18, and

the pin assignment is listed in

Table 3-7.
32Mx16 SDRAM
DRAM_DQI15.0]
< 4 D[15..0]
DRAM_ADDRI[12..0]
d Al12.0]
DRAM_BA[1..0]
— 4 BA[1.0]
DRAM_CLK
-/‘ tl 1 D — 4 CLK
A D = A DRAM_CKE .
< DRAM_LDQM (DoM
@ DRAM_UDQM
cy C’One o V DRAM_WE n UV[::EM
d N
DRAM_CAS_n
— — 4 NCAS
DRAM_RAS_n
4 NRAS
DRAM_CS n
4 NCS
Figure 3-18 Connections between the FPGA and SDRAM
Table 3-7 Pin Assighment of SDRAM
Signal Name FPGA Pin No. Direction [Description I/O Standard
DRAM_CLK PIN_F26 Output |SDRAM Clock 3.3V LVTTL
DRAM_CKE PIN_E25 Output |[SDRAM Clock Enable 3.3V LVTTL
DRAM_ADDRI[0] [PIN_D26 Output  [SDRAM Address[0] 3.3V LVTTL
DRAM_ADDR[1] |PIN_H20 Output  |[SDRAM Address[1] 3.3V LVTTL
DRAM_ADDR[2] |PIN_F23 Output  |[SDRAM Address[2] 3.3V LVTTL
DRAM_ADDR[3] [PIN_G22 Output  [SDRAM Address[3] 3.3V LVTTL
DRAM_ADDR[4] [PIN_B25 Output  [SDRAM Address[4] 3.3V LVTTL
DRAM_ADDR[5] |PIN_D22 Output  |[SDRAM Address[5] 3.3V LVTTL
DRAM_ADDRI[6] [PIN_C25 Output  [SDRAM Address[6] 3.3V LVTTL
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DRAM_ADDR[7] |PIN_E23 Output |[SDRAM Address[7] 3.3V LVTTL
DRAM_ADDR([8] |PIN_B26 Output |SDRAM Address[8] 3.3V LVTTL
DRAM_ADDR[9] |PIN_E24 Output |SDRAM Address[9] 3.3V LVTTL
DRAM_ADDRJ10] |PIN_D25 Output |SDRAM Address[10] 3.3V LVTTL
DRAM_ADDR[11] |PIN_M26 Output  |SDRAM Address[11] 3.3V LVTTL
DRAM_ADDRJ[12] |PIN_M25 Output |SDRAM Address[12] 3.3V LVTTL
DRAM_BA|0] PIN_J20 Output |[SDRAM Bank Address[0] 3.3V LVTTL
DRAM_BA[1] PIN_H22 Output  |[SDRAM BankAddress[1] 3.3V LVTTL
DRAM_DQIO0] PIN_L24 Inout SDRAM Data[0] 3.3V LVTTL
DRAM_DQI1] PIN_M24 Inout SDRAM Data[1] 3.3V LVTTL
DRAM_DQI2] PIN_N23 Inout SDRAM Data[2] 3.3V LVTTL
DRAM_DQI3] PIN_K23 Inout SDRAM Data[3] 3.3V LVTTL
DRAM_DQ[4] PIN_H24 Inout SDRAM Data[4] 3.3V LVTTL
DRAM_DQI5] PIN_J23 Inout SDRAM Data[5] 3.3V LVTTL
DRAM_DQI6] PIN_K24 Inout SDRAM Data[6] 3.3V LVTTL
DRAM_DQI7] PIN_L22 Inout SDRAM Data[7] 3.3V LVTTL
DRAM_DQI8] PIN_G25 Inout SDRAM Data[8] 3.3V LVTTL
DRAM_DQI9] PIN_G24 Inout SDRAM Data[9] 3.3V LVTTL
DRAM_DQI[10] |PIN_H25 Inout SDRAM Data[10] 3.3V LVTTL
DRAM_DQ[11] |PIN_J21 Inout SDRAM Data[11] 3.3V LVTTL
DRAM_DQ[12] |PIN_L23 Inout SDRAM Data[12] 3.3V LVTTL
DRAM_DQI[13] |PIN_K21 Inout SDRAM Data[13] 3.3V LVTTL
DRAM_DQI[14] |PIN_N24 Inout SDRAM Data[14] 3.3V LVTTL
DRAM _DQI[15] |PIN_M22 Inout SDRAM Data[15] 3.3V LVTTL
DRAM_LDQM PIN_H23 Output  DQ[7:0] SDRAM Data Mask 3.3V LVTTL
DRAM_UDQM PIN_F24 Output  DQ[15:8]SDRAM Data Mask 3.3V LVTTL
DRAM_CS n PIN_F22 Output  [SDRAM Chip Select 3.3V LVTTL
DRAM_WE_n PIN_J25 Output  |SDRAM Write Enable 3.3V LVTTL
DRAM_CAS n |PIN_J26 Output  |SDRAM Column Address Strof3.3-V LVTTL
DRAM_RAS n [PIN_E26 Output |SDRAM Row Address Strobe 3.3V LVTTL

3.4.4 DDR3 Memory

Starter Platform foO p e n V | Toolit supports 1GB of DDR3 SDRAM comprising

of two x16 bit DDR3 devicesThe signals are connected to the dedicated Hard Memory
Controller for FPGA 1/0 banks and the target speed is 400Nfigmire 3-19 shows the
connections between the DDR3 and Cyclone V FPGable 3-8 lists the pin assignment

of theDDR3 and its description with I/O standard
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Table 3-8 Pin Assignment of DDR3 Memory

’ Data x 16

-
DDR3 Device

Address &
Command

Data x 16 DDR3 Device
>

Figure 3-19 Connections between FPGA and DDR3

Signal Name FPGA Pin No.[Direction |Description I/O Standard
DDR3_ADDRI[0] PIN_AE6  [Output DDR3 Address[0] SSTL-15 Class |
DDR3_ADDR][1] PIN_AF6 Output DDR3 Address|1] SSTL-15 Class |
DDR3_ADDR|[2] PIN_AF7 Output DDR3Address[2] SSTL-15 Class |
DDR3_ADDRI[3] PIN_AF8 Output DDR3 Address[3] SSTL-15 Class |
DDR3_ADDR[4] PIN_U10 Output DDR3 Address[4] SSTL-15 Class |
DDR3_ADDR[5] PIN_U11 Output DDR3 Address[5] SSTL-15 Class |
DDR3_ADDR][6] PIN_AE9 Output DDR3 Address[6] SSTL-15 Class |
DDR3_ADDR[7] PIN_AF9 Output DDR3 Address[7] SSTL-15 Class |
DDR3_ADDR[8] PIN_AB12  [Output DDR3 Address[8] SSTL-15 Class |
DDR3_ADDR[9] PIN_AB11  [Output DDR3 Address[9] SSTL-15 Class |
DDR3_ADDRJ[10] PIN_AC9 Output DDR3 Address[10] SSTL-15Class |
DDR3_ADDR|[11] PIN_AC8 Output DDR3 Address[11] SSTL:-15 Class |
DDR3_ADDR[12] PIN_AB10  |Output DDR3 Address[12] SSTL-15 Class |
DDR3_ADDRJ[13] PIN_AC10 |Output DDR3 Address[13] SSTL-15 Class |
DDR3_ADDR[14] PIN_W11 Output DDR3 Address[14] SSTL-15Class |
DDR3_BA[0] PIN_V10 Output DDR3 Bank Address[0] [SSTL-15 Class |
DDR3_BA[1] PIN_ADS8 Output DDR3 Bank Address[1] |SSTL-15 Class |
DDR3_BA[2] PIN_AES8 Output DDR3 Bank Address[2] |SSTL-15 Class |
DDR3_CK_p PIN_N10 Output DDR3 Clock p Differential 1.5V SSTL
Class |
DDR3_CK_n PIN_P10 Output DDR3 Clock Differential 1.5V SSTL
Class |
DDR3_CKE PIN_AF14 Output DDR3 Clock Enable SSTL:-15 Class |
DDR3_DQS_p[0] PIN_V13 nout DDR3 Data Strobe p[0] Differential 1.5V SSTL
Class |
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Inout Differential 1.5V SSTL
DDR3_DQS_p[1] PIN_U14 DDR3 Data Strobe p[1]
Class |
Inout Differential 1.5V SSTL
DDR3_DQS_p[2] PIN_V15 DDR3 Data Strobe p[2]
Class |
Inout Differential 1.5V SSTL
DDR3_DQS_p[3] PIN_W16 DDR3 Data Strobe p[3]
Class |
Inout Differential 1.5V SSTL
DDR3_DQS_n[0] PIN_W13 DDR3 Data Strobe n[0]
Class |
Inout Differential 1.5V SSTL
DDR3 _DQS_n[1] PIN_V14 DDR3 Data Strobe n[1]
Class |
Inout Differential 1.5V SSTL
DDR3_DQS_n[2] PIN_W15 DDR3 Data Strobe n[2]
Class |
Inout Differential 1.5V SSTL
DDR3_DQS_n[3] PIN_W17 DDR3 Data Strobe n[3]
Class |
DDR3_DQ[0] PIN_AA14  |Inout DDR3 Data[0] SSTL-15 Class |
DDR3_DQ[1] PIN_Y14 Inout DDR3 Data[1] SSTL-15 Class |
DDR3_DQ[2] PIN_AD11 [inout DDR3 Data[2] SSTL-15 Class |
DDR3_DQ[3] PIN_AD12 |nout DDR3 Data[3] SSTL-15 Class |
DDR3_DQ[4] PIN_Y13 Inout DDR3 Data[4] SSTL-15 Class |
DDR3_DQ[5] PIN_W12 Inout DDR3 Data[5] SSTL-15 Class |
DDR3_DQI[6] PIN_AD10 |[Inout DDR3 Data[6] SSTL-15 Class |
DDR3_DQJ[7] PIN_AF12 Inout DDR3 Data[7] SSTL-15 Class |
DDR3_DQI8] PIN_AC15 |[Inout DDR3 Data[8] SSTL-15 Class |
DDR3_DQ[9] PIN_AB15 [Inout DDR3 Data[9] SSTL-15 Class |
DDR3_DQ[10] PIN_AC14 |nout DDR3 Data[10] SSTL-15 Class |
DDR3_DQ[11] PIN_AF13 Inout DDR3 Data[11] SSTL-15 Class |
DDR3_DQ[12] PIN_AB16 [Inout DDR3 Data[12] SSTL-15 Class |
DDR3_DQ[13] PIN_AA16 Inout DDR3 Data[13] SSTL-15 Class |
DDR3_DQ[14] PIN_AE14 |Inout DDR3 Data[14] SSTL-15 Class |
DDR3_DQ[15] PIN_AF18 Inout DDR3 Data[15] SSTL-15 Class |
DDR3_DQ[16] PIN_AD16 |Inout DDR3 Data[16] SSTL-15 Class |
DDR3 DQ[17] PIN_AD17 [inout DDR3 Data[17] SSTL-15 Class |
DDR3_DQ[18] PIN_AC18 |[nout DDR3 Data[18] SSTL-15 Class |
DDR3_DQ[19] PIN_AF19 Inout DDR3 Data[19] SSTL-15 Class |
DDR3_DQ[20] PIN_AC17 [Inout DDR3 Data[20] SSTL-15 Class |
DDR3_DQ[21] PIN_AB17 [Inout DDR3 Data[21] SSTL-15 Class |
DDR3_DQ[22] PIN_AF21 Inout DDR3 Data[22] SSTL-15 Class |
DDR3_DQ[23] PIN_AE21 Inout DDR3 Data[23] SSTL-15 Class |
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DDR3_DQ[24] PIN_AE15 |Inout DDR3 Data[24] SSTIL-15 Class |
DDR3_DQ[25] PIN_AE16 |Inout DDR3 Data[25] SSTL-15 Class |
DDR3_DQ|26] PIN_AC20 |Inout DDR3 Data[26] SSTL-15 Class |
DDR3_DQ[27] PIN_AD21 |[Inout DDR3 Data[27] SSTL-15 Class |
DDR3_DQ[28] PIN_AF16 |Inout DDR3 Data[28] SSTL-15 Class |
DDR3_DQ[29] PIN_AF17 |Inout DDR3 Data[29] SSTL-15 Class |
DDR3_DQ[30] PIN_AD23 |Inout DDR3 Data[30] SSTL-15 Class |
DDR3_DQ[31] PIN_AF23 |Inout DDR3 Data[31] SSTL-15 Class |
DDR3_DM][0] PIN_AF11  Output DDR3 Data Mask][0] SSTL-15 Class |
DDR3_DM[1] PIN_AE18 |Output DDR3 Data Mask([1] SSTL-15 Class |
DDR3_DM][2] PIN_AE20 [Output DDR3 Data Mask[2] SSTL-15 Class |
DDR3_DM]3] PIN_AE24  (Output DDR3 Data Mask[3] SSTL:-15 Class |
DDR3_CS_n PIN_R11 Output DDR3 Chip Select SSTL:-15 Class |
DDR3_WE_n PIN_T9 Output DDR3Write Enable SSTL-15 Class |
DDR3 _CAS_n PIN_W10 Cutput PDR3 - Column AddresSSTL—lS Class |
Strobe
DDR3_RAS n PIN_Y10 Output DDR3Row Address Strob¢SSTL-15 Class |
DDR3 RESET n  |PIN_AE19 [Output DDR3Reset SSTL-15 Class |
DDR3_ODT PIN_AD13 [Output DDR3 On-die Termination |SSTL-15 Class |
DDR3_RZO PIN_AE1L  Input External reference ball for ey
output drive calibration

