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Section 1

Introduction

The STK594 board is a top module designed to add AT94K FPSLIC® support to the
STK500 development board. With this board the STK500 is extended to support all cur-
rent AT94K FPSLIC devices in a single development environment.

The STK594 includes connectors, jumpers and hardware allowing full utilization of the
new features of the FPSLIC family, see Figure 1-1.

This user guide acts as a general getting started guide as well as a complete technical
reference for advanced users.

In addition to adding support for new devices, it also adds new support for peripherals
previously not supported by the STK500. An additional RS-232 port and a Two-Wire
Serial Interface are among the new features.

Figure 1-1. STK594 Top Module for STK500

1-1
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Introduction

1.1 Features B STK500 Compatible
B AVR Studio® and System Designer Compatible
B Supports AT94KAL and AT94KAX Devices
B Supports all Added Features in FPSLIC Devices
m JTAG Connector for On-chip Debugging Using JTAG ICE
W Additional RS-232C Port with Available RTS/CTS Handshake Lines
B On-board 32 kHz Crystal for Easy RTC Implementations

1-2 AImEl FPSLIC STK594 User Guide
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Section 2

Using the STK594 Top Module

2.1 Preparing the
STK500 for Use
with the STK594

2.1.1 Adjusting VTARGET
for the AT94K
Devices

2.1.2 Connecting the
STK594 to the
STK500 Starter Kit

FPSLIC STK594 User Guide

Prior to using the STK594 with the STK500, it is necessary to make a few adjustments
to the STK500 Starter Kit to allow for proper operation of Atmel's AT94K FPSLIC®
devices.

According to the AT94K Series datasheet, the V; operating voltage is specified where
{Vec | 3.0 < V¢ = 3.6} Volts, with respect to ground. The STK594 board requires that
the STK500 board supplies a V¢ within the operating range for the AT94K devices.
Prior to using the STK594 board, it is necessary to adjust the VTARGET to a value
between 3.0 and 3.6V. For more information on adjusting VTARGET from within AVR
Studio®, consult section 5.3.5.1 of the STK500 User Guide, available on the Atmel web
site (www.atmel.com).

Note: It may be necessary to adjust the Vp voltage, see “Split Power Supply Support”

on page 6 of this section for more information.

The STK594 should be connected to the STK500 expansion header 0 and 1. It is impor-
tant that the top module is connected in the correct orientation as shown in Figure 2-1
on page 2. The EXPANDO written on the STK594 top module should match the
EXPANDO written beside the expansion header on the STK500 board.

2-1
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Using the STK594 Top Module

Figure 2-1. Connecting the STK594 to the STK500 Board

Note: Connecting the STK594 with the wrong orientation may damage the boards.

Note: Do not mount the STK594 at the same time an AVR® is mounted on the
STK500 board.

2.2 PORT Since the AT94K devices have additional ports not available on the STK500, these ports
Connectors are located on the STK594 board. The STK594 ports have the same pinout and func-
tionality as the ports on the STK500 board. Since Port A to Port D are already present

on the STK500 board, they are not duplicated on the STK594.

2.21 PORTE Figure 2-2 shows the pinout for the I/O port headers Port E.

Figure 2-2. General I/O Ports

1 2
PEO me| PE1
PE2 @ @| PE3
PE4 @ @| PE5S
PE6 @ ®| PE7
GND @@ VIG

PORT E

Note: Port E is also present on the STK500, but only PEO to PE2 (3 least significant
bits) are accessible. To access all Port E bits the connector on the STK594
must be used.

2-2 AImEl FPSLIC STK594 User Guide
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Using the STK594 Top Module

2.3 Programmingthe The FPSLIC configuration process involves configuring the FPGA, the AVR® program

AT94K Devices

code and the FPSLIC data memory. This configuration requires a single bitstream that
configures the FPGA, the embedded AVR Program SRAM and the FPSLIC Data
SRAM. The combined bitstream is automatically generated by the Bitstream Generator,
a System Designer software utility.

After a reset and the internal clearing of the configuration data, the FPSLIC device self-

initiates configuration. The Master mode uses an internal oscillator to provide the Con-

figuration Clock (CCLK) for clocking the external EEPROM (configurator), which
contains the configuration data. After auto-configuration is complete, re-configuration
can be initiated manually by the user, if needed.

Note: The AT94K devices also support Self-Programming. For more information on
this topic, refer to the “Code-Self Modify” application note available on the Atmel
web site.

Note: The AT94K devices also support Cache Logic® Configuration. For more infor-
mation on this topic, refer to the “Cache Logic Configuration” application note
available on the Atmel web site.

For more details on programming procedures, refer to Section 4.10.

2.4 JTAG Connector

FPSLIC STK594 User Guide

The JTAG connector is intended for the AT94K devices that have a built-in JTAG inter-
face. The pinout of the JTAG connector is shown in Figure 2-3 and is compliant with the
pinout of the JTAG ICE available from Atmel. Connecting a JTAG ICE to this connector
allows On-chip Debugging of the AT94K devices.

More information about the JTAG ICE and On-chip Debugging can be found in the AVR
JTAG ICE user guide, available on the Atmel web site.

Figure 2-3. JTAG Connector

1 2
TCK me| GND
TDO @ @| VTG
T™MS |@ @| RST

VTG |@ @ N/C
TDI| (@ ® GND
JTAG

Note: To determine if your AT94K device supports JTAG Debug, examine the date
code. Any parts with a J after their date code support JTAG. Example, 4201J.

