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Course Outline - 1
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@ Altera Device Families
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@ Design Implementation
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« Functional Simulation
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€ Summary & Getting Help




Introduction to PLD

e |
Standard Logid asic |
PLlD | GateArray | |Cell-Based IC| [Full Custom IC|
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PLD  : Programmable Logic Device

SPLD : Small/Simple Programmable Logic Device
CPLD : Complex Programmable Logic Device
FPGA : Field Programmable Gate Array




Main Features
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@ Field-programmable

€ Reprogrammable

@ In-circuit design verification
€ Rapid prototyping

@ Fast time-to-market

@ No IC-test & NRE cost

€ H/W emulation instead of S/W simulatior
€ Good software
¢ .




Programmability

€ Why programmable? Why reprogrammable?
* Logic is implemented by programming the “configuration memory”
* Various configuration memory technologies
— One-Time Programmable: anti-fuse, EPROM
— Reprogrammable: EPROM, EEPROM, Flash & SRAM

configuratio
n
memory




Programmable Combinational

Logic

<
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Product Term-based Building Block
* 2-level logic
* High fan-in

configuratio
n

-
C
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Look-up Table-based Building Block
* 4 to 5 inputs, fine grain architecture
* ROM-like




Programmable Register
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* Typical register controls: clock, enable, preset/clear, ...




Programmable Interconnect

logic cells

¥

logic cells

Yy

logic cells

\AJ

logic cells
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witching switching—

element element [—
logic block

witching switching—

element element —

Typical routing resources: switching elements, local/global lines, clock buffers...




Programmable 1/0

output
P /

/
/ select Vee
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! Q: input select
CLR / pull-down
control
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Typical I/O controls: direction, I/O registers, 3-state, slew rate, ...
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Field-Programmability I

R-
€ Why filed-programmable? oot

* You can verify your designs at any time by configuring the FPGA/CPLD devices on
board via the download cable or hardware programmer

download cable

i

output display




Rapid Prototyping

H H . Design
® Reduce system prototyping time : Fetaits
* You can see the “real” things v
— In-circuit design verification Detailed
Design

* Quick delivery instead of IC manufacture
* No test development, no re-spin potential (i.e. no NRE cost)
« Satisfied for educational purposes

@ Fast time-to-market - o
0. Design, simulation, & compilation

1. Downloading configuration bitstream

—>{ Prototyping

3. Obtaining output data ¢
4. Analysis

2. Entering input da

Products

FPGA/CPLD is on the board!




Software Environment

@ Various design entries and interfaces
+ HDL: Verilog, VHDL, ABEL, ...
* Graphic: Viewlogic, OrCAD, Cadence, ...

@ Primitives & macrofunctions provided
* Primitive gates, arithmetic modules, flip-flops, counters, I/O elements, ...

€ Constraint-driven compilation/implementation
* Logic fitting, partition, placement & routing (P&R)

€ Simulation netlist generation
* Functional simulation & timing simulation netlist extraction

€ Programmer/download program




FPGA/CPLD Benefits

Full-Custom Cell-Based Gate Arrays High-

ICs ICs Density
PLDS
Speed VA v v
Integration Density R \ v v
High-Volume device cost VA v v
Low-volume device cost \ \
VA
Time to Market v
Risk Reduction v
Future Modification v
Development Tool v v v v
v
Educational Purpose
.......... A
\  Good
V' Excellent
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Altera & CIC A
@ Altera
* One of the world leaders in high-performance & high-density PLDs & associated
CAE tools

* Supports university program in Taiwan via CIC

€ From CIC, you can apply:
* Altera software - it’s free for educational purpose!
F"PC: MAX+PLUS Il (full design environment)

- WS: MAX+PLUS Il (full design environment)
Synopsys interface (Cadence & Viewlogic interfaces are optional)

Altera hardware -

University Program Design Laboratory Package (since 9709):
* UP1 Education Board
* ByteBlaster download cable
* Student Edition Software

Of course, CIC is responsible for technical supports
WWW: http://www.cic.edu.tw/chip_design/design_intr/altera/
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Altera Device Families

MAX

MAX 7000B
MAX 7000AE
MAX 7000S
MAX 9000A

FLEX

FLEX 10KE
FLEX 10KA
FLEX 10K
FLEX 6000
FLEX 8000

APEX

APEX 20K
APEX 20KE

Usable Gates




Altera Device Families

@ Altera offers 7 device families

Reconfigurabl  Logic Cell  Usable/Typica

2:::??; e Flement Structure | Gates Family Members
Classic EPROM SOP 200 ~ 900 EP610, 910, 1810
MAX 5000 EPROM SOP 800 ~ 3,200 EPM5032, 064, 128, 130, 192

MAX 7000/E/S EEPROM SOP 600 ~5,000  EPM7032/V/S, 064/S, 096/S,
EPM7128E/S, 160E/S, 192E/S, 256E/S

FLEX 6000()  SRAM LUT 10,000 ~ 24,000 EPF6016/A, 024A

FLEX 8000A SRAM LUT 2,500 ~ 16,000 EPF8282A, 452A, 636A, 820A, 1188A, 1500A
MAX 9000/A)  EEPROM SOP 6,000 ~ 12,000 EPM9320/A, 400/A, 480/A, 560/A

FLEX 10K/A/B) SRAM LUT 10,000 ~ 100,000 EPF10K10/A, 20/A, 30/A, 40/A, 50/VIA,

EPF10K70/V/A, 100/A, 130/VIA, 250A

Note:
(1) Not all devices are currently available.
(2) Altera plans to ship new MAX7000A family in the near future.

\_




Device Part Numbers

& EPM7128STC100-7

EPM =
« T7128S
T =
C =
« 100 =
7 =

Family Signature (Erasable Programmable MAX device)
Device type (128 = number of macrocells)

Package type (L = PLCC, T=TQFP..))

Operating temperature (Commercial, Industrial)

Pin count (number of pins on the package)

Speed Grade in nsec

Suffix may follow speed grade (for special device features)

€ Another Example:
+ EPM7064SLC44-5

— EPM7064S in a commercial-temp, 44 pin PLCC package with a 5 ns speed

grade




MAX & FLEX Architectures _,,
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MAX & FLEX Architectures _,,

€ Choose the appropriate architecture

« Different PLD architectures provide different performance & capacity results for
same application

Feature Arcrl:lilt?cfture ArcE:;Ec):(tu re
Basic Building Blockourse Grain Fine Grain
Logic Cell StructuréSOP LUT
Technology EEPROM SRAM
Optimization Combinational-Intensive Logic Register-Intensive, Arithmetic Functions

e.g. Large Decoders, State Machinesg.g. Adders, Comparators, Counters, ...




MAX 7000 Families

@ Today’s MAX 7000 family members
« Basic version: for low-density members
- EPM7032/V, 7064, 7096
« E-version: enhanced architecture, for higher-density members
— EPM7128E, 7160E, 7192E, 7256E

« New S-version: enhanced architecture with ISP capability
— EPM7032S, 7064S, 7096S, 7128S, 7160S, 71925, 72565




MAX 7000 Devices

Device MCs Gates Speed Grade Package Options 1/0 Pins
EPM7032 32 600 -5-6,-7,-10-12-15  PLCC44, TQFP44 36
EPM7032v 32 600 -12,-15,-20 PLCC44, TQFP44 36
EPM7064 64 1250 -6,-7,-10,-12,-15 PLCC44/68/84, PQFP100, TQFP44 36,52,68
EPM7096 9% 1,800 -7,-10,-12,-15 PLCC68/84, PQFP100 52,64,76
EPM7128E 128 2500 -7,-10,-10P,-12,-15,-20 PLCC84, PQFP100/160 68,84,100
EPM7160E 160 3,200 -10,-10P,-12,-15,-20 PLCC84, PQFP100/160 64,84,100
EPM7192E 192 3,750 -12,-12P,-15,-20 PQFP160, PGA160 124
EPM7256E 256 5,000 -12,-12P,-15,-20 PQFP160, PGA192, RQFP208 132,164
EPM7032S 32 600 -5,-6,-7,-10 PLCC44, TQFP44 36
EPM7064S 64 1250 -6,-7,-10 PLCC44/84, PQFP100, TQFP44/100 36,52,68
EPM7096S 9 1,800 -6,-7,-10 PLCC84, PQFP100, TQFP100 52,64,76
EPM7128S 128 2500 -7,-10,-15 PLCC84, PQFP100/160, TQFP100  68,84,100
EPM7160S 160 3,200 -7,-10,-15 PLCC84, PQFP100/160, TQFP100  64,84,104
EPM7192S 192 3,750 -7,-10,-15 PQFP160 124
EPM7256S 256 5,000 -7,-10,-12-15 PQFP160, RQFP208 132,164




MAX 7000 Features

€ MAX 7000 main features...

EEPROM-based devices based on Altera’s MAX architecture
32 ~ 256 macrocells
600 ~ 5,000 usable gates
Programmable flip-flops with individual clear, preset & clock enable controls
Configurable expander allowing up to 32 product terms per macrocell
Programmable power-saving mode in each macrocell
Programmable security bit
PCl-compliant -5, -6, -7, -10P, -12P speed grades
3.3-V or 5-V operation
— Full 3.3-V EPM7032V
— 3.3-V or 5-V |/O on all devices except 44-pin devices




MAX 7000E/S Features

€ MAX 7000E (12smcs and up) enhanced features...

More output enable control signals & more global clocking capabilities
Fast input registers

Programmable output slew-rate control

More interconnect resources

€ MAX 7000S enhanced features

Enhanced architecture for all family members

Open-drain output option for each 1/0 pin

In-system programmability (ISP) via standard JTAG interface

Built-in JTAG boundary-scan test circuitry in EPM7128S or larger devices

ClockBoost circuitry: a phase-locked loop(PLL) circuit which provides a clock
multiplier

PCl-compliant -5, -6, -7, -10 speed grades
Pin-, function- & programming file-compatible with all MAX 7000/E devices




MAX 7000 Architecture
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MAX 7000E/S Architecture
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MAX 7000 Macrocell
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MAX 7000E/S Macrocell
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Shareable Expanders
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Parallel Expanders
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MAX 7000 1I/0O Control Block
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MAX 7000E/S 1/0 Control Block

PIA

6 Global Output Enables

i

to Other I/O Pins é d?i
/_ GND
from MC . _ILf\
Open-Drain Output (MAX 70008 only)
Fast Input to Slew-Rate Control

MC Register

to PIA <




MAX 7000/E/S PIA
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MAX Vertical Migration

Tavfes 44-pPin | 44-pin 48-Pin 84-Pin 1.00-F_’in 100-Pin | 144-Pin | 168-Pin | 208-Pin 2_56-I?in
0.8-mm PLCC FineLine TQFP TQFP | 0.8-mm PQFP FineLine
PLCC | TQFP
BGA BGA™ BGA BGA
EPM7032
EPM7064
EPM7128
EPM7256

EPM7512




MAX 7000/E/S Device
Programming

€ Program the device with external hardware
* Use Altera hardware programmer

— MAX 7000/E/S devices can be programmed on PCs with an Altera Logic
Programmer card, the Master Programming Unit (MPU), and the appropriate
device adapter

— You can test the programmed device in Altera’s software environment
* Usr the universal programmer

— Many programming hardware manufacturers-oroavide programming support for
Altera MAX 7000/E/S devices

¢ MAX 7000S ISP

programmer & adap




What’s ISP?

@ ISP: In-System Programming

* ISP allows devices to be mounted on a PCB before they are programmed

— Offers quick and efficient design iterations
— Eliminates package handling

el
é L
Mount Unprogrammed Program In-System

* Eliminates handling of devices * Allows generic end-product
* Prevents bent leads inventory
* Specific test protocol or
algorithm can be
programmed during
manufacturing or test flow

Reprogramm in the Field

* No need to return system
for upgrades

* Add enhancements
quickly & easily




MAX 70008 ISP =

¢ MAX 7000S ISP

« MAX 7000S devices can be programmed through 4-pin JTAG interface

— By downloading the information via automatic test equipment, embedded
processors, or Altera BitBlaster/ByteBlaster download cable

« MAX7000S internally generates 12.0-V programming voltage

* Refer to Altera’s Application Brief & Application Note for details
— AB145 : Designing for In-System Programmability in MAX 7000S Devices
— ANO039: JTAG Boundary-Scan Testing in Altera Devices




Summary of MAX features

Advanced /O
Standard Support

0.8mm BGA Packages

FineLine BGA Packages
Jam STAPL

Enhanced ISP
Feature Set

MultiVolt 1/0

PCI

MAX 7000S MAX 7000A  MAX 7000B




FLEX 8000A Family

@ Today’s FLEX 8000A family members

Device Gates LEs FFs Speed Grade Package Options I/O Pins
EPF8282A 2,500 208 282 -2,-3,-4  PLCC84, TQFP100 68,78
EPF8282AV 2,500 208 282 4 TQFP100 68,78
EPF8452A 4,000 336 452  -2,-3,-4  PLCC84, TQFP100, PQFP160, PGA160 68,120
EPF8636A 6,000 504 636 -2,-3,-4 PLCC84, PQFP160/208, PGA192 68,118,136
EPF8820A 8,000 672 820 -2,-3,-4  TQFP144, PQFP160/208, PGA192, BGA225 120,152
EPFSI188A 12,000 1,008 1,188  -2,-3,-4  PQFP208/240, PGA232 148,184
EPF81500A 16,000 1,296 1,500  -2,-3,-4  PQFP240, PGA280, RQFP304 181,208




FLEX 8000A Features

€ FLEX 8000A main features...
« SRAM-based devices based on Altera’s FLEX architecture
« 282 ~ 1,500 registers
« 2,500 ~ 16,000 usable gates
* Programmable flip-flops with individual clear & preset controls
* Dedicated carry chain & cascade chain
« FastTrack continuous routing structure
 Programmable output slew-rate control
« Supports in-circuit reconfiguration (ICR)
« JTAG boundary-scan test circuitry
 PCl-compliant -2 speed grade
« 3.3-V or 5-V operation
— Full 3.3-V EPF8282AV
— 3.3-V or 5-V I/O for EPF8636A and larger devices




FLEX 8000A Architecture
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FLEX 8000A Logic Element
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Carry Chains
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OR Cascade Chain

Cascade Chains

AND Cascade Chain
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FLEX 8000A Logic Array Block
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FLEX 8000A FastTrack
Interconnect
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FLEX 8000A I/O Element
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FLEX 8000A Configuration

€ Configuration schemes & data source

* Refer to Altera’s Application Notes for details
— ANO033: Configuring FLEX 8000 Devices
— ANO38: Configuring Multiple FLEX 8000 Devices

Configuration Scheme Data Source
AS  (Active Serial) Serial configuration EPROM
APU (Active Parallel Up) Parallel EPROM
APD (Active Parallel Down) Parallel EPROM
PS  (Passive Serial) Serial data path (e.g. serial download cable)
PPS (Passive Parallel Synchronous)Intelligent host
PPA (Passive Parallel Asynchronousintelligent host




MAX 9000A
Devices




MAX 9000A KEY FEATURE

€4 MAX 9000A main features...
. devices based on Altera’s MAX architecture
« 320 ~ 560 macrocells
* 6,000 ~ 12,000 usable gates
* Configurable expander allowing up to 32 product terms per macrocell
. continuous routing structure
* | /O registers with clock enable & on all I/O pins
* Programmable
« 5-V ISP through built-in JTAG interface
« 3.3-V or 5-V I/O operation on all devices
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MAX 9000A Family MAX
Feature EPM9320A EPM9400 EPM9560A
Macrocells 320 400 560
Max. # FF 484 580 772
208 RQFP
2%2 TR!_((Q:ISP 84 PLCC 240 RQFP
Packages 280 PGA 208 RQFP 304 RQFP
356 BGA 240 RQFP 280 PGA
356 BGA




MAX 9000 Architecture
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MAX 9000A Logic Array Block
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MAX 9000 FastTrack Interconnect
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MAX 9000 I/0 Cell
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MAX 9000 Device Programming

€ Program the device with external hardware
* Use Altera hardware programmer

— MAX 9000 devices can be programmed on PCs with an Altera Logic
Programmer card, the Master Programming Unit (MPU), and the appropriate
device adapter

— You can test the programmed device in Altera’s software environment
* Use the universal programmer

— Many programming hardware manufacturers provide programming support for
Altera MAX 9000 devices

€ MAX 9000 ISP

programmer & adap




MAX 9000 ISP

€ MAX 9000 ISP

« MAX 9000 devices can be programmed through 4-pin JTAG interface

— By downloading the information via automatic test equipment, embedded
processors, or Altera BitBlaster/ByteBlaster download cable

« MAX 9000 internally generates 12.0-V programming voltage

* Refer to Altera’s Application Brief & Application Note for details
— AB141 : In-System Programmability in MAX 9000 Devices . St
— ANO039: JTAG Boundary-Scan Testing in Altera Devices




MAX Supports Jam STAPL for ISP

€ JEDEC-Approved Open Standard

# Small File Size

@ Faster Programming Times

@ Vendor-Independent

@ Platform-Independent

@ Supports Existing and Future Products

T / e

T~—_ http://www.jamisp.com —

/m




Embedded Programming using Jam

Player

Generating Programming Signals from the Jam File

Jam Player Message
s &
I/0 Functions > [ 5o
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Lo > 1Dl
< 1DO
(Programming
Data & Main Program
Algorithm)
A
\ Y
Extract Compare
Data & Export




MAX Family Slew Rate Control

@ For designs without the above elements (or during
prototype stages), the board may not be able to support
the fast switching outputs of Altera devices

* Faster switching outputs cause higher transient currents in outputs as they
discharge load capacitance

* These higher currents can cause ground bounce (ringing)




€ The magnitude of this ringing is V= L di/dt

 where L is the board inductance and di/dt is the rate of current
* For more information about ground bounce, see AN 75: High-Speed Board

Designs (Data Book)

Ground Bounce

J\,n J
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Programmable Speed/ Power Control

€ MAX devices offer low-power OR high speed operation
through the Turbo Bit logic option

@ Power dissipation can be reduced by 50% or more

@ This is controllable for the entire device OR on a
macrocell by macrocell basis

* The user can have a section of the design operating in high performance
(Turbo Bit = on) and in the same device, other sections may be operating in
low power (Turbo Bit = off)

« MAX 7000 devices: macrocells running at low power (Turbo Bit = off) incur
a delay t 5 (8 ns for -5 speed grade) for the t 5 , tac s tics tacy ten s tsexe
parameters

« MAX 9000 devices: macrocells running at low power (Turbo Bit = off) incur
a delay t p, for the LAB local array delay (t

Iocal)
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FLEX 10K Families

EPF10K10 | EFP10K20 | EFP10K30 | EFP10K40 | EFP10K50 | EFP10K70 | EFP10K100
EPF10K50\ EPF10K130V|

EPF10K10A EPF10K30A EPF10K100 EPF10K2504
Features
Typical 10,000 20,000 30,000 40,000 50,000 70,000 100,000 130,000 | 250,000
Gates
Logic 576 1,152 1,728 2,304 2,880 3,744 4,992 6,656 12,160
Elements
RAM Bits 6.144 12,288 12,288 16,384 20,480 18,432 24,576 32,768 40,960
Registers 720 1,344 1,968 2,576 3,184 4,096 5,392 7,120 12,624
Max. 134 189 246 189 310 358 406 470 470
User

1o




FLEX 10K Features

€ FLEX 10K/A main features...
« SRAM-based devices based on Altera’s FLEX architecture
« Embedded programmable logic family
— Embedded array for implementing RAMs & specialized logic functions
— Logic array for general logic functions
* High density
— 10,000 ~ 100,000 typical gates (logic & RAMs)
— 120 ~ 5,392 registers
— 6,144 ~ 24,576 RAM bits
* Flexible interconnect
— FastTrack continuous routing structure
— Dedicated carry chain & cascade chain
— Up to 6 global clock & 4 global clear signals




FLEX 10K Features _,,

& FLEX 10K main features..

* Powerful I/O pins
— Individual tri-state control for each pin
— Programmable output slew-rate control
— Open-drain option on each I/O pin
— Peripheral register
« System-level features
— Supports in-circuit reconfiguration (ICR)
— JTAG boundary-scan test circuitry
— PCl-compliant -3 speed grade
— 3.3-V or 5-V I/O pins on devices in PGA, BGA & 208-pin QFP packages
— ClockLock & ClockBoost option s, pr1k1006503-30x device only
* Flexible package options
— Pin-compatibility with other FLEX 10K devices in the same packages

* (continued)




Altera 10KE Device

* DESIGNED FOR PCI

* 100-MHz SYSTEM SPEED
* 150-MHz FIFOs

Advanced Process

Generation
Packaging
¢ 1.0-mm FineLine BGA™ Packages
€ Requires Half the Board Area
Minimizes Cost

Afchitecture Evolution

¢ Dual-Port RAM

€ 4-Kbit EAB with x16
Width

PCI-Compliant 1/O




Flex10KE Family Member

Features | EPF10K30E | EPF10K50E | EPF10K100E | EPF10K130E | EPF10K200E
Typical 30,000 50,000 100,000 130,000 200,000
Gates
Logic 1728 2 880 4992 6,656 9,984
Elements
RAMBits | 24576 40 960 49,152 65,536 98,304
Registers 1968 3,184 5,392 7.120 10,448

Max. User /0| 246 310 406 470 470




FLEX 10K Architecture
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What is the EAB?

€ What is the EAB?

Larger block of RAM embedded into the PLD

Can be preloaded with a pattern

EAB size is flexible - 256x8 / 512x4 / 1024x2 | 2048x1
You can combine EABs to create larger blocks

Using RAM does not impact logic capacity

€ EAB as logic

« EAB is preloadable at configuration time
* You can use EAB to create a large lookup table or ROM

« EAB is the same die size of 16 LEs, however, one EAB can perform complex
functions requiring more than 16 LEs

— Example: 4x4 Multiplier (40 LEs, 43MHz) vs. (1 EAB, 73MHz)




FLEX 10K/V/A EAB

1,2,4,8
Data In v 4
RAM/RO Data Out

11,10, 9, 8 2,048 Bits
Address v

€ EAB contains

pL) registers for
_ incoming and
Write i
Enable o.utgomg
signals

In Clock




10KE EAB

Data Out
Data In £ RAM/ROM
; 4,096 Bits
Write Address —Z£
256x16
Write Enable —y) : 512x8 & EAB contains
: 1024x4 registers for
incoming and
outgoing

Read Address signals

Read Enable —%'

Clock 1 —ga'_f
Clock 1 Enable —ﬁ_

Clock 2 ~%j)

Clock 2 Enable —Q_E’ ®




FLEX 10K Logic Element

Carry-In  Cascade-In
Pro?mmab/e Register
DATA1 —9—> /
DATA2 —+—> L(%C;E'lgp Carry | | Cascade le > to FastTrack
DATA3 > (LUT) Chain Chain B > Interconnect
DATA4 T—) —>
> ENA
Lo to LAB Local
L3 Interconnect
LABCTRLI____3| Clear/
LABCTRL2—>| Preset
—>| Logic
Device-Wide Clear
Clock Select
LABCTRL3
LABCTRL4 Y

Carry-Out Cascade-Out




FLEX 10K Register Packing

Carry-In Cascade-In

DATA1 —9
DATA2 —
DATA3
DATA4

LABCTRL1

LABCTRL2—>| Preset
H

Clear/

Logic

Device-Wide Clear

Clock Select

LABCTRL3
LABCTRL4

\

Carry-Out Cascade-Out

mmable Register

to FastTrack
Interconnect

to LAB Local
Interconnect




FLEX 10K Logic Array Block

Dedicated Inputs & Global Signals

Row FastTrack Interconne

LAB local
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FLEX 10K FastTrack Interconnect
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FLEX 10K 1I/0 Element

Device-Wide
vCC .
from One Row or i il Output Disable
QE[7..0] )\
Column Channel )
to Row or Column <
‘hterconnect GND ]
/ l\
15 112 Programmable
Inversion
from Row or Colump VCC \(
— L |
Interconnect — | \
GND

from One Row or
Column Channel

CLK][2..1 ENA Open-Drain Slew-Rate
' CLRn Output  Control
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AN
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ClockLock Feature

@ ClockLock: faster system performance

* ClockLock feature incorporates a phase-locked loop (PLL) with a balanced clock
tree to minimize on-device clock delay & skew

Clock at Pin ClockLock Clock Clock at Register

/ i \F

NS
Clock = ly Q&ly

cookatein ) LI L LT
lockLook ciock_| LILT LI LI
Clock at Register __| I_.I' |_| |_| |_| |_

' Effective clock delay is small.




ClockBoost Feature

@ ClockBoost: increased system bandwidth & reduced area

* ClockBoost feature provides clock multiplication, which increases clock frequencies
by as much as 4 times the incoming clock rate

* You can distribute a low-speed clock on the PCB with ClockBoost

* ClockBoost allows designers to implement time-domain multiplexed applications.
The same functionality is accomplished with fewer logic resources.

— Note:
(1) Up to now, only EPF10K100-3DX devices support ClockLock & ClockBoost features.

(2) All new FLEX 10KA devices will support ClockBoost option.




FLEX 10K Configuration

® Configuration schemes & data source
* Refer to Altera’s Application Notes for details
— AN059: Configuring FLEX 10K Devices
— ANO039: JTAG Boundary-Scan Testing in Altera Devices

Configuration Scheme Data Source

PS (Passive Serial) Altera’s EPC1 configuration EPROM, BitBlaster
or ByteBlaster download cable, serial data source

PPS (Passive Parallel Synchronous)intelligent host, parallel data source
PPA (Passive Parallel Asynchronoudhtelligent host, parallel data source
JTAG JTAG controller




Configuration Application Notes,
Data Sheets

@ Application Notes
AN 33: Configuring FLEX 8000 Devices
AN 38: Configuring Multiple FLEX 8000 Devices
AN 87: Configuring FLEX 6000 Devices

& Data Sheets

» BitBlaster Serial Download Cable

* ByteBlasterMV Parallel Port Download Cable
» Configuration Devices for FLEX Devices

» Altera Programming Hardware




Altera Architecture Evolution

FLEX 10K/A

FLEX 8000A

FLEX 6000
MAX 7000/E/S MAX 9000/A

oOgoo
B [ [=]

B [ [=]
m [§ [

=
X
2
S

Classic

l
l

OO0

Global PIA : Enhanced PIA FastTrack
Interconnect Programmable Interconnect
Interconnect Array




FLEX 6000 Device Family

€ FLEX 6000 main features

OptiFLEX™ Architecture
Gate Count from 10,000 to 24,000 Gates

50V, 0.5m, TLM, SRAM Process
(FLEX6000A 3.3 V, 0.35 m)

125-MHz Performance (16-Bit Counter)
PCI-Compliant

Pin Migration

One Output Enable per Pin

MultiVolt™ I/0

High-Pin-Count TQFP, PQFP & BGA Packages




\_

Pricing vs. Gate Arrays

€ Competitive with Gate
Array Unit Cost

@ Benefits of
Programmable Logic
* Faster to Market
* Low Risk
« NoNRE
* No Re-Spin Cost
« Short Lead Times
* Low Inventory Cost

50Ku Price

$12.00

$10.00

$8.00

$6.00

$4.00

$2.00

$0.00 +

0.5-m Gate EPF6016
Array 240 Pins
240 Pins

FLEX 6000 Provides Low-Cost Flexibility

Source: Dataquest/Altera
Mid-1999 Price Projections




Appendix: FLEX 6000
Architecture

4 )

FastTrack™ Interconnect

AVAVAVA_,

FLEX 6000
| Dle 4/

- /
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Column
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What 1s puPitch Technology?

& OptiFLEX Leverages Most Advanced Bond Pad Pitch

in the PLD Industry
+ FLEX 6000 81 mm
+ FLEX 6000A 75 mm

€ Maximum Die Size Reduction for Lowest Possible Cost

Core Limited

IRNRRRRENER Pad Limited
Bond [

Pads\ =

&
NNNERRNNENR

FLEX 6000

uPitch

»

=

Core




FLEX 6000 Family

Feature EPF6010A EPF6016 EPF6016A EPF6024A
Process Geometry 035 U oS U 035 U 035 U
Supply Voltage 3.3V 50V 3.3V 3.3V
Gate Count 5,000 - 8,000 - 8,000 - 12,000 -

10,000 16,000 16,000 24,000
Logic Elements
ool 1,320 1,320 1,960
User I/O Pins (Max.)
106 204 171 218
Package Options*
100-Pin 144-Pin 100-Pin 144—Pin
BGA* TQFP BGA* TQFP
100-Pin 208-Pin 100-Pin 208-Pin
TQFP PQFP TQFP PQFP
144-Pin 240-Pin 144-Pin 240-Pin
TQFP PQFP— 1 TQFP—PQFP—
Availability 256-Pin 256-Pin BGA| 208-Pin 256-Pin BGA
BGA* PQFPR— ' 256-pin————
256-Pin BGA*
BGA*




FLEX 6000 Logic Element

Carry-In Cascade-In

oATA l — L

—>
DATA Look-Up HL
R —> Table |CarY Cascade = al—»
DA?rA —| o |Chain Chain g
D ﬂ A _>>
AB
Clear/ CLRN
PregeAg Clear/
Clear/ —p| Preset
Presgi? Logic
Wide
Clear Clock
Select
LAB
ciggg —
Clock 2
v v

Carry-Out Cascade-Out

LE Out




Low Power/
MultiVolt™ Design




Low-Power/MultiVolt Design

@ Providing 2.5-V Power Supply for FLEX 10KE
@ Interfacing with Multi-Voltage Systems




2.5-V Power Advantage

€ 0.25-um Process Reduces Power by 54%

€ Example
* 30-MHz Design Uses 821 mW in EPF10K30A Device
 Uses 379 mW in EPF10K30E Device

& Benefits

« Smaller Power Supply
* Simpler Cooling System
* Less Heat Buildup




Designing for 2.5-V Power Supply

€ 2.5-V Devices Becoming Common
* Memory, Microprocessors

€ What if FLEX 10KE Device Is Only 2.5-V Device?
* Generate 2.5-V Supply from 3.3-V or 5.0-V Supply

Low-Voltage Systems

100% 5.0V Become More Prevalent
. 80% -
Deos?gn 60% 3.3V 25V
Starts  40% ¢
o )<1 8V

Source: Alterd” ———— \
1992 1993 1994 1995 1996 1997 1998 1999 2000 2001




Voltage Regulator Options

& Use Voltage Regulator to Generate 2.5-V Supply
* Linear
* Switching

& Selecting a Voltage Regulator
€ Example: EPF10K200E Design




Linear Regulators

€ Advantages & Disadvantages
« Component Count « Efficiency
+ Cost * Power Dissipation
* Board Area

No EMI Radiation
Tight Voltage Regulation




Vin T IN OouT

Linear Regulator

Linear Regulator

ADJ

i

25V




Switching Regulators

€ Advantages & Disadvantages
« Efficiency « EMI
* Power Dissipation * More Complex
* Wide Input-Voltage Range  Component Count
* High-Current Capability * Board Area

« Cost




EPF10K200E Design Example

Design Requirement Value
VCCIO Supply Level 3.3V
VCCINT Supply Level 25V
faax 100 MHz
Output Pins 350
Utilization 100%
Supply Voltages Available on the 3.3V,5.0
& Calcul#HTY =63 A v

@ Linear Solution (LT1580CT)
Efficiency = 75%

€ Switching Solution (LTC1649)
Efficiency > 90 %




Interfacing 2.5-V PLD to System

€ Most Systems Today Incorporate 5.0-V & 3.3-V Devices
€ 2.5-V FLEX 10KE Device Must Interface to System
€2.5-V |/0 Standards Incompatible with LVTTL/LVCMOS

What’s The Solution?




