Using Active-VHDL Design Entry and Behavioral
Simulation with Atmel IDS 6.0

A Guided Tour Using Atmel’s Averager Example Design

Introduction

Active-VHDL 3.5 now supports Atmel
AT6K and AT40K FPGA behavioral sim-
ulation libraries. For existing users of
Active-VHDL, who may wish to retain
Active-VHDL’s familiar design entry and
project management environments while
targeting Atmel FPGA families, this doc-
ument presents a method in which
designs can be moved through the
design flow across independent synthe-
sis and implementation toolsets.

In the area of synthesis, many synthesis

software developers now support the

AT6K and AT40K FPGA families, includ-

ing, for the PC platform:

* Everest Design System (software and
license included with Atmel IDS
install)

* Exemplar Logic Leonardo Spectrum
¢ Synopsys FPGA Express

* Synplicity Synplify

¢ Orcad Express

For this guided tour, it is assumed that
the user is familiar with or will further
explore the Active-VHDL Design Entry
and Simulation environments, and the
EDS synthesis tool mentioned above.
Please refer to the CAE Interfaces sec-
tion in the IDS Tutorial for additional
details regarding use of these synthesis
tools.

The following sections describe a data
averager design written in VHDL. It is
first opened in Active-VHDL, and then
subsequently optimized with one of the
above synthesis tools, before implemen-
tation into an AT40K FPGA using
Atmel’s IDS software.

The basic flow described in the following
pages represents the fastest path to
implementation in an Atmel FPGA. While
there is a cursory overview of pre-
synthesis simulation, the user is strongly
encouraged to perform pre-layout and
post-layout simulation as well as to uti-
lize the effective desigh management
features of Active-VHDL.

Example Design

In this guided tour, the “averager” design
will be used. This design implements a
waveform smoothing function repre-
sented by:
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The smoothing function is used in many
DSP applications to filter out high fre-
quency spikes. These spikes are the
source of noise commonly found in com-
munications channels. They can be
eliminated by taking the moving average
of sample values arriving at the input of
the system.

The design in this example is an “aver-
ager” circuit with eight moving points.
The hardware specific details of the
design are described below.
INTERFACE: The “averager” design has
8-bit input and output data lines. The
design also has a clock pin and a reset
pin.
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ASSUMPTIONS AND OTHER DETAILS: Only positive
values can appear on the input data lines (the input is
assumed to be level-shifted). During the implementation of
the system, a valid output waveform can be expected on
the ninth clock. However, since the outputs of the last and
intermediate stages are registered, the actual output wave-
form starts occurring from the eleventh clock cycle
onwards.

This assumes use of IDS 7.0 or above.
Getting Started
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Active-VHDL Design Setup

Make sure the Active-VHDL tool has been installed on the
path that has no space in between. Otherwise, it will give
errors.

Upon invoking Active-VHDL, the user is presented with the
Getting Started dialog. To access the “averager” example
design, select “More designs.”

I ' Create new design

More designs... |

[T &lways open last design

Cancel |

The Design Explorer is launched, allowing the user to
access all registered designs including those located in the
Samples folder. Click on OPEN and go to atmel/exam-
ples/at40k/activeVHDL/. Double-click on “averager”.

The behavioral source file, testbench, and functional simu-
lation macro (script) are listed in the Design Browser.
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To compile the source file averager.vhd and testbench
Aver_tb.vhd, right-click on averager.vhd and select the
“Compile All” in “Folder” option from the context sensitive
menu.
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The green check representing the VHDL files indicates that ~ top-level unit, right-click on a unit from among the library
these files have been successfully compiled. contents and select the “Set as Top-Level” option from the
It is also possible to change the top-level unit to later allow ~ Context sensitive menu.

the simulation of a given subdesign. To change the

Active-VHDL (Atmel_averager) [_Ta[%]
Fils Edt Seach Yiew Design Simuation [ools Hel

D@2 @[S e 0@ [e S| » m oo o |50 Nosmiaion

esiqn Broviser x » x
I3 CFG_aver_TB <]

&K Add New File

(] reacime txt

- @ Averager.vhd
Y =1 Oreg (beh)
B acds (behv)
B acasreg (behv)
1BY averager ctoplevel)
B initadd (eh)
2 regs ek
2 regsen (hehw)
2 =19 (beher)

