nnﬂ%mﬂ@mam%’imnﬁu

ﬂm:ﬂqmam%qmmﬂnsw

amﬁumﬂT%Taﬁwszfoamné’né’hqmﬂmia'\mm:ﬁa

a ] F [ 4
TususesilFygrinus

Faviatie “ngm'uQuqﬂnimﬂlﬂﬂﬁmum‘%a'ﬂw HALADIINA

Electrical Devicas Controller via Internet

{

aundnEn 1. WpokgnT Ailu

=

2. WHRIITUNT WIRNKH
3. wigisuad uz

4. WsATR 17T AT

swailizdaa
a9
eV A IR PR RITR

shatlszdnan

Nangns ﬂqmﬁﬁq@mwmmﬁmeﬁﬂ #1935 aauRLeeT

o’ﬂi =R 3 LS
ana1sandsnsn 22798 FUWN

¢d (= ' o,
g1IgnlInensaN B.E‘z“ﬂ’% a1l

47035564
47035566
47035571
47035684

anznsINNIsaaU Sy gIRnns

aaNano

1, adlpy qms'\qi@uﬂf

VA= AN
&-‘/—{_'_‘ C/ A 3 P—

e

=M

2. HeL B Wa IMWIAREY o By TEN

N cacd

3. 8.§T% 819WTY

Pl YN

4. 923N FUAN

srr/a

5. a."Lwaaﬂ‘ mmm‘@s:ga

a = [” i A
'l%“aﬂ“mﬂﬂﬂﬂ ']%le‘ﬁ'ﬁ 26 LOLUWBY W.6. 2549 1781 9.00 W,

A L ¥
anwndau #a1 0.310 ﬂmzﬂgmaﬁqﬂa’mnﬁu /A,
MeI BT INED
- A,
‘atuf AN,
mmu?&

LT |

'qmmuquqﬂmrﬂw%m wedntoduwaafiia

WL

<BT481262>

LN

o= :{ =
(HFLEIANT 3799)

ﬁmﬁhmﬂﬁﬂmﬂgmamﬁmmm




o a2
T I e ,-——‘-.,‘,‘,-‘,a
i W irarim e e P T

Vaypilwus

ganwangUnsatlwiriuedatheduiaasiug

ELECTRICAL DEVICES CONTROLLER VIA INTERNET

nigws e

TUWT WINKE)

THI Ny

g1 FITTNTG]
TR s . gl‘:k L‘}:‘"J '
| Igbﬁ? ......... ' U AL O e,

ﬂ‘%tyt:ywﬁwuﬁm‘h@ﬂumwﬁwmm‘gﬁﬂmmwé’ngmﬂqma@%q@mwﬁﬁmﬁmﬁm
AymeaNR e
MATNAENESSTeNTIN AowAIeNaRSTEAN I
sothumalulaiiwszsamndidammmasensss

Tmsfne 2648



sggniiwus

Gee  gaesuenmngolwhemaedatofuee fue

Electrical devices Cantroller via Internet

Jonuseaed
A A [ [l A A 3 ¥
1. dpdnmmahemmeseeiuang e wihehwenths Svee e lé
2. WesonuuuisassussaUnant i hueSetheBan Suals
3. easganuengUnsel i ieenaduseSua e
4, WEneFoLM M OWYBIgaaI NaLnTel i iamh s Swas Siuele

{ o ' (=L - € e
5 hathaeeaueannanl hrmeianedces Sua b ilFme s

€l ] s
Yszlemifienadeslasy
1 drnadinenfiumahasssgeemoepansetiihanedaneuaaSiue
2 lhsseuepaunaeliretotsfiuasiug
LY ' 1 a £
3. oeenneuanailihemusiotofuee S
2 1 = 1 a (3
& Ieuamsmeapamegeerepatnnt i eianadunnne

oo v 1 A e 3 o
5. lshhgenmunaat e ian iiusa fual ouldass



Bavada gaenvemmnanthrhwedath  uensiug

indnw WIENS il
UNFTITUNT WV
WIS Ny
WL ITG TIITE
€ @ £ a €
813158M15n MAEITINE GEOE!
Kd' r-] [l =
215ENYSN92m GIDNPHIR T ANAYILY
wangns Penaa SaeE NI
191391 AaNRLaS
nsdnw 2548
UnAota

g imstsiuilifuma send oo frounssdtaudien ensame el A%
sanan Faasfiaasanntisne W Hyper Tominal senaugln st (Seile) winnis
smaspustsnsgLnsalihme lumenshuinlesaeulnaina lasmaaaueuasn sl
FvesnNaaR s INaE Rndgaaaten maaandle-dagunslliihuassTasauamme

s nanibihmsluansanilefile SeeidnmGanra e



II

Thesis Titlo Electrical devices Controller via Internet
Students Mr. Nuttaporn Srino

Ms. Thanaporn  Phomphui

M. Niran Mah

Mr. Vichit Vannachit
Advisor Mr. Worawit Somha
Co-Advisor Mr. Suchin Ardharn
Education Level Bachelor of Science in Industrial Education
Program 1n Computer
Academic Year 2005

