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Altera Quartus I

e The Quartus Il development software
provides a complete design environment
for FPGA designs.

e Design entry using schematics, block
diagrams, VHDL, and Verilog HDL .

e Design analysis and synthesis, fitting,
assembling, timing analysis, simulation.




Altera Quartus I
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Tutorial Outline

e Open Quartus Il and pick a device.
e Build a full adder. (Block/Schematic)
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Components
ports
connections (single wire connection)

e Build a 4-bit adder.

Create a block for full adder
Use conduit and port mapping




Tutorial Outline

e Compile the 4-bit adder.
Open compiler tool
Read compilation report
Open timing closure floorplan

e Simulate the 4-bit adder.
Open simulator tool
Edit simulation waveform
Observe simulation results

e Schematic for 16-bit Multiplexer

Use connections by name



Start Quartus I
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reate a new project

e Menu =2 File > New

Project Wizard

Mew Project Wizard: Directory, Mame, Top-Level Entity [page 1 of 5] H

Mew Project Wizard: Family & Device Settings [page 3 of 5]

Wwhat iz the warking directony for thiz project?
ID:'\users\thiu'\T.&\csﬂ A0L_wI0G4abshlabl vadderd |

W'hat iz the name of this project’?

Iadder4 _l

YW'hat iz the name of the top-level design entity for thig project? Thiz name iz caze zenstive
and muszt exactly match the entity name in the deszign file.

Iadder4 _l

Uze Existing Praoject Settings ..

< Back I Mext > I Finizh

Select the Family and device vou want bo target for compilation,

Earmily: Stratix

[

— Target device

" Auto device selected by the Fitter from the Awvailable devices' list

& Specific device selected in ‘dvailable devices' list

Available devices:

EP1510B672CE

EP1510F48405

EP1510FE72CE

EP1510F730CS

EP1510F720CSES

EP1520BE672CE

EP1520F424C5

EP1520FE72CE

EP1520F780C5

EP1525B672C6

EP1525FE72CE

EP1525F730CS

EP1525F1020C5
EP1525FE72C6_HARDCOPY_FPGA_PROTO
EP1530B956C5

EP1530F720CS

EP1530F1020C5 M

~ Filters

Package: Any -
Pif count; Any -

Speed grade: IFaslest vI

Core woltage: 1.8

W Show advanced Devices

- Compation device

HardCopll: I vl

W Limit DSP & Bk to HardCopy |

< Back I

New> | Finish

device resources
Cancel |




Build a full adder

. 0y
e Menu - File > New A
] ] ] 1> | «— Library
e Create a Block Diagram/Schematic File O < NewBlock
. "1 | <— Single Wire
e Menu - File > Save As: fadder.bdf 1 <« Bus
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Build a full adder

e Click on library ©

e Find xor under primitives - logic

Libraries:
B E c:.n"aIterafquartusEDa’Iibraliesx|i

B megafunctions
HE others
= primitves
FET bufer
i logic
i P andlZ2
and2
and3
and4
andb
andd
band12

| = [T

Mame:

IHCII J

v Bepeat-insert mode
[T [nzert symbal &s block
7! Launch Megawizard Flugs

Megawizard Flug-n Manager.., |

I LCancel |




Build a full adder

e Place two xor, two and2 and one or2.




Build a full adder

e Find input and output under primitives = pin,
and place three input and two output

e Double click on each pin, to change pin name.




Build a full adder

e Connect them by single wire 7

e Save the file




Questions




Build a 4-bit adder

e Menu - File 2> New

e Create a Block Diagram/Schematic File

e Menu - File > Save As: adder4.bdf

e Click on new block @, and draw a block.

e Double click on the block name, change it to fadder




Build a 4-bit adder

e Right click on the block, and select Block Properties in
the pop-up menu.
e In the tag I/Os, add the following ports

‘Block Ftd’iﬁﬁﬁlgs" s
Generd | 1/0s |F' aaaaa ter&l F-:-rmatl
140

MHame: I

Tvpe: |OUTPUT

Enizting block /0%

OuTRUT
out  OUTPUT




Build a 4-bit adder

o ClickonOK todismissthe | [
properties window. .
e Right click on the block, andf w7
select AutoFitinthepop-up | Fol ...
L i e SN B = o 11T i

menu. e T T | EEEEEE e FFEEHEEFEE
==—n T e B I
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. Selectthebock makefour| |
copies by copylpaste. | |F
o Add3inputsand2ouputs. | Lo




Build a 4-bit adder

e Use conduit tool to connect each fadder to inputs and
outputs Condwt can stop at any pomt on a block

g




Build a 4-bit adder

e The primary input Cin is automatically connected to
the Cin port of inst by the same same.

e Right click on the conduit, select properties, the
connection can be found in the tab Signals.

