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The Intel Max 10 is the lower cost and lower end of the Intel FPGA family. The Max 10 FPGAs are
a popular solution for many applications. The Max 10 can be found on development boards
featuring the higher-end Intel FPGAs. The MAX 10 -10M08 Evaluation Kit developed by Terasic
Inc. is a very simple development board to help one get started developing with the Quartus Prime
software. As a getting started to our hands-on articles on Intel FPGAs with the latest software, this
article walks through a couple of basic designs to demonstrate the latest Quartus Prime V21.0
software targeting the MAX 10 -10M08 Evaluation Kit.

The Project Requirements:

¢ Intel Quartus Prime Lite Edition V21.0 — 7zip is required to extract the tar file.

¢ Intel® MAX® 10 - 10MO08 Evaluation Kit and the schematic for the evaluation board are
required. The schematic PDF file can be downloaded from the Intel FPGA website.

¢ Intel FPGA Programming cable — USB Blaster Il or EthernetBlaster Il. Unlike other FPGA
boards, the MAX 10 -10M08 Evaluation Kit doesn’t have a built-in USB Blaster solution, so
a separate programming cable is required.

Note: There are equivalent MAX 10 development and evaluation boards available. These boards
can also be used as the target, but you will have to adjust to the available features on the board.
Please make sure that you have the board’s schematic files as these will be needed to identify pins.

1.1 Download and Install the Quartus Prime Lite Edition Software

The Quartus can run on Windows and different Linux distributions. The installation of the software
has many steps. Please see the article Intel® Quartus® Prime Lite and NIOS® Il SBT for Eclipse
Installation Instructions on Annabooks.com to install the software needed for this hands-on
exercise. All you need for this hands-on paper is the installation of the Quartus Prime Lite software
with Max 10 support.

1.2 LED Toggle Project

As hello world is the first programming project, toggling an LED is the first electronic circuit project.
The MAX 10 -10M08 Evaluation Kit has a set of 5 LEDs on board available for user control. One of
the LEDs will be toggled on and off using the 50Mhz clock on the board.

1.2.1 Create the Project

1. Open Quartus.
2. Click on the New Project Wizard.

Copyright © 2022 Annabooks, LLC. All rights reserved


http://www.annabooks.com/
https://www.annabooks.com/Articles/Articles_FPGA/Intel-FPGA-Tools-Setup-Rev1.1.pdf
https://www.annabooks.com/Articles/Articles_FPGA/Intel-FPGA-Tools-Setup-Rev1.1.pdf

Annabooks Rev 16

¥

New Project Wizard

Q © W |RIQ]l e | s
Compare Editions Buy Software Documentation Support What's New Notifications

Open Project

Tutorial Video:

3. Click Next to the Introduction dialog.
4. Select or create a new project directory (other than the Quartus installation directory) and
name the project “LedToggle”. Click Next.

Note: By default, the root directory is the Quartus installation directory. Make sure the root project
directory is a separate path from the Quartus installation files. i.e. c:\MAX10DesignExamples

5. Project Type: Empty project, click Next.

6. Add File: no files to add, click Next.

7. Family, Device & Board Settings: click the Board tab and select: MAX 10 FPGA 10M08
Evaluation Kit and click Next.
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® NewP roject Wizard

Family, Device & Board Settings
Device | Board
Select the board/development kit you want to target for compilation

Family: | MAX 10 * | Development Kit: | Any =

Ayailable boards:

MName Version Family Device Vendor
EH  Arrow MAX 10 DECA 0.9 MAX 10 T0MS0DAF4B4C6GES  Arrow 487¢
FH  BeMicro MAX 10 FPGA Evaluation Kit 1.0 MAX 10 T0MOBDAF4B4CBGES  Arrow 8064
FH max 10DE10- Lite MAX 10 10MS0DAF484C6GES Altera 487¢
T P T —r
EH max 10FPGA Development Kit MAX 10 T0MS0DAF256CT7G Altera 487¢
EH  max 10 NEEK 1.0 MAX 10 T0MS0DAF4B84I7G Terasic 487¢
==:] Odyssey MAX 10 FPGA Kit 1.0 MAX 10 10MO8SAUTE2CBGES Macnica .. 8064

V| Create top-level design file.

Can't find your beard? Check the Design Store for additions and search for baseline under Design Examples.

