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OZET

Bu calismada mikrodenetleyicilerin, 6zelliklede PIC
Mikrodenetleyicilerin genel olarak incelenmesinden sonra PIC
Mikrodenetleyici ailesinin kronolojik gelismesi ve son uyelerinden
RFPIC, RFPIC alici ve verici modiilleri ile RFPIC Gelistirme ve Uygulama
Takimi detayh olarak incelenmistir. incelenen (riinlerin sagladig
faydalar, kullanim alanlari, getirdigi yenilikler ve kolayliklar anlatiimistir.
Bu Urianlerin pratik uygulamasina ornek teskil etmesi icin 3 adet adim
motorunun uzaktan, kablosuz olarak kontrol edilebilirligi gosterilmistir.
Kontroliin saglanabilmesi icin gerekli yazilm gelistiriimis ve RFPIC
tzerine yuklenmistir. S6z konusu kontrol, motor secimi ile saga ve sola
donus kontroliini kapsamaktadir. Bu pratik uygulamada incelenen
RFPIC, RFPIC alici ve verici modiilleri, RFPIC Gelistirme ve Uygulama
Takimi ile adim motorlarinin her birinin kullanimi basarili bir sekilde
gerceklestirilmistir. Ayni zamanda bu motor kontroliiniin kullanim
alanina oOrnek olabilmesi icin kullanilan motor kontrol ve slirme
devrelerine ek olarak kamera kontrol devresi dizayn edilmis, bu devre
aracilig: ile motorlarin Uzerine yerlestirilen kameralarin farkh alanlari
takip etmesi uzaktan kumanda ile kontrol edilmistir. Bitiin devreler
birbiri ile uyumlu calisir hale getirilmistir. Tim sistem calisirken
motorlar ayri ayri secilebilmekte, secilen motorun saga ve sola yon
kontrolii yapilabilmekte ve ayni zamanda secilen motorun lizerindeki
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kameranin aldigi gorintiiniin monitorden izlenebilmesi saglanmaktadir.
Calismanin Gzerindeki olcme ve deneyler sonucunda vyapilan
calismanin basaril oldugu gorulmistir. Yapilan calismalar ile ilgili

onemli hususlara sonug¢ ve 6nerilerde deginilmistir.
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ABSTRACT

In this thesis microcontrollers and specially PIC controller and its
chronologic progress have been examined. In the practical study the
latest versions RFPIC, RFPIC receiver and transmitter modules and
RFPIC development and application kit are presented in detail. The
uses, novelty and simplicity were given. In the application three stepper
motorsa re remotely wireless controlled. For realising the control, a
software is prepared and loaded. The control covers the selection of
wanted motor and their rightwise and leftwise rotation. In this work
RFPIC receiver and transmitter modules and use of each motor are
succesfully achieved. At the same time to model the place of the use
and remote control of the motor, a camera control system is designed
and used to observe the area swept by the cameras placed on the
monitor bodies. The operational harmony is managed among the units
used. The successful operation of the work observed using a series of
tests and measurements. The important points dealing with the work
conducted were also given in the Results and Suggestions.
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1. GiRIiS

Son yillarda teknolojinin gelismesi ile birlikte daha &énceleri karmasik ve
yUksek masrafl sistemler ile saglanan kontrol islemleri artik yerini daha basit
ve ucuz sistemlere birakmistir. Bugiln bircok kontrol sisteminde
mikrodenetleyiciler ihtiya¢ duyulan yénetim ve kontrol islemini saglamaktadir.
Mikrodenetleyiciler bir bilgisayar c¢erisinde bulunmasi gereken temel
bilesenlerden RAM, 1/O 0nitelerinin tek bir timdevre igerisinde Uretilmis
bicimidir. Bilgisayar teknolojisi gerektiren uygulamalarda kullaniimak Uzere
tasarlanmis olan mikrodenetleyiciler, mikroislemcilere gére ¢cok daha basit ve
ucuzdur. GUnOmiz mikrodenetleyicileri otomobillerde, kameralarda, cep
telefonlarinda, oyuncaklarda, givenlik sistemlerinde ve sayllamayacak kadar
cok alanda kullaniimaktadir. GUnimudz mikrodenetleyicileri bircok timdevre
dreticisi tarafindan Uretilmektedir. Her firma Urettigi timdevrelere farkli isimler
vermektedir. Ornedin MICROCHIP firmasi drettiklerine PIC adini verirken,
Intel’ in Grettigi ve 1980’lerin basinda piyasaya surdigu denetleyiciye 8051
veya MCS-51 adi verilmisti [1]. Ayni zamanda Uretici firmalar Grettikleri
mikrodenetleyiciler  igin  kullanim  alanlarinin  genigletiimesini  ve
yayginlastiriimasini saglamak amaciyla gelistirme ve deneme takimlari ve
bunlara ait ¢esitli yazilim programlari da gelistirerek kullanicilara sunmustur.
Bir uygulamaya baglamadan énce hangi firmanin Grandnidn kullanilacagina
daha sonrada hangi O6zellikteki mikrodenetleyicinin kullanilacagina karar
vermek gerekir. Bu kararin dodru verilebilmesi i¢cin uygulamanin ihtiyaglari
dogru bir sekilde tespit edilmeli ve buna gbére secim yapiimalidir. Elbette
kullanilacak mikrodenetleyicinin kolay bulunabilirligi ve fiyatt da secgimi
etkileyen unsurlarin  basinda gelmektedir. Mikrodenetleyicilerin gelisim
strecinin son yillarinda ise, en cok taninan mikrodenetleyicilerden, PIC
ailesinin, RFPIC mikrodenetleyicisi, MICROCHIP firmasi tarafindan
kullanicilara sunulmustur. Yapilan bu ¢alisma igin MICROCHIP firmasindan
“RFPIC Development Kit 1” isimli gelistirme ve uygulama takimi siparig
edilmistir. RFPIC12F675 mikrodenetleyicisi ile birlikte Oretici firma
MICROCHIP’ in bu mikrodenetleyici igin trettigi “RFPIC Development Kit 1”



takiminin incelenmesi ve bu birimlerin kullanimina ait incelemeler
yapiimistir. Yapilan incelemeler sonrasi RFPIC12F675 mikrodenetleyicisi ve
RFPIC Development Kit 1’ in kullanim alanlarina érnek teskil edebilmesi icin
adim motor kontrolli yapilmigtir. Adim motorlar ile ilgili inceleme ve adim
motoru sUrls teknigi incelenmistir. Hazirlanan kontrol devresi ile adim
motorunun kablosuz alici ve verici araciligi ile hareket kontroli saglanmistir.
Motorlarin hareket ettirecedi son eleman olarak ise kameralar kullaniimistir.
Dizayn edilen kamera kontrol devresi ile motor kontrol devreleri birlestiriimis
ve kamerali glvenlik sistemi modeli kullanim alanlarina 6rnek teskil

edebilmesi icin olusturulmustur.



2. MIKRODENETLEYICIiLER

Neredeyse her mikroislemci Ureticisinin Urettigi birkag mikrodenetleyicisi
bulunmaktadir. Bu denetleyicilerin mimarileri arasinda ¢ok kiguk farklar
olmakla beraber asagi yukari ayni iglemleri yapabilmektedirler. Her firma
drettigi timdevreye bir isim ve &zelliklerini birbirinden ayirmak igin de parga
numarasi vermektedir. Buna 6rnek olarak bu ¢alismada kullanilacak olan PIC
ailesinin adini ve parca numarasi olarak ta 12C508, 16F84, 12F675 gibi

numaralari verebiliriz.

Mikrodenetleyicilerin, mikroislemcilere gére bazi avantajlari vardir. Ornegin
mikroiglemci kullanilan bir sistemde bazi diger birimlere de ihtiya¢ vardir,
bunlar: CPUMERKEZI ISLEM UNITESI) , I/O (GIRIiS-CIKIS) birimi, BELLEK
olarak &rneklenebilir. Mikrodenetleyicili bir sistemde ise ihtiyac duyulan
birimler sadece bir mikrodenetleyici ve osilatér devresidir [2]. Diger ihtiyac
duyulan 6n bellek, giris-cikis birimleri  mikrodenetleyicinin  icinde

bulunmaktadir.

Mikrodenetleyiciler bir yazilim olmadan higbir ise yaramayan timdevre’ dir.
Mikrodenetleyiciyi kontrol eden bir yazilim oldugunda ise kullanim alanlarini
belirlemek hayal glcunlze kalir. Bilgisayar denetimi gerektiren bir
uygulamayi gelistirirken secilecek mikrodenetleicinin tim istekleri yerine
getirip getiremeyeceg@ine ve maliyet hesabina dikkat etmek gerekir. Ayrica
yapllacak  uygulamanin devresini olusturmadan 6nce  secilen
mikrodenetleyicinin  simllasyonunun yapilp yapilamayacagdi da c¢ok
6nemlidir. Bu 6zellikleri dikkate aldigimizda MICROCHIP firmasinin Urettigi

PIC ailesini kullanmak akilci bir yol olarak éne ¢ikmaktadir.

PIC ailesi mikrodenetleyiciler adini ingilizce, “Peripheral Interface Controller”
cumlesindeki kelimelerin bas harflerinden alir. PIC’ in Tirkge agihmi:

“Cevresel Birimleri Denetleyen Arabirim”dir [3]. Burada bahsedilen cevresel



birimler bizim kontrol etmek istedigimiz, motor, réle, lamba, sensér ve bunun

gibi elemanlardir.

2.1. PIC Mikrodenetleyicilerin Tercih Sebepleri

Sayisal uygulamalarinin hizli olmasi

- Fiyatinin ucuz olmasi ve kolay temin edilebilmesi

- Veri ve bellege hizli ulagilabilmesi

- Herhangi bir ek bellek veya /O birime ihtiyag duymamasi
- Calismasi icin osilatér disinda bir ihtiyacinin olmamasi

- Yuksek frekanslarda ¢aligsabilmesi

- Zor calisma sartlarina dayanabilmesi

2.2. PIC’ in Kullanimi i¢in Gerekli Agamalar

Girig/Cikig: Mikrodenetleyicinin dis dinya ile iligkisini saglayan, giris ve ¢ikis
seklinde ayarlanabilen baglanti pin' leridir. Giris/Cikis  ¢cogunlukla
mikrodenetleyicinin iletisim kurmasina, kontrol etmesine veya Dbilgi

okumasina izin verir.

Yaziim: Mikrodenetleyicinin galismasini ve igletiimesini saglayan bilgidir.
Basarili bir uygulama igin yaziim hatasiz olmahdir. Yaziim C, Pascal veya
Assembler gibi gesitli dillerde veya ikilik sayi sisteminde yazilabilir.

Donanim: Mikrodenetleyici, bellek, arabirim bilesenleri, glic kaynaklari, sinyal
dlzenleyici devreler, bunlar ¢alistirmak ve arabirim gdérevini Ustlenmek igin

bu cihazlara baglanan tim bilesenlerdir.



Simdlatér: PC Gzerinde c¢alisan ve mikrodenetleyicinin igindeki islemleri
simule eden yazilim paketidir. Simulatér, programlari adim adim izleyerek
hatalardan arindirma olanagr saglar. Bu c¢alisma yapilirken faydalanilan
simalatér Microchip firmasinin  MPLAB programidir. MPLAB programi
dreticinin  piyasaya cikardigi yeni  mikrodenetleyicilerinde  yazilim
yUklenmesine olanak saglanabilmesi icin sirekli glincellenen bir programdir.
Hazirlanan yazilim program yardimi ile kontrol edilir ve olasi hatalar 6nceden
tespit edilmis olur. MPLAB programi kullanilirken éncelikle program igindeki
yeni yazihm olusturma bdliminden bir sayfa acihir ve  kurgulanan
algoritmaya gére yazilim hazirlanir. Hazirlanan yazilim .asm uzantisi ile
kaydedilir. Bu uzanti assembly dilinde yazilmig yazilimlarin sahip oldugu ve
programin yazilimi tanimasini saglayan dosya uzantisidir. Bundan sonra
yazihmda hata yok ise ayni program ve PIC programlama karti ile hazirlanan
yazihm timdevreye yUklenir. Basariya ulasilana kadar PIC tzerindeki yazilim

defalarca silinip yazilabilir.

ICE: (In Circuit Emulator / Ic Devre Takipgisi) PC ve mikrodenetleyicinin yer
alacagi soket arasina baglanmig yararli bir gerectir. Bu gereg, yazilim PC’ de
calisirken devre karti Gzerinde bir mikrodenetleyici gibi davranir. ICE, bir
programa girilmesini, mikrodenetleyici icinde neler oldugunu ve onun diger

bagh oldugu aygitlarla nasil iletisim kurdugunun izlenmesini mimkdn kilar.

Programlayici: Yazilimin mikrodenetleyici belleginde programlanmasini ve
bdylece ICE’In yardimi olmadan c¢alismasini saglayan bir birimdir.
Programlayici MPLAB programi ile hazirlanan yazilimin 16’lik say! sistemine
cevrilmis seklini mikrodenetleyicinin bellegine yazmaya yarar ve bu yazilan

veri sayesinde mikrodenetleyiciler tek basina calisabilecek duruma gelir.

Kaynak Dosyasi: Hem Assembler’ in hem de tasarimcisinin anlayabilecegi
dilde yazilmis bir programdir. Kaynak dosyasinin mikrodenetleyici tarafindan

anlasilabilmesi icin dnceden assemble edilmis olmasi gerekir.



Assembler: Kaynak dosyay! bir nesne dosyaya ddnustiren yazilim paketidir.
Hata arastirma bu paketin yerlesik bir 6zelligidir. Bu 0Ozellik sayesinde

programdaki hatalarin ortadan kaldirilmasini saglar.



3. RFPIC12F675 MiKRODENETLEYICi

VOD—=[+1 — 20 [J=—Vss
GPS/TICKIDSC1/CLKIN=—=[] 2 % 19 []=—= GPO/CIN+ICSPDAT
GP4MIGIOSC2ICLKOUTe—[1 3 o 18 []=—=GP1/CIN-ICSPCLK

GPAMCLR/VPP—=[1 4 -2 17 [J=—=GP2TOCKIINT/COUT
RFXTAL —=[] 5 % 16 [J—=FSKouT
RFEN—=[16 @ 15 [J-=——DATAFSK
REFCLK =—11 7 e 14 []=+——DATAASK
PSS «[18 & 13 []=—»|F
VDDRF —=[1 9 % 12 []+——\/ssRF
VsSRF— [0 10 = 11 J—=ANT

Sekil 3.1. RFPIC12F675 pin gosterimi

RFPIC12F675 cok cesitli kullanim alanlarina hitap eden, dusik maliyetli,
yiksek performansli ve kolay kullanima sahip bir mikrodenetleyicidir. 20
bacakli bir timdevre’ dir. RFPIC12F675 mikrodenetleyicisinin bu ¢alismada
kullaniimasinin sebeplerini anlamak igin 6ncelikle onun &zelliklerinden

bahsetmek gerekir [5] .

3.1. RFPIC12F675 Mikrodenetleyicinin Ozellikleri

- RFPIC12F675’ i kullanabilmek igin yalnizca 35 tane komut bilgisine ihtiyag
duyulur.

- Uretici tarafindan kalibre edilmis dahili 4 MHz osilatérii vardir.

- Harici osilator girisine olanak verir.

- Kesme (Interrupt) 6zelligi vardir.

- 1024 x 14 kelime FLASH program hafizasi vardir.

- 128 x 8 byte EEPROM veri hafizasi vardir.

- 64 x 8 byte SRAM veri hafizasi vardir.

- 100 000 kez yazihp, silinebilen FLASH dayaniklihgi vardir.

-1 000 000 kez yazihp, silinebilen EEPROM dayanikliligi vardir.



