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About This User Guide

Revision History

The table below displays the revision history for the chapters in this User

Guide.
Chapter Date °°°“’!‘e“‘ Changes Made
Version
All March 2005 1.0 e Initial Release.

How to Contact
Altera

For the most up-to-date information about Altera® products, go to the
Altera world-wide web site at www.altera.com. For technical support on
this product, go to www.altera.com/mysupport. For additional
information about Altera products, consult the sources shown below.

Information Type

USA & Canada

All Other Locations

Technical support

www.altera.com/mysupport/

www.altera.com/mysupport/

(800) 800-EPLD (3753)
(7:00 a.m. to 5:00 p.m. Pacific Time)

+1 408-544-8767(1)
7:00 a.m. to 5:00 p.m. (GMT -8:00)
Pacific Time

Product literature

www.altera.com (7)

www.altera.com (7)

Altera literature services

literature @altera.com

literature @ altera.com

Non-technical customer
service

(800) 767-3753

+ 1 408-544-7000
7:00 a.m. to 5:00 p.m. (GMT -8:00)
Pacific Time

FTP site

ftp.altera.com

ftp.altera.com

Note to table:

(1) You can also contact your local Altera sales office or sales representative.

Altera Corporation
March 2005
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Typographic Conventions

Typographic
Conventions

This document uses the typographic conventions shown below.

Visual Cue

Bold Type with Initial
Capital Letters

Command names, dialog box titles, checkbox options, and dialog box options are
shown in bold, initial capital letters. Example: Save As dialog box.

bold type

External timing parameters, directory names, project names, disk drive names,
filenames, filename extensions, and software utility names are shown in bold
type. Examples: fyax, \qdesigns directory, d: drive, chiptrip.gdf file.

Italic Type with Initial Capital
Letters

Document titles are shown in italic type with initial capital letters. Example: AN
75: High-Speed Board Design.

Italic type

Internal timing parameters and variables are shown in italic type.
Examples: tpja, n+ 1.

Variable names are enclosed in angle brackets (< >) and shown in italic type.
Example: <file name>, <project name>.pof file.

Initial Capital Letters

Keyboard keys and menu names are shown with initial capital letters. Examples:
Delete key, the Options menu.

“Subheading Title”

References to sections within a document and titles of on-line help topics are
shown in quotation marks. Example: “Typographic Conventions.”

Courier type

Signal and port names are shown in lowercase Courier type. Examples: datal,
tdi, input . Active-low signals are denoted by suffix n, e.g., resetn.

Anything that must be typed exactly as it appears is shown in Courier type. For
example: c¢:\gdesigns\tutorial\chiptrip.gdf. Also, sections of an
actual file, such as a Report File, references to parts of files (e.g., the AHDL
keyword SUBDESIGN), as well as logic function names (e.g., TRI) are shown in
Courier.

Numbered steps are used in a list of items when the sequence of the items is
important, such as the steps listed in a procedure.

Bullets are used in a list of items when the sequence of the items is not important.

The checkmark indicates a procedure that consists of one step only.

The hand points to information that requires special attention.

The caution indicates required information that needs special consideration and
understanding and should be read prior to starting or continuing with the
procedure or process.

The warning indicates information that should be read prior to starting or
continuing the procedure or processes

The angled arrow indicates you should press the Enter key.

The feet direct you to more information on a particular topic.

vi
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Chapter 1. About These

Megafunctions

Device Family
Support

Altera Corporation
March 2005

Megafunctions provide either full or preliminary support for target
Altera® device families, as described below:

B Full support means the megafunction meets all functional and timing
requirements for the device family and may be used in production

designs

B Preliminary support means the megafunction meets all functional
requirements, but may still be undergoing timing analysis for the
device family; it may be used in production designs with caution

Table 1-1 shows the level of support offered by the Altera 1pm_rom
megafunction for each Altera device family.

Table 1-1. Device Family Support

Device Family Support
Stratix® Il Preliminary
Stratix GX (1) Full
Stratix (1) Full
HardCopy™ Stratix (1) Full
Cyclone™ Il (1) Preliminary
Cyclone (1) Full
APEX™ I Full
APEX 20K Full
Mercury™ Full
FLEX™ 10K Full
ACEX® 1K Full
Excalibur Full

Note to Table 1-1:

(1) To implement all ROM functions, the 1pm_rom function is provided only for
backward compatibility in Cyclone series, Stratix, Stratix GX, and HardCopy
Stratix device designs. Altera recommends using the alt syncrammegafunction
which is available for all Altera devices supported by the Quartus® II software
except MAX 3000 and MAX 7000 devices.

1-1
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Introduction

Introduction

Features

General
Description

1-2

As design complexities increase, use of vendor-specific IP blocks has
become a common design methodology. Altera provides parameterizable
megafunctions that are optimized for Altera device architectures. Using
megafunctions instead of coding your own logic saves valuable design
time. Additionally, the Altera-provided functions may offer more
efficient logic synthesis and device implementation. You can scale the
megafunction's size by simply setting parameters.

