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Chapter 1

Introduction

The T-Corepresents a robust hardware design platform built arounthttleMAX 10 FPGA. The
MAX 10 FPGAIs well equipped to provide cost effective, singl@p solutions in control plane or
data path applications and induskeading programmable logic for ultimate design flexibility. With
MAX 10 FPGA, you can get lower power consumption / cost and highesrpexhce. When you
need highvolume applications, including protocol bridging, motor control drive, analog to digital
conversion, and handheld devicgeT-CoreMAX 10 FPGAIs your best choice

The T-Core development board includes hardware such aboard USB Blasteil, QSPI Flash,
ADC-Header, WS2812B RGB LEDand 2x6 TMD expansion headd@y leveraging all of these
capabilities, thel-Coreis the perfect solution for showcasing, evaluating, and prototyping the true
potential of thdntel MAX 10 FPGA.

T-Core also supports RISZ CPU with orboard JTAG debug, it is an idgalatform for leaning
RISGV CPU design or embedded system design.

1.1 Package Contents

Figure 1-1 shows a photograph of tieCorepackage

o T-Core board
© Mini USB Cable
€© Fiat Ribbon Cable

Figure 1-1 The T-Core package contents
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TheT-Corepackagencludes:
1 TheT-Coreboard
TUSB Mini-B Cable
{Flat Ribbon Cable

1.2 T-Core System CD

The T-Core System CD contasithe documentation and supporting materials, including the User
Manual reference designs and device datasheets.

User can download this System Qibrh the weldhttp://T-Core.terasic.com/¢d

1.3 Layout and Components

This sectionpresents the features and design characteristics of the board

A photograph of the board shown inFigure 1-2 andFigure 1-3. It depicts the layout of the board
and indicates the location of the connectors and key components.

MAX10 10M50DAF484

WS2812B 3-pin
USB Blaster |l ADC Header RGB LED Expansion Header x2
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Switch x4
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2-pin Header 2x6 TMD Header Key x2
(Reserved)

Figure 1-2 Development Board (top view)
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MAX10/RISC-V JTAG Config
Figure 1-3 Development Board (bottom view)

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

The following hardwarareprovided on the board:

FPGA Device

TMAX 10 10M50DAF484C7G Device

flintegrated dual ADCs, each ADC supports 1 dedicated analog input and 8 dual function
pins

150K programmable logic elements

11,638 Kbis MOK Memory

15,888 Kbits useflash memory

1144 18 x 18 Multiplier

14 PLLs

Programming and Configuration

On-Board USB Blastell (Mini USB connector)
Memory Device

T1QSPI Flash (Support RISZ)
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Connectors

12x6 TMD GPIO Header

1x10 ADC Header

TWS2812B RGB LED Expansion Header
Switches, Buttonsand LEDs

94 GreenLEDs

14 Dip Switches

12 Push Buttonsvith Debounced

14 WS2812B RGB LED
Power

15V 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 M&X 10 FPGA device. Thus, the user can configime FPGA to
implementany systentesign

T

ws2812B
RGB LED x4

s

7 JTAG _ I
press g
RISC-V f QSPI

JTAG { Flash
(RISC-V)

MAX10/RISC-V
DIP x2 JTAG Enable/Disable

KEY x2
SWITCH x4

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 encanyppgoblem:
{ Terasic Inc.
19F., No.176, Sec.2, Gongdao 5th Rd, East Dist, Hsifity130070. Taiwan
Email: support@terasic.com
{Tel.: +886-3-5750-880
TWelr http://T-Core.terasic.com
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Chapter 2
Using the T-Core

This chapter provides instructisto use théoardand theperipheralglescription

2.1 Configuration of MAX 10 FPGA on T-Core

There are two types of configuration method supportet-Ggre
1. JTAG configuration: configuration using JTAG port.

JTAG configuration scheme allows you to directly configure the device core through JTAG pins
TDI, TDO, TMS, and TCK pins. The Quart@simesoftware automatically generatssf filesthat
areused for JTAG configuration with a download cable in the @g&rimesoftware program.

2. Internal configuration: configuration using internal flash.

Before internal configuration, you need to program the configuration data into the configuration
flash memory (CFM) which provides nwoolatile storage for the bit stien. The information is
retained within CFM even if th&-Core board is turned off. When the board is powered on, the
configuration data in the CFM is automatically loaded into the MAX 10 FPGA.

