MAX1000

Timing Closure Lab

Software and hardware requirements to complete all exercises

Software Requirements: Quartus® Prime Lite or Standard Edition version 18.0 or 18.1

Hardware Requirements: ARROW MAX1000 Board
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1. Introduction

This tutorial provides comprehensive information to help you understand how to set and use your
FPGA design environment to ensure that your design meets the timing requirements. The
TimeQuest timing analyzer is a powerful ASIC-style timing analysis tool that validates the timing
performance of all logic in a design using industry standard constraint, analysis, and reporting
methodology.

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: Timing_Closure_lab_template: Template files are required to complete the lab.
Includes: top.vhd, fibonacci.vhd, timing_closure_lab_pinout.csv

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)

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

Basic knowledge of VHDL

A desire to learn!
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3. Project with MAX1000

3.1 Quartus Prime project

3.1.1 Create a new Quartus Prime project

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

3.1.1.2 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

3.1.1.3 Click Next.
3.1.1.4 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/Timing_Closure_lab

= Specify the name of the project: timing_closure_lab

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

Directory, Name, Top-Level Entity

What is the working directory for this project?

|C.fMAK‘IDDD,’Timing_Closure_Lab ‘

What is the name of this project?

|timing_closura_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.

= |

Use Existing Project Setlings..

< Back Finish Cancel Help

3.1.1.5 Click Next.

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

MAX1000

Tk 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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3.1.1.7 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:

®  top.vhd

®  fibonacci.vhd

Q% 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
(= || addan
File Name Type  Library Design Entry/Synthesis Tool HDL Version —
fopyhd VHDL File Default
fibonaccivhd VHOL File Default Up
Down
Properties

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

< Back Finish Cancel Help

3.1.1.8 Click Next.

3.1.1.9 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.

O New Project Wizard
Family, Device & Board Settings

Device Board

Select the family and device you want 1o target for compilation.
You can install additional device support with the Install Devices command on the Tools menu.

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

Device family Show in 'Available devices’ list
Family: MAX 10 (DA/DF/DC/SA/SC) Package UFBGA h
Device [ T Pin count. 169 ©
Target device Core speed grade: |8 -
Auto device selected by the Fitter Name filter: 10MO8SAU169C8G
® Specific device selected in 'Available devices' list Show advanced devices
Other: n/a
Available devices:
Name Core Voltage LEs Total I/Os GPIOs Memeory Bits Embedded multiplier 9-bit elel
10M0O85AUT69CEGES 3.3V 8064 130 130 387072
< >

< Back Finish Cancel Help

3.1.1.10 Click Finish.
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3.2 Design entry

Overview: In this module you will complete the design with missing components, elements.

3.2.1 Add PLL to the Quartus project

3.2.1.1 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
[« x| =

~ @ Installed 1P
~ 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 Memory
Simulation; Debug and Verification
DsP
Interface Protocols
Memory Interfaces and Controllers
Processors and Peripherals
University Program

e Search for Partner IP

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

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

h Save IP Variation

IP variation file name:

|['fMA)('\ 000/ Timing_Closure_lab/PLL |

Cancel
1P variation file type
® vHDL
O Verilog
3.2.1.3 Click OK.
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3.2.1.4 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]

") ALTPLL

General/Modes Inputs/Lock Bandwidth/

PLL
nclko ) cl,
reset locked, |
MAX 10

Clock switchower

Currently selected device family:

Able to implement the requested PLL

General

Which device speed grade wil you be using?

Use: it

tempera r
‘What is the frequency of the indk0 input?
Set up PLL in LVDS mode

PLL Type
‘Which PLL type will you be using?
ast PLL Enhanced PLL

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 (bidirecti

() with no compensation
Create an 'fbin’ input for an external feedb;

‘Which output clock will be compensated for?

nge devices only

(External Feedback Mode)

MAX 10
Match project/default

Any hd
12.000 MHz ~
: Mot Available Mbps

® Select the PLL type automatically

a -

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

3.2.1.5 Click Next.

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

MAX1000

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

& ALTPLL

width/SS

PLL

nclkd

MAX 10

lock switchover

Able to implement the requested PLL

Optional Inputs
Create

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

Lock Output
[ 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

an 'pllena’ input to selectively enable the PLL

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

3.2.1.8 Under the clk cO tab (page 6 of 12) select “Enter output clock frequency” and enter

200 MHz.

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

&y ALTPLL

PLL

Able to implement the requested PLL

Use this dock

nclkd |

Clock Tap Settings

c0 - Core/External Output Clock

Requested Settings Actual Settings
(®) Enter output dock frequency: MHz ~ 200,000000
(0 Enter output dock parameters:
> 50
Clock multiplication factor L
A - << Co
Clock division factor 1 - 2
Description Val ™~
Mote: The displayed internal settings of the Primary dock VCO frequency (MHz) 50.]
PLL is recommended for use by advanced Modulus for M counter 50,
users only 2 = * >
Per Clock Feasibility Indicators
c0
| Cancel ‘ ‘ < Back | | Mext > | | Finish ‘

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

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

MAX1000
Timing Closure Lab
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Ok Quartus Prime IP Files

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:\MAX 1000\ Timing_Closure_lab\PLL gip

[ Automatically add Quartus Prime IP Files to all projects

[Note: Tuming on this option permanently suppresses this dialog box. You can

change this setting in the Options dialog box)

Yes

Help
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3.2.2 Import pin assignments

3.2.2.1 Select Assignments - Import Assignments...

3.2.2.2 Add source file by clicking on the

will locate the provided design files and add timing_closure_lab_pinout.csv.

3.2.2.3 Press OK.

5] Import Assignments

Specify the source and categories of assignments to import.

File name: }iming_Closure_lab,l'timing_closure_lab_pinout.csv| I:l Categories...

Copy existing assignments into top.qsf.bak before importing

OK Cancel Help

Advanced...

button and browse into the lab file folder where you

3.2.2.4 Open Pin Planner by clicking on % putton on the toolbars, or Assignments - Pin Planner
in order to check the import. In the Pin Planner you should see the following:

& pin Planner iming_Closure_Jab/timing_closure_Jab - op - 8 x
le Edt View g Tools Window Helo @
£ (Groups 78 x| Pin Legend. 28 x
e Top View - Wire Bond symbol P Type
a Node Name Direl Useryo
& oo grap MAX 10 - TOM0O8SAU169C8G °
°
[ I
B A Gther configura.
r oev_OE
s 8 oev_cr
v_cus
@ ¢ 3
) o n
*
.. o o p
= € s
#
2l > F e
1 = . OtherpLL
Other dusl purp
] H
- ™
- ‘B Tex
i K ™S
= = L 00
"] ExportPin Assign M 5
W Pin Finder
a VCCPIVECRIV.
v I teghlightpins
i veea
Wos:
= yosanis 5 e
= VREF Groups -
ot oo
< > |
named]- 5 e Fitter Pins: 3l -
W Node Kame Locaton VOBak  VREFGoup  NOSmndard  Reseved  CumentStength  SlewRate  DifferentillPar StictPresenvatior
© ax P s 2 8280 33vum Bma (defaut)
© weur3] PIN_Ha 2 B2_NO 33-VLVITL BmaA (default]
© weutla] _HS 2 B2_NO 33VLVITL BmA (default)
© weurp) K10 s 85 N0 33V Bma detaut]
© weutlo) e s 8500 33V 8ma defaul]
© RresuLTio) unknown PN_H13. s 85_NO. 33-VLVITL BmA (defaut)
© resuLTie) [ P10 s 85.N0 33vevTTL Bma (defautt)
© ResuTpy) Unknoun oo s 8500 33vvm Bma defaut]
© resuie) Unksnown oo k12 s 500 33vovL mA (defaul)
© resuLTrs] Unknown PN KT s 85_NO 33VLVITL BmA (defaut)
© resulTis) Unknoun 3 s 85 N0 33vum Bma detaut]
© resuLt(s) Unknown PN_12 s 85_NO 33VLITL Bma (defaut)
© RresuLT(z] Unknown PN_LIZ s 85_N0 33VLVITL BmaA (default)
© gesun) Uninoun P2 2 820 33vivm Bma detaut)
£|© resuuto) Unknown o 2 8280 sV Bma defaul]
Z | <<new node>>
z
o% 000000

3.2.2.5 Close the Pin Planner.
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3.3 Timing check

3.3.1 Compiling the design

3.3.1.1 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.

