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Introduction

. Strong desire to do a PIC project
. Looking for a project idea

. general project requirements
1. well defined input
2. well defined output
3. circuit only with a microcontroller
4

needed to be written in C
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Introduction

. at the 26™ DCC, NUE-PSK PSK31 modem introduced

AmQRP
American QRP Club
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Introduction

. cool, but it needs a keyboard

NUE-PSK Digital Modem

AmQRP (

Amarican QRP Club
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Introduction

« Can I replace the keyboard with a CW paddle?
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Introduction

my Microchip PIC project idea

NUE-PSK Digital Modem

PIC
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Introduction

« project requirements

1. input: Morse code — ITU-R M.1677
. symbol, character, and word timing

2. output: PS/2 interface
. PS/2 keyboard scan codes — IBM PS/2 HITR, 1990
« PS/2 mouse — can a PS/2 mouse be emulated?

3. circuit with only a PIC — probably

4. programming in C — definitely!

. project name: PS/2 Keyer
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PS/2 Protocol

« PS/2 keyboard and mouse interface

Male Female 6-pin Mini-DIN (PS/2):
PN 5. l-Daa
' KR N R 2 - Not Implemented
| 3 : f) (" y 3) 3 - Ground
l\xh 1 e / .o o / i— g?iCC 1&+5V)
~— — 5 - Cloc
(Plug (Socket) 6 - Not Implemented

ARRL and TAPR Digital Communications Conference 8 of 36 September 25-27, 2009, Chicago, Illinois



PS/2 Protocol

« PS/2 protocol — two way synchronous protocol between
host and device
. host — a personal computer
. device — a keyboard or a mouse
. half-duplex protocol
« Clock and data lines shared between host and
device
clock signal is between 10 to 16.7 kHz

« generated by device
. data 1s an 11 bit frame
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PS/2 Protocol

« PS/2 protocol — data is an 11 bit frame
« O start bit
. the eight data bits — least significant bit first
. 0dd parity bit
. 1 stop bit

patad\ A K XXX K X X XY

START
DATAD
DATAT
DATA2
DATA3
DATA4
DATAS
DATAB
DATA7
PARITY
STOP
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PS/2 Protocol

. device-to-host communication
1. device checks if clock line is idle (high)
2. device starts to generate clock
3. device sends byte in frame

« bits are read on the falling edge of clock signal

CLOCK

patad\ A A A A A K A R X T

START
DATAOD
DATAT
DATA2
DATA3
DATAA4
DATADS
DATAB
DATA7
PARITY
STOP
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PS/2 Protocol

. pressed the letter Q

Width: ###
Period: ###
Duty Cyde: ###
Frequency: #£#
Byte: ###

T1: 0.252ms

T2: 0.272ms

— = 20us

0O 1010 1000 0 1 = 0001 0101 = Ox15
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PS/2 Protocol

« host-to-device communication
1. host checks if clock line 1is idle (high)
2. host sends request-to-send on clock line
3. device responds by generating clock signal for host
4. host sends byte in frame
« bits are read on the rising edge of clock signal
5. device acknowledges data received

+— (a) — e (b)- _

w
O
2 W
2 DATA . _if
p— =2 — ™~ ™ - Ny w0 [ t
£ << I <« < - «J X o - O
« —_ e - p— — —_ —_ — O X
— o o o «J -3 «J -3 g of -
O A 0 & & & O & 6 On =
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PS/2 Keyboard Protocol

KEY [ MAKE | BREAK
. PS/2 keyboard protocol A ¢ | FO,IC
B 32 FO,32
« a key on keyboard has a unique C 21 FO,21
D 23 F0,23
scan code byte - 2 0 23
1. key pressed — make F 2B F0,2B
G 34 FO,34
2. key released — break code - 33 F0,33
. host commands keyboard to light | I i3 | FO,43
J 3B FO,3B
an LED K 22 FO, 42
L 4B FO,4B
. Caps Lock pressed
M 3A F0,3A
« Num Lock pressed N 31 FO,31
o 44 FO,44
P 4D F0,4D
Q 15 FO,15
R 2D F0,2D
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PS/2 Mouse Protocol