FLEX 10KE & Multi-Voltage
Boards

& FLEX 10KE Interfaces with Multiple Voltage Levels
* MultiVolt™ I/O Feature
. 25-V,3.3V,5.0-V /0
+ 3.3V PCI

50V | e B{FLEX 10KE |¢—p| 33V
Device Device

!

2.5-V
Device




3.3-V I/O with 2.5-V Logic

2.5 3.3
A A Min. Vg, =V -
FLEX P2
10KE 3.3-V
Device Device
2.5-V Input > OI
3.3-V Input ] Y ® 5 0-V
5.0-V Input > | Device
GN

D

2.5-V & 5.0-V Tolerant

Input Buffers

* 3.3-V Outputs Can Drive 3.3-V
or 5.0-V Devices

* Altera Min. V5, (Vo — 0.2 V)
Exceeds 5.0-V TTL or 3.3-V
CMOS/TTL Specifications




2.5-V I/O with 2.5-V Logic

2.5
A

2.5
YV

Device

FLEX 10KE

2.5-V Input

N
>

3.3-V Input >_(
5.0-V Input >

Min. Vo, = 2.1V

2.5-V
Device

2.5-V & 5.0-V Tolerant
Input Buffers

>

|

2.5-V Output Can
Drive 2.5-V Devices




Simulating Timing of MultiVolt I/O

®Increasing V.., Reduces Output Delay

& MAX+PLUS® Il Accurately Models Timing Effect

Turn on MultiVolt™
I/O Setting when

VCCIO Is Not Equal
to VCCINT

~Na

FLEX 10K Global Project Device Options

Froject Mame iz Untitled], gdf

K|

— Device Optiohs
™ User-Supplied Start-Up Clock [CLEUSR]
™ Auto-Restart Configuration on Frame Ermor
" Belease Clears Before Tri-States
™ Enable Chipwide Reset [DEY_CLRR)
™ Enable Chip-ide Output Enable [DEY_OE]
I™ Enable INIT_DOME Output
[~ Enable LOCE Output

¥ Use LowYaoltage Configuration EPROM
Configuration EPROM: [aUIT0 |

ar

Cancel

—Reserved Resources—

oens [0 %[
Logic Cells: IEI_ & E

- [al-Purpoze Configuration Finz

Configuration Scheme: iPassive Serial [can use Configuration EFROM) j

Scheme;

Fir: Reserve: Tri-State: Fir: Reszerve: Tri-State:
mwS, nRS, nCS.C5 0 ROvnEUSY [T T
Datall..7] rr

Mot Affected By Configuration CLEUSR H I

JTAG Uzer Code: i?F [0 ko 7F Hexadecimal)




FLEX 10KE Mult1iVolt I/O

Summary

@ Separate VCC Pins for Logic & I/0 Pins
* Logic Driven by VCCINT
* /O Pins Driven by VCCIO

@ Connect VCCINT to 2.5-V Supply
€ Connect VCCIO to 2.5-V or 3.3-V Supply

Drives Driven by

VCCINT | VCCIO
25V |33V |50V |25V |33V |50V

25V | 33V | ok| Ok | Ok | Ok | Ok | Ok

25V 25V Ok Ok | Ok | Ok




Altera’s Multivolt Offering

Device Technology| VccINT| VcclO Drives(TTL) Driven by
2.5 3.3 5 2.5 3.3 5
FLEX6000 0.5 5 5 Y Y Y
3.3 Y Y Y Y
FLEXG6000A 0.35 3.3 3.3 Y Y Y Y Y
2.5 Y Y Y Y
FLEX8000A .6,.5 5 5 Y Y Y
.6,.5 5 5 Y Y Y
3.3 Y Y Y Y

EPF8282AV .6,.5 3.3 3.3 Y Y Y
FLEX10K 0.5 5 5 Y Y Y
3.3 Y Y Y Y Y
FLEX10A 0.35 3.3 3.3 Y Y Y Y Y
2.5 Y Y Y
EPF10KE 0.22 2.5 3.3 Y Y Y Y Y
2.5 Y Y Y Y




Device feature summary

Open Dedicated
3.3V| ISP | ICR|EAB| Drain |GCLK Input OE
FLEX10K(A)| Y Y Y Y 2(+4) 4 ALL
FLEX8K Y Y (+4) 4 10
FLEX6K(A) | Y Y (+4) 4 ALL
MAX9000 Y 2 8
MAX7000S | Y Y Y 2 6

Notes :

B Multi-Volt ; PCI ; Slew slow rate ; JTAG-BST ==> All
Devices

B PLL = Phase Locked Loop (ClockBoost)

B ISP = In System Programmability

B ICR = In Circuit Reconfiguration

B OE = Output Enable




4 MAX+PLUS II Can ...(An

| Introduction)
€ Operate in a self-contained environment

Design Entry [\ Design Compilation [\ Verification & Programming
Standard Cadence FIT Standard Cadence
EDA Mentor Graphics U[J : EDA Mentor Graphics
Design ~ OCAD Verification ©O'CAD
Entry Synopsys Synopsys

Viewlogic , Viewlogic
Synplicity MAX+PLUS Il Compiler Others
Exemplar
Others e
e _ 2()  Design-Rule B Timing
R Graphic Y Checking ﬁﬁ Simulation
%)% Design Entry
abcde Text Design Entry L,j"* Logic Synthesis & nw . Functional
#&»  (AHDL, VHDL, Verilog HDL) ' Fitting =¥  Simulation
High-Level MegaCore Functions (S . )
Design LPM Functions o2 “PAUIt.".De.‘”ce o/ Multi-Device
Entry AMPP Megafunctions sfap  Patitioning W Simulation
[k Waveform '* Automatic Error |~©+ Timing
B\ Design Entry Location = Analysis
@ Hierarchical ;;:_ ;'3 . Timing-Driven Device

. Design Entry i Compilation ' Programming

. Floorplan * OpenCore * OpenCore
% Editing Evaluation Evaluation

/ /




MAX+PLUS II Software Products

@ Fixed-Node Subscription Products

« Windows 95/98 and Windows NT Operating System, require hardware protection
key for node identification

« FIXEDPC full featured MAX+PLUS |l software with VHDL/Verilog

@ Floating-Node Subscription Products
* Licensed Using Windows NT and UNIX Servers
« FLOATPC for Windows 95/98 and Windows NT clients only.
« FLOATNET for Windows 95/98/NT and UNIX clients.

¢ MAX+PLUS Il BASELINE Software

« entry-level version of the MAX+PLUS |l software which is free of charge.




MAX+plus 11

@ Supported Platforms*
« PC
« UNIX Platform
— Sun SPARCstation
— HP 9000 Series 700/800 workstation

— IBM RISC System /6000 workstation
*Please read the READ.ME file with every release of MAX+plus ||

@ Network licensing supported on both PC and Unix




Design Flow & Altera Tools

€ FPGA/CPLD Design Flow

* Design Ideas

* Detailed Design

* Functional Simulation

* Synthesis & Implementation
* Timing Simulation

* Device Programming

@ Altera MAX+PLUS Il Development Software

* Design Entry

* Project Processing
* Project Verification
* Device Programming




FPGA/CPLD Design Flow

308

5\\\\"////4 i a
ZQ\\\

Design i Detailed Functional
Ideas r/ Design =/ Simulation

| i
4

I
Device - Timing - Implementatio
Programming ;= Simulation = = (P&R)




Design Ideas -

€ What are the main design considerations?
* Design feasibility?
* Design spec?
« Cost?
« FPGA/CPLD or ASIC?
* Which FPGA/CPLD vendor?
* Which device family?
* Development time?




Detailed Design

€ Choose the design entry method

« Schematic
— Gate level design
— Intuitive & easy to debug

 HDL (Hardware Description Language), e.g. Verilog & VHDL
— Descriptive & portable
— Easy to modify

* Mixed HDL & schematic

€ Manage the design hierarchy
* Design partitioning
— Chip partitioning
— Logic partitioning
* Use vendor-supplied libraries or parameterized libraries to reduce design time
* Create & manage user-created libraries (circuits)




Functional Simulation .

@ Preparation for simulation
* Generate simulation patterns
— Waveform entry
— HDL testbench
* Generate simulation netlist

@ Functional simulation
* To verify the functionality of your design only

€ Simulation results
« Waveform display
« Text output

@ Challenge

« Sufficient & efficient test patterns

=




Design Implementation
D

FPGA
CPLD

€ Implementation flow
* Netlist merging, flattening, data base building
* Design rule checking
* Logic optimization
* Block mapping & placement
* Net routing
* Configuration bitstream generation

€ Implementation results
* Design error or warnings
* Device utilization
* Timing reports

@ Challenge

* How to reach high performance & high utilization implementation?

01011...




Timing Analysis & Simulation

Juru
T
U
t,s=22.1ns
£,.,=47.1MHz

€ Timing analysis
* Timing analysis is static, i.e., independent of input & output patterns
* To examine the timing constraints
* To show the detailed timing paths
* Can find the critical path

€ Timing simulation
* To verify both the functionality & timing of the design




Device Programming

€ Choose the appropriate configuration scheme“=
« SRAM-based FPGA/CPLD devices
— Downloading the bitstream via a download cable

— Programming onto a non-volatile memory device & attaching it on the circuit
board

« OTP, EPROM, EEPROM or Flash-based FPGA/CPLD devices
— Using hardware programmer
- ISP

@ Finish the board design
@ Program the device
@ Challenge

* Board design
 System considerations




Altera Design Flow

@ Operate seamlessly with other EDA tools

Verilog HDL & | | >
VHDL Design Files FLEX
MAX+PLUS II| => MAX
Standard EDA => - . Classic
HDL Files E
I
Standard EDA @
Schematics
Verilog HDL
Standard EDA ¢ VHDL
Simulator EDIF
SDF




MAX+PLUS 11

Altera’s Fully-Integrated Development System

Design Entry Project Processing

MAX+PLUS II MAX+PLUS II MAX+PLUS II Compiler

Text Editor Graphic Editor CNF Database Logic
Extractor Builder Synthesizer

I

Floorplan Editor MAX+PLUS II

MAX+PLUS II MAX+PLUS II SNF Partiti Fitt
Waveform Editor Symbol Editor Extractor artitionet e
Netlist Design Assembler
MAX+PLUS II I Writer Doctor

Message Processor

&

Project Verification ierarchy Display Device Programming

MAX+PLUS II MAX+PLUS 11
Simulator Waveform Editor

MAX+PLUS II
MAX+PLUS II Programmer

Timing Analyzer

.




Design Entry

€ MAX+PLUS Il design entry tools
* Graphic Editor & Symbol Editor

— For schematic designs
Text Editor

— For AHDL and VHDL designs

— However, VHDL is not covered by this course
Waveform Editor
Floorplan Editor
Hierarchy Display




MAX+PLUS 1I Design Entry

MaZX+plusIl File Edit View

ewmbol  Asmen  Utilites

Option:  Window  Help

|

DlzlEE] L =2 2] M) ARBEzRL) @EE e BEEE [ -] 8
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Project Processing

€ MAX+PLUS Il tools for project processing (implementation)
« MAX+PLUS Il Compiler
« MAX+PLUS Il Floorplan Editor
— For pin, logic cell location assignments
* Message Processor
— For error detection & location




MAX+PLUS 11 Project Processing
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Project Verification

€ MAX+PLUS Il tools for project verification
» MAX+PLUS Il Simulator
+ MAX+PLUS Il Waveform Editor
« MAX+PLUS Il Timing Analyzer




MAX+PLUS 11 Project
Verification
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Device Programming

€& MAX+PLUS tool for device programming

« MAX+PLUS Il Programmer

MAK+plue IT - dial

Examine

Yerify,
Examine
Hlank-Check
Configure

Jiest

dintorialichiptrip
MaX+plusII Fle JTAG FLEX Assgn Options Window Help

Ol L1 )6 [alRBlelR]) (& -2 [E&el

Combing

Program ¥
¥ Se

File: c

Device: EPF82¢

Checksum: |

Faor Help on this dialog box, press F

~Input Files

File Name: |chiptlip.sol

Selected Files:

Add | Delete | Address:

d-\altera80imax2work\tutonal\chiptrip_sof

— Output File

File Name: |chiptlip_hex

(FR ) ELRE hex [Single-Deyice j

EPROM: | EPCI1PCB jl [V Use Low-¥oltage EPROM

Directory is: d-\altera80hmax?work \tutornal
Files: = hex Directories:

chiptrip.hex [~ alteraB0
== max2work
tutornial

[~ Show Only

Project Files

=l

LCancel




MAX+PLUS 11 Features

€ MAX+PLUS Il, Altera’s fully integrated design environment

Schematic, text (AHDL), waveform design entry & hierarchy display
Floorplan editing

DRC, logic synthesis & fitting, timing-driven compilation
Multi-device partitioning

Automatic error location

Functional simulation, timing simulation, and multi-device simulation
Timing analysis

Programming file generation & device programming

EDA interface : industry-standard library support, EDA design entry & output formats
(EDIF, Verilog & VHDL)

On-line help




Getting Started

€ System Requirements

@ Installing MAX+PLUS I

@ Starting MAX+PLUS II

@ Entering Authorization Codes
€ MAX+PLUS Il Manager Window
€ MAX+PLUS Il Project

@ Hierarchy Display




System Requirements

€ The minimum system requirements

Pentium- or 486-based PC

Microsoft Windows NT 3.51 or 4.0, Windows 95, or Windows version 3.1x with
Win32s support

Microsoft Windows-compatible graphics card & monitor
Microsoft Window-compatible 2- or 3-button mouse
CD-ROM drive

Parallel port

€ Memory & disk space requirement

Go to the read.me file for specific information about disk space & memory
requirements in the current version of MAX+PLUS Il

— At least 64MB physical RAM is recommended

— Memory requirement depends on the selected device and the design
complexity




Installing MAX+PLUS 11

@ To install MAX+PLUS Il from CD-ROM

* Insert MAX+PLUS Il CD-ROM into the CD-ROM drive. The installation program is
located at:

<CD-ROM drive> : \pc\maxplus2\install.exe
* Follow the directions provided on-screen
« Window 3.1x users:
— Installation program will install Win32s files if they are not already present

€ Additional Windows NT installation steps
* You must install Sentinel driver after running the install program
— To detect the key-pro
* (Optional) ByteBlaster and Altera LP6 Logic Programmer Card drivers
— Required only for ByteBlaster or LP6 users




Starting MAX+PLUS 11

& To start MAX+PLUS ...
* Double click on the MAX+PLUS Il icon




\_

Entering the Authorization Code

€ When starting MAX+PLUS Il for the first time

® Options -> license setup

* You must enter an authorization code obtained from CIC
* You can use all most MAX+PLUS |l features after enter the correct auth-code

x| x|

Browse... |

Browsze. .. |

Licenzed Features: Dl Ers e E el Licensed Features: Urlicensed Features:

| i -
Message Proceszor Spmbol Editor Text Egitor
Text Editor waveform Editor 035 of 035 Graphic Editor
Floorplan E ditor Functional Simulation 035 of 035 Symboal E ditar
Cornpiler Timing Simulation Flaarplan Editar
Frogrammer Timing &nalyzer :
e Bk BASELINE Devicss _LI 035 of 035 waveform Editar _ﬂ
o e Eatiae Licensed AMPP/MegaCore Functions: Info on Licensed Feature: Licenzed &MPF/MegaCore Functions:

) Register... Syztem Info... oK C |
Reaister... | Syztem [nfo... oK Lancel | &l B e = Sk |




MAX+PLUS II Operating Environment

Project Directory
‘ MAX'I'PLUS " Manager and Toolbar provides shortcuts for

. Project name commonly used functions
« Start-up window : Y

vi' MAK+plus Il Manager - c-\iwax2work\chiptriphchiptrip
File Aszsign Options He 2
Hierarzhy Display
GGraphic Editor
Syrnbal E ditar
Text Editar
wiaveform E ditor
Floorplan E ditar
LCompiler
Simulatar

Timing Analyzer

[~

MAX+PLUS Il menu

gives you access to all H_elp menu
MAX+PLUS I gives you
functions access to

‘MAR+plus’ll B

Opens an untitled MessaggProcessorwindaw or brings an open window to the foreground

Status bar provides a brief description of
selected menu command and toolbar

button j




MAX+PLUS II Menu

I |a al'chiptrip
MAs E bemizn Ophons  Help

Hemechy Disly | [2] [ 2] [(82] (DR B]2]| 2L B 2]E] (= a2

Grraphic Editor
Sywmbol Editor
Text Editor . . .
Waveform Editor To invoke MAX+PLUS II applications
Floorplan Editor
Compiler
Stmulator

Timing Analveer
Programmer
Message Procesor

-
MAX+plus'll




File Menu

viutorialichipteip
MAK+plus 1T

Hame... Clt]

wet Braject o Emrent File S Erl Tt
Bave & Check Ctil4E
Bave & Compile CiltL
Bave & Simulate Cirl+Shift+L
Hierarchyr Project Top Chel+T Bave, Compile S Simulate CrildShaft+ K

Cipen... Chl+0
Dielete File...

Ezeit MA K +plos II Llt+E4 Archive...

1 d:%alteraB0hmasEvworkiotorial v hiptep
2 d:MalteraB0hmarEworkidemocktielecllk
3 dMalteraB0hmarEworkidemocktisop32

NNER

MAX+plus’




Assign Menu

MAK+phus [T

File

I E ==

Pin/L ocation/Chip...
Timing Fequirements. ..
Chigue...

Logic Ophions...
Frobe. ..

Connected Pins...
Local Routing...

(Flobal Project Device Ophons. ..
(Flobal Project Parameters. ..

(Flobal Project Toiming Requirements...
lobal Project Logic Svnthesis...

Lenore Project Assgnments...
Clear Project Assgnments. ..
Back-Annotate Progect...

Convert Obanlete £ssigmment Format

mH&+plus |

To specify project assignments & options




Options Menu

MAK+plusII File Asign Help
OS] =] 2] User Libroses.. EEEE

Color Palette. .
Aythorization Code. ..

Preferences. ..

To setup user preferences

A

¥ Ask Before Deleting Files

[ iAsk Before Closing MAR+PLUS T

I Iconize Compiler at Start of Processing

[T lconize Simulator at Start of Processing

¥ Show Toolbar

¥ Show Status Bar

¥ Automatically Load Last Project at Start-Up




Help Menu

T -

MaX+plisIl File Assign Options [EGg

Dlﬁ'l EI%I %IIEI E Search for Help omn... E B = ﬁl II

MAK+plus IT Table of Contents

Table of Contents
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Bazic Toolz
Comoaid s
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Shorteuts
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Primitives

Devices & Adapters
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Glozsary _— D
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Wew Featores in Thiz Releas

How o Use MAK+plus IT Help

How o Use Help
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MAX+PLUS II Help Contents

& MaH+plnz T Version 8.0 Help

. WEE REE SHM EEO HED
‘ On'llne help PR | FBID |siEmE | JENE | Glossary |

MAX+PLUS 1II wver. 8.0 Help Contents

* All of the information necessary to T
enter, compile, and verify a design
and to program an Altera device is
available in MAX+PLUS Il Help

* Help also provides introductions to
all MAX+PLUS |l applications,
design guidelines, pin and logic
cell numbers for each Altera
device package




MAX+PLUS 11
Design Methodology




Design Specification>

Y

Design Entry

Command+
Line
Mode

3

Design Modification

Design Compilation

Functional Verification

v

Timing Verification

v

Device Programming

In-System Verification

g
i
i
|

Y

< System Production >




Design Entry Process

@ Project Setup/Management

€ Multiple design entry methods
+ MAX+PLUS I
— Graphic design entry

— Text design entry
» AHDL, VHDL, Verilog

— Waveform design entry
* 3rd party EDA tools
— EDIF, OrCAD schematics
« Add flexibility and optimization to the Design entry process by:
— mixing and matching design files
— using LPM and Megafunctions to accelerate design entry




Project Setup/Management

€ What is a Project?

* A design file
* A projectis:

checked for design entry errors
compiled

simulated (functional or with timing)
analyzed for timing

used to generate programming file

@ Projects can be archived
@ To specify a project

Menu: File -> Project -> Name... (To specify an existing or new design file)
Menu: File -> Project -> Set Project to Current File (To specify the current design file)




@ Every design must have a project name
@ Project name must match design file name

Project
Name

Project Directory

Hew...

[AProject Name A

v MAX +plus |l Manager - c:\max2work \chiptnpichiptnp
b+ pluz || fzsign  Option: Help

St Broject bo Eurrent Eie

Sttt

12- cwmax2work\tut

orial

Duwectones:

filtref.gdf
hvalues. edf
state_m.tdf

y

[= e\
[=- max2work
. % tutorial

Drives:

= c:

Set Up A New Project

hift+L
hift+F.

[~ Show Only Tops of Hierarchies

specifies the 0 e

Cancel |




I I I
I

Generated within

MAX+PLUS I

| | _I_I

Imported from
other EDA tools

4 ] ] 1 )
MAX+PLUS 1l MAX+PLUS 1l
Symbol Editor Floorplan Editon
Verilog
MAX+PLUS 1l MAX+PLUS 1l
VHDL Graphic Editor Text Editor
AHDL Top- Top-level design files Synopsys,
Level| €@N beh.gdf, ;[j(:f .vhd, Synplicity,
Waveform = IR Mentor Graphic
etc...
Schematic]\
.gdf | | .wdf Adf || .vhd Y .sch edf
Graphic Waveform Text  Text Text Graphic  Text
File File File File File File File




Hierarchy Display

€ MAX+PLUS Il Hierarchy Display

« The Hierarchy Display shows a hierarchy tree that represents the current hierarchy
and allows you to open and close files in the hierarchy

* The hierarchy tree branches show a filename and file icon for each subdesign in the
hierarchy, and it also shows ancillary files associated with the current hierarchy.

* To get a better perspective on your project, you can zoom in and out to different
display scales or switch between vertical or horizontal orientation

* To invoke Hierarchy Display

chiptrips —E=—time_cnt 4 ]
gdf tdf
b ebd Bbd hbd Ebd ——tick_ent:ilBp — (= —8count:8Li: —=1— fBcount isub
tdf rpt log hst tbl gdf td¥ gqdf
nn aba abg F—s=peed_ch:2 nn
scf Fit sym acf wdf
L auto_max:1 .

tdf




Hierarchy Display Window

o MA +plus IT - 4 halteraB0hmascworkitorialichipteip - [Hieranchor Display]

& MAoX+pluzII File WView Assgn Utliles Optons: Window Help ;Iilﬂ
NEEE R EREIEEE RE R E EEAETEE
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File Icons
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Graphic Design Entry

€ MAX+PLUS Il Graphic Editor & Symbol Editor
@ Basic Knowledge

« Naming Rules
* User Libraries & System Libraries

@ Creating Graphic Design Files
€ Examples




Graphic Design Entry Process

€ Add resource libraries to search list as needed

€ Draw schematic
* Enter design components (symbols)
* Connect components with net (wires)
* Add labels to key nets signal
— Must label all busses, primary inputs,outputs,bidir
Note: MAX+PLUS Il DOES NOT AUTO SAVE

# Save and check the design
* The file extension is .gdf
* Correct any errors with the aid of Message Processor

@ Create symbol or include file for sub-design




Resource Libraries
@ prim ( Altera primitives )

» Basic logic building blocks

€ mf ( Macrofunction )
* 7400 family logic

€ mega_lpm ( LPMs)
* Library of Parameterized Modules ( LPMs )
* Megafunctions are high level function module
— busmux, ram elements, fifo’s, etc...




Value added Libraries

@ MegaCores IP models you can try before purchase (download
from www.altera.com)
— UARTSs, FFT, PCl efc...

€ AMPP ( Altera Megafunction Partners Program )
* Partners providing PCIl, DSP, uControllers, etc...

Note: For the latest information on MegaCores or Megafunctions,
refer to Altera’s web site www.altera.com




Add User Resource Libraries

@ Access user created libraries
* Add user library directories

* Set priorities

Select the library
directory
then click on Add

Library search
priority can be
changed.

The Project
directory has the
highest priority,
followed by the
User Libraries, then
by the Altera
Libraries

\

vi AKX +plus Il - c:\max2work\tutorialvfilter

Mé&k+pluz Il File Edit “iew
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Open New File & Enter Symbols

@ Open a new .gdf file in Graphic Editor
@ Double click in Graphic file to enter symbol

v MAX+plus Il - c:hatesthfilter

- [O)=]

Més+pluz Il Eile Edit “iew Symbol Azsign Utlites Options  window Help

Open new — SiElgla) = F] M RREERE EEE EE

file

Double click in
Graphic Editor

@,}L :
\

I& Untitled1 - Graphic Editor

Enter Symbol

Symbol Hame: |H

- |

MegaWizard Plug-In .. |

Symbol Librarnies:

/

ELE

c:haltera_trnmplus
c:imaxpluz2imax2hib\prim
c:imaxpluz2imax2libimf

c:imaxpluz2imax?libimega_lpm
c:imaxpluz2imax2lib\edif

Symbol libraries

Directory is: c:ialtera_trmumplu
Symbol Files:

Directonies:

Symbols in the
selected library

acc

1

taps

hvalues
3 state_m

= b
[= altera_trn
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|E C: j|

LCancel |

|- L

— Type in symbol

name or click on
symbol name




Graphic Editor Window

i MAK+plus IT - d:halteraB0macworkiotorialmolt8xs - [tck_cot gdf - Graphic Editor]
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Making Connections

& Wire

* Single bit line Bus - Bus signal names
Wire required for LPM module
‘BUS buses
*  Multi-bit line .
# Signal name u_lﬂu%ullu@_l_l_l_l& @.@.w@_ua.[
[:3 clk —— IH-EUCT.“ CLK =2 : _I
+ Matching name AT ::::R g
« Attached to wire oy (S —oc7. - o1 -
_""\.\I 4 SELLCL1L o] h[g@]
= Ty |
[ | zel[0] : SELL M= h[1] A
gll B SEL® :1 hio]
= d .
Drawing E./ _
tool E sel[1.0]
shortcuts — _otateem
Wire to Bus i A N i -

Connection




Graphic Editor Options

& Font, Text Size

« Text Control

@ Line Style

« Select Wire or Bus

@ Display Assignments

* Turns display on or off

@ Guideline Control

* Controls grid lines

@ Rubber-banding

* Wires move with symbols

ilter_gdf - Graphic Editor] = [of =]
Utilitiez sl “*indow Help =121 =]

_ Font » I

— Text Size »

v Rubberbanding

v Show Parameters

v Show Probes

v Show Pins/Locations/Chipz

v Show Cliques & Timing Beguirements

v Show Logic Options

v Show Al Ctrl+5 hift+hd
Show Guidelines Ctrl+5 hift+G
Guideline Spacing...

Uzer Librariesz. ..
Color Palette. ..

Authorization Code...

Preferences. ..







Generate Symbols and Include Files

@ Create symbol for higher-level schematic capture
@ Create include file for AHDL or Verilog function prototype

vi AR +plus |l - c:\Amax2workstutorialifilter - [filter.gdf - Graphic Editor]

B MAN+plus I Edit Miew Symbol Azsign  Utlites  Options  Window  Help =18 =1
EEEEGE e« B
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Creates a new symbol that represents the current design file




Symbol Editor

€ Symbols can be modified with the Symbol Editor

v MAX+plus |l - c:\maxZ2work

S Maraplus 1| Edit  iew

EEEE
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Froject
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Open...

Delete File...
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Save
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Size...
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Edit Symbaol
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Print....

Frint Setup...

Hierarchy
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Pin/Node Naming

€ Pin/node name

A pin name is enclosed within a pin primitive symbol; a node name is a text block
that is associated with a node line (wire).

€ Pin/node naming rules
* |t can contain up to 32 name characters
* It may not contain blank spaces. Leading or trailing spaces are ignored.

* It must be unique, i.e., no two pins may have the same name in the same design file
at the same hierarchy level.

* Any node that is connected to a bus line must be named

 Node names that are bits of a dual-range bus must be expressed in the format
<name>[<width>][<size>] or <name><width>_<size>. If you name a single node in
this format, it will be interpreted as part of a dual-range bus if another single-range
or dual-range bus in the file uses the same <name>.




Bus Naming

® Single-range bus name
+ Example: D[3..0] = D3,D2,01,D0

 The bus identifier can contain up to 32 name characters; the bus width can contain
a maximum of 256 bits. The bus width is a string that defines the number of bits
(i.e., nodes) in a bus and uses the form [<MSB>..<LSB>]. The name of a single
node within the bus can be specified with the identifier followed by the bit number,
either with or without brackets.

# Dual-range bus name
 Example: D[3..0][1..0] = D3_1,D3_0,02_1,02_0,01_1,D1_0
* A dual-range bus name uses two bracket-enclosed ranges [ ]: the bus width and the
bus size. Bus widths and sizes can together define a maximum of 256 bits.
€ Sequential bus name
« Example: A[31..0],B,C[3..0]

* A sequential bus name consists of a series of node names and/or bus names,
separated by commas (,). The first node or bus bit in the series is the MSB, the last
node in the series is the LSB.




Using Buffer Primitives _

@ Buffer primitives
* Including: CARRY, CASCADE, EXP, GLOBAL, LCELL, OPNDRN, SOFT, TRI

* All buffer primitives except TR1 and 0pPNDRN allow you to control the logic
synthesis process. In most circumstances, you do not need to use these buffers.

€ cLoBAL primitive

* To indicate that a signal must use a global clock, clear, preset or output enable
signal, instead of signals generated with internal logic or driven by ordinary I/O pins

« ANoT gate may be inserted between the input pin and GLOBAL
€ TRI primitive
* A active-high tri-state buffer

€ OPNDRN primitive

* An open-drain buffer, equivalent to a TR1 primitive whose output enable input is fed
by an signal, but whose primary input is fed by a GND primitive

* Only supported for the FLEX 10K and MAX 7000S device families




Using Buffer Primitives _,,

@ 1CcELL primitive
« The LceLL buffer allocates a logic cell for the project/ An LCELL buffer always
consumes one logic cell. It's not removed from a project during logic synthesis.

