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PREFACE

Welcome

Thank you for purchasing the PICDEM 17 product demonstration board for
the PIC17C7XX family of microcontrollers from Microchip Technology
Incorporated. The PICDEM 17 demonstration board allows you to quickly and
easily become familiar with both the PIC17C7XX products and the MPLAB®
ICE in-circuit emulator. The PICDEM 17 demonstration board currently
supports all 68-pin and 84-pin PLCC products.

The software provided with the PICDEM 17 demonstration board for the
PIC17C7XX Monitor runs under Microsoft® Windows® 95 only.

Documentation Layout

This document describes the PICDEM 17 demonstration board. A detailed
description of the demonstration software is also provided to give the user an
overview of the PIC17C7XX series of PICmicro® MCUs. Detailed usage of the
microcontrollers, MPLAB IDE, or MPLAB ICE in-circuit emulator are deferred
to the individual product data sheets and user’s manuals, respectively.

Chapter 1: Introduction — This chapter introduces the PICDEM 17
demonstration board and provides a brief description of the hardware.

Chapter 2: Using the PICDEM 17 Monitor — This chapter discusses how to
use the PICDEM 17 Monitor PC program and the pre-programmed
PIC17C756A device.

Chapter 3: Hardware Description — This chapter describes in detail the
hardware of the PICDEM 17 demonstration board.

Chapter 4: Using MPLAB C17 C compiler with PICDEM 17 demonstration
board — This chapter provides a description of how to write and compile code
for execution on the PICDEM 17 demonstration board. Some special files are
required for use with the MPLAB C17 C compiler to correctly compile
programs to run in the external FLASH program memory.

Chapter 5: LcD. ¢ Description — This chapter provides a detailed description
of the demonstration program for the PIC17C756A that interfaces to an
external LCD panel using an Hitachi HD44780 display controller or equivalent.

Chapter 6: USART. C Description — This chapter provides a detailed
description of the demonstration program for the PIC17C756A that displays
data to the USART.

Chapter 7: ANALOG. c Description — This chapter provides a detailed
description of the demonstration program for the PIC17C756A that reads an
A/D channel and displays the results in the Monitor program window.

© 2001 Microchip Technology Inc. DS39024B-page 1
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Chapter 8: SWITCH.C Description — This chapter provides a detailed
description of the memory mapping of the PIC17C756A and provides source
code to interface to the memory mapped switches and LEDs.

Chapter 9: 12c.c Description — This chapter provides a detailed description
of the demonstration program for the PIC17C756A that reads and writes data
from a 24LCO01B Serial EEPROM.

Appendix A: PICDEM 17 Demonstration Board Schematics — This
appendix provides the PICDEM 17 demonstration board parts layout diagram
and the board schematics.

Appendix B: RS-232 Communication Protocol — This appendix provides
the protocol for the PIC17C756A Monitor firmware to communicate to the PC
based software.

Appendix C: Floppy Disk Contents — This appendix contains a listing of all
files on the included 3.5-inch floppy disk. There is also a description as to the
use of each file when compiling programs for the PICDEM 17 demonstration
board and the PIC17C7XX microcontrollers.

Appendix D: On-line Support — This appendix provides information on
Microchip’s electronic support services.

Worldwide Sales & Service — This reference gives the address, telephone,
and fax numbers for Microchip Technology Incorporated sales and service
locations throughout the world.

DS39024B-page 2
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Chapter 1. About PICDEM 17 Demonstration Board

1.1 Introduction

This chapter describes the features of the PICDEM 17 demonstration board.

1.2 Highlights

This chapter covers the following topics:

Processor Sockets
External FLASH Memory
Memory Mapping

Power Supply
Prototyping Areas
Oscillator Options
RS-232 Serial Ports
Push-button Switches
LEDs

Analog Circuitry
External LCD Interface
CAN Bus Interface
24L.C01B Serial EEPROM
Modular Connectors

Pre-programmed Sample

Note: All following part references can be found in Figure A.1.1 in

Appendix A: PICDEM 17 Demonstration Board Schematics. For
example, the 68-pin PLCC socket for the PIC17C75X microcontrol-
lers is located at U1 on the Parts Layout.

1.3 Processor Sockets

The PICDEM 17 demonstration board supports the following devices:

68-pin PLCC socket for the PIC17C75X microcontrollers (U1)
84-pin PLCC socket for the PIC17C76X microcontrollers (U7)

© 2001 Microchip Technology Inc.
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1.4 External FLASH Memory

The PICDEM 17 demonstration board supports all operating modes of the
PIC17C7XX PICmicro® microcontroller. However, the Monitor program uses
the extended microcontroller mode of operation. The FLASH is the
AM29F100T device from AMD configured as 64K x 16. The monitor program
supports downloading code into the FLASH and then running the program.

1.5 Memory Mapping

Since the PIC17C756A is in the extended microcontroller mode, there are
several memory mapped peripherals available to the user. The first is the
eight push-button switches mapped at address FFFCh. The eight LEDs are
mapped at address FFFDh. There are also two signals that provide decoding
for an address of 8 (LE_1) and an address of 16 (LE_2). These signals are
located in the digital prototyping area in the upper right-hand corner of the
board.

1.6 Power Supply

The PICDEM 17 demonstration board provides a different power supply
structure to the user. The only power input capable of powering the entire
board is at the connector J1. Any power supply with a 2.1 mm plug capable of
delivering +9V, up to 1A, unregulated Alternating Current (AC) or Direct
Current (DC) can be used. The digital components on the board are powered
from a LM2940T-5.0 that is capable of supplying 1A of current. This digital
+5V is available in the digital prototyping area in the upper right-hand corner
of the board.

The analog section of the PICDEM 17 demonstration board has a separate
power source and voltage reference. A LM78L05 +5V regulator provides 150
mA at +5V for the analog circuits. It is also available in the analog prototyping
area in the lower left-hand corner of the board. There is also a precision
+4.096V reference that is connected to the (Analog-to-Digital) A/D as well as
the analog prototyping area.

1.7 Prototyping Areas

The PICDEM 17 demonstration board provides two prototyping areas, one for
analog and one for digital. The PICDEM 17 demonstration board was
designed to fully demonstrate the capabilities of the on-chip A/D converter. In
addition to the separate analog power supply and voltage reference, the
printed circuit board has four layers with two signal layers and a power and
ground layer. The analog prototyping area has all A/D channels, analog VDD
and Vss, as well as the voltage reference available to the user. The digital
prototyping area has all other I/O pins, complete 16-bit address bus, digital
VDD and Vss, and additional memory mapped peripheral signals.

DS39024B-page 4
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1.8 Oscillator Options

The PICDEM 17 demonstration board layout will only accept a canned
oscillator. The use of a crystal or ceramic resonator requires that the user
modify the board.

1.9 RS-232 Serial Ports

The PICDEM 17 demonstration board supports both USARTSs on the
PIC17C7XX devices. A level shifting IC is used to convert from the TTL/
CMOS levels out of the PIC17C7XX to the RS-232 voltages. USART?2 also
has the capability to function in a hardware handshaking mode using RTS and
CTS. These signals are level shifted and connected to PORTB pins 4 (CTS)
and 5 (RTS).

1.10 Push-button Switches

1.11 LEDs

The PICDEM 17 demonstration board has 8 general purpose push-button
switches that are available to the user. These switches are not connected
directly to I/O pins on the microcontroller but are memory mapped into the
address space. The switches are available at address FFFCh.

The PICDEM 17 demonstration board also has 8 LEDs which are also
memory mapped. These LEDs may be accessed at address FFFDh. There is
no read capability for the LEDs, so the user must have a shadow register in
the PIC17C7XX device to keep track of the value on the latch.

1.12 Analog Circuitry

1.13 External

In addition to the power and ground planes on the PICDEM 17 demonstration
board, it also has separate analog and digital power supplies. Both of these
voltage regulators use connector J1 as the source. If the user desires to
power the board from the test points in the prototyping areas, then both sets
of test points in the analog and digital must be used. Otherwise one portion of
the board will not be operational.

LCD Interface

The PICDEM 17 demonstration board provides an interface to an external
LCD display that uses the Hitachi HD4478 LCD controller or equivalent
device. The LCD is used in the 4-bit interface mode. Four data lines and three
control lines are required to operate the LCD. These LCD signals are
multiplexed with some of the A/D converter channels. It is therefore important
that the A/D is properly initialized before the LCD can be used (refer to
Chapter 4). The board layout provides space for the Optrex DMC-50448N 8x2
character display which is available from DigiKey.

© 2001 Microchip Technology Inc.
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1.14 CAN Bus Interface

The PICDEM 17 demonstration board provides a simple interface to a CAN
Bus. The Microchip Technology MCP2510 CAN Interface peripheral device
with the Phillips PCA82C250 device provide a complete CAN Interface
solution. The two modular connectors J4 and J5 allow easy interface to the
bus. The canned oscillator socket O2 provides the clock source for the
MCP2510 which in turn can also provide the clock source for the PIC17C7XX.

1.15 24LCO01B Serial EEPROM

The PICDEM 17 demonstration board has a 24LC01B Serial EEPROM
capable of holding 128 bytes of data. This device uses the 12C™ interface on
the PIC17C7XX PICmicro MCU. The modular connectors J4 and J5 can also
be used to create an I°C interface to a peripheral not located on the board.

1.16 Modular Connectors

The modular connectors J4 and J5 are used to connect to external busses.
The DIP switch S14 is used to determine if the CAN Bus interface is used or
the 12C interface. If the CAN Bus is the desired interface, the user will have to
populate the board with the MCP2510 CAN Bus peripheral from Microchip
Technology and the PCA82C250 CAN Bus interface device from Philips
Semiconductor. Since the MCP2510 uses the SPI™ interface, DIP switch S13
must be configured for SPI (SCK,SDO,SDI,CS).

1.17 Pre-programmed Sample

A pre-programmed PIC17C756 or PIC17C756A sample is included with the
PICDEM 17 demonstration board. It has been programmed with the Monitor
firmware to communicate with the Monitor program on the PC. This device

should be used with the 16 MHz canned oscillator in the socket labeled O1.

DS39024B-page 6
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Chapter 2. Usingthe PICDEM 17 Monitor

2.1 Introduction

This chapter discusses how to use the Monitor program to interact with the
PIC17C7XX device on the PICDEM 17 demonstration board.

2.2 Highlights
This chapter includes:
* Installing the PICDEM 17 Monitor Program
* Running the PICDEM 17 Monitor Program
» Resetting the PICDEM 17 Demonstration Board
» Erasing the FLASH on the PICDEM 17 Demonstration Board
» Downloading HEX Files to PICDEM 17 Demonstration Board
* Running HEX Files from the PICDEM 17 Demonstration Board
* Running Diagnostics on the PICDEM 17 Demonstration Board
* Modifying Memory Contents

2.3 Installing the PICDEM 17 Monitor Program

The PICDEM 17 Monitor program setup routine installs the monitor program,
PC monitor source code and the PIC17C756A monitor source code into the
MPLAB® IDE directory. Microsoft® Windows® 95 must be running to execute
the Monitor Setup program. The files can be installed under the default
MPLAB IDE directory, C:\Program Files\MPLAB\756MON, or in another
directory.

1. Insert the PICDEM 17 Monitor installation disk in drive A:.

2. From the Program Manager Run option, type A:SETUP
The PICDEM 17 Monitor Setup program displays a Welcome! message
box with options to continue or exit. Click OK to continue.

3. Setup next displays a dialog to select the directory to install the execut-
able and source code files. If directory other than the default is desired,
enter the name and click OK.

4. After copying the PICDEM 17 Monitor files, Setup displays a message
box with the caption “The PICDEM 17 Monitor installation has
completed.” Click OK.

© 2001 Microchip Technology Inc. DS39024B-page 7
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2.4 Using the PICDEM 17 Monitor Program

The Monitor program uses a serial port on the Host PC. It currently supports
COM1 through COM4. The command line to execute the Monitor program
should be:

756MON.EXE COM?

where ? is the desired COM port 1, 2, 3, or 4. The PICDEM 17 Monitor
program should look like Figure 2.1.

