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RABBIT St PRODUCT MANUAL

1. RABBITFLEX BL300F INTRODUCTION

We all know you cannot fit a square peg into a round hole. But sometimes that is exactly what you are
asked to do when forced to choose an off-the-shelf single-board computer (SBC) for your embedded sys-
tem application. In the past, price and time constraints could make a custom-designed board unattainable.

That has all changed with the introduction of the RabbitFLEX BL300F.

Now, you can design your own perfect-fit controller board using Rabbit’s new online design and order sys-
tem, the RabbitFLEX Configurator. Because the controller board is customized during surface mount
assembly, a custom solution can be obtained more quickly and at a lower price than previously possible.

1.1 RabbitFLEX BL300F Options

The items in the following list may be specified to customize your board design.

e PowerCore Module

PowerCore 3800 (Ethernet, 512 K Flash, 1 MB SRAM, 1 MB Serial Flash)
PowerCore 3810 (512 K Flash, 256 K SRAM)

e Serial Communication Channels
RS-232 (3- or 5-wire)
RS-485 (2-wire) or a RabbitNet port'

e ADCs
Up to 16 ADC channels

e DACs
Up to 2 DAC channels

e Digital I/0
Up to 40 pins for combinations of:
* Digital Inputs
* Sinking Outputs
* Sourcing Outputs
* Line Drivers
* Bidirectional lines

e PWM
Up to 4 PWM outputs

¢ External Interrupt

o External Reset

i. RabbitNet is a proprietary serial protocol used with a line of peripheral devices for adding extra 1/O,
ADCs, DACs:, relays, or an additional keypad/LCD interface. See the RabbitNet User s Manual for more
information.
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e Keypad
Range of matrix keypad options: m x n, where m+n <=8

e LCD
With or without backlight and/or contrast control

e Power Routing
5 V available on all user-selectable connectors
3.45 V available on most connectors

1.2 The RabbitFLEX Configurator

When designing and ordering a RabbitFLEX BL300F, you have the opportunity to tailor the board accord-
ing to the demands of your application and not to limitations imposed by an off-the-shelf SBC. You are in
control when you design a board using the RabbitFLEX Configurator.

1.2.1 Configurator Access
The RabbitFLEX Configurator is available at:

www.rabbit.com/products/RabbitFLEX

From the above location you can order a customized board, check previous orders, or peruse the site for
ideas and tips for your design.

All information entered at the website is secure and confidential—nobody but you or those whom you
authorize will be able to see the board designs you have saved or ordered. You will be asked to log in to
your account with a user name and password when you save, order or reload a board design.

1.2.2 Ordering Information and History

An XML file encapsulates the board design. It can be downloaded by a person who has password access to
it. The design file is very important. You must safeguard this file to ensure that you will be able to reorder
the design or to derive other designs from it.

A customized Dynamic C library file is automatically generated when a board design is ordered. The
library file is downloadable from the RabbitFLEX Configurator. This file is necessary for proper operation
of library functions for your board.

See Section 6.2 for more information on RabbitFLEX BL300F files.

1.2.3 Assumptions
The following assumptions are made regarding the use of the RabbitFLEX Configurator:

e Compatible Web Browsers - Internet Explorer ver. 6 or later, Mozilla and Firefox are all compatible
with the Configurator interface.

® You should have a clear and comprehensive idea of your application parameters before selecting
the options for your RabbitFLEX BL300F.

e An electrical engineering background is recommended to make the best decisions among the
options available.
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1.3 RabbitFLEX Tool Kit

The RabbitFLEX Tool Kit contains the software and the extra hardware needed to develop your applica-
tion. This section lists the tool kit items.

Tool Kit Items

RabbitFLEX BL300F Getting Started Instructions.
Programming cable, 10-pin header to DB9 connector with integrated level-matching circuitry.

48 V AC, 800 mA center-tapped transformer. A transformer compatible with power outlets in con-
tinental Europe is included with kits sold overseas.

CD, containing Dynamic C 9.41 (or later) with complete product documentation, including this
manual: the RabbitFLEX BL300F User’s Manual.

Demonstration board with pushbutton switches and LEDs.

Cable assemblies to access connectors on RabbitFLEX BL300F.

Hardware bag containing mounting standoffs and screws, female DB9 connector.
Rabbit 3000 Processor Easy Reference poster.

Registration card.

1.4 CE Compliance

Equipment is generally divided into two classes.

CLASS A CLASS B

Digital equipment meant for light industrial use | Digital equipment meant for home use

Less restrictive emissions requirement:
less than 40 dB pV/m at 10 m
(40 dB relative to 1 pV/m) or 300 pV/m

More restrictive emissions requirement:
30dB pV/mat 10 m or 100 uV/m

These limits apply over the range of 30 to 230 MHz. The limits are 7 dB higher for frequencies above 230
MHz. Although the test range goes to 1 GHz, the emissions from Rabbit-based systems at frequencies
above 300 MHz are generally well below background noise levels.

The RabbitFlex single-board computer has been tested and was found to be in confor-
mity with the following applicable immunity and emission standards. Boards that are
CE-compliant have the CE mark.

NOTE: Earlier versions of the RabbitFlex boards that do not have the
CE mark are not CE-compliant.
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1.4.1 Immunity
The RabbitFlex series of single-board computers meets the following EN55024/1998 immunity standards.

e EN61000-4-3 (Radiated Immunity)
e EN61000-4-4 (EFT)
e EN61000-4-6 (Conducted Immunity)

Additional shielding or filtering may be required for a heavy industrial environment.

1.4.2 Emissions
The RabbitFlex series of single-board computers meets the following emission standards.

e ENS55022:1998 Class A
e FCC Part 15 Class A

Your results may vary, depending on your application, so additional shielding or filtering may be needed to
maintain the Class A emission qualification.

1.4.3 Design Requirements for CE Compliance
Note the following requirements for incorporating the RabbitFlex series of single-board computers into
your application to comply with CE requirements.

1.4.3.1 General Design Requirements

® The power supply provided with the Tool Kit is for development purposes only. It is the customer’s
responsibility to provide a CE-compliant power supply for the end-product application.

e The LCD/keypad module was tested with the RabbitFlex, but no ESD testing was done. It is the
customer’s responsiblity to provide a properly designed enclosure for the LCD/keypad interface to
meet ESD requirements.

e When connecting a RabbitFlex single-board computer to outdoor cables, the customer is responsi-
ble for providing CE-approved surge/lightning protection.

e Rabbit recommends placing digital I/O or analog cables that are 3 m or longer in a metal conduit to
assist in maintaining CE compliance and to conform to good cable design practices.

e When installing or servicing the RabbitFlex board, it is the responsibility of the end-user to use
proper ESD precautions to prevent ESD damage to the RabbitFlex board.

1.4.3.2 Safety Design Requirements

e All inputs and outputs to and from the RabbitFlex series of single-board computers must not be
connected to voltages exceeding SELV levels (42.4 V AC peak, or 60 V DC).

e The lithium backup battery circuit on the RabbitFlex single-board computer has been designed to
protect the battery from hazardous conditions such as reverse charging and excessive current flows.
Do not disable the safety features of the design.
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1.4.4 Interfacing RabbitFlex to Other Devices

Since the RabbitFlex series of single-board computers is designed to be connected to other devices, good
EMI reduction practices should be followed to ensure compliance. CE compliance is ultimately the
responsibility of the integrator. Additional information, tips, and technical assistance are available from
your authorized Rabbit distributor, and are also available on our Web site at: www.rabbit.com.

1.5 What to Expect
This manual describes the RabbitFLEX BL300F, its core module choices and the hardware and software
components for the sample applications. Your level of experience determines which chapters to read next.

Chapter 2 - Read this chapter for instructions on connecting the hardware and installing the software you
will need to develop your application. This chapter also contains contact information and some trouble-
shooting tips if you experience difficulty running some initial sample programs.

Chapter 3 - Read this chapter for an understanding of the physical implementation of the logical function-
ality of the RabbitFLEX BL300F. This chapter contains a roadmap of the RabbitFLEX board and design
units that will allow you to identify the physical location of circuit components, such as specific resistors,
capacitors, etc.

Chapter 4 - Read this chapter for information on the RabbitFLEX BL300F options that are available. This
chapter contains circuit schematics and characterization tables for the different options.

Chapter 5 - Read this chapter for links and references for more details on the RabbitFLEX BL300F
options. This chapter also contains some more in-depth discussions on selected topics.

Chapter 6 - Read this chapter to understand the software specifics needed for programming your Rabbit-
FLEX BL300F.

Appendix A - Contains the electrical, mechanical and environmental specifications of the RabbitFLEX
BL300F.

Appendix B - Contains information on power and ground.

Appendix C - Contains information on the demonstration board that comes with the RabbitFLEX BL300F
Tool Kit.

Appendix D - Contains information on the RabbitFLEX Keypad/Display Kit
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2. GETTING STARTED

The information in this chapter will get you up and running. Follow the instructions given here to install,
connect and verify the software and hardware components.

2.1 Hardware Preparation

This section physically prepares the RabbitFLEX board for use in developing and debugging applications.
As a way to place the board in a more convenient position for development, the first thing to do is screw
on the hex standoffs that came in the RabbitFLEX as shown in Figure 2.1.