ABTRACT

This project proposes to apply Serial port for electrical devices control. The user can
use any computer via the Hyper Terminal to control the electrical devices (ON/OFF) and
inspect stalus via microcontroller. IUs can control via Computer and controt switch. We can
wrn on/off any electrical devices and check status from anywhere in the organization if we

have sctup this module.
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tounnd1agasntnanl DTE  wazgtnaat DCE  athavilefidiulddanida eoudinmaieas
DTE aufwing dweaudnwaioes DCE auiudiuily fawofnavnsuvasnesieailiiuar
o . £ 1A
Tltasduiuy DTE dnaudineaiagiludaasdiun DCE
a % 7 ) 3 [3 as 2 o 1o [ A
dwsumslfoounosioma wodaaynsy RS-232 SingnWdasdart luduinundlae
SRR WieR RIS UGIAT 20 e
A 1 [ A 1 2 =)
e IMNTTRRRausL RS-232 a¢eawiinesduey DB-25 axdanstelfomdine o
1 = 2 = 3 d; A ~ 2 = P 2 ' CO- 1
whufieniueawdingaiuy DB 9 dinsnnwidue feeldouluada thatiudimliaulinnin 5
gnanidnhy
fwiumsgendananfumaitiugUnasamenen thenausmeamsdondawun Null modem
A dl | % 1 3 = A € @ o dl' |
viamadessialas lidfoamluin laafinsanasmmiowsuddefingtluoiasnsiasesun
Nuli modern tudmsnildeeda nufios 3 S laodumiisdmiudedogn Sndudmivivioya
wazugarediung dwimeasdeamhfimuhonusiazasame foaynsy RS-232 féil
1 Data Carrier Detect : DCD vinanaimemd Canier Detect : CD aflashoniiwiiiodinys
Ry € 6" | o s = s!; I 1% (%
dudfynnowinngUnanidassliags wu ass smsumsaudng artdeelalléonlnuanndin
2 Receive Data : RD v3a RxD aidlfiiaudyanomsnsaidnan deeaninasslaemi
i ] Ao s E
Toyaveleiin T adiased TWives
3. Transmitled Data -~ TD ¥38 TxD mitlfiRededeyaonnaneauiiee’ lomhdayad
as £ o [P
s lufise SSwideipagannly
4.Dala Terminal Ready : DTR Lﬂumﬁtyﬁywmﬁﬁ@aaﬂmﬂmmﬁqma%Lﬁaslﬁqllmfﬁ
s B W = | X R Y ] Y &
UmemedFhdnsmsfasasme laes DTR Sasdpafiondariien DSR aasaunslmemiauayn
DTR aaaennathlaremsazdioaGonsariun DSR vasmasfiogas & dmattansie fuu Nul
Modem @3 ldma un1ngensafies 3 180 asdinastaan DTR uas DSR wasisiuasdinanaiuuas
2 VoA A i A =1 LV 73 €
fnasiaiium DOD shanstiflliunsados il firasadeuiudy g om
[
5. Signal Ground : GND Mn049938 0L
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8 Clear To Send : CTS mwﬁamaa%uﬁmmmmrm RTS Lﬂa%fuﬁtytym\lﬁ %’asﬁaﬁm TxD
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2.3.1.1 UART
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athalsfioa e lumsdsdoyafiannansves UART waslvale flalldaeldnstus:
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2.3.2 ulsufnusnesyudygimeunsauuueg

2.3.2.1 NATPUTYYIMNBUNSULYY RS-232C
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Signal Ground

Uit 2.4 Srwoweasiima ifhmasnsBumeSiwauy RS-2320
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1 gnosnuuldidiiuet naiwandiyano Discrete
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4. Sauilumsdedayafien < 20 Aladinsaiun
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\ | Balanced ! !
| Lg .J
r iinterconnecting Load |
I | I |
| | Cable | s , 1
+—Ge nerator—»,<—~—q«c~5%~+1<— Recieverm
| t | Inlerconnecting | 1
Aé "N ]
EE 247
G 1S LM R
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suft 2.5 SnwnaraiiivaalimeoniumaiimsuL RS 422

aosimaaizanTRvns ihessmsBume SinsuLy RS-422
e ﬁ@ﬁﬁdﬁmmwmmu Balanced
2. gaitrasatiu 1menaT INAnNeNS
3 Tuisiagsasldaandani mssedynnms o 2
4. Faniialunvdeloyagetls 10 wnsinsatnd
5. sgun i umdooyalélnatle 400 wa
2.3.2.3 ANOTHIRHAYGIMUEURTHULY RS-485
MU RS-485 AR AN AN RS-422 RofrAena A levisasunyiudyn
(gade) udnwms TriSwe limaansodedayadsasfiemauaadidn (Single  Pax)
@3mamﬁ®%a§%aﬁﬂﬁﬁmudd‘ﬁaHaﬂm&a%mﬂmmu Multidrop sginseinense Jsunmsmnant

wasdogau LW smENTuMEeRe ¢
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Up to 32
Driver / Reciever Pairs
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AN9rTU RS-485 T madingida sinanuu edauacge i lieanssnsiasasagUuilia
ateag 32 g0 uinasidaysluonsnamilen duardildfiacge avinedpifinTnfitemamanls
' o yAFstz \‘1\1»53& % o 11 Y [
dawiviauaeniesfias Wiinyarulle visiadasiumstuausesiagyaiiuas mafudataya

.ﬁl a [ @ =Y ] & o] o B =) .
mamofiasivdedayalate 32 Jo udavgadnsdinisanadidiays (Header) v3a ldentify Code