Figure 2-4 shows how to connect the JTAG ICE probe on the STK594 board.

Figure 2-4. Connecting JTAG ICE to the STK594

ATMEL

2819D-FPSLI-11/04



Using the STK594 Top Module

2.5 TOSC Switch

The AT94K device provides dedicated I/O pins for TOSC1 and TOSC2, rather than
sharing with the general purpose I/O pins. The TOSC switch selects whether or not the
32 kHz crystal is connected to the pins of the device.

Figure 2-5 shows a simplified block schematic on how this is implemented.

Figure 2-5. TOSC Block Schematic
FPSLIC

TOSC2

TOSCH

TOSC
Switch

2.6 Universal
Asynchronous
Receiver
Transmitter
(UART)

2.6.1 Second RS-232C
Port

2-4

Unlike traditional AVR microcontrollers, the AT94K device provides the option of having
separate I/O pins for the UARTS rather than sharing with the general purpose I/O pins.

Figure 2-6 shows the pinout of a header for the dedicated UART pins.

Figure 2-6. UART Header

1 2
RX0 me| TXO
RX1 @ @ TX1

UART

The AT94K device has an additional UART. The RS-232 port on the STK594 board has
in addition to the RXD and TXD lines support for RTS and CTS flow control. Figure 2-7
shows a simplified block schematic on how this is implemented.

Note: The UART in AT94K devices does not support hardware RTS or CTS control. If
such functionality is needed, it must be implemented in software.

Figure 2-7. UART Block Schematic

RS-232/Logic Level

4 Converter
L(ﬁl 6
z 2 o]
g 3 § RXD_[5—5] TxD
% 7 {>O CTS o o RTS
1) 8 o}
o 5—' o<}

This UART can also be used from devices placed in the STK500 board. Simply connect
the appropriate port pins to RXD and TXD on the STK594 board.

Note: If no software RTS/CTS flow control is implemented, a jumper shorting RTS and
CTS will ensure correct communication with an external application that uses
such flow control.

AII‘IIEl FPSLIC STK594 User Guide
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2.71

2.8

Using the STK594 Top Module

Two-Wire Serial
Interface (TWSI)

Description of
Configuration
Memory Pins

The AT94K device includes dedicated I/O pins for the TWSI rather than sharing with the
general purpose /O pins.

Figure 2-8 shows the pinout of a header for the dedicated TWSI pins.

Figure 2-8. TWSI Header

1 2
SDA me] SCL
TWSI

An AT17LV010-10CC 1-Mbit Configuration Memory is included on the STK594 for sup-
plying the AT94K FPSLIC device with its configuration data, as well as for non-volatile
data storage. The configurator is a high-density EEPROM with a TWSI interface. A
detailed datasheet of the Configuration Memory can be obtained from the Atmel web
site.

The configurator can be connected to the I/O pins of the embedded AVR microcontrol-
ler. The 4-pin header marked CONFIG can be used for connecting the TWSI interface of
the configurator to the I/O pins of the target AVR microcontroller. Two-wire cables are
included with the STK500 for connecting the configurator to the 1/0 pins.

Figure 2-9 shows the pinout of a header for the Configuration Memory pins.

Figure 2-9. Configuration Memory Header

1 2
cSDA me| cSCL
cSER_EN |@ @| N/C

CONFIG

External
Interrupts

FPSLIC STK594 User Guide

Unlike traditional AVR microcontrollers, the AT94K device provides the option of having
separate I/O pins for the External Interrupts rather than sharing with the general purpose
I/O pins.

Figure 2-10 shows the pinout of a header for the dedicated External Interrupt pins.

Figure 2-10. External Interrupt Header

1 2
INTPO [me| INTP1
INTP2 |@ @| INTP3

EXT

ATMEL 25
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Using the STK594 Top Module

2.9 Split Power
Supply Support

The AT94K FPSLIC devices exist in two different variations, the AL and AX. The AL
variation is a 3.3V device manufactured on a 0.35p process, while the AX variation has
a 1.8V core manufactured on a 0.18p process. The primary difference between the two
variations, is that the AX device requires a split power supply, as the 1/0Os are still pow-
ered from a 3.3V supply, while the core operates at 1.8V.

The STK594 supports both AT94K variations. If an AX variant is being used it is neces-
sary to supply the proper core to the AT94K device. Figure 2-11 shows how to set the
jumper to select the core voltage.

Figure 2-11. AT94K Core Voltage Selector

AT94KAL AT94KAX
m| AL m AL
VDD | g VDD (@
o AX M AX

210 XTAL Switch

An oscillator is included on the STK594 for supplying an additional clock to the AT94K
FPSLIC device. The XTAL switch selects if the oscillator is connected to the XTAL1 pin,
or whether the clock is provided by the STK500.

Figure 2-12 shows a simplified block schematic on how this is implemented.

Figure 2-12. XTAL Block Schematic
FPSLIC

XTALT |57y |°5C

XTAL2 —— 572"

2.11 Reset Switches

2-6

The reset switch found on the STK594 is connected to the AT94K’s RESET pin. When
pressed, the AT94K device will reset and initiate a configuration download from the con-
figuration memory.

The reset switch found on the STK500 is connected to the AVRRESET. When pressed,
the embedded AVR microcontroller resets and begins execution at location $0000.

