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Actel/Synopsys VHDL Methodology
Handbook Overview

VHDL isahigh level description language for system and circuit
design. The language supports variouslevelsof abstraction.At higher
levels of abstraction the user can conceptually design asystem
without regard to a specific technology. Traditionally, only when the
system (design) isfunctioning and validated through high level
simulation does adesigner need to consider a specific target
technology (Figure1).

Note Thecodeistrandated to RTL code- not to be confused with behavioral
code. It isthe desireof designersto keep technology specific codetoa
minimum. In this way, adesigner may migratefromonetechnology to
another while keeping source code changesto a minimum.

Top-Down Design Flow

Concept

¥
Treslate to Behavior

FPGA Compiler

Synthesize to Gates

Optimize: speed/area |

Technology Map

Physica
Implementation

Figure 1. Top-Down Design Flow



Chapter 1

In general, designers write their code very generic and hope that the
design toolswill ultimately make smart technology specific choices.
This method works, but to get the most optimum performance (read:
high speed) from your devices some things must be considered. It is
those considerations and trade-offs that will be covered in this
manual. It isalso thefocus of this manua to provide the designer
with enough insight (hints) to be able to make trade-offs when coding
their system (or design). A selection of trade-offs will belisted. A
designer, depending on how much they're pushing the density or
performance envelopes, may choose to employ none, some, or all of
them. Some considerations are subtle, some obvious, some
technology specific, and some technology independent.

Common Problems Addressed

Theclassic problem that we, at Actel, see isadesigner debugging
Actel devices before the technology independent simulations are
complete. If your simulation strategy does not support this
methodology this manual will try and lessen the cycle time. This will
be achieved by recognizing the specia resources available in each
devicefamily and properly using them.

Methodology Handbook Stasis

This document is meant to be a™living" document and by no means
the ""know-all" repository of all Field Programmable Gate Arrays
(FPGA) specific hints. If you have examples and guidelines that have
worked for you please pass them on to Actel by e-mailing them to
tech@actel.comor FAXing them to (408) 739-1540.
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Prerequisites

This manual isNOT aVHDL tutorial! Knowledge of the basic
constructs of VHDL isassumed. If you need more details, training in
VHDL and top-down design in general isavailable from a number of
different sources. Even though knowledge of the Actel, Action Logic
System (ALS), design suite is recommended (but not required) be
sure to have an Actel Data Book and Macro Library Manual handy.

Also required is access to Synopsys Design Compiler Version. 3.1+
with Actel Technology Libraries (Version. 3.1).

Note Some enhanced featuresavailable with FPGA Compiler are NOT
availablein Design Compiler. These featurescan (and will) affect
maximum density and performance. If you have Design Compiler it
may not be necessary to obtain alicensefor FPGA Compiler if the
resultsobtai ned meet the design constraints. Also, throughout this
manual Design Compiler is used to denote the compl ete set of
Synopsystools(Design Analyzer, FPGA Compiler,VHDL
Compiler, etc.)

Synthesis and Actel

In general, technology mappers want one thing—small homogenous
building blocks. It isfor that reason that most ASICs are mapped
reasonably well when it comes to speed and density. The basic
building block istypically an equivalent of a 2 input NAND gate.
Also, the ASIC interconnect is a metal-to-metal "via' that doesn't
represent a significant amount of the circuit delay. Therefore the
mapper can produce less than optimal solutions and the ASIC
technology will be much more forgiving. FPGAs, on the other hand,
aremuch lessforgiving. Yes, it istrue that the tools have dramatically
improved recently, but an FPGA design that pushes either the speed
or density envelope will require more consideration.



Chapter 7

Actel, unlike any other leading FPGA manufacturer, makes devices
that have small homogeneous building blocks. This makesfor easier
coding and fewer technology specific considerations. Ultimately you
want the synthesis tool to achieve near the schematic performance
with the ease of high-level design. With Actel it will be shown that
thisis possible.

In This Manual

Chapter 2:

Chapter 3:

Chapter 4:
Chapter 5:
Chapter 6:

Chapter 7:

Summary of Hints and Tips covered in this manual .

Actel device architectures is discussed here to
familiarize the user with the resources available.

Coverstips on using Synopsys Design Compiler.
Some VHDL constructsand styles will be covered.
Covers basic cell instantiation.

A compilation of Actel’s most commonly asked
questions about the Synopsys/Actel technology Kit.
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Summary of Hints and Tips

Below isasummary of the hintsand tips covered in this manual. To
see moredetail on each hint/tip please refer to the associated chapter.

Simulate Before Place and Route

In Chapter 1, high-level technology independent simulation was
discussed (see Figure 1). In general, thecycletimefrom EDIF netlist,
place/route/timing-extract to back-annotated timing can be anywhere
from thirty minutesto two hours. It isour experience, here at Actel,
that designers spend many unnecessary hoursin thisloop beforethe
design has been "wrung-out".We believe that only after the designer
has successfully proven the functionality should the device be
mapped. As stated earlier, if thedesigner's current simulation strategy
does not support this then this manual will try to lessen thecycletime
by providing helpful hints beforethe design starts.

Know the Device/Family Resources

Another observation by theteam, here at Actel, istheimproper usage
of the special resources availablein each family (refer to Chapter 3).
It is through these resources that designers can realize fast, compact,
and reliable designs. See Chapter 4 and Chapter 6 for more details.
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Use Scripts Properly

Another common mistakeis not using Design Compiler's scripts
properly. It will be shown in Chapter 5 that without modifying the
source VHDL code the state machine order, encoding style and
optimization parameters can be modified.

Use Design Constraints

Asdiscussed in Chapter 4, it is most important that Design Compiler
knows the design goals. Also, remember it is just asimportant to
identify what is not critical as well aswhat is.

Using Actel’s TDPR

In the near future, Actel will be releasing aTiming Driven Place and
Route (TDPR) tool. Synopsys design constraints will automatically
be converted from Synopsys format to Actel format. It makesit even
more imperative to use proper, complete design constraints.
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Use "Case” When Possible

In Chapter 5, it will be suggested that the designer use case
statements instead if long nested 1£-then-e1se. The reasoning is
two-fold;

1. Case statementsare compared to a single vector. In general, this vector
can bethought of asthe™ select” inputsto amultiplexer. Actel FPGAs are
built on multiplexer technology (seeFigure 3and Figure5). Itisanatural
fit to use muxes when possible.

2. Casestatementsforce structureto complex decoding situations.
1£-then-al ee' s do alow maximum flexibility but they may not produce
compact logic. It has been our experience, here at Actel, that on
numerous occasions (incorrectly coded) complex i f- t hen- el se
statementswere the cause of some logic (state-machine) problems.

Use ACTgen for Structured Macros

In general, ACTgen uses the Actel technology the most efficiently. It
was this technology that was used to construct the DesignWare
libraries (Chapter 5). But, for macros not automaticaly inferred by
DesignWare ACTgen will should be used as the designer's most
effective path to high-density, high-speed design.