Help < Back Next » Einish Cancel

8. EDA Tools: click Next.
9. Summary: click Finish.

Note: The actual MAX 10 on our board is the 10MO8SAE144C8G, thus it is not an Engineering

Sample (ES). The next two steps change the device to the production device. Your experience with
your hardware might be different.

10. In the project navigation pane on the left, right-click on 10: 10MO8SAE144C8GE, and select
Device from the context menu.

11. In the Available devices, scroll down and select the 10M08SAE144C8G, click OK.
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& Device

Device Board

Device family
Eamily: | MAX 10 [DA/DF/DC/SAJSC/SL)
Device: | All
Target device
Auto device selected by the Fitter
®' specific device selected in "Available devices' list

Other. nfa

Ayailable devices:

T0MOBSAET44CBGES 3.3V
TOMOBSAE14417G 3.3V 8064 10

ANMNASAF14417P 33w AnRa B okl
1

Migration Devices... | 0 migration devices selected

Select the family and device you want to target for compilation.

You can install 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 Support List webpage.

| Device and Pin Options...

Name Core Voltage Es Total 1/Os

1oM08SAE144CEG aw _-_—

101 387072
101 387072 48
11 I|/INT2 an x
b
| |
| ¥ Buy Software | oK Cancel Help

Show in ‘Available devices' list

Package: Any v |

Pin count: Any .
Core speed grade: | Any x
Mame filter:

v| show advanced devices

GPI0s Memory Bits Embedded multiplier 9 bitelem

1.2.2 Create the Verilog file

Quartus supports many design types to create an FPGA design. Verilog is a popular Hardware
Definition Language (HDL) that is like the C programming language. We will create a Verilog file to

have the 50Mhz clock toggle the LED.

1. From the menu, select New, and from the New dialog, select Design Files--> Verilog HDL

File.
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Mew CQuartus Prime Project

* Design Files
AHDL File
Block Diagram/Schematic File
EDIF File
Osys System File
State Machine File
SystemVerilog HDL File
Tel Script File
WHDL File

* Memory Files
Hexadecimal (Intel-Format) File
Mermory Initialization File

= Verification/Debugging Files
In-Systemn Sources and Probes File
Logic Analyzer Interface File
Signal Tap Logic Analyzer File
University Program VWF

* tharCilac

oK Cancel Help

2. Inthe text area, write the following code:

/ILED Toggle

[INew Module

module LedToggle (

input wire clk_50Mhz,

output wire LEDD1

);

lICreate a register

reg [31:0] counter;

/IAssign the LED to one of the bits in the counter

assign LEDD1 = counter[25];

initial begin

counter <= 32'h0;

end

always @(posedge clk_50Mhz) begin

counter <= counter + 1;
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end

endmodule

The Verilog file is considered a module. Within the module creation, the input and output pins are
defined for the clock and the LED. A 32-bit register is then created, and the LED is assigned to bit
26 of the register. The register is set to Oh on startup. The always statement says that on every
positive edge of the clock, the register will be incremented by one. The counter will roll over once
the maximum count is reached. The LED will turn on and off as the 26™ bit is set to 1 and 0.

3. Save the file as LedToggle.v to the project folder.

4. Now let’s test compile the code to make sure there is nothing mistyped. Under Task, right-
click on Analysis & Synthesis, and select Start from the context menu. The output should
show that the compilation was successful. If there are any errors, fix them and recompile
the project.

L]
} Al (€[4 Y <<Filter>> 88Eind.. | ABFind Next
Type ID Message
©@ 20030pParallel compiTation is enabled and will use 8 of the 8§ processors detected
» @ 12021 Found 1 design units, including 1 entities, in source file Tedtoggle.v
© 12127 Elaborating entity "LedToggle” for the top Tevel hierarchy
© 286030 Timing-Driven Synthesis is running
@ 170497 registers lost all their fanouts during netlist optimizations.
» @ 16010 Generating hard_block partition "hard_block:auto_generated_inst”
» @ 21057 Implemented 27 device resources after synthesis - the final resource count might be different
y @ Quartus Prime Analysis & synthesis was successful. 0 errors, 1 warning
;: ‘