AII‘IIEl FPSLIC STK594 User Guide
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Section 3

Installing System Designer

System Designer is the ideal software platform for all AT94K FPSLIC® development. It
includes an Editor, an Assembler and a Debugger as its development tools for the
embedded AVR® development, and also includes a Simulator, Synthesizer and a Place
and Route tool for FPGA development. System Designer also includes a Co-Verification
suite powered by Mentor Graphics®, allowing for step-by-step simulation of the FPGA
and AVR design concurrently.

3.1 System
Requirements

FPSLIC STK594 User Guide

For a single-user system, System Designer requires a personal computer equipped as
follows:

® CD-ROM Drive

B 250-Mbyte Minimum Hard Drive

m 128-Mbyte RAM

W Parallel Interface Port

m Windows® 95/98/2000/Me, or WindowsNT® 4.0
m Network Interface Card or Security Dongle

The software security dongle is used to generate a unique HOSTID for systems without
a network interface card. The security dongle is connected to the PC through the
parallel port interface. It is possible to configure a floating network license through the
security dongle. The security dongle allows users to use the software dongle on different
machines by removing and placing the dongle on other machines.

3-1
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Installing System Designer

3.2 System Designer
Installation

This installation assumes that you have no previous version of System Designer
installed in your machine. If you have a previous version of the software installed or you
need step-by-step installation instructions, please refer to the System Designer “Installa-
tion, Licensing and Troubleshooting” tutorial available on the Atmel web site.

1. Insert the supplied System Designer CD-ROM into the computer. If the CD does
not automatically start, execute SETUP . EXE from the CD.

2. From the CD Browser, select Install Products and select System Designer. The
System Designer installation will perform a full installation, as there are no
optional components.

Note: Do not install System Designer to a directory name that contains spaces, other-
wise improper opperation will occur.

Note: When you reach the portion of the System Designer installation prompting
about licensing, you should select one of two options, either Custom or Skip.
Select Custom if you already have a valid license and follow the instructions
outlined in Section 3.4.2 “Configuring the System Designer License”. Choose
Skip if you do not have a license and follow the instructions in Section 3.4.1
“Requesting a System Designer License”.

Note: AVR Studio® version 3.2 or higher is required for STK500/STK594 support.

3.3 Configuration
Programming
System (CPS)
Installation

From the CD Browser, select Install Products and select CPS for AT17 Devices. This
will install the CPS utility, which is used to program the AT17 and ATFS series configu-
ration memories found on the STK594.

Note: When installing the CPS utility, it is necessary to install the software in an
account with Administrator privileges if the operating system is WindowsNT or
Windows 2000/XP.

34 System Designer
Licensing

3.4.1 Requesting a
System Designer
License

3-2

The licensing of System Designer is for the Mentor Graphics tools. You can use System
Designer without a valid license, however you will not be able to use ModelSim®,
LeonardoSpectrum™ or Co-Verification.

The typical license is based on the hostID of your Network Interface Card (NIC). If you
prefer to use a dongle-based license, it is necessary that you purchase a Security Don-
gle from Atmel (Atmel Part Number: ATDH94DNG).

The instructions below describe the configuration of a NIC-based license. If you request
a dongle-based license, you will receive instructions on how to configure the license with
the dongle. If you wish to use a single license for multiple machines, it is necessary to
purchase a Security Dongle.

Prior to obtaining a license for System Designer, it is necessary to first install the System
Designer software suite. During installation, System Designer creates the file
LMUTIL.TXT, which is found in the C:\SystemDesigner\ETC directory, assuming a
default installation. The LMUTIL.TXT file contains the hostID of your NIC, and is com-
posed of a combination of twelve alphanumeric characters.

Once you have installed System Designer, proceed to the FPSLIC section of the Atmel
web site and click on the Request License button, alternatively the direct link for the
license request page is http://www.atmel.com/atmel/products/prod39r.htm.

Note: The Serial Number is located on the white sticker on the underside of the
STK594 board or on the System Designer case.

AII‘IIEl FPSLIC STK594 User Guide
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3.4.2 Configuring the
System Designer
License

3.43 Testing the System
Designer License

3.4.4 Troubleshooting

FPSLIC STK594 User Guide

Installing System Designer

Once you have received your System Designer license from Atmel, place the file
in the C: \ SystemDesigner directory.

Launch the Mentor Graphics License Configuration Utility from Start > Programs
> Atmel > Mentor Graphics Licensing > Configure Licensing.

Follow the on-screen instructions. When it prompts you to select Configuration
Option, choose 3.

Define the Product License Location and press Next. Use the full path and file-
name when defining the license location, for example
C:\SystemDesigner\fpslic.dat. If you used a different path and/or file-
name, make the necessary changes.

Note: If you are using Windows 95/98/Me it is necessary to reboot the machine prior

to running the System Designer software.

Once you have configured your license, you can test it by invoking the Mentor Graphics
programs that require a license.

1.

Launch ModelSim from Start > Programs > Atmel > ModelTech > ModelSim. If
ModelSim launches without any licensing errors, the ModelSim license has been
successfully installed.

Launch LeonardoSpectrum from Start > Programs > Atmel > Leonardo Spec-
trum > Leonardo Spectrum. If LeonardoSpectrum launches without any licensing
errors, then the LeonardoSpectrum license has been successfully installed.

You can access the trouble shooting guide from Start > Programs > Atmel > Trouble
Shooting Guide.

