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A Ham radio applications
A Microcontroller basics
A Hardware design examples
A Implementing your desian
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A Software examples




ldeas for Projects Using PIC Microcontrollers

A TR sequencer

A Memory keyer

A CW keyboard

A Station power controller
A Rotor controller

A Tone generator

A Test equipment controller
A Speaker / audio router
A Repeater controller

A Fox hunt tx controller

A Radio control

A Morse code decoder
A APRS encoder

A Frequency counter
A Battery monitor

A Audio meter




Hardware Options
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Use existing Use pre-assembled

Design your own hardware prototype board hardware platform

Software Options
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Picking a Microcontroll el
Selection Criteria for Ham Radio Projects

A Cheap

A Easy to program (relatively)

A Serial interface (for control and configuration)

A Fast

A Non-volatile flash memory (program and data)

A 5V supply and I/0

AWide variety of |1 O besides digita
I A/ D converter, SPI , UART, | 2 C, P WM

A DIP package

A Code examples

A Big eco-system

A RF immune

A Low noise generation




Microcontroller Suppliers
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Devices for Hobby Projects

Arduino
Atmel AVR

Basic Stamp
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PIC

Chips

Modules Boards



Let s Pi1 ck whhaet 6PsI Gé P C?

A Product of Microchip Technology

A PI1C1640 originally developed by General Instrument's
Microelectronics Division

A PIC = "Programmable Interface Controllerfi

A PICs are low cost & widely available
A Large user base
A Low cost or free development tools

A In 2008 Microchip shipped its
6,000,000,000" PIC processor




Scaling the PIC® MCU & dsPIC?® DSC Families
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Performance

APPLICATION EXAMPLES

| Consumer | Medieal | __industal | __Automotve __ __Appliance

Exercise Equipment Defibrillators Motion Control Rain Sensors White Goods

Universal Remote Blood Pressure UPS Power Supplies Windows/Locks/Doors Robotic Controls
Controls Monitors HVAC Immobilizers HVAC

Toys/Games Glucose Monitors Power Meters Power Steering Air Conditioners

Computer Peripherals  Diagnostic Equipment  Factory Automation Tire Pressure Monitors Thermostats/Sensors

Battery Chargers Biometrics Security Wiper Motor Controls ~ Motor Control

Spa Controls Thermometers



What 0s I nsi de a PI C 18Fx

ADC, 10/12-bit, 16 ch.

Comparators - 2

Watchdog Timer

8/16-bit Timers — 2/3
Interrupt S
apture / Compare
PIC18F Core Control PWMs
40 - 64MHz
SPI/I1’C™ . 2

. Register File
8-bit ALU
: 8 bit
2MB Address

8 x 8 MPY
Space

Real Time Clk Calendar
nanoWatt XLP

Low Power Resources




. General Purpose 3-bit PIC Flash Microcontrollers
@ MicRoCHIP PIC18F Devices .-Sm:,-
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CERAMIC DUAL IN-LINE
CERDIP

S.m
MiCROO-» RS

18-LEAD CERDIP
an-l

20-LEAD CERDIP
"JW'I

T a»

MicrocHIP

28-LEAD CERDIP
anu

.Mlcgtmp @

40-LEAD CERDIP
"JW”

PLASTIC DUAL IN-LINE

8-LEAD PDIP
upn OR "PA"

14-LEAD PDIP
"P" OR "PD"

18-LEAD PDIP
“Pll

8\ MicrocHiP

20-LEAD PDIP
'lPlI

e

MicrocHIP

24-LEAD PDIP
upu OR nPGn

CERAMIC CHIP CARRIER

A\ MicrocHiP

68-LEAD CERQUAD
"CLII

CERQUAD

R\ MicrRocHIP

84-LEAD CERQUAD

uCLn

PDIP

A MicrocHIP

28-LEAD PDIP
e

ﬁ\ MICROCHIP

28-LEAD SKINNY PDIP
"SP" OR "PJ"