3.4.5 UART to USB

The Starter Platform foOp e n V| NdOIEt has one UART interfacélhe physical

interface is implemented by UARTSB onboard bridge from a CP2102N chip to the

host with a USB MinB connector. More information about the chip is available on the
manufacturer 6s we b s \DatasheeddART TOnUSB bfétartd i r ect or
Platform forOp e n VI N@®Ikit system CD.Figure 3-20 shows the connections

between the FPGA, CP2102hip, and the USB MinB connector.Table 3-9 lists the

pin assignment of UART interfac®nnected tohe FPGA

u21

UART_RX
‘_-—
IXD UART_USB_DP

— ART T 4_ ’ -
. ek = R o
UART_USB_DM

UART_CTS
Cyclone,?V 4———— RIS D- ¢—m>

UART_RTS USB Mini-B

CTS Connector

CP2102N
Figure 3-20 Connections between thé&PGA, CP2102N chipand USB Mini-B
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connector
Table 3-9 Pin Assignment of UART Interface
Signal Name FPGA Pin No. |Direction |Description I/O Standard
UART _TX PIN_P21 Output UART Transmitter 3.3V LVTTL
UART_RX PIN_P22 Input UART Receiver 3.3V LVTTL
UART_CTS PIN_W25 Input UART Clearto Send 3.3V LVTTL
UART_RTS PIN_W26 Output  |UART Request to Send 3.3-V LVTTL

3.4.6 Arduino Uno R3 Expansion Header

The Starter Platform forOp e n VI N@Kit provides ArduinoUno revision 3
compatibility expansion header which comes with foodependent headers. The
expansion header has 17 user pinsGHO pinsand 1 Resepin) connected directly to
Cyclone VGT FPGA. 8Pin Analog input connects tihne ADC, and also provideDC
+5V (VCC5), DC +3.3V (VCC3P3 and IOREF), and three GND pRigase refer to
Figure 3-21 for detailed pirout information. The blue font represetit® ArduinoUno
R3 board pirout definition.

Arduino_lO15/Analog_In5 SCL/AS
Arduino_|O14/Analog_In4 SDA/A4
Analog_Vref
GND
Arduino_l013 D13/SCK
NC Arduino_|012 D12/MISO
IOREF Arduino_|O11 D11/MOSI
RESET Arduino_Reset_n Arduino_|O10 D10/SS
VCC3P3 Arduino_lO9 D9
Vgsg ArduinO Arduino_|lO8 D8
GND Arduino_|O7 D7
VCC12 Arduino_lO6 D6
Arduino_lO5 D5
A0 Analog_In0 e Arduino_|O4 D4
At Analog_In1 s W Arduino_lO3 D3
A2 Analog_In2 Lo} pemsemsy 0 Arduino_|O2 D2
A3 Analog_In3 b Arduino_lO1 D1/TX
SDA/A4  Arduino_lO14/Analog_In4 o Arduino_IO0 DO/RX
SCL/A5  Arduino_lO15/Analog_In5L @ -
A6 Analog_In6 —— —
A7 Analog_In7 E P pon
D12/MISO Arduino_lO12 -======= 1 | B VCC5
D13/SCK Arduino_lO13 «==========¢ | SR T PP PR Arduino_lO11 D11/MOSI
Arduino_ReseI_n--------------"  CGLEEEEEEPEE ST EREES GND

Figure 3-21 All the pin-out signal name of the Arduino Uno connector

The 16 GPIO pins are provided to the Arduideader for digital /0. Among these 16
GPIO pins, two pins possess both analog and digital functionalities according to the
Arduino Header settings. The MCU on the Arduino main board can select either the
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analog ordigital function. Unfortunately, this Ection can't be done with the FPGA and
users would have tose the corresponding jumpers to make the seledtaiie 3-10 lists
all the pinassignments of the Arduino Uno connector (digital), signal names relative to

Cyclone VGT FPGA.
Table 3-10 Pin Assignmentsfor Arduino Uno Expansion Header connector
Signal Name FPGAPin No. Direction Description I/O Standard
ADC_SCK PIN_R26 Output Serial Data Clock 3.3V LVTTL
ADC_SDO PIN_AB26 Input Senal Data Out (ADC 13.3—V LVTTL
FPGA)
ADC_SDI PIN_AA26 Output SenalData Input (FPGA3.3-V LVTTL
to ADC)
ADC_CONVST PIN_T26 Ouput Conversion Start 3.3V LVTTL
ARD_10[0] PIN_Y26 Inout Arduino 100 3.3V LVTTL
ARD _I0[1] PIN_V23 Inout Arduino 101 3.3V LVTTL
ARD_10[2] PIN_V24 Inout Arduino 102 3.3V LVTTL
ARD_10[3] PIN_U24 Inout Arduino 103 3.3V LVTTL
ARD _10[4] PIN_T24 Inout Arduino 104 3.3V LVTTL
ARD_IO[5] PIN_T23 Inout Arduino 105 3.3V LVTTL
ARD_I0[6] PIN_T22 Inout Arduino 106 3.3V LVTTL
ARD_I0[7] PIN_R24 Inout Arduino 107 3.3V LVTTL
ARD_I0[8] PIN_P20 Inout Arduino 108 3.3V LVTTL
ARD_I0[9] PIN_R23 Inout Arduino 109 3.3V LVTTL
ARD_I0[10] PIN_R25 Inout Arduino 1010 3.3V LVTTL
ARD_I0[11] PIN_P23 Inout Arduino 1011 3.3V LVTTL
ARD 10[12] PIN_AC25 Inout Arduino 1012 3.3V LVTTL
ARD_10[13] PIN_AD25 Inout Arduino 1013 3.3V LVTTL
ARD_10[14] PIN_AB25 Inout Arduino 1014 3.3V LVTTL
ARD_I0[15] PIN_AA24 Inout Arduino 1015 3.3V LVTTL

Besides 16 pins for digital GPIO, there are also 8 analog inputs on the Arduino Uno R3
ExpansiorHeader. Consequently, we use ADC LTC2308 from Linear Technology on the
board for possibléuture analogo-digital applications.

The LTC2308 is a low noise, 500ksps¢i@annel, 1zbit ADC with a SPI/MICROWIRE
compatible serial interface. This ADC includean internal reference and a fully
differential sampleandhold circuit to reduce common mode noise. The internal
conversion clock allows the external sermltput data clock (SCK) to operate at any
frequency up to 40MHz.
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The LTC2308 is controlled via serial SPI bus interface, which is connected to pins on
the CycloneV GT FPGA. A schematic diagram of the ADC circuitry is showiigure

3-22. Detaied information for using the LTC2308 is available on its datasheet, which can
be found on the manufactur e fADG foldeedf she t e ,
Starter Platform foO p e n V | Tb@lit System CD.

w < Analog_In0 J
A0E. k- Analoin Analog_Vref
ADC_SDO L\D[O3l <~ Analog_In4 GND
prem— :ﬁ:g:ggjgg “ Arduino_lO13

= < Analog_In7 Arduino_|012
IOREF Arduino_l011
Arduino_Reset_n Arduino_|010
VCC3P3 Arduino_lO9
Vgﬁ; Arduino Arduino_lO8
GND 8| | Arduino_lO7
VCC12 il |Arduino_lO6
il | Arduino_lO5
Analog_In0 | Arduino_l04
Analog_In1| Wl | | 8 | Arduino_IO3
i Analog_In2 E I ; ¥l | Arduino_l02
Analog_Ind— Analog_In3 . : u il |Arduino_lO1
Arduino_14—®&l————— = - i | Arduino_IO0
Analog_In5—lf— 1 — i I
Arduino_15—D8 Analog_In6 PR S
JP10 Analog_In7 PR o
YN, R— . Q) QN SSECORESAS— VCes
ArdUINO_I013 -==-===-====m==d 11 e Arduino_lO11
Arduino_Reset_n «-----=-=-s=ssmmmel e GND

Figure 3-22 Connection and pin assignments of Arduino analog input (ADC)

When users wish to use Analog_IN4(AD4) and Analog_IN5(AD5), they would need to
make their choices through corresponding jumpefdis is because following the
Arduino Header definition, these two pins possess both analog/digital functionalities and
can be controlled by the MCU on the Arduino main board. However, this can't be done
with the FPGA. Therefore, users have to use the corresponding jumpers to make their
selection.

