5. ANEXOS.

5.1 EL MICROCONTROLADOR PIC

Los PIC’s son microcontroladores que usan un juego de instrucciones tipo RISC, su tipo de
arquitectura es la Harvard y los fabrica una compafiia llamada MICROCHIP TECHNOLOGY INC.
Es importante resaltar que PIC no es un acrénimo, sin embargo muchas veces es usado como
tal para describirlo como Controlador de Interfaz Periférico.

5.1.1 ENTORNO DE PROGRAMACION DEL PIC

Los microcontroladores realizan diversas tareas y un sin fin de actividades sin embargo, es
necesarioindicarles que deben hacer cuando se presente cierta condicién y como deben
organizar sus periféricos de entrada y salida. La compafiia microchip proporciona a sus
usuarios un entorno de desarrollo freeware llamado MPLAB en donde pueden ensamblarel
PIC. Otras empresas desarrollan compiladores en lenguaje C por ejemplo PIC-C COMPILER el
cual también es aceptado por los PIC.

Es aquidonde, a través de un programa, se dan lasinstrucciones al microcontrolador y en
donde se configura seglinlas necesidades de cada usuario.

5.1.2 PROGRAMACION DEL PIC

Una vez escrito el programa, se inserta a la memoria del PIC con ayuda de los programadores
que son dispositivos que se usan para transferir el cédigo, en el cual vienen las instrucciones y
los comandos de ejecucién, desde una computadora personal hacia el microcontrolador.

Por mencionar algunos programadores tenemos: PICStar plus, PICkit1, PICkit2, PICkit3, MPLAB-
PM3,

Figura 45: Programador PICkit 3

41



5.2 APENDICE A: Hoja de espedficaciones para el multiplexor.

Octobar 1987
Revizad January 1988
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FAIRCHILD
I

SEMICONDUSTOR M

MM74C150 - MM82C19

16-Line to 1-Line Multiplexer 3-STATE -
16-Line to 1-Line Multiplexer

General Descri ption All inputz are protected from damage due to static dis-

. o charge by dinde clamps to Ve and GND.
Tha MM74C150 and MMB2C18 multiplex 16 digital lines to
1 output. A 4-bit address code datarminas the particular 1-
of=16 inputs which is routed to the output. The data is Features

invartad from input to output. W Wide supply voltage range: 3.0V to 15V

A strobe override places the output of MM74C150 in the B Guaranteed noige margin: 1.0V
logical “1” state and the output of MMB2C18 in the high-

: B High noize immunity: 045 Vee (tvp.)
impedance state.

W TTL compatibility: Drive 1 TTL Load

Ordering Code:

Order Number | Package Number Package Deascription
MMT4C150N N24A 24.1 ad plastic Dual-In-Line Package (PDIP), JEDEC MS-010, 0.600" Wide
MMB2C19N N24A 24.L@ad plastic Dual-In-Line Package (PDIP), JEDEC MS-010, 0,800 Wide

Connection Diagram

Pin Aszignmeants far DIP
DATA IMPUTS SELECT INPUTS

Nee B8 E9 EI0 EI0 E1Z E13 E14 E15 A B C
s b3 ez Ja oo s s 7l hs |ie b3

I

Jaxajdiyn|y aury-| 0) BUITFgL « JLVLS-€ s9xaldn|ny auIT-| 0) UIT-9) 6LOZBININ » 0SLOVZININ

I 2 3 PR N COR PR PR PO (O T (T
E7 E6 ES E4 E3 E2 E1 ED STH QUTPUT D GHD
DATA
DATA, INPUTS SELECT
D 1999 Fairchild Semiconductor Corporation DE00SES] _prf www _fairchildsami com
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Logic Diagrams
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MM74C150 - MM82C19

Logic Diagrams (continued)
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Absolute Maximum Ratingsoes2)

Violtage at Any Pin
Oparating Temperature Rangs
Storage Temperature Range
Power Dissipation
Dual-in-Line
Small Outline
Oparating V-~ Range

Vier

Lead Tempearature
(saldering, 10 saconds)

~0.3V to V0.3V
—40°C to +B5°C
—65°C to +150°C

18V

260°C

Mote 2: “Assciule Maximum Ratings™ efe those values beyand which the
safaty of the sevice canno! be guarantesd. Excent far “Oserating Temaers-

