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The QMTech® Cyclone 10 Core Board uses Intel® (Altera) 10CL0O06 device to demonstrate the
industry's lowest system cost and power, along with performance levels that make the device
family ideal for differentiating your high-volume applications. All Intel® Cyclone® 10 LP FPGAs
require only two core power supplies for operation, simplifying your power distribution network and
saving you board costs, board space, and design time. The flexibility of the Intel® Cyclone® 10 LP
FPGA enables you to design in a smaller, lower cost device, lowering your total system costs.

Users could visit QMTECH official website from here: http://www.chinagmtech.com/

QM_CYCLONE10_10CL006 Development Board-User Manual(Quartus 17.0)
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1. Quartus Prime 17.0 Installation

The revolutionary Intel® Quartus® Prime Design Software includes everything you need to design for
Intel® FPGAS, SoCs, and CPLDs from design entry and synthesis to optimization, verification, and
simulation. Dramatically increased capabilities on devices with multi-million logic elements are providing
designers with the ideal platform to meet next-generation design opportunities.

The Intel® Quartus® Prime Software design flow comprises of the following high-level steps:/\
4

CREATE CONSTRAIN COMPILE CLOSETIMINGON  CONFIGURE YOUR DESIGN
YOUR DESIGN YOUR DESIGN YOUR DESIGN YOUR DESIGN ONTHEBOARD

The Quartus Prime software version 17.0 supports the following device,fa %Qaﬁx IV, Stratix V, Arria
I, Arria V, Arria V GZ, Arria 10, Cyclone 10 LP, Cyclone IV, Cyclo AX AX V, and MAX 10
FPGA. Below image shows the startup Ul of Quartus Il Prime 17.0:

Drsd bnc S D ¥ KO OAVGE
Proect Havigator AHerwchy v =ge x| W Homs (<] P Catalog 88 =
o ¥

Start Designing

¥ Wi Documentation O About Quartus Prime
1810 B0 128
< e Y
New Project Wizard ‘P F—

° Support
Copyrght (C) 1991-2015 ABers Corporaton. A ights eserved. Quarue s 8

ﬁ @ VWhat's New cooe, e code

Notification Center
Open Project [

Recent Projects

HelloWorld.qpf (E /Altera/ asic/HelloWorld. wiarnng This computer program s protecied by copyright aw and

B 0E0_CV_SORAM_Nios Test.qpt i 8. TesUDED_CV_SORAM Nios_Test.qpf) Brogram, o any porbon of 4, may resuln savere cr s5d crmeslpenakes,
Test07_USB_Slave | e | HS_USB_CY7CE8013/Test07_USB_Slave_FIFOTestd?_USB St ]
I Testi_project ADV7123 VGA.qp (E-/Altera/Sotware/Test06_project_ADVT123 VGA/Test06_project ADV7123 VGA agf)

? | System  Processeq

X
- Figure 1-1. Quartus Il Prime 17.0

W uartus Il Prime 17.0 is correctly installed, users still need to install the device package from
I

0% 090000

icial website. Below lists the download center address:
Dttps://www.intel.com/content/www/us/en/programmable/downIoads/download—center.htmI

In the Intel Download Center website, select the tab of * Select by Device’ and then all the available
device packages will be listed as below image. The device used in this user manual is Cyclonel0 LP
series and the detailed chip part number is 10CLO06YU256C8G, so please download the device package
for Quartus Il 17.0: cyclone10lp-17.0.0.595.qdz.

©

OMTECH QM_CYCLONE10_10CL0O06 DB User Manual-V01


https://www.intel.com/content/www/us/en/programmable/downloads/download-center.html

% /& Download Center

* =

C | @ =% | hitpsy//www.intel.com/content/w

vw/us/en/programmable/downloads/download-center.htm

Support

ntel® FPGAS

and Prog

usA English) @ Sienin & Q

Download Center

Get the complete suite of Intel® design tools

Y
Stratix Series - Standard Edition
Ama Senies

8 cyclone

Lite Edition

& cydone IVE
&= cydone IV GX
& cydone IV

Three Intel® Quartus® Prime Software Editions to Meet Your System Design Requirements

Which Edition of the Intel® Quartus® Prime software supports my device?

Pro Edition 23 ‘Standard Edition’ 2 Lite Edition’+

Paid license required Paid license required FREE, no license required

The Intel* Quartus* Prime Pro Edition software supports
the advanced features in Intel's next-generation FPGAs
and Snl s with the Intel Strati® 10 Intel Arria® 10 and

The Intel Quartus Prime Standard Edition software
includes extensive support for earlier device families in
ariiition in the IntglCgrinne 1019

Intel's low-cost FPGA device families.
vice family

Figure 1-2. Do n*lo

Open Quartus 11 17.0, Click Tools > Install De

O Quartus Prime Standard Edition
Fle Edt View Progct Assignments FProcesseg | Toos Window Hep @

] alie X
o sty

evi ackage

0B Run Simulstion Toel v

= |
Froject Navigator
Ay Complation Hiecarchy

Launch
Laanch Design Space Explorer |

=8

TimeQuest Timing Analyzer

v ' iyl Documentation

w Training
e Support

_.' What's New

Chip Panner
Design Partiion Planner
Nt Viewers v

SignalTap I Logic Analyzer
n-System Memary Contsat Edtor

Logic Annlyzer hterface Edior
n-System Sources and Probes Edtar
SignalProbe Pns.

Programmer

TG Chsin Dedugger

Faat njscton Detuggsr

System Dabugging Tools »

BI0ON I Y

‘ Notification Center

Open Project

L2 X4

(s

B

P Catsng
Nics 1 Software Buld Tools for Ecipse

b

stDEQ_CV_SORAM
8013Test07_USS._Slave_FIFO/Test07_USB_Siave f
st06_project ADVT123_VGA/TestDS_project_ADVT123_VGA opf)

FIFO.qpf)
ADVT123_VGA.qpf (E-/Ahera/Sofwar

Figure 1-3. Install Device Package
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select the downloaded device package:

~ Project Directory

No Selection Avaiabic

v Library
> Basc Functions.

osp
bierface Pretocols

liemary interfaces and Controliers
Frocsasors snd Parighecais
Universty Program

@ Soarch oePartner B
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Below window will pop up and click Next:

(b Installing Quartus Prime Standard Edition 17.0.0.595 Devices - O *
Setup - Quartus Prime Standard Edition 17.0.0.595 Devices

‘wielcome to the Quartus Prime Standard Edition 17.0.0.595 Devices Setup 'Wizard,

The Quartus Prime software requires that your system have sufficient physical Rak to compile designs
targeting specific devices. You can check the "'Memory Recommendations' section in the "Quartus
Prime Software and Device Support Releaze Mates" [https: /v, altera. com/suppart/literature /it
n.html] for detailed mernory requirements for a particular device.

For mare information about Intel FPGA software, go to http:/Awww, altera. com.

\l K

< Back | Mext » | | Cancel
- DY
Figure 1-4. [ ice Package
Choose the Download Directory where C}D'Fir; the cyclonel0lp-17.0.0.595.qdz file:
A

(b Installing Quartus Prime Standard Edition 17.0.0.595 Devices - O X

Download Directory ‘ intel

Specify the directary that containg the Quartus Prime device files [.qdz).

Download directony: | C:A sershevelovely\Downloads |

If you need to download device support files, you can download them from the Download Center page of the Intel FPGA website:

hittp://dl. altera. com/ ?edition=standard/#tabs-2

InztallB uilder

| < Back || Mext > || Cancel

Figure 1-5. Choose Device Package

4
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Choose the device package needs to be installed and click Next:

(2 Installing Quartus Prime Standard Edition 17.0.0.585 Devices — O >

Select Components

Select the components you want to install

= b iluartuz Prime Standard Ediion Installs the Quartug Prime Standard Edition software, which

Devices includes the MegaCore P library. & paid licenze is required.
Cyclone 10 LP [293.5ME)
Cyclome ' [1225.5ME)

Mak 10 FPGA [335.6ME)

InztallBuilder

< Back MNext » Cancel

Figure 1-67 Install the Device Package
User could also install the device package bydsing Quartus Il Prime 17.0 Device Installer directly:

) =

=i %
o
24 ® =
Groove &5 ERRATEE
Intel

Design Space Explorer Il (Quartus Prime 17.0) e w
Design Space Exploreril (Guary
Microsoft Edge  BBH-

b2

Device Installer (Quartus Prime...
EDA Simulation Library Compile...
Nios Il Command Shell (Quartu...

