DE10-Lite

User Manual

[asic

www. terasic.com

Copyright © 2003-2016 Terasic Inc. All Rights Reserved.


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

CONTENTS
e

Chapter 1 T (oo 11 o3 1o o [ RUUURRRPP 3
1.1 PACKAge CONENIS......ciiiiiiiiiiiee e ettt ettt e e e e e s rmmme e e e e s bbbttt e e e e e e e e s s rmnee e s e s nnb bt e e eeeaeeeean 3
1.2  DELOLIte SYSEM CD...ooveiiiiiiiiiiiiiiieee et e e s smmme e nneeenn B
1.3 Layout and COMPONENLS. .......coiiiiiiiiiiiiieieeer et e e e e e e s s bbb et e e eeeeeee e e e e e e s s asbbbb e e e e e e s emereeeeeeeeaad 4
1.4  Block Diagram of the BOAIM...........ccuuiiiiiiiiii et 6
(ST 1= 1 1] 0 To [ =1 | TSSO PPPPRPPPPPRN 7
Chapter 2 (7o) o1 £ ] I == 1= U 8
2.1 CONIOl PAn@l SEIUD. ...cciiiiiiiiiie ittt e e e e e e s ammne e e 8
2.2  Controlling the LEDS, Begment DiSPIaYS........cc.uuuviiiiieiiiiiee e meee e 10
2.3 Switches and PUSIUTIONS. ..........uiiiiiiiiieee e e e 12
2.4  SDRAM Controller and Programimer...........cceueeeeiiiiiiemmiiiiiireeeeeeeeessssisieesssssssseeeeeeesssans 12
2.5 ACCEIBIOMETLEL....cii i ittt e et e e e e e rmne e e e e e 14
A TV 7 PR 15
2.7 Overall Structure of the DE10ite Control Panel...........cccvvvviiiiiiiieec e 16
Chapter 3 Using the Starter Kit...........ooooeviiiiiiiimee e e 17
3.1 Configuration of MAX 10 FPGA 0N DEZIDITE.....cccciiiiiiiiiiiiiii e 17
T O [ To QO3 (o U111 PP RS TPPPPPPPPPPRPP 24
3.3 Using the Pustbuttons, SWitchea8nd LEDS.........cccoooiiiiii i ceeeeeeeeeeeeeeeeeeeeee e 25
3.4 Using the 7Segment DISPIAYS. .......uuueiriiiiieiiiiiieee ettt eeee s e e e e e aneea 28
3.5  Using 2x20 GPIO EXPansSion HEAUEIS. .......ccooiiiiiiiiiiieeeeieeeee et 30
3.6 Using Arduino Uno R3 EXpansion HEAAE! ............uuviiieiiiiicce e 32
3.7 A/D Converter and ANAIOG INPUL.......ooiiiiiiiiiiiii et e e aa 34
3.8 USING VG A .. ettt ettt oo e eeea bbbttt e e oo e oo bbbt e nna e et et e e e e e e e e e e e aean 35
3.9 USING SDRAM ...ttt e ettt e e e e e e e e e e e e e e 37
3. 10 USIiNG ACCEIEIOMELEr SEINSQL......eviiiieiiiiiiiiiiieeeiittee et e e e e e e s s st b b s eneesbbee e e e e e e e e e s aananbeeeeennreees 39
Chapter 4 DEL10-Lite System BUilder.........cccooieiiieiiiiiieeeeee e eeeeeeeeeeeeeee e 41
O 101 (oo 0o 1 o] o F PO OO PP PP PPPRPP 41
4.2  Genedl DESIgN FIOW........uuuuuiuiiiiiiiiimmre s veees s s s s s s s s s e s s s s smmmnesnnesssnsses s B2
ETTTS avi ' Ootaber 17, 2018

www.terasic.com


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

4.3 Using DELOLIite SyStem BUIIAEN..........c.uviiiiiiiiee et 43

Chapter 5 Examples of Advanced DemonstrationsS.............ccceevvvvvvvvieeeneeeeeeeeeeee 48
5.1 DE10-Lite Factory CoNfIQUIAtION...........uuuiiiiiieeiiiiicee ettt e e e s simmee e e e e e e e e 48
5.2  SDRAM TESEIN NIOS H.eueeiiiiiiiiiiiiiie ettt ettt e e seer e e e e e e e 50
5.3  SDRAM TeSEIN VEIIHOQ. ...cciiiiiiiieiiiee ettt e e 53
I Y [ €7 N o 11 (=] 1 o FH PRSP PU PP POUUPPPPPPPTTPIRt 55
5.5 GrSBINISD.....ciiiiiiii e e e e e e e e e e e e e e e e e e e e aeenrane 57
5.6  ADC MEASUIBIMENNL......ciiiiiiiiiiiiiiiie et ieeeaa s a e e e e e e e e e eae ettt e e eee s et e e b ee et be s neeseeeeeaeaeaeaeeens 59
Chapter 6 Programming the Configuration Flash Memory...............cccceevvvvvivieenn. 61
6.1 Internal CoNfIQUIATION.........uueiiiiieieiiieeer et e e e e e e e e e s e eesnnnnrreeeeee ] 62
6.2 Using Dual CompresSSed IMAGES.......ooviiuiiiiiiiie ettt e e ettt eseee e e e e s eeeeennn 64

DE16Lite 2 www.terasic.com
User Manual October 17, 2016

[asic]

www.terasic.com


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

Chapter 1

Introduction

The DE10Lite presents a robust hardware design platfounitt around the Altera MAXLO FPGA.
TheMAX 10 FPGAIs well equipped to provide cost effective, singlap solutions in control

plane or data path applications and indut#gding programmable logic for ultimate design
flexibility. With MAX 10 FPGA you can get lower power consumption / cost and higher
performance. When you need higblume applications, including protocol bridging, motor control
drive, analog to digital conversion, image processing, and handheld de¢tvedd#\X 10 Lite
FPGAIs you best choice

The DE10Lite development board includes hardware such asoand USB Blaster,-8xis
accelerometer, video capabilities and much more. By leveraging all of these capabilities, the
DE10G-Lite is the perfect solution for showcasing, evalugtamgd prototyping the true potential of
the AlteraMAX 10 FPGA.

The DE10Lite contains all components needed to use the board in conjunction with a computer
that runs the Microsoft Windows XP or later.

1.1 Package Contents

Figure 1-1 shows a photograph of tiEE10-Lite package

@ The DE10-Lite board
@ Type AMale to Type B Male USB Cable

Figure 1-1 The DE10-Lite package contents
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The DE10-Lite packagencludes:

1 TheDE10-Lite board
1 Type A Male to Type B Male USB Cable

1.2 DE10-Lite System CD

The DE10-Lite System CD contasthedocumentation and supporting materials, including the
User ManualControl PanelSystem Builder, reference designs and device datasheets.

Usercan download this System Cibfn the wel{http:/DE10-Lite.terasic.can/cd).

1.3 Layout and Components

This sectionpresents the features and design characteristics of the board

A photograph of the board is shownFigure 1-2 andFigure 1-3. It depicts the layout of the board
and indicates the locanoof the connectors and key components.

2x20 Altera MAX 10
GPIO 10M50DAF484C7G

4-bit Resistor VCGA

Accelerometer

Arduino
Connector
5V Power :
USB-Blaster —
64MB SDRAM
Button x2
SV/CND  Ieifupd =St S ~ W t<r (LI I
2-Pin Header L
R 1 £ ' '. 3 1 K 1 [ g (e ‘: fi:] ".': LED x10
7-Segment o | hwll ll l i I. | I| ;
Display x6 | ""7 : - v | !n!l 411 l ! ! !n ’u Switch x10
Figure 1-2 Development Board (top view)
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Figure 1-3 Development Board (bottom view)

Thisboard has many features that allogersto implement a wide range of designed circuits, from
simple circuits to various multimedia projects.

The following hardware is provided on the board:

FPGA Device

MAX 10 10M50DAF484C7G Device

Integrated duaADCs, each ADC supports 1 dedicated analog input and 8 dual function pins
50K programmable logic elements

1,638 Kbis MOK Memory

5,888 Kbits user flash memory

144 18 x 18 Multiplier

4 PLLs

E R I

Programming and Configuration

1 On-Board USB BlasterNormaltype BUSB connector)
Memory Device

1 64MB SDRAM, x16 bits data bus
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Connectors

1 2x20 GPIO Header
1 Arduino Uno R3 Connector, including six ADC channels.

Display

1 4-bit resistornetwork DACfor VGA (With 15-pin high-density Dsub connectgr
Switches, Buttonsand LEDs

1 10LEDs

9 10 SlideSwitches

9 2 Push Buttonsvith Debounced
1 Six 7-Segments

Power

1 5V DC inputfrom USB or external power connector.

1.4 Block Diagram of the Board

Figure 1-4 gives the block diagram of the board. To provide maximum flexibility for the user, all
connections are made through MAaX 10 FPGA device. Thus, the user can configine EPGA to
implementany systentdesign

USB Blaster

FPGA

3
el e MAX & 70
A e ma  SDRAM64MB (16bits)

- 1 0M50 DAF484 — Accelerometer
Arduino Header x14 Resis(ors h E

VGA (4 bit)

PEHIN cccoccc0uE0000000000

cccccccccccccccccccc

Debounced

GPIO

-~
x48 x10 x10 X2
R o A o b‘ bj
L U Push.Button x2
7-Segment Display x!
v
A

BEIH LT

Slide Switch x10

Figure 1-4 Board Block Diagram
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1.5 Getting Help

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

1 Terasic Inc.
9F., No0.176, Sec.2, Gongdao 5th Rd, East Dist, Hsinchu City, 30070. Taiwan

Email: support@terasic.com

Tel.: 4886-3-5750-880

Weh http://DE10-Lite.terasic.com
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Chapter 2

Control Panel

The DE10-Lite board comes with a Control Panel program that allows users to access various
components on the board from a host computer. The host computer communicates with the board
through a USB connection. The program can be used ty Weeiffunctionality of components on

the board or be used as a debug tool while devel@rg&TL code.

This chapter first presents some basic functions of the Control Panel, then describes its structure in
theblock diagram form, and finally describes dapabilities.

2.1 Control Panel Setup

The Control Panel Software Utility is located in theectoryfi To/€b at r oinfhr@anel 0
DE10-Lite System CD It's free of installation, just copy the whole folder to ybastcomputer
and launch the control panel byxecutingheAi DE1 0 _Li t e_Contr ol Panel . exe

Specific controkircuits should be downloaded to your FPGA board before the control panel can
request it to perform required tasks. The program will call Quartus Il tools to download the control
circuit to theFPGA board througthe USB-Blaster[USBO] connection.

To activate the Control Panel, perform the following steps:
1. Make sure Quartus 1I6.0 or a laterversionis installed successfully on your PC.
2. Connect the USB cable provided to the USB Blagtet

3. Start the executabBE10 Lite ControlPanel.exen the host computer. The Control Panel user
interface shown ifrigure 2-1 will appear.

4. The DE10_Lite_ControlPanel.sof bit stream is loaded automatically as soon as the
DE10_Lite ControlPanel.exdas launched.

5. In caseof a disconnegiclick on CONNECT where the .sof will be-i@aded onto the board.

Please note thahe Control Panel will occupy the USB port until you close that port; you cannot use
Quartus Il to download a configuration file into the FPGA until the USB port is closed.
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6. The Control Panel is now ready to usgperiencet by setting the ON/OFF stz for some
LEDs and observing the result on (DE10-Lite board.

R

TERTI S | Sy

Figure 2-1 The DE10-Lite Control Panel

The concept of thBE10-Lite Control Panel is illustrated iAigure 2-2. T h e i Clireuitor d Ih a t
performs the control functions is implemented in the FPGA board. It communicates with the
Control Panel window, which is active on the hostputer, via the USB Blaster link. The

graphical interface is used $endcommands to the controircuit. It handles altherequests and
performs data transfers between the computer andEt6é-Lite board.
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7-SEG Display

— VGA

USB Blaster Control
Circuit

Button/
SW|tch

' B _

Figure 2-2 The DE10-Lite Control Panel concept

The DE10-Lite Control Panel can be used to light up LEDs, change the values displayed on the
7-segment, monitor buttons/switches status, read/writ8§ BHRAM Memory, outputVGA color

patternto VGA monitor The feature ofeading/writinga word or an entire fildeom/tothe Memory
allows the user to develop multimedia applications without worrying about how to build a Memory
Programmer.

