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Section 1

Introduction

This tutorial is intended for first time users. Software updates can be downloaded from
the Atmel web site, at http://www.atmel.com/dyn/products/tools_card.asp?tool_id=2752.

When running the FPGA and AVR stand-alone designs, the design must be combined
at the end using System Designer. If this method is used, the interface must be clearly
defined prior to the design stage, since the FPGA-AVR interface is fixed in silicon.

Y F)
1.1 Design
Description

Quickstart Tutorial

The design in this tutorial shows the user how to use the switches to invoke different
interrupt service routines.

Four switches (SW1 — SW4) are connected to the AVR external interrupts. Pressing the
switch will send the signal to an AVR external interrupt. When an interrupt occurs, it
jumps to the corresponding program segment (C or Assembly) to execute the code that
will be displayed on the LEDs.

Four switches (SW5 — SW8) are connected to the FPGA 1/0Os. When the switch is
pressed, the signal will be sent to the FPGA interrupt (INTAO — INTA3). When the AVR
receives an interrupt, it will jump to the interrupt service routine and send the load signal
to the FPGA to display different characters on the Alphanumeric LEDs. The AVR CLK is
connected to the FPGA Global Clock (GCLK 5), see Figure 1-1.

Figure 1-1. FPGA-AVR Connections

GCLK5 [«€ AVRCLK
SWITCHES LOAD[3:0] |« IOSEL[3:0]
[8:5] FINT[3:0] > INTA[3:0] | SWITCHES
[4:1]
FPGA AVR

ALPHAO ALPHA1

€
1 <€
LEDs (<€

ALPHANUMERIC

ALPHANUMERIC 0
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Introduction

1.2 Design Flow

The flow below provides a step-by-step explanation of quickstart_lab:

1.

Compile Assembly/C Code: Wavrasm Assembler creates the gs_avr.hex
file. Using ImageCraft Compiler creates the gs_avrim.hex (used for down-
load) and gs_avrim.cof (used for debugging) files.

AVR-FPGA Interface: Defines the connections between the embedded FPGA
and AVR Core; gs_fpga.ict is created.

Pre-layout Co-verification: Pre-layout co-verification provides a simulation of
the FPGA design with the AVR code, including the timing information from the
FPGA.

Synthesize VHDL Code: LeonardoSpectrum creates the gs_fpga.edf netlist
file. This file is imported into the Figaro Place & Route tool.

FPGA Place & Route Using Figaro: gs_fpga.edf isimported into Figaro to
place and route the design, gs_fpga.bst is created.
Post-layout Co-verification: Post-layout Co-verification provides a simulation of

the FPGA design with the AVR code, including the timing information from the
FPGA targeted to the architecture of your design.

1.3 Expected
Results

1-2

There are four patterns that are shown on each set of LEDs depending on the switch
pressed, see Table 1-1 and Table 1-2.

Table 1-1. LED Patterns

Switches LED
1 Count Up
2 Count Down
3 Knightrider
4 Bounce

Table 1-2. Alphanumeric LED Patterns

Switches Alphanumeric LED
5 *
6 +
7 X
8 0

ATMEL
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Section 2
Step-by-Step Procedure
2.1 Setting Up the The source files for this application note can be found within the c:\SystemDe-

2.2

Example Files

signer\Examples\AT94K\Coverify\2451.zip file. Alternatively, the source files
may be found in the FPSLIC System Designer Software card of the Atmel web site
(http://www.atmel.com).

The contents of the zip file are shown in Table 1.

Table 1. 2451.zip Contents

File Description

gs_fpga.vhd VHDL® Design File

gs_fpga.pin FPGA Pin Assignments

wave.do Command File for Hardware Simulation. This File is not Required
for this Tutorial.

gs_avr.asm Assembly File for the AVR Design

gs_avrim.c C File for ImageCraft Compiler

at94kdef. inc Include File Used with Assembly File

Before starting the tutorial you need to set up a directory for training.
1. Create a directory under c:\training\fpslic\labl.
2. Copy 2451.zip tothe labl directory.

Installing
ImageCraft™
Compiler

Quickstart Tutorial

1. Insert the System Designer CD into the CD-ROM drive.
2. From the CD browser go to Install Products and select ImageCraft C Compiler.

The complete version of ImageCraft will run for 30 days after the installation. After the
30 days, it will ask you to register the application. If you do not register the application,
ImageCraft can still be used, but it is limited to 2K of code space.

21
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Step-by-Step Procedure

2.3 Setting Up the 1. Double-click on the System Designer icon on the desktop. System Designer
Project opens, see Figure 2-1.

Figure 2-1. System Designer Window

F.]Atmel System Designer [no project]

SYSTEM DESIGNER °

ATMEL Corporation

2. Goto the Project menu and select New... to create a new project. The New
Project Wizard appears. The New Project Wizard allows you to select your
project directory, select which part you want to target and set up the design tool
flow, see Figure 2-2 to Figure 2-7.

Figure 2-2. New Project Wizard — Step 1 of 6
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Step-by-Step Procedure

3. Press Next >. The Create Project File window opens, see Figure 2-3.

Figure 2-3. New Project Wizard — Step 2 of 6

Create Project File

Selacta name and directony path for your new project using the co
below. When you are ready, click Mext'to continue.

Z m ¢ rainingipslicilak1dabi ap] E.rowsel
L O
wn v
o
Cansel | Eifet |

4. Change the directory to c: \training\fpslic\labl and name the project
labl.apj. Press Next >. The part selection window appears, see Figure 2-4.

Figure 2-4. New Project Wizard — Step 3 of 6

What part do you want to use 7

Choose a part for your project fromthe
Part Mumber list below.

Architacture: Part Mumber:
[any =] [aTa4K05-2520C (=
= ATO4KO5-25A00
n: Produst Family: ATO4KOE-25BQC
L [ any =| |aTodKos-25DQC
E _ ATH4KT 0-254C
Z Package: ATO4K1 0-25A00
LL] o [ Any =| |aToari0-25B00
| ; ATO4K1 0-250Q0C
I"‘ = pocchnade: AT94KAD-25BQC
W) | Any RN 7o4kca0-2500C
= s ATR4510-25DGC
>- LU Ll Tl ATO4540-25DGC
0 [ Any [ [l

Cangel | = Back | Mext = I Eirist |

5. Select AT94K40-25DQC from the Part Number box. This is the part used in the
ATSTK94 starter kit.

ATMEL 23
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Step-by-Step Procedure

6. Press Next >. The software tool flow window appears, see Figure 2-5.

Figure 2-5. New Project Wizard — Step 4 of 6

What is the software toolflow tor this
part 7

Please select a software toolset for part U AT34K40-2500Q0C
fram the list below.

T oolflaw: Description:
21| Mentar-HDL o

Mertor-Yerilog

Tools:
AT34K Device Options
HOL Synthesis
Software Compiler
AYVR-FPGA Interface
L Pre-lawout Coverification j

SYSTEM®
DESIGNER

Cancel | Firaret |
7. Select Mentor-VHDL from the tool flow box.
8. Press Next>. The add more parts window appears, see Figure 2-6.
Figure 2-6. New Project Wizard — Step 5 of 6
F.IMew Project Wizard - Step 5 of 6

Would you like to add more parts ?

The list below shoves the partz vou have selected for your project.
I you would like to add more parts, click the add more parts button below.

Wwhen pou are ready, click 'Mest' to continue,

Project Parts:
LM :ATI4HA0-2500C - Mentor-YHOL o

= Add maore parts
+ Done with parts

0
1]
Vil
O
%
1
O

SYSTEM

Cancel < Back | Mewts ¢ Fitish

It is possible to add multiple parts to work on, but for the purpose of this tutorial only
one part will be used.

2 ATMEL
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Step-by-Step Procedure

9. Press Next >. The last window of the wizard appears, see Figure 2-7.

Figure 2-7. New Project Wizard — Step 6 of 6

Congratulations!

You have successfully completed the creation of your new
Syztem Designer project.

The project tree thows the tool: and design files included in pour
project. Uszing the vertical toolbar an the zide of the tree you can add or
delete parts, modify toolflows, o include new design files.

Ta beain, click on a part in the project tree. Thiz will display the design
flovs in the part window. Then, click on any buttan in the design flow to
run the azsociated design tool.

Ta close the Mew Project wizard and beqgin warking with your
project, click the 'Finish' buttan.