- FLASH ve EEPROM hafizada tutma émru 40 yildan fazladir.
- Programlanabilir kod korumasi vardir.

- 6 adet giris-¢cikis pin baglantisi vardir.

- LED sirebilen yiksek akim glctine sahiptir.

- Analog comparator’ a sahiptir.

- 10 bit, 4 kanal analog-dijital geviriciye sahiptir.

- VDD=3V iken 5us uyanma(wake-up) hizina sahiptir.
- DOsUk gug tiketimine sahiptir. (Vpp=3V)

- 4 MHz dahili osilatér kullaniminda 500uA akim ceker.
- Uyuma (SLEEP) modunda 0.6pA akim ceker.

- Bekleme (STANDBY) modunda 0.1uA akim ceker.

- 2.0 — 5.5V ¢alisma voltaji aralidina sahiptir.

- Genis calisma isisI araligina sahiptir.

- Dahili UHF ASK/FSK vericiye sahiptir.

- ASK veri iletim hizi: 0 — 40 Kbps

- FSK veri iletim hizi: 0 — 40 Kbps

- Ayarlanabilir verici gug¢ tiketimi

3.2. RFPIC12F675 Mikrodenetleyicilerin Bazi Kullanim Alanlar

- Otomotiv sektdriinde uzaktan, kablosuz agma-kapama sistemleri [4].
- Otomotiv alarm sistemleri.

- Ortak gecis ve garaj kapi sistemleri.

- Hirsiz alarm sistemleri.

- Bina giris sistemleri.

- Duslk guc uzaktan élcim sistemleri.

- Mesafe dlcim.

- Lastik basin¢ sensorleri.

- Kablosuz sensorler.

- Uzaktan makine ve motor kontrol(.



4. RFPIC DEVELOPMENT KIT 1 (RFPIC GELISTIRME TAKIMI 1)

RFPIC gelistirme takimi, bir uygulama ve gelistirme aracidir. Arag
RFPIC12F675 markali mikrodenetleyicilerle birlikte UHF ASK/FSK' vericiler
ve rfRXD0420 UHF ASK/FSK alicilardan olusur [6]. Alici ve verici moduller
PIC TAKIMI Gzerine kolayca takilip ¢ikarilabilir sekilde dizayn edilmistir ve
disik maliyetli bir gelistirme ve uygulama araci olusturulmustur. Alici ve
verici birimlerinin diginda kalan gelistirme karti Uzerindeki ledler yardimi ile
tasarlanan yazilimin ilk kontrolleri yapilarak dogru calisip calismadigi
incelenebilmektedir.  Ayni zamanda gelistirme takimi verici icin gerekli
yazilimin RFPIC Uzerine ylklenmesinde de aracilik yapar. Bunlarin diginda
alicinin aldigi verilerin cikis olarak izlenebilmesini saglayan 16F676

timdevresini de (izerinde bulundurur.

Sekil 4.1. RFPIC Gelistirme Takimi



4.1. RFPIC Gelistirme Takimi icerigi

- 315 MHz verici modul

- 433.92 MHz verici modil

- 315 MHz alici moddll

- 433.92 MHz alict modul

- PIC 16F676

- RFPIC Geligtirme Takimi Baslangi¢ Yoénergesi
- PICKit 1 FLASH Starter Takimi devre karti

- Usb Kablo

- Tanmitim ve yazihm CD-ROM’lari

- MPLAB IDE CD-ROM’ u

4.2. rfRXD0420 Alici Modilu

rfRxD0420 alici moduli dasik maliyetli, yiksek performansh UHF kisa
mesafe ASK alicisidir [7]. Modilin kullanim alanlari kablosuz uzaktan
kumanda ve kontrol, uzaktan anahtarsiz giris uygulamalari, gUvenlik
sistemleri, dislk guUc¢li uzaktan 6lcim sistemleri ve bunun gibi
uygulamalardir. Ahct modil tek basina calisabilmektedir. Bu 6zelligi ile bir
cok uygulamaya adapte edilebilir ve proje gelistirme calismalarinda
kullanilabilir. Yapilan gelistirme calismalarinda basari saglandiginda devre
dizayni Ureticinin verdigi bilgiler dogrultusunda 6zgin olarak yapilabilir. Bu
calismada da alici modllin uygulama takimindan ayn tek basina
calisabilmesi icin 13. baglanti bacagina disardan +5V gerilim uygulanmis ve
tek basina calismasi saglanmistir. Vericiden gelen bilgiyi veri c¢ikis
bacagindan almak suretiyle istenen yénetim kablosuz olarak saglanabilmistir.

4.2.1. Alici Modiil Ozellikleri

- Tek kanal, sabit frekansta 315 ve 433.92 MHz’ de caligir.
- ASK modulasyonludur.
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- Yuksek frekansta kararli ¢calisma

- Isi farkliliklarinda ve genis voltaj araliginda ¢aligsabilme
- Genis alanli sinyal yakalama 6zelligi

- Cok disik bekleme akimi

- Duis0k guraltali yakselteg

Sekil 4.2. RFRXD0420 Alict Modulu

Alici modil anten boyutu frekansa gére belirlenir. Uretici gerekli olan
6zelliklerdeki anteni kullanicilara paket icerisinde géndermektedir, ancak yeni
bir antene ihtiyac duyuldugunda su formule gére anten Uretilir :

Anten uzunlugu (inch) = 2952.8 / f (Hertz)

11
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Sekil 4.3. Alici modul devre semasi



nnnnuuunnnSEEG

[H A5K10=$N

Qo00000000000

Sekil 4.4. Alici modiil devre karti tasarimi (Uretici firmanin dizaynidir.)
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4.3. RFPIC12F675 Verici Moduli

RFPIC12F675 distk maliyetli, yiksek performansli, UHF kisa mesafe ASK
vericidir. 12F675K 315 MHz ve 12F675F 433.92 MHz frekansta veri iletimi
saglar. RFPIC12F675 cesitli kullanim alanlarina hitap eden ve tek basina
calisabilen bir verici moduldar [8]. RFPIC Gelistirme Takimi ile birlikte
kullanilabilen verici modul ile ¢ok gesitli uygulamalar yapmak mimkuindur.
Verici modil Uzerinde iki adet digme bulunur. Bu digmeler GP3 ve GP4
cikislarina baghidir. Verici modul Gzerinde iki adet potansiyometre mevcuttur.
Bunlar ise GP0 ve GP1 Cikiglarina baghdir. GP5 cikisinda RF ENABLE
baglantisi vardir. GP2 cikisinda DATA ASK baglantisi vardir. Moddlin
kullanim alanlar kablosuz uzaktan kumanda ve kontrol, uzaktan anahtarsiz
giris uygulamalar, guvenlik sistemleri, disik gicli uzaktan 6lgim sistemleri

ve bunun gibi uygulamalardir.

On Yiiz Goriiniimii Arka Yiiz Goriniimil
Microcke MicrocHIP
rFPIC12F&7S
1] v ¥ éﬁj—’?" CRE03Z ar

; a (24D ®aTYLYD
a0 W34
i | o
RE HDIZJI
zI.H
Q %1 =1
51 [
|Q| Pur Sel
= [«T=]50
GF%  PIClt Batt
C

nl‘llln I...I
[+] o
o_~al -
7 pd TH Ofs
N
Ta PICkit-1 J3
pionEne T YAn NG
o o i i i 0 & OF O O X 4+ LD

00000000000000

%

12345678 30001021314

Sekil 4.5. Verici modul 6n ve arka ytz gérinima
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gii¢ anahtar

gii¢ baglanh
baliimii

rfPIC™ Transmitter Module

Sekil 4.6. Verici modl

4.3.1. Verici modiil glic beslemesi

Sekil 4.3.1° de gorilen P1 glg¢ secicisi vericinin ihtiyag duydugu enerjinin
kaynagini segmeye yarar. Segici pin1 ve pin2 kisa devre olacak duruma
getirildiginde vericinin glic beslemesi pin 13 den yapilir, bu durumda verici
modll PIC Gelistirme Takimi Uzerinde olmali veya kullanici manuel olarak
pin13’ e ihtiyag duyulan gerilimi vermelidir. P1 segicisi pin2 ve pin3 kisa
devre olacak sekilde baglandiginda, verici Uzerinde bulunan pil tarafindan
beslenmeye baslar. Bu pozisyonda verici hareketli ortamlarda kullanilabilme
imkani tanir.
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Sekil 4.7. Verici modil devre semasi



5. ALICI VE VERICi MODULLERIN UYGULAMALARA HAZIRLANMASI

5.1 Verici Modiiliin Uygulamaya Hazirlanmasi

Verici modiller Uretim sonrasi dretici firma tarafindan verici uygulama
programi yUklenerek kullanicilara sunulmaktadir. PIC16F676 ise alici
uygulama programi yUkli olarak génderilmektedir. Bu programli alici ve verici
modduller ile hemen uygulamaya gecilebilmektedir. Bu uygulama basit bir
ON/OFF (AG/KAPA) kontrol uygulamasidir. Bu uygulamay! kullanabilmek igin

verici modul su sekilde hazirlanir.

ADIM 1: Kullaniimak istenen alici modulindn frekansina uygun verici

modul segilir.

ADIM 2:  Verici modul Gzerindeki gu¢ anahtari pil konumuna getirilir ve
verici modill uygulamaya hazir hale gelir. Uygulama basit bir ON/OFF
(AG/KAPA) kontrol uygulamasidir, alici moddl hazirlandiktan sonra verici
moduildeki GP3 digmesine basiimasi ile PICKIT Takimi Gzerindeki DO LED’ i

yanar.

Expansion -— MPIC12F675 Transmitter Module

Header (J3)
USB Cable

l

Remove PIC16FETE

a— PICkit™ FLASH Starter Kit

Sekil 5.1. Verici modulin pickit takimina takilmasi
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5.2. Alici Modiliin Uygulamaya Hazirlanmasi

ADIM 1: DS40051 kodlu PICKIT Takimi kullanici ydnergesi ve notlar
incelenerek calismaya baslanir. PICKIT Takimina hakim olmak icin bu
ybnerge detayli bir sekilde incelenmelidir. Ydénerge icerisinde PICKIT
Takiminin icerigi ile ilgili bilgi ve dokumanlar, yazilim programlari ile ilgili
bilgiler, MPLAB IDE programinin kullanim bilgileri ve karsilasilabilecek bazi

sorunlara érnek ¢cézimler gbsterilmigtir.

ADIM 2: PICKIT Takimi Gzerindeki gii¢ baglantisi USB kablo cikarilarak
kesilir.

ADIM 3: PIC16F676 PICKIT Takimi Gzerindeki yerine takilr.

ADIM 4:J3 baglantisina alici modullerden (315 veya 433.92 MHz) bir tanesi
takilir. Baglantinin yéna ve dogrulugu kontrol edilir.

ADIM 5: Alici modile uygun olan anten baglantisina takilir. Aliciya uygun

anten boyutu alici frekansina gére su tablo yardimi ile secilebilir.

Gizelge 5.1. Alici modil anten sec¢im tablosu

Frekans Anten Uzunlugu
315 MHz 9-3/8"
433.92 MHz B-3/4"

ADIM 6: PICKIT ile USB baglantisi yapilir ve USB kabloya bilgisayar
tzerinden gug verilir. Alicl modul uygulamaya hazirdir.

18



ANTEN l

MoDUL «—ALICI MODUL
BAGLANTISI

LED D \ N

USB KABLO

l

PIC16F676

Sekil 5.2. Alici modulin pickit takimina takilmasi

Alici modul Pickit takimina takilirken baglanti ydnine dikkat etmek gerekir.
Dogru ybénde baglantinin yapilabilmesi icin baglanti yuvasi ve modul

Uzerindeki pin numaralarindan faydalanilir.



6. ADIM KONTROLLU MOTORLAR

Rulman

Rotor

STATOR

Sekil 6.2. Adim motorun i¢ yapisi

Acisal konumu adimlar halinde degistiren, ¢cok hassas sinyallerle strllen
motorlara adim motorlari denir [9]. Adindan da anlasilacagl gibi adim
motorlar belirli adimlarla hareket ederler. Bu adimlar, motorun sargilarina
uygun sinyaller génderilerek kontrol edilir. Adim motorlar manyetik alanlarin
karsilikli etkilesimi (itme-gekme) prensibiyle caligirlar. Sirtclt durumdaki
manyetik alan stratejik olarak yerlestiriimis bobin gruplarinin enerjilendirilip

ardindan enerjinin kesilmesi yoluyla déner. Bu dénen manyetik alan adim
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motorun sabit miknatishh mil rotorunu da beraber c¢ekerek ddnduarir ve
hareket olusur. Eger bobinleri enerjilerken belirli bir siraya uyarsak motor
dbner aksi takdirde motorda vizildayan ve yerinde duran bir rotor mili elde

ederiz.

Herhangi bir uyartimda, motorun yapacagi hareketin ne kadar olacag,
motorun adim acisina baglidir. Adim acisi motorun yapisina bagli olarak 90°,
45° 18° 7.5° 1.8° veya daha degisik acilarda olabilir [10]. Motora
uygulanacak sinyallerin frekansi degistirilerek motorun hizi kontrol edilebilir.
Adim motorlarinin dénis yénU uygulanan sinyallerin sirasi degigstirilerek saat

ibresi ydnU veya saat ibresinin tersi yéninde olabilir.

Adim motorlarinin hangi yéne dogru dénecegi, devir sayisi, dénlis hizi gibi
degerler mikrodenetleyici veya bilgisayar yardimi ile kontrol edilebilir. Sonug¢
olarak adim motorlarinin hizi, dénis yéni ve konumu her zaman
bilinmektedir. Bu &zelliklerinden dolayr adim motorlari ¢ok hassas konum
kontroll istenen yerlerde cok kullanilirlar. Adim motorlarinin kullanildiklari
yerlere 6rnek olarak, endustriyel kontrol teknolojisi i¢erisinde bulunan bazi
sistemler, robot sistemleri, takim tezgahlarinin ayarlama ve &l¢gmeleri
verilebilir. Ayrica, adim motorlari konumlandirma sistemlerinde ve bro

makinalarinda da kullaniimaktadir.
6.1. Adim Motoru Cesitleri

Kullanimda olan birgok elektrik motorunda oldugu gibi adim motorlar da

makinenin yapisina ve ¢alismasina goére siniflandirilabilir.
6.1.1. Degisken reliiktansh (DR) adim motoru

Degisken relUktansh adim motoru en temel adim motoru tipidir. Bu G¢-fazli
motorun 6 adet stator kutbu vardir. Birbirine 180° agili olan herhangi iki stator
kutbu ayni faz altindadir. Bunun anlami, karsilikli kutuplarin Gzerindeki
sargilarin seri veya paralel olmasi demektir. Rotor 4 adet kutba sahiptir.

Stator ve rotor ntveleri genellikle ince tabakali silisli celikten yapilrlar. Disitk
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manyetomotor kuvveti uygulansa bile, stator ve rotor malzemeleri ylksek

gecirgenlikli ve iclerinden yiksek magnetik aki gecicek kapasitede olmalidir.

