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Chapter 1. Introduction

1.1 Welcome

Thank you for purchasing the PICDEM-2 demonstration board from Microchip
Technology Incorporated. The PICDEM-2 is a simple board which
demonstrates the capabilities of the 28- and 40-pin PIC16CXXX and
PIC18CXXX devices.

The PICDEM-2 can be used stand-alone with a programmed part, or with an
emulator system, such as MPLAB®-ICE. Sample programs are provided to
demonstrate the unique features of the supported devices.

The PICDEM-2 Kit comes with the following:

1. PICDEM-2 Demonstration Board

2. Sample devices

3. Sample programs (3.5-inch disk)

4. PICDEM-2 Demonstration Board User’'s Guide (This document)

If you are missing any part of the kit, please contact your nearest Microchip
sales office, listed in the back of this publication, for help.

Figure 1.1: PICDEM-2 Kit
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1.2 PICDEM-2 Demonstration Board

The PICDEM-2 demonstration board has the following hardware features:

1.

40- and 28-pin DIP sockets (Although 2 sockets are provided, only one
device may be used at a time.)

On-board +5V regulator for direct input from 9V, 100mA AC/DC wall
adapter or 9V battery, or hooks for a +5V, 100mA regulated DC supply.

RS-232C socket and associated hardware for direct connection to
RS-232C interface.

Unpopulated holes for ACCESS.busl] connector and associated hard-
ware.

5K pot for devices with analog inputs.

Three push button switches for external stimulus and RESET.

Green power-on indicator LED.

Eight red LEDs connected to PORTB for displaying 8-bit binary values.
Jumper to disconnect LEDs from PORTB.

. Socket for “canned” crystal oscillator.

. Unpopulated holes provided for crystal connection.

. Unpopulated holes provided for Timerl external crystal.

. Jumper to disconnect on-board RC oscillator (approximately 2MHz).
. 128 x 8 Serial EEPROM.

. LCD module header.

. Keyboard header.

. Prototype area for user hardware.

Figure 1.2: PICDEM-2 Hardware

DS30374C-page 2
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1.3 Sample Devices

Several UV erasable devices are included. The device types may change, but
will generally include a 28-pin and 40-pin device.

1.4 Sample Programs

The PICDEM-2 Kit includes a 3.5” disk with sample demonstration programs
on them. These programs may be used with the included sample device or
with an emulator system. The directory structure of the 3.5-inch disk is:

— PIC16CXXX
tut.asm
a2d.asm
iic.asm

— PIC18CXXX
tut.asm
a2d.asm
iic.asm

1.5 PICDEM-2 User’s Guide

This document describes the PICDEM-2 demonstration board, and tutorial
and demonstration software, to give the user a brief overview of the
PIC16CXXX series of Microchip microcontrollers, as well as MPLAB IDE.
Detailed information on individual microcontrollers may be found in the
device’s respective data sheet. Detailed information on the emulation systems
may be found in the respective emulator’s user’s guide.

Chapter 1: Introduction — This chapter introduces the PICDEM-2 and
provides a brief description of the hardware.

Chapter 2: Getting Started — This chapter goes through a basic step-by-step
process for getting your PICDEM-2 up and running as a stand-alone board or
with an emulator.

Chapter 3: Tutorial — This chapter provides a detailed description of the
tutorial program.

Chapter 4: A/D Demo — This chapter provides a detailed description of the
demonstration program for the A/D module.

Chapter 5: I2C/EEPROM Demo — This chapter provides a detailed
description of the demonstration program for the SSP and MSSP modules in
12C mode. The program uses 12C to write to the serial EEPROM.

0 2000 Microchip Technology Inc.
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Chapter 6: LCD Demo — This chapter provides a detailed description of the
demonstration program for interfacing a keypad to an LCD. A 4-bit and an
8-bit interface program is provided.

Chapter 7: USART Demo — This chapter provides a detailed description of
the demonstration program for the USART module.

Appendix A: Hardware Description: This appendix describes in detail the
hardware of the PICDEM-2 board.

1.6 Reference Documents

Reference Documents may be obtained by contacting your nearest Microchip
sales office (listed in the back of this document) or by downloading via the
Microchip website (www.microchip.com).

» Microcontroller Data Book (DS00158) or individual data sheets
* MPLAB IDE, Simulator and Editor User’s Guide (DS51025)

* MPASM User’s Guide with MPLINK and MPLIB (DS33014)

« MPLAB PRO MATE® User’s Guide (DS30082)

« PICSTART® Plus User’s Guide (DS51028)

* MPLAB-ICE User’s Guide (DS51159)

e Microchip Third Party Guide (DS00104)

DS30374C-page 4 0 2000 Microchip Technology Inc.
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Chapter 2. Getting Started

The PICDEM-2 may be used as a stand-alone board or with an emulator. For
a list of PICmicro® 8-bit microcontroller-compatible emulators, please refer to
the Microchip Third Party Handbook or the Development Tool Ordering Guide.

