MAX1000
RTL Simulation Lab

Software and hardware requirements to complete all exercises

Software Requirements: Quartus® Prime Lite or Standard Edition version 18.0 or 18.1
ModelSim — Intel FPGA Starter Edition 10.5b

Hardware Requirements: ARROW MAX1000 Board

Revision 1.0
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1. Introduction

This tutorial provides comprehensive information to help you understand how to simulate your
FPGA design in the ModelSim — Intel FPGA Editor simulator. Design simulation verifies your design
before programming.

Lab Notes: Many of the names that the lab asks you to choose for files, components,

and other objects in this exercise must be spelled exactly as directed. This
nomenclature is necessary because the pre-written software application
includes variables that use the names of the hardware peripherals. Naming
the components differently can cause errors. There are also other similar
dependencies within the project that require you to enter the correct
names.

2. Getting Started

The first objective is to ensure that you have all the necessary hardware items and software
installed so that the lab can be completed successfully. Below is a list of items required to
complete this lab:

MAX1000 Board (10M08SAU169C8G)

USB Cable

Lab files: RTL_Simulation_lab_template: Template files are required to complete the lab.
Includes: rtl_simulation_lab.vhd, rtl_simulation_lab_tb.vhd

Quartus Prime 18.0 Lite was used for this lab. Previous/newer versions should work (If no
Quartus Prime is installed, refer to MAX1000 User Guide for instructions)

ModelSim — Intel FPGA Starter Edition 10.5b was used for this lab. Previous/newer
versions should work (If no Quartus Prime is installed, refer to MAX1000 User Guide for
instructions)

Installed Arrow USB Drivers (If not, refer to MAX1000 User Guide for instructions)
Personal computer or laptop running 64-bit Linux / Windows 7 or later with at least an
Intel i3 core (or equivalent), 4GB RAM and 12 GB of free hard disk space

A desire to learn!
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3. Design Flow

The Quartus Prime design software provides a complete, multiplatform design environment that
easily adapts to your specific design needs. It is a comprehensive environment for system-on-a-
programmable-chip (SOPC) design. The Quartus Prime software includes solutions for all phases
of FPGA and CPLD design.

The standard FPGA design flow starts with design entry using schematics or hardware description
language (HDL), such as Verilog HDL or VHDL. In this step, you create the digital circuit that is
implemented inside the FPGA. The flow then proceeds through compilation, simulation,
programming, and verification in the FPGA hardware.

Design —p=| Compile —p»| Simulate |—Jp| Program —p» Hardware

Verify

The above diagram shows the typical design flow for the system design.

The ModelSim supports HDL design simulation at register transfer (RTL) and gate levels. You can
use the Quartus Prime Nativelink feature to integrate your ModelSim simulator within the
Quartus design flow and streamline simulation processing steps.

Because MAX10 devices do not support the gate level simulation, this tutorial only demonstrates
the functional, RTL simulation and does not cover the gate level simulation.
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4. Project with MAX1000

4.1 Quartus Prime project

4.1.1 Create a new Quartus Prime project

4.1.1.1 If not already open, from the Start menu or the Desktop, open the Quartus Prime 18.0 Lite
software.

4.1.1.2 Create a new project using the New Project Wizard: File > New Project Wizard.

Tk New Project Wizard X

Introduction

The New Project Wizard helps you create a new project and preliminary project settings, including the following:

* Project name and directory

* Mame of the top-level design entity
* Project files and libraries

* Target device family and device

* EDA tool settings

You can change the settings for an existing project and specify additional project-wide settings with the Settings command
(Assignments menu). You can use the various pages of the Settings dialog box to add functionality to the project

[ pon't show me this introduction again

< Back Finish Cancel Help

4.1.1.3 Click Next.
4.1.1.4 Configure the New Project Wizard directory, name and top-level entity information:

= Enter a directory in which you will store your Quartus project files for this design, for
example, C:/MAX1000/RTL_Simulation_lab

= Specify the name of the project: rtl_simulation_lab

= Specify the name of the top-level entity: rtl_simulation_lab
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G MNew Project Wizard

Directory, Name, Top-Level Entity

What is the working directory for this project?

‘C /MAXT000/RTL_Simulation_lab |

What is the name of this project?

‘m_simulaucn_tab |

What is the name of the top-level design entity for this project? This name is case sensitive and must exactly match the entity
name in the design file.

‘m_smulauon_tab |

Use Existing Project Settings.

< Back - Finish Cancel Help

4.1.1.5 Click Next.

4.1.1.6 On the Project Type page, select “Empty project” and click Next.

MAX1000

ik New Project Wizard

Project Type
Select the type of project to create
® Empty project
Create new project by specifying project files and libraries, target device family and device, and EDA tool settings.

O project template

Create a project from an existing design template. You can choose from design templates installed with the Quartus Prime
software, or download design templates from the Design Store

< Back - Finish Cancel Help
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4.1.1.7 On the Add Files page, add source files to the project by clicking on the

button and

browse into the lab files folder where you will locate the provided design files and add:

®  rtl_simulation_lab_tb.vhd

®  rtl_simulation_lab.vhd

Ok New Project Wizard
Add Files
Select the design files you want to include in the project. Click Add All to add all design files in the project directory to the
project
Note: you can always add design files to the project later.
File name: ‘ ‘ Add
‘ ! “| Add All
File Name Type Library Design Entry/Synthesis Tool HDL Version Remove
VHDL File Default
ril_simulation_labvhd  VHDL File Default Up
Down
Properties

Specify the path names of any non-default libraries. User Libraries..

< Back Finish Cancel Help

4.1.1.8 Click Next.

4.1.1.9 Specify Family and Device Settings. Use pull-down menus to select MAX10 family or enter
the part number in the Name Filter text box. The part number is 10M08SAU169C8G.