Chapter 2
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Overview of Actel Device Families

ACT 1 Family

Currently, Actel FPGAs are antifuse based. Actel is the home of
antifuse technology. Technically the type of interconnect technology
should not matter to the synthesis user. Thiswould betrueif thetype
of interconnect did not dictate the architecture(which isof some
concern to the synthesis user). Physicaly antifusesareatwo-termina
viatypedevice. They are small (they reside underneath the routing
lines) and have minimal impedance. The small areaand low
impedanceallows Actel to build devices with astructuresimilar to
channeled gate arrays (lotsof small "*simple™ building blockswith an
abundancear routing). Thisin turn allowsthesynthesisuser to beless
concerned with devicearchitectureand more concerned with coding
hintsand resource types available.

Thefollowing datais coveredin detail in the Actel databooks. The
intent of thissection isto familiarizetheVHDL designer with Actel
specificfeaturesand resourcesof each devicefamily.

The ACT 1 family represents Actel's first generation of FPGAs.
Currently, therearetwo devicesavailable(Table 1). An ACT 1device
is structured much likeachanneled gate array (Figure2). Logic
modules (logic resources) aredistributed in an X,Y array surrounded
by /0 modules(I/O resources). All logic and IO resources are
identical in structure. The only exception is the clock module.

Table |. ACT 1 Family Profile

Device Gates Module Registers User /O

A1010 1200 295 147 57
A1020 2000 547 273 69
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Logic Array

Figure 2. Channeled Gate Array Overview

ACT 1 Logic Resources

The ACT 1 logic module isan 8-input, one-output logic circuit
chosen for the wide range of functionsit implements and for it's
efficient use of interconnect routing resources (Figure 3).

This logic module can implement the four basic logic functions
(NAND, AND, OR, and NOR) in gates of two, three, or four inputs.
Thelogic module can also implement a variety of D-latches,
exclusivity functions and complex AND-ORs type functions. No
dedicated registers areavailable in the array. Instead registers are built
with two latches configured as a master-slave (hence the register
count is half that of the module count—Table 1).

10
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Figure 3. ACT 1 Logic Module (Logic Resource)
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ACT | I/0 Resources

Each I/O pin isavailable as an input, output, three-state or
bi-directional buffer (Figure 4). Input and output levels are
compatible with standard TTL and CMOS specifications. See
Electrical Specificationsin the Actel data book for additional UO
buffer specifications.

PAD

N

Figure 4. ACT 1 /0 module

ACT | Special Resources

12

Each ACT 1 type device hasasingle high drive, low skew clock
buffer (CLKBUF). Thisistreated asan I/O module that can drive
many internal loads. This resource may derive it's source from within
the array. When used in this manner an /O pin must be used in
conjunction with a special resource (CLKBIBUF). Thisis essentialy
abi-directional buffer (Figure 4) with the output (Y) connected to the
clock network. Theregular clock buffer (CLKBUF) is the same
device with the D and E inputs disabled.



ACT 2 Family

Overview of Actel Device Families

The ACT 2 family representsActel’s second generation of FPGAs.
Currently there are three devicesavailable (Table 2). Like ACT 1, an
ACT 2 deviceis structured much like achanneled gate array. Logic
modules (logic resources) aredistributed in an X,Y array surrounded
by I/O modules(I/O resources). The ACT 2 family's logic resources
comein two styles. The /O have been enhanced with bi-directional
latches. Thereare two clock networkson each device of the ACT 2
family.

Table 2. ACT2 Family Profile

Device Gates Module Registers User /O
A1225 2500 451 >231 83
A1240 4000 684 >348 104
A1280 8000 1232 >624 140

ACT 2 Logic Resources

The ACT 2 logic resources are classified into two types:
combinatoria (C-modules) and sequential (S-modules). The ACT 2
C-module (Figure5) is an enhanced verson of the ACT 1 style

moduleand can now implement up to 5 input functions.

13
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D00
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D10 4:1 MUX
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Figure5. ACT 2 C-module (Logic Resource)

The S-module (Figure 6) is designed to implement high-speed
register functions within asingle logic resource. The S-module is
configured asa C-module followed by a storage element, either a
D-typeregister or latch. The storage element can be disabled by
configuring the storage element as alatch and permanently enabling
it. Likewise, the combinatorial logic can be disabled by connecting
the select inputs to zero and bringing datain through a mux input.
Notice the CLR and SO1 inputs share a pin. This affects
combinability.

Synopsys Design Compiler takes full advantage of the S-module.
Thisisessential for fast, compact designs.

Note TheS-module storage element's clear input isactive | ow only!
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Figure6. ACT 2 S'module Implementations (L ogic Resource)

ACT 2 I/0O Resources

The ACT 21/0O resourceis an enhanced version of the ACT 1 1/0
module (Figure 7). In addition to each /O pin as an input, output,
three-stateor bi-directional buffer alatch is availableon both input
and output. Thislatch can be combined with a second latch within the
array to construct registered inputsand outputs (for faster input set-up
and clock-to-out times). Input and output levels are compatible with
standard TTL and CM OS specifications.See Electrical Specifications
in the Actel data book for additional I/O buffer specifications.
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PAD

GIN—/QG

Figure 7. ACT 2 /0 module

ACT 2 Special Resources

Each ACT 2 type device has two high drive, low skew clock buffers.
There are treated as /O modules that can drive many internal loads.
Unlike the ACT 1 version, the ACT 2 clock buffers need not use an
external /O pin when driving an internal load. Theinternal clock
(CLKINT) isused in this case.
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ACT 3 Family

The ACT 3family represents Actel’s third generation of high
performance FPGAs. Currently there are fivedevices available
(Table3). LikeACT 1and ACT 2, an ACT 3 device is structured
much likeachanneled gate array. L ogic modules (logic resources) are
distributed in an X,Y array surrounded by I/O modules (I/O
resources). Like ACT 2, ACT 3 family's logic resourcescome in two
styles. The I/O have been enhanced with bi-directional registers with
adedicated I/O clock for fast Clock-to-Out times (<10ns) and low
input set-up times. A specia high-speed clock network (HCLK) has
been added in addition to the two clock networks identical to the

ACT 2 family.
Table 3. ACT3 Family Profile
Device Gates Module Registers User /O
A1415 1500 200 >104 80
Al1425 2500 310 >160 100
A1440 4000 564 >288 140
A1460 6000 848 >432 168
A14100 10000 1377 >697 228

ACT 3 Logic Resources

Like ACT 2, theACT 3 logic resources are also classified into two
types: combinatorial (C-modules) and sequential (S-modules). The
C-moduleisexactly likethe ACT 2 C-module (Figure5). The ACT 3
S-module (Figure8) isan improved version of the ACT 2

S-module.
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CLR

Figure 8. ACT 3 S-module | mplementations (L ogic Resource)

The ACT 3 S-module has a separate CLR input. This alows all
combinatorial functions (C-modules) that are followed by asimple
data storage element to be combinable.

ACT 31/0 Resources

Like ACT 2, ACT 3 I/Os perform simple buffer configurations. In
addition, a high-speed register is available on both input and output
for very fast input set-up and clock-to-out times (Figure 9). The data
input may be derived from the output register output or directly from
the pad (Figure 10). Input and output levels are compatible with
standard TTL and CM OS specifications. See Electrical Specifications
in the Actel data book for additional I/O buffer specifications.

18
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E
z ZI PAD
D—| D Q
ODE —O|ODE
IOCLK —
1
L D Q Q
IDE —O|IDE
IOCLK —
PRE/CLR ?