Figure 2.1 Connecting Standoffs to the RabbitFLEX BL300F
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2.1.1 Hardware Connections
There are two steps to readying the RabbitFLEX BL300F for use with Dynamic C:

1. Connect the programming cable between the RabbitFLEX BL300F and the host PC where you will
install Dynamic C.

2. Connect the power supply.

The core module comes attached to the RabbitFLEX BL30OF from the factory. The core module and the
board it is attached to are a matched set. They must be used together. Do not remove the core module and
attach a different core module to the RabbitFLEX board.

2.1.1.1 Connect Programming Cable
The programming cable completes the communications channel for downloading programs to the core

module. Once a program has been downloaded and is running, you can debug it over the programming
cable.

Connect the 10-pin connector labeled PROG on the programming cable to header J2 on the PowerCore
module as shown in Figure 2.2.

Attach the other end (the DB9 connector) of the programming cable to a COM port on the host PC. Some
PCs now come equipped with a USB port and no COM port. In this case, you can connect the program-
ming cable’s DB9 connector to a RS-232/USB converter (Rabbit Part No. 540-0070), and then plug the
other end of the converter into the USB port of the host PC.

Figure 2.2 Programming and Power Connections
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A Transformer
High voltages " Connect transformer to
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p — before plugging in
CAUTION: HoT Line up O transformer.

polarized
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1)¢
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2.1.1.2 Connect Power

Connect the locking plug of the AC adapter to connector J3 on the PowerCore module as shown in
Figure 2.2. When the other end of the AC adapter is plugged into a power source, a small red LED labeled
DS1 on the RabbitFLEX board (located in the corner by connector J5) will come on.

You can cycle power to the board by unplugging and then plugging in the AC adapter. There is a reset but-
ton located on the top-right corner on your board that can be used restart the microcontroller.

2.2 Software Preparation

Dynamic C version 9.41 or later must be installed on the host PC before you can download any programs
to the RabbitFLEX BL300F.

2.2.1 Installing Dynamic C
Insert the installation disk or CD in the appropriate disk drive on your PC. The installation should begin
automatically. If it doesn’t, issue the Windows “Run...” command and type the following command:

<disk>:\SETUP

The installation program will begin and guide you through the installation process. Your IBM-compatible
PC should have at least one free COM port and be running Windows 95 or later.

Now you must make your board-specific library available to Dynamic C. The board-specific library is the
one that was generated when you ordered your board. If you have not already downloaded this file, follow
these steps.

1. Log in to your RabbitFLEX Configurator account at:
www.rabbit.com/products/RabbitFLEX

2. Select your RabbitFLEX board(s) from your list of boards to get the corresponding library or libraries,
which are named FAxxxxxxx.LIB.

3. Do not change the library name(s). You will be prompted during the download process for the location
to save the library or libraries. It is recommended that you use the LIB\RabbitFlex SBC40 folder
that was created during the Dynamic C installation process.

2.2.2 Starting Dynamic C

Once Dynamic C has been installed, you will have up to three related icons on your PC desktop. One icon
is for running Dynamic C, one opens the documentation menu and the last one is for the Rabbit Field Util-
ity, a tool used to download compiled software (.bin files) to a target board.

Start Dynamic C by clicking on its desktop icon or by clicking on dcrabXXXX . exe in the Dynamic C
root directory, where XXXX is the Dynamic C version number.

Dynamic C uses the serial port on the host PC that you specified during installation. If you are using a
USB port, you must select “Use USB to Serial Converter” from the Communications tab of the Options |
Project Options menu before downloading a program to the RabbitFLEX BL300F.
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2.3 Verify Serial Connections

Run the sample program pong. c to verify that everything is installed and connected properly. There are
three ways to open a program from within Dynamic C: the File menu, the File icon or the keyboard short-
cut Ctrl+O. They all open the same dialog box that allows you to browse for the file or type in its path-
name. The sample program pong . ¢ is in the Samples folder where you installed Dynamic C.

Figure 2.3 Open Dialog Box Showing Dynamic C Root Folder
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Press function key F9 to compile and run the sample program. Dynamic C will display a status message
during compilation and download. If Dynamic C reports no errors and the Stdio window then opens and
displays a small square bouncing around in a box you have verified that the serial connection is function-

ing.

If the program did not compile or run correctly, please see Section 2.5 for some troubleshooting tips that

may help diagnose and fix the problem.
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2.4 Ethernet Communication

This section describes the additional hardware connections needed to use the RabbitFLEX BL300F Ether-
net port. An Ethernet port is available on the PowerCore 3800, but not on the PowerCore 3810. You must
have a core module with an Ethernet port and your host computer will need one as well. You may create a
direct or an indirect network connection from the target board to the host computer. The core module uses
traditional 10Base-T Ethernet, with an RJ-45 jack which is shown in Figure 2.4.

Figure 2.4 RJ-45 Connector on the PowerCore 3800

To communicate on a network, the RabbitFLEX board must be connected to the network with the appro-

priate cable and the board must be assigned an appropriate IP address. Other addresses may be necessary,
depending on whether the network is isolated or is addressable on the Internet. For development, it is bet-
ter (read easier) to use an isolated network as opposed to one connected to the Internet. Either is possible,
and both will be discussed here.

Before proceeding you will need to have two straight through Ethernet cables and a hub, or a crossover
Ethernet cable. The Ethernet cables and a 10Base-T Ethernet hub are available from Rabbit in the TCP/IP
10Base-T Accessory Kit. More information is available at: www . rabbit .com
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2.4.1 Direct Connection

A direct connection means that a crossover cable connects the target board to the host computer
running Dynamic C. Plug one end of the crossover cable into the RJ-45 jack on the core module
and the other end to the network interface card in your host PC.

2.4.2 Indirect Connection

An indirect connection means that a straight-through cable connects the target board to an Ethernet net-
work via a hub.

2.4.3 Setting IP Addresses

IP addressing is necessary to communicate on networks. IP addresses are like street addresses or phone
numbers in that they associate a unique number with an entity. Just as no two devices can have the same
phone number, no two devices on a network can have the same IP address.

The Dynamic C implementation of TCP/IP makes network configuration very easy. In most cases an appli-
cation only needs to define the configuration macro TCPCONFIG. This configuration macro is used to
define other configuration macros. In the sample programs you will see TCPCONFIG defined as 1. This is
the default network configuration, which will bring up the Ethernet interface and assign default IP
addresses for the system, as well as a netmask.

You only need to set the network configuration in Lib/tcpip/tcp config.lib for most sample
programs to work. The following line of code was taken from tcp config.lib:

#define PRIMARY STATIC IP "10.10.6.100"

The IP address is a 32-bit number that is expressed in the dotted decimal format shown in the above
#define statement. Unless there is a need to set a specific IP address to your Rabbit-based device, you may
proceed with the default address of 10.10.6.100. Otherwise, open tcp_config.lib and replace "10.10.6.100"
with the IP address for your Rabbit-based device. If your device is on a local network, this change may be
sufficient; however, if your device is addressable over the Internet, you must also set the macro

MY GATEWAY to the IP address of the default gateway (router) used by your network.

The Dynamic C implementation of TCP/IP supports subnetting. Subnetting is done with a logical bitwise
AND of a netmask and the IP address. The following line of code was taken from tcp config.lib:

#define PRIMARY NETMASK "255.255.255.0"

If you do not know the correct values for your IP address and netmask, ask your network administrator.

If you have created an isolated network of just the PC running Dynamic C and the RabbitFLEX BL300F,
you can use any IP address and netmask that you like as long as they are in dotted decimal format and are
on the same network. For example, if using the default netmask, the first three octets of each IP address
must match.
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2.4.4 Verify the Ethernet Connection

Run the sample program ping. c to verify that everything is connected properly. The sample program
ping.cisinthe \Samples\tcpip folder where you installed Dynamic C.

Press function key F9 to compile and run the program. Dynamic C will display a status message during
compilation and download. If Dynamic C reports no errors and the Stdio window then opens and reports
that ping responses were received from the remote host, as shown in the screenshot in Figure 2.5, you have
verified that the network connection is functioning.

Figure 2.5 Output from ping.c
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2.5 Troubleshooting Tips

This section discusses troubleshooting tips to try when the above instructions did not result in the error-
free running of the pong and/or ping program. There are various conditions to double-check.

If you see the message “No Rabbit Processor Detected”

Be sure the programming cable is attached securely and that it is not misaligned or backwards.

If your PC is busy running concurrent tasks, try lowering both the Debug and Download baud rates. Or
exit the concurrent tasks.

If you have something like Palm Desktop running, it may monopolize a serial port. Disable this pro-
gram, or others like it (that is, any program that uses the serial port and stays open in the background).

Use the power supply that came in the Tool Kit. Make sure it is attached securely.
If you need to use a USB to serial converter, use the one sold at:

www.rabbit.com/products/rs232_usb_cable/index.shtml

since it has been tested for compatibility. Others may work as well, but some may not.