G New Project Wizard
Family, Device & Board Settings

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

Family: | MAX 10 (DA/DF/DC/SA/SC)
Device: All

Target device
Auto device selected by the Fitter

® Specific device selected in 'Available devices' list
Other: nfa

Available devices:

Show in 'Available devices' list

Package: UFBGA -
Pin count 169 -
Core speed grade: |8 &7
Name filter: 10M0D85AU169CEG

Show advanced devices

Name Core Voltage LEs

10MO85AUT69CBGES 3.3V 8064
<

E

130 387072 48

GPIOs Memory Bits

Embedded multiplier 9-bit elel

< Back Finish Cancel Help
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4.1.1.10 Click Next.

4.1.1.11 On the EDA Tool Settings select ModelSim-Altera from the pull-down menu for the
Simulation tool and select VHDL as format.

G MNew Project Wizard X

EDA Tool Settings

Specify the other EDA tools used with the Quartus Prime software to develop your project.

EDAtools:
Tool Type Tool Name Format(s) Run Tool Automatically
Design Entry/Syn... <None> ¥ | <Nonex> Run this tool automatically to synthesize the current design
Simulation ModelSim-Altera ¥ | VHDL ~ O Rrun gate-level simulation automatically after compilation
Board-Level Timing <Nones <

Symbol <None> =

Signal Integrity <None> h

Boundary Scan <None>

< Back Finish Cancel Help

4.1.1.12 Click Finish.
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4.2 Design entry

Overview: In this module you will setup the environment for simulation and add missing
component to your design.

4.2.1 Add PLL to the Quartus project

4.2.1.1 From the IP Catalog panel on the left side, expand the menus for the Basic Functions -
Clocks; PLLs and Resets = PLL and double click on ALTPLL.

If the IP catalog is not visible, then right click on the toolbar and select IP catalog.

‘\P Catalog ae x|
[« x| =5
vl Installed IP

*~ Project Directory

Mo Selection Available
* Library
' Basic Functions
Arithmetic
Bridges and Adaptors
~ Clocks; PLLs and Resets
ALTCLKCTRL Intel FPGAIP
¥ PLL
ALTPLL
ALTPLL_RECOMFIG
Configuration and Programming
Ijo
Miscellaneous
On Chip Memary
Simulation; Debug and Verification
DsP
Interface Protocols
Memory Interfaces and Controllers
Processors and Peripherals
University Program
e Search for Partner P

+ Add
4.2.1.2 On the Save IP Variation window, enter the following information.

= |P variation file name: <project_directory>/PLL
= |P variation file type: VHDL

G Save IP Variation x
IP variation file name: _
OK
|C:,fMAX‘1000fRTL_Simulation_labe‘LL |
Cancel
IP variation file type
® vHDL
O Verilog
4.2.1.3 Click OK.
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4.2.1.4 Under General/Modes tab (page 1 of 12) of PLL MegaWizard change the frequency of clock
input to 12 MHz. This source is provided by the internal oscillator in the MAX10 FPGA.

“ MegaWizard Plug-In Manager [page 1 of 12]

Parameter
Settings

Bandwidth/SS Clock switchover

Currently selected device family: |wmax 10

PLL Match project/default
nelkD ) N o0, Able to implement the requested PLL
inclkd frequency: 12.000 MHz
reset locked, | General
Which device speed grade wil you be using? Any -
MAK 10 Use m emperature range devices only
‘What is the frequency of the indk0 input? 12.000 MHz ~
Set up PLL in LVDS mode Mot Available Mbps
PLL Type
‘Which PLL type will you be using?

Enhanced PLL ® Select the PLL type automatically
Operation Mode
How will the PLL outputs be generated?
® Use the feedback path inside the PLL

@® In normal mode

O In source-synchronous compensation Mode

(O In zero delay buffer mode

Connect the fbmimic port (bidirectional)

() with no compensation

an 'fbin" input for an external feedback (External Feedback Mode)

Creaf

‘Which output clock will be compensated for? a -

‘ Cancel H < Back || Next > H Finish ‘

4.2.1.5 Click Next.

4.2.1.6 Under Input/Lock tab (page 2 of 12) uncheck ‘areset’ input and locked output option.

% MegaWizard Plug-In Manager [page 2 of 12]

Parameter
Settings

General/Modes Inputs/ Bandwidth/ Clock switchover

Able to implement the requested PLL

PLL

Optional Inputs
Creat

nclkd

enable the PLL
[ Create an ‘areset’ input to asynchronously reset the PLL
[ create an 'pfdena’ input to selectively enable the phaseffrequency detector

an 'pllena’ input to select

ehy

- 12.000 MHz

Lock Output
MAX 10 [ create 'locked" output
[[] Enable self-reset on loss lock

Advanced Parameters
Using these parameters is recommended for advanced users only
[ Create output file(s) using the ‘Advanced' PLL parameters

- Configurations with output clock(s) that use cascade counters are not supported

|Cance\ H <Eack”&ext> H Finish |
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4.2.1.7 Click Next until you reach the Output Clocks tab (page 6 of 12).

4.2.1.8 Under the clk cO tab (page 6 of 12) select “Enter output clock parameters” and set Clock
division factor to 80. Leave the rest as default.

