Quartus Il Introduction for Verilog Users

This tutorial presents an introduction to the QuaPtus$ software. It gives a general overview of a typical CAD
flow for designing circuits that are implemented by using PRi&vices, and shows how this flow is realized in
the Quartus Il software. The design process is illustrajegiing step-by-step instructions for using the Quartus
Il software to implement a simple circuit in an AltéPaFPGA device.

The Quartus Il system includes full support for all of the plap methods of entering a description of the
desired circuit into a CAD system. This tutorial makes usehef Verilog design entry method, in which the
user specifies the desired circuit in the Verilog hardwasedption language. Another version of this tutorial is
available that uses VHDL hardware description language.

The screen captures in the tutorial were obtained using treat@s 1l version 6.0; if other versions of the
software are used, some of the images may be slightly differe
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Computer Aided Design (CAD) software makes it easy to imgeta desired logic circuit by using a pro-
grammable logic device, such as a field-programmable gedg FPGA) chip. A typical FPGA CAD flow is
illustrated in Figure 1.
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Figure 1: Typical CAD flow.

It involves the following basic steps:

Design Entry — the desired circuit is specified either by using a hardwasidption language, such as
Verilog or VHDL, or by means of a schematic diagram

Synthesis— the CAD Synthesis tool synthesizes the circuit into a sietiat gives the logic elements (LES)
needed to realize the circuit and the connections betweehEks

Functional Simulation — the synthesized circuit is tested to verify its functioo@irectness; the simulation
does not take into account any timing issues

Fitting — the CAD Fitter tool determines the placement of the LEs éefiim the netlist into the LEs in
an actual FPGA chip; it also chooses routing wires in the thimake the required connections between
specific LEs

Timing Analysis — propagation delays along the various paths in the fittexitiare analyzed to provide
an indication of the expected performance of the circuit
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1 GETTING STARTED

e Timing Simulation — the fitted circuit is tested to verify both its functionakm@xtness and timing

e Programming and Configuration — the designed circuit is implemented in a physical FPGA tlyipro-
gramming the configuration switches that configure the LEsemtablish the required wiring connections

This tutorial introduces the basic features of the Quartssftware. It shows how the software can be used to
design and implement a circuit specified using the Veriloglivare description language. It makes use of the
graphical user interface to invoke the Quartus Il commaBdsng this tutorial, the reader will learn about:

e Creating a project

e Synthesizing a circuit from Verilog code using the Quartustegrated Synthesis tool

Fitting a synthesized circuit into an Altera FPGA

Examining the report on the results of fitting and timing gsi

Examining the synthesized circuit in the form of a schemditigram generated by the RTL Viewer tool

Making simple timing assignments in the Quartus Il software

1 Getting Started

Each logic circuit, or subcircuit, being designed with thea@Qus 1l software is called project The software
works on one project at a time and keeps all information fat firoject in a single directory (folder) in the file
system. To begin a new logic circuit design, the first step isreate a directory to hold its files. As part of the
installation of the Quartus Il software, a few sample prgege placed into a directory callgdesigns:version
number-\vhdl_verilog_tutorial To hold the design files for this tutorial, we will use a di@y quartus tutorial.
The running example for this tutorial is a simple adder/sdibr circuit, which is defined in the Verilog hardware
description language.

Start the Quartus Il software. You should see a display aimd the one in Figure 2. This display consists of
several windows that provide access to all the featureseo@thartus Il software, which the user selects with the
computer mouse. Most of the commands provided by the QuHrtadtware can be accessed by using a set of
menus that are located below the title bar. For example,dargi?2 clicking the left mouse button on the menu
namedFile opens the menu shown in Figure 3. Clicking the left mouseohutin the entryExit exits from the
Quartus Il software. In general, whenever the mouse is ussdlect something, tHeft button is used. Hence
we will not normally specify which button to press. In the feases when it is necessary to userigat mouse
button, it will be specified explicitly.

For some commands it is hecessary to access two or more nreseglience. We use the conventidenul
> Menu2 > Item to indicate that to select the desired command the user dffiostl click the left mouse button
on Menul, then within this menu click oMenu2, and then withirMenu2 click on Iltem. For exampleFile >
Exit uses the mouse to exit from the system. Many commands canddeeith by clicking on an icon displayed in
one of the toolbars. To see the list of available toolbargcs@ools > Customize > Toolbars. Once a toolbar
is opened, it can be moved using the mouse, and icons can ¢gedrérom one toolbar to another. To see the
command associated with an icon, position the mouse oveictimeand a tooltip will appear that displays the
command name.

It is possible to modify the appearance of the display in Fedlin many ways. Section 7 shows how to move,
resize, close, and open windows within the main Quartussipldly.
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1 GETTING STARTED
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Figure 2: The main Quartus Il display.
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1.1 Quartus Il Online Help 2 STARTING A NEW PROJECT

1.1 Quartus Il Online Help

The Quartus Il software provides comprehensive online a@auation that answers many of the questions that
may arise when using the software. The documentation issaeddrom the menu in thidelp window. To get
some idea of the extent of documentation provided, it is wehile for the reader to browse through tHelp
menu. For instance, selectiktglp > How to Use Help gives an indication of what type of help is provided.

The user can quickly search through the Help topics by setgktelp > Search, which opens a dialog box
into which key words can be entered. Another method, corgersitive help, is provided for quickly finding
documentation for specific topics. While using most appiice, pressing th&1 function key on the keyboard
opens a Help display that shows the commands availabledahlication.

2 Starting a New Project

To start working on a new design we first have to define a design project The Quartus Il software makes the
designer’s task easy by providing support in the form efizard

1. SelectFile > New Project Wizard to reach a window that indicates the capability of this wizalPress
Next to get the window shown in Figure 4.

New Project Wizard: Directory, Name, Top-Level Entity [page 1 of 5] g]

‘what iz the working directory for this project?

|D:\quartus_tutorial
Wwhat iz the name of this project?

|addersubtractor
‘what iz the name of the top-level design entity for this project? Thiz name iz case senzitive
and must exactly match the entity name in the design file.

|addersubtractor

Usze Existing Project Settings ...

