Introduction and the
architecture of FPGA




Evolution of Integrated Circuits

< 1960 individual transistors

1960s — 1970s:
— SSI, MSI, LSI (10,000 transistors)

m 1980s:

—  Programmable Logic Devices (PLAs, PALS)
— 16-bit, 32-bit processors (> 1,000,000 transistors)

m 1990s:

— Full custom chips

— Gate arrays (semi-custom chips)
— Field-Programmable Gate Arrays
-~ > 100,000,000 transistors

First transistor,
Patented 1964

m 2010: > 1,000,000,000 transistors

— Intel Quad-core Itanium (2 billion)

— v
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Intel 14004 (1971) Intel 1486 (1988)

2,300 transistors 1.2 million transistors

Core2 Duo
(2006)

55 million transistors 291 million transistors

— v
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Stratix IV GX FPGA

2.5 billion transistors
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Why Teach Students about FPGAs?

m Field-Programmable Gate Arrays are

programmable hardware chips
— Can be used to implement any digital hardware circuit

m Digital hardware is found is almost all modern

products

— Consumer produces, like audio and video players
— Telephone and television equipment

— Cars, airplanes, trains

— Medical equipment, and industrial control

m FPGAs are ... everywhere

© 2011 Altera Corporation—Confidential AEE% ]
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Industries that use FPGAS

Consumer Test, Communications  Military & Industrial
Automotive Measurement Broadcast !
' & Medical

© 2011 Altera Corporation—Confidential
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Traditional FPGA Applications

© 2011 Altera Corporation—Confidential
7



Altera FPGA Applications
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Consumer Applications

Consumer Music
Handheld

Media Players

LCD, Plasma
Displays/TVs Camcorders

— v
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What are FPGAs and why should we
use them?
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FPGA

m Field Programmable Gate Array

— A large set of programmable logic elements
— Connected with programmable switches

m FPGA: re-programmable hardware

© 2011 Altera Corporation—Confidential
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FPGA Architecture: Logic Element

m Lookup table (LUT) implements any 4-input logic

function

In e
In 5 ——
In 3 —

In4 N

4-LUT

Select

Flip-flop

ji Out

Clock

— Actual LE is significantly more complex
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FPGA Architecture

IO cells
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Stratix IV GX (more than 10 million gates)
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Digital Signal Processing
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General I/O

Programmable
/O
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Clock Management

L_il.-i

=] [EE i e Delay
i il B i g é " Locked

Boode é 5 -.igﬂ e {_ : Loops
L aeiiimaE cne i % ks BE A = LR = e (DLLs)
. i |

I e L Phase
= e B R R S L L e Locked

: L | = Loops
=1 (PLLs)
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Serial Interfaces
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Introducing Arria Il GX FPGAs

= High functionality

— Optimized logic, memory, and digital signal processing
(DSP) ratios for 3-Gbps applications

— Up to 16 transceivers @ 3.75 Gbps
m Lowest power 3-Gbps FPGA

— 40-nm process with 0.9V core voltage
— <100 mW per transceiver channel
— Integrated power optimization tool
m Design with ease
— Built-in PCI Express hard IP
— Single design environment

— Jump-start design with protocol IP packs, reference
designs and development kits

Lowest power, cost optimized for 3 Gbps

/AYO[S RYAN,
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Arria Il GX Family

Fauiv Transcelver PClEXpress Mgcr)rfglry Makiliors LVDS 10
Channels® Blocks MBits (1)
EP2AGX20 16K 4 1 0.98 56 48 4
EP2AGX30 27K 4 1 1.6 144 48 4
EP2AGX45 45K 8 1 3.4 228 56 4
EP2AGX65 63K 8 1 5.2 312 56 4
EP2AGX95 94K 12 1 6.7 448 64 6
EP2AGX125 @ 124K 12 1 8.1 576 64 6
EP2AGX190 | 190K 16 1 9.9 656 96 6
EP2AGX260 @ 256K 16 1 11.8 736 96 6

Notes:
1) Number of transceiver channels and LVDS 1/O determined by packaging.
2) Maximum LVDS I/O denotes channels with built-in SERDES (up to 1 Gbps). See Handbook for details.
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Arria ll GX Transceiver Block Architecture

m Up to 4 transceiver blocks
m Left side of device only

m Dynamic reconfiguration support

N

MUl [el1es

Transceiver Channel 3
m
ﬁ q

Transceiver Channel 2

h

ﬁ
Transceiver Channel 1

h

ﬁ

Transceiver Channel O

M oeno

-
ﬁ

TX0 & RXO0

CCU = Clock Control Unit; CMU = Clock Management Unit
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/

N
Jransceiver Block GXBL1
-

Channel3

Channel2

Channeli

Channel0

/
/
) Transceiver Block GXBLO

Channel3

Channel2

Channel1

Channel0

Arria Il GX device
with 8 transceiver
channels (2
transceiver blocks)




Why use FPGAS?

m Problem:

— Create an application to process a lot of data quickly
- How?

m Alternatives:

— Processor?
® [Easy to write code, low performance, power hungry
— Gate Array (ASIC)?

® Very high performance, low power, very hard to design,
expensive to manufacture

— Field-Programmable Gate Array?