Cancel | ¢ Back | fests Finizh |

10. Press Finish to exit the wizard.

The project window now contains 1abl.apj and the part window displays the part
selected, see Figure 2-8.

Figure 2-8. System Designer Window — lab1.apj

F.15ystem Designer (lab1.api) [ O] =]
Project Edit Options  Help
[ | Project labd apj Part - no part
e =
’-@ U4 - ATR4KA40-2500Q0C n ) - " -
(= P HOL Synthesis - raIningp @ Click on the parts below to view a specific flow chart that guides you through the
; F Software Compiler : [dMrainin design flow
) -2 Pre-ayout Coverification - [
A i FPGAFlace and Router : [
? 2 Postlayout Coverifisation - [d
E
=
&
|| | _>l_I
Log
Log: Part U1 : AT94K40-25DQC added 1o project lab1 apj ﬂ
Log: Part U1 (AT34K40-25DQC) toolflow set to Mentor-VHDL j
dtraining\psliciablYaki apj I SystermDesigner Project
Clicking on more info >> opens the online help.
Quickstart Tutorial _‘Illl|l® 2-5
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Step-by-Step Procedure

11. Click on the graphic in the part window to display the Quick Flow View, see
Figure 2-9.

Figure 2-9. Quick Flow View

F,|System Designer (lab1..api) = |
Project Edt Tools Options Help
[3 Project iabt ap) Part - L1 : AT34K40-25D0C
= [P auick Flow | Advanced Flow | Device view |

ERPE 11 - ATo4K41-25DGC o
i} J HOL Syrthesis - [s rainingitab ] Y —— | EE—

| -2 Software Compller  [e o e = I

=2 Pre-ayout Coverificstion : (e trainin e "l T

i o FRGA Flace and Router © [ training = = st A

2 Postlayout Coverification : [e: traini

FPGA Horth 110

@B @& v
2
2
(7o

=
i ATA0K 40AL —~
2 FCR Program our Bvinog
z 8 %48 Array SRAM o ] e
3
g
Dual ICount/| Count/
Port imerd Timer 1
RAM B-bit) 16-bit)
i —r ][ -
Lag
<U1:AT94K40-2500C> —

[w ATS4K40-2500C

24 Advanced Flow The Advanced Flow view shows the steps available for designing with an FPSLIC
device. The arrows on the diagram show the dependencies between the steps, see Fig-
ure 2-10.

Figure 2-10. Advanced Flow

mﬁystem Designer [labl.apj) [_ O] %]
Project Edt Tools Options Help

[ |Preject: lab1 g Fart -1 AT84K40-25000C
= 3 a1 apj Quick Flow ~ Advanced Flw | Device Yiew |
- WA \GA Design TR —— ‘ [=]
u LA HDL Synthesis: [d4rainingdpsli
» & Software Cormpiler: [dMrainings FPGA, Specification Interface Specification AVR Specification
= Pre-lzyout Coverification : [dMrs i * ‘
.~/ FPGAPlase and Router : [d:rai HOL Entry Device Options Cadle Entry
= Post-layout Coverification @ [d:ir Text Editor AT94K Device Option Text Editor
Stancialons Functional Interface Connections Campiler
Simulstion
AYR-FPGA Interface SW Compiler_
Simulator l
HOL syrthesis Prelayout Coverification Standalane Functional
Synthesis Tool Pre-layout Coverify...
l SW Debugger...
FPGA Place & Route Postiayout Caverification
Figaro IDS.... Post-layout Coverify ...
Standalone Postiayout
Simulation Programming LHilty
Simulator Device Programming
|| — Ll_l L]
Leg
Log: Part U1 {AT94K40-25DQC) toalfkow set to Mentor-¥HDL d
Log: Calling program:"C'PROGRA - 1P lus'"MIC ROS-1Yex phore exe -nobome C:1SystemDesigne 13 0thelpifpslicidevicelfps ic_htm" j
W3} AT4KA0-25000
2-6 _‘ IIII|l® Quickstart Tutorial
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Step-by-Step Procedure

25 Compiling the
AVR Assembly
File

For design entry using assembly language refer to the AVR Instruction Set summary in
the AT94K series datasheet. The instruction set summary describes the details for each
of the supported functions in the FPSLIC.

1. Press the SW Compiler button to open wavrasm.
2. Goto the File menu and select Open File...

3. Navigate to the correct folder c: \training\fpslic\labl and select
gs_avr.asm.

4. Go to the Assemble menu and press Assemble. A report window opens.
If successful, close the assembler and return to System Designer.

If the design is not assembled successfully, the message window will display the error
messages. Check if at94kdef . inc is missing in your design directory; if this is the
case, extract at94kdef . inc from 2451. zip and save it to the lab1 folder.

2.6 Synthesizing the
FPGA file

Quickstart Tutorial

1. Press the Synthesis Tool button. A dialog box to add VHDL files appears, see
Figure 2-11.

Figure 2-11. Add VHDL Files Dialog Box
[A]

WHDL files are not added ta the 'HOL Synthesis' Tool in the project tree view pane on the left hand side.
TheYHDL files should be added in the battom-up order i.e file with the top level entity should be selected last in the file
selection browser, Do you want to Add VHOL files now?

Ged =

2. Press Yes. A file selection window appears.
3. Select gs_fpga.vhd and press OK. LeonardoSpectrum opens, see Figure 2-12

Figure 2-12. LeonardoSpectrum

Lk Fsemplar { pasc - LeonardoSpectium Level 1 Atmel - [Exemplar Logic]

L¢ Fils Edit View Tooks ‘Window Help 18] =]
5] jEmasmza BEE @ @] jceas| [sm@oe||H
bl <] Reading library file ‘D:\SystamDeswner\EXEHPLd
ek B l Library wersion = 1.010000
Delays assume: Tewp= 70.0 C Voltage=4.75 ¥ P
Rur the entire flavs fram this ane condensed page. Specify your source 1@ Info, Working Directory is now 'c:ltraininghfp
filesfs], technology and desired frequency. then press Run Flow -~ Reading file D:)3ystenDesigner\EXEMPLARYda
—- Loading package standard inte library std
~ Teshnolagy Input

-- Reading vhdl file c:/training/fpslic/labl/g

B Atmel 7 poavhd —- Reading file D:\SystemDesicmer)\EXEMPLARY\da
i ATAOK -~ Loading package std_logic_l164 into library
ATBKOZ -~ Searching for SVNOPSYS package std_logic_wn
- ATEKD4 -- Reading file D:\3ystemDesimmer\EXEMPLAR\'da
ATSAK -- searching for SYNOPSYS package std_logic_ar

-- Reading file D:\SystemDesigner‘\EXEMPLAR'\da
-- Loading package std_logic arith into librar
-- Loading package STD_LOGIC UNSIGHED ints lih
-- Loading entity 0% into library work

-- Loading architecture BEHAV of 035 into libra
-- Compiling root entity 05 (BEHAV)

®7c: /training/fpslic/labl /qs_fpga.vhd”,line 46:
Device: & s/training/fpslic/labl/y2s_fpga.vhd”, line 47:
= @®"c: frraining/fpalic/labl/ys Epga.vhd”, line 48:
Oper files: ®7c: /training/fpslic/labl /qs_fpga.vhd”,line 49:
Speed Grads: ®7c: /training/fpslic/labl/qs_fpga.vhd”,line 56:
= R E“" ®"c: /rraining/fpslic/labl/qs_fpga.vhd”,line 6l:
®7c: /training/fpslic/labl/gqs_fpga.vhd”,line 63:
"EDH 1 I % Info, Command 'read' finished successfully =
Fun Flow | Help | i L
M| 4| }|N|\ Acive Rewiem f Tranzcript |F\Ilered Transcmpll
Ready [ [\wéorking Directory: e \rainingfpslic |Line 42Cal1 4

4. Select AT94K as the Technology. Leonardo® automatically lists gs_fpga.vhd
under input files and lists the output file name asgs_fpga.edf. gs_fpga.edf
will be imported into Atmel’s Place & Route tool (IDS).