< Back | Mest > | Finizh | Cancel

Figure 4: Creation of a new project.

2. Set the working directory to bguartus tutorial; of course, you can use a directory name of your choice.
The project must have a name, which is usually the same aspiHevel design entity that will be included
in the project. Choosaddersubtractoas the name for both the project and the top-level entityhas/s in
Figure 4. Presblext. Since we have not yet created the directgmartus tutorial, the Quartus Il software
displays the pop-up box in Figure 5 asking if it should crehtedesired directory. Clickes, which leads
to the window in Figure 6.
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2 STARTING A NEW PROJECT

1] E Directory "D:jquartus_tutorial” does not exist, Do you want to create it?
L

es Mo |

Figure 5: The Quartus Il software can create a new directurhie project.

New Project Wizard: Add Files [page 2 of 5] r5_<

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. Mote: you can alwaps add design files to the project
later.

File name: J

File name Type Add Al

LR

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

< Back | Mest > | Finizh | Cancel |

Figure 6: The wizard can include user-specified design files.

3. This window makes it easy to specify which existing filésy) should be included in the project. Assum-
ing that we do not have any existing files, clidlext, which leads to the window in Figure 7.
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2 STARTING A NEW PROJECT

New Project Wizard: Family & Device Settings [page 3 of 5] PZ|

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

Show in ‘Available device' list

FEamily: Stratix j

Package: Any -
Target device . .
. . k: | hd
" Auto device selected by the Fitter n gaun ¥
* Specific device selected in 'Available devices' list Speed grade: | Fastest -

Core voltage:  1.5%

¥ Show Advanced Devices
Available devices:

MName LEs | Memar.. | DSP PLL DLL ~
EP1510B672C6 10570 920448 6 5 2

S10F454C5 10570 920448 6 £ 3
EP1510FE72C6 10570 920448 6 6 2
EP1510F780C5 10570 920448 6 6 2
EP1510F780C5ES 10570 920448 6 6 2
EP1520B672C6 18460 1669248 10 6 2,
FPAC2NEARATR 104EN 1EEQ242 1N [~ 2?

>

>

< Back | Mest > | Finizh | Cancel |

Figure 7: Choose the device family and a specific device.

4. Inthis window, we can specify the type of device in which tlesigned circuit will be implemented. Choose
the Strati® menu item as the target device family. We can let the Qualtssftware select a specific
device in the family, or we can choose the device explicitiye will take the latter approach. From the

list of available devices, choose the device called EP1880€5. Presblext, which opens the window in
Figure 8.

New Project Wizard: EDA Tool Settings [page 4 of 5] P§|

Specify the other EDA tools - in addition to the Quartus || software - used with the project.

[~ EDA design entry | J
-

[~ EDA simulation toal: | J
-

™ EDA timing analysis tool: | J
-

< Back | Mest > | Finizh | Cancel |

Figure 8: Other EDA tools can be specified.

5. In this window one can specify any third-party tools tHat@d be used. A commonly used term for CAD
software for electronic circuits iEDA tools where the acronym stands for electronic design automation
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2 STARTING A NEW PROJECT

This term is used in the Quartus Il messages that refer w-garty tools, which are the tools developed and
marketed by companies other than Altera; other tutoriadsvdiiow such tools may be used. Since we will
rely solely on the Quartus Il tools, we will not choose anyesttools. PresBlext. Now, a summary of the
chosen settings appears in the screen shown in Figure & Fnésh, which returns to the main Quartus I
window, but withaddersubtractospecified as the new project, in the display title bar, asceteid in Figure

10.
New Project Wizard: Summary [page 5of 5] g|
‘wihen vou click Finish, the project will be created with the following settings:
Project directory:
[ /quartus_tutorial!
Froject name: addersubtractor
Top-level design entity: addersubtractor
Mumber of files added: 1]
Mumber of user libraries added: 0
Device assignments:
Family name: Stratix
Device: EP1510F484C5
ED& tools:
Dresign entry/spnthesis: <Mone>
Simulatior: <Mone:
Timing analysis: <Mone:
< Back | Cancel |
Figure 9: Summary of the project settings.
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2 STARTING A NEW PROJECT

4, Quartus Il - D:/quartus_tutorialfaddersubtractor, - addersubtractor
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Figure 10: The Quartus Il display for the created project.
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3 DESIGN ENTRY USING VERILOG CODE

3 Design Entry Using Verilog Code

As a design example, we will use the adder/subtractor ¢istwwiwn in Figure 11. The circuit can add, subtract, and
accumulates-bit numbers using the 2’s complement number representéfioe two primary inputs are numbers
A=ap_1an_2--apandB = b,_1b,_o--- by, and the primary output i = z,,_12,_o - z9. Another input
is theAddSulxontrol signal which causes = A + B to be performed wheAddSub= 0 andZ = A — B when
AddSub= 1. A second control inputSel is used to select the accumulator mode of operatiorSelf 0, the
operationZ = A + B is performed, but iSel= 1, thenB is added to or subtracted from the current valug of
If the addition or subtraction operations result in arithimeverflow, an output signaDverflow is asserted.

To make it easier to deal with asynchronous input signalsyiléoad them into flip-flops on a positive edge
of the clock. Thus, inputsl and B will be loaded into registeréreg and Breg while Seland AddSubwill be
loaded into flip-flopsSelRand AddSubRrespectively. The adder/subtractor circuit places tisalténto register
Zreg

A= a,_, a, Sel B=b,_; by AddSub
n-bit register FIF n-bit register FIF

Areg =| areg,_; areg, Breg =| breg,_, breg,
* AddSubR
e o o ' ' o o & d I

n-bit 2-to-1 MUX oo
SelR
L
G= gn_l L | 90 H= hn—l oo o0 hO
vV
carryout n-bit adder carryin fa——--
M= [m,_; My
. hn_l ' L
l ] n-bit register Zreg
over_flow Zreg =| zreg,_; zreq,

F/F L

' ,
Overflow Z= Z,_4 Z,

Figure 11: The adder/subtractor circuit.