¢ A G v f we v - W
e LNE Lﬂ%’iﬂﬂﬁl‘lﬂ‘iﬂ%ﬂﬂ’]’max‘lm‘a‘ﬂam‘iﬂuﬁﬁﬂ,@

@99 2.1 nsalefipumsfessiuuaynassiiashee

Specification RS-232C RS-422 RS5-485

Maode Of Operatec{ k Single Ended Difference Difference
No of Driver & Receivers 1 Driver 1 Driver 32 Drivers
Allowed On One Line 1 Recalver 32 Receivers 32 Reccivers
Max Cable Length 50 Tect 4,000 feet 4,000 feat
Max Data Length 20 Kb/s 100 Kb/s 10 Mb/s
Driver OQutput Max Vollage | +/- 5 Vde. 02506 Vde. | -7 to 12 Vdc.
Driver Out {Lioad) | +/- 5 Vdc. +/- 2 Vde. +/- 156 Vde
Signal Lovel (Unload) | +/- 15 Vdc. +/- & Vde. +/- 5 Vg,
Driver lioad Impedance 310 7 KQ 100 O 51 O

w-lg;jver Output Current (ON) - - +/-100 pA B
High Impedance State OFF) | Vmax/300 O +/- 100 pA +/- 100 pA
Receiver Input Volt Rang +/- 15 Vde. +/- 7 Vde, -7 to 12 Vde
Receiver Input Sensitivity +/- 3 Vda. +/- 200m Vde. | +/- 200 m Vda |
Receiver Input Resistance 3070 4 X (min) 12 KQ (min)

2.4 lalaseaulnsaaas

v & ¥ 4 o 1&|I I [

2.4.1 anwgiiasmwieny lulasraulnaians
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¢ & p ¢ 7 CIY € & 2?\1 o )
llNIﬂTﬂE]HIW'EﬂLE\BTI AANTETN aqﬂmmm’m@mmmaﬂ Lmsl,umqﬂmmmuqmmmaﬂu G
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2.4.1.2 Mhuanug

\l I I [ VL [ I s A ' o
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(program memory) waee I dagauTi (RAM data memory) wasvhanmudayadawsan
(EEPROM data memory)
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MicrocHie PIC16F627A/628A/648A

18-pin Flash-Bascd 8-Bit CMOS Microcontrollers
with nanoWatt Technology

+ Operating speeds from DC - 20 MHz
¢ Interrupt capability
¢+ S-level deep hardware stack
» Direcl, Indirect and Relative Addressing mades
« 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 suppart for crystals and
resonators

= Power saving Sleep mode
+ Programmable weak pul-ups on PORTRE
Multiplexed Master Clearflnput-pir

+ Watchdog Timer with independent oscillator for
1eliable operation

« Low voitage programming

In-Cercuit Senal Programmimg ™ (wia two pins)
Frogrammable code pralection

+ Brown-out Reset
+ Power-on Reset
+ Power-up Timer and Gscil'ator Start-up Timer
« Wide aperating voliage rangs. (2.0 - 5.5V)
incustnal and extended temperature range
« High Endurance Flash/EEPROM Celi

- 100 000 write Flash endurance

- 1,000,000 write ECPROM endusance

- 100 year data retention

.

+ Stancby Current

- 100 nA @ 2 0V, typical

+ Operating Current.

- 12 pA @ 32 kHz, 2 0V typicat
- 120 pA @ T MHz, 2.0V, typical
Watchdog Timer Current

- 1TpA @ 2.0V typical

T:merl ascillator curent;

- 1 2pA@ 32 kHz, 2 OV, typical
Dual Speed (nterpal Oscillatos:

- Run-ime seleclabie between 4 MHz and
37 kHz

- 4 ns wake-up from Sleep. 3.0V typical

Peripheral Features:

+ 16 1/O pins with individual direction cantrod
* High current sink/source for direct LED drive

-

Analog comparator module with:
- Two analog comparatars

- Programmatie an-chip voltage reference
(VREF) maduie

- Seleclable internal or external reference
- Comparator outputs are externaily accessible

Timer(: 8-bit timer/counter with 8-bit
programmable prescaler

« Timer1: 16-bit timer/counter with externai crystab

-

clock capallity

Timer2: 8-bit timer/counter with 8-bit period
register, prescaler and postscaler

Capture, Compare, PWM module
16-bit Capture/Compare
- 10-bit PWM
Addressable Universal Synchroncus/Asynchronous
Receiver/Transmitter USART/SCH

:::Zl:: Data Memory ‘ ‘ .
Device Ce R T [le} cep USART  Comparatars Tlmer§
Flash SRAM EEPROM (PWM) 8/16-bit
{words) (bytesy (bytes) N
 PICIEFG27A 104 4| 128 B | 1 % 2 )
PIC16FG628A 2040 224 128 18 1 Y i 2 271
PICT1EFB48A 4096 256 256G 16 1 Y 2 21
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N =
Pin Diagrams
PDIP, 50IC
RAZARZVRC - B[ bt 7 e | e pagaNT
RATFANTCNP - R - 17 | = = RAIANG
EALTOCKICNP? - [ [ O 16|« * RATOSCUCLKIN
HADMEOLR e FARE > 9. e HALOSCIC KO UT
vgy o w5 o A e v
HBLINT - &6 § i - RBTTIGSIPGD
REIRENT -t w[" 7 12| | o RRSTICSHTICREPGE
ROALTXACK - »| |8 11| |- = RB%
REVCCP - e[ 18 0] |- = BRAEGM
SSOP
RAZANZAN:: | b1 ] [ e RAVANT
RAFANSUMPT - ol 19] |- = RADAND
BAYTOCKICHP? - a3 T OIE| . e RATIOSCUCLKIN ;
RALMUEL RV - 9 1707 & RABOSCHCLROUT
WG pj?-’: = BRI BRI l
ViE - [l 3 HEARES SR (oS l
ROMINT o ]| 7 B 5] | & RBVTIOSEPGD
REURXDT - a8 18] ] e RBETIOSOT ICKERGE ‘
REZIXCK - w4 2] |- e ROS i
REGVCCP | s w00 M- = BB4PGM i
: i
Device Differences
NoThad Process }
Device 9 Oscillator Technology |
Range . ;
{Microns)
PIC16F627 30-65 {Note 1) o7
| PIC16F628 30-55 {Note 1) j 0.7
PIC16LF627 20-45 {Note 1) 0.7
'PIC18LFG28 20-54% {Note 1) 0.7 |

iNote 1. Ifyou change from this device (o another device, please verify oscilator clharactenstics in your

application.
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TABLE 2-1: PHC16F62X PINCQUT DESCRIPTION (CONTINUED)