Figure9. ACT 3 1/0 module (with bi-directional registers)

E
PAD
D—ID aF —
ODE —a{ODE
IOCLK ——
PRE/CLR ——oJ
M
Y

Figure 10. ACT 3 /0 module (registered with dual feedback)
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ACT 3 Special Resources

Each ACT 3 type device has 4 specia 1/0 resources. Use of theseis
key to compact, high-speed and reliable designs. Like ACT 2, an
ACT 3devicehastwo high drive, low skew clock buffers (CLKBUF).
These special I/O buffers need not use an external I/O pin when
driving an internal load. The internal clock (CLKINT) is used in this
case. In addition, there isa very high-speed clock buffer network.
(HCLKBUF). Thisclock buffer should be used for signalsfaster than
75 MHz. The I/O registers (Figure 9 and Figure 10) use a dedicated
/O clock (IOCLKBUF) and reset/preset network (IOPCLBUF).

Note SynopsysDesign Compiler V3.1+ will automatically usethel/O
registers where ever possible. There are some limitations. See
Chapter 4 for more details.

Mapping and Combinability

Actel FPGAs have a simple combinatorial building block used to
construct from simple to complex functions using mapping. For
example, in Figure 11 one of the many possible mappings of athree
input AND (AND3) gate is shown. Logic that can fitinan ACT 2 or
ACT 3 C-module (Figure 5 on page 14) with an output load of 1 and
followed by asimple storage element is called combinable

(Figure 12). Thiseliminates one level of logic (delay) and doesn't
increase logic resources used (logic isaready in front of S-module).
In ACT 2 there is an exception. If the C-module logic must use both
of it's local AND gate's inputs to synthesize the desirable function
then this function can not be combined. Synopsys Design Compiler
3.1+ resolves thisby using DFM7x’s and DFM8x’s (complex
flip-flops) for ACT 2 and ACT 3 respectively.
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— Y

C ——

Figure I I. One (of many) AND3 Mappings

g:j D aol— i al—
—> 8]
o C —
CLK > CLK >
CLR CLR
CLR ¢ CLR &)

Figure 12. Combining of C-mod and Simple Register

When doing timing analysis or simulation, this reduced level of logic
will represent no delay, To keep the timing characteristics coherent,
AL S will back-annotate 0 nsfor the combined function block into the
simulator or the ALS timing tool (timer).

21
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Speed Grades and Timing Characteristics

All Actel Device families come in multiple speed grades. A standard
part represents a device that meets the minimum family timing profile
(see data book). A part with a ‘-1’ modifier is a device measured
during the device sorting process to be 15 percent faster, a '-2' is 25
percent faster, etc. Actel uses worst case derating to specify device
timing (worst case voltage, temperature, and process) in the data book
and AL S software. If the designer is using the Design Compiler's
default typical derating factor then all timing numbers must be
divided by 1.25. For example, if the worst case performance of a
device is 30 MHz (33.33 ns) then to derate for Design Compiler, at
typical derating, in multiple speed grades is:

a) 33.33ns / 1.25 => 26.67ns (deratefrom typical to worst case)
b) for '=1' (15% faster device) — 26.67ns * 1.15=> 30.67ns
c) for -2 (25% faster device) - 26.67ns * 1.25=>33.33ns
d) for '-3 (35% faster device) - 26.67ns * 1.35 => 36.00ns

Example 1. Sample Derating Calculations
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Tips Using Synopsys Design Compiler

It is our experience, here at Actel, that the most commonly under
utilized group of commands are constraints. Constraints are used
identify what your design goals are.

Setting Proper Design Constraints

Constraints refer to measurable circuit characteristicssuch as area
and timing. Design Compiler calculates design areaand path delays
using the areaand timing valuesfrom the Actel technology library.

There are two kinds of constraints: design-rule constraints and
optimization constraints. In general, design-rule constraints reflect
technol ogy-specific restrictions that must be met for a functional
design, (such as maximum loading on a net). Optimization
constraints represent design goals that are desirable, but not crucial,
to the operation of adesign (such asthe desired maximum circuit area
or delay). Design Compiler tries to meet both typesof constraints but
gives emphasis to design-rule constraints, as they are requirements
for afunctiona design.

Design Compiler uses constraintsto guide optimization and
implementation of adesign. Constraints define the goals of the
synthesis process. Design Compiler tries to meet these goals when
synthesizing adesign.

Design Compiler has a plethora of constraint-based commands. This
manual will only focus on a subset of two types of optimization
constraints: Speed and Area.
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In general, the most important optimization constraint is maximum
delay (max_de1ay). There are four types of delay categories
(Figure 13). They are:

Tcq Clockto @: Thisisgeneraly known as the synchronous
speed of thecircuit or the register to register delay. These
paths are constrained by specifying the clock(s) for the
registers.

Tsu  Set-Up: Thedelay from theinput to valid data at the D-input
of first flip-flop. These paths are usually constrained by
specifying the clock for the register, and setting an input
delay relative to aclock on the input port(IN1).

CLK
n
IN2 > Teo OUT;|
’ .
'4 Tio >

Figure 13. Four typesoftimng paths
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Tco  Clock to Out : Thedelay from the clock to valid data at the
output port (OUT1). These paths are usually constrained by
specifying the clock for the register, and setting an output
delay relative to a clock on the output port(OUTT1).

Tio In to Out : Thedelay from the input, through logic, then to
the output. These paths can be constrained by setting an input
delay on theinput port (IN2), and either an output delay
relative to a clock, or maximum and minimum delay targets
on the output port (OUT2).

For the purposes of simplicity this manual will focus on the register to
register delays. Maximum delay target values for each timing path in
the design are automatically determined after considering clock
waveforms and skew, library setup times, external delays, multicycle
or false path specifications and =ax_de1ay commands. Load, drive,
operating conditions, wire load models, and other factors are also
taken into consideration.

Design Compiler has a built-in static timing analyzer for evaluating
timing constraints. A static timing analyzer calculates path delays
from local gate and interconnect delays but does not simulate the
design. That isto say, it does not check the design for functionality.
The Design Compiler timing analyzer performscritical path tracing
to check minimum and maximum delay for every timing path in the
design.

Note Themost critical pathis not necessarily thelongest combinatorial path
in asequential design, since pathscan berelative to different clocks at
path start and endpoints. On the other hand, the Actel static timing
analyzer (Timer), included with every AL S system, defaults to check
only for the longest combinatorial paths.
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Grouping Paths for Maximum Delay

Path groups affect the way the maximum delay cost iscomputed. You
can assign paths or endpoints to named groups. Paths are placed in
groups With group_patn and creat e- cl ock commands. For further
detail on the group_patn command(s) see Design Compiler Reference
Manual. The following example uses the create_c10cx COmmand to
create agr oupgat h with all register to register paths, a delay
constraint of S0ns (20 MHz), 50% duty cycle, and group (signal)
nameof cix.

create- clock -period 50 -waveform {0 25) clk
or

create- clock -period 50 elk

Setting the Area Constraint

Themax_area cOmmand specifies the maximum allowable areafor the
current design. Design Compiler computes the area of a design by
adding together the areas of each of its components on the lowest
level of the design hierarchy. The area of acell isobtained from the
Actel technology libraries. Maximum areais an optimization
constraint and is therefore secondary to design-rule constraints (such
as maximum fanout).

max_area 1200

To properly determine the maximum areain agiven Actel device
family use the "' family profile" tables in Chapter 3. For example, to
constrain adesign into an Actel A1280 (ACT 2 family) Table 2
indicates a total maximum areaof 1232 modules. Design Compiler
will attempt to meet this constraint.
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Why Set Constraints

Design Compiler, in many cases, can synthesize and optimize
circuitry with many different configurations. If, for example, the
desired speed was 20 MHz (50ns) but not specified, Design Compiler
may (and will) default to area optimization and possibly providea
less than desirable result. On the other hand, if the area was overly
restrictive to, say 800 modulesin A1280, then Design Compiler may
not have enough room to use a much faster, but larger, version of a
function because it wastoo large.