G Quartus Prime Lite Edition - C:/MAX1000Tiening._Closure fab/timing_closure_lab - top

File Edl View Project Assigments Processing Tools Window Help
r wp S| LEED FPEELSLDG S
roject avgator O\ Mersrchy  ¥|0 88 x| & Compiation Report - top <]
Table of Contents ne
MAX 10 10MOBSAUT63CEG &8 Flow Summary LS
Flow Status Successiul - Thu Feb 07 16 2838 2019

|> B opce

Quartus Prime Version
Topeve! Entity Hame

Family

Device

Timing Models

Total logic slements

Totalregisters

Totalpins

Totalvirtual pins

Total memary bits

Embedded Muliplier 0-51t lements

18.0:0 Bulld 614 04/24/2018 51 Lite Edition
wop

wop

MAX 10
10MOBSAU163CEG
Enal

14578084 (2%)
14
15/130112%)

o

/387072 (0%)
0/48(0%)

Search alieraco L]
[P catleg I
0y x| =
v A installed IP

 Project Directory
No Selection Avallable

 Uibrary

uni
@ seach forPaner P

| ronapis T41(100%)
fraes
U biocks 011(0%)
20C blocks o/1(0%)
( ‘ ) +
sl (@ &4 A i 8 rne | (88 Fnanea
»
=| Type
o
o
o
°
o
° rs, 5 warnings
o s, 24 warnings
L
¥l< )
3| spten () Processiog 163y
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Timing Closure Lab

N\N\GW

Page |10

0% 000040

wWww.arrow.com

February 2019


https://www.arrow.com/

NANOW

3.3.2 Timing Analyzer report

3.3.2.1 In the Compilation Report window, expand Timing Analyzer folder. The red highlight
shows the problematic areas, which are the unconstrained path and the operating
frequency.

Table of Contents as

EH Flow Summary
A Flow Settings
= Flow Non-Default Global Settings
E= Flow Elapsed Time
BH Flow 05 Summary
E Flow Log
Analysis & Synthesis
Fitter
Assembler
Power Analyzer
© Flow Messages
© Flow Suppressed Messages
Timing Analyzer
B Summary
ER Parallel Compilation
EH clocks
Slow 1200mV 85C Model
Slow 1200mV 0C Model
Fast 1200mV OC Model
BB mMulticomer Timing Analysis Summary
Advanced I/O Timing
Clock Transfers
E ReportTCCS
E| Report RSKM
Unconstrained Paths

(i ] Messages

3.3.2.2 Expand Slow 1200mV 85C Model folder and click on Setup Summary. Here you can see
the slack of clock-controlled signal.

The Slow 1200mV 85C timing model provides worst-case conditions for the FPGA
operating. This condition is ideal for performing a setup check in static timing analysis.

Slow 1200mV 85C Model Setup Summary

® ==Filter>>

Clock Slack End Point TNS

1 clock|altpll_component|auto_generated|pll1|clk[0] | -16.540 |-142.030

3.3.2.3 Click on Fmax Summary to see the maximum frequency for the current design. Our design
should run on 200MHz, so we will fix it in in the following steps.

Slow 1200mV 85C Model Fmax Summary

Frax Restricted Frnax Clock Name Note
1 4643 MHz 46.43 MHz clock|altpll_component|auto_generated|pll1|clk[0]
MAX1000 Page |11 WWWw.arrow.com
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3.3.2.4 Open Timing Analyzer by clicking on @ button on the toolbars, or Tools - Timing
Analyzer.

49 Timing Ansiyzer - CYMAX 1000, Timing Clssure b timing_clozure lah - top - e
Fle View Nelist Constnts Repoms Script Tools Window help Seavchali °
[set Operating Conditions 15 - | -2

R Welcome to the Quartus Prime Timing Analyzer

[Tasks
E open Projece.
Netint Setup
P Creste Timing Nettst
P Read SOC File
P update Timing Netlist
P Reset Design
I setopeca
Repo
~ P sk

B Reportseup Summary
B epor ol summary

s
%
e “help -tcl” to get an overview on Quartus Prime Tcl usages.
&5 project_open ~force “C: MAX1000/Timing_Closure_lab/timing_closure_lab.qpf* -revision top
e
3\ comoie /\ pistory /

0% 000000 Ready

3.3.2.5 Select Netlist = Create Timing Netlist... from the menu.

3.3.2.6 Make sure, that the Post-fit is chosen for Input netlist and check Specify Speed Grade. Set
Speed Grade to 8.

£ Create Timing Netlist *

Input netlist Delay model
® slow-corner
® Ppost-fit Specify Speed Grade
Speed grade:
O Post-map O Fast-comner

[ zero IC delays

Tcl command: |crEatE_timing_nEtlist -model slow -speed 8

Cancel Help
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3.3.2.7 In the Task window, browse for Reports\Macros and double click on Report Top Failing

Path.

Tasks

Reports

Slack

Datashest

Device Specific

Diagnostic

Custom Reporis

Macros

m Report All Surnmaries
m Report Top Failing Paths
BB Report All1/O Timings
m Report All Core Timings
m Create All Clock Histograms

W write sDC File...

3.3.2.8 In this report you can see the 200 worst-performing paths.

‘Slow 1200mV 85C Model

Slack
1 16540
2 16521
3 -16.493
a4 16472
5 -16.447
6 -16428
7 -16.400
8 -163%
9 -1e382
10 -15381
1 16380
12 16377
RERSEEC
14 16363
15 -18387
16 -16345
17 -163%6
18 -16333
19 -16333
20 -16317
21 -16314
22 -16314
23 16314
24 16303
25 -16307
26 16295
27 16280
28 16284
29 -16.282
30 -16.270
31 -16.269

From Node
iINPUT[3]
iINPUT[2]
iINPUT[3]
iINPUT[2]
iINPUT[3]
iINPUT[2]
iINPUT[3]
iINPUT[3]
INPUTIZ]
INPUT[2]
INPUT[Z]
INPUT[2]
iINPUT[3]
iINPUT[2]
iINPUT[2]
iINPUT[2]
iINPUT[3]
iINPUT[3]
iINPUT[3]
iINPUT[2]
INPUTIZ]
iINPUT(2]
INPUT[2]
INPUT[Z]
INPUT[Z]
iINPUT[2]
iINPUT[3]
iINPUT[2]
iINPUT[2]
iINPUT[2]
iINPUT[3]