5. The pin assignments need to be set. From the menu, select Assignments->Pin Planner.
The wire keyword populated the input and output in the Node Name list at the bottom of
the Pin Planner dialog.
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6. Using the board schematic, locate the pins for the LEDD1 and the 50Mhz clock. Set the
Location values for both node names. For the MAX 10 — 10MO08 Evaluation Board, these
values are as follows:
LEDD1: PIN_132
Clk_50MHz: PIN_27
7. Set the I/O Standard to 3.3V-LVTTL. You can see from the schematic that the 1/O are all
tied to 3.3V.
& Mamed:| * * |ae | Edit
Mode Mame Direction Location I/O Bank VREF Group IfO Standard Reserved Current Strength Slew Rate
‘& LEDD1 Output PIN_132 8 B8 NO 3.3-V LVTTL 8mA [default) 2 (default)
B clk_50Mhz Input PIN_27 2 B2_NO 3.3-V LVTTL 8mA (default)

<<new nodes>

The chip pin diagram will show that both pins are assigned. You can double-click on a pin and the
properties pane will appear with the pin information.
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Pin Properties @ =
Pin number PIN_132

Node name: |LEDD1 =
IO Standard: | 3.3-V LVTTL bt

Reserved:

Properties:

Name Value =
1/O bank 8
VREF group B8_NO
Edge TOP

General function Column I/O

4

Special function
DIFFIO_RX_T22p

DIFFOUT_T22p
Low_Speed
Pad IO 240
VREF pad ID 231
Pad group 12

8. Close the Pin Planner when finished.
9. Finally, create a timing constraints file. From the menu, select New->Text File.

10. Enter the following:

#Set timing constraint of clk_50Mhz is 50Mhz

create_clock -name clk_50Mhz -period "50Mhz" [get_ports clk_50Mhz]

#LEDD1 has no timing constraints

set_false_path -from * -to [get_ports LEDD1]

11. Save the file as LedToggle.sdc to the project folder.

12. Finally, compile the design. In the Task pane, right-click on Compile and Design and select
Start from the context menu, or you can click on the Play symbol in the toolbar. Make sure
the project compiles successfully.
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Flow Summary
&, <<Filter>>
Flow Status

Successful - Sat Jun 25 17:28:59 2022

Cuartus Prime Version 21.1.0 Build 842 10/21,/2021 5J Lite Edition

Revision Mame LedToggle
Top-level Entity Mame LedToggle

Family MAX 10

Device 1OMOBSAET44CEG
Tirming Models Final

Total logic elements

Total registers

26 /8,064 (<1%)
25

Total pins 271071 (2% )
Total virtual pins 0

Total memory bits 0/387,072(0%)
Embedded Multiplier 9-bit elernents 0f48(0%)
Total PLLs 0/1(0%)

LUFM blocks 0f1(0%)

ADC blocks 0f1(0%)

Program the Board

With the design compiled, we can now test the design on the board.

1.

Connect the board and the programming cable together per the cable instructions.

Note: The MAX 10 — 10M08 Evaluation Kit doesn’'t come with a programming cable or built-in JTAG
USB Blaster II. You will have to use either the USB Blaster Il or EthernetBlaster Il external cables.
The EthernetBlaster Il was used in this example. DHCP setup was not working, so a direct Ethernet
cable connection between a PC and the EthernetBlaster Il had to be made. Set the static IP for the
PC network card to 198.162.0.1. Access the EthernetBlaster Il via a browser and then change the
IP to a static IP that matches the network. The new IP address was used as the Server name in
this example. Your experience might be different.

2.
3.

4.

Power on the board and the programming cable box.

In Quartus Prime, from the Task pane, right-click on Program Device (Open Programmer)
and select Open from the context menu.

The Programmer dialog appears. Click on the “Hardware Setup” button.

Click the Add hardware button, select the Hardware type and file and any remaining
information, and click OK.
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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: | No Hardware

W Add Hardware

Hardware type: EthernetBlaster
Add Hardware...

Port:
Remove Hard

I

Baud rate:

Server name:

Server port: 1309
Server password:

Auto Detect OK Cancel

Close

6. The tool allows you to connect to a number of programming cables. We need to select the
one for our board. In the “Currently selected hardware”, click the drop-down, select the
hardware cable for the board, and click Close when finished.

. 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: | EthernetBlasterll on 192.168.1.198 [EthernetBlasterl(] v
Hardware frequency: Hz
Available hardware items

Hardware Server Port Add Hardware...

EthernetBlasterll 192.168.1.... EthernetBL..