A JTAG Chain on T-Core Board

Figure 2-1 shows the JTAG interface d¥Core board, which uses the USB Blaster Il (UB2guit

to connect to the host PC. The JTAG interface ofTH@ore board can be divided into common
FPGA configuation and RIS/ applications. Users can configure or debug the MAX10 FPGA on
the T-Core through the UB2 interface afiartussoftware on the host PC. You can also use the
UB2 circuit to download the binary file from the héX€to RISGV application. Tle two positon
switches on the SW2 can control whether the MAX10 FPGA and R &g@plication will appear in
the JTAG chain of th&-Core board
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PC MAX10

il e
USB — uB2

— Connector

. I MAX10 IO PIN l
Open On-Chip Debugger <+—> (RISC-V JTAG PIN)

MAX10 JTAG Enable/Disable DIP x2 QSPI Flash
RISC-V JTAG Enable/Disable (RISC-V)

Figure 2-1 The JTAG configuration scheme

Figure 2-2 The JTAG Switch for MAX10 FPGA and RISC-V

Figure 2-2 shows the factory settings of the SW2. The SWibstion is used for enable/disable
the MAX 10 FPGA in the JTAG chain. When set to ON, the MAX10 FPGA will appear in the
JTAG chain ofT-Core. SW2.2 is the JTAG chain switch for RESGpplications. If it is turned off,

the application will not appeanithe JTAG chain. For more information about the RMC
application, please refer to sectiod ®r more information.

Table 2-1is the setting of SWand its function.

Table 2-1 MAX10 and RISC-V JTAG Chain setting for SW2

SW?2 Position

sw2positon [ L
[ MAX10 (SW2.1) RISC-V (SW2.2)
OFF OFF

MAX10 and RISC-V off chain
OFF ON MAX10 off chain and RISC-V on chain
ON OFF MAX10 on chain and RISC-V off chain
ON ON MAX10 on chain and RISC-V on chain
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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 QuartuBrime programmer pleasechooseTools >Programmer. The Programmer
window opens. SeEigure 2-3.

2.
3.

www.terasic.com

Eile Edit View Processing Tools Window Help

O3 Programmer - G/tmp/T-core/cd/Demonstration/Default/T_CORE_Default - T_CORE_Default - [T_CORE_Defau — O >

Search altera.com |e

:..HardwareE.etup... T-Core [USBE-1] Mode: | JTAG A Pru:ngress:’ ]

M suto Detect

U

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

0 e File Device Checksum Usercode Program/  Werify = Blank- Examine
tart

Configure Check

Delete
Y add File..

Change File...

ol Save File
= Add Device...

i Down

Figure 2-3 Programmer Window

Click AHardwareSetupm, as circled irFigure 2-3.

If it is not already turned on, turn on th&SB-Blaster [USBO] option under currently selected
hardwareand clickAClosed to close thevindow. SeeFigure 2-4.
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4 Hardware Setup

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: | | T-Core [USBE-1]

Available hardware items

Hardware Server Fort | Add Hardware... |

Local USE-1

T-Core
Rermowve Hardware

Close

Figure 2-4 Hardware Setting
4. Click fAuto Detecbto detect all the devices on the JTAG chaim circled irFigure 2-5.

O Programmer - G:/tmp/T-core/cd/Demaonstration/Default/T_CORE_Default - T_CORE_Default - [T_CORE_Defau.....

File Edit View Processing Tools Window Help

-

Mode: | JTAG Progress:

5 Hardware Setup... | T-Core [USB-1]

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

File Device Checksum Usercode Program/  Verify  Blank- Examine

b gtart
Configure Check

to Stop

M Auto Detect

Delete

™ Add File...

ar Change File...
dh save File
F" Add Device...
' up

o Down

Figure 2-5 Detect FPGA devican JTAG mode

5. Select detected device associated with the board, as cirdtéeglire 2-6.
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4 select Device

s

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

(® 10M50DA

) 10Ms0DAES

) 10Ms0DC

OK
Figure 2-6 Select 10M50DA device
6. FPGA s detected, as shownRigure 2-7.

B Programmer - G:/tmp/T-core/cd/Demaonstration/Default/T_CORE_Default - T_CORE_Default - [T_CORE_Defau..... - O X
Eile Edit View Processing Tools Window Help Search altera.com ‘.
.?- Hardware Setup...| (T-Core [USBE-1] Mode: | JTAG g Progress: ’ ]

[ Enable real-time ISP to allow background programming when available
% gtart File Device Checksumn Usercode Program/  Werify = Blank- Exarmnine
Configure Check
h stop <nones 10M50DA 0000DDOO  <nones l l
M auto Detect
Delete
™ addFile..
ar Change File... < z
~
% save File
I'* Add Device . e
TCH E E
e | || — F—
TEI’DDWH ....------.
TOMS50DA
TDO
4
v

Rasic]

www.terasic.com
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Figure 2-7 FPGA detected in QuartusPrime programmer
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7. Right click on the FPGA device and| i ¢ k iFi@h @ ogee the .soffile to be
programmed, as highlighted igure 2-8.