ATMEL 33
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Section 4
Using System Designer
This tutorial will guide you through the required steps for designing and programming
AT94K series devices using System Designer.
41 Preparing the Before starting the tutorial, a few preparations need to be performed:
Example Files 1. Download STK594 . zIP from the FPSLIC® software page of the Atmel web site
and copy STK594.ZIPt0 C:\SystemDesigner\Designs.
2. Extract the contents of the STK594 . ZIP file to
C:\SystemDesigner\Designs.The contents of the zip file are shown
in Table 4-1.
Table 4-1. STK594.7IP
File Description
AT94KDEF . INC Atmel AVR Assembler AT94K FPSLIC Include File
COUNTER. PIN FPGA Pin Lock File
COUNTER.V Top Level FPGA Verilog® Counter Source File
COUNTER . VHD Top Level FPGA VHDL Counter Source File
STK594 .ASM Atmel AVR Assembler Source File
COUNTER.ATT FPGA I/O Attribute File
FPSLIC STK594 User Guide 4-1

Rev. 2819D-FPSLI-11/04



Using System Designer

4.2 Description The design in this tutorial is composed of a simple AVR® microcontroller program and a
loadable counter implemented in the FPGA. When the counter reaches the terminal
value, an interrupt to the microcontroller will be generated using the counter’s carry-out
(RCO) signal. The interrupt is active Low and must be held for three clock cycles prior to
its acknowledgement by the microcontroller. During the Interrupt Service Routine (ISR)
the microcontroller increments the count of interrupt occurrences and places the incre-
mented data on PORTD and the AVR-FPGA Data Bus, triggering the counter's LOAD
signal. Once the counter has been loaded, counting will commence and the process will
be repeated. Figure 4-1 shows a simplified block diagram of the tutorial design.

Figure 4-1. Tutorial Design Block Diagram

PORTD
FPGA Micro?c:,nF:roller
8-bit Counter
LOAD | <€ IOSELAO FPGA I/O SELECT 0
aWE |« FIOWEA AVR Write Enable
D[7:0] AVR Data Bus 8-bit
ENABLE
RESET
RCO INTAO » FPGA Interrupt 0
1 CLOCK (<€ GCLKS Global Clock 5
< Q
4.3 Design Flow The design presented in this tutorial, only performs the required steps for designing and

programming an AT94K series device. For more information on the optional steps (i.e.
Simulation and Co-verification) please consult the FPSLIC application notes available
on the Atmel web site. Figure 4-2 outlines the design flow followed in this tutorial. For
more information on a specific step, consult the appropriate section within this tutorial.

Figure 4-2. Design Flow

Microcontroller
Assembly
AVR <> FPGA FPGA Bitstream
Interface Place & Route Generation
HDL Synthesis

4-2 AImEl FPSLIC STK594 User Guide
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Using System Designer

4.4 Creating a The New Project Wizard allows you to choose your Project Directory, Target Device,
Project and desired Tool Flow.

1. Launch System Designer from the desktop icon, or by pointing to Start > Pro-
grams > Atmel > SystemDesigner.

2. Create a new project by selecting New from the Project menu and then pressing
the New Project Wizard button, see Figure 4-3.

Figure 4-3. New Project Wizard Window - Step 1 of 6

Welcome to the New Project wizard

The Mew Project wizard will guide you in the creation of yaur
new System Designer project.

The steps that follow will include:

1. Cresting & project file

2. Selecting the parts for use
with your praoject

3. Selecting the software toal zets
for use with each part

SYSTEM®
DESIGNER

Cancel | = Biack | Mext= i Finish

3. Press Next. The window to create a project file opens, see Figure 4-4.

Figure 4-4. New Project Wizard Window - Step 2 of 6

Create Project File

Select a name and directory path for your newy project using the controls
belovy . When you are ready, click 'Mext' to continue.

I t::EystemDesigneridesignslstkSElMTmorial.apj Browsel

s
L]
4
O
v =
TR
Q‘.

SYSTEM

Cancel = Back | Mext = I Frimizt

FPSLIC STK594 User Guide Alm l 4-3
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4-4

4. Set the Project Directory to C: \SystemDesigner\Designs\STK594, name
the project TUTORIAL and press Next. The part selection window appears, see
Figure 4-5.

Figure 4-5. New Project Wizard Window - Step 3 of 6

New Project Wizard - Step 3 of 6 <]

What part do you want to use 7

Chooze & part for your project from the

Part Mumber list bhelow:.
Architecture:

Part Mumker:

I Ay

Product Family:

j ATA4K05-25000
AT94K05-25001
ATA4505-25DGC

I Any j AT34505-250G]
ATI4K10-258.0C

Package: ATA4KAD-258

I Ay j AT34K10-2580C

Speed Grade:

AT34K10-2548Q
AT34K10-2583C

AT94k10-25601

2
I m j AT34K10-: i
Application: AT94KA0-25001
I Ay j AT3dA0-25800C LI

SYSTEM®
DESIGNER

Cancel | = Back | Mext = I Frimizt |

5. Select AT94K10AL-25DQC(" from the parts list as this is the part found on the
STK594 development board, and press Next. The software tool flow window
opens, see Figure 4-6.

Note: 1. Some boards use AT94K40AL-25DQC devices.

Figure 4-6. New Project Wizard Window - Step 4 of 6

What is the software toolflow for this
part ?

Please zelect a softvare toalzet for part LM ;. AT94K40-2500C
fram the list below.