% MegaWizard Plug-In Manager [page 6 of 12]

"Zj ALTPLL

c0 - Core/External Qutput Clock

Able to implement the requested PLL

Use this clock

nclkd

Cperation

incld frequency: 12.000 MHz

Clock Tap Settings

Actual Settings
150000

0.00

ﬂ. Requested Settings
(O Enter output dock frequency: 100.00000000
(® Enter output clock parameters:
Clock multiplication factor

TAX 10 Clack division factor
Clock phase shift deg -
Clock duty cydle (%) so00  |[5]

Description

Note: The displayed internal settings of

advanced users only

~

] =
&
>

Primary clock VCO frequency (MHz)
the PLL is recommended for use by Medulus for M counter

48
40w
>

c0

Per Clock Feasibility Indicators

|Cance\ H <E~ack”&ext> H Finish |

4.2.1.9 Click Finish. This will take you to the Summary tab (page 12 of 12). Click Finish again to
close ALTPLL MegaWizard Manager.

4.2.1.10 In the pop-up Quartus Prime IP Files accept all defaults and click Yes.

MAX1000
RTL Simulation Lab
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O Quartus Prime IP Files x

‘When you create an Intel IP variation, a Quartus Prime IP File is
generated. Quartus Prime IP Files are used to represent the Intel IP in
your design. Do you want to add the Quartus Prime IP File to the
project?

C:\MAX1000\RTL_Simulation_lab\PLL.gip

| Automatically add Quartus Prime IP Files to all projects

(Note: Turning on this option permanently suppresses this dialog box.
You can change this setting in the Options dialog box)

Yes No Help
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4.2.1.11 In the Project Navigator select Files.

Project Navigator| «% Hierarchy o 8 =

4% Hierarchy

2 Files
i MAXA0:10M) 3 pacien Units

ril_simulg # [P Components
[|-| Revisions

4.2.1.12 Right click on rtl_simulation_lab.vhd and select Set as Top-Level Entity to be sure that
this file will be the top-level entity.

Project Navigator E Fites | QiRF =

Files

ﬁ% rtl_simulation_lab_tb.vhd

Open
Remove File from Project

= setas Top-Level Entity Ctrl#5hift+V

Create AHDL Include Files for Current File
Create Symbol Files for Current File

Create Verilog Instantiation Template Files for Current File

Create VHDL Component Declaration Files for Current File

Tasks Properties.

4.2.1.13 Open rtl_simulation_lab.vhd file.
This VHDL code is ready to simulate and the PLL module is already added. It describes a

simple 8 bits up-counter circuit that operates on the PLL output clock.

4.2.1.14 Open rtl_simulation_lab_tb.vhd file.
This testbench is used for testing the design. Because our design only needs a clock, it

only generates 12MHz input clock signal for the top-level entity.
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4.2.2 Set simulation environment
4.2.2.1 Open the Options window from Tools = Options.

4.2.2.2 Under ‘General’ select EDA Tool Options category.

(O Options X
Category:
v General EDA Tool Options
(ELLTEIL ST Specify the directory that contains the tool executable for each third-party EDA tool.
Fonts
Headers & Footers Settings EDATool Directory Containing Tool Executable
~ Internet Connectivity Precision Syn
Notifications Synplify
Libi
foraries Synplify Pro
¥ IP Settings
1P Catalog Search Location | | ACtVe-HDL
Design Templates Riviera-PRO
License Setup ModelSim
Preferred Text Editor
QuestaSim
Processing
Tooltip Settings ModelSim-Alt... |D:\Intel\Quartus\18.0lite\modelsim_ase\win32aloem
¥ Messages
Colors
Fonts
[ use MativeLink with a Synplify/Synplify Pro node-locked license
< > oK Cancel Help

4.2.2.3 Specify the path to the directory with the executable of ModelSim-Altera by clicking on |-
This folder should be <quartus_installation_directory>/modelsim_ase/win32aloem.

4.2.2.4 Click OK.
4.2.2.5 Open Settings window from Assignments -> Settings.

4.2.2.6 Under EDA Tool Settings select Simulation category.

MAX1000 Page |12
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4.2.2.7 Under Nativelink settings choose Compile test bench and click Test Benches...

Category: Device/Board.
General
Files Spedify options for generating output files for use with other EDA tools.

Libraries
¥ IP Settings Tool name: ModelSim-Altera -

<

<

<

IP Catalog Search Locations
Design Templates
Operating Settings and Conditions
Voltage
Temperature
Compilation Process Settings
Incremental Compilation
EDATool Settings
Design Entry/Synthesis
Simulation
Board-Level
Compiler Settings
VHDL Input
Verilog HDL Input
Default Parameters
Timing Analyzer
Assembler
Design Assistant
Signal Tap Logic Analyzer
Logic Analyzer Interface
Power Analyzer Settings
SSN Analyzer

[ Run gate-level simulation automatically after compilation
EDA Netlist Writer settings

Format for output netlist: VHDL h Time scale: | 100 us

Output directory: (simulation/modelsim

O Map illegal HDL characters O Enable glitch filtering

Options for Power Estimation
[ Generate Value Change Dump (VCD) file script  Script Settings

Design instance name

More EDA Netlist Writer Settings.
NativeLink settings
O None
® compile test bench
O use script to set up simulation;

O Script to compile test bench:

More NativelLink Settings...

W Buy Software OK Cancel
4.2.2.8 In the Test Benches window click New...
< Test Benches X
Specify settings for each test bench.
Existing test bench settings: New
Name op Level Modul Design Instance Run For Test Bench File(s) Edit
Delete
OK Cancel Help

4.2.2.9 In the New Test Bench Settings window add the following:

B Test bench name: rtl_simulation_lab_tb

Top level module in test bench: rtl_simulation_lab_tb

®  Check ‘Use test bench to perform VHDL timing simulation’
Design instance name in test bench: toplevel

®  Choose End simulation at and set itto 2 ms

MAX1000
RTL Simulation Lab
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" Edlit Test Bench Settings

Edit test bench settings for the selected test bench

Test bench name: |rtl_simulation_lab_th

Top level module in test bench: |nl_simulation_lab_{b

Use test bench to perform VHDL timing simulation

Design instance name in test bench: ‘(oplevet

Simulation period
O Run simulation until all vector stimuli are used

@® End simulation at: ms T

Test bench and simulation files

File name: ‘

Add
File Name Library HDL Version Remove
Up
Down
Properties...
OK Cancel Help

4.2.2.10 Under ‘Test bench simulation files’ click on
and add rtl_simulation_lab_tb.vhd.

4.2.2.11 Click Add.

button to browse into the lab files folder

/" Edit Test Bench Settings

Edit test bench settings for the selected test bench.