Name

RBAPGM

RBS

RBETIOSOTICKIPGO

RB7/T10SKFGD

WeSs

Vi

Legend, O = Output
= Nol used

TTL = TTL Input

Function ' Input Type §0utput Type

RB4

PGM

RES

RB6

T1050
T1CKI
PG
RBY

T108I

"BGD
Way
Voo

TTL

TTL

TTL

oL
TTL

XTAL

ST

Power

Powei

M
|
oD

OS

CMOS

- CMOS

CMQOS

XTAL

CMOS

CMOS 6} uipul
Inpt

Open Drain Quiput AN

Description

Bi-directional HO port. Can be soflware
pragrammed (O internal weak puil-up

Low voltage programming input pin. Interrupt-
an-pin change. When low voltage program-
ming is enabled, the inferrupt-on-pm change

ardd weax pull-up resistor are disabled,

Bi-dirackonal I'0 port. Interrupt-on-pm
change. Can be software programmed for
internat weak pull-up.

Bi-directional K0 port. Interrupt-on-pin
change. Can be software programmed for
internal weak pull-up

Timer1 oscillator autput

Timer1 clock input.

7|7(7§787Fjjf‘ﬂ?rugr'anuning_ __C_';'U?‘_‘;

Bi-directionat 'O port. Interrupt-on-pin
change. Can be software programmed for
internal w ~Lp.

Timer1 ascitlator input. Wake-up from SLEEP
on pin change. Can be software programmed
for intermal weak puli-up

ICSP Data 170

Ground reference for logic and 110 pins

Positive supply for logic and VO ping

F = Power

ST = Schmitt Trigger Input
Anislog

Tt
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3.0 MEMORY ORGANIZATION

31 Program Memory Organization

Tre PICT16FG2X has a 13-kt program counter capable
al addressing an 8K x 14 program memary space. Onfy
the firsy 1K x 14 (0000 - U3FFh) for the PIC16FG27
and 2K x 14 (00005 - O7FFh) for the PIC16FE28 are
physically implemeted. Acuessing a localon ahove
inese houndaries will cause a wrap-around wilhin the
frst 16 x 14 spaca (PIC16FE27) or 2K x 14 space
(PICH6FB28). The RESET vector is at 0000k and the
nienupt vector is al Q0040 (Figure 3-1).

FIGURE 3-1: PROGRAM MEMORY MAP
~ AND STACK
PG<120> ' |
Alde B ETIRH /\I\ 13 :
BRI LE, RN JL, “
Stack Cevel 1
Sldék Level 2
.
Stack Level 8
i RESET Veolor | guon
e |
-
Inlermp_t Vﬁ(_;_l_()_t 0004
] 0605
On-chip Program
Memary
PIC16F62T and
PIC16F628
Q3FFI
On-chip Program
Mamory
PIC16F628 onty
O7FFh
: 1¥FFn

3.2 Data Memory Organization

The data memary (Figure 3-2) 45 parttioned nio four
banks. which conlain the ganeral purpose 1egistiens and
the Special Function Registers (SFR). The SFR s ar
located m the first 32 locations of vach Bank. Rogisler
locations 20-7Fh, AOh-FFh, 120R-14Fh. 170h-17FR
and 1FOb-TFEh  are  general purpose  redgisbis
implemented as static RAM.

The Table befow lists how 1o access the loar banks of
registers:

! RP1 ‘ RPO
P . o
Banx! Y A\ ‘ i
Bark? I ‘i " )
Brnk3d ) I : |

Addresses FOOh-FFh, 170h-17Fh and 1F0n-1FFh are
implemented as common RAM and mapped hack ta
addresses 70h-7Fh.

321 GENERAL PURPOSE REGISTER

FILE

The register fle Is organized as 224 x 8 i (b
PICtEFE2X. Each is accessed either direcily or
ndirectly through the File Select Register FSR (See
Section 3.4).

|
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_PIC16F62X

3221 STATUS Register

Thwe STATUS register, shown n Register 3-1, contains
the arithmetic status of tha ALY, the RESET status and
lhe: bank setect bils for data memary (SRAM).

The STATUS register can be the destination for any
mstructkon, tike any othar aeqister If the STATUS
registon 1$ the destination far an instruction that affects
the Z, D or C hits. then the write to these three bits 15
disisbled. These bits are sel or cleared according o the
device fogic. Furthaermore, the O and PD bis are not
wriliable, Therefore, the result of an instruction with the
STATUS register as destnalion may be different than
slended

REGISTER 3-1:

Forexample, CLET 97RTUS wilt clear the upper-threea
bits and settha Z bit This icaves the STATUS regster
as vdouulus {whara o = unchanged)

it is recommended, thersfore, Lhat only 2oy, 20,
SWAaRE and MoVWE instructions are used to alter the
STATUS regster because these instiuctions do nal
affect any STATUS bt For other mstruchons, not
affecting any STATUS bits, see the “lastiuction Sit
Summary”

Note 1. The C and DC bits operate as a Bormraw
and Digil Borrow out bit. respeclively, in |
sybtraction. See the “UPLW and SUBWE

_instructions for examples.