Do some basic debugging. For example, see if there is power at the core module and check the 3.45
regulator. Figure 2.6 shows the points to probe with a multimeter. They are located in the lower right-
hand side of the module and are labeled “A” through “F.” Table 2-6 describes the labeled test points
and the voltages you should expect to see.
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Figure 2.6 Test Points for Checking Voltage Levels on the PowerCore 3800
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Table 2-6. Description for Test Points in Figure 2.6

Test Points Expected Measurement

A, B, C: These pins are the center-

tapped power supply input. “B™is g B0 A 12V AC or higher

i B th C‘A” 13 2
ground. Bo . and "C" measure From B to C, 12 V AC or higher
the voltage coming from the external

power supply

D: This capacitor terminal is an easy
place to access the board-level
ground. From D to E, approx. 3.45 V DC
E, F: These pins are the output and | From D to F, approx. 5 V DC
input, respectively, of the 3.45V
regulator.

If you see the message “Could not open serial port”

® Another program (for example, a terminal emulator) is already using the COM port you chose for
Dynamic C or the programming cable is not attached to the correct COM port on the PC. To change the
COM port Dynamic C will use, choose Options > Project Options and click the Communications tab.
Select another COM port from the Serial Port pull-down menu.

If you see the message “Timeout while waiting for response from target”
® Check the programming and power cable connections.

® You might have a baud rate mismatch problem. Choose Options > Project Options and click the Com-
munications tab. Select a different value in the Debug Baud Rate dropdown menu.

e [fyou have a very slow PC or are doing other CPU-intensive tasks at the same time Dynamic C is try-
ing to download, you might get other timeout error messages. Dynamic C needs a lot of CPU time dur-
ing a download. Try stopping the other tasks to see if it helps.
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Problems During and/or at the End of Compilation

e A few computers have trouble handling the default 115,200 baud rate. Change the stop bits from 1 to 2
in the Communications tab of Project Options. If that does not work, slow the baud rate to 57,600 and
try the compilation again.

2.7 Contact Information

If there are any questions at this point:

e [fyou purchased your RabbitFLEX BL300F through a distributor or through a Rabbit partner, contact
the distributor or partner first for technical support.

® Check the Rabbit Technical Bulletin Board at: www.rabbit.com/support/bb/.

e Use the Technical Support e-mail form at: www.rabbit.com/support/.
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3. DESIGN IMPLEMENTATION AND
INFORMATION

This chapter discusses the implementation of the RabbitFLEX™ SBC features. We start with information
about the basic bare board, which is used as the foundation for all RabbitFLEX™ SBC boards. This foun-
dation board is called the base board. Next, we discuss the physical and logical components that make up

the feature set selected during the online ordering process.

3.1 General Board Information
This section describes the RabbitFLEX BL300F base board and provides a high-level diagram of the sub-

system options.

3.1.1 Base Board Layout
The base board for a RabbitFLEX BL300F is pictured in Figure 3.1.

Figure 3.1 Base Board for RabbitFLEX BL300F
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3.1.2 Board-Specific Information

The PowerCore module and the board to which it is attached are linked by more than their physical con-
nection. Switching the mated core module is not recommended, as the calibration and design numbers are
contained in the core module and will thus no longer match the board.

3.1.2.1 System ID Block
The System ID block is a reserved area in flash memory that contains identification information for the
core module and the design number for the RabbitFLEX BL300F. All RabbitFLEX BL300F devices have

System ID blocks of version 5 or later. The information fields contained in the System ID block are
described in the Rabbit 3000 Designer’s Handbook.

3.1.2.2 User Block

The System ID block has information about the User block. The User block is where calibration constants
are stored. There is memory in the User block for other persistent data that may be required by your appli-
cation.

3.2 Cells and Circuits

The magic of a flex board is the innovative design of the cells, which are abstracted to a level that allows
them to implement one of multiple functions that may be chosen by you, the board designer.

3.2.1 Cell Definition

Cells can be configured or unconfigured. Unconfigured cells are the basic structure unit at the PCB level.
An unconfigured cell can be configured to implement one of several logical functions, thus making it a
configured cell. A configured cell is one in which circuitry has been assembled to form a single function
on a RabbitFLEX board, such as an I/O pin or a serial port.

3.2.2 Cell Descriptions
There are different types of cells available. Each one is designed to handle different types of circuits. Each
I/0O pin is supported by a one-transistor or two-transistor cell on the RabbitFLEX BL300F board.

The one- and two-transistor cell layouts pictured in Figure 3.2 and Figure 3.3 can be used along with the
board layout pictured in Figure 3.4 to determine the placement of components on your board. The pad
labels (R2A, R2B, Q1B, etc.) that you see in the cell layout diagrams correspond to the component desig-
nators in the circuit schematics.

For example if you look at the circuit diagram for the 1.4 V trigger threshold digital input, you will see that
the 100 ohm resistor is labeled “R6.” Looking at the one-transistor cell layout, “R6” is located in the
lower-right corner of the cell. The physical placement of “R6” is different when a two-transistor cell is
used to implement the 1.4 V digital input.
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3.2.2.1 One-Transistor Cells

Figure 3.2 shows the complete layout of a one-transistor cell. A one-transistor cell can handle dig-
ital inputs, certain outputs, bidirectional logic and keypads. The one-transistor cells on connector

J4 can also be used as analog inputs.

Figure 3.2 One-Transistor Cell
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3.2.2.2 Two-Transistor Cells

A two-transistor cell is required for all sourcing outputs and the 1 A sinking output. The two-transistor
cells on connector J3 can also be used as analog inputs. You can use any circuit that can be placed in a one-

transistor cell, but not vice-versa.

Figure 3.3 Two-Transistor Cell
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3.2.3 Board Map

The board map shown in Figure 3.4 identifies the cell placement for each of the I/O pins. Each rectangle
labeled “Jx PIN y” starts as an unconfigured cell before a circuit is selected and placed on it, causing it to

become a configured cell.

Figure 3.4 Map of Cells Supporting I/O Pins on Connectors J1-J5
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Digital I/O is routed to a digital interface cell, which is routed to the

core module. Analog inputs are routed

to an analog input interface cell, which is also routed to the core module. An analog input cell takes in the
ramp generator output, the eight possible analog inputs and three selector pins. A background process con-

tinually reads the analog inputs and stores the last values read.
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Figure 3.5 shows the locations of the digital and analog interface cells corresponding to connectors J1-J5.

Figure 3.5 Map of Digital and Analog Input Interface Cells
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RABBIT St PRODUCT MANUAL

4. RABBITFLEX BL300F OPTIONS

This chapter discusses the options available for customizing a RabbitFLEX BL300F. The options fall into
one of three main categories: global, pin group or connector.

Global Options

Global options, as the name implies, have a more global effect on the board design than the options in the
other two categories. Global options are things like the core module and serial communication channels.

Pin Group Options
Pin group options are circuits that populate more than one pin on a connector. Things like an LCD or key-
pad are in this category. Multiple pins are configured when an LCD or keypad is chosen.

Connector Options
Connector options affect one pin on a connector, like digital or analog /0.

4.1 Overview of Options

This section gives a visual overview of all available options and the connector/pins used.

Figure 4-1 RabbitFLEX BL300F Block Diagram

Optional .
Comn’:unication Optional
Channel Digital
| RS-232 Inputs
Optional 32 kHz 5215.gnl>llll_l;lz or
Ethernet osc . z osg -
RS-485 Optional
Optional Sir_lking
Program . Drivers
SRAM RabbitNet
Data Optional
SRAM RABBE Sourcing
Program 000 Optional Drivers
Flash DAC
. Channel #0 Optional
ptiona
Serial Flash Optional ADCs
DAC
Battery-Backup Channel #1
Circuit
Optional
. Keypad
RabbitCore Module yp
Optional
LCD
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4.2 Overview of Connector and Cell Association

The table in this section summarizes the user-configurable connectors, their corresponding unconfigured
cells and the available circuitry that can be used to configure the cells. (See Section 3.2 for more informa-
tion about cells.)

Table 4-1. Connectors and their Unconfigured Cell Types

Connector | Unconfigured Digital Analog 345V | 5V
CellType | pjgital In |Digital Out| ADC pAc | Power | Power
J1 2-transistor X X X X
J2 2-transistor X X X X X
J3 2-transistor X X X X X
J4 1-transistor X X X X
J5 1-transistor X X X

4.2.1 Connector Pinout Diagram
This section identifies the location of the connectors and their customizable options.

Figure 4-2 Location of J1 through J6 on RabbitFLEX BL300F

For obvious reasons, a board-specific pinout diagram is impossible to include in a generally applicable
user’s manual such as this one. The following diagrams give the pinouts of the user-configurable connec-
tors and the options available for each of the pins. To review the option/pin combinations that exist on your
particular board, look in the generated library FAxxxxxxx.lib or the board summary file FAXxxxxxx.txt.
These files, which are downloadable from the RabbitFLEX Configurator, tell you which option is con-
nected to each of the configurable pins.
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4.2.1.1 Connector 1

Connectors J1 through J5 all have digital I/O, power routing, ground and +K (external power) options. But
the range of choices is greater in the digital I/O options for J1 through J3 because the pins are connected to
two-transistor cells as opposed to the one-transistor cells of J4 and JS.

Connectors J3 and J4 add the ability to be configured as analog inputs.
If the LCD option is selected, it will populate the 8 available pins of J1.
Figure 4-3 Pinout Options for J1

------------------- External Interrupt

I O —
1 3 5 7  GND LCD
Digital In
HEE EERN Digital Out
Digital In/Out
HEE EERN e
2 4 6 8 (+K)
L1

-------------------- External Reset
J1 = Connector 1

4.2.1.2 Connector 2

The two DAC channels and the PWM outputs are available on J2. The 0-10 V option requires an external
+12 V power supply connected to +K on J2.