Test bench name: [rtl_simulation_lab_tb

Top level module in test bench: |r|l_simulauon_lab_(b

Use test bench to perform VHDL timing simulation

Design instance name in test bench ‘toptevet

Simulation period
O Run simulation until all vector stimuli are used

® End simulation at: ms T

Test bench and simulation files

File name: |

4.2.2.12 Click OK.

4.2.2.13 In the Test Benches window click OK.

4.2.2.14 In the Settings window click Apply and OK.

MAX1000
RTL Simulation Lab
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Add
File Name Library HDL Version Remove
rtl_simulation_lab_tb.vhd Default
_ _lab_| Up
Down
Properties...
oK Cancel Help
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4.3 Simulation

4.3.1 Analysis and Synthesis

4.3.1.1 Run Analysis and Synthesis by clicking on "= button on the toolbars, or Processing - Start
-> Analysis and Synthesis.

There should be no errors. If there are errors, they should be fixed before continuing. If

there are no errors the compilation task windows should look like this:

4.3.2 Run simulator

Tasks

Compilation =44 =

Task
~ P Compile Design
P Analysis & Synthesis
P Fitter (Place & Route)
P> Assembler (Generate programming files)
P Timing Analysis
P EDA Netlist Writer
B Edit Settings

» Program Device (Open Programmer)

4.3.2.1 Start simulation by opening Tools - Run Simulation Tool - RTL Simulation.

The ModelSim — Intel FPGA STARTER EDITION will open and start to load and simulate the
project. At this point should be no errors in the message window. If there are, please refer

again to the previous steps to resolve it.

MAX1000
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1™ ModelSim - INTEL FPGA STARTER EDITION 10.50 - %
Fle Edit View Compile Simuale Add Objeds Tools Layout Bookmarks Wwindow Help

BeEE e a0 o AER| 0 o wD e #2

opeHEBLAC | WS || TS T L & || 8L T Theshold 1004 1 < P x || Layout [Simulaze il

T T ﬂ“ I T H Seoaf B | 5 S kY | R I IR ‘
ﬁz>m—b»laut7 w— + & x| | hObjects =ed
';. rtl_smulation_fab_tb
+ M toplevel
B ne_ss

0.00000 us

4 | 3
e TR

B

How: 448,174,417 ps_Deka: 0 simfrt_smuaton_zb_to

4.3.2.2 Click on the Wave window and click on the E icon on the top button toolbar to refresh
the Wave window or wait until it will finish with the simulation. When it finished, it will
automatically refresh the Wave window and the time counter will stop on the left bottom
corner.

Mow: 2 ms Delta: 0

4.3.2.3 Use the ZoomQ Qe toolbar or press ‘Ctrl’ on your keyboard and scroll into the
waveform to search for the specific points of the waveform.

5@ Wave - Default -+ x|

I e

1
e /il smulation_b... (00101100 0011010

4.3.2.4 Right click on /rtl_simulation_lab_tb/LED and select Radix - Hexadecimal to change the
value display.

4.3.2.5 Expand the /rtl_simulation_lab_tb/LED by clicking on [l icon next to it.

#m| Wave - Defaulc + 7 x|
I I
 Jismiston b thja 1 ] -

2 2E 2 3 3 E) 3 E] E] i '

- 4 fril_simulation_lab_tb/LED |2C
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4.3.2.6 Add PLL output clock by clicking toplevel in the Sim window on the left side of display.
Drag and drop iCLK to the Wave window.

%s\m-mﬁuk:::::ﬂﬂﬁ

¥|Instance
j—_ rtl_simulation_lab_th
+- 1l toplevel
@ line__55
M standard
H textio
B std_logic_1164
B std_logic_arith
B std_logic_unsigned
Hl altera_device_families
B mf_plpack

g c
T memory Lt = | & sm - [ 4]

Cursor 1

4.3.2.7 On the menu go to Simulate ->Restart...

4.3.2.8 In the Restart popup window check everything and click OK.

ﬁ Restart

rKeep:
[ List Format
[V Wave Format
¥ Breakpoints
¥ Logged Signals
[V Virtual Definttions
[V Assertions
[V Cover Directives

[V ATV Format

Cancel

4.3.2.9 Set 500 ps for the run length in the button toolbar and click on button to run

simulation.

MAX1000
RTL Simulation Lab
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4.3.2.10 When the simulation finished, it should show the following waveform:

b_tb/CLK
b_tb/topleveliCLK | 0

How 500 us
0.00000 us

4.3.2.11 Add a second cursor by clicking on & button in the toolbar.

4.3.2.12 Zoom in into the waveform, and measure 1 CLK period by the cursors. You can easily
adjust the cursors to the edge by these buttons on the toolbar:

