SKRIPSI

PERENCANAAN DAN PEMBUATAN MASTER KONTROL

LAB. BAHASA DELAPAN CHANNEL BERBASIS
MIKROKONTROLLER ATS89S8252

Disusun Oleh -

ISNAINI ROZAFI
NIM : 01.17.044

KONSENTRASI TEKNIK ELEKTRONIKA™
JURUSAN TEKNIK ELEKTRO S-1
FAKULTAS TEKNOLOGI INDUSTRI
INSTITUT TEKNOLOGI NASIONAL
MALANG
2007




LEMBAR PERSETUJUAN

PERENCANAAN DAN PEMBUATAN MASTER KONTROL
LAB. BAHASA DELAPAN CHANNEL BERBASIS
MIKROKONTROLLER AT8958252

SKRIPSI
Disusun dan Diajukan Untuk Melengkapi dan Memenuhi Syarat Guna Mencapai
Gelar Sarjana Teknik

Disusun Oleh :
ISNAINI ROZAFT
MNIM : 01.17.044

Diperiksa dan disctujui
Dosen Permnbimbing

NIP.Y. 1039500274

KONSENTRASI TEKNIK ELEKTRONTRA
JURUSAN TEKNIK ELEKTRO §-1
FAKULTAS TEKNOLOGI INDUSTRI
INSTITUT TEEKNOLOGT NASIONAL MALANG
2007




INSTITUT TEKNOLOGI NASIONAL MALANG
FAKULTAS TEENOLOGI INDUSTRI
JURUSAN TEKNIK ELEKTRO 5-1
KONSENTRASI ELEKTRONIKA

BERITA ACARA UJIAN SKRIPSI
FAKULTAS TEKNOLOGI INDUSTRI

L. Mamg : lsangini Rozafi

2. NIM 01.17.044

3. Jurusan . Teknik Elektro S-1

4. Konsenirast : Elektronika

5. Jndul Skripsi . Perencanaan dan Pembuatan Master Kontrol Lab. Babasa

Drelapan Chaunel Berbasis Mikrakonfroller ATE958252
Dipertahankan dihadapan Majelis Penguji Skripst Jenjang Strata Satu (5-1)
Pada
Hari : Jum'at
Tanggal : 23 Maret 2007

Al Nilai H 31_-5 {ﬁ}ﬁ

I G- LE]

Panitia Ujian Skripsi

Sekretaris

Ir. Mochtar Asroni, MSME ]
NIP.Y. 1018100036 NIP.Y. 1039500274

Anggota Pengujt
Penguji 11

NIP. 1030400412

NIP.Y. 1028700171




KATA PENGANTAR

a1 B | e

AthamdulillahiRobbil: Alamin. puji syukur hamba panjatkan kehadirat-Mu
Ya Allah atas segala nikmat dan karunia-Mu.  Sholawal serfa salam semoga
tercurah kepada Rasulullah SAW., keluarga. sahabat, dan para pengikutnya.
Amin. Atas kehendak Allah SWT. sajalah kami dapat menyelesaikan skripsi yang
berjudul “PERENCANAAN DAN PEMBUATAN MASTER KONTROL
LAB, BAHASA DELAPAN CHANNEL BERBASIS
MIKROKONTROLLER ATS8958252" ini dengan lancar, Skripsi  ini
merupakan persyaratan kelulusan studi di jurusan Teknik Elekiro 5-1 konsenirasi
Elcktronika ITN Malang dan untuk mencapal gelar Sarjana Teknik.

Keberhasilan penyelesalan laporan Skripsi ini lidak lepas dari dukungan
dan bantuan berbagai pihak. Untuk itu penyusun menyampaikan terimakasih
kepada ;

|. Kedua vrang aku yang telah memberikan do’a dan dukungannya.
2. Bapak Prof, Dr. Ir. Abraham Lomi, MSEE. sclaku Rektor ITN Malang,
3. Bapak Ir. I. Yudi Limpraptono, M1’ selaku Ketua Jurusan Teknik Elcktro

5-1.

4. Rapak Joseph Dedi Trawan $1., MT. selaku Dosen Pembimbing.

L ]

Teman-temanku, lerimakasih atas dukungannya sclama ini.
6. Derbagai pihak yang tidak hisa disebutkan satu persatu, yang telah banyak

membantu hingga selesainya laporan ini.




Penyusun telah berusaha semaksimal mungkin dan menyadari sepenuhnya
akan keterbatasan pengetahuan dalam menyelesaikan laporan ini.  Untuk itu
penyusun mengharapkan saran dan kritik yang membangun dari pcmbaca demi
kesempurnaan laporan ink

Harapan penyusun, semoga laporan Skripsi ini memberikan manfaat bagi

perkembangan ilmu pengetahuan dan pembuaca.

Malang, Maret 2007
Penyusun

Isnaini Rozafi




Laboratorium Bahasa sekarang ini banyak dibutuhkan oleh para pengajar,

khususnya pada bidang bahasa, contohnya pada tempat kursusan, sekolahan,
lembaga penelitian, kampus, kantor dan lain schagainya. Maka dengan adanya
latar belakang itu, maka penulis meneoba membuatnya dengan judul Perencanaan
Dan Pembuatan Master Konttol Lab. Bahasa Delapan Chanel Berbasis
Mikrokontroller AT89SR252, disamping scbagai pembelajaran, penulis juga ingin
cepatl lulus kuliah karena pengajuan skripsi sebagai prasyarat lulus sarjana,
1.2 Rumusan Masalah
Permasalahan yang dihadapi saat ini falzh bagaimana cara membuat dan
merancang alat Laboratorium Bahasa vang berbasis mikrokontroller AT8YSR252,
vang meliputi cara kerja sistem, perancangan hardware dan soffware-nya.
Lari perumusan masalah didapat beberapa rumusan masalah, antara lain ;
¢ DBagaimana membuat atau merancang cara kerja sistem dari Laboratorium
Bahasa.
» PBagaimana cora memanfaatkan mikrokontroller sebagai pemroses cara
kerja dari sistern yang kita rancang.
+ Bapaimana cara memanfaatkan relay yang diatur oleh mikrokontroller
seguai dengan card kerja vang kita inginkan.
1.3  Tujuan
Tujuan dari pengerjaan skripsi ini ialah Perencanaan Dan Pembuatan Alat
Master Kontrol Lab. Bahasa Delapan Chanel Berbasis Mikrokontroller

AT8958252 sesuai dengan cara kerja vang kita inginkan denpan memantaatican




mikrokontroller sebagai pengontrol alat yang akan dibuat dan dapat dimanfaatkan
oleh masyarakat ataupun instansi terkait,
1.4  Batasan Masalah
Agar pennaslalahan dari pembuatan alat ini tidak meluas, maka petlu
dibatasi pada hal-hal sebagai berikut :
» Pengontrol utama mengpunakan Mikrokontroller AT8958252,
o Tidak membahas catu daya.
s Tidak membahas audio amplifier.
» Hanya memakai schuah rangkaian pengajar (Guru) dan delapan rangkaian
murid.
1.5 Metoedologi Penulisan
Dalam penulisan skripsi inilangkah-langkah yang dilakukan sebagai
berikut :
. Studi Pustaka
Dimana penulis dengan membaca, mengumpulkan bahan-bahan materi
yvang digunakan sehagai refirensi dan acuan dalam penyusunan skripsi
2. Studi Lapangan
Dalam hal ini, memperolch data dengan cara praktek langsung dalam
perencanaan alat.
3. Pengolahan Data
Mengolah data dengan jalan membuat analisa dan menarik kesimpulan
dari hasil data yang didapal.

4. Pengujian Alat

Lax




Menguji alat yang telah dibuat apakah sesuai dengan perencanaan atau

belum

5. Penyusunan Buku

Menyusu laporan hasil dari pelaksanaan skripsi,

I.6  Sistematika Penulisan

Sistematika penulisan dan pambaran secukupnyva vang terdapat dalam

setiap bab sebagai berikut :

BAB1

BAB i

BAB IT1

RBAR IV

BAB Y

: PENDAHULUAN

Membahas tentang latar belakang, rumusan masalah, tujuan,
batasan masalah, metodologi perencanaan dan sistematika
penulisan.

: LANDASAN TEORI

Membahas teori beserta pustaka yang relevan dan menunjang
perancangan dan pembuatan rangkaian vang digunakan,

: PERENCANAAN DAN PEMBUATAN ALAT

Membahas perancangan dan pembuatan perangkat keras dan
perangkat lunak.

: PENGUJIAN ALAT

Membahas tentang pengujian-pengujian terhadap systetn yahg
telah dibuat,

: PENUTUD

Merupakan bagian-bagian penutup yang berisi kesimpulan dan

saran yang bermanfaat bagi pengembangan lcbih lanjut.




BABII
LANDASAN TEORI

Landasan teori ini sangat membantu untuk dapat memahami suatu sistem.
Disamping itu dapat juga dijadikan sebagai bahan acuan didalam merencanakan
suatu sistem. Dengan pertimbangan hal-hal tersebut maka landasan teori
merupakan bagian yang harus dipahami untuk pembahasan selanjutnya.

2.1 Mikrokontroler AT3958252

Mikrokontroler AT8958252 merupakan mikrokontroler § bit kompatibel
dengan Standar industri MCS-51"'" baik atas segi pemrograman maupun kaki tiap
pin. Mikrokontroler ATR988252 menpunyai B Kbyre (Flash Programmable and
Read Only Memori ) pada dasarnya mikrokontrolet adalah terdiri atas
mikroprosesor, fimer, dan  connter, perangkat 150 dan internal  memon.
Mikrokontroler termasuk perangkat yang sudah didesain dalam chip tungsal.

Pada dasamyva mikrokontroler mempunyai fungsi vang sama dengan
mikroprosesor  yaitu  untuk  mengontrol  suaty  kerja sistem,  Selain  itu
mikrokontroler  jusa dikemas dalam  satu chip  (dngle chip). Didalam
mikrokontroler juga terdapat CPU., ALU, PC, SP, dan repister seperti dalam
mikroprosesor, ctapi juga ditambal dengan perangkat-perangkat lain seperti
ROM. RAM, PIO, SIO, counter dan sebuah ranpkaian clock. Mikroprosesor
didesain dengan intruksi-intruksi lebih luas dan & bit instruksi yang digunakan
membaca data instruksi dari internal memori ke ALLU. Sebapai suatu sistem
control mikrokontroler bila dibandingkan dengan mikroprosesor  memiliki

kemampuan dan segl ekonomis yang bisa diandalkan karena dalam




mikrokontroler sudah terdapat RAM dan ROM. Sedangkan mikroprosesor

didalamnva tidak terdapat keduanya. Terlihat bahwa mikrokontroler Atmel

ATR9I58252 memilki banyak fitur yang menpuntungkan. Dipakainya

Downloadable flash memori memungkinkan mikrokontroler inl bekerja sendir

tanpa diperlukan tambahan chip lainya. Sementara Flash memoninva mampu

diprogram hingga seribu kali. Hal lain yvang menguntungkan adalah system

pemrograman menjadi lebih sederhana dan tidak memerlukan rangkaian vang

rumit seperti rangkaian untuk memprogram produk Atmel [ainva. Secara umum

konfigurasi yang dimiliki mikrokontroler ATR958252 adalah sehagai berikul ;

Sebuah CPU £ bit dengan menggunakan teknologi dari Atmel.
8K byte Downloadahle Flash Memori.

2K byte EEPROM

Sebush pors serial dengan control fidl duplex UJART (lniversal
Asynchronous Receiver Transmiter.

256 byte RAM internal.

32 O yang dapat dipakai sermua.

3 buah Timer/Counter 16 bit .

SPI Scrial Interface.

Programmable Watchdog Timer .

Dual Data Pointer.

Frekuensi ketia 0 sampai 24 MHz

Tegangan operasi 2,7 Volt sampai 6Voll.




®  Kemampuan melaksanakan operasi perkalian, pembagian, dan operasi
Bolean (hit)

Sedangkan untuk blok diagram AT8958252 diperlihatkan dalam gambar 2-1
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Gambar 2-1 Blok Diagram AT8958252
Sumber : Data Sheet Mikrokontroller ATMEL AT8958252




2.1.1. Penjelasan Fungsi Pin AT8958252
Mikrokontroler AT8988252 mempunyai 40 pin seperti yang ditunjukkan

dalam gambar 2-2 Fungsi-fungsi pin dijelaskan sebagai berikut ;

T2i P10

VGO
| (TZEXIP1. PO (ADE
; P1.2003 PO.1 1AD1)
’ P1.30]4 PO.2 1AD2)

152 P14 PO.E (ADD i
NMOSI) P15 PO.4ADd)
IS0 P8 PO.S(ADSI |

(SO P17 POS (ADS) |
RST 9 PO ADT |
ARDy PO CH40 ERvPP i
© o (TXDi P2 11 a) O ALEFACG |
[ NTO PR200 42 20 [ PEEN
PoNTT P2AL 12 28 O P27 (A15) i
: (Te P34 C] 14 TIPS (AH |
(T P&.Sa'l‘i 2 POE A |
(WA P3&C] 16 26 0P24 (812)
) PATO AT Paa i)
| XTAL2[ 18 P2.2 iati)
' XTali[] 1@ P21 (ADI
GND [ 20 P20 1A%

{3ambar 2-2 Susunan Pin ATR9SE252
Sumber ;: Data Sheet Mikrokontroller ATMEL ATS9S8252

# Pin | sampai 8
Port | vyang terdiri atas pin 1 sampai 8 merupakan saluran
masukanfkeluaran dua arah.

# Pin9
RST merupakan saluran dua masukan untuk mereset mikrokontroler

denpgan cara memberi masukan logika tinggi.




Pin [0 sampai |7

Port 3 yang terdiri atas pin 10 sampai pin 17 merupakan saluran
masukan/keluaran dua arah dan mempunyai fungsi khusus seperti yang
terlihat dalam tabel 2-1

Pin 18 dan 19

XTAL dan XTALz: merupakan saluran untuk mengatur pewktuan system.
Untuk pewaktuan dapat menggunakan pewsktuan internal  maupun
eksternal |

Pin 20

'ss merupakan hubungan ke gronnd dari rangkaian,

Pin 2| sampai 28

Port 2 yanp terdiri atas pin 21 sampai 28 merupakan saluran
masukan/keluaran dua arsh. Porr ini mengeluarkan § bit bagian alamat
tinggi (AB-A15) selama pengambilan instruksi dari memor program
eksternal dan pengambilan data memori eksternal yang menggunakan
moede pengalamatan 16 bit.

Pin 29

FSEN (Program Store Enable) merupakan sinyal baca  untuk
mengaktifkan memori program eksternal.

Pin 30 |

ALE/PROG (Address Laich Enable) merupakan pulsa yang berfungsi
untuk menahan alamat rendah (A0-A7) dalam perr ), selama proses

baca/tulis memori eksternal, Frekuens! ALE adalah 156 kali frekuensi




2.1.%

osilator, dan digunakan sebagail pewaktu. Pin ini juga berfungsi sebagai
saluran program selama dilakukan pemrograman jika menggunakan
memari program eksternal.

Pin 31

EA/VPP (External Aceess Enable) untuk mengatur penpezunasn memori
program eksternal dan internal. Pin ini harus dihubungkan dengan gronnd
hila mengpunakan memori program eksternal dan dibubungkan dengan
VPP sebesar 12 Volt jika menggunakan memori program cksternal,

Pin 32 sampai 39

Port 0 wyang terdiri atas pin 32 sampai 32 mcrupakan saluran
masukan/keluaran. Port 0 merupakan saluran alamat rendah (AD-AT) yang
dimultipleks dengan saluran bus data (TH-1D7).

Pin 40

Vee merupakan saluran masukan untuk catu daya positif sebesar 5 Volt
DC dengan tolcransi kurang lebih 10 %,

Masukan dan Keluaran

Untuk masukan dan keluaran terdapat 4 buah port yang masing-masing 8

bit. Saluran ini bersifat dua arah (Mdrectional) yang berarti dapat difungsikan

sebagai masukan atay keluaran, serta dapat dialamati per bit. Poxr 3 selain

digunakan sebagai port masukan dan keluaran juga dapat dipunakan sebagai

fungsi penpganti sebagaimana yang terdapat dalam tabel 2-1,

Sedangkan AT8958252 memiliki fitur tambahan yang terdapat pada post [ sepertd

pada tabel 2-2.

1




Tabel 2-1 Fungsi Pengganti Pors 3

Port Pin Alternate Functions

Pa.0 RXD (settal nput por

P31 TXD (seral output porl)

P22 TNTG {extamal interupt 0)

P33 THTT (extenal infemipt 1)

P34 TO (thmar ) external Inpth

P35 T {timer 1 external Ingut)

Pa& WA revtomal data mamary wika strobe)
Paz7 BT ieternal deta mamory read strobe)

Sumber ¢ Data Sheet Mikrokontroller ATMEL ATRISR2SD

Tabel 2-2 Fungsi khusus pada porr I ATE958252

Fort Pin Alternate Funclions
P10 TZ textemal court Input b TinerCounter 2L
' clock-aLt

P11 TZEX { ThneraCounter 2 capurerekoad whjasr
arvl diracion cantnal

P14 TE rolane port selast Input)

F1.5 KGR (Master data oLtput, st data Inpat |1
for 5F| chanrsl

=R M0 Mastar data mpot sievs data cutputpin
for SR charne

P1.7 SCK (Mastar chock ouUlpUL slave ciock INpUt =0
far SR G han el

Sumber : Data Sheet Mikrokontroller ATMEL AT8958252

2.1.3. Osilator

Jantung dari ATROS8252 adalah rangkaian yang membangkitkan pulsa
clock yang mesinkronkan semua operasi internal. Mikrokontroler AT8958232
memiliki osilator internal (on chip oscillator) yang dapal digunakan sebagai

sumber pewaktu (clock) bagi CPU. Untuk menggunakan internal diperiukan




sebuah kristal atau resonator keramik antara pin XTALL dan pin XTAL2 dan

sebuah kapasitor ke ground. Konfigurasinya dapat dilihat pada gambar berikut.

i

ol

e H

Gambar 2-3 Konfigurasi Osilator Mengpunakan Kristal
Sumber : Data Sheet Mikrokontroller ATMEL ATROSE252

Nilai C1 dan C2 adalah 10 pF - 20 pF bila menagunakan kristal, dan
bernilai 10 pF — 40 pF bila menggunakan resonator keramik.
Untuk pengpunaan dengan external clock, XTAL2 harus dibiarkan dalam

kondisi tidak terhubung. Konfigurasinya dapat dilihat pada gambar berikut ini ;

BT e——— WA D

SwSEA
(30 e nddioH

L2 O e
r bk ]

Gambar 2-4 Konfigurasi Osilator Menggunakan External Oscilator Signal
Qumber : Data Sheet Mikrokontroller ATMEL ATRUSRE252

HTN -




2!11-4! Rmt
Rangkaian power an reset diperlukan untuk mereser mikrokontroler secara
otomatis setinp catu daya on. Gambar 2-5 menuniukkan rangkaian power an reset,

Ketika catu daya diaktifkan, rangkeian resel menahan logika tingei pin RST

dengan jangka waktu vang ditentukan oleh besarnya pengisian muatan C.

wor
=T
vico
| . ATEOSRI5E
e
RST
3 K
T

Ciambar 2-5 Rangkaian Fowar On Resef
Sumber ¢ Data Sheet Mikrokontroller ATMEL ATBUKE2SZ2
2.1.5. Data Memori {EEPRﬂM} Dan hAM.