Toolflowy: Description:
Mentor-Yerilog *

Toolz:
AT94kH Device Options
HOL Synthesis
Softwware Compiler
AVR-FPGA Interface
Pre-lavout Coverification LI

0
1]
i
O
D
m.
Ly

SYSTEM

Cancel | = Back | Mext = I FEimist |

ATMEL
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2819D-FPSLI-11/04



FPSLIC STK594 User Guide

Using System Designer

6. Select either Mentor - VHDL or Mentor - Verilog as the Tool Flow and press Next.
The add parts window opens, see Figure 4-7. For this tutorial, the instructions
will assume Mentor - Verilog has been selected.

Figure 4-7. New Project Wizard Window - Step 5 of 6

Selected parts and toolflow

The: lizt below shovwes the part you have selected for your project.
Wyhen you are ready, click 'Mext' to continue.

Project Parts:
LM :ATI4HA0-2500C - Mentor-YYerilog j

SYSTEM®
DESIGNER

Congratulations!

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

The project tree shovws the toals and design files included in yaur
project. Lising the vertical toolbar on the side of the tree you can add or
delete parts, madify toolfloves, or include nevy design files.

To begin, click on & part inthe project tree. This will display the design
flowe inthe part windowy. Then, click an any buttan in the design flow to
run the associated design tool.

To close the Meve Project wizard and begin waorking with your
project, click the 'Finish' button.

T
=2
=9
ek

Finizh

Cancel |

7. Press Finishto exit the New Project Wizard. The project window now contains
the TUTORIAL design, see Figure 4-9.

ATMEL v
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Using System Designer

Figure 4-9. Project Window

mSyslem Designer - Tutorial apj: [c:\SystemD esigneridesignsistk594]

utori
’ LM ATI4K40-25DQC
LR HOL Syrthesis © [cS
- Software Compilet [ more info=>
- Preclayout Coverificst
-2 FPGA Place and Rout
-2 Post-layout Coverifica

E ! Click on the parts belowy ta view a specific flow chart that guides you through the F |—

=L A T34k

8. From the System Designer desktop, click on the Part Graphic (see Figure 4-9) to
switch to the Design Flow Manager, see Figure 4-10.

4-6 ‘Im l FPSLIC STK594 User Guide
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Figure 4-10. Design Flow Manager

mSyslem Designer - Tutorial apj: [c:\SystemD esigneridesignsistk594]
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J

<

Standalone Functional
Simulation

Simulator

+

HOL Syrithesis

Synthesis Tool

-

FPGZA Place & Route

(M3

Project Edit Tool: Options Help
Project: Tutotial apj Part - U1 AT94K40-250Q0C
a: Tutorial.api —I Quick Flow Advanced Flow | Device View |
SRR 11 ATadkA @
FPGA Design System Level Integration ANR Desi :I
- HOL Syrithesis © [cSystemDesigne & b E BEign
P Softweare Compiler © [co\SystemDes FPGA Siemﬂcatlnn Iriterface Sfemﬂcatlnn AVR Specification
- Pre-layout Coverification : [c:\Syste ) ) ¢
HDL Ertr Device Options
-~ FPGA Place and Router : [ WSy sten ) Compiler
-~ Post-layout Coverification : [c\Syst : ] AT94K Device Option
: Text Editor .
i SW Compiler...

Interface Connections

AVR-FPGA Interface

L

Il

Prelayout Coverification

Pre-layout Coverify...

Stanclalone Functional
Simulation

SW Debugger...

v

_J Postlayaut Coverification

J Post-layout Coverify...

In Circuit Emulstion

JTAG ICE ...

Figaro ID5S...

allti

1T,

Loag

Log: Part U1 (AT24K30-25DQC) toolflow set to Mentor-Verilog
Log: Project Tutorial was saved in ¢:\SystembDesigner'designs'stk5%4 Tutorial.apj

L[] Illl

L1

FPSLIC STK594 User Guide

| ATO4KAD-250AC

The Design Flow Manager shows the steps available for designing with Atmel FPSLIC
devices. The red and blue arrows show the dependencies between the various stages
of development. This tutorial will only show the minimum steps in order to complete a
design. The remainder of the steps involves simulation and co-verification. For further
information on simulation and co-verification, please consult the “Quick Start Tutorial”

available on the Atmel web site.

ATMEL
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4.5 Assembling the  The Atmel AVR Assembler translates assembly source code into object code. The gen-
Microcontroller erated object code can then be used as an input to a simulator, emulator such as the
Source Code Atmel AVR JTAG In-Circuit Emulator (ICE), or used to program the target device. The

Assembler generates fixed code allocations, therefore no linking is necessary.

1. Press the SW Compiler button to open the Atmel AVR Studio®.

2. Click on NO when prompted to create a new file. The window to open an existing

file opens up.
3. Browse to the C:\SystemDesigner\Designs\STK594 directory and select
STK594 . ASM.
Figure 4-11. Open File stk594.asm
Laak i I — stk554 j gl
34 25rm
3tk 34 asm
Tutorial. asm
File narne: Istk594.asm lﬂl
Files af hope: I.t’-‘-.sm Files [*.asm) j Cancel |

4. Press Build and close the Atmel AVR Studio if assembly was successful.

Note: If assembly was not successful, make sure the include file AT94KDEF . INC is in
the design directory. Only AT94K devices with a “J” label support JTAG ICE
debugging.