PICDEM-17 Monitor v1.00 FIEd]
Source file
fiename Dovwnload.
Erase | rn | Reset |
 Diagnastic
Execute
Capture
Flash
o _ s |
P
Switches =l
Moy mermo
# Data memory Address [0
 Program memory VR —
Read iite
-]
BootMaon
10100
L]

Figure 2.1: PICDEM 17 Monitor Program

Once the Monitor program has been started, connect the serial cable to P2 on
the PICDEM 17 demonstration board. Then apply power to the PICDEM 17
demonstration board. The PICDEM 17 demonstration board should display
the following message in the message window on the Monitor Program:

Boot Mon
V?2?2.2?2.2?
>
where ??.??.?7 is the version of the Monitor firmware in the PIC17C756A.
The Monitor program has many features including:
* Resetting the PIC17C756A on the PICDEM 17 demonstration board
 Erasing the FLASH on the PICDEM 17 demonstration board
» Downloading HEX files to the PICDEM 17 demonstration board
¢ Running and halting the operation of programs
* Running diagnostics on the various PIC17C756A peripherals

* Reading and writing to Data Memory and external FLASH program
memory

 Displaying USART2 activity in message window

DS39024B-page 8
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2.5 Resetting the PICDEM 17 Demonstration Board

One unique feature of USART2 is the ability to reset the PICmicro® MCU.
This is accomplished by connecting the DTR signal from P2 to the MCLR pin
of the PICmicro MCU using the circuit in Figure 2.4. Jumper J3 is also
provided to disable this feature. To reset the microcontroller, simply click on
Reset in the Monitor window. The boot message should display on the
message area.

2.6 Erasing the FLASH on the PICDEM 17
Demonstration Board

The Monitor program allows the external FLASH program memory device to
be erased by clicking on the Erase button. This simply erases the FLASH
memory. When a download is requested, the PIC17C756A automatically
erases the FLASH. Therefore, it is not required that the FLASH be erased
using the Erase button before a download is initiated.

2.7 Downloading HEX Files to the PICDEM 17
Demonstration Board

To download a HEX file to the PICDEM 17 demonstration board, first click on
Download.... This will open a Select HEX file window that allows the
selection of the desired HEX file to load into the external FLASH program
memory on the PICDEM 17.

Select HEX file 2]

Lookn: [Qtastars

[#lLeb1 hex
8] Lab2 hex

8] Lab3 hex

=] Labdhex

2] LabBhex

Flenome: | [ oen |
Files oftype:  [Hexfiles = Cancel

I™ Open as teat-only

Figure 2.2: Select HEX file Window

Once a HEX file has been selected for downloading to the PICDEM 17

demonstration board, the Monitor will show a Downloading... status window
that has a bar graph display of percentage download of the file. Initially, there
will be a slight pause allowing the PIC17C756A to erase the FLASH memory.

© 2001 Microchip Technology Inc.
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Downloading
0% 50% 100%

e

Figure 2.3: Downloading... Window

At the completion of the download, the Monitor status window will have
displayed a Erasure Complete and Download Complete message. When
the message window shows a :>, it is ready to process the next command.

2.8 Running HEX files from the PICDEM 17
Demonstration Board

The Monitor program has a Run button that starts the execution of code from
the external FLASH program memory. Once a program has been downloaded
into the FLASH memory, click the Run button to start execution. Control of the
PIC17C756A is released by the Monitor firmware by simply writing 4000h to
the PCLATH:PCL registers. Refer to Chapter 4, Using the MPLAB® €17 €
Compiler for more information.

PICDEM-17 Monitor v1.00 2]x]
Source file
filename Dowead):
Erase | =iy | Reset
-~ Diagnostic:
Erecite
Stap
' Modity memol
| DEte ety Address Il
1 PHaar e an Value O
Fead e
Download Complete -l
>4F
Erasure Complete
Daovnload Complete J
>

Figure 2.4: Program Running on PICDEM 17 Demonstration Board

The only way to stop the program from running is to click on the Reset button
in the Monitor window. This resets the PIC17C756A and restores operation to
the Monitor firmware. This method allows for all Data memory, interrupt
vectors, and stack locations to be available to the user for the target
application.

DS39024B-page 10
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2.9 Running Diagnostics on the PICDEM 17
Demonstration Board

The Monitor firmware on the PIC17C756A provides several diagnostic
routines that allow the user to run pretested code on a peripheral. The
diagnostics include:

* A/D — The A/D diagnostic allows the user to configure the A/D channel,

clock source, justification, and reference. The A/D results are displayed
in the Monitor message window.

During A/C Diagnostics, the switches and LEDs take on the following
functions:

S5 Increment channel number, 0 — 11 only

S9 Toggle between internal and external voltage
references

S10 Toggle between right and left justify

S12 The clock source (Fosc/8, Fosc/32, Fosc/B4, FRC)

D1, D6 — D8 Channel number in HEX format

D9 Internal (OFF) or External (ON) voltage references

D10 Left (OFF) or Right (ON) justify

D11 - D12 A/D clock source
The diagnostic ends when Halt is clicked
Capture — The capture diagnostic allows the user to configure the

capture channel and mode. The capture results are displayed in the
Monitor message window.

During Capture Diagnostics, the switches and LEDs take on the follow-
ing functions:

S5 Increment capture channel, 1 — 4 only
S9 Increment toggle mode

D1, D6 Capture channel

D9, D10 Capture mode

The diagnostic ends when Halt is clicked

FLASH — The external FLASH memory diagnostic simply writes all
zero's, all one’s, checkerboard, and inverse checkerboard to a portion
of memory and checks to make sure that the values were properly
written. This diagnostic does not require any user interaction.

12C — This diagnostic writes an incrementing count to the 24LC01B
Serial EEPROM on the PICDEM 17 demonstration board and verifies
that each location has been properly programmed. This diagnostic does
not require any interaction from the user.

© 2001 Microchip Technology Inc.
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« LCD - This diagnostic configures I/O pins and writes a message to the
external LCD panel in 4-bit mode.

portF<0:3> datalines

portG<ls> E
portG<0> R/W
portF<7> RS

If this diagnostic is selected and these 1/O pins are not connected to the
LCD panel, then the message will not be displayed correctly. Provided
the connections are correct, the diagnostic does not require any interac-
tion from the user.

« PWM — This diagnostic allows the user to select the PWM channel and
increment or decrement the period and duty cycle of that channel.

During PWM Diagnostics, the switches and LEDs take on the following

functions:

S5 Increments the channel, 1 — 3 only

S7 Decrement the duty cycle down to O

S8 Increment the duty cycle, no upper limit

S9 Decrement the period down to 0

S10 Increment the period, no upper limit

S12 Selects clock source, Timerl or Timer2

D1, D6 PWM channel

D12 Timer source Timerl (OFF) or Timer2 (ON)

The diagnostic ends when Halt is clicked

* Switches — This diagnostic tests the functionality of the memory
mapped switches and LEDs. Each time a switch is pressed the corre-
sponding LED is turned OFF. This diagnostic ends when all LEDs have
been turned OFF.

* USART2 — This diagnostic writes a message to the Monitor program
running on the PC Host. This diagnostic does not require any interac-
tion from the user.

To run a diagnostic, highlight the desired test in the Diagnostics window of the
Monitor program. Then click the Execute button to start the test. Those tests
that do not automatically terminate can be stopped using the Stop button.

DS39024B-page 12 © 2001 Microchip Technology Inc.
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PICDEM-17 Manitor v1.00 HE
Source file
filename Download.
frse | fn | e |
— Diagnostics

Stop

— Modity memoi
& Datamermory Address |0l
© Program memany Value P

Read rite

BoatMon
w1.01.00

> DA

Ll

Figure 2.5: Running Diagnostics
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2.10 Modifying Memory Contents

The PICDEM 17 Monitor program has the capability to read from any Data
memory location or internal/external Program memory location. It can also
write to any Data memory location and any external FLASH program memory
location. Writes to internal program memory are not allowed because this
memory is EPROM based.

PICDEM-17 Monitor v1.00 2]
Sourca file
filenzme Download
Erase | Fun | Reset |
— Diagnostic:
Execute
Capture
Flash
12 Stop
PA/M
Switches =l
—Modify memor
& Datamemony Address (0711
£ Program memony vae
El
BootMan
v1.01.00
>*RD011:DF :‘
>

Figure 2.6: Reading Data Memory

To read from a Data memory location, the user must first select the Data
Memory radio button in the Modify Memory window of the Monitor program.
Then the Data memory address must be written into the Address edit box.
The format of this value is bxx, where b is a valid bank number in HEX
format, and xx is a value from 00h to FFh that indicates the desired address
within the bank to read. Then click the Read button. The message window will
reply with the following message: *RDbxx:dd. bxx represents the bank and
address and dd represents the data found at that address in HEX format. For
this operation the first three digits in the Address edit box are used when the
command is sent to the PICDEM 17 demonstration board. Any additional
digits are ignored.
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PICDEM-17 Monitor v1.00
Source file

2]

filenzme Download
Erase | Fun | Reset |
 Diognostic
Execute
Capture
Flash
12C Stop
P
Switches =l
- Modity memo;
& Datamemony Address (150
© Program memary T
Boot Mon -
V10100
>*RD011.DF
>*#D150aa :‘
>

Figure 2.7: Writing Data Memory

To write to a Data memory location, the user must first select the Data
Memory radio button in the Modify Memory window of the Monitor program.
Then the Data memory address must be written into the Address edit box.
The format of this value is bxx, where b is a valid bank number in HEX
format, and xx is a value from 00h to FFh that indicates the desired address
within the bank to write. The user must also enter the value to be written to the
Data register in the Value edit box. Then click the Write button. The message
window will reply with the following message: *WDbxxdd. bxx represents the
bank and address and dd represents the data written to the address in HEX
format. For this operation the first three digits in the Address edit box and first
two digits in the Value edit box are used when the command is sent to the
PICDEM 17 demonstration board. Any additional digits are ignored.

© 2001 Microchip Technology Inc.
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PICDEM-17 Monitor v1.00
Source file
filename Download.
= | | =]
 Disgnostic
Execute
Stop
Switches =
-~ Modity memor
 Deta memory Address  [4000
& Program memory vawe 5
1.01.00 |
>*RD011:DF
>“WD150aa
> *BPA00:ED44 :‘
>

Figure 2.8: Reading Program Memory

To read from a Program memory location, the user must first select the
Program Memory radio button in the Modify Memory window of the Monitor
program. Then the Program memory address must be written into the
Address edit box. The format of this value is xxxx, where xxxx is a value
from 0000h to FFFFh that indicates the desired address within the 64K
address space to read. Then click the Read button. The message window will
reply with the following message: *RPxxxx:dddd. xxxx represents the
program memory address and dddd represents the data at that address in
HEX format. For this operation the first four digits in the Address edit box are
used when the command is sent to the PICDEM 17 demonstration board. Any
additional digits are ignored.
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PICDEM-17 Monitor v1.00 2]
Sourca file
'Mename Download
Erase | Fun | Reset |
— Diagnostic:
Execute
Capture
Flash
12 Stop
PA/M
Switches =l
—Modify memor
" Datamemony Address (4000
# Program memony vaue  [omer
v1.01.00 -
»*RD011:0F
>*WD150aa
> *FP4000:B044
> *WPA000b0E? —

Figure 2.9: Writing Program Memory

To write to a Program memory location, the user must first select the Program
Memory radio button in the Modify Memory window of the Monitor program.
Then the Program memory address must be written into the Address edit
box. The format of this value is xxxx, where xxxx is a value from 0000h to
FFFFh that indicates the desired address within the bank to write. The user
must also enter the value to be written to the program memory location in the
Value edit box. Then click the Write button. The message window will reply
with the following message: *WPxxxxdddd. xxxx represents the program
memory address and dddd represents the data written to the address in HEX
format. For this operation the first four digits of both the Address edit box and
the Value edit box are used when the command is sent to the PICDEM 17
demonstration board. Any additional digits are ignored. The firmware in the
PIC17C756A ignores any write program memory commands with an address
in the range of 0000h to 3FFFh.

© 2001 Microchip Technology Inc.
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Chapter 3. Hardware Description

3.1 Introduction

The hardware on the PICDEM 17 demonstration board is simple and is
intended to illustrate the ease of use and capabilities of the PIC17C7XX
family of devices.