To Node
RESULT[S]-r2g0
RESULT[S]-r2g0
RESULT[S]r2g0
RESULT[S]reg0
RESULT[S]reg0
RESULT[S]-reg0
RESULT[S]-reg0
RESULT[S]-reg0
RESULT[Z]-reg0
RESULT[S]~reg0
RESULT[S]~reg0
RESULT[9]-~reg0
RESULT[S]-r2g0
RESULT[S]-r2g0
RESULT[S]r2g0
RESULT[S]reg0
RESULT[S]reg0
RESULT[S]-reg0
RESULT[S]-reg0
RESULT[S]-reg0
RESULT[Z]-reg0
RESULT[S]~reg0
RESULT[S]~reg0
RESULT[9]-~reg0
RESULT[9]-~reg0
RESULT[S]-r2g0
RESULT[S]r2g0
RESULT[S]r2g0
RESULT[S]reg0
RESULT[S]-reg0
RESULT[S]-reg0

Launch Clock
elock|altpll_component|auta_generated| pll1|clk[0]
elock|altpll_component|auta_generated| pll1|clk[0]
elock|altpll_component|auto_generated| pll1|cIk[o]
clocklaltpll_component|auto_generated| pll1|clk[o]
clocklaltpll_component|auto_generated| pll1|clk[o]
clockfaltpll_component|auto_generated| pll1|clk[0]
clockfaltpll_component|auto_generated| pll1|clk[o]
clockfaltpll_component|auto_generated| pll1|clk[o]
clocklaltpll_component|auto_generated| pll1|clklo]
clockfaltpll_component|auto_generated|pll1|clk[0]
clockfaltpll_component|auto_generated|pll1|clk[0]
clockfaltpll_component|auto_generated|pll1|clk[0]
elock|altpll_component|auta_generated| pll1|clk[0]
elock|altpll_component|auta_generated| pll1|clk[0]
elock|altpll_component|auto_generated| pll1|cIk[o]
clocklaltpll_component|auto_generated| pll1|clk[o]
clocklaltpll_component|auto_generated| pll1|clk[o]
clockfaltpll_component|auto_generated| pll1|clk[0]
clockfaltpll_component|auto_generated| pll1|clk[o]
clockfaltpll_component|auto_generated| pll1|clk[o]
clocklaltpll_component|auto_generated| pll1|clklo]
clocklaltpll_component|auto_generated| pll1 |cIk[0]
clockfaltpll_component|auto_generated|pll1|clk[0]
clockfaltpll_component|auto_generated|pll1|clk[0]
clockfaltpll_component|auto_generated|pll1|clk[0]
elock|altpll_component|auta_generated| pll1|clk[0]
elock|altpll_component|auto_generated| pll1|cIk[o]
elock|altpll_component|auto_generated| pll1|cIk[o]
clocklaltpll_component|auto_generated| pll1|clk[o]
clockfaltpll_component|auto_generated| pll1|clk[0]
clockfaltpll_component|auto_generated|pll1|clk[o]

Latch Clock
clock]altpll_companant|auto_generated|pll1|clkl0]
clock]altpll_companant|auto_generated|pll1|clkl0]
clock]altpll_component|auto_generated]pll1|clk[0]
clock]altpll_component|auto_generated|pll1|clk[o]
clock]altpll_component|auto_generated|pll1|clk[o]
clock]altpll_component|auto_generated]pll1|clkl0]
clockaltpll_component|auto_generated]pll1|clkl0]
clockaltpll_component|auto_generated]pll1|clkl0]
clockjaltpll_component|auto_generated|pll1|clklo]
clock]altpll_component]auto_generated|pll1|clk[0]
clock]altpll_component]auto_generated|pll1|clk[0]
clock]altpll_component]auto_generated|pll1|clk[0]
clock]altpll_companant|auto_generated|pll1|clkl0]
clock]altpll_companant|auto_generated|pll1|clkl0]
clock]altpll_component|auto_generated]pll1|clk[0]
clock]altpll_component|auto_generated|pll1|clk[o]
clock]altpll_component|auto_generated|pll1|clk[o]
clock]altpll_component|auto_generated]pll1|clkl0]
clockaltpll_component|auto_generated]pll1|clkl0]
clockaltpll_component|auto_generated]pll1|clkl0]
clockjaltpll_component|auto_generated|pll1|clklo]
clockjaltpll_component|auto_generated|pll1|clk(0]
clock]altpll_component]auto_generated|pll1|clk[0]
clock]altpll_component]auto_generated|pll1|clk[0]
clock]altpll_component]auto_generated|pll1|clk[0]
clock]altpll_companant|auto_generated|pll1|clkl0]
clock]altpll_component|auto_generated]pll1|clk[0]
clock]altpll_component|auto_generated]pll1|clk[0]
clock]altpll_component|auto_generated|pll1|clk[o]
clock]altpll_component|auto_generated]pll1|clkl0]
clock]altpll_component|ato_generated]pll1|clkl0]

Relationship
2999
2999
999
999
999
2999
4999
4999
4999
4909
4909
4999
2999
2999
999
999
999
2999
4999
4999
4999
4999
4909
4999
4999
2999
999
999
999
2999
2999

Clock Skew

0368
0368
0368
0368
0368
0368
0368
0368
0368
0368
0368
0368
0368
0368
0368
0368
0368
0368
0368
0368
0368
0368
0368
0368
0368
0368
0368
0368
0368
0368
0368

Data Delay

21
21
2
21
21
21
21
21
21,
21
21
21
21
21
2
21
21
21
21
21
21,
21
21
21
21
21
2
2
21
21
21

851
832
804
785
758
739
20
707
593
802
801
588
675

672
656
647
644
644
628
625
625
625
614
612
506
600
505
593
581
580

3.3.2.9 In the Tasks window browse for Reports\Custom Reports and double click on Report
Timing... The Report Timing dialog box will appear.

MAX1000
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Tasks

W set Operating Cond

Reports

Slack

Datasheet

Device Specific
Diagnostic

Custom Reports

Report Timing.
Report Timing Tree...
Report Minimum Pulse Width.
Report False Path...
Report Path..

Report Exceptions.
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3.3.2.10 Select clock]altpll_component|auto_generated|pll1]clk[0] from the drop-down menu
for the “To clock”. In the target section type *iINPUT* for the “From” and set 50 the
Report number of paths in the Paths section.

£ Report Timing >

Clocks

From clock: | V|

To clock: | clock|altpll_component|auto_generated|pll1]clk[C] b |

Targets

From: FIINPUT* |

Through: | |

To: | |

Analysis type Paths
® Setup Report number of paths: o
O Hold Maximum number of paths per endpoint:

O Recovery Maximum slack limit:

i

O Removal [ Pairs only
Cutput
Detail level: Full path v | | Set Default

[ show routing

Report panel name:  |Report Timing

Enable multi comer reports
D File name:
File options

Open

Owerwrite Append

[ console

Tcl command: IJPUT* -setup -npaths 50 -detail full_path -panel_name {Report Timing} -multi_corner

3.3.2.11 Make sure that the Detail level is Full path and press Report Timing.
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3.3.2.12 Here you can see the specific timing check report of the top 50 worst paths. The Data
Path tab of detailed report gives the delay break-downs, but there is also useful
information in the Path Summary and Statistic tabs, while the Waveform tab is useful to
help visualize the Data Path analysis.