When setting constraints, setting the don't cares” (the slow/static
parts of circuit) is just asimportant (maybe more) than setting the
target speed. In this way, Design Compiler does not use up precious
high-speed resourcesfor circuitry that may be static or control lines.
In summary, setting the design constraints properly isthe easiest way
to realize correctly coded designs achieving the systems goals.

Effectively Using Scripts

The power of Design Compiler isit's flexibility through scripts. The
source VHDL code need not be modified at all to achievefrom a
small, medium speed, compact design to a much faster, but larger,
design. All throughout this manual you will see referencesto (aesign
compiler shell Of de_shell) COMMands. In the previous section, it
was shown how to set the target clock frequency and target area of a
design. In thefollowing sectionsit will be shown how, using scripts, a
design can be manipulated to achieve higher performance with a
minimal amount of effort and without changing the VHDL source.
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Effectively Using Hierarchy

Hierarchy in aVHDL design isaform of design partitioning
performed with component instantiation and multiple
entity/architecture pairs that define the contents of the components.

Design Compiler supports automatic preservation of hierarchy in
your design. The designer has the choice of either preserving the
block functions or flattening the design at any branch to achieve
group optimization. For example, adesign may be fully flattened to
attempt optimization of the complete design as one large block.
Flattening adesign may improve area and speed results but the final
output could be hopelessly flattened beyond recognition as
individually traceable/simulateable blocks.

Characterizing the Subdesigns to the Parent

28

In Actel devices, local (non-global) net loading directly affects
performance of agiven signal path. If only asingle net is highly
loaded in adesign and this net is the slowest path in aregister to
register group then this path will become the critical path (remember,
it isthe slowest delay that determines circuit speed).

Hierarchical designs are composed of subdesigns.You can describe
subdesigns independently of the parent design by characterizing or
by modeling (modeling creates a characterized design asalibrary cell
and will not be covered in this manual — please refer to the Design
Compiler Reference Manual). Characterizing determines a
Subdesign's port timing values, logical connection attributes, and
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constraints by examining its context in the parent design. The

char act eri ze command automatically derives the boundary condition
of subdesignson its context in a parent design. Three types of
boundary conditionsare computed timing conditions, constraints, and
connection relations.

characteri ze instance_name /* for exanple -> “U100~” */

Using Global Signals and Special Resources

Global signals, such as clocks, resets, and enables may be easier to
design using high drive resources such as CLKBUFs and
HCLKBUFs. Each Actel device has at least one and as many as four
high drive resources. The following example will not buffer the reset
line so that a special resource, like CLKBUF may be used.

dont_touch_network find(port, rst)

Using ACT 3 I/O registers

The ACT 3family of devicesfrom Actel have dedicated registersin
the I/O modules to facilitate fast input set-up times (<1.5ns) and fast
clock to out times (<10ns). These resources are not automatically
utilized by Design Compiler, a post-processing step is required. The
following post-processing script (Example 2) is used to instantiate the
special ACT 3 1/O buffersinto a given design.

Note Two new portsarecreated during thisprocess" |OCLK and"1OPCL".
To make sure ssimulationiscoherent, thedesigner must add themto the
simulation model (vectors).

29
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/* create ports IOCLK & | OPCL and instantiate buffer cells */

createqort |QOCLK

create-cell "ioclk" act3/IOCLKBUF
create- net {ioc
lk_net)

connect - net ioclk_net find(port, (| OCLK))
connect - net ioclk_net find(pin, {(ioclk/PAD))
createqort | OPCL

create-cell "iopcl" act3/IOPCLBUF

create- net {iopcl_net}

connect - net iopcl-net find (port, (IOPCL))
connect - net iopcl-net find(pin, (iopcl/PAD})

create- net {iocl k- net- out)
connect - net ioclk-net-out find{(pin, ioclk/Y)
create- net {iopcl-net-out]
connect - net iopcl-net-out find(pin, iopcl/Y)

/* find cell names for reference */

filter(find(cell, «x«), "@ref_name == ORECTH_NO_TRI
@ef - name == IREC_SY @ef - name == IREP_SY

@ef - name == ORECTH_SY @ef - nane == ORECTL_SY
@ef - nane == OREPTH_SY @ef - nane == OREPTL_SY

@ef - nane == ORECTL_NO_TRI @ef - name == OREPTH_NO_TRI
@ef - nane == OREPTL_SY ")

foreach(seq _cell, seqgio_1)
{
/* to find name of ¢lk net */
al | - connect ed seq_cell + /CLK
cl ock- net = dc_shell_status

/* to find nane of set/reset net */
al | - connected seq cell + /IOPCL
clear-net = dc_shell_status

/* di sconnect this clock net & connect to dedicated net
di sconnect - net cl ock- net find(pin, seq cell + /CLK)
connect-net ioclk-net-out find(pin, seq cell + /CLK)

/* di sconnect this reset net & connect to dedicated net
di sconnect - net clear-net find(pin, seq cell + /IOPCL)
connect - net iopcl-net-out find(pin, seg_cell + /IOPCL)
}

—

*/

*/

Example 2. Post processing script for special ACT 3 1/0
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Note A link library link.v is aso required to use this script file. Contact the
Actel Technical Support Hotline to obtain acopy of both scripts at
(800) 262-1060 or e-mail at tech@actel.com.

Running ALS from Within Design Compiler

Actel’s ALS tool suite supports simple command line operations that
can be run from within the Design Compiler environment. Design
Compiler has the ability to call UNIX and execute external
commands. Thisisaccomplished through the sx (shell) command.
Thefollowing example (Example 3) will run all necessary ALS 2.3
commands to convert Design Compiler EDIF output to ALS format,
validate the design (rule checker), place, route, and then optionally
invoke the Actel static timing analyzer (Timer). For a brief
description of the ALS" Timer".

sh cae2adl -edn2adl fam:act3 ednin:TEST.edn NObadOrigName:T TEST
sh als -set fam act3 TEST

sh als -set die 1460 TEST

sh als -set package qfp208 TEST

sh als -validate TEST

sh als -place TEST

sh als -route TEST

sh als -xtract TEST

sh als -tiner TEST < TIMER.SCR (optionalinvoking of Timer)

Example 3. DC_SHELL Script to run ALSfrom within Design Compiler

Note TEST isthe name of the top level design. In the above example, the
design TEST isset toa A1460 (ACT 3) in aQFP208 package. Device,
family and package only haveto be set once.
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Verifying Synopsys Performance with ALS
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The AL S software contains arobust static timing analysistool called
the Timer. The Timer works on the principleof sets, much like Design
Compiler's groups. The Timer will automatically build default sets
using input buffers, output buffers, and registers. The default group
for timing isregister to register delays (using the clock net asa
starting reference port). Thefollowing isthe contents of TIMER.SCR
from Example 4.

orstop inpads adds input pads to stop paths at borders
orstop outpads adds outputs pads to stop set

longest get longest paths (defaults: Tcq)
expand ¢ expand worst path '0*

Example 4. Smple Timer command sequence to extract longest Tcq
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In order to determine the most common issues with customer
VHDL-based designs we, at Actel, did awide study of our customer's
design implementations. State machines construction and custom
arithmetic functions had the highest percentage of recurrence. The
following hints in this section are presented in a technology
independent manner wherever possible.

