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ABSTRAK

Khrismana, Indra Ari. 9917236. 2007. Perancangan Alat Peraga Penampil Titik
Meridian Untuk Terapi Al-Hijamah (Bekam). Skripsi Jurusan Teknik Elektro S1,
Konsentrasi Teknik Elektronika, Fakultas Teknologi Industri, Institut Teknologi
Nasional Malang. Pembimbing (1) Ir. Eko Nurcahyo., (2) Irmalia Suryani F., ST.

Kata kunci: Alat Peraga, Al- Hijamah, Kombinasi Titik

Perkataan "4Il-Hijamah" berasal dari istilah Bahasa Arab yang berarti
"pelepasan darah kotor" dan bukan "Al-Fashd" (pembuang darah). atau dalam
bahasa Inggris disebut dengan "Cupping". Dan dalam bahasa melayu dikenal
dengan istilah "Bekam". Di Indonesia kita kenal denan istilah Kop atau Cantuk.
Bekam merupakan suatu teknik pengobatan Sunnah Rasulullah S.a.w yang telah
lama dipraktekkan oleh manusia sejak zaman dahulu kala, kini pengobatan ini
dimodernkan dan mengikuti kaidah - kaidah ilmiah, dengan menggunakan suatu
alat yang praktis dan efektif sera tanpa efek samping.

Teknik pengobatan bekam adalah suatu proses membuang darah kotor
(toksid-racun yang berbahaya dari dalam tubuh, melalui permukaan kulit. Toksid /
toksin adalah endapan racun / zat kimia yang tidak dapat diuraikan oleh tubuh
kita. Toksin ini berada pada hampir setiap orang. Toksin - toksin ini berasal dari
pencemaran udara, maupun dari makanan yang banyak mengandung zat pewarna,
zat pengembang, penyedap rasa; pemanis, pestisida sayuran dll.

Kulit adalah organ yang terbesar dalam tubuh manusia, karena itu
banyak toksid / racun berkumpul disana. Dengan berbekam dapat membersihkan
darah yang mengalir dalam tubuh manusia. Inilah salah satu DETOKSIFIKASI
(proses pengeluaran toksid / racun) yang sangat berkesan / mujarab serta tiada
efek samping.

(Sumber : [Ar-Royyan-2280] BEKAM (AL-HIJAMAH.htm).

Sepintas, bekam terdengar menyeramkan, karena berbau-bau "darah".
Padahal kenyataannya tidaklah seseram itu. Bekam mengambil darah di dermis
(kulit jangat) dan bukan pada pembuluh darah. "Jumlahnya sedikit sekali,
seperempat liter saja tidak ada," jelas Ustad La Ode Aly Abi llahy, terapis bekam
dari Rumah Sehat Herba Care di kawasan Tegal Parang, Jakarta Selatan.

Pengambilan darah dilakukan menggunakan alat berbentuk mangkuk
(cupping set) yang ditempelkan pada kulit. Bagian tubuh yang merupakan titik
bekam terlebih dulu "dilukai" memakai jarum lancet atau bisa juga pisau cukur
(silet). Dengan pompa pengisap, udara di mangkuk kemudian disedot perlahan-
lahan. Akibat perbedaan tekanan udara, kulit akan terangkat dan darah merembes
keluar.

Jika dalam pengobatan akupunktur yang dihasilkan hanyalah rangsangan
terhadap titik saraf, sedangkan dalam pengobatan bekam, selain dihasilkan
rangsangan pada ftitiktitik saraf, juga terjadi pergerakan aliran darah dan
rangsangan terhadap organ kekebalan tubuh ( Sumber : Syihab Al-Badri Yasin,
Bekam Sunnah Nabi & Mukjizat Medis).
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Meski dimulai sejak zaman Mesir Kuno, bahkan kemudian berkembang di
banyak negara (termasuk Cina), bekam yang kini dipraktikkan di Indonesia begitu
kental dengan nilai-nilai Islam. Terapi hijamah ini telah disesuaikan dengan
sunah Nabi Muhammad. Tak heran, para terapis umumnya berasal dari pondok-
pondok pesantren.

Nuansa Islami terlihat dari pemilihan titik bekam, yang sepintas mirip
titik-titik akupuntur. Aslinya, bekam mengenal lebih dari 350 titik di seluruh
tubuh. Kumpulan titik-titik hijamah sehingga membentuk suatu garis ini disebut
sebagai meridian. Namun, dalam praktik Aly mengutamakan 12 titik, seperti
anjuran Nabi Muhammad, yang terletak di seputar kepala, leher, pinggang, dada,
dan kaki. Dari situ terdapat tiga titik utama yaitu ummu mughits dan dua titik
qumahduah.

Ummu mughits yang berada di atas kepala merupakan titik utama bekam,
yang sekaligus merupakan pertemuan ratusan titik dari seluruh tubuh.

Sedangkan qumahduah terletak di leher bagian belakang, tepatnya antara
rambut dan cuping telinga, baik kanan maupun kiri. Titik qumahduah dan ummu
mughits itu titik utama yang selalu digarap dalam sebuah terapi, ditambah
sejumlah titik-titik lain sesuai keluhan pasien.

(Sumber : Departemen Kesehatan, Indonsia.htm). S

Oleh karena itu perlu adanya suatu alat peraga untuk memudahkan
pencarian titik hijamah untuk terapi berdasarkan penyakit yang telah ditentukan.
Sehingga diharapkan dengan alat ini seorang awam dapat mengetahui dengan
mudah titik hijamah yang akan diterapi sesuai dengan penyakit yang diderita.

Alat ini terdiri dari keypad yang berfungsi memasukkan ID penyakit,
encoder keypad yang berfungsi untuk konversi data dari keypad, PPI berjumlah
empat buah untuk perluasan output. Alat ini dikontrol oleh mikrokontroler dengan
display LCD 16 x 2 sebagai tampilan menu serta LED yang berfungsi untuk
tampilan titik hijamah.

Alat peraga ini dilengkapi dengan gambar anatomi hijamah berkelamin
laki-laki, data penyakit yang tersedia berjumlah 26 jenis penyakit dengan
menggunakan 60 LED untuk tampilan titik hijamah. Kombinasi titik untuk tiap
jenis penyakit minimal 2 titik dan maksimal 9 titik.
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PENDAHULUAN

1.1.  Latar Belakang

Pengobatan Al-Hijamah’ merupakan metode pengobatan klasik yang dikenal
luas di kalangan banyak bangsa, baik di timur maupun barat. Metode ini sudah
populer di Cina, India, Eropa dan Amerika sejak beberapa abad lalu. Metode
pengobatan ini memiliki kedudukan sendiri dalam berbagai jurnal dan referensi
ilmiah hingga pertengahan abad 19. ( sumber : Syihab Al-Badri Yasin, Bekam
Sunnah Nabi & Mukjizat Medis ).

Metode Al-Hijamah dikenalkan di eropa melalui negri-negri Andalusia pada
saat para dokter muslim serta karya tulis mereka menjadi referensi pertama dalam
ilmu kedokteran.

Pengobatan bekam ini sama dengan teori yang digunakan untuk pengobatan
tusuk jarum (akupunktur) Cina yaitu memberikan rangsangan pada titik-titik tertentu
yang memiliki hubungan dengan organ tubuh yang akan disembuhkan. Pemberian
rangsangan ini dengan menyayat tipis kulit lalu dihisap menggunakan alat khusus
pada titik-titik tertentu (meridian) untuk mengeluarkan darah rusak,toxih, atau unsur-
unsur berbahaya dari dalam tubuh yang menghambat berjalannya fungsi-fungsi dan

tugas-tugas organ tubuh secara sempurna.

! Istilah Arab Untuk Bekam, di Indonesia di sebut Kop atau Cantuk di Eropa di kenal dengan istilah
Anaerob Cupping Methade.,



Jika dalam pengobatan akupunktur yang dihasilkan hanyalah rangsangan
terhadap titik saraf, sedangkan dalam pengobatan bekam, selain dihasilkan
rangsangan pada titik-titik saraf, juga terjadi pergerakan aliran darah dan
rangsangan terhadap organ kekebalan tubuh?.

Semakin banyak jenis penyakit, semakin banyak pula titik-titik kombinasi
untuk tiap-tiap penyakit. Oleh karena itu diperlukan daya ingat yang tinggi bagi
seorang awam. Dengan adanya permasalahan tersebut maka, kami mencoba
menawarkan  solusi untuk memudahkan pencarian titik-titik dengan

menggunakan alat bantu penampil titik Al-Hijamah (bekam) secara terprogram.

1.2. Rumusan Masalah
Dari permasalahan yang diuraikan pada latar belakang, maka rumusan

masalah dapat ditekankan pada:

1. Bagaimana menampilkan tiiik-titik bekam sesuai dengan penyakit yang di
derita.

2. Bagaimana perancangan Light Emitting Dioda (LED) yang digunakan
untuk menampilkan titik-titik bekam.

Sehubungan dengan rumusan masalah tersebut judul skripsi ini adalah :

“Perancangan Alat Peraga Penampil Titik Meridian Pada Anatomi Tubuh

Manusia Untuk Terapi Al-Hijamah (bekam)”

2 Syihab Al-Badri Yasin, Bekam Sunnah Nabi & Mukjizat Medis Hal. 61.



1.3.

14.

1.5.

Tujuan

Tujuan pembuatan tugas akhir ini adalah:

. Mempelajari teknik aplikasi dari Mikrokontroler.

Menampilkan titik-titik Al-Hijamah pada anatomi tubuh manusia.

Mempermudah pencarian titik-titik Al-Hijamah sesuai dengan jenis penyakit.

Batasan Masalah

Dalam pembahasan ini, permasalahan yang akan dibahas meliputi:

. Perancangan menggunakan Mikrokontroler AT89S51, Keypad (3X4), buffer

DM74LS244, Key encoder MM74C922, PPI 8255A, decoder DM74LS138,
LCD (16X2), Latch DM74LS573 dan LED warna biru.

Tidak membahas proses pengobatan Al-Hijamah (bekam).

Menampilkan titik meridian untuk 26 macam penyakit.

Gambar Anatomi yang digunakan berkelamin laki-laki.

. Tidak membahas Power Supply.

Metodologi

Metodologi penulisan yang digunakan penulis dalam penyelesaian penulisan

skripsi ini adalah :

] Studi Pustaka
Dilakukan untuk memperoleh referensi yang mendukung penyusunan
skripsi yaitu dengan mempelajari kepustakaan tentang perangkat keras

dan perangkat lunak.



| Perencanaan dan Pembuatan Perangkat Keras & Perangkat
Lunak
Dari permasalahan yang sudah dirumuskan, maka dirancang sistem
mulai dari logika das. . sistem, pemilihan komponen yang akan

digunakan serta perencanaan perangkat lunak.

it} Pengujian dan Analisa
Setelah semua sistem selesai dibuat, diadakan pengujian dan
analisa untuk diambil suatu hasil apakah sistem sudah berjalan

sesuai dengan perancangan.

| Penyusunan Laporan
Penyusunan laporan skripsi dibuat sesuai dengan sistematika

pembahasan yang telah ditetapkan.

1.6. Sistematika penulisan
Adapun sistematika dari penyusunan laporan tugas akhir ini adalah :

BABI :PENDAHULUAN

Pada bab ini membahas tentang Latar Belakang, Rumusan Masalah,

Tujuan, Batasan Masalah, Metodolcgi seta Sistematika Penulisan.

BABII : LANDASAN TEORI

Pada bab ini membahas tentang teori-teori dasar yang mendukung

dalam perencanaan sistem yang dibuat. Selain itu digunakan untuk



memberikan bahan penunjang untuk memahami sistem yang

dirancang.
BAB ITI : PERENCANAAN DAN PEMBUATAN ALAT

Pada bab ini membahas tentang perancangan dan pembuatan
perangkat keras yang membentuk sistem serta perangkat lunak yang

digunakan untuk mengkonfigurasi IC Mikrokontroler.
BABIV : PERCOBAAN DAN PENGUJIAN ALAT

Pada bab ini membahas tentang pengujian alat, pengamatan,

pengukuran dan analisa «. .ri sistem yang dibuat.
BABV :PENUTUP

Pada bab ini membahas tentang kesimpulan yang diambil dari
perancangan dan pembuatan sistem serta saran-saran untuk

pengembangan lebih lanjut.



BABII

LANDASAN TEORI

2.1. Pengertian Al-Hijamah (Bekam)

« Apakah anda pernah mengenal istilah bekam ? Apakah anda pernah dibekam ?”
Berbahagialah apabila Anda menjawab, “pernah”. Sebab dari kuisioner yang ditujukan
secara acak pada kaum muslimin menunjukkan bahwa yang belum mendengar istilah
bekam (atau istilah bekam lain yang sejenis) sebanyak 80%, sedangkan yang belum
pernah dibekam sebanyak 90% (Sumber : Syihab Al-Badri Yasin, Bekam Sunnah Nabi &
Mukjizat Medis).

Al-Hijamah berasal dari kata al-hajmu yang menurut bahasa berarti penghisapan /
penyedotan, karena ia merupakan upaya untuk menghisap darah dari bagian yang disayat,
sehingga hijaamah berarti perbuatan atau aktivitas orang yang membekam.

Imam Ibnu Qayyim al-Jauziyyah mengatakan : “Hijamah merupakan pemisahan
yang berhubungan dan berdasarkan kehendak yang didikuti oleh proses pengeluaran
darah melalui urat secara total, khususnya urat yang tidak sering dilélkukan venesection /
al-fashdu'. Untuk fashdu masing-masing urat memiliki manfaat tersendiri” (Sumber :

Syihab Al-Badri Yasin, Bekam Sunnah Nabi & Mukjizat Medis).