Figure 4-4 Pinout Options for J2

Digital In
Digital Out

1
1
1
- : Digital In/Out
1
|

Power

J2 = Connector 2
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4.2.1.3 Connector 3 and 4

The pinout diagram for J4 looks exactly like the one for J3. The difference is that J4 is made up of one-
transistor cells and J3 is made up of two-transistor cells. This difference means that, for example, the pins
on J4 can be configured for the 100 mA sinking driver or the 100 ohm line driver, but not the 1 A sinking
driver or either of the sourcing drivers available on J1, J2, or J3. Also the 3.45 V power supply is not avail-
able on J4.

Figure 4-5 Pinout Options for J3 and J4

| | | | Analog In
1 3 5 7  GND Digital In
Digital Out
- - - - - Digital In/Out
HEE EENE Power
2 4 6 8 (+K)
[ I |

J3 = Connector 3, J4 = Connector 4

4.2.1.4 Connector 5

If the keypad option is selected, it will populate pins on J5. The number of pins depends on the number of
rows and columns chosen. For a 2x3 keypad, six pins are used. For a 4x4 keypad, all eight configurable
pins are used.

Figure 4-6 Pinout Options for J5f

T T ] Reypad

1 3 5 7  GND Digital In
Digital Out

- - - - - Digital In/Out

EEEENE roner

2 4 6 8 (+K)

1 |

J5 = Connector 5
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4.2.1.5 Connector 6
J6 differs from J1-J5, in that its pins can only be customized from the global options page of the Rabbit-
FLEX Configurator. This is because J6 is used for serial communications and the speaker.

Figure 4-7 Pinout Options for J6

TxD/E RxD/E 485- Speaker
1 3 GND 7 9

HEE EEBN

HEEB

2 4 GND 8 GND

RxF TxF 485+

J6 = Connector 6

4.2.2 Connector Mating Information

The connectors J1 through J6 on the RabbitFLEX BL300F are Molex Micro-Fit 3.0 connectors, Molex
part # 43045-1018. There are a number of companies that offer custom harness assemblies that could be
mated with these connectors. Molex has a list of recommended cable assembly manufacturers on their
website:

www.molex.com/product /harness/stars.html

Rabbit recommends both Blaylock's, Inc. and Mann Organization for custom cable assembly.

www.blaylocksinc.com/

www . mannorganization.com/index.html

RabbitFLEX User’s Manual www.rabbit.com
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4.3 RabbitFLEX BL300F Option Specifications

This section lists all of the RabbitFLEX BL300F options, along with basic information and specifications.

4.3.1 Core Module

There are currently two core modules available for the RabbitFLEX BL300F: the PowerCore 3800 and
PowerCore 3810. The table in this section compares the features that differ between these modules. See
the PowerCore FLEX User’s Manual for more information about these core modules.

Table 4-2. PowerCore Module Differences

Feature PowerCore 3800 PowerCore 3810
Microprocessor Rabbit 3000 @ 51.6 MHz Rabbit 3000 @ 25.8 MHz
Ethernet Yes No

2 A,8-43VDC,24-60VAC | 1A,8-40VDC,1-19-57V AC
Onboard Power Supply (with center-tapped transformer | (with center-tapped transformer,

otherwise 12-36 V AC) otherwise 10-29 V AC)
512K Flash
Mem. 1 MB SRAM (512K Code, 512K Flash
emory 512K Data) 256K SRAM

1 MB Serial Flash

As you can see from the information in Table 4-2, the PowerCore 3800 is faster, can communicate on a
network, supplies more power and has more memory than the PowerCore 3810. The serial flash on the
PowerCore 3800 allows the use of the Dynamic C FAT module, adding a popular standard for file storage
to your application. However, if your application requires a low-power solution and only requires serial
communication, the PowerCore 3810 would be an appropriate choice.
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4.3.2 RS-232

You can select one of the following RS-232 channel configurations:

® one 3-wire channel, or
e two 3-wire channels, or
® one 5-wire channel

Serial port F is used for the first 3-wire channel. If you select two 3-wire channels, the second one will use
serial port D or E. A 5-wire channel will use serial port F for transmit/receive and serial port D or E for the
handshaking lines. Note that whether to use serial port D or E is a decision made when you are design-

ing/ordering your board. Once the board is built you cannot change which of these two serial ports to use.

The API function serMode () allows you to enable or disable hardware flow control.

The serial channel lines come out on J6 (see Figure 4-2). All signals are true RS-232 signals; the board
provides the voltage output, slew rate, and input voltage immunity required to meet the RS-232 serial com-
munication protocol. Basically, the signals from the Rabbit 3000 are converted to RS-232 signal levels.
The polarity is reversed in an RS-232 circuit so that a +3.3 V input becomes approximately -7 V and 0 V is
output as +7 V. The RS-232 transceiver also provides the proper line loading for reliable communication.

The following table lists the different capabilities of the serial ports D and E. More information on these
serial ports can be found in the Rabbit 3000 Microprocessor User’s Manual.

Table 4-3.

Serial Port D Serial Port E

Asynchronous mode up to the baud Asynchronous mode up to the baud
rate of the system clock divided by 8 | rate of the system clock divided by 8

Clocked serial mode HDLC

SPI device interfacing SDLC

An asynchronous port can handle 7 or 8 data bits. A 9th bit address scheme, where an additional bit is sent
to mark the first byte of a message, is also supported.

The RS-232 protocol is implemented by the library RS232 . 1ib, which can be found in the folder named
“Lib” where you installed Dynamic C.
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4.3.3 RS-485

You can select an RS-485 communications channel with or without termination or jumpered termination
for the most flexibility. The header J8, between J6 and the RS-485/RabbitNet port, is the header for RS-
485 jumpered termination. J8 pin numbers are marked in Figure 4-8.

Figure 4-8 Location of J8 for RS-485 Jumper Termination
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CDIFA105

o ] Jo

See Table 4-4 to determine jumper setting for enabling/disabling termination.

has SPKR

Table 4-4. Jumper Settings for RS-485 Termination

Termination Status Jumpered Pins
Enabled 1-2and5-6
Disabled No jumpers

For more information on termination see Section 5.2.

The RS-485 lines come out on connector J6 (see Figure 4-2). Signal A is pin 8 (485+) and signal B is pin 7
(485-). The RS-485 protocol is a packet driver implemented by the library packet . 1ib, which can be
found in the folder named “lib” where you installed Dynamic C.
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4.3.4 RabbitNet

RabbitNet is a high-speed synchronous protocol used to connect peripheral cards to a master and to allow
them to communicate with each other. The available peripheral cards are:

Digital I/0

ADC

DAC

Display/Keypad Interface
Relay

For complete information on RabbitNet see the RabbitNet Peripheral Cards User’s Manual and then any
manuals specific to the peripheral card you are interested in.

4.3.5 LCD

The RabbitFLEX™ SBC Configurator will automatically assign pins from connectors J1 and J2 to inter-
face with the LCD. Pins from J2 are used only if you choose the backlight option (pin 1) and/or the con-
trast control option (pin 5).

The LCD must have a 4-bit data interface. Note that the RabbitFLEX BL300F LCD driver is intended to
support modules based on the Hitachi HD44780 chipset, but we cannot guarantee compatibility will all
LCD modules based on this chipset. To ensure compatibility, use the LCD module provided for the Rabbit-
FLEX BL300F in the RabbitFLEX Keypad/Display Kit. For more information on the 4 x 20 character dis-
play in the kit, see Appendix D.

4.3.6 Keypad

The RabbitFLEX BL300OF is compatible with XY matrix keypads, also known a crosspoint keypads. The
keypad options are m x n, where m + n <= 8. The specific options available are:

e 1x3, 1x4, 1x5, 1x6, 1x7
e 2x3,2x4, 2x5, 2x6

e 3x3, 3x4, 3x5

o 4x4
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4.3.6.1 Keypad Inputs

The RabbitFLEX Configurator will automatically assign pins from connector J5 as the keypad inputs and
outputs. Keypad inputs and outputs are digital I/O circuits. Keypad inputs are read by the API function
flexKeyProcess (). This function must be called frequently in a software application in order to poll
the keypad for key presses. See sample program Samples/RabbitFLEX BL300F/keypad.c for
an example of how to use the keypad API functions. (The “RabbitFLEX_BL300F” folder was formerly
named “RabbitFLEX_SBC40.”)

Figure 4-9 Keypad Input Circuit Schematic

> Digital Interface
Cell

VERSION 6.01

Keypad Input

Table 4-5. Keypad Input Characteristics

Symbol | Parameter | Note | Min | Typical | Max |  Unit
DC
Viw Working Input Voltage 0 5 \Y
Vim Maximum Input Voltage -0.5 6 V
Vi High Level Input Voltage 2.0 \Y
Vi Low Level Input Voltage 0.8 V
Vr Trigger Threshold Voltage 1 1.4 \Y
Iy High Level Input Current 2 -0.3 mA
I Low Level Input Current 3 -0.42 mA
f Input Current 4 -1 1.5 mA
lon High Level Quiescent Current 2,5,6 0.3 mA
la Low Level Quiescent Current 3,56 0.42 mA
AC
ti Input Time Delay to 1 7 500 nS
tio Input Time Delay to 0 8 100 nS
Note 1: (Vi + Vi) / 2 v1.03
Note 2: at V4 cell v6.01
Note 3: at V.