Remove Hardware
Close

7. A LedToggle.sof file gets created during the Compile Design flow. The file is automatically
filled in. There is only one FPGA on the board and in the JTAG chain, so the file already
has the Program/Configure checkbox checked. Click the Start button.
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rogrammer - C \ GA Evaluation

LedToggle - LedToggle - [LedToggle.cdf]
Eile Edit View Processing Tools Window Help

©

;Hardware Setup... | | on 192.168.1.198 [EthernetBlasterll] Mode: | JTAG v Progress:
Enable real-time ISP to allow background programming when available
m File Device Checksum Usercode Program/  Werify = Blank-
Pl Start :
Configure Check
i Stap output_files/LedToggle.sof 10MOBSAE144 00088D26  00088D26 v
M Auto Detect
Delete
W add File...
& Change File... !
b save File
.Add Device... -.........-
a =
T : =
bup E— :
H H
u =
%E:ﬂ n EEsmsamEm
10MOBSAET44
TDO

re

Examine

5

The process takes a few seconds and shows that the task was completed successfully.
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& Programmer - E:/FPGA/Intel Max 10 FPGA Evaluation Kit/LedToggle/LedToggle - LedToggle - [LedToggle.cdf]

Eile Edit View Processing Tools Window Help Search Intel FPGA e
; Hardware Setup... | | on 192.168.1.198 [EthernetBlasteril] Mode: | JTAG v Progress: 100% (Successful)

Enable real-time ISP to allow background programming when available

m File Device Checksum Usercode Program/  Werify = Blank- Examine S
Flstart .
Configure Check
i Stap output_files/LedToggle sof 10MOBSAE144 00088D26  00088D26 v
M Auto Detect
Delete
U add File...
& Change File... ! .
i save File
.Add Device... -.........-
a =
T : =
g N :
B H
u =
o Down | [ = Sesssssss
10MOBSAET44
TDO

If you look at the board, you will see that the LED D1 is blinking.

1.2.4 Program the Internal Flash with POF file.

The downloading of the .SOF file was to the SRAM of the MAX 10. Once the system has been
power cycled the design is lost. In this section, we will convert the LedToggle.sof to LedToggle.pof
that will be programmed into the internal flash and stay resident.

1. Unplug the power for the Evaluation Board, wait a few seconds, and then plug the power
back in. You will notice that the design doesn’t come back up and flash the LED. The .SOF
file is downloaded to the internal SRAM and lost on a power cycle.

2. The MAX 10 has internal flash that provides non-volatile storage for the program allowing
it to persist through a power-down and launch on power on. We need to convert the .SOF
file to a .POF file to program the internal flash. In Quartus, from the menu, select File-
>Convert Programming Files...

3. Inthe Convert Programming Files dialog set the following:

Programming file time: Programmer Object File (.pof).
Mode: Internal Configuration.
File name: output_files/LedToggle.pof.

4. Under the Input files to convert, click Add File and browse to the output folder location to
open the LedToggle.sof file.

Copyright © 2022 Annabooks, LLC. All rights reserved
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Search Intel FPGA e
| Specify the input files to convert and the type of programming file to generate.
You can also import input file information from other files and save the conversion setup information created here for
future use.
Conversion setup files
Open Conversion Setup Data... Save Conversion Setup...
Cutput programming file
Programming file type: | Programmer Object File (.pof) =
Options/Boot info... | Configuration device:  EPCET6 . Maode: Internal Configuration hd
File name: output_files/LedToggle pof
Advanced. .. RemotefLocal update difference file: NOMNE
V| Create Memory Map File (Generate LedToggle map)
Create CvP files (Generate LedToggle.periph.pof and LedToggle.core.rbf)
Create config data RPD (Generate LedToggle auto.rpd)
| Input files to convert
| FilefData area Properties Start Address Add Hex Data
~ S0F Data Page O <auto=
Add Sof Page
LedToggle.sof 10MOBSAE144 = B
Add File
Remove
Up
Down
Properties
Generate Close Help

5. Click the Generate button. A dialog will appear stating generation was success full. Click
OK.

Click Close to close the Convert Program File dialog.

In Quartus Prime, from the Task pane, right-click on Program Device (Open Programmer)
and select Open from the context menu.

8. The programming cable should already be selected. If not, select your programming cable.
9. Inthe file list, right-click on the LEDToggle.sof file name and select Change File.