TOO mW

e Range” they are not meant to imply that the devicea ahould be eper-

atad al theas imits. The Eleclrical Characleriatic lable provides conditiona

500 mw
3.0V to 15V

DC Electrical Characteristics

Min/Max limits apply Bcross temperature range unless otherwise noted

for achial device aperation

Symbal Parametar Conditions Min | Typ | Max | Units
CMOS to CMOS
Vinan Legical 17 Input Voltage Vep =800 35 v
Wee =10V 8.0 W
Winwm Leogical *0° Input Violtage Wep =500 1.5 W
Vs =100 20 W
VauTin Logical 17 Output Voltege Vep =500, lg=-10pA 4.5 W
Wee =100 ln=-10pA 9.0 W
VeuTim Logical 0" Qutput Voltage Ver =580V lg=+100pA 05 W
Ve = 10W Iy = +10 pA 1.0 W
Lot Logical *17 Input Cumrent Ve = 154 Wy = 18W 0.005 1.0 W
[ Legical "0° Input Cumrent Wee = 18, Wy =0V -1.0 —0.005 LA
loz Output Current in High
Impedance Siats
MMBZC1E Ve = 154 Vg =18V 0.005 1.0 A
Ven= 18, V=0V -1.0 -0.005 A
loe Supply Currant Wop =15V 0.05 300 LA
CMOS/LPTTL Intarface
Wing1i Logical 17 Input Voltage TAC, BIC, Vep =478V Ver—1.5 W
Wit Leogical *0° Input Violtage T4C, B2C, Vop = 475V 08 W
WauTin Legical *17 Qutput Voltega TAC, 820, Vep =4 T8V In=-1.6mA 2.4 W
VauTio Legical "0° Qutput Voltege T4C, 82C, Ver =475V In= 1.6 mA 04 W
Output Drive (Short Circuit Current)
lesunce Output Source Current Vep =800 Vo =0V Ty =25°C —4.38 -8 ma
{P-Channel)
lenurre Output Sourca Current Wer = 10W, Vaur=0V. T4 =25°C =20 40 mA
{P-Channel)
lemm Output Sink Current Wer =500, Vaur=Vee, Ta=25C 4.35 a mA
{W-Channel}
lg i Output Sink Currant Vop =10 Vg r=Vep, Ty =25°C 20 40 mi
{W-Channel}
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MM74C150 - MM82C19

AC Electrical Characteristics (note 3)
T, =25°C, C_ =50 pF, unless otharwise notad

Symbaol Parameter Conditions Min Typ Max Units
tpe T2 Propagation Delay Timeto a Ve = 50V 250 600 ns
Logicsl "07 or Logical *1” Ve =100 110 300 ns
from Data Inputs to Output Vee =800 G =180 pF 280 650 na
Vpa = 10V, T = 150 pF 120 330 ns
tpeas fam Progagation Delay Time to a Ve = 50V 200 650 ns
Logical “07 or Logical *1” Vee = 100 120 330 ns
from Diata Select Inputs to
Dutput
tpe T2 Propagation Delay Timeto a Ve = 50V 120 oo ns
Logicsl "07 or Logical *1” Ve =10V 55 150 ns
from Strobe to Output
MMT4C150
to. tan Delay from Strobe to High Vee =580V R =10k & =5pF 11} 200 ns
Impedance Stats Vep =10V, R = 10k, C =EpF &0 1580 ns
MMB2C19
. b Delay from Strobe to Logica Vee=50M R, =10k C_ =5pF &0 280 ns
“1" Level or to Logical 07 Vep =10V, R = 10k, C =EpF 30 120 ns
Level (from High Impedance Siate)
MME2C19
Cy Input Capacitance Any Input (Mots 4) 50 pF
Caur Qutput Capacitance {Nots 4) 11.0 pF
MME2C19
Cen Power Dissipation Capacitance {Note 5) 100 pF
Mote 3: AC Faramelers 8re guarenteed oy DC correlated 1esting.

Nete 4: Capacitance is guaranieed by periadic teating.

Neté 50 Cpp datermings the na load AC powes consumalion of 8ny CMOS device. For complele explanatian, see Family Charseleristes, sppicalion nate

AMN-BO.

www.fairchildsemi.com
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Switching Time Waveforms

CMOS to CMOS
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MM74C150 - MM82C19 16-Line to 1-Line Multiplexer 3-STATE * 16-Line to 1-Line Multiplexer

PhySiCE| Dimensions inches (millimatars) unless otharwise noted

1.243-1.21

}..__

(@ 3 (@] [o1] [w] [5] (3] [i7] [is] [ [ia] [i3]

£31.57-32 26

F
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1“‘“9 ® ®
FIN ND. TIGENT-
\
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I
I P ————
: {13716 0327}
I
I
I

DOTTED OUTLINES

ummmmmmmwwmf

REFLECT ALTERNATE
_osE MOLOED 200Y COXEIGYRATION
(14.13
Min 0030
(0.762) 0.075
[, bson-oga R ) 1080 l_ “m' 0,180 =0.005 |
[15.20-15.748) + 11524 e "1 I"" (4062 :9.127)
 S—— — ‘L ;
LI70-0.210
T I * {#.318-5.338)
s T
HULOES : TYP L0715
| 0525 g 015 | 0475 +0015 | ’_”_ 0 m;_n g 03T
l {msrs fﬁ:ﬁlj | 11405 +0.381) 4_‘ I__ 0.100 =0.010 m 45? <1075 e ages M
[2.590 +0.250)

PZaR PV B

24.Lead Plastic Dual-In-Line Package (PDIP), JEDEC M3-010, 0.600" Wide
Package Numbar N24A

LIFE S8UPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD
SEMICONDUCTOR CORPORATION. As used herein:

1. Life suppaort devices or systems are devices or systems
which, {a) are intended for surgical implant into the
body, or (o) support or sustain life, and (c) whosa failure
to periorm whan proparly used in accordance with
ingtructiong for usa provided in the labeling, can be rea-
sonably expected to result in a significant injury to the
usar.

2. A critical component in any component of a life support
device or system whose failure to perform can be rea-
sonably expacted to cause the failure of the life support
davice or gystem_ or to affect itz safaty or effectivenass.

www.fairchildsemi.com
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5.3 APENDICE B: Hoja de especificaciones para el transistor.