The 1pm_rom megafunction is a storage megafunction, implementing a
single-port ROM function and offers many additional features, which
include:

Fully parameterizable

Provides synchronous or asynchronous single-port ROM
Support for read access to memory cells

Registers EAB/ESB address inputs using inclock

Registers output data using a separate outclock

EAB/ESB or dedicated memory blocks based implementation
ROM initialization using memory initialization file or HEX file
Instantiates easily with the MegaWizard® Plug-In Manager

The 1pm_rom megafunction is a single-port ROM megafunction with
separate input and output ports. This megafunction supports both
synchronous and asynchronous modes of operation. The address []
input port and the g [] output port can be registered and are controlled
by the inclock and outclock inputs respectively. Totally
asynchronous memory operations occur when both the inclock and
outclock ports are unused.

The 1pm_rom megafunction provides the optional use of a memory
enable signal, the memenab port. When the memory is not enabled
(memenab is low), the g [] output is high-impedance.

Il lpm_rom must have a memory initialization file (.mif) or
hexadecimal (.hex) file with the same name in the project
directory that contains the data written to ROM during
configuration.

Use the 1pm_rom megafunction to read data from, and write data to,

in-system memory in devices with the In-System Memory Content
Editor.

Altera Corporation

Ipm_rom Megafunction User Guide March 2005



About These Megafunctions

ROM is implemented in Altera devices with the following embedded
structures (Table 1-2):

Table 1-2. Embedded Memory Blocks in Altera Devices

Type Device Family
Embedded Array Blocks (EABS) FLEX 10K and ACEX 1K families
Embedded System Blocks (ESBs) APEX Il, APEX 20K, Mercury, and Excalibur devices
M512 memory blocks Stratix I, Stratix GX, Stratix, and HardCopy Stratix device families
M4K memory blocks Cyclone series, Stratix series, and HardCopy Stratix device families

Stratix Il and Stratix Device Families

In Stratix and Stratix II devices, both M512 and the M4K embedded
memory blocks support ROM mode. The M-RAM block does not support
ROM mode. Stratix device memory configuration must have
synchronous inputs. Therefore, the address lines of the ROM are
registered. The outputs can be registered or combinatorial. The ROM read
operation is identical to the read operation in the single-port RAM
configuration.

e For more information, refer to the Memory section in volume 2 of both
the Stratix II Device Handbook and the Stratix Device Handbook.

Cyclone I Device Family

Cyclone II device memory blocks are arranged in columns across the
device between specific LABs. Cyclone II devices offer between 119 to
1,152 Kbits of embedded memory. M4K memory blocks are true dual-port
memory blocks with 4K bits of memory plus parity (4,608 bits). These
blocks provide dedicated true dual-port, simple dual-port, or single-port
memory up to 36-bits wide at up to 250 MHz.

a® For more information, refer to the Memory section in volume 1 of the
Cyclone 1I Device Handbook.

Cyclone Device Family

In Cyclone devices, memory blocks are grouped into columns across the
device in between certain LABs. Cyclone devices offer between 60 to 288
Kbits of embedded memory. M4K RAM blocks are true dual-port
memory blocks with 4K bits of memory plus parity (4,608 bits). These
blocks provide dedicated true dual-port, simple dual-port, or single-port
memory up to 36-bits wide at up to 200 MHz.

Altera Corporation 1-3
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For more information, refer to the On-Chip Memory Implementations Using
Cyclone Memory Blocks chapter in volume 1 of the Cyclone Device
Handbook.

APEX Il Device Family

In APEX I devices, ESBs implement many types of memory including
Dual-Port+ RAM, CAM, ROM, and FIFO functions. The ESB includes
input and outputregisters: input registers synchronize writes, and output
registers pipeline designs to improve system performance. The ESB offers
a bidirectional, dual-port mode, supporting any combination of two port
operations: two reads, two writes, or one read and one write at two
different clock frequencies.

Embedding the memory directly into the die improves performance and
reduces die area compared to distributed-RAM implementations. The
abundance of cascadable ESBs ensures that the APEX II device can
implement multiple wide memory blocks for high-density designs. The
high speed of the ESB ensures it can implement small memory blocks
without any speed penalty. The abundance of ESBs, in conjunction with
the ability for one ESB to implement two separate memory blocks,
ensures that designers can create as many different-sized memory blocks
as the system requires.

For more information, refer to the APEX II Programmable Logic Device
Family data sheet.

Mercury Device Family

The Mercury architecture contains a row-based logic array to implement
general logic and a row-based embedded system array to implement
memory and specialized logic functions. The ESB can implement various
types of memory blocks, including quadport, true dual-port, dual- and
single-port RAM, ROM, FIFO, and CAM blocks.

The ESB includes input and output registers; the input registers
synchronize reads and/or writes, and the output registers can pipeline
designs to further increase system performance. The ESB offers a quad
port mode, which supports up to four port operations, two reads and two
writes simultaneously, with the ability for a different clock on each of the
four ports.

For more information, refer to the Mercury Programmable Logic Device
Family data sheet.

Altera Corporation
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FLEX 10K Device Family

Each FLEX 10K device contains an embedded array to implement
memory and specialized logic functions, and a logic array to implement
general logic.

The embedded array consists of a series of EABs. When implementing
memory functions, each EAB provides 2,048 bits, which can be used to
create RAM, ROM, dual-port RAM, or first-in first-out (FIFO) functions.
EABs can be used independently, or multiple EABs can be cascaded to
expand the memory required.

a® For more information, refer to the FLEX 10K Embedded Programmable
Logic Device Family data sheet.