2.1 PICDEM-2 as a Stand-alone Board —
Preprogrammed Device

The PICDEM-2 may be demonstrated immediately by following the steps
listed below:

* Make sure the pre-programmed sample device is in the appropriate
socket on the PICDEM-2 board.

» Make sure there are jumpers on J6 (to enable the LEDs) and J7 (to
enable the on-board RC oscillator).

* Apply power to the PICDEM-2 (Figure 2.1). For information on accept-
able power sources, see Appendix A.

» Press push-button S2 repeatedly to see the LEDs count up from 00h to
FFh. Press push-button S1 to reset.

Figure 2.1: PICDEM-2 Stand-Alone

0 2000 Microchip Technology Inc. DS30374C-page 5
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2.2 PICDEM-2 as a Stand-alone Board —
Sample Programs

To demonstrate PICDEM-2 operation with one of the sample programs, the
sample device will have to be erased and reprogrammed. Once the device
has been reprogrammed:

» Make sure the sample device is in the appropriate socket on the
PICDEM-2 board.

» Make sure there are jumpers on J6 (to enable the LEDs) and J7 (to
enable the on-board RC oscillator).

» Apply power to the PICDEM-2 (Figure 2.1). For information on accept-
able power sources, see Appendix A.

» Consult the appropriate chapter in this document for information on the
execution of each demo.

2.2.1. Erasing the Sample Device

To erase an EPROM device:

» Remove any labels covering the device window. If you do not have a
windowed device (Figure 2.2), you cannot reprogram it. A windowed
version of all EPROM devices may be ordered by requesting the JW
package.

 Place the device in an Ultraviolet (UV) EPROM Eraser. The amount of
time required to completely erase a UV erasable device depends on:
the wavelength of the light, its intensity, distance from UV source, and
the process technology of the device (how small are the memory cells).

* Verify that the device is blank (i.e., perform a blank check) before
attempting to program it.

Figure 2.2: PIC16C74 Windowed Device

DS30374C-page 6 0 2000 Microchip Technology Inc.
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2.2.2.

Reprogramming the Sample Device

To reprogram the erased sample device, the following will be necessary:

1.

Sample programs installed on the hard drive.

The PICDEM-2 package includes a 3.5-inch disk which contains sample
programs for all the processor types supported. Instructions on how to
install the programs can be found in the readme file also on the disk.

An assembler, such as MPASM available with MPLAB IDE.

Sample programs may be used to program the sample device once they
have been assembled. Microchip Technology’'s MPLAB Integrated Devel-
opment Environment includes an assembler (MPASM). However, other
assemblers may be used. For a list of PICmicro-compatible assemblers,
please refer to the Microchip Third Party Handbook.

A device programmer, such as PRO MATE Il or PICSTART Plus.

Once the sample program is in hex file format, a programmer may be used
to program a blank device. Microchip Technology’s PRO MATE II or
PICSTART Plus programmers may be used. Both are compatible with
MPLAB. However, other programmers may be used. For a list of PICmicro-
compatible programmers, please refer to the Microchip Third Party Hand-
book.

If the code protection bit(s) have not been programmed, the on-chip program
memory can be read out for verification purposes.

Note: Microchip does not recommend code protecting windowed

devices.

0 2000 Microchip Technology Inc.
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2.3 PICDEM-2 Used with an In-Circuit Emulator

To use PICDEM-2 with an in-circuit emulator, refer to the emulator’s user’s
guide for instructions on how to connect, power up and configure the emulator

to the PICDEM-2.

Configure the PICDEM-2 for the desired oscillator as described in Table 2.1.
Refer to the emulator’s user’s guide for any oscillator configuration

requirements.

Table: 2.1 OSCILLATOR SELECTION

Oscillator Selection on

Modification on PICDEM-2

PICDEM-2
RC J7 installed, Y2 empty,
Y1 empty
Crystal J7 removed, Y2 empty,

crystal in Y1, caps C2 and C3 installed

Canned Crystal

J7 removed, oscillator in Y2, Y1, C2, C3 empty

Oscillator

J7 removed, Y2, Y1 empty

DS30374C-page 8
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Chapter 3. Tutorials

The t ut . asmtutorial program is pre-programmed into the sample device.
This program is listed on the included 3.5” program disk for user reference.
l.e., if the sample device has been reprogrammed with another sample
program, the tutorial may be reassembled and reprogrammed into the device.

The tutorial program functions as follows. Pressing the switch S2 causes the
LEDs to binary count up to FFh (255 decimal). Past FFh (all LEDs on), the
count rolls over to zero (all LEDs off). The program may be reset by pressing
the switch S1.