5. Press the Run Flow button. Leonardo shows the successful synthesis, see Fig-

ATMEL 27
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Step-by-Step Procedure

Figure 2-13. Synthesis Results

& Faemplar { oee - LeonardoS pectrum Level 1 Atmel

File Edit Yiew Tools Window Help
5 |[Em a2 BEE@o| | sea||s=n|aa||ls vz ]a]]w]
EE

Quick Setup I CLE : 100.1 MHz
Fiun the entire flow from this one condensed page. Specify your saurce
Files{s], technology and desied frequency. then press Bun Flow Critical Path Report
- Technalogy ~ Input Crivical path #1, (unconstrained path)
[=1- Atmel 0s_fpga vhd HAME GATE ARRIVAL
AT40K
ATEKDZ clock information net specified
- BTEKD4 delay thru clock network 0.00 {ideal}
L
reg_cToggle/0 £d 0.00 4.39 up 0
CATHODE_dup0 (0} /G LUTZ z.o0 7.29 up 0
CATHODE (3) _obuf/PAD obuf z.00 39.23 up 0
CATHODE (3} / 0.00 9.29 up 0
data arriwval time 9.29
s data required time not specified
i data required time not specified
Speed Grade: data arrival time 9.29
= ] e
it Wiorking Directory: = unconstrained path
Constraint
’7 Clock Frequency Mhz ‘
i S i -- Design summary in file 'c:/training/fpslic/labl/gs_fpga.sun'
I Extended Optimization Effort ™ Freserve Hierarchy -- Saving the design database in c:/training/fpslic/labl/gs_fpga.xdb
Outpul -- Writing £ile c:/training/fpslic/labl/gs fpga.xdb
4 -- Writing XDE version 1989.1
Output FIIE:|c:/trammgﬂ'fnshcz‘lab1/as_fnga edf —- Start LUT decomposition for design .work.(%.BEHAV
-- Writing £ile c:/training/fpslic/labl/gs fpga.edf
Placs And Roul -- CPU time taken for this run was 2.15 sec
() v e e crlriatis -- Bun $uccessfully Ended On Thu Sep 20 15:05:29 Pacific Daylight Time 2001
n
|® nfo: Finished Synthesis run
Aun Flow I Help I 4
AT ETy nctve Review Transcipt | Fitered Transcript |
Ready [ [\working Directary: ... \trainingfpshicklabl [Line 169 Cal 1

6. Itis not required to save the project. Close Leonardo and return to System
Designer.

2.7 AVR-FPGA
Interface

2-8

1. Press the AVR-FPGA Interface button. A dialog box to select the top-level entity
name appears, see Figure 2-14.

Figure 2-14. Top-level Entity Name Dialog Box

Select the top level Entity Mame

2. Press OK'to accept gs as the top-level entity name. The Select Ports window
appears, see Figure 2-15.

ATMEL

Y © Quickstart Tutorial
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Figure 2-15. Select Ports Window

EI Select Ports

Input dezigh ports

clk

|¥|

din
[Laz=Te )]
loadi1)
load(2)
loacd(3)
swl)
w1l
w2
Swid)
wen

¥ Generate Template Test Bench fils.
Uncheck thiz box if you have an existing test
bench file. Make sure to madify the existing
test bench file to reflect any changes made to
the curent FRGA-4%F Interface.

<4 Connect »» |

<« Digcohnect »» |
Load .ict File |

Help |

Cancel |

| ok |

-

Step-by-Step Procedure

1/0 Select lines from &WH

IDSELAD
ID=ELAT
IDZELAZ
IDSELAZ
IDSELA4
IDZELAS
IZZELAG
IDSELAT
IDZELAS
IZSELAS
IDEELAT0
IDEELATT
IDSELATZ
IDSELATS
IDSELAT4
IDZELATS

AVRloSelects
FPGAIntrupts

D ataFromayR
DataT odWH
AWRContrals

SRaMAddress
L ataFromS Rk
[rataToSRaM
SHaM Controls
FPGACIocks

Sixteen select signals (8 select signals for ATI4K0S  ~
devices) are sent to the FPGA for addressing the

peripherals implemented in the FPGA. These signals
are decoded from 4 O registry addresses

Jid|

lects list.

design.

Select the AVRIoSelects tab on the right.

Table 2-1. Input and Output Connections

Tab

Select load(0) from the Input Design Ports list and IOSELAO from the AVRIOSe-

Press <<Connect>>. Table 2-1 shows all input and output connections for the

Input design port

I/0 Select Lines from AVR

AVRIloSelects

load0 — load3

IOSELAO — IOSELA3

FPGAInterrups

fintsO — fints3

INTAO — INTA3
DataFromAVR Din ADINAO
AVRControls wen FIOWEA
FPGACIocks clk GCLK5

6. Perform all the connections above, the resulting window is shown in Figure 2-16.

ATMEL

®
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Step-by-Step Procedure

2-10

Input design ports

glk { GCLKES
din { AD )
load (0 { ICGSELAD)
load (1) { IOSELAL)
load(Z) { IOSELAZ)

<= Connect == |
<< Disconnect == |
losd (3 { 1OSELAS)
aw(0)
(1) i |
Wiz Load .ist File
2w(3)
wen [ FIOWEA)
Help |
Cancel |
Ok |
=

¥ Generate Template Test Bench file. ;
Uncheck this box if you hawve an existing test
bench file. Make sure to modify the existing
test bench file to reflectany changes made to
the current FPGA-AWH Interface.

Figure 2-16. Select Ports Window — Global Clock Buses

FRGA Clocks from AVE

|GCLK5 i cll{:ll
AuRlaSelects

FRGAIntrrUpts

DataToANE

AVRControls

FPGACIocks |

Two global clock buses (5 .and 6) are driven ﬂ
fremcleck signals generated within the AWVH
core. The AVE system clock connests o the
GCHS and GCKE has a choice of the following: x|

The Generate Template Test Bench file option generates the pre-layout test

bench file for co-verification.

Press OK. A dialog box to add the generated template test bench file appears,

see Figure 2-17.

Figure 2-17. Add Generated Template Dialog Box

Do you want to add the ge nerated Te mplate test bench file
qs_fpga_pretbyhd to the Pre-layout Coverfication Tool 2

_to_|

9. Select Yes.

ATMEL

Y °)
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Step-by-Step Procedure

2.8 FPGA Place & 1. Press the Figaro IDS button. The FPGA Place & Route Tool Settings dialog box
Route opens, see Figure 2-18.

Figure 2-18. FPGA Place & Route Settings Dialog Box — Files Settings

E:lFPGA Place & Route Tool Settings E2
R S S R e |

{* Open EDIF Metlist Ok

" Open Saved FPGA design file [.fad)

Cancel
I Broyyse

= Bun FPGA place & route tool in stand alone mode

Help

A

Select thiz made if vou want to launch the FPGA place &
route tool, to run macro generators.

Files Setings Bl ser Library Settings

The Files Settings tab allows one of three options:

— Open EDIF Netlist

— Open the saved FPGA design file (* . £gd)

— Run FPGA Place & Route tool in stand-alone mode

2. Select the default option (Open EDIF Netlist) from the FPGA Place & Route Tool
Settings dialog box and press the Browse button. A file selection window opens,
see Figure 2-19.

Figure 2-19. File Selection Window

Drive:lci\ j gl

I c:Mrainingfpsliclabl

qs_fpga.edf

File Mame: I gs_fpga.edf oK I
Files of Type: I * edf j Cancel |

3. Select gs_fpga.edf and press OK to return to the FPGA Place & Route Tool
Settings dialog box.

Quickstart Tutorial Alm l
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Step-by-Step Procedure

2-12
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4. Click on the User Library Settings tab, see Figure 2-20. This tab allows the user
to set up user libraries for the FPGA Place & Route tool.

Figure 2-20. FPGA Place & Route Settings Dialog Box — User Library Settings

EIFPEA Place & Route Tool Sethings E

cirainingfpslicusardd b lib

-

K

Help

Canceal

Bl

Ll

Add | Bemnye

————ll5er Library Seftings |
Files Settings :

Press OKin the FPGA Place & Route Tool Settings dialog box.

6. Figaro runs through Open, Map and Add Parts automatically. A Figaro Batch
Options dialog box opens, see Figure 2-21.

5.