! Al-fashdu / vanesection adalah melukai urat vena tertentu dengan menggunakan pisau bedah dengan cara
dan ukuran tertentu untuk mengeluarkan darah untuk pengobatan



2.2. Sejarah Al-Hijamah (Bekam)
Menurut Islam bekam merupaican salah satu metode penyembuhan warisan
Nabi (Thibbun Nabawi), yaitu salah satu metode yang dahulu digunakan oleh para
Nabi yang dipercaya dapat menyembuhkan berbagai macam penyakit atas ijin Allah.
Metode Al-Hijamah (bekam) dikenalkan di eropa pada pertengahan abad 19
melalui negri-negri Andalusia pada saat para dokter muslim serta karya tulis mereka

menjadi referensi pertama dalam ilmu kedokteran.

2.3. Jenis-jenis Bekam

2.3.1. Bekam Kering (bckam tanpa sayatan)

Proses bekam tanpa adanya penyayatan kulit, schingga tidak keluar darah
pada daerah yang di bekam, namun darah akan keluar dari urat-urat kecil yang
menimbulkan bekas seperti memar sementara.

Bekam kering ini dimungkinkan juga untuk menggantikan metode pengobatan
autohemotherapy pada anak-anak atau orang tua yang sulit ditemukan urat venanya

karena usia yang sudah tua.

2.3.2. Bekam Basah (bekam dengan sayatan)

Proses bekam dengan adanya penyayatan kulit pada dacrah yang dibekam.
sehingga akan mengeluarkan darah kotor, rusak atau tidak berfungsi yang dapat
menghambat proses sirkulasi darah dan mengganggu sistem kerja organ tubuh.

Saat terjadi penyayatan pada kulit maka tubuh akan menghasilkan beberapa

zat seperti histamine, slow reacting substance (SRS), serta zat-zat lain. Zat-zat ini



menyebabkan terjadinya dilatasi kapiler yang menyebabkan terjadi perbaikan
mikrosirkulasi pembuluh darah. Akibatnya timbul efek relaksasi (pelemasan) otot-
otot yang kaku serta akan menurunkan tekanan darah secara stabil. Sedangkan
golongan histamine mempunyai manfaat dalam proses reparasi (perbaikan) sel dan
jaringan yang rusak, sehingga akan meninggikan resistensi (daya tahan) dan imunitas

(kekebalan) tubuh.

24. Darah Bekam
Darah bekam adalah darah yang dikeluarkan oleh juru bekam dari dalam
tubuh, Ada Beberapa ciri darah bekam :
M Teroksidasinya darah tanpa udara (anaerob)
M Terpisahnya plasma dari darah
& Mengandung sepersepuluh kadar sel darah putih (Leukosit) yang ada
dalam darah biasa, padahal secara medis tidak bisa darah keluar tanpa

disertai sel-sel darah putih.

Q|

Semua sel darah merah (eritrosit) memiliki bentuk yang aneh, artinya
sel-sel tersebut tidak mampu melakukan aktivitas, di samping juga
menghambat sel-sel lain yang masih muda dan aktif.

& Kandungan sel darah merah maupun sel darah putih dalam darah bekam
tinggi sekali. Ini menunjukkan babwa proses bekam berhasil
mengeluarkan kotoran, sisa, dan endapan darah sehingga mendorong

kembali aktifnya seluruh sistem dan organ tubuh.



2.5. Titik Meridian

Menurut kedokteran tradisional, bahwa dibawah kulit, otot, maupun fascia
terdapat suatu poin atau titik yang mempunyai sifat istimewa. Antara poin satu
dengan poin lainnya saling berhubungan membujur dan melintang membentuk
jaring-jaring atau jala. Jala ini dapat disamakan dengan mendian.

Dengan adanya titik meridian ini, maka terdapat hubungan yang erat antara
bagian tubuh bagian bawah dengan bagian atas, antara bagian dalam dengan
bagian luar, antara sebelah kiri tubuh dengan sebalah kanan tubth, antara orgah—
organ tubuh dengan jaringan bawah kulit, antara organ padat dengan organ
berongga, dan lain sebagainya, sehingga membentuk suatu kesatuan yang tak
terpisahkan dan dapat bereaksi secara ser(;ntak.

Kelainan yang terjadi pada satu poin ini dapat mempengaruhi poin yang
lainnya, juga sebaliknya, pengobatan pada satu poin akan menyembuhkan poin
lainnya. Teori ini dapat menjelaskan bahwa seseorang yang sakit matanyatidak periu
dibekam pada matanya, namun dapat dibekam di daerah kepala atau sekitar
tengkuknya.

Jumlah titik Meridian Utama dan posisinya pada anatomi tubuh dapat dilihat

pada table 2-1.
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Tabel 2-1. Meridian utama dengan jumlah titik bekam

Nama Titik Posisi Pada Anatomi Tubuh Jumlah Titik
UM Di Kepala Bagian Atas Tengah 1
RA Di Bagian Wajah dan Belakang Kepala 25

KHL Di Bawah Leher Belakang 2
YA Di Tangan Bagian Depan dan Belakang 12
UN Di Bagian Leher, Depan dan Belakang 9
AK Di Bagian Bahu atau Pundak 4
SA Di Bagian Dada 8
BA Di Bagian Perut 12
ZA Di Bagian Punggung 27
ZI Di Bagian Tulang Ekor 2
WA Di Pangkal Paha Atas 2
RI Di Bagian Kaki 31

Sumber: Uraian Kode Anatomi Hijamah (Titik-titik Bekam)
Pustaka As-Sabil, Jakarta 2006

Letak dari titik-titik bekam menyebar di seluruh tubuh. Untuk mengetahui
letak yang lebih tepat dalam Gambar 2-2a serta 2-Zb digambarkan anatomi
manusia dari sisi muka dan belakang. Letak titik tersebut sesuai dengan jenis

penyakit yang ingin diterapi.



Gambar 2.2a. Anatomi Al-Hijamah Bagian Depan
Sumber: Uraian Kode Anatomi Hijamah (Titik-titik Bekam)
Pustaka As-Sabil, Jakarta 2006

11



‘ff'-l n

Gambar 2.2b. Anatomi Al-Hijamah Bagian Belakang
Sumber: Uraian Kode Anatomi Hijamah (Titik-titik Bekam)
Pustaka As-Sabil, Jakarta 2006

12
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Pada perancangan ditekankan hanya pada titik utama saja tidak melibatkan
titik tambahan. Daftar nama penyakit beserta titik-titik yang ingin diterapi

ditunjukkan dalam Tabel 2.2.

Tabel 2-2. Nama penyakit, serta titik utamanya

No. Nama Penyakit Nama titik

1. | Amandel KHL;, UN4, UNg, UNy

2. | Asma KHL, SA3, SA4, UNy

3. | Asam Urat KHL1, ZAs, ZAn

4. | Bronchitis KHL;, UNy, ZAs, ZAy

5. | Cacingan KHL1, ZA24, ZAz5, BAg, BAy

6. Diabetes KHLy, ZAyy, ZAss

7. | Encok (artritis) KHLI ZAg, ZAy

8. | Epilepsi KHL;, UM, ZAjo, ZAn

9. | Gigi KHL,, UN;

10. | Gondok KHLi, UNs, UNs

11. | Hipertensi KHL;, UM, UN;, UN;

12. | Insomnia KHL%VZA!O: ZAy

13. | Jerawat (ponuh di mukay | b RAz RAz

14, Kaki (telapak) KHLI, Rl30, RI3;
Pecah-pecah

15. | Kanker Ginjal KHLy, ZAs, ZAny

16. | Kanker Prostat KHLy, ZA g, ZAz

17. | Kanker Otak KHL;, UM




18. | Kolesterol Tinggi «.HL;, UN, UN;3, AK;, AK;

19. | Kesuburan (Pria) KHL, BAs, BAjo, BAy, Rlis, Rli

20. | Maag (keasaman lambung) KHL;, BA;

21, | Migran KHL;, RA¢, RA7, RAsg, RA,,

59 | Obesitas KHL;, BA2, BA;

23 | Pengapuran di Lutut KHL,RI3, RIg, Rl, Rlio, Rlyy, RIrz, RlLis, Rlp
24. | Sembelit KHLy, BAg, BAs, ZI;, AK;, AK,

25 | Vertigo KHL;, UM, UN;, UN3

26. | Wasir KHLy, ZI,

Sumber: Uraian Kode Anatomi Hijamah (Titik-titik Bekam)
Pustaka As-Sabil, Jakarta 2006

14

Harus diakui, bahwa kaum muslimin saat ini jarang sekali yang mau

mendalami dan mengamalkan ilmu kedokteran warisan Nabi (Thibbun nabawi),

diantaranya adalah A/-Hijamah (Bekam), dimana bekam adalah Sunnah Nabi yang

memiliki mukjizat medis sebagai penyembuh dari setiap penyakit dengan izin Allah.

Demikian sekilas informasi tentang Terapi Al-Hijamah (bekam), walaupun

terkesan islami, namun tidak menutup kemungkinan bagi yang non muslim untuk

mencoba, seperti beberapa penelitian ,ang dilakukan para ahli bekam dari barat,

antara lain penelitian Kohler D. (1990) dengan bukunya The Connective Tissue as

The Physical Medium for Conduction of Healing Energy in Cupping Therapeutic

Methode ( Jaringan sebagai Media Fisik untuk Menghantarkan Energi Pengobatan

Dengan Bekam), atau Thomas W. Anderson (1985) dengan tulisannya /00 Discases



15

Treated by Cupping Method (100 Penyakit yang Dapat Diobati Dengan Bekam)

(Sumber : Syihab Al-Badri Yasin, Bekam Sunnah Nabi & Mukjizat Medis).



2.6. Mikrokontroler

Perbedaan mendasar antara mikrokontroler dan mikroprosesor adalah
mikrokontroler dapat berdiri sendiri sehingga sebuah mikrokontroler dapat
dikatakan sebagai mikrokomputer dalam keping tunggal (Single Chip
Microcomputer) yang terdiri atas empat unsur yaitu prosessor (CPU), memori,
perangkat I/O dan perangkat lain yang merupakan kelengkapan sebagai sistem

minimum mikrokomputer seperti ditunjukkan dalam Gambar 2-2.

Peripherals
1/0 | And Clocks

Processor
(CPU) Core

Gambar 2-2. Arsitektur Mikrokontroler
Sumber : http://www.atmel.com/89S51.pdf

Blok CPU, memori dan I/O merupakan blok utama sebuah mikrokontrolcr.
Setiap MK pasti memiliki blok tersebut. Selain tiga blok utama tersebut terdapat
perangkat (peripheral) lain. Ketersediaan peripheral-peripheral dalam MK
tersebut dapat mengurangi adanya perangkat eksternal sehingga memperkecil
ukuran alat elektronik secara keseluruhan.

Mikrokontroler didesain dengan instruksi-instruksi lebih luas dan 8 bit

instruksi yang digunakan membaca data instruksi dari internal memori ke ALU.

16
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Banyak instruksi yang digabung de: an pin-pin chipnya. Pin tersebut yaitu pin
yang dapat diprogram (programmable) yang mempunyai beberapa fungsi yang
berbeda tergantung pada kehendak programmer. Sedangkan mikroprossesor
didesain sangat fleksibel dan mempunyai banyak byfe instruksi. Semua instruksi
bekerja dalam sebuah konfigurasi perangkat keras yang membutuhkan banyak
ruang memori dan perangkat I/O dihubungkan ke alamat dan pin-pin data bus

pada chip.

2.6.1. Mikrokontroler AT89S51

Mikrokontroler AT89S551 adalah mikrokontroler ATMEL yang kompatibel
penuh dengan mikrokontroler keluarga MCS - 51, membutuhkan daya rendah,
memiliki performance yang tinggi dan merupakan mikrokomputer 8 bit yang
dilengkapi 4Kbyte EEPROM (Electrical Erasable and Programmable Read Only
Memory) dan 128 Byte RAM internal. Program memori yang dapat diprogram
ulang dalam sistem atau menggunakan Programmer Nonuvolatile Memori
konvensional.

Dalam sistem mikrokontroler terdapat dua hal yang mendasar, yaitu:
perangkat lunak dan perangkat keras yang keduanya saling terkait dan

mendukung.

2.6.2. Perangkat keras mikrokontroler AT89S51
Secara umum Mikrokontroller AT89S51 memiliki :

CPU 8 bit termasuk keluarga MCS-51
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M 4 Kb Flash memory

M 128 byte Internal RAM

& 32 buah Port1/ O, masing — masing terdiri atas 8 jalur I/ O

2 Timer/ counter 16 bit

& 2 Serial Port Full Duplex

M Kecepatan pelaksanaan intruksi/siklus lus pada frekuensi clock 12 Mhz
M 2 DPTR (Data Pointer)

M Watchdog Timer

M Fleksibel ISP Programming

Dengan keistimewaan diatas pembuatan alat menggunakan AT89351
menjadi lebih sederhana dan tidak memerlukan IC pendukung yang banyak. Blok

diagram dari Mikrokontroler AT89S51 seperti pada gambar 2-3.
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Gambar 2-3. Diagram Blok Mikrokontroler AT89551
Sumber : Data Sheet Microcontroller AT89S51, http://www.atmel.com.
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2.6.3. Konfigurasi Pin Mikrokontroler AT89S551
Mikrokontroler AT89S51 memiliki 40 Pin yang didefinisikan seperti pada

gambar 2-4.
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Gambar 2-4. Konfigurasi pin AT89551

Sumber : Data Sheet Microcontroller AT89551, http://www.atmel.com.