® no manufacturing needed (just program), easier to design for than
ASIC, high performance, lower power than a processor

© 2011 Altera Corporation—Confidential AEE% ]
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Increasing Chip Development Cost

45 7

Design /
Verification
& Layout

Total Development Cost (M$)

Software

Test & Product
Engineering
Masks & Wafers

0.18 pm 0.15pum  0.13 pm 90 nm 65 nm 45 nm
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Getting a Product Out

© 2011 Altera Corporation—Confidential
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Quartus Il CAD Tools

/ANO[S YA\

Arria 1l GX

Yes

No




Quartus Il Design Flow

Timing
Constraints

Placement and

Routing Timing and
Power Analyzer

/NETERVA
cianem | Optimized Design M
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Design Flow: Quartus Il

SOPC Builder

From Concept to System in Minutes

Synthesis Placement
3rd Party & Routing

or Altera

© 2011 Altera Corporation—Confidential
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Physical Timing &

Synthesis

Assembler

Power
Analysis




Teaching with Altera CAD Tools and
Educational Platform
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Altera Quartus Il CAD Tools

7/ Begin: Write Control
always @ (posedge wrbusy_int)
7/ Begin: lirite Control
always 8 (posedge wrbusy_int)

7/ Begin: lirite Control
always 8 (posedge wrbusy_int)
begin
write0 <= 1'b1;
writel <= 1'0;
writex <= 1'0;
end

always § (negedge wrbusy_int)
begin
write0 <= 1°b0;

always 8 (posedge write0_done)
begin
writel <= 1'b1;

CAD USB Cable

Host
Computer

© 2011 Altera Corporation—Confidential
28




How Students can use an FPGA

m Create design

— Schematic, or Hardware Description Language (Verilog HDL,
VHDL)

m Compile with FPGA CAD tools

= Simulate, debug

m Program into an FPGA lab board

m If a processor Is included, write application code
m Test, debug

© 2011 Altera Corporation—Confidential AEE% ]
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Teaching Materials Needed

m FPGA lab board

— with all the right pedagogical features

m CAD tools — Quartus Il

— with tutorials to learn how to use the software

m Lab experiments

— that fit into a modern curriculum
— that cover the fundamentals and are fun/challenging/interesting

© 2011 Altera Corporation—Confidential AEE% ]
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Developing Teaching Materials

m Materials that help with teaching Digital Logic
and Computer Organization

m \What is our approach?

— Examine the material covered in a course

— Create exercises that enhance student learning
® Creative and Interesting examples

® Progressive learning
— Build knowledge base with easy examples first
— Extend examples to allow students to enhance their understanding

m Materials are designed for our Educational
Boards (DE2/DE1)

© 2011 Altera Corporation—Confidential
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DE?2
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|deal for undergraduate courses

— Adopted in many Universities around
the World

Cyclone Il 35/70 FPGA
— 35k or 70k LUTs

— More space than undergraduate
students need for their projects

User interface
— Switches
— 7-segment displays
— LEDs
— 16 x 2 Character LCD Display

Advanced peripherals
—  Memory (SRAM, SDRAM, Flash)
- USB
— Video/Audio in/out
— Ethernet
— SD Card slot



DE1

© 2011 Altera Corporation—Confidential
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Great for undergraduate courses
— For student budget, so they can buy

one for personal use

Cyclone Il 20 FPGA
~ 20k LUTs

User interface
— Switches
— 7-segment displays
— LEDs

Advanced peripherals
— memory
- USB
— Video/Audio in/out
— Ethernet
— SD Card slot



Digital Logic Excecises
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Outline

m Creating projects in Quartus Il

m Targeting a project for a DE2 Board

m Downloading a circuit onto a DE2 board
m Compiling and debugging

/AYO[S RYAN,



Step 1: Start Quartus Il

File Edit Wiew Project Assignments Processing Tools  Window Help

[Dsdd |8t eels o Ak-ees cl> w0 r|e|®njo]
Project Mavigator . x

Entity

Compilation Hierarchy

/NETERA,
QUARTUS 11

sion 8.0

_Hierarch}ll Files | ¥ Diesign Units |

Tasks
Flov: | Full Design

Task & Time & fal
[Z Start Project
B dvisors

B Azzembler [Generate programming files)
Timeluest Timing Analpsiz |

1 : Documentation
Rl ] | >

*| Type IHessage I
»

% Syslem;{ Processing ,}\ Exira |nfo }\_Igfi}\ Wwharhing ,}\ Critical \ arning }. Errar ..}\ Suppressed ,}\_Ilag_f

élMessage: _tJi“Location: ﬂ Locate |

[EwEe® | Idie | w4

— v
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Step 2: Create a New Project

2]

&, Quartus Il

HICHW Edit  View Project  Assignments Processing  Tools  Window  Help

2., ChrlHM

O w
& open... Chr+0

i ‘roject Wizard, ..
Open Project... ke
Conver| £ MAR+PLUS IT Project, ..

Create | Update

Conwvert Programming Files...

Recent Files
Recent Projects

Exit ale+F4

»

lTime@ |J_\

L

TH - B TITE I LIeaT TG e asis
£
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m Click File Menu

m Select New Project
Wizard

m This will open a new
window where project
Information can be
specified



Project Name and Directory

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

YWwhat iz the working directory far thiz project?
]D:HEDurseHDigital Logichsimple

YWwhat iz the name of thiz project?

Isimple _]

YWhat iz the name of the top-level design entity for this project’? This name iz caze senzitive and must
exactly match the entity name in the deszian file.

Jsimple _]

|ze Exizting Project Settings ..

| Mest = | Finizh Cancel

3
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Add Source Files to Project

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

Select the degign files pou want bo include in the project. Click Add Al to add all design files in the
project directary to the project. Mote: you can always add dezign files to the project later.

File name: __] Add

File name | Type | Library | Design entry/s Add Al
simple. v Yerlog HDL File 4'

< | »

Specify the path names of any non-default ibraries. Iser Libraries. .