OneNote
Nios Il Documentation (Quartus...

47" % Snake Pass
Nios Il Software Build Tools for... Forza Horizon 3

Microsoft Store = ‘t

) Media Suite E...
H se= _ _
" - | ° |

W. Keil uvisions BN (2) B (2) -
] 5

Programmer (Quartus Prime 17.0)

Quartus (Quartus Prime 17.0)

Dell

Hom® ® a e

Figure 1-7. Device Installer
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2. FPGA Project Compile, *.sof Download and *.jic Program

2.1  Create New Project
Click [File]l = [New Project Wizard...] to create a new project:

File Edt WView Project Assignments Prg

7 New... Cirls.

tessing Tools Window Help @

=g x| & Home

NS SR D FED LD

Close Ctri«F4

New Project Wizard.

E  Open Project. Cirk)
Save Project
Close Project

I zave Cirl+s
Save As.
e save Al Ctri+Shifts5

File Properties.

Create / Update 3
Export..
Convert Programming Files.

Page Setup.

Print Preview

Print. Ctri=P.

3 8 =

Recent Files 3
Recent Projects 3

Exit Alt+F4

Start Designing

&

New Project Wizard

Open Project

Recent Projects

ii Documentation

W Training

a Support

_.- What's New

‘ Notification Center

HelloWorld.qpf (E:/Altera/Software/Test08_project_NIOSS_II_Basic/HelloWorld.qpf)

DEO_CV_SDRAM_Nios_Test.qpf (E-/Altera/Software/DE0_CV_SDRAM_Nios_Test/DE0_CV_SDRAM_Nios_Test qpf)

Test0T_USB_Slave_FIFO.qpf (E:/Altera/Software/Test07_project_HS_USB_t

68013/Test07_USB_Slave_FIFO/Test07_USB_Slave_FIFO.qpf)

Test06_project ADVT123_VGA.qpf (E:/Altera/Software/Test06_project ADVT123_VGA/Test06_project ADV7123 VGA.qpf)

Choose [New Quartus Prime Project] A y

)

&

-

(4

aMTeECH

aNew

New Cuartus Prime Project

= _Lezicn Blas

AHDL File
Block Diagram/Schematic File
EDIF File
Q=ys System File
State Machine File
SystemVerilog HDL File
Tel Script File
“erilog HOL File
WHOL File

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

* erification/Debugging Files
In-System Sources and Probes File
Logic Analyzer Interface File
SignalTap |l Logic Analyzer File
University Program WWF

w Other Files
AHDL Include File
Block Symbol File
Chain Description File

[ o || Cancel || Help

Figure 2-2. New Quartus Prime Project
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In below [New Project Wizard] page, choose Next:

R New Project Wizard *®

Introduction

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

* Project name and directory

* Name of the top-level design entity

* Project files and libraries

* Target device family and device

* EDA tool settings

Y'ou 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 functienality to the project.

|:| Don't show me this introduction again

< Back Emsh
N/
ject Wizard

ng directory for this project?] . Set the new project
finally set the example project name:

Set the target working folder below [What,is th
name below [What is the name of this project?] .
Test01_Project_LED shown as below.

iR New Project Wizard *®

Directory, Name, Top-Level Entity

hat is the working directory for this project?
[Estest =]
‘What is the name of this project?
[Testo1_project_LED =]

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.

[Testo1_project_LeD |

Use Existing Project Settings.

‘ < Back H Next = || Finish H Cancl H Help

Figure 2-4. Set Working Directory and Project Name
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(4

aMTeECH

Select [Empty Project] and then click Next:

Ok Mew Project Wizard

Project Type

Select the type of project to create.

(®) Empty project

Create new project by specifying project files and libraries, target device famity and device, and EDA tool settings.
() Project template

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

| < Back || Einish H Cancel H Help

\l‘\

Next= | ‘
y |
- DY
Figure 2-5. te ty Project
If user already has some source code, ple/a,re add ese necessary files in this step:
| 4

(b 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.

FEile name: |

=] [7asa
(&

X| Add Al
File Name Type Library Design Entry/Synthesis Tool HDL Version Remove
Up
Down
Properties
Specify the path names of any non-default libraries.
| < Back || Next = H Einish H Cancel H Help

Figure 2-6. Add Source Code

QM_CYCLONE10_10CL006 DB
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Choose the FPGA Chip number: 10CLO06YU256C8G

Summary page will

(O 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

Eamily: | Cyclone 10 LP

Device: [All

Target device
O Auto device selected by the Fitter
@ specific device selected in Available devices' list

Other. nja

Ayailable devices:

Show in *Available devices’ list

Package: |UFBGA - |
Pin count: |256 hd |
Core speed grade: |8 '|
Name filter: | |

[} Show advanced devices

Device and Pin Options...

T0CLOT10YU256CBG

10CLOT6YU256CEG

10CLO25YU256C8G

<

423936
516096
608256

Migration Devices... O migration devices selected

Figure 2-7. %;e

othing needs to be changed:

be shown and click [Finis

ec
1er

¥

Gk New Project Wizard

Summary

When you click Finish, the project will be created with the following settings:

Project directory:
Project name:
Top-level design entity:
Number of files added:
Number of user libraries added:
Device assignments:
Design template:
Family name:
Device:
Board:
EDA tools:

Design entry/synthesis:

C/Users/evelovely/Desktop
Test01-LED

Test01-LED

o

o

n/a
Cyclone 10 LP
10CLOT0YU256C8G

nfa

<None> (<None>)

X

Simulation: <None> (<None>)
Timing analysis: 0
Operating conditions:
VCCINT voltage: 1.2v
Junction temperature range: 0-85°C
[ <msck || wes  [[Emsh || cancd || el

(4

aMTeECH

Figure 2-8.

QM_CYCLONE10_10CL006 DB

Project Summary Page
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After the Empty Project created, below image will be shown:

{3 Quartus Prime Standard Edition - Ey/Altera/Software/Test01_Project LED/Test01_Project LED - Test01_Project LED

Project Navigstor| iy Herarchy v |= (R @ x
Entity-Instance
A% Cyclone V: SCEFA2F23C8
Test01_Project LED &

- X
Fie Edt View Project Assignments Processing Tools \Window Hep @ .
i0f H [ 0D C | [l roseis -/ ESE D ERS SLPE

[m}

[P cataig e =
S X| =5
v staled P

~ Project Directory
No Selection Avaiable
v Library
> Basic Functions
osP
Interface Protocols

Memory Interfaces and Controllers.

( Quartus:FPrime

Processors and Peripherals.

>
>
>
>
> University Program
St

@ search for Partner P

+ Add
x|[Type  Ip Message
)
g
g System  Processing

00:00:00

Users may add example source file TestO1_Project_LED.v istglhis
A

O Quartus P

Fie  Edi

D d

w

I~

iy Cyclone V: SCEF.
B Test01_Proje

Froject Assignments Processing Tools Window Help

Add Current Fie to Project

i Revisions.
Copy Project
Clean Project
Archive Project.
Restore Archived Project.
import Database.

Export Database.

Import Design Parttion.
Export Design Pariion.
Generate Design Farttion Scripts

Generate Tci Fil for Project...
Generate PowerPlay Early Power Estimator File
Upgrade IP Components.