Figure 2-21. Figaro Batch Options Dialog Box

ﬁ Figaro Batch Options Hi=]

~De=ign Constraints

Click here to editfassign pin locks ---= Assign Pin Locks |

Click here to import constraints from file ---= Impart Constraints |

~Place and Route
Qualty 01 2 3 4 (05 & Aug

[ Timing Driven Design

0 Click on Compile button to run through the entire FPGA design flove. To run individusl
9 zteps in the design flovy or to do manual place and route, click on OK and select
Windowe-=Mewy Compile window on Figaro desktop

Compile Help

The Design Constraints box has two options available: Assign Pin Locks and Import
Constraints; we will use the latter.
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B Assign Pin Locks — The design constraints allow you to assign pin locks to the
specified 1/Os of the device. If you select Assign Pin Locks, follow the steps below:
— Select the Assign Pin Locks tab in the Figaro Batch Options.
— Select the Design I/Os and Usable Pins one by one and press Lock.
You can export a pin file after choosing the option to assign pin locks by going to the
File menu and choosing Export - the export option is only available if you are in the
Parts window. The pin locks are automatically reloaded through yourfile-
name.rct file when you are finished. If the file was not created, go to the Options
menu and select Options > Design Constraints, check the Auto-import Repeat Con-
straints (*.ict) file and press OK.
B /mport Constraints — Figaro can read pinout constraints from a constraints file named
yourfilename.pin. Since we have provided the pin constraints file, we import
them:

7. Click on Import Constraints. The Import Constraints dialog box opens, see Fig-
ure 2-22.

Figure 2-22. Import Constraints Dialog Box

E Import Constraints _ O]

File Mame: Directories:

I L=_fpoa.pin c:trainingpslicakd
Cancel

o]

............ training
fpslic

ik

Help

Lizt Files of Type: Drives:

| PartFinout (. pin e =]

8. Select Part/Pinout (*.pin) under List File Types.
9. Select gs_fpga.pin to import the pin constraint file.
10. Press OK.

The Place & Route box has two options are available: Quality and Timing Driven
Design.

B Quality — Use the quality buttons to set the trade-off between Figaro’s speed and the
efficiency of the result, see the online help for more details.

B Timing Driven Design — Check this box if you want Figaro placement and routing to
take account of critical paths in the design, refer to the technical reference guide
under c: /SystemDesigner/doc/Tutorial .pdf.

11. Take the default quality settings and timing-driven options.

12. Press the Compile button, this will take you through the placing and routing.

13. When the Compile button turns green, go to the Window menu and select New
Compile Window. This displays the contents of the selected part and you can
view layout details of the device at the logic module and interconnect level.
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14. Maximize the compile window.
Choose one of these options to zoom in:
— Go to the View menu and select Zoom to Area, or
— Press F7
Choose one of these options to zoom out:
— Go to the View menu and select Zoom Out, or
— Press F8
15. Go to the File menu and select Exit.
16. When asked, choose yes to save the design. Figaro will close.
This allows you to return to the existing layout and setup again later. You could do this to

check or modify the design timing if any issues were found during post-layout co-verifi-
cation or hardware testing.

2.9 Co-verification

2.9.1 Changing the
Compiler Tool
Settings

2-14

This section provides complete instructions on how to perform co-verification of the
FPGA hardware and the AVR software using the System Designer tool suite. It also
explains how to change the compiler settings from the default assembler to the Image-
Craft compiler.

1. Right-click on the SW Compiler button, a pop-up menu appears, see Figure 2-
23.

Figure 2-23. SE Compiler Right-click Menu

Launch Tool
ChangeT ool Settings
Add Design Files...
Help

2. Select Change Tool Settings. A file browser window appears. Navigate to
c:\icc\bin\Iccavride.exe, see Figure 2-24.

Figure 2-24. File Browser Window
Drrivve: I':i\ j gl

I c:hicchbin

admin. axe -
avtcals. exe

CLEXE

CO.EXE

cofidump.exe

diff.exe

grep.exe

jasvr.exe

iGGaNT.exe
icGavtice. axe

File M ame: I icoavride. exe

Files of Type: I .eHe j Cancel

Defaults

4

Executable file
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3. Press OK. An update Plug-In dialog box appears, see Figure 2-25.

Figure 2-25. Update Plug-In Dialog Box
R Ot O P S S et G P . |
Do you want to update Plug In:D: Sy ste mDesgner3 01binatod k. plg with the updated

Tl settings ? Updating the plugin will make the new bool settings effectire for all
subsequent sessions of System Designer

_to|

4. Choose Yes if you would like to have ImageCraft C compiler as default compiler
for all your projects. Choose No if you would like to use ImageCraft C compiler
for the current project only.

5. Press the SW Compiler button to open ImageCraft, see Figure 2-26.

Figure 2-26. ImageCraft Window

* ' ImageCraft IDE for ICCAYR [Standard Yersion) [WARNING: 30 Days EVALUATION version ] H= E3
File Edt Search Wiew Project BCS Tools Teminal Help

I dg| s 6 8 a3 L8

It WO PROJECT OFEN

| |[N0 Open File ] |[NDDpeaniect] 4

6. Go to the Project menu and select New. Use the Browser button to navigate to

the correct folder c: \training\fpslic\labl and type gs_avrim as your
project name.

7. Press Save.
8. On the project window, right-click on Files and select Add File(s)... The Add

Files... pop-up menu appears, see Figure 2-27.
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Figure 2-27. Add File(s)... Pop-up Menu
version ] [_ O] x|

take Broject

Add Filels]...
Eemowve Selected Eile

Add Faolder...
Rename...

Optionz...
Clogze

9. Select gs_avrim.c and press Open.

10. Press # to see the added file; gs_avrim.c now appears on the File window,
see Figure 2-28.

Figure 2-28. gs_avrim.c

N version ] =] E3

L gs_aviime
|‘:| Headers
w2y Documents

DOCUMEMNTS

11. Go to the Project menu and select Options.... A Compiler Options dialog box
appears, see Figure 2-29.
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Figure 2-29. Compiler Options Dialog Box

Paths I Compiler  Target |

—Device Canfiguratiol PRIMTF Wersion———————

IEuslom j * zmall [int only, no modifier]
Memary Sizes [Bytesf "~ long [+ long, and modifiers]

Program temory I81 % " float [+foat, [needs > 8K])
BE

Data Memory ™ AV Studio Simulator 10

EEPROM | Addonallio. [

Text Addrezs MwWORD] w0 [" Shings in FLASH only

Advanced

Data Address [BYTE) 0xE0
I g |1 5
I Use long CALLAMP Return Stack. Size

W] e B Mon-default Startup I

¥ 10 Fegs Offset Intemal SRAM ;
ool L e Unused ROM Fill Pattern I
™ DoMOT use R20.R23

Frogram Type—— :
& Application Boot Size
= Boot Loader Im

|Internal SRAM j Mate on External Rab |

Cancel | Setis Defaultl Load Default | Help |

12. Click on the Target tab and select AT94K40 as Device Configuration.
13. Select 32K Code/4K Data as FPSLIC Memory.
14. Press OK.

15. Go to the Project menu and select Rebuild All; if successful, the status window
will show Done, see Figure 2-30. If it is not successful, an error will appear in the
status window.

Figure 2-30. ImageCraft Status Window

* ' ImageCraft IDE for ICCAYR [Standard Yersion] [WARMNING: 30 Days EVALUATION version ]
File Edit Search W“iew Project HBCS Taools Terminal Help

hods|l+e6&&dI L9

=188 B5_AWRIM
Ee File:s
. gs_aviimc
) Headers

iy Documents

Device 2% full.

=

Daone.
1] | Llj
A

| |[ Mo Open File ] |E:\tra\ning\fpslic\lab1 hqz_awrim.prj

16. Go to the File menu, select Exit and return to System Designer.
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29.2 Pre-layout
Co-verification

2-18

1. Press the Pre-layout Coverify... button. The Test Bench Manager dialog box
appears, see Figure 2-31. You now need to edit the test bench file to include the
required stimulus and the signals.

Figure 2-31. Test Bench Manager Dialog Box

Fleaze zelect the test bench file to be included with Pre-Layout Covenfication
Tao edit the file, click on the Edit File button

I = shrainingfpelichlab bgz_fpoa_preth, vhe Browse |

Hardware Simulator Options

™ Execute Command File at startup

I Eravise |

Ok Edit Testbench

Cancel

2. Select gs_fpga_pretb.vhd. If you are new to VHDL, refer to the Doulos
VHDL tutorial provided with the System Designer CD.

