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Programmable Logic Families

B Low-Cost FPGAS

— Cyclone Il & Cyclone
B Embedded Processor Solutions

- Niosll Cycione™I1I
B Configuration Devices

— Serial (EPCS) & Enhanced (EPC)
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What is Nios II?

B Altera’s Second Generation Soft-Core 32 Bit RISC Microprocessor
- Nios Il Plus All Peripherals Written In HDL
- Can Be Targeted For All Altera FPGAs
- Synthesis Using Quartus Il Integrated Synthesis

Nios Il |2 o UART ]
cpu |8 S
Debug [© | | & GPIO
6 ——
On-Chip § Timer
ROM o
s SPI
On-Chip g SDRAM
@ RAM Controller

FPGA
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Nios |l Processor Architecture

BClassic Pipelined RISC Machine
— 32 General Purpose Registers
— 3 Instruction Formats
— 32-Bit Instructions
— 32-Bit Data Path
— Flat Register File
— Separate Instruction and Data Cache (configurable sizes)
— Tightly-Coupled Memory Options
— Branch Prediction
— 32 Prioritized Interrupts
— On-Chip Hardware (Multiply, Shift, Rotate)
— Custom Instructions
— JTAG-Based Hardware Debug Unit

Copyright © 2005 Altera Corporation ®
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Problem: Reduce Cost, Complexity &
Power

TR ."I” lIIIIIIIIlII!II!IlHI!II“..

Solution.: Replace External Devices

with Programmable Logic
Copyright © 2005 Altera Corporation
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System On A Programmable Chip (SOPC)

Problem: Reduce Cost, Complexity &
Power

CPU i1s a Critical Control Function
Required for System-Level Integration

Copyright © 2005 Altera Corporation AIEIE%A ®
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Licensing

B Nios Il Delivered As Encrypted Megacore

— Licensed Via Feature Line In Existing Quartus Il License File
— Consistent With General Altera Megacore Delivery Mechanism
— Enables Detection Of Nios Il In Customer Designs (Talkback)

B No Nios Il Feature Line (OpenCore Plus Mode)

— System Runs If Tethered To Host PC
— System Times Out If Disconnected from PC After ~ 1 hr

B Nios Il Feature Line (Active Subscriber)

— Subscription and New Dev Kit Customers Obtain Licenses From
www.altera.com

— Nios Il CPU RTL Remains Encrypted

B Nios Il Source License

— Available Upon Request On Case-By-Case Basis
— Included With Purchase Of Nios Il ASIC License

Copyright © 2005 Altera Corporation ®
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Quartus Il Basic Training

Quartus |l Development System
Feature Overview
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Software & Development Tools

B Quartus Il

— All Stratix, Cyclone & Hardcopy Devices

— APEX Il, APEX 20K/E/C, Excalibur, &
Mercury Devices

— FLEX 10K/A/E, ACEX 1K, FLEX 6000
Devices

— MAX Il, MAX 7000S/AE/B, MAX 3000A
QUARTUS'II Devices

B Quartus |l Web Edition

— Free Version

— Not All Features & Devices Included

® See www.altera.com for Feature
Comparison

Copyright © 2005 Altera Corporation ®
9



Quartus |l Development System

M Fully-Integrated Design Tool
— Multiple Design Entry Methods
— Logic Synthesis
— Place & Route
— Simulation
— Timing & Power Analysis
— Device Programming
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Typical PLD Design Flow

esign Specifation)

Design Entry/RTL Coding

= - Behavioral or Structural Description of Design
l RTL Simulation
L

L - Functional Simulation (Modelsim®, Quartus II)

- LJ

M “rir| Verify Logic Model & Data Flow

(No Timing Delays)

M512 Synthesis
I— E ‘s - Translate Design into Device Specific Primitives
- Optimization to Meet Required Area & Performance Constraints
M4K - Precision Synthesis, Synplify/Synplify Pro, Design Compiler FPGA,
. P - Quartus I
(D
Place & Route
- Map Primitives to Specific Locations inside

Target Technology with Reference to Area &
Performance Constraints
- Specify Routing Resources to Be Used

Copyright © 2005 Altera Corporation ®
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Typical PLD Design Flow

Timing Analysis
- Verify Performance Specifications Were Met
- Static Timing Analysis

\

s oror

\

Gate Level Simulation
- Timing Simulation
- Verify Design Will Work in Target Technology

SignalTap®

PC Board Simulation & Test
- Simulate Board Design
- Program & Test Device on Board
- Use SignalTap Il for Debugging