Organize Quartus Prime Settings File

Set as Top-Level Entiy. Ciri+Shift=)

-

Project shown as below:

Table 2-1. Empty Proje

est01 Project LED - Test01 Project LED

O X

Search atera.com (]

S CrEES SAVE

[pcanes

LS X =
v i nstaeap
~ Project Directory
No Selection Avalable

~ Library
> DSP
o > Interface Protocols
Quartus Prime i
> University Program
S¢

@ search for Partner P

Hierarchy »

\Mig-g.! [

System

°

-

(4

aMTeECH

Processing

ipens up Seltings dialog to add/remove files in project

-

/

00:00:00

Table 2-2. Add Source File

" Settings - Test01_Project LED

ettings

QM_CYCLONE10_10CL006 DB

Category:
Files
Libraries Select the design files you want to include in the project. Click Add Allto add all design files in the project directory to the
v P Seftings EAEl
P Catalog Search Locations
Design Templates e name: | JL-] Add
~ Operating Settings and Conditions Y *% T
Voltage .
Temperature File Name Type Library Design Entry/Synthesis Tool  HD L Remove
v Compiation Process Sefiings 7 Veriog HOL Fil e De
Incremental Compitation " Chain Description File <None> up
~ EDA Tool Settings.
Design &
Simulation
Formal Verification
Board-Level

Table 2-3. Add Source File

User Manual-V01



After the newly added source file loaded into project, user can view the source code shown as below:

G Quartus Prime Standard Edition - Ey/Altera/Software/Test01_Project LED/Test01_Project LED - Test01_Project LED

Fie Edt View Project Assignments Processing Toos Window Help @

- a X

Search akera.com (]

21 @ i
22 input sys_clk,
23 input sys_rst_n,
24 output Ted_1
25 :
26
27 parameter DLY_CNT = 32'd50000000;
28 parameter HALF_DLY_CNT = 32 d25000000;
29
30 (*mark_debug = “true"*)reg r_le
31 C*mark_debug = "true"sjreg [3IL: S count;
32
38 //counter contr.
31 a'\ways@(posedge sys clk or negedge sys_rst_m)
35 [begin
36 | wf('sys rst_nj
7 =
38 (Dllm: <= 32'd0;
39 en
40 else 1f(:ourrt == DLY_CNT)
a1~ beain
>||<

////////////////,//////////////////////////‘V/////////////////////////////////////
ule TestOl_Project_LED(

OFH DB 2C) mmﬂmr-dtm SEEL TrFES SAVE
Prosct Havigstor i Hierarcny v\— a8 x Test01_Project LED.v [x] [P cototog
Entity:stance =] ” iT julig ‘EI R LS \q
1 tTimescale 1ns
dhy Cychoc L Seraz 0 2 ////////////////////////////////////////////////////////////////////////////////// 2| v @ nsear
B Test01_Project LED iy 3 /7 ~ Project Director
a Y7 sngmeer ) g
5 i Ho Selection Avaiable
6 // create pate: 13:40:55 02/28/2016 B
7 // pesign name: v Liprary
8 // moduTe Name: Test0l_Project_LED > Basic Functions.
9 // Project Name: > DSP
10 // Target Devices:
11 // Tool versions: > Interface Protocols.
B ;; pescription: > Memory hterfaces and Controlers.
14 // Dependencies: > Processors and Peripherals
ig ;; Revision: > University Program
17 // Revision 0.01 - File Created @ search for Partner P
18 ;; additional comments:
/7
mod

Type ID  Message

Messages Il = @ x [[~

System  Processing

0% 00:00:00

2.2  Compile the Project

Flgurwﬁjurce Code

Users could use the button [ Start Compilation — Ctrl + L] shown in below image to compile the project:

(O Quartus Prime Standard Edition - E:fAltera/Software/Test01_Project LED/Test01 Project LED - Test01 Project LED

Fie Edt Visw Project Assignments Processing Tools Window Help @

— [m) x

Search altera.com [ ]

30 (*mark_debug

“true'*)reg r
31 (*mark_debug

"true"*jreg [n D](Dun‘t

33 //counter control
34 always@(posedge sys_clk or negedge sys_rst_m)
35 gin
36 if(1sys_rst_m
37 begin
38 count <= 32°d0;
ELI en
40 else if(count == DLY_CNT)
a1 beain
>«

NrEd«nn | mrmms - sss:forreooadm
Project Navigator. i\ Herarchy  + =18 x ‘®- Testo1_Pro [x] [P catateg nE x
Entity instance e o] e ‘Q Xl =
1 timescale 1ns 1ps
4 Gydlone V. SCepA2r2ICE 2 LTI LTI I LEEEELET LTI E AL T T AT IE LTI 10T ~ i nstaled P
E® Test01_Project LED & 3 /7 company: v Project Directory
a 7/ Engineer:
5 No Selection Available
6 Cl ite Dat 13:40:55 02/28/2016 .
5 esTon ane e v Library
8 // ModuTe Nam TestOl_Project_LED > Basic Functions
9 // Project Na > DSP
10 // Target Devices
11 // Tool vers : > Interface Protocels
g ﬁ Description: > Memory interfaces and Controllers.
14 // pependencies: > Processors and Peripherals.
}2 ﬁ Revision: > University Program
17 /7 Revision 0.01 - File Created @ search for Partner P
18 ﬁ Additional comments:
19
200 I LTI DT LI T T LI 17101100117
21 module Test0l_Project LED(
22 input sys_clk,
23 input sys_rst_n,
24 output Tled_1
25 )
26 b
27 parameter DLY_CNT = 32'd50000000;
28 parameter HALF_DLY_CNT = 32'd25000000;
29

Type ID  Message

Messages Il @ = |[~

System  Processing

Starts a new compiation

Figure 2-10.

(4

Compilation

QMTECH QM_CYCLONE10_10CL006 DB
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There will be compilation report after the compile finished, in which shows the info like logical element
resource usage, how many PLLs are used, etc. Below image shows an example Compilation Report:

A% MAX10: 10M025CU169CRG

BB Testd1_LED oy

File Edt View Project Assignments Processing Tools Viindow Hep @
Or J
Profect Navigator 4 Hierarchy v |=[ql8 x| & Test01_LEDv
Entiynstance Table of Contents e

EH Flow Summary

ER Flow Settings

= Flow Non-Defautt Global Settings
R Flow Elapsed Time

ER Flow 05 Summary

2 Flow Log

B Analysis & Synthesis

B Fiter

0 Assembler

I8 PowerPlay Power Analyzer
@ Flow Messages.

@ Flow Suppressed Messages
I TimeQuest Timing Analyzer

v

G Quartus Prime Standard Edition - E:/Altera/MAX10/Software/Test01_LED/Test01_LED - Test01 LED

g &

Quartus Prime Version
Revision Name
Top-level Entty Name
Family
Device
Timing Models.
Total logic elements
Total combinational functions
Degicated logic registers
Total registers
Total pins
Total virtual pins.
Total memory bits
Embedded Wuttiplier 9-bit elements
Total PLLs
UFM blocks

O OC|fmoe -] /6D FESOLDE

Compilation Report - Test01_LED

Successful - Mon Apr 23 22:27:50 2018
15.1.0 Build 185 10/21/2015 SJ Standard Edition

Test01_LED
Testo1_LED

MAX 10
10M025CU169CEG
Final
64/2304 (3% )
6472304 (3% )
34/2,304 (1% )
34

41130 (3% )

0
0/110,592 (0% )
0/32(0%)
0/1(0%)
0/1(0%)

- [m] s

Search attera.com [5]

g mox

|Msssagas

2

LT 1-1-2-1-1- 1<

<

ID  Message

332148 Timing requirements not met
332146 worst-case setup slack is -1.000
332146 worst-case hold slack is 0.252
332140 No Recovery paths to report
332140 No removal paths to report
332146 worst-case minimum pulse width slack is -3.000
332102 pesign is not fully constrained for setup requirements
332102 pesign is not fully constrained for hold requirements
Quartus Prime TimeQuest Timing Analyzer was successful. 0 errors, 4 warnings
293000 Quartus Prime Full compilation was successful. 0 errors, 12 warnings

System

Processing (123)

100% 00:01:22

2.3

There are several ways to assign the Pi

PIN Assignment

[ Pin Planner] :