MAMOSPEC

COMPLEMENTARY SILICON PLASTIC NPN PNP
POWER TRANSISTORS
... designed for use in general purpose power amplifier and switching TIP31 TIP32
applications. TIP31A TIP32A
FEATURES: TIPMB TIP32B
* Collector-Emitter Sustaining Voltage -
Veeopu® 40V(Min)- TIP31,TIP32 TIP31C  TIP32C
60V(Min)- TIP31A TIP32A
80V(Min)- TIP31B, TIP32B
- 3 AMPERE
100V(Min)-TIP31C, TIP32C
* Collector-Emitter Saturation Voltage- Vg e=1.2V(Max) @1 = 3.0 A C%?ﬂﬁm‘{s%g”
* Current Gain-Bandwidth Product f,=3.0 MHz (Min)@ 1,=500 mA 40-100 VOLTS
MAXIMUM RATINGS 40 WATTS
Characteristic Symbaol| TIP31 | TIPMA | TIP3B | TIP3C | Unit
TIP32 | TIP32A | TIP32B | TIP32C
Collector-Emitter Voltage Vego 40 60 80 100 v
Collector-Base Voltage 'U‘m 40 60 80 100 v
Emitter-Base Voltage Vego 5.0 v
Collector Current - Continuous le 30 A
- Peak 80
Base Current g 1.0 A
Total Power Dissipation@ T, = 25°c Pp 40 w
Derate above 25°C 0.32 Wic
Operating and Storage Junction | T, Terq °C
Temperature Range -65 to +150
THERMAL CHARACTERISTICS
PIN 1.BASE
Characteristic Symbol Max Unit g.%un
Thermal Resistance Junction to Case | Rejc 3125 °CIW 4 GOLLEGTORICASE]
oI MILLIMETERS
FIGURE -1 POWER DERATING MIN | MAX
40 A | 1468 | 153
- B 878 | 1042
£ ® ™~ ¢ | 5m | 852
é 20 D 1306 | 1462
% \\ E 357 | 407
§ S F 242 | 386
&0 G $12 | 138
E 5 \\ H 072 | 086
i I 422 468
£ 10 \\‘ Jo| 114 | 13
5 N K | 22 | 297
R 5 L 033 | 055
"o i M | 248 | 208
0 % B 75 0 1B 18 | 0 3m | 390
T , TEMPERATURE('C) !
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TIP31, TIP31A, TIP31B, TIPSIC NPN | TIP3Z2, TIP32A, TIP32B, TIP32C PNP

ELECTRICAL CHARACTERISTICS ( T, = 25°C unless otherwise noted )

———— .

Charactaristic Symbol Min Max Uinit

OFF CHARACTERISTICS

e n mrn

Collector-Eritter Sustaining Voltage(1}  TIP31,TIP32

(1;=30 mA, =0} TIP31A TIP32A
TIP31B TIP32R
TIF31C,TiPA2C

vcm!ul}

=885

Collector Cutoff Current lego mA
(Vo= 30V, [5=0) TIE31,TIP32, TIP31A TIP32A 03
(Veg= 60V, 150} TiP31B TiP328 TIF3IC, TIP32C 03

Gollector Cutoff Current logs A
V=40V, V. =0) TIP31,TIP32 i 0.2
V=80V, V=0) TIF314,TIP32A 02
(V= 80V, V= 0) TIF31B,TIPI2B 02
(V= 100V, V=0) TIP3C TIP32C 02

Eniter Cutoff Current leso mA
E (Veg= 50V, =0} 10

ON CHARACTERISTICS (1)

DC Current Gain hFE i
(le=1.0A Ve =40V) 25
(1=30A Ve =40V) 10 50

Collector-Emitter Saturation Voltage
(le=30A, I,=375mA} 12

Base-Emitter On Voltage ") v
(I =30A Veg= 40V) e 14

DYNAMIC CHARACTERISTICS

Current Gain - Bandwidth Product (2) fr 30 MHz
{IC = Emm ] .""QE"-' 1“” .f-'m: 1 MHZ}

Small Signal Current Gain Ry 20
(1g=500mA , Ve = 10V, f=1kHz)

(1) Pulse Test Pulse width = 300 »s , Duty Cycle < 20%
@) #= IR |* Frisr
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5.4 APENDICE C: Hoja de espedificaciones para el sensor de efecto hall.

SENSOR DE EFECTO HALL

El efecto Hall consiste en la aparicion de un campo eléctrico en un conductor cuando es
atravesado por un campo magnético. A este campo eléctrico se le llama campo Hall.
Este efecto fue descubierto en 1879 por el fisico estadounidense Edwin Herbert Hall.

2SSM SENSOR

@ EFECTO HALL

MUY SENSIBLE

{ CON INAN = ON
SIN IMAN = OFF
4 AMBAS POLARIDADES

Los sensores basados en efecto Hall constan de un elemento conductor o semiconductor
y un iman. Cuando un djeto ferromagnético se aproxima al sensor, el campo que
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provoca el iman en el elemento se debilita. Asi se puede determinar la proximidad de un
objeto, siempre que sea ferromagnético.

Aplicaciones de sensores de efecto Hall

Una de las aplicaciones de los sensores por efecto Hall que mas se ha instalado en la
industria, en especial en la automotriz, es como reemplazo del sensor inductivo (basado
en un iman permanente y una bobina). Dado que en este caso el sensor, por estar
implementado por un semiconductor, tiene la capacidad de poseer electronica integrada,
la sefial que sale de los sensores por efecto Hall para uso como detectores de
proximidad por lo general ya esta amplificada y condicionada, de modo que su
utilizacion es mucho mas directa, facil v econdmica.

Se utilizan también chips por efecto Hall como interruptores accionados por el campo
magnético de un iman. Un caso concreto es en los sensores de los sistemas de alarma
(aquellos que se colocan en puertas y ventanas, para detectar su apertura). Estos
interruptores tienen la ventaja de no sufrir friccion al ser accionados, ya que el unico
elemento que toma contacto es el campo magneético. Son utilizados en teclados de alta
eficiencia, y estos mismos interruptores se pueden usar como sensores de choque
(contacto fisico), posicion de un mecanismo, cuentavueltas, limite de carrera y otras
detecciones mecanicas dentro y en el exterior de un robot.