Table 3-11 lists the settings to select the Arduino interface as Digital I/O mboalgle
3-12liststhe settings to select the Arduino interface as Andf@dgnode
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Table 3-11 Select Arduino expansion header for Digital I/O Mode

. » Jump .
Function Jump Position o Board picture
Position
JP8
_ _ 3
Arduino Ardumo—IOMJPS.ZJPS.S .
(SDA) 1
Arduino Arduino 1015 1
- JP10.2JP10.3 2
(SCL) 3
JP10

Table 3-12 Select Analog input (Analog_IN4Analog_IN5)

Function Jump Position  Jump Position  Board picture
Use Arduino JP8
Analog_IN4 JP8.1JP8.2 g J
AD4
(AD4) 1 3
2
1
1
Use Arduino 2
Analog_IN5 JP10.1JP10.2 . 3
(AD5) J
2
3
JP10

Besides, there are no components-swlelered on the Analog_IN6 and Analog_IN7.
Therefore, ifusers wish to use thes@o inputs, they would need to solder components
such as female headdysefore it can be connected to the object to be measured.
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Note: We urge users to carefully install Arduino Shield after installing parts on
Analog_IN6(7)in order to avoid shift wheimserting the shield board

Table 3-13 lists the ADC SPI Interface pin assignments, signal names relative to the
Cyclone VGT device.

Table 3-13ADC SPI Interface Pin Assignments and Signal Names

Signal Name  Descripton /O Standard

ADC_CONVST Conversion Start 1.2-V PIN_T26

ADC_SCK Serial Data Clock 1.2V PIN_R26

ADC_SDI Serial Data Input (FPGAt(l.Z—V PIN_AA26
ADC)

ADC_SDO Serial Data Out (ADC to 12V PIN_AB26
FPGA)

3.4.7 2x20 GPIO Expansion Header

The Starter Platform foO p e n V| Woolit has two 4@pin expansion headers. Each
header has 36 user pins connected dirdctlthe Cyclone V FPGAIt also comes with
DC +5V (VCC5), DC +3.3V (VCC3P3), and two GNpins. The maximum power
consumption allowed for a daughter card connected to one GPI@s @rown inTable

3-14.
Table 3-14 Voltage and Max. Current Limit of Expansion Headers
Supplied Voltage Max. Current Limit
5V 1A
3.3V 1.5A

Each GPIO header hasght TX and eightRX channelsThe voltage level of the 1/0 pins

on the expansion headers can be adjusted to 3.3V, 2.5V, 1.8\5\whby using JP1 (The
default value is 3.3V). Because the expansion I/Osan@ected to Bank 7A and 8A of

the FPGA, and t# VCCIO voltage of these banks (VCCIO7A and VCCIO8A) is
controlled bythe header JP1, users can use a jumper to select the input voltage of
VCCIO7A and VCCIO8Ato 3.3V, 2.5V, 1.8V, and 1.5V to control the voltage level of the
I/O pins. Table 3-15 lists the jumper settings of the JHHigure 3-23 and Figure 3-24

show the jumper setting for shorting pin 5 and pan@shorting pin 7 and pin 8 of JP1.

Table 3-15 Voltage Level Setting of the Expansion Headers Using JP1

Shortpin 1 and pin 2 1.5V 1.5V
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Short pin 3and pin 4 1.8V 1.8V
Shortpin 5and pin 6 2.5V 2.5V
Short pin 7and pin 8 3.3V 3.3V defaulf

¥ o Y = o (1 3
iz e s " (I b
- i @

Figure 3-23 Short pin5 and pin 6 of JP1

JP1

1
3
5
7

Figure 3-24 Short pin 7 and pin 8 of JP1

The GPIO 1/0O pins support i¢hannel LVDS transmission standard. The maximum
transmission rate of loopback test is up to 840 Mbps. The I/O valtage standard of LVDS
transmission needs to be seP&bV.

Each pin on the expansion headers is connected tditwdes and a resistor that provides
protectionagainst high and low voltagesigure 3-25 shows theprotection circuitry for
36 data pingable 3-16 showsall the pin assignments of the GPIO expansion headers.
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PIN_G15
PIN_G14

PIN_B24

PIN_A24
PIN_G16

PIN_C14
PIN_D15
PIN_D21
PIN_D20
PIN_E20
PIN_E19
PIN_E18

PIN_F18

PIN_H14
PIN_J12
PIN_J11
PIN_N12

PIN_M12

GPIO 0 (JP3)

GPIO_0[0]
GPIO_0[2]
GPIO_0[4]
GPIO_0[6]
GPIO_0[8]

5V
GPIO_0[10

]GPIO_O[12
]GPIO_O[14
]GPIO_O[16
]GPIO_O[18
]GPIO_O[ZO
]GPIO_O[22
]GPIO_O[24

]
3.3V

GPIO_0[26
]GPIO_O[28
]GPIO_O[SO
]GPIO_O[32

]
GPIO_0[34
]

GPIO 1 (JP4)
GPIO_0[1] PIN_C9 PIN_L8 GPIO_1[0] GPIO_1[1]
GPIO_0[3] PIN_B9 PIN_K9 GPIO_1[2] GPIO_1[3]
GPIO_0[5] PIN_D10 PIN_L7 GPIO_1[4] GPIO_1[5]
GPIO_0[7] PIN_C10 PIN_K6 GPIO_1[6] GPIO_1[7]
GPIO_0[9] PIN_H13 PIN_M9 GPIO_1[8] GPIO_1[9]
GND 5V GND
]GPIO_O[ll PIN_B15 PIN_K8 ]GPIO_1[10 ]GPIO_l[ll
]GPIO_O[13 PIN_C15 PIN_J8 ]GPIO_1[12 ]GPIO_1[13
]GPIO_O[15 PIN_A19 PIN_H8 ]GPIO_1[14 ]GPIO_1[15
]GPIO_O[17 PIN_AL8 PIN_HO ]GPIO_l[lG ]GPIO_l[17
]GPIO_O[19 PIN_B22 PIN_H10 ]GPIO_1[18 ]GPIO_1[19
]GPIO_O[21 PIN_AZ1 PIN_G10 ]GPIO_1[20 ]GPIO_1[21
]GPIO_O[23 PIN_C23 PIN_M11 ]GPIO_1[22 ]GPIO_1[23
]GPIO_O[25 PIN_C22 PIN_L11 ]GPIO_1[24 ]GPIO_1[25
GND 3.3V GND
]GPIO_O[27 PIN_G17 PIN_AL7 ]GPIO_1[26 ]GPIO_1[27
]GPIO_O[29 PIN_C20 PIN_E13 ]GPIO_1[28 ]GPIO_1[29
]GPIO_O[31 PIN_B19 PIN_D13 ]GPIO_1[3O ]GPIO_1[31
]GPIO_O[33 PIN_C17 PIN_G12 ]GPIO_1[32 ]GPIO_1[33
]GPIO_O[35 PIN_B17 PIN_F12 ]G-PIO_1[34 ]GPIO_1[35
veesps P
T T
AlirERA | GPIO[35..0] %/ )
oroionefy 7 '

Figure 3-25 Connections between the GPIO connector and Cyclone V FPGA
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Table 3-16 Pin Assignments for Expansion Headers

GPIO_0[0] PIN_G15 inout GPIO 0 DATAO/LVDS RXO0_p Depend on JP1
GPIO_0[1] PIN_C9 inout GPIO 0 DATAL1/LVDSTXO0 p Depend on JP1
GPIO_0[2] PIN_G14 inout GPIO 0 DATA2/LVDS RX0_n Depend on JP1
GPIO_0[3] PIN_B9 inout GPIO 0 DATA3/LVDS TX0_n Depend on JP1
GPIO_0[4] PIN_B24 inout GPIO 0 DATA4/LVDS RX1 p Depend on JP1
GPIO_0[5] PIN_D10 inout GPIO 0 DATAS/LVDS TX1 p Depend on JP1
GPIO_0[6] PIN_A24 inout GPIO 0 DATA6/LVDS RX1_n Depend on JP1
GPIO_0[7] PIN_C10 inout GPIO 0 DATA7/LVDS TX1_n Depend on JP1
GPIO_0[8] PIN_G16 inout GPIO 0 DATAS8 Depend on JP1
GPIO_0[9] PIN_H13 inout GPIO 0 DATA9 Depend on JP1
GPIO_0[10] PIN_C14 inout GPIO 0 DATA10/LVDS RX2_p Depend on JP1
GPIO_0[11] PIN_B15 | inout GPIO 0 DATA11/LVDS TX2_p Depend on JP1
GPIO_0[12] PIN_D15 inout GPIO 0 DATA12/LVDS_RX2_n Depend on JP1
GPIO_0[13] PIN_C15 inout GPIO 0 DATA13/LVDS_TX2_n Depend on JP1
GPIO_0[14] PIN_D21 inout GPIO 0 DATA14/LVDS RX3 p Depend on JP1
GPIO_0[15] PIN_A19 inout GPIO 0 DATA15/LVDS TX3_p Depend on JP1
GPIO_0[16] PIN_D20 inout GPIO 0 DATA16/LVDS_RX3_n Depend on JP1
GPIO_0[17] PIN_A18 inout GPIO 0 DATA17/LVDS TX3_n Depend ordP1

GPIO_0[18] PIN_E20 inout GPIO 0 DATA18/LVDS RX4 _p Depend on JP1
GPIO_0[19] PIN_B22 inout GPIO 0 DATA19/LVDS TX4 p Depend on JP1
GPIO_0[20] PIN_E19 inout GPIO 0 DATA20/LVDS_RX4 n Depend on JP1
GPIO_0[21] PIN_A21 inout GPIO 0 DATA21/LVDS_TX4_n Dependon JP1