Flgur@ pilation Report
r the exa

le project. Method 1: Choose [Assignment] >

(G Quartus Prime Stand ar gy D/fTest01_LED - Test01_LED - m} x
File Edit View Projct [l Assignments Processing Tools Window  Help | .
D= < Dn)Y o ESHDrFRS @AVE
Project Nawgatnri 4\ Hierarchy < S CuieShieE o B @ Compilation Report - Test01_LED 8
Emg Assignment Editor (2NN ] Flow Summary
5 MAX 10: 10MD25CU189CEH | |Flow Status. Successful- Mon Apr 23 22:27:50 2018 ~
BB Test01 16D fn AT Quartus Prime Version 15.1.0 Build 185 10/21/2015 SJ Standard Edition
b - Revision Name Test01_LED
IS Back-Annotate Assignments... MG || 10 vl Entty Name Test0 LED
Import Assignments... Family HMAX 10
Export Assignments... Device 10M0Z5CU169CEG
Assignment Groups. Timing Models Final
Total logic elements 6472304 (3% )
&  LogicLock Regions Window AltsL Total combinational functions ~ 64/2,304 (3% )
%% Design Partiions Window AlD Dedicated logic registers 3472304 (1%)
oy Pewer Analyzer Total registers 4
© Fow Messages Total pins 41130 (3% )
Total virtual pins 0
© Fow Suppressed Messages || memory bits 0/110,592 (0% )
> I TmeQuest Timing Analyzer Embedded Muttiplier -bit elements 0732 (0% )
1 Total PLLs 0/1(0%)
& == 3 | |UFM blocks 0/1(0%) v
| Type Ip Message -~
g A 332148 Timing requirements not met
Al > @ 332146 worst-case setup slack is -1.000
=l @ 332146 worst-case hold slack is 0.252
@ 332140 No Recovery paths to report
© 332140 No Removal paths to report
> @ 332146 worst-case minimum pulse width slack is -3.000
@ 332102 Design is not fully constrained for setup requirements
@ 332102 pesign is not fully constrained for hold requirements
> @ Quartus Prime TimeQuest Timing analyzer was successful. O errors, 4 warnings
" @ 293000 Quartus Prime Full Compilation was successful. 0 errors, 12 warnings o
B¢ >
@
£ | System  Processing (123)

g

(4
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Edits pin assignments.
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Below image shows PIN settings for this test example:

O Quartus Prime Standard Edition - E-/Altera/Cyclone_10/SW/Test01_LED/Test01_LED - Test01 LED
Fle Edt View Project Assignments Processing Jooks Window el

D d s N D C| [resore0 c SESL TP VRO OAV G
Project Navigator \Herachy v W8 x| & Pinftanner ] i catatog we x|
) Report nex X ] « x| =
— il Top View - Wire Bon =
B Testor 60 B Q Cyclone 10 LP - 10CLO06YU256C8G ¥ Project Duectory
¥ - Mo Selection Avatable
bed B P ¥ Library
N > Basic Functions
[ad A DSP.
s > Interface Protocols
2 ‘ tconss
6 9 > Processors and Peripherals.
d - ? University Program
-4 "l @ seacch for Panner P
a
£ H
Groups  Report O ®O)
3 e 28 x INDAHD O ON/AGE) «
B v 7 Eatyin Planning ~ @ L
o I £arty Pin Planning. L
& P Run (/0 Assignment Anslysis " G)@ @ @8 "0 0 w
-3 I export Pin Assignments, > g
o W -OV@ oo OV@-
or v
== g
* | amed] + ~ sl e Filtec pins. all -
B s [ s | i | oo | ey i | o | e [rm] ;| omiisaiow
T hed 1 Output PINLS a B4NO PINL9 33V BmA (default) 2 (default)
- oysclk Input PIN_E 1 B8N0 PIN_E1 33vLVITL BmA (default)
e nput P16 2 82N P8 v B (defaul]
<cnew node>>
£
< > 403 5| * Al
[x]ype 10 wessage
L
[
=
§| syem  processing

O Quartus Prime Standard Editior

Figure 2-13.
Method 2: Prepare a *.csv file from other project,
import the eX|st|ng .csv fnle to allocate the/liln ass

1 LED - Test0] LED

P&Jignment

ent:

o% 000000

Assignment] = [Import Assignment] to

Fle eat View gfect  Assigaments Processing Tooks Window Help
D N ¥ oewe o Rrreo 0avd
e 8. CtrdeShifteE I
o Testo1_LEDY o P catalog we x|
enry. & Assignment Edtor Creshiften BE o x| =
& cycione 10 floctooen & Pin Paner Criashuton 21 v @ installed P
LR T Remove Assignments. ¥ Project D1
i Annotate Assignments.. o sel
. ! s _LED
Export Assignments > Basic Functions
Assigament Groupa > bse
8 LogiclockRegions Window.  AlisL > Inerface Protocols
> Memory interfaces and Cantrollers
Ju Design Partitions Window AltD
? Processors and Penpherals
53 3 File created
Additional Comments: ? University Program
@ seacch for Partner P
B
nput sys_clk,
input sys_rst.n,
)Dulpu( ed_1
parameter OLY_CNT
Parameter PALF-DLY-CNT
reg [, ukwnt
nter contro
a'lwaysl(posedge sys clk or negedge sys_rst_n)
Bbegin
é |f('sys;st.1l)
o omc Rl
else if(count == DLY_CNT)
begin
‘Count <= 32" d0;
end
else
beg:
‘count <= counts32 dl;
end
end
led output register control
ahtays.(posedge sys_clk or negedge sys_rst_n)
in
é «f(-sys_rn ny
I r_led <= 1'b0; v
< >|l¢ > + add
x[Type 10 message
LA
e
=
§| syoum | Processne
imports assignments from other sources 0% 000000

(4
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2.4 Download *.sof into FPGA

After the test example correctly compiled, the Quartus will generate a *.sof file which could be directly

loaded into FPGA to check whether implemented functions perform as expected. User could use
[Tools] > [Programmer] to start a new download:

O Quartus Prime Standard Edition - E/Altera/Cyclone_10/SW/Test01_LED/Test01_LED - Test01_LED
Fle Edt View Project Assignments Processing | Tools | Wendow Melp
DEU+ON" S Qoavm
Project Navigator \Herachy Q38 = oy (<] P Catslog 98
s £ [ x| =
Entyinstance = « 8
©  TimeQuest Timing Analyzer 3

Run Simuation Tool
& % Launch Semulaton Ubrary Compler

& Cyclone 101 10C1006VU256C8G
O res01_Len B

v @ installed o
Advisons » v pr o.«mmm
Chp Planner 2006

v Liary
Design Partition Planner

&%

Basic Functons
ose

Sigralrap  Logic Anslyzer Inteface Protocols

o= o-System Memary Content Edtor Memory ntertaces and Controlies
@) Logic AnalyzerInterface Editar Processors and Peniphersls

- UnersityProgram
AT @ souchicrrame®

Netbst Viewers »

L]

l«w.‘~ Bomuaunun
h o

¢

Faulnjection Debugger
Systen Debugging Toos » Boooo:

w

P Catalog
Nios i Software Buid Toois for Ectpse
o e sys_rstn)

2

2 Tedscipts.
Customize
optiane.
Licenze setup.

O insta Devces

end
end

uTpuT register contr
S;lnyso(pos-dq- sys_clk or .quoqv sys_rst_n)
% it raysaree )

9" ed <a 1°b0;

IR0

Type ID  Message

e x|

sages

§] syen | Proci
T e o 0w

/N

Figure 2- Programmer
Make sure the USB Blaster’s cable are/Co ly connected to FPGA’s JTAG port before using
Programmer to download *.sof file. Then elick [ Auto Detect] to check the hardware setup is okay or not:

(S Quartus Prime Standard Edition - Ey/Altera/Software/Test0_Project LED/Test01_Project LED - Test01_Project LED - o x

Fle Edt View Project Assionments Processing Tools Window Hep @ [searcnateracom | @
OrFd+O0DC 'ﬁm“’mﬁd@ S ESL SrFES 200