En robdtica las aplicaciones también son vastas por ejemplo para contar las vueltas de
una llanta se pone el iman en la llanta v el sensor en la carcaza y cada vez que pase el
iman contara una vuelta esta sefial de conteo podemos meterla a un microcontrolador v
este comparar €l conteo de las dos llantas v hacer un refresco para verificar que las
vueltas que ha dado una llanta y otra sean iguales, asi podemos asegurar que un robot
vaya derecho v no verse afectado por alguna piedra que haya atorado una llanta y
desviado a nuestro robot movil.

Transistor: Dispositivo electronico de material semiconductor (germanio, silicio)

capaz de controlar una corriente eléctrica, amplificandola y/o conmutandola. Posee tres

conexiones: Colector, Emisor y Base.

Transistor de efecto Hall: Dispositivo electronico de material semiconductor

(germanio, silicio) capaz de controlar una corriente eléctrica, amplificandola y/o

conmutandola donde la base se dispara por la presencia de un campo magneético. Posee

tres conexiones: Colector, Emisor y Base.
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5.5 APENDICE D: Hoja de especificaciones para el microcontrolador PIC16F628A.

@

MICROCHIP

PIC16F627A/628A/648A

Data Sheet

FLASH-Based
8-Bit CMOS Microcontrollers

& 2002 Microchip Technology Inc.

Preliminary DS40044A
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MICROCHIP

PIC16F627A/628A/648A

18-pin FLASH-Based 8-Bit CMOS Microcontrollers

High Performance RISC CPU:

Operating speeds from DC - 20 MHz

Interrupt capability

8-level deep hardware stack

Direct. Indirect and Relative Addressing modes
35 single word instructions

- Allinstructions single cycle except branches

Special Microcontroller Features:

Internal and external oscillator options

- Precision Internal 4 MHz oscillator factory
calibrated to +1%

- Low Power Internal 37 kHz oscillator

- External Oscillator support for crystals and
resonators.

Power saving SLEEP mode
Programmable weak pull-ups on PORTB
Multiplexed Master Clear/Input-pin

Watehdog Timer with independent oscillator for
reliable operation

Low voltage programming

In-Circuit Serial Programming™ (via two pins)
Programmable code protection

Brown-out Reset

Power-on Reset

Power-up Timer and Oscillator Start-up Timer
Wide operating voltage range. (2.0 - 5.5V)
Industrial and extended temperature range
High Endurance FLASH/EEPROM Cell

- 100,000 write FLASH endurance

- 1,000,000 write EEPROM endurance

- 100 year data retention

Low Power Features:

+ Standby Current:
- 100 nA @ 2.0V, typical
+ Operating Current:
- 12 uA @ 32 kHz, 2.0V, typical
- 120 pA @ 1 MHz, 2.0V, typical
+ \Watchdog Timer Current
- 1TuA@ 2.0V, typical
+ Timer1 oscillator current:
- 1.2 pA @ 32 kHz, 2.0V, typical
+ Dual Speed Internal Oscillator:

- Run-time selectable between 4 MHz and
37 kHz

- 4 us wake-up from SLEEF, 3.0V, typical

Peripheral Features:

+ 18 /O pins with individual direction control
+ High current sink/source for direct LED drive
+ Analog comparator module with:
- Two analog comparators
- Programmable on-chip voltage reference
(VREF) module
- Selectable internal or external reference
- Comparator outputs are externally accessible
+ Timer(: 8-bit timer/counter with 8-bit
programmable prescaler
Timer1: 16-bit timer/counter with external crystal/
clock capability
+ Timer2: 8-bit timer/counter with 8-bit period regis-
ter, prescaler and postscaler
+ Capture, Compare, PWM module
- 18-bit Capture/Compare
- 10-bit PWM
Addressable Universal Synchronous/Asynchro-
nous Receiver/Transmitter USART/SCI

:ﬂr;'?':rl: Data Memory CCpP Timers
Device FLASH SRAM EEPROM 1o (PWM) USART | Comparators 8/16-bit
(words) (bytes) (bytes)
PIC16FB2TA 1024 224 128 16 1 Y 2 21
PIC16FB28A 2048 224 128 16 1 Y 2 21
PIC16FB4B8A 4096 256 256 16 1 Y 2 21
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PIC16F627A/628A/648A

Pin Diagrams

PDIP, S0IC
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PIC16F627A/628A/648A

1.0 GENERAL DESCRIPTION

The PIC1GFE27A/G28A/648A are 18-Pin FLASH-
based members of the versatile PIC18CXX family of
low cost, high performance, CMOS, fully-static, 8-bit
microcontrollers.

All PICmicre® microcontrollers employ an advanced
RISC architecture. The PIC16FB27A/E28A/648A have
enhanced core features, eight-level deep stack, and
multiple internal and external interrupt sources. The
separate instruction and data buses of the Harvard
architecture allow a 14-bit wide instruction word with
the separate 8-bit wide data. The two-stage instruction
pipeline allows all instructions to execute in a single-
cycle, except for program branches (which reguire two
cycles). A total of 35 instructions (reduced instruction
set) are available, complemented by a large register
set.

PIC16F627A/628A/648A microcontrollers  typically
achieve a 2:1 code compression and a 4:1 speed
improvement over other 8-bit microcontrollers in their
class.

PIC18F627A/G28A/648A devices have integrated fea-
tures to reduce external components, thus reducing
system cost, enhancing system reliability and reducing
power consumption.