For detailed information on the PICDEM-2 hardware, please refer to
Appendix A.

| PORT B |
e DOPIOPOP
RNZO[000000 000000 0 OJRN1
u2 Ul

OO0O0OO0OO0OO0OOOOOOOO|IO
O0000000O00000O

PIC16C73
(28-pin Device)

press to reset press to
increase count

OOOOOOOOOOOOOOOOOOOE
Q000000000000 0OO0O0OO00O

PIC16C64/74
(40-pin Device)
ESET A4

@ S1 S2

MICREEEI® PICDEM-2 DEMO BOARD ©1994

Figure 3.1: Tutorial
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3.1 Main Routine

The tutorial program is extremely simple. It begins by configuring PORTB as
all outputs to drive the 8 LEDs and initializing a counter. Then it waits in an
infinite loop until S2 is pressed. This increases the counter by one, and this
number is displayed in binary on the LEDs. Once the count reaches FFh, the
next S2 press will roll the count back to 00h.

Start
Configure PORT B
Zero Counter

Switch S2 No

pressed?

lYes

Increase Counter
Display count on LEDs

A

Switch S2 No

released?

Figure 3.2: Main Routine

DS30374C-page 10 0 2000 Microchip Technology Inc.
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Chapter 4. A/D Demo

The a2d. asmprogram is a simple implementation of the analog-to-digital
(A/D) converter. The program reads A/D channel 0 and displays the results on
the LEDs connected to PORTB. If the potentiometer is turned all the way
clockwise, all of the LEDs are off. If the potentiometer is turned all the way
counter-clockwise, all of the LEDs are turned on. The program is interrupt
driven, i.e., the program sits in an infinite loop until the A/D converter
interrupts when the conversion is complete and then updates the values on
the PORTB LEDs.

For more information on A/D module operation, please refer to the PICmicro
Mid-range Microcontroller Family Reference Manual for an operational
description and a list of related application notes. For detailed information on
the PICDEM-2 hardware, please refer to Appendix A.

T PORT B |
RNZOJO0C0000 0[OJ00000 0 O]RN1L
U2 Ul

0000000 OOOOOOIE
00000000000 0O0O

PIC16C73
(28-pin Device)

0000000000000 0OO0O0O OO0
0000000000000 0OO0O0O0O0O

POTENTIOMETER
PIC16C64/74
m (40-pin Device)

FFh 00h

k=

MIES=2GEEI® PICDEM-2 DEMO BOARD  ©1994

Figure 4.1: A/D Demo
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4.1 Main Routine

The main routine of a2d. asmhandles the initialization of the PICmicro MCU
and then waits in an infinite loop. The first few lines set PORTA as inputs and
PORTB as outputs. InitializeAD, the Analog to Digital converter initialization
routine, is then called. After the return from | ni ti al i zeAD, the routine waits
for Tad (A/D conversion clock) and then starts an A/D conversion. The
program then enters an infinite loop with the reading of the A/D and the
updating of the LEDs handled by an interrupt routine Ser vi ce_| nt .

Start
Configure PORT B
Configure PORT A

A

Initialize A/D module
(InitializeAD)

Wait for Tad
(SetupDelay)

Start A/D conversion

A/D Complete?

Figure 4.2: Main Routine

DS30374C-page 12
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4.2 InitializeAD Routine

The I ni tial i zeADroutine sets up the A/D converter for use with the
PICDEM-2 board. The routine sets RAO, RA1, and RA4 as analog inputs,
enables the A/D interrupt, sets the A/D to use the internal RC oscillator,
selects channel 0, clears the A/D interrupt flag, enables peripheral interrupts
and then enables global interrupts.

InitializeAD

Set Ch0-Ch3 as
analog inputs

Select RC clock
Select ChO as input
Turn on A/D
Enable Interrupts

Return

Figure 4.3: Initialize A/D

4.3 SetupDelay Routine

This subroutine delays for greater than one A/D converter clock period (2 to
6 ps when using the internal RC clock as this program does) to allow for
sampling time.

SetupDelay
Initialize loop variable

&
l

4

Decrement
loop variable.
Variable=0?

i Yes

Return

No

Figure 4.4: Setup Delay

0 2000 Microchip Technology Inc. DS30374C-page 13
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4.4 Service Int Routine

This subroutine handles the A/D converter interrupt and updating of the LEDs
on PORTB. The first thing the routine does is to check if the A/D interrupt flag
is set. If it is not, the interrupt was caused by some other peripheral, and the
program returns to the main routine with interrupts re-enabled. If the interrupt
was caused by the A/D converter, the A/D result register is read, and the
value put on the LEDs. The A/D interrupt flag is then reset, and the peripheral
interrupts are enabled. The routine then waits for the sample time (2*TAD),
starts the next conversion, and returns with global interrupts enabled.

Service_int
Interrupt Service Routine

) No
A/D caused interrupt?