Project Navipator| ), Hierarchy v|=lne x Test01_Project LED.v o 9 Chain'.edf ‘\P ] ne x
‘ x * X =
&, Hardwiare Setup... [USB-Blaster (USB-0] | Mode: [sTaG v Progress
. L] Enable reaktime ISP to allow background programming when available v tatadp
ET Testo1_Project_LED ~ Project Directory
u Fie Device Checksum  Usercode  Program  Verfy Blank-  Examine  Securty Erase ISP o Selection Avalstle
i Start Configure Check Bit CLAMP ~ Library
> Basic Functions
> DsP
8 auto petect > Interface Protocols
> Memory Interfaces and Controlers
— Y
> Processors and Peripherals
7™ Add Fie > University Program
6 Change File. @ sSsarch for Partner P
< >
I save Fie
F® Add Devics.
Thup
1% Down
/ > + Add
Type ID  Message ~

@ 332102 pesign is not fully constrained for hold requirements
0 Quartus Prime Timequest Timing Analyzer was successful. 0 errors, 5 warnings
© 293000 quartus Prime Full Compilation was successful. 0 errors, 9 warnings
v
>

“

System (1) Processing (111)

Juessages 1 i@« [~

100%  00:01:30

Figure 2-16. JTAG Setup
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Below image shows the FPGA has been detected by the Programmer:

& Programmer - Ey/Altera/Cyclone_10/SW/Test01_LED/Test01_LED - Test01_LED - [Test01_LED.cdf]*

File Edit View Processing Tools Window Help

- m] x

Search altera.com .

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

|; HardwarESetup,,| |US3EIaster[uS&0] ‘ Mode: ‘J‘[AG ~ Progress:

File Device Checksum Usercode Program, Veri
W srart gram/ fy

Configure

oo Stop <none> 10CLO0BY 00000000 <nonex

2 Delete

Blank-
Check

Examine Security  Erag
Eit

- ChangeFile...

I save File

1 up

l»% Down

10CLO0GY

= P K
Figur ‘>getect FPGA
Users click [None] column to choose twsqﬁlet e loaded into FPGA.

Q Pragrammer - Ex/Altera/Cyclone 10/SW/TestD1_LED/Test01 LED - Test01 LED - [Testd1 LED.cdf]*

File Edit Pr

ing Tools Help

- [m} x

Search altera.com .

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

‘; HardwareSe‘lup...| |USB—BLaster[USB—0] | Mode: |JTAG ~ Progress:

Wh sart File Device Checksum Usercode Program/  Werify  Blank- Examine  Security = Erag
Configure Check Bit
s Stop <none> 10CLOOEY ‘00000000 <none>
B Auto Detect 4 Select New Programming File X
_ Lookiin: ‘ E'\Altera\Cyclone_10\SW\Test01_LED\output_files v| (<R + ) F
‘ My Comp... Mame Size Type Date Modified
P'Pchange File... < ‘ lovely SaiauE ' i 20 Nﬁ 311 209a/gf1 9043 H
Test01_LED.sof 350 KB sof File 2018/5/1 10:40:07
& saveFile IE = /5] |
BR\¢ e
TODI I
«\ R || —= :
E =
=
1 | ¥lpown TR
10CLODRY
TDO

File name: ‘Tesm'\ _LED sof

[E=n

Files of type: ‘ Programming Files (*.sof *.pof * jam *.jbc *.ekp * jic)

'H Cancel |

Figure 2-18. Choose *.sof File
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Then toggle [Program/Configure] and click the [Start] button to start a new program:

A Programmer - E:fAltera/Cyclone_10/SW/Test01_LED/Test01_LED - Test01_LED - [Test01_LED.cdf]* - m] X

File Edit Wiew Processing Tools Window Help Search altera.com ®
Py
|..i.. HardwarESElup,,‘ ‘USE»B\asler[USB»()] ‘ Mode: |J1AG v| Progress: mu%(sux-

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

File Device Checksum Usercode
Pl geare

Verify  Blank- Examine Security  Eras|
Check

ST
M Auto Detect >
X Delete

™ Add File. .

output_files/Test01_LED sof 10CLODGYU256 ‘DDDBECOE DO0DBECOE

i

'00 ChangeFile._.

@‘s;wa File

I* Add Device. e

Mo || — e

1% pown

RN RIRAR

T0CLODEYUZ56
TDO

P

ogram *.sof

If the *.sof file is correctly programed, Wss will show info like: 100%(SUcEesstll). Then users

could check whether the LEDs on FPG rd blinking or not.

& Programmer - E:/Altera/Cyclone_10/SW/Test01_LED/TestD1_LED - Test01_LED - [TestD1_LED.cdf]* — [m] X

File Edit View Processing Tools Window Help Search altera.com ]
|; HardwareSetup...| |US&ELaster[U5&0] | Mode: |JTAG < Progress: 100%&1::-

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

" ot File Device Checksum  Usercode  Program/  Verify Blank-  Examine  Security Eras
Configure Check Bit
b stop output_files/Testd1_LED.sof 10CLOOGYU256  OODBECOE  OOOBECOE | u u u u

M Auto Detect
X Delete

fn" AddFile...

¥
[a}
B
o
bl
2

B saveFile

I* Add Device... Ewllim. -
- \‘ b up LE » :

¥ down M ecasane

A

T0CLODEYU256
TDO

Pl
4

Figure 2-20.  Program Successful
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2.5  Program *jic into SPI Flash

QM_CYCLONE10_10CL0O06 core board has mounted an external SPI Flash with 8MB capacity. The
hardware design chooses Active Serial x 1 method to make the FPGA could boot up from external SPI
Flash after power on. In this section, it describes how to program eternal SPI Flash through JTAG port.

The SPI Flash is non-volatile device which means the programmed *.jic file will never lose its content after

power down.

The SPI Flash programing file *.jic is converted by *.sof file described in previous chapter. So

*.sof could be correctly running on FPGA before performing below steps. Stepl: choose the Quartus, ||
Prime 15.1file convert tool by click [File] - [Convert Programming File] : /ar

O Quartus Prime Standard Editian - E:/Altera/Software/Test Project LED/Test01 Project LED - Test0l Project LED
Fle Edl Vew Proect Assgoments FProcessing Tools Window Hep W

=0

few et project LED Sl EELTrFES OAVGE
= w e et pora 200 ]
Close crers — M
Bewr EEmnrfh iu P x|=
B New Project tizara.. 1 Timescale ins / 1ps B
VE Open Project.. cuel 3 / Company:
Seve Proiect 4 77 enginear:
Close Project 5 / Create pate:  13:40:55 02/28/2016
7 /7 pesign name:
e 8 HoduTe Mame Test01_Project_LED
= s 7 Project Name:
Save s 10 Target Devices:
1 Tool versions: iertace Proiocals
@ sment crbsutes [ 112 7/ pescription Uemary Inertaces and Controle
H jemory berfaces snd Controlers
Pl Propertiss. 1 / Dependencies: 3 Pracessors ond Perpheras
SR ) nevision: > Universty Program
e L (2 / mevision 0.01 - File created @ sewrcn o Pamer
}g // additional Comments:
Convert Programming Fies. . 20 / i / 7, 17
2 Emodule Testol_profect ol
i sys_clk,
h e 23 input sys_rstn,
Yy - 24 gutpwe Ted 1
25 i
& et crier 26
27 parameter DLY_CNT =
Recent Fes » [|28 paramecer waF oivc
30 ("mark_debug = “true“*)reg r_led;
e L (15 {*mark_debug = "true"*)reg [IL:0]count;
32
e AteFe 33 /counter contral
34 alwaysd(posedge sys_clk or negedge sys_rst_m)
35 Ebeg
36 [ if(sysrsen)
37 beg
38 count e= 32°d0;
39 en
40 else {f(count = DLY_CNT)
a1 A beain -
< >)|e > |[# a
x| type 1D Message -
8| @ 332102 besign is not fully constrained for hold requirements
L quartus Prise Tinequest Timing Analyzer was successful. 0 errors, 5 warnings
=" @ 293000 quartus Prime Full Cospilation was successful. O errors, 9 warnings

<

System(7)  Processing (1)
COMbings SIUGr CORVEITS BIOTATITIG fe8 o SNEF ograMG 1 formats

Ve
Figure 2-21. /Cchrt Programming File Tool

Change the settings following b

File Tools Window

M Convert Programming File - E:/Altera/Software/Test01_Project LED/Test01_Project_LED - Test01_Project LED

Search aftera.com ]

- [m] e

Conversion setup files

Open Conversion Sefup Data... [

Save Conversion Setup...