Copyright © 2005 Altera Corporation
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Design Entry Methods

W Quartus | | Ao e
— Text EditOI‘ LFei\I/eeI Party Netlist File
® AHDL
® VHDL
® Verilog
— Schematic Editor m bsf | | tdf || vhd || vhd, v,
® Block Diagram File vgm
® Graphic Design File Fe e Fe e e o Text
— Memory Editor | | | | | | |
: I\H/IIIEFX Generated withiln Quartus I 'mportg%zcigqofsrd'Party
m 3"9-Party EDA Tools
— EDIF
— HDL
- VQM

B Mixing & Matching Design Files Allowed
Copyright © 2005 Altera Corporation AIIE%A o
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Quartus Il Basic Training

Quartus Il Quick Start
LAB1

Copyright © 2005 Altera Corporation




Objectives

M Create a project using the New Project
Wizard

B Name the project
B Add design files
M Pick a device

Copyright © 2005 Altera Corporation ®
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Step 1 (Setup Project for QII5 1)

Under File, Select New Project Wizard....
A new window appears. If an Introduction
screen appears, click Next.

4 Quartas I New Froject Wizarnd: Introduction

0T Edit Yiew Project Asignments Pocessng Tools Wmdow Help

The Mew Praject Wizard helps pou create a new project and preliminary project settings,
including the following:

# Froject name and directory
3 #  Mame of the top-level design entity
i Compile Your First *  Pioject files and libraries

. = *  Taiget device family and device
SLAE ST * DA tool sethings

| (2% Open Project Cte]
Convert MAX+PLUS IT Projest

4 riex-4
See What You Can Do =
With Low-Cost & | FPi Seminar Software Project

MAX Il CPLDS Repister Now You_ can qhange the_settings for an eHist_ing project and zpecify additional pmin_ec:t-wide
T e = settings with the Settings command [Bssianments menul. You can uze the warious
Version 4.2 pages of the Settings dialog box to add functionality to the project.

http://www.altera.com

Cureate { Update »

Convert Programming Files...

[ Don't show me thig introduction agaire

Recent Files » L e

Jack ‘ Mext = | Finizh HiE

Copyright © 2005 Altera Corporation AIEIE%A ®
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Step 2 (Setup Project for QII5 1)

Page 1 of the wizard should be completed with the following

working directory for this project | <o install_directory> \Dsp_7_segment)

name of project Dsp_7 segment
top-level design entity Dsp_7 segment
=l

Hew P'I-:-jr:ﬁ Wizard: Divects

“wihat iz the warking directon faor thiz project?

[5:\Ds_7_segment L] Copy “state_machine.v’ and past in
‘What iz the name of this project? DS 7 S e m e n t

I Disp_7_seqment _l p - g

‘what is the name of the_tnp-lev_el design_ entity for _this prniect? Thiz name iz caze sensitive .

Ia;:pr_n;i:::nc::tmatch the entity name in the design file. _l Cl I C k N eXt tO advan Ce tO th e

Project Wizard: Add Files [page 2 of 5].

Uze Exizting Project Settings ...

<Back | West> | FEmsh | EmE |

Copyright © 2005 Altera Corporation ®
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Step 3 (Setup Project for QII5 1)

Using the browse button, select state_machine.v

Add to the project. Click Next.

Wew Project Wizand : J'gd. Filez [page 2

Select the design files vou want to include in the project. Click Add All to add all design files

in the project directory to the project. Mote: you can alwayzs add dezign files to the project

later.

File name: Add |
File name | Type Add A |
state_machineg. v Werlog H...

Eemove |
Braperties |
Up |
{BLalte] |

Specify the path names of any non-default librares. Izer Libranies. ..

2 Back Wext = Finizh HaiH

Copyright © 2005 Altera Corporation
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Step 4 (Setup Project for QII5 1)

On page 3, select Stratix as the Family. Also, in the Filters section,
set Package to FBFA, Pin count to 780, and Speed grade to 5.

Select the EP1S25F780C5 device from
the Available devices: window. Click Next.

Wew Project Wizard : Family & T

Select the family and device pou want o target for compilation.