10. Open the LedToggle.pof file.

11. Check the Program/Configure checkbox. This will automatically check the CFMo and UFM.

No

Copyright © 2022 Annabooks, LLC. All rights reserved
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& Programmer - E:/FPGA/Intel Max 10 FPGA Evaluation Kit/LedToggle/LedToggle - LedToggle - [LedToggle.cdf]*
Eile Edit View Processing Tools Window Help cearch Intel FPGA e
; Hardware Setup... | | on 192.168.1.198 [EthernetBlasterll] Mode: | JTAG v Progress:

Enable real-time ISP to allow background programming when available

m File Device Checksum Usercode Program,/ = Verify  Blank-
Flstart .
Configure Check
%S:CF output_files/LedToggle. pof 10MOBSAET44 02661596 00088D26 v
CEMO n ]
& Auto Detect UEM v
X pelete
U add File...
& Change File... ! .
b save File
.Add Device... -.........-
T E E
bup E— :
B H
u =
o Down | [ = Sesssssss
10MOBSAET44
TDO

re

12. Click the Start button. The process will take a little longer since the internal flash is being
programmed.

13. LED D1 should be blinking. Power cycle the board and the program should persist through
the power cycling and start up and run this time.

1.3 Logic Switches Project

The previous project used Verilog to create the design. In the project, we will create a design using
a schematic. The MAX® 10 - 10M08 Evaluation Kit has a 5-switch pack on board. Three switches
will be used to light up LED D2 and LED D3 as follows:

Input Output
Switch1 Switch2 Switch3 LEDD2 LEDD3
0 0 0 0 0
0 0 1 0 0
0 1 0 1 0
0 1 1 1 1
1 0 0 1 0
1 0 1 1 1
1 1 0 1 0
1 1 1 1 1

Looking at the schematic, the LEDs are tied to 3.3 V. The LEDs turn on when the output pin is low.
When the switches slide to the ON position, they are in the logic 0 state, and when the switches
slide to the OFF position, they are in the logic 1 state.

Copyright © 2022 Annabooks, LLC. All rights reserved
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1.3.1 Create the Project

1. Open Quartus.
2. Click on the New Project Wizard.

+

New Project Wizard

Q @ M [RIQ]| o | &
Compare Editions Buy Software Documentation Support What's New Notifications

Open Project

3. Click Next to the Introduction dialog.
4. Select the directory (other than the Quartus directory) and name the project: SwitchLogic.
Click Next.

Note: By default, the root directory is the Quartus installation directory. Make sure the root project
directory is a separate path from the Quartus installation files. i.e. c:\MAX10DesignExamples.

5. Project Type: Empty project, click Next.

6. Add File: There are no files to add, click Next.

7. Family, Device & Board Settings: click the Board tab and select: MAX 10 FPGA 10M08
Evaluation Kit. Click Next.

Copyright © 2022 Annabooks, LLC. All rights reserved
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® NewP roject Wizard

Family, Device & Board Settings
Device | Board
Select the board/development kit you want to target for compilation

Family: | MAX 10 * | Development Kit: | Any =

Ayailable boards:

MName Version Family Device Vendor
EH  Arrow MAX 10 DECA 0.9 MAX 10 T0MS0DAF4B4C6GES  Arrow 487¢
FH  BeMicro MAX 10 FPGA Evaluation Kit 1.0 MAX 10 T0MOBDAF4B4CBGES  Arrow 8064
FH max 10DE10- Lite MAX 10 10MS0DAF484C6GES Altera 487¢
T P T —r
EH max 10FPGA Development Kit MAX 10 T0MS0DAF256CT7G Altera 487¢
EH  max 10 NEEK 1.0 MAX 10 T0MS0DAF4B84I7G Terasic 487¢
==:] Odyssey MAX 10 FPGA Kit 1.0 MAX 10 10MO8SAUTE2CBGES Macnica .. 8064

V| Create top-level design file.

Can't find your beard? Check the Design Store for additions and search for baseline under Design Examples.

Help < Back Next » Einish Cancel

8. EDA Tools: click Next.
9. Summary: click Finish.

Note: The actual MAX 10 on our board is the 10MO8SAE144C8G, thus it is not an Engineering
Sample (ES). The next two steps change the device to the production device. Your experience
might be different depending on your hardware.

10. In the project navigation pane on the left, right-click on 10: 10MO8SAE144C8GE and select
Device from the context menu.

11. In the Available devices, scroll down and select the 10MO8SAE144C8G. Click OK.

Copyright © 2022 Annabooks, LLC. All rights reserved
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& Device

Device Board

Select the family and device you want to target for compilation.