STATUS REGISTER (ADDRESS: 03h, 83h, 103h, 183h)

f2-1
L Ad

RANV-x
PD \ z

RiVW-x RAW-x

A |
} DCoC

ot 0

IRP: Regster Bank Sclect bil fusexd for indirect addrassing

RP1:RPO: Register Bank Select s {used for cirect addressing)

L= Adter power-an, CLEWT instrachion, or sLek T instraction

1= The result af an anthmetic or logic opearation s nol zero

D Digit carry!EBFFBW Bl {ALIWE, BLDEW, BUBLW, SUBWE instructions) {for borew the poledarity

1= A carry-out frany the 41h fow arder it of the result ocourred

RwW-0 1AYW-0 RAN-O
IRP RP1 RP0 ‘

hit 7
tut 7

I = Bank 2, 3 (100h - 1FFhy)

= Bank 0, 1{00h - FFh)
It 6-H

o= Bank 0400h - 7Fh)

1= Bank 1 {800 - FFh)

1in= Bank 2 4100h - 17Fh)

1L = Bank 34180h - 1FFh}
bt 4 TO: Timeout ni

= AWDT imeool oucurred
bt 3 PD: Power-down it

| = After power-up or by the “LEWDT inslruction

9 = By executon of the @ LEER nstruychon
bt 2 2 Zero int

1= Thevesull of an anthmetic or logic oporation s zoro
bit 1

15 reversed)

u = N carry-oul tram the 4th low order bil af the result
it 1)

€ Carmy/Dnrrow bit (ALDWE ADDLW UL, SUBNE nstruchions)

L = A carry-oul from 1he Mosl Signdicant bit of the result ocourred
4 = No carry-nut from the Mast Significant bit of the result ocourred

Note 1t

For horrow the polanily s reversen, A subtraction is executed by adring the twa's
camplement of the second operand. For rokite (RRT,

ELF) instruclions. s fit s

isaded with either the igh or low order bil of the source register.

Lenend
R = Readable i W
-no= Value at POR

Wrilable bit
= Biis sel

U = Unimipleinented bit, read us 1}

0 = Bitis clearad x = Bitis unknown
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3222 OPTION Register

The: OPTION regster 1s a readable and wntable
register which contains varioas cantrol bits 1o configure
the TMROMWDT prescaler, the external RBOJINT
nterrupt, TMRD. and b weak pull-ups on PORTS

REGISTER 3-2: OPTION REGISTER (ADDRESS: 81h, 181h)

RiW-1 RIW-1 RAN-1

bit 7

tnt 7 RBPU PORTE Puil-up Enakie bil

L = PORTE puli-ups ara disabled

71

Note:

Ri-1

| RBPU irNTEDG| T0CS } TOSE ‘

To achieve a 1.1 ';.)rescaEer ABKIGNITIENt tor |
TMRQ, assign the prescaler to the WDT
{PSA = 1). See Section 6.3.1

RAW-1 RAW-1 RAN-1 FRAW-1

PSA w RS2 ‘ PS1 ! P&C :

il ()

4= PORTB pufi-ups are enabled by individuai pert latch vaiues

it & INTEDG: inlerupl Edge Select bit

1 = Interrupl on nising edge of RBO/INT pin
it = Interrupt on falling edge of RBV/INT pin

fnt & TOCS. TMRU Cigek Source Selet bil

1= Transtion on RA4/TOCK] pin

3 = Internal instruction cycle clock {CLKOUT)
hit 4 TOSE TMRO Source Edge Selact bit

L = Increment on high-to-low transtion an RAGTOCK pm
o = lncrement o ow- to-Righ transition an RAXNTOCK] pin

bil 3 PSA: Prescaler Assignment hit

| = Prescaler is assigned 1o the WDT

v = Prescaloris assigned 1o the Timer0 module
1 2-0 PS2:PS0: Prescaler Rate Seiuct bits

Bt Value I M R

WIIT Rale

100 b
| X 14 {12
B 14 1 1a
Ll T 1.8
it A 4 116
1] 1064 142
1 112y 1 G4
il 1258 1. 128
Lesgend
R = Readable it W= Wrilabie it

-n = Value at POR 1" = BH is set

U = Unimplamented Hit read as 0

0 = Bit1s claared = B is unknown
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PIC16F62X

FIGURE 3-4:

DIRECTANDIRECY ADDRESSING PIC16F62X

RPY RPRO

Direct Addressing

indirect Addressing

from opeode ] IRP T SR register

l_u

bank galect

Note:

ﬂliﬂJ \DL”LIIIIIIE

-’

loca'don sefect
og o 10 1t
0oh

RAM
File
Registers

7Fh

180k

-

L4 L S
bank select J location select

1FFh

Bank® Bank{ Bank2 Bank3

For memory map detail see Figure 3-2.
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32.25 PIR1 Register Note:  Interrupt flag bils get sel when an interripl

Thig register contans imorupt flag bils condition occurs regardlass of the slale of
its corresponding enable bit ar the glohal
enable bil, GIE (INTCON=T>) User
soltware should ensure Lhe appojpriate
intarrLpt flag bits are clear prior lo asabling
an interrupt.