= @ Aver_thvhd
) aver_TB (b_arch)
B CFG_aver_TB

€2 functional do

= il Atmel_averager liorary
WY ad Oreg (behv) ‘[ File: .\src\Aver tb.vhd e
B acds (hehv) * |- compile Entity "aver TE"
I addoreq (hehv) ‘| compile hrchitecture "th_arch” of Entity "aver TB"
12 aver_TB tb_arch) 7 Compile Configuration "CFG_aver TB"
W) sverager (toplevel) /= | ° Top-Level unit detected
I initadd (vehv) [5|= Configuration => CFG aver TB
2 regs (oehv) Compile success 0 Errors 0 Varnings Analysis time : 4.0 [s]

: Elaboration process. [

) 519 (beh) [ View Saurce : Elaboration time 0.5 [a].

| C Q{7 Set as Top-Level
Generale Test Bench =l

2 Files ‘ﬁam:iﬁg P——— le /H4 Find ;& Compilation ) ® Simulation /

NUMW

To proceed in this guided tour, please ensure that averager  Clicking on the “Root : Averager” item shows all the signals
is selected as the top level. A unit’s status as top level is and ports under this design level. A new waveform window

indicated by boldface type. can be invoked by selecting the File -> New -> Waveform
option from the drop-down menus. Signals from the listing
Active-VHDL Pre-synthesis Simulation window can be dragged individually or as a group over to

G . the waveform window.
The structure of the top level unit, in this case averager, is

viewed by selecting the “Structure tab of the Design
Browser”.
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Active-VHOL (Atmel_averager) - Waveformi *

File Edit Search

[D-=@d

View Design Simulstion Waweform Tools Help

(D[ B o i QG @& 2 S e b oe [ 0 45202 =  Nosmiaon

B

Da<ign Browsar - x » x
Eavela@el [topleved) j JJ % B2 R I P ”k Q&8 ® Q@ Q - i J SN IM
= 4 Root : averager Hame |Vaha IEIL.I - 50 . 4 . 100 . ns
B F ut : initadd o LK —
4 02 initadd
B F U3 initadd
B 4 initadd
@ Lk us: adddren v
[+ 4 b addsren o cliarr et Tl —
B 4k u7 - add10reg M dout ot
[ Lk us: regien A ENAB |y o
Copy
 fF ug: sra o it | e
Gl )
& line_a41 == =
@ e standerd ¥ Delete Kl K[
B ie=e st _logic_1164 5 owavel  Clear Waveform
@ exemplar exemplar_1184 e
[~ ELE: @ End.. e 0.1 [=]. =l
INg,m Value I_;l o ERAR =S i e hoess.
- PLE e 0.0 [3].
U resultSadda  Unavailable | o ELE] @ Properties .. —
M reasuftSaddb  Unavailable F o ELEREAD: Eleboration time 0.2 [3].
o resdla Unavaisble /| © ELBREAD: Elsboration process.
o ELBREAD: Eleboration time 0.0 [3].
A resulth Unavailable o ELBREAD: Elaboration process. o
roresulic Unavailable o ELEREAD: Elaboration time 0.2 [3].
>
W resulid Unavailable - -
2] Files % Structure /{3 Resources | 8 Console /44  Find &3 Compilation ; ® Simulation /
1 signal(s) selected LM

can be dragged from the waveform window to the Stimula-
tors window.

Right-click on any input signal in the waveform window and
select the “Stimulators...” option from the context sensitive
menu to launch the Stimulators window. Additional signals

Stimulators

Signals | Hotkeys | Predfined |

Signals: Stimulator type: Strength:

Name Type |Clock j |Dverride ;l
CLK Clock

v R Formula !

L1

pr—

| ' 50 %

R

[0]
Frequency: [10MHz

" Display paths Apply




A functional waveform can be generated by way of apply-
ing Clock-, Formula-, Predefined and/or Hotkeys-driven
stimulus over simulation time. This functional waveform
can be saved and later used for (1) testbench generation

and (2) automated comparison against pre-layout and post-
layout simulation waveforms.

The Test Bench Generator Wizard may then be invoked by
selecting the “Generate Test Bench...” option from the
Tools drop down menu.

Test Bench Generator Wizard

¢ Select the design entity for which you want to generate
a test bench. The wizard will generate appropriate
source files and a macro file for the test bench,

Entity:
=

Architecture:

| toplevel

Test Bench Type:
¥ Single Process

" WAVES Based

=

< Back I Mest > I

Cancel | Help I

For this guided tour we have provided the testbench
aver_tb.vhd. Select “Cancel” from any screen within the
wizard to exit and proceed.