Jliaie. N SO S W

4.3.2.13 Verify that 1 CLK period is 12 MHz.

| Wave - Default

& /rtl_smulation_ab_th/CLK

& /rtl_simulation_lab_tb/LED
\ J
o ()}
- (5}
S
s 3
\ 4%
i
()}

o ooooo

500 us
0.375003 us
Cursor 2 0.458337 us

Kl | <] [T

4.3.2.14 Repeat the 4.3.2.12 point with 1 iCLK period.

MAX1000 Page |18 WWWw.arrow.com
RTL Simulation Lab January 2019

N\N\GW


https://www.arrow.com/

NANOW

4.3.2.15 Verify that 1 iCLK period is 150 kHz.

| Wave - Default

|/ jrlsmubton b th/ok  Jo | 'u‘uu‘n‘u‘u‘u‘u‘u‘u‘uu‘n‘u‘u‘u‘u‘uu‘n‘u‘u‘u‘u‘uu‘m‘u‘u‘u‘uu‘n‘ul‘u‘n‘u‘u‘u‘u‘uu‘n‘u‘u‘u‘u‘uu‘u‘u‘u‘u‘u‘uu‘n‘u‘u‘u‘u‘uu‘uu‘n‘u‘u‘u‘u‘uu‘n‘u‘u‘u‘u‘uu‘n‘u‘u‘u‘u‘uu‘n‘u‘u‘u‘u‘u‘u‘uu‘n‘u‘u‘u‘u‘uu‘n‘u||qmun|nuu‘u‘u‘uu‘uu‘n‘u‘u‘u‘u‘uu‘n‘u‘u‘u‘u‘uu‘n‘u‘u‘u‘u‘uu‘n‘u‘u‘u‘u‘u‘u‘uu‘n‘u‘u‘u‘u‘uu‘n‘
S s e O e e M B

& /rtl_simulation_kb_tb/toplevel/iCL |0
B /rtl_simulztion_fab_tb/LED
\
- (6)
¥ 5
¥ G
\ A2}
¥
%
00}

Cursor 1 3.375025 us ———149.999 KHr
Cursor 2 10.041745 us

10.041745 us

L] 2] o ]

4.3.2.16 Close ModelSim.

4.3.3 Modification of the design
4.3.3.1 Open rtl_simulation_lab.vhd file in Quartus.
4.3.3.2 Change line 42 to:
signal iCNT : std_logic_vector(1l5 downto 0)
4.3.3.3 Change line 66 (LED <= iCNT;) to:
LED <= 1iLED;
4.3.3.4 Add these codes after line 42:

signal iDIR : std_logic := '1';
signal iLED : std_logic_vector(7 downto 0)

MAX1000 Page |19
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4.3.3.5 Add these codes after line 65 (after the end line of ‘counter : process’):

Teds : process(iCNT(0))
begin
if(ACNT(0) = '"1' and icNT(0) 'event) then
if(iDpIR = '1') then
iLED <= iLED(6 downto 0) & '0';
if(iLED = x"40") then

iDIR <= '0';
end if;
else
iLED <= '0' & iLED(7 downto 1);
if(AiLED = x"02") then
iDIR <= '1';
end if;
end if;
end if;

end process;
Notes: Because the simulation would take a very long time, we will use iCNT(0) for the

process sensitivity in simulation to check this code functionality and will change
it to iCNT(15) for the board configuration.

4.3.3.6 Save your design by clicking on o button or File - Save.

4.3.3.7 Repeat the Analysis and Synthesis and simulation process from 4.3.1.1 point. After the
simulation the waveform should look as follow:

18] Wave - Defaulc |2 x]

4.3.3.8 When you finish with the simulation, close ModelSim.
4.3.3.9 Open rtl_simulation_lab.vhd file in Quartus.

4.3.3.10 Change every iCNT(0) to iCNT(15) from line 68 to line 70 (the first 3 line of ‘leds :
process’).
This modification only changes the clock source, no other effect on the function.

4.3.3.11 Save your design by clicking on o button or File - Save.
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4.4 Compile design

4.4.1 Analysis and Synthesis

4.4.1.1 Run Analysis and Synthesis by clicking on

-> Analysis and Synthesis.

% button on the toolbars, or Processing - Start

There should be no errors. If there are errors, they should be fixed before continuing. If

there are no errors the compilation task windows should look like this:

4.4.2 Pin Assignments

Tasks

Compilation

Task
~ P Compile Design
P Analysis & Synthesis

P Fitter (Place & Route)

P> Assembler (Generate programming files)

P Timing Analysis
P EDA Netlist Writer

B Edit Settings

& Program Device (Open Programmer)

4.4.2.1 Open Pin Planner by clicking on < button on the toolbars, or Assignments - Pin Planner.

4 pin Planner - C/MAX1000/RIL Simulation labrt_simulation lab - rt_simulation lab - 8 X
Fle Edt View Processing Tools Window Help o
o Groups 38 Pin Legend 5ax
Namea/* H H sy iy
e O Top View - Wire Bond o] n Tipe
Q|  NodeName Drrection Locati I userijo
y & LED[7.0) Output Group o User assigned
s MAX 10 - TOM0O8SAU169C8G
o gronip: @  Fiuerassigne
@  unbondedpad
[ @  Reseveapn
= ©  Oterconty
2 ® 1 2 3 456 7 8 91011121 i san
¥ = —\ £) DEV_OE
@ A & oevar
& B -([w MQ-C\O DIFF_n
2 7 DIFFp
C 0 £
! = ]  cxn
L] o ] CKp
i £ D omerp
L] z G Otherdualpu
gl e — S o1
i Groups  Report ¢ .
B [rasks 38 x " y ™S
2 Ear A
v y #n Planning 00
/ r U \ % n A
[ T—— 1 \/ K @'@F @/0 D) - R e
B Run1/0 Assignment Analysis K Ko< ‘J\n,() oLV O(’}OA K VCCPVECRY.
--EmonpmAsswgnmems 10 A\D)(L,‘Q'@ By /0\ /O W, 7)< @) L A v
Pin Finder. ALY & veao
“ P Hgnigntpins L 0L0IGL050) w"wJ/QO'@@“Q M a0
= 1/08snks N \/qyw-ﬁ)w-o-oo@-@-C)A(u \/|~
= u 2
VREF Groups 12 3 45 6 7 8 9111 1213
9 Eoges
o ET
~ I ClockPins o smpuenssepuna
R Ciock 4
* Named: * v €3] Edit Filter: Pins: all >
s
v Node Name Orection  Location |OStandard  Reserved  umentStengr  SlewRate  Diferential Pair frict Preservatio
Input 2.5 V(default) 12mA (gefault)
Output 25V (default) 12mA (default) 2 (defautt)
output 25 v(getaurn) 12mA (oetaun) 2 (defaulr)
Output 2.5V (default) 12mA (default) 2 (default)
% LED[4] output 2.5 v(getaulr) 12mA (cefaul) 2 (detault)
= LED[3] Output 2.5 V(default) 12mA (default) 2 (default)
Output 25 v (cetault) 12mA (detault) 2 (detault)
output 25 v(detaul) 12mA (Gefault) 2 (default)
w Output 2.5 V(default) 12mA (default) 2 (default)
Ed
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4.4.2.2 In the bottom table, type PIN_H6 in Location column of the clk_clk.