1. Vee : Catu daya ( supply tegangan ). |

2. Gnd : Ground.

3. Port0  : Port 0 merupak. .1 port 8 bit yang bersifat open drain dua
arah. Sebagai port keluaran, tiap pin dapat menerima 8
masukan TTL. Saat logika 1 dituliskan pada port, pin port
dapat digunakan sebagai masukan dengan impedansi tinggi.

4. Portl : Port ini merupakan port I/ O biderectional dengan internal
pull-up. Out put Port ini dapat mendayai atau menerima
4 masukan TTL. Jika suatu logika 1 dituliskan pada port
ini, maka port akan dibuat tinggi oleh pull-up internal dan
dapat digunakan scbagai masukan. Pada saat sebagai port

masukan, port ini akan dibuat rendah dan port ini akan



20

mendayai karena adanya pull-up internal.

5. Port2  : Port ini merup..kan port I/O biderectional dengan internal
pull-up. Penyangga pada port ini mampu menangani 4
masukan T'TL. Jika logika 1 dituliskan pada port ini, maka
port akan dibuat tinggi oleh pul/l-up internalnya.

6. Port3  : Port ini merupakan port I/O bidirectional dengan internal
pull-up. Out put Port ini dapat mendayai atau menerima 4
masukan TTL. Jika suatu logika 1 dituliskan pada port ini,
maka port akan dibuat tinggi oleh pull-up. Selain sebagai
port parallel port ini juga mempunyai fungsi khusus yaitu :

Tabel 2-3 Fungsi khusus Port 3

2ot Pin. ngsi Khust
P3.0 RXD (masukan port serial (UART))
P3.1 TXD (keluaranan port serial (UART))
P3.2 INTO (masukan interupsi luar 0)
P3.3 INT1 (masukan interupsi luari)
P3.4 TO (masukan luar Timer / Counter 0)
P35 T1 (masukan iuar Tmer)
P3.6 WR (pulsa penulisan data memori luar)
P3.7 RD (pulsa pembacaan memori luar)
7. Reset  : Masukan untuk reset. Suatu logika high selama dua siklus

pada pin reset akan menyebabkan terjadinya proses resct.
8. ALE : Addres latch enable merupakan suatu pulsa keluaran untuk
mengaitkan ( latch ) byte bawah dari alamat selama

mengakses memori luar.
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9. PSEN  :Program store enable adalah pulsa pengaktif untuk membaca

10. EA/VPP :

program memori luar. Saat Mikrokontroler melaksanakan
instruksi dari program memori luar, PSEIN akan diaktifkan
dua kali siklus mesin, kecuali pada saat mengakses data
memori luar.

External access enable. EA harus dihubungkan dengan
ground jika in_in mengakses dari prograﬁl memori luar
dengan alamat O0000H sampai FFFFH. EA harus
dihubungkan ke V. jika menggunakan program memori

internal.

11. X-TAL 1 danX-TAL 2

Pin ini dihubungkan dengan kristal bila menggunakan
osilator internal. X-TAL 1 merupakan masukan ke
rangkaian osilator internal sedangkan X-TAL 2 keluaran
dari rangkaian osilator internalUntuk keperluan ini
diperlukan kapasitor penstabil sebesar 30pF. Dan nilai dari
X-TAL tersebut antara 4 — 24 Mhz. Untuk lebih jelasnya
dapat dilihat gambar pemasangan X-TAL serta kapasitor

yang digunakannya.
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XTAL1
GND
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Gambar 2-5. Osilator Eksternal AT89551
Sumber : Data Sheet Microcontroller AT89S51, http:/Aivww.atmel.com.

2.6.4. Organisasi Memori

Organisasi memori pada mikrokontroler AT89S51 dapat dibagi menjadi
dua bagian besar yaitu memori program dan memori data. Pembagian tersebut
didasarkan atas fungsi dari penyimpanan data maupun program. Menori program
digunakan untuk menyimpan instruksi-instruksi yang akan djjalankan oleh
mikrokontroler, sedangkan memori data digunakan sebagai tempat yang sedang
diolah mikrokontroler. Organisasi memori mikrokontroler AT89S51 dapat dilihat

pada gambar 2-6.

0000H
Memori Intemal

1FFFH

2000H
Memori Eksternal

FFFFH

Gambar 2-6. Organisasi Program memori

Sumber : Data Sheet Microcontrolier AT89S51, http://wyww.atmel.com.
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Mikrokontroler AT89S51 dilengkapi dengan ROM internal, sehingga untuk
menyimpan program tidak digunakan ROM eksternal yang terpisah dari
mikrokontroler. Agar tidak menggunakan memori program eksternal,
penyemat/EA dihubungkan dengan Vee (logika 1).

Memori program mikrokontroler menggunakan alamat 16 bit mulai 0000,,-
OFFF,,, sehingga kapasitas penyimpanan program maksimal adalah 4Kb. Sinyal
/PSEN (Program Store Enable) tidak digunakan jika digunakan memori program
internal.

Selain program mikrokontroler AT89S51 juga memiliki data internal 128
byte dan mampu mengakses memori data eksternal sebesar 64 Kb. Semua
memori data internal dapat dialamati dengan data langsung atau tidak langsung.
Ciri dari pengalamatan langsung adalah operand yaitu alamat register yang berisi
alamat data yang akan diolah. Sebagian memori tersebut dapat dialamati dengan
pengalamatan register, dan sebagian lagi dapat dialamati dengan memori satu bit.
Untuk membaca data digunakan sinyal / RD sedangkan untuk menulis digunakan

sinyal / WR.

2.6.5. SFR (Special Function Register)
Register Fungsi Khusus (Special Function Register) terletak pada 128 byte
bagian atas memori data internal dan berisi register-register untuk pelayanan

latch port, timer, program status words, control peripheral, dan sebagainya.
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Beberapa macam register fungsi khusus yang sering digunakan adalah

sebagai berikut ini :

4]

&

Accumulator (ACC) merupakan register untuk penambahan dan
pengurangan. " Perintah mnemonic  untuk mengakses akumulator
disederhanakan sebagai A.

Register B merupakan register khusus yang berfungsi melayani operasi
perkalian dan pembagian.

Stack Pointer (SP) merupakan register 8 bit yang dapat diletakkan di
alamat manapun pada RAM internal. |

2 Data Pointer (DPTR) terdiri dari dua register, yaitu untuk byte tinggi
(Data Pointer High, DPH) dan byte rendah (Data Pointer Low, DPL)
yang berfungsi untuk mengunci alamat 16 bit.

Port () sampai Port 3 merupakan register yang berfungsi untuk membaca
dan mengeluarkan data pada port 0, 1, 2, 3. Masing-masing register ini
dapat dialamati per-byte maupun per-bit.

Control Register terdiri dari register yang mempunyai fungsi kontrol.
Untuk mengontrol sistem interupsi, terdapat dua register khusus, yaitu
register 1P (Interupt Priority) dan register 1E (Interupt Enable). Untuk
mengontrol pelayanan timer/counter terdapat register khusus, yaitu
register TCON  (timer/counter control) serta pelayanan port serial

menggunakan register SCON (Serial Port Control).
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2.6.6. Sistem Interupsi
Mikrokontroller AT89S51 mempunyai 5 buah sumber interupsi yang

dapat membangkitkan permintaan interupsi, yaitu INTO, INT1, T1, T2 dan Port

Serial.

o »
I —or {=]—
"o

o b'
M —of [ ]
2 ]
o —_—1
-

Gambar 2-7 Sumber Interupsi Mikrokontroler AT89551
Sumber : Data Sheet Microcontroller AT89551, http://www.atmel.com.

Saat terjadinya interupsi mikrokontroler secara otomatis akan menuju ke
subrutin pada alamat tersebut. Setelah interupsi selesai dikerjakan,
mikrokontroller akan mengerjakan program semula. Tiap-tiap sumber interupsi
dapat enable atau disable secara software. *

Tingkat prioritas semua sumber inferupt dapat diprogram sendiri-sendiri
dengan set atau clear bit pada (Interupt Priorit). Jika dua permintaan interupsi
dengan tingkat prioritas yang berbeda diterima secara bersamaan, permintaan
interupsi dengan prioritas tertinggi yang akan dilayani. Jika permintaan interupsi
dengan prioritas yang sama diterima bersamaan, akan dilakukan polling untuk

menentukan mana yang akan dilayani.



Tabel 2-4 Alamat Sumber Interupsi

Interupt Luar 0 (IN'T 0) - 03,
Pewaktu/ pencacah 0 ('TO) 0B,
Interupt Luar 1 (INT 0)“ 13,
Pewaktu/ pencacah 0 (T0) 1By
Port Serial 234

Sumber : Data Sheet Microcontroller AT89S51, http://www.atmel.com.

2.6.7. Perbedaan dengan Mikrokontroler AT89C51

Atmel berhasil ‘menghidupkan kembali’ mikrokontroler MCS51, dengan
cara menggunakan Flash PEROM sebagai memori program. AT89C51 adalah
anggota keluarga mikrokontroler MCS51 yang paling dikenal. Chip ini setara
dengan dengan chip asli buatan intel 8051, bedanya adalah memori program
dalam AT89C51 menggunakan Flash PEROM. Selain AT89C51 banyak pula
dipakai AT89C52, yang kapasitas memori programnya dua kali lebih besar.
Pemakaian Flash PEROM untuk memori program membuat harga kedua chip ini
menjadi sangat murah, dan pengisian/penghapusan memori program jadi lebih
mudah. Namun cara pengisian program ke Flash PEROM di dalam chip

AT89C51/52 dirasa sangat rumit, untuk meningkatkan pemakaian mikrokontroler



27

buatannya, baru-baru ini Atmel meluncurkan AT89S51 dan AT89S52 yang jauh
lebih mudah diisi.

Gambar 2-8a dan gambar 2-8b memperlihatkan diagram pengisian
program ke Flash PEROM. Gambar 2-8a dipakai untuk mengisi memori program
chip AT89C51 dan AT89C52, dikatakan sebagai pengisian secara pararel karena
data dan alamat chip AT89C51/52 dikendalikan secara pararel lewat 12 (13 untuk
AT89C52) jalur alamat dan 8 jalur data.

Gambar 2-8b memperlihatkan cara pengisian Flash PEROM secara seri ,
perintah/ata dikirim ke Flash PEROM secara seri melaiui P15 / MOSI, dan isi
Flash PEROM diambil secara seri melalui P16 / MISO, untuk transmisi data
secara seri tersebut diperlukan clock di P17 / SCK. Pengisian secara pararel
memerlukan jalur yang jauh lebih banyak,selain itu diperlukan pula dua sumber
tegangan (+5V/ 12 V) pada kaki EA, dan pengaturan sinyal yang cukup rumit pada
P26;P27;P33;P36;P37 dan ALE, sehingga rangkaian menjadi rumit,hal ini dirasa
sangat merepotkan, karena pengisian harus dilakukan di alat tersendiri (biasa
dikatakan sebagai Flash PEROM Programer).

Pengisian secara seri hanya memerlukan 3 jalur saja dan sumber tegangan
5 Volt. Rangkaian yang diperlukan sangat sederhana, sehingga pengisian Flash
PEROM bisa dilakukan langsung di tempat, tanpa harus melepaskan chip
mikrokontroler dari PCB-nya, cara pengisian semacam ini discbut sebagai In
System Programing (ISP). Atmel sejak lama sudah memproduksi AT8958252

dan AT89S53 yang mempunyai fasilitas serupa, bahkan semua mikrokontroler
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AVR buatan Atmel juga bisa diisi secara seri. Program ini memerlukan “AT89ISP
Cable”, yang dipakai untuk menghubungkan port pararel PC ke PCB, pada ujung
kabel sebelah port pararel terdapat rangkaian yang diperlukan.

Selain kemampuan ISP, AT89S551/52 mempunyai tambahan kemampuan
baru di banding AT89C51/52, meskipun demikian semua program dan rancangan

rangkaian untuk AT89C51/52 bisa dipakai sepenuhnya untuk AT89S51.

AT89CS1 AT89S351 sver
+8 Vot
I pyn N I N e T
12400 AS. AN P20.923 PO .?:‘ RAUkEAME  — P18 /M08!
4

— | P2e Dtts <-—— | PI6/MISO
Kods ey P27
Porgisies ———o | pa3 ME | «—— PROG
PEROM ———* | PR
—— | Py

T XTALZ TR} e—— swetaven i
= }1 o | v nesoy ‘diﬂ% h
T . I—-——‘ XTALL RESET [@—— +5Voil

Clock ———p M78CKR

XTALY RESET 4= $8VeR

—E— GND PSEN

Gambar 2-8a A Gambar 2-8b
Pengisian Flash Secara Pararel Pengisian Flash Secara Seri
Sumber : Tabloid Komputek, edisi 3243, minggu ke U, Juli, tahun 2003.

||‘

2.7. Keypad

Pemberian imput pada mikroiontroller dibutuhkan sebuah keypad yang
digunakan untuk memasukkan kode akses ke mikrokontroller. Keypad yang
digunakan adalah yang bermatrik 3x4 dengan dihubungkan pada encoder keypad.
Penggunaan encoder keypad akan menyederhanakan rangkaian dari perangkat

keras yang akan kita disain.
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Gambar 2-9. Keypad 3X4
Sumber: http://www.oitkeypad.com/pdf/BEZELANDKEYCAPS.pdf

Prinsip kerja dari keypad ini sama dengan sakelar SPST (Single Pole
Single Trught) yang bersifat normally open. Namun yang membedakan adalah
susunannya yang dibuat seperti matrik serta proses seleksi datanya menggunakan
scanning.