Berbeda dengan mikrokontroler standard MCS-51, mikrokontroler Atmel
AT8958252 juga dilengkapi denpan data memori yang berupa EEPROM
(Electrically Erasahle Programmable Read Only Memory). TEPROM yang
dimaksud ini besarnya 2 ko dyte (2K) darl dipakai untuk penylinpandn data,

EEPROM on-chip ini diakses dengan fmengesct bit EEMEN pada register
WMCON pada alamat 96H. Alamat EEPROM ini adalah D00H sampai 7FFH.
Intruksi move digunakan untuk mengakses EEPROM internal ini. Bit EEMWE
pada register WMCON harus diset ke-1 sebelum seberang lokasi pada EEPROM

dapat diwlisi, Program pengauna harus mereset bit EEMWE ke *0’jika proses




ABSTRAKSI
PERENCANAAN DAN PEMBUATAN MASTER KONTROL

LAB. BAHASA DELAPAN CHANNEL BERBASIS

MIKROKONTROLLER AT8958252

{ Nama : Isnaini Reafi, NIM : 01. 17, 044, Teknik Elektronika 81)
{ Dosen Pembimbing : Joseph Dedi Irawan ST.,, MT.)

Pada perkembangan teknologi saat ini pada bidang pendidikan, sekarang ini
sedang tren adanya Laboratorium Bahasa guna pembelajaran-pembelajaran bahasa, baik
bahasa asing ataupun bahasa dalam negeri, maka dengan adanya Laboratorium Bahasa,
seorang siswa atau pemakai dapat belajar lebih mudah dan fleksibel, guna memudahkan
para pengajar dalam hal penyampaian pelajarannya.

Selain itu, dengan adanyva Laboratorium Bahasa, suatu instansi baik instansi
negen ataupun instansi swasta dapat menambah bobot (pandangan atau gengsi), sehingga
dengan adanya Laboratorium Bahasa diharapkan dapat menank minat masyarakat,
khususnya calon siswa

[.aboratorium Bahasa sckarang ini banyak dibutuhkan oleh para pengajar,
khusushya pada bidang bahasa, sepertt pada tempat Kursusan, sekolahan, lembaga
penclitian, kampus, kantor dan lain sebagainya. Maka dengan adanya latar belakang itu,
maka penulis mencoba untuk mengajukannya dengan judul Perencanaan Dan Pembuatan
Master Kontrol Lab. Bahasa Delapan Channel Berbasis Mikrokontroller AT8958252,
disamping sebagai pembelajaran, penulis juga ingin cepat lulus kuliah karena pengajuan

skripsi schagai prasyarat lulus sarjana,
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5.1

S.2.

]

BABY
PENUTUP

Kesimpulan

Dan percobaan dan pengujian, didapatkan kesimpulan sebagai berikut :
Penggunaan relay pada rangkaian audio yang dekat dengan audio amplifier dapat
menghasilkan suara denguny (noise),

Pada sistem owdie sebalknya wenggunakan kabel jenis searm untnk input dan
output rangkaian atdio 2una meredam noise glabal fuwkss dari trafo.

uniluk mendapatkan sistemn auddio yang bagus, sebaiknya sistem gromend terhubung
dengan baik pada bodi dan rangkaian serta pada kabel power sebaiknya
mengpunakan kabel besar, guna mendapatkan nilai resistansi vang lebih kecil,

Yaran-saran

. Agar siswa dapat dengan mudah dalam menggunakannya, dapal ditambahkan

suatn tampilan, seperti LCD ataupun dapat dihubungkan ke PC agar lebih
canggih, mengikuti perkembangan zaman.

Guna penpembangan yang lebib lanjut, dapat ditambahkan beberapa fitur yang
dapat membantu dalam pengoperasiannya seperti sistein kuis maupun pada ruang

scroinar agar lebth efisien,
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3.5, Mikrokontroller ATS9SE252

Disini rangkaian mikrokontroller berfungsi sebagai pengolah data dan
pengendali alat agar sistem dapat bekerja dengan optimal. maka dakim

perancangan alal ini pin-pin yang akan digunakan sebagai berikut
o Port |1.0-1.7 digunakan sebagal inputan dari tombol
o Port 0.0-0.7 digunakan scbagai oulputan menuju relay
o Port 18 dan |9 sebagai rangkaian clock

tr Port 9 sebagai reset
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3.6. Flowchart
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BAB IV

PENGUJIAN ALAT

4.1, Umum
Dalam bab ini akan dibahas tentang pengujian alat yang telah dibuat

berdasarkan perencanaan dan pembuatan. Maksud dan tujuan pengujian alat ini
adalah untuk.mﬂngctahui apakah alat yang telah direncanakan dan dibuat dapat
bekerja dengan baik.

Pengujian alat ini meliputi penguian terhadap :

1. Pengujian rangkaian pre-amp mic

2. Pengujian rangkaian mixer

3. pengujian rangkaian IC switch

4. Pengupan seluruh sistem.

4.2, Pengajian Rangkaian Pre-amp mic,

Tujuan pengujian pre-amp mic adalah untuk mengetahni besamya penguatan
dengan ¢ara mengukur Vout dari pre-amp mic. Penguatan telah ditentukan sebesar 50
kel

Peralatan yang digmflaka.n antara lain catu daya, multimeter digital dan
variabel  rtesistor. Pengujian penguatan dapat dilakukan dengan menggunakan

multimeter digital yang berfungsi untuk mengetahui besarnya nilai Vout dari pre-amp




mic. Dengan menentukan besarnya penguatan schesar 50 Kali, maka RE dapat dicari
dengan rumus :

Vout = Av X Vin

Av =RER]

50 =REIK

Hila ditentukan B 1 = K, maka B = 50K

VRR-RES

o
1eE UL 8
Gambar 4. 1.

Penguyian rangkaian pre-amp mic.

Langkah-langkah pengujian pre-amp mic dengan menggunakan multmeter digital
adalah sehagai berikut
1. menviapkan rangkdian geperti pambar, serta memastikan bahwa catudaya

telah terpasang dan hubungan ranghaian telah benar.

b

Setelah susunan dan hubungan antar rangkaian telah benrar, aktifkan sumber
{ezangan
3. Gunakan multimeler digital untuk mengetahui tegangan pada Vout pre-amp

mic.
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Tabel 4-1

Hasil Pengukuran Pre-Amp Mic

Yin (mV¥) Yout (V) E AV {kali)

. N Faitor =
2045 0.95 | 16,89
' 31,66 1,50 | 75
S ’ |
| 40,80 2,03 1 49,79
| 52,30 T 257 032
61,68 3 . 3,6'}- " ]l 49,_33

Dari pengujian didapal hasil seperti dalam tabel 4-1, dari data telah ditentukan
besarnya penguatan sebesar 50 kal, maka untuk melihat prosentase kesalahan dar
penguatan digunakan rumus :

. PFEREUREIEN = PEREIR I
rrrar= " i v s )
pUrencaiaa

Frrorl = =S5 X 100%
=6,22 %

Errord = ﬂ}# x100%
=4 08 %

3




50-49.79

Frrord 100%

=0.42%

+

50— 4913
Errord = —5—;9—’_2— x100%

=136%

Errors = 22— 3983 1009
50

={,34%
Dari data diatas idaatkan error rata-rala sebesar

622+ 498 + 0,42+ 1,36+ 0.4
i

=2,66%

dan penguatan rata-rata sebesar

46,89 +47.51+49.79 +49.32 + 49,83

=43 66kali
5

4.3.  Pengujian rangkaian mixer

Tujuan pengujian rangkaian mixer adalah untuk mengetahui besarmya
penjumiahan dengan mengukur Voul dari mixer, Penjumlahan ditentukan uniuk
penguatan vang pertama sebesar | kali dan unatuk penguatan yang kedua sebesar 3
kali,

Peralatan yang digunakan antara lain catu daya, vanable resistor dan
multimeter digital, Pengujlan penguatan dapat ditakukan dengan cara menggunakan

multimeter digital untuk mengetahui nilat Vout dari mixer. Dengan menentukan

3k




besarnya penguatan pertama schesar 1 kali dan penpoatan yang keduva sebesar 5 kali
maka untuk pentuatan vang pertama digunakan rumus ;

Youtl #a S
izl

Ay = R
finl

_ Voud
Vin)

Bila ditertukan R = K maka R{= 1K
Sedangkan untuk penguatan yang kedua sebesar 5 kali menggunakan rumus -

Fin2
Vout2 =- —— xRf2
i f

= _Vm_zr_i

Vil

Crambar 4.2,

Pengujian Rangkaian Mixer.
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Tabel 4-2.

Hasil pengukuran rangkain mixer

Vin (mV) l Yout (mV) AV (kali)

" 61,38 . 2,89 ;
| ) e I -'
” 30,90 90,53 | 2.93

39.68 114,27 2,88
50,41 l 146.69 2,91
|5 59.96 17508 292

Duan pengujian didapat hasil seperti dalam tabel 4-2, dari data telah
ditentukan besarmya penguatan sebesar 3 kali, maka untuk melihat prosentase
kesalahan dari pengoatan digunakan rumus |

FOrCHCTRATN - Fl?}l'gukii‘m,ﬂ'

Error = x100%
PEreRCanaan
Error]l = o ;‘89 x100%
=316%
= _:'-?‘?’ x100%
=239
Erpud” _?"'BH x100%
=4 %
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j-251

Errord = 10054
=3%

Errors =22 292 4 00%
=26 %

Dari data diatas didapatkan ermor rata-rata sebesar ;

3o+23+4d+34+206

=3,10%
5

sedangkan penguatan rata-ratanya didapat -

289+293+2388+29]+292
5

= 2,90 kal

4.4, Pengujian seluruh sistem

Tijuan pengujian seluruh sistem adalah untuk mengetahni apakal sistem
telah bekerja sesuai dengan apa yang diharapkan, langkah-langkah pengujian
seluruh sistem adalah dengan mempersiapkan semua rangkaian, kemudian melihat

hasil keluaran yang ditampilkan melaiui lampu led maupun output audionya.
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Tabel 4-3

Hasil pengujian tombol individu saat menu individu QN

“;iﬂl'ldi.ﬁi Lﬁd
IND
| 2 3 4 5 ] 6 7 8

1| on " oFF | OFF | OFF | OFF f OFF | OFF | OFF
i - 3 I {
i 2 ' OFF  ON | OFF l OFF | OFF | OFF | OFF | OFF A

3 | oFF | oFF DH_  OFF | OFF | OFF | OFF UH: l

4 | oFF | OFF | oFF ON | OFF | OFF | OFF OFF
s OFF | OFF | OFF | OFF | ON | OFF | OFF | OFF | |'
| 6 | orr OFF | OFF | OFF " oFF | on | OFF | OFF
-__'? OFF | OFF | OFF | OFF | OFF & OFF bw \ OFF
|8 OFF | QFF | OFF | OFF | OFF | OFF | OFF | ON |
I.
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Tabel 4-4

Hasil pengujian tombol CALL
( Kondisi Led (berkedip)
l IND o g -
- | 2 3 4 5 6 7 8
]
| ] oN | oFf | oFr | OFF | OFF | OFF | OFF | OFF
l |
| 2 OFF | ON | OFF | OFF | OFF | OFF | OFF | OFF
3 OFF | OFF | ON | OFF | OFF | OFF | OFF | OFF
4 OFF | OFF | OFF | ON OFF | OFF | OFF | OFF
5 OFF | OFF | OFF | OFF | ON | OFF | OFF | OFF
| i
6 OFF | OFF | OQFF | OFF ! OFF | ON | QFF | QFF
7 OFF : OFF | OFF | OFF ] OFF | OFF | ON OFF l
] ;
] .
8 OFF | OFF | OFF | OFF j OFF | OFF | OFF | ON |
| ! [
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Tabel 4-5

Hasil pengujian tombol A {ganjily*

|
3 i Kondisi Audio
J A i | == : SO
E | ] I 2 i 4 6 7 8
T I -
‘| 1 | on | orF | OFF | OFF | OFF | oFf | OFF | OFF
I g | S e
P OFF | OFF | OFF : OFF | OFF | OFF | OFF | OFF fl
=T i 4 o . e e e _._..___i__. N AR
3 , OFF | OFF | ON | OFF | OFF OFF | OFF | OFF |
. I SN I | ]
| 4 ! OFF | OFF OFF | OFF OFF ' (FF OFF OFF !!
| ' ; | |
et T R R H LR = i
5 | OFF J OFF | OFF £ OFF | ON | OFF | OFF | OFF
| = e il T
i 6 | OFF | OFF | OFF | OFF | OFF | OFF | OFF | OFF
7 OFF | OFF | OFF | OFF | OFF ' OFF | ON | OFF
| |
8 OFF | OFF | OFF | OFF | OFF | OFF | OFF | OFF
|
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Tabel 4-6
Hasil pengujian tombol B (genap)*

Kondisi Audio

ON OFF]DFF OFF | OFF | OFF

i T 2 I 3 4 5 1 6 7
: i R S0
1 | OFF | OFF | OFF | OFF | OFF | OFF | OFF | OFF |
| | W RIS W
l OFF

3 OFF OFF OFF ! OFF OFF OFF OFF OFF

4 OFF | oFF | OF , ON | OFF | OFF | OFF | OFF
!

.-

5 OFF OFF OFF OFF | OFF OFF OFF OFF

6 | OFF | OFF | OFF | OFF | OFF | ON | OFF | OFF

7  OFF | OFF ! OFF | OFF | OFF | OFF | OFF | OFF

! |
8 OFF | OFF OFF ] OFF OFF OFF OFF ON

*) ket : Untuk rangkaian tombol A dan B yang ON/OFF adalah sistemn audionva,
bukan masalah tentang lampu lednya.
Dari pengujian sclurub sistemn apat disimputkan bahwa sistem telah

bekerja sesuai dengan yang dibarapkan,
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BAB 1
PENDAHULUAN

1.1  Latar Belakang

Perkembangan {Ilmu di bidang teknologi, khususnya teknologi elektronika
merupakah suatu kenyataan ‘yang menunjukkan bahwa manusia didalam
melakukan aktifitasnva. Sesuai dengan tuntutan jaman y:angﬂsemakin modem telah
membawa ide-ide ke arah tcknologl yang lebih maju, .Iv.al'bih bermanfaat serta
memiliki nilai ekonomis.

Oleh karena itu berbagai macam sebab perkembangan teknologi
khususnya dibidang elektronika meémpengaruhi pola kehidupan masyarakat yang
dulunya memanfaatkan tenaga murni (tenaga manusia itu sendiri) kini berubah
mengg nakan SI.JﬂtLll alal vang dapat bekerja sendiri yang hanya membutuhkan
sedikit sentuhan tenaga manusia.

Seperti pada perkembangan teknolopi saat ini pada bidang pendidikan,
sekarang ini sedang tren adanya Laboratorium Bahasa guna pembelajaran-
pembelajaran bahasa, seperti bahasa asing ataupun bahasa dalam negeri, sehingga
dengan adanya Laboratorium Bahasa, seorang siswa alau pemakai dapat belajar
lebih mudah dan fleksibel, guna memudahkan para pengajar dalam  hal
penyampaian pelajarannya.

Selain itu, dengan adanya Laboratorium Bahasa, suatu instansi baik
instansi negeri ataupun insransi swasta, dapat imenambah bobot (pandangan atau
genggl), maka dengan adanya Laboratorium Bahasa diharapkan dapat menarik

minat masyarakat, khususnya calon siswa,




penulisan ke EEPROM tidak diperlukan lagi. Proses penulisan ke EEPROM dapat
dilihat dengan membaca bit RDY/BSY pada SFR WMCON. Jika bit ini berlogika
rendah maka berarti penulisan EEPROM sedang berlangsung, jika bit ini
berlogika tinggl berarti penulisan sudah selesai dan penuiisan lain dapat dimulai
lagi.

Sedangkan RAM yang ada pada mikrokontroler ATRIS8252 adalah
berkapasitas 256 hyte dan kompatibel dengan RAM yang ada pada mikrokontraler

standard MCS-51,

FFH FFH
Upper 128
SFR
80H Jgom
lower 128
00H

Gambar 2-6. Memori Data Internal (RAM)
Sumber : Dala Sheet Mikrokontroller ATMEL ATROS8252

Pada lower 128 lokasi memori dibagi menjadi 3 bagian :

1. Register bank 0 -3
Lakasi bark repister dimulal dari alamat 00H — | H yang terdiri dari 32 hyres.
Register bank ini terdirl dari 4 buah register ¥ bit yang dapat dipilih melalui

pengaturan program startis word tegister.




2. Bit Addressing
Terdiri dari 16 Aytes vang dimulai dari 20H - 2FH. Masing-masing dari 128
hit lokasi ini dapat dialamati secara langsung yaitu dari 00H sampai 7FH.

3. Seratch Pad Area
Lokasi dari alamat 30H — 7FH atau scbanyak 80 byres yang dapat digunakan
sehagai alamat bagi RAM.

2.1.6. Special Function Register (SFRR)

Special Function Register merupakan register dengan tugas khusus, SFR
pada mikrokontroler AT8988252 kompatibel dengan mikrokontroler keluarga
MCS-51 dan memiliki alamat 80H - T schingga terdapat 128 lokasi alamat
untuk SFR. Namun demikian pada mikrokontroler ini tidak berarti memiliki SFR

sebanyak 128 buah. Berikut ini adalah gambar letak dari lokasi alamat SFR.
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T2MOD (Timer 2 Moge denpan alamag OCoH), WMCON (Hatedng qp.t Memaory
Contrnl Register dengan alaman 96H), SPCR (5P Contrnt Registor dengan alamat

DSH), Spsr (SPI Statys Register dengan alamgy AAH), sPDR (SPI Data Register
dengan alamyg 86H),

> Srp untuk Timer 3

Timer/Counte, 2 inj dikendalik . oleh Specigy Funiction Register yang
bernama 200N (Timer 2 Controp, T2MOD (Timer @ MODE) gap,
Sepasang registor RCAP2Y, RCAP2L, Merupakan regista, Capture/relng.d
untuk Timer 2 dalam 16 pjy CEMUPE Btodesan Feload macs.