6.1.2. Sabit miknatish (SM) adim motorlar

Basit bir sabit miknatis adim motoru, en az dért kutuplu stator icinde dénen,
iki kutuplu sabit miknatis yapiya sahip rotordan olusur. Bu tip motorlar, disik
dénme glclne sahip olduklarindan ylksek hiz istenen uygulamalarda

kullanilmazlar
6.1.3. Karigik yapil (Hybrid) adim motoru

Rotorunda sabit miknatis bulunan bir diger adim motoru da karigik yapih
adim motorudur. Hybrid kelimesi motorun sabit miknatisli ve degisken
reliktansli  motorlarin  prensiplerinin  birlesmesinden dolayr verilmigtir.
GUnimuzde ¢ok genis bir kullanim alanina sahip olan Hybrid adim motorun
statorunun nlve yapisi degisken reliktansh adim motorunun aynisi veya ¢ok
benzeridir. Fakat sargilarin baglantisi degisken reliktansli motorunkinden
farklidir. Degisken rellktansli adim motorunda bir kutupta bir fazin iki
sargisindan sadece bir tanesi sarilmig iken, 4 fazli karigik yapili adim
motorunda iki farkli fazin sargilari ayni kutupta sarilmistir. Bundan dolay: bir
kutup sadece bir fazin altinda degildir. Karigik yapili adim motorlarinda
moment, dis yapilarindaki hava araliklarinin manyetik alanlarinin etkilesimi ile
olusturulur. Bu tip motorlarda strekli miknatis, strict kuvveti olusturmak igin
6nemli rol oynamaktadir. Fakat karisik yapili adim motorundaki rotor ve

stator diglerinin kiicik adim agilari elde etmek i¢in dizayn edildigi bilinmelidir.
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6.1.4. Unipolar ve bipolar adim motorlar

Endustri uygulamalarinda genellikle unipolar ve bipolar olmak Gzere iki ¢esit
adim motor kullanilir. Cok hassas calismalarda ise daha fazla kutup sayisina
sahip adim motorlar kullanilir. Unipolar adim motorlarda 5,6 veya daha fazla
bobin ucu disariya c¢ikarilir. Genellikle 5 veya 6 uclu unipolar adim motorlar
kullanilir. 5 uglu unipolar adim motorlarin 6 uglu adim motorlardan farki, 5
uclu adim motorda ortak uc tek iken, 6 uclu adim motorlarda ayri ayridir.
Bununla birlikte her iki motorun da calisma prensibi aynidir. Tim unipolar
adim motorlar ortak uca gére diger bobin uglarina uygun siralamada darbeler

uygulanarak calistirilirlar.Bipolar adim motorlarda ise ortak u¢ bulunmaz.
6.2. Adim Motorlarina Ait Onemli Parametreler
6.2.1 Coézunurlik

Go6zunUrlik; bir devirdeki adim sayisi veya dénen motorlar i¢cin adim agisi
(derece), lineer motorlar igin ise adim uzunlugu (mm) olarak tanimlanir. Bu
sabit deger, Uretim sirasinda tespit edilen bir bayOklOktar. Bir adim
motorunun adim buyukliga, cesitli kontrol dizenleri ile degistirilebilir. Yarim
adim ¢alismada adim blyUkligu normal dederinin (¢6zUnUrlGglnun) yarisina

indirilir.
6.2.2. Dogruluk

Bir adim motorunun adim konumu, tasarim ve Uretim sirasinda bir araya
getirilen birgok parganin boyutlari ile belirlenir. Bu pargalarin boyutlarindaki
toleranslar ve dahili strtinmeler adimlarin nominal denge konumlarinda da
toleranslara neden olurlar. Bu durum adim motorunun dogrulugu olarak
isimlendirilir ve belli bir konumdaki maksimum acisal hatanin nominal tek
adim degerinin ylzdesi olarak ifade edilmig halidir. Klasik adim motorlarinda
bu hata % £ 1 ile % = 5 arasinda degismektedir. SGrtinme momenti veya
kuvveti nedeniyle olugsan konum hatalari bu dogrulukla ilgisi olmayan, daha
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az veya cok olabilen rasgele hatalardir. Ancak her iki tip hata toplanarak
sistemin toplam hatasi elde edilir.

6.2.3. Tek adim tepkisi

Motor fazlarindan biri uyarilmis durumdaysa motor Kkararli bir adim
konumundadir. Bu fazin uyartimi kesilip yeni bir faz uyartilirsa motor bir adim
atacaktir. Rotor konumunun zamana gére bu degisimi tek adim tepkisi olarak
tanimlanir. Tek adim tepkisi, motorun adim hareketinin hizini, tepkinin agim
ve salinim miktarini, adim agisinin  hassashgini veren &6nemli bir
karakteristiktir. Adim motorlarindan maksimum performans elde edebilmek
icin tek adim tepkisindeki asim ve salinimlarin azaltiimasi ve yerlesme
zamaninin kisaltiimasi gerekmektedir. Bu nedenle tek adim tepkisinin

iyilestirilmesi adim motorlarinin kontrolinde ¢ok bulyidk dneme sahiptir
6.3. Adim Motorlarin Uyartimi

6.3.1 Tek faz uyartim (Single Coil)

Motor sargilarinin sadece birisinin uyarildigi uyartim cinsine tek-faz (Single
Coil) uyartim denir. Uyartim saat yoéni icin 1000,0100,0010,0001 seklinde
saat ybnlnin tersi icin 0001,0010,0100,1000 seklinde olmaldir.

6.3.2. iki faz uyartim (Double Coil)

Motor sargilarinin ikisinin sira ile ayni anda uyarldidi uyartim sekline denir.
iki faz uyartimda rotorun gegici durum tepkisi tek-faz uyartima gére daha

hizhdir ancak burada guc¢ kaynagindan cekilen gig¢ iki katina gikmistir.

6.3.3. Yarim adim uyartim (Half Step)

Bu uyartim modunda tek faz ve iki faz artarda uygulanir. Burada rotor her bir
uyartim sinyali icin yarim adimlik bir hareket yapmaktadir. Bu uyartim modu
sayesinde 6rnegdin fabrika cikisi 2 derece olan bir motorun adim agisini 1
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dereceye dustrmuls oluruz. Bu calismada adim agisinin disurllerek daha
hassas bir kontrol yapabilmek i¢cin yarim adim uyartim teknigi kullaniimistir.

6.4. Unipolar Adim Motoru Siirme Teknigi:

Unipolar adim motorun yarim adim teknigine gére bobin sirme adimlari
tablodaki gibi olmaldir. Eger tablodaki darbe siralamasi yukaridan asagi
gerceklestirilirse motor ileri dogru ddner, eger sirayl asagidan yukari dogru
uygulanirsa motor ters yénde ddnmeye baslar, darbeleri uygulama hizi ise
motorun dénme hizini etkiler. Herhangi bir darbe aninda diger darbeyi
yollamaz ve en son uygulanan darbe sekansi korunursa motorun sasirtici bir
kararllikla fren yaptidi ve konumunu korudugu goéralur. Bu fren 6zelligi adim

motorlarin DC motorlara gére en 6nemli avantajidir.

Cizelge 6.1. Adim Motoru Hareket Darbe Tablosu

adim SO S1 S2 S3
1 1 0 1 0
2 1 0 0 0
3 1 0 0 1
4 0 0 0 1
5 0 1 0 1
6 0 1 0 0
7 0 1 1 0
8 0 0 1 0

Mikrodenetleyici, adim motor kontrolinde her bir adim igin 4 bitlik adim
bilgisi Uretir, bu 4 bitlik bilgiler adim motor bobinlerini stiren transistor lere
"AGC-KAPA" bilgisi olarak iletilir ve bu sekilde bobinlerin enerijisi kontrol edilir.
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unipolar adim motoru

Sekil 6.3. Unipolar adim motoru srls devresi

Asagidaki semadan da gorilecegdi gibi adim motorun bobinlerini sirmek icin
ULN 2003 transistor dizisini kullaniyoruz. Bdylece toplam kullanacagimiz 4
transistériin yerine 1 adet ULN2003 timdevresi ile sistem daha az karmagik

bir duruma getirilir. Sekil 6.4.’"de ULN2003 timdevresine ait baglanti pinlerini
gO6rilmektedir.

PIC' ten

gelen bilgi gikig

p )
2
3
q
5
L]
“
O

Tuprmk

Sekil 6.4. ULN2003 transistor dizisi



Asagidaki Sekil 6.5." de hareket tablosu bobinlerin uygulanan akima verdigi
tepkiyi ve bu tepkiden kaynaklanan rotor déntsini gdsterilmektedir. Unipolar
motorda her bobinin karsisindaki bobin, ters akimdan dolayi ters kutuplanir.

adm 1 adim 2 adim 3

) ! H
Y Y
D= ¢ mme

R
U H

%E :E:

ﬂ ﬁ

adim 4 adim 5

A e kb PR =S T
- =S s s
— S S S
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Sekil 6.5. Adim motor hareket gésterimi



6.5. Uc Adet Adim Motoru Segici Ve Siiriicii Devre Tasarimi

A BT
MOTOR :)
VERi GiRisi

MOTOR
SEGik
0~ Qe

0 e

ULN 2003

[r

—111l1
ULN 2003

o T

Eg e

Sekil 6.6. Ug adet adim motoru siiricii devre karti
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Tasarlanan devrede iki ayri birimden veri girisi yapilmaktadir. Bunlar
motorlarin hareket icin ihtiyag duydugu adim darbeleri, digeri ise hangi
motorun calisacagini belirleyen motor sec¢im bilgisidir. Adim darbeleri
vericinin saga veya sola don bilgisini aliciya géndermesi ile birlikte 4 bitlik veri
halinde strlcu devreye uygulanir. Bu bilgi ilk olarak tim motorlara ait
transistor dizilerine bagh olan 74LS08 kodlu AND (VE) kapilarina ulasir. Bu
andan itibaren hangi motorun g¢alisacaginin segilmis olmasi gerekir. Secilen
motora ait VE kapilarinin tamamina “1” bilgisi ulasmistir ve artik secilen
motorun transistér dizisine gerekli adim darbeleri ulasacaktir. Adim darbeleri
tim motorlara ayni sekilde gdnderilir ancak bu darbe bilgisi yalnizca segilen
motorlarin transistorlarina ulasir. Bu durumda yalnizca secilen motorun
calismasi saglanmis olur. Tasarlanan devre Sekil 6.6." da gértlmektedir.

Resim 6.1. Ug¢ Adet Adim Motoru Siiriicii Devre Karti
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Resim 6.2. Proteus Programinda Sirlct Karti Tasarimi

Hazirlanan sirich karti Proteus Ares programi kullanilarak dizayn edilmigtir.
Programa ait ekran gorintisi Resim 6.3’ de gdésterilmistir. Proteus Ares
programi kullanimi kolay ve devre karti tasariminda kolayliklar saglayan bir
programdir. Programi kullanirken gerekli olan devre elemanlari programin
icindeki kUtUphanelerden bulunabilmekte ve dogru odlgllerde devre Kart
dretimi icin gereken tasarim yapilabilmektedir.
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7. KAMERA SECICi DEVRE TASARIMI

Kamera secici devresinin kalbini MAX454 timdevresi olusturmaktadir.
MAX454 4 adet video goérintl girisi olan ve segilen gorintinin gikistan
alinmasina olanak saglayan bir timdevredir [11]. Bu projede 4 kamera
girisinden 3 tanesi kullaniimistir. Hangi kameranin secildigi ledler yardimi ile
takip edilebilmektedir. MAX454 hangi kameranin secilmesi gerektigi bilgisini
vericiden génderilen motor sec¢im bilgisine gére alir. 3 adet motordan hangisi
secildi ise 0o motora bagl kameranin ¢ikis gérintlst olarak secilmesi bu
sekilde otomatik olarak saglanmis olur. Kamera secici devresi secici
timdevreye gelen 2 bitlik veri bilgisine gére sec¢im yapar. Bu 2 bitlik veri
motor seciminde kullanilan secim bilgisi ile ortak baglidir. Bu bilgiye gére “00”
icin 1. kamera, “01” i¢in 2. kamera, “10” i¢in 3. kamera ve “11” igin 4. kamera
cikista izlenir. Tasarlanan devre Sekil 7.1."de gérilmektedir.

kamera girigleri IC1 Maxass ¢ -
12
T e
=TT EEUK Eﬁg goriinti gikig
- — 3 14 : o R .
] R7
& 10 WA X454 68 11K
R3I 7% 13 PFI
- T Re
1K
2 1 3 4
l L E—
= L A L

MOTOR SECIM ORTAK
BAGLANTIUCLARI

Sekil 7.1. Goériintl secici devre semasi
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Resim 7.1. Gorlntu secici devre karti

Resim 7.1.de Kameralara ait gérintiinin kullanici tarafindan segilmesini
saglayan devre kartinin tamamlanmis halinin resmi gorilmektedir. Daha
sonra bu rsimde gérilen secici karti, sistemin diger kontrol kartlar ile

birlestirilecektir.



8. SISTEMIN BIiRLESTIRILMESI

Sistemin en son calisan haline gelebilmesi icin tasarlanan ve (retilen
birimlerin bir araya getirilerek uyumlu sekilde ¢aligsmasi gézlenmigtir. Motor
strlct devresi, alict modul, gbérintl secici devresi, adim motorlar ve
kameralar ile verici modlilden olusan sistem elemanlarinin istenilen
komutlara uyum sagladigi g6zlenmistir. Birlestirilen devre kartlar disardan
gb6zlenebilecek ancak zarar gbrmemesi saglanacak bir sekilde Resim 8.1 de
gbruldaga gibi kutulanmigtir.

Resim 8.1. Sistemin Birlestirilmis ve Kutulanmis Durumu

Birlestirilen sistem birimlerinin birlikte calismalarini  6zetleyen calisma
algoritmasi Sekil 8.1" de gosterilmigti. Bu sekilde daha &6nce bireysel
Ozellikleri anlatilan birimlerin sistem igindeki calisma sekilleri gériimektedir.
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Sekil 8.1. Sistemin genel ¢calisma algoritmasi



9. SONUC VE ONERILER

Bu calismada mikrodenetleyiciler ailesinin son teknolojik bireylerinden radyo
frekansli mikrodenetleyicilerin  6zellikleri ve uygulama alanlari anlatildi.
RFPIC takiminin birimleri ve nasil kullanildigi uygulamalar ile kontrol edildi.
Bu uygulama alanlarina érnek teskil etmesi igin kablosuz olarak 3 adet adim
motorunun kontrolU saglandi. Kontrol igslemi motor sec¢imi ve motorlarin saga-
sola dénds hareketlerinin gergeklestiriimesi ile yapildi. Kontrol iglemi igin
gerekli olan yazilim derlendi ve programlayici devre araciligi ile RFPIC
tzerine yuklendi. Uygulama alanlarinda karsilasilacak problemlere érnek
teskil etmesi icin uygulama sekilleri adim adim anlatildi. Motor sirls
devresinde ilk karsilasilan problem alici tarafindaki PIC16F676 tiimdevresinin
adim motorunu dogrudan surebilir diisiincesi ile motora transistor olmaksizin
baglanmasi ve s6z konusu 16F676 timdevresinin yanmasidir. Bundan sonra
gerekli timdevre ve yedekleri tekrar temin edilmistir ve motorlarin ihtiyag
duyacagl akimin saglanabilmesi icinde gerekli olan transistor (ULN2003)
temin edilerek sisteme uygulanmistir. Bu mikrodenetleyiciler kullanilirken
cihazlar ile ilgili tim dokimanlar incelenmelidir. Bu sayede uygulama
sirasinda meydana gelebilecek bozulma ve zarar gérme durumlarindan
uzaklasilmis olacaktir. Motorlarin dizenli bir sekilde calismasi basar ile
saglandiktan sonra kontrol edilecek olan kameralar ile ilgili arastirma
yapiimistir.  Arastirma sonucunda piyasada bulunan c¢ok cesitli givenlik
kameralarindan 3 farkli kamera segilmistir. Bu kameralarin gérintl secgimini
yapacak olan MAX454 timdevresi dretici firma olan MAXIM firmasindan
getirtiimis ve Uretici firmanin 6rnek go6sterdigi devre Uzerinde birtakim
degisiklikler yapilarak motor secici devre ile birlikte caligabilir hale
getirilmistir. Bu iki bagimsiz devrenin beraber c¢alisabilir duruma getirilmesi
ayni zamanda RFPIC’ lerin kontrol gerektiren bircok devrede ve sistemde
basari ile kullanilabilecegini ispatlamistir. Gergeklestirilen bu sistem hem
kablosuz kontroliin kolayligini ve glvenilirligini bize géstermektedir hem de
gerek duyuldugunda kablolu bir kontrol ile ayni zamanda kullanilarak
sistemin her tOrl0 calisma sartinda kontrol alternatifinin olmasini saglar. Bu
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calismada anlatilan cihazlarin kullanim alanlarindan bahsedilmis olsa da
kablosuz kontrol s6z konusu oldugundan yeni kullanim alanlarinin ihtiyaglar
dogrultusunda bulunacagi aciktir. Bu sisteme benzer olabilecek uzaktan ving
konroll, akilli ev otomasyonlari, givenlik sistemleri, biyomedikal alaninda
uzaktan O6lcim ve kontrol sistemleri ayni devre elemanlarina basit

degisiklikler ve yazihm destegi ile gergeklestirilebilecektir.
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EK-1. ULN2003A Transistér dizisi veri yapragi