The required circuit is described by the Verilog code in [Fgll. For our example, we will use a 16-bit circuit
as specified by, = 16.
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3 DESIGN ENTRY USING VERILOG CODE

/1l Top-I1evel nodule

nodul e addersubtractor (A, B, Cock, Reset, Sel, AddSub, Z, Overflow);
parameter n = 16;
input [n-1:0] A B;
i nput dock, Reset, Sel, AddSub;
output [n-1:0] Z
out put Overfl ow
reg SelR AddSubR, Overfl ow;
reg [n-1:0] Areg, Breg, Zreg;
wire [n-1:0] G H M Z
wire carryout, over_flow,

/1 Define conbinational |ogic circuit
assign H = Breg " {n{AddSubR}};
mux2t ol nultiplexer (Areg, Z, SelR Q;
def param nultiplexer.k = n;
adderk nbit_adder (AddSubR, G H, M carryout);
def param nbit_adder.k = n;
assign over_flow = carryout » dn-1] » Hn-1] » Mn-1];
assign Z = Zreg;

/1 Define flip-flops and registers
al ways @ posedge Reset or posedge O ock)
if (Reset == 1)
begi n
Areg <= 0; Breg <= 0; Zreg <= 0;
Sel R <= 0; AddSubR <= 0; Overflow <= 0;
end
el se
begi n
Areg <= A, Breg <= B; Zreg <= M
Sel R <= Sel; AddSubR <= AddSub; Overflow <= over_fl ow,
end
endnodul e

/1 k-bit 2-to-1 multiplexer
modul e mux2tol (V, W Sel, F);
paraneter k = 8;
input [k-1:0] V, W
i nput  Sel;
output [k-1:0] F;
reg [k-1:0] F;

al ways @V or Wor Sel)
if (Sel ==0) F =YV,

else F =W
endnodul e

... continued in Pai

Figure 12: Verilog code for the circuit in Figure 11 (Payt
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3.1 Using the Quartus Il Text Editor 3 DESIGN ENTRY USING VERIG CODE

/'l k-bit adder
nmodul e adderk (carryin, X, Y, S, carryout);
parameter k = 8;
input [k-1:0] X Y,
i nput carryin;
output [k-1:0] S;
out put carryout;
reg [k-1:0] S
reg carryout;

al ways @X or Y or carryin)
{carryout, S} = X + Y + carryin;
endnodul e

Figure 12: Verilog code for the circuit in Figure 11 (Ph)t

Note that the top Verilog module is callextidersubtractorto match the name given in Figure 4, which was
specified when the project was created. This code can be ippea file by using any text editor that stores
ASCII files, or by using the Quartus Il text editing facilgieWhile the file can be given any name, it is a common
designers’ practice to use the same name as the name of theveberilog module. The file name must include
the extension, which indicates a Verilog file. So, we will use the naaddersubtractor.vFor convenience, we
provide the required file in the directogdesigns:version numbes\vhdl_verilog_tutorial Copy this file into
the project directorguartus_tutorial

3.1 Using the Quartus Il Text Editor

This section shows how to use the Quartus Il Text Editor. Yaruskip this section if you prefer to use some other
text editor to create thaddersubtractor.¥ile, or if you have chosen to copy the file from thdesignscversion
number>\vhdl_verilog_tutorialdirectory.

1. Selecfile > New to get the window in Figure 13, choo¥erilog HDL File, and clickOK. This opens the
Text Editor window.

New X
Device Design Files l Other Files ]
AHDL File
Block Diagram/S chematic File
EDIF File
SOPC Builder Sistem
WHOL File

Figure 13: Choose to prepare a Verilog file.

2. The first step is to specify a name for the file that will beated. Seledtile > Save As to open the pop-up
box depicted in Figure 14. In the box labelBdve as type chooseVerilog HDL File. In the box labeled
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3.1 Using the Quartus Il Text Editor 3 DESIGN ENTRY USING VERIG CODE

File name type addersubtractor Put a checkmark in the bokdd file to current project. Click Save,
which puts the file into the directoiquartus_tutorialand leads to the Text Editor window shown in Figure
15.

Save in; | I quartus_tutorial j EF '
IZdb
File name: addersubtracto
Save as type: |Verilog HOL File [* 4" wlg;" v verilog) j Cancel

Iv Add file to current project

Figure 14: Name the file.

—
sbc addersubtractor. ¥ l

Figure 15: Text Editor window.

3. Maximize the Text Editor window and enter the Verilog cadé-igure 12 into it. Save the file by typing
File > Save, or by typing the shortcuttrl-s.

Most of the commands available in the Text Editor are seffl@xatory. Text is entered at tiresertion poing
which is indicated by a thin vertical line. The insertion potan be moved either by using the keyboard arrow
keys or by using the mouse. Two features of the Text Editoreapecially convenient for typing Verilog code.
First, the editor can display different types of Verilogtstaents in different colors, which is the default choice.
Second, the editor can automatically indent the text on alimevgo that it matches the previous line. Such options
can be controlled by the settingsTools > Options > Text Editor.

3.1.1 Using Verilog Templates

The syntax of Verilog code is sometimes difficult for a desigto remember. To help with this issue, the Text
Editor provides a collection oferilog templates The templates provide examples of various types of Verilog
statements, such asr@dule declaration, amalwaysblock, and assignment statements. It is worthwhile to beows
through the templates by selectiidit > Insert Template > Verilog HDL to become familiar with this resource.
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3.2 Adding Design Files to a Project 3 DESIGN ENTRY USING VERIG CODE

3.2 Adding Design Files to a Project

As we indicated when discussing Figure 6, you can tell therfQadl software which design files it should
use as part of the current project. To see the list of filesadiréncluded in theaddersubtractomproject, select
Assignments > Settings, which leads to the window in Figure 16. As indicated on tifedile of the figure,
click on the itemFiles. An alternative way of making this selection is to cho&seject > Add/Remove Files
in Project.

If you used the Quartus Il Text Editor to create the file ancc&bd the box labeleddd file to current project,
as described in Section 3.1, then #utersubtractor.¥ile is already a part of the project and will be listed in the
window in Figure 16. Otherwise, the file must be added to tlogept.