Note 4: Over Maximum Input Voltage range

Note 5: From PowerCore Supply5

Note 6: Iq = ((5 - V\w) / 10) mA over Working Input Voltage Range

Note 7: Time delay from a cell pin input voltage change from 0 to 5 Volts to see V at the cell output
Note 8: Time delay from a cell pin input voltage change from 5 to 0 Volts to see V,_at the cell output
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4.3.6.2 Keypad Outputs

The RabbitFLEX Configurator will automatically assign pins from connector J5 as the keypad inputs and
outputs. Keypad inputs and outputs are digital I/O circuits. See sample program
Samples/RabbitFLEX BL300F/keypad.c for an example of how to use the keypad API func-
tions. (The “RabbitFLEX_BL300F” folder was formerly named “RabbitFLEX_SBC40.”)

Figure 4-10 Keypad Driver Circuit Schematic

Digital Interface
Cell

Keypad Driver

Power On/Reset State: Off, High impedance

Table 4-6. Keypad Driver Characteristics

VERSION 6.02

Symbol | Parameter |Note] Min | Typical Max Unit
DC
Vs Supply Voltage 0 5 \%
VoL Low Level Output Voltage 0.8 \%
loL Low Level Output Current 10 mA
I Leakage Current 10 uA
loH High Level Quiescent Current 1 1 uA
lav Low Level Quiescent Current 1 1 mA
AC
to1 Output Time Delay to 1 2 1 uS
too Output Time Delay to 0 3 72 nS
v1.02
Note 1: From PowerCore Supply5 cell v6.02

Note 2: Delay from a cell input voltage change from logical 1 to 0 to see Vo at the output pin with 10K pullup
Note 3: Delay from a cell input voltage change from logical 0 to 1 to see V¢, at the output pin at lg,

RabbitFLEX User’s Manual
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4.3.7 External Interrupt

The external interrupt can be configured to use J1, pin 7 on the RabbitFLEX BL300F. The external inter-
rupt is enabled using the Rabbit’s parallel port E, pin 0 (PEO), which is associated with interrupt vector 0,
located at EIR:0x000. The following steps must be taken to prepare the external interrupt for use:

1. Write the interrupt vector to the external interrupt table. The interrupt vector is typically a call to an
interrupt service routine (ISR). If it can fit into the 16-byte table entry, it is possible to place the ISR
directly into the external interrupt table.

2. Write to I/O register IOCR to select what edges will be detected and the interrupt priority.

See the Rabbit 3000 Microprocessor User’s Manual for more information on interrupts.

4.3.8 External Reset

The external reset can be configured to use J1, pin 8 on the RabbitFLEX BL300F. This master reset input
will initialize everything in the Rabbit 3000 except for the real-time clock registers. For more information
regarding system reset, see the Rabbit 3000 Microprocessor User’s Manual.

When a battery is installed, battery backup of the real-time clock and the RAM selected by /CS1 occurs
during reset and powerdown. For more information regarding battery-backed circuits, see the PowerCore
FLEX User’s Manual.

4.3.9 PWM Outputs

PWM stands for pulse width modulation, which allows the creation of a digital pulse train with a variable
on/off duty cycle. This can be filtered to create an analog voltage, or used directly to control many devices,
such as lamps or LEDs. Creating an analog voltage then feeding it to an analog driver or amplifier creates
a DAC system.

Four PWM outputs are available on a RabbitFLEX BL300F. A Rabbit PWM output has 10-bit resolution
and consists of a train of pulses periodic on a 1024-count frame with a duty cycle that varies from 1/1024
to 1024/1024

Table 4-7. Location of PWM Outputs on RabbitFLEX BL300F

PWM Output Connector and Pin
PWM 0 J2,pin 5
PWM 1 J2, pin 6
PWM 2 J2,pin7
PWM 3 J2, pin 8

Each PWM output can be further configured as:

e Direct Output

Sinking Driver, 100 mA

Sinking Driver, 1 A, +K protected
Sourcing Driver, +K V, 400 mA
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The direct output has the advantage of being a push/pull driver. It has the same current capacity as a gen-
eral output on the Rabbit: 6.8 mA, sinking or sourcing. A direct PWM output could be used as a control for
a high impedence device.

For applications that need more current than is supplied with a direct PWM output, select one of the sink-
ing drivers or the sourcing driver option. The driver options add current to the PWM output, giving it the
ability to drive an low impedence load such as a motor or a solenoid.

4.3.10 Digital Inputs

Digital input circuits are available on connectors J1 through J5, pins 1 through 8. For a dedicated digital
input, you may select from the following threshold voltages or special purpose inputs:

e 14V

28V

44V

Bidirectional Logic
Contact Input

4.3.10.1 Digital Input 1.4 V Threshold
This section presents the circuit schematic and the characteristics for the 1.4 V threshold digital input.

Figure 4-11 Digital Input 1.4 V Threshold Circuit

> Digital Interface
Cell

VERSION 6.01

DIGITAL INPUT, 1.4 V threshold
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Table 4-8. Digital Input 1.4 V Threshold Characteristics

Symbol | Parameter |Note] Min | Typical Max | Unit
DC
Viw Working Input Voltage 0 5 \%
Vim Maximum Input Voltage -40 40 \Y,
Vi High Level Input Voltage 2.0 \%
Vi Low Level Input Voltage 0.8 \
Vr Trigger Threshold Voltage 1 1.4 V
[ High Level Input Current 2 1 uA
n Low Level Input Current 3 1 uA
I, Input Current 4 -0.5 0.5 mA
lon High Level Quiescent Current 5 1 uA
lav Low Level Quiescent Current 5 1 uA
AC
ti1 Input Time Delay to 1 6 1.5 uS
tio Input Time Delay to 0 7 55 uS
Note 1: (Viy + Vi) / 2 v1.03
Note 2: at V4 cell v6.01
Note 3: at V).

Note 4: Over Maximum Input Voltage range
Note 5: From PowerCore Supply5

Note 6: Time delay from a cell pin input voltage change from 0 to 5 Volts to see V| at the cell output
Note 7: Time delay from a cell pin input voltage change from 5 to 0 Volts to see V,_at the cell output
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4.3.10.2 Digital Input 2.8 V Threshold
This section presents the circuit schematic and the characteristics for the 2.8 V threshold digital input.

Figure 4-12 Digital Input 2.8 V Threshold Circuit

R5

AN > Digital Interface
22 kO Cell

R7 C1
22 kQ

VERSION 6.01

Table 4-9. Digital Input 2.8 V Threshold Characteristics

Symbol | Parameter [Note] Min | Typical | Max | Unit
DC
Viw Working Input Voltage 0 10 \%
Vim Maximum Input Voltage -40 40 \%
Vi High Level Input Voltage 4.0 \%
Vi Low Level Input Voltage 1.6 V
Vr Trigger Threshold Voltage 1 28 V
™ High Level Input Current 2 91 uA
N Low Level Input Current 3 36 uA
I, Input Current 4 -1.25 1.25 mA
lon High Level Quiescent Current 5 1 uA
lav Low Level Quiescent Current 5 1 uA
AC
ti1 Input Time Delay to 1 6 37 uS
tio Input Time Delay to 0 7 125 uS
Note 1: (Viy + Vi) / 2 v1.03
Note 2: at Vy cell v6.01
Note 3: at V.

Note 4: Over Maximum Input Voltage range

Note 5: From PowerCore Supply5

Note 6: Time delay from a cell pin input voltage change from 0 to 10 Volts to see V|, at the cell output
Note 7: Time delay from a cell pin input voltage change from 10 to 0 Volts to see V,_at the cell output

RabbitFLEX User’s Manual www.rabbit.com


http://www.rabbit.com

4.3.10.3 Digital Input 4.4 V Threshold
This section presents the circuit schematic and the characteristics for the 4.4 V threshold digital input.

Figure 4-13 Digital Input 4.4 V Threshold Circuit

Table 4-10. Digital Input 4.4 V Threshold Characteristics

Symbol | Parameter [Note] Min | Typical | Max | Unit
DC
Viw Working Input Voltage 0 16 \%
Vim Maximum Input Voltage -40 40 \%
Vi High Level Input Voltage 6.4 \%
Vi Low Level Input Voltage 2.5 \%
Vr Trigger Threshold Voltage 1 4.45 \%
I High Level Input Current 2 200 uA
n Low Level Input Current 3 78 uA
I, Input Current 4 -2 2 mA
lon High Level Quiescent Current 5 1 uA
la Low Level Quiescent Current 5 1 uA
AC
ti Input Time Delay to 1 6 35 uS
to Input Time Delay to 0 7 117 uS
Note 1: (Vi + Vi) / 2 v1.03
Note 2: at V|4 cell v6.01
Note 3: at V.