Memory Blocks

An ASCII text file (.mif) specifying the initial content of a memory block
(CAM, RAM, or ROM), that is, the initial values for each address, is used
during project compilation and/or simulation.

A MIF is used as an input file for memory initialization in the Compiler
and Simulator. You can also use a hexadecimal (Intel-format) file (.hex) to
provide memory initialization data.

A MIF contains the initial values for each address in the memory. A
separate file is required for each memory block. In a MIF, you are required
to specify the memory depth and width values. In addition, you can
specify the radixes used to display and interpret addresses and data
values.

I~ If multiple values are specified for the same address, only the
last value is used.

Common Applications

The 1pm_rom megafunction is used in applications requiring parallel
data transfer. Synchronous read operations into the memory block use the
address [] which are triggered by the rising edge of the inclock. The
outclock port is for the read operation.

Altera Corporation 1-5
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Resource Utilization & Performance

Resource

Utilization &
Performance

The Quartus II Compiler automatically implements this function in

embedded system blocks (ESB) in APEX 20K, APEX II, Excalibur, and
Mercury devices, and in embedded array blocks (EAB) in ACEX 1K and
FLEX10K devices. The Compiler automatically implements this function

in logic cells in FLEX 6000 devices. It is unnecessary to use the auto
implement in ROM logic option for this function.

I-’;,’ ’

Using the auto implement in ROM logic option for the 1pm_rom

function may cause warning messages to appear.

Table 1-3 summarizes the resource usage of the 1pm_rom megafunction.

Table 1-3. Ipm_rom Megafunction Resource Usage
. . A . Memor RAM | RAMblock | RAMblock | Number of
Device family | Optimization (1)| Width | “g™ | o1 e ) | type used | RAM blocks
Stratix Il Balanced 8-bit 256 576 Auto M512 1
Balanced 8-bit 256 4608 M4K M4K 1
Stratix GX Balanced 8-bit 256 576 Auto M512 1
Balanced 8-bit 256 4608 M4K M4K 1
Stratix Balanced 8-bit 256 576 Auto M512 1
Balanced 8-bit 256 4608 M4K M4K 1
HardCopy Balanced 8-bit 256 576 Auto M512 1
Stratix Balanced 8-bit 256 | 4608 M4K M4K 1
Cyclone Il Balanced 8-bit 256 4608 Auto M4K 1
Cyclone Balanced 8-bit 256 4608 Auto M4K 1
APEX I Balanced 8-bit 256 4096 Auto ESB 1
APEX 20K Balanced 8-bit 256 2048 Auto ESB 1
Mercury Balanced 8-bit 256 4096 Auto ESB 1
FLEX 10K Balanced 8-bit 256 2048 Auto EAB 1
ACEX 1K Balanced 8-bit 256 4096 Auto EAB 1
Excalibur Balanced 8-bit 256 2048 Auto ESB 1

Notes to Table 1-3:

(1) Choose a design implementation that balances high performance with minimal logic usage. This setting is
available for APEX 20K, Cyclone, Cyclone II, MAX®II, Stratix, and Stratix II devices only. The balanced
optimization logic option is set in Analysis and Synthesis settings (Assignments menu).

(2)  Specify the RAM block type on page 5 of the MegaWizard Plug-In Manager of the 1pm_rom megafunction.

1-6
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A I:l —lg DY/A Chapter 2. Getting Started

®
Svste m & The instructions in this section require the following hardware and
software:
Software
Requ | rements B A PC running Windows NT/2000/XP, Red Hat Linux 7.3 or 8.0, or
Red Hat Linux Enterprise 3, or an HP workstation running the
HP-UX 11.0 operating system, or a Sun workstation running the
Solaris 8 or 9 operating system
B Quartus®II software beginning with version 4.2
Mega Wizard Use the MegaWizard® Plug-In Manager to create or modify design files

PI I M containing custom megafunction variations which can then be
u g -iIna nag er instantiated in a design file. The MegaWizard Plug-In Manager provides
Customization a wizard to set the 1pm_rom megafunction features in the design.

Start the MegaWizard Plug-In Manager in one of the following ways:

B Choose the MegaWizard Plug-In Manager command (Tools menu).

B When working in the Block Editor, click MegaWizard Plug-In
Manager in the Symbol dialog box (Edit menu).

B Start the stand-alone version of the MegaWizard Plug-In Manager
by typing the following command at the command prompt:
gmegawiz+

Altera Corporation 2-1
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MegaWizard Page Description

Me gaWiza rd This section provides descriptions of the options available on the
Pa ge individual pages of the 1pm_rom MegaWizard Plug-In Manager.

Descripti on In page 1 of the MegaWizard Plug-In Manager, you can create, edit, or
copy a custom megafunction variation (Figure 2-1).

Figure 2-1. Create a New Megafunction Variation

MegaWizard Plug-In Manager [page 1] x|

The MegaWizard Plug-In Manager helps you create or modify
desian files that contain custom variations of megafunctions

\ Rl et g (s b e
% Cieale a new custom megafunction wariations

" Edit an existing custom megafunction variation

" Ciopy an existing custom megafunction variation

Copyright © 19912004 Altera Corperation

Cancel | <8eck | Mews | Eineh |

On page 2a, specify the family of device you want to use, type of output
file to create, and the name of the output file. You can choose AHDL (.tdf),
VHDL (.vhd), or Verilog HDL (.v) as the output file type(Figure 2-2).