ULN2003A SEVEN DARLINGTON ARRAYS

« SEVEN DARLINGTONS PER PACKAGE

« OUTPUT CURRENT 500mA PER DRIVER
(600mA PEAK)

» OUTPUT VOLTAGE 50V

« INTEGRATED SUPPRESSION DIODES FOR
INDUCTIVE LOADS

« OUTPUTS CAN BE PARALLELED FOR
HIGHER CURRENT

« TTLU/CMOS/PMOS/DTL COMPATIBLE INPUTS

« INPUTS PINNED OPPOSITE OUTPUTS TO
SIMPLIFY LAYOUT

DESCRIPTION

The ULN2001A, ULN2002A, ULN2003 and
ULNZ2004Aare highvoltage, high currentdarlington
arrays each containing seven open collector dar-

DIP16

ORDERING NUMBERS: ULN2001A/2A/3A/4A

ORDERING NUMBERS: ULN2001D2D/3D/4D

PIN CONNECTION

lington pairs with common emitters. Each channel
rated at 500mA and can withstand peak currents of
600mA. Suppression diodesare included for induc-
tive load drwmglandl the inputs are pinned opposite W % ouT 1
the outputsto simplify board layout.
|'_Fhe fourversionsinterfacetoall common logic fami- N 2 15 OUT 2
ies:

ULN2001A | General Purpose, DTL, TTL, PMOS, N 3 1% oUT 3

CMOS

ULN2002A | 14-25V PMOS N & 13 0UT &

ULN2003A | 5V TTL, CMOS

ULN2004A | 6-15v CMOS, PMOS NG 2 oUT 5
Theseversatile devices are usefulfor driving a wide - 1 oUT 6
range of loads including solenoids, relays DC mo- IN 6 w
tors, LED displays filament lamps, thermal print-
heads and high power buffers. IN 7 10 our 7
The ULN2001A/2002A/2003Aand 2004A are sup- COMMON FREE
plied in 16 pin plastic DIP packages with a copper GND 3 WHEELING DIODES
leadframe to reduce thermal resistance. They are
available also in small outline package (SO-16) as $-18711
ULN2001D/2002D/2003D/2004D.




EK-1. (Devam) ULN2003A Transistor dizisi veri yapragi

SCHEMATIC DIAGRAM

Lojpec ===
EACH DRIVER

Series ULN-20014
{each driver)

L - ===

Seres ULN-20024
{each driver)

EACH DRIVER 5- e
Series ULN-20034 Seres ULN-20044
{each driver) {each driver)
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vo Output Vaoltage 50 V
Vi Input Voltage {for ULN20024/0 - 200340 - 2004410) 30 V
l Continuous Collector Current 500 ma
Iy Continucus Baze Currsnt 25 mé
Tarb Operating Ambient Temperature Range - 2010 85 o
Tag Storage Temperature Range - 5510150 =
Tj Junction Temperature 150 °C
THERMAL DATA
Symbol Parameter DIFE S016 Unit
Rinjamo | Thermal Resistance Junction-ambient Max. 70 100 "CW
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EK-1. (Devam) ULN2003A Transistor dizisi veri yapragi

ELECTRICAL CHARACTERISTICS (Tams = 25°C unless otherwise specified)

Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit | Fig.
lzex Output Leakage Current Ve = 50V 50 pA | 1a
Tamb = 70°C, Ve = b0V 100 | pA | 1a
Tamp = 70:C
for ULN2002A
Ve = 50V, V; =6V 500 | pA | 1b
for ULN2004A
Vee =50V, Vi=1V 500 | pA | 1b
Vegsay | Collector-emitter Saturation lz = 100mA, Iz = 250uA 09 1.1 \ 2
Voltage lg =200 mA, Iz = 350pA 1.1 1.3 N 2
Ic = 350mA, Is = 500pA 1.3 1.6 Vol 2
lijom) Input Current for ULN2002A, W, = 17V 082 | 125 | mA | 3
' for ULN2003A, V. = 3.85V 093 | 135 | mA | 3
for ULN2004A, V; = 5V 035 | 05 | mA| 3
Vi=12v 1 145 | mA | 3
lijef) Input Current Tamb = 70°C, lc = 500pA 50 65 nwA | 4
Vijen) Input Voltage Vee = 2V Vo5
for ULN2002A
lc = 300mA 13
for ULN2003A
lc = 200mA 24
lg = 250mA 27
lg = 300mA 3
for ULN2004A
lc = 125mA 5
lc = 200mA 6
lc = 275mA [
lg = 350mA 8
hes DC Forward Current Gain for ULN2001A
Viee = 2V, Iz = 350mA | 1000 2
C Input Capacitance 15 25 pF
tFLH Turn-cn Delay Time 05Vito 05V, 0.25 1 s
teHL Turn-off Delay Time 05Vito 05V, 0.25 1 1
I Clamp Diode Leakage Current | Vg = 50V 50 wA | 6
Tame = 70°C, Vg = 50V 100 | pA | 6
Ve Clamp Diode Forward Voltage | Iz = 350mA 1.7 2 N




EK-1. (Devam) ULN2003A Transistor dizisi veri yapragi

TEST CIRCUITS

Figure 1a. Figure 1b.
OPEN  Yce OPEN  Veg
leex leex
OPEN
-5T1% l 5=57286
Figure 2. Figure 3.
e
heg ™
Iy e 1l
5- TG
Figure 4,
l %E %ﬁ
v i
5-TNT
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EK-1. (Devam) ULN2003A Transistor dizisi veri yapragi

Figure 8: Collector Current versus Input Current
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Figure 10: Peak Collector Current versus Duty
Cycle
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Figure 9: Collector Cumrent versus Saturation
Voltage
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Figure 11: Peak Collector Current versus Duty
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EK-1. (Devam) ULN2003A Transistor dizisi veri yapragi

DIP16 PACKAGE MECHANICAL DATA

I R N N O I SO -

- mm inch
MIN. TYP. MAX. MIN. TYP. MAK.
at 0.51 0.020
B 0.7y 1.65 0.030 0.085
b 0.5 0020
b 025 D.0dD
D 20 0.var
E B85 0.335
2 254 D. 100
el i7.78 0. 700
F 71 0.280
5.1 0201
L 33 D.130
z 1.27 0.050
[
= -
_—
N mel
2 B | ] E
= -x I
D
A MM
- 1
(T8
1 ¥
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EK-2. MAX454 Gorintl segici timdevre veri yapragi

MAXI/V

CMOS Video Multiplexer/Amplifier

General Description Features
Copable of g a 7o kad oty The UARAES, o -guin bandidh of SOMHz yp
' | I X h &
MAX454, and MAX455 combine the 50MHz video ampi- Low Input capacitanca: 7pF typ.
fier, o thit MAX4E2, with an on-board multiplexer offering ~~ #  No frequency-compensation required
2.‘.HEWMEW.H||MMMAH52HTM #  Low power operation; zsmnw;-yp,
civices operate from +5V supplies and fypically con- b
sume only Z50mW. : ::;.:1 Ivas 75 ;nmﬂ
Flvas m
Optimized for video applicetions, these amplifiers will . ?bdni OFF lsol
dect) e a 180 omiosd o 32, i awn 1V typleal tion at & MHz
nioa Al wrriplifiers ane unity-gain stable and
oo not requine extamal freguency compsrsation com- 'ﬂ'l'dﬂmﬂ' Information
ponents. The MAXA53/454/455 oparate as positive-gain
amplifiers, gain being sat by two extemal nesistors, Sinoe PART TEWF. RANOE PACKAGE
thay am connected as nondnverng ampilifiers, B WANASICAA 0" e « T0°C 8 I st 0P
rminimium elesed-ioop gain is 0dB. In most MANASICEA 0°6 15 + F°0 # load 3malh it
the amplifiecs closad-loop gain wil be set ot 0dB or ARG 0°cio +70%C Dica
+6dB é;\ﬂgzuﬁrMEH:’M. which guaranioas a minimum [T — 10°C 18+ 85°C s piasic OF
' WAKASIE A -A0°G 1 +08°C # Inad CERCEP
MRS EUC i 41570 A laad CERDIP
Applications MARLIICPR 0'cie + 70 il preasne OF°
_ MAKLSACER 0°C 1o +T0%C # laukd sAl-cli vy
Video signal multipledng MAGLEIERA  A0%Gg +8570 W bead plastio OF
T5 ohim cable drivers MAXSIELS 400 1 48500 H led CERDIP
Driving flash converlars WAL -55%Cin +125°0 B desid CEREAP
, MESICFD "G w +T0%C 14 bead plasiic CiF
Video Crosspoint Switches MA4BACED 9*C 404G 14 lnaed mmall-outing
MAX4S4ERD -7 485°0 14 lead plasikc CIF
MANASIE D -a1"04 +05%C 14 lnad CERDP
[Ovchring IriTmation Commnied of Las Page.)
Pin Conflgurations
a1 4] Vour
W:E A AR A6 HT
[E MAk454 -
we: (3] %]
we (5] NE

inie (7]

S/P/E/TSTPXVN
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EK-2. (Devam) MAX454 Goérintl segici timdevre veri yaprag!

CMOS Video Multiplexer/Amplifier

ABSOLUTE MAXIMUM RATINGS

Total Su i e 12V

Frahbsa 'qlul* A Lo +_1lg

Womage, Vel GNDY L -

Inpul Vatage ... ... 0.3 Ve ) -0a v

DighalInpu Voltage ... ...... ..., cooo DIVENTIH0IY

Sienge T-_urmn - oL -BETEN 418070

mwum

MANASAC MANASSE . L MG+ TR

IWAXEETE MANAESE,

MANESIE MANASSE T Y

PAATIR WAANASI

MANASAM WAX AR5 .. -84°Cm +1257C

Leag mparalur [Scldaring, 10 62},
Druration. o Ot Stort-Dircull fo grosnd
gt Current, power on or off

Cighal lnputs .. .......... ..

Al bt plos .
Cartinusus Total Pirew Dissipation [Ty = +70"C)
& P CEADIP [Beraln B0 " C above 705G

14 Pl CEADIP [charain 8 Sy ™ abows 7070y

20 P CEADN [doratn 11 1m0 above P0°0)
BPFin Plaglic DIF (darals 8 3mW~C above TO°C) |
14 P Pawlic DOF [deroin 10.0mWH G aborss TIFCH .

20Fin Flestic DIP {daratg 111 mWC abows 70°C)

14 Fin SrallOu g (cecste 8. Fmint™ C abovn 70°5)
20 Pin Smal Outiing (cerabe 10.0mW 6 abowe 7075

1 Pin Small-Oufine (o 5 Bminy ™ 0 abowe T070)
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parrafion of i davion o Mk o afy S condibions Bboe hose indizalsd i Me sperahonal Secions of i Spocicaions & fol impled, Exposun i
FLSNTE MANTILT R condilion bor edented panods My afesd device mbahiily

ELECTRICAL CHARACTERISTICS MAX452/3/4/5
(V¥ = + 8V, V= = -5V, -2V's Vin< + 2V, Output Load Resistor = 15000, Ta = + 25°C uniess otherwise noted)

PARAMETER | SYMBOL | CONDITIONS [MIN. v,  wmax| umiTs
VIDED AMFLIFIER
(MAXA5213/4/5) .
Input Voltage Aarige Vi Cwar Temperature Range (Note 2) | -2 2 L)
Input Otfet Vollige L 2 & miy
Oftsat Volltage Drift AV /AT | (Note §) 20 100 | pvec
Input Biss Cumant Tg = +25°C (Mole 1) i 10
s Chver Temparatre © 1 10 A
Range (Nobes 1.2) E 3 30
M 50 S0
Input Resistancs Rp g 1
Dpen-Loop Voltage Gain Rl = 100002 180 260
Avee | R =1500 45 70 VvV
A =78l i) k]
Opan-Loap Gain Drift Ay AAT | Ry =15000 0.5 WG
ﬁ:m Made Relection | cymr | -2v < vin g +2v B & dB
Ralio PPy Rel PSRR +4.5V o + 55 54 65 dB
Slew Rt SR {Mote 5 150 300 WE! |
Mets 1; It bims cuTBN! InChuckes the miipise's ON-stain ieakage curmen for ihe MAKESS, MAXA5 sl MAK4SS
Hete 2 Opsiiling bempsratine rangs for *G° devioss i 670 w0 00, tor "B devioss |5 4010 + 85 G and ko "M devless 1 -55°C o + 12570
Mode 3 e be] signal. 3 SEMHE Hnmeavn of amgiliude 40 INE superimpossd on 8 Inear ramg [0 o 100 1RE). Th amqifler b ot al agals of 290
il dihing & 160 ohm load
Metw d:  Gumianiesd over the woitaga @nge, ¥=< gy <y ¥,
Motw d:  Guarantesd by dasign,

{Continweed on next pags)



EK-2. (Devam) MAX454 Goérintl segici timdevre veri yaprag!

CMOS Video Multiplexer/Amplifier

Pin Deacription
FIN FIN HUMBER FUNCTION
HAME MAX452 MAX453 MAX454 MANASS
Ve B 6 12 18 Posifive Supgly, +5V
V- 3 3 4 6 Magative Supply, -5Y
Veur B 8 14 20 Amplifier output
-IN T 7 13 19 Armplifiar's inverting input
+IM 5 - - Ampifier's non-inv. input
IND - 4 T 1 Analog input, channel
IN1 - 5 B T Analog input, channel 1
N2 - - 10 g8 Analog input, channel 2
IN3 - - 1 0 Analog input, channal 3
M4 = = - 1 Anahog input, channsl 4
N5 - - = 13 Anakag input, channel 5
(M - - - 15 dniakcxg input, chanmel &
N7 - - . 17 Analog input, channel 7
A2 - - - i Channel select, M5B
Al - = 1 ) Chanmned salect
A - 1 2 3 Chiannel sslect, LSB
GND - 2 3 4 Logic Ground
Detailled Description Tabla 1.
The video amplifier is a low gain, wideband op-amp  Galn and Load Resistor Selection
opiimized for driving low impedance koads. Opan-loop
gainis about 40VA with a T50hm load which introducesa. | GAIN - -3d8 R1 R2 Riasd
small gain errar. Howver, this can readily be trimmed by VA {MHz} i il L]
acdjusting the gain-setling resistors, 1 50 1] o Fi:]
The MAXASZA/4S senes are umgah E‘tﬂth.whﬂﬂ 2 40 ik 1k 150
?m“ﬂ?ﬂ%ﬁ%wwﬂ at & gain uffgu'?liﬂﬂﬁ E 5 30 4k 1k 390
frscuBncy GO components required. Gan- 10 ;] Sk 1k 750

arally, for the best tranalant , thie load resistance
should be (in ohms) 75 x GAINIMA). Thus, at a gain of
+ BdB (2v/V), the ampiifie s optirnal load 5 150 ohms. fa
highar resistive load is used. the amplier will show
paaking noa it -3d8 frequency. It a capaciive load is
being driven, such as tha input to a flash converter, the
load should be “molated” by a sones resistor o limit
armpiifier finging, see Figure 4,

The bandwidth of the ampifier iz affected by both the
chosed-loop gain and the load resistor. Table 1 lists the
=3dB raliolf frequency for & MAX4S3M/S with differant
gans and optimal resistve loads, The MAX432, which
doesn't have the inpul multiplexer, runs about 20%
higher in Bandwidth,

Thies multipiexers feature break-before-make switches o
ingure that no twe channels ane ever connecied together.
Low DC offset voltage and high bandwicth alow the
MAX4ES 0 be cascaded to form & 64 channal system
while retaining wideo signal fidelity.