2.2 Controlling the LEDs, 7-segment Displays

A simple function the Control Panel is capable of is the modification of settings foistgement
LED displays.

Choosing the_ED tab leads/outo the window inFigure 2-3. Here, you can directly turthe LEDs
on a off individually orbyclickingi Li ght Al 1 6 or AUnlight AIIl 0.
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LED | Memory ’
{ )\ )
—q
7-SEG | Accelerometer
(-
Switches ‘ \ VGA
Y __ P
DISCONNECT.

EEEEEEEEEE

Figure 2-3 Controlling LEDs

Choosing th&-SEGtab leads/ou to the windowshownin Figure 2-4. From the windowdirectly
use thdeft-right arrows tacontrolthe 7-SEG patterns on tH2E10-Lite board which are updated
immediately Note that the dots of theSEGs are not enabled tive DE10-Lite board

A 'l l\ I ‘

unnnhn»u;

Y ’

7-SEG | Accelerometer
Switches ‘ | VGA |
L A | mm o e e ey e

>

Figure 2-4 Controlling 7-SEG display
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The ability to set arbitrary values into simple display devices is not needed in typical design
activities.However, it gives users a simple mechanism for verifying tiestet devices are

functioning correctly in case a malfunction is suspected. Thus, it can be used for troubleshooting
purposes.

2.3 Switches and Push-buttons

Choosing theSwitchegab leadg/outo the window inFigure 2-5. The function is designed to
monitor the status daflide switches angbushbuttonsin real time and show the status in a graphical
user interface. It can be used to verify thedtionality of theslide switches angbushbuttons.

‘ Accelerometer

DDUUUUUUUU

SW9 SW8 SW7 SW6 SWS5 SW4 SW3 SW2 SW1 SWO0
M Honitor Switches and Pushbuttons

Figure 2-5 Monitoring switches and buttons

The ability to check the status jpfishbutton and slideswitch is not needed in typical design
activities.However, it provides users a simple mechanism to verify if the buttons and switches are
functioning correctly. Thus, it can be used for troubleshooting purposes.

2.4 SDRAM Controller and Programmer

The Control Panel can lused towrite/readdatato/fromthe DRAM chips on thdDE10-Lite board.
As shown belowwe will describe how th8 DRAM may be accessed; Click on the Memory tab and
sel BRAMOA t o r each Figuree6.wi ndow i n
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\"ﬂ 1T Il Il ‘

unulhll-

‘ Accelerometer
Switches \ VGA
Y __ P

(=
DISCONNECT, e TaaMemory Contentio A re

Figure 2-6 Accessing the SDRAM

A 16-bit word can be written into tt@DRAM by entering the address of the desired location,
specifying the data tbe written, angbressing the Write buttoi€ontents of the location can be read
by pressing the Read buttghgure 2-6 depicts the result of writing the hedecimal value 06CA
into offset address 200, followed by reading the same location.

The Sequential Write function of the Control Panel is used to write the contents of a file into the
SDRAM as follows:

1. Specify the starting address in the Address box.

2. Specify the number of bytes to be written in the Length box. If the entire file is to be loaded,
then a checkmark may be placed in the File Length box instead of giving the number of bytes.

3. To initiate the writingrocess, click on the Write a FileMemory button.

4. When the Control Panel responds with the standard Windows dialog box asking for the source
file, specify the desired file location in the usual manner.

The Control Panel also supports loading files with a .hex extension. Files withextéesion are
ASCII text files that specify memory values using ASCII characters to represent hexadecimal
values. Foexample, a file containing the line

0123456789ABCDEF

DE16Lite 13 www.terasic.com
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defines eight &it values: 01, 23, 45, 67, 89, AB, CD, EF. These values will ddeld
consecutively into the memory.

The Sequential Read function is used to read the contents®D&RAM and fill them into a file as
follows:

1. Specify the starting address in the Address box.

2. Specify the number of bytes to be copied into theifilthe Length box. If the entire contents
of the SDRAMre to be copied (which involves@lMbytes), then place a checkmark in the Entire
Memory box.

3. Press Load Memory Content to a File button.

4. When the Control Panel responds with the standardddiirs dialog box asking for the
destination file, specify the desired file in the usual manner.

2.5 Accelerometer

The GSensor in the accelerometer utilizes a spirit level to funcliba.user canotate the
DE10-LlIte boarddifferent directions, up or down, left or right. The bubble wadlel quicklytravel

i n respect t o tMeawhilesthe codteol pamel wik shawthe accelerated data in
x-axis, yaxisand zaxis as shown iffigure 2-7. Note that the resolution measurement-@ixges
accelerometer is set t@é-2g.

R R
HI lI 19 l\i

Illlll‘llun

Figure 2-7 Level by G-Sensor
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2.6 VGA

DE10-Lite Control Panel providegGA patten function that allows users to output color pattern to
LCD/CRT monitor using thédE10-Lite board. Follow the steps below to generatevMBé\ pattern
function:

Choosing the @Atab leadsyouto the window inFigure2-8.

Plug eD-subcable to theVGAconnector of theDELO-Liteboard and LCECRTmonitor.

The LCICRTmonitor will display the same color pattern on the control panel window.

Click the drop down menu shown kngure 2-8 where you can outputhe selected pattern
individually.

g VP
A l\ !l Il Ib ‘

TR | Sy

Pattern: |

i Accelerometer

—) A

Figure 2-8 Controlling VGA display under Control Panel
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2.7 Overall Structure of the DE10-Lite Control Panel

The DE10-Lite Control Paneis based on a Nios [DPsyssystem instantiated in the MAX 10 FPGA
with software running on the ezhip memoryThe software was implemented in coding Language
C; and the hardware was implemented in Verilog HDL code with Qsys bdiltesource code is
not available on thBE10-Lite System CD.

To run the Control Panel, usesisouldfollow the configurationsettingaccording tdSection 3.1.

Figure 2-9 depicts the structure of the Control Panel. Each input/output device is controlled by the
Nios Il Processr instantiatedn the FPGA chip. The communication with the PC is done via the
USB Blaster link. The sl interprets the commands sent from the PC and performs the
corresponding actions.

FPGA/QSYS

<> VGA

EEE

%3
b3
& 8 7-SEG Display
3
JTAG F1
Blaster > T, ~
Hardware d S
3
‘ 8 U L ED/Button/
| > GRS Switch
i
7 On-Chip =3
> SDRAM
Nios Il
Program

Figure 2-9 The block diagram of the DE10-Lite control panel

Ic DE16Lite 16 www.terasic.com
as User Manual October 17, 2016

www.terasic.com


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

Chapter 3
Using the Starter Kit

This chapteprovidesinstructiors to use thdoard and describes tiperipherals

3.1 Configuration of MAX 10 FPGA on DE10-Lite

There are two types of configuration method supporteDBjO-Lite:
1. JTAG configuration: configuration using JTAG ports.

JTAG configuratiorscheme allows you to directly configure the device core through JTAG pins
TDI, TDO, TMS, and TCK pins. The Quartus Il software automatically genestiffdes thatare
used for JTAG configuration with a download cable in the Quartus Il software program

2. Internal configuration: configuration using internal flash.

Before internal configuration, you need to program the configuration data into the configuration
flash menory (CFM) which provides nomolatile storage for the bit stream. The information is
retained within CFM even if thBE10-Lite board is turned off. When the board is powered on, the
configuration data in the CFM is automatically loaded into the MAXPGA.

A JTAG Chain on DE10-Lite Board

The FPGA device can be configured through JTAG interfadeEi0-Lite board, but the JTAG
chain must form a closed loop, which allows Quartus Il programmer to the detect FPGA device.
Figure 3-1 illustrates the JTAG chain dDE10-Lite board

USB Blaster Circuit

Quartus Il
& Programmer MAX Il JTAG UART X Alm -
e EPM 240 JTAG Config Signals | VAN 10

QUARTUS"II

7

v

Figure 3-1 The JTAG configuration scheme
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A Configure the FPGA in JTAG Mode

The following shows how the FPGA is programmed in JTAG mode step by step.

1. Open the Quartus Il programmetease Choose Tools > Programmer. The Programmer
window opens. Sekigure 3-2.

i b
& Programmer - Dy/systern_cd/Demonstrations/Default/DE10_LITE_Default - DE10_LITE_Default - [DE10_LITE Default.c . (2=u]sl=ls| i S

File Edit \iew Processing Tools Window Help Search altera.com .

;Hardware&'.etup... USB-Blaster [USB-0] Mode: [.JTAG hi Progress: ]

|:| Enable real-time ISP to allow background pregramming when available

File: Device Checksum Usercode Program/ Verify Blank- Examine

pl start Configure Check

wl Stop

X Delete 0 | 11 r

:

¥ change File...
Bl save File

1 up

1% Dowen

m

Figure 3-2 Programmer Window

2. Click iHardware Setup as circled in~igure 3-2.
3. Ifitis not already turned on, turn on tbkSB-Blaster [USBO] option under currently selected
hardwareand clickiCloseb to close thevindow. Seer~igure 3-3.
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ey T )

Hardware Settings | JTAG Settings |

Select a programming hardware setup to use when programming devices. This programming
hardware setup applies only to the current programmer window.

Currently selected hardware: || USB-Blaster [USB-0] -

Available hardware items

Hardware Server Port | Add Hardware... I

ISB-Blaster Local USB-0

|F‘.em|:|'.fe Hard'-.'.'ar&|

Figure 3-3 Hardware Setting

4. Click fAuto Detecbto detect all the devices on the JTAG chas circled irFigure 3-4.

r& Programmer - D:/syste aultc. LE —r. S I

File Edit \iew Processing Toolz Window Help Search altera.com .

;Hardwares'etup... U5B-Blaster [USB-0] Mode: |JTAG - Progress: ]

Enable real-time ISP to allow background programming when available

%7 File Device Checksum Usercode Program/ Verify Blank- Examine
Pl Start Configure Check
wlh stop
M Auto Detect

| X Delste | 4| m r

P Add File...

r* Add Device...
e
( bpown

m

Figure 3-4 Detect FPGA device in JTAG mode
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5. Select detected device associataith the board, as circled iigure 3-5.

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

@ 10MS0DA

) 10MS0DAES

) 10M50DC

Figure 3-5 Select 10M50DA device

6. FPGA isdetected, as shown ingure 3-6.

o

]
4% Programmer - D:/syste fault.c... LE p—. e I
File Edit View Processing Tools Window Help Search atera.com .
'?n Hardware Setup...| USB-Blaster [USB-0] Mode: |JTAG - Progress: ]

Enable realtime ISP to allow background programming when available
%— File Device Checksum Usercode Program/ Werify Blank- Examine
L Start Configure Check
<nene= L O

"~ ahisp | | [one 10M50DA 00000000
M Auto Detect

| 3 Delete | < i

P Add File...

| L] Change File...
ﬂl Save File
F* Add Device...
U
\L/ 10MS0DA
1 Down , TDo
o

m

Figure 3-6 FPGA detected in Quartus Il programmer
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7. Rightclick on the FPGA device ard| i ¢ k Riledtoapey the .sof file to be
programmed, as highlighted ngure 3-7.

- - OO0 0 o @ 66— @@
A) Programmer - D/system_cd/Demonstrations/Default/DE10_LITE Default - DEL0_LITE Default - [DEL0_LITE_Default.c... (o)
File Edit V\iew Processing Tools Window Help Search atera.com .

£ Hardware Setup...| USB-Blaster [USB-0] Mode: [JTAG +|  Progress: ]

Enable reaktime ISP to allow background programming when available

%7 File Device Checksum Usercode Program/ Werify Blank- Examine
| w1 Start | Configure Check
|7i:ﬂn Stop | “none= 10MS0DA | 00000000 =nonex
¥ Delete Del
B Auto Detect Select Al Ciri+A
Delet
[ Xooete ] ||| M AddFile
I Add File... % Change File
S Fil
J= Change Fike.. e e
| @I Save File | Add IPS File...
Change IPS File...
7 Add Device.. Delete IPS File
|L| 10MS0DA Add EKP File....
| l,% Down | 4 0O Change EKP File...
_— o
Delete EKP File
Replaces a =elected programming file

Add PR Programming File...