Get A/D Value
Display on LEDs

Reset A/D Flag
Re-enable Periph Ints

Delay for 2*Tad
(SetupDelay)
(SetupDelay)

Start A/D Conversion

y
Return

A

Figure 4.5: Service Interrupt

DS30374C-page 14 0 2000 Microchip Technology Inc.
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Chapter 5. 1°C/EEPROM Demo

Thei i c. asmprogram demonstrates the use of the 12C bus. The program
writes 0 through FFh to each address of the serial EEPROM, and then reads
back the value. The LEDs indicate the data presently being written. If an error
occurs, all of the LEDs flash.

For more information on 12C operation of the SSP module, please refer to the
PICmicro Midrange Microcontroller Family Reference Manual for an
operational description and a list of related application notes. For more
information on serial EEPROM, please refer to the Non-Volatile Memory
Products Data Book.

For detailed information on the PICDEM-2 hardware, please refer to
Appendix A.

| PORT B |
RNZO[0000000|OJj00000 0 O]RNL
u2 U1

O00O0000O0O0O00 OOE
O000000O0O0O0OO0O0O

PIC16C73
(28-pin Device)

U4
Oo“|o
o o
EEPROMq| |o @O
Q o 8 PIC16C64/74

(40-pin Device)

O0000000O00000OO0OO00O0O0CO|IO
0000000000000 O0OO0OOOOO

=

MIECROEHI® PICDEM-2 DEMO BOARD  ©1994

Figure 5.1: I2C/EEPROM Demo
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5.1 SSP Module

5.1.1

This section presents the flowcharts to implement a software 1°C master
mode in hardware. For MSSP operation, refer to Section 5.2.

Main Routine

The main routine is actually preceded by several register file, bit and vector
assignments (Figure 5.2). The program begins by configuring PORTB as
outputs and PORTC as inputs. The output data value will be read from
PORTB, so it is initialized to one.

PORTC is cleared to set SCL and SCA low when not in tri-state. This is
important as 1°C is an open-drain bus. That is, only the zero values are
actually driven to the bus. Ones are transmitted by making the pin an input
(tristate) and allowing the pullup resistor to pull the line high. Data is
transmitted in this manner by initializing the SCL and SDA port pins to zero
and then writing the output value to the corresponding TRIS bit. A one written
to the bit causes the pin to tristate pulled high and a zero causes it to become
an output, driven low.

Interrupts are not used in this program, so they are disabled. Also, the SSP is
configured to enable 1°C master mode.

The write/read loop begins with the initialization of the EEPROM address to
00h, and the device address to AOh. Then the write loop executes by writing
the output data value to each address in the EEPROM (Figure 5.3). After the
write loop, the EEPROM address and device address are re-initialized for
read. The read loop executes by reading data values for each EEPROM
address and verifying their accuracy (Figure 5.4).

After the read loop, the output data value is incremented by one and this value
displayed, via PORTB, on the LEDs. Then the write/read loop begins again.

If an error is encountered when writing or reading the EEPROM, or if an
EEPROM value read is incorrect, the program jumps to the error loop, which
flashes the LEDs (Figure 5.5).

DS30374C-page 16
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Assignments

[ Start

Configure PORTB and PORTC
Enable I2C master mode
Disable Interrupts

Initialize output data value

Initialize EEPROM data address
Set EEPROM I2C address

}

Write EEPROM

Initialize EEPROM data address
Set EEPROM I2C address

Read EEPROM

Increment output data value
and display on LEDs

Figure 5.2: Main Routine

0 2000 Microchip Technology Inc. DS30374C-page 17
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Begin Write loop
(WRBYTE)

Errorloop

iNo

Increment Address

End of EEPROM?

No End Write loop

Figure 5.3: Write EEPROM

DS30374C-page 18 0 2000 Microchip Technology Inc.
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Begin Read loop

(RDBYTE)

Read Error? Errorloop

Data value incorrect?

iNo

Increment Address

Errorloop

End of EEPROM?

No End Read loop

Figure 5.4: Read EEPROM

Turn off all LEDs

l

Wait about 60 ms

Change state of all LEDs

Figure 5.5: Errorloop

0 2000 Microchip Technology Inc.
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5.1.2

WRBYTE and RDBYTE Routines

The WRBYTE and RDBYTE routines write and read one byte to the serial
EEPROM device, respectively. Both routines begin by generating a start bit
and then transmitting the slave address and word address. To write to the
EEPROM, data followed by a stop bit is transmitted. To read the EEPROM,
another start bit and the slave address is transmitted, followed by a data read
and transmission of a stop bit. The received data is stored in a file register.