REGISTER 3-5: PIR1 REGISTER {ADDRESS: OCh)

RWAE R0 RIY RO U0 RWO RWD RO
EEH cMmiE | RCE | TXE [ N | COPUF | TMR2IF | TMRIIF ]
bil 7 bt 1}
nt 7 EEIF. EEPROM Writw Operalion Interupt F lag bi

1 = The write aperation completed (must be cleared in software)

v = The write operation hias not completed or has not been slarted
bit & CMIF Comparator Interrapl Flag bit

+ = Comparator output has changed

o = Comparator oulput has not changed

bit 5 RCIF USART Receive Interrupt Flag hit
1 = The USART recewa buffer is fuil
o= The USART receve buffer is ermpty
bil 4 TXIF: USART Transnnl Inlerrapl Frag bt
i = The USART transmil buffer is empty
v = The USART transmit buffer is full

it 3 Unimplemented Read as 0
it 2 CCP1IF: CCP1 Interrupl Flag il

1= A TMRY register caplure cocurred {musl be cleared m software)
= Mo TMR T register caplure ooourred
Compdre Made
1= A TMRT register compare match securred (must be cleared n soltware )
0 = No TMR1 register compare rmalch occuired
FWM Mode
Unused it this mode
bl ¢ TMR2IF: TMR2 to FR2 Match Interrupt Flag it
L= TMRZ lo PR2 match oceured {mest be cteared in software)
© = No TMR2 to PR2 mateh occurred
hit 03 TMRAIF: TMR 1 Overflow Interrupt Fiag bit
©= TMR T register overflowed (must be cleared in soflware)
o= TMR 1 ragister did nol overflow

Legerd
R = Reauardablo it W = Writahle bit U = Unimplemanted bil, raad as 0
-1 = Value al POR 1 =Bit is scl 0 = Bit is cleared X = B s unkriown
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3226 PCON Register

The PCON register contains flag bils to differentiate

belwean 2 Power-on Reset, an externg MCLR Reset,
WDT Reset o a Brawn-out Detect.

REGISTER 3-6:

Inl 7-4
hul 3

bit 2
bit 1

Int €}

PCON REGISTER (ADDRESS: 0Ch)

P o 1) /A
rERRNY\\\\777%%
it 7

Unimplemented: Read as 'O

OSCF: INTRC/ER oscillalor freguency
i = 4 MHz typicaltt)

u = 37 KHz typicat

Unimplemented: Read as "¢’

POR: Pawer-on Reset STATUS bit
1= No Pawer-on Resel occlired

Note:

BOD is unkrown o
must then be set by

n Powar-cn Resel, it
the user and chockedd

on subsequant RESETS 1o see il BOD is

clearad, indlcating

a brown-oet has

occurrad. The BOD STATUS bit s a "dan't
care” and is nol necessanly predictable if
the brown-out crcuit is disabled (by;
cleanng  the BODEN  bit in  lhe ‘

_Configuration word),

RAV-1 U-
G5CF N

I

RAW-q FiW.q
| For | aop |
bl g

5= A Power-on Reset occurrad (must be sctin software after o Powar-on Reset UGELES |

BOD: Brown-aut Deteot STATUS bit
1= No Brown-out Resel occurred

@ = A Brown-out Reset occurred (must be setin software after a Brown-out Rasel ooours)

Note 1: Whenin ER Oscillaler mode, setling OSCF = 1 will cause the asciliator freguency 1o
change o the frequency soecilied by the external resistor,

L egerud
R = Reradable bit W= Wrianle bit
In = value al FOR 1" = Bit is set

U = Unimptemented bit, read a5 0

0 = Bitis cleared

% = Bit s uinknown ]
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4.0 GENERAL DESCRIPTION

The PRCABFEZX arc 18-Pin FLASH-based memners of
1he versatile PICTGCKX family of low cost igh perfor-
mance, CMQOS fully static, 8-t micranoniroilers

Al PICHIcro™ mcrocantroliers employ an advanced
RISC architeclure, The PICTGFE2ZX have enhanced
core fealures, cight-leved ceep stack, and muttiple
remal and axternal interrupt sources, The separale
mnsteaction and dala buses of the Harvard architecture
aliow a 14-bil wide inslruction word with the separate &-
bit wide data. The two-stage instruction pipeline allows
allinstructons o execule 10 a single cycle, except fur
pragram branches (which regurre two cycles), A total of
A5 mstructons (reduced nsluchon seh are avallable.
Addilionally o arge regisler set gives some of the
architectural nnevations used to achieve a very high
pearlormance:

PICTEFE2X microcontroliers typisally achieve a 2 1
code compressien and a 4.1 speed improvement ovor
other 8-bit microcontroliers in their class.

PIC1I6F6ZX mevices have special fealures to reduce
axternal components. thus reducng system  cost,
enhancing syslem raliabilily and reducng power con-
s miption

The PIC1GF62X has eight oscillator configurations.
The single sin ER oscillalor provides a low cosl solu-
tion, The LP oscillator minimizos power consumplion,
XT s shndard crystal, INTRC s @ self-contimed
internal ssaillator. The HE 1s for High Speed crystaly
The EC mode is for an externai clock source

TABLE 4-1:

PICIEF

Maaamune Fregquend ¢ ol Openation
SMH 2y

FLAGH Prongam Marory iwoning 0249

Klesror RéAN Bleaneary oyt 224
FERHOM Dht Messey thylos: 12

Timies Wuulege

I
Countipngale {5} rd
Coptu Tomnpan e Py i lidon 1

Setial Cammunk i e USret |

Foderreat Wolliwge Refzrenc: Vi

Il Soun:om i

| 1 P 10
Foatuies '\"I!T;.i.glL- fLange (volts. RRVRIEN

Fleoman sl [ates | RE

(LT V3 TN

APIC N ik Bty devizes Beve Puogacsiany Fesel sazlecintie Wl

PIC16F62X FAMILY OF DEVICES

TRIFNS TRFLL TARE

T g Dl 5000
i SR0E

s Tisen st conle ol ana Facahe OF canreviab

The SLEEP (Power-down) mode offers power sSavings
The user can wake-up the chip fruny SLEEP the ough
severel external nterrupts, mtermnal inlermapts, &l
RESETS.