« PS/2 mouse protocol
standard PS/2 mouse has left, middle, right buttons
. sends three byte packet
« button information
. movement — relative position change

. signed nine bit two's complement binary number

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Byte 1 |Y overflowX overflow| Y sign bit | X sign bit | Always 1 |Middle Btn| Right Btn| Left Btn
Byte 2 X Movement
Byte 3 Y Movement
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Getting Started

History Bookmarks Tools Help
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Getting Started

2 DS artarSEs! g -pd COR =Ad (=]

File Edit Wiew Document Tools Window Help X

Bl ¢®D) w eews oLl [r—"

MICROCHIP

PIC18F2420/2520/4420/4520
Data Sheet
28/40/44-Pin Enhanced Flash

Microcontrollers with 10-Bit A/D
and nanoWatt Technology

® 2008 Microchip Technology Inc. DS39631E
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Getting Started

EVEIOPTNENT RI T TOTSEE

Fle Edit Wiew Document Tools Window Help X

B oD 0w o EE—

Development Kit
For the PIC' MCU

Exercise Book

PIC18F4520

April 2008

| ol-ab
W

Custom Computer Services, Inc.

= Recognized

Brookfield, Wisconsin, USA Microchip
262-522-6500 Thiled-Party

) Tool Provider
Copyright © 2008 Custom Computer Services, Inc
Al rights reserved worldwide. No part of this work may be reproduced or copied in any form Custom Computer Services, Inc,
by any means-electronic, graphic or mechanical, including photocopying, recording, taping or proudly supports the Micrachip
information retrieval systems-without written permission. brand with highly optimized

€ compilers and embedded

PIC® and PICmicro® are registered trademarks of Microchip Teshnelogy Inc. in the USA and in other countries. software development tools.

=
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Getting Started

USING PIC® MICROCONTROLLERS
AND THE CCS C COMPILER

David Benson

VERSION 1.0
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Getting Started

Beginner’s Guide to

Embedded C Programming

= A 1 e A
= '“*-f.., : 1—}
“h”“ﬂnu%rﬁ

Using the PIC® microcontroller and the HITECH PICC-Lite™ C Compiler

Chuck Hellebuyck
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Getting Started

‘Home

File Edit View History Bookmarks Tools Help

S Mozl Eirefox

@o-e

[mihttp:fhww\r.ccsinfo.comf

N | = l [' |Google @

e My C

‘ e CCS, Ic.- Home [X]
compiler

Development Tools

CCS, Inc. offers a wide variety
of C Embedded Development
Tools for Windows or Linux that
support the PIC10, PIC12,
PIC14, PIC16, PIC18, PIC24
microcontrollers and dsPIC®
DSCs. Our goal at CCS is to
provide the simplest and most
efficient solutions for Microchip
PIC® MCU development needs.
The GCS compiler has a
generous library of useful
routines and ready-to-run
example programs for hardware
peripherals. Your development

e d all ot
available.

http:ffwww.ccsinfo.com/EnhFP

e calendar (PweatherBug EiNews~ [E3Schools~ EaMail> [EiStores~ [EaBanks~ PPayPal EJUSPS NFlexRadio
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EZ WEB LYNX.

A simple embedded |Ethernet
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Prototyping Board

from CCS, Inc.

Lol o ;‘:‘. PIC18E4520
7 Rev 1 ® £
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Prototyping Board

. from SparkFun Electronics
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PS/2 Keyer