* SFR untyk Waichdog Memory,
Untuk mengmmakan Wetehdog timer ALl memor, makg dapat dilakikan
dengan Mengatur SFR yang bernama WMCON dengan, alamat 0514,

= SFR_pcngnntml SPi
Berheda dengan Mmikrokontroler MCS-5], ATS988252 memilik fasilitas
SPI (Serinl Perpheral fnterface). Fasil itas inj memungkinkan tratisfer data
kecepatan tingei sccara sinkron antary mikrokontrifer dengarn peripheral
atau antar mikrokoniroler ATROSR252. Fitur ini meliput; -
. Full Duplek, 3 kawat dengan transfer data secarg sinkron |
b.  Operasi Master atau Slave,

¢. Frekuensi maksimum 6 M] Iz,
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d. 4 bit rate terprogram,
LLT. Timer dan Counter

Dalam mikrokontroler AT8988252 terdapat tiga huah pewaktu/pencacah
{timer/counter 16) 16 by yang dapat diatur mefaly] perangkat lunak, vaitu
pewakty / pencacah 0 dan pewakty / pencacah 1, Timer/counter inj diatur oleh
special function register vaity TimerCounter Control (TCON alumat ®8H), dan
Timer/Counter Mode Control (TMOD alamat ROH). Selain ity nilaj byte bawah
dan byte atas dapi Timer/Counter disimpan dalam register T dan TH,

JTika difungsikan sebagai Timer, maka akan menggunakan svstem clock
sebagai sumber masukan pulsanya, Jika sehagai Counter {pencacah), maka akan
menggunakan pulsa dari |uar (eksternal) sebagai masukan pulsanya. Pada Por 3
terdapat fungsi khusus yaitt TO {masukan luar untyk Timer/Counter 0) dan T
(masukan luar untuk Timer/Counter 1). Pemilikan mode Timer/Counter dikontro]
oleh register TMOD. Dengan memberikan nilai tertenty Pada register TMOD
dapat dipilih mode operasi untuk Timer/Counter dan Timer/Counter | seperti
terlihat dalam Tabe| 2.3

Tabel 2-3 Mode Operasi Timer/Counter 0 dan [
M. Keterﬂngan___—_l
13 bit Timer ||

I bit Timer |

8 bit auto-reload _||

Split Made
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memiliki 3 mode operasi Yaitu capture, auo reload (up doven cowmting} dan bayd
rate generator, [Intuk memilih mode inf dilakukan dengan mengatur hit pada SFR
T2CON (Timer 2 Cantiol Register). Timer 2 jnj terdirt dari 2 bush timer g bit
register vairu T2 dan TL2. pada fungsi Timer, register TL2 dinaikkan
(increment) tiap siklus mesin. Karena Stklus mesin terdinf dari |2 perinde osilasi,
maka count rate menjadi 1/12 dar; frekuensi ositator. Sedangkan pada fungsi
Countet, register dinaikkan berdasarkan tanggapan adanyq fransisi tinggi ke
rendah pada pena yang bersesuaian (dalam hal inj Pin T2 atau P1.0). Tahe| berikut
menunjukkan mode operasi yang dapat dijalankan pada timer 2

Tabel 2-4 Mode Operasi Timer 2

RCLK + TCLK | cPAL2 | TRz | MooE |
0 o 1 16-bit Auto-ralaac _[
4] 1 1 16-bit Capture
1 o 1 Boud Rate Geneyarar
] X X n (O

Sumber : Data Sheet Mikrokontro|ler ATMEL AT8958257

RCLK = Receive clock cnable. Jika diset menyebabkan serial port menggunakan
pulsa overflow Timer 2 sebagai detak penerimaan pada serial port. Jika
RCLK = 0 Timer | vang digunakan,

TCLK = Transmit clok ensble, Jika diset menyebabkan serig) rert menggunakan
pulsa overflow Timer 2 se bagai detak pengiriman. Jika TCLK = g

Pulsa overflow timer | vang digunakan,




CP/RL2 = Pemilihan capture/Reload. Jika diset maka proses caplure vang terjadi
sedangkan jika bit ini diclear maka proses reload.

TR2Z = Bit untuk mengatur start/stop untuk timer 2 jika TR2 = | Timer akan
aktif,

2.1.8. Idle Mode

Saat /dle Mode mikrokontroler tidak melakukan apa-apa. Tewapi peralatan
lain yang terhubung tetap aktif. Kondisi ini dapat dihentikan dengan sebuah
imterrupt atau dengan me-resef sistem.

L1.9. Sistem Interupt

Mikrokontroler AT89S8252 mempunyai 6 buah sumber interrupt vang
dapat membangkitkan permintaan interrupt, yaitu INTO, INTI, T, T, 12 dan
port serial.

Saal terjadinya interupt. mikrokontroler secara otomatis akan manuju ke
sub rutin pada alamat tersebut. Setelah interrupl service sclesai dikerjakan,
mikrokontroler akan mengerjakan program semula. Dua sumber interrupt external
adalah INTO dan INTI, dimana kedua intcrupsi eksternal akan aktif atau aktif
transisi tergantung isi dari ITO dan 1T pada register TCON. Tnterupsi T0. T1, T2
aktif pada saal timer yang sesuai mengalami roll over, interupsi serial
dibangkikan dengan melakukan operasi OR pada R1 dan T1. Tiap-tap sumber
interupsi dapat enable atau disable secara otomatis,

Tingkat prioritas semua sumber interupsi dapat diprogram sendiri-sendiri

dengan set atau elear bit pada SFRS IP (interrupt Priorin),




Tabel 2-5 Alamat Sumber Interupsi

k]

IHSBNLS8]
| Ea |- FET:{EE]ETﬁEijTafEm!
Enetds Bit = 1 enabien The Internipt.
Enatle Bit = 0 deables the it
e e — o
Symbel | Poafon | Fimetion
Disables o Ierrugts. HEA ~ 5. o Inirropd
Ea E7 uuwnna.:.mhwm
#ource b individuny snatiod o et by
2attieg of clogring i snabla bit,
= Es | Roserved
ET2 1E3 | Timer 2intenupt erable bit |
Es IE4 | SPland UART mtarmptenosie bh. |
ET1 | B3 Timer 1 It shabla bi e
4| IE3 | Eoenabiems saobE
ETo €1 Timer ¢ Imemup en sk b,
EXp IED Extamal intar it & enshlo by

Sumber : WWW datasheet.atmel com

12. Relay

Relay adalah salal saru dari komponen elektronikg
Iilitan kawat(kumparan/koil) yang terlilit pada

dialiri arus listrik maka inti besi

akan menjadi magnet dan dapat menarik pepas

sehingga kontak BA terhubunh dan kontak BC terputus,

20

yang terdini dari sebuah

scbuah besi lunak. Jika kumparan



Gambar 2-7 Rangkaian Relay
Sumber : WWW.relay.com
Refay berfungsi untuk menghubungkan atan memutaskan aliran listrik
yang dikontrol dengan memberikan (cgangan dan arus tertentu pada koilnva.
Dalam memutus atau menghubungkan kontak digerakkan oleh fluksi vang
ditimbulkan dari adanys medan magnet listrik yang dihasilkan olch Kumparan
yang melilit pada besi lunak,
2.3 Op-Amp,
2.3.1. Penguat Inverting
Rangkaian pengual inverting merupakan rangkaian Op-Amp yang paling
luas digunakan. rangkaian ini merupakan penzual yang gainnva dari vi ke vo

diteniukan oleh R dan Ri yang dapat memperkecil isvaral ac atau de.




Tabel 2-6 Fungsi-fungsi pin-pin LM741

PIN | NAMA l KET
1. BAL OFFSET BALANCE
2. -IN | INVERTING INPUT
3, ' +IN NON INVERTING INPUT
4, -V GROUND
5. BAL OFFSET BALANCE
6. oLT QUTPUT SIGNAL
7. +V POSITIF POWER SUPPLY
8. NC NO CONNECTION

Sumber : WWW.Datasheet. LM741 com
15  Switch Elektranik
Rangkaian switch elektronik yang digunakan adalah jenis ic cmos dengan
tipe 4049, dimana ic ini akan aktif jika mendapat logic high dan jika logic low

maka ticak aktif

Gambar 2-10 Konfigurasi Pin-pin 4049

PiH ASEIGNRENT

Sumber : WWW datashest 4049 com
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7.C01.cpp

jolo awal;

o
{(P1==251)
(=0,

MURIDS = 1,
joto awal;

X ==0)
(P1 == 251)

K=1
MURIDS =0,
goto awal;

X==1)
(P1==247)

X=0,
MURID4 = 1,
goto awal,

PP == 247}

MURID4 = 0,
goto awal;

K==1}
1
X=0
MURIDS = 1.
qoto awal;
}
(X ==D0)
f(P1==239)
Page 2




{
=1

MURIDS =0;

goto awal;
1
]

rEx == 1:]
f

if (P1 == 223)
{

x=1
MURIDE = 1;
goto awal;

}

(X==0)

if (P11 == 223)
1
X=1;
MURIDE =D,
goto awal,

}

(X==1)
f{P1 =181}

{

A=0
MURIDY =1;
goto awal,

}

(X == ﬂ}

F{P1 =191}
i

X=1;
MURID? = (;
goto awal,

t

x==1)

_[P‘i == 127}
X=0

MURIDS = 1;
-goto awal;

7.C0M.cpp
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if (P1==127)

X=t
MURIDS =D,
goto awal,

}

]

‘(P2 == 254)
[

goto awal:

t
‘ot awal;

|l
{
XxX=2
' P2 = 251;
if (¥ == 1)

if (P1 == 254)

{
Y=0
P2= 254,
gofo awall;
}
}

if h" =={)
{
if {P1 == 254)

¥ =1;
P2 = 255
goto awall;
!

}

fFY==1)

{
if (P1 == 253)
1
Y=0
P2 =355
P2 =253
qgoto awall;
}
H

i (Y == 0)

if (P1 == 253)
{
Y=1
P2 =255
golo awalt;
}
}

7.C01 cpp
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7.COl.cpp
it{Y ==1)
i
if {P1==251)

¥Y=0
P2 = 255
P2 =251
goto awalt;
H
}

ff{‘f" == ﬂ]
{
H{FH == 251}

¥ =1,
P2 = 255;
goto awall;
}

1

Y ==1)
i€ (P1 == 247)

Y =0
P2 = 255;
P2 =247,
goto awall,
H
b

i (¥ == 0)

{

if (P11 == 247)
{
¥=1:
P2 = 255;
golo awal1,
}

}

HY==1)
{
if (P1 == 232}

Y=0
P2 = 255;
P2 = 239,
goto awall;
H

}

Page 5




FI{Y =0
if (P1 == 239)
{

Y=1
P2 = 285,
goto awalt,
}
}

T
i: (P1==223)

¥Y=0
P2 =255
P2 =223
goto awal1;
}
}

I‘:W ==
if (P1 == 223)
{

Y=1
P2 = 255;
goto awal;
}

}

if(*"":: 1}
if (P1 == 191)
{
Y =0
P2 = 255
P2 = 191;
goto awal1;

}
b

i (Y ==0)
{
if (P1==181)
{
Y=1
PZ =255
goto awall;

1
)

if (¥ == 1)
if (P1 == 127)
{

Y=0

7.C01.¢pp
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eatures

Compatible with MC5®51 Praducts
BK Bytas of In-Bystam Raprogrammable Downloadable Flash Memory
— &P Serial Interface for Program Downloading
— Endurance: 1,000 YWritefErase Cyclas
{ Bytes EEPROM
- Endurancs:; 100,000 Write/Erase Cycles
¥ to 6V Oparating Rangs
“ullty Static Operation: 0 Hz to 24 MHz
Thres-lavel Program Memory Lock
136 x 8-bl1 imernal RAM
32 Programmaile (0 Lines
raa 16-bit Timer/Counters
dine Interrupt Sources
Frogrammable UART Serial Channel
EPI Serial Interface
Low-power idle and Power-down Modes
Interrupt Recovery from Power-down
Programmable Watchdog Timer
Cual Data Pointer
Power-off Flag

escription

e ATESSB252 is a low-power, high-performance CMOS 8-bit microcontroller with BX
les of downloadable Flash programmable and erasable read-only memory and 2K
{es of EEPROM. The device is manufastured using Atmel's high-density nonvolatile
amory technology and is compatible with the industry-standard 80851 instruction
t and pinout. The on-chip downloadable Flash allows the program meamory to be
Jogrammed In-Systern through an SP| serial interface or by a conventional nonvol
la mamaory programmer. By combining a versatile 8-bit GPU with downloadable
ish aon & monolithic chip, the Atmel AT8958252 is 5 powerful microcontrolier, which
asvides a highly-flexible and coskeffective selubon to many embedded cortrel
phcalions.

e ATBISE252 provides the following starndard features: 8K bytes of downloadabie
i1sh, 2K bytes of EEPROM, 256 tytes of RAM, 32 |/C lines, programmabie watchdog
1er, two dala pointers, three 16-il timer/counters, 8 sic-veclor wo-level interrupt
hitectura, a full duplex serial part, on-chip oscillstor, and clock circuitry. 1n addition,
1 ATEES5E252 s designed wilh stalic logic for operation down to zero freguency and
pports wo software seleciabie power saving modes. The 1die Mode slops the CPU
ile alicwing the RAM, timerfcouniers, serial porl, and interrupt systemn to continue
whioning. The Power-down moda aaves the RAM conlents but freezes the oscillator,
abling all ather chip functions until the next extarnal intarrupt or hardwara rasat.

& downloadable Flash can ba changed a single byle al a time and Is accassible
ough tha SPI serial interface. Holding RESET active forces the SP bus inlo 2 sarnial
gramming inferface and allows the program memaory to be writien o or read from
ess lock bits have been activated.

===

8-bit
Microcontroller
with 8K Bytes
Flash

ATB8958252
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Supply voltage.

Ground.

Fort I 1= an 8-bit open drain bi-didirectional 1O port. As an autput port, each pin can
sink elght TTL inputs. When 158 are written 1o port 0 pins, the pins can be used as high-
impedance inputs.

Forl @ can also be configurad to be the multiplexed low-order address!data bus durirg
accessas to axtarnal program and data mamary. In this mode, PO has internal puil-ups.

Fort D alst receives the code bytes during Flash programming and outputs the code
byles during program verification, Exterral pull-ups are reguired during program
v erdication.

Port 1 iz an B-bit bi-directonal O port with internal pult-ups. The Part 1 outpul buffers
can sink/soume four TTL inputs, When 15 are written to Port 1 pins, they are pulled high
by the internal pull-ups and can be used a8 inputs. As inputs, Port 1 ping that are axter-
nally being pulled low will source current (|, ) because of the intermal puil-ups.
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Some Port 1 pins provide additional funclions. P1.0 and P1.1 can be configured to be
the timer/counter 2 external count input (P1.0/T2) and the timer/counter 2 trigger inpul
(P1AT2EX), raspectively.

Furthermare, P14, P1.5, P16, and P1.7 can be configured as the SP| slave port select,
data inputioutput and shift clock inputfoutput pins as shown in the foliowing table,

Port Pin | Altarnate Functions :'
PO l T2 (eatemal count input to Timer/Counter 2), clack-out -
P14 | T2EX {T:marfCuuan! np!umireload trigger and direction mnh'ﬂi} :
P14 | 55 (stave port select i input) - -
Ps .:“HIDSI {Master data nutpl:lL, slave data Input pin for 5P| channel) _
P16 i MISO (Master data input, slave data output pin for 8P charinel) __ N
P17 | SCK (Master clock outpu, slave clock input pin for SP1 channe) |

Port 1 also receives the low-order address bytes during Flash programming and
veification.

Pert 2is an 8-bit bi-directional 110 port with Intemal pull-ups, The Porl 2 output buffers
can sinkisource four TTL inputs. When 1= are writlen 1o Port 2 pins, they are pulled high
by the internal pull-ups and can be used as inpute. As inputs, Port 2 pins thel are exier-
nally being pullad low will source current (1) because of the internal pull-ups.

Fart 2 emits the high-order address byte during fetches from extemal program memony
and during accesses to external data mamory thal use 16-bil addresses (MOVX @
OPTR}. In this application, Port 2 uses strong internal pull-ups when emitting 1s. Dunng
accesses to extemnal data memory that use 8-bit addrazsses (MOVX @ R, Port 2 emils
the contents of the F2 Special Function Register.

Pcrl 2 also receives the high-order address bils and some control signals during Flash
programming and verification.

Port 3 is an B-hil bi-directional 170 port with internal pull-ups, The Port 3 output buffers
can sink/source four TTL inpuls. When 1s are written (o Porl 3 pins, they are pulled high
by the internal pull-ups and can be used as inputs. As inpluts, Part 3 pins that are exter-
nally being pulied low will source current (1, ) becavse af the pull-ups.

FPort 3 receivas same conlrol signals for Flash programming and verfication.

Pcr 3 also serves the funclions of various special fealures of the ATBR38252, as shown
in he following lable,
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Port Pin Alternats Functions

_Iﬂ_ RXD {zarial Input port)

P31 TXD (serial output port) -

Paz INTD {axtemal Interrupt 0) - o
N T pe)
P4 [ Totmecveramatipy |
Fas I Th (timear 1 axtarnat nput)

P& 1 WR (extemal data memory wrtte sirobe)

P37 | D (externat data memory read strobe -

Reset inpul. A high on this pin for two machine cycles while the oscillator is running
resets the device.

Address Lalch Enable Is an oulput pulse for latching the low byle of the address during
accesses to external memory. This pin is also the program pulse input (PROG) during
Flash programming.

In normal operation, ALE is emilted at & constant rate of 1/6 the osclllator frequency and
may be used for external timing or elocking purposes. Nole, however, that one ALE
puise is skipped during each access to external data memory.

if desired, ALE operation can be disabled by setling bit 0 of SFR location 8EH. Wilh the
bit sel, ALE is aclive only during a MOVX or MOVC instruction. Otherwise, the pin is
weakly pullad high. Selting the ALE-disable bit has no efiect if the microcontroller is in
external exscution mode.

Frogram Store Enable is the read strobe o exlernal program memory.

When the ATBOSB252 is execuling code from external program memory, PSEN is acti-
vated twice each machine cycle, excepl that two PSEMN activations ars skipped during
aach access to exlarmnal data memory,

External Access Enabla. EA must be strapped to GND in order to enable the device ta
fetch code from external program memory locations starting at 0000M up to FFFFH.
Mote, howevar, that if lock bit 1 is programmed, EA will be internally latched on rasat.

EA should be strapped to Ve for intemal program executions. This pin also receives the
12-voM programming enable vollage (Vi) during Flash programming when 12-valt pro-
gramming is selecied,

Input to the inveriing oscillator amplifiar and input 1o the internal clock oparating Gesuit,

Cutput from the inverting oscillator amplfier.

AIMEL 3
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A map of the on-chip mamory area called the Special Function Register (SFR) space is
shown in Table 1,

Note that net all of the addresses are ocoupied, and unoccupied addresses may not be
implementad on the chip. Read accesses to these addresses will in general return ran-
dom data, and write accesses will hava an indeterminate effact.

Usar software should not wrile 15 to thesa unlisied locations, since they may e used in
fulura products to invoke new featuras, In that casa, the reset or inactive values of the
new bits will abways be 0.

Timer 2 Registers Control and status bits are contained in registers T2C0MN (shown n
Table 2) and TZMOD {shown in Table 3) Tor Timer 2. The regisier pair (RCAPZH,
RCAP2L) ame the Caplura/Reload regisiers for Timer 2 in 16-bit capture mode or 18-bit
aulo-reload mods,

sla 1. ATE9SA252 SFR Map and Resat Values
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:2. T2C00N - Timer/Counter 2 Control Regisler

(ON Address = 0C8H Reset Value = 0000 00008 |
Sodressable -
LT | ®2 | ROK | Tok | exene | e | om2 | cemz |
7 ' 8 ! 5 ;‘ 4 ! 3 | 2 1 ! 0 !

2 | Timer 2 evarflow flag sot by a Timer 2 overflow and must be cleared by software, TF2 will nol be el when either

! RCLK 1o TCLK = ¢

W2 ! ! |:rner2 external ﬂag set Mre-n gither a caplure ar reload 1s causad by a negative Imnsitbn an TZEX and E:ﬁENE = 1 i
. When Timer 2 interrupt is enabled, EXF2 = 1 will cause the CPU to vactar to the Timer 2 interrupt routine. EXF2 must be
danreu l:r-_.r software. EXFZ doas not calse an ||r'rlerrupl. " upidown countar mn-:le {DCEN = i}

nbol | Function %I
|
I

CLK

Hau:aelve clack enable. When set, causes the serial port to use Timer 2 ovarflow pulses for its receive clock in serial port
Modes 1 and 3, F{Cd..l( o r:ausasﬂmarl weqﬂmlohﬂ usad for the racawadod-e.
CLK Transmit clock enab¥e, Whan ﬁ:et Causes th-a seral port (o wse Timer 2 overfow puizes for it trarnamﬂ dmh in sanal port

I'ulndaa 1 and 3. TCLK = 0 causes T'mer 1 averfiows to be used for the lmnsmut cock,

(XEMZ | Timar 2 external enable. Whan aet, allows a capiure or reload to oeour 83 a result of a nogative :r:anmln:m an TE‘E:*: if
; Timar 2 ks nul. baug used ¢ clock the aenal port. EKENE O causes Timer 210 ignore evarts at TZEX.