Move Slave address to transmit buffer

Generate Start Bit
(BSTART)

Transmit Slave address
(TX)

Move Word address to transmit buffer

Transmit Word address
(TX)

|

Move Data to transmit buffer

Transmit Data
(TX)

Generate Stop Bit
(BSTOP)

|

Return

Figure 5.6: Write Byte

DS30374C-page 20
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Move Slave address to transmit buffer

Generate Start Bit
(BSTART)

Transmit Slave address
(TX)

Move Word address to transmit buffer

Transmit Word address
(TX)

Begin Read
(BSTART)

Transmit Slave address
(TX)

Receive Data
(RX)

Generate Stop Bit
(BSTOP)

Save data from buffer to file register

Return

Figure 5.7: Read Byte

0 2000 Microchip Technology Inc.
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51.3 TX and RX Routines

The TX and RX routines transmit and receive 8 data bits, respectively. Data is
transmitted/received one bit at a time by left bit-shifting the transmit/receive
buffer. A counter, set initially to 8, is decremented until all 8 bits of data are
sent/received. Finally, acknowledgment bits are received/transmitted. In the
case of transmission, if an acknowledgment is not received, an error flag is
set.

Set counter for eight bits

Default bit out =0

If shifted bit = 0, data bit = 0
else data bit =1

\ 4

Send Bit
(BITOUT)

Rotate transmit buffer left

8 bits transmitted?

Read acknowledge bit
(BITIN)

Acknowledgment
Received?

l Yes

Return

Figure 5.8: Transmit
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Set counter for eight bits
Clear receive buffer

> Rotate transmit buffer left

Receive Bit
(BITIN)

Default bit out = 0

If shifted bit = 0, data bit = 0
else data bit =1

8 bits transmitted?

l Yes

Send acknowledge bit
(BITOUT)

Return

Figure 5.9: Receive

0 2000 Microchip Technology Inc.
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51.4 BITOUT and BITIN Routines

The Bl TOUT routine performs single-bit data transmission from the PICmicro
to the serial EEPROM. The BI Tl Nroutine performs single-bit data reception
from the serial EEPROM to the PICmicro.

5.1.5 BSTART and BSTOP Routines
The BSTART and BSTOP routines generate the start and stop bits,
respectively.

5.1.6 Delay and Err Routines

The Del ay routine provides a 10.78 ms delay. The Er r routine identifies
errors.

DS30374C-page 24 0 2000 Microchip Technology Inc.
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5.2 MSSP Module

5.2.1

This section presents flowcharts to implement communication with Serial
EEPROM using the MSSP module in master mode. For SSP operation, refer
to Section 5.1.

Main Routine

The main routine is actually preceded by several register file, bit and vector
assignments (Figure 5.2). The program begins by configuring PORTB as
outputs and PORTC as inputs. The output data value will be read from
PORTB, so it is initialized to one.

The next part of the code initializes the MSSP module for master 1°C mode.
The slew rate control is disabled and the clock rate is set to 100 kHz. Both the
RC3 and RC4 pins are made inputs as the MSSP module will control the data
direction.

Interrupts are not used in this program, so they are disabled. Also, the MSSP
is configured to enable 1°C master mode.

The write/read loop begins with the initialization of the EEPROM address to
00h, and the device address to AOh. Then the write loop executes by writing
the output data value to each address in the EEPROM (Figure 5.3). After the
write loop, the EEPROM address and device address are re-initialized for
read. The read loop executes by reading data values for each EEPROM
address and verifying their accuracy (Figure 5.4).

After the read loop, the output data value is incremented by one and this value
displayed, via PORTB, on the LEDs. Then the write/read loop begins again.

If an error is encountered when writing or reading the EEPROM, or if an
EEPROM value read is incorrect, the program jumps to the error loop, which
flashes the LEDs (Figure 5.5).

0 2000 Microchip Technology Inc.
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Assignments

'd I

Start
Configure PORTB and PORTC
Enable I2C master mode
Disable Interrupts

Initialize output data value

Initialize EEPROM data address
Set EEPROM I2C address

}

Write EEPROM Loop

Initialize EEPROM data address
Set EEPROM I2C address

Read EEPROM Loop

Increment output data value
and display on LEDs

Figure 5.10: Main Routine
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Write EEPROM Loop
(WrEEPROMLoOp)

2

Send Start Bit

l¢
*‘

Send Slave Address

NO
Send Restart

YES

Send EEPROM Address

I

Send Data

l

Send Stop Bit

!

Increment PORTB,
Data, and Address

NO

Address
>127

End Write Loop

Figure 5.11: Write EEPROM Loop
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Begin Read loop
(RAEEPROMLo0p)

ve

Send Start Bit

¥¢
Send Slave Address

YES

Send EEPROM
Address

v

Send Stop Bit

v

Send Start Bit

Send Restart

2

Send Slave Address

YES

Read Data Byte

Data = PortB?

Increment PortB
and Address

Send Restart

End
RJEEPROMLoop

Figure 5.12: Read EEPROM Loop
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Turn off all LEDs

l

Wait about 100 ms

Change state of all LEDs

Figure 5.13: Errorloop
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Chapter 6. LCD Demo

The kbd4bi t . asmand kbd8bi t . asmprograms demonstrate how to

interface to an LCD module

in both the 4-bit and 8-bit interface modes. The

programs read the keypad and output the keypresses to the LEDs and the

LCD module. Two include fil

es on the disk, | cd4bi t. asmand

| cd8bi t. asm have all of the routines necessary to run the display.