[ Slow 1200mV B5C Model © '-%
Commandinfo  Summary of Paths

Slack  From Node ToNode Launch Clock Latch Clock Relationship  ClockSkew  Data Delay “
1 -16540 |INPUT[S]  |RESULT[G)~reg0  cloc) pll_component/aut 0368 21881
2 IINPUT[Z]  RESULT(S) mpanent|aut 0.368 21832
3 3 INPUTES] mponentjaut 0.368 21804
4 IINPUT(Z] pl_companent|aut 0.368 21.785
s INPUT[S]  RESULT[9)~reg0  clockjalpll_component]auto, pll_componentjaut 0.368 21758
6 428 INPUT[Z] | RESULT[Z]~reg0  clocklalipll companentauta pl_companent|aut 0.368 21739
7 -16400 |INPUT[3]  |RESULT[S]~reg0  clockfaltpll_componentjauto_ge: clock|altpll_component]auto_g 0.368 27
Path #1: Setup slack is ~16.540 (VIOLATED) Path #1: Setup slack is -16.540 (VIOLATED)

PathSummary  Statistics  DataPath  Waveform Path Summary  Statistics  DataPath  Waveform
Property Value
1 From Node iINPUT[3]
2 ToNode RESULT[Z]reg0 10805 ns
3 taunch clock clocklaltpll_com ponentlauito_generated|pl11jcli(o] -
lomponcntat gt ) e e e e e e e
4 Latchclock clock]altpll_componentjauito_generated|pli1|clk[0]
5 DaaArhalTime 22339
& DataRequired Tme 5799
7 slack -16.540 (VIOLATED) Lateh Clagk J | Lﬂlﬂ”l ‘ ‘ ‘ ‘ ‘ |
Oata frrival
Stk -16.54 s
v

3.3.2.13 Select Constraints = Write SDC File... from the menu.

3.3.2.14 Type top.sdc for SDC file name and press OK.

£ Write SDC File ®

SDC file name: |top.5dc |

Expand

Tcl command: |write_5dc -expand "top.sdc” |

3.3.2.15 In Quartus Prime window, select Project - Add/Remove Files in Project...
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3.3.2.16 Click on the

= | button and add top.sdc file to the project.

" Settings - top - m} had
General s |
= 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
Libraries project.

¥ IP Settings
IP Catalog Search Locations File name: | | Add
Design Templates v
¥ Operating Settings and Conditions ‘.\ = | Add Al
Voltage File Name Type Library Design Entry/Synthesis Tool HDL Version P
Temperature top.sdc Synopsys Design Constraints File =MNone>
¥ Compilation Process Settings top.vhd VHDL File =MNone> Default go
Incremental Compilation fibonaccivhd VHDL File <MNone> Default Fan
¥ EDA Tool Settings PLL.gip IP Variation File (.qip) <Mone>
Design Entry/Synthesis Properties
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
W Buy Software OK Cancel Apply Help

3.3.2.17 Click Apply and OK.

3.3.2.18 Choose Files from the drop-down list in Project Navigator, and open top.sdc.

Project Navigator E| Files v (Qla

5 ox

Files

b top.sdc

Em top.vhd

E@ fibonacci.vhd

E FLLgip

3.3.2.19 You should see that the Timing Analyzer automatically generated clock constrains for the
input clock and for the PLL generated clock.
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3.4 Design modification

3.4.1 RTL Viewer

3.4.1.1 Open RTL Viewer by selecting Tools - Netlist Viewers - RTL Viewer.

®
Page 1of1
iINPUTL3.0] fibonacci:Recursive
INPUT[3.0] > b + RESULT[0]~reg[9..0]
PLL:clock . —bOk  q RESULT[9.0] -
4Ihgscu! N_IN[3.0] 18 i N_oUT[3.0] ak a D RESULT[9.0]
K[ > inclko) o | 8l RESULT_1[9..0] 10hojeEe

1008 000001

3.4.1.2 The Timing Analyzer indicates that path between iINPUT and RESULT does not meet with
the requirement. Click on button of Fibonacci:Recursive module to see the internal

logic.

Note: Because this is a recursive component, it is enough to open it once. The internal
modules contain the same logic.

iINPUT[3.0] fibonacciRecursive

INPUT[3..0] D——— E RESULT[O]~reg[0.0]
PLLclock 1« | Thocim  Addo
e sto.0 @ ovo 0 L Ok ——]™ RESULTIO.0]
P © ois.01 10M0)emym
1hociv  LessThanO
AD. m out

<
| #nfes. o RESULT~[9.0]
1 ResuLTIs. 0]
5
fibonacci:\RecursivestructRecursive

N_OUT[3.0]
N_0UT(3.0]

3.0 RESULT_1[9..0]
N_IN[3.0] N_IN[3..0] RESULT[3.0]
RESULT_1[9..0]

3.4.1.3 In the current design you can see that a big combinatorial logic causes the negative path
slack. In order to reduce the slack, we will move some registers into the design in the

following steps.

3.4.1.4 Close RTL Viewer.
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3.4.2 Code modification

3.4.2.1 Open fibonacci.vhd.

“aon

3.4.2.2 Comment from line 72 to line 74 by writing at the beginning of the lines or select the

lines and click on = button.

3.4.2.3 Add the following output register in the architecture section after the word ‘begin’.

output_registers : process(CLK)
begin
if(CLK = '1' and CLK'event) then
RESULT_1 <= 'iRES_l;
if(iN_IN < COUNT) then
RESULT <= 'iRES_l;
else
RESULT <= 'iSUM;
end if;
if(COUNT > 0) then
N_OUT <= iN_IN;
else
N_OUT <= N_IN;
end if;
end if;
end process;

3.4.2.4 Add the following connection to the Recursive : fibonacci association list, around line 66
after port map.

CLK => CLK,

3.4.2.5 Add the following port to the port list of fibonacci entity around line 34 and to the fibonacci
component declaration, around line 54.

CLK : in std_Tlogic;
3.4.2.6 Save the modification by clicking on = button or File - Save.
3.4.2.7 Open top.vhd.

3.4.2.8 Add the following connection to the Recursive : fibonacci association list, around line 72
after port map.

CLK => iCLK,
3.4.2.9 Add the following port to the fibonacci component declaration, around line 55.

CLK : in std_Togic;

3.4.2.10 Save the modification by clicking on H button or File > Save.
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3.4.3 Compiling the design

3.4.3.1 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.