Rz | StartiStop mn‘tﬂd Iur T_I'I'IEE 2 TR2=1 ahu‘ha the timur
A2 Tlmer or counter select for Timer 2. G/T2 = 0 for trmer tunction. GT2 = 1 for m:terna! gvant courter tfallmg adgg
| tnggerad}

PR | I‘aﬂ:.&re."ﬁal‘und sofect, CPMRLZ = 1 causas mp{m to oocur on nagative transitions at T2EX i EXENZ=1.CPMZ =0
! causes automatic reloads 0 oceur when Timer 2 overflows or negativa ransilions occur at T2ZEX whan EXENZ = 1. When
| elther RCLK or TOLK = 1, this bit s ignored and the timer is forced to auto-reload on Timer 2 overfiow,

AIMEL *
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‘hdeg and Memory Control Regleter The WMCON reglster contains control bits for the Watchdog Timear {shown in
2 3). The EEMEN and EEMWE bits are used to select the 2K bytes on-chip EEPROM, and to enabls byte-write. The
bit selects one of wo D2TR ragisters available.

2 3. WMCON—Watchdog and Mermory Control Register

CON Addrens = 98H Fese Value = 0000 0010E
[ —— | " oo e <
! P52 il RS9 P30 | EEMWE EEMEN | DPs ' OWDTRET | WDTEN
VB R D et B A I x ! il i . oot |
| i i 6 5 i 4 i 3 ! 2 i [ o
mbol | Function
32 i Prescaler Bits fo- the Watzhdog Timer. When all three bits are sat o 07, ihe walchdog timer has a nominal period of
31 . 16 ma. Whan all three bits are sat to *1", tha rominal period is 2048 ms.
20

EMWE EEPROM Data Memory Write Enable Bit. Set this bil 1o *1” before initiating hy;tE‘M'ﬁZE to an-chip EEPROM with the
| MOVX instruction. User software should set this blt to *0” aftar EEPROM write js completed.

..____.._..I___.._._...___.._. =l

EEMFN | intarnal EEPRDH Arccess Enable When EEMEN = 1, Ihe M{mc msh'm‘non mth OFTR will aocess on-chip EEFROM
n mts-iaﬂd of exlernal data memory, Whan EEMEN 0, M'D'v")( with DFTR accesses m:tamaﬂ data memory.

IPS | Data Pointer Registar Seloct. OPS = 0 selects tha firel bank of Data Poinler Ragister. OP), and DPS =1 e.alecta the
| sacond bank, DP1

.._.;_ S i i) TR DL EF P SR | Ly L R e T e A L B i

NDTRST - Watchdog Timer Resel arrd EEPROM H&adwﬂusy Flag. Each lime Ihis bt Is set to“1" hy uSEr snllwara a puise Is
IWMEEY | generated to resst the walchdog timer. The WDTRST bit iz then automatioally resal (o 0" n the next instruction oycle.
The WDTRST bt is Write-Ondy. This bit afso serves as the ROY/BESY fiag In a Read-Only mode during EEPROM write.
| ROY/BSY = | means that the EEPROM is ready 1o be programmed. While programaing operations ars berng execubed,
lha RWW bit aqusﬂs 0" and oY auiﬂmatlcaﬁy r&sal tcl 1~ when pmgmmmmg is completad.

WOTEMN | Wﬂtchdl:lg T'mar Enab'le Bit WDTEN = 1 enah'lea 111& Wﬂiﬂhdﬂg tll‘l‘l:ﬂ‘l' a'm:l WDTEH 1] dlaablﬁl- the w'aiﬁrdng Hirner

] A T o i

R e e e e e e
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5P| Reglsters Control and status bits for the Seral Peripheral Interface are contained in
registers SPCR (shown in Table 4) and SPSR {shown in Table 5). The SP] data bits are
contained in the SPDR register. Writling the SP) data register during serlal data transfer
ga'e the Write Collision bit, WCOL, in the SPER register. The SPDR g double buffersd
for writing and the values in SPDR are not changed by Reset

interrupt Registars The global infermupt enable bit and the individual interrupt enable
bits are in the |E register. In addilion, the individual interrupt enable bit for the SP1is in

lhe SPCR register. Two priorties can be set for sach of the six intermupt sources in the
IP registar.

Dual Data Pointer Ragistars To facifitale accassing both internal EEPROM and extar-
nal data memaory, two banks of 16-bil Data Pointer Registers are provided: DPQ at SFR
address localions 82H-83H and DP1 at B4H-85H, Bit DP3 = 0 in SFR WMCON selects
DP0 and OPS = 1 selects DP1. The user should ALWAYS inilialize the DPS bit to the
aporopriate value before accessing the respective Data Pointer Register,

Power Off Flag The Power Off Flag (POF) is located at bil_d4 (PCOM.4) in the PCON
SFR. POF is set o 17 during powar up. It can be set and reset under software control
and is not affected by RESET.

bie 4. SPCR - 5P| Control Registar

PCR Address = DEH Reeat Value = 0000 0 XXE
i
SPIE | SPE DORD | MSTR | cPoL CPHA | SPRY | SPRO I
e -4 = | s o gl g AT T : fo—a et |
Bt ! P8 i 5 - 4 32 . 1 ! 0 ] :
wmbol | Function |
PiE | 8Pl Interrupt Enatie. This bit, in conjunction vwith the ES bit in the IE reqister, enables SP! inferrupte: SPIE=1and ES = :
| enanle SPinterrupts. SPIE = 0 disables SF| interupls,
| — e
PE = Eﬂabla SP1 =1 enables the 5P channel and eonnects 55, MOS(, MISO and SCK o p-m-;r' t 4 f'“l 5 1 ﬁ. anri o B
: AP = 0 disaties the 5P channel.
ORD | Data Order. BORD = 1 selects LSE first data lransmission. DORD = 0 selects MSEI l‘rsl dal.q lraumm«;smn
=ETR ! Master/Slava Select. MSTR = 1 zalects Maztor SP1 mode. METR = 0 saiocte Slawa SPI mnda
POL Closk Polanty, Whan CPOL = 1, SCK is high when idle. When CPOL = 0, SEH ufthe 'I'I'E.E!-tﬂl.’ deme ia k:lw vmerl niat
tranf'mrl'hng F‘iaasa reier !u hgure an BPE CIDGF: P'hasg ﬂrld F\':ra ity Corrtrol
PHA | Clock F"hase The CPHA hul! locgather with the CPOL bit controls the clock and r:kana ralnhonsmp bema-en mas‘tsr and |
| slave. F'Iaaae rerfer o ﬁgum o SFH C:h:u:.h P'hasu and F"n!arlh,r Gnntml |
PRO ; SF'l: {“Ioﬁc Rnha Sﬂleﬁ These hm him contenl the SCH rate r::f rha clenice mnﬁgurerl fas m.qqre-r ‘1‘F‘Ri and 'E'F'Rn have no |
PR ! affect on the slave. The relaticnship belween SCK and the cscillator frequency, Foas, 15 as kallows; i
| SPR1 SPRO 50K = Faee divided by
i @ 0 4
(I 1 16
| 1 0 G4
i 1 1 128
A ey e l 9

FuMICRO=11/4




+5. EPSR - SPI Siatus Regisler

A Addregs = AAH Reset Value = 00XX XXXXS ;
B D D e L=
R B 5 | 4 a | 2 | 3 0o

atvol Function

F

result of reading the SPDR register may be incorect, and wrlting to it has no affect. The WCOL bit {and the SFIF bit) are
cleared by reading the SP| slatus register with SPIF and WCOL set, and then accessing 1he 5P data register.

5P| Interrupt Fleg When a serial ransion is complete, the SPIF bil is set and an interrupt iz generated § SPIE = 1 and ES

=1, The SPIF bil & cleared by reading the SP| status register with SPIF and WCOL bite ot and Men reading/writing the
SP1 data reglater,

|
SOl ‘ Write Callision Flag. The WCOL bit is sat if the SPI data register iz writhen during a data ransfer. Ouring dats transier, the
!

e B. SPDR - SP) Dala Register

DR Address = S8H

Reset Value = unchanged

sPD7 sPD6 | sPDs | sp4 | sPos sPD2 | SPD1 | sPDo
Bt | 7 6 | s | a4 | 3 N
ata Memory — The ATB288252 implements 2K bytes of on-chip EEPROM for dala storage and 256

ZPROM and RAM

byles of RAM. The upper 128 bytes of RAM occupy a parallel space lo the Special
Funclion Registers. That means tha uppar 128 byles have lhe same addresses as the
SFR space but ara physicaily separate from SFR space.

When an instruction accesses an intermal location above address 7FH, the address
mode used in the instruction specifies whether the CPU accesses the upper 128 bytes
of RAM or the SFR space. Instructions that use direct addressing access SFR space.

For example, the following direct addressing instruction accessas the SFR at lncation
0AOH (which is P2).
MW OAOH, #deca

instructions that use indirect addressing access the upper 128 byltes of RAM. For exam-
ple, the following indirect addrassing instruction, where RO contains OADH, accesses the
data byle at address DADH, rather than P2 (whose address (s 0AOH),

MOV 8RO, Hdata

Note thal stack operations are examples of indirect addressing, so the upper 128 byles
of data RAM are available as slack space.

The an-chip EEPROM dala memory is selacted by satting the EEMEN bit in the
WMCON regisier al SFR address location 96H. The EEPROM address range i from
D00H o PFFH. The MOVX instructions are used lo access the EEPROM. To access off-
chip data memory with the MOVX instructions, the EEMEN bit needs 1o be set 1o "0",

The EEMWE bit in the WMCON register needs to ba =et o *1" before any bie location
in the EEPROM can be written. User software should reset EEMWE bit 10 "0" if no fur-
ther EEPROM wrile is required. EEPROM write cycles in the sarial programming mode
are self-timad and typically take 2.5 ms, The progress of EEPROM write can be monl-
tored by reading the RDOY/MBSY bit {read-only} in SFR WMCON. ROY/BSY = 0 means

ATBI58257 e——e e —
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programming is still in progress and RDY/BSY = 1 means EEPROM write cycle is com-
pleted &nd another write cycle can he initiated .

In addition, during EEPROM programming, an attempted read from the EEPROM will
fetch the byte baing written with the MSB complemenied, Once the write cycle is com-
pleted, true data are valid at afll bil locations.

The programmable Watchdog Timer (WDT) oparatas from an independent internal
pscillator. The prascaler bils, PS0, P51 and PS2 in SFR WMCON ara used to sat the
period of the Watchdog Timer from 18 ms lo 2048 ms. The availahle imer pariods are
shown in the following table and the actual imer periods (at V.. = 5V) are within £30%
of the nominal.

The WDT is disabled by Power-on Reset and during Power-down, It is enabled by set-
ting the WOTEN bil in SFR WMCON (address = 96H). The WDT is reset by salting the
WDTRST bit in WMCON. When the WDT times out without being resel or disabled, an
intermal RST pulse is generated Lo reset the CPUL

Table 7. Walchdop Timer Period Selection

- WDT Prescaler Bils f
P52 P&q ~ _-_T' Period (nominal)
i ﬂ—_ 0 1] [ 16 ms
a | o |1  32we
- ; . _T__1—__" _____ = __.___..E.h.ﬁ_w.hé. —
e Lo e
NG (W S . SR R R i
1 o 1 . 512me
1 9 B : 1024 ms
T

Timer 0 and Timer 1in the ATBOSB252 operate the same way as Timer D and Timer 1 in
the ATESCEY and AT8BCE2, For further information on the limers' operation, refer to the
Atmel web site (hitp:/f'www atmel com), From fhe home page, select “Froducts”, then
“Microcontrollers, then "8051-Architacture”, Click on "Documeantation”, then on “Ciher
Decuments”. Open the document "AT3% Serias Hardware Description”.

Tirmer 2 is a 16-bil Timer/Countar thal can ocparate as either a tmer or an event counter.
The lype of operalion is selected by bit C/T2 in the 3FR T2COMN (shown in Table 2),
Timar 2 has lhrae operating modes, capture, auto-reload (up ar down counting), and
haud rate ganerator. The mades are selected by bits in T2C0OMN, gg chown in Table 8.

Timar 2 consists of two B-bit registers, THZ and TLZ. In the Timer function, the TL2 reg-
ister is incremenled every machine cycle. Since a machine cycle consists of 12
oscillator periods, the count rale is 112 of the oscillator frequency.

In the Counter funchon, the register is incramentad in response 1o a 1-lo-0 transition at
its comasponding external inpul pin, TZ. In this function. the extemal input is sampled
during 55P2 of every machine oycle. When the samples show a high in one cycle and a
low in the next cycle, the count is incrementsd. The new count value appears in the reg-
Ister during S3P1 of the cycle following the one in which the transition was detactad,

ATMEL 1
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Since two machine cycles (24 oecillalor periods) are required to recognize a 1-to-0 bran-
gition, the maximum count rate iz 1/24 of the oscillator frequency. To ensure that 2 given
level is sampled at least once before it changes, the leve) shauld be hald for at leas! one
full machine cycle.

Table 8. Timer 2 Oparating Modes

RCLK+TCLK | CPRIZ | TR2 | MODE |

0 i 0 |1 46ebil Auto-reload o

SRR Tt . e
i ] |1 | BadRaleGenemor
x (N S e

In the caplure mode, two oplions are selected by bit EXENZ in T2ZCON. if EXENZ = 0,
Timer 2 iz a 16-bit timer or counter which upon overflow sets bit TF2 in T2COMN. This bit
can then be used to generate an interrupt. IFEXEN2 =1, Timar 2 performs the ¢ama
apearation, bt 3 l-te- transition at extarnal input T2ZEX also causes the current value in
THZ and TLZ to be captured into RCAPZH and RCAPZL, respectively. (n addition, the
transition at T2EX causes bit EXFZ in T2CON o be sel. The EXF2 bil, like TF2, can
generate an interrupt. The caplure mode is ilustratad in Figure 1.

ure 1. Timer 2 in Caplure Moda

GEC -]t +12
L T3 = .0 F- ------ —
E Mo THZ TLZ } »[ TE2 !
|
. i CVERFLOW
"
- e = 1 b -v W
T N CARTURE P e D
F";M’EHE RCAPIL -
THANSITION
ARl TIMER 2
E l.—_ IMTERRUFT
T2EX PIN [} - - ! . o ExXFZ
| S
CONTROL
EXEND

ATAISE?S? siceemsem s e e e
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to-reload (Up or Down  Timer 2 ean ba programmad te cound Up or down when configured in its 168-bit aute-

unter)

reload mode. This feature is invoked by the DCEN (Down Counler Enable) bit located in
the SFR T2MOD (see Table 9. Upon reset, the OCEMN bit is set to 0 so that timer 2 will
default to count up. When DCEN is set, Timer 2 can count up o down, depanding on the
value of the T2EX pin,

Figure 2 shows Timer 2 automatically counting up whan DCEN = 0, In this mode, two
options are selected by bit EXENZ2 in T2CON. If EXENZ = 0, Timer 2 counts up to
OFFFFH and then sets the TF2 bil upon overflow. The overflow also causes the fimar
registers to ba reloaded with the 16-bit value in RCAP2H and RCAPZL, The values in
RCAPZH and RCAPZL are preset by software. If EXENZ = 1, & 16-bit reload can be trig-
gered either by an overflow or by a 1-10-0 transition at external input T2EX. This
transifion also sels the EXF2 bil Both the TF2 and EXF2 bits can generate an intarmupt
if enablad.

Setling tha DCEN bil enables Timer 2 1o counl up or down, as shown i Figure 3. In this
mede, the T2EX pin conirols the direction of the count. Alogic 1 at T2EX makes Timer 2
count up, The timer will overflow at 0FFFFH and sed the TFZ bil. This overflow afso
causas the 16-bit value in RCAP2H and RCAP2L {o be reloaded into the timer registers,
TH2 and TL2, respectively,

A logic O at T2ZEX makes Timer 2 count down. The timer underfiows when THZ and TL2
egual the values stored in RCAPZH and RCAPZL. The underfiow sets the TFZ bit and
causes JFFFFH lo be reloaded into the imer registers,

Tha EXF2 bit togglas whenaver Timer 2 averflows or underflows and can ba used as a
17th bit of resoluticn. In this operating mode, EXF2 does not flag an interrupt,

ure 2. Timer 2 in Auto Reload Mode (DCEN = 0)

osc cpenr: !
Ch2 =0 |
v o e o
SN e e = TH2 L2
::r_‘I|N,TFI1:H_ ) J | WERFLOW
i TH2 - -
iz 1 RELOAD 1
TIMER 2
T2 Pin ! INTERRBUPT
L_ RCAPZH  RCAP2L
- - TFa
TRAMNSITHON
[ TE TR -
TEEX FIN = a e - * EXFe2
COMTROL
EXENZ
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PIC16F87XA

28/40/44-Pin Enhanced Flash Microcontrollers

Devices inciuded in this Data Sheet:

= PIC16F873A
= PICTEFE7AA

« PIC1EFETEA
« PIC1GFBTTA

High-Performance RISC CPU:

« DOy 35 single-word instructions to leam

+ All single-cycle instructions except for program
branches, which are two-oycle

« Operating spesd: DG = 20 MHz dlock input

DC = 200 ns Instruction cycle

« Upto BK x 14 words of Flash Program Memory,
Up to 368 x 8 bytes of Data Memary (RAM),
Up to 256 x B byies of EEFROCM Data Memaory

* Plnow compatible to other 28-pin or 40/44-pin
PICA6CXAE and PIG16F 0% microcontrollers

Peripheral Features:

= Timer(: 8-bit tmer/counter with 8-bit prescaler
Timer : 16-bit timar/counter with prescaler,
can be incremantad durdng Sleep via exiemal
crystalidock
+ Timerz: B-bit timer/icounter with B-bit period
register, prescaler and postscaler
- Two Caplure, Compare, PAWM modules
- Capture is 16-bit, mae, resolution s 12.5 ns
- Compare is 16-bit, max. resclution /s 200 ns
- PwWM max. rescdution is 10-bit

= Synchronous Serlal Port (S5} with SPI™
(Master mode) and o {Master/Slave)

* Universal Synchropous Asynchronous Receiver
Transmittar (USART/SCI) with O-hit address
detaction

+ Farallel Slave Forf (F5F] - 8 bits wide with

extarmal RD, WR and C35 controls {(40/44-pin only)

+ Brown-oul detection circuitny (or

Analog Features:

10-bit, up to B-channel Analog-to-Digital

Converter {413}

Brown-out Resst (BOR)

Analog Comparator module with:

- Two analog comparators

- Programmabie on-chip vollage referance
(VREF) modube

- Programmable input multiplexing from device
inputs and internmal voltage reference

- Comparatar outputs are externally accessible

Special Microcontrollar Features:

100,000 erase/write cycla Enhanced Flash
programn memory typical

1,000,000 erasaiwrite cycla Data EEPROM
mamaory kypical

Data EEPROM Retention = 40 years
Salf-reprogrammable under software control

+ In-Clrcuit Serfal Programming ™ (ICSP™)

vig two pins

Single-supply 5V In-Circuit Serial Programming
Watchdog Timer (WDT) with its own an-chipn RC
oecillator for refiable operation

Programmable code prolection

Powar saving Sleep mode

Selectable oscillator options

In-Cireuit Debug (ICD) via two pins

CMOS Technology:

Low-power, high-speed Flash/EEPROM
technology

Fully static design

Wide operating voltags rangs (2.0% to 5.5V
Commercial and Indusirial tamparaturs ranges