Figure 1 shows a typical application of the MAX455. The
circuit is being used o drive a back terminated 75 ohm
cabie. B3 and A4 temmingie the cable at both ends. A3
also attenyuates the signel by afactor of two, 50 to make up
for the signal loss, thie ampifier | run at a gain of 2V,
Thiz amangement provickes Wnity gain from signal inputio
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rfPIC12F675

PIN BUFFER Pote DESCRIPTION
IN out
1 VoD Direct — — Power Supply
General purpose I/Q. Individually controlled interrupt-on-change.
GPS TIL | CMOS Prog Indi\.-'iduaFIJIy Sﬁaued pull-up. ’ g *
2 T1CKI ST — — Timer1 clock
0SsC1 Xtal — Bias XTAL connection
CLKIN ST — — Extermnal RC network or clock input
GP4 L CMOS Prog Gepgral purpose I/O. Individually controlled interrupt-on-change.
Individually enabled pull-up.
TG ST — — Timer1 gate
. AN3 Analog — — A/D Channel 3 input
0sc2 — Xtal Bias XTAL connection
CLKOUT — CMOS — Tosc/4 reference clock
GP3 m . S:Er::grzl purpose input. Individually controlled interrupt-on-
. MCLR ST — No Master Clear Reset
VrP HV — — Programming voltage
5 RFXTAL Xtal Xtal Bias RF Crystal
6 RFEN TTL — — RF Enable
Reference Clock/4 Output (on rfPIC12F675K/F
7 |REFCLK | — | CMOS | — |pcic e Clooks Output Ecm fPIC12F675H) )
8 PS Analog — Bias Power Select
9 VDDRF Direct — — RF Power Supply
10 | VssRF Direct — — RF Ground Reference
11 |ANT — oD — RF power amp output to antenna
12 | VSSRF Direct — — RF Ground Reference
13 |LF Analog | Analog — Loop Filter
14 | DATAASK TTL — — ASK modulation data
15 | DATAFSK TTL — — FSK modulation data
16 |FSKout — oD — FSK output to modulate reference crystal
General purpose I/O. Individually controlled interrupt-on-change.
GF2 ST | CMOS | Prog IndividuaFI,Iy enabled pull up. Y i *
ANZ Analog — — A/D Channel 2 input
17 cCouT — CMOS — Comparator output
TOCKI ST — — External clock for Timer0
INT ST — — Extemnal interrupt
General purpose I/Q. Individually controlled interrupt-on-change.
it DL B Lo ol InclivicluaFIJIy enabled pull-up. Y i *
AN1 Analog — — A/D Channel 1 input
Liz CIN- Analog — — Comparator input - negative
VREF Analog — — Extemnal voltage reference
ICSPCLK ST — — Serial programming clock
GPO m CMOS Prog Gepgral purpose I/O. Individually controlled interrupt-on-change.
Individually enabled pull-up.
19 [ANO Analog . . A/D Channel 0 input
CIN+ Analog — — Comparator input - positive
ICSPDAT | TTL CMOS — Serial Programming Data I/O
20 ([Vss Direct — — Ground reference

Legend: TTL = TTL input buffer, ST = Schmitt Trigger input buffer, OD = Open Drain output
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PinName | PinNumber | PinType | Buffer Type Description
LNAGAN 2 | CMOS  |LNA gain control (with hysterasis)
LNAauT 3 0 Anakg  |LNA output (open coledor)
1IFi 4 | Anakg  |1stIF stage input
1IF+ b Anakg  |MIXER1 bias (open collactor)
1IF- i - Anakg  |MIXER1 bias (open collactor)
1IFout 9 0 Anakg  |1stIF stage output
2IFN 11 | Anakg  |2nd IF stage input
FBC1 12 Anakg  |Limiter |F Amplifier external feedback capacior
FBC2 13 Anakg  |Limiter IF Amplifier external feedback capacior
2IFour 15 0 Anakbg  |2nd IF siage output
DEMN 16 | Anakg  |Demodulator input
OPA 18 0 Anakog  |Operational amplfier output
(QPA- 19 | Anakg  |Operaticnal amplifier input (negative)
OPA+ 20 | Anakyg  |Operational amplfier input (postive)
R3Sl 21 0 Analog  |Received signal strength indicator output
DEMauT+ 2 0 Anakg  |Demodulator output (positive)
DEMor- 24 0 Anakg  |Demodulator output (negative)
XTAL 26 | Anakg  |Crystal oscillator input
ENRX 28 | CMOS  |Raceiver enable input
LF ! | Anakg  |External koop fiter connaction. Common node of
charge pump output and VGO tuning input.
LNAN k) | Anakg  |LNAinput
Voo 81412132 P Postive supply
Vs 1,510, 25,30 P Ground reference

Legend: | = Input, O = Qutput, IO = Input/Output, P = Power, CMOS = CMOS compatible input or output
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EK-5. Alici kisim program kodlari

;  Author: Mustafa Burak UVEZ

; Filename: alici_program_adim_motor

; Files required:
; p16f676.inc

list p=16f676 ; list directive to define processor
#include <p16f676.inc> ; processor specific variable definitions

errorlevel -302 ; suppress message 302 from list file

)

; Configuration Bits (Section 9.1 Configuration Bits)

; Data Memory Code Protection bit:
; _CPD_ON = Enabled

; _CPD_OFF = Disabled

; Program Memory Code protection:
; _CP_ON = Enabled

; _CP_OFF =: Disabled
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; Brown-out Detection Enable bit:

; _BODEN_ON = Enabled

; _BODEN_OFF = Disabled

; GP3/MCLR pin function select:

; _MCLRE_ON = GP3/MCLR pin function is /MCLR

; _MCLRE_OFF = GP3/MCLR pin function is digital 1/0,

; /MCLR internally tied to Vdd

; Power-up Timer Enable bit:

; _PWRTE_ON = Enabled

; _PWRTE_OFF = Disabled

; Watchdog Timer Enable bit:

; _WDT_ON = Enabled

; _WDT_OFF = Disabled

; Oscillator Selction bits:

; _EXTRC_OSC_NOCLKOUT = CLKOUT function on GP4 pin, RC on
GP5 pin.

; _EXTRC_OSC_CLKOUT = I/0 function on GP4 pin, RC on GP5 pin.
; _INTRC_OSC_CLKOUT = Internal oscillator, CLKOUT function on GP4
pin,

; 1/0 function on GP5 pin.

; _INTRC_OSC_NOCLKOUT = Internal oscillator, I/0 function on GP4
and GP5 pins.

; _EC_OSC = 1I/0 function on GP4 pin, CLKIN on GP5 pin.

; _HS_OSC = High speed crystal/resonator on GP4 and GP5 pins.

; _XT_OSC = Crystal/resonator on GP4 and GP5 pins.

; _LP_OSC = Low power crystal on GP4 and GP5 pins.
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__CONFIG _CPD OFF & CP_OFF & BODEN_OFF & MCLRE_OFF
& PWRTE_OFF & WDT OFF & INTRC_OSC_NOCLKOUT

)

; Variables (Section 2.2 Data Memory Organization)

; Data Memory Organization (Section 2.2)
; Register locations 0x20 to 0x5F (64 bytes) are General Purpose
; registers, implemented as static RAM and are mapped across both

; banks.

cblock 0x20
w_temp ; used for context saving
status_temp ; used for context saving

adim
TEMP ; General Purpose Temp register
DATAO ; 1st byte of received data
DATA1 ; 2nd byte of received data
DATA2 ; 3rd byte of received data
DATA3 ; 4th byte of received data
ORIGIN ; a reference used to increment
TMRLOW

SX1TMR ; LED timer (low order)

SX2TMR ; LED timer (high order)
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TMRLOW ; pulse width timer (low order)
TMRHIGH ; pulse width timer (high order)
HIGHWDTH ; high pulse width
LOWWDTH ; low pulse width
STATECNTR ; program state counter
BITCNTR ; data stream bit counter
FLAGS ; flags
COUNTR ; misc. counter

MOTREG
sayac
sayaci
LEDREG ; LED Array Register
LEDREGBUF ; LED Array Register Buffer
LEDSTATE ; LED Array State Counter
endc
; Defines

)

; PORTA (Section 3.1)

; PORTA is an 6-bit wide, bi-directional port. The corresponding data
; direction register is TRISA. Setting a TRISA bit (= 1) will make

; the corresponding PORTA pin and input. Clearing a TRISA bit (= 0)

; will make the corresponding PORTA pin an output. The exception is
; RA3, which is input only and its TRIS bit will always read as a '1'".
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; Function of PORTA pins depend on:
; Configuration Bits (CONFIG) (Section 9.1)
; Weak Pull-up Register (WPU) (Section 3.2.1)
; Interrupt-on-change Register (IOCB) (Section 3.2.2)
; Option Register (OPTION_REG) (Register 4-1)
; TIMER1 Control Register (T1CON) (Register 5-1)
; Comparator Control Register (CMCON) (Section 6.0)
;  A/D Control Register (ADCONO) (Section 7.0) (PIC16F676 Only)

#define RAO PORTA, 0 ; (Analog Input) Potentiometer
RP1

#define RXDATA PORTA, 1 ; (Digital Input/Output) LEDs
D6, D7

#define RA2 PORTA, 2 ; (Digital Input/Output) LEDs D2, D3,
D4, D5, D6, D7

#define LRNPB PORTA, 3 ; (Digital Input Only) Push
Button SW1

#define RA4 PORTA, 4 ; (Digital Input/Output) LEDs DO, D1,
D2, D3

#define RA5 PORTA, 5 ; (Digital Input/Output) LEDs DO, D1,
D4, D5

; Define for TRISA Register (Section 3.1)

; PORTA Pins = xx543210
;#define PORTATRIS b'00111111’
#define PORTATRIS b'00001010' ; RA3 learn butonu onun icin
ellemedik digerleri cikis

; PORTC (Section 3.3)
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; PORTC is a general purpose I/O port consisting of 6 bi-directional
; pins. The pins can be configured for either digital 1/0 or analog

; input to A/D converter. For specific information about individual

; functions such as the comparator or the A/D.

#define RCO PORTC, 0 ; (Digital Input/Output)
#define RC1 PORTC, 1 ; (Digital Input/Output)
#define RC2 PORTC, 2 ; (Digital Input/Output)
#define RC3 PORTC, 3 ; (Digital Input/Output)
#define RC4 PORTC, 4 ; (Digital Input/Output)
#define RC5 PORTC, 5 ; (Digital Input) Receive Data

; PORTC Pins = xx543210
#define PORTCTRIS b'00000000’

; Program Defines

)

; Status Counter

#define BEGNO0x00

#define BEGN1 0x01
#define HEADR 0x02
#define HEADR1 0x03
#define HIGHP 0x04
#define LOWP 0x05
#define RECRD 0x06
#define WAIT 0x07
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#define VALID 0x08
#define IMPLMNT 0x09

; Flags
#define LRNFLG FLAGS, 0 ; this flag is set when in learn mode
#define TOGFLG FLAGS, 1 ; toggle flag
#define HLFLG FLAGS, 2 ; high-low flag

; LEDs

#define LED3 LEDREG, 3

#define LRNLED LED3

; Program Memory

)

; Program Memory Organization (Section 2.1)

ORG 0x000 ; RESET Vector

nop ; for ICD use
goto RESET



57

EK-5. (Devam) Alici kisim program kodlari

ORG 0x004 ; Interrupt Vector

movwf w_temp ; save W register

swapf STATUS, W ; swap status to be saved into W
bcf STATUS, RPO ; ---- Select Bank 0 -----

movwf status_temp ; save STATUS register

; Interrupt Service Routine (ISR) (Section 9.4)
; Description: This program does not use interrupts

)

swapf status_temp, W ; swap status_temp into W, sets bank to
original state

movwf STATUS ; restore STATUS register

swapf w_temp, F

swapf w_temp, W ; restore W register

retfie

; Subroutine DATA_EEPROM_READ

; Description: To read an EEPROM data memory location, the address
is

; written to the EEADR register and set control bit RD (EECON1<0>) to
; initiate a read. Data is available in the EEDATA register the next
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; clock cycle.

; Constants: none

; Global Variables: none

; Initialization: W contains EEPROM address to be read
; Output: W contains EEPROM data

)

DATA_EEPROM_READ

bsf STATUS, RPO ; —- Select Bank 1 -----

movwf EEADR ; move EEPROM address in W to EEADR
bsf EECON1, RD ; initiate EEPROM read

movf EEDATA, W ; move datato W

bcf STATUS, RPO ; —-- Select Bank 0 -----

return

; Subroutine DATA_EEPROM_WRITE

; Description: To write an EEPROM data memory location, the address
is

; written to the EEADR register, data to the EEDATA register, then

; execute a required sequence of instructions.
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; CAUTION: Interrupts are disable during this subroutine
; Constants: none

; Global Variables: none

; Initialization: Address = EEADR, Data = EEDATA

; Output: none

)

DATA_EEPROM_WRITE

bsf STATUS, RPO ; ---- Select Bank 1 -----

bsf EECON1, WREN ; EEPROM Write Enable: allow write
cycles

bcf INTCON, GIE ; disable global interrupts

; *** required sequence, do not alter ***

moviw 0x55

movwf EECON2

moviw 0xAA

movwf EECON2

bsf EECON1, WR ; initiate EEPROM write

; ¥ end required sequence ***

btfsc EECON1, WR ; has write completed?
goto $-1
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; bsf INTCON, GIE ; enable global interrupts

bcf EECON1, WREN ; EEPROM Write Enable: inhibit write
cycles

bcf STATUS, RPO ; ---- Select Bank 0 -----

return

; Initialize PICmicro (PIC12F675)

)

INITIAL

; Disable global interrupts during initialization

bcf INTCON, GIE ; disable global interrupts

; Calibrating the Internal Oscillator (Section 9.2.5.1)

; Oscillator Calibration Register (OSCCAL) (Section 2.2.2.7)

; A calibration instruction is programmed into the last location of

; program memory. This instruction is a RETLW XX, where the literal is
; the calibration value. The literal is placed in the OSCCAL register

; to set the calibration of the internal oscillator.

bsf STATUS, RPO ; ---- Select Bank 1 -----
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call Ox3FF ; retrieve factory calibration value
movwf OSCCAL ; update register with factory cal value
bcf STATUS, RPO ;—- Select Bank 0 -----

; PORTS A AND C (Section 3.0)

; Store GPTRIS value defined above into the TRISIO direction register

bsf STATUS, RPO ; ---- Select Bank 1 -----

moviw PORTATRIS
movwf TRISA ; Write to TRISA register

moviw PORTCTRIS
movwf TRISC ; Write to TRISC register

bcf STATUS, RPO ;—- Select Bank 0 -----

; Comparator Module (Section 6.0)

; The PIC16F630/676 devices have one analog comparator. The inputs
to

; the comparator are multiplexed with the RAO and RA1 pins. There is
; an on-chip Comparator Voltage Reference that can also be applied to
; an input of the comparator. In addition, RA2 can be configured as
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; the comparator output. The Comparator Control Register (CMCON)
; contains bits to control the comparator. The Voltage Reference

; Control Register (VRCON) controls the voltage reference module.