* Although L.ceLL primitives can be used to create an intentional delay or
asynchronous pulse

— However, race conditions can occur and create an unreliable circuit because
the delay of these elements varies with temperature, power supply voltage and
device fabrication process

@ soFT primitive
« The sorT buffer specifies that a logic cell may be needed in the project

* During project processing, MAX+PLUS Il Compiler examines the logic feeding the
primitive and determines whether a logic cell is needed. If it's needed, the sorT
buffer is converted into an LceLL; if not, the sorT buffer is removed




More on LPM Libraries

@ Library of Parameterized Modules
« Standard Library of basic and functional elements
 Based on EDIF standard

@ Advantage of LPMs

* Portability of design
* Architecture independence

€ MAX+PLUS Il and LPMs

« LPM can be used in graphical design and HDL designs
« LPM can be customized via the Megawizard feature




Standard LPM without Megawizard

i i MAX+plus Il - d:-\testiheth - [d:-\testibeth gdf - Graphic Editor]

EMABGDIUSII File  Edit “iew Swmbol Agsign  Utliies Options  Window  Help
EFEER = aEE eSS EEE HEa EEEE R = o —— =

IMFLUT_A = _CONSTAMT=

INFUT_B_IS_CONSTANT=
LPh_FIRELINE=
LPh_REPRESENTATION=

LPhA_u | DTH A=

LPhi_ I ODTHE= _I
LPh_ | D THB=r1 BhA W0FOTH @l Bl i CTH A
BauRUE F dit Ports/Parameters E3
il Il ZE
USE EME Function Mame: LPh_MLLT Help oh LPM MULT
TPm_WULT . s = |
ik Port Status Inversion

................................. Fart 1 B
: dataal] D; ame = Uszed & Mone  Patten/Radix
s A e ;: =, ach
> resuttl] UTPUT % Unused || Al I—IEI

CHN % ey dmab”:’ T Name: Status: Irwversion:

Unused  Mone

EDEEERC ORE
J

. clock Unused Mone
dataa[LPM_WwWIDTHA..0] Uzed Hone
datab[LPM_wWIDTHE-1..0] dzed Hane LI
— Parameters

Parameter Hame: INFUT & Y Change |

Parameter Descrption: Hint ko help minimize the number of LCELL s

Farameter W alue: <nones vI Erowise... | Clear |
M anng: Walue:

IMPUT &, 15 CONSTAMT nones
IMPUT_B_IS_CONSTANT <hones
LPH_FTPELINE <hones
LFM_REFRESENTATION <nonex =l

Ok LCancel |

‘ o o

Far Help on this dialog box, press F1
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Using MegaWizard Plug-In Manager

@ Click on the MegaWizard Plug-In Manager Button

v MAX+plusz Il - c:\atest\hlter BE B
Més+pluz Il Eile Edit “iew Symbol Azsign Utlites Options  window Help

NEEE IR EEE R REEE R EEREE

I& Untitled1 - Graphic Editor

T
/ = Symbol Hame: |H |

Megawizard Plug-ln Manager... |

Double click in

: : ibraries: <[— Click on the
Symbol Libranes:

Graphlc Ed ItOI' i\altera_tm\mplus .
c:imaxpluz2imax2hib\prim Meg anza rd
c:imaxpluz2imax2libimf

c:imaxpluz2imax?libimega_lpm Plug- I n Manager

c:imaxpluz2imax2lib\edif

Directory is: c:ialtera_trmumplus

EEERE J\I\( N

Symbol Files: Directonies:
acc = b
hvalues [£= altera_trn Ad|
1 I I state_m P
taps —
Drives
|E C: j|

~N




Accessing the MegaWizard

MAX+plus || Manager - c:\altera_trn\mplus\filtref
Max+plusz || Szzign  Ophonz:  Help

IE E Project »

MHew...
Open... Chrl+0
Delete File... .
Select MegaWizard Plug-In Manager
Hierarchy Project Top Chrl+T /
e

Al EA
Megawizard Plug-In Manager [page 1] |

The Megatwizard Flug-ln kM anager helpz pou create or modify deszign files that
contain custom variations of megafunctions.

wehich action do pou want bo perform?

% Create a new custom megafunction wvariatior

™ Edit an existing custom megafunction variation

Copyright [c] Altera Corporation 1988-1998. All rights rezerved.

Cancel < Back Il Mext = I Eirrety




New vs Existing Megafunction

€ Choose between a new custom megafunction variation or
existing megafunction variation

dan

Megawizard Plug-ln Manager [page 1]
New Custom

Megafu tion contain custom vanations of megafunctions.
Which action da pou want to perform?

A iLreate a new custom megafunchion wariatioré

Edit Existin > Edit an existing custom megafunction variation
g
Custom
Megafunction Copyright [c] Altera Corporation 1988-1998. All rights reserved.

The Megatsfizard Plug-ln Manager helpz pou create ar modify design files that

Cancel ¢ Back | Meut » I

Firzky




Available Megafunctions & Output

File

MegaWwizard Plug-In Manager [page Za] E3

&y ailable Megafunchions:

Select a function
from the available

megafunction \

[+ {88 LPM arithmetic

=- {ﬁ' LF'M gates
LPb_ArD
LFr_BUSTRI
LPM_CLSHIFT
LPM_COMSTAMT
LPM_DECODE
LPh_IM
LPbA_bALL
LFk_OR
LPM_*0R
- {ﬁ' LPM storage

W hich megafunction would vou like bo customize? Select a
megafunction from the lizt at left.

W hich tppe of output file do you want to create’?

&+ AHDL
™ WwHDOL <€
" Werilog HOL

W hat name do you want for the output file™? Browse. .. |
In::'xaltera_trn"»mplus"atap_mw(\

Mate: To compile a project successfully in the Mas+PLUS (I
goftware, your design files must be in the project directory or
a uzer lbrary that vou zpecify with the User Libraries
command [Jptions meku).

“our current uger lbram directones are:

Cancel < Back Mext = Eitiek

Select a type
of

output file

— Select a

directory
and a output
file

name




Customizing the Megafunction

Megawizard Plug-ln Manager - LPM_MUX [page 3 of 4] E3

How many ‘'data’ inputs do pou want

4 - I
How wide should the 'data’ input and the m

rezult’ output buses be? bitz

data3 [7..0]
data? [7..0] Lo you want to pipelineg the rultiplexer?
datal [7..0] = Mo

datal [7..0]

" “es, | want an output latency of I "-'I [Eloch ecles

I | Greate anasynehnanous B ean mput

Cancel < Back MHext » Finizh




-

Design file implemented
in the language you selected
(.tdf, .vhd, or .v)

INC an AHDL include file ——

CMP a VHDL component——
declaration file

SYM a Graphic desigm—__|
symbol file

Files generated by the MegaWizard

MegaWizard Plug-ln Manager - LPM_MUX [page 4 of 4] -- Summary

Click Finizh to create the cuztom megafunction varation, an
AHDL Function protatype in an lnclude File [Linc), and aWHDL
Component Declaration file [.cmp].

When pou run this wizard from within the MaX+PLUS ||
software, it alzo creates a Symbol File [ sym).

The Meqgaitfizard Plug-ln Manager will create the following files:

el gltera bntmplushtan mue, bdf

.........................................................

| halkera_trnhmplushtap_mos.ing
et haltera_trntmplughtap_mos. crp
/),n::'xaltera_trn'xmpIushtap_mu:-:.a_l,lm

Cancel < Back [Eewt = Firizh

~N




Entering Customized Megafunction

vi MAX+plus 1l - c:\atesthfilter

HE= B

MéF+pluz Il File Edit Wiew Sembol Aszign  Ubltes  Optionz  Window Help

NEEEIREEE R REREE @lﬂ

L k& Untitled] - Graphic Editor
_| n
/—Bv'/?
Double click in |
Graphic Editor [
&
=
=)
elee] [ L

Customized megafunction appears
the same way as other symbols in
the Enter symbol window

Enter Symbol

Symbol Name: |E:J'aItera_tm!mplus!tap_muu

Symbol Libraries:

gaWizard Plug-In Manager. ..

c:Aaltera_trinmplus
c-imaxplus2imax2lib\prim
c-Amaxplus2iman2lib\mf

c-imaxpluz2imax2lib\edif

c:AmaxplusZimax2libAmega_lpm

Directory is: c\altera_tmimplus

Symbol Files: Directories:
acc = c:\
hvalues
altera_tmn

ate_m Eww__
tap_mux

Drives

= c: [

oK |

Cancel |

~N




Make Changes to Customized

Megafunction

MaAs+pluz Il Fle Edit “iew Swmbol Aszsign Utlites Optionz  Window  Help
NEEEREEIEIGERREEE R R EEE
B# Untitled1 - Graphic Editor
Double Click symbol i J e LA ﬂ
will bring you back = tap_rux
to the MegaWizard ~ data [7.0]
. data2 [7.0
Plug-in Manager = datmj?_ﬂ}
) datal [7..0]
After the changes, MegaWizard will @&l b
over-write the source file (tdf, vhd, v), g
inc file and cmp file for you. =]
JE | . ;e
Remember to update the symbol

in your graphic editor

MiAcpluz |l - c:haltera_btrmmplusbhlter - [hiter.gdf - Graphic Editor]

ol Més+nlus Il File  Edit Wiew EElael Aszign  Ublties  Options Windo
Update Symbol 2 [ Erter Symbol. Double-Clisk
Update ——  Edit Barte/Farameters... Ll

i All Occurrences of Selected Symbol[z] Update Symbol...

" All Spmbols in the File

[1].4 Cancel




How to Use System Functions?

@ To get help...

* You can find the detailed
description for each
primitive, macrofunction,
and megafunction in
MAX+PLUS Il on-line help

& MAK+plnz 11 0 Help !l[]!!l
B2E FRED M BEO) HHD
Az | #3I0 |sEEmE | ENE) [ Clossary |

ﬁ!ﬁ Megafunctions/LPM

MaR+FLUS 1

HAEAPLUS 11 offers a variety of nezafunctions, including LPY functions and other paransterized.
functions. Mezafunctions are listed here by function.

Gates
lpm and lpm inwv
lpm bustri lpm mux
lpm clshift lpm or
lpm constant lpm zor
lpm decods mux
busmuzx

Arithmetic Components

lpm ahbs lpm counter
lpm add sub lpm mult

lpm compare

Storage Components

csfifo lpm ram dog

cedpram lpm ram io

lpm £f lpm rom

lpm latch lpm dff {for backward compatibility onlyl
lpm shiftreg lpm tff {for backward compatibility onlyl

Other Functions
clklock Bll
ntsc

Mezalore Functions

alb450 ag255
ab402 fft
abas0 rgb2verch
28237 yvorch2rghb
a8z251




Entering Symbols

Symbol Name: |d-\alteraB0Amaxplus2\max2lib\prim\= |

Symbol Libranes:

d:\altera80\maxZ2work\tutonal
‘d:\alteraBlimaxpluz 2 vmax lib\prim
d-‘altera80imaxplus2imax 2libvmf

d:halteraB0vmaxplus2imax2libvmega_lpm
d:\altera80\maxplus2imax 2lib\edif

Directory iz: d:\altera80\max2work\tutorial

Symbol Files: Directories:
and12 = (= dh
and2 [~ alteraB0
and3 b lus?
andd [= maxpl l.!s
andG [=> max2lib
andB8
bandl2
band?
Eﬂﬂgi Drives

an
band6 - |E d: j|

x| 4 Enter a symbol

€ Move/cut/copy/paste symbols

* You can move, cut, copy or paste symbols in the
same way as you did in another Windows-based
software

— Move: click & drag (mouse)

— Cut: Ctrl-X

— Copy: Ctrl-C or Ctrl-Click & drag
— Paste: Ctrl-V

— Undo: Ctrl-Z

4 Commands regarding the symbol
* Just click the right mouse button on the symbol




Entering 1/0 Symbol

@ 1/0 symbols

* Input pin/port: enter a TnpUT symbol
* Qutput pin/port: enter a ouTrUT Symbol
* Bidirectional pin/port: enter a BT DIR symbol

€ Name the 1/0 pins/ports

* Double click on the “p1n naME" field of the 1/0O symbol

@ Pin default value

* The values assigned to unconnected INPUT and BIDIR primitives when the symbol
that represents the current GDF file is used in a higher-level design file

o Defaultis VCC RN RO

| LE_MOULT |
« Double click on the —@\
‘vec”fieldtoset  —— . P resu) |
:_%RL _M)?f/

the default value Y ——— e S o I

i SO0 3 T T




Save & Check the Design

B Save & check the design file with .gdf extension
B Correct any errors with the aid of Message Processor

vi AKX +plus Il - c:\max2work\tutorialvfilter
Mame... Ctrl+J [
Mew Set Project to Current File Ctrl+5 hift+]
Y[ Lo Ctl+D -
EZIete File ™ Save & Compile Clrl+L B
)| S Retrieve SaveAs [
........ V.. [0
™, Llose File Name; df |
~l- Save - . .
[_."r[:]] Directory iz c:\max2work\tutonal
. . i Files: = gdf Directories:
H Infa... E ik u = -
Design File = P acc.gdf B o
Name - == maxZwork —
= Createliefaultsyn | S tutorial R
Project Ereate Defaultlre]
Directory = Erint.. —
— Frint Setup... Drives:
=l . . - -
By Hierarchy He: J P
Saves all Exit Max+pluz Il Automatic E xtension: other has




Message Processor

m Lists all Info, Warning and Error messages
— Info messages are general information
— Warning messages are possible problems

— Error messages indicate Compiler is unable to complete
compilation process

M Provides help on the messages
B |ocates source of message in design file

Information about

Messages
message
Go to next or 2 Messages - Compiler [_[o]x]
previous _|
message 4 Message b1 0f1 " Locate in Floorplan Editor | HE'ﬁﬂ Message
Locate Sour094)»1 Locate M| 0of1 | Ennate A8

in design file




Example: Multiplier

@ Design a multiplier with LeM_mMuLT
* The easiest way to create a multiplier is to use the .pm MULT function
— Can be unsigned or signed
— Can be pipelined
— Also can create a MAC(Multiplier-Accumulator) circuit

NPT _A_I5_CONSTANT="HO"
AARUT_B_I5_COMSTANT="HO"
‘LPh_FIFELINE=3
‘LPh_REPRESENTATION="UNSIGNED"
LPRA_UWIDTHA=S
‘LPRA_AWIOTHE=G :
LPRA_ IO THP=CLPRA W IO TH A LA D THE)
PRI OTH S=LPh_U DTHA, :

DS,

T
e e e e . : clock .
M clock I'LH"%I.JCT = dlataa(]
ST A B - o ; |

| X = U mouk(15 0]
TRy TRP P TR IRTRTEPRRNT R RRp : © |datah]) :
I /) e e o — | ;
he reset | T —hpp— ' |




Example: Multiplexer

@ Design a multiplexer with LpM Mux
« Use wIRE primitive to rename

:2. ........ A[SD] ..... | .......... 'E.CF:ET . mﬂFiE ...... : L0301
a bus Or node ......................................... . -3 ..........
. T . MARE T :
« LPM_MUX data inputis a dual 5 &0 ot ;j e
range bus T L R
e S oo mnFiE """ o313, 0]
T —
LPh_51ZE=4
LPhA_WI DT H=4

LPW_W¥IOTHS= CEIL/LO G2fLPh_SIZEi;




Example: RAM

@ Design RAM circuit with LPM

* Use npM RAM 10 to design RAM with a single input & output port
« Use npM RAM DO to design RAM with separate input & output ports

LPM_ADDRESS_COMTROL=
LPh_FILE=

LPh_INDATA=
LPRA_NUNMYORD 5= '
LPRA_OUTDATAS UNREGBTEHED
LPR_WFIOTH=32 -
LPRA_WFIOTHAD=5

o LPW_RAM_DOQ

r@m . data[31 . |:|] ................ HEDT EET
j’am add[4 I:l] ...... I | HEEF LIET . P :

‘ ............. R [ | HEEFLIET . inclock o | AR P |:|L,|‘t[3'1 EI] .
g """""" '-.l'l.-'E """ [— NAOT e




Example: Sequencer

@ Design a sequencer with LPM_COUNTER & LPM ROM

* ROM data is specified in a Memory Initialization File (.mif) or a Intel-Hex File (.hex)

* This example only sequences through 19 states so the modulus of Ipm_counter is
set to 19. It uses a small section of an EAB (19 out of 256-address locations)

LPM_fiallEs
LPM_DIRECTIONS :
LPR_MODULUS=19

LPh_5huiaLLIE=
‘LPhA_MIOTH=4
.............................. o AHDZTTTT LPMCDUNTER LPh_ADDRESS _CONTROL="UNREGISTERED:
s E e ) s s LPM_FILE="seq it :
orl_sig? | WELT - 5 : : LPW_NUMINO R OS= :
[ T T S . et e e . LFM_D UTDAT.&.:"UNREGISTER ED"
........... : : LPhA_WIOTH=% :
o L L LPMWIDTHAD=¢ :
:)3 > ent_en S LPM ROM
AT : : O[] e — e :
................................. tal A : : : : U
oS T > é s | ol = e e L L )
L e i f : : : :
N N 1
- I et a




Example: Bidirectional Pin

@ Use TRI & BIDIR pin symbol

* |f the TRI symbol feeds to a output or bidirectional pin, it will be implemented as tri-
state buffer in the 1/O cell

N A f B bidirel7.0]
3 ok LS :
3
e
FRH P T
" =D ) a [ outp[7..0]
c : > ............................................
CLAN




Example: Tri-State Buses _ (1)

& Tri-state emulation

+ Altera devices do not have internal tri-state buses

« MAX+PLUS Il can emulate tri-state buses by using multiplexers and by routing the
bidirectional line outside of the device and then back in through another pin

d_mid[r.0]

: BT o B

MAX+PLUS II will automatically convert it into a multiplexer.
If the tri-state buffers feed a pin, a tri-state buffer will be available

after the multiplexer.




Example: Tri-State Buses _,,

@ Tri-state buses for bidirectional communication

« When tri-state buses are used to multiplex signals, MAX+PLUS Il will convert the
logic to a combinatorial multiplexer

« When tri-state buses are used for bidirectional communication, you can rout this
bidirectional line outside of the device, which uses the tri-states present at the /O
pins, or you can convert the tri-state bus into a multiplexer

Output Enable A Output Enshle B

Feedback Line A Feedback Line B




Example: Tri-State Buses _ 3)

Output Enable A,

Rout this bidirectional line outside of the device

/

Feedback Line &

Output Enable B

Tri-state emulation

Feedback Line B

...........................

Output Enable & 5'”‘356
Output Enahble B : :

Feedback B

dataal]

BLSMLE

Feedback &




Text Design Entry

@ Set up a new project
» Same as Graphic Design Entry

@ Enter text description
+ AHDL
+ VHDL
» Verilog

@ Save & check the design

* Similar to Graphic Design Entry
« The file extension is .tdf, .vhd, .v




AHDL

® Altera Hardware Description Language
@ High-level hardware behavior description language

@ Uses Boolean equations, arithmetic operators, truth tables,
conditional statements, etc.

@ Especially well-suited for large or complex state machines

@ Text Editor has AHDL Template and Syntax Color
@ Refer to the Appendix for more info on AHDL




VHDL

@ VHSIC Hardware Description Language

41987 and 1993 IEEE 1074 standard

@ High-level hardware behavior description language
@ Especially well-suited for large or complex designs
@ Text Editor has VHDL Template and Syntax Color




Verilog

@ Hardware Description Language

#1993 Verilog IEEE 1364 standard

@ High-level hardware behavior description language
@ Especially well-suited for large or complex designs
@ Text Editor has Verilog Template and Syntax Color




AHDL Design Entry

€ What's AHDL

€ AHDL Structure

@ AHDL Syntax

& MAX+PLUS Il Text Editor
@ Creating AHDL design files
€ Examples




What’s AHDL?

€ AHDL: Altera Hardware Description Language

To create MAX+PLUS Il text design file (*.tdf)
High-level, modular hardware description language
Completely integrated into the MAX+PLUS |l system
Especially well suited for...

— Complex combinational logic

— Group operations

— State machines

— Truth tables

— Parameterized logic
Easy to learn & debug under MAX+PLUS |l system




AHDL Example _,,

SUBDESIGN 7segment

( 1[3.

INPUT;
OUTPUT;

.0]

b, ¢c,d, e, £, g

a,

0123
4 567

|b

% £

8 9A Db
CdETF

_g_

|c
_d_

$ el
BEGIN

TABLE

L N N e N N e N N N I DS

bo o - A -HOH™H™H™HOMN™N-

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

H1 O OO HHHOHHHHAHOHH

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

P 1 O HOOO-HOHO A HAA A
1O - 10 - -HO-H-HO-- O

OdHO+Hd+-H A A+ O OO

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

Q14100 -H-HH+HOO+HOO

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~

1O 11O -H - HA-HHOHOA

AANANAANAANAANANANAANANANANANANANANNA
| (| | | | | | | | (| 1 I

L}

o

H"F"
END TABLE;

END ;

i[3

H"O"
H"1l"
H"2"
H"3"
H"4"
H"5"
H"6"
H"T"
H"8"
H"9"
H'"A"
H"B"
H"C"
H"D"
H'E"




AHDL Example _,,

SUBDESIGN stepper

( clk, reset : INPUT;
CCW, CwW : INPUT;
phase[3..0] : OUTPUT;)

VARIABLE

ss: MACHINE OF BITS (phase[3..0])
WITH STATES ( sO = B"0001",
sl = B"0010",
s2 = B"0100",
s3 = B"1000");
BEGIN
ss.clk = clk;
ss.reset = reset;

TABLE
ss, ccw, cw, => ss;
sO0, 1, X => s3;
s0, X, 1 => sl;
sl, 1, X => s0;
sl, X, 1 => s2;
s2, 1, X => sl;
s2, X, 1 => s3;
s3, 1, X => s2;
s3, X, 1 => s0;

END TABLE;

END;




AHDL Structure _

& Title statement (optional)
«  Comments for the report file generated by MAX+PLUS Il Compiler

@ Include statement (optional)
* To specify an include file

€ Constant statement (optional)
* To specify a symbolic name that can be substituted for a constant

@ Define statement (optional)

« To define an evaluated function, which is a mathematical function that returns a
value that is based on optional arguments

€ Parameters statement (optional)

* To declare one or more parameters that control the implementation of a
parameterized megafunction or macrofunction




AHDL Structure _,,

€ Function prototype statement (optional)

* To declare the ports of a logic function and the order in which those ports must be
declared in an in-line reference

* |n parameterized functions, it also declares the parameters of the function

€ Options statement (optional)
* To set the default bit-ordering for the file

@ Assert statement (optional)
* To allow you to test the validity of an arbitrary expression

€ Subdesign section (required)

* To declare the input, output, and bidirectional ports of the design file




AHDL Structure _

@ Variable statement (optional)
 To declare variables that represent and hold internal information

— Instance declaration
— Node declaration
— Register declaration
— State machine declaration
— Machine alias declaration
— If-Generate statement




AHDL Structure _

@ Logic section (required)
* To define the logical operations of the file

— Defaults statement
— Assert statement
— Boolean equations
— Boolean control equations
— Case statement
— If-Generate statement
— If-Then statement
— Truth table statement
— In-line logic function reference




AHDL Basic Elements _,

¢ Numbers in AHDL

* Default is to use decimal numbers

* Binary number syntax: B"<series of 0's, 1's, X's>" (where X = "don't care”)

* QOctal number syntax: 0" <series of digits 0 to 7>" or Q"' <series of digits 0 to 7>"
* Hex number syntax:  H"<series of digits 0 to F>" or X" <series of digits 0 to F>"

€ Group

* Sequential group: (a, b, )

* Single-range group: a[4..1] = (a4, a3, a2, al)

* Dual-range group: d[2..0][1..0] = (d2_1, d2_0, d1_1,d1_0, d0_1, d0_0)
* Entire range group: alf], d[](]




AHDL Basic Elements _,,

€ Arithmetic/Boolean operators & comparators
s +, -, “(exponent), MOD, DIV, * LOG2
« !(not), &(and), ! &(nand), #(or), ! #(nor), $(xor), ! $(xnor)
¢ ==, 1=,> 5=, K, <=
- 7 (ternary operator, e.g, (a<b) ? 3. 4)




AHDL Basic Elements _

@ Primitives
* /O primitives (ports)
— INPUT, OUTPUT, BIDIR
* Logic primitives
— AND, NAND, OR, NOR, XNOR, XOR, NOT

* Buffer primitives
— CARRY, CASCADE, EXP, GLOBAL, LCELL, OPNDRN, TRI

* Flip-flop & latch primitives
— LATCH, DFF, DFFE, JKFF, JKFFE, SRFF, SRFFE, TFF, TFFE
- vcc & GND primitives




AHDL Basic Elements _,,

& Ports

+ Ports of the current file
— port types: INPUT, OUTPUT, BIDIR, MACHINE INPUT,MACHINE OUTPUT
+ Ports of instances:

— Commonly used primitive ports names:
.clk =clock input; . ena = latch/clock enable input;
.reset =reset input to a state machine (active-high)
.clrn = clear input (active-low); . prn = preset input (active-low);
.d, .9, .k, .s, .xr, .t =datainput of D-, JK-, SR, and T-type flip-flop;
. g = output of a flip-flop or latch

€ Megafunctions/LPMs
# Old-style macrofunctions
€ Parameters




AHDL Syntax _,

& Title statement

 Documentary comments for the report file generated by the Compiler
« Example:

TITLE "Display Controller";




AHDL Syntax _,,

€ Parameters statement

* To declare one or more parameters that control the implementation of a
parameterized megafunction of macrofunction

« Example:
PARAMETERS
(
FILENAME = "myfile.mif",
WIDTH,
AD WIDTH = 8,
NUMWORDS = 2’\AD_WIDTH




AHDL Syntax _

@ Include statement
* To import text from an include file (*.inc) into the current file
* Include files contains function prototype, define, parameters, or constant statements
* Compiler will search directories for include files in the following order:
— Project directory
— User libraries
— Megafunctions/LPMs: \maxplus2\max21lib\mega lpm
— Macrofunctions: \maxplus2\max2inc
« Example:

INCLUDE "8fadd.inc";

** The content of “8fadd.inc” file is:
FUNCTION 8fadd (cin, a[8..1], b[8..1]) RETURNS (cout, sum[8..1]);




AHDL Syntax _,,

& Constant statement

* To substitute a meaningful symbolic name for a number or an arithmetic expression
« Example:

CONSTANT UPPER LIMIT = 130;
CONSTANT BAR = 1 + 2 DIV 3 + LOGZ2(256);




AHDL Syntax _ s,

@ Define statement

« To define an evaluated function, which is mathematical function that returns a value
that is based on optional arguments

« Example:

DEFINE MAX(a,b) = (a > b) ? a : b;

SUBDESIGN
(
dataa [MAX (WIDTH,0)..0]: INPUT;
datab[MAX (WIDTH,0)..0]: OUTPUT;
)
BEGIN
datab[]=dataal]l;
END;




AHDL Syntax _

@ Function prototype statement

* To provide a shorthand description of a logic function, listing its name and ports
« Example:

Qo

% unparameterized function example %
FUNCTION compare (a[3..0], b[3..0])
RETURNS (less, equal, greater);

% parameterized function example %

FUNCTION lpm add sub (cin, dataa[LPM WIDTH-1..0],
datab[LPM WIDTH-1..0], add sub)

WITH (LPM WIDTH, LPM REPRESENTATION, LPM DIRECTION,

ADDERTYPE, ONE INPUT IS CONSTANT)
RETURNS (result[LPM WIDTH-1..0], cout, overflow);




AHDL Syntax _,,

€ Options statement

* To specify whether the lowest numbered bit of a group will be the MSB, LSB or
either, depending on its location

« Example:

OPTIONS BITO = MSB;




[ak;lgl:l]'][J :E;:yrlljt:]:x{ - (t;)

& Assert statement

* To test the validity of any arbitrary expression that uses parameters, numbers,
evaluated functions, or the used or unused status of a port

* Severity level: ERROR, WARNING OF INFO
« Example:

ASSERT (WIDTH > O0)
REPORT "Width (%) must be a positive integer" WIDTH

SEVERITY ERROR
HELP ID INTVALUE; -- for internal Altera use only




AHDL Syntax _,,

€ Subdesign section

 To declare the input, output, and bidirectional ports of the TDF

 The port type may be I1NPUT, OUTPUT, BIDIR, MACHINE INPUT, Of MACHINE
OUTPUT

— MACHINE INPUT & MACHINE OUTPUT keywords are used to import and
export state machines between TDFs and other design files. However, they
cannot be used in a top-level TDF.

« Example:

SUBDESIGN top

(
foo, bar, clkl, clk2 : INPUT = VCC;
a0, al, a2, a3, a4 : OUTPUT;
b[7..0] : BIDIR;

)




AHDL Syntax _,

@ Variable section
* To declare and/or generate any variables used in the logic section

« Example:
VARIABLE
a, b, ¢ : NODE;
temp : halfadd;
ts node : TRI STATE NODE;
IF DEVICE FAMILY == "FLEX8000" GENERATE
8kadder : flex adder;
d, e : NODE;
ELSE GENERATE
Tkadder : pterm adder;
f, g : NODE;

END GENERATE;




AHDL Syntax _,

@ Variable section - node declaration
* AHDL supports two types of nodes: NODE & TRT STATE NODE
« Example:

SUBDESIGN node ex
( a, oe : INPUT;

out : OUTPUT;
C : BIDIR;
)
VARIABLE
b : NODE;
t : TRI_STATE NODE;
BEGIN
b = a;
out = b; % therefore out = a %
t = TRI (a, oe);
t = c; % t i1s bus of ¢ and tri stated a %




AHDL Syntax _,,

@ Variable section - instance declaration
* Each instance of a particular logic function can be declared as a variable
« Example:

FUNCTION compare (a[3..0], b[3..0])
RETURNS (less, equal, greater);

FUNCTION lpm add sub (cin, dataa[LPM WIDTH-1..0],
datab[LPM WIDTH-1..0], add sub)
WITH (LPM WIDTH, LPM REPRESENTATION, LPM DIRECTION,
ADDERTYPE, ONE INPUT IS CONSTANT)
RETURNS (result[LPM WIDTH-1..0], cout, overflow);

comp will have the following ports:

VARIABLE comp.af], comp.b[], comp.less, comp.equal, comp.greater

comp : compare;
adder : lpm add sub with (LPM WIDTH = 8)

\ adder will have the following ports:

adder.dataal], adder.databl], adder.result[]
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@ Variable section - register declaration

* You can declare registers including D, T, JK, SR flip-flops & latches

— DFF, DFFE, TFF, TFFE, JKFF, JKFFE, SRFF, SRFFE, LATCH
« Example:

VARIABLE
ff : TFF;

ffis a T flip-flop and have the following ports:
a, b : DFF;

[t ff-clk, ff.clrn, ff.prn, ff.q

Since all primitives have only one output, you can use the name of an

instance of a primitive without appending a port name. For example,
“a =b"is equivalent to “a.d = b.q”




AHDL Syntax _

@ Variable section - state machine declaration
* To create a state machine by declaring its name, states, and, optionally its bits

« Example:
VARIABLE
ss : MACHINE OF BITS (gl, g2, o)
WITH STATES / Reset state for the state machine

( Sl — B"OOO",
s2 = B"010",
s3 = B"111"




AHDL Syntax _ 5,

@ Variable section - machine alias declaration
* To rename a state machine with a temporary name
« Example:

FUNCTION ss def (clock, reset, count)
RETURNS (MACHINE ss out);
ss_out is a state machine output
VARIABLE
ss : MACHINE;

BEGIN
ss = ss def (sys clk, reset, !hold);
IF ss == s0 THEN
ELSIF ss == sl THEN

END;




AHDL Syntax _

@ Logic section

To specify the logical operations of the TDF
The BEGTN and END keywords enclose the logic section

€ Boolean equations

To represent the connection of nodes and the dataflow of inputs and outputs

Example:
all = ((c[] & -B"001101") + e[6..11) # (p, q, r, s, t, v);
chip enable = (address[15..0] == H"0370");

# Boolean control equations

Set up the state machine clock, reset, and clock enable signals

Example:
ss.clk = clkl;
ss.reset = a & b;

ss.ena = clklena;




AHDL Syntax _ .,

& Case statement
« Example:

CASE f[].q IS
WHEN H"Q0O0" =>
addr[] = 0;

s = a & b;
WHEN H"O01" =>

count[].d =

count[].qg + 1;

WHEN H"O02", H"03", H"04" =>

f[3..0].d =
WHEN OTHERS =
fll.d = £[]

END CASE;

addr[4..1];

—_

-7 To define the default behavior




@ Defaults statement
* To specify default values for variables used in truth table, if-then and case

statements
’ Example' Only one Defaults statement is allowed in the Logic Section, and it must
be the first statement after the BEGIN keyword.
/ Defaults statement can't be used to set a default value of X (don't care)
BEGIN to a variable.
DEFAULTS

a = VCC; ‘(;“-~,§

Active-low variables that are assigned more than once should be
END DEFAULTS; given a default value of VCC

IF y & z THEN
a = GND; % a 1is active low %
END IF;
END;




AHDL Syntax _,,

@ If-Then statement

« Example:
IF a[] == b[] THEN
c[8..1] = H "77";
addr[3..1] = f[3..1].q;

f[].d = addr[] + 1;
ELSIF g3 $ g4 THEN
f[].d = addr[];
ELSE
d = vCC;
END IF;




AHDL Syntax _ ,,

@ If-Generate statement

* To list a series of behavioral statements that are activated after the positive
evaluation of an arithmetic expression

— Can be used in the logic section or in the variable section

— [f-Then statement is evaluated in hardware, whereas |f-Generate statement is
evaluated when the design is compiled

* The predefined parameter and evaluated function

- DEVICE FAMILY: to test the current device family for the project

— USED: to test whether an optional port has been used in the current instance.
« Example:

IF DEVICE FAMILY == "FLEX8K" GENERATE
c[] = 8kadder(al], bl], cin);
ELSE GENERATE
c[] = otheradder(al[], bl[], cin);
END GENERATE;




AHDL Syntax _,,

@ For-Generate statement
« Example:

CONSTANT NUM OF ADDERS = 8;

SUBDESIGN 4gentst

( a[NUM OF ADDERS..1], b[NUM OF ADDERS..1], cin : INPUT;
c[NUM OF ADDERS..1], cout : OUTPUT;

)

VARIABLE
carry out[ (NUM OF ADDERS+1)..1] : NODE;
BEGIN
carry out[l] = cin;
FOR i IN 1 TO NUM OF ADDERS GENERATE
c[i] = al[i] $ b[i] $ carry out[i];
carry out[i+1l] = a[i] & b[i] # carry out[i] & (a[i] $ b[il);

END GENERATE;
cout = carry out[NUM OF ADDERS+1];
END;
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@ In-line logic function reference
A Boolean equation that implements a logic function
« Example:

FUNCTION compare (a[3..0], b[3..0])
RETURNS (less, equal, greater);
FUNCTION lpm add sub (cin, dataa[LPM WIDTH-1..0],
datab[LPM WIDTH-1..0], add sub)
WITH (LPM WIDTH, LPM REPRESENTATION)
RETURNS (result[LPM WIDTH-1..0], cout, overflow);

/ Positional port association

(cw, , ccw) = compare (position[], targetl[]);

sum[] = lpm add sub (.datab[] = b[], .dataal]l = all)
WITH (LPM WIDTH = 8) -~
)

RETURNS (.result[] Named port association

.
4
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& Truth table statement

* To specify combinational logic or state machine behavior

* Use defaults statement to assign output values in cases when the actual inputs do
not match the input values of the table

« When using X (don't care) characters to specify a bit pattern, you must ensure that
the pattern cannot assume the value of another bit pattern in the truth table. AHDL
assumes that only one condition in a truth table is true at a time.