< Back | Mest » | Finizh Cancel
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Specify FPGA Device

m Select the FPGA device

on the board

— Cyclone Il Family
For DE2 — EP2C35F672C6
For DE1 — EP2C20F484C7

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

Device family

Farmily:

&
I £

| Cyclane |1

— Target device
™ Auta device selected by the Fitter

* Specific device selected in Available devices' st

Avallable devices:

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

Show in ‘Avallable device! list

Package: Any -
Fin count; Ay hd
Speed grade: | Any -

¥ Show advanced devices

j_,.

M arne Core v.. ] LEz Uzerls.. | Memor... | Embed... | PLL -~
EP2C20F25ECY 1.2 18752 152 239E1E B2 4
EP2C20F25ECE 1.9 18752 152 239816 B2 4
EP2C20F25E3 1.9 18762 152 239E1E B2 4
EP2C20F434CE 1.2 18752 315 J39E1E 52 4
EP2C20F484L7 1.2 18752 7395 B2 4
EP2C20F424CH 1.2v 18752 145 239816 B2 4
EP2C20F434(8 1.2 18752 K1 239E1E B2 4
EP2C200240C8 1.2 18752 142 Z39E1E B2 4 3
COOATARCAQATT 1 A a0 a7 A0 AN 7N A -
>
[
< Back | Ment » | Finizh | Cancel |
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Additional EDA Tools

m Specify Tools, in addition
to Quartus Il, that you will
use

m These are unnecessary

for small student designs
— Leave all entries as <None>
— Press Next

© 2011 Altera Corporation—Confidential
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Mew Project Wizard: EDA Tool Settings [page 4 of 5]

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

Design Entry/Synthesis

Tool narne: | FTTPES

F | |
I oy
Simulation -
Tool narme: |<Nl:|r'|E> ﬂ
| =l
- Timing &nalyziz -
T ool narme: |<Nl:|r'|E> LI
=l

< Back | Mest > | Finizh I Cancel |
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New Project Summary

Mew Project Wizard: Summary [page 5 of 5]

When pau click Finizh, the project will be created with the fallowing settings:

Froject directany:

D /Courze/Digital Logic/simple

Praoject name: zimple
T op-level design entity: gimple
MHumber of files added: 1

Mumber of user libraries added: 0

Device aszignments:

Family name: Cyclone ||

Device: EF2C20F484C7F
EDA tools:

Deszign entndspnthesiz: <Monex

Simulation: <Mone:

Timing analysiz: <Monex

Operating conditions:
Core voltage: 1.2
Junction temperature range; 085 °C

< Back [ et | Finizh | Cancel
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Simple Project

SW[0] — Input
KEY[0] — Reset_N 8-bit Shift Register
KEY[1] — Clock

|
& & ¢ 5 e e e

LEDG[7] LEDGI[O]
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Step 3: Open Source File

Quartus |l - D:/Course/Digital Logic/simple/simple - simple - [simple.v]

@ File Edit “iew Project Assignments Processing Tools  Window Help = | &
N Ve - : 7, i, - [ 5
DEFE@ S| & L@ |0 o sime M s @REe T »rWr B |8 A e
EEDIECENEIORtor £ aF-.'."-\c simple.¥ l @' Cormpilation Repart - Flaw Suramary l
Entity | Logic Cell | -
Cuyclone |l: EFZC20F484C7 @ 1 Emwmodule simple (3W, KEY, LEDG):; ~
AR ik | P be
T ebc simpleE@ B8l = 2 / Declare Inputs/Outputs of the module */
- - & 3 input [1:0] EEY:
Az 4 input [DO:0] 3
il g cutput  [7:0] LEDG;
=]
7 /% Declare shift register| hits and local wires */
g redg [7:0] shift reg bits:
9 wire clock, reset n:
10
A 11 £* Connect inputs to wires. This wakes the code easier to read. %/
&1 kd % 1z assign clock = EEY[0O] :
_HierarchyJFilesJﬂDesign UnitsJ -f/'>‘ 12 sestgnnresetang SRR
Toehe e % 15 A% Code describing the behaviour of the shift register. */
Elai |C0mpilati0n _'_J 15 alwaysl (posedge clock or negedge reset_nj
] 17 o= hegin
Tazk[d =, 15 if (~reset n)
«" B P Compile Design 13 shift reg bits <= §'d0;
ol : - P [Analysic & Synthesig ) = Els?
v P Fitter [Place & Raoute) [zer 2 begin ; ; ; ;
v P Ksantior [Generaté pp— | 268 22 shift reg bits[7:1] <= shift reg bits[6:0];
—— |:| 4 b 23 shift reg hits[0] <= SW[O]:
v > CIassw_:TlmmgAnal}fs_w ) 24 e g z2
_" ED.:’-‘« Ne_t!ist_Wliter =5 end
@ Program Device [Open Programme — 26
27 A% lasign Circuit Outputs */
= 28 assign LEDG = shift reg bits:
Ce R 29 endmodule w
b & | < >
2 Type |Hessage ~
j,) Info: Quartus II Full Compilation was successful. 0 errors, 429 warnings e
a £ | >
% ”S_l,_Jstem.[M.].A_Pm_cesgiqg (56] A..E.:-:.tlfalnf_o .}\ Infa [50] .}\ ‘wiarning (] .}'\ Critical YW arning .}\ Error 1}\ Suppressed [B] I}\Flag j‘

§|Message: 0 of 532 _] J | eatior _J Locate

Faor Help, press F1 Ln 7, Col 30 hel & |dle
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Step 4: Assign Pins to connect switches/lights
to inputs and outputs of your circuit

m Click Assignments, then
Import Assignments...

m Import file
— DEL1_pin_assignments.csv

= Imports locations for
predefined port names,
such as SW, LEDG, KEY,
and others

— Can be done manually for
custom port names

© 2011 Altera Corporation—Confidential
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F‘ru:ujeu:t Mavigatar

“Hierarch_l,lj Filez _E

&, Quartus Il - D:/Course/Digital Logic/simplefsimple - simple

File Edit Wiew Project BEERG =S Processing Tools Window  Help

D@L a | e | e

| '-T? Pins

G;-é’ Timing Analysis Settings. .,

E nitity
Cyclone Il: EP2C20F4 29 EDA Tool Settings...
b ab2 simple 'E'EE | & Settings...