OB Quarus Prime Lt Estion - CYTAAXI000 Timing Closure Jab/timing_closureJsb - top
Fle EdU View Pioject Assignments Processing Tools Window Help

Searchalterac °

r wp RIPE-2-T 3-SR - R
IProject Kavigator = Files ~lame=| ¢ ibenacel.vhd $ topvhd R [P Catslog aa -
Table of Conterts ne o x| 5
&= Flow summary S <<F e v G insalled 1P
Flowe Status Successhul— Fri Feb 08 15:56:05 2019  Broject Dinscrory
Quanus Prime Version 18.0.0 Build £14.04/24/2018 5) Lite Editon R
Revion pame rop  Library
Toplevel Entity ame op
Family MAX 10
Device T0M0BSAT68CAG
Timing Models Einal
Totallogic clements 2471 8,064 (3%)
Bower Andlyzer Totalregisters 25
Totalpins 151130112%)
— Totalvirtul pine o
Total memary bits 01387072 (0%)
Embecided Mulipier -5t elements 0/ 4805 )
> Total PLLS 1/11100%)
UFM blocks 0/110%)
ADC blachs 0/1(0%)
I e settings
 Program Devee (open Programm,
w pen Progr
< se > + dd
B .-
alla O & |8 lie B8 Find.. |8 FindNext
I
= | Twe
°
° s 2.283
o ronizer chains
° tup requirements
° 1d requirements
o wing essful. 0 errors, 1 warning
@ 293000 quartus prime Full Compilation was successful. 0 errors, 12 warmings
g
{ A >

§| system  processing 14l

Too%  co0027

3.4.4 Timing Analyzer report

3.4.4.1 In the Compilation Report window, expand Timing Analyzer\Slow 1200mV 85C Model
folder and click on Fmax Summary to see the maximum frequency for the modified design.

Slow 1200mV 85C Model Fmax Summary

& <<Filter>>

Fmax Restricted Frmax Clock Name Note

1 Gysombz  2739Mhz clock|altpll_component|aute_generated]pll1|clk[0]

Our project should run on 200MHz and a new frequency is 273.9MHz, so the code
modification was successful. If you would like, you can check the design in the RTL Viewer
and compare it with the previous version.
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3.4.4.2 The only problematic area is the unconstrained I/0. Expand Unconstrained Paths folder
and click on Summary. In this report you can see how many /0 is not specified.

Property Setup  Hold
1 lllegal Clocks 0 o
2 Unconstrained Clocks o o
3 Unconstrained Input Ports 4 4
4 Unconstrained Input Port Paths 4 4
5  Unconstrained Output Ports 10 10
6  Unconstrained Output Port Paths 10 10

3.4.4.3 To find more information about which 1/0O is affected and what is wrong, expand Setup
Analysis folder and double click on Unconstrained Input Ports. With the Unconstrained
Output Ports report you can see the affected output ports.

Unconstrained Input Ports

@, <<Filter>>
Input Port
1 INPUT[O]
2 INPUT[1]
3 INPUT[2]
4 INPUT[3]

Comment

We will constrain these 1/Os later.

3.4.4.4 Open Timing Analyzer window.

Mo input delay, min/max delays, false-path exceptions, or max skew assignments found
Mo input delay, min/max delays, false-path exceptions, or max skew assignments found
Mo input delay, min/max delays, false-path exceptions, or max skew assignments found

Mo input delay, min/max delays, false-path exceptions, or max skew assignments found

3.4.4.5 Double click on Update Timing Netlist in the Task window.

MAX1000
Timing Closure Lab
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Tasks

.E: Open Project...
Netlist Setup
P Create Timing Netlist
P> Read SDC File
P Update Timing Netlist
P Reset Design
W set Operating Conditions
Reports
M Slack
m Report Setup Summary
m Report Hold Summary
m Report Recovery Summ.

ary

m Report Removal Summary
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3.4.4.6 In the Task window, browse for Reports\Macros and double click on Report Top Failing
Path.

Tasks e =

Reports

Slack
Datashest
Device Specific
Diagnostic
Custom Reporis

e Macros
m Report All Surnmaries
m Report Top Failing Paths
BB Report All1/O Timings
m Report All Core Timings
m Create All Clock Histograms

B write 5DC File...

3.4.4.7 You should see “No failing paths found”, which means all the paths meet the timing.

| Top Failing Paths

Mo failing paths found.

3.4.4.8 In the Tasks window browse for Reports\Custom Reports and double click on Report
Timing... The Report Timing dialog box will appear.

Tasks

W set Operating Conditions...
Reports

Slack
Datasheet
Device Specific
Diagnostic

v Custom Reports
| Report Timing.
] Report Timing Tree...
] Report Minimum Pulse Width.
] Report False Path...
] Report Path..
] Report Exceptions
B Renart Rattlenecks
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3.4.4.9 Select clock]altpll_component|auto_generated|pll1]clk[0] from the drop-down menu
for the “To clock”. In the target section type *iINPUT* for the “From” and set 50 the
Report number of paths in the Paths section.

£ Report Timing >

Clocks

From clock: | V|

To clock: | clock|altpll_component|auto_generated|pll1]clk[C] b |

Targets

From: FIINPUT* |

Through: | |

To: | |

Analysis type Paths
® Setup Report number of paths: o
O Hold Maximum number of paths per endpoint:

O Recovery Maximum slack limit:

i

O Removal [ Pairs only
Cutput
Detail level: Full path v | | Set Default

[ show routing

Report panel name:  |Report Timing

Enable multi comer reports
D File name:
File options

Open

Owerwrite Append

[ console

Tcl command: IJPUT* -setup -npaths 50 -detail full_path -panel_name {Report Timing} -multi_corner

3.4.4.10 Make sure that the Detail level is Full path and press Report Timing.
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3.4.4.11 In the specific timing check report, you should see that there is not any negative slack,

the data arrive in time.

4D Timing Anslyzer - C/MAX1000/Timing Clesure lab/timing closure lab - top
File View Wetist Constrints Reporis Script Tools Window  Help

[sctopemngconsions — Tale < (SRS O

® Slow 1200my 85€ Model Commandinfa  Summary of Paths
O Siow 1200my 0C Model Slack iode ToNade Launch Clock Latch Clock Relationship  ClockSkew  Data Delay
R ST I fibonac._OUT[I]  clockiakpll 8 clock{attpll ¢ <999 -a0r 0988
2 4067 neuTl)]  fibonsc._OUTI0]  clock]altpl clockfaitpl 4999 -0071 0805
3 4067 UNPUT[Z]  fibonac. OUT[Z]  clockalipll 8 clockjaltpll ¢ a3 oo 0805
4 4068 UNRUTIZ)  fibonac._OUTE3]  clockjahpil clockjatpil 2999 -0071 0804
Path #1: Setup slack is 1884 Path #1: Setup stack is 3.884
PathSummary  Sttistics  DataPath  Waveform Path Summary | Statistis  DataPath | Waveform
[frport 2] pata vt pan
5 Timing Analyzer Summary A S
Total e R Type  Fanout Location Element
Advanced /0 Timing
1 oo 000 taunch edge time
B5 soc File List
= 2 voswm 0838 clock path ~
) op Faing Paths o |
1 Qoo 0000 source latency
I Report Timing
1 H up pelat Lo "
P — 2 0000 0000 PIN_H6 513
= F] Qo0 o0 K 1 IOIBUF_X0_Y7_N22  Clk~ingutli
[rasks e x| 5 aem zmm B K B Pt clockfaltpl_componertjauto_generated|piTfincika] X
Dt frrival
Reports Alls 3720 7399 m_come 1 [T) clocklaitoil eomponentiauts aeneratediolliobservabley ¥
Stack = =
Datasheet Data Required Path
Device Specific Total e RE Type  Fanout Location Element
sagnosti
Pragnostic T asse asse lateh eage time ;
¥ I Custom Reports o S5m0 e
I oot i 2 v s [ clock path =
L 299 0000 source latenc
I Report Timing Tree. v Data Reaulred ¥
W aeport Minimum Pulse width._ || |2 R U LS =2
I Report Faise Path... E] 4399 D000 R IC 1 IOHBUF_X0_Y7_N22  CLK~mputf
B seport pach a 5840 0841 RR CEW 1 IGIBUF X0 Y7 N22  €LK~inputjo
W Report Exceptions.. 5 8564 2726 RR K€ 1 Pu_l clocklaltpll_component]aute_generated|pll1]inclk{o]
B Repoct Bottlenscke. v|e 0358 7606 BR  COMP 1 P sloklatioll componcrtiauto scneratedioliTlobservabley ¥
= > |le > v
= |5 @ Report Timing: Found # setup paths (0 violated). worst case slack is 3.684 ~
& 43884
LY v
3\ consate /\ pistory /

3.4.5 Constrain1/0

3.4.5.1 Open top.sdc in Quartus Prime.

3.4.5.2 Search for the Create Clock section which is indicated in the commented area,

100% 000028 Resdy

right click

in the text editor and select Insert Constraint = Create Clock...