« Example:

a0, f[4..1].g=> f[4..1].d, control;

0, B"0O0OO" => B"0001", 1;
0O, B"0100" => B"0010", 0;
1, B"0XXX" => B"0100", 0;
X, B"111ll"™ => B"0101", 1;

END TABLE;




AHDL Details

¥ To know more about AHDL
« Refer to Altera’s AHDL manual
« Search relative topics in MAX+PLUS Il on-line help

€ More AHDL examples

* Find AHDL examples under \max2work\ahd1 directory

€ To make writing AHDL code easy
« Use MAX+PLUS Il Text Editor to edit your TDFs
* Using LPM




MAX+PLUS II Text Editor

0 Features of MAX+PLUS Il Text Editor

AHDL templates & examples
* AHDL context-sensitive help
*  Syntax coloring
* Error location
 Resource & device assignments




AHDL Templates

€ AHDL templates make design easier

* You can insert AHDL template into your TDF, then replace placeholder variables in
the templates with your own identifiers and expressions

AHDL Template

Template Section:

Azzert Statement —
Boolean Equation

Caze Statement

Constant Statement

Defaultz Statement

Define Statement

For Generate Statement

Function Prototype Statement [non-parametenzed]
Funchion Prototype Statement [parametenized]

If Generate Statement

If Then Statement

In-Line Reference [non-parameterized)

In-Line Reference [parameterized]) .
In-Line Reference [named port association]

Include Statement

Instance Declaration [non-parameterized]

Inztance Declaration [parametenzed)

Logic Section

Machine Aliazs Declaration
Nnde Declaratinn i
4 T | 3

LCancel |




Inserting AHDL Template

=1=] x|
e |EuurierNe j| |11 jH

INPUT
CUOTEUT ;
EIDIR;

INEPUT;
OUTPUT;

Template Section:

Function Prototype Statement [parameterized) “
If Generate Statement

If Then Statement

In-Line Reference [non-parametenzed)
In-Line Reference [parametenzed)

In-Line Reference [named port association]
Include Statement

Instance Declaration [non-parameterized]
Instance Declaration [parameterized]

Logic Section

M achine Aliaz Declaration

Mode Declaration

Options Statement

Parameters Statement

Reaqister Declaration

State Machine Declaration

‘Subdesign Section

Title Statement

Truth Table Statement

Yariable Section

Jd |

Line 10 [Col 1 [INSI+| | Cancel | i

ForHelp an this dialog box, press Fl

ull




# Syntax Coloring command
* To improve TDF readability & accuracy

Using Syntax Coloring

€ To customize the color palette

 The AHDL-relative options:

Comments
lllegal Characters

Megafunctions/Macrofunctions

Reserved ldentifiers
Reserved Keywords
Strings

Text

Screen Elements:

Application Workzpac
Area Marquis
Comments

Drawing Sheet Border
Grid & Guide Lines
Groups

Illegal Characters
Inactive Module
Mega/Macrofunchtions
Meszagesz [Error]
Meszsage [Info)

&

-

Freview | Beset |
(1] 4 I Cancel |

- Text

— Colors Set With Control Panel —
I:I Window Background
- Application Work zpace

— MAX+PLUS 1l Colors




Text Editor with Syntax Coloring

i MAK+plus IT - d:halteraB0marEworkiotornaliticl, et - [auto_max 45 - Text Editor]

ﬂME}GplusII File Edit Templates Asign  [Ttlites Options Window  Help ;Iilﬂ
NEEE] .;a||g|.. HRBE 2B L [E=zE [EHEE EEZ]E] [coviene =] 13 |
CONSTANT MNORETH BTOO"; % Create descriptive name for numbers =
CONSTANT ERST = B"01"; % for use elsewhere in file b
CONSTANT WEST = B"10";
CONSTANT SOUTH = B"11";
SUBDE3IIGN auto max
{
dir[l..0], accel, clk, reset : INPUT; $ File input:
speed too fast, at altera, get ticket : OUTPUT; % File outpul

WVARIABLE
street map : MACHINE
OF BITS {gZ2,qgl,q0;
WITH STATES |

Create state machine with |

oW o

gl & g0 as ocutputs of regis

VO, % Your company

mpld, % Marigold Park Lane Drive
epld, % Bast Pacific Lane Drive
gdf, % Great Delta Freeway

cnf, % Capitol MNorth First

rpt, % Regal Park Terrace

ep, % East Pacific Main

B - 1

Line 4 [Col 24 [mNsi<| | = ... ""'""'""'ijfJ




Creating Text Design Files

€ Open a new design file
Menu: File -> New... -> Text Editor file (.tdf)

& Save as a TDF file

Menu: File -> Save As...

@ Set project to the current TDF file

Menu: File -> Project... -> Set Project to Current File

& Edit the TDF

* Turn on syntax coloring option
* Use AHDL Template & on-line help if necessary
* Follow the AHDL style guide mentioned in MAX+PLUS Il Help

& Save the file & check for basic errors
Menu: File -> Project -> Project Save & Check




Example: Decoder

@ Design a decoder with...

If-Then statements

Case statements

Table statements

LPM function: LpM DECODE

SUBDESIGN decoder
(

code[l..0] : INPUT;
out[3..0] : OUTPUT;
)

CASE code[] IS
WHEN 0 => out][] B"0001";
WHEN 1 => out[] = B"0010";
[]
[]

WHEN 2 => out
WHEN 3 => out
END CASE;

= B"0100";

|

I

|

|

|

I

|

BEGIN :
I

|

|

|

I

= B"1000"; |
|

|

|

low, middle, high : INPUT;
highest level[1l..0] : OUTPUT;

|

|

I

|

|

|

: BEGIN

| IF high THEN

I highest level[] = 3;
: ELSIF middle THEN

I highest levell[] = 2;
| ELSIF low THEN

: highest level[] = 1;
| ELSE

| highest level[] = 0;

I END IF;

| .




Example: Counter

@ Create a counter with DFF/DFFE OF LPM_COUNTER

SUBDESIGN ahdlc

—

clk, load,
gll5..0]

en

VARIABLE
count[15..0]

BEGIN
count[].clk =
count[].clrn

IF load THEN
count[].d =
ELSIF ena TH
count[].d
ELSE
count[].d =
END IF;

nt

a, clr, d[15..0]
DFF;

clk;

= lclr;

daflz
EN

= count[].g + 1;

count|[].qg;

|

|

|
INPUT; |
OUTPUT; :
|

|

[ —

| INCLUDE "lpm_counter.inc"
| SUBDESIGN lpm cnt

| clk, load, ena, clr, d[15.
I ql[l5..0]

)

| VARIABLE

: my cntr: lpm counter WITH
| BEGIN

I my cntr.clock = clk;

: my cntr.aload = load;

I my cntr.cnt en = ena;

| my cntr.aclr = clr;

' my cntr.datal] = d[];

| all = my_cntr.qll;

.0] : INPUT;

OUTPUT;

(LPM_WIDTH=10) ;




Example: Multiplier

@ Design a multiplier with LeM_mMuLT

CONSTANT WIDTH = 4;
INCLUDE "lpm mult.inc";

SUBDESIGN tmul3t
(

a[WIDTH-1..0] INPUT;
b[WIDTH-1..0] INPUT;
out [2*WIDTH-1..0] : OUTPUT;
)

mult : lpm mult WITH (LPM REPRESENTATION="SIGNED",
LPM WIDTHA=WIDTH, LPM WIDTHB=WIDTH,
LPM WIDTHS=WIDTH, LPM WIDTHP=WIDTH*2) ;

BEGIN
mult.dataal[] = al];
mult.datab[] = b[];
out[] = mult.resultl[];

I
I
I
I
I
I
I
I
I
I
I
I
I
: VARIABLE
I
I
I
I
I
I
I
I
I
I
I

e e o e e — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — —




Example: Multiplexer

@ Design a multiplexer with LpM Mux

FUNCTION lpm mux (data[LPM SIZE-1..0] [LPM WIDTH-1..0], sel[LPM WIDTHS-1..0])
WITH (LPM WIDTH, LPM SIZE, LPM WIDTHS, CASCADE CHAIN)
RETURNS (result[LPM WIDTH-1..0]);

SUBDESIGN mux
(

al3..0], b[3..0], c[3..0], d[3..0] : INPUT;
.0] INPUT;
result[3..0] : OUTPUT;
)
BEGIN
result([3..0] = lpm mux (a[3..0], b[3..0], c[3..0], d[3..0], select[1l..0])

|

|

|

I

|

|

|

I

| I}
: select[1l.
| 3.
|

|

|

I

: WITH (LPM_WIDTH:4, LPM_SIZE:4, LPM_WIDTHSZZ);
|




Example

@ Design RAM circuit with LPM

INCLUDE "lpm ram dqg.inc";

SUBDESIGN ram dg
(

WITH (LPM WIDTH=32, LPM WIDTHAD=8) ;

RAM

clk : INPUT;
we : INPUT;
ram data[31..0] : INPUT;
ram add[7..0] : INPUT;
data out[31..0] : OUTPUT;
)
BEGIN
data out[31..0] = lpm ram dgq (ram data[31..0],

ram add[7..0],

we,

clk,

clk)




Example: Tri-State Buses

@ Design tri-state buses with TRI

-— Connect the outputs of the tri-state buses together
mid[] = tri a[]; mid[] = tri b[]; mid[] = tri c[];
-— Feed the output pins

flip[].d = mid[]; flip[]l.clk = clock; out[] = flipI[].

I

I

I , . .

| inal[7..0], inb[7..0], inc[7..0], oe a, oe b, oe c, clock INPUT;
I out[7..0] OUTPUT;
I

I

I

| VARIABLE

| flip([7..0] : DFF;

: tri a[7..0], tri b[7..0], tri c[7..0] : TRI;

| mid[7..0] : TRI_STATE NODE;

I

| BEGIN

: —-— Declare the data inputs to the tri-state buses

I tri al]l = inal]; tri b[] = inb[]; tri c[] = inc[];

I -— Declare the output enable inputs to the tri-state buses

: tri al[].oe = oe a; tri bl[].oce = oe b; tri c[].oe = oe c;
I

I

I

I

I

I

e o e — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — — —




Example: Moore State Machine

SUBDESIGN moorel
(

¥ Moore state
machine

clk : INPUT;
reset : INPUT;
 The outputs of a state v . INPUT;
machine depend only g : OUTPUT;
the the state L

ss: MACHINE OF BITS (z)
WITH STATES (sO = 0, sl =1, s2 =1, s3 = 0);
% current state =
current output$

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
clk; :
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

BEGIN

ss.clk =

Ss.reset = reset;

TABLE
ss, % => SS;
s0, 0 => s0;
s0, 1 => S2;
sl1, 0 => s0;
sl, 1 => s2;
s2, 0 => s2;
s2, 1 => s3;
s3, 0 => s3;
s3, 1 => sl;

END TABLE;




Example: Mealy State Machine

SUBDESIGN mealy

€ Mealy state machine (

|
|

* A state machine with | elk o INPUT

asynchronous output(s) | reset : INEUT;
| % : INPUT;
: z : OUTPUT;
)

: VARIABLE
I ss: MACHINE WITH STATES (s0, sl, s2, s3);
| BEGIN
: ss.clk = clk;
I Ss.reset = reset;
|  TABLE
| ss, W% => Z, SSy
: s0, 0 => 0, s0;
| s0, 1 => 1, sl;
I s1, 0 => 1, sl;
: s1, 1 => 0, s2;
I s2, 0 => 0, s2;
I s2, 1 => 1, s3;
| s3, 0 => 0, s3;
: s3, 1 => 1, s0;
| END TABLE;
|




Waveform Design Entry

€ MAX+PLUS Il Waveform Editor
@ Creating Waveform Files

€ Examples

@ Design Entry Summary




MAX+PLUS II Waveform Editor

& Features of MAX+PLUS Il Waveform Editor

« Toserve 2 roles:
— As a design entry tool: to create Altera waveform design files (*.wdf)
— As a tool for entering test vectors & viewing simulation results: simulation
channel files (*.scf)
@ For design entry
 Waveform design entry is best suited for circuits with well-defined sequential inputs
& outputs, such as state machines, counters, and registers
@ For design verification
« Waveform Editor is a simulation pattern editor/viewer

 Waveform Editor is fully integrated with MAX+PLUS Il Simulator & Programmer to
provide full project verification flow




MAX+PLUS 11
Waveform Design Environment

i MAK+plos IT - ddalteraB0naeEworkiotoraliticl,_cnt - (el cnt.wdf - Waveform Editor]
'ﬂ MA¥+plusIT File Edit View Node Assign Utlites Options Window Help -5 x|
BEFEEFREE HR B 22L ERE =EHaa EEEE
Start: |0.0ns «[+] End: [440.0ns Interval:  [440.0ns -
gi Mame: _Type: ‘v’alu! 100.0ns 200.0ns 300.0ns 400.0ns
= reset INPUT T 1 |
= clock INPUT 0
’
@l count[3..0] REG HO 0 1 2 3 4 o 5 7 3 9 a
Gl;- - Cut
\:]a' Copr
Zoom Paste
functions [||g Delete
% Insert Waode. ..
Z Enter Wodes from SNF...
L Edit Node. ..
Bnter (Group... Pop-up menu
, [a g o o
Waveform = (clicking mouse B2/B3)
i 3
va lu es Civeryrite
overwriting *;*W s :
functions R
Find Node in Floorplan
Hind Hade i Vesizn File
4 | i




File Menu

i MAK+pluz [T - d:hall

'h\ MAX+pluz 1T EEIEE Edit Yiew Node Assgn [Ttlities Optons Window  Help _|5’|5|

NEEE .G ' BB &= EEZE

m Ref 140 Hew... hs Interval:  [-140.0ns -

m CIpemn... Cirl+ 0 140.0ns

Delets Fils [

E Mame: £ 100.0ns 200.0ns 300.0ns 400 Ons
—— Eetrieve... . . : :
= resel g CebF4
= rlock Bave Cil+s

Bave bz

Infa.. Chl+]
Al count 102 3 4 s ve Y7 Y8 Y9 Yo
; = to

Import Yector File...

o reate Table Fi

I Create Default Symbol

* Edit Bymbol

= Create Default Include File

i Frint... Chl+F

Print Setop. ..
Hierarchy 4
Exit MAH4plus IT Alt+E4




Node Menu

wdf - Waveform Editor]
ties Cptions Window  Help

o MAX+plus IT - 42

Insrt Hode... Doble-Click j@ ﬁ' | | A EIE
Enter Modes from SNF. - -
R Edit Node. . ouble-Chey | 1ETAR (440005 3
m Enter Group. ..
=3]| Name: Ungroup 200.0ns 300.0ns 400.0ns
= recet Bt Names...
= rlock Enter Separator. ..

S count[3.0] EG 3 TENFRERER TR ERED

To enter the node or group information




Edit Menu

Tndo Oweryrite

ick_cot - [tick_cntadf -
Axsign Uti]iﬁss

Waveform Editor]
Options Window Help

Cut
Copy Chl+C

eyt
Alizm to Grid, Ctelt+¥
Eepeat...

Gryowe or Shiin. .

~~

Interval:  [440.0ns

200.0ns

300.0ns

High (1}
Tndefined ()
High Impedance (£

Livert

Clock...
Connt Value. ..
[reD) Yiele, .
ot M Eimie,

To edit the waveform value




Creating a New Wavetorm File

€ Open a new design file
Menu: File -> New... -> Waveform Editor file (.wdf or .scf)

& Save as a WDF / SCF file

Menu: File -> Save As... ->

@ Set project to current file (for WDF file only)

Menu: File -> Project... -> Set Project to Current File




Setting Waveform Editor Options

@ Set the grid size & show the grid

Grid Size:

OK I LCancel |

« Setting appropriate grid size is helpful for waveform repeating & overwriting count
value operations

@ Specify the end time |
Cancel |

@ Regarding the grid size & interval...

* Ina WDF, the grid size & interval are arbitrary. The time scale indicates only a
sequential order of operations, not a specific response time.

* Ina SCF, the grid size & interval are important for timing simulation. MAX+PLUS ||
Simulator reflects the real-world timing according to your SCF and the specific
device. Setup & Hold time violation will occur if you enter impractical simulation
patterns.




Entering Nodes

@ Insert the node or group for WDF file

* You can specify the node name, I/O type, node type & default value
— Registered & machine node type must specify a clock signal and optionally

specify reset or preset signal (active high)

— You can specify machine values with the state names instead of logic values

MHode Name: |-::uunt[3..l]]

1/0 Type
Default ¥alue: j [l | I:F" —
Input Pin

|
[ o |
¢ Dutput Pin Cancel |

¥ Buried Mode

Mode Type
¥ Pin Input
*' Begistered

" Combinatorial

For Waveform Design File [w'DF] Only

" Machine

Secondary Inputs

Clock: | clock j|
Reset: M j




Entering Nodes from SNF

@ Enter the node or group for SCF file

« SNF: Simulation Netlist File

— Generated by MAX+PLUS Il Compiler (discussed later)
— After compilation, you can list the nodes and help you to create the SCF file

\
¥ Inputs \ ¥ Registered
¥ Dutputs ¥ Combinatorial
V¥ Group ¥ Memory Bit
W Al IF Memory Word

=

Hode / Group: |' List
Available Nodes & plaeted Hodez & Groups:

x 1) x (1]

reset [1] reset [1]
.......................................................................................... =2 | clock (1)

ipy [0 yy (0]

~44~1"1.0UT [B]

:33.4 [B] i=

-33 N IR1 hal

| k b | b
~ Type ¥ Preserve Existing Modes

[T Show All Node Hame Synonyms

Clear |
(1]4 | Cancel |




Editing Waveforms _

® Edit the waveforms
* First select the interval to edit
— Sometimes you may specify new grid size for easy selection
* To create clock-like waveform

Interval: 0.0ns To: 440.0ns

Starting ¥alue:

* To edit the state machine node values Clock Period: ~[40.0ns Multiplied By: [T |

I!

]|
State Mame: E |




Editing Waveforms _ @)

& Edit the waveforms
* To edit the node values

* To stretch / compress the selected signal

Interval: 0.0ns To: 440.0ns

Radix i1z: Hexadecimal

Starting ¥alue:

I
|

Selected Interval:  0.0ns To: 440.0nsz Ending Value: Cancel
Fit Selection Into: To: (880.0ns Count Type: ¥ Binary Incriement By:

Cancel | " Gray Code
Count Every: Multiplied By:

* To align node values or state names to grid if necessary




Saving & Checking the Design

& Save the WDF/SCF file

Menu: File -> Save

@ Check basic errors for the WDF file
Menu: File -> Project -> Project Save & Check




Waveform File Formats

€ MAX+PLUS Il file formats
* Binary format: WDF & SCF files
 ASCII format (Altera vector file format): TBL & VEC files

— TBL: an ASClI-format table file that records all logic level transitions for nodes
and groups in the current SCF or WDF

— VEC: an ASCII text file used as the input for simulation, functional testing, or
waveform design entry

— Refer to MAX+PLUS |l Help for detailed information about vector file format

@ To create a table file (*.thl)

€ To import a vector file (*.vec)




WDF Design Guidelines

€ When design a WDF file...

WDFs cannot be at intermediate levels of a hierarchy

Include all possible combinations of input values

Align all logic level and state name transition

Assume a Ons propagation delay for all logic

Assume a 0.1ns setup time and Ons hold time for state machine node

For clarity, Altera recommends that you draw inputs that affect registers only on
falling clock edges

If a function is cyclical, show the last set of conditions looping back to the first by
repeating the first time-slice at the end of the cycle




Example: Decoder

€ When design a decoder...

 Use “Overwrite Count Value” to help create all possible combinations of decoder
input values, and then manually edit the output waveforms

Mare: _Type: 'L EEI.IIZIns 1EIEI.IIIIn5 “IEIII.IEIns EIIIIII.IEIns EEEI.IEIns 3EIEI.IEIn5 35III.IEIn5

400

= in[3..0] MPUTT F WE YD Y CYBYALYS ¥a 7 Y6 §s 44932 yiyao

& decout[15..0]] COME |5000 {4000 2000 %1000 §0500 30400 Y0200 %0100 $0050 40040 §0020 §0010 {0008 30004 {0002 ¥0001




Example: Counter

€ When design a counter
* Use “Overwrite Count Value” command to create a regular counter waveform

i

Mare: Type: vah_,ll 100.0ns 200.0ns 300.0ns 400.0ns
ﬁ { 1 1 1 1
= reset INPLIT X

= clock INPLT A J I_I I_I I_I I_I I_I I_I_I_I_I_I_I_I_I_l_

S5 count[3..0] REG |HX 0 W 2 s e s e 7 e W9 Yo
i tc COMB | ¥ |

Mame: Type: vamll 1EIEI.IEIn5 EEIEI.IEIns 3EIEI.IEIn5 4EIEI.IEIns
B reset T NPUT T o] |

= clock INPUT 1 | |
lﬁcuunt[a.n] REG H3 o %3 46 49 yc ko ¥ 3 YE 49 fcyo
-

x INPUT | 1 |

=0 T COmMB ]




Example: State Machine

€ When design a state machine
* Use “Overwrite State Name” to help create a state machine output
— You can specify machine values with the state names instead of logic values
« Make sure all possible combinations of inputs and states are included

Mame: Type: waly 100.0ns 200.0ns 300.0ns 400.0ns
B reset i YIT\JF'UT HTEL'_| | | | |

= clack meut x| L L L L L

- x mPuT L | T L L]

d SS MACHINE | ¥ a0 W2 53 st W2 Ws3 st Yen]
o 5y e | x — T I L




Design Entry Summary

TN

MAX+PLUS 1l
Symbol Editor

MAX+PLUS Il
Waveform Editor

MAX+PLUS Il
Graphic Editor

MAX+PLUS Il
Text Editor

MAX+PLUS I

3rd Party EDA

Tools

=

Design Support
Files Files
.gdf
— v .sym
tdf
— .vhd .inc
wdf
.sch
Amf
—

.edf




Design Implementation

€ MAX+PLUS Il Compiler

@ Preparing for Compilation

4 Compiling the Project

€ Analyzing the Compilation Results

@ Floorplan Editor

€ Appendix: Interfacing with 3rd-Party Tools




Design Specification>
g

Design Entry

ﬂ< Design Modification
A

Compilation—;

ll

Command- Simulation 2
Line _ v .
Mode Timing Analysis

Device Programming

In-System Verification

Y
<System Productio




MAX+PLUS II Compiler Window

Output File

MAX+pluzIT - dha Shntorialinool 8

MoX+pluzIl Fie Processing [nterfaces fLssign Optons Widow Help

NFEEEFERE N REEE R EEREEE

—]

_—— =
A Compaler

Compiler Database Logic
Netlist Builder Synthesizer Partitioner
Ex‘lractur

Timing
SNF ';embler
Exdractor

100

S0

so_|

Compiler
Infu Selectlng a device from 'FLEX8000' family for AUTO device 'mult@xd' =
Info: Chip 'multBx8' in device 'EPF8282ALCE4-2" has less than 20% of logic cells awvailable for future logic
changes — if your project is likely to change, Altera recommends using a large - I

Info: Chip 'multBx8' successfully fit into AUTO device 'EPF8282ALCE4-2' wae\ =

4 Message p (0 of 28 [" Locate in Floorplan Editor

4 favate Bl 0ofD Lanate Al

| Help on Message

To invoke MAX+PLUS Il Compile

Menu: MAX+PLUS Il -> Compil

— Compiler

modules

Message
Processor




MAX+PLUS II Compiler

@ Process all design files associated with the project
* Files can be created with MAX+PLUS Il or 3rd party EDA Tools

@ Checks for syntax errors and common design pitfalls

@ Performs logic synthesis and place & route
* According to assignments in .acf file

@ Generates files for simulation and timing analysis
* Files can be used by MAX+PLUS Il or 3rd party EDA Tools

@ Generates files for programming targeted devices

# Compiler _[ofx]
ler

Timing
Fitter SHF
Extractor
r

it

Compiler § Database jlogic
Netlist Builder QSwnthesize] Partitioner
Extractor
-2 e
9 -

Assemb
et




Compiler Input and Output Files

3rd Party EDA

Design Files Mapping Files
(.edf, .sch) (.Imf)

Functional SNF
Files

- (.snf)
MAX+PLUS Il Compiler ’
MAX"'PLUS Il Compiler Netlist | | h tapase Logic
- - Extractor (includeq | . - T
Des|gn Files aflr::tﬁ:t(:zg;pi Builder | Bynthesizef T|m|ng SNF
('gdf’ tdf, .vhd, .v, Functional, Timing » Files
. varAf) or Linked SNF | [ Partitioner Fitter (.snf)
Asmgnments» Extractor '
acf EDIF, VHDL & .
( ) Verilog Netlist Bii',[%? Assembler ‘
Writers Programming

Files
(.pof, .sof, .jed)

3rd Party EDA

Simulation/Timing Files
(.edo, vo, vho, sdo)




Compiler Input Files

@ Design files
+ MAX+PLUS I

— Graphics file (.gdf), AHDL file (.tdf), VHDL file (.vhd), Verilog (.v), Wavefrom
file (.wdf)

» 3rd Party EDA Tools

— EDIF file (.edf)
« Select Vendor in EDIF Netlist Reader Settings
« Library Mapping File (.Imf) required for vendors not listed

— OrCAD file (.sch)

@ Assignment and Configuration File (.acf)
* Controls the Compiler’s synthesis and place & route operations
* Automatically generated when user enter assignments

* Automatically updated when user changes assignments or back-annotates
project




Compiler Output Files

@ Design verification files

« MAX+PLUS I
— Simulation Netlist File (.snf)

* 3rd Party EDA Tools
— VHDL netlist file (.vho)
— EDIF netlist file (.edo)
— Verilog netlist file (.vo)
— Standard Delay Format SDF file (.sdo)

@ Programming files
* Programmer Object file (.pof)

« SRAM Object file (.sof)
 JEDEC file (.jed)




For EDIF Netlist Input

MAX+plusz 1l - c:haltera_timvmplusihilter

Azzign  Ophonz:  Windo

Max+pluz [l File  Proceszing

Interfaces

| Dlﬁ'l EI %I | i IIE EDIF Metlizt Beader Settinng\

EDIF Methst wWiiter

EDIF Methst Writer Settings. ..

\

Compiler
MNetlist

Werlog Methst 'Wiiker
Yerlog Methst Wiiter Settings. ..

For EDIF input, the
EDIF Reader Settings
need to be selected

Extractor

1]
EDIF Metlist Reader Settings

YHOL Metlist Reader Settings...
WYHOL Methst \iker
WHDL Methst Writer Settings. ..

#MF Metlist Beader Sethings...

=

Vendor: (- ctom j [ Show LMF Mapping Messages
Exemplar -
Mentor Graphics oK Cancel |
Synopsys — —
Synplicity
‘-I"iewluﬁic: —




VHDL Netlist Reader Settings

VYHDL Metlist Reader Settings (x|l Filg Processing QRIGIEWCE Azsign Options  Windo
VHDL Version A 3 al %l I %  EDIF Netist Readsr Settings...
= EDIF Metlist \whiter
& VHDL 1987 € VHDL 1993 A— "
|V - \'\ = M EDIF Metlist Wwiriter Settings. ..
— Project Libranes N Compiler Werilog Metlizt ‘wiiter
Library Name: \ Netlist Verlog Netlist \wiiter S ettings. .
Extractor
. ) — WHDL Metlizt Reader Settings...
Directory Mame: \ _ _
HOL Metlist “afriter
Directories: Dnyes: \ HDL Metlizt ‘Writer Settings...
ch . -
E?E‘ altera_tmn = J\\\ /,/ ZMF Metlizt Reader Settings...
e Sunmpere EampEier
(3 solutions Synnpers Eamnpien Setings..
Existing Librarnies: ]
Add Select VHDL version
and Library names
Delete

(1] .4 | Cancel |




For EDIF Netlist Output

MAX+plusz Il - c-haltera_trnvmplus\filter

Mas+pluz 1l File Procezsing QRIEIEE-EN &=zign  Options  Windo

. . Timing EDIF
@ = HI %I | 5 i¢  EDIF Netlist Beader Settings. .. Fitter oNF Netlist Assembler
— EDIF Metlist \riter Extractor YWriter
EDIF Metlist ﬂriterﬁﬁﬂg{.
Compiler YWernlog Metlizt Wwiiter ) /ﬂ -
MNetlist Yernlog Metlizt Wwiiter Settings. . = va ]
Extractor
YWHOL Metlizt Beader Settings... Gin
WHOL Metlizt \wWiiter
YWHEIL Metlizt \wWiiter Settings. ..
; / _ _ For EDIF output, the
: /, #MF Metlizt Beader Settings. .. EDIF Netlist Writer needs

Snpeys EamEer to be selected.
Sinepsys Eomelen Sethings..
EDIF Hetlizst Writer Settings Ed
—EDIF Yersion
Gl Custom  §d @ o~
Need to select vendor *EDIF200 EDIF300

EDIF Netlist Writer seti
1] 4 I Cancel

Cusztomize >3> 1]




Verilog Netlist Writer & Writer

Settings

MA +pluz Il - c:haltera_tmimplushfilter

Més+pluz 1l File Proceszing QREIESEEN S:z:ign  Option:  Windo

@ = nl%l ) %  EDIF Netist Readsr Settings...