3. Click Edit Testbench. HDLPlanner opens gs_fpga_pretb.vhd.

4. Add the following signals as shown in Figure 2-32. Scroll to the bottom of the

window to find these signals and change them to the code below:
signal sig_ext : std_logic_vector (3 downto 0) := "1111";
signal sig_pd : std_logic_vector (7 downto 0);

Figure 2-32. Adding Signals

HOLPlanner: «

File Edit WHDL Tools

B DSHE | BB o MB| T |8 B e s
Tt Cateqony: Component:

Medium =1| | register =i ~] Define Instance

SIGMNAL sig_sw s std_logic_wector(3 downto 0 ; 2]

SIGNAL sig_wen : std_logic;

SIGMNAL sig_alphal o std_logic_wector(14 downto () ;

SIGNAL sig_alphai cstd_logic wactor(14 downto 0] ; J
SIGNAL sig_cathode  std_logic_wector(3 downto 0] ;

SIGMNAL sig_fints  :© std_logic_wvector(3 downto 0] ;

SIGNAL sig_avrelk_sel : std_logic_vector(1 downto 0) :="00",
SIGNAL dummy_wvector : std_logic_weactor(7 downto 0);
SIGNAL dummy  : std_logis;

signal sig_ext : std_logic_weotor(3 downto 0) :="1111";
signal sig_pd : std_logic_vector(7 downto O);l

BEGIN

-- Instamtizting fop level design Component gs i

File: ¢cMtraining'fpslicilabitgs_fpaa_preth vhd Ln 51 Col 46 EDITIMNG
A_ IIIIL@ Quickstart Tutorial
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5. Connect the signals appropriately by editing existing lines of codes shown in
Figure 2-33. Scroll to the bottom of the window to find these signals and change
them to the code below:

EXT_INTO => sig_ext(0),-- External Interrupt 0
EXT_INT1 => sig_ext(1l),-- External Interrupt 1
EXT_INT2 => sig_ext(2),-- External Interrupt 2
EXT_INT3 => sig_ext(3),-- External Interrupt 3
PORTD => sig_pd, -- LEDs

Figure 2-33. Connecting External Interrupt and PortD Signals

File Edit WHDL Tools

* * -

B OESHSE s mB| o oS
Cateqony: Cormponett:
[Register =l ~| Defire Instance

Text:

[wedium =l

--FIORE == open,
FICOWE == sig_wen,

avrolk_sel == sig_avrolk_sel,

EXT_INTO == sig_ext(Q), -- External lnterrupt 0

EXT_INTA == sig_ext(1), -- Externallnterrupt 1

EXT_INT2 == sig_ext(2), -- Externalinterrupt &

EXT_INT3 == sig_ext(3), -- Externalinterrupt 3

PORTD == sig_pd, -- LEDY

PORTE == dummy_vedtar,

TOSC1 == dummy, -- fnput to the Timer/Counter ozaillfator amplifier

LUARTO_RX0 == dummy, -- LARTJ receaive [input) pin

UARTI1_RX1  ==dummy, -- LAFTT receive finput] min J
SCL_IN == dummy, -- Z-wire senal input clock

SOA_IN  ==dummy -- F-wire seral lnput data |

LA T LT E . o

I File: ¢ trainingifpslicilab1qs_fpga_pretb.whd I Ln 208 Col 26 I EDITING

6. Scroll down to “stimulus process” and add the following stimulus as shown inFig-
ure 2-34:

stimulus_process: PROCESS
BEGIN

sig_sw <= "0001"; --switch 5,you should see 000000111111110 on alphaO & alphal

wait for 10 us;

sig_ext <= "1110"; --switch 1,you should see Counting Up pattern on
PORTD (LEDs)

wait for 10 us;

sig_sw <= "0010"; --switch 6,you should see 000000101010100 on alphaO & alphal

wait for 10 us;

sig_ext <= "1101"; --switch 2,you should see Counting Down pattern on
PORTD (LEDs)

wait for 10 us;

Quickstart Tutorial Alm l 2-19
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2-20

sig_sw <= "0100"; --switch 7,you should see 000000010101010 on alphaO & alphal

wait for 10 us;

sig_ext <= "1011"; --switch 3,you should see Knightrider pattern on
PORTD (LEDs)

wait for 10 us;

sig_sw <= "1000"; --switch 8,you should see 111111000000000 on alphaO & alphal

wait for 10 us;

sig_ext <= "0111"; --switch 4,you should see Bounce pattern on PORTD (LEDs)

wait for 10 us;

END PROCESS stimulus_process;

END arch_test_bench;

Figure 2-34. Adding Stimulus

HOLPlarier a_preth.vhd

File Edit WHDL Tools

B OSHSE |4 B |0 clB|F Lo |88 B[4 a
Text: Cateqony: Component:
[ nedium =1/ [ regicter =l | Defire  Instance
- ECL_OUT == apen, -- Z-wire serial owtput clock 2]
-- 504 OUT  ==apen -- J-wire serial oot data
)
stimulus_process: PROCESS
BEGIMN
sig_sw <="0001"; --switch 5 vou showld see 00Q000TTTTTTT70 an alphad & alphal
wait for 10 us;
sig_ext =="1110", --swaitch 7, yvou showld see Counting Up pattern on FORTOVL EDs)
wait for 10 ug;
sig_sw <="0010"; --switch € vou showld see 00000070T070700 an alphal & alphal J
wait for 10 ug;
e i R e . PRI Il
I File: ¢:itraining'fpsliciabiiqs_fpga_pretb.vhd I Ln1 GCol 1 I EDITING

Note: The order of stimulus is not in sequence (from SW1-SW8) just so both LEDs

and the Alphanumeric values are visible in the same screen. Otherwise, by the
time the Alphanumeric values are displayed, it will be about 50 ps that can not
be captured in the same screen.

7. Save the file and close HDLPIlanner.
8. Press OKto close the Test Bench Manager dialog box. A Top Level Entity dialog

box appears, see Figure 2-35
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Figure 2-35. Top Level Entity Dialog Box

Select the top level entity of the WVHDL testbench

gs_test_bench

Cancel |

9. Select gs_test bench from the given list and press OK.
If you receive the error below, there may be a syntax error in your * . vhda file(s).

**ERROR™** There were errors in compiling the VHDL files with ModelSim. Please
refer to the log file for more details on the errors.

Follow the procedure below to find and fix the problem:

— Open the log file by pressing the bn located on the left side of the
System Designer window. o

— The log file will display the errors with the file name and the line number.
Note the error and the line number and close the log window.

— Press the Pre-layout Co-verification button, the Test Bench Manager dialog
box opens with the gs_ fpga_pretb.vhd in the path.

If the error appears again, press Edit Testbench to fix the error, otherwise press the
Browse button to add the right file and follow the same procedure above to edit the
test bench file.

If successful, a DOS window, ModelSim and AVR Studio will open. To run Co-verifi-
cation you have to run two simulators at the same time. Because both programs
expect to be in control when they are operating, you have to switch between the two
systems, so only one of them is in control at a time.

10. In AVR Studio, go to the File menu, chose Open File... and select gs_avrim.cof.
The Select Device and Debugging Platform dialog box will appear, see Figure 2-
36. The Select Device and Debugging Platform dialog box displays the list of the
devices supported by the debugging platforms. Fpslic_avr_core is the only
device available for the FPSLIC Co-simulator debugging platform.

Figure 2-36. Select Device and Debugging Platform Dialog Box

Select device and debug platform

— Select debug platform and device
Device:
Fpslic_avr_core -
FPSLIC JTAG ICE
JTAG ICE
ICESD
AYR Simulator
ICE200
|

Help | <<Back| ﬂext»l Finishl Qancell
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11. Press Finish. AVR Studio will show an hourglass but will not complete loading
the file until ModelSim has been set up. The AVR Studio window will no longer
respond, ModelSim now holds control.

12. In ModelSim, type in add wave -r /*.Press Enter. A wave window showing
all the signals in the design appears, see Figure 2-37.

Figure 2-37. Wave Window

l[;T_-a'MudeISim ATMEL 5.5¢ - Custom Atmel Yersion
File Edit Design Yiew Poject Bun Macm Options Window Help
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|_d1"' Configuration Info:
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tt Semaphore Count = &

E.. Mg Ty tenupt Leh = 4094
nst_avt_r. # Intermupt Right = 4095

PE e miELN G e BT M o &

Y R

| st 1> addmove 1
| 0
e

|Nuw Ops Delta: 0 |5im.i’qs_1esl_beﬂch P

- Select debug platform and devic:

Debug Platform:

Fpslic CoSimulator ave - default

Fi Window

EHE (BB LK F QEQef
tor =

Edit Cursor Zoom Bookmark Foimat

79

CEEEEE

= Project | RO | @ Info | <

Opstolns

13. In ModelSim, type in run -all or press the button.
Co-verification Control: If AVR Studio is not responding, you have to go back and
check ModelSim and type in run -all to get back into AVR Studio.
If ModelSim is not responding, AVR Studio is in control and you have to press the
Auto Step button or Run for program execution. To view the waveforms,
press the Break command Il from the Debug menu to stop program execution, fol-
lowed by a hardware break button @i to return control to ModelSim.
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14. In AVR Studio, maximize the AVR Studio window. The Workspace window
allows you to view the registers, 1/0Os and processor details. Press on & to view
the details of External Interrupts and PORTD, see Figure 2-38.