A highly refiable Walchdog Timer with il own on-clup
RC oscillator provides profection against software lock-
U3

Tabte 4-1 shows the [eatures of the PICIEFE2X mud-
range microcontrolier families.

Asitnpiified block diagram of he PICI1BFG2X i shows
in Figure 2.1,

Tha PICT6FE2X series hils in applicatons ranging Fom
battery chargers to low power remote sensors. The
FLASH technology makes custormization of applicabiorn
programs (detection levels, pulse generation, Giniers,
elc.) extremnely fast and convenient. The small toolprint
packages make this microcontroller senes ideasi lor ali
applcations with space IImitations. Low cost low
power. righ performance. ease of use and 1O Hexdilily
mizke the PIC1BF62X very versatile.

41 Development Support

The PIC16FE2X farmmity is supported by o il faalured
macro assemblan 4 software sirmulatar. an m-crrouit
emulator, d low cost developmnnt programmaer and o
fuli-fealured programmer A Third Party Q' compiler
suppord toel is also available.

CIC19FL29 PHCIGLFGZT PIC161.FG28
20 4 4

1024

Pl

2045
Léd 244 il
15

TEARS TRMRY TWMRZ

1 1 '
UEART LS ART VA ‘
Yo T s C e !
T It 1 i
) 14 T 1t o 1o i
S0 nes P B
Wil Yeis Ve

g DIE 501

FOTHIRRIS Y

18- pm D35 SO0
200 P 8504

18 P 500
20 SROP

ity Sad

PHCIGR G Fonanly suvmees o soernst grogiamming willt o los kg RRE @ Jata pinRR7
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FIGURE 5-4:
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.
FIGURE 5-7: BLOCK DIAGRAM OF RAT/QSC1/CLKIN PiM
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TABLES5-1:  PORTA FUNCTIONS

) e e e - S -
Name " Functio | Input OQutput Description
o ’ n Type Type N )
RADAND __RAD_| ST | CMOS_[Brdirectional O por
o ANO AN —- Analog comparatar input
RAT/AN1 | RA1 ST | CMOS |Bi-directonal WO port
o ANT | AN - | Analog comparatar input -
RA2IAN2VRER RAZ | ST CMOS | Bi-directianal 1/ port
ANZ AN - ! Analog comparalor.inpul )
e L VRER e f AN VREF cutput o _
RA3/ANIICMPA RA3 8T ~CMOS 7‘ Bi-drectionat IiQ portt
AN3 AN v fAr}alog comparalof f;m_;;;st :
e [ CMP1 [CMOS  Gompargtor 1 output
RAATOCKICMPZ | RA4 | ST | 0D Bidirectional I/ part N\
TACKI ST - ; External ciock inpil for TMRO or comparatoer output. Gutput
o S A . jsopeadraintype I
S| CMPzl — ] 0D  |ComparatorZoutput N\
RASMELRAV/PP Ras 1 sT © .. |Inoutport ' — \ VN
MER ST i Master clear
Vpp Hyv s Programming voitage input. When-cfo.ﬁfigured as MCLR,
this pin is an active low RESET 1o the device. Voltage on
MCLR/APP must not exceed Voo durng normal device
‘ oo |. ... . |opperation J2¢9¢1¢%)
RAB/OSCR2ICLKQUT RAB ST CMOS | Bi-directional /0 port.
o5C2 XTAL Oscitlalor crysial output. Connegls to crystal resonaltor in
b Lo (Crystal Oscilialor moda. ) | N
‘CLKOUT CMOS  [In ER/INTRC made, QSC2 ain can output CLKOUT. which
0 U 1) ] L SRRSO o disinlrequefdi| ¢MPSON
RAT/OSC1/CLKIN RAY | 87T | CMOS |BreiectionailOpot /
OSC1 [ XTAL - Osciflator crystal input
TCLKIN ST External clock source input. ER biasing pin.

Legend: ST = Schmitt Trigger input HV = High Voltage CD = Open Drain AN = Angalog
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TABLE 5-2: SUMMARY OF REGISTERS ASSOCGIATED WITH PORTAY
2o 93Ul LA 3300 » WITH PORTA Y

-1 i Value on .[ Value on

Address ¢ Name Bit7 Bit6 BitS | Bit4 Bit 2 Bit 1 Bit0 - POR All Other
RESETS

05l PORTA RA7 RAG RAS | RAs | RAZ ' RA1 RAD | mxxs 0700 soeen ros
B5k IRISA TRISAT | TRISAS | TRISAS | T1RiSA4 | TRISBA3 | TRISAZ TRISAT | THSAQ | 111: 1141 | L1101 |
1Fh CMCON | C20UT | CroUT | Camv | ClNy oM2 CMt OMO | T wan | e o
aFl, VRCON | VREN | VROE | VRR — VRZ - VR1 VRO ] Got o aans | aie an
Legend: - = Unimplemented tocations. read as 1, u = unchanged, x = unknown

Note 1: Shaded bits are not used by PORTA

52 PORTE and TRISB Registers

FORTB is an 8-bil wide bi-dieciional porl The
corraspordding data direction register is TRISB. A'1'in
the TRISB register puts the comresponding eutput dnver
in & Hi-impedanze mode. A '07 in the TRISE register
puls the contants of the output latch on the selectad
pings)

PORTE 1s multiplexed with the external interrapt,
USART, CCP module and the TMR1 clock input/output.
The standard porl functions and the afternate port
funclions are shown i Table 5-3. Alternate port
funcions override TRIS setting when enablec.

Reading PORTB register reads the status of the pins,
whereas writing o it will write 10 the port 1atck. Al write
aperations are read-modify-write operations. So a write
10 & port implies thal the port pins are first read, then
this value is moedified and wrillen (o the pod data fateh.