You can install 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 Support List webpage.

Device family Show in ‘Available devices' list
Family: | MAX 10 (DA/DF/DC/SA/SC/5L) - Package: 'An,’, - |
Device: | All M Pin count: Any >
Target device Core speed grade: Am.,r -
Auto device selected by the Fitter e e
'@ Specific device selected in ‘Available devices' list V| show advanced devices

Other. nfa
| Device and Pin Options... |

Ayailable devices:

Name Core Voltage Es Total 1/Os GPI0s Memory Bits Embedded multiplier 9-bit elem: =
__ 37072
T0MOBSAET44CBGES 3.3V 387072 43
TOMOBSAE14417G 3.3V 8064 10 10 387072 43
“InMnRRnF‘IAdI'!D kY RORA 1M 107 3ATNT2 a8 x

Migration Devices... | 0 migration devices selected

¥ Buy Software : oK Cancel Help

1.3.2 Create the Schematic File
Now we will create the schematic file.

1. Open Quartus.

2. From the menu, select New; and from the New dialog, select Design Files--> Block
Diagram/Schematic File.

Copyright © 2022 Annabooks, LLC. All rights reserved
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Mew CQuartus Prime Project

* Design Files
AHDL File
EDIF File
Qsys System File
State Machine File
SystemVerilog HDL File
Tcl Script File
Verilog HDL File
WHDL File

¥ Memory Files
Hexadecimal (Intel-Format) File
Memory Initialization File

* Verification/Debugging Files
In-Systemn Sources and Probes File
Logic Analyzer Interface File
Signal Tap Legic Analyzer File
University Program WWF

* tharCilac

| OK | Cancel Help

3. A blank schematic editor appears. In the tools bar, click on the AND symbol to open the
Symbol Tool, or double-click anywhere in the empty space of the design.

5 Block1.bdf X

4. The Symbol dialog appears, which contains the libraries of available symbols from which
to choose. Expand the hierarchy to get to the logic symbols: primitives->logic.

Copyright © 2022 Annabooks, LLC. All rights reserved
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Symbol

Libraries: e

'B‘c:fintelfpga_lite,l'Z'].'1,l'quartus,l'li‘ D N

FOB megafunctions |
b 20 others
- & primitives
b 20 buffer
* & logic
£ andi12

£t and> i
41 »

Hame:

nand?2

V| Repeat-insert mode

Insert symbol as block e

OK Cancel

Scroll down the list and click on nand2. This is a 2-input NAND gate.

Click Ok. The dialog will disappear and the mouse will have the symbol attached.

Drag and place (right-click) the NAND gate on the schematic diagram.

The tool allows you to add more NAND gates, and we only need one. Hit the ESC key
when finished.

Repeat the steps to add an OR gate (or2) and a NOT gate (inverter).

®No O

©

| Block1.bdf* X

e e e T T R E
e e A T o e e
e e e by i o e b e
__________________________ O B R
............... NS
.......................... j
e - N 3 [ e LA

st o el e e e e e

10. Open the Symbol Tool, and expand the hierarchy to primitives->pin.
11. Select input and click OK.
12. Drop the input symbol three times and then hit ESC.
13. Repeat steps 10-12 to add 2 output pins.
Copyright © 2022 Annabooks, LLC. All rights reserved
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14. From the toolbar, click on the Orthogonal Node Tool. The tool is used to connect the wires
between the gates and pins.

) Block1.bdf* X

................................................. iife)

R RS RS R S S S S rerrererre bo AL pin_namea

.......................................... +

T L S ISR A S S SRS R

Ciopi [NPUT F NANDZ e e
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16. The final step is to assign the proper names to the pins. Double-click on the name
pin_name1 to edit the name. Rename to switch1.

17. Rename pin_name2 to switch2.

18. Rename pin_name3 to switch3.

19. Rename pin_name4 to LEDD2.

20. Rename pin_name5 to LEDD3.
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21. Save the file as SwitchLogic.bdf.

22. Now, we need to assign the pins to the input and output pins in the schematic. In the Task
pane, right-click on Analysis & Synthesis. This will check the design and generate the pin
hierarchy.

23. Correct any errors if they appear, but the process should return successfully.

24. From the menu, select Assignments->Pin Planner.

25. All the pins will be listed. Using the board schematic, set all the node names with the proper
pin locations and change I/O Standard for all pins to 3.3V-LVTTL.