Figure 2-38. External Interrupts and PORTD Details

AVRStudio - [qs_avrim.c] [ [=#]x]
:[= Fle Project Edit Wiew Tools Debug window Help -8 x

LRI S BT Vi ) o o &

DEHPS | s BRS oo [OE w4 TR =S A
EEEE Q) ifecste e X ASL Vi SR

L e e D
warkspace - j
- s External Interrupt ? Service Routine =
Name [ Value Bits [ ddress #pragma interrupt_handler EXT_INTZ_ isr:EET_IHT2
5 Fegster 015 B void EXT_INT2 isr(void)
-5 Register 16-31 _
5B, Frmsor cFlags = 0b0000OL00;
- @ Program Counter  OWOOAE
- Stack Peinter DOFFC 7/ FFGA Interrupt 3 Service Routine
-2 Cycle Counter 17504 #oragma interrupt_handler FFGA INT3_isr:FPGA_INT3
w Mg 002 :{>x{m1d FPGA_INT3_isr{void)
- W Yeegister O+0FEE 1Flags = 0b0000OO1L;
P Zregister 03384
# Frequency 400 +
# Slapaleh TR U s/ External Interrupt 3 Service Routine
- 140 Foslic_avr_core #pragus interrupt_handler EET_INTA_i=r EXT_TNT3
-3 cru void EXT_INT3_isr(void)
(-5 EXTERNAL_INTERRUPT
[EE¥R FPGA INTERRUFTS |0 SELECTS cFlags = 0BO0ODLO00D:
¢ FISCR i O oo 13133
- FISUA 040F OOOCEEEE 14034 void initAT94K(void)
# FISUB 000 00000000 1535 { .
@ FISUC 0400 oOoooooo . 16 @8 SREG &= ~{0=80): # Disable Glohal Int
? FISUD 0:00 OoO0oooo 17 (37 FORTD = 0=00. ## Push-Pull Zero Oul
B-5£ PORTD DDRD = OxFF: s Configure PORTD at
== PORTD 010 oOCOmmmOO 12032)
; OsFF amm am 11037 FISCR = (1 << FIADR): #/ Ensble FPGA¢:AVR
e OoOmmmOD 10G0 FISUA = 0xFF; s Clear & Enable FE(
EINF = 0xFF: s/ Clear & Enabls Ext
i OoOogoogg . 3363) SREG |= 0=30; <+ Enable Global Inte
000 00000000 3252 ¥
& 0:00 Ooooooog 3 (51 =
#-{9) TIMER_COUNTER_1 void main{void)
@ -fD) TIMER_COUNTER_2 { 5
o8 [ O AR T——
= Froject el 10 | i 1o | gqs_avrlm‘c|
Modelsim Running Fpslic_avr_ci Fpslic CoSimule Auto Stopped =) Ln 73, Col 1 CAP UM SCRL

15. Press the Auto Step button.

Notice the patterns on PORTD and External Interrupt fields in the I/O View. SW1-
SW4 are connected to External Interrupts, the patterns (Counting Up, Counting
Down, Knightrider and Bounce) can be viewed on the Port D data fields. The Inter-
rupt Mask shows the active External Interrupt.

Let it run for about 30 ps to see different patterns. The Time Elapsed field on the
Processor window reports the time.

16. Press the Debug Break button 11 followed by the Hardware Break button ()
to take control over ModelSim.
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17. Click on the wave window and maximize it. Go to the Zoom menu and select
Zoom Full, see Figure 2-39.

Figure 2-39. Zoomed Wave Window
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18. Go to the Edit menu and select Display Properties. The Wave Window Proper-
ties dialog box appears, see Figure 2-40.

Figure 2-40. Wave Window Properties

Wave Window Properties

—Dizplay Signal Path—  ——Snhap Distance
E [# elements) 10 [pixels]
|Jge O for full path — Row Margin—
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Rl e (e el
* Left " Right 2 ([pixels)

—Dratazet Prefis Digplay
™ Alwaps Show Datazet Prefises
& Show Datazet Prefives if 2 or maore

™ Never Show Dataset Prefises

ok LCancel

19. Under Display Signal Path, change 0 to 1 to view the signals without any path
associated with them and press OK.
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If AVR Studio is not responding switch to ModelSim. If ModelSim is not responding
switch to AVR Studio. The resulting signals appear in the Pre-layout Co-verification
Waveform, see Figure 2-41.

Figure 2-41. Pre-layout Co-verification Waveform Window
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The highlighted signals are the ones that we have to look at. In the test bench file
we give the stimulus for signals sig_sw (SW5-SW8) and sig_ext (SW1-SW4), and
we expect the results on signals alphaO, alpha1 and sig_pd. The radix of the signal
can be changed.

Select the signal and right-click to choose the desired radix.

20. To continue cosimulation, press the run -all button in ModelSim or the co-verifi-
cation Run button (3) in AVRStudio followed by the debug Run or autostepping
button.

21. To exit co-verification, press the Exit ¥ tton in AVRStudio or go to the File
menu and select Exit.
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293 Post-layout 1. Press the Post-layout Coverify... button. The Test Bench Manager window
Co-verification appears, see Figure 2-42.

Figure 2-42. Test Bench Manager Window

Flease select the test bench fils to be included with Past-Layout Coverification
To edit the file, click on the Edit File buttarn

shchlablifigbahgs fpga_posttb.wh Browse |

—Hardware Sirmulator Options

™ Execute Command File at startup

I Eravise |

[ Disable Timing Checks

[~ Disable Glitch "W amings

1] 8 Edit Testbench Cancel

The changes made to the test bench file in pre-layout co-verification should be

applied to post-layout test bench file gs_fpga_posttb.vhd as well. Again, there
are three places that need to be edited.

2. Press Edit Testbench.
3. Add the following signals as shown in Figure 2-43:

signal sig_ext : std_logic_vector (3 downto 0) := "1111";

signal sig_pd : std_logic_vector (7 downto 0);

Figure 2-43. Adding Signals

HOLFlanmnel fpga d =]

Fie Edit WHDL Tools

R OSEHEG | B ot ® FL - 2 | o v

Text: Cateqony: Compahent:

Medium =]| |Register =l | Define Instance
signal sig_SCL_COUT: STD_LOGIC; ;l
signal sig_SDA_OUT: STD_LOGIC,
signal sig_PORTD: STO_LOGIC_WVECTOR (¥ downto 0);
signal sig_PORTE: STO_LOGIC_VECTOR (7 downto 0);
signal cne . 3TD_LOGIC ="1"
signal zero . STD_LOGIC ='0"
signal sig_ext : std_logic_vector(3 downto 0) .= "1111";
signal sig_pd : std_logic_vector(7 downto 07;

BEGIN

inst_gqs_fpga: Q3 J

pert map (

ol == sig_CLE,

din == sig_DIN,

load == sig_load,

Rt El

| File: ¢iMraining\fpsliciab1¥ighalgs_fpga_postth vhd [Ln 186 Col1 | EDITING
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4. Connect the signals below as shown in Figure 2-44:
EXT_INTO => sig_ext(0),
EXT_INT1 => sig_ext(1l),
EXT_INT2 => sig_ext(2),
EXT_INT3 => sig_ext(3),

Figure 2-44. Connecting Signals
HOLFlannel fpga_| vhd
File Edit WHDL Taook
B OESHE s 2B o @B woA

Category: Component:
I Register ;I I LI Define Instance

* ¥

Text:

IMedium ;I
FINT14 => ane, [
FINT15 == one,

UARTO_RXD == sig_UARTO_RXD,
UARTT_Rx1 == sig_UARTI_RX1,

TOSCT == sig_TOSCT,

SCL_IN == sig_SCL_IM,

SDA N == sig_SDA_IN,

EXT_INTO == sig_ext(0),-- External Internpt 0
EXT_INT1 == sig_ext(1),—- External Interpt 1
EXT_INT2 == sig_ext(2),- External Internipt 2
EXT_INT3 == sig_ext(3),-— External Interrint 51
LUARTO_TAO == sig_UARTO_THO,