For more information on LCD operation, please refer to Interfacing PICmicro
Microcontrollers to an LCD Module - AN587. For detailed information on the
PICDEM-2 hardware, please refer to Appendix A.

=

PORT B | LCD DSPLY

|
LEDs 1000000013 LCD

2I00000Q O[14

J3
O— O R6

RNZOJO00000

0lOJ00000 0 OJRN1 0 OR5

u2

Ul

OOOOOOOOOOOOOE
O000000000O0O0O0OO

PIC16C73
(28-pin Device)

MICREEHEI® PICDEM-2 DEMO BOARD

0000000000000 0O0O0O0O0CO0O|IO
[eleXoNeXoRoXeNoXoNeNeNoXoNeoRoNeNoXoXe)

PIC16C64/74
(40-pin Device)

Keypad
RN4
RN3
J4  KEYPAD

©1994 [E[00000000

1

Figure 6.1: LC

D Demo
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Any 3x4 or 4x4 keypad may be used, such as C&K part number
4B01H322PCFQ available from Newark Electronics. Figure 10-1 shows
typical connections for the keypad.

1 2 3 c | PICDEM-2
4 T 4 I 4 I 4 I J4

A87
A86
A85
A84
A80
A81
A82
—— A83

|-hwl\)HU'IG)\IOO‘

4X4 KEYPAD, C&K® P/N 4B01H322PCFQ

Figure 6.2: Keypad Connections

DS30374C-page 32 0 2000 Microchip Technology Inc.



LCD Demo

Many different LCD modules may be used. One is the 16-character-by-2-line
Optrex DMC-16207N available from Digi-Key. Figure 10-2 shows the
connections to the LCD module. Table 10-2 shows the signal connections for
the LCD connector on the PICDEM-2 board.

Table: 6.1 LCD Connection Signhals

PICDEM-2 Pin Symbol Signal
No.
1 Vss Ground
2 Vcc +5V
3 VEE LCD Contrast
4 RS Register Select
5 R/W Read/Write
6 E Enable
7 DBO Data bit 0
14 DB7 Data bit 7
J3 F +SV
Vss ; 1 T
\Vcc 3 2
VEE 7 3 0.16V
A9 5 4 | RAL
AW 6 5 | RA2
E 6 | RA3
7
DBO . 7 | RDO
pp7[14 14 | RD7
LCD Module PICDEM-2

Figure 6.3: LCD Connections
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6.1 4-Bit Interface

6.1.1. Main Routine (kbd4bit.asm)

The program initializes the ports, keypress variables and LCD, then goes into
an infinite loop where it looks for keypresses from the keyboard. When it
receives one, it relays the ASCII value of the key to the LCD routine for
display, then returns to look for another keypress.

Start
Configure PORTA,B,D
Initialize Keypress variables

4

Initialize LCD module
(LCDInit)

v

Check for keypress
(ScanKhd)

Keypress occurred?

i Yes

Display key on LCD
(SendChar)

Figure 6.4: Main Routine
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6.1.2. ScanKbd Routine (kbd4bit.asm)

This routine scans the keyboard for a keypress. When it detects one, it returns
the ASCII value of the key.

Keypress occurred
on last scan?

lNo

Set Row Counter

Yes
No Keypress?

lNo

Blank LEDs
Get Row Information

A

Debounce Key

A

Display last keypress
on LEDs

A 4
Determine column, row of key
and get ASCII value
(DEC_TABL)

4

Return

Figure 6.5: Keyboard Scan
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6.1.3. DEC_TABL Routine (kbd4bit.asm)

This routine is basically a look-up table that returns the ASCII value of the
received keypress.

6.1.4. LCDInit Routine (lcd4bit.asm)

This routine initializes the LCD module.

Configure PORTA
Configure PORTD

Power-up and Set-up Sequence
(SetupDelay)

Send commands to LCD (SendCmd)
4-bit interface, 2 lines of 5 x 7 characters
Display on, cursor on
Clear display
Set entry mode inc, no shift
Address DDRAM upper left

Return

Figure 6.6: LCD Initialization Routine

6.1.5. SetupDelay Routine (Icd4bit.asm)

This routine is basically a decrementing variable loop. The variable is
initialized with a value and then decremented in a loop until it reaches zero
value. Then it jumps out of the loop and returns to the calling routine.

6.1.6. SendCmd Routine (Icd4bit.asm)

This routine sends a command to the LCD. It splits the command into upper
and lower nibbles (4 bits) and sends these to the LCD, upper nibble first.

6.1.7. BusyCheck Routine (Icd4bit.asm)

This routine checks the LCD busy flag. It returns only when not busy.

6.1.8. SendChar Routine (Icd4bit.asm)

This routine sends a character to the LCD. It splits the character into upper
and lower nibbles (4 bits) and sends these to the LCD, upper nibble first.
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6.2 8-Bit Interface

6.2.1.