Brown-cut Reset (BOR
{BORY « Low-power consumption
Program Memory Dats MESP
EEFROM 18-bli | CCP Timers
Davice P SRAM Vo USART [ ¥
Bytes I*I:l'l;lul-:u'ﬂ::;d (Bytas) {Bytes) AMD [ch}| (PWM) | oo "T’T:m 81 6-hit | COMPArators

PCI6FBTIA | 7.3 H008 142 128 X2 5 2 Yeg| Yes Yes M 2
PIC16FET4A | 72K 4055 182 128 33 a 2 ¥es| Yes Yes 21 2
PIC1GFETEA | 14.3K 102 68 256 20 5 2 |¥eg| Yes Yeg M 2
PIC1BFBTTA | 14.3K Bi192 68 258 a3 B 2 |Yes| Yes Yas 21 2

2003 Microchip Technology Inc.
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PIC16F87XA

Pin Diagrams (Continued)

40-Pin PDIP
WERer =1 S/ a0} ee rewwen
HAD/AM [ 2 48 [] —— RBEPEC
RA1MNI =[] 3 38 [ = RBS
RAZAMINFEFACVIEF [ 4 5t 0= RB4
RAMANAVAEF + e [ 5 35 [ =—= REIPGM
RAATOCKECTOUT -« [ 5 35[] =~ RBZ
RASANASEICZOUT =—=[)7 &< 34[]-=—» REY
REDRDMMS ~~(]8 & 3300 RBOINT
RE1WRIANE ~—= (18 § 32 [ = Voo
REZTEAMT e (] 10 [ — Vs
vio— 1 f§ 30[0-— ROWPSPT
Va5 w12 & 291 =—= RDEPSPR
CSCHCLK —=[]48 &7 28[1-—v RDEPSPS
OSCICLKC =—({ 14 2 7 [| == ADAPSPY
RCNTIOSOTICK] e O 15 26 [ ~—e RETRNDT
RCHWTIQS|MCCPE -—e- ] 18 25 ]-l—l- RGATRISK E
RCZCCP w—e ] 17 94 [ +—e RCSSDO .
RCUSCKECL =[] 18 23 [J=—= RCASDUSDA —2f g%
RDQ'PSPO e [ 79 22 [ e ROAPSP3 38 o
ROAPSP ~—e ] 20 21 e RO2PEE2 Eg guE%EéE
T
m c e me=inls=wE
RAAUTOCKHCIOUT e ] ATHIRT 3 = REUPGM
BC2OUT o o [ 30 == REZ
3 e SF
INFIANE == [ g 36[] =—= RBINNT
mﬂ; 011 PICIGFET4A . ol
e :".E 2 plcieFaTIA NI 1 oo
OSCUCLKD —= [ 14 20 - ROBPSHE
DECHELKD = [ 45 317 == RORPSPE
HEM1GED.T1G&& _—r E 16 0[] =—= ROHPEPE
28] =~ RCTRLDT
2 g A NRRE
E e ]
E i
g ool THI
£35FBhRgE0 ShBaipanne
AIBRZEAAC Soeddiily
§ as Dt = =550
CEXCEECEEES Ef}sgggggg
=
3 k=
srintare |||} 11]]1] = !
NON0OOnQnn i
HHAHHHAHHH
BITYTISERRER
RETIRKDT =—=-o 1 = sato KO
RO4FPSPs =—=[C107 R = RCLTIGSOTICK]
ROSPSPE =1L 3 P —= OEGLCLED
RO&PSPE =1L AT === G MLK|
ROFPEPT —=—=[IIl5 PICA1BFETAA ﬁg*— :fts;:
Vg3 — LI § -— Nun
ves TTCINE  PICIEFRITA oo nhcEm
REMINT =—=CTT & 25T =—e REAANRIANG
AB| =T 8 25T ==  RENADIAKS
ABEZ =—=L{1T 10 24 = RANAN4SEC2I0UT
RESPGM == My s i g o T RAMTOCKICTOUT
ifafilililadifils
EZnmgalzz 04
Eﬁﬁﬁ FEe
Bald251s
H gé
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PIC16F87XA

FIGURE 1-2:

PIC16F874A/8TTA BLOCK DIAGRAM

12

Flagh
Presgrani

il
7

‘:;'-'T‘Il?‘rmm E.nwmr}c

DalsBus ¢

FORTA

A Lewe| Shack
(13-t}

Program

QECIGLR]
QSCIGLKD

MR oo, Ves

Timeas(l Tirvar 1

l Timar2

i

I'ﬂ"I
IL

RANAMNI

AT R

R AN NVREF-MWRES
RAZANIVRERY
RALTICKICA OUT
RAGANYESCI0OUT

BEINT
RAE1

REZ
REXPGM
R4

RBS
FB&PGLE
RETPED

ROAUTI0SQIT1CK]
RCATi080CoP
RCZICCRT
RCASCKSCL
RC4EDIEDA
RCA/300
RCATXACHK
RETRM/DT

ROLPEP
ROWPSPT
RO2P5F2
RDOIPSPY
RD4PSPY
ROMPSPS
ROBPEPE
ROFIFEPT

==
311.1.111_1.1. h=

3
e

REWNRDIANE
RE1ANR MG
] REZEMNT

W)

]r

P
h 1

W

&

Data EEPROM | COP12

Bymchronoies

Sarlal Fort

|

=]

Dy ice

Frogram Flash

Onim Memery

Data EEPROM

PICIEFET a4

4K words

192 Bytas

126 Bytes

PIGISESTTA

B words

508 Bytos

256 Eiytes

Mote 1. Hgher arder DRE e Trom the Sahie mgeier.
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DHT11 Humidity &
Temperature Sensor

D-Robotics UK {www.droboticsonline.com)

DHT11 Temperature & Humidity Sensor features a
temperature & humidity sensor complex with a
calibrated digital signal output.
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DHT 11 Humidity & Temperature
Sensor

1. Introduction

This DFRobot DHTL1 Temperature B Humidity Sensor features a temperature & humidity sensor
complex with a calibrated digital signal output. By using the exclusive digital-signal-acquisition
technigue and temperature & humidity sensing technology, it ensures high reliability and
excellent long-term stability. This sensor includes a resistive-type humidity measurement
component and an NTC temperature measurement component, and connects to a high-
performance 8-bit microcontroller, offering excellant quality, fast response, anti-interference
ability and cust-effectiveness.
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Each DHT11 element is strictly calibrated in the laboratory that is extremely accurate on

e e s

e e o=

ST T S U TR AT P TR A I e Ty

hurmiidity calibration, The calibration coefficients are stored as programmes in the OTP memory,

which are used by the sensor's internal signal detecting process. The single-wire serial interface
makes system Integration quick and easy. Its small size, low power consumption and up-to-20
meter signal transmission making 1t the best choice for various applications, including those
maost demanding ones. The component is 4-pin single row pin package. It is convenient to

connect and special packages can be provided according to users’ reguest.

2. Technical Specifications:

[tern Measurement | Humidity Temperature | Resolution Package
Range Accuracy Accuracy

DHT11 20-90%RH T 5%RH +27T 1 4 Pin Single
D50 C Row

Page | 3




Parameters | Conditions | Minimum | Typical | Maximum
Humidity
Resolution 1%RH T1%RH 196RH
8 Bit B
Repeatability T 1%RH
Accuracy 257 + 4%RH
0-50°C T 5%RH
l_ln_tgl_'!:ha_l_'_lg_e_!hility Fully Interchangeahle
Measurement e 30%RH SO%RH
Range 25T 20%RH SO%EH
50'C 20%RH BO%RH
Response Time 1/e(63%)25T, |63 105 155
{Seconds) im/s Air
Hysteresis + 1%RH
Lung-Tmn Typlcal + 1%RH/year
Stability
Temperature
Resolution IC e AT
8Bt 8 Bit 8Bt
Repeatabiiity +1'C
Accuracy 1T £2T
Measurement 0T 507
Range
Responze Time 1/e{63%) 65 3058
| {Seconds)

Page | 4




3. Typical Application (Figure 1)

V_Q_D vDD
§ s« 1Pin h
| i
MCU |=—12 22 DHT 11|
4Pin |
|
B GND

Figure 1 Typecal Apphcation
Wate: 3Pin — Mull: MCU = Micro-computer Unite or single chip Computer

When the connecting cable is shorter than 20 metres, a 5K pull-up resistor is recommended;
when the connecting cable |s longer than 20 metres, choose a appropriate pull-up resistor as
heeded,

4. Power and Pin

DHT1Y's power supply is 3-5.5V DC. When power 15 supplied to the sensor, do not send any
instruction to the sensor [n within ane second in order to pass the unstable status, One
capacitor valued 100nF can be added between VDD and GND for power filtering.

5. Communication Process: Serial Interface (Single-Wire Two-Way}
Single-bus data format is used for communication and synchronization between MCU and
DHT11 sensor. One commeunication procass is aboet 4ms.

Data consists of decimal and integral parts. A complete data transmission is 40bit, and the
sensor sends higher data bit first.
Data format Bhit integral RH data + 8bit decimal RH data + Bhit integral T data + Bbit decimal T

data + 8bit check sum. If the data transmission is right, the check-sum should be the last 8bit of
"8hit intagral RH data + 8bit decimal RH data + 8bit integral T data + 8bit decimal T data".
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1 Overall Communication Pracess (Figure £, below]

When MCU sends a start signal, DHT11 changes from the low-power-consumption mode to the
running-mode, watting for MCU completing the start signal, Once it is completed, DHT11 sends a
response signal of 40-bit data that include the relative humidity and temperature information to
MCU, Users can choose to collect {read) some data, Without the start signal from MCU, DHT11
will not give the response signal to MCU. Once data is collected, DHT11 will change to the low-

power-consumption mode until it receives a start signal from MCU again,

— U St e el DTS00 g ] (s e | Dot e compplein
| sl | | m—“" | raianies g
VL Rl BN _ipi"r"""'_'d{ =" ey -
4 1 n i
f Y/ \ J
LT LH;]:" ¥ ..T.:fl::i:.-_?]uqlw e .L_..'_-_ 2 __._...I;'l_;
avcLLas | | wuitte | | et gt ey | I | Sl
oy | N o for e b -l Dt Dt 1-hie | & Eims
T oupl vilage
Ll b
’ — H yEn
NICT Szmal DT Sipmal
gure 2 Dwarall nmunication Process
.2 MCU Sends out Start Signal to DHT (Figure 3, helow)

Drata Single-bus free status is at high voltage level. When the communication between MCU and
DHT11 hegins, the programme of MCU will set Data Single-bus voltage level from high to low

and this process must take at least 18ms to ensure DHT's detection of MCU's signal, then MCU
will pull up voltage and wait 20-40us for DHT's response.

WO puils up vali=

ad OHT pulls mp
i e o Yobage a0d e
e ' oY [l R .
R N R G R ik
) ol 1 A
E | e ) s |- |
! ] 5 ol winri ¥ e 1 |
TINGLE-BUS o pulle dinvn voliage B CATY merich vl nogpme
SIENAL smuh-u;gru - T wgwnl & keopy it for ddw T |
drtect e
Limes cxpivmmiion
fio ) S NTUET
MOL Sigasd T SEgaal
Figure 2 MCLU Sends out 5a t Signal & DHT Ress
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Once DHT detects the start signal, it will send out a low- voltage-level response signal, which
lasts B0us. Then the programme of DHT sets Data Single-bus voltage level from low te high and
keeps it far 80us for DHT's preparation for se nding data.

When DATA Single-Bus is at the low voltage level, this means that DHT is sending the response
slignal. Once DHT sent out the response sign al, it pulls up voltage and keeps it for 80us and
prepares for data transmission.

When DHT is sending data to MCU, every bit of data begins with the 50us low-voltage-level and
the length of the following high-voltage-level signal determines whether data bit is "0" or "1"
{see Figures 4 and 5 below},

26-28us

| = voltage-length —
| | means data “0* | Start to transmit
VCC---—----d L E-ﬂww-nmﬁ*-l ------ next bit data
GND-------------- -Lfr-"f—:“if-'ﬁ-ﬂ-l- ---h“; FESEY
| start 1 |
EIN-GLE_B g start to frans-
(50us)
Signal Lines
explanation: P —— T
MCU Signal DHT Sigaal
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1 —an] TOUS volinge-length means 1-bit  ju—

| | data “17 | Start to transmit next
— | C e i e R - - - bit datn
L & _..“-L-!' ---------------- I g *w"
! 4 h 4
=1 [ -I‘-"Jﬁ:-‘_ F o
e oot - ) R e e S T
kg |Start te trans- | |
SINGLE-BUS mbt 1-bit data - i
SIGNAL |[50u:}
Signal Lines . :
Explanation: e BT LA
M1 Signal DHT Signsl
e 5D " | tion

If the response signal from DHT is always at high-voltage-level, it suggests that OHT is nlm
responding properly and please check the connection. When the last bit data is transmt_ted,
DHT11 pulls down the voltage level and keeps it for 50us. Then the Single-Bus voltage will be
pulled up by the resistor to set it back to the free status.

h 1 I e - W LR | i
Fiecivical Cha el Li

VDO=5V, T=25°C (unless otherwise stated)

Canditlons Minfmum __[ Typical Maximum
Power Supply | DC L 5V 5.5V
Current Measuring 0.5ma 2.5mA
Supply

Average 0.2mA ima

Standby 100uh 150uA
Sampling Second i
period .

Note: Sampling period atintervals should be no |ess than 1 second.

(1) Operaling condibions

Appiving the DHT11 sensor beyvond its working renge stated in this datasheet can result in 3%8H
signal shift/discrepancy. The DHT11 sensor can recover to the calibrated status gradually when
it gets back to the normal operating condition and works within its range. Please refer to (3] of
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this section to accelerate [ts recovery. Please be aware that operating the DHT11 sensor in the
non-narmal working conditions will accelerate sensor's aging process.

1 1 i o |

[2VAlleabon 1o chemical malerials

Yapor from chemical materials may interfere with DHT's sensitive-elements and debase its
sensitivity. A nigh degree of chemical contamination can permanently damage the sensor.

el BrOCess Wi Lia 2]

Step one: Keep the DHT sensor at the condition of Temperature 50~B0Calsius, humidity <10%RH
for 2 hours;

Step two:K keep the DHT sensor at the condition of Temperature 20~30Ce(sius, humidity
»70%RH for 5 hours.

Relative humidity largely depends on temperature. Although temperature compensation
technology is used to ensure accurate measurement of RH. it [s still strongly advised to keep the
humidity and temperature sensors working under the same temperature. DHT11 should be
mounted at the place as far as poszible from parts that may generate heat.

iy

Long time exposure to strong sunlight and ultravielet may debase DHT's performance.

(6] Cunnooiion wirps

The guality of connection wires will affect the quality and distance of communication and high
nuality shielding-wire is recommended.

i IHher attentions

* Welding temperature should be bellow 260Ceisius and contact should take less than 10
seconds,

* Ayoid using the sensor under dew condition.

* Do naot uee this product in safety or emergency stop devices or any other occasion that failure
of DHT11 may cause personal injury.

= Storage: Keep the sensor at temperature 10-40°C, humidity <60%RH.

This datasheet is a translated version of the manufacturer’s datasheet. Although the due care
has been taken during the translation, D-Robotics is not responsible for the accuracy of the
information contained in this document. Copyright © D-Robotics.

D-Robotics: woww. drobaticsonline com

Email contact: d_robotics@hotmail.co.uk
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Serial Downloading Waveforms

SERIAL CLOCK INFUT
BORPLT

SERIAL DATA INPUT

|
I
MOSI/P1 § __[mSB

SERIAL DATA OUTPUT
MISO/P1.E

[LEB:

TLEET

Serial Programming Characteristics

Flgure 16. Serial Programming Timing

MOSI )

lowsH |

SCK _\_

MISO X

rahta 11. Serial Programming Characteristics, T, = 40°C to 85°C, Ve = 4.0 - 6.0V (Unless Dtherwlse Noted)

Symbol | Parameter Min Typ Max | Unhs
Moo Orseillatgr Frequensy q 24 ___iiz
s Oscllator Perlod 41.6 e
lees) S-GKPqu._e Wlﬂll'l_ ngh o | 24 by 2 ns |
Ry SCK Pulze Width Low v L s :
:ms; o | MOSI Setup to SCK High tnpt - s
tshom : "_'!DSI Hold atter SCK High 2 feLol ns |

ATACGSHZE? e e e e e —

L0103 - MIGRD-306
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Absolute Maximum Ratings*

i Ciperating Temperatire. ..o R -55°C to +125°C
| Storane TeMparatlre. ..o i e -B8°C t0 +160°C

i Voltage o Any Pin

i with Beapect 10 Ground .. i .00 w70V
Maximum Oparating Voltage -, B.6W
| B Oubput CUMEAL. ...+ eeeeeeeee s ceesre e ssseeeee e 15,0 ma

DC Characteristics

"NOTICE:

Sireszes beyond those Hsted under “Absalura
Maximum Ratings” may cause permansnt dam-
ige to the davice. This is a strass rating only andg
turctional operation ot the device at these or any
other condiions bevond those indicated in the
operztional sechons of this specification is not
impiied. Exposura (o abisolule maximum ratdng
carrdiions for extended periods may athéct device
reliability.

The valiras shown i this table arg valid for T, = -40"C to 85"°C and Voo = 5.0V + 20%,; unlass othenvise notad.