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

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

-
S st DT =
Look in: [ . Dieystem_cd\Demonstrations\Default v] Q O 0 |_|J E]

A My Computer Name = Size Type  Date Modified
: Admiristat )i db Fil..der 2016/6(16 £2F 11:26:40
R, Administrator |\ greybox_tmp Fil.der 20160616 £2F 11:26:27
v Fil...der 20188186 £ 11:2627
JJ VGA_DATA Fil..der 20166M6 L F 11:26:27
|| DE10_LITE_Default.pof 14MB pofFie 20168815 T 06:48:30
DE10_LITE_Default.sof 34MB sofFile 2016615 T2 06:48:31 |
File name: DE10_LME_Default.zof QOpen
Files of type: | Programming Files (*.sof *.pof *jam * jbc *.ekp *.jic) v|| cancel |

Figure 3-8 Select the .sof file to be programmed into the FPGA device
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9. Click AProgram/ Configuredo check box and the
into the FPGAdevice, as shown iRigure 3-9.

& Programmer - D;v’system_cdeemonstrﬂﬁons,‘Defaull;fDElD_LlTE_ﬁﬂuE - DEIO_H I !_MuE - |Bm_ﬂ=g_m{ﬂuhc_1élﬂum
— e

| File | Edit Wiew Processing Tools Window Help

Search altera.com .

2, Hardware Setup..| USB-Blaster [USB-0] Mode: |ITAG ~|  Progress: ’ ]

|:| Enable real-time ISP to allow background programming when available

N File Device Checksum Usercode Program/ Verify Blank- Examine
il Start Configure Check

ol stop DE10_LIME_Default.sof 10MS0DAF4E4 003EASFS DO3EASFS

X Delste 4| T 3

| »

P Add File...

P change File...

Bl save File

r* Add Device. .

m

T up 10MS0DAF484
l.% Down DO

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

A Internal Configuration

1 The configuration data to be written to CFM will be part of the programmer object
file (.pof). This configuration data is automatically loaded from the CFM into the
MAX 10 devices when the board is powered up.

1 Please refer to Chapt8r Programming the Configuration Flash Memory (CFM) for
the basic programming instruction on the configuration flash memory (CFM).

MAX 10 Device
7

Internal
Configuration

JTAG
In-System —
Programming =

CFM

d

Figure 3-10 High-Level Overview of Internal Configuration for MAX 10 Devices
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A Status LED

TheDE10-Lite development board includesardspecificstatus LEDgo indicate board status
Please refer tdable 3-1 for thedescriptionof the LED indicatorPlease refer téigure 3-11 for
detailed LED location.

D1 D2

@0 O ()

OOOOO“

UNIVERSITY
PROGRA NF

‘ssannes
91102

O@
i [ [ g e ﬁﬁw‘-‘-i %

w w Zﬂ

Swi
'ﬁ »1||' ||¢ w|| “ !h !L llt Ill

‘n slil |

Figure 3-11 Status LED position

Table3-1 Status LED

Reference |LED Name Description

W

D1 ULED [lluminates when the on-board USB-Blaster is working
D2 CONF_DONE llluminates when the FPGA is successfully configured.
D3 5V llluminates when Input power is active. Not Installed.
D4 Power Good [lluminates when board power system is OK.
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3.2 Clock Circuitry

Figure 3-12 shows the default frequency of all external clocks to the MAX 10 FPGA. A clock
generator is used to distribute clock signals with low jitter. tWee50MHz clock signals connected

to the FPGAare used as clock sources for user logic. One 24MHz clock signal is connected to the
clock inputs of USB microcontroller of USB Blaster. One 10MHz clock signal is connected to the
PLL1 and PLL3 of FPGA, the outputs of these two PLLs can drive ADC cldekassociated pin

assignment for clock inputs to FPGA 1/O pins is listedanle 3-2.
Warning !!
Do not modify the clock generator settings

Incorrectsetting will cause the system to not work.

\
|

USB Blaster ¢

=

" Clock Generator
24MHz —>  CDCE937 A
(fixed-frequency)
UBT_CLK_24 ®
Vi ——— MAX
ADC_CLK_10 10
Ve » N5
MAX10_CLK1 50
Y4 > Pl1
MAX10_CLK2_50
NS » N14

Figure 3-12 Clock circuit of the FPGA Board

Table 3-2 Pin Assignment of Clock Inputs

Signal Name ___ FPGAPinNo__ Description___________________l/OStandard |

ADC _CLK 10 PIN_N5 10 MHz clock input for ADC (Bank 3B) 3.3-VLVTTL
MAX10_CLK1 50 |PIN_P11 50 MHz clock input(Bank 3B) 3.3-VLVTTL
MAX10_CLK2_50 |PIN_N14 50 MHz clock input(Bank 3B) 3.3-VLVTTL
DE16Lite 24 www.terasic.com
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3.3 Using the Push-buttons, Switches and LEDs

A UserDefined Push-buttons

The board includetsvo user defineghushkbuttors that allowuserso interact with thevIAX 10
FPGAdeviceas shown irFigure 3-13. MAX 10 FPGAdevices support Schmitt trigger input on all
I/O pins. A Schmitt trigger feature introdes hysteresi® the inpa signal for improved noise
immunity, especially for signal with slow edge rate and act as switch debouiceiia 3-14 for

the puskbuttons connected.able 3-3 list the pinassignmenof user pustbuttons.

VCC3P3

KEYO % fAE! | I ‘ E D %At
2 B8 = ®
e A7 MMAX 10

@)
28

Figure 3-13 Connections between the push-button and MAX 10 FPGA

lPushbutton depressed lPushbutton released

Before

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

Schmitt Trigger
Debounced

&
<

v

Figure 3-14 Switch debouncing

Table3-3 Pin Assignment of Push-buttons

Signal Name FPGA Pin No. | Description I/O Standard
KEYO PIN_BS8 Push-button[0] 3 3V SCHMITT TRIGGER"

|KEY1 PIN_A7  Push-button[1] 3.3V SCHMITT TRIGGER" |
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A UserDefined SlideSwitch

There ardenslide switches connected to FPGA on the board {S8eee 3-15). These switches are
usal as levelsensitive data inputs to a circuit. Each switch is connected diegallyndividuallyto

a pin on theMAX 10 FPGA When the switch is in the DOWN positi¢eiosest to the edge of the
board), it provides a low logic level to the FPGA, and when the switch is in the UP position it
provides a high logic levelable 3-4 list the pinassignmergof theuser switches.

ALTERAY
MAX 10

FIS B14 A14 A13 Bl2 A12 012 D12 Cll CIU

!

Logic™1"

PARRRRRRY B

SW9 SW8 SW7 SW6 SW5 Sw4 SW3 SW2 SW1 SWO0 Logic™0"

Figure 3-15

Connections between the slide switches and MAX 10 FPGA

Table3-4 Pin Assignment of Slide Switches

EENAE | FERES, | Descripton __________________/OStandard__|

[asic]
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PIN_C10 Sllde Switch[0] 3.3-VLVTTL
Swi PIN_C11 Slide Switch[1] 3.3-VLVTTL
SwW2 PIN_D12 Slide Switch[2] 3.3-V LVTTL
SW3 PIN_C12 Slide Switch[3] 3.3-V LVTTL
Sw4 PIN_A12 Slide Switch[4] 3.3-V LVTTL
SW5 PIN_B12 Slide Switch[5] 3.3-V LVTTL
SW6 PIN_A13 Slide Switch[6] 3.3-V LVTTL
SwW7 PIN_A14 Slide Switch[7] 3.3-V LVTTL
Sw8 PIN_B14 Slide Switch[8] 3.3-V LVTTL
SW9 PIN_F15 Slide Switch[9] 3.3-VLVTTL
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A UserDefined LEDs

There are alstenusercontrollable LEDs connected to FPGA on the board. Each LED is driven
directly and individuallyby a pin on théVIAX 10 FPGA; driving its associated pin to a high logic
level turns the LED on, and driving the pin low turns it Bffjure 3-16 shows the conneioins

between LEDs antMAX 10 FPGA.Table 3-5 list the pinassignmenof user LEDs.

/NG

=D

=

MAX 10

77

A8 LEDRO . A LEDROD

A9 LEDR1 A A LEDR1DIZ!Z[

A10 LEDR2 . A LEDRZD

77

BlO‘ LEDR3 A A LEDR3.\

7\7\

LEDR4 LEDR4

s D13 ——AN——"

C13 LEDRS . A LEDRSD IZ!ZE

14| ~LEDRE A A LEDRE), LEDRG LEDRG6

D14 LEDR7 A A LEDR?D

7\7\

77

All LEDR8 . A LEDRBb

B11 LEDR9 . A LEDRQD IZEZ[

Figure 3-16 Connections between the LEDs and MAX 10 FPGA

Table3-5 Pin Assignment of LEDs
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LEDRO PIN_A8 LED [0] 3.3-V LVTTL
LEDR1 PIN_A9 LED [1] 3.3-VLVTTL
LEDR2 PIN_A10 LED [2] 3.3-VLVTTL
LEDR3 PIN_B10 LED [3] 3.3-VLVTTL
LEDR4 PIN_D13 LED [4] 3.3-V LVTTL
LEDR5 PIN_C13 LED [5] 3.3-V LVTTL
LEDRG6 PIN_E14 LED [6] 3.3-V LVTTL
LEDR7 PIN_D14 LED [7] 3.3-V LVTTL
LEDRS PIN_A11 LED [8] 3.3-V LVTTL
LEDR9 PIN_B11 LED [9] 3.3-V LVTTL
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3.4 Using the 7-segment Displays

TheDE10-Lite board hasix 7-segment displays. These displays are paired to display numbers in
various sizes-igure 3-17 shows the connection of seven segments (common anode) to pins on
MAX 10 FPGA. The segment can be turned on or off by applying a low logic level or high logic
level from the FPGA, respectively

Each segment in a display is indexed from 6 samd DRdecimal poin), with corresponding
positions given irrigure 3-17. Table 3-6 shows the pin asggnment of FPGA to the-Zegment
displays.

\ o HEX0[0]

HEXO[1]

e A TTEER /Ay
e MMAX 10

HEXO[5]

HEXO0[6]
VWV

HEXO[7]