3.2 Highlights

This chapter covers the following topics:

Port Connections
Push-button Switches
DIP Switches

RS-232 Interface

CAN Bus Interface

Modular Connectors

3.3 Port Connections

The following bullets list the I/O features and port connections for the
PIC17C7XX devices.

PORTA<0:1> not used

PORTA<2:3> used for SPI™/12C™ interface

PORTA<4:5> used for USART1 interface

PORTB<0:3> not used

PORTB<4:5> used for USART2 handshaking interface (CTS:RTS)
PORTB<6:7> used for SPI/IC interface

All of PORTC and PORTD are dedicated to the external memory inter-
face

PORTE<O0:2> are used in the external memory interface as ALE, OE,
and WR respectively

PORTF<0:3> are used as the data lines for the external LCD
PORTF<4:6> not used

PORTF<7> used as the register select control line to external LCD
PORTG<0:1> not used

PORTG<2> tied to analog ground

PORTG<3> tied to the +4.096V voltage reference

PORTG<4:5> not used

PORTG<6:7> used for USART2 interface

PORTH<0:7> not used

PORTJ<0:7> not used

All VDDs tied to digital +5V, all Vss tied to digital ground

AVDD tied to analog +5V, AVss tied to analog ground

© 2001 Microchip Technology Inc.
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3.4 Push-button Switches

The PICDEM 17 demonstration board has a total of nine push-button
switches. S5 — S12 are the eight general purpose push-button switch inputs
that are available to the user. S1 is the MCLR reset push-button switch that
resets the PIC17C7XX.

3.5 DIP Switches

The PICDEM 17 demonstration board has two sets of DIP switches that
control the SPI/I2C interfaces. S13 enables either the I2C or SPI 1/O pins from
the microcontroller to the peripherals. To use 12C, make sure the positions
labeled SDA and SCL are ON and SCK, SDO, SDI, and CS are OFF. To use
SPI, make sure the position labeled SDA and SCL are OFF and SCK, SDO,
SDI, and CS are ON. The second set of DIP switches, S14, routes either the
CAN Bus I/0 or I2C 1/0 to the set of modular connectors. This DIP switch is
also labeled to SDA/SCL for I2C or CANH/CANL for CAN Bus.

3.6 RS-232 Interface

The PICDEM 17 demonstration board provides a RS-232 interface device
(U3) to convert between RS-232 voltage levels and CMOS/TTL voltage
levels. Both USART1 and USART?2 I/O pins are routed to this device as well
as the 1/0 pins used for hardware handshaking. The DB9 connector P1 is
used for USART1 and P2 is used for USART2. The Monitor program running
on the PICDEM 17 demonstration board uses USART2 for the
communications channel between the PICDEM 17 demonstration board and
the Host PC.

3.7 CAN Bus Interface

The PICDEM 17 demonstration board has the layout for the Microchip
MCP2510 CAN Bus peripheral and the PCA82C250 CAN Bus interface.
These devices must be provided by the user. To use the CAN Bus interface
the user must do the following in addition to adding the components to the
board:

* Use a canned oscillator in O2 and remove the oscillator from O1

¢ Set the DIP switch S13 for SPI (SDA & SCL OFF, SCK, SDO, SDI, &
CS ON)

« Set the DIP switch S14 for CAN Bus (SDA & SCL OFF, CANH & CANL
ON)
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3.8 Modular Connectors

As described previously, the modular connectors can be used to set up a CAN
Bus or a I°C Bus by simply connecting standard 4 or 6-conductor phone
cable. Refer to Figure A.1 in Appendix A for the pinout of the connectors.
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Chapter 4. Usingthe MPLAB® C17 C Compiler

4.1 Introduction

This chapter describes the files necessary to compile programs with the
MPLAB C17 C compiler to run on the PICDEM 17 demonstration board. A
sample linker script file, DEMO756.LKR, is described as well as other support
files.

4.2 Highlights

This chapter covers the following topics:
» Linker Script File, DEMO756.LKR
» Startup Code File, COL17DEM.ASM
* Interrupt Code File, INT756LD.ASM
» Other Files

Note 1: User should refer to MPLAB IDE document that shows project
setup, but special version of linker scripts, etc., are used here
because of the demonstration board requirements.

2. Also, refer to the MPLAB C17 C Compiler User’'s Guide
(DS51112) for additional information.
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4.3 Linker Script File

Any program compiled with the MPLAB C17 C compiler requires the use of a
linker script file that documents the areas of memory that the linker is free to
use. Programs targeted to run out of external FLASH program memory
require a special linker script file that assumes that program memory starts at
address 4000h. All of the source code written for the PICDEM 17
demonstration board must be compiled using the large memory model since it
will reside at memory addresses larger than 4000h and will be called from a
memory address somewhere in the first two pages of memory.

//****************************************************************

// PIC17C756A MPLAB C v2.0 Linker Script File, Version 1.10

// Large Model

//

// For the PICDEM 17 Workshop Demo Board
//

// (c) Copyright 1997 Microchip Technology

//****************************************************************

// Add other files to the project
FILESpl7c756.0
FILESpmc7561.1ib

// ROM area for reset & interrupt vectors
CODEPAGE PROTECTED NAME=VECTORS START=0x4000 END=0x4027

// User Program memory

// First two pages are used by on-chip monitor program
//CODEPAGE NAME=PAGEO START=0x0028 END=0x1FFF
//CODEPAGE NAME=PAGE1 START=0x2000 END=0x3FFF
// Your program starts in page 2

// First 28h locations of page 2 are vectors

CODEPAGE NAME=PAGE2 START=0x4028 END=0x5FFF
CODEPAGE NAME=PAGE3 START=0x6000 END=0xX7FFF
CODEPAGE NAME=PAGE4 START=0x8000 END=0x9FFF
CODEPAGE NAME=PAGES5 START=0xA000 END=0xBFFF
CODEPAGE NAME=PAGE6 START=0xC000 END=0xDFFF
CODEPAGE NAME=PAGE7 START=0xE000 END=0xFFFF

// Special Function registers

// 1. SFRs that are shared (0x00 to 0xOF)

SHAREBANK PROTECTED NAME=SFRShareA START=0x000 END=0xO00F
SHAREBANK PROTECTED NAME=SFRShareA START=0x100 END=0x10F
SHAREBANK PROTECTED NAME=SFRShareA START=0x200 END=0x20F
SHAREBANK PROTECTED NAME=SFRShareA START=0x300 END=0x30F
SHAREBANK PROTECTED NAME=SFRShareA START=0x400 END=0x40F
SHAREBANK PROTECTED NAME=SFRShareA START=0x500 END=0x50F
SHAREBANK PROTECTED NAME=SFRShareA START=0x600 END=0x60F
SHAREBANK PROTECTED NAME=SFRShareA START=0x700 END=0x70F

// 2. SFRs in banks 0 - 7

DATABANK PROTECTED NAME=SFRO START=0x010 END=0x017
DATABANK PROTECTED NAME=SFR1 START=0x110 END=0x117
DATABANK PROTECTED NAME=SFR2 START=0x210 END=0x217
DATABANK PROTECTED NAME=SFR3 START=0x310 END=0x317
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DATABANK PROTECTED NAME=SFR4 START=0x410 END=0x417
DATABANK PROTECTED NAME=SFR5 START=0x510 END=0x517
DATABANK PROTECTED NAME=SFR6 START=0x610 END=0x617
DATABANK PROTECTED NAME=SSR7 START=0x710 END=0x717

// 3. SFRs shared (0x18 to 0x19)
SHAREBANK PROTECTED NAME=SFRShareB START=0x018 END=0x019

// General Purpose Data Memory
// 1. GPRs that are shared (0x1A to 0x1F)
SHAREBANK NAME=GPRShare START=0x01A END=0x01F

// 2. GPRs in banks 0 - 1

DATABANK NAME=GPRO START=0x020 END=0xO0OFF
DATABANK NAME=GPR1 START=0x120 END=0x1FF
DATABANK NAME=GPR2 START=0x220 END=0x2FF
DATABANK NAME=GPR3 START=0x320 END=0x3FF

// Declare a stack
STACK SIZE=0x20
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4.4  Startup Code File

The startup code file is used to call the startup function (if enabled), initialize
data routine (if enabled), initialize the stack, and then branch to the main
function. This file would need to be assembled and linked in with the other
files in the project.

;*****************************************************************

FR* PIC17Cxx MPLAB C v2.0 Assembly Startup File, Version 1.10
PR Large Model

x* PICDEM 17 Workshop Demo Board Version

A (c) Copyright 1997 Microchip Technology

;*****************************************************************

; This is the C startup assembly file for the large model. Please
; refer to chapter 3 in the user’s guide for more information.

; The following two statements determine whether you wish to use
; initialized data in your C programs and whether you wish to

; have a _ STARTUP() function called upon reset. Please note that
; if you turn USE_STARTUP on, then you must defined a __ STARTUP()
; in your code or you will get a linker error.

; #DEFINE USE_INITDATA ;Uncomment if you use initialized data
; #DEFINE USE_STARTUP ;Uncomment if you use _ STARTUP()

PCL equ 0x02
PCLATH equ 0x03

EXTERN _stack
EXTERN main

#IFDEF USE_STARTUP
EXTERN _ STARTUP
#ENDIF

#IFDEF USE_INITDATA
EXTERN copy_ init_data
H#ENDIF

;***********************************************************;

RESET CODE H’4000’ ;Location of reset vector

#IFDEF USE_STARTUP
movlw HIGH __ STARTUP
movwf PCLATH
lcall _ STARTUP

H#ENDIF
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movlw HIGH _start
movwf PCLATH
movlw LOW _start
movwf PCL

,-***********************************************************,-

_start_section CODE

;Beginning of startup code
i

_start

; Optionally call the routine that copies initlialized data ;
; from program memory to data memory. i
#IFDEF USE_INITDATA

movlw HIGH copy_init_data

movwf PCLATH

lcall copy_ init data
H#ENDIF

; Set up the stack for use with function arguments and local ;
; (auto) variables. ;

_setup_stack

BANKSEL _stack ;Switch to bank where the stack pointer is
movliw _stack+2 ;Store the address of the stack pointer + 2
movwf _stack ;Into the stack pointer

; Branch to main() in the C program i
movlw HIGH main
movwf PCLATH
movlw LOW main
movwf PCL
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4.5 Interrupt Code File

The interrupt code file is used to setup the interrupt vectors for the INT pin,
TMRO Overflow, TOCKI pin, and the Peripheral Interrupt vector. Included with
this code is the context save and restore routines that are called before and
after the interrupt service routines. The “real” interrupt vectors of the
PIC17C756A located at addresses 0008h, 0010h, 0018h, and 0020h have
been remapped to address location 4008h, 4010h, 4018h, and 4020h. The
original vectors have code that simply writes the associated vector address of
40??h to the PCLATH:PCL registers. This file would need to be assembled
and linked in with the other files in the project.

;*****************************************************************

PEE PIC17C756A Interrupt Support File, Version 1.10
x* Large Model

x* PIC1DEM-17 Workshop Demo Board Version

A (c) Copyright 1997 Microchip Technology

;*****************************************************************

list p=17c756

R e Equates --------------"-"---"----"---- H
PCL equ 0x02
PCLATH equ 0x03
ALUSTA equ 0x04
BSR equ 0xOF
WREG equ 0x0A

SAVEINT_START equ O0xO00FC ;Start of shared region for
;int.saving

;***********************************************************;

INTSAVE_SEC UDATA SAVEINT START

; Save registers that absolutely need to be saved!

save_BSR RES 1 ;Used for saving the BSR - BANK 0 ONLY

save_WREG RES 1 ;WREG ; SPACE RESERVED ALSO IN ALL BANKS
save_ ALUSTA RES 1 ;ALUSTA ; SPACE RESERVED ALSO IN ALL BANKS
save_PCLATH RES 1 ; PCLATH ; SPACE RESERVED ALSO IN ALL BANKS

;***********************************************************;
; save_ ALUSTA and save_ PCLATH are saved in any of the banks.

; We therefore must reserve the corresponding locations in ALL
; banks. Since BSR and WREG are guaranteed to be saved in

; bank 0, they only need storage locations in bank 0.