Conduit Properties H

General Signals | Font | Format

Signal: | fAdd

Delete |




Build a 4-bit adder

e For A[3..0], B[3..0] and S][3..0], port mapping should be
manually defined. Edit the signals property for A[3..0]

Ilke th IS. Cundmt Properties m
General  Signals |F rt IFu:-rmatI
Signal: | Add
Delete |
Connec fioks:
Signal inzt |instl |inst? |inst3
Al -,
Al] -,
A2 -,
A3 [~k
= A03.0]
LA NIEWE
1] 4 I C I




ulld a 4-bit adder

e After port mapping for A[3..0], B[3..0] and S[3..0], you
will see this:

Type
Cin_[INFUT
A [INFUT
T [o0TPO - JElock] Conduit] -

OUTP U] I E 1] |
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Cin_|INPUT
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Build a 4-bit adder

e Place single wires for carry signals.

Tupe
INPUT
THPLT
THRLT B
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OUTPLT] N E] ;

T
IMPLUT

---------------------:::ilockc$ndUitt: . HELT [ ERREERRSEREREE) ERRRERRERSE'T0 " ST :
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Build a 4-bit adder

e Double click on a port mapper &, and define port
mapping in the tab Mappings. For example, map Cout
to Slgnal Cl' rMﬂppEl‘ Properties ﬁD

General Mappings |

— Made mapping i I
[0 on block: IEDuﬂ ;I
Delete I
Signals in node ||:1 ;I

E xizting mappings:

140 on block. | Signalz in node |
Cout C1

0k, I Cancel




ulld a 4-bit adder

* Here's the final diagram.
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Questions




Compile the design

e Menu - Tools - Compiler Tool

— Analpziz & Synthesis Fitter Azzembler

I
00:00:00

¥ o8

Idle

00:00:00

P Start e Stap

e Click on Start. The design will be compiled
automatically.




Compile the design

e Click on Report button er== | after

compilation.

@ Quartus Il - D:fusers/jhliu/TA/cse140L_WI06/labs/lab1/adder4/adderd - adder4 - [Compilation Report - Flow Summary]

@File Edit View Project Assignments Processing Tools ‘Window Help

JJD @u|§|% E.|'f'J “|k?||adder4

e @® 0 >0 2[@ 9

Project: Mavigator 2=l ﬁ Compiler Toal I @ Compilation Report - Flow Summary
tyst i EF1510F4G405 Logic Cel @a Compilation Report Flow Summary
* BEE Legal Matice
B B adderd 1nm gg Flow Summary
. 2 fadderinst 303 ~&SHER Flow Settings
2 fadderinat] 22 é Flow Elapsed Time
2 fadderinst 303 ~EhB Flow Log )
ETT . [#-¢Zh(0 Analysis & Synthesis
- gy fadderinst3 2(2] +1-¢&B Fitter Flow Status Successiul - Tue Jan 24 16:36:16 2008
1+ &H] Assembler Quartus Il Version 5.0 Build 171 11/03/2005 5P 2 5J Full Version
- &0 Timing Analyzer Revision Mame adderd
Top-level Entity Hame adderd
F arnily Stratix
Device EP1510F484C5
 EAm) (2] Timing Models Firal
Hiararch_pl Filesl &7 Diesign Unitsl et timing requirements ez

Status x|
Madule Progress E Time &

Full Cornpilation 00:00:17

- Bnalysiz & Synthesiz 00:00:03

- Fitker 00:00:09

- Agsembler 00:00:04

00:00:01

- Tirning Analyzer

I 12

Tatal logic elements
Tatal ping

Total virtual ping

Tatal memaory bits

DSP block 3-bit elements
Total PLLs

Total DLLs

10410570 <1 %)
14/336(4%)