Main Routine (kbd8bit.asm)

The program initializes the ports, keypress variables and LCD, then goes into
an infinite loop where it looks for keypresses from the keyboard. When it
receives one, it relays the ASCII value of the key to the LCD routine for
display, then returns to look for another keypress.

Start
Configure PORTA,B,D
Initialize Keypress variables

4

Initialize LCD module
(LCDInit)

v

Check for keypress

(ScanKhd)

Keypress occurred?

i Yes

Display key on LCD
(SendChar)

Figure 6.7: Main Routine
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6.2.2. ScanKbd Routine (kbd8bit.asm)

This routine scans the keyboard for a keypress. When it detects one, it returns
the ASCII value of the key.

Keypress occurred
on last scan?

lNo

Set Row Counter

Yes
No Keypress?

lNo

Blank LEDs
Get Row Information

A

Debounce Key

A

Display last keypress
on LEDs

A 4
Determine column, row of key
and get ASCII value
(DEC_TABL)

4

Return

Figure 6.8: Keyboard Scan
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6.2.3.

6.2.4.

6.2.5.

6.2.6.

6.2.7.

6.2.8.

DEC_TABL Routine (kbd8bit.asm)

This routine is basically a look-up table that returns the ASCII value of the
received keypress.

LCDInit Routine (lcd8bit.asm)

This routine initializes the LCD module.

Configure PORTA
Configure PORTD

Power-up and Set-up Sequence
(SetupDelay)

Send commands to LCD (SendCmd)
8-bit interface
Display on, cursor on
Clear display
Set entry mode inc, no shift
Address DDRAM upper left

Return

Figure 6.9: LCD Initialization Routine

SetupDelay Routine (Icd8bit.asm)

This routine is basically a decrementing variable loop. The variable is
initialized with a value and then decremented in a loop until it reaches zero
value. Then it jumps out of the loop and returns to the calling routine.

SendCmd Routine (Icd8bit.asm)

This routine sends a command to the LCD.

BusyCheck Routine (Icd8bit.asm)

This routine checks the LCD busy flag. It returns only when not busy.

SendChar Routine (Icd8bit.asm)

This routine sends a character to the LCD.

0 2000 Microchip Technology Inc.

DS30374C-page 39



PICDEM-2 User’'s Guide

NOTES:

DS30374C-page 40 0 2000 Microchip Technology Inc.



MICROCHIP PICDEM-2 USER'’S GUIDE
Chapter 7. USART Demo

The usart . asmprogram demonstrates the USART peripheral. The program
echoes the values received through the serial port back to the host computer.
Values are also displayed on the LEDs. The program operates at 9600 baud,
1 stop bit, and no parity.

For more information on USART module operation, please refer to the
PICmicro Midrange Microcontroller Family Reference Manual for an
operational description and a list of related application notes. For detailed
information on the PICDEM-2 hardware, please refer to Appendix A.

PORT B
LEDs ........

RN?LDIOOOOOO oLulooooo 0 olRNl
U2 Ul

[
ey

RS-232

o
0

Cll

OOOOOO

O000000000O0O0O0OO

OOOOOOOOOOOOOE

E;‘QKE%%’E;

ODOOOOOOO PIC16C73

3 A .
O OC)O C14 (28-pin Device)

l

0000000000000 0O0O0O0O0CO0O|IO
[eleXoNeXoRoXeNoXoNeNeNoXoNeoRoNeNoXoXe)

PIC16C64/74
(40-pin Device)

=

MICREEHEI® PICDEM-2 DEMO BOARD  ©1994

Figure 7.1: USART Demo
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7.1 Main Routine

The main routine sets up PORTB for LED display and configures the USART
module. When data is received over the RS-232 communication line, an
interrupt is generated and the program jumps to the | nt Vect or routine.

Start
Configure PORT B
Enable Receive Interrupt

A

Set up USART
9600 Baud at 4MHz
Async, high baud rate TX
Continuous RX

Data Received?

Figure 7.2: Main Routine
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7.2 IntVector Routine

The interrupt service routine reads the transmitted data, displays the value on
the LEDs, and transmits the same data back to the sender. This routine also
checks for receive errors, and jumps to the RcvEr r or routine if any are
found. It also determines if the interrupt is other than a receive interrupt, and
returns to the main program if it is.

IntVector
Interrupt Service Routine

Receive Error?

Non-USART interrupt?

lNO

Read data, display on LEDs,
and echo back to PC

v

Return

A

Figure 7.3: Interrupt Vector Routine
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7.3 RcvError Routine

The receive error routine clears and then resets the USART receive status bit.
It indicates that an error has occurred by lighting all the LEDs before returning
to the main program.

RcvError
Clear and Reset
USART receive status

v
Light all LEDs

A 4

Return

Figure 7.4: Receive Error Routine
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Appendix A. Hardware Detalil

The PICDEM-2 hardware is extremely simple and is intended to illustrate the
ease of use of various PICmicro MCUs. The PICDEM-2 features the following
hardware elements:

A.1 Processor Sockets

Although two sockets are provided, only one device may be used at a time.