Ctrl+Shift+E

Classic Timing Analyzer Wizard. .,

(& Assignment Editor  ChrH-Shift+A
|58 Pin Planner Chrl+Shift-+M

Remove Assignments. ..

¢ | { h’ Back-Annotake Assignments., .,

Impork Assignments. ..

Export Assignrments. ..

Tasks Assignment (Time) Groups. .
Flo: | Compilation

| % Timing Closure Eloorplan

Tazk
E:EE B Compile D {Q LogicLock Regions Window — Alk+L
ornpile Ded
v B '}mamiéﬁlil Design Partitions Window  Alt+D

v G- e Fitter [Place & Route)




Step 5: Compile Design

Timing &
Power
Analysis

: Placement

Assembler
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Step 6: Examine Compilation Report

uartus Il - D:/Course/Digital Logic/simple/simple - simple - [Compilation Report - Flow Summary]

@File Edit View Project Assignments Processing Tools  Window Help

DekHdg & -

| |simple

M ee@BS O

P (GO R

Praject Navigator i @ Compilation Beport - Flow Summary
ol ] £agciel =5 Compilation Report Flow Summary
Epdpnell ERRCO0RABEE | S Legal Netice i
e 202 gimple ﬁE@ |E 18] &5EE Flow Summary
SHEB Flow Settings
5B Flow Mon-Default Global Settic
BB Flow Elapsed Time Flowe Status Successful - Mon Jul 2015:03:23 2009
5B Flow 05 Summary Quartus 1l Werzion 9.0 Build 235 06/17/2009 SF 2 5J wieb Edition
S B Flow Log Rewvision Name zimple
(+-&EH] Analysis & Synthesis Top-level Ertity Mame simple
& ém Fitter Farnily Cyclone Il
&= 2| = = Assembler Dievice EP2C20F424C7
_Hierarch_l,J ‘ Files I & Dezign Units ] i &30 Timing Analyzer Timing Madels Firal
ket timing requirements Yes
Jesks s Tetal logic elements B/18.752(<1%]
Flow: | Compiltion El Total combinational functions 0/ 18.752 (0 %)
Taskd Dedicated logic registers BA18782[«<1%]
”’. = p Campile Design Tatal registers a
w B Analysis & Synthesis Tatal pins 143153 %)
v P Fitter [Flace & Route] Total virtual pins o
' P Azzembler (Generate progranr Total memory bits 07239816 0%)
o W Classic Timing &nalpsis Embedded Muliplier 3-bit elements  0/52[0% )]
i B EDA Netlst Wirter ) Total FLLs 0/4(0%)
@ F'mgram Device [_I:I_pen Proglamme
| 2|2 | &
*| Type |Message ~
[ i) Info: Configuring dewvice index 1
E’,) Info: Device 1 contains JTAG ID code 0x0Z0B30DD
i) Info: Configuration succeeded -- 1 dewice(s) configured
j,) Info: Successfully performed operationi(s) I
é’) Info: Ended Programmer operation at Mon Jul 20 15:03:33 2009 -

System (8) A, Processing[56] 4, Ewtralnfo A Info(S0) A Waming (6] J, Crical Waming f, Emor f Suppressed (8]} Flag /

i
(=}
3
é JMessage: Dof g

Far Help, press F1
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Step 7: Program the DE1 Board

W Quartus Il - D:/Course/Digital Logic/simplefsimple - simple - [simple.cdf] E]|E|[g|
Filz Edit Wiindow

Processing  Tools

é

Hardware Setup.. ‘ USE-Blaster [USB-0]

Maode: |ITAG _1] Progress:
I Enable realtime ISP ta allow background programming [for M | devices)
P Start ‘ File Device Check.sum IJzercode EFDDngflirgaLl:é Werify EE:;Q E =amine SEEEM"" Eraze EIEEF'
‘ zimple. zof EPZC20F484 00 EB146C FFFFFFFF ] [l ] ] L] L]

ﬁﬂ Auto Detect ‘

s Add File... ‘

& Add Device... |

For Help, press F1
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Step 8: See your design work on the board

m Reset the shift register using KEY[1]
m SW[O] is the input to the shift register
m Press the KEY]O0] to clock the circuit

SW[0] — Input
KEY[1] —{ Reset_N 8-bit Shift Register
KEY[0] — Clock

© 2011 Altera Corporation—Confidential Alm @
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Next Example

m Open the Digital Logic Directory
m Go into stopper subdirectory

m Double-click on stopper.gpf to open an existing
project

© 2011 Altera Corporation—Confidential



Example 2. Stopper

m Shift the contents of a register once every

second
— The circuit is clocked using a 50MHz clock

m Press KEY]O0] to start or stop the shift register

— FSM examines if the key was pressed

m Purpose:
— Look at FSM implementation in Quartus Il
— Finite State Machine Viewer

© 2011 Altera Corporation—Confidential
51



Circuit Diagram

KEY[O]

FSM

Clock | )
Fast L Slow enable
Divider 10-bit Shift Register

Clock Clock
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Step 1. Open Stopper Project

abi File Edit Miew Project  Assignments  Processing  Tools  MWindow  Help

w
NeHd 2 +BR |« |stopper M 2@ T P B k&% ae
Project Mavigator e aﬁc stopper.¥ l

E nitity |

Cyclone |I: EFZ2C20F434C7

_Hierarch}lj Files J g Design UnitsJ

Tasks

.