GPIO_0[22] PIN_E18 inout GPIO 0 DATA22/LVDS RX5 p Depend on JP1
GPIO_0[23] PIN_C23 inout GPIO 0 DATA23/LVDS TX5 p Depend on JP1
GPIO_0[24] PIN_F18 inout GPIO 0 DATA24/LVDS_RX5 n Depend on JP1
GPIO_0[25] PIN_C22 inout GPIO 0 DATA25/LVDS TX5 _n Depend on JP1
GPIO_0[26] PIN_H14 inout GPIO 0 DATA26 Depend on JP1
GPIO_0[27] PIN_G17 inout GPIO 0 DATA27 Depend on JP1
GPIO_0[28] PIN_J12 inout GPIO 0 DATA28/LVDS RX6_p Depend on JP1
GPIO_0[29] PIN_C20 inout GPIO 0 DATA29/LVDS TX6_p Depend on JP1
GPIO_0[30] PIN_J11 inout GPIO 0 DATA30/LVDS RX6_n Depend on JP1
GPIO_0[31] PIN_B19 inout GPIO 0 DATA31/LVDS TX6_n Depend on JP1
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GPIO_0[32] PIN_N12 inout GPIO 0 DATA32/LVDS RX7_p Depend on JP1
GPIO_0[33] PIN_C17 inout GPIO 0 DATA33/LVDS TX7_p Depend onlP1

GPIO_0[34] PIN_M12 inout GPIO 0 DATA34/LVDS RX7_n Depend on JP1
GPIO_0[35] PIN_B17 | inout GPIO 0 DATA35/LVDS TX7_n Depend on JP1
GPIO_1]0] PIN_L8 inout GPIO 1 DATAO/LVDS RX0_p Depend on JP1
GPIO_1[1] PIN_A7 inout GPIO 1 DATAL/LVDS TX0_p Depend onP1

GPIO_1[2] PIN_K9 inout GPIO 1 DATA2/LVDS RX0_n Depend on JP1
GPIO_1]3] PIN_B7 inout GPIO 1 DATA3/LVDS TX0_n Depend on JP1
GPIO_1[4] PIN_L7 inout GPIO 1 DATA4/LVDS RX1 p Depend on JP1
GPIO_1[5] PIN_A5 inout GPIO 1 DATA5/LVDS TX1 p Depend on JP1
GPIO_1]6] PIN_K6 inout GPIO 1 DATA6/LVDS RX1 _n Depend on JP1
GPIO_1[7] PIN_B6 inout GPIO 1 DATA7/LVDS TX1_n Depend on JP1
GPIO_1]8] PIN_M9 inout GPIO 1 DATA8 Depend on JP1
GPIO_1]9] PIN_L9 inout GPIO 1 DATA9 Depend on JP1
GPIO_1[10] PIN_K8 inout GPIO 1DATAL10/LVDS RX2_p Depend on JP1
GPIO_1J11] PIN_D6 inout GPIO 1 DATA11/LVDS TX2_p Depend on JP1
GPIO_1[12] PIN_J8 inout GPIO 1 DATA12/LVDS_RX2_n Depend on JP1
GPIO_1[13] PIN_E6 inout GPIO 1 DATA13/LVDS_TX2_n Depend on JP1
GPIO_1[14] PIN_H8 inout GPIO 1DATA14/LVDS RX3 p Depend on JP1
GPIO_1[15] PIN_G7 inout GPIO 1 DATA15/LVDS TX3 p Depend on JP1
GPIO_1[16] PIN_H9 inout GPIO 1 DATA16/LVDS_RX3_n Depend on JP1
GPIO_1[17] PIN_F7 inout GPIO 1 DATA17/LVDS TX3_n Depend on JP1
GPIO_1[18] PIN_H10 inout GPIO1 DATA18/LVDS RX4 p Depend on JP1
GPIO_1[19] PIN_A12 inout GPIO 1 DATA19/LVDS TX4_p Depend on JP1
GPIO_1[20] PIN_G10 inout GPIO 1 DATA20/LVDS_RX4 n Depend on JP1
GPIO_1[21] PIN_B11 | inout GPIO 1 DATA21/LVDS_TX4 n Depend on JP1
GPIO_1[22] PIN_M11 | inout GPIO 1 DATA22/LVDS RX5_p Depend on JP1
GPIO_1[23] PIN_B12 inout GPIO 1 DATA23/LVDS TX5 p Depend on JP1
GPIO_1[24] PIN_L11 | inout GPIO 1 DATA24/LVDS_RX5_n Depend on JP1
GPIO_1[25] PIN_A13 | inout GPIO 1 DATA25/LVDS TX5_n Depend on JP1
GPIO_1[26] PIN_A17 inout GPIO 1 DATA26 Depend on JP1
GPIO_1[27] PIN_A16 inout GPIO 1 DATA27 Depend on JP1
GPIO_1[28] PIN_E13 inout GPIO 1 DATA28/LVDS RX6_p Depend on JP1
GPIO_1[29] PIN_C13 inout GPIO 1 DATA29/LVDS TX6_p Depend on JP1
GPIO_1[30] PIN_D13 inout GPIO 1DATA30/LVDS RX6_n Depend on JP1
GPIO_1[31] PIN_C12 inout GPIO 1 DATA31/LVDS TX6_n Depend on JP1
GPIO_1[32] PIN_G12 inout GPIO 1 DATA32/LVDS RX7_p Depend on JP1
GPIO_1[33] PIN_H7 inout GPIO 1 DATA33/LVDS TX7_p Depend on JP1
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GPIO_1[34]

PIN_F12

inout

GPIO1 DATA34/LVDS RX7_n

Depend on JP1

GPIO_1[35]

PIN_J7

inout

GPIO 1 DATA35/LVDS TX7_n

Depend on JP1
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Chapter 4
System Builder

This chapter describes how users can create a custom design project on the board by
using theStarter Platform folOp e n V| WoOlkt System BuilderBesides, users can
alsouse theQuartus Golden tofor the project buildingGolden topproject is located in

folder: CD\Demonstration

4.1 Introduction

The Starter Platform forOp e n V| NIkt System Builder is a Windowsased
software utility, designed to assist users to create a Quartus Prime project for the board
within minutes. The generated Quartus Prime project files include:

Quartus Prime project file (.qpf)
Quartus Prime setting file (s
Top-level design file (.v or .vhd)
Synopsis design constraints file (.sdc)

5

Pin assignment document (.htm)

5

By providing the above files, th&tarter Platform forOp e n VI NIkt System
Builder prevents occurrence of situations that are prone to esttga users manually

edit the toplevel design file or place pin assignments. The common mistakes that users
encounter arshown below

Starter Platform foO p e n V | Tb@llt board damage due to wrong pin/bank
voltage assignments.

Starter Platform foOpen VI N Qéolkit board malfunction caused by wrong
device connections or missing pin counts for connected ends.

Performance degradation due to improper pin assignments.

4.2 General Design Flow

This section will introduce the general design flow to build a project for the development
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board via theStarter Platform folO p e n V| NdDlkit System Builder.The general
design flow is illustrated ifrigure 4-1.

Users should launch thetarter Platform foOp e n V| Nodlkt System Builder and
create a new project according to their design requirements. When users complete the
settings, theStarter Platform foO p e n V | Woolit System Builder will generate two
major files, a togevel design file (.v or .vhd) and a Quartus Prime setting file (.qsf)

The toplevel design file contains televel Verilog or VHDL HDL wrapper for users to
add their own design/logic. The Quartus Prime setting file contains information such as
FPGA device type, tofevel pin assignmest and the 1/0 standard for each udefined

I/O pin.

Finally, the Quartus Prime programmer must be used to download .sof tiile $tarter
Platform forO p e n V | Tbalkt development board using a JTAG interface.

!

Launch TSP
System Builder

Launch Quartus Prime
and Open Project

<
<
¥ (:
<

Create New TSP
System Builder Project

Add User
Design/Logic

A4
Generate Quartus Prime
Project and Document

Compile to
generate .SOF

I

Configure FPCA
.QPF
.QSF
.V or .VHD
HTM

Figure 4-1 The general design flow of building a design
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4.3Using Starter Platform for Op e n V | Nrodkit

System Builder

This section provides detailed procedures on how to useStager Platform for
Op e n VI TbOIEt System Builder

A Install and launchStarter Platformfor Op e n V | NdI&t System
Builder

The Starter Platform fo©O p e n V | RoOl&t System Builder isocated in the directory:
fiTo\BY st emBui | StarteroPlatiorm fotOlpe n VI NddIEt System CD.
Users can copy the whole folder to a host computer without installing the utility. Launch
the Starter Platform foO p e n V| NoOIEt System Builder byexecuting theStarter
Platform forOp e n V| NdIKt SystemBuilder.exe on the host computer and the
GUI window will appear as shown Figure 4-2.

Terasic Starter Platform for OpenVIMNO Toolkit V1.0.0 =
~System Configuration
& Project Name:
Starter Platiorm for OpenVINO™ Toolkit 5P
W CLOCK ¥ 7-Segment x 2
M LED x4 W Switch x 4
W Button x 4 W SDRAM, 64MB
W PCI Express M DDR3. 1GB
M UART to USE W Arduino
W Fan Control ¥ SMA Clock
GPIO 10 Voltage: |3-3 W{Default) 'l
GPIC Header
GPIO-0 Header GPIO-1 Header
Prefix Name: I Prefix Name: I
None j INone j
Default Setting | Load Setfling... | Save Sefting... | Generate | Exit |

Figure 4-2 Starter Platform for Op e n V | NdIkit System Builder window

A Input Project Name

Input project name as shown kigure 4-3, type in an appropriate name in the green
circled areait will automatically be assigned as the name of you#l¢opl design entity

TSP User Manual 40 www.terasic.com
April 30, 2020


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

Rlasic

www.terasic.com

 Systern Confiquration

X

ter

WWW, CEFBSIC, Com

Starter Platiorm for OpenVINO™ Toolkit

SP

Project Name:
T

)

v

CLOCK
LEDx 4
Button = 4
FCI Express
UART to USE

Fan Control

M 7-Segment x 2
W Switch x 4

¥ SDRAM, 54MB
# CDDR3.1GB

W Arduino

M SMA Clock

GPIO 10 Voltage: |3-3 V(Default) |

GPI0 Header
GPIO-0 Header

Prefix Name: I

MNone

GPIO-1 Header

Prefix Name: I
|None j

Default Setting | Load Setting. . | Save Setting... |

Generate | Exit |

Figure 4-3 Board Type and Project Name

A System Configuration

Under the System Configuration users are given the flexibility of enabling their choice of
components included on the board as showkignre 4-4, each component of the board

is listed where users can enable or disable a component according to their design by
simply marking a check or removing the cheekhe field provided. If the component is
enabled, th&tarter Platform foO p e n V | o6l System Builder will automatically
generate the associated pin assignments including the pin name, pin location, pin

direction, and 1/O standard.