Earnily: Ctratix j

— Target device
" Auto device zelected by the Fitter from the ‘Available devices' list
{* Specific device selected in ‘tvailable devices' izt
Awailable devices: Fil
EP1525B672C7 I N i
EP1S25FE72CE Package:  |&ny =l
EF1525FE72C7 ,
EP1S25FE72I7 Pingount.  fany =
EF1525FE72C8
EF1525F780C5 J Speed rade:  [Any =
EF1525F7B0CE :
EP1525E TR Core voltage: 1,54 .
EF15S25F 70007 v Show Advanced Devices
EF1525F1020C5
EF1525F1020CE r Lompanion device
EF1525F102016 : -
EP1525F1020C7 Hamdtopyll [
EF1525FE7 206 HARDCOPY_FPGA_PROTO 7 Lirrit DER & Fak to HardZam Il
EP1525FE72C7_HARDCORY_FPGA_PROTO h] Limi{DS P, olerdCopy
FP15ANRS5RCR ;I
<Back | Net> |  Finish Hrid

Copyright © 2005 Altera Corporation
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Step 5 (Setup Project for QII5 1)

On page 4 , you can specify any third party EDA tools you may be using
along with Quartus Il. Since these exercises will be done entirely within

Quartus Il, click Next.

Wew Project Wizard: EDA Taool Settings [page 4 of 5]

Specify the ather EDA tools - in addition ta the Quartus || software -- uzed with the project.

[ ED& design entry / I j
.......................................... I ot available

[T EDd simulation toal: I j
I bl anvailatile

[ ED& timing analysis tool: I j
I} 1t available

< Back | Mext = I Finizh | Hrif |

Copyright © 2005 Altera Corporation
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Step 6 (Setup Project for QII5 1)

The summary screen appears as shown. Click Finish.

The project is now created.

Wewe Project Wizard : S x|
“When pou click Finizh, the project will be created with the following settings:
Froject directony:
D:/%F 2 Training/zam_test/Dsp_7_segment/
Praoject name: Dzp ¥ _zeament
Top-level design entity: Dizp ¥ _zegment
Murmnber of file: added: 1
Murmnber of uger libraries added: 0
Device assignments:
Farmly name: Stratix
Device: EF1525F FE0CE
EDA tools:
Design entrydsunthesiz: <Mones
Simulation; <Mones
Timing analysiz: ¢Mones
< Back Ment = Finish Bl |

Copyright © 2005 Altera Corporation
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Quartus |l Basic Training

Quartus Il Quick Start
LAB2
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Objectives

B Create a counter using the MegaWizard
Plug-in Manager

B Build a design using the schematic editor

B Analyze and elaborate the design to check
for errors

Copyright © 2005 Altera Corporation ®
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Step 1 create schematic file

Select File = New and select Block Diagram/Schematic File. Click OK.
Select File = Save As and save the file as
<lab_install directory>\Dsp 7 segment\ Dsp_7 segment.bdf

Device Design Files | Software Files | Other Files I

AHDL File

Block, Diagram, S chematic File
EDIF File

SOPC Builder System

Werilog HOL File

WHOL File

(] I Cancel

Copyright © 2005 Altera Corporation ®
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Step 2 Build an 23 bits counter using the MegaWizard Plug-in Manager

1.Choose Tools = MegaWizard Plug-In Manager. In the window that appears,
select Create a new custom megafunction variation. Click on Next.
2.0n page 2a of the MegaWizard expand the arithmetic folder and select

LPM_COUNTER.

3.Choose Verilog HDL output For the name of the output file, type timer_1s.

Click on Next

Which megafunchion would you like to customize?
Select a megafunction from the list below

-] Installed Plug-Ins =
2] Altera SOPC Builder
B arthmetic
-1 ALTACCUMULATE
-1 ALTFP_aDD_SUB
=10 ALTFP_MULT
-] ALTMEMMULT
=] ALTMULT_ACCUM [MALC)
w1 BLTMULT_aDD
7| ALTSORT

~[2] LPM_ABS

-7 LPM_aDD_SUB
7] LPM_COMPARE
-[7 LPM_COUNTER
-7 LPM_DIVIDE
7] LPM_MULT

s PARALLEL_ADD
7] ARM-Based Excalbur
o838 Communications
- DSP

]--ﬁ gates

- /0

A Interfaces j

o O O e W e R

x|

‘wihich device family will you be IS[[a[iH 'l
uzing?

“Which bwpe of output file do pou want to create?
" AHDL

" WHDL

i+ ‘erlog HOL

"What name do vou want for the output file? Browse...

| D:\Dap 7 _segmentstimer_Ta

[~ Retun ta thiz page far anather create aperation

Maote: To compile a project successfully in the Quartus Il software,
wour design files must be in the project directory, in the global user
libranies specified in the Options dialog box (Tools menu), or & user
libram specified it the User Libraries page of the Settings dialag
box [Assighments men).