Symbol | Parameter | Candition Min | Max | Unhs
v, | Input Low-voitage | (ExceptER) 0.5 | 0.2 Va0 v
Vil | Input Low-voltsge (ER) ; 0.5 ! 02V, 03 v
[ W ' Input High-voftage S (Except XTALY, RST] ' g2 irt_t._;ﬂ.g' ' l-'r_[-_.+.l}.5 Lo
! “1,-'",,1 . Il Hgyh vl b g [XTAL1, RET} ; i Ve + D.E:- . .".f
o Oupt LoweolEge ;-I.;.L=I1.ﬂ- i J a5 Cow
| ) s gt ey een i TR [T TS| 4
M | Onutpit Low-voitage oy = 2.2 mA ' | 0.5 Voo
NP s o e i R ! | {
Vou | Cutput Hgf-voltage o = 60 LA Vg = BV £ 10% . 2.4 I B
| 'Paris 1,23, ALE, PSEMN ‘\'_}H:-Q;' I_L_A' AT S e S _-'_'FE vﬂ; i G B .u,_
i lu=-10pA 08V 4 "
Vam | Qi High-wnliage i lyg = B0 A, Vo =BV £ 10% 24 I W
! {Part 0 in Extamal Bis Mode) o = 300 1A . 075 Ve | v |
- : ) - I,-._-,H=-B{]u.él.- r 08 Ven LoV
It _ Logleal 0 Input Current {Ports 1,2,3) "Wy = 0ABY 1 ] 50 e
| Logool Vo0 Tereten Gurent (WS 123)  Vws ¥ Vee= VAo | e
i I ' Irput Leakage Curen! 0.45 < Vo = Yiin i r 101 LA .
IO ... 1. M . e e . ! e
RHET  Fesat Puil-down Resisior : &0 1 0% Lo
Cus | Pin Capagiiance | Tost Freq, = 4 MHz, T, - 25°C i i 1 B
s | Powar Supply Cument | Active Mooz, 12 Mz | : | __2_5__I il
L |85
" Pow-dows Mode & Veeme¥ [t | A
I ) | a0 i who |

iles: 1. Under steady atata (non-dransient) conditions, 5-:1 must be externally limted as lolows.

taximum iy per port pin: 10 mA

Maximum |oy per 8-bit port. Port 0: 26 mA, Pors 1, 2, 3: 15 mA

Maximum tatal 1o, for all oufput pins: 71 mA,

If Iy exceeds the test condiion, Yo, may exceed Lhe related specification, Pins are nol guaranieed Lo sink current greater

ikan the listed test conditions.
2. Meimum V... Jor Powar-down s 2V

ME-MECAC-304
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ATEL,

AC Characteristics

Under operating conditions, Joad capacitance for Port 0, ALE/PROG, and PSEN = 100 oF; load capaciance for all other
ouipuls = BO oR

External Program and Data Memory Characteristics

" Variable Oscillator
' Symbaol : Ferramatar _M'm LI Max Units
e E_D»s.mhatnr Freguency i} 24 WMHz
the | ALEPukeWith T e e - e
— | Address Vaiid to ALE Low ey 13 L f ns
o MesstodMorAE | aa® ey B8]
o . ALE Low 1o Valid instructionin _'__ - _ Ao ala] - _ns )
Vet | PSEN Pulse Width i atﬂﬂ 20 ns
Loy | PSEN Low to Valid Insieuction In - | g4 as
| T Input Instruction Hold aftar PSEN ; 0 . ng
:_1,;5,3__ Input I msinmmn Float aﬁer F‘QFH | _ 1@__- o rls_j
i FEEN o Address Valid i b =B : ns
. Address to Vald Instruction in - | Bla -85 s
:_tH"!'E ES_EM L':'W te Ad‘ﬂ'l‘éﬁﬁ Fleat I h i -1'3 - s
| tpie AD Pulse Widih Bty o - 100 ns
L WRPuewan Bog 100 | ns
lmsy  FDLowto Vaiki Daiain . Smgw om |
gL/~ Diata Hold atter AD 0 - ns
; bepiniz Data Flaat after R0 2o - 2B . s
luaw I. ALE LowfoVeldDatatn Blepe - 160 s
ki i Address to Valid Dola In Oty - 166 ne
i A':émwmﬂnmwmcw' T g0 Steiey < 50 ns
Covw Data Malid 1o wrt Tfanst‘mn toym - 20 C _ns
tawm | Data Valid to WH High o | T B L
L | Dala Hold ater WR trr.ﬁqf_-ﬂﬁ N e~ o ne
wxz D Lowto Address Float 1 | 0 ns
wa | B or WA Highto ALE High - - 20 touoy + 25 ns

i ATBAS8252 “mm
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External Program Memory Read Cycle

I S
ALE 4 N e Ly
: ™ loipy
Liar ¥ lyuw ,
PSEN S Ly "Nz
} "‘_tFK:W_"?
20—
Lz —» |-'— i
P———— i o | —
PORT 0 — K INGTRIN B0 oK AO-AT o
- .
poRT2 _ X b

External Data Memary Read Cycle

- |
ALE - A N e :

FSEN T
— P [I.ll:‘;"ul' aias __..I R
— TrL A —
— ty —»
P ——| | — . voy e e s

RO T s T + A [
! | | ope— iy fe— loupy
i‘rl— AL — 'ﬁl_.no_'-!—" )

1

‘ Co et ek e
PORT 0 VA0 A7 FROM A OR 0PLL {;;l-—@aﬁ-mf}_\,‘@a 7 PRGN PEL—NSTR TN
| ATA_INH7 X A0 - A7 FROM PCL~—GNSTH I

[

+ LI *
—— togw

— -

PORT 2 ¥ P20 - P27 OR A8 - A5 FROM DPH__ »_  AB - A15 FAOM PCH _

ATMEL w

15 MICEG - L0e




Exiernal Data Memory Write Cycle

= by | ——
ALE i\ /J/ ’ "__—‘*\ i

I —+ o Yt 4
_____ . L =
PSEN ! SEE.
+— e —— b —»
s S iy s o
W by — [—————
e— Tavtt —o Lovwx = [*— [ taox
— Loy —
PORT 0 _ >{A0 - A7 FROM RI OR DPL DATA OUT B¢ >(AD - A7 FROM FCL —<INSTR N
i i, i

FORT 2 K___P2.0 - P27 OR PB - A1S5 FROM DFH AR - A5 FROM PCH

External Clock Drive Waveforms

” i N iy Lo -
= ~ - -4 [ d -
VH-.; 0.5y I'!:‘-Lml" tC'.HCL
el DT M g
0.2 V- BV
.45y
* e -
A o L
External Clock Drive
' Vee = 4.0V to 6.0V

Symbol | Parameler Min Max Unite '
Moo | Osciliator Frequernicy 0 24 MMz
Pt Clock Period i 416 s
oHo High Time i 15 ns
o i Low Timi I 15 t ns |

ax i, — - - i ' - . - & bl P —_—
e . Rize Tima i ) 20 g |
B, e PO o LA
HEL * Fall Time L I _E_D_ nz !
} ATBOSEIL? e e e O e e e T TS T T S
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Serial Port Timing: Shift Register Mode Test Conditions

Tha valugs in this table are valid for V. = 4.0V to £V and Load Capacitance = B0 pF,

' | ' Variable Oscillator
Symbol! ! Paramatar _ Min Max | Units
bt Sarial Port Clock Cycle Time - ' s
o | OvowDas SevproCoccRemEe | gt "
_l_:-c_l-do_x _ i Crutput Dala Hold after Clock Risng Edge Blopey - 117 L
[ Input Data Hold ater Clock Rizing Edge ! o . ms
_tw | Clock Rising Edge to Input Data valid | Wy -133 1 NS

Shift Register Mode Timing Waveforms

INSTRUCTION C U SR 2 4_ 8 & T 8
aE = T er E R IR S BT E PR PER T B 3 BT
byow
Lo SEES G O, i SRS e s IO 2 P iy IR (s S 5
| - = |
- | bisan
WRITE TO SBUF = Roow OIS E T T Sl g N U [ A
Iﬁi e e o ey . = -y — —— =
OUTPUT DATA boppsiny .] = o SET 11
CLEAR Al | T A e A T T T
e RS R = =l S = s
INPLIT DATA SEDAI

AC Testing input/Output Waveforms'"

Vpg- 0.5V
g7 8 S 02 VL + DAV

TEST POQINTS

0z - oY
045y Yoe = {

Iolg, 1. AT tnpuls during ‘eshing are driven al Y. - 0.6Y
lor a fogic 1 and 645 for o tagic 0. Timmng measurements ara mada al Vi, min lora logic 1and ¥y max foralogic d

‘loat Waveforms'"

it W
Ull.l-ll.l_:l‘ LB 'qch o
W Timnng Refarence
Lo Foiniz
Vo oao (5 L T R

@ 1. For iming purpases, & port pin b8 no langer floating when & 100 mV ehange trom ioad voltage occurs, A gor pn Preging 1o
fioal when a 100 mV change from the loaded Vi,V level oocurs,
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Ordering Information
| Speed Pawer | |
| [MHz) Supply i Ordering Code Package [ Operation Rangs
! 40V1060V | ATHISE252-24AC 44 ] Commercigl
: ATBAGEEDE-20)0 4] i (0G0 TN
5% |  ATB9SB25224RC 40P6 |
AOVIDBDV | ATHOSB262.24Al 444 ': Indatrial
| ATBASEZEI-D4| 44, ! (-4 pp B5°C)
| ATBOSE2S2-24P| 40PE !
Pachage Type
44 A4-lgad, Thin Plastic Gull Wing Quad Flatpack (TQFF)
4 dd-lead, Plastic Sleaded Chip Carrlar {PLCC) e
Ps dd-lead, 0.600" Wide, Plastic Dual Inline Package (PDIR) . —E
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Packaging Information

444 - TQFP
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COMMON DIMENSIDNS
1 {Limit ed Mersurs = men)
SYMBOL| MIN | NOM | MAX | MOTE
A, | - 120 |
ar 1opos | - 015
az | oss | w0 | ios !
O 1175 | 1200 | 12.2%
(3| 9,50 1Moo | 1010 | Mo 2
E 1175 | 1300 | 1285
Mules. 1, Ths package conforms o JEDEG relerence ME-026. Variation ACE,
2. Pimenaions 01 and E1 da not inchade mald protrugion. Allewsble E1 500 | 1000 | 10.10 | Mote 2
profrusion is 025 mim per side, Dirensions 01 and E1 ara masimurm B .30 = 0.45
plastic hody siza dimensions inclugng mald mesmatch. p i:I'.IH T P
3. Lead coplanarity is (.10 mm masimmum. k
L .45 - 0.75
=] a.80 TYP
1052001
TITLE DRAWING ND. |REV.
giza‘]ﬂmr%rg 955“ 1’{3"':“' 444, d4d-lead_ 10 x 10 mm Body Size, 1.0 mm Body Thickness, 448 B
e’ 0.8 mm Lead Pitch. Thin Profile Plaste Quad Flal Package (TOQFF)
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445 - PLCC
i 14§0.045) ¥ &5 21h W, 2 tASAMEN A4S B
f - IDCNTIFIER - e :-i-"'!* 0.13110.0078]
:Lhmlg.u_u_l_l_l _r 1 : o
! i
E DaEZ
COMMON DIMENSIONS
{Linit af Measure = mm)
SYMBOL| MIN 2 [l ] MAX NOTE
A ; _-1- 191 - 4572
Al 2284 - J.0v4
AZ (504 - e
D 17,389 - 17.653
0 s | - | ieeee [Noez
E 17 309 - 17653
Motes: 1. This package sondomms lo JEDED reference MS-018, Varkstion AC T ]
2. Dimensions DY and ET oo not inclide mokd peotrasion. EY |16510 ) - | 16662 |NoteZ |
Alfcwable protrasian is (0070254 ! pe side. Dimsnsion D1 DEEZ | 14986 - Il 16062
and ET include modd mamateh and are measured a1 fie sxlrems é_ 0660 == nala
rratedial condiion & Me upper o Iower paTting line, d = i
3. Laad coplanarey i O 004" (0102 mm) maximem ! B1 .330 - n..';'»_:t:’i_
| e _ 1270 TYP
100401
——— TITLE DRAWING NO. |REV.
reha rioway 40 A4 x g ;
, H-lead, Plagiic J-leaded Chi i (PLCC
Sen Jose, CA 95131 o REalar (e 44} B
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Modes: 1. This package condomma le JEDEC miference MS-011, Variation A
2. Dirensiona Drand E1 do not michede molo Flash or Protnsion
talet Fiash ar Profruzion shall not exceed 025 mm (0,010,
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COMMON DIMENSIONS
{Unit af Measurs = )
symeoL| miN | mnom | max | noTE
A = - | 48z8
| a1 | o3 B i
L o lseoro] - | s2sm | Now2
E |15240 | - | 1887s| |
. Bl |13ee2 | - | 13970 |Nowz
| B 0.356 0.564
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2328 Orehard Parkway
San Jose, TA 95131, USA
Tel: 1{408) 441-0311

Fax. 1{208) 487-26C0
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Almel 3arl
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AN1 - Relay Board

Oleh: Tim IE
e —

H ardwarg

Relay merupakan salah satu komperen output yang
paling sering digunakan baik pada induslr, otomolif,
alaupun parafatan elsktronika lainnya. Relay barfungsi
untuk manghubungkan atau memulus aliran arus listrik
yang dikontrol dengan memberkan tegangan dan arus
tertentu pada koiinya. Adz 2 macam relay berdasarkan
legangan untuk manggerakkan koilnya yailu AC dan DC.
Pada relay board Ini digunakan relay DC dengan
tegangan koil 12V OC.anus yang diperlukan sekitar 20-
30mA, Karena ity pada ururrttya  Kifa  tidak  bisa
langsung meachubungkan oulpw!  suaty  IC tegic
{TTLCMOS } atau peripheral lain seperti HE BRCET | PP
B2C55 dengan relay karena lapma: [ 8rUS maximum yang
cikeluarkan pada saal logic '1' )} atau lgLmax ( @rus
maximum yang mampu dibenamkan pada saal logic ‘0’ ]
lidak cukup besar. Karena iu perlu digunakan drivar
untuk penguat arus yang biasanya benupa lransister, dl
sini digunakan “Daringlon Amay" ULN 28034 yEng
merupakan sekumpulan transistor dengan konfigurasi
Dardington sehingga mempunyai p (penguatan arus) yang
besar { lihat garmbar 1 ).

Gambar 1. Konfigurasi Output ULN2803A

afign oulput pada ULN 28034 dapal dibetani sarpai
Q0mA, serla dilengkapi dangan ‘supression  diode’.
wde ini berungsi urtuk mencegah ‘kickback' yailu
ansient yang

vjadi pada kol relay (beban induklif ) saat relay

matikan . Fenomena Ini bisa dianalisa dar rumus
trikeat
o
V==f—
il

yangkan bila lerjadi perubshan anss yang cukup besar
am saluan wakiv yang sangat cepat di = 0 maka
angan balik ini menjadi sangat besar, dan dapat
‘ngakibalkan kKerusaksn pada transislor. Problem lain
g sering terjadi pada kontak relay adalah loncatan
ga api fistrik yarg dapat memperpendek urmur kontak,
nga api ini terulama tegadi pada baban Induktif separti
tor, salenoid, di, Untuk mencegah ha! ini digunakan
W { Metallic Oxive Varistor ) yang tipasang secara

e fofd

paralel dengan kontak. Vanslor bersifal seperti rasistor
dengan nilai resislansinya terganiung pada legangan.
Katika koniak
tarbuka, beban indukilif menghasitkan tagangan balik
yang cukup besar akibat perubahan medan meagnet,
Fada saat inl (prolective slate'} nilai resislansi varstor
menjadi sangal kecll ‘an arus akan mengalir melalui
MOV, sehingga transien! dapal diredarn, Pada saat
keadaan nommal resistansi MOV sangat besar dan hanya
menark arus yang sangal keci, bunga apl juga
menyebabkan sinyal Radio Frequency Interfarance {RFI
vang dapal mengganggu peralatan — peralatan sensitit.
Karena itu komponen peredam transienl seperti MOV
sangat diperlukan lerutama pada beban induktf,
Parameter-parameler penting Varistor -
« Tagangan Varister {tegangan breakdown} ;
Tegangan pada vansior yang diukur pada arus
tertentu (0.7 mA alau 1 mA) selama wakiu terdeniu
» Tagangan maksimum yang diperbolehkan :
Tegangsn maksimum pada varistor agar letap pada
keadaan normal {'resl state’)
Cara membaca kode varistor pada umumnya

O O

|‘—— Toberans tag vanstor

K=210% L=t15% M=+20%

Tegangan Varistar

Contoh 180 : 18V
221 230v
431 : 430V

Pemiihan tegangan varistor tergantung pada tegangan
beban yang dihubungkan pada relay.

Contgh ;

Tegangan Supply | Tipe Varistor
12V DC ! 220K
24V DC ;rr 200K
110V AC 201K, 221K
220V AC | 431K 471K

Softwarg

Pemragraman untuk mengendalikan relay board ini
sangat eederhana, Bla menggunakan OT-61%
Development Tocls kita bisa maemiih  apakah
menggunakan Port 1 { P1.0 - P1.7 } atau Port A, B, dan
C dari PP (Programmable Peripheral Interface),

Fada gambar 2 ditunjukkan salah ssiu contoh aplhikas|
ralay board, yaitu untuk mematikan dan menghidupkan
lampu bohlam 220% AGC. input Relay Board (IN1-INB)
dihubungkan dengan Port 1 DT-51" Development Tools
{P1.0-P1.7),
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Gambar Z. Hubungan DT-51 MinSys Ver 3.0 dengan Relay Board

sting Program

wrikut ini sking program (dengan Assemblar ASMS1)
iuk manyalakan lampue bohlam selama 4 15 detik,
imudian padam + 15 detik secara periodik,

$TITLE (Demc HELAY BOARD dengan lampu bohlam)
SMODSL
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1ge 2 of3

] o
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ué. B N wen oy é. fim
wi) O
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& 1 ]ue
¥ 11@ i
| Fﬁm j 0/ er
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Delay;

DelayQutasLoap:
DelayCutloop:
DalayCuterLoop:
DelayInnerLoop:

Btaxrt:

geiofl

PUSH
PUSH
PIsH
FUSH

oy
L
MO
DJIHZ
[LTHZ
DINZ

EQOF
POP
BOP
RET

SETH

40C0H
Start
4100H

06H
07H
05SH
04K

R4, 4010

R5, §OARH

R6, #0BEH

R, #0CCH

R7.5

RE  DalayDutarLoop
k5, DealayDutLoop
R4, DelayCutaloop

04H
05H
07E
1) 34

P1.0
Dalay
Fl.0
Delay
Start

Application Mote AN1
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‘MICONDUCTOR TECHNICAL DATA

ex Buffers

'he MC14045UB hex inverterfbuffer is eonsinuctad with MOS P=channel
| N—channel enhancement made devices in a single monolithic structure.
s complementary MOS device finds primary use whare low power
sipation andior high nelse immunity |5 desired, This device provides
clavel conversion wsing cnly one supply voltage, Vpp. The input=signal
h lavel (W4} can exceed the Voo supply voltage for logle—level
versigns, Twa TTLDTL Loads ¢an be driven when the devies is used az
05 1o TTUDTL converters (Vpp = 5.0V VoL = 0.4V g 232 mA).
& that pins 13 and 16 are not connected internally on this devics,
isequently connactions to these terminals will not affect cireuit aperation.,

High Source and Sink Curents
Hign—to—Low Level Comdener

Supply Yoltags Range = 3.0 o 18 Y
Meels JEDEC UB Specifications

Wy can exceed VoD

Irmproved ESC Protection an All Inputs

AXIMLUIM RATINGS® [Voltages Referenced 1 Vgg)

Rating Bymbal Valug Unit
IC Supply Valiage ) Voo —DE5to + 1B W
nput voltaga (DC or Transiant; Vin —0.5te+ 18 W
Jutput Volkage (DC or Transiant Vo |—CEmwpp+0S ] W
npat Gument (D0 o Transsant;, per Fis hin S [+ md
Jutput Curdent (D o Transiand), par Pin laid +45 ma,
*ower Dissipailan, per Packaget P mid¢
Plastic/Ceramic i
SOC 740
atarage Termparalung Taig - 65 1o+ 1ol b
aal Temperature (B-Secand Saldering) TL B0 L

wiaximum Hatings are thoss values beyond which damage to the device may ocour,

Temperatura Deraling: Al Packages: Sae Figure 4.