Figure 3-17 Connections between the 7-segment display HEX0 and the MAX 10 FPGA

Table3-6 Pin Assignment of 7-segment Displays

Signal Name | FPGA Pin No___ Description O Stendard ___

HEXO00 PIN_C14 Seven Segment Digit 0[0] 3.3-V LVTTL
HEXO01 PIN_E15 Seven Segment Digit 0[1] 3.3-VLVTTL
HEX02 PIN_C15 Seven Segment Digit 0[2] 3.3-VLVTTL
HEXO03 PIN_C16 Seven Segment Digit O[3] 3.3-V LVTTL
HEX04 PIN_E16 Seven Segment Digit 0[4] 3.3-V LVTTL
HEXO05 PIN_D17 Seven Segment Digit O[5] 3.3-V LVTTL
HEXO06 PIN_C17 Seven Segment Digit O[6] 3.3-V LVTTL
HEXO07 PIN_D15 Seven Segment Digit O[7], DP 3.3-V LVTTL
HEX10 PIN_C18 Seven Segment Digit 1[0] 3.3-VLVTTL
HEX11 PIN_D18 Seven Segment Digit 1[1] 3.3-V LVTTL
HEX12 PIN_E18 Seven Segment Digit 1[2] 3.3-V LVTTL
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HEX13 PIN_B16 Seven Segment Digit 1[3] 3.3-V LVTTL
HEX14 PIN_A17 Seven Segment Digit 1[4] 3.3-V LVTTL
HEX15 PIN_A18 Seven Segment Digit 1[5] 3.3-V LVTTL
HEX16 PIN_B17 Seven Segment Digit 1[6] 3.3-V LVTTL
HEX17 PIN_A16 Seven Segment Digit 1[7] , 3.3-V LVTTL
HEX20 PIN_B20 Seven Segment Digit 2[0] 3.3-V LVTTL
HEX21 PIN_A20 Seven Segment Digit 2[1] 3.3-V LVTTL
HEX22 PIN_B19 Seven Segment Digit 2[2] 3.3-V LVTTL
HEX23 PIN_A21 Seven Segment Digit 2[3] 3.3-V LVTTL
HEX24 PIN_B21 Seven Segment Digit 2[4] 3.3-V LVTTL
HEX25 PIN_C22 Seven Segment Digit 2[5] 3.3-V LVTTL
HEX26 PIN_B22 Seven Segment Digit 2[6] 3.3-V LVTTL
HEX27 PIN_A19 Seven Segment Digit 2[7] , 3.3-V LVTTL
HEX30 PIN_F21 Seven Segment Digit 3[0] 3.3-V LVTTL
HEX31 PIN_E22 Seven Segment Digit 3[1] 3.3-V LVTTL
HEX32 PIN_E21 Seven Segment Digit 3[2] 3.3-V LVTTL
HEX33 PIN_C19 Seven Segment Digit 3[3] 3.3-V LVTTL
HEX34 PIN_C20 Seven Segment Digit 3[4] 3.3-V LVTTL
HEX35 PIN_D19 Seven Segment Digit 3[5] 3.3-V LVTTL
HEX36 PIN_E17 Seven Segment Digit 3[6] 3.3-V LVTTL
HEX37 PIN_D22 Seven Segment Digit 3[7], 3.3-V LVTTL
HEX40 PIN_F18 Seven Segment Digit 4[0] 3.3-V LVTTL
HEX41 PIN_E20 Seven Segment Digit 4[1] 3.3-V LVTTL
HEX42 PIN_E19 Seven Segment Digit 4[2] 3.3-V LVTTL
HEX43 PIN_J18 Seven Segment Digit 4[3] 3.3-V LVTTL
HEX44 PIN_H19 Seven Segment Digit 4[4] 3.3-V LVTTL
HEX45 PIN_F19 Seven Segment Digit 4[5] 3.3-V LVTTL
HEX46 PIN_F20 Seven Segment Digit 4[6] 3.3-V LVTTL
HEX47 PIN_F17 Seven Segment Digit 4[7] , 3.3-V LVTTL
HEX50 PIN_J20 Seven Segment Digit 5[0] 3.3-VLVTTL
HEX51 PIN_K20 Seven Segment Digit 5[1] 3.3-V LVTTL
HEX52 PIN_L18 Seven Segment Digit 5[2] 3.3-V LVTTL
HEX53 PIN_N18 Seven Segment Digit 5[3] 3.3-V LVTTL
HEX54 PIN_M20 Seven Segment Digit 5[4] 3.3-V LVTTL
HEX55 PIN_N19 Seven Segment Digit 5[5] 3.3-V LVTTL
HEX56 PIN_N20 Seven Segment Digit 5[6] 3.3-V LVTTL
HEX57 PIN_L19 Seven Segment Digit 5[7] , DP 3.3-V LVTTL
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3.5 Using 2x20 GPIO Expansion Headers

The board hasne40-pin expansion headgerEach header has 36 user pins connected directly to the
MAX 10 FPGA It also comes with DC +5V (VCC5), DC +3.3V (VCE3), and two GND pins.
Both 5V and 3.3V can provide a total of 5W power.

Figure 3-18 shows theelated schematicSable 3-7 shows the pin assignment of GPIO headers.

PIN.VI0O  GPIO_[0]
PIN.VO  GPIO_[2]
PIN.V8  GPIO_[4]
PIN.V7  GPIO_[6]
PIN.W6  GPIO_[8]

GPIO_[1]  PIN_W10
GPIO_[3]  PIN_W9
GPIO_[5] PIN_W8
GPIO_[7]  PIN_W7
GPIO_[9] PIN_V5

s 5V GND
E:‘JIOL' : PIN.W5  GPIO_[10] GPIO_[11] PIN_AAIS
-Lite - PIN_AAL4 GPIO_[12] GPIO_[13] PIN_W13
i 1

PIN. W12 GPIO_[14]
PIN_AB12 GPIO_[16]
PIN_AB11 GPIO_[18]
PIN_AB10 GPIO_[20]
PIN_AA9  GPIO_[22]
PIN_AA8  GPIO_[24]
3.3V
PIN_AA7  GPIO_[26]
PIN_AA6  GPIO_[28]
PIN_AA5  GPIO_[30]
PIN_AB3  GPIO_[32]
PIN_AB2  GPIO_[34]

GPIO_[15] PIN_AB13
GPIO_[17] PIN_Y11
GPIO_[19] PIN_ W11
GPIO_[21] PIN_AA10
GPIO_[23] PIN_Y8
GPIO_[25] PIN_Y7
GND

GPIO_[27] PIN_Y6
GPIO_[29] PIN_Y5
GPIO_[31] PIN_Y4
GPIO_[33] PIN_Y3
GPIO_[35] PIN_AA2

c

z |

<|=

7 [od

] <

7] S

b

e
BH
s
af

]
3

Figure 3-18 I/O distribution of the expansion headers
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Table3-7 Show all Pin Assignment of Expansion Headers

Signal Name FPGA Pin No. I/O Standard

www.terasic.com

User Manual

GPIO 0 PIN_V10 GPIO Connection [0] 3.3-V LVTTL
GPIO_1 PIN_W10 GPIO Connection [1] 3.3-V LVTTL
GPIO_2 PIN_V9 GPIO Connection [2] 3.3-V LVTTL
GPIO_3 PIN_W9 GPIO Connection [3] 3.3-V LVTTL
GPIO_4 PIN_V8 GPIO Connection [4] 3.3-V LVTTL
GPIO_5 PIN_W8 GPIO Connection [5] 3.3-V LVTTL
GPIO_6 PIN_V7 GPIO Connection [6] 3.3-V LVTTL
GPIO_7 PIN_W7 GPIO Connection [7] 3.3-V LVTTL
GPIO_8 PIN_W6 GPIO Connection [8] 3.3-V LVTTL
GPIO_9 PIN_V5 GPIO Connection [9] 3.3-V LVTTL
GPIO_10 PIN_WS5 GPIO Connection [10] 3.3-V LVTTL
GPIO_11 PIN_AA15 GPIO Connection [11] 3.3-V LVTTL
GPIO_12 PIN_AA14 GPIO Connection [12] 3.3-V LVTTL
GPIO_13 PIN_W13 GPIO Connection [13] 3.3-V LVTTL
GPIO_14 PIN_W12 GPIO Connection [14] 3.3-V LVTTL
GPIO_15 PIN_AB13 GPIO Connection [15] 3.3-VLVTTL
GPIO_16 PIN_AB12 GPIO Connection [16] 3.3-VLVTTL
GPIO_17 PIN_Y11 GPIO Connection [17] 3.3-VLVTTL
GPIO_18 PIN_AB11 GPIO Connection [18] 3.3-V LVTTL
GPIO_19 PIN_W11 GPIO Connection [19] 3.3-V LVTTL
GPIO_20 PIN_AB10 GPIO Connection [20] 3.3-V LVTTL
GPIO_21 PIN_AA10 GPIO Connection [21] 3.3-V LVTTL
GPIO_22 PIN_AA9 GPIO Connection [22] 3.3-V LVTTL
GPIO_23 PIN_Y8 GPIO Connection [23] 3.3-V LVTTL
GPIO_24 PIN_AA8 GPIO Connection [24] 3.3-V LVTTL
GPIO_25 PIN_Y7 GPIO Connection [25] 3.3-V LVTTL
GPIO_26 PIN_AA7 GPIO Connection [26] 3.3-V LVTTL
GPIO_27 PIN_Y6 GPIO Connection [27] 3.3-V LVTTL
GPIO_28 PIN_AAG6 GPIO Connection [28] 3.3-V LVTTL
GPIO_29 PIN_Y5 GPIO Connection [29] 3.3-V LVTTL
GPIO_30 PIN_AA5 GPIO Connection [30] 3.3-V LVTTL
GPIO_31 PIN_Y4 GPIO Connection [31] 3.3-V LVTTL
GPIO_32 PIN_AB3 GPIO Connection [32] 3.3-V LVTTL
GPIO_33 PIN_Y3 GPIO Connection [33] 3.3-V LVTTL
GPIO_34 PIN_AB2 GPIO Connection [34] 3.3-V LVTTL
GPIO_35 PIN_AA2 GPIO Connection [35] 3.3-V LVTTL
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3.6 Using Arduino Uno R3 Expansion Header

The board provides Arduino Uno revision 3 compatibility expansion header which comes with four
independent headers. The expansion header has 17 user pins (16pins GPIO and 1pin Reset)
connected directly to thHdAX 10 FPGA 6-pins Analog input connects to AD and also provides

DC +5V (VCC5), DC +3.3V (VCC3P3 and IOREF), and three GND pins.

Please refer téigure 3-19 for detailed pirout information. The blue font represents the Arduino
Uno R3 board pirout definition.

NC
IOREF
Reset Arduino_Reset_N
VCC3P3
VCC5
GND
GND
VCC5
\

SCL SCL
SDA SDA
NC
GND
Arduino_I013 D13/SCK
Arduino_|I012  D12/MISO
Arduino_IO11  D11/MOSI
Arduino_IO10 D10/SS
Arduino_|09 D9
Arduino_|O8 D8

I

Arduino Arduino_I07 D7
Arduino_|06 D6
AO ADC_INO
- Arduino_|O5 D5
A1 ADC_IN1
B Arduino_l04 D4
A2 ADC_IN2
- Arduino_|O3 D3
A3 ADC_IN3
B ) pmmmmmemmes ' Arduino_|02 D2
A4 ADC_IN4 | o P ' _
- Lo Arduino_101  D1/TX
A5 ADC_IN5 b
B v Arduino_IO0  DO/RX
D12/MISO  Arduino_lO12 -------memmuud 1 1 R VCC5
D13/SCK  Arduing_l013 -==-===mmmmmemmd b0 e Arduino_IO11  D11/MOSI
Arduino_Reset_n -=-------------mmsl Mmoo GND

Figure 3-19 lists the all the pin-out signal name of the Arduino Uno connector. The blue font
represents the Arduino pin-out definition.
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The 16 GPIO pins are provided to the Arduino Header for digi@l Table 3-8 lists the all the pin
assignments of the Arduino Uno connector (digital), signal names relativeNtAKKE.0 FPGA

Table 3-8 Pin Assignments for Arduino Uno Expansion Header connector
Schematic

. . Specific features 1/0 Standard
FPGA Pin No. Description

Signal Name For Arduino

Arduino_100 PIN_AB5 Arduino 100 RXD 3.3-V LVTTL
Arduino_|101 PIN_AB6 Arduino 101 TXD 3.3-V LVTTL
Arduino_102 PIN_AB7 Arduino 102 3.3-V LVTTL
Arduino_103 PIN_ABS8 Arduino 103 3.3-V LVTTL
Arduino_lO4 PIN_AB9 Arduino 104 3.3-V LVTTL
Arduino_lO5 PIN_Y10 Arduino 105 3.3-V LVTTL
Arduino_lO6 PIN_AA11 Arduino 106 3.3-V LVTTL
Arduino_|O7 PIN_AA12 Arduino 107 3.3-V LVTTL
Arduino_108 PIN_AB17 Arduino 108 3.3-VLVTTL
Arduino_109 PIN_AA17 Arduino 109 3.3-VLVTTL
Arduino_1010 PIN_AB19 Arduino 1010 SS 3.3-V LVTTL
Arduino_l1011 PIN_AA19 Arduino 1011 MOSI 3.3-V LVTTL
Arduino_1012 PIN_Y19 Arduino 1012 MISO 3.3-V LVTTL
Arduino_1013 PIN_AB20 Arduino 1013 SCK 3.3-V LVTTL
Arduino_1014 PIN_AB21 Arduino 1014 SDA 3.3-V LVTTL
Arduino_1015 PIN_AA20 Arduino 1015 SCL 3.3-V LVTTL
ARDUINO_RESET_N |PIN_F16 Reset signal, low active. 3.3 VSCHMITT

TRIGGER"

Besides 16 pins for digital GPIO, there are @smalog inputs on the Arduino Uno R3 Expansion
HeaderfADC_INO ~ ADC_IN5) Consequently, we usd¢AX 10 FPGAADC on the board for
possible future analetp-digital applicationsWe will introduce in the next section.
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3.7 A/D Converter and Analog Input

The DE10Lite board has eight analog inputs are connected to MMMKPGA ADC1, through a
1x6 and a 1x2 header input, wherein the 1x2 header is reserved andumbéd with parts.

Any analog inputs signals sourced through the Arduino header JP8 are first filtered\bgltige
FrontEndcircuit. This circuit scales the maximum allowable voltage per the Arduino specification
(5.0V) to the maximum allowable voltager the MAX 10 FPGA ADC IP block (2.5V).