Flow: |Eu:um|:uilatinn

£l

Tazk &

El I_:u['ljpile De&ign
- B Analysis & Synthesis

- Fitter [Place & Route]

W8 Clseit T Arslysie
- EDA Metlist \writer

& =@ @ |E v

- F Azzembler [_G enerate pragranr

.F'ru:ugrarﬁ Device [Open Programme

1
2
3
4
5
1]
=
g
]

10

Emwodule stopper (CLOCE_ 50, EEY, LEDR):

input CLOCE =0:
input [1:0] KEY:
output [9:0] LEDE:;

reg [9:0] shift reg:

reg [20:0] counter:;

redg oo

wire reset_n, enable, toggle go;

S Glue logic #/F
assign reset n = EE¥[1]:
assign enable =& counter:

/% Control F3M */

pulse F3M F3M(.Clock (CLOCE 50), .Resetn(reset n),

.0_pulse(togyle go)j:

alwayz [ (pozedge CLOCE 50 or negedge reset n)
begin
if (~reset_n])
begin
go <= 1'kh0;
counter <= 21'd0;
shift reg <= 10'dl;
end
else
begin
counter <= counter + 1'bi;

. i_pulse [~KEY[0O]),

© 2011 Altera Corporation—Confidential

53



Step 2: Compile and Program

m Compile the design
m Program the design onto the DEZ2 board

m How does it work?

— Press KEY][O] to start/stop the circuit
— Press KEY[1] to reset the circuit
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Step 3: Examine the FSM Source Code

tal Logic/stopperfstopper - stopper - [pulse_F5M.v]

Far Help, press F1

Ln 34, Col 20

% B de ;

a\'E:C File Edit Wiew Project Assignments Processing  Tools  Window  Help
bzl g & 2 || stopper RS LA R R AR A SRR PR 7
FiEiEEEhasato; 2 a@c stopper.wv ] {.E;c pulse FSM.v ]
1  Emwmodule pulse F3M (Clock, Resetn, i _pulse, o pulse): ”~
= & input Clock, Resetn, 1 _pulsze;
&h 3 output reg o_pulse;
an 4 reg [1:0] v Q, ¥ DI: // present and next state variable
o 5 paremetsr SO = 0, S1 = 1, 52 = 2
[
7 always B(y_Q, i_pul=se)
g = begin: state table
S = case (v _Q)
10 S0 if (i_pul=se)
A 11 ¥ D= 51;
% 1z elae
i 13 = ni #4 wait for incowing pulse to start
4 14 S = #/ one clock cycle delay to produce out
;" 15 a2 if (i pul=se)
16 = £4 wait for incomwing pulse to end
Lm 17 else
= 13 ¥ D = 50;
Hierarch_l,lJFiIesJ@DesignUnit&J . 19 default: T D o= 2'bxu;
@ zZ0 endease
Tasks S = 21 end // sState table
Flow: |FuIIDesign j | 56k 22
T Gl N, o
’ ’ - = begin: state_outputs
B (] Start Project | 2o case (y_0Q)
[ Advisors — 26 s0: o_pulse = 1'b0;
# [C] Create Design 27 31: o_pulse = 1'bl:; // one-clock-cycle output pulse
] Assign Conshraints = 28 ga: o_pulse = 1'b0O;
= m Compile Design -Z 29 default: o_pulse = 1'hu;
- - Analysis & Synthesis 2 ShHpase
¥ Fiter [Place & Faute] - SRR AR
P Assembler [enerate programming f 33 always [ (posedge Clock)
-» Classic.:_Timing.t’-.\nalysis 34 if {(Resetn == 1'h0} // synchronous clear
B B EDA Metlist 'w/riter 35 v 0 <= S0;
@ Pragram Device [Open Programmer) 36 else
Bl =9 Verify Design 37 v Q<= T _D; 1
Fli2 Sirnulata Nasinn b 38 endmodule v
£ - b2 < >
| |Message: J ;H J oA
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Step 4. FSM Viewer

m Open the FSM
Viewer

Click Tools

Expand Netlist
Viewers

Click State
Machine Viewer
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&, Quartus Il - D:/Course/Digital Logicistopperfstopper - stopper

File Edit VYiew Project Assignments Processing

iEndES Ywindow  Help

[DSE@ (&S| em|o -

Project Mavigakor

ol
Lo

b0 stopper. v

x Hierarchy | Filesl o Design Unit$J

Tasks

Flow: | Full Design

Task &

7 Start Project

] Advisors

—- e e R -

Run EDA Sirmulation Toal

PBEG T O

Run EDA Timing Analysis Tool
Launch Design Space Explorer

(T} TimeQuest Timing Analyzer

advisors

@ Zhip Planner (Floorplan and Chip Editar)
@ Design Partition Planner

Metlist Wiewers

71, signalTap II Logic Analyzer

echnology Map Viewer (Post-Mappinig)
= In-System Memory Content Editor
echnology Map Viewer
=] Logic Analyzer Inkerface Editor

8, In-3wstem Sources and Probes Editor
SignalProbe Pins...

@ Programmer

\ Megawizard Plug-In Manager. ..
#2 SOPC Builder
Tcl Scripts. ..

Cuskamize. ..
Options. ..

License Setup...