UARTT_TX1 == sig_UART1_TX1,

HTALZ == sig_XTAL2,

TOSC2 == sig_TOSC2,

SCL_OUT == sig_SCL_OUT,

Snf T —- e 08 LT :I

| File: d:3SystemDesignendesignsidoc233 1igbaigs_foga_postth.vhe | Ln 241 Cal 49 EDITING

5. Connect the signal below as shown in Figure 2-45.

PORTD => sig_PD

Alm l 2-27
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Figure 2-45. Connecting Signals for PORTD

HOLPla fpga vhd

File Edt VHDL Touols

B OBHSE|s B | o aMB|F 2z | B | 00a jow
Text: Categary: Componert:;

IMedium ;I IRegister L” ;I Define  Instance

TOSC1 == sig_TOSCA, ]

SCL_IN == sig_SCL_IN,

SDA_IM == sig_SDA_IM,

EXT_INTO == sig_ext(0),-- External lnterupt 0
EXT_INT1 == sig_ext(1),-- External fnterupt 1
EXT_INT2 == sig_ext(2),-- Extemnal interupt 2
EXT_INT3 == sig_ext(3),-- Extermal Interrupt 51
LUARTO_TAD == sig_UARTO_TA0,

LARTT_TH1 == sig_UARTT_TX1,

HTALZ == sig_#TALZ,

TOSC2 == sig_TOSC2,

SCL_OUT == sig_SCL_0UT,

SDA_QUT == sig_SDA_OUT,

PORTD == sig_pd, -- LEDs J
PORTE == sig_PORTE

I3

=

| File: d:ASystermDesignendesignsidoc23dtfigbatgs_fpga_postth.vhe | Ln 241 Col 49 | EDITING

6. Copy and paste the stimulus from pre-layout test bench file to the post-layout
test bech file, see Figure 2-46.

Figure 2-46. Copied Stimulus

HOLPlanne fpga_| d

File Edit WHDL Toolk

P OSHE 4B oo BB F2o 2 | oed sow

Text: Categony: Companent:

Medium =l |Register | | Define Instance
PORTE == sig_PORTE =]
%

stimulus_process: PROGESS

BEGIN

sig_sw =="0001"; -- suitch & you show!d see 0Q000TTITITII0 on alphal & alphal

wait for 10 us;

sig_ext =="1110"; -- switch 1, vou showld see Counting Up pattern on FORTOYLEDS)

wait for 10 us;

sig_sw =="0010"; -- suitch 6 you show!d see 00000070TATOTA0 on alphal & alphal

wait for 10 us;

sig_ext =="1101"; -- switch 2 vou showld see Counting Down pattern on PORTOFLEDS) J
wait for 10 us;

El
File: ¢ Mrainingtpsliciabiighalgs_fpga_posttb.ovhd Lnl GCaold | EDITING
Alm l Quickstart Tutorial
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7. Save the edited file and close HDLPIlanner.

8. Check the Execute Command File at Startup box and press the Browse button to
add the wave. do file, see Figure 2-47.

Figure 2-47. Test Bench Manager Window

Please select the test bench file to be included with Post-Layout Coverfication
To edit the file, click on the Edit File button

I cvtrainingfpslichlabl Wigbatgs_fpga_postth.vhd Browse |

—Hardware Simulator Option

¥ Execute Command File at startup

I o hrainingfpzlichlablhwave. do Browse

[ Dizable Timing Checks
[ Dizable Glitch Warhings

ak. Edit Testbench Cancel

9. Press OKon the Test Bench Manager dialog box. A dialog box to select the top-
level entity of the VHDL test bench appears, see Figure 2-48.

Figure 2-48. Top-level Entity of the VHDL Testbench Dialog Box
e - |

Select the top level entity of the YHDL testbench
Iprn_courter f £ ft1 9 0 =]
lpro_counter_f &t f 1 4 0
post_test_bench
qs

Cancel |

10. Select post_test_bench from the given list and press OK. A dialog box to select
the SDF timing value appears, see Figure 2-49.

Figure 2-49. SDF Timing Value Dialog Box
Al

Select the SDF timing walue <rminirmurn, typical, masimums
to be applied on the dezign instance

Minimum -

maimum

Cancel |

11. Select typical and press OK.

A DOS window, ModelSim and AVR Studio will open, this time the wave window
opens with all the signals since we added the command file.

To run Co-verification you have to run two simulators at the same time. Because
both programs expect to be in control when they are operating, you have to switch
between the two systems, so only one of them is in control at a time.

ATMEL 229
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12. In AVR Studio, go to the File menu, select Open File... and select

gs_avrim.cof.

Since the Processorand New I/O View windows were opened during pre-layout
co-verification, AVR Studio will open them automatically.

Co-verification Control: If AVR Studio is not responding, you have to go back and
check ModelSim and type in run -all to get back into AVR Studio.

If ModelSim is not responding, AVR Studio is in control and you have to press the
Auto Step button or Run for program execution. To view the waveforms,
press the Break command Il from the Debug menu to stop program execution, fol-
lowed by a hardware break button @ to return control to ModelSim.

13. In AVR Studio, maximize the AVR Studio window.
14. Press the Auto Step button.

Notice the patterns on PORTD and External Interrupt fields in the New 10 View.
SW1-SW4 are connected to External Interrupts, the patterns (Counting Up, Count-
ing Down, Knightrider and Bounce) can be viewed on the Port D data fields. The
Interrupt Mask shows the active External Interrupt.

Let it run for about 30 ps to see different patterns. The Time Elapsed field on the
Processor window reports the time.

15. Press the Debug Break button 11 tfollowed by the Hardware Break button (i

to take control over ModelSim.

16. Click on the wave window. Maximize the window, go to the Zoom menu and

select Zoom Full. The resulting signals appear in the post-layout co-verification
waveform, see Figure 2-50.

Figure 2-50. Post-layout Co-verification Waveform Window

=t wave - default

File Edit Cusor Zoom Bookmark Fomat  window

=

G001 00101 o0 | {0 o T ooy [Ti00 7000,
e e e

o T T T T T Yoooodg

DEENINEIERLSEE V000D YT DEVEO 0 DYSETRIEENERE 000 DAEEIEREEH i)

EEE

o

?

Luuuuuuy L O RO

ORT
00070010

o | )l B0
0 ps to 4743326891 ps
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17. To continue cosimulation, press the run -all button in ModelSim or the co-verifi-
cation Run button (3} in AVRStudio followed by the debug Run or autostepping
button.

18. To exit co-verification, press the Exit j:tton in AVRStudio or go to the File
menu and select Exit.

The define statement will remove the delay during co-verification. While downloading to
the starter kit we need this delay. Comment this line and generate the bitstream to
download to the starter Kit.

1. Press the SW Compiler button to open the ImageCraft compiler to edit and build
the code.

2. On the right window, under Files, double-click on gs_avrim. c to open and edit
the file.

3. Commentthe line, #define COSIM 1 by inserting two forward slashes, see
Figure 2-51.

Figure 2-51. : Commenting the #define COSIM 1 Line

" ImageCraft IDE for ICCAYR [Standard Verzion] [ 2K Demo Verzion. For EVALUAT

Eile Edit Search “iew Project BCS Toole Teminal Help

DEWde |+ e &g DEl 48

qz_avim.c |

// FxEtFrrE LA LA LA L AL AT LA AT LA L LA AL A

A EROJECT: FESLIC Quick Start Tutoris
A FILE: QF_AVREIM.C (ImageCraft)
A VERZLON: 1.0

Ao DATE: September 1, 2001

A

P FUNCTION: & Non-CoVerification Examp
S Designer Software, allowi:
P through the entire design
fE* design can he downloaded
A Fit for wverification.
A

S If a CoVerification Simul:
A uncomment the COSIM Flag ¢
P generate the appropriate ¢
S Debugger.

A

f/ L R R R R R R R R E R

#include <ioatP4k.h>
S define COSIM 1 /4 This will
£ Blobal Variables

unsigned char cFlags = 0; /4 Bit Fl:
unsigned char 1Flags ; f/ Bit Fliw
1| | H

Il
o
-
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4. Go to the Project menu and select Rebuild All. If successful, the status window
will show Done, see Figure 2-52.