= EDIF HetlistWriter Fitter
EDIF Metlist Wwiriter Settings. ..

1% Compiler

Compiler Verlog Methist Writer
Netlist Verilog Netlist wiiter %\

/

=10 x|
Timing Verilog
SNF Metlist Assembler
Extractor Writer

100
1

Extractor

WHDL Metlizt Reader Setting,. .
WHOL Metlizt wiriter

Yenlog Nethizt Wnter Settings

|':'= —Write Delay Constructs To

i SDF Output File [.edo] Ver 2.1
¢~ SDF Output File [.sdo] ¥er 1.0

Time Scale:

0.1ns

[~ Map lllegal Yerilog Characters

" Truncate Long Hierarchy Paths
[ Flatten Buses

(11,4

I Cancel

/
/
N/n |
=

Select Verilog Netlist
Writer to output Verilog
file for Verilog simulator

Select Verilog Netlist
Writer Settings

to adjust Verilog outputs




VHDL Netlist Writer & Writer
MAX+pluz Il - c-\altera_tinvmplushfilter S ettings

Mas+pluz 1l File Procezsing @REIEE-0 4=zign Options  Windo

— - ; ; Timing YHDL
@ = EI %I | 3:- E EDIF Metlist Reader Settings... r Fitter SNF Metlist Assembler
— EDIF Metligt \riter Extractor YWriter
EDIF Metlist \Writer Settings... ¢
Compiler Werlog Metlist \Writer
Metlist Yerlog Metlist Writer Settings... = =
Extractor
YWHOL Metlizt Reader Settings... BT0p |
WHOL Metlist Wiiter€e——0 o -
4 VHDL Netlstwiiter Settings.. | —————— |
0 JRET Y VHDL Netiist Writer Settings Select VHDL Netlist
/ e ~YHDL Version Writer to Output VHDL
Cfopsy: F"'."HDL _____ 1 HE? " VHDL 1993 file for VHDL simulator

—Write Delay Constructs To

Select VHDL Netlist % YHDL Dutput File [.vho]
Writer Settings " SDF Output File [_zdo] Ver 2.1 [WITAL]

to adjust the VHDL OUtp " SDF Dutput File [.sdo] Yer 1.0

" Generate Configuration Declaration
[ Truncate Long Hierarchy Paths
[ Flatten Buses

0K Cancel |




Imported Design

@ Top-level Design: can be read in directly
— EDIF Netlist files
— OrCAD schematics
* Refer to MAX+PLUS Il Read Me file for the version of 3rd Parties tools it
interface with
@ Lower-level modules
 EDIF, OrCAD schematics files
— Create symbols or files to instantiate component
* QOther proprietary files
— JEDEC, ABEL, PALASM
— Conversion utilities exist in Altera ftp site




Compiler Modules _

€ Compiler Netlist Extractor

The Compiler module that converts each design file in a project (or each cell of an
EDIF input file) into a separate binary CNF (Compiler Netlist File)

The Compiler Netlist Extractor also creates a single HIF that documents the
hierarchical connections between design files

This module contains a built-in EDIF Netlist Reader, VHDL Netlist Reader, and XNF
Netlist Reader for use with MAX+PLUS II.

During netlist extraction, this module checks each design file for problems such as
duplicate node names, missing inputs and outputs, and outputs that are tied
together.

If the project has been compiled before, the Compiler Netlist Extractor creates new
CNFs and a HIF only for those files that have changed since the last compilation,
unless Total Recompile (File menu) is turned on




Compiler Modules _,,

& Database Builder

 The Compiler module that builds a single, fully flattened project database that
integrates all the design files in a project hierarchy

* As it creates the database, the Database Builder examines the logical completeness
and consistency of the project, and checks for boundary connectivity and syntactical
errors (e.g., a node without a source or destination)




Compiler Modules _

@ Logic Synthesizer

The Compiler module that synthesizes the logic in a project's design files.

The Logic Synthesizer calculates Boolean equations for each input to a primitive
and minimizes the logic according to your specifications

The Logic Synthesizer also synthesizes equations for flip-flops to implement state
registers of state machines

As part of the logic minimization and optimization process, logic and nodes in the
project may be changed or removed

Throughout logic synthesis, the Logic Synthesizer detects and reports errors such
as illegal combinatorial feedback and tri-state buffer outputs wired together ("wired
ORs")

@ Design Doctor Utility

The Compiler utility that checks each design file in a project for poor design
practices that may cause reliability problems when the project is implemented in one
or more devices




Compiler Modules _,,

& Partitioner

* The Compiler module that partitions the logic in a project among multiple devices
from the same device family

* Partitioning occurs if you have created two or more chips in the project's design files
or if the project cannot fit into a single device

« This module splits the database updated by the Logic Synthesizer into different
parts that correspond to each device

* A project is partitioned along logic cell boundaries, with a minimum number of pins
used for inter-device communication




Compiler Modules _

& Fitter

The Compiler module that fits the logic of a project into one or more devices

Using the database updated by the Partitioner, the Fitter matches the logic
requirements of the project with the available resources of one or more devices

It assigns each logic function to the best logic cell location and selects appropriate
interconnection paths and pin assignments

The Fitter module generates a “fit file”(*.fit) that documents pin, buried logic cell,
chip, clique, and device assignments made by the Fitter module in the last
successful compilation

Regardless of whether a fit is achieved, the Fitter generates a report file(*.rpt) that
shows how the project is implemented in one or more devices




Compiler Modules _

€ SNF(Simulation Netlist File) Extractor

« Functional SNF Extractor

— The Compiler module that creates a functional SNF containing the logic
information required for functional simulation.

— Since the functional SNF is created before logic synthesis, partitioning, and
fitting are performed, it includes all nodes in the original design files for the
project

* Timing SNF Extractor

— The Compiler module that creates a timing SNF containing the logic and timing
information required for timing simulation, delay prediction, and timing analysis

— The timing SNF describes a project as a whole. Neither timing simulation nor
functional testing is available for individual devices in a multi-device project.

« Linked SNF Extractor

— The Compiler module that creates a linked SNF containing timing and/or
functional information for several projects

— Alinked SNF of a super-project combines the timing and/or functional
information for each project, allowing you to perform a board-level simulation




Compiler Modules _,,

@ Netlist Writer
« EDIF Netlist Writer

— The Compiler module that creates one or more EDIF output files(*.edo). It can
also generate one or more optional SDF output files(*.sdo).

— EDIF output Files contain the logic and timing information for the optimized
project and can be used with industry-standard simulators. An EDIF Output
File is generated for each device in a project.

* Verilog Netlist Writer

— The Compiler module that creates one or more Verilog output files(*.vo). It can
also generate one or more optional SDF output files.
* VHDL Netlist Writer

— The Compiler module that creates one or more VHDL output files(*.vho). It can
also generate one or more optional VITAL-compliant SDF output files.




Compiler Modules _ g,

& Assembler

 The Compiler module that creates one or more programming files for programming
or configuring the device(s) for a project

 The assembler generates one or more device programming files
— POFs and JEDEC Files are always generated

— SOFs, Hex Files, and TTFs are also generated if the project uses FLEX
devices

— You can generate additional device programming files for use in other
programming environment. For example, you can create SBF and RBF to
configure FLEX devices.

— File format:
 POF: Programming Object File
« SOF: SRAM Object File
« TTF: Tabular Text File
« HEX: Intel-format Hexadecimal File
* SBF: Serial Bitstream File
« RBF: Raw Binary File




Compiling a Project

@ Select functional compilation or timing compilation
€ Assignments
@ Run the compilation

@ Consult the report file (.rpt) or the Floorplan Editor for
device utilization summaries and synthesis and place &
route results

rocessin i L
= Dissign Doctor i PinLocation/Chip...
IEE Tirming Fequiremen kz...

Design Doctor Settings...

Clique. ..

Functional SMF Estractor Logic Options. ..
v Timing SHF Extractor Prabe. ..

Dptimize Timing SHF Connec ted Finz...

Linked SMF Extractar Local Fouting...

Fitter Settings... Global Project Device Options. ..
Repott File Settings.. Global Project Parameters. ..

Global Project Timing Bequirements. ..
Generate AHOL TDO File Global Project Logic Senthesis. .

Smart Recompile Ignare Project Azsignments. ..
Total Recompilz Clear Project Assignments. ..
Back-fnnotate Project. ..

Prezerve All Mode Mame Syunonyms

Conwert Obsolete Assignment Eormat




The Functional Compilation
Process

B Compiler Netlist Extractor builds the .cnf netlist
file and checks for syntax errors

B Database Builder constructs the node name
database

B Functional SNF Extractor build .snf file for
functional simulation

- [0]x]

E¥ Compiler

Compiler Database Functional
Netlist Builder SNF
Extractor Extractor

A

A




The Timing Compilation Process

B Compiler Netlist Extractor and Database Builder
build netlist database and check for syntax errors

B Logic Synthesizer performs logic
synthesis/minimization

B Design Doctor checks for design violations

B Partitioner and Fitter executes place & route
algorithm and builds the .rpt file on device
Implementation

B Timing SNF Extractor builds .snf file for simulation

and timinna analvceic

7 Compiler _[o]x]
. ASS Compiler § Database flLogic Timing \deV|Ce
Netlist Builder QSwnthesizelj Partitioner Fitter SNF Assembler
Extractor Extractor
2




Compiler Processing Options

@ Functional
* Compilation generates file for Functional Simulation
— Functional SNF file (.snf)
@ Timing
 Compilation generates user selectable files for
— Timing Simulation and Timing Analysis
* Timing SNF file (.snf)
— 3rd party EDA Simulation
* Verilog file (.vo)
+ VHDL file (.vho)
* SDF file (.sdo)
— Device Programming
* Altera Programmer file (e.g. .pof, .sof)




Compilation Process Settings _

@ Customize the report file settings

Menu: Processing -> Report File Settings..]

[V File Hierarchy
¥ Logic Cell Interconnections

¥ Equations
v Al

oK I Cancel




Compilation Process Settings _,,

€ “Smart Recompile” & “Total Recompile”

* The first time the Compiler processes a project, all design files of that project are
compiled

 Use “Smart Recompile” feature to create an expanded project database that helps
to accelerate subsequent compilations

— Allow you to change physical device resource assignments without rebuilding
the database & resynthesizing the project

« Use “Total Recompile” feature to force the Compile to regenerate database &
resynthesize the project




Assign Menu

O P a1 SE LG |
rthe @t@ when.a prOJect is comn L[:@E‘l
Pm/Location"hip. ..
m inghutied-by. default =[O0

Compiler Database  Cligue... Timing

Netlist Builder Logic Options... Fitter SNF Assembler

Extractor Probe. Extractor
Connected Ping. .
Local Ronting...

g (Flobal Project Device Options. . 100}

(3lobal Project Parameters. .
(labal Project Timing Eequirements. .
(lobal Project Logic Synthesis. . ﬂl

Iznore Project Assgnments. .
Clear Project Assignments. ..

Back-Anmnotate Project. .

Convert Obalete Azsignment Format




Assignments Control

@ Device FIT

« MAX+PLUS Il default settings are designed for maximum fit-ability
* Almost all assignments affect fitting

@ Device Utilization
* Circuit design
* Logic assignment

@ Performance
« Circuit design
* Logic assignments
* Logic placements




Assignments

:
@ Most common Assignments st~

* Device assignments Device...

. Pin assignments Pin/Location/Chip. ..
Timing Requirements...
@ Other assignments Clique...
, ) Logic Options. ..
* Logic options il
* architectural features Connected Pins...
: . Local Routing...
» Location assignments
Global Project Device Options. ..
Lab’ ROW’ Cqumn, LC Global Project Parameters. ..
. C|IC]U€ Global Project Timing Bequirements. ..

Global Project Logic Svnthesis...

* timing assignments

« Device Optlon assignments lgnaore Project designments. .
Clear Project Aszsignments. ..

Back-tnnotate Project...

Convert Obzolete Azzignment Format




Making Device Assignment

@ Select Device
* Specific device
 Auto
— MAX+PLUS Il chooses smallest and fastest device the design fits into

v MAx+pluz Il - c:\max?workstutonalifilter - [hilker_gdf - Graphic Editor]

Select B MaXeplus Il File Edit Wiew Symbol JE u ] WA Hi
dewce\@lrlﬂ-[

Family
........... ST e
.................................. Top of Hierarchy: Untitled1_gdf | (1] 4 I
LI | o Device Family j| LCancel |
. K[?U] ...... :_I‘E‘E%' Devices:
™ PF10K10LCS4-3 Auto Device___ |
T EPF10K10LC84-3
Auto EPF10K10TC144-3 Device Options... |
devi ;PF10K100C208-3
evice EPF10K20TC144-3 [ Edit Chips >> |
selection

L ¥ Show Only Fastest Speed Grades
SpeC|f|C [ Maintain Current Synthesis Regardless of Device or Speed Grade Changes

device selection




Making Pin Assignment

@ Highlight node in graphic or text source file
* Assign > Pin/Location/Chip

@ Floorplan Editor can also be used (discussed later)

Wi MAX+plus 1l - c:\max2work\tutorial\filter - [filter.gdf - Graph |
5 MAplus |l File Edit Miew  Symbol [EEENGR Utiities  Dptions Top of Hierarchy: c:\max2workAtutorialfilter. gdf
I—I—Iﬂ . E i|:.rinr'|.-"l']'|i|:| Hode Hame: |Inew | | oK I
ing Requirements. . -
................. reset: E"qus" q | Cancel |
MEw Logic Options.. Pin Type (Only for Input H Search. . |
Probe Special Cazes]:
 Row: Aszzign Device... |
Highlight node and € Column: I Show Buried
choose Assign Assignments
Pin/Location/Chip O - A
E)_riﬁng Pin/LocationfChip Assignments:
Node name automatically x7 > chip = filter: Input Pin = 10 Sort By
entered in the Node Name & Node Name
field " Aszignment
Choose pin or LCELL location > Add |
then click on Add to enter —
assignment o | . Do |
(Note: You must choose a

specific device prior to this
step)




Logic Synthesis Style

€ The most common way toward adjusting these
assignments is to apply the predefined Logic Synthesis
Style toward the different portion of your design:
* Normal
 Fast
+ WYSIWYG

@ Each of the Logic Synthesis Styles is a collection of both
logic synthesis options and individual architectural
settings




" Global Project Logic Synthesis
Style
@ Choose Assign then Global Project Logic Synthesis

@ Select from predefined synthesis style
+ NORMAL (default), FAST or WYSIWYG

@ Or create user tailored settings
filtes - [filter.gdf - Graphic Editor] | Global Proect Logic Synthesis__|Define SynthesisStyle 0]

| E:ﬁ:i” Utiities  Options Window  Hell Project Name iz: c:\max2?work\tut| Top of Hierarchy: c:\max2workAtutorial\filter gdf

7 i . :

£ Bntloeston/Crip.. onel Projeet Synfhests S0 1 styte: [T MMM -] | Save Ste As. |
Timing Fequirementz. . |NDHH‘&L j For Device Family: |FLEXBI]I]I]J'FLEX1 [1].4 j| Delete Styple |
Llique... i Define Synthesiz Shyle._ =
Logic Options. .. " Slow Slew Rate ¥ Parallel Expanders
Probe... ~MAX Device Synthesis Options - [~ wpp Synthesis [¥ Ignore SOFT Buffers
Connected Pins... [ Multi-Level Synthesis for MAX [T Tyiho Bit [” Use LPM for AHDL Operators
Global F'ru:u?eu:t Device Optionz... ¥ Multi-Level Spnthesiz for MAX Minimization: | Full j|
Global Project Parameters... [” One-Hot State Machine Encoi

Global Praject Timing Bequirements. . Carry Chain: m Cascade Chain: m

Global Project Lagic Synthesis... Automatic 170 Cell Regist
—__ _ L Automatic el neqisters Max. Auto Length: Max. Auto Length:

lanare Project Azsignments. .. [ Automatic Register Packing
Clear Project Azsignments. .. ¥ Automatic Open-Drain Pins 1] 4 I Cancel | Use Default | Advanced Options._ |
Back-Annotate Project... ™ Automatic Implement in EAB F—rrever
Convert Obsolete Assignment Format ¥ Output Enable
¥ an
[1].9 LCancel




Assign Logic Synthesis Style
Locally

MAS +plusz Il - c:haltera_timvumplus\hltref

Mé+pluz 1l File Yiew Utilitiez  Optiong  Window  Help

[ I ﬁrl EI %I ‘iL[ Device. . I

Pin/Location/Chip...

Timing Reguirerents. .. Logic Dptions |
Clique...
Top of Hierarchy: c:ialtera_ten‘mplus\kiltref. gdf
Hode N lllhvalues:3
i Hierarchy Dizplay Hode Name:  [[G21 53 | | Ok I
filtref5 — @ —hvalues:38 ~Logic Options Cancel |
qdf edf =
Bbd Bbg Innl  Abg ——=tate_m:2 ../ Style: |{nune} hd 5 > |
rpt tbl scf Fit td¥ aearch. .
abd  abd —— taps:8 &/ Define Syntheziz Style._. |
acf pin vhd
—— 1pm_mult:9.; —3 Individual Logic Options. |
td¥
- sacc:13 3% —=l— 1pm_add_sub::
qd¥f

Select Logic
Synthesis Style

L busmux:13 .. -
td¥




Individual Logic Option Assignment

@ Provides controls to turn individual architectural features
and synthesis algorithms on or off
= Gray or Default (default): set by higher level or global setting
™ Check or Auto: enable feature

-

Blank or Ignore: disable feature

Individual Logic Options

Top of Hierarchy: c:\altera_trnimplushfiltref_gdf

[7 XOR Synthesis
[Z Turbo Bit
[ Hierarchical Synthesiz

[¥ Implement az Output of Logic Cell [¥ Faszt 170

[Z Inzert Additional Logic Cell
[¥ Increaze Input Delay

[7 Parallel Expanders

[¥ Ignore SOFT Buffers

[7 Use LPM for AHDL Operators
[7 Implement in EAB

Advanced Options ]
[¥ Global Signal Top of Hierarchy: c:\maxZwork\tutorialvfilter gdf

[7 Dizable Fast Feedback Path [ZS0FT Buffer Insertion;

CLKLOCKx1 Input Freq (MHz):[ | Minimization: [Default ~ 7 Decompose Gates

u [7 Reduce Logic

Carry Chain: | Default

j| Cascade Chain® | Default Z| ¥ Duplicate Logic Extraction

Max_ Auto Length: I:I Max. Auto Length: [7 HOT Gate Push-Back

| (1] 4 I Cancel

| Usze Default | Advanced Options. .. | (1] 4 I Cancel

[% Refactorization

[# Subfactor Extraction
[Z Multi-Level Factoring
[7 Resynthesize Network
[Z Reqister Dptimization

| Usze Default




Location assignments

Optionz Help

Select Pin/Location/Chip ...

Device...

E R B

Ilmmg HE-'I:lL-IIfEI'I'IE.'rItE_._ Top of Hierarchy: c:\altera_trnmplusisolutions\filter. gdf

Chaue...

Hode Mame: ||h'.raluesz3 | 0K

Logic Options. .

Chip N - |filter -
& Hierarchy Dizplay Aip Name | J| Cancel

—Chip R
filtrefy —=—hvalues:318 Ip Hesource
ed

€ Bin Pin Iype (Only for | | search..
abg abg |nn &bg ——=tate_m:2 . - | J SDEEIEll EEEES]: : j:
rpt tbl scf fit td | ™ LCAOC/EC: - Row- = o -
Ll IH hod gn Device.__
abd  abg ——tap=s 8 0
acf pin vhd E.FE.IE'LB «| Eulumn: - Sh Buried
——— 1pm_mult:95 | /J] | J| [ Show Burie

t | /is/ Anywhere on this-Chip Azsignments

xizting Fier Aszzignments:

L acc:13 9 Sort By
- * Hode Hame
" Assignment
. Add
Select Location
| | K Delete




Clique Assignments
Clique assignments tell the compiler to

Welioire el place the nodes with the same clique assignment

Device... .. i
Bin/Location/Chip.. close together inside the device.

Timing Requirements. .

Chaue..

A Hierarchy ‘l:.lisplay
filtref —E—hvalues: 31

o **"  Mode Name: [[TZITCTE 0K

abg abg i abg —=tate_m:2 b
rpt tbl scf Fi tdf

taps: 8. Cligue Name: v Cancel
——1pm_mult:9:d — ) \
tdf  Exizting Cligue Assignments: Croendh

Top of Hierarchy: c:haltera_trmsmplushsolutions\filter. gdf

abg abg
acf pin

L—acc:13y — (- \ Sort By
gd* Enter clique name & Node Name
_ " Clique Mame
Select Clique Click Add to add
B assignment, click OK to 2l
close window Delete




Timing Requirements Assignments

FLEX devices only
@ Specifies desired speed performance

@ Use after performing timing analysis to improve specific
timing path

@ Localized control
» Highlight node, pin or logic block
* Choose Assign then Timing Requirements
* Assign desired tpd, tco, tsu, fmax values

& Global control

* Choose Assign then Global Project Timing Requirements
* Assign desired tpd, tco, tsu, fmax values




Assignment Recommendation

€ Start with device and pin assignments. Beware, your pin
assignments might affect performance. Ideally, you should let
MAX+PLUS Il choose the pin assignments. If you have pin
assignments, you might want to compile your design once without
your pin assignments to see if they affect your performance.

€ Compile design. Check device utilization and performance.

@ If you need to adjust device utilization or performance try the other
assignments. Try the synthesis style assignments first.

€ Assignments can only be made to “hard” nodes or lower-level
designs that contains hard nodes. Hard nodes are objects that
translate directly into objects in silicon e.g. Flip-flops, LCELLs and
/O pins




Ignore or Clear Assignments

MAS +plusz Il - c:haltera_timvumplus\hltref |

Mé+pluz 1l File Yiew

NEEEIEE

Utilities
Device...
Pin/Location/Chip...
Timing Reguirerents. ..
Clique...

Logiz Options...
Probe...

Connected Pinz...
Local Raouting...

Options W

Global Project Device Option
Global Project Parameters. ..

Global Project Timing Bequire
[zlobal Project Logic Synthesi

lgnore Project Aszignments. .
Clear Project Azzsignments. .
Bau:l;;-.i'-.r*:utate Froject...

gnore Project Azsignments

Project Hame is: c:\altera_tmimplus\filtref. gdf
— Types of Assignments to lgnore During Compile

[T Logic Cell Azsignments
[" Demote Specific Logic Cell Assignments to LAB Assignments
[ Chip Azsignments
[ Cligue Aszsignments
[ Individual Logic Option Azsignments
[T Device Assignments
[ Timing Requirements
[T Local Routing

Can

C

Clear Project Assignments

Project Hame is: c:\altera_trm\mplus\filtref. gdf
— Clear Assignments from ACF

Corvvert E\anlete Agzignment Eormat

[TiPins. Logic Cells & Chipsi [ Logic Options

Ilgnore Project
Assignments

Clear Project
Assignments

[ Pins & Logic Cells [ Probes

[ Logic Cellz [T Connected Pin Groups
[ Cligues [ Local Routing
[T Devices [" Obszolete Azzignments

AN

[ Timing Requirements

Ik Cancel
| | I




Global Project Device Options

Global Project Device Options Window contains options
related to the operation of the device rather than options
that affect the logic synthesis and place & route of the

design.

fiktn @ Optionz  “Window Help

For example, Device...
. PindLocation/Chip...

FLEX DeVIce Timing Requirements. ..

* configuration scheme Clique...

« multi-volt 1/O Logic Options...

. Frobe. ..

MAX Device Connected Pins. ..

» Enable JTAG support Locel ol

* security bit Glabal Project Device Options...

Global Project Parameters. .
Global Project Timing Bequirements. .




More Compiler Processing Options

@ Design Doctor

* Checks for common design errors

‘ Fitter Settings i> MAX+plus |l - c:\ahdl\decoder

Méx+pluz || Eile BEpE=Z=G0N [Nterface:  Azsign  Dption:  Window  Help

 Set place & route options NEEE e B E Y
ezign Lloctar sethngs...
: \

‘ S m a rt Re co m i Ie = Functional SMF Extractor =
i e e oeoSt e
aster compilation time Extractc
H Fitter Settings. ..
‘Total Recompl Ie Bepart File Seftings...

. Recomp”e every ﬁ|e C———  Generate AHDL TDO File

Smart Recompile
Total Recompile

S0
r Prezerve All Mode Mame Synonyms : |
.

e ————————




Compile the Design

B Start Button starts compilation process

B Messages are displayed by the Message
Processor

v MAC{+plus 1l - c:\max2work \tutorial\filter

Extractor
e

Mfs+pluz (I File Processing  Interfaces  Assign  Options  %Window Help
— Info NEEEREEE R RERE R EREEE
. % Compiler HE E
— Warning
Compiler Timing -
Netlist SNF Assembler
- Error Extractor

Start

Compilatio T

Database §logic
Builder Synthesizel Partitioner Fitter
T 7

at |

i -
= &
"

00
n

S0

S Start aiop |
SE=TES

Info: Design Doctor has given the project a clean bill of health based on the EPLD [
Hules set

[
MeSSages/' 0 of 2 ["'Locate in Floorplan Editor

| Help on Message I
4 iuvate B(0ofD Lonate A

Bl Messages - Compiler




The Report File

B Project summary
— Device assignments
— Error summary
— Device pin-out diagram (useful for PCB layout)

B Resource utilization

. P|n & Compiler [ [o]x]
Compiler j§ Database fJlLogic Timing
— LCELL Netlist Builder [Swnthesizel| Partitioner ]  Fitter SNF Assembler
Extractor Extractor
1 [ et [
— Equations 0 5 A o

B Compiler resources
— Compilation time

— Memory usage Open report file by
double clicking on the
rapt icon




Checking the Messages

€ Check the messages in Message Processor

* In Message Processor window, choose the message and click the HELP on
Message 0 understand the meaning of the message, its cause and the possible
solutions (suggested actions)

@ Error location

* In Message Processor window, choose the message and click the L.ocate button
to locate the source of the message in the original design files

* Youcanturnon Locate in Floorplan Editor andclick Local a1l
button to find the corresponding nodes in the Floorplan Editor




Help on Message

D& [ 250 sHe 25w E80 396
23 |(1) |FiZm@E)| FENE) | Glossary

Mode =<tawe> has assignments but doesn't exist or is a primitive array

Compiler
Netlist
Extractor

You assigned resorces to a node that does neot exist. The node either never
existed in the project's desisgo files, or was removed during logic synthesis
and minimization., Ot, you may have entered a resource assienment obh a REimiLive
that iz connected to one or more huses to form a primitive array. This message
may also oceur if you assigned tesources to a gactofunction that does not
contain any hatd logic functions when vou used pre-version 5.0 svathesis,
ACTION:  Check the design files for accuracy. Remove unused resoufce assisoments and
make sure you have not entered assignments oh symbols in a primitive array,

= I
Info: Selecting 4 Refer to Guidelines for Workine with dscienments for more information on how to

enter assignments for a primitive array,

Info: Chii 'chiih

4 Message b Deleting an Assisnment

‘ LD cate b Mﬂ&&

Meszage Pormat

See also:




Checking the Reports

@ Check the report file

* Use Text Editor or double click the Report File ic

* Device summary, project compilation messages, file hierarchy, resource usage,
routing resources, logic cell interconnections, ...




Viewing Report File

i MAX+ploe IT - d:halterad0mseworkiutorialchiptrip

MaX4plusIT File Edit Templates Asign [tlites Options Window Help

NEFEBERE RN REEE SRR EEE AR

ﬁ Compiler

Compiler
Metlist
Extractor

Logic
Synthesizer

Database

Builder Partitioner

Timing
SNF
Extractor

E chiptrip ipt - Text Editor

*% DEVICE 3TMMARY *¥

Chip/ Input  Output  Bidir LC=
FOF Dewvice Pin= Pin= Pin= LC= % Trilized
chiptrip EPFB28ZALCE4-2 3 13 i an I
User Pins: & 13 1]

5

Project Information d:valterad0imaxZwork’ tutorialchiptrip.rpt

#*% PROJECT COMFILATION ME3SAGES *+

49  [INS]4]| |

[Line 41 [Col

Warning: Ignored all pin assignments as requested in the Ignore Project Assig‘nmerv
b|

=

edit the project's

-

Help on Message I




Pin-out file (.pin)

@ An ASCII file that contains the pin out of your device. It
created as a pin-out file for a board layout tool.

IS

N.C. = Not Connected.

VCCINT = Dedicated power pin, which MUST be connected to VCC (5.0 volts).

VCCIO = Dedicated power pin, which MUST be connected to VCC (5.0 volts).

GNDINT = Dedicated ground pin or unused dedicated input, which MUST be connected to
GNDIO = Dedicated ground pin, which MUST be connected to GND.

RESERVED = Unused I/O pin, which MUST be left unconnected.

CHIP "filter" ASSIGNED TO AN EPF10K10QC208-3
TCK 1

CONF_DONE 12

nCEO
TDO
VCCIO
VCCINT
N.C.
N.C.
N.C.

X7

2 OO NOOTLPA~,W

GND.