TheseAnaloginputs are shared with the Arduino’s analog inpat(ADC_INO ~ ADC_IN5)
Figure 3-20 shows the connectiotetween thérduino Analog inpuandFPGA

NC
GND

| | Arduino_1013
NC Arduino_lO12
IOREF Arduino_lO11
Arduino_Reset_n Arduino_lO10

VCC3P3 Arduino_|O9

VCC5 . M | Arduino_IO8

— NG Arduino
I S GND B | Arduino_IO7
VCC5 Arduino_lO6
®

- 2 Arduino_lO5

m 1 0 M ADC_INO Arduino_lO4

p ‘ ADC_IN1 Arduino_lO3

Analog ADC_IN2 Arduino_l02

Front-End ADC_IN3 Arduino_|O1

‘ ADC_IN4 Arduino_|O0

\ y ADC_INS
ArdumoilO"Z-----------»-3 1 ------------------- VCCs
ArdUInG._JOF3 sesssssosmennnati § 1 liccoscmentiessnsiasinis Arduino_lO11
ATdUINO_RESEt_N ~======mmmmmmmmemnd e GND
Figure 3-20 Connections between the Arduino Analog input and MAX 10 FPGA
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3.8 Using VGA

The DELO-Lite board includes aStpin D-SUB connector for VGA output. The VGA
synchronization signals are provided directly fromM#X 10 FPGA, and a it DAC using
resistor network is used to produce the analog data signals (red, green, arithelas}ociated

schematic is given iRigure 3-21 and can support standard VGA resolution (640x480 pixels, at 25
MHZz).

VGA_GO | 8:8:5
VGA_G1

AIRERAY
MAX 10 ge—W\m

VGA_BO | i:i:i
VGA_B1

VGA:B2 \f\/\/
VGA_B3 V:V:V
| vea vs
| = Wy

WV

Figure 3-21 Connections between the VGA and MAX 10 FPGA

The timing specification for VGA synchronization and RGB (red, green, blue) data can be easily
found on website nowadaysigure 3-21 illustrates the basic timing requirements for each row
(horizontal) displayed on a VGA monitor. An actilv pulse of specific duration is applied to the
horizontal synchronization (hsync) input of the monitor, which signifies the end of one row of data
and tle start of the next. The data (RGB) output to the monitor must be off (driven to 0 V) for a
time period called the back porch (b) after the hsync pulse occurs, which is followed by the display
interval (c). During the data display interval the RGB dataedreach pixel in turn across the row
being displayed. Finally, there is a time period called the front porch (d) where the RGB signals
must again be off before the next hsync pulse can occur. The timing of vertical synchronization
(vsync) is similar to te one shown irigure 3-22, except that a vsync pulse signifies the end of

one frame and the start of the next, and the data refers tettbierews in the frame (horizontal
timing). Table 3-9 and Table 3-10 show different resolutions and durations of time period a, b, c,
and d for both horizontal and vertical timing.

The pin assignments between MAX 10 FPGA and the VGA connector are listedrable 3-11.
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Back porch (b) Front porch (d)
|

<4—p| Display interval (c) |€—p

DATA RGB

HSYNC

F
y

»| Sync (a)

Figure 3-22VGA horizontal timing specification

Table 3-9 VGA Horizontal Timing Specification

VGA mode Horizontal Timing Spec
Configuration Resolution(HxV) a(pixel | b(pixel | c(pixel | d(pixel | Pixel clock(MHz)
clock clock clock clock
cycle) cycle) cycle) cycle)
VGA(60Hz) 640x480 96 48 640 16 25
Table 3-10 VGA Vertical Timing Specification
VGA mode Vertical Timing Spec
Configuration Resolution(HxV) a(lines) | b(lines) | c(lines) @ d(lines) @ Pixel clock(MHz)
VGA(60Hz) 640x480 2 33 480 10 25

Table 3-11 Pin Assignment of VGA

Signal Name | FPGA Pin No___ Description /0 Standard

www.terasic.com

User Manual

VGA_RO PIN_AAl VGA Red[0] 3.3-V LVTTL
VGA R1 PIN_V1 VGA Red[1] 3.3-V LVTTL
VGA_R2 PIN_Y2 VGA Red[2] 3.3-V LVTTL
VGA_R3 PIN_Y1 VGA Red[3] 3.3-V LVTTL
VGA_GO PIN_W1 VGA Green[0] 3.3-V LVTTL
VGA_G1 PIN_T2 VGA Green[1] 3.3-V LVTTL
VGA_G2 PIN_R2 VGA Green[2] 3.3-V LVTTL
VGA_G3 PIN_R1 VGA Green|[3] 3.3-VLVTTL
VGA_BO PIN_P1 VGA Blue[0] 3.3-VLVTTL
VGA_B1 PIN_T1 VGA Blue[1] 3.3-VLVTTL
VGA_ B2 PIN_P4 VGA Blue[2] 3.3-V LVTTL
VGA_B3 PIN_N2 VGA Blue[3] 3.3-V LVTTL
VGA_HS PIN_N3 VGA Horizontal sync 3.3-V LVTTL
VGA_VS PIN_N1 VGA Vertical sync 3.3-V LVTTL
DE16Lite 36 www.terasic.com
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3.9 Using SDRAM

The board featuré®4MB of SDRAM with a single64MB (32Vix16) SDRAM chip.Thechip

consists of 14it data line controlline, and address line connected to the FPTAs chip uses the

3.3V LVCMOS signaling standard. Connections between the FPGA and SDRAM are shown in

Figure 3-23, and the pin assignment is listedlable 3-12. Detailed informatioron usng the

SDRAMi s avail abl e on t heunderthel\DatasheetsSDRAMfoltlsronthe b s i t
DE10-Lite System CD

32Mx16 SDRAM
DRAM_DQ[15.0] __ (SPrS
DRAM_ADDR(12.0] | BASPI
DRAM_BA[1.0] __ EEYNON
DRAM_CLK
m=R= DRAMCKE i
A =1 A L .
® DRAM_LDoM __ BEEIY
b 1 DRAM_UDOM ___ RUIWIeY
MAX 10 =l
DRAM_CAS_N ___ [HIYRS
DRAM_RAS N [BERS
DRAM_CS N [

Figure 3-23 Connections between the SDRAM and MAX 10 FPGA

Ic DE16Lite 37 www.terasic.com
as User Manual October 17, 2016

www.terasic.com


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

Table 3-12 Pin Assignment of SDRAM

FPGA Pin No. | Description I/O Standard
DRAM_ADDRO PIN_U17 SDRAM Address[0] 3.3-V LVTTL
DRAM_ADDR1 PIN_W19 SDRAM Address[1] 3.3-V LVTTL
DRAM_ADDR2 PIN_V18 SDRAM Address[2] 3.3-V LVTTL
DRAM_ADDR3 PIN_U18 SDRAM Address[3] 3.3-V LVTTL
DRAM_ADDR4 PIN_U19 SDRAM Address|[4] 3.3-VLVTTL
DRAM_ADDRS PIN_T18 SDRAM Address|[5] 3.3-VLVTTL
DRAM_ADDR®6 PIN_T19 SDRAM Address[6] 3.3-V LVTTL
DRAM_ADDRY PIN_R18 SDRAM Address[7] 3.3-V LVTTL
DRAM_ADDRS PIN_P18 SDRAM Address[8] 3.3-V LVTTL
DRAM_ADDR9 PIN_P19 SDRAM Address[9] 3.3-V LVTTL
DRAM_ADDR10 |PIN_T20 SDRAM Address[10] 3.3-V LVTTL
DRAM_ADDR11 |PIN_P20 SDRAM Address[11] 3.3-V LVTTL
DRAM_ADDR12 |PIN_R20 SDRAM Address[12] 3.3-V LVTTL
DRAM_DQO PIN_Y21 SDRAM Data[0] 3.3-V LVTTL
DRAM_DQ1 PIN_Y20 SDRAM Data[1] 3.3-V LVTTL
DRAM_DQ2 PIN_AA22 SDRAM Data[2] 3.3-V LVTTL
DRAM_DQ3 PIN_AA21 SDRAM Data[3] 3.3-V LVTTL
DRAM_DQ4 PIN_Y22 SDRAM Data[4] 3.3-V LVTTL
DRAM_DQ5 PIN_W22 SDRAM Datal[5] 3.3-V LVTTL
DRAM_DQ6 PIN_W20 SDRAM Datal6] 3.3-V LVTTL
DRAM_DQ7 PIN_V21 SDRAM Data[7] 3.3-V LVTTL
DRAM_DQ8 PIN_P21 SDRAM Data[8] 3.3-V LVTTL
DRAM_DQ9 PIN_J22 SDRAM Data[9] 3.3-V LVTTL
DRAM_DQ10 PIN_H21 SDRAM Data[10] 3.3-V LVTTL
DRAM_DQ11 PIN_H22 SDRAM Data[11] 3.3-V LVTTL
DRAM_DQ12 PIN_G22 SDRAM Data[12] 3.3-V LVTTL
DRAM_DQ13 PIN_G20 SDRAM Data[13] 3.3-V LVTTL
DRAM_DQ14 PIN_G19 SDRAM Data[14] 3.3-V LVTTL
DRAM_DQ15 PIN_F22 SDRAM Data[15] 3.3-V LVTTL
DRAM_BAO PIN_T21 SDRAM Bank Address[0] 3.3-V LVTTL
DRAM_BA1 PIN_T22 SDRAM Bank Address[1] 3.3-V LVTTL
DRAM_LDQM PIN_V22 SDRAM byte Data Mask[0] 3.3-V LVTTL
DRAM_UDQM PIN_J21 SDRAM byte Data Mask[1] 3.3-V LVTTL
DRAM_RAS N PIN_U22 SDRAM Row Address Strobe 3.3-V LVTTL
DRAM_CAS N PIN_U21 SDRAM Column Address Strobe 3.3-V LVTTL
DRAM_CKE PIN_N22 SDRAM Clock Enable 3.3-V LVTTL
DRAM_CLK PIN_L14 SDRAM Clock 3.3-V LVTTL
DRAM_WE_N PIN_V20 SDRAM Write Enable 3.3-V LVTTL
DRAM_CS_N PIN_U20 SDRAM Chip Select 3.3-V LVTTL
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3.10 Using Accelerometer Sensor

The board comes with a digital accelerometer sensor module (ADXL345), commonly known as
G-sensor. This &ensor is a small, thin, ultralow power assumpti@xi3 accelerometer with
high-resolution measurement. Digitalized output is formattedds 16t i n t wodés c¢ o mpl
can be accessed throug§RI (3 and 4wire) and 12C digital interfaces

With GSENSOR_CS_N signal to high, the ADXL345 is in 12C mode. With the GSENSOR_SDO
signal tohigh, the 7bit 12C address for the device is 0x1D, followed by the R/W bit. This translates
to Ox3A for a write and Ox3B for a reafh alternate 12C address of 0x53 (followed by the R/W bit)
can be chosen by low the GSENSOR_SDO signal. This transld@raédor a write and OxA7 for
aread.

More information about this chip can be found
website or in the directoryDatasheeiG-Sensorfolder of DE10-Lite system CD.

Figure 3-24 shows the connections between élseelerometesensomndMAX 10 FPGA Table
3-13lists the pin assignment of accelerometer toMideX 10 FPGA.