Figure 2-2. MegaWizard Plug-In Manager

[MegaWizard Flug-In Manager [page 2a] [ x|
Which megafunction would you lke to customize?  which device fanily wil joube  [Shas =
using?

Select a meaafunction from the fist below

& Installed Plugns: “which type of output file do you want to create?
Altera SOPC Builder  AHDL
& arthmetic & QL
| ARM-Based Excalibur =
& gates € Verlog HDL.
& 10
& memory compiler S
e yauwant for the oufput fle?  Browse:
SignalTap Il Logic Analyzer —I
E-E storage [C:Npm_ronsprom
[£) aLTaPRAM
] ALTSHIFT_TaPS I Retun to this page for anather create operation
7] ALTSYNCRAM
3 LPuFF Note: To compie a praject successiuly in the Quartus |
T LPM_FIFOs softwars, your desian files must be in the project directory or
LM a user ibrory pou speciy in the User Libraries page of the
| LPM_LATCH Setlings dislog bor: (hssignments men).
7 LPM_FiaM_DP
T LPM_RAM DP+ “four current user lbrary directories are:
7 LPM_RaM_DO)
") LPM_ROM
(3 LPM_SHIFTREG
1 IP MegaStore

Cancel < Back Mewt > Firiish

On page 3 of the wizard, you specify customizable parameters for the
device family, data bus width, the type of reset, and the clock enable
option (Figure 2-3 on page 2-3). A description of each feature is shown in
Table 2-1.

2-2 Altera Corporation
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Getting Started

Figure 2-3. Ipm_rom Wizard, Page 3
=]

Currently selected devics family

Sprorm

Famiy supparts LPH_ROM an in backward-compatisiily mede
Altera recommends using ALTSYNCRAM wizard,

a

T

ddress(4.0]
inclock
auteiock

ol7.0]

Haw wide shouid the ‘g’ cutput bus be?

Hows many Sbit words of memory?

what clocking method wauld you ke to use?

Stratix =

[ =] bis
o ] o

Cancel | <Back | Mew> | Erish |

Table 2-1. Ipm_rom MegaWizard Plug-in Manager Page 3 Options

Function

Description

Currently selected device family

Specify the Altera device family you are using.

How wide should the 'q' output bus
be?

Select the width for the ' g' output bus. The maximum size of the ' g’
output bus can be 256.

How many 8 bit words of memory?

Select the depth of the ROM in terms of the number of words. The no of bits
in the word depends on the size of the 'g' output bus.

Which clocking method do you
want to use? (1)

Select the clocking mode either single clock or dual clock. Dual clock mode,
features separate 'input' and 'output' clocks

Note for Table 2-1:

(1)  This feature is available for Stratix series and HardCopy Stratix devices only.

On page 4 of the wizard, you specify which port should be registered and
create a clock enable for the clock signals (Figure 2—4). A description of

each feature is shown in Table 2-2.

Altera Corporation
March 2005
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MegaWizard Page Description

Figure 2-4. Ipm_rom Wizard, Page 4

5
| which pots should bs registersd?
sprom I | data input part
| sadressis 0] ¥ | ‘address! input port
> nciock ' output port
: ::::f”” qr.0)ls ¥ Creale one cleck enable signal or ach
clock. signal. Allregistered parts are Mors Mptions
> outciock controlied by the enable signalls)
: x:‘;f"e” I™ Cieale a byte enable port
/st is the wich of e bute for byte enatie?. 5 ]t

7 oAt S el Senchianes st
ffor the 1egistered cutput pots. Nole: More Dplons |
dnput acks are not supported by ¢
LR in Static . ;

Documentation.. Cancel | <Back | Mew> | Eiish |

Table 2-2. Ipm_rom MegaWizard Plug-in Manager Page 4 Options

Function Description

Which ports should be registered? (7) | Use this feature to register either 'address' input port or 'q' output port.

Create one clock enable signal for Use this feature to create a clock enable for each of the clock signal.
each clock signal. All registered ports |'inclock' and 'outclock' have separate clock enable signals.
are controlled by the enable signal(s).

Create an 'aclr asynchronous clear for | Use this feature to asynchronously clear all the registered ports. More
the registered ports. (2) options allows to separately turn on aclr for 'address' input portand 'q'
output port.(3)

Note for Table 2-2:

(1) In Stratix series, HardCopy Stratix, and Cyclone series device families, option to register 'address' input port is
unavailable. In APEX II, APEX 20K, ACEX 1K, FLEX 10K, and Excalibur device families, option to register both
'address' input port as well 'q' output port is available.

(2) Input aclrs are not supported by M-RAM in Stratix devices.

(3) See Figure 2-5.

To asynchronously clear all the registered ports, use the Create an “aclr’
asynchronous clear for the registered ports option (Figure 2-5).

Figure 2-5. Asynchronous Clear options
[ac T

which registered ports shold
be affected by the ‘acl’ poit?

= data! port
™ rerfiport

¥ ‘' port
T byteena_a!port

Close
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Getting Started

On page 5 of the 1pm_rom wizard, specify the initial content of memory
and type of RAM block (Figure 2-6). A description of each feature is
shown in Table 2-3.