Floorplan Editor

@ Graphical user interface for viewing/creating resource
assignments
* Pins
* Logic cells
« Cliques
* Logic options

# Drag-and-drop capability for assigning pins/logic cells

@ Graphical view of current assignments as well as last
compilation results

@ LAB view or external chip view




Floorplan Views

User Assignments
Assign-> Back-Annotate Project Current ASSIQnment
B ack-Annotate Project <deS|gn>'a FIOO rplan
(Editable View)
—— Last Compilation Floorplan
u <design>.fifi— >
. (Read-Only)
u Fitter Results
[
[




Floorplan Editor (Read Only)

@ Last Compilation Floorplan Full Screen LAB View with
Report File Equation Viewer

waurk‘ttutunal‘Lfllter [[Last Compilation [5uccessful]] Floorplan E ditor]
it Yiew Assign  Utilties  Options Y pg MaX+plus Il - c:\max2work\tutonialsfilter - [[Last Compilation [Successful]] - Floorpla... EEIE

‘-'=_“| | v EUHSCTEEH Ezc Py Max+plus Il File Edit “iew Layout Assign Ublities Options ‘Window Help =121 x|
v Report File Equation YWigwer DIEF;I EI @I & IIEI E ﬁ}l@ﬁlﬁbl@lﬁl ﬁl I I
L =
bwiee Vi Lo AoD | AnyCol Col1 | Col2 | Col3 | Col4 |cCol5 |Col6 |Col7 | Col
v LAE View Crou
_ I 1 A
Current Azzighments Floorplan B
v Laﬂnmpilatinn Floarplar I I I I I I
Display Row ) |
control = | ¢ [ —re=
Highlighted LCELL Q =
i
. [« »
Fan-in and Fan- —]  Fanin(4) <GoTo|  Equations (2) Go To > Fan-Out (3)
out Cﬂm. LC3_C3=0FFE[_| EQDEZ GLOBAL[ 2| COMBE: _LC4_C3 (|ad
COMB: _LCE_C3 (|LR| clk), - OUT: &
NI clk, _EQ022 = LC3 I |FEG: _LC3_C3 (|acc;
ﬁﬁ _LC3_C3ifaccy| LLC3_CT4 8 LCh C3# _LC3_C2& \
PPLCI G381 LCE C3# _LC3 c2a -
i | 3 | N | _|J 1| | b
LCELL

equation




Floorplan Editor (Read Only)

@ Last Compilation Floorplan Device View

c:imaxZworkstutorialifilter - [[Last Compilation [Successful]]
ile  Edit Hiewgssign Utiltiez  Optionz  “Window  Help

3 | Eull Sereen o' MAX+plus Il - c:\max2work\tutorial\filter - [[Last Compilation [Successful]] - Floorpla... EEIER
— B MAXspluzll Fle Edt Wiew La_l,lnul .-’-'-.ssign Utilites  Options  indow Help =121 x|

v Device Viow [BIEEE] 4B EEEE SR EAETEERA

LAB Wigw

Beport File Equation 'ie

J Unasmgned Modes & Pins:

Chip Hame: |filter (EFF10E10LCE4-3)
Color Legend

Current Azzignments Flc
v Lazt Compilation Floorpl

= Row & Col. FastTrack/
Dedicated Input

B Unrouted [ Row FastTrack
O Column FastTrack

] Unassigned

i :
Selected Mode[s] & Pin[z]:

Color —7

Legend = B Nonassignable jacc 13175711 @ LC3_C3 ‘
definition ag = 0 S e s 8 - & 3 4
. E £ & B £ =¥ £ 8 ¥ - v q@
Pin name Bt ¢ >z 9:e8gdfde e
— 1 B 0 0 0 0 0 ® 0 0 0 0 & § 1§
5 4 3 2 1 b | ks b v i1 ki i ™ | T TE 75
%/ miToE)
?SEM{]
72 1
Pin number

1 uf




Floorplan Editor (Editable)

@ Current Assignment view has drag and drop capability
(Note: Auto Device can not be used)

MAX+plus 1l - c:\altera_trn\mplus\filtref

Mé+plus Il File Edit Wiew Lapout Assign  Utilties Options Window Help

DEE FEE] =] ] bRE R EEE

"_‘J [Current Assignments] - Floorplan Editor

=2

Chip Name: [filtref (EPF10K10LC34-3) = L'ﬁ_d; d Nodes & Puns: —
Color Legend [yl=2"0 . H
[ Unassigned o RemeCol Fastliack 15l Click on Node ,hold left mouse, drag to location
I Unrouted [ Row FastTrack A x! ¥ e

elected Node[s] & Pin(z]):
<none>

[ Column FastTrack /S
Carry/Cascade Local LAB Fan-Out
Ii—‘ Chains . Only ‘ |

Any Col

|
=
] |

Col 1 Col2 Col3 Col 4 Cols Col 6 Col 7

[ e o A A

IR

i=l[E08)
\.

BN

Ay

Row - =g ) 32 ) g

= =Sgdzgg L& b g e e
[} o o o [m e (] o o [m] ]
_ = c C C e . - - = =
S8 -5 eeg Q g9 ) )
_oogggg = = = = = = =
e@doooal 00 [ 00 0 0
goooodp 4t L] LI L] L]

o reseti [ |

g aioy[ |

_El flionr— 1
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Floorplan Editor (Editable)

i MAX+plus Il - c:haltera_tinvmplushfiltref

Mé+pluz I File Edit “iew Lapout Assign Utlities Options  ‘wWindow Help

MEEE R E e R E ) e R

m[[ﬁunenl Assignments) - Floorplan Editor
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Project Compilation
Recommendations
@ Use assignments after design analysis to improve fitting or

performance

® Use the Report File to find specific information on the
design

@ Use the Floorplan Editor to see results of Assignments




Report File Equation Viewer

REG: _LC2_AT8 ([fir_D8tp:1|nk
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Routing Statistics

— Information on Selected Node/Pin/LAB

Mame is: **-Multiple Items-==

Mumber is: LC1_B7 LAB is: B7

Row 1s: B Column 1s: 7

Logic Cell Fan-In: L Logic Cell Carry-Out: Yes
Logic Cell Fan-Out: 9 Logic Cell Cascade-Out: No

Cell Total Shared Expanders Used:
Embedded Cell Depth [Bits]:
LAB Total Shared Expanders Uszed:

LAB External Interconnect Used: 6/24 [25%)
Column Interconnect Channels Uzed: 316 [18%)
Full Row Interconnect Channels Used: 128168 [76X]

Half Row Interconnect Channels Uszed:
Logic Cell Inputz Borrowed from LC1:

Ealculate Most Eung'ested Areas »»

/

— Most Congested Areas in Current Chip

Most Congested LAB [or EAB] is: A20

LAB [or EAB] External Interconnect Uzsed:  15/24 [62%]
Most Congested How 13: B

Row Interconnect Channels Used: 128168 [76X]
Mozt Congested Column is: [

Column Interconnect Channels Used: 10416 [62%)




Floorplan Editor Utilities Menu

@ To find text, node, ...

* “Find Text” command: to search the current chip for
the first occurrence of the specified text

* “Find Node” command: to find one or more nodes or
other logic function(s) in the design file or in the
floorplan

@ To help running timing analysis
* You can specify source and destination nodes in the

JM&D.I.Q.B—'EA—EI—LB—'LW

Find Text... CtltF alySIS
Find Node in Design File... Chl+B

Find Node in Floorplan. ..

Find Wext Chl+l

Find Previous Chelt Shift+17
Find! Last Bt

Timing Analysis Source Chelt A1+E
Timing Analvsis Destination  Cl+AIH+D
Timing Analysis Cutoff Chol+ AlHC
Analyze Timing

Clear A1l Timing Analvsiz Tags

Floorplan Editor Utilities Menu

Search For: |y

|
™ Whole Word
_ Cancel |

[" Pausze At End Cancel

Types of Text to Find

¥ Pin & Hode Mames

¥ Pin/LCAOC Mumber or Assignment Bin Name
v Al

Hierarchy Path is:
|

Hode Name or Symbol 1D:

bz |
Cancel |




Assigning Logic to Physical
Resources

@ Use Floorplan Editor to assign logic to physical resources

* You can assign logic to a device, to any row or column within a device, or to a
specific LAB, pin, logic cell, or I/0 cell in Floorplan Editor very easily

+ To toggle between current assignment & last compilation floorplan

€ Back-annotate the floorplan for subsequent compilation

* If necessary, you can back-annotate the floorplan to ACF(Assignment &
Configuration File) and it is useful for retaining the current resource and device
assignments for future compilations

Back-fnnotate Project I

Project Hame is:
d:\alteraB0hvdsp_work\fir8_ gdf

Back-Annotate to ACF
[V Chips. Logic Cells, Ping & Devices:
[ Chips. Pins & Devices

I™ Chips

[" Devices

(118 I LCancel




Current Pin Assignment Floorplan

G MAEploz IT - dalteraB0sp_workifid

MAX+plzIT File Edit View Layout Assign Utilites Options Window Help
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Color Legend Row & Col ~@ly3 | |
. ow & Col.
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Current LAB Assignment

Floorplan

G MAEploz IT - dalteraB0sp_workifid

MAX+plzIT File Edit View Layout Assign Utilites Options Window Help

Dl={els) [+ [z=]2] (o] W [dRB| S0 [E]-]A
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Project Verification

@ Project Verification Methodology
€ MAX+PLUS Il Simulator

@ Functional Simulation

€ Timing Simulation

€ Timing Analysis
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MAX-+PLUS II Simulator

MAX+PLUS Il
Compiler

.snf

MAX+PLUS I
\Waveform Editof

AX+PLUS |

scf .scf

Simulator

MAX+PLUS Il
Text Editor

.vec

MAX+PLUS I
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MAX+PLUS II Simulation

@ Create Simulation Stimulus
« Waveform
« Vector

# Run Functional Simulation
* Fast compilation
* Logical model only, no logic synthesis
* All nodes are retained and can be simulated
* Qutputs are updated without delay

@ Run Timing Simulation
* Slower compilation
* Timing model: logical & delay model
* Nodes may be synthesized away
* Qutputs are updated after delay




Simulation Wavetorm

@ Stimulus Waveform

* Waveform Editor File (.scf)

* Control
— Clock: Use built-in clock generator
— Others: Hand drawn with overwrite/copy/paste/repeat

« Data
— Counting patterns: Use built-in binary or gray code generator
— Others: Enter with overwrite/copy/paste/repeat

@ Reference Compare waveform
* Waveform Editor File (.scf)
* Draw or save previous simulation result as reference waveform
* Use with Compare after new simulation run to verify output




Create Wavetorm Simulation
Stimulus

B Open Waveform Editor

B Select Enter Nodes from SNF... from Node
menu

B Enter Nodes into SelectedNedes.& Groups

field Select Nodes & Groups field

Enter Noges o SNF !

\ﬁlfmted Modes & Groups:
réxet [I]

Axvailable/ Hodes E\Groups:

~Type ¥ Preserve Existing Nodes

! Inputs I Registered [ Show All Hode Name Synonyms
¥ Outputs [" Combinatorial

¥ Group = Memory Bit Clear |
Al T Memory Word |
= - [1].4 LCancel




Simulator Environment

i i MAK+pls IT - dhalteraB0hsp_workifind
MaX+pluzII File Asmign Options Initislize Window Help

D|E-|EI|%| AEEIE IR EEERE R B EEE

Timing
Fitter SNF Assembler
Extractur
100 |

Simulation Input: sweep.scf
E Simulation Time: 100.1us

[ 3

I Use Device I Oscillation =|0f ]
M SetupfHold
¥ Check Outputs ¥ Glitch \ML‘ 31.04us | Interval: [31.04us | j

MAK+phoz IT - Srmulator

i Start Time: m End Time: (100.1us

Info: F|1 . 0 | 35.0us 40.0us

Info: Fil @ Project simulation was successful I ;
Cireuit stabilized at 100 062505
B | ——
{ Message ] 23 o7 O armnes O o o
S0 ] 0o 2 V171 QT T T R R




Grid Control

® Snap to Grid

* On: waveforms drawn increments of grid size
« Off: waveforms can be drawn to any size

v MAX+plus |l - c:\max2work\tutornialvhilter - [filter scf - Waveform E ditor]
I3 Mas+pluz Il File  Edit Wiew Nu:u:ie .-’-'«ssign Utilities aleilaiel indow  Help =121l

Lzils e |

Chl+5Shift+

Sh
mm D

Lzer Librarie
Caolor Palette,

EEIEI

Athorizatiol

Freferences

N
B Grid Size x|
Grid Size: [N

Cancel |

Set Grid

size

=g yvalid

av sel[1.0] D ¥ ¥

a

Determines the size (spacing) of the drawing grid




Draw Stimulus Waveform

B Highlight portion of waveform to change

B Overwrite with desired value (Group value or
single bit) Highlight

waveform
v MAX+plus |l - c:\max2work\tutonialvhlter - [filter scf - Waveform E ditor]

I MaE+pluz 1| EileEiew Mode  Assign \Utilites  Options  Window  Help =181l

Unda Ovenarite  Chil+Z A ==
= NSlpIBle) CIEA EH e

Overwrite val

Cut
ChlaC Intereal:  |20.0ns ﬂ
(B
Del A0.0ns

1PEI.IEIns 1#

Ovenrite

Overwrite mp= clk Insert High 1]
ShOI‘tCUt = reset ﬁlign ta Grid Chrl+y Ll.ndefined []
P — Hepeaf.. High Impedance [£]
o Girows ar Shirinl. . Irveert
.[] = x[7..0] I Clack. .
g y[7..0] 0¥ Count Walue...
B o [Eroup ale,.
=L next A m State Hame,..
E =g yvalid 4
H a@¥ sel1.0] D Y |
& A ]

Owerwrites selected waweformis) with & high (1) logic level




Create Clock Waveftorm

B Snap to Grid On: Clock Period is twice the grid
size

B Snap

Highlight
waveform

Clock

1

= | @ sell1.0] O
shortc 1| @V h[2.0] DX

| G tate_m:2ffilter | DX

IE E Unda Overwrite  ChileZ

Cuit Chrl+4
Copy Ctr+C
Easte [Efr{s
Del

Delete
Dvenrite
|rsert
Align ta Grid Chrl+y

Hepeat..
— [Eraan Shritt..
RT= «7.0] i
% y[7..0] 0
el next 4
— R
= f et e 4

v MAX+plus Il - c:\max2work \tutonial\filter - [filter_scl - Waveform Editor]
JH MA¥spluz 1l Fle View Mode Assign  Utliiez Options  Window Help

=lal x|

EREEEEREEE]

[T r—

a0.0ns 100.0ns 1f
Lo (0]
High [1]

|Indefined ]

High Impedance [£]

Irvert

Count Value... |

Laou I]!.remnte Clock
Hhate

Interval: 0.0ns

Starting ¥ alue:

Clock Period:

o |

y value
Specify clock period

Crvenwtites a node with a Clock waveform




Create Counting Pattern

B Make sure your counting frequency matches your
clock frequency

v MAX+plus 1 - -:::'tmax2wurk"ututurial'\ﬁller - [Filter.scf - Waveform Editor] SpeCIfy cou nting
3 Ma+plus 1l File Wiew Mode Assign Uiities Options ‘windaw Help =121 ] pattern

IE... E %ndn Overwrite  Chil+Z EIEI@I@I&I ﬁl il .I [

. Start: |0.0ns Qz-tpy E:::j; Intereal: |1.0us 3 Specify
Highlight Al Btz Cirl#/ counting
wovetorm, gt e el ope  pee |/ frequency
m= clk et b Highi] 1)
= reset Align to Grid Crl+ [ dlefimed ]
= riew Hepeat.. High mpedanse ]

(gt ar Stk Irvert

¥[7..0]
= next

= yvalid
Ay sel[l.0] DX
AV h2.0] DX
Ay tate_m:2ffilter | DX

Interval: 0.0ns

Radix iz: Decimal

Starting ¥Yalue:

Ending ¥alue:

Pattern
shortcut

Count Type: Inciement By:

" Gray Code
|

Oweratites a single selected node or group waweform with a specified count sequence

Count Every:

Multiplied By:




Grouping Signals and Set Radix

B Highlight waveforms to be grouped
— MSB must be the top waveform

B Enter Group Name and set Radix

vi MAs+plus Il - c:\max2workhtutonalbfilter - [Filter. scf - Waveform Editor]

JH Maxsplus 1l File Edit Wiew [l

D|E:|I|§| AEE]
Start:

> =
=
w
2
&
=

Inzert Hode...

Enter Hodesz from SMF...

Edit Mode...

Enter Group...

Uraram
Sort Mames...

Enter Semaratar. .

Double-Click.

Enter Group

bzzign  Ubliies  Option:  Window  Help

DoutleCick (2] [ ﬁ

al:

no.a

1.0us ﬂ
(ns 1f

me

r‘nm & DEC
" HEX

{"“ ocT

4

Creates a new group, or changes the name or radix of one or more existing groups

Enter Group

Set radix




Save the Wavetorm Stimulus File

B Save the waveform stimulus file with .scf extension
B MAX+PLUS Il will use Project name as default file

n a m e v MAX+plus Il - c:\max2worktutorialsfilter - [Untitled] - Waveform Editor]
S MAHepluz 1l Edt “iew MHode Aszgn Ubltes Option: Window Help =181 x|

DI EE  Prie= lelEld BEE Eaal BEE
Start: @ New... 5 Intereal: Ik

Open... Ctrl+0
E Delete File... L. P »
56]| Nerme: | Fetige. e

File Hame:

wectory is: o-AmaxZwork\tutorial

Infa... Files: = zcf Directones:
Waveform =5 oy EndIme. = ch
File Name a Compare. | max2work s
% o e e TR
PrOJeCt/T Create Tabl
. R | == y[7. [EreatellEfa
Directory [T  Edit Syrbol
* ay sell [Ereate [Defa Drives:
Z Al 3lda Erint... = e j
i ﬁ]}l tate Pl 3 Lp Automatic Extension: _scf j _'|;I
Saves chan{ . Cancel |




-

Create Vector Simulation Stimulus

v MAS+pluz 1l - c:A\max2workstutorialif

B Open Text Editor
B Type in vector stimulus

— Clock

— Pattern

— Output

% units default to ns %

START O ;

STOP 1000 ;

INTERVAL 100 ;

INPUTS CLOCK;

PATTERN

0 1; % CLOCK ticks every 100 ns

INPUTS AB;
PATTERN
0> 00
220> 10
320> 11
570> 01
720> 11,

OUTPUTS Y1 YO ;
PATTERN

L&""T\W|H ;i

Hierarchy Display
Graphic Editar
Symbal E ditar
Text Editor

W aveform Editor
Floorplar E ditaor
LCompiler

Simulatar

Timing Analyzer
Programmer
Meszzage Processar

[Lleet Il File Edit “iew MNode £

B (=] e
L]
|

ol &
=g

— |-w next

% check output at every Clock pulse %




Save the Vector Stimulus File

B Save the vector stimulus file with .vec extension

— You must change the .vec extension since MAX+PLUS
|| defaults to .tdf extension for text files

] Masplus 11 Edit Templates Acsign Utiiies Options  Window Help =18l x| Change the
NE G d EEEEEER = extension to .vec
% un;  New. =
STAR.  Open. Crln [
sTop Delete Fie.. Save As ) !
INTE|  FRetrieve.. File Name: [filter.vec |
S b

ITHPU Directory is: c-\max2work\tutorial
PATTI =k Files: = tdf Directones:
8 1 Save Az = - = -

Info state_m. tdf [ e

— (= maxZwork

[Ereate Wefaulh Spmbo = tutonial

Elit Sl

[Ereate [Hefault | helud:

Erint...

Prirt Setup... Dnves:

Hierarchy B j

E it M&plus || Automatic Extension: _tdf j =

Line Fi LCol 8 1 Fl
Saves changes to the currentfile 118 I Cancel |




Select Simulation Stimulus File

B Defaults to .scf file
B For vector input stimulus, set Vector Files Input

Set to .VEC file

to .vec file
w HAX+pIusII c:\max2work \tut ey -

tor Fil
‘H HAX|+|J|I|us I ': |'-1f-‘-.‘><+plusll fizsign  Options | ector ries
AApIUE |l Input [.scf or .vec]: * [Bkiae |
F‘ru:ujeu:t inp
Hierarchy Dlsplay ) .
Graphic Editar : ... Output: filter.scf
. Open...
Symbol Editor Epl e i - Output Files
Text Editar | FIELE FlIE. . ) _
W anvefarm Editar ot Create Table File... [ History Lhst)  © |h“£"'hSI | " Hew
' i .
EIDDrFIan Editar E:-:eu:utgnmmand Fil I Log Llog) I |filler.lug | [ New
LCompiler Inputs/Outputs. .
Er'-""'f't':" [~ Hierarchy Project Top  Directory is: c:\max2work\tutorial
Timing Analyzer r Exit Mol Files: . vec Directories
Frogrammer = filter. vec = ch
Meszage Proces: " Check Qutputs
p E} mawaurk

Drives

Hc: j
Specifies the input SCF or Yecte Cancel |




Specify Length of Simulation

@ Specify maximum length of simulation time with End Time

v MAX+plus Il - c:\max2work\tutonialifilter - [filter.scf - Waveform Editor]
73 MAH+pluz 1| Edt Wiew Mode Aszgn Utltes Option: Window  Help =18 =l
] Al = I E b [+ =1 = =
EE G diEEr FlEEE
Fef; E Hew.. Z Interval:  |-40.0ns =
E QFIEI"I... . Crrl+0 dD.DnS
Delete File... |
E Marme: Bleliizim, JD.PHS 1|:||:|.||:|T'IS 15|:|.I|
= clk Cloge Ctrl+F4
Save Ctrl+5
= rese Save Az
= newy . nfo.. Ctrl+l
= 7. | 15
=) - OMpAre...
End Time =l
Time: = | it
Cancel
. X
7 | LT CulP ad
]| @V tate Fiint Setup... b4
1 Hierarchy 2 _’|ﬂ
Specifiesar  Exit MAK+plus |l At+F4




vi MAS+pluz Il - c:\max2work\tutorial§
[heet AW File Edit “Wiew HMode

Lﬁj"‘l‘\.le 3!

Run Functional Simulation

B Click on Start then Open SCF to see result

Hierarchy Dizplay
Graphic Editor
Symbol Ed’;

F

HAX+pIus || c:\max2workhtuton
Te:-:tEu:htu:u

Méx+pluz 1l File ﬁ.smgn Options  |nil |57
W avefarm

Floarplan E @l_lﬂ .

._3 Mae+pluz || Flle Edit “iew Hode .-“-‘-.smgn Utllllles I:Iptu:uns Ledindon Help

D|D|EI|§| A E B

mm Time: Interval: [153. 2n5 =
Marme: Valus: | 150 Ons 200,0ns
ook o 717 10 LT LTI L

mpller Simulator: Functional 5 = reset 0
Simulatar
Timing An: = Simulation Input: filter _[EE= new L ’—
_E Programme an Simulation Time: 1.0u Q = k7. 0] D16 16 :
i F ——
FQ—F‘-?EEET ar StartTlmt: 0.0ns % = Next o *
nex A .
' ruse Device %‘W yvalid . —,—| ;
Click on :arl ¥ SetupfHold = y[7.0) Do 7 A/ 12
7oy [ Check Outputs @y sel[1.0] oo 2 Y3 Yo Y i/y2 Y3
Start Button i \
Mari = & h2.0] D7 |3 kv X T B/ 3
= M e |
B - i
L Start Pause | siop | CF| 16 ///
. T T HATE T /il T 1 _FI;J

Open .scf file

Output change on clock
edge




MAX-+PLUS II Functional
Simulation

@ Use to verify operation of design

# Advantage over Timing Simulation
* Fast compilation
* All nodes are retained and can be simulated
* Qutputs are updated without delay
— Most of the time, this makes figuring out cause and effect much easier

# Disadvantages
* Logical model only, no logic synthesis
* No delays in simulation
— Oscillations, glitches and other timing related errors do not show up




Run Timing Simulation

B Click on Start then Open SCF to see result

'R HAX+pIus Il -

Graphic Editor
Symbaol Ed?g
Text E dlitcy ™
W aveform

HIE[arEh_'.-' Dizplay

c:imax2work \tutonali)
File Edt “iew Hode

Bk

HAX+pIus II c:\max2work\tuton
MéHE+pluz [ File  Azsign  Optionz  Inil

Ref [36n: _][s[8] Time et *

g: Mame:

._::] M+ plus I FI|E Edit Wiew Mode .-’-'-.smgn UlI|ItIES Dptlnns Wfindom Help =181 =]
D|D|E|§| AE R =

160.0ns 200.0ns

LCompiler

Simulator

Timing e
Progranmime
Mezzage F

| Tl

next

Floorplan E _ID _I_IH _I% ‘_I_I_M E‘ .

5 Simulator: Functional 5

Staﬂ Time:

ruse Device
an [T Setup/Hold

==

L

0

= clk
= raset
HE= e
= =70
= het
= yvalic

= y[7..0]

Ay sel[1.0]

o
=

! _

Start

Slop | DpeuSCFl

T TIT ATH

Output change after timing
delay




MAX+PLUS II Timing Simulation

B Used to debug timing related errors

B Advantages over Functional Simulation
— Simulation of full synthesis result
— Outputs change after timing delay
« Detection of oscillations, glitches and other timing
related errors are possible
B Disadvantages
— Longer compilation time
— Combinatorial logic nodes cannot be simulated
« Node may be transformed or removed
— Only “Hard” nodes can be simulated

— Timing delays make debugging more difficult because
cause and effect relationships are harder to locate




Comparing Different Stimulations

Compare Two Simulation Files

@ Open first channel file
€ Choose Compare under File menu

@ Select the name of the second channel file with the
Compare dialog box

& Waveforms from the first channel file are drawn in black.
Waveforms from the second channel file are drawn in red
on top of the black waveforms. Deviations of second
channel file can easier be spotted.




Project Stmulation
Recommendations

@ Use built-in clock generator to create clock

@ Use built-in count generator to create test pattern

@ Use Functional Simulation to verify proper operation
@ Use Timing Simulation to examine signal delay effects
@ Use Compare function to verify output

@ Use the dynamic link ( Find Node in Design File ) to go to
source file to make any necessary corrections




Simulation Input & Output Files

OfSpecify simulation input and output
iles

* You can specify SCF or VEC file as the source of
simulation input vectors

— VEC file will be converted into SCF file by
Simulator

— You can specify a history(*.hst) or log(*.log)
file to record simulation commands and
outputs

* During and after simulation, the simulation results
are written to the SCF file, you can create
another ASCII-format table file

— TBL file format is a subset of VEC file
format

— A TBL file can be specified as a vector input
file for another simulation

Project »
Hew...
CIpemn... Crl+
Delets File...
Fl'le Menu. Create Table File. ..
Execute Command File...
| InputsOutputs. .
Hierarchy Project Top Chl4T
Epdt MaH+pluz [T Alt+F4
—WYector Files
Input [.scf or .vec]: |eah_mem.sc:f
Output: eab_mem.zcf
— Output Files
[" History [ hst) |eah_mem.hst | ™ Hew
Miog(logi € |eab_mem log | T New

Directory is: d:\alteraB0\maxZ2work\tutonal

Files: = scf Directories
chiptnp.scf (== alteraB0 -
cntss. scf = max2work
eab_mem._scf = tutorial
finish. scf e e
superl_scl ] fusion
] user lib
£ v¥session -
Dnves
= -l

Cancel |




~N

[nitialize NodesiGroups...
[nitialize Memory...

Eestore Initialization. ..

Memory Initialization | gee

Eeset to [nitial SNF Valoes

Initialize Menu

€ Give memory initialization values for functional simulation
* To generate memory initialization values in Simulator

* You can save the data in the Initialize Memory dialog box to a Hexadecimal File
(*.hex) or Memory Initialization File (*.mif) for future use

— An MIF is used as an input file for memory initialization in the Compiler and
Simulator. You can also use a Hexadecimal File (.hex) to provide memory
initialization data.

* You can load the memory initialization data for a memory block that is saved in a
HEX or MIF file




Initialize Memory

Memory ILPM_BAM_D0:1laltram:sramlcontent j|
Address: VYalue:
oo 00oo 0oon 0ooo oooo 0000 0oon 000D 0oon -
08 FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF
10 0ooo oooo 0ooo oooo 0000 ooon 0oon 0ooo
18 FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF
20 00ao 0ooo oooo 0ooo 0000 0000 0000 00ao
28 FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF
30 00oo 0oon 0ooo oooo 0000 0oon 000D 0oon
38 FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF
40 0ooo 0oon oooo 0ooo 0000 0oon 0000 00oo
48 FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF
~Addr Radix Value Radix [T List One Address Per Line Initialize to ﬂ'/ |
CBIN CBIN Memory Info: 7
€ ocT € ocT Depth 256 | Initialize to 1fs |
' DEC " DEC Width (Bits]: 16
* HEX ' HEX Type: RAM
Import File. .. |
(114 I Cancel Export File...

Import Memaory Content File

File Hame:

Directory is: d:-\alteraB0\max2work\tutonial

Files:

Directories:

mem1_mif

(= alteraB0 a
[ max2work

= tutonal

(£ fusion
£ user.lib

O] ¥session ¥

Dnives:

Er—-

Automatic Extension:

mif 7|

_hex

File Name: [mem1.mif

Directory is: d:-\alteraB0\max2work\tutonial

Files: = mif

Directories:

(= alteraB0 a
[ max2work

= tutonal

(£ fusion
£ user.lib

O] ¥session ¥

Dnives:

Er—-

Automatic Extension:

mif 7|




Memory Initialization File Formats

oo e Lo, El wiote = 16; :020000000000fe
Hemory ILPM_RAM_DQ:1laltram:sramlcontent j| DEPTH = 256; :020001000000£d
Addross. o :020002000000fc
00 0000 0000 0000 0000 0000 0000  0OOO 0000 |- ADDRESS_RADIX = HEX; :020003000000fb
08 FFFF FFFF FFFF FFFF FFFF  FFFF FFFF  FFFF DATA RADIX = HEX; +020004000000fa
10 0000 0000 0OD0 0000 00O 0000 000D 000D =
18 FFFF FFFF FFFF FFFF FFFF FFFF FFFF FFFF :020005000000£9
20 0000 0000 0000 0000 0000 0000 QOO0 00D CONTENT BEGIN -020006000000€8
28 FFFF FFFF FFFF FFFF FFFF  FFFF  FFFF  FFFF
30 0000 0000 0000 0000 0ODO 0000 0000 000D 0 : 0000; :020007000000£7
3g FFFF FFFF FFFF FFFF FFFF FFFF FFFF  FFFF 1 : 0000; -02000800Fffff8
40 0000 0000 0000 0000 (0000 0000  0OOO 00D
48 FFFF  FFFF  FFFF  FFFF  FFFF  FFFF FFFF [ | 2 : 00007 :02000900£££££7

_ _ 3 : 0000; :02000a00£££££6
~Addr Radix Value Radit 7 = jst One Address Per Line Initialize to O's | 4 0000; :02000b00fff£f£fs
CBIN ' BIN M Info: = . .
emory — 5 : 0000; :02000c00f£E£E4
Coct cocr Depth 256 | nitaize to 1s | 6 : 0000; :02000d00FEEEE
" DEC " DEC Width (Bits): 16 7 : 0000; :02000e00ffE££2
@ HEX @ HEX Type: RAM mport Fil..._ | 8 : ffff; :02000f00FFFEFL
: 9 : ffff; .
OK | Cancel Export File.._| a : ffff; :0200££000000£¢f
b ffff; :00000001£ff
c : ffff;
d : ffff; HEX file example
e ffff;
f ffff;
ff : 0000;
END;
MIF file example




MIF File Format

@ To edit a MIF file...

« MIF file is an ASCII text file that specifies the initial content of a memory block

— You can create an MIF in the MAX+PLUS Il Text Editor or any ASCI| text
editor

— You can also very easily generate an MIF by exporting data from the
Simulator's Initialize Memory dialog box
CBRERE Sy T Memory depth and width are required !

1

1

WIDTH = 14; Enter a decimal number |
1

1

o o° o° o

______________________________________________________________________________

1

1

1

1

1

EADDRESS_RADIX = HEX; Address and value radixes are optiongl
| DATA RADIX = HEX; Enter BIN, DEC, ,OCT or HEX(default) i
| |
1 1
E—— Specify values for addresses, which can be single address or éa
. CONTENT !
1 1
I BEGIN !
1 1
. [0..F] : 3FFF; % Range--Every address from 0 to F = 3FFF % :
1 1
6 F; % Single address—--Address 6 = F % !
E 8 F E 5; % Range starting from specific address % E
! END; % Addr[8]=F, Addr[9]=E, Addr[A]=5 % :

o® o° o° o°




Notes for Compiling &
Simulating RAM / ROM _

€ Remember: MAX+PLUS Il Compiler uses MIF or HEX file(s) to
create ROM or RAM initialization circuit in FLEX 10K EAB

« Specify the LPM_FILE parameter to a MIF or HEX file for each RAM and ROM
block

— Memory initialization file is optional for RAM
— Using MIF files is recommended because its file format is simple

@ If the memory initial file does not exist when MAX+PLUS I
Compiler is generating functional SNF file, you must initialize
the memory by using Initialize Memory command before
starting the functional simulation

« MAX+PLUS Il Compiler reports an warning when it can’t read the memory
initialization file when processing Functional SNF Extractor

* However, the memory initialization file must exist when MAX+PLUS Il processes
Timing SNF Extractor




Notes for Compiling &
Simulating RAM / ROM _,,

@ If you do not have MIF or HEX files, do the following:
* Run MAX+PLUS Il Compiler to generate a functional SNF file first

* Then invoke MAX+PLUS Il Simulator, use Memory Initialization command to create
memory content for each ROM or RAM block

* Export memory content to a MIF or HEX file
— And now, you can perform functional simulation for your project

* Invoke MAX+PLUS Il Compiler again, turn on “Timing SNF Extractor” and start
complete compilation for FLEX 10K devices




Node/Group Initialization

@ Specify initial logic levels for nodes/
groups

* You can change the initial logic levels of
registered nodes/groups in the SNF file for the
project before you begin simulation

— You can also specify an initial state name
for a group that represents a state
machine.