]
0/920448(0%)
0/48(0%)
0/6(0%)
0/2(0%)

e | [

Info: Command: quartus_tan --read_settings_files=aff --write_settings_files=off adderd -c adderd --timing_analysiz_only

I Infa: Langest tpd from souree pin 'Cin' to destination pin "Cout' iz 10317 ne
£ Infa: Quartus || Timing Analyzer was successful. 0 enars, 0 wamnings
’é; Infa: Quartuz || Full Compilstion was successful. 0 emors, 0 wamings
% System PmcessingA Extra Info }. Info ). Wwarning )\ Critical W arming ). Eirar {‘
i X §
4 IMessage. Oof 118 t 3 ILocat\on. ;I Locate

Far Help, press FL

"o R | Idle

o



Compile the design

e Worst delay can be found in Timing Analyzer report

¥=h— Compilation Report Timing Analyzer Summary
-¢&hE Legal Notice T Slack Required |&ctual F T From | Ta Failed
&0 Flow summary ¥pe 2| Time Tirne 1M 1'% | Clock | Clock | Paths
¢ Flow Settings 1} Waorst-case tpd Mt |Mane 1017 ns|Cin | Cout n
%@ Flow Elapsed Time 2| Tatal number of failed paths copy Chri+C
BB FlowLog Select Al Chri+a
+-&EB 7 Analysis & Synthesis _
[]..gr_“' Fitker w Align Left
-3 Assembler Align Fight
=1-¢=p= Tirning Analyzer Lisk Paths
@% Jummary
@% Settings Locate in Assignment: Editor Locate 4
%% tpd Locate in Pin Planner . -
i e P Timing Settings...
- s Messages Locate in Timing Closure Floorplan
Locate in Chip Editor Save Current Report Section As. ..

Locate in Resource Property Edibar
Locate in Techrnology Map Yiewer
Lacate in RTL Viewer

Locate in Design File




Compile the design

e Select the worst delay, right click on it, and select

locate in the pop-up menu - Locate in Timing Closure

Floorplan. You can see the design implementation in
the FPGA device.

iy (3 LAB_H47 4




Simulate the design

Simulation mode: ITiming j Fenerate Functional Simulahon Metist |

Sirnulatior input: |adder4 — |

— Simulation period

" R simulation until all vector stimuli are used

© End simulation at; ImU Inc ;I

— Simulation options
I~ Automatically add pins ta simulation output wavelorms

[~ Check outputs [masimum mismatches): |1IJEI

[~ Setup and hold tirme violation detection
I~ Glitch detectior: | 1.0 I =
Jv Owvenamite simulation input file with simulation results

[~ Generate signal activity file: I |

<
00:00:00

P Star | L cton | U} Open & Flepon
Type adder4 for Simulation input




Simulate the design

e Click on Open button = |  and save the file as
adder4.vwf

’E A BB Compier Tool | &b Simulator Tool | 1] adderd vt |

& @1\ Master Time Bar: 18.275 nz 4| Pl Fainter: | Ops |rkerval: 1828 ns Start: | End:
3

Vel af p 10.0ns 200 ns 30.0ns |

Name 18,28 ns 13.2;;5 ns

Signals Waveforms

EER Lk L
® s B e B &R




e Double click on signals area, and click the button
Node Finder

e List all the pins and select the primary inputs and
outputs, then click OK.

Node Finder
Mamed: |" LI Filter: |Pins: all LI Customize. .. | List | Q
Laok i Iﬁﬁé&ﬂi LIJ W Include subentiies  Ston |
] Modes Found: Selected Modes:
Insert Hode or Bus H | Assignments | T Mame | Assignments | T
Unaszigned |t B |adderd|a, Unazzigned  Ir
Unassigned |t ¥ |adderd|R Unaszigned  Ir
. )4 Unassigned |t B |adderd|Cin Unassigned  Ir
Narme: Il Unassigned It L |adderd|Cout Unassigned 0
Unassigned |t T ladderd|s Unassigned 0
T.'r'l:'e: ||NF'|_|T 1r| Cancel Unassigned It
—— Unassigned |t
. 9 |_ | - ) Unazzigned  Ir
Y alLie |;_|,|p.3 LEVE _I MHode Finder. . Unaszigned |+ % |
Unazzigned  Ir
R adi=: I Binary - | Unassigned It _<|
Unazzigned C <« |
E Ij h -I Unassigned C
us width: Unassigned C
Unassigned C
Start index: ||:| Unassigned C
: Unassigned  C
[ Display gray code count as binary count - :
&] I | m [(_l I [l]