Figure 2-6. Ipm_rom Wizard, page 5

[Megawizard Plug-In Manager - LPM_ROM [page 5 of 6] x|

‘ What shauld the M block type be?
sprom FEEE  CMs12 CMK O R
14.01 St the masinum block depth to Ao v words
x—>inclock

Do you want to specify the inital content of the memon,?

F—inacl of7 0] = € No, leave it blank.
5 s, use this file for the memary content data
(You car ss & Henadscimal (intsHormat) Fils [ hes] or a
| outacl Memory Intialization File [.mif] )
File name: [sprom.mif Browse.
The inifal cantent fle should
canfarm e which perts dimensions?. PORTA -]

I Allow I Systermn M emon Cortert Editor b capture and update
conient independently of the system clack,

TheInstanze I of this 2 i [NONE

Documentation... Cancel < Back Ment > Finish

Table 2-3. Ipm_rom MegaWizard Plug-in Manager Page 5 Options

Function

Description

What should the RAM block type be?

Specify which RAM block type to be used.

o Select 'Auto’ to allow the compiler to implement the ROM in
suitable memory blocks

e Select either 'M512' or 'M4K' block type to choose a specific
embedded memory type for ROM implementation.

Set the maximum block depth to

Fix up the block depth to any value lesser than the maximum

depth of the block. The compiler assigns the number of memory

blocks to be used for a given size of memory implementation.

e Select'Auto' to allow the compiler to take the maximum depth
of the memory block.

the memory?

Do you want to specify the initial content of

Select 'No, leave it blank' if you do not want to specify any
initialization file. Select the second option to specify the
initialization file. Type the file name or Browse for the required file.

capture and update the content
independently of the system clock. (1)

Allow In-System Memory Content Editor to

This feature is available only for Stratix and Cyclone devices
where you want use the In-System Memory Content Editor.

Note to Table 2-3:

(1) This feature is available only for Stratix series and Cyclone series device families.

On page 6 of the wizard, specify the types of files to have generated for
your custom megafunction. The gray check marks indicate flies that are
always generated; the other files are optional and are generated only if
selected (indicated by a red check mark) (Figure 2-7 on page 2-6).

Altera Corporation
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Figure 2-7. Ipm_rom Wizard, Page 6

MegaWizard Plug-In Manager - LPM_ROM [page 6 of 6] — Summ x|

\wihen the ‘Finish! buiton is pressed, the Megawizard Plugin Manager
will create the checked fles in the fallowing lst. You may chaose (o
include or exehide a fle by checking o unchecking fis conesponding
checkboy, respestively. The state of checkbeses wil be remembered
for the next Megabwizand Plugn Manager session,

The Megawizard Plugdn Manager wil creats thess fiss in the dirsctory
CADATA\techpubsimiug_flssipm_rombexample’isprom_sx_1.0_restorec

E: File [ Description |

T sprom.vhd Vatiation fle
0 sprom inc AHDL Includs fle
5 sprom cmp VHDL Component declaration fle
0 spram.bst Quatus spribol fe
5 sprom instvkd  Instantiation template fe
Documertatian.. Concel | <Back | Hews |[Cmwisn |

For more information on the ports for this megafunction, see the
Specifications chapter in this User Guide.

Synthesis tools, including the Quartus II software integrated synthesis,
recognize certain types of HDL code and automatically infer the
appropriate megafunction when a megafunction will provide optimal
results. That is, the Quartus I software uses the Altera megafunction code
when compiling your design, even though you did not specifically
instantiate the megafunction. The Quartus II software infers
megafunctions because they are optimized for Altera devices, so the area
and/or performance may be better than generic HDL code. Additionally,
you must use megafunctions to access certain Altera architecture-specific
features such as memory, DSP blocks, and shift registers. These features
generally provide improved performance compared to basic logic
elements.

See the Recommended HDL Coding Styles chapter in volume 1 of the
Quartus 11 Handbook for specific information about your particular
megafunction.

When you use the MegaWizard Plug-In Manager to set up and
parameterize a megafunction, it creates either a VHDL or Verilog HDL
wrapper file that instantiates the megafunction (a black-box
methodology). For some megafunctions, you can generate a fully
synthesizable netlist for improved results with EDA synthesis tools such
as Synplify and Precision RTL Synthesis (a clear-box methodology). Both
clear-box and black-box methodologies are described in the third-party
synthesis support chapters in the Synthesis section in volume 1 of the
Quartus II Handbook.
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During compilation with the Quartus II software, analysis and
elaboration is performed to build the structure of your design. You can
locate your megafunction in the Project Navigator window by expanding
the compilation hierarchy and locating the megafunction by its name.

To search for node names within the megafunction using Node Finder,
click Browse (...) under Look in, and select the megafunction in the
Hierarchy box.

The Quartus II Simulation tool provides an easy-to-use, integrated
solution for performing simulations. The following sections describe the
simulation options.

Quartus Il Simulation

With the Quartus II Simulator, you can perform two types of simulations:
functional and timing. A functional simulation in the Quartus II program
enables you to verify the logical operation of your design without taking
into consideration the timing delays in the FPGA. This simulation is
performed using only your RTL code. When performing a functional
simulation, you add only signals that exist before synthesis. You can find
these signals with the Registers: pre-synthesis, Design Entry, or Pin
filters in the Node Finder. The top-level ports of megafunctions are found
using these three filters.