For design entry using assembly language, consult the AT94K datasheet for a summary

of instructions supported by the FPSLIC devices. The complete “AVR Instruction Set

Nomenclature” describes each instruction in detail and has been installed as part of the

System Designer Tool. The AVR Instruction Set Nomenclature and FPSLIC datasheet

can be accessed from the Help menu (from the System Designer window) and choosing

Online Resources.

4.6 Synthesizing the 1. Synthesis translates the VHDL or Verilog source code into gate-level technology-
FPGA Source specific file for use with the target FPGA Place and Route tool.

File 2. Press the Synthesis Tool button. A dialog box to add VHDL files appears, see

Figure 4-12.

Figure 4-12. Add VHDL Files Dialog Box

VHDL files are not added to the "HDL Synthesis® Tool in the project tree view pane on the left hand side.
The VHDL files should be added in the hottom-up order i.e file with the top level entity should be selected last in the file
selection browser. Do you want to Add VHDL files now 7

4-8
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3. Press yes. A file selection window appears.
4. Select COUNTER.V and press Open. LeonardoSpectrum opens.

5. Leonardo® automatically selects Atmel AT94K as the Technology and lists
COUNTER .V under Input. Leonardo also lists COUNTER . edf under Output.

6. Press Run Flow. Figure 4-13 shows a successful synthesis.

Figure 4-13. Leonardo Spectrum, Successful Synthesis

Menter Grapfics - LeonardoSpectrum for Atmel - [Information - Read Only]

L5 File Edt Miew Toolz Window Help =& =]
[|& ||mEsmza BEE Do osas||sme|ee||=:]uz o
=l reg_gqi(7)-D fd =]

Technalogy Ilnput] Cnnstlaints] Elptimize] Dutput]

Library" to apply zettings.

Click ASIC or FPGA to extend device tree and zelect a librany. Click ¢
zelected technology logo to open the wendor website. Uze all default
advanced technology options under "Advanced Settings'’. Press "Ag data required tine

data arriwal time

data required time

ATMEL

B Atme
L ATADK
L ATEKDZ
L ATEKD4
L ATI4K

Fiun Flaws I Lpply |

Help

data arriwal time

— Design summary in file 'c:-SystenlDesigner-d

—— Sawving the design databa=e in o SvstemDesi
— Writing file c. -Sy=ztenlDezigner-design=-=tlkb
—— Writing XDB wersion 1999 1

— Calling set_atmel_egn to et up writing Egu
— write c:-Systenlesigner-design=-stkiI4d.coun
— Writing file c. -Sy=ztenlDezigner-design=-=tlkb
— CPU time talken for this run wa=s 0.95 =ec
— PFun Succe=ssfully Ended On Wed Oct 27 1242

| B Info: Finished Synthe=is run

[T A TR Technoloy Setings A Advanced Settings £

K3l 3

Feady |

[wiorking Directary: .. \designshstk 504 Lnit, ol 2

7. Close Leonardo Spectrum, when prompted to save your project press No.

FPSLIC STK594 User Guide
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4.7 AVR-FPGA
Interface

4-10

The AVR-FPGA Interface dialog provides a means for making the connections between
the embedded FPGA and AVR microcontroller.

1. Press the AVR-FPGA Interface button.

2. Select counter and press OK when prompted for Top-Level Entity. The Select
Ports dialog appears, see Figure 4-14.

Figure 4-14. Select Ports Dialog

Select Ports

x|
Input design ports WO Select lines from AVR
clock
rezet lJ | IOSELAD
enable == tonnect == IOSELAY AYRloSelects
load IOSELAZ
. IOSELAS FPGAInterrupts
o) == Disconnect == ‘ IOSELAG
a1 JOSELAS DataFromayR
IOSELAG
d(2) (OSEL 87 DataToaR
dr3) Laoad ict File ‘
(4) IDSELAS AVRCartrols
drs) IDSELAS
dih) IOSELATD SRAMAMdress
47 Help ‘ IOSELA11
IOSELAT2 DataFromSRAM
IOSELATS
[OSELAT 4 DataToSRAM
Cancel |
IOSELATS SRAMControls
FPGACICks
- x|
I Generate Template Test Bench fils. Sidteen select signals (5 select signals for ATSHOS i‘
EnCh:C‘;!'l( th';bkox i YDL: havedin te:lstmgstfst devices) are sent to the FPGA for addressing the
te?;t-lfaenlceﬁ fileat;rzl;lr:ctna::rocL:nQ;T]:c;d::?n peripherals implemented inthe FPGA. These signals
the current FPGA-AYR Interface are decoded from 4 00 registry addreszes ﬂ

Select the AVRIoSelects tab on the right-hand side of the dialog box.

Select the LOAD signal from the Input Design Ports and then select IOSELAO
from the AVRIoSelects.

Press Connect to connect the counter's LOAD signal to FPGA-AVR I/O Select 0.
Connect the remaining inputs and outputs as shown in Table 4-2.

Table 4-2. FPGA-AVR Interface Connections

ATMEL

I )

FPGA 1/0 FPGA-AVR I/O Select Ports Tab
LOAD IOSELAO AVRIoSelects
RCO INTAO FPGAInterrupts
D(7:0) ADINA(7:0) DataFromAVR
aWE FIOWEA AVRControls
Clock GCLK5 FPGACIocks
7. Uncheck Generate Template Test Bench File on the bottom left-hand side of the
Select Ports dialog. Since we are not performing co-verification, it is not neces-
sary to generate the pre-layout test bench file.
8. Press OK.