. Sselected the PIC184520 — used in demo boards

MCLRAVPP/RE3 —» [ 1 _/ 40 [] =— RB7/KBI3/PGD
RAO/ANO <[] 2 39 [] =—» RB6/KBI2/PGC
RA1/ANT <—[] 3 38 [ ] <— RB5/KBI1/PGM
RA2/AN2/VREF-/CVREF «+—» [ 4 37 [[] +— RB4/KBI0O/AN11
RA3/AN3/VREF+ <[] 5 35 [1 <—» RB3/AN9/ccp2(?
RA4/TOCKI/C10UT - =16 35 [] «+—» RB2/INT2/ANS
RA5/AN4/SS/HLVDIN/C20UT <«— [| 7 34 [] «— RB1/INT1/AN10
REO/RD/AN5 <-—=[] 8 QS 33 [] «— RBO/INTO/FLTO/AN12
RE1/WR/AN6 <— ] g < LD 32 [] =—— VDD
RE2/CS/AN7 <—=[] 10 fl'l_ f"l_ 31 [] «——— Vss
VDD — = [ 11 0 30 | ] «<— RD7/PSP7/P1D
VSS —  []12 OO0 20 [] =—» RDB/PSP6/P1C
OSC1/CLKI/RA7 = » [] 13 5 5 28 [] «——» RD5/PSP5/P1B
OSC2/CLKO/RA6 =—» [ 14 27 [] =—» RD4/PSP4
RCO/T10SO/T13CKl <[] 15 26 [1 =—» RC7/RX/DT
RC1/T10SlI/CCP2) = o] 16 55 [] «—» RCB/TX/CK
RC2/CCP1/P1A - »[]17 24 [] =—» RC5/SDO
RC3/SCK/SCL <—»[] 18 53 [] =—» RC4/SDI/SDA
RDO/PSP0 <[] 19 55 [] <—» RD3/PSP3
RD1/PSP1 «——= []20 21 [] «=—— RD2/PSP2

ARRL and TAPR Digital Communications Conference 24 of 36 September 25-27, 2009, Chicago, Illinois



PS/2 Keyer

« Schematic

+5V
VDD
ICSP -MCLR\ pp — —MCLR\/pp RBO —— PS/2 KEYBOARD CLOCK
ICSP CLOCK —| PGC RB1 |[=— PS/2 KEYBOARD DATA
ICSP DATA. —| PGD
RB2 —— PS/2 MOUSE CLOCK
RB3 |=— PS/2 MOUSE DATA
PIC18F4520
DIT PADDLE —| RB4 X SERIAL OUT
RX
DAH PADDLE —{ RB5 ~— SERIALIN
Vss
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PS/2 Keyer

.« My prototyping board
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PS/2 Keyer

. my development setup

e

ARRL and TAPR Digital Communications Conference 27 of 36 September 25-27, 2009, Chicago, Illinois



PS/2 Keyer

project - MPLAB IDE v8.36

« My programming

=2 Source Files

c

. t ow_paddle_keyboard c

e n V l r O n m e n ow_paddle_mouse.c
interrupts.c
main.c
ps2_keyboard.c
Ps2_miouse.c
ps2_protocal_keyboard.c

ps2_protocal_mouse, ¢
= (23 Header Files

18F2520.0
18F4520.h
assert.h
configuration b
constants.h
chype.h
ow_paddie_keyboard b
ow_paddie_maouse.h
dewvice.h

Document - WordPad

J%%'&%%%fla“ g*wg%.o\@@ﬁ_ﬂ Checksum: 0x9982
] project. mew o |l 1 Output =5
= (1 project.mcp - Buid |Velsion Control | Find in Files | PICkit 2

The target " wwarklleaming PIC\PS-2 Keyericode\0.80.8.4\ow_paddle_keyboard.o" is already up to date
The target " workilearing PIC\PS-2 Keyer\codey0.840.8.4\ow_paddle_mouse.n" is already up o date.
The target ™ warkllearning PICYES-2 Keyericode\0.8\0.8. Ainterrupts.0” is already up to date.

The target " yworkllearning PICYPS-2 Keyercode\0.840.8.4ymain.o" is already up to date.

The target " warkearning PICYPS-2 Keyercode\1.8,0.6.4ps2_keyboard.o" is already up to date

The target ™ hworkllearming PICVES-2 Keyericode\0.80.8.Aps2_mouse.o" is already up to date.