Settings - addersubtractor E]

Category:
Files
User Libraries [Current Project] Select the design files you want to include in the project. Click Add &l to add all design files in the
Device project directory to the project.
+- Timing Analyziz Settings
+- EDA Tool Settings i ) J
- . File name:
+/- Compilation Process Settings
+- Analysiz & Synthesis Settings File: namme Type Add &)l
+- Fitter Seftings addersublractor v Yerilog HOL File
Aszzembler Bemove
Dresign Assistant
SignalT ap Il Logic Analyzer Up
Logic Analyzer Interface
SignalProbe Settings Down
+- Simulator Settings e ——
+- PowerFlay Power Analyzer Settings =
(] 8 | Cancel

Figure 16: Settings window.

1. If not already done, place a copy of the fil@dersubtractor.into the directoryquartus_tutoria by getting
it from the directorygdesignsversion numbes\vhdl_verilog_tutorialor by using a file that you created
using some other text editor.

2. To add this file to the project, click on tikéle name: ... button in Figure 16 to get the pop-up window in
Figure 17.
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4 COMPILING THE VERILOG CODE

Select File X

Laoak in: |_} quartuz_tutorial j I‘j‘ ,
Idb

addersubtractor.v

File name: |addersubtractor.v
Files of type: |Design Files [".tdf;".vhd;".vhdl;".v;".vlg;".vh;“ﬂ Cancel

Figure 17: Select the file.

3. Select theaddersubtractor.¥ile and clickOpen. The selected file is now indicated in the Files window of
Figure 16. ClickOK to include theaddersubtractor.¥ile in the project.

We should mention that in many cases the Quartus Il softvgaable to automatically find the right files to use
for each entity referenced in Verilog code, even if the file hat been explicitly added to the project. However,

for complex projects that involve many files it is a good degigactice to specifically add the needed files to the
project, as described above.

4 Compiling the Verilog Code

The Verilog code is processed by several Quartus Il toolsathalyze the code and generate an implementation of
it for the target chip. These tools are controlled by the i@pfibn program called thEompiler.

1. Run the Compiler by selectirRyocessing > Start Compilation, or by using the toolbar ico ®. As the
compilation moves through various stages, its progrespisrted in the window on the left side. Successful
(or unsuccessful) compilation is indicated in a pop-up b&sknowledge it by clickingOK, which leads to
the Quartus Il display in Figure 18, in which we have exparttiecEntity hierarchy in the top left corner to
show all modules in thaddersubtractodesign. In the message window, at the bottom of Figure 1&uar
messages are displayed. In case of errors, there will b@ppate messages given.
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4 COMPILING THE VERILOG CODE

Quartus Il - Q:/quartus/binfaddersubtractor - addersubtractor - [Compilation Report - Flow Summary]
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Figure 18: Display after a successful compilation.

2. When the compilation is finished, a compilation report isduced. A window showing this report, dis-
played in Figure 19, is opened automatically. The window barresized, maximized, or closed in the
normal way, and it can be opened at any time either by seteBincessing > Compilation Report or

by clicking on the icor . The report includes a number of sections listed on the igé of its window.
Figure 19 displays the Compiler Flow Summary section, wimclicates that only a miniscule amount of
chip resources are needed to implement this tiny circuiherselected FPGA chip.
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4 COMPILING THE VERILOG CODE

@ Compilation Report - Flow Summary l

Eh B Legal Notice
&HFE Flaw Summary Flow Status Successful - Mon Apr 10 16:20:43 2006
&HEE Flow Settings Quartus Il Yersion 6.0 Build 173 04/03/2008 SJ Full Version
éé Flow Non-Default Glabal Settings Fievizion Mame addersubtractor
SHEA Flow Elapsed Time )
@ Flow Log Top.level Entity Mame adde.rsubtrac:tor
+- &0 Anabysis & Synthesis Farily Stratix
-4 Fitter Device EP1510F484C5
+- & Assembler Timing Modelz Final
= @a Timing Analyzer et timing requirements es
&ER summary Total logic elements 53/10570(<1%)
&ER Settings ) Total pins 53/336(16%)
g% E:Dct ge:tlngls;un;:nary Total wirtual pins 1]
oek Setp: e Total memary bits 0/920.448(0%)
@% tsu
St DSP block 9-bit elements  0/48([0% )
S th Total PLLz 0/6(0%)
& 52 Messages Total DLLs 0/2(0%)

Figure 19: Compilation report.

The Compilation Report provides a lot of information thatymee of interest to the designer. It indicates the
speed of the implemented circuit. A good measure of the sigete® maximum frequency at which the circuit
can be clocked, referred to &max This measure depends on the longest delay along any patledretwo
registers clocked by the same clock. The Quartus Il softwartorms a timing analysis to determine the expected
performance of the circuit. It evaluates several pararagtehich are listed in the Timing Analyzer section of the
Compilation Report.

3. Click on the small + symbol next to Timing Analyzer to exddhis section of the report, as shown in Figure
19. Clicking on Timing Analyzer itensummary displays the table in Figure 20. The last entry in the table
shows that the maximum frequency for our circuit implemdrde the specified chip is 217.63 MHz. You
may get a different value dimax dependent on the specific version of the Quartus 1l softivestalled on
your computer.

@ Compilation Report - Timing Analyz... l

@a Compilation Report Timing Analyzer Summary

&hB Legal Natice Required | Actual

S Flow Summary Type Slack | Tinne Time | T

@5 Flow Settings ‘whorst-case tsu M Maone 2831 nz Sel SelR

&SHER Flow Elapsed Time Wworst-case tco N None 7319ns Zreal13] Z[13]

&8 Flow Log Warst-case th N [Hone 1,662 ns A4 |feqld]
£GP Analysis & Synthesis Clock Setup: Tlock’ N/&  |Nome | 217.63 MHz [ period = 4.595 ns | Zregld] | Overflow~regd

+- & Fitker -
. @D Accembler Total number of failed paths

= @a Timing Analyzer
@% Sumnrmaryy
SHEA Settings
ESHER Clack Settings Summary
SEH Clock Setup: 'Clock!
@% tsu
@% tco
St
SHER INI Usage
5}; Messages < S

[a]=]w]r]=

Figure 20: Summary of timing analysis.