TSP User Manual
April 30, 2020

41

www.terasic.com


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

Rlasic

www.terasic.com

erasi Horm for OpenVIn

WWW, LEFBSIC. Com

Starter Plattorm for OpenVINO™ Toolkit

~System Configuration
Froject Name

[Tsp
(™ CLOCK W 7-Segmentx 2
M LEDx4 I Switch x 4
I Buttonx 4 I SODRAM, 64MB
¥ PCl Express ¥ DDR3. 1GB
M UART fo USB W Arduino
V¥ SMA Clock

kIV Fan Control

GPID 10 Voltags |8.3 W[ Default) -I

GPIC Header
GPIO-0 Header

Prefix Name: I

GPIO-1 Header

Prefix Name: I

HNone j

|None

E

Generate

Default Setting | Load Setting... | Save Setting... |

Exit |

Figure 4-4 System Configuration Group

A GPIO Expansion

Users can connect Terasic GPIO daughter cards onto the GPIO connector located on the
development board. As shown Figure 4-5, the Starter Platform foOp e n VI NOE
Toolkit System Builder will generate a projetitat includes related module. It will
automatically generate the associated pin assignment includingapie, pin location,

pin direction, and 1/0O standard.

rSystem Configuration

ter
e EerESTE Bam Project Narne:
Starter Platform for OpenVINO™ Toolkit TSP
W CLOCK
W LEDx®4
W Buttonx 4

W PCI Express
W UART to USB
W Fan Control

GPIO 10 Voltage: |3-3 V{Default) -

W -Segmentx 2
¥ Switch x 4

i SDRAM, 64MB
¥ DDR3.1GB

¥ Arduino

¥ SMA Clock

-,

GRIO Header
GPIO-0 Header

Prefix Name: I

GPIO-1 Header

Prefix Name: I

None j

|None

E

Generate

Default Setting | Load Setting... | Save Setting.. |

Bt |

Figure 4-5 GPIO Expansion
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The APrefix

Name o

is an optional

featur e

assigned in your design. Users niegve this field empty.

A Project Setting Management

The Starter Platform fo©O p e n V| NoOllit System Builder also provides functions to
restorethed e f aul t setting, | oading a setting, an
shown inFigure 4-6, Users can save the current board configuration information into

a .cfg file and load it to th8tarter Platform foO p e n V | ToGKt System Bilder.

Terasic Starter Platform for OpenVINO Toolkit V1.0.0 e
~Systern Configuration
grojec‘r Namg:
Starter Platform for OpenVINO™ Toolkit TSP
' CLOCK ¥ 7-Segmentx 2
M LED x4 W Switch x4
M Button = 4 ¥ SODRAM. 64MB
W PC| Express M DOR3. 1GE
M UART to USE W Arduing
W Fan Control W SMA Clock
GPIO 10 Voltage: |3-3 W{Default) 'l

GPIO Header
GPIO-0 Header GPIO-1 Header

Prefix Name: I Prefix Name: I
INone j INone j

(DefauITSeﬂing | Load Setting... | Save Setting... |)

Generate | Exit |

Figure 4-6 Project Management

A Project Generation

When users press the Generate button,Stagter Platform foOp e n V1 NoolKit
System Builder will generate the corresponding Qualsie files and documents as
listed inTable 4-1.

Table 4-1 The file generated byStarter Platform for Op e n V| Ndlkit System
Builder

Description

No. [File Name

1 <Project name>.v

Top Verilog Quartus Prim€&ile

2 <Project name>.gpf

Quartus Priméroject File

3 <Project name>.qgsf

Quartus Prim&etting File

4 <Project name>.sdc

Quartus Primé&ynopsis Design Constraints File
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5 <Project name>.htm Pin Assignment Document

Users can use Quartus Prime software to add custom logic into the project and compile
the project to generate the SRAM Object File (.sof).

Chapter 5
Examples of Advanced
Demonstrations

This chapter introduces several advanced demos designed by usiny RBYs These
examples provide demonstrations of the major features which are connected to the FPGA
interface on the board, such as audiDRAM and IR Receiver. All thesassociated files

can be found in the Demonstrations folder on 8tarter Platform foOp e n VI NOE
Toolkit System CD.

A Demonstration Installation

How to run the Demonstaions with the computer

Copy the Demonstration folder to the selected local directory, make sure that the path to
the local directory does not contain the whitespace, otherwise the Nios Il wiitiin

error.

Note that you must install the v17.1 or later Quartus Prime (includyaipone V device)

to run theStarter Platform foO p e n V | Tb@lKt design example.

5.1Starter Platform for Op e n V| N@kit Factory

Default Configuration

The Starter Platform foO p e n V| Noolit is shipped from the factory with a default
configurationbit-stream that demonstrates some of the basic features of the board, such
as scrolling LED Marquee HEX goes from0QO to F The setup required for this
demonstration, and the locations of its files are explained below.

A Demonstration Setup and Instructions

Project directory Default.
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Demo Batch FileDefaulddemo_batch_jitest.bat.

FPGA Configure FileDefault.sofor Default.jic

Connect the USB cable provided to the USB Blaster Il port onStiagter
Platform forOp e n V| Toollt. Ensure that power is afppd to theStarter
Platform for Op e n VI N@kit. If necessafEPCQ is erase}] please
program the default code into EPCQ via tHeAG connection for the factory
default configuration.

Now, the Zsegment displays are enabled to display from O to F, andBbes
flashing.

The project also provides the demo_batch folder for running eBsilsunning
thetest.batit is not only able to download theofinto FPGAby command, but
also toenable it to convertsof to .jic file, which can be used to program the
EPCQ device.

The result of running the demo is as showhigure 5-1.

If userswant to reprogram thEPCQdevice,the easiest method is to copy the.
softo demo_batch_jid¢older,and change the name as Default. Or open the .bat
file by Text Editor, modify the name to the newof file, execute thetest.bat
First selectfi 2 td convert .soffile to .jic file, then select the optiofi 3 t®
program thejic into EPCQdevice.

’lease enter your chu

Figure 5-1 The command line inthe .batfile for FPGA and EPCQ Programming

It will take 34 mins for the.jic file downloading,once the programming
operation is finishedreset the board by turning the power switch off and back
on; this action causes the new configimatdata in the EPCQ256 device to be
loaded into the FPGA chip.

5.2Nios Il SDRAM Test

Many applications use a higherformance RAM, such as a SDRAM, to provide
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temporary storage. In this demonstration the hardware and software designs are provided
to illustrate how to perform SDRAM memory access in QSYS. We describe how the Intel
FPGA SDRAM Controller IPis used to access tH@DRAM, and how the Nios II
processois used to read and write the SDRAM for hardware verificatidte SDRAM
controller handles the complex aspects of using SDRAM by initializing the memory
devices, managing SDRAM banks, and keeping the devices refreshed at appropriate
intervals.

A System Blodk Diagram

Figure 5-2 shows the system block diagram of this demonstration. The system requires a
50MHz clock provided from the board. The SDRAM Controller is configured as a 64MB
controller working attOOMHz frequency. Although th&€DRAM hardware also works at
100MHz, it requires a delay tensure the timing i€orrect,and the Nios Il program is
running inthe orrchip memory.

FPGA :
QS YS i /‘\ Y g

-

S——

50 MHz

System Intercoment Fabric

Figure 5-2 Nios Il SDRAM Test System Block

The system flow is controlled by a Nios Il program. First, the Nigpsogram writes test
patterns into the whole 64MB of SDRAM. Then, it calls Nios Il system function,
alt_dcache_flush_all, to make sure all data has been written to the SDRAM. Finally, it
reads data from the SDRAM for data verification. The programshitiw progress in the
JTAG-Terminal when writing/reading data to/from the SDRAM. When the verification
process is completed, the result is displayed in the JT&@inal.

A Design Tools
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A

A

5

Quartus Prime v17.1
Nios Il Eclipse v17.1

Demonstration Source Code

QuatusProject directory SDRAM_Nios_Test
Nios Il Eclipsedirectory SDRAM_Nios_TesSoftware

Nios Il Project Compilation

Before you attempt to compile the reference design under Nios Il Eclipse, make

sure the project is cledamed 6Pirrogtech yp mk

Nios Il Eclipse.

Demonstration Batch File

Demo Batch File FoldeSDRAM_Nios_Testdemo_batch
The demo batch file includes following files:

A Demonstration Setup
. Make sure th&®uartus Prime v17,NNios Il v17.1and USB-Blaster Il driver
are installed on your PC.
. Use USB cable to connect PC and tBtarter Platform forOp e n VI NOE
Toolkit(J5), power on theboard.
, Execute t he demo bat ch file Atest .
SDRAM_Nios_Testlemo_batch for project running.
. After Nios Il program is downloaded and executed successfully, a prompt
message will be displayed in nieg&minal.
PressKEYO or KEY1 of the Starter Platform foO p e n V | TNoOlit to start
the SDRAM verify process. PredsEYO for test continued.
The program will display progressing and result information, as shown in
Figure 5-3.
TSP User Manual 47 www.terasic.com
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stance 0x00
0K

Figure 5-3 Display Progress and Result Information for the Nios I| SDRAMDemo

5.3 Verilog SDRAM Test

Starter Platform forOp e n V| N@lkit System CD provides another RTL based
example designed f@DRAM test.The memory size of the SDRAM bank is still 64MB.

A Function Block Diagram
Figure 5-4 shows the function block diagram of this demonstration. The SDRAM

controller uses 50MHz as a reference clock, generates one 10&viHemory clock.

ST Memory |
Sdram

Test
Control

Conrtoller

CLOCK_50

Figure 5-4 Block Diagram of Verilog SDRAM Test
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RW_testmodules read and write the entire memory space of the SDRAM through the
Avalon interface of the controller. In this project, the Avalon bus read/write test module
will first write the entire memory and then compare the read back data with the
regeneratediata (the same sequence as the write data). KEYO will trigger test control
signals for the SDRAM, and the LEDs will indicate the test results according to

Table 5-1.

A Design Tools

Quartus Prime 17.1

5

A Demostration Source Code

Project directorySDRAM_RTL_Test
Bit stream used/SDRAM_RTL_Test.sof

A Demonstration Batch File

Demo Batch File FoldeSDRAM_RTL_Testdemo batch
The demo batch file includdsllowing files:

Batch Filé test.bat
FPGAConfigure File OSDRAM_RTL_Test.sof

5

A Demonstration Setup
., Make sure the Quartus Prime 1&id USBBIlaster Il driver aranstalled on
your PC.
. Connect the USB cable to tigtarter Platform foOp e n V | Woolkt USB
Blaster connector (J@hd the host PC.
. Power on theStarter Platform foOp e n V | TbOlit.
, Execute the demo batch filé ATest.bato u
SDRAM_RTL_Testdemo_batch.
Press KEYO on theStarter Platform forOp e n V|1 NdIlkit to stat the
verification process. When KEYO is pressed, the LEDs (LEDG [2:0]) should
turn on. At the instant of releasing KEYO, LEDG1 & LEDG2 should start
blinking.
,  After approximately 8secords LED1 should stop blinking and stay on to
indicate that the SDRAM test PASS,
., Table5-1 lists the LED indicators.
If LEDGZ2 is not blinking, it means 50MHaock source is not working.
If LEDG1 fails to remain on after 8 seconds, the corresponding SDRAM test
has failed.
TSP User Manual 49 www.terasic.com
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Press KEYO again to regenerate the test control signals for a new test.