40-LEAD PDIP
upu OR uPLu

PLASTIC QUAD
FLATPACK
IIQFPII

32-LEAD LQFP
“FQ"

;‘
B MicrocHe 3

44-LEAD MQFP
NPQlI

PLASTIC LEADED
CHIP CARRIER
PLCC

MicrocHIP

32-LEAD PLCC
np

MicrocHIP

44-LEAD PLCC
"L" OR IIWI|

MICROCHIP

68-LEAD PLCC
"L" OR "LS"

N

MiCRoOCHIP

84-LEAD PLCC
HLI'

PACKAGES ARE APPROXIMATE SIZE



Let s

Use t he 18F2620¢
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PIC18F2620

28
27
26
25
24
23
22
21
20
19
18
17
16
15

HiNNNNNNENE .

To Po Po  To To To Io Io Do Do Do Do Do Do Do Do Do Do

CPU Up to 10 MIPS performance (40 MHz)

C compiler optimized RISC architecture

8 x 8 Single Cycle Hardware Multiply

System Internal oscillator support 31 kHz to 8 MHz

Fail-Safe Clock Monitor i allows safe shutdown if clock fails
Watchdog Timer with separate RC oscillator

Wide operating Voltage range; 2.0V to 5.5V

nanoWatt Power Managed Modes Run, Idle and Sleep modes
Idle mode currents down to 5.8uA typical

Sleep mode currents down to 0.1uA typical

Analog Features 10-bit ADC, 10 channels, 100K samples/second
Programmable Low Voltage Detection Module

Programmable Brown-out Reset module

Two Analog comparators with input multiplexing

Peripherals Master Synchronous
| 2CE Master and Sl ave Mode

EUSART module including LIN bus support
Four Timer Modules
Up to 2 PWM outputs



18F2620 71T 18F46201
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Pin

Al |

MCLR/VPP/RE3

RAO/ANO

RA1/AN1
RA2/AN2/VREF-/CVREF
RA3/AN3/VREF+
RA4/TOCKI/C1OUT
RAS5/AN4/SS/HLVDIN/C20UT
Vss
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HE
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H[
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W ~NO R WN =

OSC1/CLKI/RA7 =—= [
OSC2/CLKO/RAE =—= [
RCO/T10SO/T13CKI =—»[_|
RC1/T108l/ICCP2(!) =[]
RC2/CCP1 =]
RC3/SCK/SCL <[

-
o w

11
12
13
14

MCLR/NPP/RE3

RAO/ANO

RAT/AN1
RA2/AN2/VREF-/CVREF
RA3/AN3/VREF+
RA4/TOCKI/C10UT
RAS5/AN4/SS/HLVDIN/C20UT
REO/RD/ANS

RE1/WR/ANG

RE2/CS/ANT

VDD — = [

Vss
OSC1/CLKIRAT
OSC2/CLKO/RAG
RCO/T10SO/T13CKI
rRC1/T10sCcCp2(h
RC2/CCP1/P1A
RC3/SCK/SCL
RDO/PSPO
RD1/PSP1

FILT18F204U

27
26
25
24
23
22
21
20
19
18
17
16
15

[ | == RB7/KBI3/PGD

[ | = RB6/KBI2/PGC

[ ] =— RB5/KBI1/PGM
] == RB4/KBIO/AN11
[ ] = RB3/AN9/ccp2(!)
] =—= RB2/INT2/ANS
] =— RB1/INT1/AN10
| ] = RBO/INTO/FLTO/AN12
[ ] =— VoD

[ ] =——Vss

] == RC7/RX/IDT

[ | = RCB/TX/CK

] == RC5/SDO

] == RC4/SDI/SDA

40

S
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FIL18F404U

39
38
37
36
35
34
33
32
31
30
29
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26
25
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21