4. To see the paths in the circuit that limit theax click on the Timing Analyzer iten€lock Setup: 'Clock’
in Figure 20 to obtain the display in Figure 21. This tablevehithat the critical path begins at bit 8 of
registerZreg and ends at the flip-flo@verflow The table in Figure 20 also shows the measurements of
other timing parameters. Whifenaxis a function of the longest propagation delay between twisters
in the circuit, it does not indicate the delays with whichputtsignals appear at the pins of the chip. The
time elapsed from an active edge of the clock signal at thekdource until a corresponding output signal

ALTERA® CORPORATION 17
APRIL 2006 QUARTUS® [I | NTRODUCTION FORVERILOG USERS



4 COMPILING THE VERILOG CODE

is produced (from a flip-flop) at an output pin is denoted add¢bgarameter at that pin. In the worst case,
thetcoin our circuit is 7.319 ns.

Clock Setup: 'Clock’

Actual fmax From |To

Slack | (0 eriog) fem ||Ue Clack_| Clock
1 Mda 217 63 MHz [ period = 4595 ns | | Zreg[8] | Owerflow~regl Clock | Clock,
2_ Mda | 218,67 MHz [ period = 4573 ns | | AddSubR | Overflow~regl| Clock | Clock
3_ Mda 219,88 MHz [ period = 4548 ns | | Zreg[10] | Owerflow~regl Clock | Clock
4_ Mda 22341 MHz [ period = 4.476ns ] | 5elR Overflow™regl| Clock | Clock
5_ Mda | 22868 MHz [period =4.373ns ] | Zreg[d] | Owerflow~regl Clock | Clock
B_ Mda | 244 62 MHz [ period = 4.088 ns | | Zreg[7] | Owerflow~regl Clock | Clock
?_ Mda 285,69 MHz [ period = 3911 ns ] | Zreg[5] | Owerflow~regl Clock | Clock
8_ M 258,80 MHz [ period = 3.864 nz | | Zreg[B] | Zreg[15] Clock | Clock
9_ M 258,80 MHz [ period = 3864 nz | | Zregl8] | Zreg[14] Clock | Clock
10 | MAA 258,80 MHz [ period = 3.864 nz | | Zreg[8] | Zreg[13] Clock | Clock
I Mt | 260.28 MHz [ period = 3.842 nz | | AddSubR | Zreg[15] Clock | Clock
i MAa | 260,28 MHz [ period = 3.842 nz | | AddSubR | Zreg[14] Clock | Clock
i MAa 26028 MHz [ period = 3.842 nz | | AddSubR | Zreg[13] Clock | Clock
i Mda 261,99 MHz [ period = 3817 nz | | Zreg[10] |Zreg[15] Clock | Clock
i Mda 261,99 MHz [ period = 3817 ns | | Zreg[10] |Zreg[14] Clock | Clock
i Mda 261,99 MHz [ period = 3817 ns | | Zreg[10] |Zreg[13] Clock | Clock

Figure 21: Critical paths.

5. Click ontco in the Timing Analyzer section to view the table given in Hig22. The first entry in the table
shows that it takes 7.319 ns for a signal to propagate fror@ bitregisterZregto the output pirz 3. The
other two parameters given in Figure 20 are setup ttmeand hold timeth.

b0 ]
Slack E;qulred .tﬁc«;tual From To E[Isgnk
1 F M Mone 7. 319 nz| Zreqgl13] Z[13] Clock,
2_ Ma |Mone 7262 nz| Zreg[3] 213 Clock,
3_ Ma |Mone 7.241 nz| Zreqg[15] Z[18] Clock,
4_ Ma |Mone 7.240 nz| Zreg[d] 218 Clock,
5_ Ma |Mone 7. 213 nz| Zreg[14] Z[14] Clock,
B_ Ma |Mone 7.158 nz| Zreg[0] 20 Clock,
?_ Ma |Mone 7.183 nz| Zreg[f] Z[6] Clock,
8_ Ma |Mone 7.153 nz| Zreg[2] Z12] Clock,
9_ Ma |Mone 7.152 nz| Zreg[d] 219 Clock,
ﬂ Ma |Mone 7.180 nz| Zreg[10] 2010 Clock,
l Ma |Mone 7137 nz| Zreg(d] Z14] Clock,
E Ma |Mone T127 nz|Zreg[1] Z[1] Clock,
E Ma |Mone T122 nz| Zreg[12] Z[12] Clock,
i Ma |Mone B.971 nz|Zreg[h] Z18] Clock,
E Ma |Mone B.96E nz| Zreg[11] Z[11] Clock,
E Ma |Mone E.945 nz| Overflow™regl| Overflow | Clock
17 M/A |Mone B.936 nz| Zreg[7] 27 Clock,

Figure 22: Thdacodelays.

6. An indication of where the circuit is implemented on thépcis available by selectingssignments >

Timing Closure Floorplan, or by clicking the icor# . Figure 23 depicts the result, highlighting in color
the logic elements used to implement the circuit. To makénttagie appear as shown you may have to select
View > Field View, so that the tool does not show the details of the chip ressunéou also may need to
selectView > Assignments > Show Fitter Placements or click the corresponding icon in the toolbar
(which is likely to be already selected by default). The flan view can be enlarged by maximizing the
window and selectinyiew > Fit in Window (shortcutCtrl-w), and it can be expanded to fill the screen by

clicking the Full Screen ico& .
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% Timing Closur. .. l
Device: EP1510F484C5

IUUTU D UUUTHooy o iy

[ (T

RERENRRUNARNNNERRARRNNRNRREAEN

b0000 0 Dodomooon 0 000000

Figure 23: View of the floorplan.