General State Machines Description

The possible states of the state machine are listed in an enumerated
type. A signal of thistype(present - state) definesin which state the
state machine iscurrently in. In a case statement of one process, a
second signal(next - state) is updated depending on present - state
and the inputs. In the same case statement, the outputs are al so
updated. A second process updates pr esent - st at e With next - state
every clock cycle except when therst is asserted.

Here isthe VHDL code (Example 5) for such atypical state machine
description. This design implements a post food processing unit.

entity food-cycle is

port (clk, rst, switch in bit;
full, gte_half, enpty : in bit;
wat er, purge : out bit);

end food- cycl e;

architecture behavior of food-cycle is

-- define possible states for state nachine
type state-type is ( reset, uwait, flush, fill, half);
signal present-state, next-state : state-type;

Example 5. Food Psot-Processor Unit
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begi n
process (RST, CLK) -- registers
begi n
if (rst ='0")then

present-state <= reset;
elsif( CLK='1l' and CLK'event) then
present-state <= next-state;
end if;
end process;

process (present_state, rst, switch, full, gte_half, enpty)
begi n -- transitions
case present— state is
when reset => -- reset state

if(rst='1' and full='1') then
next-state <= uwait;

end if;
water <= '1'; purge <= '0';
when uwait =» -- wait for button push

if (switch='1') then
next- state <= fl ush;

end if;
water <= '0'; purge <= '0';
when flush =- __ open purge

if (empty='1') then
next-state <= fill;

end if;
water <= ‘'0'; purge <= "1';
when fill =»> -- fill water / ignore swtch

if (gte_half='1') then
next-state <= half;

end if;
water <= ' 1'; purge <= '0';
when hal f =» -- cont. fill /7 examne switch
if (full='1') then
next-state <= uwait;

elsif (switch='1') then
next-state <= flush;
end if;
water <= '1'; purge <= '0';
end case;
end process;
end behavi or;

Example 5. Food Psot-Processor Unit (Continued)

34
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State Machine Design Hints

There are various issues of coding style for state machines that might
affect performance of the synthesized result. State machine style can
have the most profound affect on FPGA performance. The following
section will givethedesigner hints on technology independent coding
styles.

A first issue is the form of state machine that will be created. There
are basicaly two forms of state machines, Mealy machines and
Moore machines. In general, Moore machines have fewer states than
aMealy machine. In aMealy machine, the outputs change during
transitions from state to state. In aMoore machine, the outputs are
derived directly from the present state and the inputs.

To demonstrate this we will use the example of thefood

post-processor unit from the previous section. The Moore version is
shown in Figure 14.
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Figure 14. Graphical Sate Diagram of Example 5
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The present-statesignal in Example 5 is of a user-defined
enumerated type. There are five values (states) in thistype: reset,
uwait, £lush, £211 and half. Thismeansfor simulation, present-state
can appear in each of these five states. For synthesis, state assignment
has to be done on a number of state bits to represent each of these
states. By default, Design Compiler implements compact (binary)
encoding. This means that three state bits are needed. Encoding is
done based on the definition of the statetype, countingleft to right. In
this example, the following state values are assigned to each state:

Table 4. Compact Encoded State Bits

state state-bits 012
reset 000
uwait 001
flush 010

fill 011

half 100

If you reguire different binary encoding valuesfor each of the states,
you must change the order of the enumerated type accordingly.

Extracting an FSM from a Sequential Design

Why does an FSM need to be extracted? So Design Compiler can
know which registers are to be optimized as that FSM. In this way,
the designer may changed encoding styles or smply let Design
Compiler choose use the auto command.

Figure 15 show the flow from a design or netlist to a Finite State
Machine (FSM). Each step is shown with the relevant Design
Compiler commands. Optional statements are shaded.
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Therearetwo classesdf state machinesdesign that must be
considered. When the entire design is the state machine or when the
state machineregisters are buried within the context of alarger
design. The complete flow must befollowed for the latter case.

Design or Netlist

v

Read Design | read -format format |
v

Mape Design | Compile (if unmapped) |

set_fsm_state vector

Group FSM group -design_name fsm_name -fsm
current_design = fsm_name

set_fsm_state_vector

set_fsm_encoding

extract J

reduce_fsm

Extract FSM

VI CXE] M write -format edit -output fsm_design.edif

State Table

Figure 15. Extracting a Finite-State Machine Froma Design

Thefollowing steps will be required to extract and optimize this
design.
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Read Design

Read the design into Design Compiler with the appropriate r ead
command. For example, to read Example 5:

read -format vhdl £ood_cycle.vhd

Map Design
If the design isnot mapped, run campile to map the design to gates:

compile -map_effort | ow /* map-effort shown is optional */

Group Fam

If the entire design is a state machine, this step is optional. Grouping
the FSM part of acircuit producesanew level of hierarchy containing
just the FSM state vector flip-flopsand their associated logic. The
new design isstill in netlist format. The next step isto extract the
FSM information to create an FSM representation.

If not all flip-flopsin the design are part of the state machine, use the
set_fsm_state_vector COMmMand to namethe FSM state vector
flip-flops:

set_fam state_vector (reset-reg, uwait_reg, ....}

use the group -£sm cOmmand to group the subset of the design that
includesjust the FSM flip-flopsand their associated logic into a new
level of design:

group -fsm -desi gn- name food- cycl e-fern

Finally, move down into the FSM part of the design by setting the
current - desi gn variable to the new FSM name:

current - design = food- cycl e- fsm
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Extract FSM

Extracting an FSM from acircuit changes the representation from a
netlist format to FSM st at e- t abl e format. Consult the Design
Compiler Reference Manual for specific optimizations that can be
supplied. This section will only cover binary and one- hot encoding
methods.