* By default, all register outputs are initialized to 0
and pin inputs are initialized to the first logic
level provided in the current SCF

]|
HodefGroup: |' | | List I
Yalue: |1 | Initialize |
Modes & Groups: Radix
" BIN
‘sram|segment0_0~A2.0Q
‘sramlsegmentd 0~A3.0 CocT
" DEC
¥ HEX
[” Show All Hode Hame Synonyms
Type
[T Inputz ¥ Registered
[ Outputz [~ Combinatorial 0K |
Al [ Group Cancel |




Saving Initialization Values

& Save the initialization values to SIF file

* You can save current initialized node and group
logic levels and memory values to a Simulation
Initialization File(*.sif)

* To retrieve initialized node, group, and memory
values stored in a SIF file

* To reset initial node, group, and memory values to
the values stored in the SNF file

— All register outputs are initialized to 0, and pin
inputs are initialized to the first logic level
provided in the current SCF file

File Name:

Directory is: d:\alteraB0hmax2work\tutorial

Files: = gjf

Directories:

eab_mem_szif

[=> alteraB0 -
[=r max2work

= tutorial

(£ fusion
CJuserlib | |

O wsession =

Drives:

ErE

Automatic Extension:

Cancel |




Creating Breakpoints

€ Specify simulation breakpoints

* You can create one or more breakpoints, each
of which consists of one or more node value,
group value, and time conditions

* Specify breakpoint conditions

— .TIME variable in Node/Group list
represents the simulation time

— Operator:=, I=, >, <, >=, <= >->
(transition)
— A breakpoint can consist one or more

conditions and must be given a unique
name

| Breakpoint...
Hardware Setup. ..

zer Libraries.
Color Palette. ..
Authorization Code. .

Preferences. ..

Options Menu

Breakpoint Mame: |ah | | oK
— Conditiong C |
LCance |
Node/Group: Operator: ¥alue:

A |
ram_we >-» 1 Delete |
—Radix Change

Add| Eondition 4'
{CBIN DEC _ Enable |
COCT & HEX [Yelete Eondition
Dizable |
Exizting Breakpoints: " Show All Mode Name Synonpms
=abzram_we »>-» 1:
=aa.TIME = 5.0us;




Monitoring Options

@ Setup time & hold time

* You can instruct the Simulator to monitor all simulated nodes and groups for setup
time and hold time violations

— |It's not available in functional simulation mode

— In timing simulation linked simulation mode, setup and hold time violations are
determined by the architecture of the device(s) being simulated

& Glitch

* You can instruct the Simulator to monitor the logic levels of all simulated nodes and
groups for glitches or spikes, i.e., two or more logic level changes that occur within a
period less than or equal to the specified time

— |t's not available in functional simulation mode

& Oscillation

* The Simulator can monitor all simulated nodes and groups for logic levels that do
not stabilize within the specified time period after the most recent input vector has
been applied

— In functional simulation mode, oscillation option is always on and check only
for nil-period oscillation




Project Stmulation Summary

@ Two types of simulation

* Functional simulation
— No logic synthesis
— No delay model
— All' nodes can be simulated

* Timing simulation
— Logic synthesis
— Delay model
— Only hard nodes can be simulated

@ Two types of stimulus file
« Waveform
* Vector

& Simulation result is stored in .scf file




Design Specif@

De3|gn Entry
!l< Design Modification
Project Compllatlon ﬁ
Project Tllmulation A
Command-
Line . . .
Mode Timing Analysis —;

|

Device Programming

In-System Verification

Y

System Productio




MAX+PLUS II Timing Analyzer

Delay Matrix

MAX+PLUS 1l
Compiler

Setup/Hold
Matrix

.snf

Registered
Performance

MAX+PLUS I
Timing Analyzer

MAX+PLUS I
Floorplan Editor

MAX+PLUS Il
Graphic Editor

MAX+PLUS Il
Text Editor




Project Timing Analysis

€ Timing Analyzer is a static timing analyzer

@ Three forms of timing analysis
* Registered Performance calculates fastest possible internal clock frequency
* Delay Matrix calculates combinatorial delays
«  Setup/Hold Matrix calculates setup & hold times for device flip-flops

@ Source of delay path can be located in
* Design file
* Floorplan Editor




Timing Analysis Source &
Destination

@ Specify source/destination nodes for timing

analysis

 The Timing Analyzer provides default timing tagging for sourg
and destination nodes for each analysis mode

Hode Hame: |’

ource & desination

Timing Analyvsis Source... Crlt L 1+E

Timing Analysis Destination...  Ctl+AlD

Timing & nalysis Cutnff... Chilt AlHC
Node Menu

| [ st |
Axailable Hodes: Selected Hodes:
aclr " aclr
clk
xinl =
xinZ I =
Rin3
xind =5 |
xinh x
| _>|J | | 3
~Type " Show All Node Mame Synonyms
M Inputz [~ Registered
. . Clear
[ Outputs [~ Combinatorial 4|
F-1) (114 | Cancel |

tinatinm

Hode Hame: |‘

List |

Available Hodes:
Ifir_08tp:1InbBtp:firlyecmy «

[fir_08tp:1Inb8tp-firlvecm.
“firlvecm

Selected Hodes:

[fir_08tp:1|nb8tp: lirlve-::ml.;

vl
=% y2 .
> v3
_ v
Ll 5

ol

Type
[ Inputz  [¥ Registered
[¥ Outputz [~ Combinatorial
I~ Al

" Show All Node Name Synonyms

Clear |

[1].4 | Cancel |




Registered Performance Analysis

B Calculates maximum internal register frequency
B Used to determine if design meets clock

specification tdela
——D Q D al,
tsu
tco
Dclk Sclk

| tskew

B Clock period = tco + delay + tsu + tskew

Note: tskew is added to the clock period if destination
clock edqe is earlier than source clock edge




Run Registered Periormance
Analysis

@ Click on Start

@ Source/Destination, Clock period and Frequency of the
longest path are displayed

@ Click on List Paths to trace delay path

Registered Performance
Clack: | clk (10 paths] =

Source: |state_m: 2lfilker~2.0Q
Destination: |acc:13wn11.0

Clock penod: B1.1ns

Frequency: 16.36MHz
0 =0 100
[

Start atop List Paths




Tracing Delay Path In Floorplan
Editor

® Highlight Path of interest

B Check Locate in Floorplan Editor

B Click on Locate All

B Click on show patl## to display path

Info: Delay path from '|state_m:2[filter1" to ' L —2A L T O TR - TOLC -F

Info: Delay path from '|state_m:2[filter™2" to ' |2 | B |S|5|5I665|5|5|5|6[5[5(50|0|0/0/0|58|85(a/5|5
Info: Delay path from '|state_m:2[filter™1" to ' [ =
Info: Delay path from '|state_m:2[filter™2" to '

=
Info: Delay path from ‘|state_m:2[filter”3" to *| .-
Info: Delay path from '|state_m:2[filter™1" to ' (O

Info: Delay path from '|state_m:2[filter”2" to ' =
Info: Delay path from '|state_m:2[filter”3' to ' |~

Info: Delay path from '[taps:8[xn_30' to '|acc|™ :fg
§

| 4 Message b1 0f 10 W Locate in F &l :

W N s

st N e

- =[]

| 4 Locate PI 0 of 16 Locate All




Application of Registered
Performance

B Use Registered Performance Analysis to see if
design meets clock frequency requirement

B What to do if frequency is less than desired

Use List Path to display the worst case delays
Use Floorplan Editor to view the entire path

* Are Logic Cells and pins scattered among different
rows?

« Can the Logic Cells benefit from carry/cascade
chains (FLEX) or parallel expanders (MAX)?

Use Assignments ( Clique, Logic Options, etc... ) on the
critical path to improve performance

If still less than desired, consider pipelining technique or
different design implementations where appropriate




Delay Matrix Analysis

B Calculates combinatorial logic delays
B Typically used to evaluate input pin to output pin

delay

B Internal point to point delay analysis is possible
by setting node source and destination for

analysis ﬁ
— Combin?toria —

D

)

Q




Delay Matrix Source and
Destination

B Set Source and Destination to be analyzed

v MAC+plus 1l - c:\max2workAtutonalvhilter - [Timing Analyzer]
it Méeplus | File JEEREY Analysis Assign Utiities Options  Window Help =151 =]

IE.E. I: Timing Analyziz Source.. Chrl+&lt+5

Timing Analvsiz Qestlnatu:nn . Chlsal+D ! : — =
Timitg Analyziz Cukaff Cheladlbal™ 1
Timing Analyziz Source x| !
Node Name: [§ List
next - |_ | | — I
S ok 101ns Available Hodes: Selected Hodes:
E (=
I reset =i
g w0
4| I =
. | , | r
[
- Type " Show All Hode Hame Synonyms
Start | ¥ Inputz [ Registered
] . Elear |
Tags oruntags one or more nodes & [ Outputs T Combinatorial
" an (1] 4 | LCancel |




Useful Analysis Options

B Time Restrictions
— Show All Path
— Show Only Longest Paths
— Show Only Shortest Paths

H Cell Width

— Control matrix display

B Cut Off I/0O Pin Feedback

— See next page

B Cut Off Clear & Preset Paths

— No clear or preset delay analysi:

B List Only Longest Path

orialifilter - [Timing Analyzer]

iz Azsign  Utilities EEllGGER Aindow  Help

;-I @ j Time Restrictions... ﬁ

Delay | Cetwidh.

Auto-Recalculate

v LCut Off 10 Fin Feedback.
v Cut O Clear & Prezet Paths
v Lizt Only Longest Path

Destine.

Time Restrictions

— Delay Matnx Options

Include Paths

.........................................

| CLess Than:  [214.7483647ms |

% Show All Paths
" Show Only Longest Paths
" Show Only Shortest Paths

- Reqistered Performance Options

{% Number of Paths per Clock to List:

" List Paths with Frequency Less Than:

Cancel |

— List Path lists only longest path between two points




Cut Oft I/O Pin Feedback

@ Used to break bi-directional pin from the analysis
€ When on, paths A and B true C false
€ When off, path A, B and C are true

e




Run Delay Matrix Analysis

B Select Delay Matrix Analysis and click on Start

button

B Matrix shows all paths, longest path, or shortest
path depending on Time Restrictions option

selected
B Use List

5ok
[}
u new

I lreset

[ |

Setupx’H u:qu:I Matm-:

Beqiztered Performance

nest

Dezstination

wyalid
101z 10.0nz

il ¥

0

1]

100

Start

stop

List Paths

Turns on the Delay katrix timing analysis mode




Setup/Hold Matrix Analysis

@ Setup/Hold Matrix calculates setup & hold times for device
flip-flops

tsetup, thold

D al—s

Y —
@ Setup

* tsetup = tdata - tclock + tsetup
€ Hold

* thold = tclock - tdata + thold




Run Setup/Hold Matrix Analysis

@ Click on Start button
@ Setup/Hold times are displayed with respect to the clocks

" MAX+plus 1l - c:\maxZ2work\tutonalifilter - [Timing Analyzer]

ﬁa Méx+plus || File Mode |EXEMSEN Assion  Utiliies Options  Window Help BEE
DIE’IH|§| CFDI.I Delay Matrix AN I B
v Setup/Hold Matrix — r
Se Benistered Perfarmance n alys 3 (Il
Clacks
clk.
| | letate_m:2lfiterd.
N new 2.7ne/0.0ns
p
u
b [ztate_m:2lfilber,
* hew 2.7ns/0.0ns -
i of
0 =0 100
e
Start Stop Ihst Paths

Turns on the Setup/Hold katrix timing analysis mode




Saving Timing Analysis Results

@ Save the current Timing Analyzer results to a TAO File

* Timing Analyzer can save the information in the current timing analysis display to an
ASClI-format Timing Analyzer Output file (*.tao)

File HName:

Files: = tap

Directory is: d:-\alteraB0\vdsp_work

Directories:

(== d:A
[=> alteraB0

= dep_work

Drives:

=

=

Automatic Extension:

LCancel |

Destination
y3 v4 y5
aclr
clk 10.8ns 12.7ns 11.7ns

P QRS 0w
b
o
5
=

i




Listing & Locating Delay Paths

@ To trace delay paths or clock paths in the design file

« After you run a timing analysis, you can list selected signal paths and locate them in
the original design file(s) for the project

« Select the matrix cell or clock, click List Paths

* Select one of the delay paths shown in Message Processor, and click Locate to
trace the path in the source file(s)




Listing & Locating Paths

i MAX+plos 1T - dhalb 3
MAK+plosII File Assgn Options Window Help

NEEEHEEEGEEREREE R EENETEE]

g Timing Analyzer
Delay Matrix
Destination
at_altera  ticket( ticketl ticket? ticket3
accel
5 clock 10.6hz 1050z 10.2nz 10.dnz
o di anto_maddf - Text Editor
u )
podin
T enable
e
rezet 10.7nz VARIABLE
- atreet_map : MACHINE % Cre:
<| | 4 OF BIT3 (d2,ql ) 5 gl |
WITH 3TATES |
g 20 00 Y, % Youl
npld, % Mar|
Start_|  Sip | ListPaths | erld, ¥ Eas)
gdf, % Grei
% Cap|
% Redi
% Easz]
% Youl
— — 5 inm
« |4 Locate {




Recommended Verification Flow

@ Functional simulation
* Perform functional simulation to verify the design functionality
€ Timing Analysis
« Perform static timing analysis to check overall performance
* Find the delay paths
9 Timing simulation
* Perform timing simulation to verify real-world design timing & functionality

€ On-board test
« Program FPGA/CPLD device(s) and test the function & timing in system




Timing Analysis Recommendations

@ Use Timing Analyzer to locate performance bottleneck

@ Use Registered Performance Analysis to determine
internal clock frequency performance of the design

@ Use Show Only Longest Path Time Restrictions in Delay
Matrix to get the longest delay time from input pin to
output pin

® Use List Path and Locate in Floorplan Editor to view
worst case paths

@ Use List Path and Locate to trace through path in design
file

@ Use assignments and recompile to fine-tune
performance




Project Timing Analysis Summary

€ Timing Analyzer is a static timing analyzer

@ Three modes of Timing Analysis
* Registered Performance

* Delay Matrix
*  Setup/Hold Matrix

@ Provides ability to trace path through Floorplan Editor or
design file




Device Programming

€ Programming Methods
@ Altera Configuration EPROM Family

@ Altera Programming Hardware
« PL-ASAP2 Stand-Alone Programmer
* BitBlaster Download Cable
* ByteBlaster Download Cable

@ FLEX Device Configuration Schemes
€ MAX+PLUS Il Programmer




Command-
Line
Mode

Design Specification>
0

Design Entry

I

Design Modification

Project Compilation

Project Simulation

v

Timing Analysis

{

SIS

Device

Programming

In-System Verification

¥
System Production>




Altera Provide Method

@ Altera provide different methods for
* Program Device
— MAX family
* Configure Device
— FLEX family




MAX Device

@ Use Altera Stand Alone Programmer (ASAP2)

* http://www.altera.com/html/products/asap2.html

@ Through JTAG port with ByteBlaster
« JTAG for Single Device (MAX or FLEX)
* JTAG Chain for Multiple Device (MAX & FLEX)
* JAM for Single/Multiple Device (MAX & FLEX)

9 3rd Programmer
« Datal/O
— http://www.data-io.com
« BP MicroSystem
— http://www.bpmicro.com




FLEX Device

@ Through JTAG port with ByteBlaster
« JTAG for Single Device (FLEX or MAX)
 JTAG Chain for Multiple Device (FLEX & MAX)

@ Through PS port with ByteBlaster
« FLEX for Single Device
« FLEX Chain for Multiple Device

@ Serial PROM
« EPC1 (1Mbits, good for 6K/8K/10K)
« EPC1441(441Kbits, good for 6K/8K/10K10, 10K20, 10K30)
« EPC1213 (213Kbits, only for 8K)
« EPC1064 (64Kbits, only for 8K)







Configuration File Sizes

€ FLEX device configuration file sizes

« Each FLEX device has a different size requirement for its configuration data, based
on the number of SRAM cells in the device

* The following table summarizes the configuration file size required for each FLEX
device

— To calculate the amount of data storage space for multi-device configurations,
simply add the file sizes for each FLEX device in the design

Device Data Size(bits) Device Data Size(bits)
EPF8282A/V 40,000 EPF10K10 115,000
EPF8452A 64,000 EPF10K20 225,000
EPF8636A 96,000 EPF10K30 368,000
EPF8820A 128,000 EPF10K40 488,000
EPF81188A 192,000 EPF10K50 609,000
EPF81500A 250,000 EPF10K70 881,000

EPF10K100 1,172,000




Altera Configuration EPROM
Family

@ Altera’s serial configuration EPROMs for FLEX devices
« Simple, easy-to-use 4-pin interface to FLEX devices
* Available in OTP packages: 8-pin PDIP, 20-pin PLCC and 32-pin TQFP
* Family member
— EPC1064: 65,536 bit device with 5.0-V operation
— EPC1064V: 65,536 bit device with 3.3-V operation
— EPC1213: 212,942 bit device with 5.0-V operation
— EPC1: 1,046,496 bit device with 5.0-V or 3.3-V operation




Configuration EPROM
Block Diagram _,,
® EPC1064, EPC1213, or EPC1 in FLEX 8000A mode

DCOLK C=————

—

ncs
QE

|

[

nRESET

Address
Counter

Addrass

code
—— Logic

|

Y
EPROM

Array

& DATA,

Shift

?

Register

nCASC

DATA




Configuration EPROM
Block Diagram _,,
® EPC1 in FLEX 10K mode

l = DCLK

. Oscillator CLK Address
Internal oscillator > * —ENA Counter

nAESET

Oscillator
Control
antro Address Decode
— Logic
nCs . nCASC
OE Y

EPROM
Array

l DATA

Shift
Register

?

DATA,




Altera Programming Hardware

€ Hardware to program and configure Altera devices

For MAX 7000/E/S, MAX 9000 and Altera configuration EPROM(EPC- series)
devices

— Altera stand-alone programmer: PL-ASAP2 (PC platform)
— 3rd-party universal programmer (PC platform)

For MAX 7000S and MAX 9000 ISP, FLEX devices downloading
— Altera BitBlaster download cable (RS-232 port)
— Altera ByteBlaster download cable (parallel port of PC)

Of course, you can use another 3rd-party universal programmer or download cable
to program or configure Altera devices. In this chapter, we discuss Altera
programming hardware only.




Altera Stand-Alone Programmer

€ PL-ASAP2: Altera stand-alone hardware programmer

* The Altera stand-alone programmer, PL-ASAP2, together with the appropriate
programming adapters, supports device configuration and programming for Altera
devices

— All MAX devices
— Altera serial configuration EPROM: EPC1/V, EPC1064/V, EPC1213

« PL-ASAP2 includes an LP6 Logic Programmer card, an MPU and software
— LPG6 card generates programming waveforms and voltages for the MPU

— MPU(Master Programming Unit) connects to LP6 card via a 25-pin ribbon
cable and is used together with an appropriate adapter to program Altera
devices

— Optional FLEX download cable for configuring FLEX devices




Installing LP6 Card, MPU &
Adapter

D

Q)
Adapter <
LP6 Programmer Card

MPU Base Unit

Connect the 25-pin flat ribbon cable to the LP

Y,

qrc



BitBlaster Download Cable

@ Altera BitBlaster serial download cable
« BitBlaster serial download cable allows PC and workstation users to
— Program MAX 9000, MAX 7000S in-system via a standard RS-232 port
— Configure FLEX devices in circuit via a standard RS-232 port
« BitBlaster provides two download modes
— Passive Serial(PS) mode: used for configuring all FLEX devices

— JTAG mode: industry-standard JTAG implementation for programming or
configuring FLEX 10K, MAX 9000, and MAX 7000S devices

* BitBlaster status lights:
— POWER: indicates a connection to the target system’s power supply
— DONE: indicates device configuration or programming is complete
— BUSY: indicates device configuration or programming is in process
— ERROR: indicates error detection during configuration or programming




Installing BitBlaster

Receptacle

Status fights for pin 1

25-pin

: L S 101
female port N8 to 10-pin

male header
on circuit
board

Baud rate dipswitches




ByteBlaster Download Cable

& Altera ByteBlaster parallel port download cable
* ByteBlaster serial download cable allows PC users to
— Program MAX 9000, MAX 7000S in-system via a standard parallel port
— Configure FLEX devices in circuit via a standard parallel port
* ByteBlaster provides two download modes
— Passive Serial(PS) mode: used for configuring all FLEX devices

— JTAG mode: industry-standard JTAG implementation for programming or
configuring FLEX 10K, MAX 9000, and MAX 7000S devices

* ByteBlaster download cable provides a fast and low-cost method for ISP and FLEX
device configuration

* ByteBlaster download cable uses identical 10-pin circuit board connector as the
BitBlaster serial download cable




Installing ByteBlaster




BitBlaster & ByteBlaster
Plug Connections

Dimensions are shown in inches.

0.425 Typ./‘

v

olor Strip

W 1 3 5 7 9

0.250 Typ. / Pin PS Mode JTAG Mode

: : ° ’ © 1 DCLK TCK

2 GND GND

3 CONF DONE TDO

»0.100 Sq. |—{0.025 Sq. A vee .

o 0.700 Typ. ——————» 5 nCONFIG TMS

6 N.C. N.C

7 nSTATUS N.C

8 N.C. N.C

9 DATAOQ TDI

10 GND GND




FLEX Device Configuration
Schemes

@ Passive Serial(PS) configuration with the download cable
* Single-device configuration
* Multiple-devices configuration

€ JTAG configuration with the download cable
* Available for FLEX 10K and ISP devices only

@ Serial configuration EPROM configuration
« FLEX 8000A Active Serial(AS) configuration with serial configuration EPROM
« FLEX 10K Passive Serial(PS) configuration with EPC1 configuration EPROM

@ Parallel EPROM configuration
« FLEX 8000A Active Parallel Up(APU) or Active Parallel Down(APD) configuration
* Not available for FLEX 10K devices




FLEX 8000A Single-
Device PS Configuration
with the Download
Cable
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with the Download Cabl_.g

-
FLEX 8000A Multiple-
Device PS Configuration rexsoo

WG WEG
sl Zik 10-Pin Male Header
Ve voo  (Passive Seral Mode)
DE"-"ECE‘ 51 kil gl ]
nSP CONF_DONE l—t veo
MSEL1 naTATLS
MSELD i ol . OH
» O EH
ool z
@ @ AL
O
i DATAD J__
’—b nCONFIG GHD
W
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Device T
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0" —— P MSELD
I DCLK
P DATAD
L nCONFIG
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1" —— MSEL1 nETATUS —f—
0" — MSELD
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| DATAD
I nCONFIG




FLEX 10K Single-
Device PS

Configuration with the
Download Cable

VGG Voo WOC 'ﬂ"[(.
=1k ik =ik Ziko
- - i L=

FLEX 10K Device

MSEL1  CONF_DONE plf———
MSELO NSTATUS il—— e

uOl-
g :
L DCLK
DATAD Pin 1
' RCONFIG

10-Pin Male
Header {Top View)

L

T

= |

[m
=1
[

[ o o)
HOOo@o

)
=1l
]

PS. nCE pin of FLEX 10K device must connect to GND.




4

FLEX 10K Multiple- L
Device PS Conﬁguration Flbl;:e}:;lri;gx ;I, (Passive Serial Mode)
with the Download Caﬂ;;bléasm O s .I j__l
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JTAG  Configuration
with the Download
Cable

FLEX 10K Device MAX 9000 Device
o bt 10-Pin Male Headar MAX 70005 Device
! T EI -l‘ n .I :illi
VoG 50 . (JTAG Mode} ol Ifﬁfgﬂ{l; ;éiJHeacfe;
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MDY
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-
FLEX 8000A Configuration EPROM Configuration (AS
Mode)

VG WD Ll
:‘; kid ;—%1 wr  Configuration
FLEX 8000 EPROM

0" —Pm nS(P CONE_DONE nCs

‘0" ——m{ MSEL1 nSTATUS il A = OE DATA

07— MSELQ DCLK P OCLK

— = DATAD

P nCONFIG \

Serial configuration EPROM

AS configuration with automatic (e.g. Altera’s EPC1213)

reconfiguration on error (nStatus
pin is connected to OE pin of t
configuration EPROM and when
‘Auto-Restart Configuration on
Frame Error” option bit is turned on)




-
FLEX 8000A  Multiple Configuration EPROMs
Configuration

YOG VG WCE
::EJ ki ; ko Configuration Configuration
FLEX 8000 EPROM EPROM
0" —{nSP CONF_DONE —nCS  nCASCH———— I nCS  nCASC
0" —{MSEL1 NSTATLIS i} & e OF DATAF— ——» OE DATA
0" — I MSELD DCLK ® P DCLK — = DCLK
—— I DATAD
P NCONFIG
»




Configuration
EPROM 1

° "'r_l: VoG Voo
FLEX 8000A Multi-
] [ VGG Woo
Device Configuration FLEX 8000 L .
Device 1 =1kl B
EPROM W' —erSF  CONF_DONE ff—jew
" —— e MSEL NSTATUS mlf—e
. 0" —W MSELD DGLE
Configuration ]
»—
I DATAD »
L P nCONFIG
WoG
FLEX 8000 Ew
Device 2 T
‘" —P{nSF  CONF_DONE fll—————
1" —— P MSEL NETATUS jalf—j——
‘0 ——{ MSELD
ol CLE
- - DaTan
I nCONFIG
WG
FLEX 8000 =k
Device 3 ¥
O —nSE CONF_DONE ilf—je
4 —— P MSEL NSTATUS plf—j———
0" — MSELD
P DCLK
[ I DATAD
L I nCONFIG

nGASE

Configuration
EPROM 2

DATA —

niG
OFE
DCLK

DATA

S
OE
DOLKE

e
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FLEX 10K Configuration EPROM Configuration (PS
Mode)

vee  vee

VCO FLEX 10K EPC1

T nCONFIG DCLK ol DCLK
DATAD pelf DATA

NSTATUS pilf—Je———— OE

CONF_DONE 1__”—.. nCs
nCE \

MSELD \
MSEL1
i o Altera-supplied serial EPC1 configuration EPROM

GND GNo (EPC1: 1-Mbit EPROM
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FLEX 10K Multi-Device Configuration EPROM
Configuration

vCC
VeC
f
ve FLE}_{ 10K ‘J Voo FLE){ 10K I EF‘_C1 EF‘_C1
Device 2 Device 1 o5 Device 1 Device 2
—[p nCONFIG DCLK —I:b nCONFIG DCLK T DCLK DCLK
MSELD DATAD patf— MSELO DATAD (el l— DATA DATA
i:msm CONF_DONE pelf— i:MSEU CONF_DONE (w8 nCS nCASC ™ nCS
NSTATUS el NSTATUS pl-jme——» OF — OF
GND ncE i} GND | \eEp nCE 17
GND
»




Configuration

FLEX 8000

-
FLEX 8000A APU & APD

VGG VG

o =

Tk Zike

System Reset —1—W»

n&sF CONF _DONE
MSEL1 nSTATUS
MSELD

ADDT..0)

ROCLE

DATA[7..0]
nCONFIG

256-Kbyte
EPROM

-«

i<

18

—>

(Active Low)

-

noE
NCE  DATA[7.0]

ADDT.0)
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MAX+PLUS II Programmer

€ To program or configure Altera devices [ T BE
« After the MAX+PLUS Il Compiler has processed a Examine  Program Verify
project, it generates one or more programming files, | o — curite B
which the Programmer uses to program or configure Fiihip“x :f
one or more devices Device: EF:M?I]32L;244
« The MAX+PLUS Il Programmer allows you to Checksum: 0005CC17
program, verify, examine, blank-check, configure, and
test Altera all MAX and FLEX devices and
configuration EPROM D »
« With the Programmer and programming hardware--the | :
Altera MPU, add-on cards, programming adapters, the | swp__| Open SCF_| |

FLEX download cable, the BitBlaster, or the
ByteBlaster--you can easily create a working device in
minutes




Device Programming Methodology

1T

(PC)

Master
Programming

MAX+PLUS 11
Programmer

i

(PC/WS)
>

(PC)

Unit (MPU)

BitBlaster
Download
Cable

ByteBlaster
Download
Cable

Yy

: Altera

. CPLD |




Programmer Operations

@ 6 operations

Program : programs data onto a blank MAX device or configuration EPROM
Verify : verifies contents of a device against current programming data
Examine : examines a device & stores the data in a temporary buffer
Blank-Check : examines a device to ensure it is blank

Test : functionally tests a programmed device

Configure: downloads configuration data into the SRAM of one or more FLEX
devices




Starting Programming

¢ Program or configure the Altera
device
* Setup the hardware

select Progranoming File

File Name: |
. . . Project HMame is: uart
e SpeC|fy the programmlng flle Directory is: d:\alteraB0Amax2work\wkshop37iuart
Files: = pof,* zof * jed Directories:
uart_sof = din
. . . . [= alteraB0
* Program or configure the device: just click on the = max2work
(= wkshop97

Program Of Configure button

Drives:
Hardware Type: |EGEREGE, j | 118 I = d:
LP5 + PL-MPU - -

1/0 Address: LPA/LPE+ PLMPU . Lancel " Show Only Current Project Files

BitBlaster

B leBI_aster hl —Show in Files List

Auto-Setup

R5-232 Port:
” Programmer Object Files [*.pof]

L E— oK
Baud Rate: 57600  +| selitlest " SRAM Obiject Files [*.sof) Cancel |

11

. iles [~
Parallel Port:  [NONE | JEDEC Files [*.jed)
{* All Programming Files (= jed. *_sof. *_pof] Info... |

J




Functional Test on Device

@ Functionally test the Altera device

* You can use an SCF or VEC file, or test vectors
stored in the current programming file, to functionally
test actual device outputs against simulation outputs

— Functional testing is not available for SRAM-
based FLEX devices

— You can only test devices for single-device
projects

— You also cannot test projects that contain
bidirectional buses

* After the device is programmed, select simulation
input file

— You can specify an output Programmer Log
File(*.plf) to record the Programmer's activities

« Test the device: click on Test button

[ |uart.s-::f

% Simulator Channel Fileg [*_2cf]
" Yector Files [*.vec]

Show in Files List
|7 ¥ Current Programming File

— Output File
I" Log (.pIf):

. |uart. plf

| [T Mew

Directory is: d:\alteraB0\max2work \wkzhop97huart
Files: *_scf Directories:

uart. scf = d:h
[+ alteraB0
[=> max2work

(= wkshop37

Drives:

|Ed:

-l

Cancel |




Converting or Combining
Programming Files

@ To convert or combine programming
files

* You can combine and convert one or more |EEE
SRAM Object Files(*.sof) into one of the | [ Input Files

following file formats, which support differerjt] ™Mo Lertso! —
FLEX device configuration schemes Al | Do | Addess & up
) . Selected Files: " Down
— Programmer ObJeCt F||e(*p0f) d:halteraB0hmax2work \wk shop37huarthuart. sof “Drder
— Raw Binary File(*.rbf) e
— Tabular Text File(* tf) al v | I
— Serial Bitstream File(*.sbf) -g}lﬂﬂ:‘ File s |
— Hexadecimal (Intel-format) File(*.hex)| | Fie Fomat [hex singleDevice) =]
L LEPROM:  [acueitil) e ue =l [ Use Low Voltage EPROM
[ = hex (Bit-Slice) |
Directory is: d:|_sbf [Sequential] op97\uart
Files: = hex _ttf [Sequential) ~
(= max2work 2| [T Show Only
(= wkehop97 Project Files

Dliies: _“

= d: j| Cancel |




Configuring Multiple FLEX
Devices

€ Configure multiple FLEX device with the download cable
* You can configure multiple FLEX devices in a FLEX chain with the download cable

— By typing a command at a DOS command prompt to download configuration
data from an SBF file through the BitBlaster

* The SBF file can be created by using “Combine Programming File” command (under File
Menu)
— By creating “multi-device FLEX chain” (under FLEX Menu) and using the
Programmer to download configuration data from SOFs through the BitBlaster,
ByteBlaster, or FLEX download cable

* Multi-device FLEX chain: a series of FLEX devices through which configuration data is passed

from device to device using the sequential Passive Serial configuration scheme
v Multi-Device FLEX Chain
Multi-Device FLEX Chadn Setup...

mave FCF. .
Festore FCF.