Mode Name Direction Location 1/O Bank VREF Group 1/0 Standard Reserved ‘urrent Strengtl  Slew Rate  Differential Pair trict Preservatio
& CLK Input 2 B2_NO 2.5V (default) 12mA (default)
% LED[7] output 2.5V (defauly) 12mA (default] 2 (default)
% LED[6] Output 2.5V (default) 12mA (default) 2 (default)
% LED[5] Output 2.5V (default) 12mA (default] 2 (default)
9“-‘ LED[4] Output 2.5V (default) 12mA (default) 2 (default)
“& LED[3] Output 2.5V (default) 12maA (default) 2 (default)
9“-‘ LED[2] Qutput 2.5V (default) 12mA (default) 2 (default)
% LED[1] output 2.5V (defauly) 12mA (default] 2 (default)
% LED[0] Qutput 2.5V (defauly) 12mA (default) 2 (default)
<<new node>>
4.4.2.3 Repeat the previous step with the following assignments:
ode e P ocatlo

LED[7] PIN_ D8

LED[6] PIN_C10

LEDI[5] PIN_C9

LED[4] PIN_B10

LEDI[3] PIN_A10

LED[2] PIN_Al11

LED[1] PIN_A9

LEDI[O] PIN_A8

Mode Name Direction Location 1/O Bank VREF Group 1/0 Standard Reserved ‘urrent Strengtl  Slew Rate  Differential Pair trict Preservatio

& CLK Input PIN_HE 2 B2_NO 2.5V (default) 12mA (default)
% LED[7] Output PIN_D8 8 BS_NO 2.5V (default) 12mA (default] 2 (default)
% LED[6] output PIN_C10 8 B8_NO 2.5V (default) 12mA (default) 2 (default)
% LED[S] output PIN_CO 8 B8_NO 2.5V (default) 12mA (default) 2 (default)
% LED[4] Output PIN_B10 8 BS_NO 2.5V (default) 12mA (default) 2 (default)
% LED[3] output PIN_AT0 8 BS_NO 2.5V (default) 12mA (default) 2 (default)
% LED[2] Output PIN_A11 8 BS_NO 2.5V (default) 12mA (default] 2 (default)
% LED[1] Output PIN_AQ 8 BS_NO 2.5V (default) 12mA (default] 2 (default)
% LED[0] output PIN_AS 8 B8_NO 2.5V (defauly) 12mA (default) 2 (default)

<<new nodes>

4.4.2.4 Double click in the I/0O Standard column for any pins to open a drop-down list and change
the 2.5V (default) to the 3.3-V LVTTL for each pin.

Mode Name Direction Location
B CLK Input PIN_H6
‘@ LED[7] Output PIN_D8
‘% LED[6] Output PIN_C10
& LED[5] Output PIN_C9
% LED[4] Output PIN_B10
% LED[3] Output PIN_A10
‘@ LED[2] Output PIN_A11
‘& LED[1] Output PIN_A9
‘& LED[O] Output PIN_A8

<<new node>>

@ @M o m®® | N

IO Bank VREF Group 1/O Standard Reserved
B2_NO
B8_NO 3.3-VLVTTL
B8_NO 3.3-VLVTTL
B8_NO 3.3-VLVTTL
BE8_NO 3.3-VLVTTL
B&_NO 33-VLVTTL
B8_NO 33-VLVTTL
B8_NO 3.3-VLVTTL
B8_NO 3.3-VLVTTL

‘urrent Strengtl
8mA (default)
8mA (default)
8mA (default)
8mA (default)
8mA (default)
8mA (default)
8mA (default)
8maA (default)
8mA (default)

4.4.2.5 Close the Pin Planner, the settings are automatically saved.
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4.4.3 Compiling the Design

4.4.3.1 Start Compilation by clicking on ® button on the toolbars, or Processing -> Start
Compilation.

There should be no errors. If there are errors, they should be fixed before re-compilating.
The 100% in the lower right corner or a green checkmark next to the Compile Design in
the Compilation task window indicates that the compilation was successful.