2.8. Encoder keypad

Perangkat ini berguna untuk membaca data dari keypad kemudian
dikeluarkan melalui pin data ous. Data yang keluar melalui pin data out berupa

data biner. IC MM74C922 merupakan encoder keypad matrik dengan ukuran 4x4.

RO Y ] U L

fiow vz =2 L sarazura

) LE para 0473

HOW ¢~ W patanutc
JCILLATOR — L garanata

KEVIGUNET WASR -1« AEE CUTPUTENARCE
cug e x4 1] k2 0aTa AvAILRS:E
01w L] HL corow xt
G — L2 2 auuwn 2
Top View
MIAT4CY22

Gambar 2-10. Kor.figurasi pin MM74C922

Sumber: Fairchild Semiconductor, October 1987:1-
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Dalam Gambar 2-10 pin 1 - 4 untuk baris keypad 1 - 4, pin 11,10,8,7 untuk
kolom keypad 1 — 4, pin 14 — 17 untuk keluaran data. Pin osilator dan keybonce
mask dihubungkan dengan capasitor. Nilai dari capasitor tersebut ditentukan
sebagai berikut:

deybrmcc mask — 10 X Ca:llulor o s sececcsececsecne (2. 1)

Persamaan 2.1. diambil dari datasheet encoder keypad MM 74C922.
Untuk mengetahui fungsi logika dari data keluaran keypad. Tabel

kebenaran dari MM 74C922 ditunjukkan dalam Table 2.5.

Tabel 2.5. Tabel kebenaran encoder keypad MM74C922

Pins O Wog 1
witc| 0 | 2 3 4 5 s 7 B n

Pasiticn Y4LAT YLN2 YLX3 YLX4 UKt Y242 V2,43 Y2,X8 Y3 X1 Y‘J,X2 YJ,KS YJ.XI

(%]
A A [} | 0 1 o 1 0 1 ] 1 1] 1
T B 0 [} 1 1 0 0 1 1 e ) 1 1
A ¢ 0 9 0 ] 1 1 1 1 ¢ 0 o 0
o b [ 9 ] 0 L} 0 o 0 1 1 1 1
U EMoten) O ] 0 (] 0 0 0 0 [0 0 o )
T
tPins 12 though 1)
Sohich 12 3 i1 5 16 7 D)
Pasition Y4 Xt V4 X2 Y4 X3 Y4,X4 VsiMoto 1), X1 YSiNets 1), X2 Y5iNeto 13. X3 Ysmmu 1]
2
A A 0 1 0 1 0 1 0 1
T B 0 (i} 1 1 0 0 1 1
A C 1 1 1 1 ¢ 0 q 0
I ) 1 1 1 1 ) 0 ) d
U Eawi)] © 0 0 0 1 1 t 1
T
Hoto 1 L1t b WRAA2 02 l

Sumber: Fairchild Semiconductor, October 1987:2

29. Liquid Crystal Display
Liquid Crystal Display atau LCD adalah salah satu jenis penampil yang

digunakan untuk menampilkan angka, karakter, atau bahkan angka dan karakter.
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LCD terdiri atas tumpukan tipis atau sel dari dua lembar kaca dengan pinggiran
tertutup rapat. Antara dua lembar kaca tersebut diberi bahan kristal cair (liquid
crystal), yang tembus cahaya. Permukaan luar dari masing-masing keping kaca
mempunyai lapisan penghantar tembus cahaya seperti oxida timah (#in oxide) atau
oxida indium (indium oxide). Sel mempunyai ketebalan sekitar 1 x 10 ~* meter dan

diisi dengan kristal cair (liquid crystal). Blok diagram LCD ditunjukkan dalam

Gambar 2-11.
Tining Signal 3
DBO~7 <_"f|> Serial Data sér%uenl
RS o ool Driver
AW Controller Segment Signal \487 40
E —
‘:15 > LCD(16x2)
Common Signal
VDD
V§§ ———
VLg%

Gambar 2-11. Diagram Blok LCD Sciko Instrument M1532
Sumber: Seiko Manual, 1998:13
LCD adalah suatu modul tamy.lan yang mempunyai konsumsi daya yang
relatif rendah. LCD memiliki keistimewaan dibandingkan tampilan yang lain
seperti sevent segment yéitu kemampuan untuk menampilkan karakter dan
berbagai macam simbol. Salah satu jenis LCD diantaranya adalah LCD tipe dot
matriks 5x7, tersusun sebanyak dua baris dan masing-masing baris terdiri atas 20

karakter. Setiap karakter dibentuk oleh 5x7 buah titik, sehingga jenis huruf yang
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mampu ditampilkan akan lebih banyak dan lebih baik dibandingkan dengan
penampil 7 segment atau 16 segment.

Dalam gambar terlihat bahwa dengan adanya controler pada LCD maka
LCD dapat dianggap sebagai suatu lokasi memori dari suatu unit prosessor,
sehingga instruksi penampilan ka .kternya dapat digabungkan menjadi satu

dangan unit prosesor.

Untuk dapat menggunakan LCD maka hal-hal yang perlu diperhatikan
adalah sinyal kontrol dari LCD yaitu : RS, R/W dan EN. Instruksi operasi meliputi
operasi dasar register, busy flag, address cunter, display data RAM, character

generator ROM.

2.9.1. Konfigurasi Pin-pin LCD
Konfigurasi dan fungsi-fungsi umum pin-pin LCD ditunjukkan dalam

Tabel 2.6.

Tabel 2.6. Konfigurasi pin-pin LCD

No SIMBOL LEVEL FUNGSI
1 Vss - 0 Volt (Ground)
2 Vee - Power Supply | 5Volt +/-10%
3 Vee - For LCD Drive
H = Input Data
4 RS H/L
L = Input Instruksi
H = Read
5 RW H/L

L = Write

6 B H Data Bus




7 DBO H/L

8 DBI WL

9 DB2 H/L

10 DB3 H/L

1 DB4 H/L

12 DBS H/L

13 DB6 H/L

14 DB7 H/L

15 V+ BL - Back Light 4-42Volt, 50 ~200 mA
16 V-BL - Supply 0 Volt (Ground)

Sumber: EL-TECH Electronics, LCD Module User Manual, 1987:2

2.9.2. Fungsi-fungsi Terminal

Fungsi-fungsi terminal LCD Seiko M1632 ditunjukkan dalam Tabel 2.7.

Tabel 2.7. Fungsi-fungsi Terminal

NAMA SINYAL NO. I/o TUJUAN FUNGSI
TERM.
DB, - DB, 4 o MPU Lalu lintas data dan instruksi, lower
byte
DB, - DB, 4 o MPU Lalu lintas data dan instruksi, upper
byte
E 1 INPUT MPru Sinyal Start (Read/FVnite)
RV 1 INPUT MPU Sinyal seleksi instruksi
RS ] INPUT MPU Sinyal seleksi register
Vie 1 - Power Supply | Driver LCP
Voo 1 - Power Supply | §Volt l
Ves 1 - Power Supply | 0 Volt (Ground)

Sumber: EL-TECH Electronics, I.CD Madule Usar Manual, 198717
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2.10. Penahan Alamat

Rangkaian penahan alamat berguna untuk memisahkan antara jalur data
dengan alamat. Sehingga apabila terdapat perintah untuk mengirimkan data maka
alamat tetap tertahan pada perangkat ini. 74L.S573 salah satu jenis IC T'TL untuk
keperluan penahan alamat delapan bit. Gambar 2-12 merupakan susunan pin dari

IC tersebut.

Gambar 2-12. Susunan Pin dari 74L.S573
Sumber: Fairchild Semiconductor, Datasheet, SN74L.8573

Dari Gambar 2-12 terdapat pin D, - D, yang berfungsi sebagai input, pin Q, - O,
berfungsi sebagai ouput. Proses masuk serta keluarnya data dikendalikan oleh

sinyal kontrol LE (Latch Enable) serta OE (Ouput Enable).

2.11. Dekoder Alamat

Rangkaian dekoder alamat berupa rangkaian logika yang berfungsi untuk
mengaktifkan sinyal CS (Chip Select) duri PPI 8255. input dari rangkaian logika ini
berasal dari alamat CPU, sedangkan ouput dari rangkaian logika dimasukkan ke

CS (Chip Select) PPI 8255.
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Addressing the 8255
10/M
<8.bit data bus Data
[20bitaddress b$> e [ TD
v ~e—e——{ RESET
A SI\ Logic —
= Cireuit s
Al
. A0

Gambar 2-13. Rangkaian Pengendali Chip Select
Sumber: http//:-www.olemiss.edu/course/EE/ELE_485/Fall1999/485_L.13_99/s1d004.htm

Dari Gambar 2-13 A0 dan Al langsung dihubungkan ke Address Bus CPU
sedangkan sisanya didekoderkan sesuai dengan alamat yang kita tentukan terlebih
dahulu. CS (Chip Select) pada PPI 8255 akan aktif apabila dalam kondisi low,
sehingga dalam perancangan rangkaian dekoder harus menyesuaikan syarat
tersebut.

Dekoder 74L.5138 merupakan salah satu rangkaian logika yang secara
umum digunakan untuk pengendalian chip select pada suatu nﬁniﬁxum sistem.

Konfigurasi pin dari 7415138 dapat dilihat dalam Gambar 2.14.

A°E | Ev“
M 1Y %
n (] A%
i [] 13} ¥,
= 138 5
:,E @V.
% [0 1%
wwo 3] o

(Y2121

Gambar 2-14. Konfigurasi pin 74L.5138

Sumber: Philip Semiconductor, Datasheet, September 1993:3
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Dalam hal perancangan sebelum kita menggunakan perangkat ini, terlebih
dahulu mengetahui fungsi dari tiap-tiap pin dari 741.S138. Tabel 2.8 merupakan

tabel yang berisi nomer pin, simbol serta fungsinya.

Tabel 2.8. Fungsi pin 74LS138

No. Pin Simbol Fungsi
12,3 Ay-A, Addyress Input
4,5 E,E, Aktif low
6 E, Aktif high
8 Gnd Ground (OVj
15,14,13,12,11,109,7 | Y, - Y, Output aktif low
16 Vce Positif power supply

Sumber: Philip Semiconductor, Datasheet, September 1993:3
Untuk mengetahui fungsi logika dari masing-masing pin 74L.S138 dalam
Gambar 2.14, Tabel 2.9 merupakan tabel kebenaran dari perangkat ini.

Tabel 2.9. Fungsi logika 74L.5138

INPUTS OUTPUTS

—— T = B T < |
E Ez E; Ao Ay Az Yo Y Yz Y Y: Ys Ye Y:
H X X X X X H H H H H H H H
X H X X X X H H H H H H H H
X X L X X X H H H H H H H H
L L H L L L L H H H H H H H
L L H H L L H L H H H H H H
1 L H L H L H H L H H H H H
I L H H H L H H H L H H H H
L L H L L H H H H H L H H H
L L H H L H H H H H H L H H
[ L H L H H H H H H H H L H

L L H H H I H H H H H H 1] L }

Keterangan : H : Aktif high, L : Aktif low, X : Don't Care

Sumber: Philip Semiconductor, Datasheet, September 1993:4
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2.12. Buffer Tegangan

Buffer tegangan merupakan rangkaian penyangga tegangan yang digunakan
untuk memperbaiki kinerja dari suatu level tegangan tertentu. Pada sistem bus
yang mengendalikan beberapa perangkat keras serta keakuratan data maka
diperlukannya suatu buffer untuk memperbaiki level tegangan sesuai yang
diinginkan. Konfigurasi pin dari 74L.5244 sebagai buffer untuk jalur bus 8 bit

ditunjukkan dalam Gambar 2-15.

160
a1
2va U]
1420
2v3[]
1A3
av2{]
1A4
2vi
anodd

1
2
3
4
5
6
7
8
g
1

Gambar 2-15. Konfigurasi Pin 74L.5244

Sumber: Texas Instrument, Datasheet, Maret, 1988:1

Fungsi logika dari 74LS244 ditunjukkan dalam Tabel 2.10. Pada sisl input
terdapat pin G yang berfungsi untuk mengaktifkan fungsi buffer. Pin ini aktif
apabila diberi logika rendah. Sedangkan A merupakan masukan data dan pinY

sebagai keluaran

Tabel 2.10. Fungsi logika 74L.5244

Inputs Qutput
o
G A Y
L L L
L H H
H X z

Sumber: FairChild Semiconductor, Datasheet, Agustus, 1986:1
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Keterangan :
H : high logic level, L : low logic level.

X: Don’t Care, Z : High Impedance

2.13. PPI 8255

PPL (Programmable Pheriper::! Interfacing) merupakan peripheral yang
dapat diprogram serta secara luas untuk antarmuka nputfoutput. PPI jenis 8255
ini sengaja diproduksi oleh Intel secara masal untuk kepeﬂuan industri. Fitur
yang ditawarkan antara lain 24 programmable port J/O, 3 mode pengoperasian, arus
DC untuk seluruh /O sebesar 2,5 mA, daya konsumsi rendah, kompatibel dengan

TTL. Gambar 2-16 merupakan konfiguarasi pin dari PPI Inte] 82C55A.