;j-- Bank 1

INTSAVE SEC1 UDATA SAVEINT START + 0x101
RES 1 ;WREG
RES 1 ;ALUSTA
RES 1 ;CPUSTA

;-- Bank 2

INTSAVE_SEC2 UDATA SAVEINT_START + 0x201
RES 1 ;WREG
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RES 1 ;ALUSTA
RES 1 ;CPUSTA

;-- Bank 3

INTSAVE_SEC3 UDATA SAVEINT_START + 0x301
RES 1 ; WREG
RES 1 ;ALUSTA
RES 1 ; CPUSTA

;***********************************************************;

VARIABLES UDATA_OVR

; These are the function pointers that have the i.s.r. addresses.
fpINT RES
fpTMRO RES
fpTOCKI RES
fpPIV RES

NN NN

GLOBAL fpINT, fpTMRO, fpTOCKI, fpPIV

;***********************************************************;

_INT_sec CODE H’'4008’

; Save ALUSTA
movpf ALUSTA, save_ ALUSTA ; must save ALUSTA before others
movpf WREG, save_WREG ; temporarily save off WREG

; Branch to prolog
movlw HIGH _INT prolog
movwf PCLATH
movlw LOW _INT prolog
movwf PCL

;***********************************************************;

_TMRO_sec CODE H’'4010'

; Save ALUSTA
movpf ALUSTA, save_ ALUSTA ; must save ALUSTA before others
movpf WREG, save_WREG ; temporarily save off WREG

; Branch to prolog
movlw HIGH _TMRO_prolog
movwf PCLATH
movlw LOW _TMRO_prolog
movwf PCL

;***********************************************************;

_TOCKI_sec CODE H'4018’

; Save ALUSTA
movpf ALUSTA, save ALUSTA ; must save ALUSTA before others
movpf WREG, save_WREG ; temporarily save off WREG

© 2001 Microchip Technology Inc.
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; Branch to prolog
movlw HIGH _TOCKI_prolog
movwf PCLATH
movlw LOW _TOCKI_prolog
movwf PCL

;***********************************************************;

_PIV_sec CODE H’'4020’

; Save ALUSTA
movpf ALUSTA, save_ ALUSTA ; must save ALUSTA before others
movpf WREG, save_ WREG ; temporarily save off WREG

; Branch to prolog
movlw HIGH _PIV prolog
movwf PCLATH
movlw LOW _PIV_prolog
movwf PCL

;***********************************************************;
InterruptCode CODE

_INT prolog

;Save BSR and WREG
movfp BSR, PCLATH
clrf BSR, 1
movpf PCLATH, save_BSR

;Service the interrupt by calling the interrupt
jhandling function
goto _INT_ 2
_INT 1
BANKSEL fpINT
movifp £fpINT+1, PCLATH
movip fpINT, PCL
_INT 2
call _INT 1 ; push address of next instruction on stack

;jRestore WREG and BSR

clrf BSR, 1 ;BSR was saved in bank 0
movifp save BSR, BSR ;Now restore it
movfp save_WREG, WREG ;and WREG as well.

;jRestore PCLATH and ALUSTA
movfp save_ PCLATH, PCLATH
movfp save ALUSTA, ALUSTA

;jReturn from interrupt
RETFIE

_TMRO_prolog
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;Save BSR and WREG

movEip
clrf
movpf

;Service

BSR, PCLATH
BSR, 1
PCLATH, save_BSR

the interrupt by calling the interrupt

jhandling function

goto
_TMRO_1

BANKSEL

movEip

movip
_TMRO_2

call

;Restore
clrf
movip
movEip

;Restore
movEip
movEip

_TMRO_2
fpTMRO
fpTMRO+1, PCLATH
fpTMRO, PCL
_TMRO_1 ; push address of next instruction on stack

WREG and BSR
BSR, 1
save_BSR, BSR
save_WREG, WREG

;BSR was saved in bank 0
;Now restore it
;jand WREG as well.

PCLATH and ALUSTA
save_PCLATH, PCLATH
save_ ALUSTA, ALUSTA

;jReturn from interrupt

RETFIE

_TOCKI_prolog

;Save BSR and WREG

movip
clrf
movpf

;Service

BSR, PCLATH
BSR, 1
PCLATH, save_BSR

the interrupt by calling the interrupt

;jhandling function

goto
_TOCKI_1

BANKSEL

movip

movEip
_TOCKI_2

call

;Restore
clrf
movEip
movEip

;Restore
movip
movip

_TOCKI_2
fpTOCKI
fpTOCKI+1, PCLATH
fpTOCKI, PCL
_TOCKI_ 1 ; push address of next instruction on stack

WREG and BSR
BSR, 1
save_BSR, BSR
save_ WREG, WREG

;BSR was saved in bank 0
;Now restore it
;and WREG as well.

PCLATH and ALUSTA
save_ PCLATH, PCLATH
save_ ALUSTA, ALUSTA

;Return from interrupt

RETFIE
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_PIV prolog

;Save BSR and WREG
movfp BSR, PCLATH
clrf BSR, 1
movpf PCLATH, save_BSR

;Service the interrupt by calling the interrupt
;jhandling function
goto _PIV_2
_PIV 1
BANKSEL fpPIV
movifp £fpPIV+1l, PCLATH
movfp fpPIV, PCL
_PIV 2
call _PIV_ 1 ; push address of next instruction on
stack

;Restore WREG and BSR

clrf BSR, 1 ;BSR was saved in bank 0
movifp save BSR, BSR ;Now restore it
movfp save WREG, WREG ;and WREG as well.

;jRestore PCLATH and ALUSTA
movfp save PCLATH, PCLATH
movfp save ALUSTA, ALUSTA

;Return from interrupt
RETFIE
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4.6 Other Files

One additional file required to compile programs for the PICDEM 17
demonstration board is the associated processor object module. For the
PIC17C756A microcontroller this file would be P17C756.ASM. This file would
need to be assembled to an object file by a MPASM™ assembler and linked in

with the rest of the files.
The only other file that might be used to compile programs for the PICDEM 17

demonstration board may be the library object module. For the PIC17C756A
microcontroller the library file PMC756L.LIB would be linked with the rest of

the files.

Note 1: User should refer to MPLAB IDE document that shows project
setup, but special version of linker scripts, etc., are used here
because of the demonstration board requirements.

2. Also, refer to the MPLAB C17 C Compiler User's Guide
(DS51112) for additional information.
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MICROCHIP BOARD USER’S GUIDE

Chapter 5. LCD. c Description

5.1 Introduction

This chapter describes the demonstration program for the PIC17C756A,
LCD. C. This program takes an incrementing count and displays it on an
external LCD panel using the interface provided on PICDEM 17
demonstration board.

Highlights
This chapter covers the following topics:
« MPLAB® IDE Project Files
« PICmicro® C Libraries
» Source Code Descriptions
* LCD.C Source Code Listing
* XLCD.H Source Code Listing

* XLCD.C Source Code Listing

5.2 MPLAB IDE Project Files

The project LCD.PJT contains the following files:

LCD.PJT
——DEMO756L.LKR
——P17C756.0

——PMC756L.LIB
——COL17DEM.O
——LCD.C

L XLCD.C
The files in this project use the following header files:

P17C756.H
DELAYS.H
XLCD.H

© 2001 Microchip Technology Inc. DS39024B-page 35



PICDEM™ 17 Demonstration Board User’'s Guide

5.3 PICmicro® C Libraries

The files in LCD.PJT use the following libray function(s) contained

PMC756L.LIB:

DelaylO0TCY( )
DelaylKTCYx( )

5.4 Source Code Descriptions

DEMO756L.LKR
P17C756.0

PMC756L.LIB

COL17DEM.O

LCD.C

XLCD.C

P17C756.H
DELAYS.H
XLCD.H

This file is the linker script file for the project.

This file contains the processor dependent objects, it is
included by the linker script file.

This file contains the library functions compiled for
large memory model, it is included by the linker script
file.

This file contains the startup code to initialize the stack,
initialize data, call the startup function, and jump to
main( ).

This file is the main source code file for the project.
This file contains the source code to interface to the
external LCD display.

This header file contains processor specific items.
This is the header file for delay routines in the library.
This is the header file for the external LCD routines in
XLCD.C.
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5.5 ©LcD.c Source Code Listing

//****************************************************

//* LCD.C
//****************************************************
//* Rodger Richey

//* Principal Applications Engineer

//* Microchip Technology Incorporated
//****************************************************
//* 2 December 1998

//* Compiled using MPLAB Cl17 C Compiler V2.20
//****************************************************
//* This program displays a message on a LCD display
//* that uses the Hitachi HD44780 controller or

//* equivalent. The first line shows “Hello...” and
//* the second line shows “World!”.

//****************************************************

//* Uses an oscillator of 16MHz
//****************************************************
#include <pl7c¢756.h>

#include <delays.h>

#include “xlcd.h”

// Constant string arrays in program memory
const rom char Hello[] = “Hello...”;
const rom char World[] = “World!”;

// Delays for ~18 Tcy
void DelayFor1l8TCY (void)
{

Delayl0TCY () ;

Delayl0TCY () ;

return;

// Delays for ~15ms
void DelayPORXLCD (void)

{

DelaylKTCYx(70) ;
return;

}

// Delays for ~5ms
void DelayXLCD (void)

{

DelaylKTCYx(20) ;
return;

}

void main (void)

{

// Turn A/D off
ADCON1 = 0x0e;

// Configure the external LCD
OpenXLCD(FOUR_BIT&LINES_5X7);

© 2001 Microchip Technology Inc. DS39024B-page 37



PICDEM™ 17 Demonstration Board User’'s Guide

// Print the Hello message to the first line
putrsXLCD (Hello) ;

// Wait for the LCD to finish last command
while (BusyXLCD()) ;

// Set the cursor to the start of the 2nd line
SetDDRamAddr (0x28) ;

// Print the World message to the 2nd line
putrsXLCD (World) ;

// Endless loop to end program
while (1)
{

Nop () ;

Nop () ;
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5.6 XLCD.H Source Code Listing

#pragma nolist
/*****************************************************************
* PICmicro C Libraries V2.10
* Written and Tested using MPLABC V2.10
R R RS S R RS SR R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R EEEEEEEEEEESEES
* Filename: xlcd.h
* Date: 14 April 1998
* File Version: 2.10
IR R R R R R RS R R RS S S S R R R R R R R R R R R R R R R R R R R R R R R R R R
* Functions:
* Header file
R R R R R R RS R R RS R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R
* Revision History:
V1.00 - Beta release of Peripheral Libraries for Vv1.21
V2.00 - Release of Peripheral Libraries for V2.00
V2.10 - Release of Peripheral Libraries for Vv2.10
Added putrsXLCD to output strings in ROM to XLCD
IR R R RS R R R R R R S R R R R R R R R R R R R R R R R R R R R R R R R R R EEEEEE R
Notes:
- ROM usage varies depending on specified device
- These libraries routines are written to support the
Hitachi HD44780 LCD controller.
- The user must define the following items:
- The LCD interface type (4- or 8-bits)
- If 4-bit mode
- whether using the upper or lower nibble
- The data port
- The tris register for data port
- The control signal ports and pins
- The control signal port tris and pins
- The user must provide three delay routines:
- DelayForl8TCY() provides a 18 Tcy delay
- DelayPORXLCD() provides at least 15ms delay
* - DelayXLCD() provides at least 5ms delay
*****************************************************************/
#ifndef _ XLCD_H
#define  XLCD H

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*

// Interface type 8-bit or 4-bit
// For 4-bit operation comment out the #define BITS8
//#define BIT8

// When in 4-bit interface define if the data is in the upper
// or lower nibble. For lower nibble, comment out the #define UPPER
//#define UPPER

// DATA PORT defines the port on which the LCD
// data lines are connected to

#define DATA PORT PORTF

#define TRIS_DATA PORT DDRF

// CTRL_PORT defines the port where the control

// lines are connected

// These are just samples, change to match your application
#define RW_PIN PORTGbits.RGO // Port for RW
#define TRIS_RW DDRGbits.RGO // TRIS for RW
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#define RS_PIN PORTFbits.RF7 // Port for RS
#define TRIS_RS DDRFbits.RF7 // TRIS for RS
#define E_PIN PORTGbits.RG1 // PORT for E
#define TRIS_E DDRGbits.RG1 // TRIS for E