VCC3P3
ADXL345
22K 12.2K
—{GSENSOR_SCLK r » SCL_SCLK
AEE?A ® GSENSOR_SDI » SDA_SDI_SDIO
5 - GSENSOR CS n CS n

MAax10 _CS_ > CS_

GSENSOR_SDO B SDO_ALT_ADDRESS

GSENSOR_INT1 INT1

GSENSOR_INT2 INT2

Accelerometer

Figure 3-24 shows the connections between the accelerometer sensor and MAX 10 FPGA.
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Table 3-13 Pin Assignment of Accelerometer Sensor

Signal Name FPGA Pin No. | Description I/O Standard
12C serial data
GSENSOR_SDI PIN_V11 SPI serial data input (SPI 4-wire) 3.3-V LVTTL
SPI serial data input and output (SPI 3-wire)
SPI serial data output (SPI 4-wire)
GSENSOR_SDO | PIN_V12 3.3-V LVTTL
- - Alternate 12C address select
I2C/SPI mode selection:
1: SPI idle mode / 12C communication enabled
GSENSOR_CS n | PIN_AB16 o . 3.3-V LVTTL
- = - 0: SPI communication mode / 12C disabled
SPI Chip Select
I12C serial clock
GSENSOR_SCLK | PIN_AB15 ) ) 3.3-V LVTTL
- - SPI serial clock (3- and 4-wire)
GSENSOR_INT1 | PIN_Y14 Interrupt pin 1 3.3-V LVTTL
GSENSOR_INT2 | PIN_Y13 Interrupt pin 2 3.3-V LVTTL
DE16Lite 40 www.terasic.com
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Chapter 4
DE10-Lite System Builder

This chapter describes how users can create a custom design project with the tool nardeitetDE10
System Builder

4.1 Introduction

The DE10-Lite System Builders a Windowsbased ultility. It is designed to help users create a
Quartus Il project for DHI-Lite within minutes. The generated Quartus Il project files include:

1 Quartus Il project file (.qpf)

1 Quartus Il setting file (.qsf)

1 Top-level design file (.v)

1 Synopsis design constraints file (.sdc)
1 Pin assignment document (.htm)

The above files generated by DE10-Lite System Buildecan also prevent earrence of
situations that are prone to compilation error when users manually edit dexébdesign fié or
place pin assignment. The common mistakes that users encounter are:

9 Board is damaged due to incorrect bank voltage setting or pin assignment.

1 Board is malfunctioned because of wrong device chosen, declaration of pin location or direction
Is incorrector forgotten.

1 Performance degradation due to improper pin assignment.
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4. 2 General Design Flow

This section providesmaintroduction tahe design flow of building a Quartus Il project for
DE10-Lite under theDE10-Lite System BuilderThe design flow idlustrated inFigure 4-1.

The DE10-Lite System Buildewill generate two major files, a tdpvel design file (.v) and a
Quartus Il setting file (.gsf) after users launch the ®Eite System Builder and create a new
project according to their desigaquirements.

The toplevel design file contains a tdpvel VerilogHDL wrapper for users to add their own
design/logic. The Quartus Il setting file contains information such as FPGA device tyjmydbp
pin assignment, and the I/O standard for eachdesined I/O pin.

Finally, the Quartus Il programmer is used to download .sof file to the developosdia JTAG
interface.

! | )

Launch

System Builder

Create New
System Builder Project
Generate Quartus Il
Project and Document

Launch Quartus Il
and Open Project

Add User
Design/Logic

Compile to
generate .SOF

Configure FPGA

Figure 4-1 Design flow of building a project from the beginning to the end
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4.3 Using DE10-Lite System Builder

This section provides the procedures in details on how to ugHt®Lite System Builder

A Install and Launch the DE10-Lite System Builder

The DE10-Lite System Builders located in the directoryiToolsSystemBuilded of the DE10-Lite
System CD. Users can copy the entire folder to a host computer without installing theAutility.
window will pop up, as shown iffigure 4-2, after executing thBE10-Lite SystemBuilder.exe on
the host computer.

DE10-Lite V1.0.0 =

AIERA System Configuration

UNIVERSITY >

PROGRAM "Wterssic.com Project Name:

DE10-Lite FPGA Board DEIOLITE
VI CLOCK [v] 7-Segment x 6
VI LEDx10 V] Switch x 10
[v] Button x 2 [v] Accelerometer
VIVGA VI SDRAM, 64MB

[V Arduino Header

2x20 GPIO Header
\None -

IO I

T Prefix Name:
| AR »

[ Save Setting J { Load Setting ] { Generate \ { Exit

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

A Enter Project Name

Enter the project name in the circled area, as showmine 4-3.

The project name typed in will be assigned automatically as the nayoarabplevel design
entity.
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DE10-Lite V1.0.0 R

Systfem Configuration

P.R.O G R A Ml "W¥.cerasic.com Project Name:

DE10-Lite FPGA Board LEJO LI
VI CLOCK [Vl 7-Segment x 6
VILEDx 10 V] Switch x 10
[v] Button x 2 [v] Accelerometer
VIVGA [VISDRAM, 64MB

[V Arduino Header

2x20 GPIO Header
|None -
Prefix Name:

[ Save Setting l [ Load Setting ] [ Generate ] { Exit

Figure 4-3 Enter the project name

A System Configuration

Users are given the flexibility in the System Configuration to include their choice of components in
the project, as shawin Figure 4-4. Each component onboard is listed and users can enable or
disable one or more components at will. If a component is enabledEdteLite System Builder

will automatically generate its assaed pin assignment, including the pin name, pin location, pin
direction, and I/O standard.

DE10-Lite V1.0.0 =

JAIERAN System Configuration

PROGRAM "W.terssic.com Project Name:

DE10-Lite FPGA Board CEIOLITE
VI CLOCK V] 7-Segment x 6
VILEDx10 V] Switch x 10
[v] Button x 2 [v] Accelerometer
VIVGA V| SDRAM, 64MB

[¥] Arduino Header

2x20 GPIO Header
[None -
Prefix Name:

[ Save Setting ] { Load Setting ] [ Generate l { Exit

Figure 4-4 System configuration group
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A GPIO Expansion

If users connect any TerasgPIO-based daughter card tcetlGPIO connector(s) on DE-Lite, the
DE10-Lite System Builder can generate a project that include the corresponding module, as shown
in Figure 4-5. It will also generate the associated pin assignment automatically, including pin name,
pin location, pin direction, and I/O standard.

DE10-Lite V1.0.0 =

System Configuration

UNIVERSITY y

PROGRAM "Www terasic.com PI-OJe(j> Name

DE10-Lite FPGA Board DEIOLITE

VI CLOCK [v] 7-Segment x 6
VILEDx10 [V] Switchx 10
[v] Button x 2 [v] Accelerometer
VIVGA VI SDRAM, 64MB

[V Arduino Header

2x20 GPIO Header

|D8M-GPIO -
Prefix Name: i
i

{ Save Setting ] [ Load Setting ] [ Generate ] { Exit ]

Figure 4-5 GPIO expansion group

The APrefix Named is an optional feature that
your design. Users may leave this field blank.
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A Project Setting Management

TheDE10-Lite System Buildea | s o

board configuration in .cfg file, as shownkmure 4-6.

provi

des

t

he option t

DE10-Lite V1.0.0

[ANO[SRYA\

UNIVERSITY 'er
WW.Lerasic.

com

PROGRAM "W

System Configuration

Project Name:

DE10_LITE

DE10-Lite FPGA Board

V] CLOCK
WILEDx10
¥l Button x 2
VIVGA

[v] Arduino Header

2x20 GPIO Header

V] 7-Segment x 6
[V] Switch x 10
[Vl Accelerometer

VISDRAM, 64MB

2 L ID [None -
W Prefix Name:
[ Save Setting ] 1 Load Setting ] I Generate l [ Exit

Figure 4-6 Project Settings

A Project Generation

(0]

When users press tli&eneratebutton as shown iRigure 4-7, the DE10-Lite System Buildewill
generate the corresponding Quartus Il files and documents, as liStelolénd-1:

[asic]

www.terasic.com

DE10-Lite V1.0.0

L= 'erm
UNIVERSITY
WWW.Lerasic.com

PROGRAM "

DE10-Lite FPGA Board

System Configuration

Project Name:
DE10_LITE

[Vl CLOCK
VI LEDx10
[¥] Button x 2
VIVGA

[v] Arduino Header

2x20 GPIO Header

V1 7-Segment x 6
[V] Switch x 10
[v] Accelerometer

[VISDRAM. 64MB

{None

Prefix Name:

TR

| (

[ Save Setting Load Setting Generate

)] Exit

Figure 4-7 Generate Quartus Project
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Table 4-1 Files generated by the DE10-Lie System Builder

No. | Filename Description
1 <Project name>.v Top level Verilog HDL file for Quartus Il
2 <Project name>.qpf Quartus Il Project File
3 <Project name>.qsf Quartus 1l Setting File
4 <Project name>.sdc Synopsis Design Constraints file for Quartus I
5 <Project name>.htm Pin Assignment Document

Users can add custom logic into the project in Quartus Il and compile the project to generate the
SRAM Object File (.sof).
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Chapter 5
Examples of Advanced

Demonstrations

This chapter providesxamples of advanced designs implemented by RTL or Qsys on the

DE10-Lite board. These reference designs cover the features of peripherals connected to the FPGA,
such a3/GA, SDRAM, andAccelerometer Senscohll the associated files can be foundhe
directory\Demonstrations of DID-Lite System CD

A Installation of Demonstrations

To install the demonstrations on your computer

Copy the foldeDemonstration$o a local directory of your choice. It is important to make sure the
path to your local dectory contains NO space. Otherwise it will lead to error in Nios Il.

Note: Quartus Il 16.0 or lateris required for aIDE10-Lite demonstrations to suppdtAX 10
FPGAdevice.

5.1 DE10-Lite Factory Configuration

The DELO-Lite board has a default configuration-btteam preprogrammed, which demonstrates
some of the basic features onboard. The setup required for this demonstration and timeolbitsitio
files are shown below.

Demonstration File Locations

1 Project directory\Default
9 Bitstream usedDE10_LITE_Defaulisof, DE10_LITE_Defaulipof
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Demonstration Setup and Instructions

9 Connectthe DE10-Lite board(J3)to the host PC with a USB cable and install the UEb&ster
driver if necessary.

T Execute the dsthatd b atoanh t fADefadhdeine lcatcto r y

1 You should now be able to observe theegment displays are showing a sequence of dkrasac

and the red LEDs are blinkingvhen putting SWO to high position and swing board, theed

LEDs will act like gradienter.

PresKEYO to makered LEDs and7-segmenall light up.

1 If the VGA D-SUB connector isonnected to a VGA display, it would show a color picture.

=

Restore Factory Configuration

9 Connectthe DE10-Lite board(J3)to the host PC with a USB cable and install the UEb&ster
driver if necessary.

T Execute t he g¢regnam.baboa tfcrhadimeciotyhEefafilldemo batch

9 After the program is executed successfully, the progressage ashown inFigure 5-1 . Please
press any key to continaadthe windowwill be closel.

(S S

BN C\Windows\system32ycmd.exe =

D:system_cd\Demonstrations\Defaultsdenmo_batch>*P:isalterasb.1quartusshinb4\\quartus_pgn.exe —-m jtag —c¢ 1 —o “p;DE1A_LITE Default.pof"
L I i
Info: Running Quartus Prime Progranmer

Info: Uersion 15.1.@ Build 185 18212015 §J Standard Edition

Info: Copyright (C> 1991-2815 fAltera Corporation. All rights reserved.

Info: Your use of Altera Corporation’s design tools, logic functions

Info: and other software and tools. its AMPP partner logic

Info: functions. and any output files from any of the foregoing

Info: <including device programning or simulation files>, and any

Info: associated documentation or information are expressly subject

Info: to the terms and conditions of the Altera Program License

Info: Subscription Agreement, the Altera Quartus Prime License Agreement,

Info: the Altera MegaCore Function License Agreement. or other

Info: applicable license agreement, including, without limitation,

Info: that your use is for the sole purpose of programming logic

Info: devices manufactured by Altera and sold by Altera or its

Info: authorized distributors. Please refer to the applicahle

Info: agreement for further details.

Info: Processing started: Tue Jun 21 19:51:25 2616

: Command: tus_pgm —m jtag —c 1 —o p;DE1B_LITE Default.pof

€213845>: g programming cable “USB-Blaster [USB-81"
{213 ing programming file DE1@_LITE Default._pof with checksum Bx@581AFAF for device 1PMSBDAF484ESEL

Started Programmer operation at T Jun 21 19:51:31 2816
Device 1 contains JTAG ID code BxB31B58DD
Started Programmer operation at Tue Jun 21 19:51:31 2816
Conf iguring device index 1
(289817>: Device 1 contains JTAG ID code BxB31B58DD
<289887>: Configuration succeeded —— 1 device{s) configured
(20898113 : Successfully performed operation{s)
{2898B61>: Ended Programmer operation at Tue Jun 21 19:51:33 2816
: Programming device 1
Successfully performed operation<s)
: Ended Programmer operation at Tue Jun 21 19:52:11 2816
Prime Programmer was successful. B errors, B warnings
: Peak virtual memo: 278 megahytes
: Processing e e Jun 21 19:52:11
: Elapsed time 46
Info: Total CPU tii 11 processors): BB

emonstrations“\Def aultdeno_batch>pause

Figure 5-1 Quartus Il Program MAX 10 CFM message
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5.2 SDRAM Test in Nios Il

There are many applications using SDRAMa temporary storage. Both hardware and software

designs are provided to illustrate htmperformmemory access in Qsysthis demonstration. It
al so shows how Alterads BAMRBAdhowtlmeNios liptodessor | P a

reads and writes tf@DRAM for hardware verification. The SDRAM controller handles complex
aspects of accessing SDRAM such as initializing the memory device, managing SDRAM banks,
and keeping the devices refreshed at aertderval.