GIRCUIT SCHEMATIC
(116 OF CIRCUIT SHOWN)

MC 1404208
Yoo

e Jar

—= ‘II'ELE

MC14049UB

L SUFFLX
CERAMIC
CASE 620

F SUFFIX

CASE B48

D SUFFIX
S0oIC
CASE 7518

ORDERING INFORMATION

ORGP Plastic
ME1RRBCL Caamic
MC1ABD BOIC

Ta = — 55 1o 125°C for all packages,

LOGIC DIAGRAM
MC14040UB

Aea8A:

§ 10
n 12
il 15

NC = PIN 13, 16
Ves =PING
Vop PN

Ao, . 1S

@ MOTOROLA




[ECTRICAL CHARACTERISTICS (Vollagss Retarenced I Yss)

Voo -55C 25°C 125°C
Characterizlic Symbaol | Vde Min Mak Min Typ Max Min M Unit
il Wl " Level WL B0 _— 005 — [¥] 0.05 — 0.05 Wde
Vin= Vppor0 10 — 005 - 0 0.05 — 0.05
15 = Q05 - o 0,05 -- 0.0
1" Lesvot YoH L0 4.95 — 4 05 L0 — 4495 = Wk
Win= DorVop 10 .95 - 005 10 - 295 —
15 14,95 — 14 95 15 — 14.05 —
pul Voltage 0" Lavel ViL Ve
(Vo = 4.5 Vda) 50 = 1.0 - 225 1.0 - 1.0
[V = 8.0 V) 1 -— 2.0 — 450 2.0 — 20
{W = 128 Vido} 15 — 2.5 —_ B.75 25 _ 25
17 Lavdd WIH | Ydo
[Vig = 0.5 vdu) &0 4.0 —_ 4.0 275 _— 4.0 e
Vo = 4.0 vda) 0 a0 - 80 5.50 - .0 =
(Vo= 1.5 wdc) 15 12,5 — 12,5 8,25 == 125 ===
sudpud Dirva Cirrent IoH mAds
VoH = 2.5 Vigk Saurce 5.0 —1.6 - = 1.25 -25 == -14 -
Ve = 0.5 vdeh 10 =16 —_ -13 =26 — =10 _—
(VioH = 12,5 Ydc) 15 | -47 | — |-315| -10 - | =30 | —
L = 0.4 vde) Sink | oo 50 375 — 3.7 6.0 - 26 — | made
(VoL = 0.5 Vdo) 10 10 — 8.0 16 == 6.6 —
(VgL = 1.5Vde) 15 30 - 24 40 - 19
Input Currant lin 15 — +01 —_ +0.00007 | £G4 — £1.0 | pAdc
Input Capaciance Cin .- — — —_ 10 20 — — pF
Min =0 2
Chilescent Currant oo 5.0 —_ 1.0 — 0.0a2 10 — an HADG
(Per Packago] 10 — 2.0 - 0.004 Z0 - ite]
15 - 4.0 — 0008 40 — 120
Total Supply Curmant™™ I 50 IT= (1.6 pAkHZ] T+ Iop whAdc
(Dynamic plus Quiescent, i1} I =135 pAkHzZ] T+ Ipp
Par Packaga) = IT = (53 pAkHZ] T+ Do
(G = 50 pF on el gutpuls all
bulfars switchilrg)

Diata ksbralled =Typ" is not 10 be used for design purposes but is intanded aa an Indication of tha IC's poienlial paformancs.
‘The fermulas given we for the typical characterstics anly &t 25°C.
‘To caiculate total supply cunent 4t loads other than 50 F|
IT{CLY = IT{30 pF) + {Cp - 50) Ve
vhere: 7 15 In A {per package), G In pF ¥ ={Vpp = V55 In volts, fin kHz is inpul froquency, snd k= 0.002,

AC14049UB MOTOROLA CMOS LOGIC DATA




ITCHING CHARACTERISTICS® {C =50 pF, Ty = 25°C)

Voo
Characteristic Syrmibal Ydc Min Typ ¥ Max Linid
P Rise Tima TLH ns
trpH = (0.8 nedpF) ©f + 60 ns &0 — 100 160
ITLH = (0.3 ns'pF) G + 35 ns 10 — o 100
brLH = (027 nalfpF) S| + 26.5 ns 15 = 40 &0
tpul Eall Tema ITHL s
ITHL = (0.3 na/pFy O + 36 ns 50 i 40 B0
rHL = {012 nefpF) Cp + 14 ns 10 o 2 40
FTHL = (9.1 nafpFy G « 10 ns 15 — 15 30
ypagation Delay Time PLH 13
ipLH = (038 na/pFh S| + 61 ns 5.0 — 8o 120
Ippy = (0200 As/pFy &« 30 ne 10 - 40 65
tp H = (011 nafpF) O * 24.5 ne L] = aa 50
ipagation Delay Time tpH ns
lpHL = (0,38 nafpF) CL + 11 ns 5.0 — 30 8O
tpHL = 012 naPF) CL + 9 ms 10 - 15 30
IpHE = 1011 nafpF) Cp + 4308 15 — 10 20
e formulas given ame for the typloal charactastics only 81 25°C,
ata labellad "Typ" Is nat ko be used for design purposes bul |s inended B8 an indication of tha 1C"s patential perfoomance.
13 |
(1] 0] ]
] il R T 8 :
 TTTTT T TN [T |
E Vap=10 'u'd:: ."H‘H I'
B 10 g 2 g5
= (LI ET |
= 1]
1 5 Voo =5 Wic| L/ “‘T‘\.H_
; I | B e '
,-_B T T [
3 Q,_ | |
5 10 15 14
Vo IHPUT WOLTAGE (Vi)
Figure 1, Typical Voltage Transfer Characteristics versus Temperatura
ADTOROLA CMOS LOGIC DATA MC140450UB




Voo =V
1 I — 150 T i T
| 3 e ATE o | =
Vs 2 50 Vie .-—-“‘f% G W =18 Wde |
-10 TS s j E e
#d = 120 i
| P = e I|
| [ 7 x|
iy g v
—20p— e 7 % g
A 1 = 40 / 'l.l'ﬁg= 1[:I‘|.f|:|n_|I
z 7
—a k- ¥igg = 10 v = / A l
i £ :‘f( " WAUMUM CURRENT LEVEL
ﬂ ] , Ié 40 / —1|—- - P e L
Vigg = 15l MAJIMLM CURRENT LEVEL g il e
0 | | | 1 ; [ | |
=1t =80 -B.0 =40 =20 ] 20 40 Gb L0 1%
Ve, DRAIN-10-S0URCE VOLTAGE (V) Vs, DRAIN-TO-SOURCE VOLTAGE [Vist)
Figure 2. Typical Quiput Source Characteristics Flgura 3. Typleal Output Sink Characteristics
i G
1
PLULSE N
e 0 = GENERATOR v ot
£ 1w l 4 -
R i | 8 aveg L
= |
= 0l i i | - =
M SSemi b [ [
12 wo Ny 4 ' i INPUT ' : Voo
5 [+ {7 PCsP £
PE S0 . e
£ }\‘ = — 1%
E Y S8 e Vs
5 0] 5015 RS N =+ = samw L) P, =+ teLh
= M s b 115 W P) — W o V0H
2 m il b ek — e ) o (D OUTRUT 0%
A | | ! 10%
o5 &l 75 120 125 15 V5 = VoL
T4 MSIENT TEMPERATLRE C) = tHL . i
Figure 4. Amblent Temperature Power Derating Figure 5. Switching Tima Test Clrcult
and Waveforms
; = z e = PIN ASSIGNMENT
This dovice contalns circulry to protect the Inputs sgainst damage
due to high ststle valages or electric fields referenced to the V55 pin, Vool 1 16 [] MG
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National
Semiconductor

LM741
Operaticnal Amplifier

General Description

The LIMT41 series & general puipese operaiona, amplili-
s which featurs imgzroved parformancd QVer Industny stan-
daide ke The LM70E. They arg direct, Plug-im replacemants
for the TUIC, LMR0T, MC 1439 ard 748 in mosl appications
| The amplfiens olfar many features which make thel apgl-
eation nearly feolprook cveroad proteclion dn e ingrut shd
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g, o batek-up whan the commen rndE TanGe i £
ceaded, s woil as (ieedom lrum oscitlations.

Tha L7410 18 identical (o the LMTA1LMT4TA winept that
e LM7415 has thair pardgimancs quaantesd over a o
L7 temperalue rangs, instesd of ~55°C W +125°C.

Features

Connection Diagrams

Rietni Can Pachage

[ e
oo 15 LMTATH = ornibabia par PMERS10 0L
Oeder Mumber LM741H, LM7P4TH/EE3 iMaosa 1)
LM741ANSSA or LM741CH
See NS Packsge Number HOBC
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Typical Application
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LIA741

(MNota T)

plesge contac the

Suppiy Yolage
Power Dissipaton (MNate 3
Differantal Input Vollaga
Irgput Votage (Mote 4)
{ Ot Short Clroult Buration
Operating Temparalure Fanoe
Storape Temperature Rangd
Junclion Tamparaiure
Soidaring Informalion
M-Packane (10 se0onds)
J- or H-Packaga (10 secands)
M-Package
Vapor Phasa (60 seoonds)
Infrared {15 soconds)
e AN-450 *Surtace Mounling Melhoos and Thels

soldarng
girface mount devices.

Absolute Maximum Ratings (uoie 2)

i Whililary/Aerospace specified devicas are required,
Mptional Semiconducior Sales Difice)
Distribulors for avallability and spectiicatlons.

LM7414
22
200 mid
£30Y
BV
Continuous
-BR'G o +126°0
~B5'C 1o 415070
180'C

26070
iR

2180
2180

LM77
22y
[00 W
+300
+=15Y
Continuous
R8T -125°C
BEC W WIENE
150°C

260
20070

A1e'C
215°C

LM7HC
1AV
SO0 MW
30V
15V
ortinuoLs
OC o +72G
B Clo +150°0
100°C

BT
300G

216°C
215G

Filad o Product Feliahilily™ for other methads of

ESD Tedoranoe (Mata 8) ALY ADA ANV
Electrical Characteristics (Nate 5)
R Paramecler Canditions LM7414 tM7ar | LMmvaic | Units |
hdtin 'Tw Maz | Min | Typ | Max | Min | Typ Max |

Input Dliset Valtaga T.=25C : )
Fg = 10 kil 10 | 50 ap | 60| mv
Ry = SOik 0.8 34 v
o . ~ S
Ag = S0&x &0 | | i
Ry = 10 ki , 60 75| mv

Avorage Input Offset 15 i e

Voltage Drift ]

Inpud Offset Vollage Ta=25C, Vo = 220V +10 £15 £15 '

Adjustmant Renge

Input Offsel Cunent Ta=25G 30 | 30 20 | 200 | 50 | 200 | nA
e T & Tassdod , 0 BE | 500 00 | nA

Average Inpll Otiset 0 T G

Cument Ot e

Input Blas Curren! T.=25C ""ao | 80 | &0 | 500 B0 | 500 | nA
T = Tn & Trsaaie i 0.210 15 0B | pA

Input Resistance 7. =25°C, Vg = 220V 70 | &0 o3 | 20 “1oa | 20 M
Torami 2 T a2 Finiiii a5 | : B Mk
W = 2FOV

Inpul Volage Ranga Ta=25C . - 12 | 113 v
S s | +iz | +13 N

1
WO MR SO T 2




Electrical Characteristics (Mot 51 (Continued)

Pargmeter I Condltions LII741A LM741 LMFHIC Units
Min | Typ | Max | Min | Typ Max | Min i’yp | M |
a8 Dignal Voliage Gan | T4 =25'C. AL 2 2400 ' . S5
V= 120V, Vo= 115V 50 ' WimV
Ve = £15Y, Vg = +10V 50 | 200 | 20 | 200 vimy
Tk % Ta % Tanaos |
A =2k, !
Vg = 20V, Vo = 115V 32 Vmv
Vg = 218V, Wy = 210 ES 15 Wi
Vg = £5Y, W, = 22Y 10 k' 1Y)
Liput Vollags Swing Ve = 20V | .
A =10 ki 116 v
A =2 k0 rib v
Voo iy ) =
A =10k 112 | 214 12| £14 v
R =2k +10| +13 10} 13 v
Sput Snodt Circuit T, =260 W | e | a5 25 55 mA
Sreni Tanamd = Ta = Tamax 10 4% M,
common-Mods Toewe s Ta Tapwsi = -
[2maciion Matio Fa < 10 he, Vo = +13Y i 30 TO 20 dB
Flg = 5062, Vo = 212V 83 | 95 R
Suply Voltage Raiechion | Tawes = Ta S Vansas:
Rara Vg = £20V oMy = 28V
R < BOG 86 | 96 d
Re < 10 k@2 77 | 66 77 | % L
Tiansiont Fesponse Ta =25, Unily Cain ' o
Bize Tama 025 0.8 e 0.3 |5
Owershoal g0 | 2 5 | 55 %
Sandwidth (Noto €) Ta=050 0457 B . o Ii l MHz
Sex Rale ) T = BR'C, Unity Gaint | ez | 0T o5 o0& Vi
Suppty Current T, * 250 117 | 28 17 | 28 | mA
Bower Consumptian T,=25C & - e
W, = =20V go | 150 i
Vs = £15V At | BS By | 85 | mW
LefratAa e = 220V
Ta = Tanm =5 MY
. Ti:= Dagunse i35 ni
LIA741 meds Zeeesaasl T &= 0
Tom Tanim w0 | 100 A
T = Tareas | 45 | 75 1 VY

hein 20 "Absoluls Mesimo REings” s lmis W] witich damaga
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LM741

Fatraer) T, - Ta + D) Po).

Electrical Characteristics (Now 5 (Continucd)
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Schematic Diagram
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‘hysical Dimensions
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Lm741

Physical Dimensions
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Fhysical Dimensions inches (millimaws) uness sthamiss naled (Continuad)
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a §. T2MOCL — Timer 2 Moda Cantral Register

HOD Address = 0CEH Racal Valug = XX00X K008

BrAddmsssblo e e ol T T i
| = | _ = = " | - TI0E DCEM !

| - ‘.-’.“ T i B " f *u - 4 i ?-” _2 = 1 o L;?-_ N i

‘mbal | Function |

| Net ingHlemantad, vaserved for futurs Use, !
3E Timer 2 Ourput Enable bit I
EM | When sat, his bit altows Timer 2 o ha configurad as an up/down ceitEr

e 3. Timer 2 Auto Reload Mude {DCEN ="}

IDOWN COUNTING RELOAD VALUE) TOGELE
EH AR . »  EXFR
- o4
ase | w =12 CRERFLOW
Cire =0
¥
» TH2 TL? [ SR ) L TFz
-
CONTROL _ _ .
& T2 d & ; - -
o2 = . TIMER 2
INTERAUPT
T2 PIN
poaFa- ACKPEL =
COLINT
(P COUNTING BELOAD VALUE] ?'?JFEPT*“N
0=DCAYH
T2EYX. PIN

AT8958252 ——m




AT8958252

sre 4, Timer 2 in Baud Rate Generatar Made
TIMER 1 OWERFLEMW

— e
3 | 1
L. ]
A L
(—— NOTE! DSC. FREQ. IS GWIOED |y 2, NOT 12 L . » —
l e BRGOT

§ ? |
_ I - =18
o THZ i |
il ST = 4 I I
M ; L L
T2 FIM )
[RG"-F'ZH RCAP2L Wy e TOLK .
TRAKSITIN . : _l_mﬂ
DETECTOR [ |
_J_ === — -
ik I i g TIMER 2
THEX PIN]_——# R SR S _mz IMTERFLPT
I!_ . = | |_ : J i j_.
I, CONTROL
EXENZ

ud Rate Generator Timer 2 is selected as the baud rae generatar by seting TCLK andior RCLK in T2CON
{Table 2). Note thal the baud rates for transmit and receive can be diffarant if Timer 2
is usad for the receiver or lransmitter and Timer 1 is used for the other function.
Seiting RCLK andfor TCLK puts Timer 2 Into itz baud rae generaior mode, as shown in
Figure 4,

The baud rate generator Mode IS similar to the auto-reload moda, in thal a rofiover In
TH? causes the Timer Z regislers 1o be reloaded with the 18-bii value in registers
RCAPZH and RGAP2L, which are preset by software.

The haud rates in Modes 1 and 3 are determined by Timar 2's overflow rate according 1o
the fallowing equation,

bModes 1 2nd 3 Baud Rates = Timer 2 O:'Erﬁaw Rate

Tha Timer can be configured for either timer or counter operation. n mosl applications,
it is configurad for imer operaticn {CPITZ = 0). The timer operalion is different for Timer
2 when (tis used as a8 haud rate generalor. Wormally, as a tmer, it incremeants avery
machine cycle {at 1/12 the ascillatar frequency). As a baud rale generator. however, it
increments every state lime (at 1/2 the ascilator frequency). The baud rale formula is
given below,

Modes 1and 3 _ Crscillator Fregueancy
Baud Rala 37 x 165636 — [ RCAP2H RCAP2L)]

whera [RCAPZH, RCAPZL) is {he content of RCAPZH and RCAPZL taken as o 16-Di
unsigned inleger.

T e A1m_l El 15




‘ngrammable
cyck Out

Timer 2 as a baud rata ganerator is shown in Figure 4. This figure 's valid only if RCLK
or TCLK = 1 in T2CON. Nota that a rollover in TH2 does nol set TF2 and will not gener-
ate an Interrupl. Note too, that IF EXENZ is set, 8 1-to-0 fransition in T2EX will st ExXF2
but will not cause a reload from (RCAPZH, RCAPZL) 1o (TH2, TL2). Thus when Timer 2
s in use 8% a baud rale generator, T2EX can be used as an extra external intermupl.

At thal when Timer 2 is running (TR2=1)as a limer in the haud rate generator mads,
THZ or TLZ should not be read from or writlen to. Under lhese conditions, the Timar is
incrementad every state time, and the rasulls of 2 read or write may not be accurate.
The RCAP? registers may ba read but should not be written 1o, bacause a wrile mighit
overlap a reload and cause write andior relead arrars. The timer should be turmed off
(ctear TR2) before accessing the Timar 2 or RCARZ regsters,

A 50% duty cycle clock can be program med to come out on P10, as shown in Figura .
This pin, besides being a regular O pin, has two alternate functions. It can be pre-
grammed 1o Input the external lock for Timer/Counter 2 or to output a 50% duty cycla
clock ranging from 61 Hz to 4 MHz {for a 16-MHz operating frequancy ).

To configure the Timer'Counter 2 as a clock genaralor. bit CiTe {T2CON.1} must be
cieared and bit T20E (T2MOD.1) must be set. Bit TRZ (T2COM.2) starts and slops the
fimer,

The clock-aul frequency depands an the ascillator frequancy and lhe reload value af
Timer 2 caplura registers (RCAPZH, RCAP2LY. as shown n tha following equaton

: [ Crscillator Frequancy
Clock Qut Fraquency = = ereag TROAPIH RCAPZL ||

In the clock-oul mode, Timer 2 rollovers will nol generate an inlarmpl. This bahavior 15
sirmiiar to when Timer 2 is used as a baud-rate generator. It is posaibie o use Timer 2 &5
a baud-rate generator and a clock ganerator simultaneously. Note, however, that the
baud-rate and clock-cut frequencias cannot be detarmined independently from one
another since they both use RCAP2H and RCAPZL.

AT89S8252 m
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re 5. Timer 2 in Clock-out Mode
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yrial Peripheral
terface

Tne UART in the ATESS8252 operates the same way as the UART in the ATBECS1 and
ATBECS52. For further information on the UART gperation, rafer o the Atmel web site
(http:/iwww. aimel com). From the home page, select "Produsis”, then "Microcontrollers,
then "BOS1-Architecture”, Click on “Mocumentation”, then on "Ciher Documents”. Gpan
the document “ATBS Series Hardware Descriplion”.

The serial peripheral interface (SPI) allows high-speed synchrongus data transfar
batween the ATBOSE252 and peripharal devices or between several AT8958252
davices. The ATBOSR252 8P features inciude the foliowing:

. Full-Duplex, 3-Wira Synchronous Data Trans fer

»  Master or Slave Operation

= 1.5 MHz Bit Frequency (max.}

. LS8 First or MSB First Data Transfar

»  Four Programmable Bil Rates

« End of Transmission Interrupt Flag

«  Write Collision Flag Protection

- \Wakeup from idie Moda (Slave Mode Only)

The interconnection batwean master and slave CPUs with SP1is shown in the following
figura, The SCK pin is the clock gutput in the master mode bul jz the clock input in the
elave mode, Writing to the SPI data register of tha master CPLU starts the SPI clock gen-
arator, and the data written shifts out of the MOS! pin and inta tha MOSI pin of the slave
CPU. After shifting one byte, the %P1 clock generator stops, setting the and of transmis-
sion flag (S21F). if both tha SPI interrupt enable bit {SPIE) and the senal porl inbarrupt
snable bit (ES) are set, an interrupt is requested.

The Slava Select input, S5/P1.4, is set low 1o salect an individual 5P device 85 2 slave,
When 58/F1.4 is set tigh, the SPI portis deactivated and the MOSVF1.5 pin can be
ysed as an input.

