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RC40 User’s Guide

INTRODUCTION

Welcome to the RC40 User’s Guide. This document describes
the care and feeding of your RC40 Robot Controller. If you purchased the RC40 in

kit form, please refer to the separate publication “RC40 Robot Controller Assembly
Manual”.

Figure 1: RC40 Robot Controller

The RCA40 is powered by the PIC16F877 RISC Microcontroller; clocked at 16 or 20
MHz. This MCU is capable of executing up to 5 million instructions per second.

This execution speed is two orders of magnitude faster than similar controllers that
execute your program using an interpreter.

Features

The RC40 was built for purpose for use as a peripheral controller for Mobile
Autonomous Robot Platforms. Lets discuss some of the details that make this
controller uniquely suited for this purpose.

Power Options

The RC40 can run from a single power source, or from dual power sources. This
feature is important for robot controllers, as they are almost always controlling
electrically noisy and power hungry devices, such as servos. When the controller
is required to operate servos, the servo power can be isolated from the logic
supply by simply removing a jumper strap. Additionally, the peripheral interface
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connections can select either the regulated logic supply, or the unregulated servo
supply. A typical scenario is to run the servo power from an RC battery pack or a
4xAA cell NiMH pack, while running the logic from a 9-volt battery.

The RC40 power supply provides a full amp of regulated 5-volts DC. This
oversized power supply provides additional 5-volt current so that peripherals can
be powered form the RC40 controller.

Serial Programming and Debugging

The RC40 can be programmed from your PC using only a simple serial cable. No
expensive programmer is required. This feature provides a fast and easy method
of programming your robot controller without removing it (or the MCU chip) from
the platform. No special software is required on your PC; any communications
package capable of sending a text file will suffice.

The Compubotics RC40 Bootloader is simple to use and requires no special
consideration for your program. Programs may be written using MPASM, PICC,
CCS C, or other commercial product. MPLAB and PICC Lite are included with the
RC40 Controller.

Powered Peripheral Interface

The RC40 has a generous array of powered ports to connect multiple peripheral
components. In addition to power and ground, each port provides digital or analog
I/0. For example, the Compubotics IRPD100 plugs directly into Port E, and
obtains all required power and signal form this port. All port connections use
standard .100” pin spacing, and are available with up to 4 signals.

|2C Communications

I2C Communications is built into the RC40 controller. Software routines are
provided for the RC40 to act as a master on the 12C network. This allows the
RC40 to communicate with a number of peripheral devices that support the 12C
protocol.

Included Control Routines

The RC40 Resource kit contains software routines that will give you a head start in
developing your robot controller software. This software includes source code for
important routines like serial communications, 12C network protocol, servo control,
hardware interrupts, and timer-based event processing. Examples are provided
using the C (PICC) programming language.
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Getting Started

This section will walk you through all of the information you need to know before
powering up your RC40 for the first time. We'll discuss power connections, jumper
settings and other things you’ll need to be familiar with.

Power

Power Connection

The RC40 Controller has a single 4-pin power connection (J1). This connector
accepts one or two power sources.

Pin Description

GND

GND

V+ (6-15V for logic)
VIN (9V for logic)

Table 1: J1 Power Connector Layout

A typical installation would be a 9-volt battery for the logic supply, and a 6-volt
power pack (4xAA cells) for the servo supply. The two ground signals are
connected to a common ground for the two supplies.

AIWIN|F

4xAA Battery Pack
9-volt battery

Figure 2: Dual Power Supply Connection

Both 9-volt and AA battery packs are provided with your RC40. The AA battery
pack has a 4-pin connector attached. If you decide to run dual power sources,
you’ll need to insert the 9-volt leads into the connector as shown in figure 2.
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Power Supply Jumper

To operate the RC40 on a single supply, the jumper JP1 must be connected. If
you are operating the controller on dual supplies, you must first remove this
jumper.

m

Figure 3: Power Switch and JP1 Jumper Locations

Power Switch

Both power sources are switched using the DPDT power switch SW1. The On
position is toward the J1 power connector. Moving the switch to the Off position
(toward the Reset switch) removes all power form the board.

Once you settle on a power configuration, you'll want to power up your board for
the first time.

First, make sure the power switch is in the OFF position (away from the J1 power
header). Then attach your 4-pin power connector to the J1 header. Now you can
switch the power on.

Once the power is turned on, you should see the power LED illuminate. If the
power LED does not come on, refer to the trouble-shooting section of the RC40
Assembly Manual for some hints and tips on diagnosing the problem.
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PC Connection

The RC40 has an on-board UART and a PC-compatible serial connector. You'll
need a “straight-through” serial cable with a 9-pin male connector for the RC40,
and a 9 or 25-pin connection for your PC (depending on what type of serial port
your PC has!). If your PC does not have a serial port, you'll need to locate a USB
to serial adapter to connect to the RC40.