Table 5-1 LED Indicators

Name Description

LEDGO Reset

LEDG1 If light after KEYO releasing, SDRAM test pas
It blinksindicating 50MHz clock source work

LEDG2 well

5.4DDR3 SDRAM Test

This demonstration presents a memory test function on the bank of DDR3 SDRAM on
the Starter Platform fo©O p e n V| NoOlEt. The memory size of the DDR3 SDRAM
bank is 1GB Cyclone V device supports both hanthemory controller and software
memory controller. In this demo, the hard memory controller is used.

A Function Block Diagram

Figure 5-5 shows the function block diagram of this demonstration. The DDR3 controller
uses 50MHz as a reference clock, generates one 400MHz clock asyr#aui; and
generates one futhte system clock 200MHz for the controller itsedd the data rate for
DDR3is 800Mbps.

FPGA
DDR3
i @ UNIPHY Controller RW_Test
Pt =°
r2a Test 2
PLL _» Control =

CLOCK_50_B4A T <_ AL

/ rocess i £p

Figure 5-5 Block Diagram of DDR3 Demostration

RW_testmodules read and write the entire memory space of the DDR3 through the
Avalon interface of the controller. In this project, the Avalon bus read/write test module
will first write the entire memory and then compare the read back data with the
regenerated ata (the same sequence as the write data). KEYO will trigger test control
signals for the DDR3, and the LEDGs will indicate the test results accordifgbte

5-2.
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A DDR3 SDRAM Controller with UniPHY

Table 5-2 LED indicator

LED Name | Description
LEDGO Reset
LEDG1 If light, DDR3test pass

LEDG2

It blinks indicating 50MHz clock source worl

well

To use DDRXontroller, users need to perform the three major steps

Per form

A Design Tools

AAnal ysi s

Quartus Prime v17.1

A Demonstration Source Code

Project directory: DDR3_RTL_Test
BitstreamFile: DDR3_RTL_Test.sof

A Demonstration Batch File

Create correct pin assignments for the DDRS3.

and Synthesiso by
Processing Startj Start Analysis & Synthesis.
Run the TCL files generated by DDR3 IP by selecting from the Quartus Prime
menu Toolg, TCL Scripts.

Demo Batch File Foldér DDR3_RTL_Testdemo_batch
The demo batch file includes following files:

Batch File test.bat

5

5

A Demonstration Setup

FPGA Configure FileDDR3_RTL_Test.sof

Make surethe Quartus Prime v17.& USB-Blaster Il driver are installed on
your PC
Connect the USB cable to the USB Blaster Il conne@16) on theStarter
Platform forOp e n V | To@lKt and host PC.

Power on théStarter Platform foO p e n V | TboOli.
Execut e
DDR3_RTL_Tesidemo_batch.
Press KEYO on theStarter Platform forOp e n VI Ndlkit to start the

TSP User Manual
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verification process. When KEYO is pressed, the LEDs (LEDG [2:0]) should
turn on. At the instant of releasing KEYO, LEDG1, LEDG2 should start
blinking. After approximately seconds, LEDG1 should stop blinking and stay
on to indicate that the DDR3 has passed the test, respecliaélg 5-2 lists

the LED indicators.

If LEDG2 is not blinking, it means 50MHz clock source is not working.

If LEDG1 does not light up after releasing KEYO, it indicatte DDRS3
initializing failed.

If LEDG1 still keeps flashing after 1 second, the corresponding DDR3 test has
failed.

Press KEYO again to regenerate the test control signals for a new test

5.5DDR3 SDRAM Test by Nios Il

Many applications use a higserformance RAM, such as a DDR3 SDRAM Congoll

with UniPHY IP, to provide temporary storage. In this demonstration hardware and
software designs are provided to illustrate how to perform DDR3 memory access in
QSYS. We describe how the Alterads ADDR3 SD
used to accesthe DDR3SDRAM, and how the Nios Il processor is used to read and

write the SDRAM for hardware verification. The DDR3 SDRAM controller handles the

complex aspects of using DDR3 SDRAM by initializing the memory devices, managing

SDRAM banks, and keeping éhdevices refreshed at appropriate interv@igclone V

series deivce supports both hard memory IP and soft memory IP. In this demonstration, it

uses the hard memory IP.

A System Block Diagram

Figure 5-6 shows the system block diagram of this demonstration. The system requires a
50MHz clock provided from the board. The DDR3 controller is configured as a 1GB
DDR3-400 controllerwith the DDR3 data rate of800Mbps DDR3 IP generates one
400MHz <c¢cl ock as DDR3 6-mte dyatéenaclock 2aOMHz foathode one h
host controllers. In the QSYS, Nios Il and the-Onip Memory are designed running

with the 100MHz clock, and the Nios Il progranrisining in the orchip memory.
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FPGA

=l A
=
50 MHz m - = On-Chip

Memory
AlteraPLL £ __ 2

\
PIO -‘
Aand Controller o
JTAG R =1
_ DDR3 Wl DDR3
“ ‘“ Controller SDRAM

N
).

< ] Jlg e UOI3D2UU0I8IU| WSIsAS

Figure 5-6 Block diagram of the DDR3Demonstration

The system flow is controlled by a Nios Il program. First, the Nigpsogram writes test
patterns into the whole 1GB of DDR3Jhen it reads data from the DDRS3 for data
verification. The program will show progress in JTABrminal when writing/reading
data to/from the DDR3. When the verification process is completed,rebult is
displayed in the JTAG erminal.

A DDR3 SDRAM Controller with UniPHY
To use the DDR3 SDRAM controller, users need to perform the three major steps:

Create correct pin assignments for the DDR3.

Perform AAnalysis and Synthesiso by sel
Processing Start Start Analysis & Synthesis.

Run the TCL files generated by the DDR3 IP by selecting from the Quartus

Prime menu:

ToolsA TCL Scripts

A Design Tools

QuartusPrime v17.1
Nios Il Eclipse v17.1

A Demonstration Source Code

Quartus Project directorfpDR3_Nios_Test
Nios Il Eclipse: DDR3_Nios_Testoftware

A Nios Il Project Compilation

Before you attempt to compile the reference design under Nios Il Eclipse, makbesure

project is cleaned first by clicking ACI eanc
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A Demonstration Batch File

Demo Batch File Folder DDR3_Nios_Testlemo_batch
The demo batch file includes following files

Batch File for USB Blaster ikest.battest.sh
FPGA Configure FileDDR3_Nios_Test.sof
Nios Il ProgramMEM_TEST.elf

>

Demonstration Setup

Make sure th&uartus Prime v17dl Nios Il and USB-Blaster Il driver are all
installed on your PC.

Use USB cable to connect PC and t8tarter Platform foOp en VI NOE
Toolkit USB Blaster Il connectdid5).

Power on theStarter Platform foOp e n V1 ToGIK.

Execute the demd .latt®h ufnidlee it he batch fi
DDR3_Nios_Testlemo_batch

After Nios Il program is downloaded and executed succdgsfal prompt
message will be displayed in nieg&minal.

Press KEY3~KEYO of théStarter Platform foOp e n V| NdDIKt to start
DDR3 verify process.

The program will display progressing and result information, as shown in

Altera Nios Il EDS 17.1 [gccd] — O X
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Figure 5-7.

Figure 5-7 Display Progress and Result Information for the DDR3 Demonstration

5.6 UART Control

Many applications need communication with computer through common ports, the
traditional connector is RS232 which needs to connect to a RS232 cable. But today many
personal computers don't have the RS232 connector which makes it very inconvenient to
devel@ projects. TheStarter Platform foO p e n V| NodlKt is designed to support
UART communication through the USB cable. The UART to USB circuit is responsible
for converting the data format. Developers can use a USB cable rather than a RS232
cable to enable the communication between the FPGA and the hostteaniputhis
demonstration we will show you how to control the LEDs by sending a command on the
computer putty terminal. The command is sent and received through a USB cable to the
FPGA. Note that in FPGA, the information was received and sent througtRa UA

A Block Diagram

Figure 5-8 shows the hardware block diagram of this demonstration. The system requires
a 50MHz clock provided from the board. ThelPgenerates a 100MHz clock for Nios Il
processor and the controller IP. The LEDs are controlled by the PIO IP. The UART
controller sends and receives command data and the command is sent through the Putty
terminal on the computer.

FPGA

S amd 100

50 MHz

1t

o
5 UART UART b USB usB
iy “ Controller Circuit 0 Connector
5
E

JTAG 8
2
&

i £ PIO

Timer v “ Controller -
3 )
2

On Chip
Memory

Figure 5-8 Block diagram of UART Control LED demonstration
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A Design Tools

Quartus Prime v17.1
Nios Il Eclipse v17.1

A Demonstration Source Code

Quartus Project Directory]JART _USB_LED
Nios Il softwareDirectory. UART_USB_LEDsoftware

A Demonstration Batch File

Demo Batch File Folder UART_USB_LED\demo_batch
The demo batch file includes following files

Batch Filé test.bad test.sh
FPGA Configure File UART_USB_LED.sof
Nios Il Program UART_USB_LED.elf

A Demonstration Setup

Connect a USB cable between your computer and the UART TO USBIpprt
Power on theStarter Platform foO p e n V | Tbolit.

Open PC Device Manager if you find an unrecognized USB Serial Port in
Device Manager as shovim Figure 5-9, you should install the UART to USB
driver before you run the demonstration.

Thedriveris locatedin the Starter Platform forOp e n V| NdDIkt System
CD directory Todlserial_driveY, you can install the driver corresponds to your
PC operating system.

s 2 mubulrty-b(r
% Computer
@ Disk drives
S Display adapters
4 DVD/CD-ROM drives
Qﬂ, Human Interface Devices
g IDE ATA/ATAPI controllers
— Keyboards
’3 Mice and other pointing devices
B Monitors
& Network adapters
4 - J5 Other devices
2 USB Serial Port
" Ports (COM & LPT)
¥ Communications Port (COM1)

¥ Printer Port (LPT1)
B Processors
% Sound, video and game controllers
1 System devices
¥ Universal Serial Bus controllers

Figure 5-9 Unrecognized USB Serial Port on PC

Open the Device Manager to ensure which common port is assigned to the
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UART to USB port as shown iRigure 5-10.

o Deviee Manager
File Action View Help
e m Bm =

w 8 DESKTOP-KPVSGAS

i Audio mputs snd outputs
B Cormpurter
== Dugital Media Devices
= Dk dirhves
@ Dupley sdaptars
. Firmware
B Human Interfsce Devices
2 Keyboards
) Mice end cther painting devices
I Manitars
P Metwork adapters

w @ Ports (COM ALLET)

B Silicon Labs CP210x USE to UART Brdge (COM3)
i SR oy

7= Prnt gueues
7= Prnters
O Processen
B Software devces
i Sound, video and garne contrallers
Ha Storage contrallers
E= Systern devices
§ Universal Serial Bus contrallers
= WD Prinit Proseder

Figure 5-10 Check the assigned Com Port Number On PC

Open the putty software, type in the parameter as showigume 5-11, and
click Open button to open the terminal. (Here is a link for you to download the
putty terminalhttp://the.earth.li/~sgtatham/putty/latest/x86/putty)exe

&R PuTTY Configuration X ‘
Category:

(= Session ‘ Basic options for your PuTTY session

o Logtl;lr'g Specify the destination you want to connect to

= Terminal
ard Host Name (or IP address) Port
ey | [Ex—
- Features Connection type:

- Window ORaw (O Teinet ORogn @ S5H (O Serial
- Appeafmce Load, save or delete a stored session
-~ Behaviour )
- Translation Saved Sessions
-~ Selection | ‘
- Colours .