The PIC168FB27A/B2BA/648A has 8 oscillator configu-
rations. The single-pin RC oscillator provides a low cost
solution. The LP oscillator minimizes power consump-
tion, XT is a standard crystal, and INTOSC is a self-
contained precision two-speed internal oscillator. The

TABLE 1-1:

PICIGFE2TA | PIC16FG28A |

HS is for High-Speed crystals. The EC mode is for an
external clock source.

The SLEEP (Power-down) mode offers power savings.
Users can wake-up the chip from SLEEP through sev-
eral external interrupts, internal interrupts and
RESETS.

A highly reliable Watchdog Timer with its own on-chip
RC oscillator provides protection against software lock-
up.

Table 1-1 shows the features of the PIC18F627AS
B82BA/B48A mid-range microcontroller families.

A simplified block diagram of the PIC16F627A/628A/
B848A is shown in Figure 3-1.

The PIC16F62TA/628A/848A series fits in applications
ranging from battery chargers to low power remote
sensors. The FLASH technology makes customizing
application programs (detection levels, pulse genera-
tion, timers, etc.) extremely fast and convenient. The
small footprint packages makes this microcontroller
series ideal for all applications with space limitations.
Low cost, low power, high performance, ease of use
and IO flexibility make the PIC16FG2TA/G2BA/648A
very versatile.

11

The PIC16F627A/B28A/648A family is supported by a
full-featured macro assembler, a software simulator, an
in-circuit emulator, a low cost in-circuit debugger, a low
cost development programmer and a full-featured pro-
grammer. A Third Party “C" compiler support tool is
also available.

Development Support

PIC16FB627A/628A/648A FAMILY OF DEVICES

PIC16FG48A | PIC16LFG27A PIC16LFG28A

PIC16LFG48A

Maximum Fraquancy 4

of Operation (MHz)

FLASH Program Mem- 1024 2048 4098 1024 2048 4096

ory {words)

RAM Data Memory 224 224 256 224 224 256

(bytas)

EEPROM Data Mam- 128 128 258 128 128 256

ory (bytes)

Timer module(s) TMRQ, TMR1 TMRO, TMR1, TMRO, TMR1, TMRO, TMR1, TMRO, TMRA1, TMRO, TMR1,
TMR2 TMR2 TMR2 TMR2 TMR2 TMR2

Comparator(s) 2 2 2 2 2 2

Captura/Compare/ 1 1 1 1 1 1

PWM moadulas

Sarial Communications USART USART USART USART USART USART

Intarnal Voltage Yas Yas Yas Yas Yas Yas

Refarance

Intarrupt Sources 10 10 10 10 10 10

VO Ping 16 16 16 16 16 16

Voltage Rangs (Volts) 3055 3055 3055 2055 21055 2055

Brown-out Resat Yas Yas Yas Yas Yas fas

Packages 18-pin DIP, 18-pin DIP, 18-pin DIP, 18-pin DIP, 18-pin DIP, 18-pin DIB,

S0IC, 20-pin S0IC, 20-pin S0IC, 20-pin S0IC, 20-pin S0IC, 20-pin S0IC, 20-pin
SEOP. S50P, SEOP, S50P, SE80P, SE0P,
28-pin QFN 28-pin QFM 28-pin QFN 28.pin OFN 28-pin QFN 28.pin OFN

All PICmicro® Family devices have Power-on Reset, selectable Watchdog Timer, selactable Code Protect and high O current capakbility.
All PIC16FE2T AJB28A/B4BA Family devices use serial programming with clack pin RBE and data pin RE7.

& 2002 Microchip Technology Ine.
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PIC16F627A/628A/648A

2.0 PIC16F627A/628A/648A
DEVICE VARIETIES

A variety of frequency ranges and packaging options
are available. Depending on application and production
requirements, the proper device option can be selected
using the information in the PIC16FE627A/G28A/648A
Product |dentification System, at the end of this data
sheet. When placing orders, please use this page of
the data sheet to specify the correct part number.

2.1 FLASH Devices

FLASH devices can be erased and re-programmed
electrically. This allows the same device to be used for
prototype development, pilot programs and praduction.

A further advantage of the electrically erasable FLASH
is that it can be erased and reprogrammed in-circuit, or
by device programmers, such as Microchip's
PICSTART® Plus, or PRO MATE? Il programmers.

2.2 Quick-Turnaround-Production
(QTP) Devices

Microchip offers a QTP Programming Service for
factory production orders. This service is made
available for users who chose notto program a medium
to high guantity of units and whose code patterns have
stabilized. The devices are standard FLASH devices
but with all program locations and configuration options
already programmed by the factory. Certain code and
prototype  verification procedures apply before
production shipments are available. Please contact
your Microchip Technology sales office for more
details.

2.3 Serialized Quick-Turnaround-
Production (SQTPSM™) Devices

Microchip offers a unique programming service where
a few user-defined locations in each device are
programmed with different serial numbers. The serial
numbers may be random, pseudo-random or
saquential.

Serial programming allows each device to have a
unigue number, which can serve as an entry-code,
password or ID number.