There are four combinations of SCK phase and polarity wilh respect to serial data,
which are determined by control bits CPHA and CPOL. The SPi data transler formats
are shown in Figure & and Figure 9.

igure 7. SPI Master-stave Intercannection

MSB MASTER LS8 5o mizo! MSB  SLAVE LSB
&-OIT SHIFT REGISTER 4 o B-BIT SHIFT REGISTER *
. : ] .
. MOSI MOST
SP iSCK sk
CLOCK GENERATOR =t e e
TiVee 4

ATBSSBZSZ (01 FaMICRO=11802
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e B, SP1 tramsfar Format with CPHA =D
SCK CYCLE # = 51 : ; - =
[FOR REFERENCE] f =

| )
SCK (CPOL=0) :_'_./; \‘r/:ll_\\‘—'l \@_4“\] /)!I_\‘\.—'/JEI- Nﬁ%f,";'_"\!‘“__ -
SCK {CPOL=1) /I Mol | AT T ,f_\\! "/{N"/ﬁl ~0 LA
- L ]

MOS0 ( = — AL EieSmt I_ Sl
(FROM MASTER) F(--—X I-‘s 5 S5 a )<JE X If ﬂag_f,x S

| |
MISO —’( i S e, W ><_"~_I D A
IFACK SLAVE]) | ‘ | | | >< |_><_| 1 __;)% |)<— =
SSTOSLAVE)  § | | i | o tool x| i
e i R P KR e e B R 3
& *Notdafined but rormally MSB of character just recavad
jure 9. 5P Transfer Format with CPHA =1
SCH CYCLE # 1 l
(FOR REFERENCE} —
]
SCK [CPDL=0) AT
 : \
SCK (CPOL=1) ~A j . —
RN _ds'a —
(FROM MASTER} "
MISO —& 7 % MEs P
(FROM SLAVE) Fl i il
SEmoSLAVEr || \ ‘ il
b i i =
dole "ot defmed out nofmally 56 of previously transmitted charactar,
nterrupts The ATBOSE262 has a total of six interrupl vectors, two external interrupts (TNTO and

TNTT), three timer interrupis (Timers 0, 1, and 2), and the gerizal port interrupt. These
interrupls are all shown in Figure 0.

Each of 1hese intarrupt SOUTCES CAN be individually enabled o disabled by setting or
gleanng a bit [n Special Funchon Register |E. |E also conlains 8 global disable bil. EA,
which disablazs all interrupts at once,

Mote thal Table 10 shows that bit position 1E.8 |5 urmplemented, in the ATBICET, bit
position IE.5 s also unimplemented. User software should not wrile 45 o these bit posi-
tions, since they may be used in fulure ATES products.,

Timer 2 interrupt is ganerated by the logical OR of bils TF2 and EXF2Z in register
T2COM. Neither of these flags is cleared by hardware when the sarvice roufing is vec-
tared to. In fact, the service routine may have o detemmine whether it was TF2 ar EXF2
that generated the interrupt, and that bit will have to be cleared in softeara.

The Timer 0 and Timer 1 Rags. TEO and TE1, are sat at S5P2 of tha cyele in which the
timers overflow. The values are then polled by the circuitry in the next cycle, Howewver,
the Timer 2 flag, TF2, s sel al 2272 and is polied in tha same cycle in which the limer
overflows.

e S AFH_-E! 19
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g 10. Interrupt Enabla (IE) Reqister

ATMEL

U‘El-ET ﬂ.um-.rare ﬁhﬂuid nevar wrl'le 1s to ummplernen’ed I:n:s ha::au-:e {they may be used In futum ATED pn:»ducte-

“tgure 10. Interrupt Sourcas
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Enatie Bt = 0 disablas (he interrupt. ':

Symbol Position | Function |

EA I IE.T Dizables allintarrupts, If EA =0, ng inlarrupt is acknowledged. [f EA = 1, sach intamupt }

SOLINCE 14 mdmﬁually anaﬁnd o disabtad by selting or Hmrlng ll:s a:mt:lle rrt
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cillator WTALY and XTALZ are the inpul and oulput, respectively, of an inverling amplifier that
iati can be configured for use as an on-chip oscillator, as shown in Figura 11. Eithar a
\aracteristics quartz crystal or ceramic resonator may be used. To drive the device from an axternal
clock source, XTALZ should be left unconnected whila XTALT is driven, a5 shown in
Figure 12, There are no raquiremants on the duly cycie of the axtarnal clock signal,
since the input to the intemal clacking cireuitry is through 2 divide-by-two flip-flop, bul

mirimum and maximum voltaga high and low time specifications must be obsarved,

Figure 11. Oscillator Connections

I ” - WAL
[ -
[ 4 |
& - L 3 ¥TALA
i
& —— 1 GND
=

Blote: T 02 30 pF £ 10 pF for Crystals

40 pF £ 10 pF for Caramic Reaanaters

Figure 12. External Clock Drive Configuration
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+ Mode in [die mode, the CPLU puts itself o sieep while all the on-chip peripherals ramain active.
The mode is invoked by software. The content of the on-chip RAM and all the special
funclions registers remain unchanged during this mode, The idie modé can be terrni-

nated by any enabled interruot of by a hardware reset.

Nota that when idle mode is terminated by a hardware resel, the device narmally
resumes program execulion from where it 1ef off, up to two machine oycles before the
internal reset algorithm takes control. On-chip hardware inhibits access 10 imarnal RAM
in this event, but access to the port pins is not inhibited. To eliminats the possibility of &n
unexpected write [0 a port pin when idle mode is termimatad by a resat, the insiruction
following the ong that invokes e mode should not write {0 a port pin or to axternal
MEmory.

Status of External Pins During idle and Power-down Modes

Program | ; ) : | 1
Woda | Memory ALE PEEN | PORTG __ PORT! poRTZ .~ PORT |
e Arterral _]_ 1 _i 1 | Daa | Dae taie | Dala |
idhe | Extarnal 'I_| s | Fisst | Dala  Address Drila
Jog oo o WESEREET I e S e U My o B o o
| Prer-down | I rtarnak -l_ 0 o | Oats pata | Dats | Dala |
Powerdown | Ietersal | 0 L = S T of
Powaedown | External | 0 [0 | Fwa | Dam , DaR vats |
Power-down Mode In the power-dawn mode, the oscillalor is stopped and the instruction that invokes

power-down ig the last instruction exacutad. Tha on-chip RAM and Special Function
Registers retain their values until he power-down mode 1 terminated. Exit from power-
down can be Initiated either by @ hardware raset or by an enabled external interrupt.
Resat redefines the SFRs bul dnes not change the on-chip RAM. Tha reset should mot
hva aclivated befara V. is restorad to its normal operating leval and must be held active
iong enaugh to allow the oscliator lo restart and stabilize.

To exit powar-dawn via @n interrupt, the external interrupt must be enabled as level s&n-
silive before entering power-down. The interrupt service routine starts al 16 ms
(norminal) alter the enghled interrunt pin is actlvated.

Program Memory The ATEOSE252 has three lock bits that can be |eft urprogrammed (U) or can be pro-
" ock Bits grammed (P} 1o sbtair the additional leaiures fisted in Ihe following 1able.

\When lock bit 1 is programmed, the logic ievel at the EA pin is sampled and latched dur-
ing reset. If Lhe device iy powerad up without a reset. ihe laich initalizes to a random
value and holds that value until reset is activated. The laiched valus of ER must agree
with the current logic lavel at that pin in arder for the device ta function propary,

Dince programmed, ihe back bits can anly be unprogrammed with e Chip Erase opera-
linns in giiher the paraliel or sarial modes.

ock Bit Protection Modes!""”!

Frogram Lock Bita

|
. . oEk B I
[ABY LBz | LB3 | Protaction Type |
1w T | ok LR semoniock tenk oy |
B M R e e == i e ey - LS|
2 | P u | u | e istructions axpcuted oy Exlenal program memary’ sre etieshbed fram fataing code byles from |

i I ! . intemal emony, E5 i samplad and batehed on reest Bnd [Urher prograrmming of {he Flash mamary
| | | | Cnarobal arsédaimona}iacheobled. e |
2 | =] 4 U | Same as o 2, but pamiel or gerial verify are alse digabiad. (

“ > | p | P Same as Mods 3, but extetnal axscutior s also disabled,

dea 1. U= Unhrcgramméd
2. P = Programmed

AT89S8252 M
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:gramming the aimel's AT89S8252 Flash Microgentroller offers BK bytes of in-systerm reprogrammable
ash and EEPROM Flash Code memory and 2K bytes of EEPROM Data memory.

The ATEOSE252 is normally shipped with the on-chip Flash Code and EEPROM Data
mamory arrays in the erased slate {ie. contents = FFH) and ready to be progammed.
This device supports a High-voltage (12-V Vpg) Parallel programming mode and a Low-
voltage (5 Vo) Serial programming mode. The serial programming mode provides a
convanient way to reprogram the ATBAS8252 inside tha user's system. Tha parallel prg-
gramming made is compalible with conventional third party Flash or EPROM
programimers,

The Code and Data memaory arays are mapped via sepdrale address spaces in the
sarial programming medé. In the paralie! programming mode, the two arrays occupy
one contiguous address space; QO0OH o 1FFFH for the Code array and 2000H to
27FFH for the Data array.

The Code and Data memory arrays on the ATBRSE252 are programmed byle-by-byte in
sither programming mode. An auto-erase cycle is provided with the self-imed program-
ming oparafion in the serial programming mode. There i3 no need 1o perform the Chip
Erase operafion lo reprogram any memory location in the seral programming mode
uniess any of the lock bits have baen programmed.

In the parallel programming mode, thera is no aulo-erase cycle. To reprogram any nan-
biank byta, the user naeds ta use the Chip Erase operation first to arase bolh arrays,

Parallel Programming Algorithm; Ta program and verify lhe ATE9S8E252 in the paral-
lel programming mode, the Tollowing sequance 15 recomimeanded:
1. Power-up sequence:

Apoly power between Vo and GND pins.

Set RET pin to "H",

Apply & 3 MHz to 24 MHz dock to KTAL1 pin and wait for 3t least 10 milliseconds.
2. Set PSEN pinto "L"

ALE pin o *H”

EA pin lo"H" and all other pins o "H"
3. Apply the appropriate combination of "H* ar "L" logic levels ta pins P28, P27, P3.6,

£3.7 lo select ane of the programming operations shown in the Flash Programming
Modes table.

4. Apply the desrad byle address lo pins P1.0to P1.7 and P2.0 o P25
Apply data to pins PO.0 Lo POT for Write Code oparalian,
Raise EAV,. o 12V 1o enable Flash programming, efase or verification,

A Pulse ALE/PROG once to program a byte in the Code memory amay, the Data mem-
gry array or the lock bils. The tyte-write cycle is sell-limed and bypically takes
1.5 ms.

7. To verfy the byls just programmedd, bring pin P2.7 to "L" and read the programmedd
data at pins P00 to POY.

8. Repeat steps 3 through 7 changing the address and data for the entire 2K or 8K
bytes array or until the end of tha object file is reached.

9. Power-off sequence:
Set XTALT to"L"
Sat RST and EA pins to "L",
Turn Ve powsr off.

o

ATMEL 2
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vterface

In the parallel programming made, there is no aulo-grase cyce and to reprogram any
non-olank byte. the user needs 10 use the Chip Erase operalion first {0 erase both
arrays.

Data Polling: The ATE058252 featuras DATA Palling to indicate the end of a byta write
cycle. During & byte write cycle in the parallel ar serial programming mode. an
altempted read of iha last byte written will result in the complemant of the wrtten datum
on PO.7 (parallel mode), and on the MSE of the senal oulput byle on MISC (serial
mode). Once the wrile cycle has been complated, frue data are valid on all oulputs, and
{he next cycle may begin. BATA Polling may begin any ime afier a write cycie has been
initiated.

Ready/Busy: The prograss of byle programming in the parallel programming made can
also be monitored by the RDY/BSY oulpu! signal. Pin P2.4 Is pulled Low afier ALE goes
High during programming 1o indicate BUSY, P3.4 is pulled High again when program-
ming is done to indicate READY.

Program Verify: If lcck bits LB1 and LB2 have not been programmed, the programmet
Code or Data byte can be read back via Ine address and data tings for verification. The
siate of the lock bits can also be verified directly in the parallel programming mode. 1n
e sefial programming mods, the state of the lock bits can onby be verified indirecthy by
observing that the lock bit features are anabled.

Chip Erase: Both Flash and EEPROM arays are erased electrically at the same ime.
i the paraliel programming mode. chip erasa is inifiated by uging the proper combina-
tion of contro! signats and by holding ALE/PROG law for 10 ms. The Code and Data
arrays are written with ali "1"s in the Chip Erase operation.

in the seral programming mode, & chip erage opersion is inftiated by issuing the Chip
Erase instruction. |n this mode, chip erase is salf-timed and takes about 16 ms.

During chip erase, 3 serial read from any address |ocation will return ODH at the data
outputs.

gerial Programming Fuse: A programmable fuse is available to disable Serial Pro-
gramming if the usar needs maximum system security. The Sarigl Programming Fuse
can oniy be programmed or erased in the Paraliel Programming Mode,

The ATBI58252 is shippad with the Sedal Programming Mode emabled,

Reading the Signature Bytes: The signatura bytes are read by the sama procedurg a&
a normal verification of locations 030H and 031H, axceqt that P36 and P3.7 must be
pulled to a logic low. The values returned are as follows.

(030H) = 1EH indicates manufactured by Atme!
[031H) = 724 ndicates 8058252

Every code byta in the Flast and EEFROM armays can pe written, and the entire aray
can be erased, by using the approoriate combination of controt signals. The white cpera-
lion oyche is =slttimed and once initiated. will autormatically tme itseff 10 comphetion.

Kosl worldwide major pragramming vandars offar support for the Admel ATSE misrocon-
trotler series. Please contach your \ocal pragramming vendor for the apprapriate
software revision,

ATSISE252 m——————



AIMEL

serial Programming The instruction Set for Sarial Programming follows a 3-byte protocol and is shown in the
Instruction following table:
Instruction Set
| Inpul Format ! 1
Instruction . Byle1 | Byta2 E'rle. 3 Operation
Prcgsm.ming Enable i 11}1[] 1100 [.]101 2011 RXNE KHER i ‘:nahla eanal pragrammmg nntar'faca aﬂp* RST goes birgh. 'J
R I - b e R Wty S a T e i i S R Sa e &
[‘_:hu;: Emse mﬂ} 11{:D mmd %100 | o KEMK | C‘.‘mp erase both 8K & 2K MEMmoTy Affays,
Fead {,nde Mem}.r | anae a0t | low addr s xxkk | Fiead data from Code mamory array at the o salacted address. !
| I | | The 5 MSBs of the first byla are the high order address bits:
| i f | The low order address bits are in the second byte, Data are
II ! | ; avaitable at pin MIS0 during the third byte,
| VWrita Code Mamary | aans altl l lowaddr | datsin | Write data to Coda memory lacation at salected adidrass. The
i i | | address bits are the 5 MSBs of the first byte together with tha
! ! 1 | sacond hvta
'Eead Uate Memaory ! (0aa alil | tow adde | wosooox Read data from Data mammy arfay at selected addraﬁa Data
i i i ~ are avallable at pin MISO during the third byte.
} Wrate Data Memary Opaa a0 k:-w aj.‘iu.ir datain | White data lo Data memory |ocation at salected address. i
........ i = il -1~ o | FE B e AL AT ok B s : P ]
| Write Lock Bits | 10101100 -—-:ua:-e €111 | o oo | Wrile lock bits: '
I P e e | i | Setidi, LE2or LBS - 0" to program lack bits,

L
Mertas:
*aaaaa” = gh order address,
“x" = don’) cang,

LA et

DATA palling i Bused o ﬂ:ka:ﬂfe the end f a byie write c-,rcia which wpicaty fakes less than 2.5 me al S\

; AT8958252 #
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Flash and EEPROM Parallel Programming Modes

. | | i | DatatiQ . Address |
Made | RST | PSEN | ALEPADG | EAN.. P26 | P27  Pof P37 POT:D PREDPLTA
. Serial Prog. Modes VIR T hitl x| !
Chip Erase E () S ¢ .'\J‘"‘?’ | oy | Moo | L 1 X % '
. L A i i i | — . . i |
] | & i
| Write (10K tviesh Memere H L == Y L' R H i H by AR
B = Th | ] 5 - r— ety | I et~ ] 1 L
Fead (10K ytes) Memary PoHloL H | v | kL B M H DOLT ADDR
Wiite Lock Bits: VRS A (g tv . M L H L OIN X
' | | : ;
| ' : FOT=0 ® '
BA - 2 . ' FiG =0 X
Bit -3 | | ! PO.5=0 S
Fead Lock Bits: L H 12v | H | H L L DOUT %
Bit-1 . | . ! | 3 @pn 2 3 :
Bie-2 | ' _ : ~ aPnl X
Bit-5 | | ! ' . G %
o = SRR (RPN LIS 1 S (S, e e o
| Read Atmet Gode | o 12v T I Vi L oot 30H
Aead Device Code w L H 12y | L £ L OOUT IH
Sens! Prog. Enable i H |t I @ ey L H | L W POO=D x
A : | S 1 = | .
i | I i
Sural Prog. Deshie L H L [ 2y | L' H L + H ; PoB=t %
| i i | ;
Apad Serial Prog. Fuse | H ! Lo H \' 42w 1 H | H Il L . H &FO0 x

Moea 1. "W = weakly paiied "High™ intarnally.
2, Chip Erase and Serial Programming Fuse require & 10 ms PROG puise. Chip Erase needs 1o be periormed first belore
reprogramming any byte with a content other than FFH.
3. P24 is putlad Low during programming Lo indicate AOYETY.
4. X" = don't Gara

ATHEL 2
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Figure 13. Prograrmmmng the Flash EEFROM Mamory
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Figure 14. Veritying the FlashEEPHOM Memory
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Flash Programming and Verification Characteristics — Parallel Mode
T, =0°C o 70°C, Voo = 50V £ 10%

1 RHGAC- W

Symbol . Parameter | Min Max Units
Vep | Programming Enable Vbitage ws 125 | v |
e | ProgrammingEnable Cument o - T e ma
hae | OsclalorFrequency L 24 MHz |
Lm -: Adkhias Satup o Tﬁ-‘fﬂ L.w-' MCLCL .___
'rmu_ iMdrass H..IﬂaitarFﬁEG . ) - o _ A-HL.M,_ - I
twe | Data Setup to PROGLow I - B e K
|l'_t_mm 1l:-wc.-c«|-|c::maﬂm PROG o o IR !
ow T EEERgV. 7
o | Vi Setup o PROG Low ' ™
taysin | PHOG Wicth ' - - - - " s
twoy  Address toDar; Valid 8 48lcim
A i | _hlEHfE Low to Data ‘-ia!ld - - s Blae |
| teuz | Dall Humaﬁerm _ 0 Ml |
gy | PROCHENOBUSYLow S B
twz . Byta Write Cycle Tims 'I 2.0 s
Flash/EEPROM Programming and Verification Waveforms - Parallel Mode
: t
1 s B — “AbRess
— Loy
PORT 0 ——  —(  DARW - ORTA BT _}— ——
lowor  onox ' [
Lot “_‘:‘ - " Lahax |
ALEFROG i T B A [-
Vg f——* e | 1
B P e e {— -
R R (N e o e _
(ENABLE) g I L WO
' tapm. I" ' .
P34 _ o = g o s S
(ROMYBSY) b, BUSY 7 HLALY
— lpe ———
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