// Display ON/OFF Control defines

#define DON 0b00001111 // Display on
#define DOFF 0b00001011 // Display off
#define CURSOR_ON 0b00001111 // Cursor on
#define CURSOR_OFF 0b00001101 // Cursor off
#define BLINK_ON 0b00001111 // Cursor Blink
#define BLINK OFF 0b00001110 // Cursor No Blink

// Cursor or Display Shift defines

#define SHIFT CUR_LEFT 0b00010011 // Cursor shifts to
the left
#define SHIFT CUR_RIGHT 0b00010111 // Cursor shifts to
the right
#define SHIFT _DISP_LEFT 0b00011011 // Display shifts to
the left
#define SHIFT_DISP_RIGHT 0b00011111 // Display shifts to
the right

// Function Set defines

#define FOUR_BIT 0b00101111 // 4-bit Interface
#define EIGHT BIT 0b00111111 // 8-bit Interface
#define LINE 5X7 0b00110011 // 5x7 characters,
single line

#define LINE_5X10 0b00110111 // 5x10 characters
#define LINES_ 5X7 0b00111111 // 5x7 characters,

multiple line

// Other Functions

#define CLS 0b00000001 // Clear display,
Set DDRAM to 0

#define HOME 0b00000010 // Set DDRAM to 0
void OpenXLCD (static unsigned char) ; // Configures I/0
pins for

// external LCD

void SetCGRamAddr (static unsigned char) ; // Sets the charac-
ter generator

// address

void SetDDRamAddr (static unsigned char) ; // Sets the display
data address

unsigned char BusyXLCD (void) ; // Returns the busy
status of the

// LCD

unsigned char ReadAddrXLCD (void) ; // Reads the current
address

char ReadDataXLCD (void) ; // Reads a byte of
data

void WriteCmdXLCD (static unsigned char) ; // Writes a command
to the LCD

void WriteDataXLCD (static char) ; // Writes a data byte
to the LCD

#define putcXLCD WriteDataXLCD // a putc is a write
void putsXLCD(static char *); // Writes a string of
characters
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// to the LCD

void putrsXLCD(static const rom char ¥*); // Writes a string of
characters

// in ROM to the LCD

// User defines these routines according to the oscillator frequency
extern far void DelayForl8TCY (void) ;

extern far void DelayPORXLCD (void) ;

extern far void DelayXLCD (void) ;

#endif
#pragma list
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5.7 XLCD.C Source Code Listing

#include <pl7cxx.h>
#include “xlcd.h”

/

dhkhkhkhkdkhkhkhkhkhkhkdkhdhkhkdkhkhkhkhkhkhkdhkdkhkhkhkhkdkhkdkhkhkhkhdkhkdkhkhkhkhkhkhkdkhkdkhkhkhkhkdhkhkhkhkhkhhhkdkhkhk
*
* PICmicro C Libraries Vv2.10

* Written and Tested using MPLABC V2.10
R R R R R R R SRR R R S S R R R R R R R R R R R R R R R R R R R R R R R R R R EEEEEEEE S

* *

* Filename: xlcd.c

* Date: 14 April 1998

* File Version: 2.10

R RS R RS S S R RS R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R EEEEEEEEES]
* *

* Functions:

* void OpenXLCD (unsigned char lcdtype)

* void SetCGRamAddr (unsigned char CGaddr)
* void SetDDRamAddr (unsigned char DDaddr)
* unsigned char BusyXLCD (void)

* unsigned char ReadAddrXLCD (void)

* char ReadDataXLCD (void)

* void WriteCmdXLCD (unsigned char cmd)

* void WriteDataXLCD (char data)

* void putsXLCD (char *buffer)

*

void putrsXLCD (const rom char *buffer)
R R R R R R R S R R R S S S R R R R R R R R R R R R R R R R R R R R R R R R R R EEES]

* *

* Revision History:

* V1.00 - Beta release of Peripheral Libraries for Vv1.21

* V2.00 - Release of Peripheral Libraries for V2.00

* V2.10 - Release of Peripheral Libraries for V2.10

R R R R R R R SRR R S R R R R R R R R R R R R R R R R R R R R R R R R R R R EEEES]
* *

* Notes:

* - ROM usage varies depending on specified device

R RS R RS S S S R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R EEEEEEEES]
*/

/

R RS R RS S S S R R R R R R R R R R R R R R R R S R R R R R R R R R R R R R R R R R R R EEEEEEEEEEEES]

*

* Function Name: putsXLCD

* Return Value: void

* Parameters: buffer: pointer to string

* Description: This routine writes a string of bytes to the
* Hitachi HD44780 LCD controller. The user

* must check to see if the LCD controller is

* busy before calling this routine. The data

* is written to the character generator RAM or
* the display data RAM depending on what the

* previous SetxxRamAddr routine was called.

R RS R RS S S R S R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R EEEEEES]
*/

void putsXLCD(static char *buffer)

{
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while (*buffer)
up to null

{

// Write data to LCD

while (BusyXLCD()) ; // Wait while LCD is

busy
WriteDataXLCD (*buffer) ; // Write character
to LCD
buffer++; // Increment buffer
}
return;
}
/
R R R R R R R S R R R SR R R R R R R R R R R R R R R R R R R R R R R R R R EEEES]
*
* Function Name: putrsXLCD
* Return Value: void
* Parameters: buffer: pointer to string
* Description: This routine writes a string of bytes to the
* Hitachi HD44780 LCD controller. The user
* must check to see if the LCD controller is
* busy before calling this routine. The data
* is written to the character generator RAM or
*

the display data RAM depending on what the
previous SetxxRamAddr routine was called.

R R R R R R R S R R S S R R R R R R R R R R R R R R R R R R R R R R R R R R R R R EEES]
*/

void putrsXLCD(static const rom char *buffer)

{

*

while (*buffer)
up to null

{

while (BusyXLCD()) ;

// Write data to LCD

// Wait while LCD is

busy
WriteDataXLCD (*buffer) ; // Write character
to LCD
buffer++; // Increment buffer
return;
/

R R R R R R R SRR R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R EEES]
*

* Function Name: OpenXLCD

* Return Value: void

* Parameters: lcdtype: sets the type of LCD (lines)

* Description: his routine configures the LCD. Based on

* the Hitachi HD44780 LCD controller. The

* routine will configure the I/O pins of the

* microcontroller, setup the LCD for 4- or

* 8-bit mode and clear the display. The user

* must provide three delay routines:

* DelayForl8TCY () provides a 18 Tcy delay

* DelayPORXLCD () provides at least 15ms delay

* DelayXLCD() provides at least 5ms delay

R RS R RS S S S RS S R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R EEEEEEEES]
*/

void OpenXLCD (static unsigned char lcdtype)
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// The data bits must be either a 8-bit port or the upper or

// lower 4-bits of a port. These pins are made into inputs
#ifdef BITS // 8-bit mode, use
whole port

DATA PORT = 0;

TRIS_DATA_PORT = Oxff;
#telse // 4-bit mode
#ifdef UPPER // Upper 4-bits of
the port

DATA_PORT &= 0xO0f;

TRIS_DATA PORT |= 0xfO0;
#else // Lower 4-bits of
the port

DATA PORT &= 0xfO0;

TRIS_DATA PORT |= 0xO0f;
#endif
#endif

TRIS_RW = 0; // All control sig-
nals made outputs

TRIS_ RS = 0;

TRIS E = 0;
RW_PIN = 0; // R/W pin made low
RS _PIN = 0; // Register select
pin made low
E_PIN = 0; // Clock pin made low

// Delay for 15ms to allow for LCD Power on reset
DelayPORXLCD() ;

// Setup interface to LCD

#ifdef BITS // 8-bit mode inter-
face
TRIS_DATA_ PORT = 0; // Data port output
DATA_PORT = 0b00110000; // Function set
cmd (8-bit interface)
#else // 4-bit mode inter-
face
#ifdef UPPER // Upper nibble
interface

TRIS_DATA PORT &= O0xO0f;
DATA PORT &= 0xO0f;

DATA PORT |= 0b00110000; // Function set
cmd (4-bit interface)
#telse // Lower nibble
interface

TRIS_DATA PORT &= 0xfO0;
DATA PORT &= 0xfO0;

DATA PORT |= 0b00000011; // Function set
cmd (4-bit interface)
#endif
#endif
E_PIN = 1; // Clock the cmd in
DelayForl8TCY () ;
E PIN = O;

// Delay for at least 4.1lms
DelayXLCD() ;
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// Setup interface to LCD
#ifdef BITS8

DATA_PORT = 0b00110000;
cmd (8-bit interface)
#else
#ifdef UPPER
interface

DATA_PORT &= 0xO0f;
cmd (4-bit interface)

DATA PORT |= 0b00110000;
#else
interface

DATA_PORT &= 0xfO0;
cmd (4-bit interface)

DATA_PORT |= 0b00000011;
#endif
#endif
E_PIN = 1;
DelayForl8TCY () ;
E_PIN = 0;

// Delay for at least 100us
DelayXLCD() ;

// Setup interface to LCD
#ifdef BITS8

DATA_PORT = 0b00110000;
cmd (8-bit interface)
#else
#ifdef UPPER
interface

DATA_PORT &= 0xO0f;
cmd (4-bit interface)

DATA PORT |= 0b00110000;
#else
interface

DATA_PORT &= 0xfO0;
cmd (4-bit interface)

DATA PORT |= 0b00000011;
#endif
#endif
E_PIN = 1;
DelayForl8TCY () ;
E_PIN = 0;
DelayXLCD() ;

#ifndef BITS
#ifdef UPPER
interface
DATA PORT &= 0xO0f;
cmd (4-bit interface)
DATA PORT |= 0b00100000;
#telse
interface
DATA_PORT &= 0xfO0;
cmd (4-bit interface)
DATA_PORT |= 0b00000010;
#endif

/7
/7

/7

/7

//
/7

/7

/7
/7

/7
//

/7

/7
/7

/7

/7
//

/7
/7

8-bit interface
Function set

4-bit interface
Upper nibble

Function set

Lower nibble

Function set

Clock the cmd in

8-bit interface
Function set

4-bit interface
Upper nibble

Function set

Lower nibble

Function set

Clock cmd in

Upper nibble

Function set

Lower nibble

Function set
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E_PIN = 1; // Clock cmd in
DelayForl8TCY () ;
E_PIN = 0;
#endif
#ifdef BITS // 8-bit interface
TRIS_DATA PORT = O0xff;// Make data port input
#telse // 4-bit interface
#ifdef UPPER // Upper nibble
interface
TRIS_DATA_PORT |= 0xfO0; // Make data nibble
input
#else // Lower nibble
interface
TRIS_DATA PORT |= OxOf; // Make data nibble
input
#endif
#endif

// Set data interface width, # lines, font
while (BusyXLCD()) ; // Wait if LCD busy
WriteCmdXLCD (lcdtype) ; // Function set cmd

// Turn the display on then off

while (BusyXLCD()) ; // Wait if LCD busy

WriteCdeLCD(DOFF&CURSOR_OFF&BLINK_OFF);// Display OFF/Blink
OFF

while (BusyXLCD()) ; // Wait if LCD busy

WriteCdeLCD(DON&CURSOR_ON&BLINK_ON);// Display ON/Blink ON

// Clear display
while (BusyXLCD()) ; // Wait if LCD busy
WriteCmdXLCD (0x01) ; // Clear display

// Set entry mode inc, no shift
while (BusyXLCD()) ; // Wait if LCD busy
WriteCmdXLCD (SHIFT CUR_LEFT);// Entry Mode

// Set DD Ram address to 0

while (BusyXLCD()) ; // Wait if LCD busy

SetDDRamAddr (0) ; // Set Display data
ram address to 0

return;

HD44780 LCD controller. The user must check
to see if the LCD controller is busy before

calling this routine.
R RS R R RS S S RS S R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R EEEEEES]

*/
void WriteCmdXLCD (static unsigned char cmd)