The Test Bench Generator Wizard is capable of providing
not only the test bench source code, but also an accompa-
nying configuration file (.vhd) and an executable macro
(script) file (.do).
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Right-click on the “functional.do” macro and select the
“Execute” option from the context-sensitive menu. This
macro (1) compiles all source files including the test bench,
(2) initializes simulation, (3) adds the UUT (unit-under-test)
ports to the waveform window, and (4) runs the simulation
for a specified simulation period.
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Synthesis

Synthesis may be performed by any tool that supports
Atmel’s AT6K and/or AT40K technology. EDS is introduced
below in its GUI format. Proven designs can be synthe-
sized by writing macros (.do) that launch the tools in a
batch mode. Please note that this sample design was writ-
ten with constructs verified against Everest only.
Performing this guided tour with other synthesis tools may
result in errors.

Everest

Active-VHDL'’s Tools drop down menu can be setup with an
option to EDS (Everest Design System). Select the “Prefer-
ences...” option from the Tools drop down menu. Provide a
name for your menu command and then provide the
required command line and initial folder information as per
your installation of Atmel’s IDS. On the command line, type
in the correct path for the EDS execution file and provide
the correct path for the Atmel_Averager file. Click “OK” and
you will find your new menu command under the Tools
drop down menu. Launch EDS by selecting the new EDS
option from the Tools drop down menu.

Preferences K1 E3
Simulation I Debug I Compiler I HDL Editor | Console |
Fonts and Colors I Wwaveform | State Editor I windows ~ Tools
Menu commands: P o

Leonarda Spectrum

LCommand:

IDt'\I:A.ETnols‘«IDS\bin\Eds exe

Arguments: |

Initial folder:

[~ Prompt for arguments

|'\Aclive‘u"HDL‘\F'loiects\&tmel_Averager\src _>]

o]

Cancel | Soply |
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Upon entry into EDS, you will be presented with the follow-
ing flow:

Welcome to the

Everest Design System (EDS) 3.0.00D
{c) Copyright 1996-1998, All Rights Reserved
Everest Design Solutions, LLC
[NEW] Technical support email: eds@best.com

Target Technology
Input Design
Synthesize
Output Design

- [Ofx]

Click on “Target Technology” and open at40k.lib.

Close the resulting Log Output window and click on “Input
Design.” Open the averager.vhd source file.

. Synthesize

' Automatic Pad Insertion

Default Input buffer ibuf
Default output buffer obuf

Default inout (bidir) buffer

Close the resulting Log Output window and click on “Syn-
thesize”. Select the options as shown below:

=10 x]

List Ports |

bibuf

optimization level: - low

~ med

¥ high

Execute

close |

Click on “Execute” and close the resulting Statistics and
Log Output dialog windows.

Click on “Output Design” and save to Averager_eds.edf.
Note that the black boxes result from modules generated
during synthesis as opposed to structural VHDL embedded
within the source file. These black boxes are replaced by
the macros generated during netlist import to Atmel’s IDS
software. A full listing of macros to be resolved is located in

Averager_eds.mgi. This file is written during the Output
design stage.

The EDS command line in the Log Output window can be
used to apply advanced features such as reading in multi-
ple design files and writing post-synthesis HDL for
simulation.

Close the Log Output window and click on “Quit”.
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. Log Output M [=] 3
EDS: synthesize -P -R "-{ Syrthesis done :
Synthesizing ..
1000 bottles of beer on the wall, Total cells: 140
1000 bottles of beer.
you take 1000 out, pass them around,
0 bottles of beer on the wall Ok I
Gate_Type Count Cost-Gate Total Gate_Type Count Cost/Gate
asa_a 4 0.00 0.00 asa_b 2 0.00
asa_c 1 0.00 0.00 fgenlr 134 1.00 1
fgen2r 4 1.00 4.00 ibuf 10 0.00
obuf 8 0.00 0.00 one 1 1.00
ZEero 1 1.00 1.00
Total Gates :
Total Area Cost : 140 cells (+ area of inferred macros. if any) =
/
= | =
EDS> |
Completed (%)
close | 100
|

Implementation with Atmel’s IDS

Active-VHDL’s Tools drop down menu can be set up with
an option to Atmel’s IDS. Select the “Preferences...”
from the Tools drop down menu. Provide a name for your
menu command and then provide the required command
line and initial folder information as per your installation of

option

Preferences

Simulation I Debug | Compiler I HDL Editor I Console |
I State Editor I Wwindows

Fonts and Colors I ‘W aveform

Menu commands:

IDS. On the command line, type in the correct path to
execute Figaro and provide the correct path for the
Atmel_Averager file. Click “OK” and you will find your new
menu command under the Tools drop down menu. Launch
IDS by selecting the new Atmel IDS option from the Tools
drop down menu.