First, set the order of the state vector flip-flopswith the

set_fsm state_vector COMmMand. The order of the flip-flops must
agree with order of the state vector bits, that is, each bit in the state
vector represented by one flip-flopin order:

set- fsm state- vector { reset- reg, uwait_reg,...}

Next, you can optionaly set the state encoding with the

set_fsm encoding COMMand (see Design Compiler Reference Manual
—Efficient FSM Extraction). State encoding tells Design Compiler
the names and values of each state:

set_fsm_encoding (“reset=0”,“uwait=27,...}
Extract the FSM (convert the circuit into an FSM):

extract

You can optionally use the reduce_£sm cOmmand to minimize the
state-transition logic:

reduce- fsm
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Optional F9M Optimization Styles

Now that the design is optimized and represented internally as a state
table, we can optimizefor adifferent coding strategy. In this case, we
will chooseene_not. First, re-extract design and then set new strategy
asfollows:

/* re -extract */

set_fam state_vector { reset-reg, uwait_reg,...)}
set_fsm encoding (“reset=0”,“uwait=27,...}

Set FSM Order

To manually definethe ordering of states and have Design Compiler
automatically number the state vectorsin binary or gray encoding:

set_£am order { reset, uwait, flush,. ..}
set - f sm encodi ng- styl e gray

or

set - f sm encodi ng- styl e bi nary

U= One Hot Encoding

To use one_not encoding and to have Design Compiler automatically
generate the state vectorsfor a very fast FSM, where only one bit per
stateis used:

set - f sm encodi ng- st yl e one- hot

Re-Optimize New FSM Design
Now we re-optimize the FSM design, minimize and compile:

set- f sm_minimize true
conpi l e

Pop back a hierarchy level to write thedesign:

current - desi gn = food- cycl e
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Write FSM

Oncetheisin FSM format, you can optionally write it to afileon the
appropriate fileformat. In this example will writeit out in the EDIF
format:

wite -format edif -output food- cycle.edu

Using One-Hot Encoding Strategy

One-Hot (or Bit-Per-State) encoded state machinesare state machines
that will get one flip-flop per enumeration value (state).

Table 5. Compact Encoded Sate Bits

state state-bits

01234

reset 10000
uwait 01000
flush 00100
fill 00010
half 00001

Only one bitis ‘1’ at any given time (hence " one-hot") in objects of
one-hot encoded enumerated types. For example, on the previous
example (Example 5) we saw that the five states produce a resultant
state machine using three register bits (Table 4 on page 37). With
one-hot encoding the register count would increase to five, one for
each state (Table 5).

Thisencoding strategy often improves the speed of the synthesized
circuit and, in Actel FPGA:s, flip-flops have very low area cost, the
areamay improve as well. A complete listing of atypical script file
used for the design from Example 5 is shown in Example 6. We will
assume that the state machine is but a small part of the design.
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/* sets the level of hierarchy to FSMdesign */

current - design = food- cycle

/* create clock (see section 3.1) */

create- cl ock -name clk -period *50% -waveform {"0* »25"} {clk}
/* make sure no logic is on reset line (port) */
dont_touch_network find(port, rst)

/* conpi |l e design as shown with steps above */

conpil e

set_fsm state_vector {reset-reg, uwait_reg, ....}
group -fun -design- nane food- cycl e- fsm
/* sets the | evel of hierarchy to FSM design */

current - desi gn = food_cycle_£am

set-fern-state-vector {reset_reg,uwait_reg,flush_reg...}
set - f un- encodi ng

{"reset=0", "uwait=2","£flugsh=4","£i11=8",half=16")
extract

/* reduce fen logic, set vector, encode, assign FsM order */
reduce- f sm

set_fsm state_vector {(reset_reg,uwait_reg,flush_reg,...}
set_fsm encoding

{"reset=0", "uwait=2","flush=4","£i11=8", *half=16")
set-fern-order { reset, uwait, flush, fill, half }

set - f un- encodi ng- styl e one- hot

set-f sm_minimize true

conpil e

current - desi gn = food- cycl e

Wite -format db -heirarchy - out put ./food- cycl e- hot. &

Example6. Commands(script)for One-Hot Design

These steps should produce smaller faster machinesdueto thelarge
number of registersin Actel devices. Refer to the FSM chapter in the
Design Compiler ReferenceManual for moredetails.
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Manual One Hot State Encoding

If you are not using enumerated typesfor your state-machines, or
would like to have full control over the synthesized circuit, thereisa
way to do manua one-hot on a state-machine in VHDL. Using
Table 5 and Figure 14 you can construct a simple shift-register like
state-machine. Start by encoding the equations to the registers with
the equationsfor each arrowhead. There are some considerations
from this type of state-machine encoding. Using Example5 they are:

1. A casestatement should not be used for statecomparisons, sincethe state
comparison has to depend on one hit of the state vector only.
present - st at e Used with acase statement can only compare thewhole
vector.

2. Theelsis construct should not be used to do the samestate comparisons,
sinceit introduces additional constraintson the values of each state.
Using ersif meansthat thiscodeisonly entered if al of the previous
conditionsarefalse. In the case of one-hot encoding, it iscertain that all
previousconditions are false already.

3. Itisessential to assignnext_state to zero beforethestate transitionsare
generated. Since only asingle bit of next_state will be setin the
transitions process, combinatorial loops would have to generated to
preservethe other bitsif thisinitial assignment was not included.

Automatic FSM Encoding Styles

Additionally, Design Compiler can automatically select the most
appropriate encoding style by replacing the argument asfollows:

get_fasm encoding { )}
set_fasm encoding style auto
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The auto encoding style uses a proprietary algorithmin which the
primary object isto determinea set of encodings that best reducesthe
complexity of the combinatorial logic while using the minimum
number of encoding bits. Consequently, thisencoding styleis
targeted toward area optimization. Speed is not addresses directly,
but, in general, smaller area reducesdelay.

Nate The maximum supported state vector length for aut o encodingis
30 hits

In summary, manual one- hot encoding isnot atrivial process. If
one-hot €Nncoding doesnat produce the best implementation then the
VHDL code will haveto be re-written. In general, a more practical
methodology for designing state-machinesis to design a generic
state-machineand let Design Compiler choose the configuration best
for the application or manipulate the configuration through the script
file commands.

Power-up And Resef

For simulation, the state-machine will initialized into the leftmost
vaue df theenumeration type, but for synthesisit is unknownin
which state the machine powers-up. Since Design Compiler does
stateencoding on the enumeration type of the state machine, the state
machinecould power up in astate that is not even defined in VHDL.
Thereforeto get smulation and synthesis consistency, it is very
important to supply areset to the state machine.

If the desired state machineencoding styleis ene_not then it is
imperativethat the state machineissupplied areset. Sincefor one_not
styleonly asingle register must be active, all others must be
reset/inactive. Also, for Design Compiler, it is necessary that no logic
must existson the reset network. The dont_touch_network COMmand
can be used to assure that no logic is generated for the reset network
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(Chapter 4). In order to achieve a high drive network (>24 loads) a
high drive resource must be used. In ACT 2and ACT 3 devices a
CLKBUF is recommended (required) for highly loaded networks.
See Chapter 3 for number of resources available.

“If-then-else” \/ersus "Case"

Thei f -then-e1se Statement isused in VHDL to conditionally execute
sequential statements. The case Statement selects, for execution, one
of a number of alternative sequences of statements. The chosen
aternativeisdefined by the value of the expression. Itis
recommended that the designer uses the case statement in VHDL
when they have acomplex decoding situation. It isa more readable
statement than a collection of nested i f - t hen- el se Statements. It
allows the designer to easily identify the value and associated actions.
Additiondly, if you want Design Compiler to generatea MUX
structure for the case statement you should use the parallel/full case
command. Otherwise a complex priority encoder will be synthesized
(not friendly to a mux-based device).