/

R RS R RS S S SR R R R R R R R R R R R R R S R R R R R R R R R R R R R R R R R R R R EEEEEEEES]
*

* Function Name: WriteCmdXLCD

* Return Value: void

* Parameters: cmd: command to send to LCD

* Description: This routine writes a command to the Hitachi

*

*

*
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while (BusyXLCD() ) ;

#ifdef BITS // 8-bit interface
TRIS_DATA_ PORT = 0; // Data port output
DATA_PORT = cmd; // Write command to
data port
RW_PIN = 0; // Set the control
signals

RS_PIN = 0; // for sending a com-
mand

DelayForl8TCY () ;

E PIN = 1; // Clock the command
in

DelayForl8TCY () ;

E_PIN = 0;

DelayForl8TCY () ;

TRIS_DATA PORT = O0xff;// Data port input

#telse // 4-bit interface

#ifdef UPPER // Upper nibble

interface

TRIS_DATA PORT &= O0xO0f;
DATA_PORT &= 0xO0f;
DATA PORT |= cmd&OxfO;
#telse // Lower nibble
interface
TRIS_DATA PORT &= 0xfO0;
DATA PORT &= 0xfO0;
DATA PORT |= (cmd>>4)&0x0f;
#endif
RW_PIN = 0; // Set control sig-
nals for command
RS PIN = 0;
DelayForl8TCY () ;
E_PIN = 1; // Clock command in
DelayForl8TCY () ;
E_PIN = 0;
#ifdef UPPER // Upper nibble
interface
DATA PORT &= 0xO0f;
DATA PORT |= (cmd<<4)&0xf0;
#else // Lower nibble
interface
DATA_PORT &= 0xfO0;
DATA PORT |= cmd&OxO0f;
#endif
DelayForl8TCY () ;
E_PIN = 1; // Clock command in
DelayForl8TCY () ;
E PIN = 0;
#ifdef UPPER // Make data nibble
input
TRIS DATA PORT |= 0xfO0;
#else
TRIS DATA PORT |= 0xO0f;
#endif
#endif
return;

© 2001 Microchip Technology Inc.
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/

R R R R R R R SRR R S S R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R EEES]
*

* Function Name: SetCGRamAddr

* Return Value: void

* Parameters: CGaddr: character generator ram address

* Description: This routine sets the character generator

* address of the Hitachi HD44780 LCD

* controller. The user must check to see if

* the LCD controller is busy before calling

* this routine.

R R R R RS S S S RS S R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R EEEEEEEES]
*/

void SetCGRamAddr (static unsigned char CGaddr)

{

while (BusyXLCD() ) ;

#ifdef BITS // 8-bit interface

TRIS_DATA PORT = 0; // Make data port
ouput

DATA PORT = CGaddr | 0b01000000; // Write cmd and
address to port

RW_PIN = 0; // Set control sig-
nals

RS _PIN = 0;

DelayForl8TCY () ;

E _PIN = 1; // Clock cmd and
address in

DelayForl8TCY () ;

E PIN = 0;

DelayForl8TCY () ;

TRIS_DATA_PORT = Oxff; // Make data port
inputs
#telse // 4-bit interface
#ifdef UPPER // Upper nibble
interface

TRIS DATA PORT &= O0xO0f; // Make nibble input

DATA PORT &= OxOf; // and write upper
nibble

DATA PORT |= ((CGaddr | 0b01000000) & 0x£f0);
#else // Lower nibble
interface

TRIS DATA PORT &= 0xf0; // Make nibble input

DATA PORT &= 0xf0; // and write upper
nibble

DATA PORT |= (((CGaddr |0b01000000)>>4) & 0xO0f);
#endif

RW_PIN = 0; // Set control sig-
nals

RS PIN = 0;

DelayForl8TCY () ;

E PIN = 1; // Clock cmd and
address in

DelayForl8TCY () ;

E PIN = O;
#ifdef UPPER // Upper nibble
interface

DATA PORT &= O0xOf; // Write lower nib-
ble

DATA PORT |= ((CGaddr<<4)&0xf0);
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#else // Lower nibble
interface

DATA PORT &= 0xfO0; // Write lower nib-
ble

DATA PORT |= (CGaddr&O0x0f) ;
#endif

DelayForl8TCY () ;

E _PIN = 1; // Clock cmd and
address in

DelayForl8TCY () ;

E PIN = 0;
#ifdef UPPER // Upper nibble
interface

TRIS_DATA_PORT |= 0xfO0; // Make inputs
#telse // Lower nibble
interface

TRIS_DATA_PORT |= O0xO0f; // Make inputs
#endif
#endif

return;
}
/
R RS R R RS S S R R R R R R R R R S R R R R R R R R R R R R R R R R R R R R R R R R R R R EEEEEES]
*
* Function Name: SetDDRamAddr
* Return Value: void
* Parameters: CGaddr: display data address
* Description: This routine sets the display data address
* of the Hitachi HD44780 LCD controller. The
* user must check to see if the LCD controller
* is busy before calling this routine.

R RS R RS S S S RS R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R EEEEEES]

*/

void SetDDRamAddr (static unsigned char DDaddr)

{

while (BusyXLCD() ) ;
#ifdef BITS8

TRIS_DATA PORT = 0;

DATA PORT = DDaddr | 0b10000000;
address to port

RW_PIN = 0;
bits
RS PIN = 0;
DelayForl8TCY () ;
E_PIN = 1;
address in
DelayForl8TCY () ;
E PIN = 0;
DelayForl8TCY () ;
TRIS DATA PORT = Oxff;
#telse
#ifdef UPPER
interface

TRIS DATA PORT &= O0xO0f;
DATA_PORT &= 0xO0f;
nibble

/7
/7
//

/7

DATA PORT |= ((DDaddr | 0b10000000) & 0xf0);

8-bit interface
Make port output
Write cmd and

Set the control

Clock the cmd and

Make port input
4-bit interface
Upper nibble

Make port output
and write upper
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#else // Lower nibble
interface

TRIS_DATA PORT &= 0xf0; // Make port output

DATA_ PORT &= 0xf0; // and write upper
nibble

DATA PORT |= (((DDaddr | 0b10000000)>>4) & 0xO0f);
#endif

RW_PIN = 0; // Set control bits

RS_PIN = 0;

DelayForl8TCY () ;

E _PIN = 1; // Clock the cmd and
address in

DelayForl8TCY () ;

E PIN = 0;
#ifdef UPPER // Upper nibble
interface

DATA PORT &= 0xO0f; // Write lower nib-
ble

DATA_PORT |= ((DDaddr<<4)&0xf0);
#else // Lower nibble
interface

DATA PORT &= 0xfO0; // Write lower nib-
ble

DATA PORT |= (DDaddr&0x0f) ;
#endif

DelayForl8TCY () ;

E PIN = 1; // Clock the cmd and
address in

DelayForl8TCY () ;

E_PIN = 0;
#ifdef UPPER // Upper nibble
interface

TRIS DATA PORT |= 0xf0; // Make port input
#else // Lower nibble
interface

TRIS DATA PORT |= 0xOf; // Make port input
#endif
#endif

return;
}
/
R R R R R R R S R R S S S R R R R R R R R R R R R R R R R R R R R R R R R R EEEES]
*
* Function Name: BusyXLCD
* Return Value: char: busy status of LCD controller
* Parameters: void
* Description: This routine reads the busy status of the
* Hitachi HD44780 LCD controller.
R R R R R R R S R R S S S R R R R R R R R R R R R R R R R R R R R R R R EEES]
*/
unsigned char BusyXLCD (void)
{

RW_PIN = 1; // Set the control
bits for read

RS PIN = 0;

DelayForl8TCY () ;

E PIN = 1; // Clock in the com-
mand
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DelayForl8TCY () ;
#ifdef BITS8
if(DATA_PORT.7)

bit)
{
E_PIN = O;
RW_PIN = 0;
line
return 1;
}
else
{
E PIN = 0;
RW_PIN = 0;
line
return O;
}
#telse
#ifdef UPPER
interface
if(DATA_PORT&OXBO)
#else
interface
if(DATA_PORT&OXOB)
#endif
{
E_PIN = O;
DelayForl8TCY () ;
E PIN = 1;
nibble
DelayForl8TCY () ;
E PIN = 0;
RW_PIN = 0;
line
return 1;
}
else
{
E PIN = O;
DelayForl8TCY () ;
E PIN = 1;
nibble
DelayForl8TCY () ;
E PIN = 0;
RW_PIN = 0;
line
return O;
}
#endif
}
/

/7
/7

/7
/7

/7
//
/7

/7

//
/7

//
/7
/7
//
/7

//
/7

8-bit interface
Read bit 7 (busy

If high

Reset clock line
Reset control
Return TRUE

Bit 7 low

Reset clock line
Reset control

Return FALSE
4-bit interface

Upper nibble

Lower nibble

Reset clock line

Clock out other

Reset control
Return TRUE

Busy bit is low
Reset clock line

Clock out other

Reset control

Return FALSE

R R R R R R R SR R R S R R R R R R R R R R R R R R R R R R R R R R R R R EEES]

* *

* Function Name: ReadAddrXLCD
Return Value:
Parameters: void

Description:

char: address from LCD controller

This routine reads an address byte from the
Hitachi HD44780 LCD controller. The user
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* must check to see if the LCD controller is

* busy before calling this routine. The address
* is read from the character generator RAM or

* the display data RAM depending on what the

* previous SetxxRamAddr routine was called.

R R R R RS S S S RS S R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R EEEEEEEES]
**/

unsigned char ReadAddrXLCD (void)

{

char data; // Holds the data retrieved
from the LCD

#ifdef BITS8 // 8-bit interface

RW_PIN = 1; // Set control bits for the
read

RS_PIN = 0;

DelayForl8TCY () ;

E PIN = 1; // Clock data out of the LCD
controller

DelayForl8TCY () ;

data = DATA PORT; // Save the data in the reg-
ister

E_PIN = 0;

RW_PIN = 0; // Reset the control bits
#telse // 4-bit interface

RW_PIN = 1; // Set control bits for the
read

RS_PIN = 0;

DelayForl8TCY () ;

E PIN = 1; // Clock data out of the LCD
controller

DelayForl8TCY () ;
#ifdef UPPER // Upper nibble interface

data = DATA PORT&0xf0;// Read the nibble into the upper nibble
of data
#telse // Lower nibble interface

data = (DATA PORT<<4)&0xf0;// Read nibble to upper nibble of
data
#endif

E _PIN = 0; // Reset the clock

DelayForl8TCY () ;

E PIN = 1; // Clock out the lower nib-
ble

DelayForl8TCY () ;
#ifdef UPPER // Upper nibble interface

data |= (DATA PORT>>4)&0x0f;// Read nibble to lower nibble of
data
#telse // Lower nibble interface

data |= DATA PORT&0xOf; // Read nibble to lower nib-
ble of data
#endif

E_PIN = 0;

RW_PIN = 0; // Reset the control lines
#endif

return (data&0x7f) ; // Return the address, Mask

off the busy bit

}
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IR R R R R R R R R R RS R R R R R R R R R R R R R R R R R R R R R R R R EE RS
Function Name: ReadDataXLCD

Return Value: char: data byte from LCD controller
Parameters: void

Description: This routine reads a data byte from the

Hitachi HD44780 LCD controller. The user

must check to see if the LCD controller is
busy before calling this routine. The data

is read from the character generator RAM or
the display data RAM depending on what the
previous SetxxRamAddr routine was called.