© 2002 Micrachip Technology Inc. Preliminary DS40044A-page 7
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5.6 APENDICE E: Hoja de especificaciones para el microcontrolador PIC18F4550.

e\

MICROCHIP

PIC18F2455/2550/4455/4550
Data Sheet
28/40/44-Pin, High-Performance,

Enhanced Flash, USB Microcontrollers
with nanoWatt Technology

© 2009 Microchip Technology Inc. DS39632E
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MicrocHIP PIC18F2455/2550/4455/4550

28/40/44-Pin, High-Performance, Enhanced Flash,
USB Microcontrollers with nanoWatt Technology

Universal Serial Bus Features:

« USB V2.0 Compliant

+ Low Speed (1.5 Mb/s) and Full Speed (12 Mb/s)

« Supports Control, Interrupt, Isochronous and Bulk
Transfers

« Supports up to 32 Endpoints (16 bidirectional)

« 1 Kbyte Dual Access RAM for USB

+ On-Chip USB Transceiver with On-Chip Voltage
Regulator

+ Interface for Off-Chip USB Transceiver

+ Streaming Parallel Port (SPP) for USB streaming
transfers (40/44-pin devices only)

Power-Managed Modes:

+ Run: CPU on, Peripherals on

+ |dle: CPU off, Peripherals on

+ Sleep: CPU off, Peripherals off

+ |dle mode Currents Down to 5.8 uA Typical

+ Sleep mode Currents Down to 0.1 wA Typical
« Timer1 Oscillator: 1.1 pA Typical, 32 kHz, 2V
« Watchdog Timer: 2.1 uA Typical

+ Two-Speed Oscillator Start-up

Flexible Oscillator Structure:

+ Four Crystal modes, including High-Precision PLL

for USB
« Two External Clock modes, Up to 48 MHz
« Internal Oscillator Block:

- B user-selectable frequencies, from 31 kHz

to 8 MHz

- User-tunable to compensate for frequency drift
« Becondary Oscillator using Timer1 @ 32 kHz
+ Dual Oscillator Options allow Microcontroller and
USE module to Run at Different Clock Speeds
Fail-Safe Clock Monitor:
- Allows for safe shutdown if any clock stops

Peripheral Highlights:

+ High-Current Sink/Source: 25 mA/25 mA

+ Three External Interrupts

+ Four Timer modules (TimerQ to Timer3)

+ Up to 2 Capture/Compare/PWM (CCP) modules:

- Capture is 16-bit, max. resolution 5.2 ns (Tcy/18)

- Compare is 18-bit, max. résolution 83.3 ns (Tcy)

- PWM output: PWM resolution is 1 to 10-bit

Enhanced Capture/Compare/PWM (ECCP) module:

- Multiple output modes

- Selectable polarity

- Programmable dead time

- Auto-shutdown and auto-restart

Enhanced USART module:

- LIN bus support

+ Master Synchronous Serial Port (M3SP) module
Supporting 3-Wire SPI (all 4 modes) and 12C™
Master and Slave modes

+ 10-Bit, Up to 13-Channel Analog-to-Digital Converter
(A/D) module with Programmable Acquisition Time

+ Dual Analog Comparators with Input Multiplexing

Special Microcontroller Features:

+ C Compiler Optimized Architecture with Optional
Extended Instruction Set

+ 100,000 Erase/Write Cycle Enhanced Flash
Frogram Memary Typical

+ 1,000,000 Erase/\Write Cycle Data EEPROM

Memory Typical

Flash/Data EEPROM Retention: > 40 Years

Self-Programmable under Software Control

Priority Levels for Interrupts

+ B x 8 Single-Cycle Hardware Multiplier

Extended Watchdog Timer (WDT):

- Programmable period from 41 ms to 131s

+ Programmable Code Protection

Single-Supply 5V In-Circuit Serial

Programming™ (ICSP™) via Two Pins

In-Circuit Debug (ICD} via Two Pins

Optional Dedicated ICD/ICSP Port (44-pin, TQFP

package only)

+ Wide Operating Voltage Range (2.0V to 5.5V)

Program Memory Data Memory MSSP - 4
. 10-Bit | CCP/ECCP 1 2 | Timers
Device | Flash | # Single-Word | SRAM |EEPROM| VO | oy chy | (pwwm) | SPP | o [Master| & | & | g1g.mit
(bytes)| Instructions | (bytes) | (bytes) ™ | o 5
PIC18F2455 | 24K 12288 2048 | 256 | 24 | 10 210 Ne | ¥ Y 12| 13
PIC18F2550 | 32K 16384 2048 | 256 | 24 | 10 210 Ne | ¥ Y 12| 13
PIC18F4455 | 24K 12288 2048 | 256 | 35 | 13 11 Yes | ¥ Y 12| 13
PIC18F4550 | 32K 16384 2048 | 256 | 35 | 13 11 Yes | ¥ Y 12| 13

@ 2009 Microchip Technology Inc.
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PIC18F2455/2550/4455/4550