» 40-pin socket
e 28-pin socket

A.2 Display

Eight red LEDs are connected to PORTB of each processor type. The PORTB
pins are set high to light the LEDs. These LEDs may be disconnected from
PORTB by removing jumper J6.

One green LED is provided to determine whether there is power to the
PICDEM-2 board (LED lit) or not (LED off).

A.3 Power Supply

There are three ways to supply power to PICDEM-2:
* A 9V battery can be plugged into J8.
« A9V, 100mA unregulated AC or DC supply can be plugged into J2.

« A +5V, 100mA regulated DC supply can be connected to the hooks pro-
vided.

In-circuit emulator users have a regulated +5V power supply available in the
logic probe connector and can easily connect to the hooks on PICDEM-2
(Red probe to +5V and Black probe to GND).

Note 1: The exact power up sequence listed in Getting Started
(Chapter 2) of this guide must be followed.

2: The PICDEM-2 kit does not provide a power supply.
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A.4 RS-232 Serial Port

An RS-232 level shifting IC has been provided with all necessary hardware to
support connection of an RS-232 host through the DB9 connector. The port is
configured as DCE, and can be connected to a PC using a straight through
cable.

The PIC16C74 has its RX and TX pins tied to the RX and TX lines of the
MAX232A.

A.5 Switches

Three switches provide the following functions:
« S1-MCLR to hard reset the processor
e S2 - Active low switch connected to RA4
¢ S3 - CCPL1 for capture of timer

Switches S1 and S3 have debounce capacitors whereas S2 does not,
allowing the user to investigate debounce techniques.

When pressed, the switches are grounded. When idle, they are pulled high
(+5V).

A.6  Oscillator Options
» RC oscillator (2MHz approximately) supplied. This oscillator may be
disabled by removing jumper J7.
» Pads provided for user furnished crystal and two capacitors.
» Socket provided for clock oscillator.

Provisions are also provided for an external crystal oscillator for Timer1.

A.7 Analog Input

A 5K ohm potentiometer is connected through a series 470 ohm resistor to
ANO.

The pot can be adjusted from VDD to GND to provide an analog input to the
parts with an A/D module.
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A.8

A.9

A.10

A1l

Serial EEPROM

A 24L.CO01 1K (128x8) serial EEPROM is included on the board to illustrate
I2C bus concepts. Provisions for an ACCESS.bus™ connector (J5) and
associated resistors (R8-R13) are wired in parallel with the serial EEPROM.

For more information on the serial EEPROM, please refer to the most recent
version of the Non-Volatile Memory Products Data Book.

Keypad Header

J4 is a nine pin header which may be used as a keypad interface. Any 3x4 or
4x4 keypad may be used. For an example keypad, see LCD Demo
(Chapter 6).

LCD Header

J3is a 14 pin header which may be used as an LCD module interface. Many
different LCD modules may be used. For more information on LCD modules,
refer to the manufacturers’ data sheets. For an example LCD, see LCD Demo
(Chapter 6).

Sample Devices

A sample part programmed with a simple program is included in the
PICDEM-2 kits.

Table 10-1 lists the 1/O features and port connections for each processor type.

TABLE A-1: PORT CONNECTIONS
Processor | LEDs | TRE | st | s2 | s3 fpotRis| (oM | O e RUS
28-pin PORTB | RC6/RC7® | MCLR | RA4 | RC2 | RAO® PORTB — RC3/RC4
40-pin PORTB RC6/RC7 | MCLR | RA4 | RC2 | RAO PORTB PORTA/D RC3/RC4
Note 1: PIC16C64 does not have a USART module.

2: PIC16C64 does not have an A/D module.
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A.12 Board Layout and Schematics

The following figures show the parts layout (silkscreen) and schematics for
the PICDEM-2 board.

Figure A-1:  PICDEM-2 Parts Layout
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9V BATTERY o RN2[OJoocoooo0o]lOdJooo00 0 0|RNL o— ORS
G CR1 b U2 U1l
N & ey = =
& T =1 =] O|MCLR [o]o|rB7 [ dooooooolo ]
X O o Y2 o o o 0| RAO[0|0|RB6 B0OO0O000000G
n = o o o 0| RA1|0O|O|RB5 000000000
O us c17 [ 7
o 3 o o ~ 0 o| RA2|o|o|RB4 qO0000000OI0G
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° o] -oR8 o o Ug o o O|rcs [dooooooolo]
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° T— B ~ PIC16C64/74 (SCL)|O|RC3
STk o °  Fo 007° "o % 9|Re2 docooooolog
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Note 1: U2 is for use with any 28-pin PIC16CXXX or PIC18CXXX device.
2: Ul s for use with any 40-pin PIC16CXXX or PIC18CXXX device.
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