R R R R R R R SRR R R S R R R R R R R R R R R R R R R R R R R R R R R R R R R R R EEES]
*/

char ReadDataXLCD (void)

{

LR I S I I T

*

char data;

#ifdef BITS // 8-bit interface

RS_PIN = 1; // Set the control
bits

RW PIN = 1;

DelayForl8TCY () ;

E PIN = 1; // Clock the data out
of the LCD

DelayForl8TCY () ;

data = DATA PORT; // Read the data

E_PIN = 0;

RS _PIN = 0; // Reset the control
bits

RW_PIN = 0;
#telse // 4-bit interface

RW PIN = 1;

RS_PIN = 1;

DelayForl8TCY () ;

E PIN = 1; // Clock the data out
of the LCD

DelayForl8TCY () ;
#ifdef UPPER // Upper nibble
interface

data = DATA PORT&0xfO; // Read the upper
nibble of data
#else // Lower nibble
interface

data = (DATA PORT<<4) &0xf0; // read the upper
nibble of data
#endif

E PIN = 0; // Reset the clock
line

DelayForl8TCY () ;

E PIN = 1; // Clock the next
nibble out of the LCD

DelayForl8TCY () ;
#ifdef UPPER // Upper nibble
interface

data |= (DATA PORT>>4) &0xO0f; // Read the lower

nibble of data
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#else //
interface

data |= DATA PORT&0XOf; //
nibble of data
#endif

E_PIN = 0;

RS_PIN = 0; //
bits

RW_PIN = 0;
#endif

return (data) ; //
byte
}
/

Lower nibble

Read the lower

Reset the control

Return the data

R R R R R R R SRR S S R R R R R R R R R R R R R R R R R R R R R R R R R R R R EEEES]

*

* Fu
* Re
* Pa

* De
*

* % ok

*

*/

nction Name: WriteDataXLCD

turn Value: void

rameters: data: data byte to be written to LCD

scription: This routine writes a data byte to the
Hitachi HD44780 LCD controller. The user
must check to see if the LCD controller is
busy before calling this routine. The data
is written to the character generator RAM or

the display data RAM depending on what the

previous SetxxRamAddr routine was called.
R R R R R R R SRR R S S R R R R R R R R R R R R R R R R R R R R R R R R R EEE S

void WriteDataXLCD (static char data)

{

while (BusyXLCD() ) ;

#ifdef BITS //
TRIS_DATA PORT = 0; //
DATA_PORT = data; //
RS PIN = 1; //
RW_PIN = 0;

DelayForl8TCY () ;
E PIN = 1; //

LCD
DelayForl8TCY () ;

E PIN = 0;

RS_PIN = 0; //
bits

TRIS DATA PORT = Oxff; //

#else //

#ifdef UPPER /7

interface

#els
inte

TRIS DATA PORT &= O0xO0f;

DATA PORT &= O0xOf;

DATA PORT |= data&0xfo;

e //
rface

TRIS_DATA_PORT &= 0xfO0;

DATA PORT &= 0xf0;

DATA PORT |= ((data>>4)&0x0f) ;

#endif
RS PIN = 1; //
RW_PIN = 0;

8-bit interface
Make port output
Write data to port
Set control bits

Clock data into

Reset control

Make port input
4-bit interface
Upper nibble

Lower nibble

Set control bits
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DelayFor18TCY () ;

E_PIN = 1; // Clock nibble into
LCD

DelayForl8TCY () ;

E_PIN = 0;
#ifdef UPPER // Upper nibble
interface

DATA_PORT &= 0xO0f;

DATA PORT |= ((data<<4)&0x£f0);
#telse // Lower nibble
interface

DATA PORT &= 0xfO0;

DATA PORT |= (data&0x0f);
#endif

DelayForl8TCY () ;

E_PIN = 1; // Clock nibble into
LCD

DelayForl8TCY () ;

E_PIN = 0;
#ifdef UPPER // Upper nibble
interface

TRIS_DATA PORT |= 0xfO0;
#telse // Lower nibble
interface

TRIS_DATA PORT |= O0xOf;
#endif
#endif

return;
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NOTES:
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Chapter 6. USART. C Description

6.1 Introduction

This chapter describes the demonstration program for the PIC17C756A,
USART. C. This program takes an incrementing count and displays it on the
Monitor program using USART2 and hardware handshaking.

6.2 Highlights
This chapter covers the following topics:
« MPLAB® IDE Project Files
« PICmicro® C Libraries
» Source Code Descriptions

* USART.C Source Code Listing

6.3 MPLAB IDE Project Files

The project USART.PJT contains the following files:

USART.PJT
——DEMO756L.LKR
—— P17C756.0

L PMC756L.LIB
——COL17DEM.O

-——USART.C

The files in this project use the following header files:

P17C756.H
DELAYS.H
USART16.H
STDLIB.H
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6.4 PICmicro C Libraries

The files in USART.PJT use the following library function(s) contained

PMC756L.LIB:

DelaylOKTCYx( )
BusyUSART2 ( )
PutcUSART2 ( )
OpenUSART2 ( )
ubtoa ( )

6.5 Source Code Descriptions

DEMO756L.LKR
P17C756.0

PMC756L.LIB

COL17DEM.O

USART.C
P17C756.H
DELAYS.H
USART16 .H

STDLIB.H

This file is the linker script file for the project.

This file contains the processor dependent objects, it is
included by the linker script file.

This file contains the library functions compiled for
large memory model, it is included by the linker script
file.

This file contains the startup code to initialize the stack,
initialize data, call the startup function, and jump to
main( ).

This file is the main source code file for the project.
This header file contains processor specific items.
This is the header file for delay routines in the library.
This is the header file for the USART routines in the
library.

This is the header file for standard library routines.
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6.6 TUSART.C Source Code Listing

//****************************************************

//*  USART.C
//****************************************************
//*  Rodger Richey

//* Principal Applications Engineer

//* Microchip Technology Incorporated
//****************************************************
//* 2 December 1998

//* Compiled using MPLAB Cl17 C Compiler V2.20

//****************************************************

//* This program prints an incrementing count from
//* 0 to 255 to the USART. The numbers are displayed
//* in the Monitor program.

//****************************************************
//* Uses an oscillator of 16MHz
//****************************************************
#include <pl7c756.h>

#include <delays.h>

#include <usartl6.h>

#include <stdlib.h>

void PutsUSART2 (char *data) ;

// Function to print a string to USART2 using handshaking
void PutsUSART2 (char *data)

{

do

{
// Wait for USART to complete prev operation
while (BusyUSART2()) ;

// Hardware handshaking for CTS
while (PORTBbits.RB4) ;

// Print a character to USART2
PutcUSART2 (*data) ;

} while(*data++); // Increment pointer and check for NULL
return;

void main (void)

{
unsigned char 1i;
char str([5];
char crlf[3];

// Initialize the carriage return/linefeed string
crlf [0] = 0x0d;

crlf[1] 0x0a;

crlf[2] 0;

// Initialize USART2 and the hardware handshaking lines
PORTBbits.RB5 = 1;
DDRBbits.RB5 = 0;
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OpenUSART2(USART_TX_INT_OFF&USART_RX_INT_OFF&USART_ASYNCH_MODE&
USART_EIGHT_BIT&USART_CONT_RX,25);
// Send a carriage return and linefeed
PutsUSART2 (crlf) ;

// Initialize the count variable

i =0;
while (1)
{

// Convert the count variable to ASCII
ubtoa (i, str) ;

// Print the string
PutsUSART2 (str) ;

// Print a carriage return and linefeed
PutsUSART2 (crlf) ;

// Wait for a while
Delayl0KTCYx (250) ;
DelaylOKTCYx (250) ;

// Increment the count variable
i++;
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Chapter 7. ANALOG. C Description

7.1 Introduction

This chapter describes the demonstration program for the PIC17C756A,
ANALOG. C. This program continuously converts on channel 0 (which is
connected to a precision 4.096V voltage reference) and displays the result in
ASCII on the Monitor program. The A/D module is configured to use the AVDD
and AVss pins as the voltage reference.

Highlights
This chapter covers the following topics:
« MPLAB® IDE Project Files
« PICmicro® C Libraries
» Source Code Descriptions
* ANALOG.C Source Code Listing
MPLAB IDE Project Files
The project ANALOG.PJT contains the following files:

ANALOG.PJT
——DEMO756L.LKR
——P17C756.0

——PMC756L.LIB

——COL17DEM.O

——ANALOG.C

The files in this project use the following header files:

P17C756.H
DELAYS.H
USART16.H
STDLIB.H
ADC1l6.H
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7.2 PICmicro C Libraries

The files in ANALOG.PJT use the following library function(s) contained in

PMC756L.LIB:

DelaylOKTCYx( )
BusyUSART2 ( )

PutcUSART2 ( )

OpenUSART2 ( )
OpenADC( )
ConvertADC( )
BusyADC( )
ReadADC( )
uitoa( )

7.3 Source Code Descriptions

DEMO756L.LKR
P17C756.0

PMC756L.LIB

COL17DEM.O

ANALOG. C
P17C756.H
DELAYS.H
USART16 .H

STDLIB.H
ADC16.H

This file is the linker script file for the project.

This file contains the processor dependent objects, it
is included by the linker script file.

This file contains the library functions compiled for
large memory model, it is included by the linker script
file.

This fwwile contains the startup code to initialize the
stack, initialize data, call the startup function, and jump
tomain( ).

This file is the main source code file for the project.
This header file contains processor specific items.
This is the header file for delay routines in the library.
This is the header file for the USART routines in the
library.

This is the header file for standard library routines.
This is the header file for A/D routines in the library.

DS39024B-page 62

© 2001 Microchip Technology Inc.



ANALOG. C Description

7.4 ANALOG.C Source Code Listing

//****************************************************

//*  ANALOG.C
//****************************************************
//*  Rodger Richey

//* Principal Applications Engineer

//* Microchip Technology Incorporated
//****************************************************
//* 2 December 1998

//* Compiled using MPLAB Cl17 C Compiler V2.20

//****************************************************

//* This program performs an A/D conversion on CH2
//* and prints the result in ASCII to USART2 which
//* displays the result on the Monitor program.

//****************************************************
//* Uses an oscillator of 16MHz
//****************************************************
#include <pl7c756.h>

#include <delays.h>

#include <usartl6.h>

#include <stdlib.h>

#include <adclé6.h>

void PutsUSART2 (char *data) ;

// Prints a string to USART2 using hardware handshaking;
void PutsUSART2 (char *data)
{
do
{
// Wait for the USART to finish prev operation
while (BusyUSART2 () ) ;

// Wait for CTS
while (PORTBbits.RB4) ;

// Print character to USART2
PutcUSART2 (*data) ;

} while(*data++); // Increment pointer and check for NULL
return;

void main(void)

{
unsigned int result;
char str([7];
char crlf[3];

// Initialize the carriage return/linefeed string
crlf [0] = 0x0d;

crlf[1] 0x0a;

crlf[2] 0;

// Initialize USART2 and the hardware handshaking lines
PORTBbits.RB5 = 1;
DDRBbits.RB5 = 0;
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OpenUSART2 (USART_TX_INT OFF&USART_RX INT OFF&USART ASYNCH_ MODE&
USART EIGHT BIT&USART CONT_RX, 25) ;

// Initialize the A/D
OpenADC(ADC_INT_OFF&ADC_FOSC_32&ADC_RIGHT_JUST&ADC_VREF_INT&
ADC_4ANA 8DIG,ADC CHO) ;

// Print a carriage return and linefeed
PutsUSART2 (crlf) ;

while (1)
{
ConvertADC() ; // Start a conversion
while (BusyADC()) ; // Wait to complete
result = ReadADC() ; // Read result
uitoa (result, str) ; // Convert to ASCII
PutsUSART2 (str) ; // Print string to
USART
PutsUSART2 (crlf) ; // Print crlf to
USART
Delayl0KTCYx (250) ; // Wait a while

DelaylOKTCYx (250) ;
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Chapter 8. SWITCH.C Description

8.1 Introduction

This chapter describes the demonstration program for the PIC17C756A,
SWITCH. C. This program first turns on all the memory mapped LEDs. When
the corresponding pushbutton switch is pressed, the microcontroller will
toggle the state of the LED.

8.2 Highlights

This chapter covers the following topics:
« MPLAB® IDE Project Files
« PICmicro® C Libraries
» Source Code Descriptions
* SWITCH.C Source Code Listing

8.3 MPLAB IDE Project Files

The project SWITCH.PJT contains the following files:

SWITCH.PJT
——DEMO756L.LKR
——P17C756.0

——PMC756L.LIB
——COL17DEM.O

——SWITCH.C

The files in this project use the following header files:
P17C756.H
DELAYS.H

© 2001 Microchip Technology Inc. DS39024B-page 65



PICDEM™ 17 Demonstration Board User’'s Guide

8.4 PICmicro C Libraries

The files in SWITCH.PJT use the following library function(s) contained in

PMC756L.LIB:

DelaylKTCYx( )

8.5 Source Code Descriptions

DEMO756L.LKR
P17C756.0
PMC756L.LIB

COL17DEM.O

SWITCH.C
P17C756.H
DELAYS.H

This file is the linker script file for the project.

linker script file.