Note 4: Over Maximum Input Voltage range
Note 5: From PowerCore Supply5

Note 6: Time delay from a cell pin input voltage change from 0 to 10 Volts to see V| at the cell output
Note 7: Time delay from a cell pin input voltage change from 10 to 0 Volts to see V,_at the cell output

38
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4.3.10.4 Contact Input

This section presents the circuit schematic and the characteristics for the contact input.

A contact input is designed to be connected to a switch. It has a longer time constant than the other digital
inputs to quiet the noise generated by a switch closure. And it already has the pullup allowing simple wir-

ing of the switch between the input and ground. Basically, it is a hardware switch debouncer, though it may
be still be neccesary to use software to fully debounce the switch.

Figure 4-14 Contact Input Circuit

—> Digital Interface

Cell

VERSION 6.01

Table 4-11. Contact Input Characteristics

Symbol | Parameter | Note | Min | Typical | Max | Unit
DC
Viw Working Input Voltage 0 5 \
Vim Maximum Input Voltage -0.5 10.5 \%
Viu High Level Input Voltage 2.0 \Y
Vi Low Level Input Voltage 0.8 \
Vr Trigger Threshold Voltage 1 1.4 \%
Iy High Level Input Current 2 -6.4 mA
I Low Level Input Current 3 -8.9 mA
f Input Current 4 -13 13 mA
lon High Level Quiescent Current 2,56 6.4 mA
laL Low Level Quiescent Current 3,5,6 8.9 mA
AC
t4 Input Time Delay to 1 7 240 uS
tio Input Time Delay to 0 8 780 usS
Note 1: (Viu + V) / 2 v1.03
Note 2: at V4 cell v6.01
Note 3: at V_

Note 4: Over Maximum Input Voltage range

Note 5: From PowerCore Supply5

Note 6: I = ((5 - Viw) * 2.13) mA over Working Input Voltage Range
Note 7: Time delay from contact opening to see V| at the cell output
Note 8: Time delay from contact closing to see V,,_at the cell output
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4.3.10.5 Bidirectional Logic

This section presents the circuit schematic and the characteristics for the bidirectional logic. A birdirec-
tional logic circuit is useful when talking to an offboard device that communicates using the same line for

transmit and receive, such as an I12C device.

Figure 4-15 Bidirectional Logic Circuit

Digital Interface
10 kQ Cell

c1
I 270 pF

«— Digital Interface
Cell

VERSION 6.01

BIDIRECTIONAL LOGIC

Power On/Reset State: Input
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Table 4-12. Bidirectional Logic Characteristics

Symbol Parameter | Note | Min | Typical | Max |  Unit
DC
INPUT

Viw Working Input Voltage 0 5 \%
Vim Maximum Input Voltage -3 13 \%
\m High Level Input Voltage 20 \%
Vi Low Level Input Voltage 0.8 \%
Vr Trigger Threshold Voltage 1 1.4 \Y
In High Level Input Current 2 -3 mA
I Low Level Input Current 3 -4.2 mA

f Input Current 4 -27.5 10 mA
lan High Level Quiescent Current | 2,5, 6 3 mA
la Low Level Quiescent Current 3,5,6 4.2 mA

OUTPUT
Vs Supply Voltage 5 4.75 5.0 5.25 \
Vou High Level Output Voltage 2.0 \Y
VoL Low Level Output Voltage 0.8 \Y
lon High Level Output Current 2 -2.6 mA
lou Low Level Output Current 3 25 mA
lan High Level Quiescent Current | 2,5, 6 3 mA
la Low Level Quiescent Current 5 9 mA
AC
INPUT
t1 Input Time Delay to 1 7 1.5 uS
to Input Time Delay to 0 8 6 us
OUTPUT
tos Output Time Delay to 1 9 750 nS
too Output Time Delay to 0 10 20 nS
Note 1: (Vi + V) / 2 v1.06
Note 2: at V,, for input, Vo, for output cell v6.01

Note 3: at V,_for input, Vg, for output
Note 4: Over Maximum Input Voltage range
Note 5: From PowerCore Supply5

Note 6: Iq = (5 - V\w) mA over Working Input Voltage Range.
Note 7: Time delay from a cell pin input voltage change from 0 to 5 Volts to see V, at the cell output
Note 8: Time delay from a cell pin input voltage change from 5 to 0 Volts to see V,_at the cell output

Note 9: Time delay from a cell input voltage change from logical 1 to 0 to see V|, at the output pin at no load

Note 10: Time delay from a cell input voltage change from logical 0 to 1 to see V,_at the output pin At I, Max

RabbitFLEX User’s Manual
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4.3.11 Digital Outputs
There are several digital output options on a RabbitFLEX BL300F.They are listed in Table 4-13. Note that
not all options are available on all five connectors.

Table 4-13. Digital Output Specifications

. . Connector Diode
RabbitFLEX BL300F Option Availability | Protection

Sinking Driver, 1 A 1-3 Yes
Sinking Driver, 100 mA 1-5 No
Sourcing Driver, +K V, 400 mA 1-3 No
Sourcing Driver, 5 V, 50 mA (short

.. L. 1-3 Yes
circuit current limited)
Line Driver, 100 Ohm, 5 V 1-5
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4.3.11.1 Sinking Driver 1 A

This section presents the circuit schematic and the characteristics for the 1 A sinking driver. See

Section 5.4.3 for more information on protection diodes.

Figure 4-16 Sinking Driver 1 A Circuit Schematic

D1B (+K)

Digital Interface 1/0
Cell Pin

D1B (GND)

VERSION 6.02

Sinking Driver, 1 A 40 V

Power On/Reset State: Off, high impendance
Table 4-14. Sinking Driver 1 A Characteristics

Symbol | Parameter [Note] Min | Typical | Max | Unit
DC
Vs Supply Voltage 0 40 \
Von On Voltage 1 04 V
I Leakage Current 10 uA
lo Output Current 1 A
lon High Level Quiescent Current 4 1 uA
lav Low Level Quiescent Current 4 17 mA
AC
ton Turn On Time 2 50 nS
torr Turn Off Time 3 14.5 usS
Note 1: At I, Max v1.03
Note 2: From Vg Max to 10% of Vg Max at I Max with resistive load cell v6.02

Note 3: From 0V to 90% of Vg Max at 10 mA with resistive load
Note 4: From PowerCore Supply5
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4.3.11.2 Sinking Driver 100 mA
This section presents the circuit schematic and the characteristics for the 100 mA sinking driver. The 100
mA sinking driver does not have the protection diodes that are in the 1 A circuit.

Figure 4-17 Sinking Driver 100 mA Circuit Schematic

Digital Interface
Cell

VERSION 6.01

Sinking Driver, 100 mA 40 V

Power On/Reset State: Off, high impendance
Table 4-15. Sinking Driver 100 mA Characteristics

Symbol | Parameter [Note] Min | Typical | Max | Unit
DC
Vs Supply Voltage 0 40 \
Von On Voltage 1 0.4 \
I Leakage Current 10 uA
lo Output Current 100 mA
lon High Level Quiescent Current 4 1 uA
la Low Level Quiescent Current 4 4 mA
AC
ton Turn On Time 2 46 nS
torr Turn Off Time 3 1.1 us
Note 1: At Io Max v1.02
Note 2: From Vg Max to 10% of Vs Max at | Max with resistive load cell v6.01

Note 3: From 0 V to 90% of V5 Max at 10 mA with resistive load
Note 4: From PowerCore Supply5
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4.3.11.3 Sourcing Driver 400 mA

This section presents the circuit schematic and the characteristics for the 400 mA sourcing driver. Note
that it has diode protection. This driver sources from the user-supplied +K pin and can handle up to 24 V.

Figure 4-18 Sourcing Driver 400 mA Circuit Schematic

A D1B (+K)

Digital Interface 1/0
Cell Pin

D1B (GND)

VERSION 6.01

Sourcing Driver, 400 mA 24 V

Power On/Reset State: Off, high impendance
Table 4-16. Sourcing Driver 400 mA Characteristics

Symbol | Parameter [Note] Min | Typical | Max | Unit
DC
Vs Supply Voltage 0 24 \%
Von On Voltage 1 Vs-0.4 \Y
I Leakage Current -100 uA
lo Output Current -0.4 A
loH High Level Quiescent Current 4,5 20 uA
la Low Level Quiescent Current 4 1 uA
AC
ton Turn On Time 2 244 nS
torr Turn Off Time 3 82 uS
Note 1: At Io Max v1.04
Note 2: From 0 V to 90% of Vg Max at lo Max with resistive load cell v6.01

Note 3: From Vs Max to 10% of Vg Max at 10 mA with resistive load

Note 4: From PowerCore Supply5
Note 5: External +K source supplies additional 10 mA quiescent current
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4.3.11.4 Sourcing Driver 50 mA

This section presents the circuit schematic and the characteristics for the 50 mA sourcing driver. Note that
it has diode protection. This sourcing driver is short circuit current limited to about 65 mA, making it ideal
for vending machine applications requiring a short circuit proof driver.