B



Simulate the design

e To change the value of each input, right click on the
Input and select value in the pop-up menu.

Locate

Zoom

Properties

L4 i ]

pE 200 n 40.0 nz B0.0 n 80.0 ns 100.0 e 1200 nz 140.0 nz
Walue at T T T I i i i
ez 20.0ns 20.0ns
o
| i B 0000 ‘ g 0000
5 B pooon | o Chrl 0
E ) Copy Chrl+C
(Z=  Cin BO Paste Chrl+y
E Caut B Paste Special...
E 5 B sl Repeat Paste.., R
Delete Del
Insert Mode or Bus. ..
Select Entire Waveform Interyval
Group...
Ungroup
Value Grow or Shrink... Chrl+AlE+G
Insert Waveform Interval, .. o
ninitialized {11 ChrH Al

Forcing Unknown ) Cerl+Al+x
Farcing Low (00 Chrl+AlE+D
Farcing High (1) CheHAlE+T
High Impedance {Z)  Ctrl+Al+2
Weak Unknown (W) CerlAalk+in

Weak Low (L) CheHAIEHL
weak High {H) Chrl+alk+H
Don't Care {DC) ChrlH+AlE+D [ll

Tnwert CHel+-AlF+T

—



Simulate the design

e Set value to each inputs and save the file.

ps 20.0 nz 40.0 nz 60.0 nz 80.0 nz 100.0 nz 120.0 nz 140.0 nz |
“Walue at ] ] ] ] i i i
Mame 0.0 ns 200 ns
Ju |

d A B 0000 000 b o0 b o010 b ot W 010 b
=d B B 1101 1107
EX ED | |
E Ciout B e R i i i i it il ity
= 5 B s0d




Simulate the design

e Go back to the simulator tool, and click on the button
Start === . adderd.vwf will be updated after the
simulation.

ps 200 ns 40.0 nz G0.0 ns 80.0 s 100.0 ne 1200 ng 140.0 nz |
‘alue at v I v I i i i
Mame 50.0 nz 50.0 ne
o

E & B 0om [} b 0001 b ooo b 0011 b 0100 ):
E B B 1101 1101
E Ci B0 | |
| Cout BO I [
EIR:E B 1110 101 iy 1110 T oo 0001 ) 000

<] l (2]




Simulate the design

e The correctness of the design is verified, and the
worst delay can be identified.

B0.0 ns F0.0ns 30.0 nz 0.0 nz
Walue at i I i i
ez 70.0 ns 70.0 ns A0.317 ns
= =
[y ) B 0010 oom_ 000 W 0011
Icd B B 1101 710
> o B
E Cout B1 M
| @5 B 1111 770 PR T TN 0000




Questions




Schematic for 16-bit Multiplexer

e The schematic diagram of a 4-bit Multiplexer. Note
that the wires connected by name.




Schematic for 16-bit Multiplexer

e To name a wire/bus, right click the wire/bus, select
properties in the pop-up menu, and then fill in the

Nname. HNode Properties &
------------------------ General | Font | Format |
E'Sela]ﬁ::::::::::::::::::
SRR o Ctx [ Mame: |nSello]
sell| B —
I = Copy Cerl+C ™ Hide name in block design file
B rpaste Chrlv [
* Delete Dl

(i)
o
0
IT1
ﬂ
=
(e




Schematic for 16-bit Multiplexer

e The schematic diagram of a 16-bit Multiplexer.
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Sel[1 O] NPT
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10 Type
£03.0) NPT
ell1 0] NPT
0 GUTRLT
A[5.07[8011..5] o=t
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T ] NPT
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Questions