<¢ESET

MODE >

Figure 4: Mode and Reset Switches
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Using the RC40 Bootloader
File Type

The Compubotics RC40 Bootloader supports the Intel HEX 8 file format. PIC
development tools, including PICC Lite, MPLAB, CCS, and MELABS PICBASIC,
commonly support this format. Check with your compiler documentation for
instructions on how to ensure the correct output file format.

Serial Programming Connection

First, connect a 9-pin serial cable from the RC40 serial port to an unused serial
port on your PC. You'll want to run an ASCII terminal emulation program, such as
HyperTerminal on Windows. Set the communications parameters as follows:

Speed: 9600 baud

Data bits: 8

Parity: None

Stop bits: 1

Flow control: Hardware (CTS/RTS)

If there is no user code loaded on the RC40, the board will automatically run the
bootloader at startup. To manually invoke the bootloader, press and hold the
MODE switch, then press and release the RESET switch.

Once invoked, the bootloader outputs a revision message and waits for a
download file.

Conpuboti cs RC40 Bootl oader V1.0
K>

If using HyperTerminal, select the “Send Text File” from the “Transfer” menu. Use
the “Browse” button to locate your HEX file, then click on “Open”. If using another
tool, follow the documentation for transmitting an ASCII file.

Once you start sending the file, the bootloader will respond with “Loading...” You
will see a single dot for each line transmitted.

Conpuboti cs RC40 Bootl oader V1.0
OK>Loadi ng.
oK>
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When complete, the bootloader will print “OK>". If you do not get the OK message,
reset the board and restart the bootloader by holding the MODE button while
pressing the RESET button.

Once your program has been downloaded, press the RESET button to start your
program. Your program will always run automatically if the board is powered on or
reset. To replace the program, hold the MODE button, then press RESET

Bootloader Programming Considerations

The RC40 Bootloader is resident on the PIC16F877 as shipped from
Compubotics. The bootloader occupies the upper 1K of program memory (address
0x1c00 and up). If your program extends into this space, you will overwrite the
bootloader code, causing unpredictable results.

Configuration bit settings in your HEX file are ignored by the bootloader. You do
not have access to the configuration unless you re-program the chip (erasing the
bootloader).

The bootloader code always runs on power-up or reset. If it is determined that
valid user code exists on the device, then control is passed to the user program.
This is possible because your program’s startup code is relocated into a special
reserved area of memory. This is transparent to the program and requires no
intervention on your part.

Re-Programming the 16F877

The Compubotics bootloader can be replaced with an updated version, or another
bootloader, by using a traditional PIC programmer (like the Warp13 or the PICStart
Plus), or you can use the Compubotics ICP100 in-circuit programmer. Updated
versions of the bootloader can be found on the Compubotics RC40 support page.

If you are not going to use the bootloader, you may replace it by programming the
PIC16F877 chip using ICSP or a conventional programmer. However, this is not
recommended for the casual user. The bootloader will not place any restrictions on
your code unless a) you need the upper 1K of memory, or b) you MUST change
the configuration bit settings.
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RC40 Peripheral Connections

The RC40 Robot Controller has a large number of headers and jumpers to
connect peripherals or to select board options. Note the orientation of figure 5: the
#1 pin of all headers and connectors are on the left side, toward the 12C connector
(the square pins in figure 5).

Figure5: Power Jumpersand Peripheral Connections

Option Jumpers

The RC40 has a number of jumpers that are used to select power options, as
follows:

Jumper | Description

JP1 When IN, the RC40 is operating from a single supply (the VIN and
V+ rails are connected). When OUT, VIN and V+ (pins 3 and 4 of J1)
are segregated
JP2 When IN, pin 1 of J2 (ICP Header) is connected to VDD. Use this
option for programmers that run on the board supply (Compubotics
ICP100). Remove this jumper for programmers that run under their
own power
There are 5 3-pin peripheral option jumpers JP3 through JP7. The **’
indicates jJumped pins, the ‘0" indicates open pin.
* * O VDD (5VDC Regul at ed)
O* * V+ (V+ unregul ated)
O OO (no power)
JP3 Servo power selector — controls power option for PS1 through PS4
JP4 Port A power selector — controls power option for PA1 through PA4
JP5 Port B power selector — controls power option for ports PB1 through
PB4
JP6 Port E power selector — controls power option for port E
JP7 Port F power selector — Controls power option for port F

Table 2: Power Option Jumpers
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Port-A

There are 4 ‘A’ ports that provide analog (ADC) and digital 1/0. Each PA port can
be individually selected for ADC Input or digital I/O.