Output programming file

JTAG Indirect Ct File (Jic)

Frogramming fi ty,

o] nfolf

device: |EPCQB4

File name: [output_fiesroutput_fie jc

NONE

Advanced.

RemotelLocal updte difference fie

Create Memory ap File (Generate output_file.map)
Create CvP files (Generate output_file.periph.jic and output_fle.core.rb)

[ creste config data RPD (Generate output_fie_auto.rpd)

Input files to convert

File/Data area Properties Start Address

Flash Loader

SOF Data <auto>

Page_0

Add Hex Data
Add Sof Page

Add Device...
Remove
up
Down

Properties

Generate | | Close

| [ Hew

100% 000130

rg choose EPCQ64, generated file name output_file.jic, etc.

Figure 2-22.
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Click the [ Advanced...] option, and set these below two options in the red rectangle in Disable status:

W Convert Programming File - EifAltera/Software/Test01_Project LED/Testd1_Praject LED - Test01_Project LED — O X
File Tools Window .
Conversion setup files -~
‘Open Conversion Setup Data... | ‘ Save Conversion Setup... |

‘Output programming file

Programming fie type: | JTAG Indirect Configuration il (ic) -
Ostions/Bootinfo... | Configuration device: | EFCQG4 ~ | lode Active Serial -
File name: ‘Dutnutﬁﬂleslnutuutﬁﬂle.ﬂc @ Advanced Options X :l l:l
Remote/Local update difference fie: | (] pisable EPCS/EPCQ ID check I 5
[] create Memory Map File (Generatdl [/] Disable AS mode CONF_DONE error check 7

Create CvF files (Generate nutput_@
[ create config data RPD (Generate ¢ post.chain bitstream pad bytes: 7
— Fostdeuce s o e

File/Data area Propeg Bitslice padding value
Flash Loader QSPI Flash single IO mode dummy cleck:  Unchangeable Add Sof Page
SOF Data Page_0 =
QSPI Flagh guad 10 mede dummy clock:  Unchangeable .
[Add Device.
{ Remove
up
Down
Properties
| Generate | ‘ Close | | Help
W
A’
Figure 2-23. Options
Select [Flash Loader] and then click [ D/JIC utton:
W Convert Pragramming File - Ei/Altera/Software/Testd1_Project LED/Test01_Project LED - Test01_Project LED - m} X
e Tmetiiow Tl )
Conversion setup files A
Open Conversion Setup Data. | | Save Conversion Setup. |
Output programming file
Programming file type: |.1TAG Indirect Configuration File (.jic) - ‘
Options/Boot info...  Configuration device: |EPCQ64 * | Mode: Active Serial - ‘
File name: |uutput_ﬂle51nutpm_ﬁle Jjic | El
Remote/Local update difference file: NONE -
@ Create Memory Map File (Generate output_file. map)
Create CvP files (Generate output_file.periph jic and cutput_file.core.rbf)
D Create config data RPD (Generate output_file_auto.rpd)
Input files to convert
- File/Data area Properties. Start Address Add Hex Data
- Flash Loader
SOF Data Page_0 <auto=
Remove
Up
Down
Properties
Generate | | Close | | Help

Figure 2-24. Flash Loader
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Choose the target Flash Loader device: 10CLO06Y:

 Select Devices >
Device family Device name
Arria 10 A IB 1oc:|_005v' ~ New..
Arria GX 10CLO0GZ
Aria Il GX O 1ocLorov Import..
Arriall GZ O 1ocrotoz Export..
Amiav 1 1ocLovey /
ArmiaV GZ O 1ocLorez Edit...
Cyclone [ 1ocLozsy e
l 7| Czlone 10LPI O 1ocrozsz
Cyclone II [ 1ocLosoy Uncheck All|
Cyclone I [ 10cLo40z
Cyclone I LS O 1ocLossy
Cyclone IV E [ 1ocLossz
Cyclone IV GX 1 1ocLosoy
Cyclone v ] 10cLosoz
HardCopy I [ 1ocLizoy
e h M ancianns ¥
| OK | | Cancel

<]
Figure 2-25, Flash Coader for 10CLO0GY
-
Select [SOF Data] and then choose [Add File...]-toyadd the verified *.sof file. And then click

[ Generate] to generate the output_file.j%ile:
|4

W Convert Programming File - E:/Altera/Cyclone_10/SW/Test01_LED/Test01_LED - Test01_LED - o X

Eile Tools Window Search altera com [5)

Specify the input files to convert and the type of programming file to generate:

*¥ou 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.. |

Output programming file

| Progrmming file type: ‘JTAG Indirect Configuration File (jic) "
Contgton e ccms e
File name: ‘uulput_l\les[oulpul_fite jie ‘ D

et e atiencerie. [ g

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

[ Create config data RPD (Generate output file_auto.rpd)

Input files to convert

-
- File/Data area Properties Start Address
¥ Flash Loader
10CLDOBY
¥ 50F Data Page O <auto>
Test01_LED.sof 10CLODBYU256 Remove
up
Down
Properties
H =
Figure 2-26. Generate *.jic File
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After the output_file.jic correctly generated, run the [Tools] - [Programmer] . And then click [ Add
File...] to choose the output_file.jic.

@ Programmer - EifAltera/Cyclone_10/SW/Test01_LED/Test01_LED - Test01_LED - [Test01_LED.cdf]*

File Edit View Processing Tools Window Help

[m] x

Search altera.com .

|£.. HardwareSelup._.‘ ‘uss»eLamr[uss»o] | Mode: ‘JTAG

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

File

b Start
uily Stop

X Delete

<none>

Device

10CLOOEY

Checksum

‘00000000

Usercode

<none>

Program/
Configure

Verify

Blank-
Check

Examine

Security
Bit

Erase

e,

<y

& Select New Programming File

ok |

E:\Altera\Cyclone_10\SW\Test01_LED\output_files

-le oo

&

E

I
B4 save File
1l yp

1 pown

W 1y comp. Name

-
l evelovely [ D output_file jic
IE

L FARERIRAN
10CLOOBY

Size

Type

8.0 ME jic File

Date Modified
2018/8/25 18:24:04

x

350 KB sof File

2018/5/1 10:40:07

Flemme |

T

Files of type: ‘ Programming Files (*.sof *.pof * jam * jbc *.ekp * jic)

'| | Cancel

4

Figure 2-27.

Toggle [Program/Configure] and then cli
status will be shown in the [Progress] bar
the board to check whether the FPGA coul

bY

*ic File

&

utton to program the external SPI Flash. Program

Jic correctly programmed, user may repower on
oot from external SPI Flash.

) Programmer - E:/Altera/Cyclone_10/SW/Test01_LED/Test01_LED - Test0]_LED - [Test01_LED.cdfl*

File Edit View Processing Tools Window Help

[m] X

Search altera.com [ ]

= HardwarESetup,,‘ |ust}B|aslar[uss-n] | Mode: |JTAG

[ Enable real-time 1P to allow background programming when available

File Device Checksum  Usercade
'l Start

Frogram/

Verify  Blank-  Examine  Security Erase |

Configure

Check

Bit

b si0p

Factory default enhanced SFL image

output_filesfoutput_file jic

M Auto Detect

10CLOOBY
EPCQ64

‘ODOCFF50 ODOCFF50

TOFB1A49

M Change File

cL4

4 save File

Thup

1 pown

-
TRRRRREEE

Figure 2-28.
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SignalTap Il Logic Analyzer

The SignalTap Il Embedded Logic Analyzer is a system-level debugging tool that captures and displays
signals in circuits designed for implementation in Intel's FPGAs. The user is expected to have access to a
computer that has Quartus Il 17.0 software installed. The detailed example in this chapter was obtained
using Quartus Il version 17.0, but newer versions of the software can also be used.