7. A Zoom Tool, activated by the icc®\ , can be used to enlarge parts of the image even more. Figure 24
shows a zoomed-in view of the floorplan that highlights thplamented circuit. To see the details given in
the figure you have to select the Timing Closure FloorplanmamdView > Interior Cells. By positioning
the cursor on any logic element the designer can see whatfighg circuit is implemented in this resource.
The floorplan tool has several icons that can be used to vipects such as fanin and fanout of nodes,
connecting paths between nodes, and so on. For more informat using this tool refer to the online help,
by selectingHelp > Contents > Achieving Timing Closure > Timing Closure Floorplan Introduction.

H O H E =| H 0 =| 0

48| % 2| 5
u [l [Fitter Placed] Breg[3] & LC_<7_Y18_N4
H H [Fitter Placed] H[3] & LC_x7_v18_N4
| mm| | | |

o0 Fe FR FR FHF

3 | B | .
T e Y e T e O

FH FH FH FR F H

= H H M H H

= e = = e e
T e Y [ e T e O

Figure 24: A portion of the expanded view.

4.1 Errors

The Quartus Il software displays messages produced dusimgpitation in the Messages window. If the Verilog
design file is correct, one of the messages will state thatdhmpilation was successful and that there are no errors.
If the Compiler does not report zero errors, then there ieadtione mistake in the Verilog code. In this case
a message corresponding to each error found will be displaythe Messages window. Double-clicking on an
error message will highlight the offending statement in\eelog code in the Text Editor window. Similarly, the
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4.1 Errors 4 COMPILING THE VERILOG CODE

Compiler may display some warning messages. Their detailshe explored in the same way as in the case of
error messages. The user can obtain more information alspédfic error or warning message by selecting the
message and pressing thg function key.

1. To see the effect of an error, open the éitldersubtractor.vLine 21 has the statement
assign H = Bred' {n{AddSubR}};

Remove the semicolon in this statement, illustrating a dypphical error that is easily made. Compile the
erroneous design file. The Quartus Il software displays aympox indicating that the compilation was
not successful. Acknowledge it by clickif@K. The compilation report summary, given in Figure 25, now
confirms the failed result.

@ Compilation Report - Flow 5. l

S Flow Summary Flow Status Flow Failed - Mon Apr 10 16:31:48 2006
&HER Flow Settings Quartus Il Yersion E.0 Build 173 04/03/2006 5J Full Version
@5 Flows Mon-Default Global Settings
SHEA Flow Elapsed Time

EhE FlowLog

Revision Mame addersubtractor
Top-level Entity Mame addersubtractor

X . Farnily Stratix
+ Analysis & Synthesis
a0 4 4 Device EP1510F484C5
Timing Models Final

Met timing requirements  MAA

Figure 25: Compilation report for the failed design.

2. Click onAnalysis & Synthesis > Messages in this window to have all messages displayed as shown in

Figure 26.
@ C ilation Report - Analysis & Synth.__ l
@’a Campilation Repart Analysis & Synthesis Messages
EhE Legal Notice 5 Infor
&EHFR Flow Summary Info: Running Quartus | Analysis & Synthesiz
&HER Flow Settings &) Info: Command: quartus_map -read_settings_fles=on —wite_settings_files=off addersubtractor -¢ addersubtractor
&5BR Flow Elapsed Time [ > JError (10 log HDL Tor &t addersubtrac! " ting "', ar "
é Flows Lag 0 Ermor [10112]: Ignored module "addersubtractor at addersubtractor. (3] due to previous emors
= @a Analysis & Synthesis 0 Ermor [107112]: Ignored module "mux2tal” at addersubtractor v(44] due to previous erors
@E Summary 0 Ermor [10112): Ignored module “adderk" at addersubtractor.+[53) due to previous emors
+- &1 Settings &) Info: Found 0 design urits, including O entities, in source file addersubtractor v
g% Source Files Read 0 Ermor: Quartuz || Analysiz & Synthesiz was unsuccessful. 4 errors, 0 wamings
B INI Usage
’\i; Messages Message: 6 of 13 t e |Locati0n 10 line 22, column 0, D:.-"quartus_tutorial.-"addj Locate

Figure 26: Error messages.

3. Double-click on the first error message, which statesttiere is a Verilog syntax error. The Quartus Il
software responds by opening thddersubtractor.¥ile and highlighting the statement affected by the error,
as shown in Figure 27. Correct the error and recompile thigdes
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—
sbc addersubtractor. ¥

wire [n-1:0] &, H, M, Z; -
wire carryout, over flow;

/¢ Define combinational logic circuit
assign H = Breg " {n{AddSubR}}

ol multiplexer ([Areg, Z,
defparam maltiplexer.k =
adderk nbit_adder (Add3ubR, G, H, M, carryout):
defparam nbit_adder.k = n;
assign over_flow = carryout * G[n-1] * H[n-1] * M[n-1]:
assign Z = Zreg;

/¢ Define flip-flops and registers
always [ (posedge Reset or posedge Clock)
if [(Reset == 1)
hbegin
Areq <= 0; Breg <= 0; Zreg <= 0O;

Figure 27: Identifying the location of the error.
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5 USING THE RTL VIEWER

5 Using the RTL Viewer

The Quartus Il software includes a tool that can display @wswttic diagram of the designed circuit. The display
is at the Register Transfer Level of detail, and the tool IkedaheRTL Viewer

1. Click Tools > Netlist Viewers > RTL Viewer, to reach the window shown in Figure 28.

#3 RTL Viewer ]

Hierarchy List addersubtractor | Page 1 of 1

—|- addersubtractor
+- Instances
+1- Primitives
+-Fins
+-Mets

Figure 28: Theaddersubtractocircuit displayed by the RTL Viewer.

The displayed image depicts the structure of the eatidersubtractocircuit. The inputs to the circuit, shown
on the left side, are registered. The two subcircuits, défmethemux2tolandadderkmodules, are drawn as

shaded boxes. The remainder of the circuit are the XOR gatabto complement thB vector when subtraction
is performed, and the circuitry needed to generatéerflowsignal.