Pin Description
1 GND
2 VDD or V+ (set with
JP4)
3 Port-A Signal 1-4

Table 3: Port-A Pin Assignments

Analog or digital operation can be set from your program. See the RC40
Programmers Guide for more information.

Port-B

There are 4 ‘B’ ports that provide digital /0. Each pin can be individually
programmed as an input or output.

Pin Description
1 GND
2 VDD or V+ (set with
JP5)
3 Port-B Signal 1-4

Table 4: Port-B Pin Assignments

Port PB1 is also programmable as the external interrupt pin.

Port-C

Port-C provides a connection for a 2-pin powered peripheral. Pins PC1 and PC2
are individually programmable as digital input or output.

Pin Description
GND
VDD
PC1
PC2

Table 5: Port-C Pin Asignments

AIWIN|F
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Port-D

Port-D provides a connection for a 2-pin powered peripheral. Pins PD1 and PD2
are individually programmable as digital input or output. Power is provided from
the RC40 regulated power supply.

Pin Description
GND
VDD
PC1
PC2

Table 6: Port-D Pin Assignments

AIWIN|F

Port-E

Port E provides signal and power for a 3-pin powered peripheral. Each Port-E pin
is individually programmable for digital input or output. Either power supply can be
selected using the option jumper JP6 (see table 2).

Pin Description
1 GND
2 VDD or V+ (set with
JP6)
3 PE1
4 PE2
5 PE3

Table 7: Port-E Pin Assignments

Port-F

Port-F provides a connection for a 4-pin powered peripheral. Pins PF1 through
PF4 are individually programmable as digital input or output.

Pin Description

GND

VDD or V+ (set with
power jumpers)

PF1

PF2

PF3

PF4

Table 8: Port-F Pin Assignments

N

o0~ lw
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Port S

Port S provides 4 powered servo ports or general purpose 1/O ports, PS1 through
PS4. Port S provides 4 powered servo ports or general purpose I/O ports. PS4
and PS3 are CCP1 and CCP2, respectively. These two ports provide hardware
Pulse Width Modulation (PWM) and Capture/Compare capabilities.

Pin Description
1 GND
2 VDD or V+ (set with
JP3)
3 Signal

Table 9: Port-SPin Assignments

12C Port

This port is the communications connection for I2C peripherals. This port provides
power, ground and signals for a 5V peripheral.

Pin Description
1 GND
2 VDD
3 SCL (Clock)
4 SDA (Data)

Table 10: 12C Communications Port
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J3 Header Pin-Out

J3 is a 40-pin header that brings out all off the PIC16F877 1/O pins. Most of the
MCU pins service one of the RC40 peripheral connections. See the table 11 for
both the PIC and the RC40 pin assignments.

Pin Description Pin Description
1 MCLR 2 RB7/CTS
3 RAO/PA1 4 RB6/RTS
5 RALPA2 6 RB5/PB4
7 RA2/PA3 8 RB4/PB3
9 RA3/PA4 10 | RB3/PB2

11 RA4 12 | RB2/PS2
13 RAS 14 | RB1/PS1
15 REOQ/PF2 16 | RBO/PBVINT
17 RE1/PF3 18 | VvDD

19 RE2/PF4 20 | VSS

21 VDD 22 | RD7/PF1
23 VDD 24 | RD6/PE3
25 VSS 26 | RD5/PE2
27 VSS 28 | RD4/PE1
29 RCO/MODE 30 | RC7/RXD
31 RC1/PS3/CCP2 32 | RC6/TXD
33 RC2/P4/CCP1 34 | RC5

35 RC3/SCL 36 | RC4/SDA
37 RDO/PC1 38 | RD3/PD2
39 RD1/PC2 40 | RD2/PD1

Table 11: J3 Connector Pin Assignments

Note that the pin numbers on the J3 header and the PIC pin numbers do not
correspond. See the PIC 16F877 Data Sheet for detailed information about the
MCU and its native pin assignments.
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ICP Connector

The Compubotics ICP connector provides access to the clock, data, and reset
lines required to program the target MCU on your controller. This connection
supports the Compubotics ICP100 In-Circuit Programmer, and may support other
ICP devices with an appropriate adapter cable. See table 12 for pin-out details.

Pin Description Pin | Description

1 VDD 2 MCLR/VPP/Reset
3 NC 4 NC

5 NC 6 CLOCK

7 Ground 8 | DATA

9 Ground 10 | NC

ICP Power Connection

Table 12: ICP Connection

The Compubotics ICP Module is powered from the RC40 supply via the ICP
connector. For In-Circuit programmers that do not require VDD supply, remove

option jumper JP2 from the board.
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Appendix A — Schematics
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