; Comparator Configuration (Figure 6-2)

; bcf CMCON, CINV ; Comparator Output Inversion: not
inverted

; bcf CMCON, COUT ; Comparator Output bit: Vin+ < Vin-
; bcf CMCON, CIS ; Comparator Input Switch: Vin-

connectos to Cin-

; CM2:CMO = 111 - Comparator Off (lowest power)

bsf CMCON, CM2 ; Comparator Mode bit 2
bsf CMCON, CM1 ; Comparator Mode bit 1
bsf CMCON, CM0 ; Comparator Mode bit 0

; VRCON (Register 6-2)

bsf STATUS, RPO ; ---- Select Bank 1 -----

bcf VRCON, VREN ; CVref circuit: powered down, no Idd
drain
; bcf VRCON, VRR ; CVref Range Selection: High Range
; bcf VRCON, VR3 ; CVref value selection bit 3
; bcf VRCON, VR2 ; CVref value selection bit 2
; bcf VRCON, VR1 ; CVref value selection bit 1
; bcf VRCON, VRO ; CVref value selection bit 0

bcf STATUS, RPO ;---- Select Bank 0 -----
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; Analog-to-Digital Converter (A/D) Module (Section 7.0) (PIC16F676
Only)

; The analog-to-digital converter (A/D) allows conversion of an analog
; input signal to a 10-bit binary representation of that signal. The

; PIC16F676 has eight analog inputs multiplexed into one sample and
hold

; circuit. There are two registers to control the functions of the A/D

; module:

; A/D Control Register 0 (ADCONO0)

; A/D Control Register 1 (ADCON1)

; Analog Select Register (ANSEL)

; Note: When using PORTA or PORTC pins as analog inputs, ensure the
; TRISA or TRISC register bits are set (= 1) for input.

bcf ADCONO, ADFM ; A/D Result Formed: left justified
bcf ADCONO, VCFG ; Voltage Reference: Vdd

bcf ADCONO, ADON ; ADC is shut-off and consumes no
operating current

bsf STATUS, RPO ; ---- Select Bank 1 -----

; select A/D Conversion Clock Source: Fosc/8

bcf ADCON1, ADCS2 ; A/D Conversion Clock Select bit 2
bcf ADCON1, ADCS1 ; A/D Conversion Clock Select bit 1
bsf ADCON1, ADCSO0 ; A/D Conversion Clock Select bit 0
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; select GPIO pins that will be analog inputs: RAO/ANO

bef ANSEL, ANS7 ; Analog Select RC3/AN7: digital 1/0

bcf ANSEL, ANS6 ; Analog Select RC2/ANG: digital I/O

bcf ANSEL, ANS5 ; Analog Select RC1/ANS: digital I/O

bef ANSEL, ANS4 ; Analog Select RC0/AN4: digital 1/0

bef ANSEL, ANS3 ; Analog Select RA3/AN3: digital 1/0

bef ANSEL, ANS2 ; Analog Select RA2/AN2: digital 1/0

bef ANSEL, ANS1 ; Analog Select RA1/AN1/Vref: digital 1/0
bsf ANSEL, ANSO ; Analog Select RA0/ANO: analog input
bcf STATUS, RPO ;—- Select Bank 0 -----

; TIMER1 Module with Gate Control (Section 5.0)
; The TIMER1 Control Register (T1CON) is used to enable/disable
TIMER1

; and select various features of the TIMER1 module.

bcf T1CON, TMR10ON ; TIMER1: stopped

bcf T1CON, TMR1CS ; TIMER1 Clock Source Select: Internal
Clock (Fosc/4)

bcf T1CON, NOT_T1SYNC ; TIMER1 External Clock Input Sync
Control: Syncronize external clock input

; TTIOSCEN only if INTOSC without CLKOUT oscillator is active,
else ignored
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bcf T1CON, TIOSCEN ; LP Oscillator Enable Control: LP
oscillator off

; TIMER1 Input Prescale Select: 1:1

bcf T1CON, T1CKPS1 ; TIMER1 Input Clock Prescale Select
bit 1

bcf T1CON, TICKPSO0 ; TIMER1 Input Clock Prescale Select
bit 0

; TMR1GE only if TMR10ON = 1, else ignored
becf T1CON, TMR1GE ; TIMER1 Gate Enable: on

; PORTA Weak Pull-up Register (WPUA) (Section 3.2.1)

; Each of the PORTA pins, except RA3, has an individually configurable
; weak internal pull-up. Control bits WPUAXx enable or disable each

; pull-up. Refer to Register 3-1. Each weak pull-up is automatically

; turned off when the port pin is configured as an output. The pull-ups

; are disabled on a Power-on Reset by the /RAPU bit (see OPTION
Register

; below).

bsf STATUS, RPO ; ---- Select Bank 1 -----
;  PORTA Pins = xx54x210

moviw B'00000000' ; no pull-ups enabled
movwf WPUA
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bcf STATUS, RPO ;---- Select Bank 0 -----

; OPTION Register (OPTION_REG) (Section 2.2.2.2)

; TIMERO Module (Section 4.0)

; The OPTION_REG contains control bits to configure:

;  Weak pull-ups on GPIO (see also WPU Register above)
; External RA2/INT interrupt

; TMRO

;  TMRO/WDT prescaler

bsf STATUS, RPO ; ---- Select Bank 1 -----

bsf OPTION_REG, NOT_GPPU ; GPIO pull-ups: disabled

bsf OPTION_REG, INTEDG ; Interrupt Edge: on rising edge of
RA2/INT pin

bef OPTION_REG, TOCS ; TMRO Clock Source: internal
instruction cycle (CLKOUT)

bcf OPTION_REG, TOSE ; TMRO Source Edge: increment low-
to-high transition on GP2/TOCKI pin

bcf OPTION_REG, PSA ; Prescaler Assignment: assigned to
TIMERO

; TMRO Prescaler Rate: 1:4
bef OPTION_REG, PS2 ; Prescaler Rate Select bit 2
becf OPTION_REG, PS1 ; Prescaler Rate Select bit 1
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bsf OPTION_REG, PS0O ; Prescaler Rate Select bit 0

bcf STATUS, RPO ;—- Select Bank 0 -----

; PORTA Interrupt-on-Change Register (IOCA) (Section 3.2.2)

; Each of the PORTA pins is individually configurable as an interrupt-
; on-change pin. Control bits IOCAx enable or disable the interrupt

; function for each pin. Refer to Register 3-4. The interrupt-on-change
; is disabled on a Power-on Reset.

; Note: Global interrupt enables (GIE and GPIE) must be enabled for

; individual interrupts to be recognized.

bsf STATUS, RPO ; ---- Select Bank 1 -----
cirf 10CA ; Interrupt-on-change disabled
bcf STATUS, RPO ;---- Select Bank 0 -----

; Peripheral Interrupt Enable Register (PIE1) (Section 2.2.2.4)
; The PIE1 register contains peripheral interrupt enable bits.
; Note: The PEIE bit (INTCON<6>) must be set to enable any
; peripheral interrupt.
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bsf STATUS, RPO ; ---- Select Bank 1 -----

bcf PIE1, EEIE ; EE Write Complete Interrupt: disabled

bcf PIE1, ADIE ; A/D Converter Interrupt (PIC12F675 Only):
disabled

bcf PIE1, CMIE ; Comparator Interrupt: disabled

bef PIE1, TMR1IE ; TMR1 Overflow Interrupt: disabled

bcf STATUS, RPO ;--—-- Select Bank 0 -----

; Interrupt Control Register (INTCON) (Section 2.2.2.3)

; The INTCON register contains enable and disable flag bits for TMRO
; register overflow, GPIO port change and external GP2/INT pin

; interrupts.

bcf INTCON, PEIE ; disable Peripheral Interrupt Enable bit

bef INTCON, TOIE ; disable TMRO Overflow Interrupt Enable
bit

bef INTCON, INTE ; disable GP2/INT External Interrupt
Enable bit

bcf INTCON, RAIE ; disable Port Change Interrupt Enable bit

bcf INTCON, GIE ; disable global interrupts

retiw 0 ; exit INITIAL
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; Subroutine: TIMER

; Description: Continually updates two higher order timers (SX1TMR
and

; SX2TMR) for use in LED timing.

; Constants: none

; Global Variables: SX1TMR, SX2TMR

; Initialization: none

; Output: SX1TMR, SX2TMR

)

)

TIMER
btfss TOGFLG ; TOGGLE forces this routine to spend
goto TIMER1 ; 1/2 of TMRO in TIMER and 1/2 in TIMER1.

moviw B'01111111’

addwf TMRO, W ; TOGGLE toggles back and forth to a
btfss STATUS, C ; one the rate TMRO overflows.
retiw 0 ; TMRO overflow ~= 1ms (2A8*4us)

bcf TOGFLG

incfsz SX1TMR, F ; SX1TMR resolution ~= 1ms

retiw 0 ; SX1TMR overflow ~= 0.25sec (228*1ms)
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incf SX2TMR, F ; SX2TMR resolution ~= 0.25sec
retiw O ; SX2TMR overflw ~= 1min (2/8*0.23sec)
TIMERT1
moviw B'01111111’ ; Timer routine spends half its time
addwf TMRO, W ; in TIMER1 waiting to set TOGGLE
btfsc STATUS, C ; to one again
retiw 0
bsf TOGFLG
retiw O
adimtbl
ADDWF PCL,F
RETLW b'00000001’
RETLW b'00001001’
RETLW b'00001000’
RETLW b'00001010’
RETLW b'00000010’
RETLW b'00000110’
RETLW b'00000100’
RETLW b'00000101’

; Subroutine: CLOCK
; Description: Continually updates TMRLOW and TMRHIGH.
; Constants: none

; Global Variables: ORIGIN
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; Initialization: ORIGIN
; Output: TMRLOW, TMRHIGH

)

CLOCK

movf ORIGIN, W ; TMRLOW is updated based on time
passed since ORIGIN was set.

subwf TMRO, W ; TMRLOW resolution ~= 4us (like TMRO)

addwf TMRLOW, F ; TMRLOW overflow ~= 1ms (2A8*4ms)

btfsc STATUS, C ; TMRHIGH resolution ~= 1ms

incf TMRHIGH, F ; TMRHIGH overflow ~= 0.24sec (2A8*1ms)

nop ; NOP and subtraction commands ensure

nop ; ORIGIN equals TMRO as called upon

nop ; inline 2 of CLOCK.

moviw 2

subwf TMRO, W

movwf ORIGIN ; (ORIGIN must be updated to equal the
value

; of TMRO at time of operation with ORIGIN.)
retiw O
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; Subroutine: SETWATCH

; Description: Initialize the pulse width timer registers.
; Constants:

; Global Variables:

; Initialization: none

; Output: ORIGIN

)

SETWATCH
movi TMRO, W ; record TMRO's value in ORIGIN
movwf ORIGIN
cirf TMRLOW ; clear the low and high order timers
cirf  TMRHIGH

retlw 0

; Subroutine: SXON

; Description: Turns off all LEDs when they timeout. When SX1TMR
; overflows, SX2TMR will increment to 1. Recall this will occur at

; 0.25 seconds (2A8*1ms) after SX1TMR is initiated.
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; Constants: none

; Global Variables: LEDREG
; Initialization: SX2TMR

; Output: none

)

SXON
btfss SX2TMR, 0
rettiw 0

cirf LEDREG ; turn LEDs off

retiw 0

; Subroutine: Display

; Description: Displays Value Stored In LEDREGBUF On LED Array
; 1 bitis displayed during each call

; LEDREGBUF is reloaded with LEDREG after 8 calls of DISPLAY()
; D7..D4 LED'S show most significant nibble

; D3..D0 LED'S show least significant nibble
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; Constants:

; Global Variables: LEDREG, LEDREGBUF
; Initialization:

; Output:

)

;stepmotor dongusu icin gelen bilgilerin porta2dan géstersimesi
;input: LEDREG
;output: PORTA

)

; LEDREG xxxx00xx = motor 3 secili H'00' => porta,4 =0, porta,5=0

; xxxx01xx = motor 2 secili H'04' => porta, 4 =1, porta,5
=0

; xxxx10xx = motor 1 secili H'08' =>porta, 4 =0,
porta,5 = 1

; xxxx11xx = motor 0 secili H'OC' =>porta,d=1,
porta,5 = 1

;
; xxxxxxx1 = motor sag tarafa
; xxxxxx1x = motor sol tarafa doner

; (0) kahverengi = portc,3
; siyah = portc,2
; turuncu = portc,1
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; sari = portc,0

DISPLAY1

motorsecimi
moviw H'00’
subwfMOTREG,W
btfss STATUS,Z
goto motorisecili
bcf PORTA,2
bsf PORTA4
bcf PORTA,5
goto sol

motorisecili
moviw H'04'
subwfMOTREG,W
btfss STATUS,Z
goto motor2secili
bcf PORTA,2
bcf PORTA4
bsf PORTA,5
goto sol

motor2secili
moviw H'08’
subwfMOTREG,W

btfss STATUS,Z
goto motor3secili
bcf PORTA4
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bcf PORTA,5

bsf PORTA,2

goto sol
motor3secili

moviw H'0C'

subwfMOTREG,W

btfss STATUS,Z
goto cikisyok
; bcf PORTA4
; bcf PORTA,5
cirf PORTA
goto sol
sol
btfss LEDREG,0

goto sag

incf adim,f
movf adim,w
andlwb'00000111’
call adimtbl
andlwb'00001111’
movwf PORTC
call gecikme
cirf LEDREG
call gecikme
return

sag
btfss LEDREG,1
goto cikisyok
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decf adim,f

movf adim,w
andlwb'00000111’
call adimtbl
andlwb'00001111’
movwf PORTC
call gecikme
cirf LEDREG
call gecikme

return
cikisyok ;display1'in cagrildigi dongu'ye gider
; cirf LEDREG
; bsf PORTA,5

return

)

; Main Program

)

)

RESET
cirf FLAGS ; clear flags
cirf PORTA ; initialize PORTA inputs and outputs
cirf PORTC ; initialize PORTC inputs and outputs
cirf LEDREG

cirf LEDSTATE

cirf LEDREGBUF

moviw BEGN ; setup the state counter to call BEGIN
movwf STATECNTR
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call INITIAL
moviw H'ff’
movwf adim
MAIN
call TIMER
call CLOCK

; call DISPLAY1

moviw HIGH STATEM
movwf PCLATH
movf STATECNTR, W ; Mask out the high order bits of

andlw B'00001111’ ; STATECNTR (a noise guard)

addwf PCL,F ; The program clock (PCL) is incre-
STATEM

goto BEGIN ; mented by STATECNTR in order

goto BEGIN1 ; to go to the appropiate routine

goto HEADER
goto HEADER1
goto HIGHPLSE
goto LOWPULSE
goto RECORD
goto WAIT4END
goto VALIDATE
goto IMPLEMNT
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goto RESET ; These RESET commands correct
goto RESET ; erroneous values of STATECNTR
goto RESET ; not caught by the mask above.
goto RESET

goto RESET

goto RESET

; RECEIVE SEQUENCE

)

;*********************** CODE WORD FORMAT kkkkkkkkkkkkkkhkkkkkkkkkkkkkk

s LTI LT I I

s L] I

; I/

:  |~-PREAMBLE---|---HE ADER--s-|-=snns-=- ).\ - Se— |--GUARD--|
; TIME

akkkkkkkkkkkkkkkkkkkhkkkhkkkkkkhkkkhkkhkhkkkkkhkkkhkkhkkkhkkkhkkkhkkhkkkkkkkkhkkkkkkkkkkkk
)

;******************** RECEIVED DATA BREAKDOWN *kkkkkkkkkkkkkkkkkkkkkkk
;bytes | DATA1 | DATAO |

;bits | 7| 6| 5] 4| 3|2|1| 0] 7| 6| 5| 4] 3] 2| 1] 0]

;desc. |S2|S1|S0|S3| 0/ 0] SERIAL NUMBER 3 |

;bytes | DATA3 | DATA2 |

;bits | 7| 6| 5| 4| 3|2|1| 0] 7| 6] 5| 4] 3] 2| 1] 0]

;desc. | COUNTER |
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;* S3 Not used

.
)
akkkkkkkkkkkkkkkkkkkkkkhkkhkkkkhkkkkhkhkkkkkhkkkhkkhkkkkkhkkkhkkhkkkkkkkkhkkkkkkkkkkkk
)

; BEGIN
; This function looks for a possible start to the data stream.