After successfully compiling the Test04_SDRAM project and setting pin assignments, select SignalTap |l

Logic Analyzer from the tools dropdown menu (as shown below). Ensure the JTAG programm

Byte Blaster) is connected between the board and the computer.

SB

File

Edit View Project Assignments

OB MDD C | Testos soram

Processing  Tools

Window  Help

Run Simulation Tool

Project Navigator 1\ Hierarchy

v‘Q e =

> BB Testos_sDRaM "B

Entityinstance

% Cyclone 10 LP: 10CLODGYU256C8G

Launch Simulation Library Compiler

Launch Design Space Explorer |1
TimeQuest Timing Analyzer
Advisors

% Chip Planner
g 4 Design Partition Planner

10 Netlist Viewers

12
13 ™ SignalTap Il Logic Analyzer

™ y »
18 & Logic Analyzer nterface Editor

e In-System Sources and Probes Editor
%‘1’ signalProbe Pins.
32 D Programmer

24 8l JTAGChain Debugger

2

26 Fault Injection Debugger
27

28 System Debugging Tools

29

30 5

30 W PCatlog
gg Nios Il Software Build Tools for Eclipse
34 & aQsys

5

§§ & Telseripts

38

20

@ Quartus Prime Standard Edition - E:/Altera/Cyclone_10/SW/Test04 SDRAM)Test04 SDRAM - Test04_SDRAM

- o ><>
Search altera.com

|\PCatalng

usx‘

[a

x| =

VI

v Library

> psp

v installed IP

¥ Project Directory

No Selection Available
> Basic Functions

> Interface Protocols

> Memory Interfaces and Controllers
> Pracessors and Peripherals

> University Program

@ Scarch for Partner 1P

“
B + Add

< e Customize.
o Options.
= |Type 1D Message
El License Setup...
2 S Install Devices
@
f
B system | Pprocessing

0% 00:00:00
Figure en SignalTap Il Logic Analyzer
Below image shows the Ul of alTap II:
A SignalTap Il Logic Analyzer - E/Altera/Cyclone_10/S\W/Test04 SDRAM/Test04 SDRAM - Test04 SDRAM - [stpl.stp]* - o x
File Edit View Project Processing Tools Window Help .
H2C %8 »rk o
Instance Manager: =] ‘Addnndeﬁlutheturrer\linihn:e X | JTAG Chain Configuration ‘JTAGrezdy ‘ x
Instance Status Enabled LEs: 0 Memory: 0 Small: 0/0 Medium: 1/30 Large: 0/0 fr e ‘USB'BBS{E![USB—(]] V‘ ‘ Setup... ‘
[B] auto_signaltap_o0 Not running Ocells 0bits NA NA NA
Device: ‘@1: 10CLO0B(Y|Z)/ 10CLOTOY]: " ‘Scanchzm ‘
T
auto_signaltap_o Lock mode: |+ Allow all changes - signal Configuration: x
Node Data Enable | Trigger Enable | Trigger Conditions | ‘ ‘l ~
Type| Atias | Name o | o [1& pasicann_~ Kl
- Double-click to add nodes
- ouble-click to add nodes Data
A\)'® N~
[ segmented: |2 64 sample segments -
—~ ~ =1 Y
< : >
Foaa & setup
Hierarchy Display % | [] pata Log: *
auto_signaltap_0
[B] auto_signaltap_o
0% 00:00:00
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Figure 3-2. SignalTap Il Logic Analyzer Ul
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Below image shows the settings of the Test0O4 SDRAM example project:

)

Figu
Double click the [Nod

n
the [List] button to?dk,eﬁﬁls need to be monitored:

-Wp Il Logic Analyzer Main Window

~® Node Finder

x

Named: |~

List

|

Options

Fiter: | SignafTap It post-fiting

+] [costomze.. |

Lookin: | |DE0_CV_SDRAM_RTL_Test| ][] B inciude subentties 7] Hierarchy view
Matching Nodes: =] Nodes Foung:
- Name Assignments A [+1 Name Assignments
- DEO_CV_SDRAM_RTL_Test
> DRAM_DQ
- @ DRAM_DQ[0}input Unassigned
@ DRAM_DQ[1}nput Unassigned
@ DRAM_DQ[ZInput Unassigned
@ DRAM_DQ[3}nput Unassigned
‘@ DRAM_DQI4linput Unassigned
‘@ DRAM_DQISHinput Unassigned
‘@ DRAM_DOIGHnput Unassigned <
‘@ DRAM_DO[7linput Unassigned <
‘@ DRAM_DOIB}nput Unassigned
@ DRAM_DO[G}input Unassigned
‘@ DRAM_DQ[10}input Unassigned
@ DRAM_DQ[11}input Unassigned
@ DRAM_DQ[12}-input Unassigned
“a DRAM_DQ[13}-input Unassigned v
< > e < >

hsert
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Figure 3-4. Set Capturing Signals

QM_CYCLONE10_10CL006 DB

~ SignalTap I Logic Analyzer - E:/Altera/Cyclone_10/SW/Test04_SDRAMTest04 SDRAM - Test04_SDRAM - [stp2.stpl* - O /
Gle Edt Vew Project Processig Tods Window Help [mr—— JTAG
e N s Configuration,
‘!-El‘ |Add nodes to the curent instance | % || JTAG Chain Configuration: |TAG ready / Device Setup,
Instance Enabled  LEs: 0 Memory: € small: ¢/0 Medium: 1/30  Large: 0/0 Hardware: ‘USB—BIasler[IJSB-O] ,‘ ‘ sefp.. Download *.sof
auto_signaltap_0 Ocells 0 bits NA NA NA
Device: | @1: 10CLOO(Y|Z)/10CLOTON: ~ @Cham
\>>| s0F manager: 1521 [17] | J1.
auto_signaltap_o edimess \_F‘Auawauchames - .
Node Data Enable | Trigger Enable | Trigger Conditions | ~
Type| Alias | ame o | o 1 Basic AND_~ | Az | ”
o
( T ——
75 fented: |2 64 sample segments Signal Sampling Clock
[ Monitor Signals ] / Nodes Allocated: @) Auto O Manuat 0
Pipeline Factor: |0 -
[ Capture Data Buffer Size
Joun 3
Input pert
Nodes Allocated: (* Auto Manuat |0 e
Record data discontinuities
Disable storage qualifier
Trigger
Nodes Allocated: @ Auto O Manual: 0 E
Trigger flow control: Sequential -
Trigger position: ‘iw“-?wetnggerposmm '|
Trigger conditions: 1 -
[ Triggerin = v
Ppaa & sewp
Hierarchy Display % | [ Data Log: *
auto_signaltap_0
auta_signaltap_0
0%  00:00.00

shown in the above image. Below window will pop up and user clicks
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All the signals added in the above step will be displayed in the [setup] page. Please also select the
signal sampling clock [DRAM_CLK] :