# Create Generated Clock
o "

create_generated_clock -name {clo

# set Clock Latency

set_clock_uncertainty -rise_from =5
set_clock_uncertainty -rise from
set_clock_uncertainty -fall_from ﬁ'
set_clock_uncertainty -fall_from

g
# set Input Delay
Fre

#
HRERRARRRAAR T R T T e
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Undo

Redo

Cut
Copy
Paste

Delete
Locate Node

Increase Indent

Decrease Indent
Find Matching Delimiter

Insert File.

Insert Template...
Insert Constraint

Open Selected Entity
Open Symbol File
Open AHDL Include File

Duplicate View
split window
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1} -source [get_pins {clock]|

Shift+Tab _rise
-fall
-rise
-fall

To
To
To
to

Ctrl+M

Ctrl+E

Create Clock...

Create Generated Clock
Set Clock Latency.

Set Clock Uncertainty...
Set Clock Groups...

Remove Clock..

Set Input Delay...
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3.4.5.3 In the Create Clock dialog box, type in_vir_clock for the Clock name and set the period to
5 ns.

4 Create Clock X

Clock name: ||n_\f|r_clock |

Waveform edges

0.00 250 5.00

Targets | |

[] Don't overwrite existing clocks on target nodes

5DC command |UEatE_dDEk -name in_vir_clock -period 5 |

3.4.5.4 Click Insert and a new SDC command will be added to your SDC file.

3.4.5.5 Repeat the previous steps from 3.4.5.2 and add a new clock which name is out_vir_clock.
Its period is 5 ns.

3.4.5.6 Save the modification by clicking on H button or File - Save.

3.4.5.7 Open Timing Analyzer window and double click on Update Timing Netlist in the Task

window.

Tasks e =

E: Open Project...
Netlist Setup
P Create Timing Netlist
P Read SDC File
P Update Timing Netlist
P Reset Design
W st Operating Conditions...
Reporis
h Slack
m Report Setup Summary
m Report Hold Summary
m Report Recovery Summary
m Report Removal Summary ")
< >

3.4.5.8 Go back to the top.sdc file and search for the Set Input Delay section. Right click in the text
editor and select Insert Constraint - Set Input Delay...
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3.4.5.9 In the dialog box, select in_vir_clock from the drop-down menu for Clock name
and set 1 ns for the Delay value. Type [get_ports INPUT*] for the Targets.

@ Set Input Delay X

Clock name: in_vir_clock hd

[ usefalling clock edge

Input delay options
O Minimum O Rise
O Maximum O Fall
® Both ® Both
Delay value: |‘I | ns ] Add delay
Targets |[gEt_pDrts INPUT*] |

SDC command: |5et_input_delay -clock {in_vir_clock} 1 [get_ports INPUT*] |

Cancel Help

3.4.5.10 Click Insert.

3.4.5.11 Search for the Set Output Delay section, right click in the text editor and select Insert
Constraint - Set Output Delay...

3.4.5.12 In the dialog box, select out_vir_clock from the drop-down menu for Clock name and set
1 ns for the Delay value. Type [get_ports RESULT*] for the Targets.

@ Set Output Delay X

Clock name: | out_vir_clock ~

[ usefalling clock =dge

Output delay options
O Minimum O mise
O Maximum O Fall
® Bath @ Bath
Delay value: |‘\ | ns [ Add delay
Targets: |[get_port5 RESULT*] |

SDC command: |5et70utput7d elay -clock {out_vir_clock } 1 [get_ports RESULT*] |

3.4.5.13 Click Insert.

3.4.5.14 Search for the Set False Path section, right click in the text editor and select Insert
Constraint - Set False Path...
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3.4.5.15 In the dialog box, click |-~ button for the “From”.

4 SetFalse Path

X
From: | | D
Through: | |

To: | |

SDC command: | set_false_path |

Insert Cancel Help

3.4.5.16 In the Name Finder dialog box, make sure that the Collection is get_clocks and click on
List.

3.4.5.17 Select in_vir_clock and click on| > | button.

3 Mame Finder

Collection: | get_clocks ~ | Filter: |*

Options

[ case-insensitive

Hierarchical

Matches

4 matches found 1 selected name

CLK > in_vir_clock
clock]altpll_component|auto_generated|pll

£
in_vir_clock
out_vir_clock <

<<
< >

SDC command: |[get_clocks {in_vir_clock]]
oK Cancel Help

3.4.5.18 Press OK.

3.4.5.19 Click on button for the “To” and like in the previous steps, add the
clock]altpll_component|auto_generated | pli1]clk[0].

@3 Set False Path

From: |[get_clock5 {in_vir_clock}] |

Through: | |

To: |[get_clock5 {clock|altpll_component|auto_generated|pll1|clk[0]}]] | D

SDC command: L)ck}] -to [get_clocks {clock|altpll_component]| auto_generated|pll‘l|clk[D]]]|

Insert Cancel Help

3.4.5.20 Click Insert.
MAX1000
Timing Closure Lab
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3.4.5.21 Repeat the previous steps from 3.4.5.14 and set false path from
clock|altpll_component|auto_generated | pli1]clk[0] to out_vir_clock.

¥ SetFalse Path be
From: |[get_clocks {clock|altpll_componentjauto_generated|pll1|clk[0]}] |
Through: | |
To: |[get_clocks {out_vir_clock]] | D

SDC command: Ll_componenﬂ auto_generated|pll1|clk[0]]] -to [get_clocks {out_vir_clock]] |

Insert Cancel Help

3.4.5.22 Save the modification by clicking on = button or File > Save.

3.4.6 Compiling the design

3.4.6.1 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.