Examine State Machine

Quartus |l - D:/Course/Digital Logic/stopperdstopper - stopper - [State Machine Viewer | pulse_ FSM:FSM |y _Q]

& File Edit “isw Project  Assignments Processing  Tools  Window  Help -
Ledd & | <) o | |stapper @B T ren e k&8 4 e
Prcojaect Navigator . x abﬁc S — ] a@c pulse_FSM.v 1 @ Compilation Frepart - Flow Sur... ] € State Machine Viewer | ... l
Files = : = -
550 e oY State Machine: | Istopperlpulse_FSM:FSMly_Q e
f.abg stoppery -
] [ %
i
&
Hierarch_l,lJ FiIesJ & Disign Lrits Source State | Diestination State | . E?ndltlon ]
- 1] so |50 | [_pulse] + [i_pulze].IResetn)|
Tasks . x 2| 50 151 | i_pulse). (Resetn]
Flows: |FuIIDesign L] 3] 51 |50 | IR esetn)
4] =1 |52 |[Resetn] .
LA Bt Ctred & B2 50 | ipulss) + L_pulse] (Resstr
sl 6| 52 |52 fi_pulse] (Fesstn)
CI Adwizors — - -
L1 Crealte Design
] CI .A.ssign_ C.-.:!nst.raints
v B P Compile Design B
g e Analysis & Synthesis =
v P il {Pldce & Ride)
v_’ D‘ Aissembler (Generate programming fi
o - Classic Timing Analysis
) - B EDA Metlist "Writer
A Program Device (Open Frogrammer)
B 3 VeifyDesin .
F1.22 Cirndate Nesian ¥
= ! ¥ Transitions / Encoding /
o ]Message: Duof 614 | ¥ i | _acatiot __J _acate
JFar Help, press F1 hem o | Idle o |
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Next Example

m Open the Digital Logic Directory
m Go Into seg_shift subdirectory

m Double-click on seg_shift.gpf to open an
existing project

/AYO[S RYAN,



Example 3: Segment Shifter

m Combine a few shift registers and a few
iInstances of the FSM from Example 2

m Circuit will scroll lights left/right, both on lights
and on 7-Segment displays

m Purpose:
— Look at building larger circuits
— RTL Viewer

© 2011 Altera Corporation—Confidential



Step 1: Open seg_shift Project

tus Il - D:fCourse/Digital Logic/seg_shift/sep shift - sep_shift - [seg_shift.v]

«‘J@C File Edit Wiew Project Assignments Processing Tools  Window Help ] T
D@ & & =R o o sen shit R, @EBG D> Wr D |k 8 4@
P'rojéct Mavigator e ox E@c seqg__shift.y ]
Entity ]
Cyclone |Il: EP2C20F48... @ 52 // these FSMs are used to produce a one-clock-oyole pulse when a KEY is pressed o
S —— .1_?@ | 53 pulse F3M fast F3M (CLOCE 50, EKEY[O], ~EEY[1], fast):
& 54 pulse FSM slow FSM (CLOCK 50, KEY[O], ~KEY[Z], slow);
an 5
a: 5h // a large counter to produce an approx .25 second delay
; 57 always B (posedge CLOCK 50)
55 slom_count <= slow_count + 1'bil;
5z
&0 /¢ 3hift register to bhe used as a wask for upper counter bits. Initialized to
51 S4 10000000, which represents the second-slowvest shifring speed.
A 62 shift_rot_lr U mask_sri(3'blo0, ~KEY[O0], (fast | slow), CLOCE_50, fast, slow, fast, 1'b0, mask]:
% 63 defparam U mask sr. .M = 5;
54 assign LEDG = mask; // thiz assignmwent places mwask[7:0] onto LEDG [0:7]
% 65
g& 56 /4 z is 1 when the counter hits 0. Upper counter bits may be masked
HierarchyJFiIes]@DesignUnits 67 assign z = ~|{(~mask & slow _count[M-1:M-8]),slow_count[M-5:0]};
@ 1= /¢ shifr register connected to red LEDs
Tasks lax o =] shift rot 1r U LED sr(3'b100, ~KEY[O], =, CLOCE 50, 3W[0], 3W[1], SW[2], ~(8W[Z] | SW[31), LELER
Flaw: |C0mpilati0n _:_J 70 /4 shift register connected to 7-seg displays. Initialized to display 3-Segment pattern
@ 71 shift rot lr U HEX sr(3'b11l, ~KEY[0], =z, CLOCE S50, SW[O], 3W[1], SW[Z], ~(SW[Z] | SW[3]), HEX
Taskl [Timed [ = 72 defparam U_HEE sr.M = 20;
= B Compile Design | |56 73 -7
T Analyzis & Synthesis | b 74 hex pattern h3 (HEX sr[19:15], HEX3):
[*:3 P Fitter [Flace & Route] it defparsm hi3.PATTEEN = 0:
e AssemEier-[.G.enera.te programming files]| | 76 hex_pattern hZ (HEX sr[14:10], HEX2]:
p— z o T — 77 defparam hiZ.PATTEEN = 1
> E!a_ss!ngm!ng.i_\nalym_S T L 78 hex pattern hl (HEX sr[9:5] HEX1):
- B EDA Netlst Witer = = i Tl s g
W Frogram Device (Open Programmer) . L« 50 hex_pattern hD (HEX sr[4:0], HEXO);
ok 21 defparsm hO.PATTERN = 1;
g2 endmodule L.
G3
54 i
£ =) < | >
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Step 2: Compile and Program

m Compile the design
m Program the design onto the DEZ2 board

m How does it work?