Pin Diagrams

28-Pin PDIP, SOIC

o W
MCLRWVPPRE3S —= |1 28] =—= RE7/KBIIPGD
RAD/AND =—=[]2 27[] == REEKBIZPGC
RAT/ANT =—=[]3 26] | == RBSKBI1/PGM
RAZIANZNVREF-/CVREF =—= |4 25[ ] = RB4/AN11/KBIO
RAIANI Vrer+ =—=[|5 we 24[] == RBIANSCCP2IVPO
RA4TOCKICIOUT/RCY =—=[|6 E 0 23[]=—= RB2IANBINT2VMO
RAS/AN4/SS/HLVDINIC2ZOUT =—= |7 L L 22[]=— RBU/ANILINT1/SCKISCL
Vas —=[|& a= 21[ ] =~—= RBOAN1Z/INTO/FLTO/SDUSDA
osci/cLK —= 9 oo 20[]=— vos
0SC2/CLKO/RAE =—[]10 oo 18] ] =— vas
RCOT10S0ITI3CK! =—[]11 18] ] == RCT/RX/DT/SDO
RCUT108I/CCP2WIDE =—=[]12 17[] =+ RCETXICK
RC2ICCP1 =—=[13 18] ] == RCSID+VP
WVise =—=[]14 15[ ] == RC4/D-VM
40-Pin PDIP
Q
MCLRAPPIRE3 —= [ 1 ~/ 40 [T =——= RB7/KBI3PGD
RADAND =[] 2 39 [T == RBE/KEIZPGC
RATANT ~—]T73 38 [J =— RBS/KEI1/PGM
RAZIANZNVREF-/CVREF =—[] 4 37 [T =—= RB4/AN11/KBIO/CSSPP
RAJANIVREF+ =+—=[]5 36 [ =— RBI/ANI/ICCP2INVPO
RA4/TOCKI/C10OUT/IRGY ~—=[] 6 35 [T =—= RB/ANB/INT2/VMO
RAS/ANAEE/HLVDIN/C20UT -—[]7 34 [ =— REB1/ANTUINT1/SCK/SCL
REQANS/ICK1SPP =—=[T8 no 33 [T =—= RBO/ANT2/INTO/FLTO/SDISDA
RE 1/AMNBICK2SPP =+—=[79 E E 32 [T =— Voo
RE2/ANT/OESPP —=—[] 10 it 31 [] =——ss
Voo ——= [ 11 © B 30 [T =—= RO7/SPRTIFID
Vss —=[]12 0o 28 [T =— RDE/SPPERIC
OSCA/CLKI —= [T 13 oo 28 [T =—= RDS/SPPEP1E
OSC2CLKORAS «—[] 14 27 [T =—= RD4/SPP4
RCOT10SOT13CKl =—e[] 15 26 [J =— RC7/RX/DTISDO
RCUT10SICCP2IWUOE ~—IT 16 25 [T =—= RCE/TXICK
RC2/ICCP1/P1A +—=[]17 24 [T =—= RC5/D+VP
Vuss -—[T18 23 [] =— RC4/D-NVM
RDO/SPP0 =—=[T 18 22 [T =—s RD3/SPP3
RD1/SPP1 =—=[]20 21 [T =—= RD2/ZPP2

Note 1: RB3 is the alternate pin for CCP2 multiple:

Xing.
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PIC18F2455/2550/4455/4550

Pin Diagrams (Continued)

5
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= g Soare = % E
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‘::sg —= % g PIC18F4550 27O - REZ-‘AI\?-‘O ESPP
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j J 1 | M il J
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HE A ONiEE gl
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AR ELEEsS
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22 gn:\ CEFry S
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=
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B
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w ¥ 2RERRER O E Q
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RO4/ZPP4 == |2 32) =— OBC1/CLKI
RDS/SPPEPIE == |3 3| — ‘::55
ROG/SPPEPIC —— |4 | -— Vss
RD7/SPPT/PID =—= |5 PIC18F4455 gg -— ‘::DD
Vs —= |6 -— oD
Voo —= |7 PIC18F4550 27| = REZ/ANT/OESFP
Voo —= |8 26| =—= RE1/ANGB/CK2ZEPP
RBO/AN12INTOFLTO/SDI/SDA =—= |9 25] =—= REO/ANS/ICK1SPP
RB1/ANAD/INT1/SCKISCL =—= |10 24 =—= RASAM 4-'SIE.-'H LVDIN/C2OUT
REZANBINTZVMO == 111 | & L o mm = Ft123- =— RA4TOCKIC1OUT/IRCY
S g
R2E238055 81
2 gsisEssss
T, L=H= ==
% 852232343
ErxzxE Z
o EzZzEE  £3
3 SEEEE 53
z 5 = e
s 3 3
2 2 2
r
Note 1: RE3 is the altemate pin for CCP2 multiplexing.
2: Special ICPORT features available in select circumstances. See Section 25.9 “Special ICPORT Features (44-Pin TQFP
Package Only}" for more infarmation.
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PIC18F2455/2550/4455/4550

1.0 DEVICE OVERVIEW

This document contains device-specific information for
the following devices:

+ PIC18F2455 + PIC18LF2455
+ PIC18F2550 + PIC18LF2550
+ PIC18F4455 + PIC18LF4455
+ PIC18F4550 + PIC18LF4550

This family of devices offers the advantages of all
PIC18 microcontrollers — namely, high computational
performance at an economical price — with the addition
of high-endurance, Enhanced Flash program
memory. In addition to these features, the
PIC18F2455/2550/4455/4550 family introduces design
enhancements that make these microcontrollers a log-
ical choice for many high-performance, power sensitive
applications.

1.1 New Core Features

1.1.1 nanoWatt TECHNOLOGY

All of the devices in the PIC18F2455/2550/4455/4550
family incorporate a range of features that can signifi-
cantly reduce power consumption during operation.
Key items include:

* Alternate Run Modes: By clocking the controller
from the Timer1 source or the internal oscillator
block, power consumption during code execution
can be reduced by as much as 90%.

Multiple Idle Modes: The controller can also run

with its CPU core disabled but the peripherals still

active. In these states, power consumption can be
reduced even further, to as little as 4%, of normal
operation requirements,

+ On-the-Fly Mode Switching: The
power-managed modes are invoked by user code
during operation, allowing the user to incorporate
power-saving ideas into their application’s
software design.

+ Low Consumption in Key Modules: The power

requirements for both Timer1 and the Watchdog

Timer are minimized. See Section 28.0

“Electrical Characteristics™ for values.

1.1.2 UNIVERSAL SERIAL BUS (USB)

Devices in the PIC18F2455/2550/4455/4550 family
incorporate a fully featured Universal Serial Bus
communications module that is compliant with the USB
Specification Revision 2.0. The module supports both
low-speed and full-speed communication for all sup-
ported data transfer types. It also incorporates its own
on-chip transceiver and 3.3V regulator and supports
the use of external transceivers and voltage regulators.