Sh Quartus Prime Lite Edition - C:/MAX1000/Timing_Closure_Jab/timing. closure_Jab - top - 8 x
Fle EdN View Preiect Assigaments Precessing Tools Window Helo Sechalte ®
r = s crrs SAbEe
[Prfect Hevigato & Fiem Same -] & foanacivnd & Topvhd 9 compenreen wp @ & e [P s aax
Table of Conterts ne « x| =
E5 Flow summary & <<Fili=r v 1 wnstalled 1P
B Flow Setings Flowe Status Successful - Fri Feb 08 17:32.06 2019 “ Project Diveciory
EEE Fiow Non-Default Giobal Settings Quanus Primeversion 18.0.0 Build 614 04/24/2018 S Lite Edton e
B Flow Elapacd Time. Revesion Name wop
Flow 05 Summan Toplevet Entity Name
= v - y top
= Flowiog Family X 10
Device 10M085AI163CAG
Timing Models Final
Totallogic slements 247 8,064 (3%)
Totalregisters 245 o
ot s 151120012%) @ search forparner
s . Totalvirtual pins o
Timing Aralyzer [Totalmemary bits o0/ 387072 (0%)
Embedded Muliplier 8-5it lements 0/ 48(0%)
e TowlpLis 111(1008)
UFM blocks 041(0%)
ADC blacks o0/1(0%)
I Edit Settings
 Program evice open Programmen
. + add
x o™
s O A8 e B8 rind | 88 Findrex
I
= | Tvee
°
°
o
°
o
o
P
)
{ >

i
-

With this compilation all timing problem was resolved, our design meets with the timing
requirements and there is no unconstrained path in the reports.
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3.5 Design Test (optional)

Note: This section is optional, and only uses Quartus environment for the internal testing. If
you have an external device, for example logic analyzer, you can use it after the
configuration and skip the following steps.

3.5.1 VHDL code modification

3.5.1.1 Modify the io_reg process in top.vhd in order to able to generate input data

io_reg : process(iCLK)
begin
if(icLk = '1' and iCLK'event) then
TINPUT <= iINPUT + '1';
RESULT <= iRESULT;
end if;
end process;

3.5.1.2 Save the modification by clicking on = button or File - Save.

3.5.2 JTAG Signal Constraints

3.5.2.1 Many in-system debugging tools use the JTAG interface in Intel FPGAs. When you debug
your design with the JTAG interface, the JTAG signals are implemented as part of the
design. Because of this, the Timing Analyzer flags these signals as unconstrained when an
unconstrained path report is generated. In order to avoid this in reports, add the following
lines to the top.scd.

create_clock -name altera_reserved_tck \

-period 166.667 [get_ports {altera_reserved_tck}]
set_input_delay -clock {altera_reserved_tck} 5 \

[get_ports {altera_reserved_tdi}]
set_input_delay -clock {altera_reserved_tck} 5 \

[get_ports {altera_reserved_tms}]
set_output_delay -clock {altera_reserved_tck} 5 \

[get_ports {altera_reserved_tdo}]

3.5.2.2 Save the modification by clicking on = button or File - Save.
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3.5.3 SignalTap setup

3.5.3.1 Select from the menu Tools - Signal Tap Logic Analyzer.

*# Signal Tap Logic Analyzer - C/MAX1000/Timing_Closure lab/timing closure Jab - top - [stpT.atp] - g X
File Ed1 View Project Processing Tosls window Help

8| d ®rne
Instance Manager: &L [t 1 eonsguraton
nstance Status Enabled  LE50 Memor0  SmallNa MedumNA  Luge:NA
[Ea[ap—— Mok running Oeils it - o N
Device: Scan Chain
m—
aD_Signaltap_o Lock mode: Allow all changes - Signal Configuration: *
== T eaaite | Triow sabe | Trmnr Concions |
[l wame o [ o [immean ~| cloce |
Data
Sumpledepth: 128 T RAMYype |Auo
[ segmentes
Nodes Allocated: @ auo O Manust
Pipeline Factor. [0
Storage qualifer.
Type | BB Contirumns -
Input port
Modes Allacatest + w
Trigger
Nodes Allacated (@) Auto O Manuat:
Foaa  Hoseup
Fierarchy Display x | O owta Log: [ x

B o s 0

B auta_signaiap 0

0w oaomoo

3.5.3.2 Double click in the Setup tab to add nodes.

3.5.3.3 In the Node Finder make sure, that Signal Tap: post-fitting is selected for the Filter and
click on List.

7 Node Finder X
B I ]
Options
Filter | Signal Tap: post-fitting ¥ | Customize
Look in: ‘|top\ ~| .| I include subentities [ Hierarchy view
Matching Nodes: E=H Nodes Found:
Name Assignments el Name Assignments

top

iINPUT

‘@ IINPUT[1]~feeder  Unassigned

‘@ IINPUT[2]~feeder  Unassigned

‘e iINPUT[3]~feeder  Unassigned N

INPUT -

‘@ INPUT[O]~input  Unassigned

%@ INPUT[1]~input  Unassigned =

%@ INPUT[2]~input  Unassigned ==

% INPUT[3]~input  Unassigned

> RESULT[O]~reg0  Unassigned

‘@ RESULT[.Ofeeder Unassigned

s RESULT[1]~reg0  Unassigned

C -

e RESULT[.Ofeeder Unassigned ol el< N

Insert Close

3.5.3.4 Expand “iINPUT” and select from iINPUT[0] to iINPUT[3] and click on| * | button.
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3.5.3.5 Select from RESULT[0]~reg0 to RESULT[9]~reg0 and lick on | = | button.

“# Node Finder X
- ]
Options
Filter | Signal Tap: post-fitting ¥ | Customize
Look in: ‘|top\ v| .| 4 include subentities [ Hierarchy view
Matching Nodes: E=H Nodes Found:
Mame Assignmerigl Name Assignments
~ INPUT @ iINPUT[O] Unassigned
e iINPUT[1] Unassigned
o iINPUT[2] Unassigned
@ iINPUT[3] Unassigned
'@ RESULT[O]~reg0 Unassigned
‘@ iINPUT[1]~feeder Unassigned ~ | | fg RESULT[1]~reg0 Unassigned
@ iINPUT[2]~feeder Unassigned = | |'a RESULT[2]~reg0 Unassigned
%@ iINPUT[3]~feeder Unassigned < | | RESULT[3]~reg0 Unassigned
INPUT << | s RESULT[4]~reg0 Unassigned
e INPUT[O]~input Unassigned ‘s RESULT[S]~regd Unassigned
‘@ INPUT[1]~input Unassigned ‘@ RESULT[B]~reg0 Unassigned
‘@ INPUT[2]~input Unassigned @ RESULT[7]-reg0 Unassigned
‘@ INPUT[3]~input Unassigned @ RESULT[8]~reg0 Unassigned
. @ RESULT[S]~regd Unassigned
< > I«| < >
Insert Close

3.5.3.6 Click Insert.

3.5.3.7 On the pop-up window, click Yes and close the Node Finder window.

(Oh Quartus Prime X

I \ Do you want to set the Netlist Type of the Top partition to Post-Fit since you are
adding pest-fitting nodes? See the Messages window for more information.

3.5.3.8 Select from iINPUT[0] to iINPUT[3], right click on them and choose Group.
3.5.3.9 Select from RESULT[0]~reg0 to RESULT[9]~reg0, right click on them and choose Group.

3.5.3.10 Select iINPUT[0..3] and RESULT[0..9] node group, right click on them and select Bus
Display Format - Unsigned Decimal.

3.5.3.11 Uncheck Trigger Enable for RESULT[O0..9].

3.5.3.12 Double click in Trigger Conditions cell of iINPUT[0..3] and type 0.

auto_signaltap_o Lock mode: | =" Allow all changes
Node Data Enable | Trigger Enable | Trigger Conditions
Type | Alias | Name 14 4 1|2 Basic AND ™
5 - iINPUT[0..3] 0
5 - RESULT[D..9] [l

3.5.3.13 In the Signal Configuration window on the right side, click on the | | button to browse
the clock signal.
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3.5.3.14 In the Node Finder window, make sure, that the Signal Tap: post-fitting is selected for
the Filter, and click on the List button.