13w £ NS Cla L
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sor (o ] %
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“:': Y] ”‘J"’h
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o1 [ Jrwc
i [] = ] et
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o e s [ e
[N » B I p N
o o[ e

Gambar 2-16. Konfigurasi Pin PP18255

Sumber: Intel, PPI 82C55A, Dalasheel, October 1995
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Gambear 2-17 merupakan blok diagram dari PPI 8255 yang terdiri dari read
write control logic, data bus buffer, group A control, group B control, Port A, Port B,

Port C upper dan Port C lower.
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Gambar 2-17. Blok Diagram PPI 8255

Sumber: Intel, PP1 8. 55A, Datasheet, Qctober 1995

2.13.1. Mode Pengoperasian
PPI 8255 memiliki 3 mode pengoperasian antara lain : )
1. Mode 0 : Basic Irput/Output
2. Mode 1: Strobed Input/Output
3. Mode 2 : Bi-directional Bus
2.13.1.1. Mode 0
Pada mode ini port-port pada PPI digunakan sebagai input atau
output. Mode merupakan mode yang paling sederhana. Tidak

diperlukannya sinyal hanshaking untuk pembacaan atau penulisan data
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dari port yang telah dit atukan. Menurut dafasheet dari Intel 82C55

mode 0 memiliki 16 konfigurasi input/output yang berbeda.

2.13.1.2. Mode 1
Pada mode ini trasfer data dari atau ke port didukung dengan sinyal
hashaking atau strobe. Sehingga penggunaan port untuk nputfouiput
selalu dikontrol oleh singal strobe. Jalur data yang bisa digunakan yaitu
pada Port A dan B. Sedangkan untuk port C digunakan sebagai

pembangkit atau penerima sinyal hanshaking.

2.13.1.3. Mode 2
Transfer data pada mode dilakukan secara dua arah (bidirectional).
Pada mode ini data selalu dikontrol oleh sinyal strobe. Penggunacn
mode ini juga disediakan fungsi inferupt. Port yang dapat diakses
sebagai jalur data adalah port A saja. Sedangkan port C sebagai sinyal

kontrol dan port B tidak bisa bekerja pada mode ini.

2.13.2. Coatrol word

Konfigurasi input/ouput, pemilihan mode pengoperasian serta pengaturan
aktif tidaknya dari PPI ini dikontrol melalui suatu register yang disebut sebagai
control word. Sebelum trasfer data dari atau ke port dilakukan maka control word
ini harus diinisialisasi terlebih dahulu secara perangkat lunak. Gambar 2-18

merupakan delapan bit dari control word PPI 82C55A.
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Gambar 2-18. Diagram Control Word PP1 Intel 82C55A

Sumber: Intel, PPI 82CS5A, Datasheet, October 1995:5

2.14. LED (Light Emitting Diode)
LED merupakan jenis khusus dari diode semikonduktor. Seperti halnya
diode normal, yang tersusun dari sebuah serpih yang dipenuhi oleh bahan

semikonduktor, dengan ketidakmurnian untuk membentuk struktur yang disebut

sebagai p-n junction. (Sumber:ht_t_g:[[en.wikipedia.org[wikﬂ Light-emitting_diode).
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Apabila p-n junction tersebut diberi prategangan maju, elektron-elektron
bebas akan bergabung kembali dengan lubang-lubang di sekitar persambungan.
Ketika meluruh dari tingkat energi lebih tinggi ke tingkat energi lebih rendah
elektron-elektron tersebut akan mengeluarkan energinya dalam bentuk
radiasi.Dalam diode penyearah hampir semua energi ini dilepaskan dalam bentuk
panas. Tetapi dalam LED, sebagian dari selisih energi ini dilepaskan sebagai
radiasi cahaya. (Sumber: Aproks..aasi Rangkaian Semikonduktor, Malvino,
1986:54 )

Untuk mengoperasikan LED terdapat beberapa parameter yang perlu
diketahui seperti tegangan forward, arus forward, suhu pengoperasian dan suhu
penyimpanan. Sebagai contoh untuk warna pancar merah dengan lens color
transparan memiliki parameter Vi iy = 1.9 V, I; = 10 mA, T, = -30 - 85 °C,

T, = -30 — 100 °C. (Sumber: Sanken LED, Buletin No. LO1 EBQ, Jan 2001).

stg
Pada Gambar 2-19 merupakan rangkaian elektrik untuk mengoperasikan suatu
LED. Sesuai dengan teori rangkaian elektrik seri, nilai resistansi R dapat dicari
dengan menggunakan persamaan :

R= Vee-V,

T (2.6)
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Dalam perancangan LED tersebut akan aktif apabila dalam keadaan low.
Gambar 2-20 merupakan rangkaian driver LED yang dihubungkan dengan port

PPI 82C55A.

vCC

Y Rs

{Port PP ]

LED

Gambar 2-20. Rangkaian indicator titik pada port PPI 82C55A

Dari Gambar 2-20 nilai resistansi LED dapat dicari dengan menggunakan

persamaan 2.7.
Vee-V, -V,
R Tl —————— @.7)
p
Keterangan :

R, : Resistansi seri
Vec  : Tegangan catu
V; : Tegangan forward dari LED
Voo  : Tegangan output low.
I : Arus forward LED.
Warna pancaran LED itu sendiri tergantung dari material semikonduktor
penyusunnya. Sebagai contoh untuk LED warna merah terbuat dari material

(AlGaAs), warna hijau terbuat dari material (AlGaP) dan masih banyak warna yang

lainnya. (Sumber: http://en.wikipedia.org/wiki/Light-emitting_diode).




BABIII

PERENCANAAN DAN PEMBUATAN ALAT

Bab ini berisi penjelasan mengenai spesifikasi alat, diagram blok

rangkaian dan penjelasan cara kerja rangkaian, serta penjelasan tentang

perencanaan perangkat keras dan perangkat lunak.

3.1. Spesifikasi Alat

Perancangan alat ini mempunyai beberapa spesifikasi diantaranya:

1. Gambar anatomi tubuh manusia yang sudah lengkap dengan titik-titik bekam

2. Data penyakit berisi 26 jenis penyakit, antara lain :

Amandel
M Asma |
M  Asam Urat
B Bronchitis %}
Cacingan A
M  Diabetes 5|
M  Encok (artritis) =
M  Epilepsi
7 Gigi %
Gondok 7]
Hipertensi 7}
M Insomnia (%]

B
8

Jerawat (penuh di muka)

Kaki (telapak) Pecah-pecah
Kanker Prostat

Kanker Otak

Kanker Ginjal

Kolesterol Tinggi
Kesuburan (Pria)

Maag (keasaman lambung)
Migran

Obesitas

Pengapuran di Lutut
Sembelit

Vertigo

Wasir

3. Menggunakan keypad ukuran 3x4 sebagai masukkan data.

4. Sebagai tampilan menu digunakan LCD 16x2.

5. Menggunakan AT89S51 sebagai pusat pengendali.
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3.2. Blok Diagram Rangkaian

| DATA BUS (D0- D7) |
UG ‘_:I\V
nlmﬁusm-uy BUFFER| > N
b
KEYPAD 3x4 : INTEL INTEL _INTEL
DAl AT 89551 PP18256 PPI8255 PPIB258
: "Jl> < — 1 PORT 2 PORT 3 PORT

ENCODER | 'J\ LATCH ABC ABC ABC

74LS573 AO-Ai\ L o L
\L ag e ‘Tr

LCD16X2 y : : !

|

Vot 3at

DISPLAY TITIK -TITIK HIJAMAH

Gambar 3.1. Blok Diagram Keseluruhan Sistem

Secara garis besar cara kerja alat ini adalah seseorang memasukkan ID
penyakit sesuai dengan daftar penyakit yang telah ada melalui keypad. Apabila ID
dikenali mikrokontroler maka proses dilanjutkan dengan tampilan jenis penyakit
pada LCD 16X2. setelah tampilan menu tersebut, apabila seseorang telah yakin
dengan jenis penyakit tersebut maka proses dilanjutkan dengan menyalakan LED
sebagai pengganti titik-titik hijamah sesuai dengan jenis penyakit yang telah
ditentukan. Setelah itu proses berulang sampai pengguna memasukkan ID
penyakit lainnya. Proses ini melibatkan perangkat yang lainnya seperti decoder

alamat, PPI 82C55A sebagai oufput serta rangkaian penahan alamat (latching).
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Gambar berikut merupakan bentuk fisik dari alat :

45cm

]
T
W
T
.
I .:ﬂ

W L)
ﬂ
Y
TR alien
1
Bl
2
1

33cm|

45¢cm
KETERANGAN

Panjang 45 cm
Lebar 33cm
Tinggi bawah : 8 cm
Tinggi Atas 5cm
Bahan Fiber Glass
Warna Hitam
Tebal 3 mm
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3.3. Perangkat Keras

3.3.1. Mikrokontroler
Mikrokontroler didalam perancangan ini merupakan komponen utama,
karena komponen mengontrol sen.ua switch dan merupakan otak dari sistem agar

dapat bekerja dengan baik dan optimal.

Mikrokontroler AT89S51 digunakan sebagai kendali sistem alat ini.
Pemilihan mikrokontroler AT89S51 mengingat MCS ini mempunyai internal
memori sehingga tidak perlu menambah memori luar, selain itu MCS ini sangat

mudah didapatkan dipasaran dengan harga yang relatif murah.

3.3.1.1. Port AT9S51

Penggunaan port pada mikrokontoler AT89S51 ditunjukkan dalam

Gambar 3.2.

i

Gambar 3.2. Penggunaan Port AT89851

Dalam Gambar 3.2 penggunaan port dapat dijelaskan secara detail sebagai
berikut:

1 Port 1 : Digunakan untuk D0-D7 pada LCD 16x2 karakter.



Port 0 : Digunakan untuk jalur data dan alamat yang dihubungkan deng::lirixS
74LS573.
Port 3.0 dan 3.1 dihubungkan dengan pin control LCD yaitu E dan RS
Port 3.2 — 3.5 dihubungkan dengan data out dari keypad 3x4
Port 2.7 dihubungkan dengan strobe pada encoder keypad.
Pin ALE dihubungkan dengan LE pada 74LS573

Pin Reset dihubungkan dengan rangkaian resct

Pin XTALI dan XTAL2 dihubungkan dengan rangkaian osilator

3.3.1.2. Rangkaian Osilator

Osilator internal

MCS AT89S51 dapat dibangkitkan dengan

menggunakan kristal sebagai pembangkit pulsa dimana besarnya kristal yang

diijinkan sebesar 0 — 24 MHz. Dalam perancangan ditentukan sebesar 12 MHz,

sehingga kecepatan pelaksanaan intruksi persiklus sebesar 1 ps ((1/12MHz)x12
siklus perioda).

Rangkaian osilator yang telah digunakan ditunjukkan dalam Gambar 3.3

Kristal dihubungkan ke kaki 18 dan 19 pada MCS AT89S51 dengan

menambahkan C, dan C, sebesar 30 pF. Penentuan nilai kapasitor sebesar 30 pF
berdasarkan datasheet. (Atmel datasheet : 4)

X1 Mcss,l
3°Pr 12Mhz
RYSTAL
x2 MCSS!1
30pF

Gambar 3.3. Rangkaian Osilator
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3.3.1.3. Rangkaian Resct

MCS AT89S51 dapat bekerja jika ada rangkaian resetnya. AT89S51
memakai reset aktif high sehingga input reset harus tinggi minimal selama 2
siklus mesin (24 période osilator) saat pertama kali MCS AT89S51 dijalankan.
(Atmel datasheet : 3). Rangkaian reset terdiri atas resistor dan kapasitor yang
dihubungkan ke kaki 9 pada MCS AT89S51 seperti ditunjukkan dalam Gambar

3.4.

toF
RESET

Gambar 3.4. Rangkaian reset

Karena kristal yang digunakan mempunyai frekuensi sebesar 12 MHz,
maka satu periode membutuhkan waktu sebesar :

1 1

T= =
Soaae 12MHz

5s=0,833-10"%s

Sehingga waktu minimal logika tinggi yang dibutubkan untuk mereset
mikrokontroler adalah :

t =T x periode yang dibutuhkan
=0,833-10"° x 24

=2 uS

reset(min)



Jadi mikrokontroler membutuhkan waktu minimal 2 ps untuk mereset.
Waktu minimal inilah yang dijadikan pedoman untuk menentukan nilai R dan C.
Dari persamaan 2.7 dengan menentukan nilai R = 8,2 kQ

(=0,357oR-C )
2.107 =0,357-8,2-10°C
C=0,683-10°F

Jadi dengan nilai komponen R = 8,2 kQ nilai kapasitor yang dapat
memenuhi syarat untuk mereset mikrokontroler harus diatas 0,683 nF. Untuk

kemudahan perancangan dipilih C = 1 nF.

3.3.2. Encoder Keypad

Pengambilan data serta proses scanning dari keypad menggunakan
perantara IC MM74C922. Keluaran dari perangkat ini berupa data biner 4 bit. Pin
A,B,C, dan D merupakan data oufput dari perangkat ini yang kemudian
dimasukkan kedalam port 3.2 — port 3.5 AT89S51. Data yang telah diterima oleh
mikrokontroler akan diolah sesuai dengan yang dikehendaki. Dalam Gambar 3.5
merupakan rangkaian dari encoder keypad dengan keypad ukuran 3x4. Pin Y, —

Y; merupakan konfigurasi baris dari keypad. Pin X, — X4 merupakan konfigurasi

kolom dari keypad.
vCC
AL v Ve —i%
) N
NN NS 3’2 ah—lﬁé‘i}
e pas
AN | o DTS
N AN K oc —
omgeed X4 DA jmend "FETT
KEXPADIXA ff
Lo = | v
l 10 SR | =
= .