A System Block Diagram

Figure 5-2 shows the system block diagram of this demonstration. The system requires a 50 MHz
clock inputfrom the board. Th& DRAM controller is configured as@&MB controller. The

working frequency of the SDRAM controller i2AMHz, and theNios Il program is running on

the onchip memory.

FPGA

. ammdl | |

50 MHz - —

PO |
- 2 2

N )
. " SDRAM

System Intercoment Fabric

Figure 5-2 Block diagram of the SDRAM test in Nios |

The system flow is controlled by a program running in Nios Il. The Nipsogram writes test
patterns into the enti®4MB of SDRAM first before calling the Nio system function,
alt_dade_flush_all, to maksure allof the datas written to the SDRAM. It then readlata from

the SDRAM for data verification. The program will show the progress interosinal when
writing/reading data to/from the SDRAM. When the verification process reaches 100%, the resu
will be displayed in niogerminal.
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Design Tools

9 Quartus liv16.0
9 Nios Il Eclipsev16.0

Demonstration Source Code

1 Quartusproject directory\SDRAM_Nios_Test
1 Nios Il Eclipse directoryi\SDRAM_Nios_TestSoftware

Nios |l Project Compilation

T Cl i Clédanofi f r oPmojecth e mé&nu of Ni os | | Eclipse befor
in Nios Il Eclipse.

Demonstration Batch File

The files are located in the directt#8DRAM_Nios Testlemo_batch
The folder includes the following files:

1 Batch filefor USB-Blaster: testbat andest.sh
1 FPGA configuration file DE10_LITE_SDRAM_Nios_Tes$of
9 Nios Il programDE10_LITE_SDRAM_Nios_Testlf

Demonstration Setup

Quartus Il vB6.0and Nios Il vB.0must be pranstalled on the host PC.

Connectthe DE10-Lite board(J3)to the host PC with a USB cable and install the tBster

driver if necessary.

Execute t he tstivabfroimthe dirdctorfSDRAM_Nios Testlemo_batch

9 After the program is downloaded and executed successfully, a proasgage will be displayed
in nios2terminal.

1 Press any buttorKEY O~KEY 1) to start the SDRAM verification proced8ressKEYO to run
the testtontinuously

1 The program will display the test progress and result, as showgtire 5-3.

= =4

=a
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ET to rt t {EY0 for continued t

W Testing, Iteration: 1

Figure 5-3 Display of progress and result for the SDRAM test in Nios Il
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5. 3 SDRAM Test in Verilog

DE10-Lite system CD offers another SDRAM test with its test code written in Verilog HiDé.
memory size of the SDRAM bartksteds still 64MB.

A Function Block Diagram

Figure 5-4 shows thdunctionblock diagram of this demonstratiofhe SDRAM controller uses 50
MHz as a reference clock agdnerate 100MHz asthe memory clock.

Test
Control

Figure 5-4 Block diagram of the SDRAM test in Verilog

RW_Test module writes the entire memory with a test sequence first before comparing the data read
back with the regenerated test sequence, whittesame as the data written to the memory.

KEYO triggesstest control signals fahe SDRAM, and th&EDs will indicate the test result
according to

Design Tools

9 Quartus livl6.0
Demonstration Source Code

9 Project directory\SDRAM_RTL_Test
9 Bit-stream useddE10 LITE_SDRAM_RTL_Tessof
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Demonstr ation Batch File

Demo batch file foldeASDRAM_RTL_Testdemo_batch

The directory includes the following files:

T
T

Batch file: test.bat
FPGA configuration file DE10_LITE_SDRAM_RTL_Test.sof

Demonstration Setup

= =

=a

Quartus Il vB6.0must be prenstalled to the host PC.

Connectthe DE10-Lite board(J3)to the host PC with a USB cable and install the tEister
driver if necessary

Execute the tsvabfroim thedicehtorfASDRAM_RTL_Testdemo_batch
PressKkEYO on the DE1€Lite board to start the verification process. WhH&aYO is pressed,
the LEDR [2:0] should turn on. WheKEYO is then released,LEDR1 andLED R2 should start
blinking.

After approximately8 seconds|.ED R1 should stop blinking and stay ON to iodte the test is
PASS.Table 5-1 lists the status dfED indicators.

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

If LEDRL1 failed to remain ON after approximately 8 seconds, the SDRAM test is NG.
PresKEYO0 again to repeat the SDRAM test.

Table 5-1 Status of LED Indicators

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

This demostration displays a simple blugd and green color pattern on a VGA monitor using the
VGA output interface oE10-Lite board.Figure 5-5 shows the block diagram of the design

The major block called videgync_generator generates YH8A timing signals horizontal
synchronization, vertical synchronization and blank in stahd&A resoluton (640x480 pixels, at
25 MHz).

These signals will be used in vga_controller block for RGB data generation and data output. Please
refer to the chapter 8in DE10-Lite_User_Manuabn theDE10-Lite System CD fodetailed
information of using ta VGA output.

As shown inFigure 5-6, the RGB data drives each pixel in turn across the row being displayed
after the time period of back porch.

FPGA

MAX10_CLK1_50

PLL fgmd video_sync_generator |ISlesu=ICMp vga_controller VGA

Figure 5-5 Block diagram of the VGA Pattern demonstration

[ Name 9. 8 . a6 24 32 A0 AR ]
vga_pli:ul|outclk_0
VGA_VS
VGA_HS
® _|H Cont[18.0]__0
= VGA_B[3.0]
® VGA_G[3.0]
= VGA R[3.0]

Figure 5-6 Timing Waveform of VGA interface
Design Tools
T Quartus 1116.0
Demonstration Source Code

1 Quartus Project directorfZWGA_Pattern
9 Bit-stream usedDE10 LITE_VGA_Patterrsof
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Demonstr ation Batch File

1 Demo Batch File FoldekVGA_Patterhdemo_batch
1 The demo batch file includes following files:

1 Batch Filefor USB-Blaster:testbat

1 FPGA Configure File: DE10_LITEVGA_ Patterrsof

Demonstration Setup

=

Quartus Il vB6.0must be pranstalled to the host PC.

Connectthe DE10-Lite board(J3)to the host PC with a USB cable and install the UEb&ster
driver if necessary

Connect VGAD-SUB to a VGA monitar

Execute thelemo batch filditestbatdo f r o m tyh \WGAd Ratteehdetm batch

The VGA nonitor will displaya colorpattern.

Figure 5-7 illustrates the setup for this demonstration.

=

E N

VGA Out

)

u:
T
S
u,

. Q

Figure 5-7 The setup for the VGA Pattern demonstration
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5.5 G-Sensor

This demonstratioillustrates howto usethe digital accelerometer on the DELite board to

measure the static acceleration of gravity irsilhsing applicationés the board is tilted from left

to right and right to left, the digital acceleromedetects the tilting movement and displays it on the
LEDs.

A Function Block Diagram

Figure 5-8 shows the system block diagram of this demaitistn. In this system the accelerometer
is controlled through a-@&ire SPI. Before reading any data from the accelerometer, the controller
sets 1 on the SPI bit in the Register 0OxINATA_FORMAT register. The 3vire SPI Controller

block reads the digitalccelerometer xis value, to determine the tilt of the board. The LEDs are
lit up as if they were a bubble, floating to the top of the hoard

DE10-LITE Board

FPGA

I—' LED Driver ’-——>

3-wire SPI
Controller ‘\
)

Figure 5-8 Block diagram of the G-Sensor

Design Tools

1 Quartudll v16.0
Demonstr ation Source Code

1 Project directory\GSensor
9 Bitstream usedDE10 LITE_ GSensasof

DE16Lite 57 www.terasic.com
User Manual October 17, 2016

[asic]

www.terasic.com


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

Demonstration Batch File

Demo batch file foldenGSensddemo_batch
The directory includes the following files:

1 Batch file:testbat
1 FPGA configuréion file: DE10_LITE_GSensosof

Demonstration Setup

1 Quartus Il vB.0must ke preinstalled to the host PC.

9 Connectthe DE10-Lite board(J3)to the host PC with a USB cable and install the UEb&ster
driver if necessary

T Execute t he testibamw fromdhe didectof \GSemrsdddmo batchThis will load
the demo into the FPGA.

9 Tilt the DELO-Lite boardfrom side to side and observe the result on the LEDs
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5.6 ADC Measurement

This demostration shows how to use the FPGAdia ADC b measure the input power voltage

from the six analog input pins among the Arduino connector. The measured voltage is displayed on
the six Zsegment display-igure 5-9 shows the block diagram of this demonstration. The main

control useshe Altera ADC IP to retrieve the 48t digitalized analog value according the channel
specified by the SWITCldn the DE1€Lite. The input voltage can be calculated based on the

12-bit digital value. Finally, the voltage value will be display on thee@ment display by using the
7-segment controller.

The 12bit represents 0~2.5V input voltage to the AD@dweaare. In the ADC fronrend circuit, the
output voltage is half aheinput voltage. So the input voltage to the ARDUINO analog input can
be calculated with the formulested below

VOlnpu= (12bit integer value)/4095 x 2.5 x 2 = {diRinteger valu®4095 x 5.0

FPGA

A0'G-0:UIA

C/UIA=INOA
}NduI) puz juol4 DAy

induj Bojeuy
ONINAYY
alempieH OQy

SWITCH AR
Display

Figure 5-9 Block diagram of the ADC measurement demonstration

In the demonstration, a SigriEdpis alsoprovided to displayheretrieved 12bit digitalized value
and the calculated voltage for the input power to the BRID analog input as shown Figure
5-10.

I Name P2 T v 1 73
+|- cur_adc_ch[4..0] i 01h
+/-adc_sample_data[11..0] ATSh ! }( ATDh
+vol[12..0] 3273 ! b 3275
response_valid
Figure 5-10 Signal Tap of ADC
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Design Tools

T Quartus 1116.0

Demonstration Source Code

1 Quartus Project directoryADC_RTL
1 Bitstream used: DE10_Lite.sof

Demonstr ation Batch File

1 Demo Batch File FoldekADC_RTL\demo_batch
1 The demo batch file includes following files:

9 Batch File for USBBlaster:testbat

1 FPGA Configure FileDE10_Lite.sof

Demonstration Setup

Quartus 1116.0must be prenstalled to the host PC.

Connect USB Blaster to tH2E10-Lite board and install USB Blaster driver if necessary.
Executethel e mo b atesthad f ¥ F e mi ryPABC_RTiL\deenc_batch

Use SW[2:0] to specify measuradalog inputhannel.

The measured channel and voltage will be displayed on -fegment disply as shown in
Figure 5-11.

= = =4 4

Channel Voltage

Figure 5-11 7-Segment display the measured channel and voltage
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Chapter 6
Programming the Configuration

Flash Memory

This tutorial provides comprehensive information that will help you understand how to configure
DE10-Lite Board using internal configuration mode. The MA device on DE1L.ite Board

supports single and dual image boot. This tutorial explains the details of the dual image boot. The
following sections provide a quick overview of the design flow.

Please note that if you are using the dual image boot functiamn the DE10Lite board, you
will need to solder the JP5 Zoin header (pitch 0.100" (2.54 mm)) by yourself.

TheJP5 position please refer to thigjure 6-1.

The settings of JP5 are described e 6-1.

B[aéh

Figure 6-1 JP5 position on the DE10-Lite board.

m@@@p

P T T e T T T I T

Table6-1 JP5 Jumper setting instructions

Jumper Setting

‘ s Open (default) Boot from image 0
‘ Close Boot from image 1
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6. 1 Internal Configuration

The internal configuration scheme for all MAX 10 devices except for 10M02 device consists of the
following mode:

1 Dual Compressedmagesd configuration image is stored as imageO and imagel in the
configuration flash memory (CFM).

Single Compressed Image.

Single Compressed Image with Memory Initialization.