Figure 2-52.

,
Dievica 42% full B
Dane

‘. . o

=X [ | exbaining fpslichlab qs_avrim ¢ |D:Atrainingbpslichlabl Sgs_aviim. prj |COFF/HE 4

5. Go to the File menu and select Exit.

210 Bit Stream 1. Press the Device Programming button. A dialog box with the bit stream settings
Generation opens, see Figure 2-53.

Figure 2-53. File Settings

FPSLIC Control Reg

- FPGA Bitstream mrh‘
File Settings
IV Include FPGA Bitstream

I ¢ Mrainingpslisyablias fpga.bst Browse |

- AWE Hex
¥ Include A%A Hex File

| cirainingipsliciabigs_awr.hex Browse |

- Data FAM
" Load Data RAM during configuration

I Erowise |

Data Ram Fila Format: Bitstream Download
| Atrnel Text Formmat j

FPSLIC CR Settin

Help

Cancel

Ll

¥ Program Configurste

Output Bitstrearn File: Density

| G rainingipsliciabl Wpslic_gs_fpga.bs Browse | I 1M :I'

If you are testing code for the AVR you may only want to program the AVR portion with-
out having the FPGA side of your design. Similarly you can program just the FPGA
portion.

B To add the AVR file, enable Include AVR Hex File by checking the box and use the
Browse button to add the file.

B To add the FPGA file, enable Include FPGA Bit Stream by checking the box and use
the Browse button to add the file.

If your design is dependent on signals from the AVR-FPGA Interface, you need to
combine both the FPGA bit stream file and the AVR hex file.

2. Check the Include FPGA Bit Stream box to enable this option and press the
Browse button to add the gs_fpga . bst file.

3. Check the Include AVR Hex File box to enable this option and press the Browse
button to add the gs_avr.hex file.

2-32 Alm l
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4. Check the Program Configurator Box and select 1M as the Density.

5. Click on the FPSLIC Control Register Settings tab. Use the default settings, see
Figure 2-54.

Figure 2-54. FPSLIC Control Register Settings

FPSLIC Control R

FFSLIC Control Registers

™ (B26) On Chip Debug Enable

I (B27) JTAG Enable

¥ (B35) AVR Reset Pin Enabled

[ (B36) Allow writes to AVR Program SRAN

I (B37) Allow over write AVF Program SFAM Boothl
)
)
)

M (BS6&) XTAL Pad Bias Resistor Enabled

™ (BS57) TOSC Pad Bias Resistor Enabled

[ (B62) Enable Cache Writes to FPGA by AWR

M (B&3) Enable FPGA to ReadMirite to Data SRANM
External Interrupts (B48 - B&1)
Ext-INTO driven by: " Port E<d» & INTPO pad
Ext-INTT driven by. € Port E<S= & INTP1 padl

Ext-INT2 driven by: © Port E<gx> ¢ INTPZ2 pad
Ext-INT3 driven by: © PortE<7> & INTP3 pad

UART Pins (B52 - BS3)
UARTO aigsigned tol” Port E«1:0-0 UARTO pads:
UARTT assigned tof” Port E«3:2x0¢ UARTT pad$
ANE ports D drive (BS4 - BAS)

AVR port D 1O 6 ma = 20 ma,
AMB portE O * 6 mA, 20 mA,

File Settings

FRELIC CR Settin

Bitstream Download

W Program Configurste
Density

M -

6. Click on the FPGA Control Register Settings tab.
Figure 2-55.

Figure 2-55. FPGA Control Settings

Note:

FPSLIC Control Re

Use the default settings, see

FPGA Configuration Seftings

W {B2) Cassade Disabled

M (B3) Check Function Disabled
I (B4) MemoryLockout Enable
[ (B6) Global Tristate Enable

[ (B13) Free running Cscillaker
[ {B18) GCLKO disable during Configuration.
™ (B17) GCLKA disable during Configuration.
[ (B18) GCLK2 disable during Configuration.
I {B18) GCLKS disable during Configuration.
[ (B20) GCLKS disable during Configuration.
[ (B21) GCLKS disable during Configuration.
[ (B24) FCLKA disable during Configuration.
[ (B25) FCLKZ disable during Cenfiguration.
M (B30) DFFsin Reset duting Configuration.
W' {B31) Tristate during Configuration.

Cesillator Frequency
" 1Mhz & 2Nhz

" d4mhz  C 8Mhz

File Seftings
FPSLIC CR Settin

Halp

EEE

Cancel

Bitstream Dow nload

V' Program Configurstc
Density

M he

AImEL

®

Before you press OK, some hardware connections need to be performed.
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7. Connect the 25-pin parallel cable to the 25-pin male connector of the ATDH2225
download cable. The 10-pin female header plugs into the 10-pin male header
(J1) on the ATDH94STKB board.

8. Connect the power supply from an AC outlet to the 9V DC connector (P3) on the
ATSTK94 board.

9. Make sure to set the jumpers located between the LEDs and Switches appropri-
ately. LED1 to LED8 should be connected to AVR side. Switches SW1 to SW4
should be connected to the AVR side, and switches SW5 to SW8 should be con-
nected to the FPGA side.

10. Adjust SW10 to the PROG position and SW14to the ON position.

Figure 2-56. Jumper Layout

() [ switeh

— Components
Silk Screen

11. Press OK. This will generate fpslic_gs_fpga.bst, which will be downloaded
to the configuration memory on the starter kit board. Atmel's AT17 Configurator
Programming System (CPS) window opens and automatically programs the
device.

If successful, the CPS console will show Number of Fatal Errors: 0, see Figure 2-57.
If unsuccessful, go to the Help menu and select Contents > Trouble Shooting.

234 ATMEL
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Figure 2-57. Atmel AT17 Configurator Programming System Window

# ATMEL AT17 CONFIGURATOR PROGRAMMING SYSTEM [_ [O]x]
File Calibrate Help

[Pleaze zelect Family first for the comesponding Frocedure menu)

Frocedure: IJF': Partition, program and werify from an &tmel file j

-~ Files Infa
— - - Ore or mare Atmel [ bat] files may be generated for
Iriput File: Id:\trammg\fpslm\lab'l \fpsllc_qs_fpj _I subsequent download sessions. The optional
checkzurm can be obtained from the log output of
j _I each programming sezzion. [n this wersion of CPS,
HE*, walues are only appended to the BST output

Checksum: I filex which have been partitioned. The output file

muszt be of the farm <file> bst.

Output File: Id:'\training'\fpslic'\lab‘l out bt

— Dption
Family: [T 40K = COMM Port:  JLFTT |
Device: I-M'I TLYIO(A) (1h] ﬂ Diata Rate: I Fast j
Reset Polaiiy: | 0% =l 2Bt Level | Low =l
-~ Consale

WARNING - File c:\rainingfpelichlabl out bet already exists.

Creating a backup copy of file ¢ Mraining\fpslicslabl bout.bst in file c:\rainingfpslichlablout.cps
1 filef) copied.

The Procedure Completed

43915 total bytes witten to device

Sum of device bytes: 1643386

Setting reset polarity to Low : Handling Reset Polarity for AT170V010 device

Device data [43915 bytes] has been vitten to file o:\Mrainingifpslichlabl sout bst.

StarFrocedire Festone [Mefaults view Logkile,..

‘m 00f00DE0ODE00oEDD

2.11 Running the
Design

Quickstart Tutorial

1. Make sure to adjust SW10 to the RUN position.
2. Press the Reset switch (SW12) on the right edge of the board.

3. Press the switches one by one to see the changes in patterns on the Alphanu-
meric. The default pattern is the knightrider pattern.

Expected Results:

B When SW1 is pressed, the LEDs count up.

B When SW2 is pressed, the LEDs count down.

B When SW3 is pressed, the LEDs show Knightrider.

Note: Some of the boards may not do this function since the AVR side of the switches
SW2 and SW3 are shorted together.

B When SW4 is pressed, the LEDs bounce from the middle to the end and back.
B When SW5 is pressed, * is displayed on the Alphanumeric LEDs.
B When SW6 is pressed, + is displayed on the Alphanumeric LEDs.
B When SW7 is pressed, x is displayed on the Alphanumeric LEDs.

B When SW8 is pressed, 0 is displayed on the Alphanumeric LEDs.
4. Close CPS.

ATMEL 235
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