“# SignalTap Il Logic Analyzer - [stp1.stp]*

Fle Edit Wiew Project Processing Took Window Help @

BHDC|ENrE e

[m] X

Search atera.com Q

instance Manager: W |E] [Resoy to acquire JTAG Chain Configuration: | TAG ready | x
Instance Status. Enabled LEs: 2101 Memory: 145408 Smalt NA Wedium: NA Large: NA T ‘USB—BI&S(EI[USB—’U] v| | Setup... ‘
auto_signaktap_0 Mot running 2101 cells 145408 bits MA NA MA
Device: | @1: SCE(BAZFAZ) (1x02B1500D) - | Scan Chain \
SOF Manager: | [l EDRAMIDEQ_CV_SDRAM_RTL Testsof] ...
> ‘\
’ trigger: 201711730 21:27:03 #1 Lock mode: | " Allow all changes. Signal Configuration: x
Node Data Enable | Trigger Enable |Trigger Conditions A
Clock: | DRAM_CLK L
Type |Alias. Name 142 1@3&3\2 AND ¥
= RW_TestuZiwritedatal15.0] 30006 e
=Y RW_TestuZireaddata[15..0] 3000 Sample depth: | 1K+ | RaM type: [Auto |
[+ v v
[ RW_Testu2jwrite_count[4..0] 0t [] Segmented: |2 512 sample segments \
AW_TestuZjck_cnt[31..0] =i =i 300000000
RiN_TestuZidry_status_fa = = = Nodes Allocated: (@) Auto ) Wanuak 142 z
RW_TestuZidry_status_pass ] ] ] Storage qualifier:
RWW_TestuZidrv_status_test_complete ] ] i) npe | 5 Continuous -
RW_Testu2ic_state[0. 3] ) ) Xh
ey AW Testuz BUTTON = = = Input port: | auto_stp_external_storage_qualifier
EN RIW_TestuZiCLK = Nodes Allocated: (©) Auto Manuat 142 3
[ -
- RW_TestuZiRST_n = Record dala discontinuties
A_TestuZread ] &
Testud = = & Disable storage qualifier
AWY_TestuZlwrite =i =i ]
RWW_TestuZitrigger =] ] i)
= = Trigger
AW_TestuZjaddress[24..0] =i =i 30000000
RW_Testu2lcal data[31..0] [} [} J0OO00000 Nodes Allocated: (®) Auto O Manuak: 142 3
RW_Testu2ipre_button[1..0] Xh Trigger flow control: | Sequental -
& RI_TestuZisame = - . F=—— b
< >
¥ Dala &= Setup
—
HierarCYRRSSP = = x
v » > auto_signattap_0
B RW_Testu2
auto_signattap_0
0%  00:00:00

/
Figure 3-5. S

User needs to click the [Compil
user may download the newly co

on sho
s;into FPGA.

pling Signals and Clocks

in the below image to recompile the whole project. Then

“# SignalTap Il Logic Analyzer - E:/Altera/Cyclone_10/SW/Test04 SDRAM/Test04 SDRAM - Test04 SDRAM - [stpl.stp] - m] X
Eile Edit View Project Processing Iools Window Help .
DO (2]
Instance Manager [] ||nvahd JTAG configuration X | JTAG Chain Configuration: ‘JTAG ready ‘ x
Instance Status Enabled  LEs: 1355 Memory: 78848 Small: 0/0 Medium: 11/30  Large: 0/0 N — |USB—BIasler[USB-0] ,| | Setup.. ‘
auto_signaltap_0 Not running 1355 cells 78848 bits 0blocks 9 blocks 0blocks

Device: |@1: 10CLO06(¥|Z)f 10CLO10(Y|: v| |ScanCham ‘

>> | SOF Manager: | [ | ﬁ\lesﬁesmisummsof" ‘
E—

h/ |
/5/ Figure 3-6. Compile the SignalTap Il Project

-y
UseL

the button [AutoRun Analysis] or button [Run Analysis] to start the waveform capture:
£ SignalTap Il Legic Analyzer - Ei/Altera/Cyclone_10/SW/Test04_SDRAM)/Test04 SDRAM - TestD4 SDRAM - [stp1.stp] - O X
File Edit View Project Processing Tools Window Help .
Cle e WAL )
Instance Man: El |Inval\dJTAEc0n|\gumtinn X JTAG Chain Configuration ‘JTAGrEady ‘ X
Instance Status Enabled  LEs: 1355 Memory: 78848  Small 0/0 Medium: 11/30  Large: 0/0 Hardware: |USB—BIasler[USB-0] ,| | Setup.. ‘

auto_signaltap 0 Not running. 1355 cells

78848 bits 0 blocks 9 blocks 0 blocks

Device |@1: 10CLODS{Y|Z)/10CLO10(Y|: '| |ScanCham ‘

SOF Manager: o] |1 \lesﬁesmisuRAM.sofE

Figure 3-7. Start Capture
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Below two images show the SDRAM data write and SDRAM data read:

 SignalTap Il Logic Analyzer - Ex/Altera/Cyelene 10/SW/Test0d_SORAM/Testd SDRAM - Testd SORAM - [stp.stp]®
Fle Edt View Projct Processmg Tools Window help

BUHOC* e rn @

Instance Manager: [ 101 () B3

Instance Status Erabled  LEs: 1355 Memory: 78848 Small. 0/0 Medium: 1130 Large: 00
Oblacks

5] v sigraion. 0 [— iScl Tesibm Oblock  Sbiocks

- 8 x

X | JTAG Chain Configuratian: | JTAG readdy x

Harware. s alaster [U56-0] - sep

Device: | @1: 10CLODG(Y|ZYI0CLO0NY]. ~  Scan Chain

> 508 Manager. 1 [ fies/Testos_soRaM sof

S S T )

log Trig @ 2018/08/26 100752 (0001 slapsed) #1

— Tose = 5 W = T m % S D % g >

B Testuz|witedatal15.0]
v

RW_Testu2|readdata{15.0]

ooh Y__ow % oan X o ¥ _oam % o % oen  __om  J___om y

n

w_Testuz|pre_button[1.0]
m

® RW TestuZjwitecountie0)  { oan X omn X o ) @m X oan

Bw_Testu2le_statel3 0] m
v,

. Caigaen

w_Testu2|dry_status_fal

Rw_Testuz|dry status_pass

Gtod_Testu2|dry_status_test_complete

i Testu2|wite

Fw_Testuz|rigger

Rw_Testuz|@uTTON

w_Testuz|icLr
w_Testu2|i8ST_n

W Testuzread
BW_Testuzjsame

Foea  Bseup

Hisrarchy Oisplay: x| [ oatatog [t
v ® Text0s_SoRAM auto_signaiap 0
B rw restuz

8 st sigratap 0

Figure 3-8. Waveform f itihg ‘Rata into SDRAM

D SignalTap Il Logic Analyzer - Ey/iltera/Cyclone_10/SW(Test0d SDRAM/Testdd SDRAM - Testdd SDRAM - [stpl.stp]*

Fle Edt View Projct Processing Tooks wWindow Help

BU2C*kmrn

[nstance Manager: i 5 @ 1

Instance Status Erabled  LE: 1355 Memory. 78848 Small 0j0  Medium: 11/30  Large 0/0
%] auto_signaitsp 0 Offioading azg.. 1385 cells 78848 bits 0 blacks & biacks Oblacks

o Trig @ 2018/08/26 100431 (0001 elapsed) #3

- 8 x

e J®
ITAG Chain Configuration: | JTAG ready x

Harchware: U5 alaster [U56-0] - sep.

Device:  @1: 10CLOBG(VIZYI0CLONONVE: *  Scan Chain

>»| s0# Manager. W [ flesiest0s_somaMsof]

,,,. D 5 5]

— Tose D S h = = = D 5% % = )

Bw_Testu2|wiitedatal15.0)
)

Sssh

)

ooh X o1h ozh »

Com O oan X oon X om X omm X oan X oan X osm X oen X om gah

"

ah X h X on

Rw_Testuz|pee_button(1.0]

% Rw_Testuz|wite_countf4_of
® )

R Testuz|c_statel3 0] o % TR SRR | X
X ACBI6Fh

acRiA0n

AW a ACEiem
Rw_Testu2|dry_status_fal

Rw_Testuz|dry status_pass

frwi_Textu2|dry_status_test_complee

R Testu2|wiite
w_Testuz|igger

Rw_Testuz|iBuTTON

w_TestuzlicLe

B _Testu2|iST_n
1

W Testuz|read
W _Testuzjsame

Foea  Bsewp

Hisrarchy Oisplay: x| [ patatag: b4
v ® Text0s SRAM BB suto_signatap o
B rw Testuz

8 st sigratap 0

0% 00:0000

Figure 3-9. Waveform for Reading Data from SDRAM
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4. Reference

[1] 10cl006-sdram-v01.pdf

[2] cl10lp-51002.pdf

[3] c10lp-51003.pdf

[4] pcg-01021.pdf

[5] cyclone-10-Ip-product-table.pdf

[6] an800.pdf
[7] aib-01029.pdf A
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5. Revision

Comments

0.1 30/12/2018 Initial Version.
1.0 11/01/2019 Formal Release.
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