FPSLIC STK594 User Guide
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4.8 FPGA Place and
Route

FPSLIC STK594 User Guide

The Figaro Integrated Development System (IDS) is used as the FPGA Place & Route
tool. Figaro takes the gate-level technology-specific file generated by the synthesis tool
and partitions, places, and routes the FPGA design.

1. Press the Figaro IDS button to open the FPGA Place & Route Tools Settings dia-
log, see Figure 4-15.

Figure 4-15. FPGA Place & Route Tools Settings Dialog

FPGA Place & Route Tool Settings <]

(¥ Open EDIF Metlist

| Browsze
Help

" Cpen Saved FPGA design file (fyd)
| Cancel

" Run FPGA place & route tool in stand slone mode

Select this mode if you want to launch the FRPGA place &
route toal, to run macro generators.

%F“ES Settings HUser Likrary Settings

2. Select Open EDIF Netlist and Browse to select COUNTER . edf, then press OK.
Figaro should open and complete the Open, Map, and Parts steps automatically,
once completed the Figaro Batch Options dialog appears, see Figure 4-16.

Figure 4-16. Figaro Batch Options Dialog

E Figaro Batch Options [_ |O0]

Design Constraints

Click here to editisssign pin locks = Azsign Pin Locks |

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

Place and Route
Qualty 1 2 3 &4 (5 " Auta

[ Timing Driven Design

0 Click on Caormpile button ta run through the entire FPGA design flovy, Ta run individual
9 steps inthe design flowe or to do manual place and route, click on OK and select
Windove-=RNew Compile windowy on Figara deskiop

Compile Help

The Figaro Batch Options allows for the setting of various Figaro FPGA compiler
constraints. This includes I/0O Pin Locking, I/O Pad Attributes and Place & Route
quality effort levels.

Alm l 4-11
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Design Constraints

a. Press Import Constraints, this opens the Import Constraints window. Select
Part/pinout(*.pin) from the Listfiles of the Type drop-down list. (Alternatively,
we could have used the Assign Pin Locks GUI to perform the pin locking, but
it is not required for this design.)

b. Select COUNTER10.PIN and press OK.

Note: If the board is soldered with the AT94K40AL-25DQC device, select
COUNTER40.PIN and press OK.

c. Press Import Constraints again, select /0 Pad Attr (*.att) from the Listfiles of
the Type drop-down list and then select the COUNTER . ATT and press OK.

Place and Route

a. Use the default setting for Quality. Quality sets the trade-off between
Figaro’s speed and the efficiency of the Place & Route result, see the online
help for further information.

b. Use the default setting for Timing Driven Design. Checking the Timing
Driven Design box allows Figaro to take account of critical paths when per-
forming the Place & Route, see the online help for further information.

c. Press Compile, once completed the Figaro IDS Compile button will turn
green.

d. Select Exitfrom the File menu, when prompted to save your design select
Yes.

4-12 AImEl FPSLIC STK594 User Guide
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4.9 Bitstream The Device Programming Utility takes the outputs from both the FPGA and AVR compil-
Generation ers, and generates a single programming file for use in configuring the AT94K device.

1. Press Device Programming Utility to open the programming utility. The FPSLIC
Control Register Settings dialog opens, see Figure 4-17.

Figure 4-17. FPSLIC Control Register Settings Dialog

FPSLIC Control Reqister Settings <]

FPGA Bitstream
File Settings
W Include FPGA, Bitstream

FPELIC CR Settings

d

oSy stembDesignerdesigna stk 594 vzounter | Brovyse
FPGA CR Settings

AYE Hex
W Include &R Hex File

Sy stembDesignerdesigna stk 594 v=tka94d + Birovvse

Help
Drata R

[ Load Data R during configuration

Drata Ram File Format:

W

Cancel

f I

Bitstream Doswenlosd

Atmel Texd Format
| — J " Program Configuratar
Output Bitstream File: Density

M -

d

| ciSystembesignerdesigns\stk 394 fpslic_c Brovvse

2. Check the Include FPGA Bitstream box and select COUNTER . BST by pressing
Browse.

3. Check the Include AVR Hex File box and select STK594 . HEX by pressing
Browse.

4. Select the FPSLIC Control Register Settings tab and use the default settings,
see Figure 4-18.

5. Be sure to uncheck the Program Configurator option under the Bitstream Down-
load section of the FPSLIC Control Register Settings tab.

FPSLIC STK594 User Guide Alm l 4-13
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Figure 4-18. Control Register Settings Dialog

FPSLIC Control Register Settings

FP=LIC Control Registers

[ {B2E) On Chip Debug Enable 1’:|

File Settings

[ (B27) JTAG Enable

[ (B35) AWR Reset Pin Enakled FPSLIC CR Settings

[ (B36) Allovy writes to AWR Program SRAM FPGA CR Settings

[ (B37) Allovy over write AWE Program SREAM Bootblock
[+ [BSE) XTAL Pad Bias Resiztor Enabled

[ (B37) TOSC Pad Bias Resistar Enabled

[ (BEZ) Erable Cache \Writes to FPGA by AVR

W (BE3) Enable FPGA to Readititite to Data SRAM

External Interrupts (48 - B51) IR
Ext-INTO driven by: Port E=d= {* |NTPO pad

Ext-INT1 driven by: € PortE=5= O INTP1 pad Cancel

W

Ext-INT2 driven by: ¢ Port E<6= {* |NTPZ2 pad

Ext-INT3 driven by: PortE<7> (¢ |MTP3 pad Bitstream Download

UART Pins (BS52 - B53)