FLEX Menu




Creating Multi-Device FLEX
Chain

@ To configure multiple FLEX devices in a FLEX chain

* You can specify the order and names of SOFs for multiple FLEX devices in a chain

* You can save the FLEX chain settings to an Flex Chain File(*.fcf) or restore the
settings from a existing FCF file

File Hame: |d:‘kalteraﬂl]‘tmawaurk‘hwkshupﬂ?"\.uart‘tuart.suf |

Device Hames: Programming File H ames:
+ To tum on or off multi-device FLEX chai
configuration mode

* Click configure button on Programm

| X]

0K |
Cancel |
Add |
Delete |

Order

_ |

" : 1 [
tO Start Conflguratlon Project Mame is: uart 4'[)0!"
Directory is: d:\alteraB0\maxZwork \'wkshop37uart
Files: =.sof Directories: rﬁhﬂ_ﬂ' Only
uart.zof (= max2work 2 Project Files
[= wkshop97 FLEX Chain File

Drnves:

= d: j|

Restore FCF. . |




Programming Multiple JTAG
Devices

@ Program or configure multiple JTAG devices with the
download

cable

* You can program or configure one or more MAX 9000, MAX 7000S, FLEX 10K
devices, and other devices that support JTAG programming in a JTAG chain using
the BitBlaster or ByteBlaster

— The JTAG chain can contain any combination of Altera and non-Altera devices

that comply with the IEEE 1149.1 JTAG specification, including some FLEX
8000 devices

— By creating “multi-device JTAG chain” (under JTAG Menu) and using the
Programmer to download configuration data from SOFs through the BitBlaster

Multi-Device JTTAG Chadn
Multi-Device JTAG Chain Setup...

chain: a series of devices through which programming and/or configuration

Save ICF... pm device to device via the JTAG boundary-scan test circuitry
Eestore ICF.

JTAG Menu




Creating Multi-Device JTAG
Chain

€ To program multiple devices in a JTAG chain

* You can select the names and sequence of devices in the JTAG chain, and optional
associated programming files

* You can save the JTAG chain settings to an JTAG Chain File(*.jcf) or restore the

settings from a existing JCF file

Multi-Device ITAG Chain Setup E
Device Name: Programming File Hame: oK |
| EPF10K10 j| |d:‘\alteraBI]"\ma:cZWDrk‘\wkshupﬂ?‘\uart‘\u | —
Cancel |
JTAG Device Attnbutes. .. | Select Programming File._. |
* To turn on or off multi-device JTAG | pevice Names: Programming File Names: -
. . 1 EPF10K10 d:\alteraB0\max2work\wkshop97\uartiuar il
chain programming mode 2 EPM70645 d:\alteraB0\max2work\tutorial\chiptiip. pof e
i Delete All |
Order
* Click configure or Program buttpn 0|

on PI’OQ rammer tO Sta I’t programmlng List containz 2 devices with total instruction register length of 20 own |

Use Hardware JTAG Chain File -
Hardware has not been uzed to detect JTAG chain information
Save JCF._.. |

Detect JTAG Chain Info Restore ICF. .. |




Details about Device Programming

@ Please refer to Altera document for details
+ Altera Data Book

* Altera Data Sheet
— dsconf_06.pdf: Configuration EPROMs for FLEX Devices
— dsbit03.pdf: BitBlaster Serial Download Cable
— dsbyte01.pdf: ByteBlaster Parallel Port Download Cable

* Altera Application Note & Application Brief
— an033_03.pdf: Configuring FLEX 8000 Devices
— an038_03.pdf: Configuring FLEX 8000 Devices
— an059_01.pdf: Configuring FLEX 10K Devices
— ab141_01.pdf: In-System Programmability in MAX 9000 Devices
— ab145_01.pdf: Designing for In-System Programmability in MAX 7000S Devices
— an039_03.pdf: JTAG Boundary Scan Testing in Altera Devices




- Getting Help

@ CIC technical support: * = 4
* Phone : (03)5773693 ext. 148
« Email steven@.cic.edu.tw
* News: nsc.cic
« WWW: http://lwww.cic.edu.tw/chip_design/design_intr/altera/
o ftp-site : ftp:/fftp.cic.edu.tw/pub (140.126.24.62) under /pub/doc/manual/Altera

@ To buy Altera chips, hardware or demo boards:
* Contact Galaxy Far East Corp. 754 = @ # % i -] 4= (03)578-6766 ext. 220

€ Altera technical support on Internet

« WWW: http://www.altera.com
« FTP: ftp:/fftp.altera.com (however, the international access may be slow)




MAX+plus II Lab

Fibonacci Generator




Lab 1-myor8 1

o HIEL A pUREE R R R
+ File > New (Graphic Editor File - .gdf)
+ File > Save As... (myor8.gdf)
+ File > Project... > Set Project to Current File

. ,_,'“@LLI R ﬁ%ﬁl

................................. |H.|:'IJT e IN[TD]

s 1) L




Lab 1 - myor8 11

@ Save and Check
* File > Project ... > Save & Check (Cltr + K)

@ Generate Symbol
* File > Create Default Symbol

€ View Symbol

* File > Open ( myor8.sym)




Lab 2 - Disbounce I

¢ E'JSchematicﬁ%"néjr IxEL Pﬁ%ﬂ?}?‘%‘?—%
+ File > New (Graphic Editor File - .gdf)
+ File > Save As... (disbounce.qgdf)
+ File > Project... > Set Project to Current File
© AN IR, ﬁ%ﬁ— f%ilLPM_COUNTERElfJI/Oé’?parametersﬁfJF%{g
* File > Project ... > Save & Check (Clir + K)
* File > Create Default Symbol




PUSH BUTTOH DISBOUND

LPM_&hsL U E= _
LPM_DIRECTION="UP"
LPM_MODULIS= '
LPM_$WALUES
LPM_WIDTH=S

: ] ; CCBT -
B CHEUT E —
............. :vcc : :
: 51?
0
Tygic
=3
sEEL | GEE LT
: HaT
: FRH FRH : SOUTEOT
CCCs N S R ®
CLRHM CLRHM
Lo
WRE .
......... KEYIN [, rHeuy ?‘m :
.................................. WG [

LPM COUNTER

LPM_&hsL U E= ;
LPM_DIRECTION="UP"
LPM_MODULIS= '
LPM_$WALUES
LPM_WIDTH=S

o1 CCB[r.0]

L.ab 2 - Disbounce 11

LPM_&hsL U E= ;
LPM_DIRECTION="UP"
LPM_MODULIS= '
LPM_$WALUES
LPM_WIDTH=6

LPM COUNTER

ol




Lab 3 - 7segment

‘ El JAHDL_:[\ %ﬁ FEB TITLE "SEVEN SEGMENT BCD CODE DECODE";

| SUBDESIGN 7SEGMENT |

5[ =1 E‘[Ziﬁ, e o
An VET-m ;: DATAIN[3..0] :INPUT; !

« File > New I DISPLAYI6..0] :OUTPUT; )
- 1) :

— (Text Editor File - ! BEGIN |

tdlf) » TABLE !

' i: DATAIN[] => DISPLAY[6..0]; !

 File > Save as i 0 => B"1000000"; !
i 1 => B"1111001"; ::

— (7segment.tdf) | 2 => B"0100100"; |

. I 3 => B"0110000"; !

o FFTET * AHDL | 4 => B"0011001"; i
, , | 5 => B"0010010"; !
Check (Cltr + K) i: 7 => B"1111000"; !

. ! 8 => B"0000000"; !

* File > Create Default i: 9 = B"0010000"; !
Symbol i 10 => B"0001000"; ;:

h 1 => B"0000011"; ;i

i 12 => B"1000110"; i

! 13 => B"0100001"; !

! 14 => B"0000110"; !

i 15 => B"0001110"; !

" END TABLE; i




Lab4-1ib topl

@ File > New (Graphic Editor File - .gdf)
& (BN IR Y B
@ File > Project > Save & Check (fib_top.v)
+ File > New (Graphic Editor File - .gdf)
+ File > Save As... (fib_top.gdf)
- File > Project... > Set Project to Current File
- AN IR, %L LLPMElfJI/U%?parametersEIfJF%{g
* File > Project ... > Save & Check (Cltr + K)
* File > Create Default Symbol




Lab 4 - fib top 11
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Lab 4 - fib_top 111

7[5 LPM_ROM 3. 7% % -~ FREH. H[ioief s
16; * LPM_FILE - 7seg.mif

ADDRESS RADIX = HEX;
DATA RADIX = BIN;

WIDTH
DEPTH

CONTENT BEGIN

1000000;

1111001;

0100100;

0110000; LPM_ADORESS_CONTROL="UNREGISTER E'lj' '

0011001; LPM_F ILE="Fzeg.mif"

0010010; JPMLHUMWDHDS'

LPM_OUTDATA="UNREGISTERED"

ggggg;g LPM_IDTH=7
L LPMWIDTHAD=S :

0000000; LF'M RDM

0010000; :
’ T [ f STt
0001000; : {

0000011 5 0] e sy o
1000110; : e e
0100001; :

0000110; :
0001110; e e e e :
END;

hjmuow:uuoooqmw.hwmv—lo




®LPM_REG

Lab 4 - fib top 1V

LPM_AVALUE=
LPM_SVALUE=
LPM_WIDTH=8 .

LPM_DFF

—— datal] @ PREVI[7..0]

enhable




Lab4-1ib top V

¢ LPM_ADD_SUB

‘LPM_DIRECTION="2DD"
‘LPhd_PIPELINE=
‘LPM_REPRESEMTATION=

‘LR W OTH=2 :
‘OME_INFUT_IS_COMSTANT=:

......... B ERD B
cin
- | dataa]]
.—_
resUl[]
- | diatah]
-—




Lab 5 - Compile 1

‘ MAX+ pl u s I I > C o m pi Ie r uuf Hierarchy: d:\altera?2\max2work\fib\fib_top.gdf | iTe
® Assign > Device s X <] cone

+ EPF10K20RC204-4 AUTO

OK.20RC240-4 Device Options. .

I
|
EPF10K20RC240-4 | Auto Device.__. |
|
|

@ Assign > Pin/Location/Chip Eit Chips »>

Pin/Location/Chip Il Fastest Speed Grades:

Top of Hierarchy: d-\max2work\fib4up1\fib._top.gdf Current Synthesiz Regardless of Device or Speed Grade Changes
Hode Hame: || | | (1]

Chip Hame: |ﬁh_tﬂll L|| Cancel

— Chip Resource
€ Pin: Special Cazes): —I —
" LAB/EAB: " Column: =]l ™ Show Buried

& Anywhere on this Chip Assignments

Existing Pin/Location/Chip Assignments:
CLK > chip = fib_top; Input Fin = 91 z |'5“1t By

DISPAD > chip = fib_top; Output Pin = 6 i* Node Name
DISPAT > chip = fib_top; Output Pin =7 — ~ .
DISPAZ > chip = fib_top: Output Pin = 8 Assignment
DISPAZ > chip = fib_top; Output Pin =93

DISPA4 > chip = fib_top: Output Pin = 11 Add |
DISPAS > chip = fib_top; Output Pin = 12 - —
4| 1 S : Bl 3




Lab S - Compile 11

@ Assign > Global Project Logic Synthesis
* Global Project Synthesis Style - FAST ~ CEEEESEIRERSEEE

Project Hame is: d:-\altera? 2\max2work \fib\fib_top.gdf

¢ Opt|m|ze - 10 (Speed) — Global Project Syntheszis Style Optimize
T 2 FAST = 0
‘ P ress Start Define Syntheszisz Style. .. | ﬁflza #ee_}l:ll

—MAX Device Synthesis Oplions

Compiler Database Logic _ [ Multi-Level Synthesis for MAX 5000/7000 Devices
Netlist Builder Synthesizer ML | [V Multi-Level Synthesis for MAX 9000 Devices
Extractor i )
. [ One-Hot State Machine Encoding
*\%‘. H
B [ Automatic 1/0 Cell Registers ~Automatic Global —
g el [ Automatic Register Packing vl Clock
¢ Automatic Open-Drain Ping ¥ Clear
[ Automatic lmplement in EAB ¥ Preset
— [¥ Output Enable
. ........................................................................................................................................................................................................................................ AN
“Warning: Timing characteristics of device EPF10K20RC240-4 are prelimin:
| oK I Cancel

[~

| 4 Message II 0of1 ["'Locate in Floorplan Editor | Help on Message

| £ |onate %I OofD | Ponale &H




Lab 6 - Check Report File

@ Double click the Report File icon
O B SR N

* Total dedicated input pins used:

* Total I/O pins used:

* Total logic cells used:

* Total embedded cells used:

* Total EABs used:

« Memory Bits:

* Average fan-in:

* Total fan-in:




Lab 7 - Check Floorplan

€ MAX+plus Il > Floorplan Editor

@O == report file it %7

PARMARA | BiARAR | RARMA | ddubbh | At | BhAdARA

0 R| oo [ oo [ oo [ | oo [ | oo | e B
0 B| o [ oo [ oo [ oo [ | oo [ e B
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O =28 mmunnnan] |/ snsnnsns] || xenanns] |j|[anannss] || /ansanann] | =mennns] |
| Et2] [ammamana] | [smunuena] | |imancunns] | janmanusa] || [snasmann] || ansenans] 5
n sz 28| o [ o [ oo [ o [ | oo | o [ |Be
n s2| o [ oo [ oo O oo | Qoo [|ge::
0] IR |[saaama=a] g |[aasanana] ] ssasans] ] [Samannss] ] [Smaansaa) ) [smaamans] o
0 sz 28| e [ o [ joo [ o [ | oo [ o [ |Be=
'l 2228 | oo [ oo [ {orro [ oo [ | oo | oo [ |Bs
N =B [ o [ oo O oo Qo Qoo |8
| 2z aeb| e [ o O | [ | oo [ oo (oo [fRs =
0 [0 0 | 0 0| DOm0
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O e8| [ oo [ e [ oo [ | oo | oo [)f8s:=
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N s2g| o [ oo [ [ }|[nnnnnnas] | Qoo [|ge::
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Lab 8 - Timing Simulation I

@ Create a SCF file

* File > New (Waveform Editor File -

.Scf)
@ Insert nodes in SCF/

* Double click on “name”

. FillNode Name ———

— TESTCLK, SEL, RESET,
ENABLE, PREV[7..0], FIB[7..0],
NEXTI[7..0], DISPA[S..0],
DISPB[6..0]

ﬁ Tntifled 3 - Wavefonm

Editor

Start: [0.0ns

Marne

|[«]*] End: [1.0us

Hode Hame: |FIE5ET

Default ¥alue: |I]

~|

1/0 Type

& Input Pin
£~ Dutput Pin

" Buried Hode

oK

|
[ o |
Cancel |

For Simulator Channel File [SCF] Only

MNodefGroup: |‘ | List |
Modes & Groups from SHF:
— Type
OSCIN 1) — W Inputzs [ Registered
ENABLE (1] L . )
CLE [ ¥ Outputs [~ Combinatorial
SCANSELS [D .
SCANSEL4 ED% ¥ Group [~ Memory Bit
SCANSEL3 (0] Al ™ Memory Word

SCANSELZ2 (O]
CrAMCEL 1 (M
7

[T Show All Hode Hame Synonyms




Lab 8 - Timing Simulation 11

® Change Grid Size

*  Options > Grid Size (20.0ns)
@ Set End Time

* File > End Time (5us)

@ Draw Waveforms
« TESTCLK (clock, period 40ns)
« SEL(0)
« RESET (Ons 0, 120ns 1, 1.0us 0, 1.12ns 1)
« ENABLE (Ons 1, 1.6us 0, 2.0us 1)

@ Save SCF File
* File > Save as (fib_top.scf)

€ Run Simulator

«  MAX+plus Il > Simulator
« Press “Start”

=,

B Stmnlator: Timdng Simulation

Simulation Input: fib_top.scf
Simulation Time: 5.0us

Start Time: |0.0ns End Time: |5.0us
[MUse Device I~ Oscillation [0.0ns
" SetupfHold _

1] o0 100

* Start Pause | Stop D{;QSCFl

* Press “Open SCF”
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E fib_top eof - Waveform Editor

Ref [420.0ns |[#]*] Time: [75.0ns | Interval: |-342.0ns | =
Marne: _MValue: l EiEI.IIIIns 12EI.IIIIn5 “IEIII.IIIIns EEIEI.IEIns EflIII.IIIIns EEHII.IEIns HEEI.IEIns SED.IIIIns

m— TESTCLK (A 1 S N I I | |
= SEL 0

gw= RESET 1 |

B ENABLE 1

@l PREV7.0] | HOB 0o 4 01 Y2 W o3 Voos )
ay FIB[7..0] HOD 00 4 01 [ R
@l MEXT[7.0] | H15 01 Yr oo ¥ oo ¥ o5 § o § w §oo!
S DISPA[E. 0] - 1000000 !
S DISPB[E..0] . 1000000 u 1111001 ¥ o010 ¥ otioooo ff -
W 1




Lab 9 - Timing Analysis I

€ MAX+plus Il > Timing Analyzer
@ Analysis > Delay Matrix

Press “Start”

2 Timing &nalvzer

CLE
EMAELE
KEYIM
RESET
SEL
TESTCLK

Lo o B el R ]

K [

DISPaN
55 Ynz/06. 3ns

3650237 Tng
33.9n2/34.5nz

Destination

DISPAT
BB Ynz/06. 3nz

36.5nz/37 Inz
33902434 Bnz

Delay Matrix

DISFAaZ DISFA3
55, 7rne/BE. 3nz 55.Bnz/BE. 2nz
36.502/37 Tnz I6.4nz/37 Onz
339234 Bz 33.8n2/34 Anz

0

S0

100

Start

stop

List Paths

DISFa4
55.Bnzal

36, 4nsdT
33 8Bnz/3:

o




Lab 9 - Timing Analysis 11

@ Analysis > Setup/Hold Matrix

« Press “Start”

@ Analysis > Registered Performance

“ ”
¢ P ress Sta rt Aa Timing Analyzer
P L Setup/Hold Time Analysis
. Clocks
Registered Performance o - eTELK
Clock: | TESTCLE [10 paths] ;|| lprn_dlff: Bldffz0.0
Source: llpm_dfBldff:6.0 EMAEBLE 0.0nzd6. 2n= 0.0nz/3.6nz
Destination: lprn_dFf:5ldfz7 .0
[lprn_dFf: Bldffz1.0
EMAELE 0.0ns/6. 2ns 0.0ns/3.6ns

lprr_lfF: Sldffs2. 0
EMABLE 0.0ngd6.Bns 0.0ng/3.9ns

3
Clock, period: 23.5ns J —|J

Frequency: 42 55kMHz

0 S0 100
I ———

0 =) 100
— | Etart S!up |__i5t Paths

Start Stop List Paths /
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* AffjHi15F Byteblaster, UP1, Adapter, Parallel Port
© [}117 Programmer

« MAX+PLUS Il > Programmer
QF%QL—_ Byteblaster

» Options > Hardware Setup

OI%*{L_’ Multi-Device JTAG Chain
 JTAG > Multi-Device JTAG Chain
R B SR R S R
OF%{L_’ Multi-Device JTAG Chain Setup
« JTAG > Multi-Device JTAG Chain Setup...

« Device Name - 10K20
* Programming File Name - fib_top.sof

- IR Ade

Examine Program Verify
Program [T Security Bit
Yerihy Multi-Device JTAG Chain
Examine [1 Programming File]
Blank-Check
Confiqure
Test
0 S0 100
Stop Open SCE |

Hardware Type:

1A Address;
R5-232 Bart:
Baud Rate:

Farallel Paort;

|ByteBlaster ~| oK |
o = Cancel |
o = SelfTest |
LPT1: (082
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» Click “Detect JTAG Chain Info”, J[1{1 <% | Fﬁj H AT PR

Ma+plos IT - Programumer

Multi-Device JTAC Chain Setup

—I —EalN ; l;l
‘ ES{ % '—ES“[ Device Mame; Erogramming File Marme: oK
\ =) |
EPF10K20 | |dman2workfibdup Mib_top.sof
o . . . " Cancel
C“Ck Conflg ure-in Prog rammer JTAG Device Attributes. . | Select Programming File... _l
&dd
evice Mames: ragramring File Mames: =
Window Dievice N P ing File M

‘ ﬁ I,E'QL_T‘LEI_E% 1 EPF10EZ0 d:hmaswark fibdup1 Yfib_top. zof Delete |
IE - Delste Al |

Order

_ b |

Ligt containg 1 devices with tatal ingtruction regizter length of 10 L awry |

|1ze Hardware JTAG Chain File

Hardware haz not been uzed to detect JTAG chain information
Save JCF... |
Detect JTAG Chain [nfo Bestore JCF... |




Pin Assignment

SEL : PIN = 39;
CLK: INPUT_PIN = 91;
KEYIN : PIN = 28;

DISPB6 :
DISPBS5 :
DISPB4 :
DISPB2 :
DISPB3 :

DISPB1

DISPBO :

OUTPUT_PIN = 24;
OUTPUT_PIN = 23;
OUTPUT_PIN = 21;
OUTPUT_PIN =19;
OUTPUT_PIN = 20;
: OUTPUT_PIN = 18;
OUTPUT_PIN = 17;

DISPAG :
DISPAS :
DISPA4 :
DISPA3 :
DISPA2 :
: OUTPUT_PIN = 7;
DISPAO :

DISPA1

OUTPUT_PIN =13;
OUTPUT_PIN =12;
OUTPUT_PIN = 11;
OUTPUT_PIN = 9;
OUTPUT_PIN = 8;

OUTPUT_PIN = 6;

ENABLE : INPUT_PIN = 40;
RESET : INPUT_PIN = 41;




	³ø§i¤H¡G°ê¬ì·|´¹¤ù¨t²Î³]­p¤¤¤ß ©P¨|¼w ¤uµ{®v¹q    ¸Ü¡G(03)5773693 ext. 148¶Ç    ¯u¡G(03)5783372Email   : steven@cic.edu.tw
	Course Outline - 1
	Course Outline - 2
	Introduction to PLD
	Main Features
	Programmability
	Programmable Combinational Logic
	Programmable Register
	Programmable Interconnect
	Programmable I/O
	Field-Programmability
	Rapid Prototyping
	Software Environment
	FPGA/CPLD Benefits
	Altera & CIC
	Altera Device Families
	Altera Device Families
	MAX & FLEX Architectures - (1)
	MAX & FLEX Architectures - (2)
	MAX 7000 Families
	MAX 7000 Devices
	MAX 7000 Features
	MAX 7000E/S Features
	MAX 7000 Architecture
	MAX 7000E/S Architecture
	MAX 7000 Macrocell
	MAX 7000E/S Macrocell
	Shareable Expanders
	Parallel Expanders
	MAX 7000 I/O Control Block
	MAX 7000E/S I/O Control Block
	MAX 7000/E/S PIA(Programmable Interconnect Array)
	MAX 7000/E/S Device Programming
	What¡¦s ISP?
	MAX 7000S ISP
	FLEX 8000A Family
	FLEX 8000A Features
	FLEX 8000A Architecture
	FLEX 8000A Logic Element
	Carry Chains
	Cascade Chains
	FLEX 8000A Logic Array Block
	FLEX 8000A FastTrack Interconnect
	FLEX 8000A I/O Element
	FLEX 8000A Configuration
	MAX 9000 Architecture
	MAX 9000 FastTrack Interconnect
	MAX 9000 I/O Cell
	MAX 9000 Device Programming
	MAX 9000 ISP
	FLEX 10K Families
	FLEX 10K Features
	FLEX 10K Features - (2)
	FLEX 10K Architecture
	What is the EAB?
	FLEX 10K Logic Element
	FLEX 10K Register Packing
	FLEX 10K Logic Array Block
	FLEX 10K FastTrack Interconnect
	FLEX 10K I/O Element
	ClockLock Feature
	ClockBoost Feature
	FLEX 10K Configuration
	Altera Architecture Evolution
	Appendix: FLEX 6000 Architecture
	Design Flow & Altera Tools
	FPGA/CPLD Design Flow
	Design Ideas
	Detailed Design
	Functional Simulation
	Design Implementation
	Timing Analysis & Simulation
	Device Programming
	Altera Design Flow
	MAX+PLUS IIAltera¡¦s Fully-Integrated Development System
	Design Entry
	MAX+PLUS II Design Entry
	Project Processing
	MAX+PLUS II Project Processing
	Project Verification
	MAX+PLUS II Project Verification
	Device Programming
	MAX+PLUS II Features
	Getting Started
	System Requirements
	Installing MAX+PLUS II
	Starting MAX+PLUS II
	Entering the Authorization Code
	MAX+PLUS II Menu
	File Menu
	Assign Menu
	Options Menu
	Help Menu
	MAX+PLUS II Help Contents
	Hierarchy Display
	Hierarchy Display Window
	Graphic Design Entry
	Graphic Design Entry Process
	Graphic Editor Window
	Pin/Node Naming
	Bus Naming
	Using Buffer Primitives - (1)
	Using Buffer Primitives - (2)
	How to Use System Functions?
	Entering Symbols
	Entering I/O Symbol
	Example: Multiplier
	Example: Multiplexer
	Example: RAM
	Example: Sequencer
	Example: Bidirectional Pin
	Example: Tri-State Buses - (1)
	Example: Tri-State Buses - (2)
	Example: Tri-State Buses - (3)
	AHDL Design Entry
	What¡¦s AHDL?
	AHDL Example - (1)
	AHDL Example - (2)
	AHDL Structure - (1)
	AHDL Structure - (2)
	AHDL Structure - (3)
	AHDL Structure - (4)
	AHDL Basic Elements - (1)
	AHDL Basic Elements - (2)
	AHDL Basic Elements - (3)
	AHDL Basic Elements - (4)
	AHDL Syntax - (1)
	AHDL Syntax - (2)
	AHDL Syntax - (3)
	AHDL Syntax - (4)
	AHDL Syntax - (5)
	AHDL Syntax - (6)
	AHDL Syntax - (7)
	AHDL Syntax - (8)
	AHDL Syntax - (9)
	AHDL Syntax - (10)
	AHDL Syntax - (11)
	AHDL Syntax - (12)
	AHDL Syntax - (13)
	AHDL Syntax - (14)
	AHDL Syntax - (15)
	AHDL Syntax - (16)
	AHDL Syntax - (17)
	AHDL Syntax - (18)
	AHDL Syntax - (19)
	AHDL Syntax - (20)
	AHDL Syntax - (21)
	AHDL Syntax - (22)
	AHDL Syntax - (23)
	AHDL Details
	MAX+PLUS II Text Editor
	AHDL Templates
	Inserting AHDL Template
	Using Syntax Coloring
	Text Editor with Syntax Coloring
	Creating Text Design Files
	Example: Decoder
	Example: Counter
	Example: Multiplier
	Example: Multiplexer
	Example: RAM
	Example: Tri-State Buses
	Example: Moore State Machine
	Example: Mealy State Machine
	Waveform Design Entry
	MAX+PLUS II Waveform Editor
	MAX+PLUS IIWaveform Design Environment
	File Menu
	Node Menu
	Edit Menu
	Creating a New Waveform File
	Setting Waveform Editor Options
	Entering Nodes
	Entering Nodes from SNF
	Editing Waveforms - (1)
	Editing Waveforms - (2)
	Saving & Checking the Design
	Waveform File Formats
	WDF Design Guidelines
	Example: Decoder
	Example: Counter
	Example: State Machine
	Design Implementation
	MAX+PLUS II Compiler Window
	Compiler Modules - (1)
	Compiler Modules - (2)
	Compiler Modules - (3)
	Compiler Modules - (4)
	Compiler Modules - (5)
	Compiler Modules - (6)
	Compiler Modules - (7)
	Compiler Modules - (8)
	Assign Menu
	Checking the Messages
	Help on Message
	Checking the Reports
	Viewing Report File
	Report File Equation Viewer
	Routing Statistics
	Floorplan Editor Utilities Menu
	Assigning Logic to Physical Resources
	Current Pin Assignment Floorplan
	Current LAB Assignment Floorplan
	Project Verification
	Project Verification Methodology
	Simulator Environment
	Simulation Input & Output Files
	Memory Initialization
	Initialize Memory Window
	Memory Initialization File Formats
	MIF File Format
	Notes for Compiling &Simulating RAM / ROM - (1)
	Notes for Compiling &Simulating RAM / ROM - (2)
	Node/Group Initialization
	Saving Initialization Values
	Creating Breakpoints
	Monitoring Options
	Timing Analysis Source & Destination
	Saving Timing Analysis Results
	Listing & Locating Delay Paths
	Listing & Locating Paths
	Recommended Verification Flow
	Device Programming
	Configuration File Sizes
	Altera Configuration EPROM Family
	Configuration EPROMBlock Diagram - (1)
	Configuration EPROMBlock Diagram - (2)
	Altera Programming Hardware
	Altera Stand-Alone Programmer
	Installing LP6 Card, MPU & Adapter
	BitBlaster Download Cable
	Installing BitBlaster
	ByteBlaster Download Cable
	Installing ByteBlaster
	BitBlaster & ByteBlasterPlug Connections
	FLEX Device Configuration Schemes
	MAX+PLUS II Programmer
	Device Programming Methodology
	Programmer Operations
	Starting Programming
	Functional Test on Device
	Converting or Combining Programming Files
	Configuring Multiple FLEX Devices
	Creating Multi-Device FLEX Chain
	Programming Multiple JTAG Devices
	Creating Multi-Device JTAG Chain
	Details about Device Programming
	Getting Help
	MAX+plus II Lab
	Lab 1 - myor8 I
	Lab 1 - myor8 II
	Lab 2 - Disbounce I
	Lab 2 - Disbounce II
	Lab 3 - 7segment
	Lab 4 - fib_top I
	Lab 4 - fib_top II
	Lab 4 - fib_top III
	Lab 4 - fib_top IV
	Lab 4 - fib_top V
	Lab 5 - Compile I
	Lab 5 - Compile II
	Lab 6 - Check Report File
	Lab 7 - Check Floorplan
	Lab 8 -  Timing Simulation I
	Lab 8 -  Timing Simulation II
	Lab 8 -  Timing Simulation III
	Lab 9 - Timing Analysis I
	Lab 9 - Timing Analysis II
	Lab 10 - Programmer I
	Lab 10 - Programmer II
	Pin Assignment