In contrast, timing simulation in the Quartus II software verifies the
operation of your design with annotated timing information. This
simulation is performed using the post place-and-route netlist. When
performing a timing simulation, you add only signals that exist after
place and route. These signals are found with the Post-Compilation filter
of the Node Finder. During synthesis and place and route, the names of
your RTL signals will change. Therefore, it might be difficult to find
signals from your megafunction instantiation in the Post-Compilation
filter. However, if you want to preserve the names of your signals during
the synthesis and place and route stages, you must use the synthesis
attributes keep or preserve. These are Verilog and VHDL synthesis
attributes that direct analysis and synthesis to keep a particular wire,
register, or node intact. You can use these synthesis attributes to keep a
combinational logic node so you can observe the node during simulation.
More information on these attributes is available in the Quartus II
Integrated Synthesis chapter in volume 1 of the Quartus II Handbook.
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EDA Simulation

Depending on the third-party simulation tool you are using, refer to the

appropriate chapter in the Simulation section in volume 3 of the Quartus II
Handbook. These chapters show you how to perform functional and gate-
level timing simulations that include the megafunctions, with details on
the files that are needed and the directories where those files are located.

The SignalTap® Il embedded logic analyzer provides you with a method
of debugging all of the Altera megafunctions within your design. With
the SignalTap II embedded logic analyzer, you can capture and analyze
data samples for the top-level ports of the Altera megafunctions in your
design while your system is running at full speed.

To monitor signals from your Altera megafunctions, you must first
configure the SignalTap II embedded logic analyzer in the Quartus II
software, and then include the analyzer as part of your project. The
Quartus II software will then seamlessly embed the analyzer along with
your design in the selected device.

For more information on using the SignalTap II embedded logic
analyzer, refer to the Design Debugging Using the SignalTap II Embedded
Logic Analyzer chapter in volume 3 of the Quartus II Handbook.

This design example uses the 1pm_rom megafunction to implement
Single port 8-bit synchronous ROM. This example uses the MegaWizard
Plug-In Manager in the Quartus II software. As you go through the
wizard, each page is described in detail. The new megafunction created
in this example is added to the top-level file in your Quartus II project.

Design Files

The design files are available in the Quartus II Projects section on the
Design Examples page of the Altera web site:
http:/ /www.altera.com/support/examples/quartus/quartus.html

Select the Examples for Ipm_rom Megafunction User Guide link from the
examples page to download the design files.

Example

In this example, you perform the following activities:

B Create a single port ROM using the 1pm_rom megafunction and the
MegaWizard Plug-in Manager

Altera Corporation
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B Implement the design and assign the EP1510F484C5 device to the
project
B Compile and simulate the design

Generate a Single Port ROM

1. In the Quartus II software, open the sprom.qar project.

2. Select MegaWizard Plug-In Manager (Tools menu). Select Create a
new custom megafunction variation, and click Next. The
MegaWizard Plug-In Manager page displays (Figure 2-8).

Figure 2-8. MegaWizard Plug-In Manager

[MegaWizard Plug-In Manager [page 2a] [ x|
Which megafunction would you Ik to customizs?  Which device family wil joube  [Snati >
using?

Select a megafunclion fram the fist below

[E & IrstaledPluglns  Whichtype of output fle do you want to create?

Ahera SOPC Buider ry—

8 aithmetic @ L
ARM Based Excalibur o

8 gates " Veillog HDL

& o

memoy compiler “what name da you want for the output file? Browse...
Signall ap Il Logic Anahzer

-8 storage |E:4pr_rorssprom

[£) ALTIPRAM

] ALTSHIFT_TAPS I™ Rietuin to this page for another create aperation

[7] ALTSYNCRAM

2] LPM_FF Hote: To compile a project successfull in the Quartus ||

B Lrv_FFos software, your design fles must be in the project directory or
o = a user library you specify in the User Librariss page of the

2 tmflﬁfgp Setlings cialog bor (Assigrments men]

7] LPM_RM_DP+ “our current user library diectories are:

7] LPM_Rar_DQ

[2] LPM_ROM

[2] LPM_SHIFTREG
@ IP MegaStore

Cancel | <Back | Mest» Eiish

3. From Which device family will you be using?, select Stratix.

4.  Under Which type of output file do you want to create?, click
Verilog HDL.

5. In the storage folder, select LPM_ROM. Specify the output file
sprom.

6. Click Next. Figure 2-9 on page 2-10 shows the wizard after you
have made these selections.
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Figure 2-9. Ipm_rom Wizard, Page 3

[MegaWizard Plug-In Manager - LPM_ROM [page 3 of 6] x|
Cunently selected devics Family Stalix =
Famiy Lpports LPM_ROM orly in backwarchcompatbilty mode
sprom #ltera recommends using ALTEYNCRAM wizard

14.0]

q 7 8 -
L1 inciock 70yl Howwide shoul the ot bus be bits

Hovr many 8-bit words of memory? 32 | words

"Whal clocking method would you like to Lse?