B Quartus Prime Lite Editian - C/MAX1000/RTL Simulation lab/rtl simulation Jab - rtl simulation Jab - 8 x
fle Edit View Projct Assignmants Processing Tools Window Help S ———
[ mL_simdlation_lap s TrrR GARE @
IProjet Navigstor < Hierarchy -alge x| & rtl_simulztion_lab.vhd =3 Compilation Report - ril_simulation_lab a 1P Catalog aax
Entipinstance [Tabie of Contents | o summary - x|=
MAX 10: 10MOBSAU1 68CEG B Flow Summary s ~ @ Instalted 1P
P smalation 120 & B8 Flow settngs Flow status Successtul - Wed Jan 16 10:12:58 2019 « broject Directory
b . ER Flow Non-Default Global || Quartus Prime Version 18,00 Bulld 514 04/24/2018 5J Lite Edition o Selection Avallat
BT Flow Elapsed Time Revision Name ru_simalation_tab ~ Ubrary
B Flow 05 Summary Top-tevel Entity Name rtl_smatation_tab Basic Functions
= Flowtog Family wax 10 e
Analysis & Synthesis || Device 10MOBSALT69CEG Interface Protocals
Fitter Timing Madels Final Memory Interfaces and Controllers
assembler Tatal logic elements 28/8,068(<1%) Procassors and Peripherals
< > Power Analyzer Toral registers 25 University Program
I Timir v Total pins 9/130(7 %) car ner 1P
Tasks Compilation - =08 = = ’ @ Searen for Parner |
EDA Nettst Writer Tatalvirtual pins o
Tasic © Flow Messages Total memary bits 0/387.072{0%)
¥ B Compile Design 0 Flow Suppressed Messags| Embedded Multiplier 0-bit elements 0 /48 {0 %)
B snalysisa Synthesis Total PLLs 1/1(100%)
> Frter (Place & Route UFM blodks 0/110%)
B Assembler (Generate programeming Rt 0j(o%y
W aicSextings
4 Program Device (Gpen Programmer)
< »|< » + add
® Y
a9 A A A Filter 88 Finc.. | 08 Find Next
fl
=[Type 1D Message ~

[ ]
o Running Quartus Prime EDA Netlist writer

o Command: quartus_eda --read_settings_files=off --write_settings_files=off rtl_simulation_lab -c rtl_simulation_lab
i 18236 Number of processors has not been specified which may cause overloading on shared machines. Set the global assignment NUM_PARALLEL_PROCESSORS in your QSF to an appropriate value for best perforn
' 10905 Generated the EDA functional simulation netlist bec e it is the only supported netlist type for this device
° "
o
[ ]

204019 Generated file rt1_simulation_lab.vho in folder "C L_Simulation_lab/simulation/modelsim/" for EDA simulation tool
rime EDA Netlist writer ngs

rime Full Compilation

< »

H
1| srm | procmssmgsa

100%  00.0045

4.4.4 Configuration

4.4.4.1 Connect your MAX1000 board to your PC using an USB cable. Since the Arrow USB Blaster
should be already installed, the Window’s Device Manager should display the following
entries are highlighted in red (port number may differ depending on your PC):

Print queues
Printers

== Processors

u¥ software components
I Software devices

) Sound, video and game contraollers
& Storage controllers
B System devices

= Universal Serial Bus controllers
- Generic SuperSpeed USB Hub
= Generic USB Hub
- Generic USB Hub
- |ntel(R) USB 3.0 eXtensible Host Controller - 1.0 (Microsoft)
- |ntel(R) USE 3.1 eXtensible Host Controller - 1.10 (Microsoft)
= |JSB Composite Device
- |USBE Composite Device
- |JSB Root Hub (USB 3.0)
-* |JSE Root HL&) (USE 3.0)
= USE Serial Converter A
-~ USE Serial Converter B
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4.4.4.2 Open the Quartus Prime Programmer from Tools = Programmer or double click on
Program Device (Open Programmer) from the Task window.

“ Pragrammer - C:/MAX1000/RTL_Simulation_lab/rtl_simulation_lab - rt_simulation_lab - [rtl_simulation_lab.cdf]*

File Edit View Processing Tools Window Help

Search altera.com

.3. Hardware Setup... [No Hardware Mode: | JTAG - Progress: :

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

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

tart

Configure Check Bit CLAMP
W"SiDp

# Auto Detect
Delete

M Add File...

P Change File.

4 save File
* Add Device..
b up

' Down

4.4.4.3 Click Hardware Setup... and double click Arrow-USB-Blaster entry in the Hardware Setup
tab. The Currently selected hardware should now show Arrow-USB-Blaster [USBO]
(depending on your PC, the USB port number may variant).

» 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: | Arrow-USB-Blaster [USBO] <
Available hardware items

Hardware Server Port Add Hardware.. |

Local USBO

Remove Hardware

Close

4.4.4.4 Click Close.
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4.4.4.5 Make sure the hardware setup is Arrow-USB-Blaster [USBO] and the mode is JTAG. Click
Auto Detect.

3 Programmer - C;/MAX1000/RTL_Simulation_lab/rtl_simulation_lab - rtl_simulation_lab - [rtl_simulation_lab.cdf* - O X

File Edit View Processing Tools Window Help

Search altera.com

:.HardwareSe(up I‘Armw—uSB—BLas(er[uSBO] |I IMnde JTAG 'I Progress: :

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

File Device Checksum  Usercode  Program/ Verify Blank- Examine Security Erase 1sp
Configure Check Bit CLAMP

b Seare
Y srop

& Auto Deteat
Delete

" Add File..

e Change File..

= save File
* Add Device.
i Up

b pown

4.4.4.6 If the configuration has been added by default, you can skip the following steps and
continue with the 4.4.4.11 point.

4.4.4.7 Select 10MO8SA device and click OK in the pop-up window.

» Select Device X

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

® 10M08SA
O 10Mo8SAES

O 10Mo8sC

4.4.4.8 Double click <none> or click Change File... to choose the programming file.

4.4.4.9 Navigate to <project_directory>/output_files/ and select the simple_nios_lab.sof file.

4.4.4.10 Click Open.
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4.4.4.11 Make sure the Programmer shows the correct file and the correct part in the JTAG chain
and check the Program/Configure checkbox.