This file contains the library functions compiled for
large memory model, it is included by the linker script
file.

This file contains the startup code to initialize the stack,
initialize data, call the startup function, and jump to
main( ).

This file is the main source code file for the project.
This header file contains processor specific items.
This is the header file for delay routines in the library.
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8.6 SWITCH.C Source Code Listing

//****************************************************
//*  SWITCH.C
//****************************************************
//* Rodger Richey

//* Principal Applications Engineer

//* Microchip Technology Incorporated
//****************************************************
//* 2 December 1998

//* Compiled using MPLAB Cl17 C Compiler V2.20
//****************************************************
//* This program toggles the state of the memory

//* mapped LEDs when the corresponding memory mapped
//* switch is pressed.
//****************************************************
//* Uses an oscillator of 16MHz
//****************************************************
#include <pl7c756.h>

#include <delays.h>

void main(void)

{
unsigned int LEDbuf;
unsigned int SWTbuf;
unsigned int TEMPbuf;
unsigned int Temp;
rom int *LEDptr;
rom int *SWTptr;

// Initialize pointers to the memory mapped device
LEDptr = (rom int *)O0xfffd;
SWTptr = (rom int *)O0xfffc;

// Initialize the LEDs and other variables
*LEDptr = O0xO00ff;

LEDbuf = 0x00ff;

SWTbuf = Ox00ff;

while (1)

{
// Read the state of the switches
TEMPbuf = *SWTptr & O0xO00ff;

// Determine what switch states have changed
Temp = TEMPbuf * SWTbuf;

// If a switch state has changed and the change
// was a switch press
if (Temp && TEMPbuf != 0x00ff)
{
// 1f need to toggle LED low
if (Temp&LEDbuf)

// Mask off desired
LED

LEDbuf &= ~Temp;

// Else need to toggle LED high
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else
// OR in desired LED

LEDbuf |= Temp;

// Write new value to LEDs
*LEDptr = LEDDbuf;

}

// Update switch state buffer
SWTbuf = TEMPbuf;

// Wait for ~1é6ms
DelaylKTCYx (64) ;
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Chapter 9. 12C.c Description

9.1 Introduction

This chapter describes the demonstration program for the PIC17C756A,
I2C.C. This program takes an incrementing count and writes it to the
241.C01B Serial EEPROM and displays the address on the memory mapped
LEDs. This program also displays the desired value and the actual value for
each location. Before running this program, make sure that S3 positions 1 and
2 are ON and the rest are OFF.

9.2 Highlights

This chapter covers the following topics:
« MPLAB® IDE Project Files
« PICmicro® C Libraries
* Source Code Descriptions
e I2C.C Source Code Listing

9.3 MPLAB IDE Project Files

The project I2C.PJT contains the following files:

I2C.PJT
——DEMO756L.LKR
——P17C756.0

——PMC756L.LIB
——COL17DEM.O

——1I2C.C

The files in this project use the following header files:

P17C756.H
DELAYS.H
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9.4 PICmicro C Libraries

The files in 12C.PJT use the following library function(s) contained in

PMC756L.LIB:

DelaylKTCYx( )

9.5 Source Code Descriptions

DEMO756L.LKR
P17C756.0

PMC756L.LIB

COL17DEM.O

I2C.C
P17C756.H
DELAYS.H

This file is the linker script file for the project.

This file contains the processor dependent objects, it
is included by the linker script file.

This file contains the library functions compiled for
large memory model, it is included by the linker script
file.

This file contains the startup code to initialize the
stack, initialize data, call the startup function, and jump
tomain( ).

This file is the main source code file for the project.
This header file contains processor specific items.
This is the header file for delay routines in the library.
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9.6 1I2C.C Source Code Listing

//****************************************************

//* I2C.C
//****************************************************
//* Rodger Richey

//* Principal Applications Engineer

//* Microchip Technology Incorporated
//****************************************************
//* 2 December 1998

//* Compiled using MPLAB C17 C Compiler V2.20
//****************************************************
//* This program reads and writes to the 24LCO1B

//* Serial EEPROM using the master mode I2C module.
//* The value of the address is written to each

//* address of the EEPROM. The program then reads
//* the value out of the EEPROM and prints both

//* the desired value and the read value to the
//* USART2 for display on the Monitor program. The
//* address is also displayed on the memory mapped
//* LEDs.

//****************************************************
//* Uses an oscillator of 16MHz
//****************************************************
#include <pl7c756.h>

#include <delays.h>

#include <i2cl6.h>

#include <usartl6.h>

#include <stdlib.h>

void PutsUSART2 (char *data) ;
void PutcUSART2 (char data) ;

// Prints a string to USART2 using hardware handshaking;
void PutsUSART2 (char *data)

{

do

{

// Wait for USART2 to finish prev operation
while (BusyUSART2 () ) ;

// Wait for CTS
while (PORTBbits.RB4) ;

// Write a character to USART2
PutcUSART2 (*data) ;

} while(*data++); // Increment pointer and check for NULL
return;

// Prints a character to USART2 using hardware handshaking
void PutcUSART2 (char data)

{

while (BusyUSART2 () ) ; // Wait for
USART2 to finish
while (PORTBbits.RB4) ; // Wait for CTS
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PUtcUSART2 (data) ; // Print charac-

ter to USART2

return;

void main(void)

{

rom int *LEDptr;
unsigned char addr;
unsigned char byte;
char str([5];

char crlf[3];

// Initialize the carriage return/linefeed string
crlf [0] = 0x0d;

crlf[1] = O0xO0a;

crlf[2] = 0;

// Initialize the pointer to LEDs
LEDptr = (rom int *)O0xfffd;

// Initialize the I2C module
OpenI2C(MASTER,SLEW_ON);
SSPADD = 9;

// Initialize USART2 and hardware handshaking
PORTBbits.RB5 = 1;
DDRBbits.RB5 = 0;

OpenUSART2 (USART TX INT OFF&USART RX INT OFF&USART ASYNCH MODE&

USART EIGHT BIT&USART CONT_RX, 25) ;

// Print a carriage return and linefeed
PutsUSART2 (crlf) ;

// Initialize address to 0

addr = 0;
while (1)
{
*LEDptr = addr; // Write address
to LEDs

// Write a byte to the EEPROM
EEByteWrite (0xa0,addr, addr) ;

// Wait for the EEPROM
EEAckPolling (0xa0) ;

// Read a byte from the EEPROM
byte = EERandomRead (0xa0,addr) ;

to USART2

byte to ASCII

ubtoa (addr, str) ; // Convert
address to ASCII

PutsUSART2 (str) ; // Print the
string to USART2

PutcUSART2 (* ‘) ; // Print a space

ubtoa (byte, str) ; // Convert the

PutsUSART2 (str) ; // Print the

string to USART2
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to USART2

address

PutsUSART2 (crlf) ;
addr++;

if (addr > 127)
addr = 0;

DelaylOKTCYx (250) ;

// Print a CRLF

// Increment the

// If > 127
// reset to O

// Wait a while

© 2001 Microchip Technology Inc.
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Appendix A. PICDEM 17 Demonstration Board Schematics
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A.1 SCHEMATIC 1
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A.2 SCHEMATIC 2
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+5v
Rl TeK
B ||
+5v ] = 0,1uF e
s5
15T = 2 co[e g
56 |-3-0_|_0-“l 3 o HE g
ot 4 L
o g7 : L -
R : o
To N
—Eg o* s9 I
1 o?--c 4 AL} oo
sto
SO o o —l—_ 74ACT573
—[ig_; =
Sl
010
st2 g os
[o X S
_Tig_; e
u1e
= +5V g
0.1ul @—ew vora2—g3)
c36 @2 voran 28—
@—3Ns vosatol 28—
PROTOTIPE AREA L @ voros 24—
B e ADD - vorel @
'—LE 1 E @@—Sne voro7 2—®
2lee @@y vorost-22—m)
3l 3 G— e vorosHe—g)
il il @ hwe voraa g
APHOR 4PHOR @2 vorezHe g
m ™ &Nz vor/o1HE—gm)
A | 1Al @t
ﬁ’_g g @2 gn1e
3 s 3 O
Lo 4o _L—"‘-M? -
4PHOR 4PHOR =
= A\
H—ED —]
J2 H—= H—
H—= H—eo e
H—= H—&> e
R—= He —# )
H—m H2—sD He—®
P— H—D H—
H—= He 8 He—®
H—= He & M=
H—= H2 5o 22—
H—= s 2
He—m H—fD P—®
H—& s 12—
H2 o 22—
HI o) H2 g 2w
H—= - 22—
| Fe—w F— F—m
P 12—

+C7
—_ 1uf| _|+C6
—~TF s |, c4
+
T
TUF
+5V
c16
L
L}
,1uF
u2
L -] 5
s I . ;
7 2
4 3
_ 24.C@18D
-
s14 £
EEEET
v
R10S S R11
4767 T 47K
S13
o
CT e
= =
+5V =
c32 T <=—§
o
o.1uF w3 &y
4]
@ IP4 5
1 A JPS 6
2 3 7]
| 8
L e _,__9

MCP2510

DS39024B-page 78

© 2001 Microchip Technology Inc.




PICDEM 17 Demonstration Board Schematics
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Appendix B. RS-232 Communication Protocol

B.1

INTRODUCTION

This appendix describes the protocol between the PIC17C756A
microcontroller and the Host PC.

B.2 OVERVIEW

The PICDEM 17 Monitor program and associated firmware in the
PIC17C756A communicate via a RS-232 link between the serial port on the
PC and the USART2 module on the PICmicro® MCU. The format is 9600
baud, no parity, 8 data bits, and 1 stop bit. The protocol itself is plain ASCII
text, which means that any terminal program can be used to communicate
with the firmware. The Monitor program was developed as a convenience to
the user. When using a terminal program, the *H command will display all the
available commands to the user. Descriptions of the operation of the
diagnostics are given in Chapter 2.

B.3 DETAILED DESCRIPTION

The following are all the commands and associated descriptions:

*A

*DA

*DC

*DF

*DlI

*DL

*DP

*DS

*DU2

*E

*F

*H

*J

*RDbxx
*Rpyyyy
*WDbxxdd
*WPyyyydddd

Halt Operation

A/D Diagnostic
Capture Diagnostic
Flash Diagnostic
12C Diagnostic
LCD Diagnostic
PWM Diagnostic
Switch Diagnostic
USART2 Diagnostic
Erase FLASH
Download File
Print Help

Run Program
Read Data Mem
Read Prog Mem
Write Data Mem
Write Prog Mem

© 2001 Microchip Technology Inc.
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For Data Memory operations:
* b is the bank number
* xx is the data memory address
* dd is the 8-bit data value
For Program Memory operations:
¢ yyyy is the 16-bit address
« dddd is the 16-bit data
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Appendix C. Floppy Disk Contents

C.1 INTRODUCTION

This appendix provides a listing and description of all files included on the 3.5”

floppy disk.

C.2 CONTENTS

The floppy disk includes the following files:
* PICDEM 17 PIC17C756 Monitor Firmware

- DIAG.C

- FLASH.C

- FUNCDEFS.H
- INTMONL.ASM
- 17C756L.LKR
- TESTLCD.C

- UTIL.C

- XLCD.C

- XLCD.H

- COL17.ASM

- PMC756L.LIB
- P17C756.ASM

Diagnostic Routines
External FLASH Routines
Function Declarations
Interrupt Service Routine
Linker Script File

Main Source Code File
Utility Routines

External LCD Routines
External LCD Header File
Startup File

Library Routines
Processor Definition File

* PICDEM 17 PC Monitor Software

- 756MON.C
- 756MON.H
- 756MON.RC
- 756MON.EXE

* PICDEM 17 Files
- COL17DEM.ASM
- DEMO756L.LKR
- INT756LD.ASM

Source Code
Header File
Resource File
Executable

Startup File for External Memory programs
Linker Script File for External Memory programs

Interrupt Service Routines for External Memory
programs

* Source Code Examples

- LCD.C

- USART.C
- ANALOG.C
- SWITCH.C
- 12C.C

- XLCD.C

- XLCD.H

© 2001 Microchip Technology Inc.
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