[ Program Configuratar
UARTO szsigned to: © Port E=1:0= {* UARTO pads

UART! assignedto: © PortE=3:2= * LARTI pads Denzity

A%R ports [0 drive (BS54 - BSS) ’_‘
A%F port D 14D & G md = 20 ma,

AVE port E 10 * Ema {20 ma

6. Press OKto generate the combined bitstream file.

Note: ltis possible to generate a bitstream for only the FPGA or AVR as you may only
want to program that portion of the FPSLIC device. To include only the AVR
HEX file, simply uncheck the Include FPGA Bitstream box. Programming only
the FPGA portion can be done in a similar fashion.
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410 Programming The programming file generated by the Bitstream Generator is used to program the con-
and Design figuration memory. When the FPSLIC requests configuration data after a Reset or
Execution Power-On-Reset, the data is clocked out serially.

4.10.1 Hardware Setup Before programming the configurator and verifying the tutorial design, a few prepara-

tions need to be performed prior to its execution on hardware.

1. Connect the PC’s parallel port to the 25-pin connector of the ATDH2225 Pro-
gramming Dongle.
2. Connect the 10-pin ISP header on the STK594 to the 10-pin ribbon cable of the

ATDH2225. The ATDH2225 is keyed to assure proper orientation, see Figure 4-
19.

Figure 4-19. In-System Programming

e e

A AS| |

1AM STITHALY. By

3. Place the Programming switch in the PROG position.
4. Using a 10-wire ribbon cable from the STK500, connect PORTD to the LEDS.

5. Using a 2-wire cable from the STK500, connect SW0 and SW1 to FPSLIC pins
177 and 178, respectively.

6. Connect the Power Supply from an AC outlet to the power connector on the
STK500 development board.

7. Turn on the STK500.

Note: Prior to providing power to the STK500 development board it is necessary to
adjust the VTARGET supplied by the STK500 to the STK594, for more informa-
tion on this adjustment please refer to Section 2.1.1.

FPSLIC STK594 User Guide AImEl 4-15
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4.10.2  Software Setup The CPS utility allows for the programming, reading, and verification of data. CPS sup-
ports Atmel’'s AT17F, ATFS and AT17LV series of configuration memories.

1.

Launch CPS from Start > All Programs > Atmel > CPS8.xx (where xx represents
the version).

Figure 4-20. CPS

w

© N o oA

9.
10.
11.

JRT=IEY
File Calibrate Help
Procedure: IHF': Partition, program and werify from an Atmel file j
 Files Infa
- - - One or more Atmel [ bst] files may be generated for
Input File: |c.\SystemDBS|gner\D Esigns\S TK j _I subsequent download sessions. The optional
- - checksum can be obtained from the log output of
Output File: Ic:\SystemDes@ner\D esignshS TR j J each programming session. In this version of CPS,
HE* values are only appended tothe BST output
[ I files which have been partitioned. The output file:
) must be of the farm <fils: . bst.
— Option:
Device: IATI?LVD‘I oA (M) =] COMM Fort |LPT1 -]
Feset Polarity: Low i [ata Rate: IFE'St j
FPGA Farily  |ATAOKATSK | A2BitLevel |LoW [
— Conzole
Start Procedure Festare Defaults “Wiews Log File...
RS T DTN,

Select /P: Partition, program, and verify from an Atmel file under Procedure.

Select FPSLIC_COUNTER.BST under Input File by browsing to
C:\SystemDesigner\Designs\stk594.

Select oUT . BST under Output File.

Select AT17LV010(A) (1M) under Device.
Select Low under Reset Polarity.

Select AT40K/Cypress under FPGA Family.

Select LPT1 under COMM Port (assuming LPT1 is the parallel port connected to
the ATDH2225 programming adapter).

Select Slow under Data Rate.
Select Low under A2 Bit Level.

Press Start Procedure. When finished a statistics report will be provided in the
CPS log window.

Note: If the CPS utility is being launched for the first time, the clock calibration dialog

4-16

will be displayed. Press Yes to proceed with calibration and select High for
accurate calibration. The Checksum is the number of data bits found in the BST
file, and it can be used to check if the data is corrupted during programming.

Alm l FPSLIC STK594 User Guide
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4.11 Running the Once programming has completed, it is necessary to move the Programming
Design Switch to the RUN position for configuration of the FPSLIC device to occur. If the
LEDs on the STK500 begin to count, the configuration has occurred. If the configu-
ration does not occur, press the RESET button found on the STK594 board to
initiate a configuration download. Alternatively, power-cycling the STK500 will also
initiate a configuration download.

ATMEL

FPSLIC STK594 User Guide 41111171 & 417
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Section 5

Technical Specifications

System Unit

Physical DIMmensions . . .. ...t e 5.125" x 2.75”

Weight . e 6 oz

Operating Conditions

Voltage Supply ......... o Vee = 3.3V, Vpp = 1.8/3.3V

Connections

Serial Connector . . ... ... 9-pin D-SUB Female

Serial Communications Speed . ... ... .. 250 kbps
5-1
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Section 6

Complete Schematics

See the following pages the complete schematics and assembly drawings of the
STK594.

FPSLIC STK594 User Guide 6-1
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