— Press KEY]O] to reset the circuit

— SWIO] to shift right, SW[1] to shift left
® If SWJ[2] is high 1's are shifted into the register
e If SW[3] is high O’s are shifted into the register

— Press KEY[1] to speed up the circuit and KEY[2] to slow it down
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Step 3: See the Circuit in RTL Viewer

m Startthe RTL
Viewer

— Click Tools

— Expand the
Netlist Viewers
list

— Click RTL
Viewer
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Qua [} D eflngital Log pg

File Edit Wiew Project Assignments  Processing

window  Help

s T |

Dl & s

Project Mavigataor

=9 Files

4 pulse FSM.v

qbd zen shiftw
f g shift_rot_ry

E....Eb,-: hex_pattern.v

Fun ED Simulation Tool

PBRG DR D

Run EDA Timing Analysis Tool
E Launch Design Space Explorer

ﬂ) TimeQuest Timing Analyzer

Advisors

@' Chip Planner (Floorplan and Chip Editar)
@ Design Partition Planner

Metlisk Wigwers

e oignalTap II Logic Analvzer
echnaology Map viewer (Post-Mapping)
wm In-Svstem Memory Content Editor

echnology Map Wiewer

B Logic Analyzer Interface Editor

7 In-Swstem Sources and Probes Editor
SignalProbe Pins. .,

@ Prograrmrner

iy Hierarchy | B Filss | 8P Dasign UnitsJ

Tasks

Flows: lFuII Design

\ MegaWizard Plug-In Manager..,
£5) 50PC Builder
Tcl Scripts. ..

Task[

(1 Start Project

] Advizors

Custaornize. ..
Options...

License Sebup, ..

/AYO[S RYAN,



Examine the Circuit

& RTL Viewer l @ Compilation Report - Flove Surnmary
Hierarchiy = Fage Title: | zeg_shift FPage: | 10t ﬂ
Fa= Hierarchy Lisk
s ||E (= seq_shift g 1
@\ +- 8 Instances — b
+-TF Primitives
@ +--= Pins
+ =g Meks
@ iy : o 1 e [pm—
4 = = =
e —I —F :
#4 — I .
EE 3+ S
= B
i el ] S ——1
-5 -
5 -
.
1> m— | e
—

Hierarchy List ,-';_F £

%
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SignalTap || Embedded Logic Analyzer

m A soft logic analyzer

— Instantiate as a module in your
design

m Connects to the board on
which a design is running

m Collects data when a
trigger event occurs

m Displays data on your
computer

m How does it work?
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&' Quartus Il - D:/Course/Migital Logic/signaltap/signaltap - signaltap

File Edit View Project Assignments Processing BEEES Window Help

D= g &
F‘rajéci: Naviéafar
Entity |

Cyclone |l EF2C35FET2CE

qbd signaltap

_Hierarch_l,l J FiIesJ ! Design Lnits

Tasks

Flow: | Full Design

Tazk[&

[ Start Project

I:l Advisors.

I:"i .E.r.é.a'té Ijesign

: [:l ; :é;s.s.iﬁntoﬁstr.aints
v; = h' _EﬁﬁmpiléDesign

e s

]

Run EDA Simulation Tool 4

Fun EDA Timing Analysis Tool

| E Launch Design Space Exploret

= Cf} TimeCQuesk Timing Analyzer

Advisors 4

@' Chip Planner {Floorplan and Chip Editar)
@ Design Partition Planner

Metlist Viewers 4

s In-Syskem Memory Conkent Editor
=] Logic Analyzer Interface Editor

13 In-3ystem Sources and Probes Editor

SignalProbe Pins. ..

. @ Programmer

\ Megawizard Plug-In Manager. ..

5 SOPC Builder

Tl Scripts. ..

Cuskomize. ..
Options..,

License Setup...
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SignalTap Il Operation

Fle Gt Vew Projed Frocessng Took Window

@ saio 9 L0 g
IratarceMarnger. " %) B ] [Flesdy®o scoue ] % | JTND Chain Configasion:  [ITAT ready @
It | Stwus | eEe5w|  Memene 1792 WS 2MLAR: BT I
Ot

F T P T Ee— e =TT
<

g 20030 20130 33 91

s [ = I=

WETI]

i

uwauil
B

BHEE
alm

<
LT =L

USB-Blaster
cable

KEY[O]
KEY[1]

Clock

FPGA
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Setup SignalTap Il

I Quartus |1 - D:/Course/Migital Logic/signaltap/signaltap - signaltap - [stp1.stp*]

File Edit Wiew Project Processing Tools  Window

"@ | "iig ko B iAdd nodes to the currentinstancj
Instance Manager: bﬁ% AN i.ﬂdd nodes ba the curent inzt

Instance I Status I LEz: (]

'IE‘ auto_signaltap_ 0 Mat running 0 celld 5B-Blaster [I3B-0] L’ Fetup... |
bevice: | @1: EP2C35 (0402084000 | 5can Chain |
2! SOF Manager: @g; 1] I B

TAG Chain Configuration: lJT.-’-‘AG ready @ ®

5] i’

(s

auto_signattap_0 Signal Configuration: x
Hode Data Enable |Trigger LOCK &0 =
Tvpe IAIias l Hame [] =
Double-click to add nodes
« Sample depth: |128 vI R type: [0 -
[~ Segmented; |2 54 sampl j
— Trigoer
Trigger flowe control: ISequentiaI _VJ
Trigger position: I,E Pre trigger position _Vi i
Trigger conditions: I'I _'j
I Trigger in ]
Source: I _|
_____ = FPatterm I M’ Carm "'i ;j
E Data |@ Setup
Hierarchy Display: X | [ Datalog B 2
IE‘ auto_signaltap 0

J_E_Lauto_signaltap_ﬂ
fFor Help, press F1 |7|_ |N_UI\T |_ ’él

— v
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Adding signals

I Quartus Il - D:/CourseiDigital Logic/signaltap/signaltap - signaltap

- [stp1.stp]

File Edit Yiew Project Processing  Toal

s Window

=M

Instance Manager:

. 1Pr0gram the device to continue _J @

e )

& Al

x

| JTAG Chain Configuration;

JITAG ready

E Data @ Setup

Hierarchy Display:
| =D signaltap

IEI auto_signaltap 0
Insert a new node o bus
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Add State Machine Modes. .,
Recreate State Machine Mnemanics. ..