; Input Variables:
; RXDATA
; Output Variables:

; none

BEGIN
btfsc RXDATA
incf STATECNTR, F ; Make state BEGIN1
goto MAIN

BEGINT1
btfsc RXDATA

goto MAIN

call SETWATCH
incf STATECNTR, F ; Make state HEADER

goto MAIN

; HEADER
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; Detects a valid header.

; Input Variables:

; RXDATA

; Output Variables:

; hone

HEADER
btfsc RXDATA ; The program loops here until 1.25ms
goto RESTART ; passes and if the data is still
btfss TMRHIGH, 0 ; low. If both hold true -> HEADER1.
goto MAIN ; 1.25ms occurs when:
moviw D'64’ ; TMRHIGH = 1 ~=2A8*4us = 1ms
andwf TMRLOW, W ; TMRLOW =64 ~= 64*4us = 0.25ms
btfsc STATUS, Z
goto MAIN

incf STATECNTR, F ; Make state HEADER1

goto MAIN

HEADER1
moviw D6’ ; If the data goes high before 6ms
subwf TMRHIGH, W ; then the header is valid, else
btfss STATUS, C ; restart.
goto HEADER2 ; TMRHIGH = 6 = 6*1ms = 6ms

goto RESTART
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HEADER2
btfss RXDATA
goto MAIN

call SETWATCH

moviw D'32' ; Initiate BITCNTR to 32 in order to
movwf BITCNTR ; receive 32 bits of the data stream.
incf STATECNTR, F ; Make state HIGHPLSE

goto MAIN

; HIGHPLSE
; Times the width of high pulses.

; Input Variables:
; RXDATA
; Output Variables:

; none

HIGHPLSE
btfsc TMRHIGH, 0 ; If TMRLOW overflows then RESTART
goto RESTART

btfsc RXDATA
goto MAIN

movf TMRLOW, W ; Move the pulse width value to
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movwf HIGHWDTH ; HIGHWDTH for later calculations.
call SETWATCH

incf STATECNTR, F ; Make state LOWPULSE

goto MAIN

; LOWPULSE
; Times the width of low pulses.

; Input Variables:

; nhone

; Output Variables:

; none

LOWPULSE
btfsc TMRHIGH, 0 ; If TMRLOW overflows then make
goto LOW2 ; state HEADER.

btfss RXDATA

goto MAIN
movf TMRLOW, W ; Move the pulse width value to
movwf LOWWDTH ; LOWWDTH for later calculations.

call SETWATCH
incf STATECNTR, F ; Make state RECORD

goto MAIN
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LOW2
moviw HEADR
movwf STATECNTR ; Make state HEADER if lowpulse is
; too long.
goto MAIN
; RECORD

; Records each bit as it comes in from the data stream.

; Input Variables:

; RXDATA
; Output Variables:
; DATAO
; DATA1
; DATA2
; DATA3
RECORD
movf HIGHWDTH, W
subwf LOWWDTH, W ; The state of the carry bit after
rrf DATAS3, F ; this operation reflects the data
rrf DATA2,F ; logic. This is then rotated
rrf DATA1, F ; into the storage bytes.
rrf DATAO, F
movilw HIGHP

movwf STATECNTR
decfsz BITCNTR, F
goto MAIN
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moviw D4’
movwf COUNTR

moviw DATAO
movwf FSR

RECORD1
moviw OxFF
xorwf INDF, W
btfss STATUS, Z
goto RECORD2

incf FSR, F

decfsz COUNTR, F

goto RECORD1

goto RESTART
RECORD2

moviw WAIT

movwf STATECNTR

goto MAIN

; Starting here and including RECORD1
; acheck is made to make sure that

; the data is not composed entirely

; of 1s.

; Use indirect referencing to point to
; DATAO -- DATAS3 on subsequent loops
; in RECORD1.

; Make state WAIT4END

; WAIT4END

; Wait for the guard time at the end of the code word before

; attempting to receive another code word.
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; Input Variables:
; RXDATA
; Output Variables:

; none

WAIT4END
btfsc HLFLG ; HHIGHLOW is set to indicate that the
goto WAIT1 ; data has transitioned from a high

btfsc RXDATA ; toalow.
goto MAIN

call SETWATCH

bsf HLFLG
WAIT1

btfss RXDATA

goto WAIT2

bcf HLFLG
goto MAIN
WAIT2
btfss TMRHIGH, 3 ; If the low period is greater than

goto MAIN ; 8ms (223*1ms) then the guard time

bcf HLFLG ; has been reached.
incf STATECNTR, F ; Make state VALIDATE
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goto MAIN

; VALIDATE
; Checks that the transmission received is from the valid

; transmitter.

; Input Variables:

; DATAO

; DATA1

; Output Variables:
; nhone

VALIDATE
moviw 0x00 ; EEPROM Address = 0x00
call DATA EEPROM _READ ; Get stored DATAO, EEDATA -> W

xorwf DATAO, W ; compare with received DATAO
btfss STATUS, Z ; If first byte checks out then
goto RESTART ; continue, else restart

moviw 0x01 ; EEPROM Address = 0x01

call DATA_EEPROM_READ ; Get stored DATA1, EEDATA->W

movwf TEMP ; move received DATA1 -> TEMP
bsf STATUS, RPO ; —- Select Bank 1 -----

movf EEDATA, W

bcf STATUS, RPO ; ---- Select Bank 0 -----
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xorwf TEMP, F ; compare with received DATA1
btfsc TEMP, 0 ; Do bits 8 and 9 of Serial Number 3
goto RESTART ; check out?

btfsc TEMP, 1
goto RESTART

incf STATECNTR, F ; Make state IMPLEMENT

goto MAIN

; IMPLEMNT
; Implements the outputs specified by the received code word.

; Input Variables:

; DATA1

; Output Variables:
; SO

; S1

; S2

IMPLEMNT

moviw DATAS3 ; read received analog value
movwf LEDREG ; save to LEDREG
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movwf MOTREG

moviw H'0C’

andwfMOTREG,F
clrf SX1TMR ; initialize the timers for the
clrf SX2TMR ; outputs

goto RESTART

; RESTART
; Sets the State Counter to BEGIN so that the receive sequence
; is restarted.

; Input Variables:

; none
; Output Variables:
; nhone
RESTART
moviw BEGN ; restart receive sequence and return
movwf STATECNTR ; to MAIN
call DISPLAY1
goto MAIN

;gecikme dongustu

akkkkkkkkkkkkkkkkk
)

gecikme
movliw H'ff'
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movwf sayaci
dongu

moviw H'ff'

movwf sayac
dongui

decfsz sayac,f

goto dongut

decfsz sayac1,f
goto dongu

return

; Data EEPROM Memory (Section 8.0)
; PIC12F629/675 devices have 128 bytes of data EEPROM with address
; range 0x00 to Ox7F.

; Initialize Data EEPROM Memory locations

ORG 0x2100
DE  0x73, 0x43, 0x02, 0x03

; Calibrating the Internal Oscillator (Section 9.2.5.1)

; Oscillator Calibration Register (OSCCAL) (Section 2.2.2.7)

; The below statements are placed here so that the program can be
; simulated with MPLAB SIM or emulated with the ICD2 or ICE-2000.

; The programmer (PICkit or PROMATE IlI) will save the actual OSCCAL

90



EK-5. (Devam) Alici kisim program kodlari

; value in the device and restore it. The value below WILL NOT be
; programmed into the device.

org Ox3ff
retlw 0x40

end ; end of program directive
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; Filename: verici_program_adim_motor

; 3 Author: Mustafa Burak UVEZ;

; Files required:
; p12f675.inc

list p=12f675 ; list directive to define processor
#include <p12f675.inc> ; processor specific variable definitions

errorlevel -302 ; suppress message 302 from list file

)

; Configuration Bits (Section 9.1 Configuration Bits)

; Data Memory Code Protection bit:
; _CPD_ON = Enabled

; _CPD_OFF = Disabled

; Program Memory Code protection:
; _CP_ON = Enabled

; _CP_OFF =: Disabled
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; Brown-out Detection Enable bit:

; _BODEN_ON = Enabled

; _BODEN_OFF = Disabled

; GP3/MCLR pin function select:

; _MCLRE_ON = GP3/MCLR pin function is /MCLR

; _MCLRE_OFF = GP3/MCLR pin function is digital 1/0,

; /MCLR internally tied to Vdd

; Power-up Timer Enable bit:

; _PWRTE_ON = Enabled

; _PWRTE_OFF = Disabled

; Watchdog Timer Enable bit:

; _WDT_ON = Enabled

; _WDT_OFF = Disabled

; Oscillator Selction bits:

; _EXTRC_OSC_NOCLKOUT = CLKOUT function on GP4 pin, RC on
GP5 pin.

; _EXTRC_OSC_CLKOUT = I/0 function on GP4 pin, RC on GP5 pin.
; _INTRC_OSC_CLKOUT = Internal oscillator, CLKOUT function on GP4
pin,

; 1/0 function on GP5 pin.

; _INTRC_OSC_NOCLKOUT = Internal oscillator, I/0 function on GP4
and GP5 pins.

; _EC_OSC = 1I/0 function on GP4 pin, CLKIN on GP5 pin.

; _HS_OSC = High speed crystal/resonator on GP4 and GP5 pins.

; _XT_OSC = Crystal/resonator on GP4 and GP5 pins.

; _LP_OSC = Low power crystal on GP4 and GP5 pins.
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__CONFIG _CPD OFF & CP_OFF & BODEN_OFF & MCLRE_OFF
& PWRTE_OFF & WDT OFF & INTRC_OSC_NOCLKOUT

)

; Variables (Section 2.2 Data Memory Organization)

; Data Memory Organization (Section 2.2)
; Register locations 0x20 to 0x5F (64 bytes) are General Purpose
; registers, implemented as static RAM and are mapped across both

; banks.

cblock 0x20

w_temp ; used for context saving

status_temp ; used for context saving

TEMP ; General Purpose Temporary register

CSRO ; TX buffer shift register
CSR1
CSR2
CSR3
CSR4
CSR5
CSR6
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CSR7
CSR8

Count
Count2
BitCount
TimeHi
TimeLo
DEGERH1
FuncBits ; Function Bits

endc

; Defines

)

; Set up GPIO Port (Section 3.0)
; Function of GPIO pins depend on:

Configuration Bits (CONFIG) (Section 9.1)

; Weak Pull-up Register (WPU) (Section 3.2.1)

Interrupt-on-change GPIO Register (IOCB) (Section 3.2.2)
Option Register (OPTION_REG) (Register 4-1)

TIMER1 Control Register (T1CON) (Register 5-1)

Comparator Control Register (CMCON) (Section 6.0)

A/D Control Register (ADCONO) (Section 7.0) (PIC12F675 Only)

#define POTO GPIO, 0 ; (Analog Input) Potentiometer GPO
#define POT1 GPIO, 1 ; (Analog Input) Potentiometer GP1
#define TXD GPIO, 2 ; (Output) Transmit Data
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#define PB3 GPIO, 3 ; (Input Only) Push button switch GP3
#define PB4 GPIO, 4 ; (Input) Push button switch GP4
#define RFENA GPIO, 5 ; (Output) RF Enable

; Define for TRISIO Register (Section 3.1)

; GPIO is an 6-bit wide, bi-directional port. The corresponding data
; direction register is TRISIO. Setting a TRISIO bit (= 1) will make

; the corresponding GPIO pin and input. Clearing a TRISIO bit (= 0)
; will make the corresponding GPIO pin an output. The exception is
; GP3, which is input only and its TRIS bit will always read as a '1'".

: GPIO Pins = xx543210
#define GPTRIS B'00011011’

; delays/timings

#define TGUARD D’'46' ;46 X TE
#define PREAMB D'16' ; Preamble length = 16 pulses

; Program Memory

)

; Program Memory Organization (Section 2.1)

ORG 0x000 ; RESET Vector

nop ; for ICD use
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goto INITALIZE ; goto INITALIZE
ORG 0x004 ; Interrupt Vector
movwf w_temp ; save W register
swapf STATUS, W ; swap status to be saved into W
bcf STATUS, RPO ; —-- Select Bank 0 -----
movwf status_temp ; save STATUS register

; Interrupt Service Routine (ISR)
; Description:

)

)

; Interrupt-on-change (Section 3.2.2 and 9.4.3)

; An input change on GPIO change sets the GPIF bit. The interrupt can
; be enabled/disabled be setting/clearing the GPIE bit. Individual pins
; are configured through the 10C register (see INITIALIZATION below).
; Clear the 10C interrupt by:

; a) Any read or write of GPIO. This will end the mismatch condition.

; b) Clear the flag bit GPIF

moviw GPIO ; read GPIO
bef INTCON, GPIF
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swapf status_temp, W ; swap status_temp into W, sets bank to
original state

movwf STATUS ; restore STATUS register

swapf w_temp, F

swapf w_temp, W ; restore W register

retfie

; Subroutine DATA_EEPROM_READ

; Description: To read an EEPROM data memory location, the address
is

; written to the EEADR register and set control bit RD (EECON1<0>) to
; initiate a read. Data is available in the EEDATA register the next

; clock cycle.

; Constants: none

; Global Variables: none

; Initialization: W contains EEPROM address to be read

; Output: W contains EEPROM data
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DATA_EEPROM_READ

bsf STATUS, RPO ; —- Select Bank 1 -----

movwf EEADR ; move EEPROM address in W to EEADR
bsf EECON1, RD ; initiate EEPROM read

movi EEDATA, W ; move datato W

bcf STATUS, RPO ; ---- Select Bank 0 -----

return

; Subroutine DATA_EEPROM_WRITE

; Description: To write an EEPROM data memory location, the address
is

; written to the EEADR register, data to the EEDATA register, then

; execute a required sequence of instructions.

; CAUTION: Interrupts are disable during this subroutine

; Constants: none

; Global Variables: none

; Initialization: Address = EEADR, Data = EEDATA

; Output: none
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DATA_EEPROM_WRITE

bsf STATUS, RPO ; ---- Select Bank 1 -----

bsf EECON1, WREN ; EEPROM Write Enable: allow write
cycles

bcf INTCON, GIE ; disable global interrupts

; *** required sequence, do not alter ***

moviw 0x55

movwf EECON2

moviw 0xAA

movwf EECON2

bsf EECON1, WR ; initiate EEPROM write
; *** end required sequence ***
bsf INTCON, GIE ; enable global interrupts

bcf EECON1, WREN ; EEPROM Write Enable: inhibit write
cycles

bcf STATUS, RPO ; ---- Select Bank 0 -----

return

; Subroutine READ_ANALOG_ANO; READ_ANALOG_ANT1
; Description: Read analog channel 0 (ANO) or 1 (AN1).
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; Constants: none

; Global Variables: none

; Initialization: none

; Output: ADRESH and ADRESL contain 10-bit A/D result justified
; according to ADCONO, ADFM bit.