1.1.3 MULTIPLE OSCILLATOR OPTIONS

AND FEATURES

All of the devices in the PIC18F2455/2550/4455/4550
family offer twelve different oscillator options, allowing
users a wide range of choices in developing application
hardware. These include:

+ Four Crystal modes using crystals or ceramic
resonators.

+ Four External Clock modes, offering the option of
using two pins (oscillator input and a divide-by-4
clock output) or one pin (oscillator input, with the
second pin reassigned as general 1/0).

An internal oscillator block which provides an

8 MHz clock (2% accuracy) and an INTRC
source (approximately 31 kHz, stable over
temperature and VDD), as well as a range of

6 user-selectable clock frequencies, between
125 kHz to 4 MHz, for a total of 8 clock
frequencies. This option frees an oscillator pin for
use as an additional general purpose /0.

+ A Phase Lock Loop (PLL) frequency multiplier,
available to both the High-Speed Crystal and
External Oscillator modes, which allows a wide
range of clock speeds from 4 MHz to 48 MHz.

+ Asynchronous dual clock operation, allowing the
USB module to run from a high-frequency
oscillator while the rest of the microcontroller is
clocked from an internal low-power oscillator.

Besides its availability as a clock source, the internal
oscillator block provides a stable reference source that
gives the family additional features for robust
operation:

+ Fail-Safe Clock Menitor: This option constantly
monitors the main clock source against a
reference signal provided by the internal
oscillator. If a clock failure occurs, the controller is
switched to the internal oscillator block, allowing
for continued low-speed operation or a safe
application shutdown.

+ Two-Speed Start-up: This option allows the
internal oscillator to serve as the clock source
from Power-on Reset, or wake-up from Sleep
mode, until the primary clock source is available.

@ 2009 Micrachip Tachnology In.
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PIC18F2455/2550/4455/4550

1.2 Other Special Features

+ Memory Endurance: The Enhanced Flash cells
for both program memory and data EEPROM are
rated to last for many thousands of erase/write
cycles — up to 100,000 for program memory and
1,000,000 for EEPROM. Data retention without
refresh is conservatively estimated to be greater
than 40 years.

+ Self-Programmability: These devices can write to
their own program memory spaces under intemnal
software control. By using a bootloader routine,
located in the protected Boot Block at the tap of
program memory, it becomes possible to create an
application that can update itself in the field.
Extended Instruction Set: The
PIC18F2455/2550/4455/4550 family introduces
an optional extension to the PIC18 instruction set,
which adds 8 new instructions and an Indexed
Literal Offset Addressing mode. This extension,
enabled as a device configuration option, has
been specifically designed to optimize re-entrant
application code originally developed in high-level
languages such as C.

+ Enhanced CCP Module: In PYWM mode, this
module provides 1, 2 or 4 modulated outputs for
controlling half-bridge and full-bridge drivers.
Other features include auto-shutdown for
disabling PWM outputs on interrupt or other select
conditions, and auto-restart to reactivate outputs
ance the condition has cleared.

+ Enhanced Addressable USART: This serial
communication module is capable of standard
RS-232 operation and provides support for the LIN
bus protocol. The TX/CK and RX/DT signals can
be inverted, eliminating the need for inverting
buffers. Other enhancements include Autornatic
Baud Rate Detection and a 18-bit Baud Rate
Generator for improved resolution. When the
microcontroller is using the internal oscillator
black, the EUSART provides stable operation for
applications that talk to the outside world without
using an external crystal (or its accompanying
power reguirement).

+ 10-Bit A/D Converter: This module incorporates
programmable acquisition time, allowing for a
channel to be selected and a conversion to be
initiated, without waiting for a sampling period and
thus, reducing code overhead.

Dedicated ICD/ICSP Port: These devices
introduce the use of debugger and programming
pins that are not multiplexed with other micro-
controller features. Offered as an option in select
packages, this feature allows users to develop I/O
intensive applications while retaining the ability to
program and debug in the circuit.

-

1.3 Details on Individual Family
Members

Devices in the PIC18F2455/2550/4455/4550 family are
available in 28-pin and 40/44-pin packages. Block
diagrams for the two groups are shown in Figure 1-1
and Figure 1-2.

The devices are differentiated from each other in six

EVER

1. Flash program memory
PIC18F X455 devices,
PIC18F X550 devices).

2. A/D channels (10 for 28-pin devices, 13 for
40/44-pin devices).

3. /O ports (3 bidirectional ports and 1 input only
port on 28-pin devices, 5 bidirectional ports on
40/44-pin devices).

4. CCP and Enhanced CCP implementation
(28-pin devices have two standard CCP
modules, 40/44-pin devices have one standard
CCP module and one ECCP module).

5. Streaming Parallel Port (present only on
40/44-pin devices).

All other features for devices in this family are identical.
These are summarized in Table 1-1.

(24 Kbytes  for
32 Kbytes for

The pinouts for all devices are listed in Table 1-2 and
Table 1-3.

Like all Microchip PIC18 devices, members of the
PIC18F2455/2550/4455/4550 family are available as
both standard and low-voltage devices. Standard
devices with Enhanced Flash memory, designated with
an "F" in the part number (such as PIC18F2550),
accommodate an operating VoD range of 4.2V to 5.5V.
Low-voltage parts, designated by "LF" (such as
PIC18LF2550), function over an extended VDD range
of 2.0V to 5.5V,
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