O3 Programmer - G:/tmp/T-core/cd/Demaonstration/Default/T_CORE_Default - T_CORE_Default - [T_CORE_Defau..... — O >
File Edit WView Processing Tools Window Help [- = com .
K Delete Del
&, Hardware Setup...| | T-Core [USB-1] Mode: | JTAG Select All Ctrl+A
[] Enable real-time ISP to allow background programming when available i Add File..
Im'“ Change File I
i . File Device Checks [y cave Eile k- Examine
=1 =4
ck
b stop <none> 10M50DA ooooooc  AddIPSFile.. O
Change IPS File...
M Auto Detect _
Delete IPS File
e Add EKP File..
Y add File.. Change EKP File...
Delete EKP File
pe Change File... < >
Add PR Programming File... &
B save File
Change PR Programming File...
* Add Device.. E—‘“'“m'] Delete PR Programming File
L] -
TOI E -
i Up R —— . :! [— Attach Flash Device...
0 ; I Edit ’I Change Flash Device...
Down _IAnuE .
10ME Show Device's Properties Delete Flash Device
TDO | .
4 Add Device...
v

Change Device

Replaces a selected programming file

Figure 2-8 Open the .sof file to be programmé into the FPGA device

8. Open thefoutput_file® folder and slect the .sof file to be programmesks shown irFigure
2-9.
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& select New Programming File >
Look in: G:\tmp\ T -core\cd\Demanstration\ Default\output_files A 0 (5] 0 @ E]
W iy Comp... || || T_CORE_Default. pof
D T _CORE_Default sof
a User = =
File name: |T_CORE_De‘fault.sof | | Open
Files of type: | Programming Files [*.sof *. pof *.jam *.jbc *.ekp * jic) hd Cancel

Figure 2-9 Select the .sof file to be programmed into the FPGA device

9. Click AProgram/ Configur eodo c h e coknloadtke .safrild
into the FPGA device, as shownhigure 2-10.

9 Programmer - G:/tmp/T-core/cd/Demonstration/Default/T_CORE_Default - T_CORE_Default - [T_CORE_Defau..... - a X
Eile Edit View Processing Tools Window Help Search altera.com ‘.
; Hardware Setup...| [T-Core [USBE-1] Mode: | JTAG g Progress: ’ ]

(] Enabile real-time ISP to allow background programming when available
wh geart File Device Checksum Usercode Program/ | WVerify  Blank- Exarmnine
Configure Check
h stop output_files/T CORE .. 10MS0ODAF484 00410018  00410D18
M auto Detect
X Delete
M add File.
F'Q' Change File... < z
A
4 save File
I'* add Device . R
L] -
TODI H
TR
L] -
L] -
L]
TE" DDW” ?_J_I.llllj_l.l__:
10M50DAF484
TDO
4
v

Rasic]

www.terasic.com

Figure 2-10 Program .sof file into the FPGA device
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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.

fPlease refer t&€hapter 4: Programming the Configuration Flash Memory (CFM) for the
basic programming instruction on the configuration flash memory (CFM).

MAX 10 Device
CRAM
Internal
JTAG *ff Configuration
In-System
Programming
md CFM

|

Figure 2-11 High-Level Overview of Internal Configuration for MAX 10 Devices

A Status LED

The T-Coredevelopment board includé®ardspecificstatus LEDgo indicate board statuPlease
refer toTable 2-2 for thedescriptionof the LED indicatorPlease refer t&igure 2-12 for detailed
LED location.

_~n<.‘_.-,=:::=ﬁ:==15fr-0% .“ 2 L E D6
¢ 5| LED5
g LED4
D3
Figure 2-12 Status LED position
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Table 2-2 Status LED

LED4 JTAG RX llluminate when data is transferred from USB Host to JTAG.
LED5 JTAG TX llluminate when data is transferred from JTAG to USB Host.
LEDG6 CONF_DONE llluminates when the FPGA is successfully configured.
LED7 Status llluminates Bard status

D3 5V llluminates when Input power is active. Not Installed.

D4 Power Good llluminates when board power system is OK.

2.2 Clock Circuitry

Figure 2-13 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. Wee50MHz 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 listedable 2-3.

Warning!!
Do not modify the clock generator settings.

Incorrect setting will cause the system to not work.

Figure 2-13 Clock circuit of the FPGA Board

Table 2-3 Pin Assignment of Clock Inputs

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-V LVTTL
MAX10_CLK2_50 | PIN_N14 50 MHz clock input(Bank 3B) 3.3-V LVTTL
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