€ Single

& Dual clock: use separale ‘input’ and ‘outpul” clocks

Documentation... Cancel < Back Ment > Finish

7. Inthe How wide should the ‘q” output bus be? list, select 8.
8. In the How many 8-bit words of memory? list, select 32.

9. Under What clocking method would you like to use? option, click
Dual clock: use separate “input’ and “‘output’ clocks.

10. Click Next. Figure 2-10 shows the wizard after you have made these
selections.

Figure 2-10. Ipm_rom Wizard, Page 4

MegaWizard Plug-In Manager - LPM_ROM [page 4 of 6] =]
| “w/hich ports should be registersd?—————————————

sprom I | data input part
¥ | ‘address! input port

address[4.]
inciock ¥ ' output port

|
L
*— inclocken -
I 7.0 ¥ Cizate one clock. enable signal for each

Lt clock signal. Al registered ports are itz Options
> utclock cantrolled by the enable signalis)
: G Gl I™ Cieale a byte enable port

Whatis the width of a byte for byte enable?. 8 = bits
[+ Licale an aci aswnchionous cleal o

{for the registered output ports. Mot —ID‘E plions
Input achs are not supported by

i in Stratix

outack

Documentaion. Cancel | <Back | Mew> | Erish |

11. Under Which ports should be registered?, turn on ‘q” output port.

12. Turn on the Create one clock enable signal for each clock signal
and Create an “aclr” asynchronous clear for registered output ports
options. Click More Options (Figure 2-11 on page 2-11).
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Figure 2-11. Asynchronous Clear Options

ok x|

which registered parts should
be affecled by the ‘acl’ pait?

I~ data! port

= e port

I faddress pork
¥ g port

™ ‘byteena_a' port

Close

13.

14.

15.

Under Which registered ports should be affected by the “aclr’
port?, turn on “address’ port and ‘q’ port.

Click Close. Page 4 displays.

Click Next. Figure 2-12 shows the wizard after you have made these
selections.

Figure 2-12. Ipm_rom Wizard, Page 5

Megaizard Plug-In Manager - LPM_ROM [page 5 of 61 B x

‘ What shauld the M block type be?
sprom FEEE  CMs12 CMK O R
14.01 St the masinum block depth to Ao v words
x—>inclock

Do you wan to specify the intial content of the memory?
Fjinack o7 0] = € No, leave it blank.
& Yes, uss this file for the memary content data

(You can uss a Hexadecimal [InteHormat] File [ hex] or &

| outacl Memory Intialization File [.mif] )
File name: [sprom.mif Browse.
The el cantent e should
conform o WhiEh ports dmensions? FORTA ]

™| llaw I System i emorn Cortent Editar to capture and update
cantentindependently ofitie system clock

The Instance D of this ram s; NONE

Documentation. Cancel < Back Next » Einish

16.

17.

18.

19.

Under What should the RAM block type be?, click Auto, and select
Auto from the Set the maximum block depth to option.

Under Do you want to specify the initial content of the memory?,
click Yes, use this file for the memory content data.

In File name, enter sprom.mif.

Click Next. Figure 2-13 on page 2-12 shows the wizard summary.
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Figure 2-13. Ipm_rom Wizard, Summary

MegaWizard Plug-In Manager - LPM_ROM [page 6 of 6] — Summar: x|

=1

=

\wihen the ‘Finish! buiton is pressed, the Megawizard Plugin Manager
will create the checked fles in the fallowing lst. You may chaose (o
include or exehide a fle by checking o unchecking fis conesponding
checkboy, respestively. The state of checkbeses wil be remembered
for the next Megabwizand Plugn Manager session,

The Megawizard Plugdn Manager wil creats thess fiss in the dirsctory
CADATA\techpubsimiug_flssipm_rombexample’isprom_sx_1.0_restorec

\

File [ Deescription |
= sprom.vhd Variation file
O sprom.inc AHDL Include fil

WHDL Companent declaration fil
Quartus symbol fle
Instantiation template fil:

0 sprom.cmp
00 sprom.bst
& sprom_inst vhd

Documertation...

Concel | <Back | Hews |[Cmwisn |

20. Turn on Instantiation template file.

21. Turn off Quartus Symbol file, AHDL include file, and VHDL
Component declaration file. Click Finish.

The 1pm_rom module is now built.

Implement the Single Port ROM

This section describes how to assign the EP1510F484C5 device to the
project and how to compile the project.

1. Inthe Quartus II software, select Settings (Assignments menu). The
Settings window displays.

2. Select Device from the Category list. The Device Selection window

displays (Figure 2-14).
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Figure 2-14. Device Selection

Settings - sprom [ x|
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EDA Tool Setings Eamiy: | Stratis Device & Pin Options Houting Optiors
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[ Target
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Fiter Settings ¢ fuio device selected by the Fiter from the Available devices! st
Timing Analyzer @ Specific device selected in Available devices' st
Design Assistant € Other: n/a

SignalTap Il Logic Analyzer
SignalProbe Settings

Simulator

PowerPlay Power Analyzer Settings
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Sofiware Build Setings Eeder | 5
EP1510F48416 Pin gount: Any e
EP1510F454CT o o
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RIS 0hAS0E5 % Show Advanced Devices
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EP1510F780CE
EP1510F780I6,

EP1510FPS0CEES =
Migration campatibilty: O migration devices selected M‘

Cancel

VA

3. From Which device family will you be using?, select Stratix.

4. Under Target device, click Specific device selected in ‘Available
devices’ list.

5.  Under Available devices, select EP1S10F484C5.
6. Click OK.
7. Choose Start Compilation (Processing menu).

8. The Full compilation was successful box displays. Click OK.

Functional Results - Simulate the Single Port ROM

This section describes how to verify the design example you just created
by simulating the design using the Quartus II Simulator. To set up the
Quartus II Simulator, perform the following steps:

1. From the Quartus II software, choose Generate Functional
Simulation Netlist (Processing menu).

2. The Functional Simulation Netlist Generation was successful box
displays. Click OK.
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10.