] =<— RB7/KBI3PGD
] «<—= RB6/KBI2ZIPGC

] <= RB5/KBI1/PGM
] <= RB4/KBIO/ANTI
] - RB3/AN9/CcCP2()
] <= RB2/INT2ZANS

[ <— RB1/INT1/AN10
] =—= RBO/INTO/FLTO/AN12
] =—— VDD

] =—Vss

1 =— RD7/PSP7/P1D
] =—= RDB/PSPB/PIC
] <= RD5/PSP5/P1B
M <— = RD4/PSP4

] «—= RC7T/RX/DT

] =—» RCBITX/CK

M < RC5/SDO

[] =<—= RC4/SDI/SDA

] «—= RD3/PSP3

] <= RD2/PSP2

18F8722

ompat |

80
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1P3c?
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3p1ci
4/P18(2)
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Pins
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PSP7/SS2

PSP4/SDO2
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[——1RE2
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—]RE5

@[ IRHIAIT
S IRHOATE
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[ 1RET7
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o o
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[T RB5/KBI1/PGM

PIC18F8527 50— RBE/KBI2Z/PGC
RG4/CCPSPID — 4g 51 Vss
Vss— 4 50— OSC2/CLKO/RAB
VoD 42 45— OSC/CLKIRAT
RF7/S81 — 13 43— VoD
RFG/ANTI — 12 47T RBT/KBIXPGD
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22pf |

Minimum Configuration T Blinkyo

PicKit2 Programmer

3
+Sy
1 2345 6
+5u +5Su
ﬂ O T ? [o o] T
270 § 1@k J7 1ak
W7
u 18F 2620
Ll /MCLR/VPP RB7/PGD [-£8
—£ 1 RAB-ANG RB6PGC FEZ
—31RA1-AN1 RBS/PGM | £€
—4 1 Ra2 ANz RB4/aN11 83~
—3{RA3-AN3 RB3-CCP2 24
—6 I RA4-TaCKT RB2/INT2 23
va 22
—7 | RASAN4 RB1/INT1 FEE&-
Power Input
81 yss RBA~INTa &l A
31 asC1CLKI ypD 22 v
181 gac2cLKO ygs H2
11 18 a.1
Llipca-T1080 RC7/Rx HE
12 pe1/T1081 RC6/Tx HZ
0 13 Reacepi RCS-5D0 H&-
o 141 pca50L RC4,5DA 2
eepf v



19 User Configurable I/O Pins

+Su

278

L7

6 Analog Input
Or _
Digital I/0O Pins

PicKit2 Programmer

22pf |

J +3Ju
1 2345 6
O T T [o o] T
| |
10k
u 18F 2620
L) e R oupp RB?/PGD
—£ 1 RAB-ANG RB&/PGC
—53 RAL/ANI e RRSZECM |
RA2-aN2 RB4-ANL1
—3{RA3-AN3 RB3-/CCP2
—6 | Ra4.TackI RB2. INT2
va
—7 | RASAN4 RB1/INTI
Power Input
8103 RBA-INTA A
31 asC1CLKI yDD v
19 19
w —
Llipca-T1080 RC7/Rx [HE
12 pe1/T1081 RC6/TX HZ
131 pcacep RCS.,SD0 |
14 ReasscL RC4,50AT
S — . . .
! 13 Digital I/O Pins



Many Special Purpose I/O Pins

PicKit2 Programmer

- +S
1 2345 6
T 7999973
i i
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Digital I/0O Pins | oo enz 934,,4”“?,/
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9 2a A s
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PWM — i1 Rea-T10s0 Rc7/Rx 18 ' UART
12]pc1.T10SI RC6-Tx HT v
3 L
Al RC2/CCP1 RCS/SD0 2§
SPI/12C ——ﬁ%ﬂ? 14 pe3sscL RC4/SDA QR\ SPIl data out
v vV

or 12C Data



Howz That Work?

|
RD LAT e
Data
Bus » D Q Lﬁf/
WR LAT /0 pint1)
or Port CK %
Data Latch
o— D Q —=
WR TRIS
tr:k:_i_
TRIS Latch Input
| Buffer
»
RD TRIS el
| D
EN
RD Port
Note 1: /O pins have diode protection to VDD and Vss.