Node Name Location
LEDD2 PIN_134
LEDD3 PIN_135
Switch1 PIN_120
Switch2 PIN_124
Switch3 PIN_127
& | Named: * v |« |Edit 3.3-VLVTTL
=]
E Node Name Direction Location 10 Bank VREF Group I/O Standard Reserved Current Strength Slew Rate
‘& LEDD2 Output PIN_134 a B8_NO 3.3-V LVTTL amA (default) 2 (default)
‘@ LEDD3 Output PIM_135 8 B8_NO 3.3-V LVTTL amA (default) 2 (default)
= switch1 Input FIN_120 8 BB8_NO 3.3-VLVTTL 8maA (default)
i&_ switch2 Input PIN_124 8 B8_NO 3.3-VLVTTL 8mA (default)
iﬂ_ switch3 Input PFIN_127 8 BB_NO 3.3-VLVTTL 8mA (default)

<<new nodes>

26. Close the Pin Planner when finished. The schematic will now show the pin assignment
names.

St Dswitend

[ PIN 120 switch2
C|PIN_124

switch3

ClPIN_127

27. Save the project.

28. There is no clock, so a timing constraint file is not required. In the Task pane, right-click on
Compile Design and select start from the context menu; or you can click on the Play symbol
in the toolbar. The process should be successful.

1.3.3 Program the Board
With the design compiled, we can now test the design on the board.

1. Connect the board to the programming cable per the cable instructions.

2. Power on the board and the programming cable box.

3. In Quartus Prime, from the Task pane, right-click on Program Device (Open Programmer)
and select Open from the context menu.

4. The Programmer dialog appears. Click on the “Hardware Setup” button.

5. Click the Add hardware button, select the Hardware type and file in any remaining
information, and click OK.
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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: | No Hardware

W Add Hardware

Hardware type: EthernetBlaster
Add Hardware...

Port:
Remove Hard

I

Baud rate:

Server name:

Server port: 1309
Server password:

Auto Detect OK Cancel

Close

6. The tool allows you to connect to a number of programming cables. We need to select the
one for our board. In the “Currently selected hardware”, click the drop-down and select the
hardware cable for the board, and click Close when finished.

. 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: | EthernetBlasterll on 192.168.1.198 [EthernetBlasterl(] v
Hardware frequency: Hz
Available hardware items

Hardware Server Port Add Hardware...

EthernetBlasterll 192.168.1.... EthernetBL..

Remove Hardware
Close

7. A SwitchLogic.sof file gets created during the Compile Design flow. The file is automatically
filled in. There is only one FPGA on the board and in the JTAG chain so the file already
has the Program/Configure checkbox checked. Click the Start button.
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® Programmer - E:/FPGA/Intel Max 10 FPGA Evaluation Kit/SwitchLogic/5SwitchLogic - SwitchLogic - [SwitchLogic.cdf]
Eile Edit View Processing Tools Window Help e
; Hardware Setup... | | on 192.168.1.198 [EthernetBlasterll] Mode: | JTAG v Progress:
Enable real-time ISP to allow background programming when available
m File Device Checksum Usercode Program/ = Verify = Blank- Examine  Secy
Pl Start : )
Configure Check Bi
i Stop output_files/SwitchLogic.sof  10MOBSAE144 000867AD 000867AD v
M Auto Detect
Delete
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& Change File... ! .
b save File
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T : =
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The process takes a few seconds and shows that the task completed successfully. The board will
be running the design. Flip the switches on and off to make sure the LEDs light up per the truth
table.

1.4 Summary: Getting Started

Quartus Prime is a powerful FPGA development tool. The deeper details of the tools’ features and
compilation steps can be found online at Intel.com The examples in this article provide an update
to the Intel Quartus Prime Pro Edition User Guide: Getting Started for the latest Quartus Prime
release.

1.5 References
The following references were used for this article:

e Electronics - Verilog - Blinking a LED - https://www.badprog.com/electronics-verilog-
blinking-a-led

e How to Begin a Simple FPGA Design — intel.com Intel FPGA training site Intel® FPGA
Technical Training / https://www.youtube.com/watch?v=bwoyQ RnaiA

o MAX 10 FPGA (10M08S, 144-EQFP) Evaluation Kit User Guide, Intel (Altera), 2015

Intel, Quartus, and MAX 10 are registered trademarks of Intel Corporation
All other copyrighted, registered, and trademarked material remains the property of the respective owners.
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