The target " yworkileaming PIC\PS-2 Keyer\code\0.840.8.4\ps2 _protocol_keyhoard 0" is already up to date.
The target ™" warkllearning PICYPS-2 Keyer\code\1.80.8.44ps2_protocol_mouse.n" is already up to date

Memony usage: ROM=66%  RAM=G7%-64%

(0 Errars, O0'¥Warnings
Loaded Yiiworkileaming FIC\PE-2 Keyerf\codel0.840.8. A\project.cof.
BUILD SUCCEEDED: Wed Sep 23 09:22:36 2009

M 1}

Executing: "ChAProgram Files\PICCACosc.exe” +FH LINK="project hex=cw_paddle_keyboard o,cw_paddle_mouse o,intermpts.

@ COM3 9600 - HyperTerminal

!File Edit Wiew Call Transfer Help

DEHE S M ' BREDE 28 08

Al [v| [18 [+

P$/2 Keyer 0.8.4 (23-Sep—09 09:20:06)

51‘2

copyright (C) 2009 David Bern, W2LNX W2LNX@ARRL . net

IT erase word

IL send license info
IB send brag info
1? send this ttte

t
d

copyright (C) 2009 Da

IM switch to mouse n
IV send program vers| (DEBOUNCE_DELAY: 100 msec

using ! to represent the| \yepston STRING: 4.079
IS send CAPS LOCK|| [DEVICE: PIC18F4520

initialize_device_kevboard() done
initialize_host_keyboard() done
intialize_kevboard() done

HORD_PER_MINUTE: 18 wpm

dit_time: 128 msec
letter_time: 360 msec
word_time: 840 msec

initialize cw_paddle_kevboard() done
initialize_device_mouse() done
initialize_host_mouse() done

intialize_mouse() done

PS/2 Keyer 0.8.4 (20-§ |initialize cu_paddle mouse() done

TICK_COUNT: 2501
TICK_TIME: 10 msec
initialize_interrupts() done

ARRL and TAPR Digital Communications Conference

This program is free sq| |hello... starting test case: 103
modify it under the tern set a text editor as the active window

as published by the Fre

For Help, press F1

Cannected 0:06:47 ANSTW 9600 &-H-2 SCROLL | CAPS | NUM | Capture | Print echa

MT Document - WordPad ﬂ PR project - MPLAB IDE ..,
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PS/2 Keyer

« the program

« 8 C source files and 12 header files
. Lookup tables
« CW characters to ASCII characters

« ASCII characters to PS/2 keyboard scan codes

. a Little over 4000 lines of commented C code
. Switch bounce was a problem

« CW Touch Keyer paddles — no bounce
. debugged

« Using LEDs
. using logic analyzer

« PS/2 signals and mark signals
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PS/2 Keyer

. PIC184520 1s made to order for PS/2 Keyer

. iInternal 8 MHz oscillator

. port B 1s versatile
. iInternal pull-up resistors
. each bit can be configured for input or output
. output is HIGH or LOW
« 1nput reads pin and goes into high impedance

. 1nterrupts used for
« 1Internal timer to measure time between letters

and words

. wake up from sleep when a CW paddle is touched
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PS/2 Keyer

. features
. PS/2 keyboard emulation
. text entered with CW paddles
« PS/2 mouse emulation
. Lleft button — tap left paddle
. middle button — reserved
. right button — tap right paddle
« Mmouse movement — eight possible directions
. Lleft-right — press and hold left paddle
. up-down — press and hold right paddle
. diagonals — combinations of left-right and up-

down
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PS/2 Keyer

. demonstration here
« MOVEe mouse around

open a WordPad file

switch to keyboard mode

type some text

« Switch to mouse mode
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PS/2 Keyer

. avalilability
« WOrking in progress — today at version 0.8.4
« Licensed under GNU GPL, version 2
. send email to W2LNX@ARRL.NET
. subject line: PS/2 Keyer
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Conclusions

this project was interesting and great fun
. with effort, from confusion comes understanding
. Step-by-step development and continual testing
. fTew surprises
« PIC chips are inexpensive and readily available
. are safe to handle

tools are i1nexpensive

« beginning books
« PICkit 2 programmer
. Saleae Logic logic analyzer
« CCS C compiler
possible use by people with limited physical mobility
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Questions

I will be in the demonstration room during Play Time
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