Arithmetic Elements And DesignWare 3.1+

46

When arithmetic and relational logic is used for a specific VHDL
design, Design Compiler provides a method to synthesize technology
specific implementations for these operations. Multiple
implementations of these operations (small to fast) have been
developed by Actel using the Actel structured macro generation tool
ACTgen. DesignWare isatool that can build the supported, functions
(for bit sizesfrom 2 to 32 hits), but depending on the constraints (see
Chapter 3) these functions may (or may not) be used. The
DesignWare macros can offer performance improvements of up to
80 percent.
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Designware 3.1 Performance (Post Routed)
Table 6 contains DesignWare “Add/Subtract” data.

Table 6. ACT 3 (standard speed) Family Design Adder Performance

Bits Area Freg DW Area  DW Freq SpeedUp  Post Route
2 3 modules 119 MHz 3 modules 119 MHz +0% 124 MHz
3 9 119 9 119 +0 124
4 19 58 14 109 +89 110
5 35 57 19 104 +82 104
6 47 57 21 69 +21 73
7 50 45 26 69 +53 72
8 74 57 30 68 +19 72
9 57 38 35 66 +74 71
10 86 45 39 64 +42 68
11 87 37 49 66 +78 n/a
12 94 37 53 64 +73 n/a
13 74 32 58 63 +97 n/a
14 88 33 62 63 +91 n/a
15 124 36 71 63 +75 n/a
16 113 32 78 63 +97 n/a
17 111 28 85 63 +125 n/a
18 126 3 81 48 +55 n/a
19 133 27 86 48 +78 n/a
20 146 27 90 48 +78 n/a
21 140 30 95 47 +57 n/a
22 167 28 99 46 +64 n/a
23 156 27 109 47 +74 n/a
24 165 25 113 47 +88 n/a
25 202 24 119 48 +100 n/a

26 170 25 122 46 +84 n/a
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Table6. ACT 3 (standard speed) Family Design Adder Performance (Continued)

27
28
29
20
21
32

214
218
199
225
234
248

26
25
24
27
27
24

132
136
141
145
154
161

46
46
46
45
45
45

+77
+84
+92
+67
+67
+88

n/a
n/a
n/a
n/a
n/a
n/a
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Component Instantiation

Componentsare a method of introducing structurein aVHDL
description. A component representsa sructural modulein adesign.
Using componentsit is possible to describeanetlist in VHDL .

Basic Component Instantiation

Componentsare ingantiated in the dataflow environment. Example 7
isan exampleof agructural VHDL descriptionwherea 2bit RAM is
instantiated as a design:

entity exanple-ramis

port ( addr : in bit_vector (1l downto 0);
din : in bit_vector(l downto 0);
wr_en : in bit;
dout : out bit_vector(l downto 0));

end exanpl e- ram
architecture dat af | ow of exanpl e- ram is

component RAM16x4
port ( we : in bit;
a0, al : in bit;
do, dl : in bit;
q0, gl : out bit );
end component ;

begin
U100 : RAM16x4 port map ( we => wr_en,
a0 => addr(0), al => addr(l),
do => din(0), dl => din(1),
g0 => dout(0), gl => dout(l));
end dat af | ow;

Example 7. Simple Macro Cell Instantiation Example
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User and "* Soft Macro™ components can be instantiated in the same
manner. By defining the port list in & component statement and
instantiating the component in the port map Statement any user
defined macro can be used in aVHDL design.

Technology Independent Component Instantiation

Toimplement a technology independent top level VHDL description
adesigner only needsto create a subdesign, with equivalent ports and
functionality using generic VHDL constructs. Then, during
technology specific mapping, replace the generic code with the
technology specific component netlist.

Actel Library Cell Instantiation

Example 8 isthe format used to instantiate a low-level gate like an
Actel Library Cell:

component HCLKBUF port (
PAD : in bit ;
Y : out bit ) ;
end component;

U0 : HCLKBUF port mgp ( PAD=>HCLK_P, Y=>CLK );

Example 8. ActelLibrary Cell Instantiation Example
Where, HCLKBUF isan Actel ACT 3 family high-speed, high drive,

low skew clock buffer. UO isthe instance name, and HCLK_P and
CLK are the nets connected to pins PAD and Y, respectively.
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Using "ACTgen “Macros In Your Design

The ACTgen structured macro builder isan Actel Tool that can create
macros which can be instantiated in VHDL designsfor synthesis
using Design Compiler. These macros are defined in a high level
language from which an EDIF netlist is created. The goalsof the
ACTgen macro builder isto createflexiblelibrary el ements that
efficiently use the Actel architecture to achieve optimal performance,
minimal module count and improved designer productivity.

ACTgen/Synopsys Design How

Currently, ACTgen generatescounters, registers, adders, decoders,
and multiplexers. Many morefunctionsare being added with each
release. Consult the ACTgen Macro Builder User Guide for acurrent
listing. To integrate an ACTgen generated component into the VHDL
design, afew smple step must be followed:

1. Invoke ACTgen, set the CAE system to generic.

2. Select Actel family, macro function and parameters.
3. Generate the macro (output sent to EDIF file).

4. Read EDIF fileinto Design Compiler, write as *.db
5. Identify function port namesand directions

6. Instantiate component into design

7. Modify script to read (*.db or *.vhdl)

The design flow isdescribed in Figure 16.
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Start ACTgen

(Set CAE systern to generic )

Select family
Specify macro type

[Specify macro parameters ]

Generate macro

edifout
Read <macro>.edn ]
into Synopsys Write <macro>.de

Instantiate macro in
HDL design file )

( Modify scripts )

( Cozpile J

Figure 16. ACTgen/Synopsys Design Flow
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Component Instantiation

/O Instantiation

Input and output buffersare automatically inferred. Thefollowing
scripts must be set prior to optimization in order to perform IO buffer
mapping with Design Compiler or dc_shell.

set_port_is_pad all-inputsO

set_port_is_pad all-outputsO

setgad-type all-inputsO

setgad-type all-outputsO

setgad-type -clock CLK
insertgads

Where, CLK isan example port name.

These scripts will cause Design Compiler to map all /O ports
specified to an Actel /O buffer. The clock function, described in the
VHDL design file, will be mapped to a CLKBUF. After each switchis
set, messages appear showing the corresponding switch function
being implemented for applicable IO ports, as shown in the example
below:

Performing set_port_is_pad on port 'inl'
Performing set_port_is_pad on port ‘'outi!
Performing setgad-type on port tinl!
Performing setgad-type on port ‘outil:
Performing setgad-type on port ‘CLK'

Where, inl, outl and CLK are examples of port names.



Chapter6

54

A simpler way of applying /O buffersis by using the script,
setsort-isgad <desi gn- nane>

Which places an INBUF on an input, OUTBUF on an output and
CLKBUF on aclock line.



/

Most Frequenfly Asked Questions

Where do | install the Actel/Synopsys libraries and how do | read
in the libraries?

The libraries may be installed anywhere on the system and the
following path should be specified in the .synopsys_dc.setup file:
target-library = ~synopsys/library/actXx_31.db;
synbol - l i brary = ~synopsys/library/actXXsym.sdb;

link-library = ~synopsys/library/actxx_31.db;
read ~synopsys/library/actXxx 31.db;

Where, XX = 1,2,3 are the actel family pointers, (e.g. n=3 specifies
ACT?3), and ~synopsys/library is the directory where the libraries
have beeninstaled. If thelibraries areinstalled at adifferent location,
the library path should be modified accordingly.