Each of the PORTB pins has a weak internal pull-up
(=200 kA lypicai). A single control bit can twrn on all the
pull-ups. This is done by clearing the RBPU
{OPTION<7>) nit. The weak pudl-up is automatically
turned off when the pont pin s configured as an output.
The pull-ups are disabled on Power-on Reset.

Four of PORTE's pins, RB<7:4>. have an nterrupl-on-

change feature. Only pins configured as inputs can

cause this interrupt 1o ocour (i.e., any RB<74> pin con-

figired as an output is excluded from the interrupt-on-

change comparison) The siput pins {of RB7T:RB4} are

compared with the olt value latched on the lasl read of

PORTB. The "mismatch” outputs of RBT:RB4 are

OR'ed togother fo generale the RBIF inlerept {fiag

latched in INTCON<(>).

This interrupt can wake the device from SLEEP The

user in the ilerrupt service routine, can clear the

irterrupt in the foliowing manner:

ay  Any read or write of PORTB. This will end the
mismatch condition,

b) Ciear fiag bit RBIF.

A mismateh condition will continue to set flag bit RBIF.

Reading PORTE will end the mismatch condition and
allow flag bit RBIF 10 be cleared.

This intarrupl on mismatch featurs, together with
software configurable puli-ups on these four pins allow
easy interface o a key pad and make i pessible for
wake-up un key-depression. (See ANSS2)

Note: If a éﬁgﬁge on the HO pirt should occur |
when a read operation is being executed |
{start of the Q2 cycle), then the RBIF infer- .

napt ﬂag may HOl get sel i

The interrupt-on-change feature is recommended for
wake-up on key depression operation and operations
where PORTH is only used for the interrupt-on-change
feature. Poliing of PORTB is not recommended while
using the interrupt-on-change feature.
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FIGURE 5-4:  BLOCK DIAGRAM OF RA4/TOCKI PIN
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FIGURE 5-10:
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FIGURE 5-12: BLQCK DIAGRAM OF RB4/PGM PIN
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#include <16F628 h>

#include <string h>

#fuses HS,NOPROTECT NOLVP,NOWDT, MCLR
#use delay(clock=20000000)

#use rs232(baud=9600, xmil=pin_h2 rav=pin_hl)

#use fast jolA)

#use fast olB)

il Load120x6 3
#hit Load2=0x5.1
#hil Load3=0xEb 2
#bit Load4=0x53

char sbufl4]; // buffer lor serial port
int1 serialflag=0,

char 1d,idx;

* chock koy progs */

int1 kbdhit (void) {
if (inpul_b ()&0xf0)==0x(0) return (FALSE):
else relurn (TRUR);

checkSwitch{void)

char sw;
sw o {Inpul_b()&0x 10},
while (tkbdhit (});

il (Hew&Oh00010000;))
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{ Load1/=1,

printf{"%e%d%d%e” id, 1 Load1,13): )
else if ({sw&0h00100000)}

{ Load2h-1,

printf " %e%d%d%e” id 2 Load2,13): ]
else il (Hsw&0hN1000000))

1 Loadinr-1;

prntf("%c%d%d%c" 1d 4 Load3.13) )
else if (Hsw&0b10000000))

[ Loaddn—1:

printf{" %c%d%d%c id 8 Load4,13): )

delay ms(1000);

Hwhile(sw!=0x[0);

#int RDA
RDA isr()
l

mroo

c=gele (),

if (serialflag)  { // senal not to decode
idx=0;
return;

}

shuflidx|=c; // keep data

if (e==13) [ /# retun detecled

shuflidx|=13;  // fill terminate
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serialllag=1; // serial ready flag
idx=0; /7 1eseb ndex
reLurn;
)
il (++idx>4}  // increse index for next data

idx=0;

void oul_lvad{char LoadID,intd b)

{

il (LoadID=="1") Load1 =b;

clse if (LoadID=='2") Load2=}»

clse if (LoadID=='4") Load3=1b;

else if (LoadID=="8") Loac4-b,

else 1 {LoadlD=='9") Load1=Load2=Load3=Load4=b:

printl("%e%e%d%C" id, LoadID b,13);

void main{)

{

selup_timer ORTCC_INTERNALIRTCC DIV 1)
setup timer 1(T71 DISABLED):
setup_timer_2(T2 DISABLED,0,1);
setup_comparator(NC NC NC NO);
setup_vref(FALSE):

enablo_inkerrupts(INT _RDA):
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enable_inlerrupts(GLOBAL);

50l tris al0xD0):

sel uis_b(0x12);

Load1=0;
Load2-=0;
Laad3=10);
Load4=0;

whila(true)

{

Hprintf(" - Yao Love M \n');
Hload1=load2-=load3=load4=0;
Hidetay _ms (1000}

{nadl=load?=loal3=loadq=1;
/delay_ms (1000

if {scrialFlag)

£ printl("%ho%e%e%c” sbull0],sbuf] 1] sbufl2] sbuifl 3));

{
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if {{(sbufl2]=="0") Il {sbufl2]l=="¢") Il (shuf[2]=='s") }
!
if {sbufl3==13)

{
if{shuf|Bl==id)
|
if (shuf]2]=='s"} :
else if {sbuli2]=="c'} out_load(sbul[1),0):
clse it (shuf[2|=="0") cut_load(sbuil1],1};
!
else
i
printf{" %e%c%c%e" sbufl0] sbuf] 1] sbuf( 2] shuf|3l):
J
}

}
serialFlag=0;
i

if (Ikbdhit {)) continue; # no key press

checkSwiteh();
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