7] ]

Tools

Fub s 3 2

LCommand:

ID SCAE T oalsh DS \bintww25. exe

Arguments:

ID:\CAETnols\IDS\bm\hgam, im

Initial folder:

|d:\caetncls\.ﬁctive\-’HDL\Plu:uiects\Atmel_A L'
[~ Prompt for arguments

[ o ]

Cancel I Looly I
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Given the IDS desktop, click on OPEN followed by Design.

=[] ]

B b ew Loy fow Dok Gpbem el ten \
P BRROBE S 1o o b Fom e |

gt s @ (Mg 10 & Macinr T

[oe] o] _cmef

g SO

5

Owiry 98 Devtig o Naro. . 10 - Tarivy) o Movesieer 29, 1984 12005 pe
Ot wa Darvipr or Mlacro  infe - Finithed on Rirvermber 200, Y508 of 128024 pn
Cpsan an Davigr o Mscte. - rfs - Saring an Moveriber 27, 17908 ol 124206 e

s

(1]

Within the Design Setup dialog window, select “New
Design” and enter the information for the Averager design.

Design Name: Design Directory:

I i \CAETunls\Ac‘tive\fHDL\Pmiects\Atm&I_% Cancel I

ActiveYHDL
Help I

Iaverager_a:b

»

averager_eds edf

|

=

. o
=]

Projects
Atmel_averager

-

Files of Type: Drives:

[EDiF Hetiist ¢.can [z |
Configuration:

|aTa0k |
Tools Flow: Tools Flow Description:

Exemplar-MTI ﬂ Import het : EDIF

Exemplar-erilog Export Net  Flat %HOL

Everest-Yerilog

Export Delay : Flat/Hier. SDF

Click “OK” until you return to the IDS desktop.
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When presented with the AT40K Macro Generators dialog
box, click on “Browse” to set up a design library.

AT40K Macro Generators
e n‘h‘
O Fleiitan iz ) [ Shled ‘ ﬁs‘?-a
asa_c
0 REgiste ) Digskies ‘ asa_b
Lo el O irput C TTRNT ) Elrr ‘
I Sianed Overfiaw Fir

v T e fo T acpectrao oo |

I inverticlock P2 |initisfizeftion Pafariyi= Loy,
rtisfzedion
((? FEseh ) aa £ Ghe
g
Macro Type |-“c-|: Ripple Carry | I_Updaad
Pin Map File | | ¥ Component Existe
User Library | LI Browse. .. |
ol toEatct | Generate | Cancel | Help I e EEtGH |
ELihrary Setup BEE
Library Search Path | L’
------------ Add Before... cancel |
Ldd Efier
Help I
i Library Names
------------ Add..
Create..

IREMIOVE I

O] ]

=]
Click on “Add Before...” to create a new library as shown
below:
T"jAdd Library and Path
Library Name: Directories: oK
I user i, ‘ .Jetmel_averagerisrc Y
caetools :I
activevhel
projects

atmel_averager

List Files of Type: Crives:

|Libraries i)

=] e

il

Hi

FPGAs
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Click “OK” and “Yes” in succession until you return to the
AT40K Macro Generators dialog window. Back in the
AT40K Macro Generators dialog, the new library will be
listed as the User Library.

Click on “Generate”. Modules identified during synthesis
are now generated and stored within the new library. Upon

EOptiu ns

completion of this task, click “Cancel” to close the AT40K
Macro Generators dialog window. IDS will display a Design
Browser window. If the Map flow button (next to Open) is
disabled (on the IDS desktop), select the “Options” option
from the Options drop down menu and configure the Map-
ping settings as indicated below.