READ_ANALOG_ANO

bcf ADCONO, CHS1 ; select analog channel ANO
bcf ADCONO, CHSO

goto READ_ANALOG

READ_ANALOG_ANf1

bcf ADCONO, CHS1 ; select analog channel AN1
bsf ADCONO, CHSO

READ_ANALOG

bsf ADCONO0, ADON ; Turn on ADC module

; After selecting a new channel, allow for sufficent sample time.

; The amount of sample time depends on the charging time of the
; internal charge holding capacitor (Section 7.2).
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moviw D'6’ ; At 4 MHz, a 22us delay
movwf TEMP ; (22us = 2us + 6 * 3us + 1us)
decfsz TEMP, F

goto $-1

bsf ADCONO, GO

btfsc ADCONO, GO
goto $-1

bcf ADCONO, ADON

operating current)

return

; start A/D conversion

; has A/D conversion completed?

; Turn off ADC module (consumes no

; Subroutine: WaitxTE

)

; Description:

; Constants:

)

; Global Variables:

; Initialization: W x 400us length of delay required

)

; Output: Count, Count2 as decrementing counters
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WaitxTE
movwf Count2 ;[1]

waitxlp
moviw D'79' ; [1]
movwf Count ; [1]

wait400Ip
nop s [1]
nop s [1]
decfsz Count,F ;[1]
goto wait400Ip ; [2]

; 79 x 5 = 395us

decfsz Count2,F ;[1]
goto waitxlp ;[2]

retiw O ; [2]
; total 2 (call) + W x (395 + 5) + 2 (return)

; w =1 -> 406us @4MHz
; w =2 -> 806us @4MHz

; Initialize PICmicro (PIC12F675)

)

INITALIZE
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; Disable global interrupts during initialization

bcf INTCON, GIE ; disable global interrupts

; Calibrating the Internal Oscillator (Section 9.2.5.1)

; Oscillator Calibration Register (Section 2.2.2.7)

; A calibration instruction is programmed into the last location of

; program memory. This instruction is a RETLW XX, where the literal is
; the calibration value. The literal is placed in the OSCCAL register

; to set the calibration of the internal oscillator.

bsf STATUS, RPO ; —- Select Bank 1 -----

call Ox3FF ; retrieve factory calibration value

movwf OSCCAL ; update register with factory cal value
bcf STATUS, RPO ; —-- Select Bank 0 -----

; GPIO Port (Section 3.0)

; Store GPTRIS value defined above into the TRISIO direction register

bsf STATUS, RPO ; ---- Select Bank 1 -----

moviw GPTRIS
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movwf TRISIO ; Write to TRISIO register

bcf STATUS, RPO ; - Select Bank 0 -----

; Comparator Module (Section 6.0)

; The PIC12F629/675 devices have one analog comparator. The inputs
to

; the comparator are multiplexed with the GP0 and GP1 pins. There is
; an on-chip Comparator Voltage Reference that can also be applied to
; an input of the comparator. In addition, GP2 can be configured as

; the comparator output. The Comparator Control Register (CMCON)

; contains bits to control the comparator. The Voltage Reference

; Control Register (VRCON) controls the voltage reference module.

; Comparator Configuration (Figure 6-2)

; bcf CMCON, CINV ; Comparator Output Inversion: not
inverted

; bcf CMCON, COUT ; Comparator Output bit: Vin+ < Vin-
; bcf CMCON, CIS ; Comparator Input Switch: Vin-

connectos to Cin-

; CM2:CMO = 111 - Comparator Off (lowest power)
bsf CMCON, CM2 ; Comparator Mode bit 2
bsf CMCON, CM1 ; Comparator Mode bit 1
bsf CMCON, CM0 ; Comparator Mode bit 0
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; VRCON (Register 6-2)

bsf STATUS, RPO ; ---- Select Bank 1 -----

bcf VRCON, VREN ; CVref circuit: powered down, no Idd
drain
; bcf VRCON, VRR ; CVref Range Selection: High Range
; bcf VRCON, VR3 ; CVref value selection bit 3
; bcf VRCON, VR2 ; CVref value selection bit 2
; bcf VRCON, VR1 ; CVref value selection bit 1
; bcf VRCON, VRO ; CVref value selection bit 0

bcf STATUS, RPO ; ---- Select Bank 0 -----

; Analog-to-Digital Converter (A/D) Module (Section 7.0) (PIC12F675
Only)

; The analog-to-digital converter (A/D) allows conversion of an analog
; input signal to a 10-bit binary representation of that signal. The

; PIC12F675 has four analog inputs multiplexed into one sample and
hold

; circuit. There are two registers to control the functions of the A/D

; module:

;  A/D Control Register (ADCONO)

; Analog Select Register (ANSEL)
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; Note: When using GPIO pins as analog inputs, ensure the TRISIO

register

; bits are set (= 1) for input.

bcf
bcf
bcf

ADCONO, ADFM
ADCONO, VCFG
ADCONO, ADON

operating current

bsf

STATUS, RPO

; A/D Result Formed: left justified
; Voltage Reference: Vdd
; ADC is shut-off and consumes no

; ---- Select Bank 1 -----

; select A/D Conversion Clock Source: Fosc/8

bcf
bcf
bsf

ANSEL, ADCS2
ANSEL, ADCS1
ANSEL, ADCSO0

; A/D Conversion Clock Select bit 2
; A/D Conversion Clock Select bit 1
; A/D Conversion Clock Select bit 0

; select GPIO pins that will be analog inputs: GP0O/ANO, GP1/AN1

bcf
bcf
; trk

input
bef

bcf

ANSEL, ANS3 ; Analog Select GP4/AN3: digital 1/0
ANSEL, ANS2 ; Analog Select GP2/AN2: digital 1/0

bcf ANSEL, ANS1 ; Analog Select GP1/AN1: analog
ANSEL, ANSO ; Analog Select GPO/ANO: analog input
STATUS, RPO ; ---- Select Bank 0 -----

)

; TIMER1 Module with Gate Control (Section 5.0)
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; The TIMER1 Control Register (T1CON) is used to enable/disable
TIMER1

; and select various features of the TIMER1 module.

bcf T1CON, TMR10ON ; TIMER1: stopped

bcf T1CON, TMR1CS ; TIMER1 Clock Source Select: Internal
Clock (Fosc/4)

bcf T1CON, NOT_T1SYNC ; TIMER1 External Clock Input Sync
Control: Syncronize external clock input

; TTIOSCEN only if INTOSC without CLKOUT oscillator is active,
else ignored

bcf T1CON, TIOSCEN ;LP Oscillator Enable Control: LP
oscillator off

; TIMER1 Input Prescale Select: 1:1

bcf T1CON, T1CKPS1 ; TIMER1 Input Clock Prescale Select
bit 1

bcf T1CON, TICKPSO ; TIMER1 Input Clock Prescale Select
bit 0

; TMR1GE only if TMR10ON = 1, else ignored
bcf T1CON, TMR1GE ; TIMER1 Gate Enable: on

; Weak Pull-up Register (WPU) (Section 3.2.1)
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; Each of the GPIO pins, except GP3, has an individually configurable
; weak internal pull-up. Control bits WPUx enable or disable each

; pull-up. Refer to Register 3-1. Each weak pull-up is automatically

; turned off when the port pin is configured as an output. The pull-ups
; are disabled on a Power-on Reset by the NOT_GPPU bit (see
OPTION_REG below).

bsf STATUS, RPO ; ---- Select Bank 1 -----

;  GPIO Pins = xx54x210

moviw B'00010000' ; GP4 pull-up enabled
movwf WPU
bcf STATUS, RPO ; ---- Select Bank 0 -----

; OPTION Register (OPTION_REG) (Section 2.2.2.2)

; TIMERO Module (Section 4.0)

; The OPTION_REG contains control bits to configure:

;  Weak pull-ups on GPIO (see also WPU Register above)
; External GP2/INT interrupt

; TMRO

; TMRO/WDT prescaler

bsf STATUS, RPO ; ---- Select Bank 1 -----

bcf OPTION_REG, NOT_GPPU ; GPIO pull-ups: enabled
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bsf OPTION_REG, INTEDG ; Interrupt Edge: on rising edge of
GP2/INT pin

bef OPTION_REG, TOCS ; TMRO Clock Source: internal
instruction cycle (CLKOUT)

bcf OPTION_REG, TOSE ; TMRO Source Edge: increment low-
to-high transition on GP2/TOCKI pin

bcf OPTION_REG, PSA ; Prescaler Assignment: assigned to
TIMERO

; TMRO Prescaler Rate: 1:2

bef OPTION_REG, PS2 ; Prescaler Rate Select bit 2
bef OPTION_REG, PS1 ; Prescaler Rate Select bit 1
bcf OPTION_REG, PSO ; Prescaler Rate Select bit 0

bcf STATUS, RPO ; ---- Select Bank 0 -----

; Interrupt-on-Change Register (IOCB) (Section 3.2.2)

; Each of the GPIO pins is individually configurable as an interrupt-

; on-change pin. Control bits IOCBx enable or disable the interrupt

; function for each pin. Refer to Register 3-2. The interrupt-on-change
; is disabled on a Power-on Reset.

; Note: Global interrupt enables (GIE and GPIE) must be enabled for

; individual interrupts to be recognized.
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bsf STATUS, RPO ; ---- Select Bank 1 -----
; GPIO Pins = xx543210
moviw b'00011000’

movwf 10CB ; Interrupt-on-change enabled: GP3, GP4

bcf STATUS, RPO ; - Select Bank 0 -----

; Peripheral Interrupt Enable Register (PIE1) (Section 2.2.2.4)
; The PIE1 register contains peripheral interrupt enable bits.
; Note: The PEIE bit (INTCON<6>) must be set to enable any
; peripheral interrupt.

bsf STATUS, RPO ; ---- Select Bank 1 -----

bcf PIE1, EEIE ; EE Write Complete Interrupt: disabled

bcf PIE1, ADIE ; A/D Converter Interrupt (PIC12F675 Only):
disabled

bcf PIE1, CMIE ; Comparator Interrupt: disabled

bef PIE1, TMR1IE ; TMR1 Overflow Interrupt: disabled

bcf STATUS, RPO ; ---- Select Bank 0 -----

; Interrupt Control Register (INTCON) (Section 2.2.2.3)
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; The INTCON register contains enable and disable flag bits for TMRO
; register overflow, GPIO port change and external GP2/INT pin

; interrupts.

bcf INTCON, PEIE ; disable Peripheral Interrupt Enable bit

bcf INTCON, TOIE

bit

; disable TMRO Overflow Interrupt Enable

bef INTCON, INTE ; disable GP2/INT External Interrupt

Enable bit

bsf INTCON, GPIE ; enable Port Change Interrupt Enable bit

; bcf INTCON, GIE

; disable global interrupts

)

)

; Main Program

)

MAIN

bcf RFENA
bcf INTCON, GIE

; Scan push buttons

)

SCANPB

; Disable Transmitter

; enable global interrupts
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; cirf DEGER1
bcf RFENA
moviw 0x00 ; load zero into W
movwf FuncBits ; clear Function Bits register

btfsc POT1 ;pot1=0 => pot0=0 motorOsecili,
pot0=1 motorisecili

goto potibak ;pot1=1 => pot0=0
motor2secili, pot0=1 motor3secili

btfsc POTO0

goto motorisec ;1

goto motorOsec ;0

motor0Osec ; DEGER1 = xxxx00xx =>
motor0secili

bcf DEGER1,2

bcf DEGER1,3

goto sag_sol

motorisec ; DEGER1 = xxxx01xx =>
motorisecili

bsf DEGER1,2

bcf DEGER1,3

goto sag_sol

motor2sec ; DEGER1 = xxxx10xx =>
motor2secili

bcf DEGER1,2

bsf DEGER1,3

goto sag_sol
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motor3sec ; DEGER1 = xxxx11xx =>
motor3secili

bsf DEGER1,2

bsf DEGER1,3

goto sag_sol

potibak
btfsc POTO
goto motor3sec
goto motor2sec
sag_sol
btfsc PB3 ; Push Button GP3 pressed?
goto SPB1
; moviw B'00000001'
; movwf DEGER1
bcf DEGER1,1
bsf DEGER1,0
goto XMIT
SPB1
btfsc PB4 ; Push Button GP4 depressed?
; goto SCANPB ; ho, jump over

goto sag_sol
; moviw B'00000010'
; movwf DEGER1
bsf DEGER1,1
bcf DEGER1,0
goto XMIT ; Yes, transmit buffer
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; fill in transmission buffer

)

XMIT

bsf RFENA ; Enable Transmitter

movilw 0x73 ; send Serial number
movwf CSRO0

movifw FuncBits ; send Function Bits
movwf CSR1

; send 16-bit Counter

; send analog value (this is modified from the fixed
; KeeLoq(r) protocol; these two fields are normally
; used for 16-bit counter value)

; bsf STATUS, RPO ; ----- Select Bank 1 -----
; moviw ADRESL ; ADRESL Result
; bcf STATUS,RPO ;---- Select Bank 0 -----
moviw H'00'

movwf CSR2

moviw DEGER1 ; ADRESH Result
movwf CSR3
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moviw
receiver)

movwf

moviw
movwf

moviw

movwf

moviw

movwf

moviw

movwf

0x56

CSR4

0x34
CSR5

0x12
CSR6

0x20
CSR7

0x55
CSRS8

; Transmission Loop

)

TXLoop

; send 32-bit serial number 1 (ignored by

; send Flags

; send preamble (50% duty cycle)

Preamble

moviw PREAMB
movwf{ BitCount

PreL

; init number of preamble bits
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bsf TXD ; ON
moviw 1

call WaitxTE ; delay
bef TXD ; OFF
moviw 1

call WaitxTE ; delay

decfsz BitCount,F ;loop
goto PrelL

; sync pause

TXloop
moviw D'10' ; Theader =10 x Te
call WaitxTE

; send 72 bit pattern

moviw CSRO0 ; Isb first
movwf FSR

TXNextByte
moviw D'8'

movw{ BitCount

TXNextBit
rrf  INDF,W ; 8 bit rotate
rrf  INDF,F ; Carry contain Isb
BC ONE

ZERO
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moviw 2 ;
movwf TimeHi
moviw 1 ;
movwf TimelLo

goto Trasm_BIT

ONE
moviw 1 ;
movwf TimeHi
moviw 2 ;

movwf TimelLo

s et S

=+ ==t
; | 2Te Te|

; t +=-

B S

; | Te 2Te |

Trasm_BIT

bsf TXD ; ON

movf TimeHi,W
call WaitxTE

bcf TXD ; OFF

movf TimelLo,W
call WaitxTE

decfsz BitCount,F
goto TXNextBit

incf FSR,F
moviw CSR8+1
xorwf FSR,W
andlw Ox1F

BNZ TXNextByte

; loop on bits

; check if finished
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; guard time
moviw TGUARD

call WaitxTE

goto SCANPB ; go back and scan for push button presses

; Data EEPROM Memory (Section 8.0)
; PIC12F629/675 devices have 128 bytes of data EEPROM with address
; range 0x00 to Ox7F.

; Initialize Data EEPROM Memory locations

; ORG 0x2100
; DE 0x00, 0x01, 0x02, 0x03

; Calibrating the Internal Oscillator (Section 9.2.5.1)
; Oscillator Calibration Register (OSCCAL) (Section 2.2.2.7)

)

org Ox3ff
rettlw 0x80

end ; end of program directive
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