Single Uncompressed Image.

Single Uncompressed Image with Memory Initializatio

= =4 =4 -4

In dual compressed images mode, you can use the BOOT_SEL pin to select the configuration
image.

The HighLevel Overview of Internal Configuration for MAX 10 Devices as showhrigure 6-2.

MAX 10 Device

Configuration Data

Internal
Configuration
JTAG
In-System Programming

Figure 6-2 High-Level Overview of Internal Configuration for MAX 10 Devices

Before internal configuration, we need to programciafiguration data into the configuration
flash memory (CFM). The CFM will be part of the programmer object file (.pof) programmed into
the internal flash through the JTAG-8ystem Programming (ISP).

During internal configuration, MAX 10 devices load tenfiguration RAM (CRAM) with

configuration data from the CFM. Both of the application configuration images, image 0 and image
1, are stored in the CFM. The MAX 10 device loads either one of the application configuration
image from the CFM. If an error oagrs, the device will automatically load the other application
configuration image. Remote System Upgrade Flow for MAX 10 Devices is shawmuire 6-3.
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Reconfiguration Sample _ Reconfiguration

v

4

BOOT Pin

Boot_SEL=0 Boot_SEL=1

First Error Occurs

First Error Occurs

Second Error Occurs |

l

Reconfiguration

Figure 6-3 Remote System Upgrade Flow for MAX 10 Devices

The operation of the remote system upgrade feature detecting errors is as follows:

1.

E

= =4 =

[asic]

After poweringup, the device samples the BOOT_SEL pidétermine which application
configuration image to boot. The BOOT_SEL pin setting can be overwritten by the input
register of the remote system upgrade circuitry for the subsequent reconfiguration.

If an error occurs, the remote system upgrade featuretsdweloading the other application
configuration image. The following lists the errors that will cause the remote system upgrade
feature to load another application configuration image:

Internal CRC error
User watchdog timer timeut

Once the revert coigfuration completes and the device is in the user mode, you can use the
remote system upgrade circuitry to query the cause of error and which application image failed.
If a second error occurs, the device waits for a reconfiguration source. If theeenrifig is

enabled, the device will reconfigure without waiting for any reconfiguration source.
Reconfiguration is triggered by the following actions:

Driving the nSTATUS low externally
Asserting internal or external NCONFIG low
Asserting RU_nCONFIG low (Avalon-MM interfacesigna)
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6. 2 Using Dual Compressed Images

The internal configuration scheme for all MAX 10 devices except for 10M02 device consists of the

following mode:

91 Dual Compressed Images configuration image is stored as image 0 and image 1 in the

configuration flash memory(CFM).
1 Single Compressed Image

This section will just introduce how to use MAX device Dual Compressed Images featifineou

donodt nee

Before using MAX10 Dual Compressed Images feature, useese d

d this

Quartus Il projects as follows:

1 Add dual configuation IR
1 Modify Configuration Mode in device setting.

featur e,

s ki

p

this sect

to set

on

t hese

First of all, aDual Configuration IP should be added in an original project, so that the .pof file

can be programmadto CFM through itHere we us@a demonstrationamed' Led Breathe" as

an example to add Altera Dual Configuration IP to the project:

1. Open Quartus project amthooselools > Qsysto open Qsys system wizaad shown irigure

6-4.

(T Quartus Prime Standard Edition - D/systern_cd/Demonstrations/Dual_boot/Led8reathe/DEL0_LITE_LedBreathe - DEL0_LITE_LedBreathe | [
File Edit View Project Assignments Processing Window  Help arch attera e
D = ... DE10_LITE_LedB| Run Simulation Tool » ke P. 0 e i!t » [_“_!] ™
Generate Simulator Setup Script for IP...
Project Navigator [y Hierarchy — ~|=[D 5 e Lorary Gompter ] ‘\P Catalog @a =
- = 261 = s =
EoGynetance) g, Launch Design Space Explorer I b *E = o A=
A%y MAX 10: 10MS0DAF4B4CTG e R sy “ 4 “ Installed IP
. TimeQuest Timing Analyzer
BB DE10_LITE_LedBreathe & g 4 Project Directory
Advisors » > System
. 4 Library
% | Chip Planner . Basic Functions
49> Design Partition Planner . DSP
Netist Viewers L > Interface Protocols
~@  SignafTap lLogic Analyzer > Memory Interfaces and Controllers
» Processors and Peripherals
&%  |n-System Memory Content Editor
> University Program
[ Logic Analyzer Interface Editor @ Searcn for Parner
< [ earch for Partner
In-System Sources and Probes Editor
Tasks Compiation T|=ms SignalProbe Fins. .
Task Y pProgrammer
4 P Compile Design &b JTAG Chain Debugger
> P Analysis & Synthesis 4 Faul Injection Debugger
. W Fitter (Place & Route) Systgm Debugging Took 4
> B Assembler (Generate nrnaramminn filesy| T 1P Catalog +
« n » -
Nios |l Software Build Tools for Eclipse
x
<<Filters= Qsys -
@ eE® E e ]} snaren
@ Type ID Message A TelScripts...
Customize.
@
‘gu Options.
% System | Processing License Sstup,
Ok Install Devices. 0% 00:00:00
Figure 6-4 Select Qsys menu and click
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2. Please booselibrary > Basic Functior> Configuration and Programming > Altera Dual
Configuration to open wizard of addindual boot IPSeeFigure 6-5 andFigure 6-6.

T

File Edit System Generate View Tools Help

P [P Camlag 3% | W Address Map 22 ‘ Interconnect Requirements 33| il e

= [+ [ System: wnsaved
EY X [=] [ ] 4] syste
Libraxy ~ + U:  Comn.. Name Description Export Clock Baze
B”chfimmhicm L | g ek 0 Clock Soure
i .
i+-Birid ges and Adaptors X clk_in Clock Input clk exported
- Clocks; PLLs and Ressts - . clk_in_reset Feszt Input reset
[=h-Canfiguration and Programming .I clk Clock Output clk 0
b @ clk_rest Reszt Cutput
FY
v
A lters Dnaal Configuration ¥
e
- @ hltera Parallel Flash Loader
e -
< [0 ] < (L1 r
R ”'I“' fh— W W Current filter:
[Edit... | [ add.. |
==

b4

== Type Path Message

'Q unsaved [unsaved gsys* o
G- clk =
G resst =[{l« [ i | >

0 Exrors, 0 Warmnings

Figure 6-5 Select Altera Dual Configuration IP and click.

|| Mogaters  altera_dual boot

-
s Altera Dual Configuration - dual_boot g
|

“ Altera Dual Configuration

[~ Block Disgyam

\ |" Parameters

[] Ehow signals

dual_boaot 0

avalon

alttera_dual_boot

Clock frequency: |5 _|3| MHz

DE16Lite
User Manual
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Figure 6-6 Open wizard and click Finish.
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3. Click Finish to close thavizard and return to the Qsys windd@hoosedual_boot_0andclick
right key to selecRenameit to dual_boot, andconnect theclk andnresetto clk_0.clk and
clk_0.clk_resets shown irrigure 6-7.

%'? Qsys - unsaved.gsys* (D.\syslem_cd\DemDnslrations\DeFﬂult\unsaved.qsys_ lEI&IQ

Eile Edit System Generate View Tools Help

- TP Catalog 52 = t: Bystern Contents 52 } AddressMap 30 | Tnterconnect Reguirements 52 | il = |
1 X x| |a ! System: mnz=wved Path: dual_bootnresst
Project - * |Us  Comn. Neme Dieseription Export Clock
-1 New Component.. ‘
Library x
[=-Basic Fonctions =
- Arithmetic = =
r-Birid ges and Adaptors =
et Clocks; FLLs and Resets -
= Configuration and Programmdng
e M hd
- = Reset Input Double-click to export  [C1K
. avalon | valon Memory Mapped Slave [clk]
- .
- .
. a m r
- @ Altera Parallel Flash Loader —
- ”-I-'" fh’- W Cuxxent filler:
. -

< - nm | 3 oﬁz Messages 5 _ ﬂ' =
Wew... | | Edit.. & Add.. Tupe Path Message

1= 1 Warning
E“ Hierarch 25| Device Famil 53| = &
oo

A, unsaved duval_boot |dual bootavalon must be comnected to an Avalon-MM master

[ O

“ [l r

oror, W

Figure 6-7 Rename and connect dual boot IP OK

4. ChooseGenerate > Generate HDL.and clickGeneratethen pop a window as shown in
Figure 6-8. Click Saveit as dual_boot.qsyand the generation start. If there is no error in the
generation, the window will show successful as showsdnre 6-9.

-

- : el
5= Generstion — A — A gt k :

[ Symthesis |
Symnthesiz files are nsed to compile the system 4 a Quartos Prime project.

Create HDL design files for synthesis: | Verilng - |
[ Create timing and resource estimates for third-party EDAL symthesis tools.
Create block synbol file { bsf)

i [* simulation

The simulation model contains generated HDL files for the simulator, and may inclode simulation-ondy featores.

Bimulation sripts for this = = e = |
wa Save System
. . 3 - .
FDHDW th.e. gmdfmce n | Save changes? M |-sefup-simulztion and I
1p-make-simsoript to Save System | -
Create simulation model: —
Save changes to unnamed? Clome

| Save | lDon'tSa\re][ Cancel F D

Crenexate ” Cancel ]

Figure 6-8 Generate and Save Qsys.
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g AN )

@ Progress: Validating

@ Progress: Done reading input file

/4 Wamning: duwal_boot.dual_boot: dvel_boot.avalon must be connected to an Avalon-MM ma
@ Iufo: dual_boot: Generating dual_boot "dual_boot" for QUARTUS _SYNTH

@ Info: dwal_boot: generating top-level entity alters_dual_boot

@ Info: dwal_boot: "dual_boot" instantiated altexa_duval boot "dval_boot"

@ Info: rst_controllex: "duwal_boot" instantiated alters_veset_comtroller "rst_controllex”
@ Info: dwal_boot: Done "dwal_boot" with 3 modules, 7 files

@ Iufo: gaye- generate succeeded.

@ Info: Finished: Create HDL design files for symthesis
< 1n | b

m

1

0, Generate: completed with wamings.

Btop

Figure 6-9 Generate completed.

5. Click CloseandFinish to return to the window and add the dumidot gsys into the top file as
shown inFigure 6-10, and add the dual_boot.qip file to the project aade.

Bdual_boot ul (
LClk_clk (Max10_CLK1l_500, J/ clk.clk
.reset_reset_n (1°bl) S/ oreset.reset_n

Figure 6-10 Add the dual_boot module in top file.

Secondly the project needs to be set before the compilation. After addingbadwalP successfully,
please set the project mode as Inte@ahfiguration mode, detail steps are as follows:

1. ChooseAssignments > Devicéo open Device windows shown lingure 6-11.

Device Board

Select the family and device you want to target for compilation.
“ou can ingtall additional device support with the Install Devices command on the Tools menu.

To determine the version of the Quartus Prime software in which your target device is supported, refer to the Device Suppert List webpage.

Device family Show in "Available devices' list

Eamily: [MAX 10 (DA/DFIDC/SAISC) ~]  Package: [FBGA

Devices: [AII '] Pin count: [484

Core Speed grade: | A
Target device ore Speed grade: [ ny

N fitter:
Auto device selected by the Fitter ame TILET:

@ Specific device selected in *Available devices’ list Show advanced devices

Other: n/a Device and Pin Options...

Available devices:

Hame Core Voltage LEs Memory Bits Embedded multiplier 9-bit elements Global Clocks
10M40DAF484CTG 1.2V 40358 1290240 250 20

10M40DAF484CEG 1.2V 40388 1290240 250 20
4

Migration Devices...| 0 migratien devices selected

Figure6-110pen Device windowéeé
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2. Click Device and Pin Opiniongo open the Device and Pin Opinions windows, and in the
Configuration tab, Set th&€onfiguration Schemeto Internal Configuration and the
Configuration Mode to Dual Compressedmages Check the Option déenerate
compressed bitstreamsshown inFigure 6-12.

Figure 6-12 Set Dual Configuration Mode

3. ChooseOK to return to the Quartus window. In tReocessingmenu, choos8tart
Compilation or click the Play button on the toolbar to compile the project, generate the
new .sof file.

4. Use the same flow to add the Dual Configuration IP ath@r projecto generate the new .sof
file by internal configuration mode
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