» Programmer - C:/MAX1000/RTL_Simulation_lab/rtl_simulation_lab - rtl_simulation_lab - [rtl_simulation_lab.cdfl*

File Edit View Processing Tools Window Help

:. Hardware Setup. Arrow-USB-Blaster [USBO]

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

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

Configure Check Bit CLAMP

i stap output_files/rtl_simulation_lab.sof 10MOBSAU169  Q00851A7 000851A7 L L L L L L

8 auto petect
¥ Delete
" Add File..

= ChangeFile..

= save File

* Add Device.

% g 4>E 4

b pown

FAAREEAAN,

10MO8SAUT6T
o]

4.4.4.12 Click Start to program the board. When the configuration is complete, the Progress bar
should show 100% (Successful).

Progress: 100% (Successful)

4.4.5 Testing the design

4.4.5.1 Verify that the LEDs on MAX1000 board toggles in the order shown by the simulation.

CONGRATULATIONS! YOU HAVE SUCCESSFULLY COMPLETED THE RTL
SIMULATION LAB!
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5 Revision History

Version | Change Log Date of Change

V1.0 Initial Version 16/01/2019
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6 Legal Disclaimer

ARROW ELECTRONICS

EVALUATION BOARD LICENSE AGREEMENT

By using this evaluation board or kit (together with all related software, firmware, components, and
documentation provided by Arrow, “Evaluation Board”), You (“You”) are agreeing to be bound by the terms and
conditions of this Evaluation Board License Agreement (“Agreement”). Do not use the Evaluation Board until You
have read and agreed to this Agreement. Your use of the Evaluation Board constitutes Your acceptance of this
Agreement.

PURPOSE

The purpose of this evaluation board is solely intended for evaluation purposes. Any use of the Board beyond
these purposes is on your own risk. Furthermore, according the applicable law, the offering Arrow entity
explicitly does not warrant, guarantee or provide any remedies to you with regard to the board.

LICENSE

Arrow grants You a non-exclusive, limited right to use the enclosed Evaluation Board offering limited features
only for Your evaluation and testing purposes in a research and development setting. Usage in a live environment
is prohibited. The Evaluation Board shall not be, in any case, directly or indirectly assembled as a part in any
production of Yours as it is solely developed to serve evaluation purposes and has no direct function and is not
a finished product.

EVALUATION BOARD STATUS

The Evaluation Board offers limited features allowing You only to evaluate and test purposes. The Evaluation
Board is not intended for consumer or household use. You are not authorized to use the Evaluation Board in any
production system, and it may not be offered for sale or lease, or sold, leased or otherwise distributed for
commercial purposes.

OWNERSHIP AND COPYRIGHT

Title to the Evaluation Board remains with Arrow and/or its licensors. This Agreement does not involve any
transfer of intellectual property rights (“IPR) for evaluation board. You may not remove any copyright or other
proprietary rights notices without prior written authorization from Arrow or it licensors.

RESTRICTIONS AND WARNINGS

Before You handle or use the Evaluation Board, You shall comply with all such warnings and other instructions
and employ reasonable safety precautions in using the Evaluation Board. Failure to do so may result in death,
personal injury, or property damage.

You shall not use the Evaluation Board in any safety critical or functional safety testing, including but not limited
to testing of life supporting, military or nuclear applications. Arrow expressly disclaims any responsibility for such
usage which shall be made at Your sole risk.

WARRANTY

Arrow warrants that it has the right to provide the evaluation board to you. This warranty is provided by Arrow
in lieu of all other warranties, written or oral, statutory, express or implied, including any warranty as to
merchantability, non-infringement, fitness for any particular purpose, or uninterrupted or error-free operation,
all of which are expressly disclaimed. The evaluation board is provided “as is” without any other rights or
warranties, directly or indirectly.

You warrant to Arrow that the evaluation board is used only by electronics experts who understand the dangers
of handling and using such items, you assume all responsibility and liability for any improper or unsafe handling
or use of the evaluation board by you, your employees, affiliates, contractors, and designees.
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LIMITATION OF LIABILITIES

In no event shall Arrow be liable to you, whether in contract, tort (including negligence), strict liability, or any
other legal theory, for any direct, indirect, special, consequential, incidental, punitive, or exemplary damages
with respect to any matters relating to this agreement. In no event shall arrow’s liability arising out of this
agreement in the aggregate exceed the amount paid by you under this agreement for the purchase of the
evaluation board.

IDENTIFICATION

You shall, at Your expense, defend Arrow and its Affiliates and Licensors against a claim or action brought by a
third party for infringement or misappropriation of any patent, copyright, trade secret or other intellectual
property right of a third party to the extent resulting from (1) Your combination of the Evaluation Board with
any other component, system, software, or firmware, (2) Your modification of the Evaluation Board, or (3) Your
use of the Evaluation Board in a manner not permitted under this Agreement. You shall indemnify Arrow and its
Affiliates and Licensors against and pay any resulting costs and damages finally awarded against Arrow and its
Affiliates and Licensors or agreed to in any settlement, provided that You have sole control of the defense and
settlement of the claim or action, and Arrow cooperates in the defense and furnishes all related evidence under
its control at Your expense. Arrow will be entitled to participate in the defense of such claim or action and to
employ counsel at its own expense.

RECYCLING

The Evaluation Board is not to be disposed as an urban waste. At the end of its life cycle, differentiated waste
collection must be followed, as stated in the directive 2002/96/EC. In all the countries belonging to the European
Union (EU Dir. 2002/96/EC) and those following differentiated recycling, the Evaluation Board is subject to
differentiated recycling at the end of its life cycle, therefore: It is forbidden to dispose the Evaluation Board as
an undifferentiated waste or with other domestic wastes. Consult the local authorities for more information on
the proper disposal channels. An incorrect Evaluation Board disposal may cause damage to the environment and
is punishable by the law.
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