Topic:

Mapping Control

AT40k Bitstream 4 Mapping Enabled
ATEk Bitstream
Delay Calculstor

Design Checker

) | Map to Multi-Core Macros

| ﬂ oK |
Revert to Defaults |

Cancel |

Design Configuration — Preservation
Design Constraints

ECO

Export Formats

HDL Planner

Help

MGI Support

r Design Hierarchy
[ Dangling MNets

™ Mutti-Core Macros
r Multi-Cutput Macros

Help |

MGL Editar

Part Selection -
Partitioner

Place and Route

Synthesis Tool Invocation

1] | >

=

Click “OK” to exit back to the IDS desktop and continue the
implementation flow by clicking on “Map”. A Map Browser
results, typically with a more optimal set of pad and cell
instances than that in the original Design Browser. In gen-
eral, combination logic is mapped to the LUTs embedded in

the core cells (FGENs) and some unregistered low input
count functions may be combined into other existing core
cells.

Next, click on the “Parts” flow button and select a device.

. Enough “ |
[ ==

Cancel

Part Select
Architecture: Part Name: (¥ usable pins)
I.n.tmel 30000 ;l AT40KOSLY -3RQC (78)
Package: ATADKOSLY-3RQI (78)
TR AT40KO5LY-3RAM (75)
Any - AT4OK10-28JC (62
ST AT40KA0-2801 (52)
Application: ATADKIO2AM  (B2)
Any - AT4OK10-280C  (78)
. ATAOK10-2801  (78)
Speed: AT40K10-28QM  (78)
Any - lI

Relstive Logic Size (Gray) and Part Capacity (Green)

_

_'Ill Help I

In this example, the part capacity clearly exceeds the
amount of logic to be placed. You may add one such part
by clicking on the “Add” button. Alternatively, you may click
on the “Enough” button which will effectively add as many
devices of the part type selected as needed to meet the
required logic, RAM and 10 counts.

After adding one or more parts, click “OK” to exit. Then
click on the “Partition” button in the Parts window. With the
Parts window active, the user may assign IO pad attributes
and pin assignments from the Edit drop down menu.
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Before proceeding, visually inspect the Parts window. Does
the number of devices make sense? Each outline repre-
sents one FPGA. Does the pink utilization bar fall outside
the device outline (i.e. exceed 100% utilization for the given
device)?

In the final stage of implementation, click the “Compile” but-
ton on the IDS desktop. The status of the operation is
continually updated in the console section of the IDS
desktop.

Upon completion, double-click on the device shown in the
Parts window to open a new Compile Window. This window
activates many of the editing and search features that
would assist the user in floorplanning and resolving conten-
tions. Powerful zoom in and out features provide excellent
resolution on logic cells, RAMs, 10 pads and routing
resources.

Efigam - averager_eds : d:\CAETools\Active VHDL \Projects\Atmel_averager'src

B8 Ele Edt ew Lbrary Dming Flow Tools Opfions Window Help -2 x|
s EEHEocCEHE NI 220w A

0P EAL08 BD

o

ar
]

Compile: info - Resetting display threshold for Routing Resources and Nets to 4% and Unrouted Nets to 14%, for current device |
Compile: info - 5 zoom levels use 0.3 MBytes for device section bitmaps (of allowed 3.0 MBytes).

12
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Timing constraints can be applied with the Compile window
active both before compilation (for the non-default option of
timing-driven optimization) or after compilation (to force a
path delay analysis). Where compilation fails, an option
exists to force the place and route tools to try more algo-
rithms. The default effort level is 2 out of 5 where 5
represents the maximum effort level.

If configuration fails during hardware verification, the user
is advised to carefully review the bitstreaming options avail-
able under Options -> Options -> AT40K Bitstream. Refer
also to the “AT40K Configuration Guide” application note.

Of final interest would be the outputs of the implementation
session. Selecting the “Export...” option from the File drop
down menu provides the following reports:

Export Dialog | X

File base name:

I averager_eds,

 Constraints

e
[~ Locked Pinout ¢ pin)
[ Timing (* tmer)

-

~ Ry rt
ports

[ Al Pinout ¢* pir)

™ Utilization Stetistics ¢* sts)

- Timing
[ Net delay table (*.ndl
[™ Path analysis (* pdl)

 Back Annotation
{% None
™ Flat VHDL and SDF
8

=

Please note that back annotated files are stored in the
\figba subdirectory.

Some additional files automatically created from saving the
design and bitstreaming are:

Averager_eds.fgd: IDS design database including
placement, routing, desktop info.

Averager_eds.rct: Repeat constraints file.

Averager_eds.hxr: Intel Hex bitstream file for use in
industry standard programmers.

Averager_eds.bst: Tabular ASCII-binary bitstream file
for use with IDS, CPS and DOWNLDA40.exe; (PC plat-
form only).
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