Your current user libram directaries are:

Cancel | <Eack| Mest > | Eirizh |

Copyright © 2005 Altera Corporation
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Step 3

1. Set the output bus to 27 bits. For the remaining settings in this window,
use the defaults that appear .. Select next

2. .Turn on “Modulus , with a count modulus of “and key in 79999999

3. Select finish

How wide should the ‘o' output bus be?

Wwhat should the counter direction be?
£+ Up only

up counte
{» clock

I = Down anly
" Create an ‘updown' input port to allow me to do bath

I counts up; O counts down]

&5 -

bits

Resource Estimate

27 Iut

Documentation... Cancel | < Back | Mext > I FEinish |

od Plug-In b

= Plain binary

—hich type of counter do vou want?

& Maodulus, with a count modulus of ISSSSS

tirner 1a

up couniter|
clocknedulus 79999999

[~ Clock Enable
[~ Count Enable

o[26..0]

— Do pou want any optional additional ports?

I~ Camyin
I~ Camy-out

Copyright © 2005 Altera Corporation
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Flug-In

Resource Estimate

46 Iut Documentation... |

Cancel | < Back | Hest > | Finizh I

X
W[%en the ‘Finish' button is pressed, the Megawizard Plug-In Manager
will create the checked files in the following list. Y'ou may chooze ta
include or exclude a file by checking or unchecking its correzsponding
checkbaox, respectively. The state of checkboxes will be remembered
fior the next Mega'wizard Plug-In Manager session.

The Megawizard Plug-ln Manager will create these files in the directon:
C:halterabgalasy_training™

File | Description |
[ crt2dse Wariation file
AHDL Include file

O cht23.cmp WHOL Component declaration file
[ crnt23 bsf Quartus symbal file

O chtd3_inst.v niztantiation template file

[ cnt23_bbow

enilog 'Black Eox' declaration file
Sample waveforms in summary
Sample waveform file(z]

B cnt23_waveforms. html
L CHEZS_wave™ jp

Docurientation... | Cancel | < Back | Tlent = I Finizh |




Step 4

In the Graphic Editor, double-click in the screen so that the Symbol Window
appears. Inside the symbol window, click on |[+]to expand the symbols defined
in the Project folder. Double-click ontimer_1s. Click the

left mouse button to put down the symbol inside the schematic file.. The symbol
for “timer_1s” now appears in the schematic.

ﬁ Dsp_?_l\segmenl.hd[’

o26.0]

[~ Bepeatinsert mode
[~ Insert spmbal as block
[~ Launch Megatwizard Plugn
Mega'wizard Plugdn Manager...
ok I Cancel
Copyright © 2005 Altera Corporation ®
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Step 5

1. From the File menu, open the file state_machine.v

2. From the File menu, go the Create/Update menu option and select
Create Symbol Files for Current File. Click Yes to save changes
to Dsp_7 segment.bdf.

3. Once Quartus Il is finished creating the symbol, click OK. Close the
state_machine.v file

4. Inthe Graphic Editor, double-click in the screen so that the Symbol
Window appears again. Double-click on state_machine in the
Project folder. Click OK... The symbol for state_machine now
appears in the schematic.

Copyright © 2005 Altera Corporation ®
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Step 6 Add Pins to the Design

For each of the pins listed in left Table , you must insert

Input Output | 4 1in and change its name

ks x|

sys clk | 7 _out[6..0]

reset Digl

1. To place pins in the schematic file, go to Edit = Insert = Symbol OR
double-click in any empty location of the Graphic Editor.

2. Browse to libraries = primitives = pin folder. Double-click on input
or output Hint: To insert multiple pins select Repeat Insert Mode.

3. Torename the pins double-click on the pin name after it has been
inserted.

4. Type the name in the Pin name(s) field and Click OK

Copyright © 2005 Altera Corporation ®
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Step 7 Connect the Pins and Blocks in the Schematic

1.

Copyright © 2005 Altera Corporation

30

In the left hand tool bar click on%_1 button to draw a wire and ._.l. button to draw a bus.
Another way to draw wires and busses is to place the cursor next to the port of any
symbol. When you do this, the wire or bus tool will automatically appear.

Connect all of the pins and blocks as shown in the figure below

?\}s::::::::::::::::::::::::::::::::::::::::::::::::::pani..m.t.&.r Yame]l | .
Clliiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiit o s
................................................... =

................................................... 32

...................... tirmer 1= P o

B up eourter]  F ... .. ... =4
- =yE_clk — clockmodulus 79999009) - [oE

...................... q[zﬁ . D]

L LLnoooin e machine T Ll

................... o out_7[6.0] i e T3 00 oo

.. ireset D_IE}EET reset | R e e e e e

....................... inst1




Step 8 Save and check the schematic

=

Click on the Save button in the toolbar ® to save the schematic.