2. Use the Zoom Tool to enlarge the image and view the upigodetion of the circuit, as illustrated in Figure
29. Note that individual flip-flops are used for tAddSubandSelsignals. Sixteen-bit vectord and B are

denoted by heavy lines connected to the regist®mg andBreg which are indicated as heavily outlined
flip-flop symbols. TheZregregister is drawn in the same manner.
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FAddsubR
FRE

AddSub = o Q
Clack = | _Fi~15
N D—
CLR i
Reset = |
rmux2to 1 muttiplexer
Freg[15.0] =
EIRER ] — > a vits.n FUS.O| pe
et 1115
N
CLR
I H~14
Zreg[15..0] P
> ° He13
N _U ;
CLR
I H-12
SelR L
TRE
Sel = o Q et
N _U ;
CLR
H-10
Breg[15..0] e
[ e ]
TREN | — [ o
D> 55
N _U
CLR
I H-2
1 i

Figure 29: An enlarged view of the circuit.

3. Details of subcircuits can be seen by clicking on the bax thpresents a subcircuit. Double click on the
mux2tolbox to obtain the image in Figure 30. It shows the multiplexesed to choose either tAgegor Z
vector as one of the inputs to the adder, under control oS#iRsignal. Observe that the multiplexer data
inputs are labeled as specified in the Verilog code fomtli2tolmodule in parb of Figure 12, namely as
V andW rather thamAregandZ.

Sel

W15 ] e
(T e

mux21

Figure 30: The multiplexer subcircuit.

The RTL viewer is a useful tool. It can be used effectivelydoilitate the development of Verilog code for
a circuit that is being designed. It provides a pictorialdiegck to the designer, which gives an indication of the
structure of the circuit that the code will produce. Viewithg pictures makes it easy to spot missing elements,
wrong connections, and other typical errors that one ma&dyg i the design process.
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6 Specifying Timing Constraints

The Quartus Il software allows the user to specify timingstmaints for the designed circuit.

1. Click Assignments > Timing Analysis Settings to reach the window in Figure 31. Here, it is possible

to indicate the required values of various design parameted the desired performance of the circuit.
Consider thdmaxindicator. So far, we have not specified the desired valuenak The compilation in
Section 4 produced thienaxof 217.63 MHz. Suppose that we need a circuit that can opeatadeclock
frequency of 240 MHz. Specify this value as the default remifimaxas shown in Figure 31, and cli€hK.
Note that other parameters, such as t.,, andt;, can be specified in this window.

The Quartus Il Compiler includes a Fitter executable thate$ the designed circuit into the available
logic elements on the chip and generates the necessangwiimnections to realize the circuit. This is a

complex process that can take a long time, particularlyafdincuit is large and an ambitious valuefofax

is specified. The time can be reduced if a lower valuBafxis acceptable. The user can indicate the level
of the Fitter’s effort.

Settings - addersubtractor @

Category:
General
Files
User Libraries [Current Project] Specify settings for the Classic Timing Analyzer. Use the Assignment Editor for individual timing
Device aszignments. Note: These settings affect the Classic Timing Analyzer only. To specify Timeluest

i Al Seiims Timing Analyzer zettings, use the TimeQuest Timing Analyzer [Tools menu).

EDA Tool Settings

Compilation Process Settings Delay requirements

F-[- - [

Analysis & Synthesis Settings ) ™ Repart minimum timing checks
(574 ns i
Fitter Settings
Azzembler beo s -
Dresign Assistant
SignalT ap Il Logic Analyzer tpd: e -
Logic Analyzer Interface
SignalProbe Settings th: ns -
+- Simulator Settings
+- PowerFlay Power Analyzer Settings Clack Settings
Diefault required fmax; |240.0 MHz =

Individual Clocks. ..
More Settings...

Drescription:

Specifies the minimum acceptable clock frequency, that is, the maximum clock frequency that
can be achieved without violating intermnal setup and hold time requirements.

(] 8 | Cancel

Figure 31: Setting the timing constraints.

2. Click Assignments > Settings and then select the categdfitter Settings which opens the window in
Figure 32. Three different levels of effort can be given. @mthe Auto Fit option, which instructs the
Fitter to stop as soon as it finds an adequate implementafioa.Fast Fit option reduces the compilation
time, but it may produce a lowémax The third option, called Standard Fit, forces the Fitteprtoduce the
best implementation it can find; at this effort level the éitivill exceed the user’s timing requirements as
much as it can, which often results in longer compilatioretir@lick OK, and recompile the circuit.
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Settings - addersubtractor fgl

Category:
General Fitter Settings
Files
User Libraries [Current Project] Specify options for fitting.
Device
+- Timing Analy8|§ Settings Timing-driven cornpilation
+- EDA Tool Settings
+- Compilation Process Settings [v Optimize hold timing: |I.-"D Pathz and Minimum TPD Paths j
+- Analyziz & Synthesis Settings [~ Optimize fast-comer timing
+ S
Azzembler
Diesign Assistant PowerPlay power optimization: | J
Slgr?aITap Il Logic Analyzer Fitter effort
Logic Analyzer Interface ~ o
SignalPrabe Settings Standard Fit [highest effort]
+- Simulator Settings ™ Fast Fit [up to 50% fazster compilation / may reduce fmax)
+- PowerFlay Power Analyzer Settings % Auto Fit [reduce Fitter effort after meeting timing requirements]
Desired worst case slack [margin): |0 nz -
[~ Limit to one fitting attempt
Seed: |1
More Settings...
Drescription:
(] 8 | Cancel

Figure 32: Fitter settings.