Default Settings

(= Connection COMS Lend
- Data comg
- Proxy Ejm Savo
Telnet de10_nano Delete
- Rlogin delsoc
@-SSH

Close window on exit:

(OAways (ONever  (®) Only on clean ext

About Open || Cancel

Figure 5-11 Click serial
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5

Set the PUTTY Configuratignset COM port number as same as shown in

Device Managerbaud ratel 1 1 5 2 BldvdControls e | & o h,afishown
in Figure 5-12.

5

#R PuTTY Configuration
Category:

| & Session
Logging
(= Terminal
Keyboard
Bell
Features
= Window
i —Appearance
Behaviour
Translation
— Selection
Colours
(- Connection
Data
Proxy
Telnet
Riogin
- SSH
Senal

X |

\ Options controling local serial ines
Select a seral ine
Serial line to connect to ‘m
Configure the serial ine
Speed baud) Gusao J ]
Data s
Septes —
Party None v
e >

Conce

Figure 5-12 SetPort Paramaters

Click Sessionturn back to original windowas shown irFigure 5-13. Select

the Serial make sure the COM port numbé&r baud rate set correctilick

Open.

TSP User Manual
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#8 PuTTY Configuration

9"

(=) Terminal
Keyboard
Bell

- Features

= Window
Appearance
Behaviour
Translation
Selection
Colours

[=}- Connection
Data
Proxy
Telnet
Rlogin

@- SSH

Serial

x |

\ Basic options for your PuTTY session

Specify the destination you want to connect to

Ser Speed

COM5 ) k15200 >
Connection type:

ORaw (O Tenet ORogn O SSH
Load, save or delete a stored session

Saved Sessions

|Defauusamgs o
|C0M5

COM8

(ESPR2 SR
bal |
de10_nano Delete
del1soc

Close window on exit:

OAways  (ONever (@ Only on clean extt

(Open D Cancel

Figure 5-13 Click Open for terminal
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Make sure the Quartus Prime and Nios Il are installed on your PC.
Connect USB Blaster |l to thtarter Platform foO p e n V | Toolkt (J5)
and install USB Blaster Il driver if necessary.

Execute the demo batch file fitest bat o
The Nios IHerminal and putty terminal running result as showrFigure
5-14.

Altera Nios Il EDS 17.1 [gccd] “ - X

Figure 5-14 Running result of uart_usb demo

In the putty terminal, type character to change the LEDG dfdte.need to

pr ess (§.Hywd &digital number (0~3) to toggle the LEDGJ3..0] state

and type a/A or n/N to turn on/off all LEDG@nhe corresponding command will

show ntheNIOS Il terminal.

Note:If the serialportis not configuredcorrectly,the PuTTY will report"you sendwrong

command" Pleasaeferto the serialport configurationstepsaboveto reconfigurehePu

TTY.

5.7 ADC Reading

This demonstration illustrates the steps which can be used to evaluate the performance of
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the 8channel 12bit A/D Converter LTC2308. The analog signals are input into the
analog input of the Arduino header as showrFigure 5-15, the StarterPlatform for
Op e n VI Noolkt can provide3.3V, 5V, 12V power to the peripheral connecting to
the headedP5 Connect the Trimmer Potentiometer input to the 5V power pid
output pins to correspondirnalog_Inpins, the voltage value with 12 bits accuracy can
be obtained by the Nios Il controlling the ADC Controller, as showfigare 5-16.

Figure 5-15ADC I/O

Figure 5-16 Power supply from Starter Platform for Op e n V | NaDIkit

Figure 5-17 shows the block diagram of this demonstratidrhe analog input
(Analog_in0 ~ Analog_in7) of the Arduinimeader is the input source of ADC converter.
The default fullscale of ADC is 0~4V while supplying reference voltage range from
-2.0V~2.0Von the Arduino header.

Note: Analog_in4 and Analog_in5 is a multiplexer with other 10, Figww203shows the
ADC Pin distribution of the Arduino header. Please sele2tdf JP8 and JP10 to switch
to ADC input.
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FPGA

o— O

50 MHz

!

JlIGE 4 }09UU02ISJU| Wa)esAS

i

ADC Controller H

l
¢

1

Arduino
Analog Input

Figure 5-17 ADC SystemBlock Diagram

FPGAwill read the associated register in the converter via serial interface and translates
it to voltage value displayed on the NIOS II console. The LTC2308 is a low noise,
500ksps, &hannel, 12boit ADC with an SPI/MICROWIRE compatible serial interface.
The internal conversion clock allows the external 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 5-18is SPI timing specification of LTC2308

taco
—*| [=—twHconv tHeonvsT —= |-—

CONVST | | | ‘
[}
|
|

teve |
i 2 3 4 5 6 7 8 9 10 11 12

A HLALAL L

SDI S/D|0/S| 51| SO JUNI|SLP|

MSB LSB

Hi-Z Hi-Z

SDo B11 IBIU B9| B8 | B7| B6| BS| B4| B3| B2| B1| BO I_
2308 FOR

Figure 5-18 LTC2308 Timing with a Short CONVST Pulse

Note: the user should pay great attenction to the impedance matching between the input
source and the ADC circuit. If the drive circuit has low impedance, the ADC input will be
directly driven. Otherwise, high impedance power takes more time orl sigletion.

To increase acquisition time tACQ, user can change the tHCONVST macro value in
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adc_ltc2308.vWhen SCK is set to 40MHz, it means 25ns per.uRiCONVST default
set to 320forl00MHz sample rateThus, adding more tHCONVST time (by increasing
tHCONVST macro value) will lower the sample rate of the ADC Converter

“define tHCONVST 320

Figure 5-19 shows the example MUX configurations of BDIn this demonstration, it is
configured as 8 signand channels in the verilog code. The default reference voltage is
4.096V byfloating Analog_Vref pin on the Arduino header
The formula of the sample voltage is:

Sample Voltage = ADC Data / full seaData * Reference Voltage.
In this demonstration, full scale is 2*12 =4096. Reference \Woltage is 4.096V. Thus
ADC Value = ADC data/4096*4.096 = ADC data /1000

4 Differential 8 Single-Ended
- Hl_ CHO +—— CHO
— (+)l—CH1 + —| CH1
4 — CH2
A 3 . CH2 +— CH3
O o
= (4+)t ——CH5 —cwr
- (-)‘ —]CH6
- (4)l ——{CH7 I COM (=)

Combinations of Differential
and Single-Ended

- l CHO
- CH1
- l —q CH2
+ CH3
+ CH4
+ CH5
+ CH6
+ CH?
_r COM (=)

10 Fita

Figure 5-19 Example MUX Configurations

A System Requirements
The following items are required for the ADC Reading demonstration:

Starter Platform foO p e n V | Tball x1
Trimmer Potentiometexl
Wire x3
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A Demonstration File Locations

., Hardware Project directdryADC

,  Bit stream uséd ADC.sof

. SoftwareProject directory ADC software
., Demo batch file ADC\demo_batchtestbat

>

Demonstration Setup and Instructions

. As shown in Figure 5-20, connect the Trimmer Potentionmeter to
corresponding ADC channels on tReduino 10 header.Please make sure
working on theADC channels(AD4 or AD5) by referring toTable 3-12.
Conenct theTrimmer Potentionmeteinput to JP5 5V(Pin5)& GND(Pin6 or
Pin7), andconneccthe output to channel@P7 Pinl)

. Execute the demo batch fitestbat to load bit stream and software execution
file in the FPGA.

. The Nios Il console will display the voltage of the specified channel voltage
result information.

., Provide any input voltage to other ADC channels and set S\V[2 the
corresponding channel if user wants to measure other channels

B8
i
h
£
&
g

EEE)

Figure 5-20 ADC Reading Demo hardware setup
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Chapter 6
Programming the EPCQ

This chapter describes how to program the geexchl configuration (EPCQ) device with
Serial Flash Loader (SFL) function via the JTAG interface. Users can program EPCQ
devices with a JTAG indirect configuration (.jic) file, which is converted from a
userspecified SRAM object file (.sof) in Quartush& .sof file is generated after the
project compilation is successful. The steps of converting .sof to .jic in Quartus are listed
below.

Users can also use batch file for the EPCQ programming, please reédecction 5.1
Starter Platform foO p e n V | Tb@ll Factory Default Configuratiofor the details.

6.1 Convert .sof File to .jicFile

1. ChooseConvert Programming Files from the File menu of Quartus Prime, as
shown inFigure 6-1.

O Quartus Prime Standard Edition

File Edit View Project Assignments Processing Tools

| New... Ctri+N -
* Open.. ctrl+0 a[@s =
Close Crrl+F4

New Project Wizard...

% Open Project... ctri+J
Save Project
Close Project
H save crrl+s
Save As...
#  Save All Ctrl+Shift+S

File Properties...

Create / Update 4

EXpPOrt... =pa x

onvert Programming Files:: -

[# Page setup..
Print Preview

% print. crrl+p
Recent Files ' Ifiles)
Recent Projects i’ v

Exit Alt+F4 >

Figure 6-1 Quartus Prime File Menu
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SelectJTAG Indirect Configuration File (.jic) from the Programming file type

field in the dialog of Convert Programming Files.
ChooseEPCQ256from theConfiguration device.
ChooseActive Serial x4 from theMode filed.

Browse to the target directory from tikéle name field and specify the name of

output file.

Click on theSOF datain the section ofnput files to convert, as shown ifrigure
6-2.

I Convert Programming File — [m|

File Tools Window

Specify the input files to convert and the type of programming file to generate.
You can also import input file information from other files and save the conversion setup information created here for
future use.

Conversion setup files

Open Conversion Setup Data... Save Conversion Setup...