2. From the Project menu, select Add/Remove Files in Project.
Click on the browse button to make sure the Dsp_7 segment.bdf,
timer_1s and state_machine are added to the project.

3. From the Processing menu, select Start = Start Analysis & Elaboration.

Analysis and elaboration checks that all the design files are present and
connections have been made correctly.
4. Click OK when analysis and elaboration is completed

Copyright © 2005 Altera Corporation ®
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Quartus |l Basic Training

Quartus Il Quick Start
WA K
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Objectives

B Pin assignment

®m Perform full compilation Build a design
using the schematic editor

B How to Download programming file

Copyright © 2005 Altera Corporation ®
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Step 1

1. Choose Assignments = Assignment editor.
2. From the View menu, select Show All Know Pin Names.
3. Please click Pin in Category

To Location I/ Bank I/ Skandard aeneral Function

1 LWTTL
2 7 out[0] LYTTL
3 P 7 _out1] LYTTL
4 L7 out[2] LYTTL
5 P 7 _out[3] LYTTL
& P 7 _out[4] LYTTL
7 7 out[5] LYTTL
g O 7_out]s] LYTTL
9 = reset LYTTL
10 Eesys clk LWTTL
11 CEMEW = =l

Copyright © 2005 Altera Corporation
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Step 2

Pls install DSP Development Kit Stratix edtion CD

Open ds_stratix_dsp_bd.pdf from C:\megacore\stratix_dsp_kit-v1.1.0\Doc
3. Check clk , pushbotton and seven segment display pin location from
ds_stratix_dsp_bd.pdf

Key your pin number in location

Click on the Save button in the toolbar &

From Assignments, select Device. Click Device & Pin options. Click
Unused pins .Select As input tri-stated from Reserve all unused pins
7. From the Processing menu, select Start Compilation

N =

o 01 A

To Location
1 L 7 auk[0] PIM_L1S
Z L2 7 ouk[1] PIM_D24
3 L2 7 _ouk[Z] PIM_LZ23
4 L 7 ouk[ 3] PIM_L24
5 L2 7 ouk[4] PIM_L22
G L2 7_ouk[5] PIM_LZ20O
7 L 7 ouk[a] PIM_L19
5 L= resek PIM_F=4
= = sws clk PIM K17
10 I 7 _ouk

. ________________________________________m —
Copyright © 2005 Altera Corporation ®
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Step 3

1. From the Tools menu, select programmer

2. Click on Add File. Select Dsp_7 _segment.sof.

3. Check Hardware Setup. Select your download cable on
Currently selected hardware(ByteBlasterll)

4. Select JTAG from Mode

2 Hardware s.gtup___| | USE-Blaster [USB-0]

Mode: 1745

Progress: Hardware Settings | TTAG Settings |

I- Enable real-time ISP fo allow background programumang (for MAX IT devices) Select a programming hardware zetup to use when programming devices. This programming

hardware setup applies only to the current programmer window,
. . Frogram/
ﬂ“ Stark | File Device Checksum I zercode Configure e Currently selected hardware; |USB-BIaster [USE-0] j
it 5 top | Dsp ¥_segment.sof EP1525F730 O02BC2E7 FFFFFFFF — il [rerdlene Dem:
Hardware | Server | Port | Add Hardware... |

ek At Detect | USB-Blaster Local USE-D

ButeBlasterll Lacal LPT1 Eemaove Hardware |
> Delete |
2 Add File. . |
1" Chanage File... |

B szv=File.. | e

2 Add Device. . |
o Al |

Copyright © 2005 Altera Corporation ®
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Step 4

1. Turn on Program/configure. Or see figure below
2. Click Start
3. See 7-segment status

L. Hardware getup__l | USE-Blaster [USE-O] Mode: [JTAG

[~ Enable rﬁa\a\l—ﬁm& [2F to allow background programming (for MAX I devices)

j Progress: o

2

s i
Wi St |Fi|e Device Checksum Usercode Egﬁ{;&?g Werify Elk?:gk

ml Siop | Dizp_7_segment.sof EP1525F 780 002BROEY FFFFFFFF
ﬂlﬂ Auto Detect |
> Delete |
& addFie |
T Change File... |
B saveFie.. |
(8 Add Device.. |
£y |
‘nﬂ Davar |
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Thank You
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