Figure 4-19 Sourcing Driver 50 mA Circuit Schematic

Digital Interface —

S D1A (+5 V)

1/0
O Pin

D1A (GND)

VERSION 6.03

Sourcing Driver, 50 mA 5V

Power On/Reset State: On, 5V

Table 4-17. Sourcing Driver 50 mA Characteristics

Symbol | Parameter [Note] Min | Typical | Max | Unit
DC
g Supply Woltage 1 475 5.0 025 '
“ou High Level Output Yoltage 2 4.0 Y
lan High Level Output Current -50 s,
I Leakage Current -10 1A,
laLm Cutput Current Limit 3 -B5 s
laH High Level Quiescent Current 1 4 s
laL Low Level Quiescent Current 1 1 LA,
AC
tan Turn On Time 4 a0 hs
tarr Turn Off Tirme 5 490 hs
Mote 1: From PowerCore Supphy vl (04
Mote 2: At lay Max cell va.03

Mote 3: Extended time in the current limit mode may damage circuit
Mate 4: Fraom Off to Vo with 100 ©2 [oad
mate 5 Fram Onto 10% af Ve with 100 O load
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4.3.11.5 Line Driver, 100 2, 5V
This section presents the circuit schematic and the characteristics for the line driver. Line drivers are avail-
able on J1 through J5, pins 1 through 8.

Figure 4-20 Line Driver 100 € Circuit Schematic

Digital Interface

Cell

Line Driver, 100 Q 5V

Power On/Reset State: Off, 0 V

Table 4-18. Line Driver Characteristics

R5
100 ©Q

C1

R6

47 O

R7
220 Q

VERSION 6.01

Symbol | Parameter |Note] Min | Typical | Max Unit
DC
Vs Supply Voltage 1 4.75 5.0 5.25 \%
VoH High Level Output Voltage 2.0 V
VoL Low Level Output Voltage 0.8 \%
lon High Level Output Current 6.7 mA
loL Low Level Output Current 5.5 mA
lon High Level Quiescent Current 1 31 mA
lau Low Level Quiescent Current 1 1 uA
AC
to1 Output Time Delay to 1 2 35 nS
too Output Time Delay to 0 3 28 nS
Note 1: From PowerCore Supply5 v1.03
Note 2: Time delay from a cell input voltage change from logical 0 to 1 to see Vo at the output pin at loy cell v6.01

Note 3: Time delay from a cell input voltage change from logical 1 to 0 to see Vg, at the output pin at loy

RabbitFLEX User’s Manual

www.rabbit.com

47


http://www.rabbit.com

4.3.12 Digital-to-Analog Converters

The RabbitFLEX BL300F can have up to two DAC channels. The analog output from channel #0 comes
out on J2, pin 7or can be used to drive the optional speaker output (See Section 4.3.12.3). Analog output
channel #1 comes out on J2, pin 8. There are two voltage output range options:

e 03V
e 0-10V

There are two things to notice in the circuit schematics for the DAC channels (Figure 4-21 and Figure 4-
22). First, the 0-10 V DAC channel uses the op amp to increase the PWM voltage to the desired range.
Second, the +K voltage is user-supplied and must be at least +12 V, and no more than 30 V when either
DAC channel is set to the 0-10 voltage range.

NOTE: The DACs are powered by the same voltage source, which means that a 0-3 V DAC
will be powered by +K on J2 if the 0-10 V DAC also exists. If there is no 0-10 V DAC, any 0-
3 V DACs will be powered by +5 V.
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4.3.12.1 DAC0-3V

This section presents the circuit schematic and the characteristics for the 0-3 V DAC.

Figure 4-21 DAC 0-3 V Circuit Schematic

10 kQ 22 kQ 47 kQ 47 kQ
C1 C2 C3 C4 C5

I 10 nF :I: 22 nF:I: 2.2 nF:I: 270 pF:I: 270 pF

DAC 0-3V

Table 4-19. DAC 0-3 V Characteristics

Analog Output

VERSION 5.04

Symbol | Parameter |Note] Min | Typical | Max | Unit
DC
Vs Supply Voltage 1 5 30 Vv
VEs Full Scale Output Range Oto3 V
lom Maximum Output Current 2 -5 mA
RES Resolution 10 Bits
LIN Linearity Error 3 0.5 LSB
MON Monotonicity 10 Bits
LSB LSB Value 3.36 mV
AC
RATE Conversion Speed 4 900 Samples/S
Ts Settling Time 5 1.1 mS
BW3gs 3dB Bandwidth DC to 1.1 kHz
Note 1: Uses Supply5 when 10V DAC not present. Uses the 10V DAC external supply otherwise. v1.02
Note 2: At Maximum Vgg cell v5.04

Note 3: Best Fit Method
Note 4: Based on Vg Settling Time. Higher rates possible with reduced voltage changes

Note 5: Full Scale Change to 72 LSB
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4.3.12.2 DAC 0-10V

This section presents the circuit schematic and the characteristics for the 0-10 V DAC.

Figure 4-22 DAC 0-10 V Circuit Schematic

10 kQ 22 kQ 47 kQ 47 kQ
C1 C2 C3 C4 C5

I 10 nF I 22 nFI 2.2 nFI 270 pFI 270 pF

DAC 0-10 V

Table 4-20. DAC 0-10 V Characteristics

VERSION 5.03

Symbol | Parameter [Note] Min | Typical | Max | Unit
DC
Vg Supply Voltage 1 12 30 \Y,
VEs Full Scale Output Range Oto10 \%
lom Maximum Output Current 2 -5 mA
RES Resolution 10 Bits
LIN Linearity Error 3 +0.5 LSB
MON Monotonicity 10 Bits
LSB LSB Value 10.4 mV
AC
RATE Conversion Speed 4 900 Samples/S
Ts Settling Time 5 1.1 mS
BWas 3dB Bandwidth DC to 1.1 kHz
Note 1: Requires external supply v1.02
Note 2: At Maximum Vgg cell v5.03

Note 3: Best Fit Method
Note 4: Based on Vg Settling Time. Higher rates possible with reduced voltage changes

Note 5: Full Scale Change to %2 LSB
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4.3.12.3 Speaker

DAC channel #0 can be configured as an input to a speaker. A pulse width modulated (PWM) signal goes
through a low-pass filter, changing the high speed digital signal from the Rabbit processor into a smoothly
varying analog signal. This signal is not strong enough to drive the speaker, so it goes through a low volt-
age audio power amplifier before connecting to the speaker line. Figure 4-23 is a circuit schematic of the
filter/amplifier. The output to the speaker is on J6.

Figure 4-23 Loudspeaker Circuit Schematic

DAC 0-3V
Analog Output 100 kQ

VERSION 5.03

Speaker

Figure 4-24 Speaker Characteristics

Symbol | Parameter | Note | Min | Typical | Max | Unit
Temperature
T |Dperating Temperature | | 1] | | 70 | o
DC
Wy Supply Vaoltage 475 4.0 .24 i
la Cuiescent Current 1 4 A
Faour Cutput Power 2 275 vy
AC
BWag  |3dB Bancwich | | 05-1.15 kHz
Mote 1: From PowerCore Supplys y1.00
MoteZ: 8 01 Load, 10% THD cell v5.03

NOTE: The operating temperature range for the speaker differs from the operating tempera-
ture range (—40°C to +70°C) of the rest of the RabbitFLEX BL300F components.

A sample WAV files is provided in /Samples/RabbitFlex BL300F/audio/ orin
/Samples/RabbitFlex SBC40/audio/ depending on your version of Dynamic C.
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4.3.13 Analog-to-Digital Converters

The RabbitFLEX BL300F has a ramp-compare ADC. Up to 16 channels are available. The analog inputs
can be on any combination of pins 1 through 8 on both J3 and J4. The design of the ADCs allow you to
choose a current or voltage input on these pins. The measurement range options are:

e 03V
e 0-10V
e 4-20 mA

The ADCs work with single-ended unipolar voltage inputs and industry standard 4-20 mA current loops.
The digital result has an 8-bit resolution and the sampling frequency is determined by the following equa-

tion.

1000 ms
2.35 ms X # A/D channels

Sampling Frequency for ADCs =

The ADC channels are sampled round-robin, so the sampling frequency depends on the number of analog-
to-digital channels that exist on the RabbitFLEX BL300F. If there is only one ADC, the sampling fre-
quency is about 425 samples per second. If the maximum of 16 ADCs exist, the sampling frequency is
about 25 samples per second.

The ADCs are not meant for applications that require very fast data acquisition rates. They are suitable for
measuring analog voltages that change slowly.
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4.3.13.1 Analog Input 0-3 V

This section presents the circuit schematic and the characteristics for the 0-3 V analog input.

Figure 4-25 Analog Input 0-3 V Threshold Circuit

VERSION 6.02

Analog Input, 0-3 V

Table 4-21. ADC 0-3 V Characteristics

Symbol | Parameter INote] Min | Typical | Max Unit
DC
Wy Waorking lnput Woltage Oto3 W
it Maximum Input Voltage -400 40 i
Iy Input Current 1 05 025 rrd,
R Input Resistance 2 10 hAC
RES Resalution 9 12 Bits
LIM Linearity Errar 3,4 +1.25 LSB
WO hWonotonicity 9 Bits
REP Repeatability 3 +1 LSE
LSE LZE “alue 3 ] 'y’
AC
RATE Conversion Speed 5 425 Samples/S
T Settling Time B 200 us
BV¥34p 3dE Bandwidth DCto 5.2 kHz
Miote 1; Cwer Maximum Input Yoltage range wl.04
Mote 2: Cver Waorking Input Voltage range cell vw5.02

Mote 3 At stated typical resolution

Mote 4: Best Fit Method

Mote 5: This is the aggregate sampling rate. The sampling rate per channel is (RATE ! # Channels)
Mote 6: Full Scale Change to 2 LSB
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4.3.13.2 Analog Input 0-10 V
This section presents the circuit schematic and the characteristics for the 0-10 V analog input.