11.

12.

Choose Settings (Assignments menu). The Settings dialog box
displays.

In the Category list, select Simulator.
In the Simulation mode list, select Functional.

Type sprom_ip.vwf in the Simulation input box, or click
Browse (...) to select the file in the project folder.

Turn on the Run simulation until all vector stimuli are used,
Automatically add pins to simulation output waveforms, and
Simulation coverage reporting options.

Turn off Overwrite simulation input file with simulation results.
Click OK.

Choose Start Simulation (Processing menu).

The Simulation was successful box displays. Click OK.

The Simulation Report window displays. Verify the simulation
waveform results (Figure 2-15).

Figure 2-15. Simulation Waveforms
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2| rckcken
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| ok HE LJ H I |
=] oseen
5| Eq Y SRR RN | E1] i 5] LR ®

The Quartus II software provides parameterizable megafunctions
ranging from simple arithmetic units, such as adders and counters, to
advanced phase-locked loop (PLL) blocks, multipliers, and memory
structures. These megafunctions are performance-optimized for Altera
devices and therefore, provide more efficient logic synthesis and device
implementation, because they automate the coding process and save
valuable design time. Altera recommends using these functions during
design implementation so you can consistently meet your design goals.
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This chapter describes the ports and parameters for the 1pm_rom
megafunction.

The parameter details are only relevant for users who by-pass the
MegaWizard® Plug-In Manager interface and use the megafunction as a
directly parameterized instantiation in their design. The details of these
parameters are hidden from MegaWizard Plug-In Manager interface
users.

Refer to the latest version of the Quartus® II Help for the most current
information on the ports and parameters for these megafunctions.

Figure 3-1 shows the ports and parameters for the 1pm rom
megafunction.

Figure 3-1. Ipm_rom Ports and Parameters

lpmrom

address[4..0]
inclock

inclocken

inaclr q7..0]
outclock

outclocken

outaclr

inst1
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Table 3-1 shows the input ports, Table 3—2 shows the output ports, and

Table 3-3 shows the 1pm_rom megafunction parameters.

Table 3—-1. Ipm_rom Input Ports

Name Required

Description

Comment

address [] Yes Address input to the | Input port LPM_WIDTHAD wide.
memory
inclock No Clock for input The address [] port is synchronous (registered) when

registers.

inclock port is connected, and is asynchronous
(unregistered) when the inclock port is not connected.

Outclock |No

Clock for output

registers.

Addressed memory content-to-g[] response is
synchronous when outclock port is connected, and is
asynchronous when it is not connected.

Memenab No

Memory enable input.

High = data outputon g [1, Low = high-impedance outputs.(7)

Note to Table 3-1:

(1) This port is available for backward compatibility only and Altera® recommends that you not use this port.

Table 3-2. Ipm_rom Output Ports

Name Required Description
qll Yes Output of memory.
Table 3-3. Ipm_rom Parameters (Part 1 of 2)
Parameter Type |Required Description

LPM_WIDTH Integer | Yes Width of the g [1 port.

LPM_WIDTHAD Integer | Yes Width of the address [] port. LPM_WIDTHAD should be
(but is not required to be) equal to LOG2 (LPM_NUMWORDS) .
If LPM_WIDTHAD is too small, some memory locations will not
be addressable. If it is too large, the addresses that are too
high returns undefined logic levels.

LPM_NUMWORDS Integer | No Number of words stored in memory. In general, this value
should be (but is not required to be) 2 * LPM_WIDTHAD-1
< LPM_NUMWORDS <= 2 * LPM_WIDTHAD. If omitted, the
defaultis 2 * LPM_WIDTHAD.

LPM _FILE String | Yes Name of the Memory Initialization File (.mif) or Hexadecimal
(Intel-Format) Output File (.hexout) containing ROM
initialization data (‘<file name>’), or ‘UNUSED’.

LPM ADDRESS CONTROL | String |No Values are ‘REGISTERED’, ‘UNREGISTERED’, and
‘UNUSED’. Indicates whether the address port is registered. If
omitted, the default is REGISTERED’.
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Table 3-3. Ipm_rom Parameters (Part 2 of 2)

Parameter Type | Required Description
LPM OUTDATA String | No Values are REGISTERED’, ‘UNREGISTERED’, and
‘UNUSED’. Indicates whether the g and eq ports are
registered. If omitted, the default is ‘REGISTERED’.
LPM HINT String | No Allows you to specify Altera-specific parameters in VHDL
Design Files (.vhd). The default is ‘UNUSED’.
LPM_TYPE String | No Identifies the library of parameterized modules (LPM) entity

name in VHDL Design Files.

Altera Corporation
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