Gambar 3.5. Rangkaian Encoder Keypad
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Nilai C, dan C, dapat ditentukan sesuai dengan persamaan 2.1. Dimana Cl

sebagai kapasitor untuk keybouncemask, sedangkan Cz sebagai kapasitor osilator

untuk proses scanning keypad.

C,=10x0.1 uF
C, =1uF

Dalam perancangan C, diambil nilai 0.1 pF. Hal ini dikarenakan sesuai ketentuan

dari datasheet MM74C922 nilai yang diijinkan antara 0.01 pF — 10 pF.

3.3.3. Liquid Crystal Display

Piranti yang digunakan untuk menampilkan data dari MCU adalah berupa
LCD dengan tipe M1632 (16 kolom x 2 baris). LCD M1632 adalah suatu jenis
piranti output yang menggunakan daya rendah dengan péngontrol kontras dan
kecerahan. Pengontrol utamanya adalah pada ROM generator dan display data
RAM yang menghasilkan data .\SCIl, jika diberikan inpuran kode ASCIL

Perencanaan rangkaian LCD selengkapnya ditunjukkan dalam Gambar 3.6.

2XISCIAR LCD,

x16Char LCD

Eﬁ@aimaaaaass«
{RRARAI

ool

WY

1008

e
¥ R D
Gambar 3.6. Rangkaian LCD
LCD tipe M1632 ini memiliki spesifikasi sebagai berikut:

» LCD ini terdiri dari 32 karakter dengan 2 baris masing-masing 16 karakter

dengan display dot matrik 5x7.
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Karakter generator ROM dengan 192 tipe karakter.

Karakter generator RAM dengan 8 bit karakter.

= 80x8 bit display data RAM.

» Dapat diinterfacekan ke MCU 8§ atau 4.

= Dilengkapi fungsi tambahan antara lain display clear, cursor home, display
on/off; cursor on/off, display character blink, cursor shift, display shift.

e Internal data.

s Internal otomatis, reset pada saat power on

Tegangan +5 volt PSU tunggal

3.3.4. Rangkaian Penahan Alamat
Dalam Gambar 3.7 merupakan perangkat yang digunakan untuk

memisahkan jalur data dengan jalur alamat. Dalam bab 2 telah disebutkan

konfigurasi dari masing-masing pin 74HC573.

..... 2
PO_MCSS @ _AD_PP1>
- &
[~ 1-A-T4
ma—ﬁ-u14ﬁ
M —H C 74138
Qs
®
1)

h§d SRERESEE

T4L8573

Gambar 3.7. Rangkaian Pcnahan Alamat 74HC573

Dalam Gambar 3.7 jalur data (DO — D7) dihubungkan dengan pdrt 0 pada
AT89S51. Sedangkan QO dan Q1 dihubungkan dengan A0 dan Al dari PPI
82C55A. Pin LE (Latch Enable) dihubungkan dengan ALE pada pin AT89C51.

pin ini aktif high. Sedangkan OE dihubungkan ke ground,
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3.3.5. Rangkaian Dekoder Alamat

Dekoder alamat digunakan untuk mengaktifkan pin chip select pada PPI
82C55. Chip select akan aktif apabila diberi logika low.Rangkaian dekoder
74LS138 ditunjukkan dalam Gambar 3.8. Dekoder ini sebagai selektor pada chip

select PPl yang berjumlah tiga buah.

Q27455 A Yo o—%-‘s-.{
Q3_74573= B M
Qi_745% C Y2 o—35{ €S PIY

vee ¥3 o—  CSTPrR
i Y4 ol CS PP
O Et Y8 P—get
r -0 22 Y6 0—7,—9-
E3 Y7 3

7415138

Gambar 3.8. Rangkaian Dekoder Alamat

Pada perencanaan ini pin A, B, C dihubungkan dengan alamat
mikrokontroler A13 — AlS5. Merupakan alamat upper byte dari AT89S5I.
Perangkat ini akan bekerja apabila pin E1 dan E2 dihubungkan dengan ground
serta E3 dihubungkan dengan Vcc. Dalam Tabel 4.1 disebutkan posisi alamat

untuk Chip Select PPI 1 — PPI 3 sesuai dengan rangkaian dalam Gambar 4.8

Tabel 3.1. Alamat Chip Select PPI

A4/P0.4 A3/P0.3 A2/P0.2 CS-PPI
0 1 0 PP 1
0 | 1 PPI2
1 0 0 PP13
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3.3.6. PPI82CS5A

PPI 82C55A memiliki 24 port untuk keperluan I/O. Dari 24 port yang
tersedia terbagi kedalam tiga kelompok port yaitu port A, port B dan port C.
Masing-masing port terdiri dari delapan jalur 1/0. Pada perancangan ini PPI
digunakan untuk mengeluarkan data berupa tampilan. Tampilan yang digunakan
adalah LED. Sesuai dengan jumlah LED yang telah ditentukan, maka keperluan
jumlah dari perangkat PPI juga menyesuaikan. Tiap satu perangkat dari PPI
882CS55A terdiri dari 24 port. Apabila terdapat 60 LED, maka diperlukan tiga
perangkat dari PPl 82CS55A. Sehingga total port yang bisa digunakan adalah 72
port.

Mode pengoperasian dari perangkat ini menggunakan mode 0. Merupakan
mode yang paling sederhana. Dengan menggunakan mode ini maka seluruh port
dalam PPI dapat digunakan untuk keperluan I/O. Seperti yang telah dijelaskan
pada bab 2.5.2 sebelum PPI dapat .igunakan sebagai periperal 1/O terlebih dahulu
diinisialisasi isi dari Control Word. Konfigurasi dari Control Word (CW)

ditunjukkan dalam Tabel 4.2.

Tabel 3.2. Konfigurasi Control Word

D7{D6 | D5|D4 | D3 (D2 |D1|D0

1 0] 0 0 0 0 0 0

Konfigurasi yang ada dalam Tabel 4.2 digunakan untuk mode 0 dan penggunaan
semua port sebagai output. Data CW tersebut apabila dikonversi kedalam bilangan
hexadesimal bernilai 80h. Data CW ini nantinya didalam program akan

dimasukkan kedalam address CW sebagai inisialisasi PPl
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Alamat port A,B,C, serta CW ditentukan dari maping /O antara dekoder

alamat dengan mikrokontroler. Untuk mengetahui alamat masing-masing PPI

beserta port yang digunakan ditunjukkan dalam Tabel 3.3.

Tabel 3.3. Maping Alamat PPl 82C55A

A7 | Ag| As| Ag| A3 | A2 | A1 | Ao | Hex. | Ket.
0lojo0|ofT1]o]o[O0] 08 |Pu
0jlojofo|1]|O0 O[T 09 |Pax
0]0]0|0|1]0]|T[0]0A P
0lo|o0l0|1]o0|1]|1][ OB [CW
0]0]0]0[1]1]0]0]0C | Pa
000 (0T |T[0[T][0D][Pe
0100 0|1 ]T1[1]0]0E |Pe
sTo oo T [T (T[T | oF [om
010101100 ]010] 10 | Pus
0lolo[1|o0 o0 O[T 1T | Ps
ojlojo|1]ofo[1[O0]| 12| P
0loJlo0[1]0]O0|1[1]| 13 |CW;

Masing-masing port dalam PPI 82C55A dihubungkan dengan titik-titik

Al-Hijamah yang sesuai dengan jenis penyakit. Dalam perencanaan ini untuk

mempermudah pengolahan data secara perangkat lunak, maka diperlukannya

maping antara port dalam PPl 82C55A dengan nama-nama tittk hijamah yang
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ada dalam anatomi hijamah. . Mapping port PPl dengan nama titik Al-Hijamah

ditunjukkan dalam Tabel 3.4a dan 3.4b.

Tabel 3.4a Mapping port PPI dengan nama titik hijamah

No. | Periperal | Port | Nama | No. | Periperal | Port Nama

o PPI Titik /O PPI | Titik
1. AD UM | 25. A0 BA;
2. At RAq | 26. A1 BAs
3. A2 RA; | 27. A2 BAs
4. A3 RAg | 28. A3 BAy
5. A4 RAg | 29. Ad BAs
6. A5 RA2 | 30. A5 . BAg
7. A6 RA2; | 31. A6 BAjo
8. A7 KHL; | 32. A7 BAy
9. B0 KHL, | 33. BO ZAg
10. B1 UN; | 34. B1 ZAg
11. '_d B2 UN, | 35. "U B2 ZA0
12 )'U B3 UN3 | 36. "'U B3 ZAy
13. T B4 UNs | 37. :-' B4 ZAu
14. sk BS UNg | 38. (\®) BS ZA;s
15. B6 UNy | 39. B6 ZAy
16. B7 UNg | 40. B7 ZAp
17. co UNg | 41. co ZAg
18. C1 AK, | 42. c1 ZAp
19. c2 AK, | 43. c2 ZAz
20. c3 AKj; | 44. c3 ZAzs
21. C4 AK, | 45. C4 ZAy
22. C5 SA;3 | 46. c5 ZAz7
23, ce SAs | 4. e ZI;
24, c7 BA; | 48. c7 Zl;




Tabel 3.4b Mapping port PPI dengan nama titik hijamah (Lanjutan)
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No. | Periperal | Port | Nama | No. | Periperal | Port | Nama
/O PPI Titik 1/0 PPI | Titik
49, A0 Ri; | 6l. B4 NC
50. A1 Rlg | 62. B5 NC
51. A2 Rlg | 63. B6 NC
52. A3 Rlo | 64. B7 NC
53. ,.U Ad RIy| 65. )-U co NC
54. E A5 Rlp | 66. E c1 NC
55. ] A6 Rl | 67. | c2 NC
56. W AT Rl | 68. (FeY c3 NC
37. BO Rlis | 69, C4 NC
58. B1 Rlig | 70. C5 NC
59. B2 Rlzo | 71. Cc6 NC
60. B3 RIy | 72. c7 NC

3.3.7. Light Emitting Diode

Pada perancangan ini digunakan sebanyak 60 LED dengan warna biru.

LED yang digunakan memiliki diameter 3 mm. Sesuai dengan datasheet

diperoleh data elektrik LED ditunjukkan dalam Tabel 4.5.

Tabe! 3.5. Data Elektrik LED

Warna | Tegangan Forward | Arus Forward | Bahan

Warna Emisi
Lensa Typ Max 1f (mA) serpih
Biru Ultra Tinggi Clear 33 4.0 20 InGaN

Sumber: Sanken Electric, Buletin No. L0 EBO Januari 2001:22

Rangkaian driver LED sesuai dengan Gambar 3.9 Rangkaian ini akan

dihubungkan ke port PPI 82C55A.
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VCC

Vs Rs

{ Port PPI}
LED

Gambar 3.9. Driver LED pada port PPl 82C55A

Pada perancangan ini LED dioperasikan pada tengangan catu 5 volt, VoL =
0.4 volt (Datasheet PPI 82C55A), V= 3.3 volt dan I, yang diambil = 10 mA.

Resistansi seri dapat dicari dengan menggunakan persamaan 2.2. -

g <3232 ;0’4
1.10
R, =5
1.10°
R, =130Q
R, ~150Q

Sesuai dengan jumlah titik yang diperlukan, maka dalam perancangan ini
LED sebanyak 60 buah tersebut diberikan penomoran sesuai dengan posisi titik-
titik 4/-Hijamah yang ada. Dalam Tabel 3.6a dan 3.6b merupakan mapping dari
LED sebagai indikator titik akupunktur dengan nama-nama titik Al-Hijamah yang

telah ditentukan sesuai dengan jenis penyakit yang telah direncanakan.

Tabel 3.6a Mapping LED dengan titik hijamah

No. LED | Nama Titik | No. LED | Nama Titik
1. UM 9. KHL,
2. RA¢ 10. UN,
3. RA; 11. UN;
4, RAs 12, UN;
5. RAy 13. UNs
6. RA2 14. UNg
7. RAz; 15. UNy
8. KHL, 16. UNg




Tabel 3.6b Mapping LED dengan titik hijamah (Lanjutan)

No. LED | Nama Titik | No. LED | Nama Titik
17. UNp 39. ZA
18. AK, 40. ZAp
19. AK:2 41. ZAg
20. AK; 42, ZAyp
21. AK4 43. ZAy
22. SA;3 44, ZAzs
23. SA, 45. ZAz
24, BA; 46. ZAx
25. BA; 47. VA
26. BAs 48. Zl,
27. BAs 49. RI;
28. BA; 50. Rlg
29. BAg 51. Rl
30. BAy 52. Rlio
3l BAio 53. Rl
32. BAj 54. Rlp
33. ZAg 55. Rly;
34. ZAg 56. Rl
35. ZAjo 57. Rl;s
36. ZAy 58. Rljs
37, ZAn | 59. Riz
38. ZAs 60. Rl3;

3.4. Perangkat Lunak
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Perangkat lunak yang telah dirancang dengan menggunakan bahasa

assembler mikrokontroler MCS-51. Untuk memberikan gambaran umum jalannya

program dan memudahkan pembuatan perangkat lunak, maka dibuat diagram alir
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yang menunjukan jalannya program. Diagram alir utama perancangan perangkat

lunak ditunjukkan dalam Gambar 3.10.