22pf |

Minimum Configuration T Blinkyo

PicKit2 Programmer
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Let 6s add some additi onal
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Dlgltal E'Drlm_z L4 pea 50l RC4-5DA [H3-
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Now lets add an RS-232 Interface

RS-232
Interface

Con2 DB-9SF

@]
v A

MAXZ232A
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12 Re1/T1081 RC6-Tx HZ
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2] T2In |18
o1 T20ut
8 | R2ln R20ut| 3

3000

b




Topics

A Ham radio applications
A Microcontroller basics
A Hardware design examples
A Implementing your design
A Software tools

A Software examples




Design Your Own Boards

Low cost prototype PCB services
Free design tools
Prototype quality i Drilled and plated

Production quality i Drilled, plated,
solder mask, silkscreen
Prototypesé
Minimum order 2 boards
~$120 and up for 2
Or get 3 boards 2.50

WWWw.expresspcb.com
WWW.pcbexpress.com
www.pcb123.com
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Project Board o
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>
-
- JRe i

Simple Prototype Boards

-

A2 AR R R L A2 R 2] 2]
© 2002 mircEngreerng Labs, e,
0 > ~ P ~

B 5

v
Le
o
°
L)
L4

8%

toescoevima

e
CLJ

veeccect

P
<8
s
. e
LR
‘e
LR
.s
.
¢

<

.
=
S

$

A A R L L X & R % X
o000 ERORSRO

'Y T

"Y1 3131311331538

:

[~
.
»
_
.
»
.
-
-
<
L
t
¢

o000 OOCRPRERAMY
X d X A X R R AR L AR L Q.

Coee 0L,

.
-
=4
.
.
<
-

ot
tveLuvee
LoeLoeT
Cvediee
coetced

[

poOOOOOOOORDERES
(I 2 2 X X X X 0 R X R 0 1 )
- -3 % R-0L 0 R % R R A R

SJ2UFVIVIVAS80e
oIV IVeuae
UPUIVIVORIUIvee
S2090099990999w
MPNIIIAAIQIIIaIe
V20V I0Awleaee
T R R
e
JOUSVUVURURIEN

o
o
~

o8

o
o
o
o
ooooc0o0C0OOORDORDONE

— ALLL
wam mechacen  (719)520-5323

L

Blank Boards

Multi-purpose Prototype
Boards



Use an Aoff the shelfo
Project Board with Firmware

SRS TR-1 Board



SRS TR-1 Board




TR1 Board
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TR1 1/O —
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TR1 Serial Interface

J1
DBa
RS-232
o Level Shifter JU2 & JU3 CRU
%5 o J—0 &3
RS-232 |90+ eern
o O 4| e O c5 O
J2& 43 R5-485
RJ-45 Transceiver
Data A "
DataB oD
nic
Ground Tx
RS-485 <
cD 1 | Carrier assert I reopin 11
N L AN |
SlerraBuso 12VDC T < .
1Z2vDC L Carrier detect :l RC3 Pin 14
E—
JuUs
Jumperintosupply Aux
J4 (O — powertothe network J8-9
12VDC ortake powerfrom the
[nput power netwark
Iiil I s Yoltage

Earar

~ regulator, etc.
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Software Development Flow

Use any ASCII text editor

Edit source code test.c
Compile Compile or assemble into executable file
test.hex
program
Download into Use PicKit2 or similar programmer to
CPU transfer the .hex file into the program store
flash memory in the PIC

Run program ltos alive !



Compilers 1 Microchip MPLAB IDE & Assembler

Text editor
Assembler
Debugger

Free !