Figure 4-26 Analog Input 0-10 V Circuit Schematic

VERSION 6.04

Analog Input, 0-10 V

Table 4-22. ADC 0-10 V Characteristics

Symbol | Parameter INote] Min | Typical | Max | Unit
DC
Wy Waorking lnput Woltage O0ta10 W
it Maximum Input Voltage -400 40 i
Iy Input Current 1 05 05 rrd,
R Input Resistance 2 122 K
RES Resalution 9 12 Bits
LIM Linearity Errar 3,4 +1 LSB
WO hWonotonicity 9 Bits
REP Repeatability 3 +1 LSE
LSE LZE “alue 3 33 'y’
AC
RATE Conversion Speed 5 425 Samples/S
T Settling Time B 1.1 ms
BV¥34p 3dE Bandwidth DC to 900 Hz
Miote 1; Cwer Maximum Input Yoltage range wl.04
Mote 2: Cver Waorking Input Voltage range cell vw5.04

Mote 3 At stated typical resolution

Mote 4: Best Fit Method

Mote 5: This is the aggregate sampling rate. The sampling rate per channel is (RATE ! # Channels)
Mote 6: Full Scale Change to 2 LSB
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4.3.13.3 Analog Input 4-20 mA
This section presents the circuit schematic and the characteristics for the 4-20 mA analog input.

This analog input provides a simple interface for industry standard 4-20 mA devices. It is a passive input
and the device must either supply the loop current or be wired in series with a supply to operate correctly.
The loop is formed by using the input pin as the SIG+ line and the ground pin as the SIG- or signal return.

A design consideration for choosing the appropriate ADC circuit for your application is the fact that cur-
rent is preferred over voltage in noisy industrial/control environments where the transmission of low-

amplitude, low-frequency signals must travel significant distances. This is because the current stays con-
stant over the length of the cable.

Figure 4-27 Analog Input 4-20 mA Circuit Schematic

Analog Input, 4-20 mA

Table 4-23. ADC 4-20 mA Characteristics

> Analog Input
I Cell
C1
I 10 nF

VERSION 6.01

Symbol Parameter [Note] Min | Typical | Max Unit
DC
[y Working lnput Current 41020 rrd,
lina Maximurm Input Current S 27 A 1T,
F Input Resistance 100 9
RES Fesolution 9 12 Bits
LI Linearity Error 1,2 +1.25 LB
WA Monotonicity 9 Bits
REF Repeatability 1 +1 LSE
LSE LSE “alue 1 B0 uA,
AC
RATE Conversion Speed 3 425 Samples/s
Ts ettling Time 4 126 us
BWWaqp 3dB Bandwidth DCta7 G kHz
Mote 1 At stated typical resoluation vl .02
Maote 2: Best Fit Method cell vi.01

Mate 3: This is the aggregate zampling rate. The sampling rate per channel iz (RATE 7 # Channelz)
Mate 4: Full Scale Change to ¥z LSB
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4.3.14 Power Routing

You can bring power supply pins out on any of the pin-configurable connectors (J1-J5). All five connec-
tors accommodate 5 V pins, but only J1-J3 have 3.45 V. Keep in mind that no matter how many power
supply pins are configured, there is a limit to their simultaneous use. The power budget for your applica-

tion must stay within the parameters of the total power for the system.

Table 4-24. 5V Power Supply Characteristics

Symbol | Parameter | Note | Min | Typical | Max | Unit
DC
Vg Supply Voltage 4.75 5.0 5.25 \%
3 1.05 2-lg - lsass
Iss Supply Current 1,2 A
4 005 1 - IQ - Is345
Note 1: This current is shared by all Supply5 cells and depends on the current used by any SUPPLY345 cells. v1.04
Note 2: 1o = Current consumed by the PowerCore at +3.45 Volts, typically between 150 and 400 mA. cell v6.01
Note 3: With PowerCore 3800. Please see the PowerCore User's manual for more information.
Note 4: With PowerCore 3810. Please see the PowerCore User's manual for more information.
Table 4-25. 3.45 V Power Supply Characteristics
Symbol | Parameter [Note] Min |  Typical | Max Unit
DC
Vs Supply Voltage 3.30 3.45 3.55 \%
Is34s Supply Current 1,2 0 0.55 A
Note 1: This current is shared by all Supply345 cells. v1.03
Note 2: This is dependent upon the installed PowerCore Module configuration and the available current from the 5V supply. Please
see the PowerCore User's manual for more information. cell v6.01
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RABBIT St PRODUCT MANUAL

5. MORE INFORMATION ON
RABBITFLEX BL300F OPTIONS

This chapter provides links, references and additional information about the RabbitFLEX BL300F options.
All Rabbit documentation can be accessed online at rabbit.com or from the Dynamic C CD that came in
the RabbitFLEX Tool Kit.

5.1 PowerCore Module Options

For more information on the core module options, see the following manuals:

o PowerCore FLEX User’s Manual - Describes the PowerCore 3800 and PowerCore 3810
® Rabbit 3000 Microprocessor User’s Manual - Describes the Rabbit chip

5.1.1 Ethernet

For more information regarding the software necessary for Ethernet communication, see the following
manuals:

e Dynamic C TCP/IP User's Manual, Vols I and 2 - Describes the Dynamic C TCP/IP stack and its
higher-level protocols

® An Introduction to TCP/IP - A beginner’s guide to networking

5.1.2 Serial Flash

One of the benefits of having a serial flash is the ability to use the Dynamic C FAT module. The small
footprint of this well-defined industry-standard file system makes it ideal for embedded systems. The
Dynamic C implementation of the FAT file system has a directory structure that can be accessed with
either Unix or DOS style paths. The standard directory structure allows for monitoring, logging, Web
browsing, and FTP updates of files.

For more information, see:

® FAT File System User’s Manual - Describes the FAT structure, operations and functions available.
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5.2 Serial Communication

Dynamic C provides drivers for RS-232 and RS-485. For a full discussion of these drivers, see the Techni-
cal Note, TN213: “Rabbit Serial Port Software.”

5.2.1 Comparison of RS-232 and RS-485

Both RS-232 and RS-485 are popular and well-established serial communication protocols that are used
by many different devices. There are a number of considerations when choosing which serial protocols are
right for a particular application. The following table looks at both protocols and compares these consider-
ations.

Table 5-3. Serial Communication Parameters

Parameter RS-232 RS-485
Max number of drivers 1 32
Mode of operation Full-duplex Half-duplex
Topology End-to-end g‘iﬁfgﬁi’azg: node-to-node
Max distance 15 m 1200 m
Max slew rate 30 V/us n/a

RS-485 was developed to overcome some of the limitations of RS-232, such as the distance between trans-
mitter and receiver. RS-485 also has a more open topology, allowing the RabbitFLEX BL300F to be part
of a multidrop network of serially connected devices.

Figure 5.1 Multidrop Network Wiring

T
(e}
<

485+
GND
485+
GND
485-
485+
GND

485-

5.3.1 Termination Resistors

You can design the RS-485 circuit to include termination resistors or not. A third option is to have select-
able termination. For best performance in a multidrop network, termination resistors are enabled only on
the end nodes and are disabled on intervening nodes.

At the time of this writing, more information on the termination of transmission lines can be found at:

www.bb-elec.com/tech articles/rs422 485 app note
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5.4 Digital Outputs

There are several types of options available for digital outputs. There are sinking and sourcing drivers, as
well as line drivers. No matter which digital output type you have, the circuit is activated by a call to
flexDigOut () or flexDigOutGroupl6 ().

5.4.1 Sinking and Sourcing Drivers

One approach to boost the power of DC control signals is to use a sinking output. There are two choices
for sinking outputs on a RabbitFLEX BL300F: a sinking output that can sink up to 1 A and one that can
sink up to 100 mA. Another advantage of a sinking output driver is that it can control large voltage—up to
the rating of the transistor used. The 1 A sinking driver can control up 40 V.

A sinking output uses an NPN transistor. The transistor’s emitter is connected to ground potential. When
on (the control signal, called the base, is high), the output terminal, called the collector, is connected to
ground.

Another type of digital output driver is the sourcing output driver. It is the complement of the sinking out-
put and uses a PNP transistor. The emitter is connected to a positive supply. When the transistor is on (a
low voltage on the control signal), the collector is connected to the positive supply.

As with the sinking driver, there are two choices for sourcing outputs on a RabbitFLEX BL300F: a sourc-
ing ouput that can source up to 400 mA and one that can source up to 50 mA.

At first, sourcing drivers seem to make a little more sense than sinking drivers, but they are not as efficient
as sinking drivers. PNP transistors typically do not have current ratings as high as their NPN counterparts.
Sourcing drivers can, however, source current to devices that are connected to negative power supplies.

One way to “see” the difference between sourcing and sinking power is to expand on the water analogy
that is often used to understand the different terms that describe electricity, such as voltage and 