What scripts do | need to set for generating an Actel specific EDIF
netlist ?

Thefollowing scripts have to be specified in the .synopsys_dc.setup
filein order to generate an Actel specific EDIF netlist:

edifout_no_array = true

edifout_netlist_only = true
edifout_power_and_ground_representation = cel
edifout_ground_name = GND

edifout_power_name = VCC
edifout_ground_pin_name = Y
edifout_power_pin_name = Y

edi foutqrettyqgrint = true
read_array_naming_style = "$s<%d>"

Does Actel support backannotationin Viewlogic's Viewsim?

Actel is till in the process of testing this flow for backannotation.
However, several customers have successfully backannotated to
Viewsim. An outline of the necessary steps for backannotation, upon
completion of place and route, are:
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Generate aWIR fileusing,

edi fneti <design_name>.edn

Thewir filesare placed in the WIR subdirectory of the primary
design directory. If you wish to generate schematicsfor the design,
use

vi ewgen <desi gn- nanme>

Then generate a vsm file using,

del2vl <desi gn- name>

What scripts do | need fo set for Actel specific EDIF netlist
generation for back annotation?

Using theungroup command for flattening the design isrecommended
for an optimal design. However, this puts /'s in instance names in the
Synopsys generated EDIF file, which is mistaken as a level of
hierarchy during the Actel design flow. In order to avoid such
confusion, thefollowing scripts should be used for EDIF generation.

Using Viewsim, a Viewlogic simulator, the following scripts should
be set in Design—Analyzer or dc_shell for EDIF generation:

define- name- rul es CAPS -allowed "A-Z 0-9 _*
change- nanes -rul es CAPS -hierarchy

This will capitalize al instance names in the EDIF file, thereby
avoiding any conflicts that might occur due to the case of the
alphabets.

define- name-rules RESI -restricted “/~ -replacenent- char »_*
change- nanes -rul es RES|I -hierarchy
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Thisscript will replaceall /'s with _'s in instance namessince/'s
might be mistaken asalevel o hierarchy at some stage of thedesign
flow. The same script can be used for replacing \'s with another
character.

| want to change the maximum fanouf on my design. It currently
limits me to 16 but | want to reduce it,

By default, the ACT1 library fanout limit isset to 10 and the ACT 2
and ACT 3is set to 16. The maximum fanout can be changed for the
design using the “set_max_tanout” SCript. However, the new fanout
limit should not be applied to the clock buffer network. Thisis
accomplished using:

set_max_fanout <new_fanout> <design_name>
dont_touch_network <name_of_clock_port>

Design Compiler will always choose the most restrictive!!!

| specify my max fanoutto be n. However,this limit is ignored for
logic blocks that have the dont_fouch attribute. Why does
Synopsys ignore this design rule? How can | force Synopsys to
obey this design rule?

Thefollowing suggestion should address this problem:

Remove the aont_toucn attribute on the blocks which do not obey the
fanout constraints. Specify the max fanout at the top level using the
set_max_fanout SCIipt. Then performan incremental compileat the
top level using:

compile -only_design_rule

Consequently, compilation will follow the design rules (for example,
set_max_fanout) and individua blockswill not be recompiled.
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Theread- array- nami ng- styl e Script uses < > instead of () for array
notation. When | write out script files while characterizing,the
script files have < > instead of (). Synopsys cannot read in script
files with < > for array notation. Synopsys can only read in ().
What can | do?

Theread- array- naning- styl escript readsin VHDL which has[ ] for
array notation and convertsthem to < >. If you are characterizing
your blocks and writing out script files, this switch writes < > for
arrays in the script files. However, Synopsys cannot read script files
which use< > for array notation since the array terminology has to be
[ 1. In order to successfully read in the script files after
characterization, the < > array terminology hasto bechangedto| ]
before the script file is written, using the following scriptsin
Synopsys version 3.0c:

define- name- rul es ARRAY -restricted “<” -replacenent- char “[”

defi negame- rul es ARRAY -restricted “>” -replacenent- char *]”
change- nanes -rul es ARRAY -hierarchy

Thefollowing script will list the rules being applied,

report - nane- rul es ARRAY

These scripts will ensure that the script filesare written out with [ ]
rather than < > for array notation.

Why do some of the ACT2 and ACT3 macros have “dont_use”
attribute attached to them and how do | remove this attribute?

The “aont_use” attribute has been attached to several ACT2 and
ACT3 sequential macros that use one sequential and one
combinational logic module. These two module macros are
considered inefficient compared to othersin the library.

The “aont_use™ attribute can be removed by using the
“remove_attribute’’ COMMand.
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How do | translate from the Synopsys to the ALS environment?

After optimizing and flattening the design (using the ungroup
command) in the Synopsys environment, and setting the appropriate
EDIF scripts in the .synopsys_dc.setup file,

An EDIF netlist from Synopsys is generated by executing the
following command:

wite -f edif -o <design_name>.edn <desi gn- nane>

The EDIF netlist, <design_name>.edn, is converted to an Actel
specific netlist, <design_name>.adl, file using the program, cae2adl.
The syntax for invoking the command is:

cae2adl -edn2adl fam:<value> ednin:<edif netlist filename>.edn
NObadOrigName:T <desi gn- name>

where,

fam isthefamily type, either ACT 1, ACT 2 or
ACT 3

ednin isthe EDIF fileto be converted, which must

be <design_name>.edn

NObadOrigName:T ensuresthat the Edif nameisused by the Actel
suite of programs if the original nameisnot
completely legal.

<design—-name> isthe name of the design.
Note Asuccessful generation0f the <design_name>.adlfile Wl createtwo

addi tional files in the <desi gn- name> directory: <design_name>.crt
and <design_name>.ipf.
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Invoke the Actel suite of programs by typing,

al s <desi gn- nane> (version: ALS 2.3)
desi gner (version: Designer for X-W ndows)

from the <design—name> directory.

How do | assign pins to my design?

The Actel place and route suite of programs offer fully automatic pin
assignment, logic assignment, and routing. However, the user hasthe
capability of manual pin assignment. This procedureisdescribed in
the Designer Series user guide.

| have optimized my design and generated an adl neflist using
EDN2ADL, but when | try to use Pin Edit, an error stating "bad
checksum, certify the <design_names.ipffile" is issued.

This problem occurs when the top level of hierarchy described in the
HDL is not the same name as the directory in which the EDIF netlist
exists as well as the <design—name> specified in the EDN2ADL
command. For example, if the top level entity in the HDL is dma,
then the EDIF netlist and HDL for the design, dma, must resideina
directory named, dma, and the <design—name> specified in the
EDN2ADL statement must be dma.

After making design changes and regenerating a netlist, Actel
no longer recognizes my <design_names.ipf file. Why?

Only if users have changed their primary I/O nameswill they need to
follow the instructions below:

Users who have completed their board design need to fix pinson their
chip. Thisfixed pin information is saved in the <design_name>.ipf
file. After every design iteration a new edif netlist,
<design_name>.edn, is created. Consequently, a new
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<design_name>.ipf file has to be created since there will be
mismatches between the old <design_name>.ipf and new
<design_name>.edn. The <design_name>.ipf file will not
automatically update itself to match the new edif netlist.

61



Chapter 7

62