Locake

rMnemonic Table Setup...

Align Left
Align Right

Bus Display Formak

Instance | Status | LE=537|  Meman: 1792 M5 2 MLAE: 040 | MK MIK: 1/10 |
@ auto_signaltap_0 Mat running 537 cells 1792 bits 0 blocks 1 block | Hardware: | LI3B-Blaster [USE-0] _'_| Setup..
Device: ] @1: EP2C35 [0x020B4000D) :_J Scan Chain
8 5 iJ SIOF Manager: sl ] B
| trigger: 2009001 /20 10:30:33 #0 | " &llow all changes | | Signal Configuration: X
Hode Data Enable | Trigger Enable [Trigger Conditions || CK_B0 EI =
Type |Alias Hame 14 14 1 F] Basic _Lj Select Al Chrl+d
s SHEYID) W~ ¥ Z | Find... Chrl+F [
" KEY[1] = Ird 2 Find Mext Fs pth: 128 Rak type; |20 i
| enable v. i 3 . ==
= & l_ E hted: ] 8. 1 sam _J
= [#- LEDG I3 e wrh
= lpsa -3 il § qualifier-
h"d 4 i '7 - I - f Add Modes with Plug-In 4 I &= Continuous —J
o peC v 3 = J




Recompile Project

m For changes to take effect
recompile project

. Flow Status Succeszzful - Tue Jan 20 10:25:56 2009
O | d (uartus |1 Yersion 2.0 Build 215 05/23/2002 5J Full Werzion
. n Ce re CO m p I e ] Revizion Name signaltap
- Tap-level Entity W ame signaltap
down |Oad It tO the board Farmnily Cyclone Il
Dievice EF2C3BFET2CE
Timing Models Final
ket timing requirements ez
] ] . Tatal lagic elements B/ 33216 2%
N . T h I I Total combinational functions 368 £ 33,216 (1 %
. Ote " e CI rC u It WI be Dedicated logic registers 44 A 336 (1 %)
Total regizters 454
larger than before e
. Tatal wirtual pins 14
— Memory IS used to store Takal memery bits 1,792/ 483.840 (< 1 %)
Embedded Multiplier 3-bit elementz 0/ 700 %]
CathI'Ed data Tatal PLLs 0/4[0%]
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Setup Event Trigger

B Quartus Il - D:/Course/Digital Logic/signaltap/signaltap - signaltap - [stp1.stp*]
File Edit Wiew Projed

|nstance kanager:

x | JTAG Chain Configuration: ;JT;‘-\G ready

Instance | Memary: 1792 | ME12 MLAR: 0/0 M4 |
|£| auto_signaltap_0 Mat running 037 cells 1792 bitz 0 blocks Hardvare: 1 LI5B-Blaster [USE-0] _v_i Setup...
Device: 1 @1: EPZC35 [0x020B4000) :_j Scan Chain
< | E ﬂ SOF Manager: ,ﬁ_k I B
| trigger: 200901720 10:24:59 #1 ié‘.ﬁ.llow all changes L] : Signal Configuration: x|
Hode Data Enable | Trigger Enable [Trigger Conditio... : Clack: jELDEK 50 B _“_|
Type |Alias Hame 14 14 1¥ |Basic - -
= | KE¥TO] F | [ ' == ~Data _
1 KEYT1] ¥ | Ird g Sample depth; (128 = | Rak tppe: |50 T ]
| enable v : v 3
= : 2 I E [ Segmented: ] 1281 sample segmerts _1
= &- LEDG ~ _ W ¥ith _
= |ps.a oo ¥ == :
. s - Trigger - 1
= psC [ [ = I Don't Care Trigger flow contral: JSequentlaI _f_j
: 2= B ow . )
_ Falling Edge Trigger position: ]f-“':E Pre tigger positian Lj —
{ Rising Edge Trigger conditions: ]‘l _:__1
1 High

¥ Either Edge

3 Dats :.:@..._S_E.‘EF!_I
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Trigger the event and Analyze the results

I Quartus Il - D:/Course/Digital Logic/signaltap/signaltap - signaltap - [stp1.stp*]

File Edit ‘iew Project Processing Tools  Window

[ % = B[Fes e EEIEEIE

Instance Manager: "Q LA jFleau:I_l,l to acquire @ X | JTAG Chain Configuration: IJTAG ready @ b4
Instance | Status | LEx537|  Memon: 1792 ] bE12 MLAE: 0/0 | b4 | '
|£| auta_ signalap 0 Mok rning 537 cells 1792 hits 0 blocks Hardware: 1 LIS B-Blaster [USE-0] l] Setup...

Device: 1@1:EF’2C35[D:-:DEDB¢1IJDD] _v_] Scar Chair
¢ 3 ﬂ SOF Manager: 2 J B

| log: 20090120 10030033 #1 I click to insert time bar

g
&

KEY[0] I
| KEY[1] IN
enableﬂ \
| B LEDG | 01h = 0zh
- '

Alias Hame 5 -4 Z -2 -1 0 1 2 3 4 5 & 7|

ips B |

AT

psC : |

{ }

Bl Data [ See |
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Summary

m Learned how to
— Use Quartus Il CAD Software
— Compile projects in Quartus Il
— Target design onto DE2 board
— View results of compilation
— Use SignalTapll

m Where do we go from here?
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Concluding Remarks
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