3. The new timing results are shown in Figure 33. The frmaxis 272.78 MHz, which meets the specified
requirement. The critical paths in this implementationgiven in Figure 34. Comparing these results with
those in Figure 21, we see that now the most critical pathnisegliSe! R and ends aDverflow The first
column in the figure shows treackfor each path, which is the amount of delay that could stilhided to
a given path without violating the specified timing consttai

Clock Setup: ‘Clock'
Clock Hold: ‘Clock!
Total number of failed paths

|| o] &= |ea|ra] =

ALTERA® CORPORATION
APRIL 2006

Type Slack. ?i;qeulred ?;:L;al From |Ta
“Worst-case tsu MAa Mone 3.280 nz B[12] |Breg[12]
Worst-case tco Mdd Mone 770Nz Zreg[2] Z[2]
‘Worst-case th Mdd Mone 2076 ns AlE] | Aregl8]

0.500 nz| 240.04 MHz [ period = 4,166 ng ) 272,78 MHz [ period = 3666 nz ) S5elR | Dverflow™regl
1.049 nz| 240.04 MHz [ period = 4.166 ng | M/A Breq[3] Zreqg[3]

Figure 33: New timing results.
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Clock Setup: 'Clock’

Actual fmax From |To

Slack o) fem ||Ve Clack_| Clock
1 0,500 nz | 27278 MHz [ period = 3666 nz || SelR Overflow~regl| Clock | Clock
2_ 0579 nz | 278.78 MHz [ period = 3.587 ns || AddSubR | Overflow™reg0| Clock | Clock
3_ 0727 nz | 290,78 MHz [ period = 3.439 ne ) Zreg[9] | Overflow™regl| Clock | Clock
4_ 0.792 nz | 296.38 MHz [ period = 3.374 nz | Zreg[12] | Overflow™regl| Clock | Clock
5_ 0.792 nz | 296.38 MHz [ period = 3.374 nz | Zreg[B] | Overflow™reg0| Clock | Clock
B_ 0815 nz | 298,42 MHz [ period = 3.351 nz ) Zreg[B] | Overflow™reg0| Clock | Clock
?_ 0,833 nz | 30003 MHz [ period = 3.333 ne ) Zreg[2] | Overflow™regl| Clock | Clock
8_ 0.840 nz | 30066 MHz [ period = 3.326 nz | Zreg[8] | Overflow™reg0| Clock | Clock
9_ 0,853 nz | 301.84 MHz [ period = 3313 nz | Zreg[4] | Overflow™reg0| Clock | Clock
l 0,874 nz | 30377 MHz [ period = 3.292 nz | Zreg[3] | Overflow™reg0| Clock | Clock
L 0.890 nz | 30525 MHz [ period = 3.276 nz | Zreg[11] | Overflow™regl| Clock | Clock
i 0,930 nz | 309.02 MHz [ period = 3.236 nz | Zreg[0] | Overflow™regl| Clock | Clock

Figure 34: New critical paths.

7 Quartus Il Windows

The Quartus Il display contains several utility windows,iethcan be positioned in various places on the screen,
changed in size, or closed. In Figure 18, which is reprodirté&igure 35, there are four windows.

& Quartus |l - D:/quartus_tutorialfaddersubtractor, - addersubtractor. - [Compilation Report - Flow Summary]

@ File Edit Wiew Project Assignments Processing Tools Window  Help
O& & & 2|2 ca [ N2 |addersubtract0r j e BOE
Project Mavigator ‘x| @ C Report - Flow __. |
Em‘v 5 [ Logic Cels | @;ﬂ Compilation Repart “‘
Stratix: EF1510F464C5 | | "~ ESE Legal Notice
(- 507 addersublractor 183([51) &3 Flow Summary
H @5 Flow Settings Flows Status Successful - Mon Apr 10 16:20:21 2006
: @5 Flow Mon-Default Global Settings Guartuz || Yersion E.0 Build 173 04/03/2006 5J Ful Version
; @5 Flows Elapsed Time Fievizion Mame addersubtractor
; @ Flaw Log Top-level Entity Mame addersubtractor
—— = : . + @i_'l Analysis & Synthesis Farmily B
EyHierarchy | FI|ESJ & Design Unlts{ + ga ;itter . Dot EP1510F484C5
i3 [ ssembler S :
Status < x |a S Timing Analyzer Tlmln.g Models : i
Module | Frogiess 7 [Time@ ‘| Met timing requirements Yes
Full Compilation o 000136 Total logic elements BIA10570(<1 %]
Analysis & Synt... | | | 00025 Tatalpins I3 4ask 6
& Fitter | |o0:0038 Tatal virtual pins 1]
Assembler [o0:00:14 Total memory bits 0/920448(0%)
Timing Analyzer | |o0:00:14 DSP block 9-bit elements  0/48(0%)
. : Total PLLs 0/6(0%)
Total DLLs 0/2(0%)
ﬁ -'é) Info: 411 timing requirements were met. See Beport window for more details. i
E ‘L Infa: Quartus II Timing Analyzer was successful. 0 errors, 1 warning
f_i,') Info: Quartus II Full Compilation was successful. 0 errors, 1 warning .v
Al ¥
% Sstem }\qucgsging;{‘ Extra Info l}",‘I_n_fo )\ “warning ;?\ Critical W/ arning ;’\ Error )\ Suppressed l.-'r
é]Message: 0of 259 I | | J
For Help, press F1 [l | |dle UM

Figure 35: The main Quartus Il display.

The Project Navigator window is shown near the top left offigare. Under the heading Entity, it depicts a
tree-like structure of the designed circuit using the naafése modules in the Verilog code of Figure 12.

1. To see the usefulness of this window, open the previowshypiled projectjuartus tutorial\addersubtractor
to get to the window that corresponds to Figure 35.

2. Double-click on the namadderkin the hierarchy. The Quartus Il software will open the éildersubtrac-
tor.vand highlight the Verilog module that specifies the addeciaobit.
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3. Right-click on the same name and chobseate > Locate in Timing Closure Floorplan from the pop-
up menu that appears. This causes the Quartus Il softwarsptay the floorplan, as in Figure 24, and
highlight the part that implements the adder subcircuit.

The Status window is located below the Project Navigatodeimin Figure 35. As you have already observed,
this window displays the compilation progress as a progbeing compiled.

At the bottom of Figure 35 there is the Message window, whispldys user messages produced during the
compilation process.

The large area on the right side of the Quartus Il display éxlder various purposes. As we have seen, it is
used by the Text Editor. It is also used to display variouslte®f compilation and simulation.

A utility window can be moved by dragging its title bar, resizby dragging the window border, or closed by
clicking on theX in the top-right corner. A particular utility window can beened by using th¥iew > Utility
Windows command.
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