( wuar )

P

{ wismausast

‘i_Tfi

TAMPILAN /
AWAL

! MASUKAN 1D: ;

SCANNING
DATA KEYPAD

T
ENTER? 1--——--@51.7
/AN /
INDIKATOR
K o
—
BANDINGKAN
DATA INPUT
S ‘
YAk TANPKAN
NAMA
PENYAKIT

INDIKATOR TITIK
(DATA+ALAMAT)

Gambar 3.10. Flowchart Sistem
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Penjelasan dari diagram alir dalam Gambar 3.10 sebagai berikut:

Program diawali dengan inisialisasi. Inisialisasi meliputi konfigurasi CW
dari PP, data awal yang akan dikeluarkan serta LCD dot matrix.
Kemudian pada LCD dituliskan tampilan awal.

Pada saat pada layar LCD tampil “ Masukan ID : “. Proses ekesekusi
program dilanjutkan dengan pengambilan data melalui keypad. Data yang
dimasukkan merupakan data numerik dua digit.

Apabila data numerik tersebut sudah dimasukkan. Kemudian ada perintah
” Tekan enter (#) ”. jika tombol '#; di tekan maka proses dilanjutkan
dengan membandingkan data dua digit numerik tersebut dengan nama
penyakit yang telah tersusun secara urut abjad. Setelah itu proses untuk
menampilkan nama penyakit pada LCD. Eksekusi program dilanjutkan
dengan mengambil subroutin penyakit yang berisi alamat beserta data port
PPI untuk dikeluarkan melalui LED yang ada pada permukaan anatomi
hijamah. Kemudian ada perintah lagi lagi ” Ulang -> * / Tidak > # ”.
Jika tombol **’ di tekan, maka eksekusi program dilanjutkan kembali ke
tampilan ” Masukkan ID: . Jika tombol *# ditekan maka eksekusi
program selesai, dan indikator titik mati, jika ingin mengulang tekan
tombol reset maka program akan mulai eksekusi pada alamat memori 00H.

Jika tidak maka program selesai dan power dapat dimatikan.



BAB IV

PENGUJIAN DAN ANALISIS ALAT

Untuk mengetahui sistem dapat bekerja dengan baik sesuai dengan
perencanaan, maka diperlukan serangkaian pengujian. Pengujian dilakukan
dengan dua cara, yaitu secara perangkat keras dan secara perangkat lunak. Secara
perangkat keras pengujian dilakukan dengan alat ukur, sedangkan secara
perangkat lunak pengujian dilakukan melalui pembuatan perangkat lunak untuk
bagian rangkaian yang akan diuji.

Pengujian setiap bloknya dibagi menjadi, yaitu :
o Pengujian keypad dengan encoder.
e Pengujian mikrokontroler AT89S51
e Pengujian LCD 16x2 karakter.
e Pengujian rangkaian pengunci alamat.
e Pengujian rangkaian dekoder.
e Pengujian PPI 82C55A.

e Pengujian Sistem

Alat-alat bantu yang digunakan dalam pengujian ini menggunakan beberapa
instrumen diantaranya adalah sebagai berikut:

Multimeter HELES SP-20D.

Modul LED.

Motherboard Accupoint

DIP Switch 8 bit

Catu daya 5 volt.

SN N o

Project Board.

4.1 Pengujian Rangkaian Keypad dengan Encoder

Pengujian rangkaian keypad dengan encoder ini bertujuan untuk
mengetahui apakah data yang dikeluarkan oleh encoder sesuai dengan datasheet.
Rangkaian pengujian keypad dengan encoder ditunjukkan dalam Gambar 4.1
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DATAOUTY INDIKATOR LED

STB

oOw>»

ENCODER
KEYPAD 3X4 KEYPAD

Gambar 4.1 Blok Pengujian Keypad dengan Encoder

Hasil pengujian data keluaran dari encoder keypad MM74C922

ditunjukkan dalam Tabel 4.1
Tabel 4.1 Hasil pengujian keypad dengan encoder

Posisi Pengukuran Datasheet Data

Switch D|C|{B|A|D|C|B| A | Tombol
Y1,Xi ojojof(f0|0j0O}jO0O}|O 1
Y1,Xz 0(0}0 0(0}]O0 2
Y1,X3 o{o|jt1jojofo|t1|oO0 3
Y2,X) o|1}10f{o0f{0j1}]0]0 4
Y2, X2 oj1|J]of{1]jof|1]|]Of]1 5
Y2,X3 o(tf{1rjojoj|trj1}]o0 6
Y3, Xy rfofofol1{0}0}O 7
Y3, X2 r1{fofo|tj1]0]0]}1 8
Y3, X3 rfojt1f{oj1y0}1}0 9
Y4, Xi 1f1{0j0|1]|1}0]0 *
Y4, X2 1{trf{of(1|1]1]0]1 0
Y4, X3 rt1(1f{of1}|1y1]0 #

Keterangan:
Y, = Baris ke-n

X, = Kolom ke-n

Hasil pengujian kemudian dibandingkan dengan datasheet ternyata sesuai.
Data biner dari hasil pengujian tidak sesuai dengan data pada tombol keypad
karena sesuai dengan datasheet susunan tiap-tiap baris dan kolom tidak sesuai
dengan tombol keypad yang sebenarnya. Masalah ini dapat diselesaikan dengan
perangkat lunak. Dalam Gambar 4.1 terdapat sinyal strobe pada sisi keluaran
encoder. Sinyal ini aktif tinggi pada saat ada penekanan tombol pada keypad.
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Pada saat tombol dilepas maka sinyal strobe kembali berlogika rendah. Indikator
LED yang digunakan aktif high.

4.2 Pengujian Mikrokontroler AT89S51

Pengujian mikrokontroler ini bertujuan untuk mengetahui kondisi port
I/O dari AT89S51. Gambar 4.2 merupakan blok pengujian mikrokontroler
AT89S51. Dalam pengujian ini diambil port 1 sebagai input dan port 2 bit sebagai
output.

INPUT 8 BIT MCS-51 —J\ INDIKATOR LED
AT82851 ———l/ 8 BUAH

Gambar 4.2 Blok Pengujian Mikrokontroler AT89S51

Input sebanyak 8 bit menggunakan push button sedangkan untuk keluaran
menggunakan LED sebanyak 8 buah. Tabel 4.2 merupakan hasil pengujian dari
mikrokontroler AT89S51

Tabel 4.2 Hasil pengujian mikrokontroler AT89S51

Input Output

Port 1 Port 2
0o|t1|{2(3|4|5|6|7]|0}1}2 3 |[4|5]|6]7
ol1}(1|1]1}{t1]1]1}j1j0[0|O0|0O0]0]O0]O
t{folt}1r|1]|1|1t}j1}jo|1[0}jO}]O]|]O]|O|O
t{1f{of1r}1}1}trytrjo}joj1fofo0o}j0}j0}O
1 {1}1}{ofl1 |1 }1]1jO0]O]|Of1}0]0]|0]O
t{t1[1f{1]lo|l1]1t{tjyo0f[0O0f(O0O|Of1]|0}]O0]O
1{t1{1f{1}{1|lo0}l1|1]oOojoOojOfjOfO}|1|O]O
it [1]tfl1]1]{1]oj1}tOoj]OfOjOjO]|]O]|1][0O
1{t]1{1}1f{1|[1}o0olOjO}O|O|O)|O}|O]]1

Keterangan:

1 : Keadaan nyala

0 : Keadaan mati
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Push button yang telah digunakan pada port 1 merupakan push button
yang aktif Jow. Sedangkan pada sisi output aktif high. Hasil pengujian dalam
Tabel 4.2 menggunakan perangkat lunak sesuai dengan lampiran B1.

4.3 Pengujian LCD 16x2 Karakter

Pengujian LCD 16x2 bertujuan untuk mengetahui baik buruknya kondisi
LCD yang telah dipakai. Gambar 4.3 merupakan blok rangkaian pengujian LCD
16x2.

MCS-51 —Soo7 LCD 16X2

AT89C51 M1632
E

Gambar 4.3 Blok Pengujian LCD 16x2 Karakter

Pengujian yang telah dilakukan hanya untuk menampilkan karakter pada
LCD. Untuk menampilkan bentuk-bentuk karakter kedalam LCD dibantu dengan
perangkat lunak. Listing program untuk pengujian LCD 16x2 dapat dilihat pada
lampiran B2. Gambar 4.4 merupakan hasil pengujian LCD 16x2.

Gambar 4.4 Hasil Pengujian LCD 16x2

4.4 Pengujian Rangkaian Pengunci Alamat

Pengujian rangkaian pengunci alamat bertujuan untuk mengetahui prinsip
kerja dari rangkaian tersebut. Gambar 4.5 merupakan blok pengujian rangkaian
pengunci alamat.

INPUT 8 BIT LATCH ——[\ INDIKATOR LED
74LS573 ——l A 8 BUAH

LE LE

Gambar 4.5 Blok Pengujian Pengunci Alamat
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Input dalam Gambar 4.5 menggunakan DIP switch 8 bit sedangkan output

menggunakan LED sebanyak 8 buah. Hasil pengujian rangkaian pengunci alamat

ini dapat dilihat dalam Tabel 4.3.

Tabel 4.3 Hasil Pengujian Rangkaian Pengunci Alamat

Input Output

D7|D6|D5|D4|D3|D2|D1|{D0|Q7|Q6!/Q5/Q4|Q31Q2|Q1|Q0 LE
o |0 |0 |0 |O |O |O |O |O (O |O (O O (O JO (I
{1 T I 1 T I U T T 1 I O I S Y A
0 |0 |0 (O |O (O {O |1 |1 |t (1 |1 |1 |1 (1 (O
1 (1 (1t |1 (1 (1 |1 |1 (v |1 (1 |1 |1 |1 1 |0

Dalam Tabel 4.3 kondisi LE (Latch Enable) pada awalnya diberikan
logika tinggi. Hal ini berarti LE dalam keadaan aktif. Pada saat LE berubah ke
logika rendah data pada sisi keluaran tetap seperti sebelumnya. Kondisi ini alamat
yang telah dikirim pada sisi input telah dikunci oleh pin LE. Setelah alamat
dikunci oleh perangkat ini maka secara perangkat lunak data dapat dilewatkan
melalui data bus. Indikator LED yang digunakan aktif high.

4.5 Pengujian Rangkaian Dekoder

Pengujian rangkaian dekoder ini bertujuan untuk mengetahui kondisi
logika antara masukan dengan keluaran yang sesuai dengan perancangan.
Pengujian ini dilakukan dengan merangkai rangkaian dekoder 74LS138 di project
board. Untuk masukan diberi sakelar SPDT yang dihubungkan ke Vcc dan
Ground. Keluaran dari rangkaian ini dihubungkan dengan indikator LED. Gambar

4.6 merupakan rangkaian pengujian dekoder.

INPUT 3 BIT —IN DEKODER N\ INDIKATORLED
— /] —/

74L5138 8 BUAH

Gambar 4.6 Blok Pengujian Dekoder

Hasil pengujian dari rangkaian dekoder ditunjukkan dalam Tabel 4.4

sudah sesuai dengan perencanaan.
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Tabel 4.4 Hasil Pengujian Rangkaian Dekoder

Pengukuran Datasheet
Masukan Keluaran Masukan Keluaran
C|B|A|[Y4|Y3|[Y2]C |B|A|Y4|Y3|Y2
0ol1]0]1]1]ofJo[1]o]|1]1]0
0|1 |1 1 0 1 0| 111 1 0 1
1100} O 1 1 1]1]0j0] O 1 1

Indikator LED yang digunakan dalam Tabel 4.4 pada sisi keluaran aktif
high.

4.6 Pengujian Buffer Tegangan

Pengujian buffer tegangan ini bertujuan untuk mengetahui prinsip kerja
serta kondisi logika dari 74L.S244. Gambar 4.7 merupakan blok pengujian dari
buffer tegangan.

N BUFFER INDIKATOR LED
INPUT 8 BIT — 74L5244 j> 8 BUAH

Gambar 4.7 Blok Pengujian Buffer Tegangan

Tabel 4.5a merupakan hasil pengujian dari buffer tegangan untuk low nibble. Pin
1G pada IC diberi logika low karena untuk meneruskan logika yang diberikan

input ke output.
Tabel 4.5a Hasil Pengujian Buffer Tegangan
Input G Output
1A1 | 1A2 | 1A3 | 1A4 1Y1 | 1Y2 | 1Y3 | 1Y4

0 0 0 0 0 0 0 0 0

1 [ 1] 1|1 ]0]1 1 1 1
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Tabel 4.5b merupakan hasil pengujian dari buffer tegangan untuk high
nibble. Pin 2G pada IC diberi logika Jow karena untuk meneruskan logika yang

diberikan input ke output.

Tabel 4.5b Hasil Pengujian Buffer Tegangan

Input 2G Output

2A1 | 2A2 | 2A3 | 2A4 2Y1 ) 2Y2 | 2Y3 | 2Y4
0 0 0 0 0 0 0 0 0

1 1 1 1 0 1 1 1 1

Pin 1G dan 2G pada IC 74LS244 apabila diberikan logika tinggi maka
keadaan output akan berimpedansi tinggi. Sehingga level tegangan logika yang
diberikan input tidak dapat diteruskan ke pin ourput IC. Seluruh indikator LED
yang digunakan aktif high. Hasil pengujian dalam Tabel 4.5a dan 4.5b sudah

sesuai dengan perencanaan.