3.5.3.15 In the Matching Nodes window expand PLL:clock\altpll:altpll_component\

PLL_altpll:auto_generated\wire_pll1_clk and select wire_pll1_clk[0]. Click on | =
button.

% Node Finder X

- "l
Options
Filter  Signal Tap: post-fitting v | Customize
Lack in ‘\mp| v| [ include subentities [ Hierarchy view
Matching Nodes E = Nodes Found:

- N o

Name Al Name Assignments
‘@ RESULT[S]~reg0feeder ‘@ PLicloc.1_clifo] Unassigned

@ RESULT[6]~reg0

s RESULT[7]~regD
@ RESULT[E]~reg0
@ RESULT[S]~reg0
s RESULT[S]~reg0feeder >
‘® ~GND .
fibonacci-Recursive

~ PLLclock

¥ altplialtpll_component =
¥ PLL_altpllauto_generated

v wire_pll_clkc

‘s wire_pll1_clkfo]~clictrl

3.5.3.16 Click OK to close window.

3.5.3.17 Set Sample depth to 64 under Data and leave the other parameters by default.

signal Configuration X

Clock: |PLL:clock|altpllaltpll_component|PLL_altpllauto_generate:

Data
Sample depth: |64 ¥ | RAM type: |Auto M
O Segmented: |2 32 sample segments

Nodes Allocated: @ Auto O Manual: 14 -

Pipeline Factor: |0 b

Storage qualifier:

Type: £ continuous b
Input port:
Nodes Allocated: Auto Manual: 14 E
Reco tinuities
Disable storage qualifier
Trigger
Nodes Allocated: @ Auto O Manual: 4 :
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3.5.3.18 Save the analyzer setting by clicking on = button or File -> Save and enter the following
information:

= File name: timing
= Save as type: Signal Tap Logic Analyzer Files (*.stp)
= Make sure that “Add file to current project” option is checked.

Save As X
T < MAX1000 » Timing_Closure_lab v | D Search Timing_Closure_lab yel
Organize v New folder == » (2]
~
[ This PC 2 Name Date modified Type 5
30 Objects db File folder
[ Desktop greybox_tmp File folder
| Documents incremental_db File folder
30 load output_files File folder
ownloads
J‘ Music
&=/ Pictures
8 videos
m HULDDIS9(C) 5
File name: | timing o
Save as type: | Signal Tap Logic Analyzer Files (*.stp) ~
Add file to current _
A Hide Folders project e

3.5.3.19 Click Save.

3.5.3.20 In the Quartus Prime pop-up window click Yes to add this file to the current project.

(h Quartus Prime x

! Do you want to enable Signal Tap File *timing.stp” for the current project?
\

Yes No Cancel

3.5.4 Compiling the Design

3.5.4.1 Before the compilation, make sure, that auto_signaltap_0 instance is enabled in SignalTap.

Instance Status Enabled LEs: 541 Memory: 896 Small: 0/0 Medium: 1/42 Large: 0/0
auto_signaltap 0 Mot running 541 cells 896 bits 0 blocks 1 blocks 0 blocks

3.5.4.2 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.

MAX1000 Page |32 WWWw.arrow.com
Timing Closure Lab February 2019

N\N\GW


https://www.arrow.com/

NANOW

If you check the compilation report, there should be no timing issues. If you expand Timing
Analyzer - Slow 1200mV 85C Model and open Fmax Summary, you should see, that the
minimum frequency is still higher than the requested 200 MHz.

ITable of Contents

Partition Merge
Fitter
Assembler
Power Analyzer
@ Flow Messages
@ Flow suppressed Messages
~ [~ Timing Analyzer
B3 summary
B Parallel Compilation
B soc File List
EH Clocks
~ I~ slow 1200mV 85C Model
E= Fmax summary
E= setup summary
E= Hold summary
EE Rrecovery summary
EE removal summary
EE Minimum Pulse Width Summary
[ Metastability Summary
Slow 1200mV OC Model
Fast 1200mV 0C Model
B Multicomer Timing Analysis Summary
Advanced /O Timing
Clock Transfers
[l report Tccs
El reportrskM
Unconstrained Paths

@ Messages

Slow 1200mV 85C Model Fmax Summary
& <<Filier>

Frax Restricted Fmax Clock Name Note
1 3208MHz 3208 MHz alters_reserved_tck
2 21825MHz  204.04 MHz clock|altpll_component|auto_generated|pli1|clk{0]  limit due to minimum period restriction (tmin)

This panel reports FMAX for every clock in the design, regardless of the user-specified clock periods. FMAX is only computed for paths where the source and destination registers or ports are
driven by the same clock. Paths of different clocks, including generated clocks, are ignored. For paths between a clock and its inversion, FMAX is computed as if the rising and falling edges are

scaled along with FMAX, such that the duty cycle {n terms of  percentags) is maintained. Altera recommends that you always use clock constraints and other slack reports for sign-off analysis.

3.5.5 Configuration

3.5.5.1 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):

MAX1000
Timing Closure Lab

N\N\GW

v =% Ports (COM & LP

=B Print queues

5B Printers

== Processors

u¥ software components

I Software devices

) Sound, video and game contrallers

& Storage controllers

B System devices
v - Universal Serial Bus controllers
- Generic Superspeed USB Hub
- Generic USB Hub
- Generic USB Hub
- |ntel(R) USE 3.0 eXtensible Host Controller - 1.0 (Microsoft)
- |ntel(R) USE 3.1 eXtensible Host Controller - 1.10 (Microsoft)
- |JSB Composite Device
- |SB Composite Device
~# USB Root Hub (USB 3.0)
- |JSBE Root HL&D (USE 3.0)
-» USB Serial Converter A
- |SBE Serial Converter B
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3.5.5.2 Open the SignalTap window and click on the Setup... button in the top right corner.

JTAG Chain Configuration: I:' x
Hardware:

Device: MNone Detected Scan Chain

| sormanger W[ |-

3.5.5.3 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

3.5.5.4 Click Close.

3.5.5.5 The hardware configuration window should be updated as follows.

JTAG Chain Configuration: |JTAG ready | X

Hardware: | Arrow-USB-Elaster [USEO] w7 Setup...

Device: @1: 10MO8SA(|ES)/10M0BSC | ¥ | | Scan Chain

3.5.5.6 Click on button to choose the programming file.

3.5.5.7 Navigate to <project_directory>/output_files/ and select the top.sof file.

3.5.5.8 Click Open.

wWww.arrow.com
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3.5.5.9 Click on & button to program the board. When the configuration is complete, the
message box of the Instance Manages should write “Ready to acquire”.

Instance Manager: =8| |Ready to acquire

Instance Status Enabled LEs: 541 Memory: 826 small 00 Medium: 1/42 Large: D/O
auto_signaltap_0 Mot running 541 cells 896 bits 0 blocks 1 blocks 0 blocks

3.5.6 Analyze the design

L . L. .
3.5.6.1 Click on | | button to run single acquisition analysis. On the waveform you can see that
the logic generates the correct value of Fibonacci numbers. Because of the registers
between the components, there is a latency on the line and its value is 17 clock period.

CONGRATULATIONS! YOU HAVE SUCCESSFULLY COMPLETED THE TIMING
CLOSURE LAB!
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5 Revision History

Version | Change Log \ Date of Change

V1.0 Initial Version 12/02/2019
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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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