Cutput programming file

Programming file type:l JTAG Indirect Configuration File ( jic) I A
Options/Boot info... | Configuration device: |EPCQ256 | ¥ | Mode: A
File name: |uutput_file.jic |
Advanced... Remote/Local update difference file: NONE b

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

[ create config data RPD (Generate output_file_auto.rpd)

Input files to convert

File/Data area Properties Start Address Add Hex Data
Flash Loader Add Sof Page
SOF Data Page O <auto> I
Remove

Figure6-2Di al og of AConvert Programming

Click Add File.

Select the .sof to be converted to a .jic file from the Open File dialog.
Click Open.

Click on theFlash Loaderand clickAdd Device as shown irfFigure 6-3.
Click OK and theSelect Devicepage will appear.
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b7 Convert Programming File - O >

File Tools Window

Cutput programming file

Programming file type: | JTAG Indirect Configuration File (jic) h

Options/Boot info... | Configuration device: | EPCQ256 ¥ | Mode: Active Serial x4 A
File name: output_file jic

Advanced... Remote/Local update difference file: NONE b

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

[ create config data RPD (Generate output_file_auto.rpd)

Input files to convert

File/Data area Properties Start Address Add Hex Data

Flash Loader Add Sof Page

¥ SOF Data Page O <auto>

Default.sof SCGTFD9DSF27 FEEOETEE

Remove
Up

Down

Properties

Generate Close Help

Figure6-3Cl i ck on the AFlash Loader o

12. As shown inFigure 6-4, choose the same FPGA device to with the SOF DNote
that for GX device FPGA, plase refer té-igure 6-5.

13. Click OK and theConvert Programming Files will appéaes shown inFigure 6-6.

14. Click Generaté the .jicfile will be generated in the seleted directory.
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& select Devices
Device family Device name
Cyclone [ sceras - New...
Cyclone 10 LP [ sceras
Cyclone i [ sceraz Import...
Cyclone i [ scerazes Export...
Cyclone Il LS [ sceras
Cyclone IV E [ scetrpscs Edit...
Cyclone IV GX [ scetrosks R
W cyclonev [ sceTro7es
HardCopy I [ scaTro7es Uncheck All
HardCopy Il [ sceTtro7Ds
HardCopy IV [ scetrozas
MAX 10 [ scetroocs
MAX Il M sceTFpaps
MAX V [ sceTFDeEs
Stratix [ scexsczes
i, i v
OK Cancel
Figure 6-4 Select Devicepage
» Select Devices >
Device family Device name
Cyclone ~ [ scexFcoas ~ New...
Cyclone Il [ scexFcoaz
Cyclone 1l [ s5cexFCace Import-
Cyclone I LS [ scexrFcacy EXpOTt...
Cyclone IV E M scexFcope
Cyclone IV GX [0 scexFcen7 Edit...
¥ cyclone v [J scexFceEs
HardCopy Il [ scGxFcoE7 femove
HardCopy Il [1 scsegaz Uncheck All
HardCopy IV [ scseBa4
MAX 10 [ scseBas
MAX II [ scseBas
MAX V [J 5CSEBAGES
Stratix v [ scsemaz v
OK Cancel

Figure 6-5 Select Devicepagefor GX devicxe
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Output programming file

Programming file type: | JTAG Indirect Configuration File ( jic)

Options/Boot info... | Configuration device: | EPCQ256 ¥ | Mode: Active Serial x4 A
File name: | output_file jic
Advanced... Remote/Local update difference file: NONE b

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

O create config data RPD (Generate output_file_auto.rpd)

Input files to convert

File/Data area Properties Start Address Add Hex Data
¥ Flash Loader Add Sof Page
SCGTFDE2DS
¥ SOF Data Page_0 <auto> Add Device...
Default.sof SCGETFDeD5F27 Remave
up
Down
Properties

Generate Close Help
v

.Figﬁré 6—6.C-o.r-1_\;g|-rt73rogramming Files page
6.2 Write a .jic File to the EPCQ

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

1. In Quartus Prime Toolsenu, chooseProgrammer from the Tools menu and the
Chain.cdf window will appear.

2. Click Auto Detectand then select the correct device. The FPGA device should be
detected, as shown Figure 6-7.

3. Double click the redectangle region, as shown kigure 6-7 and theSelect New
Programming File pagewill appear. Select the .jic file to be programmed.

4. Program the EPCQ gie by clicking the correspondirgrogram/Configure box.
A factory default SFL image will be loaded, as showFigure 6-8.

5. Click Start to program the EPCQ device.
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Y Prog - — O s
File Ed g Too Window  Hel Search altera.com
; Hardware Setup...| (C5P [USB-1] Mode: | JTAG g Progress:
Enable real-time ISP to allow background programming when available
(] Enable real llow ba d h labl
M gtart File Device Checksum Usercode Program/  Verify  Blank- Examine
Configure Check
'l Stop <none= SCGTFD9AS 00000000  <nonex
M Auto Detect
X Delete
M addFile...
F'g Change File... <
W save File
[* Add Device... [
L] Cl
TO! M
e :
u -
L] Cl
ml
% Down r_J.I.l.lllJ.I.I. :
SCGTFD2AS
TDO
4
W

Figure 6-7 Quartus Prime Programmer detectes the FPGA device

» Pragrammer - [Chain1.cdf]*

File Edit Wiew Processing Tools Window Help

O

<

Search altera.com

; Hardware Setup...| (C5P [USB-1] Mode: | JTAG &~ Progress:
[ Enable real-time ISP to allow background programming when available
Wb grart File Device Checksum Usercode Program/  Verify = Blank- Examine
Configure Check
h stop Factory default enhanc.. SCGTFDODS O1EA91BF  FFFFFFFF
: d
8 Auto Detect G:/default/output f.. EPCQ256 3CBBYDDE [ O
X Delete
™ Add File...
F'Q' Change File... < >
~
3 save File
r. Add Device... EPCQO256E
W yp
% Down fgin u o d b hnn o il
: :
TOI E K
—— i
o B
ml
I_J.I.I.lllu.l._:
SCGTFDODS v

Figure 6-8 Quartus Prime Programmer window with .jic file
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6.3 Erase the EPCQdevice

The steps to erase the existing file in the EPCQ device are:

1. ChooseProgrammer from theTools menu and th€hain.cdf window will appear.

2. Click Auto Detect, and then select correct device, FPGA device will be detected, as
shown inFigure 6-7.

3. Double click the red rectangle region shown kigure 6-7, the Select New
Programming File page will appear. Select the correct .jic file.

4. Erase the EPCQ device by clicking the corresponéirage box. A factory default
SFL image will be loaded, as shownFigure 6-9.

» Pragrammer - [Chain1.cdf]* — O X

File Edit View Processing Tools Window Help Search altera.com

; Hardware Setup...| |C5P [USB-1] Mode: | JTAG =~ Progress:

[ Enable real-time ISP to allow bac kground programming when available

File Device Checksum Usercode Program/  Verify  Blank- Examine Security  Erase

#h start
Configure Check Bit Cl
i Stop Factory default enhanc... SCGTFDIDS O1EASTEF FFFFFFFF
H o
8 Auto Detect G:/default/output_f.. EPCQ256 3CEESDDB | ] | | | | | ] | | -] [
X Delete
M add File -
£ >
iy Change File...
~
b save File
W AW
= Add Device.. EPCO256
i Up _EEmmmEEERE )
h Down T
---------
TDI a =
— :
H H
H o
---------
SCGTFDEDS W

Figure 6-9 Erase the EPCQ device

5. Click Start to erase the EPCQ device.

Note: in addition to using the above method to program or erase FLASH, users can also
use .bat file to convert the. Jic file for programming or erase FLASH, and please refer to
section 5.1 $tarer Platform forO p e n V | TGl Factory Default Configuration) for

the specific steps
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Chapter 7
PCle Reference Design for Windows

PCI Express is commonly used in consumer, server, and industrial applications, to link
motherboaremounted peripherals. From tidemonstrationit will show how the PC and
FPGA communicate with each other through the PCI Express interfaSeriés
Avalon-MM DMA for PCI Express IP is used in this demonstration. For detail about this
IP, please refer to Intel document-Series AvaloAVIM DMA Interface for PCle
Solutions User Guide

7.1 PCI Express System Infrastructure

Figure 7-1 shows the infrastructure of the PCI Express System in this demonstration. It

consists of two primary components: FPGystemand PC System. The FPGA System is

developed based oW-Series Avalon-MM DMA for PCI Express The application
software on the PC side is developed by Tet
driver.

FPGA Windows

User Logic J User Application J
A
‘llllllllllll‘

Interconnection Fabric for
Avalon Memory-Mapped Interface

!

A 4
TERASIC_PCIE_AVMM.DLL |

V-Series Avalon-MM ..._-________-________Pfefyfd_e-_.

for PCI Express IP Kernel Mode

altera_pcie_win_driver.sys J
—

A

Figure 7-1 PCI Express System Infrastructure
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7.2 PCI Express Software SDK

TheFPGA SystenCD contains a PC Windows based SkkKallowusergo develop their
64-bits software applicatioomn WindowsXP/7/10 64-bits. The SDKis located in thé&CD
ROM\DemonstratiokPCle_ SW_KITWi n d ofelderovhichincludes:

PCI Express Driver

PCI Express Library

PCI Express Examples

The kernel mode driver assumes the PCle vender ID (VID) is 0x1172 and the device ID
(DID) is OXEQO1. If different VID and DID are used in the design, users need to modify
the PCle vender ID (VID) and device ID (DID) inet driver INF file accordingly.

The PCl Express Library is implemented as a single DLL called
TERASIC_PCIE_AVMM.dII. This file is a 64its DLL. With the DLL exported to the
software API, users can easily communicate with the FPGA. The library provides the
following functions:

BasicData Read and Write
Data Read and Write by DMA

5

5

For high performance data transmission, DMA is requieed theread and write
operations are specified under the hardware design on the FPGA.

7.3 PCI Express Software Stack

Figure 7-2 shows the software stack for the PCI Express application software-bit 64
Windows. The PCI Express driver incorporated in the DLL library &aled
TERASIC_PCIE_AVMM.dIl. Users can develop their applications based on this DLL.
The altera_pcie_win_driver.sys kernel driver is provided by Intel.
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Figure 7-2 PCI Express Software Stack

A Install PCI Expr ess Driveron Windows

The PCle driver is locatkEn the folder:
CD ROM\DemonstratiokPCle_SW_KITWindowsPCle_Driver

The folder includes the following four files:
altera_pcie_win_driver.cat

5

altera_pcie_win_driver.inf

5

altera_pcie_win_driver.sys
WdfCoinstaller01011.dll

5

To install the PCI Express driver, execute the steps below:
1. Make sure the PC is powered ofinstall the Starter Platform foOp e n VI NOE
Toolkit on the PCle slot of the host PC, as shoWwigure 7-3.
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