4.7 Pengujian PPI 82CS5A

Pengujian PPI 82C55A ini bertujuan untuk mengetahui apakah sesuai
dengan perencanaan atau tidak. Gambar 4.8 merupakan blok pengujian PPI
82C55A. Input dari PPI berasal dari minimum sistem, sedangkan port output

dihubungkan dengan indikator LED.
Eﬁb INDII:A;IL”OAI:' LED

<
MINIMUM SISTEM AN E 8 INDIKATOR LED
AT8SC51, LATCH, O PBO-PB7 8 BUAH
BUFFER }/ o o~
® I\
INDIKATOR LED
PCO-PC7 8 BUAH

:

Gambar 4.8 Blok Pengujian PPI 82C55A

Hasil pengujian PPI 82C55A ditunjukkan dalam Tabel 4.6. Pengujian pada
tiga buah PPI ini menggunakan mode 0 dengan port A, B serta C sebagai output.



Gambar 4.9 Pengujian PPI 82C55A pada Alat

Hasil pengujian PPI 82C55A ditunjukkan dalam Tabel 4.6. Pengujian pada tiga
buah PPI ini menggunakan mode 0 dengan port A, B serta C sebagai output.

Tabel 4.6 Hasil Pengujian PPI 82C55A
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Data | PA1 | PB1 | PC1 | PA2 | PB2 | PB3 | PC1 | PC2 | PC3
00H | OOH | 00H | 00H | OOH | O0OH | 00H | O0H | OOH | O0H
FFH | FFH | FFH | FFH | FFH | FFH | FFH | FFH | FFH | FFH

Hasil pengujian yang ditunjukkan dalam Tabel 4.6 dibantu dengan
perangkat lunak. Listing program untuk pengujian PPI 82C55A dapat dilihat
dalam lampiran B3. Indikator LED yang digunakan dalam Tabel 4.6 pada sisi
output aktif low. Dari hasil pengujian dalam Tabel 4.6 ternyata sesuai dengan

perencaan sebelumnya.
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4.8 Pengujian Seluruh Sistem
Pengujian keselurahan sistem bertujuan untuk apakah sistem yang telah
kita uji secara keseluruhan sesuai dengan perencaan sebelumnya. Gambar 4.8

merupakan blok pengujian sistem secara kesuluruhan.

----------- [\ | INOIKATOR LED |
PAD-F'A” e BUAM
- X [ —
Sy B ez | '"0':,“;{,0':,'-5"]
""" - o g ""'—"‘1 . e
e TN [ INGIKATOR LED |
I - | BSo-Fer 8 BUAM I
. ,_,__J\‘ INDIKATOR LED |
= x "““’T; 8 BUAH J
= U 0 P T
[ kevePAD 3x4 2w B5Y S | N e
DAN —) =R 8B8 rmmmaery & 8 :P%KFL} >[ N a2
ENCODER V=22 ExE ] b b
= i e
=E? TET L eiwe ey | NPRATORTES |
T o cs sl ssuan
-—-'-,‘xs_'g{;\\ lﬁ'ﬁik’;ﬁ"oa LED
_.____..l ! 8 BUAH
<C
WA-I;?,\ E g m;,JB\., [ INDIKATOR LED]
7 & & Il 1 B e
PN\ TNGIKATOR LED
INDIKATOR LED
Ee— -PEeRES > L“.W.P.EE’_“_L._—I
< 7
LCD 16X2

Gambar 4.9 Blok P..-gujian Keseluruhan Sistem

Hasil pengujian dari keseluruhan sistem ditunjukkan dalam Tabel 4.7. Angka
yang diperoleh dalam Tabel 4.7 merupakan hasil penggabungan dari mapping port
PPI dengan nama titik hijamah serta mapping nomer LED dengan nama titik
hijamah.

ID penyakit, alamat port serta data port dalam Tabel 4.7 digunakan oleh

perangkat lunak sebagai routin penyakit.



Tabel 4.7 Hasil Keseluruhan Sistem

ID.| ALAMAT PORT (Heksa) DATA PORT (Heksa)
01 [ 08 ] 09 | 0A T7F | 3F | FE

02 [0s |10 7F | 9E

03 | 08 | 0D 7F | 3F

04 |08 [ oD [0A 7F | ¥C | FE

05 | 08 [OC [ OF 7F | CF | F3

06 | 08 [0D 7F | CF

07 [ 08 | OE 7F | FC

08 | 08 | oD 7E | F3

09 |08 | 09 7F | FD

10 [ 08 | 09 7F | CF

i1 {0809 7E | F3

12 [09 | 0D I 4
i3] 08 P

atogl iy TTTTTRIE TR

Fistostob 7F | 3F

15 108 | 0E 7E | CF

17 108 7E

5108 | 09 | 0A F T3 110
R R T e e )
36 | 08 | 09 7E L 7F

21 | 08 61

72 {08 [0A | OC | 7F | 7F | VE

23 |08 [ 10 7F | 00

24 {087 0C | 0A T OE | 7F (E7 | T3 | BF

25 {08 | 09 7E | 3

726 108 | OF 7F | 7F

Dalam Tabel 4.7 indikator LED yang digunakan pada sisi oupu! seluruhnya aktif

I,
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Gambar 4.11 merupakan bentuk fisik keseluruhan dari alat. Sedangkan
dalam Gambar 4.12a merupakan hasil dari tampilan peraga anatomi hijamah
untuk Asma Bronchitis dan Gambar 4.12b tampilan pada LCD

TS --’-'éi{-"?‘.;‘{;';

S ——

BNt

Gambar 4.12b Tampilan pada LCD
Gambar hasil pengujian yang kami ambil hanya dua jenis penyakit saja.
Sedangkan untuk keseluruhan penyakit dapat dilihat dalam lampiran. Dari hasil

pengujian secara keseluruhan sistem dapat sesuai dengan perencanaan
sebelumnya.
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S.1.

5.2

BAB V
PENUTUP

Kesimpulan

Dari perancangan alat yang di buat, dapat di ambil kesimpulan :
1. Alat peraga tampilan pada anatomi tubuh manusia untuk terapi Al-Hijamah

(bekam) ini di batasi hanya menampilkan titik meridian untuk 26 jenis
penyakit.

2. Jumlah keseluruhan titik yang dipakai untuk alat peraga ini berjumlah 60
titik sehingga menggunakan 3 buah PPl, 60 port terhubung ,12 port no
connect (NC).

3. Jumlah titik kombinasi paling sedikit 2 titik sedangkan paling banyak 9 titik
untuk tiap jenis penyakit.

4. Sistem pengkabelan (wiring) pada LED dan proses penyolderan komponen

pada PCB harus diperhatikan karena dapat mengganggu sistem kerja alat.

Saran dan Pengembangan

Dari perancangan alat yang di buat, ada beberapa saran untuk pengembangan :

1. Penggunaan seluruh titik hijamah dapat dimaksimalkan sehingga dapat
memperbanyak jenis penyakit.

2. Penggunaan output suara untuk memperjelas titik-titik hijamah yang di
tampilkan dan memberikan informasi lain yang dibutuhkan.

3. Pengembangan sistem lebih lanjut dapat ditambahkan gejala-gejala penyakit
dengan menggunakan teknik Artificial Intellegent (Al) serta untuk tampilan
dapat menggunakan pemrograman 3D Graphic bebasis Personal Computer

(PC).
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Allah Subhanahuwata’ala Berfirman :

(1) Demi masa , (2) Sesungguhnya manusia itu benar-benar dalam kerugian, (3)
Kecuali orang-orang yang beriman dan mengerjakan amal saleh dan nasehat
menasehati supaya mentaati kebenaran dan nasehat menasehati supaya menetapi
kesabaran”

(Q.S. Al 'Ashr : 1-3)

Dari Jabir bin ’Abdillah radhiallahu anhu ia berkata, saya pernah mendengar

Nabi Shalallahu’alaihi wassalam bersabda:

;}AC .u _a.d,i: ji ,,S.u_,..id.ac _u?’ ‘.Si)l))
CQLNQM)A}}‘M@)&A .AS_).\:.,:S.\J}:J
((g}.&l di s_l_\‘ ]Ajc‘u—‘ JSIjJJ]_\JA.C ji

» Jika ada yang terbaik pada obat-obatan kalian, maka itu terdapat pada sayatan
alat bekam, minuman madu, atau sundutan dengan api yang tepat pada
penyakit. Tetapi aku tidak suka berobat dengan 'kay'.
(Shohihu * I-Bukhori)

Rasulullah Shalallahu’alaihi wassalam telah bersabda :

(( d..x‘._l..' 4 .54l .acmi ,:.;;_.l J _).\; ._l_).l;i ))
« Jibril mengabarkan kepadaku bahwa bekam merupakan metode pengobatan paling

bermanfaat yang digunakan oleh manusia”.

(Shohihu " I-Jami’)

I dedicate this work to:

%cﬁmﬂgfmw &m}fm'fy Sisters



Al-Hijamah Device Specifications

Introduction:
Display on human anatomy for Anaerob Cupping Therapy (A4/-Hijamah) usefull for
fast and easy searching the accupoint according kind of desease was detected.

Specifica tion: All Dimension in centimeter

Al-Hijamah Device:

e  Made from black glass fibre 0.3 mm.

e Included 26 kind of disease. e

e Incuded 60 accupoint used only.

e Use traveling bag which easy to bring
The device anywhere.

e  Physical Dimension: see Fig. 1.

Fig. 1 Physical Dimension (General View)

Electronic Component:
e 60 Blue LEDs (60 accupoint)
LCD 16x2 Character as menus display.

L

[ ]
e Keypad 3X4 as ID number input. /
e Colour cable as data lines will connect -
The PPI port to LEDs
e 26 kind of desease has programmed.
(See table:1) Operating Voltage: 220-240 volt AC.

e  Physical Dimension: see Fig. 3.

Fig. 2: Internal Block Diagram
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Al-Hijamah Device Specifications

Table 1: List of ID and Name of Desease

This menu allow to enter the ID desease

Name of from keypad.
D Desease ID. | Name of Desease (ID contain 2 digit number).
Kaki (Telapak 5. Then you should press enter button (#)
01. | Amandel 14. Pecah—pecgl) 6. After processing ID number LCD will
02. | Asma 15. | Kanker Ginjal appear name of desease in fist line:
03. | Asam Urat 16. | Kanker Prostat
g;l (B;rornchitis }; Eai;ker O'lca_[lf . Bronchitis
: acingan ; olesterol Tinggi ; * g
06. | Diabetes 19. | Kesuburan (Pria) Lagi > () / Tidak > (#)
07. | Encok (Artritis) | 20. | Maag
08. | Epilepsi 21. | Migrain 7. Then LEDs on human anatomy of A/-
09. | Gigi_ 22. | Obesitas Hijamah turn on. This process give us
Pengapuran di information which accupoint to do
10. | Gondok 23. Lutut therapy.
11. | Hipertensi 24. | Sembelit 8. If you want to cancel or try again this
12. | Insomnia 25. | Vertigo device you should press (*) button.
Jerawat (penuh | 26. | Wasir 9. If you want to finish this device you
13. i ki) should press (#) button then you will see
on LCD :
Operation Manual _ _
1. Plug in the power plug into AC 220V --Terima Kasih--
source. Ulang > Reset
2. Switch on the power.
3. At the first time you will see opening
display on LCD. 10. If the ID number unrecognize then you
4. After that you will see: will see on LCD:
Masukan ID: Maaf tidak ada...
Tekan Enter (#) Lagi = (*) / Tidak > (#)

Fig. 3: Physical Dimension (General View)

All Dimension in milimeter

Note:

1. Physical Dimension of LCD.

LCD 16X2 CHARACTER || 55
SEIKO M1632

A

ES
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2. Physical Dimension of Keypad

Note:

0-9

*

#

: Numeric Button.
: Cancel Button.
: Enter Button.
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;PROGRAM UJI MIKROKONTROLLER
?

satu  bit pl.0

dua bit pl.1

tiga  bit pl.2

empat bit pl.3

lima  bit pl.4

enam  bit pl.5

tujuh  bit pl.6

lapan  bit pl.7

:Indikator LED aktif high
org 00h
ulang:
acall  ceking
jmp  ulang
ceking:
jb satu,lpl
mov  p2,#00000001b
ret
Ipl:
jb dua,lp2
mov  p2,#00000010b
ret
1p2:
ib tiga,lp3
mov  p2,#00000100b
ret
Ip3:
iv empat,Ip4
mov  p2,#00001000b
ret
lp4:
jb lima,lpS
mov  p2,#00010000b
ret
IpS:
jb enam,lp6
mov  p2,#00100000b
ret
1p6:
jb tujuh,lp7
mov  p2,#01000000b
ret
1p7:
jb lapan,ip8

mov  p2,#10000000b
1p8:

ret

end



*
sPROGRAM UJILCD 16X2

1

LCD_EN bit p3.0
LCD_RS bit p3.1
org 00h
mulai:
mov  a#03fth
acall  write_inst
acall  write_inst
mov  a,#0dh
acall  write_inst
mov  a#06h
acall  write_inst
mov  a#0lh
acall  write_inst
mov  8,#0ch
acall  write_inst
tulis:
mov  rd4 #l1
mov  dptr#sulis
lagi:
acall  baris a
acall  baris_b
acall  Ldelay
djnz  r4,lagi
simp tulis
:===menulis instruksi ke LCD
write_inst:
clr LCD_RS
mov pLA
clr LCD_EN
setb LCD_EN
acall delay
ret
:====menulis data ke LCD
write_data:
setb LCD_RS
mov pLA
cir LCD_EN
setb LCD_EN
acall  delay

ret

:==menulis data LCD baris atas
baris_a:
mov r3,#16
mov a,#80h
bb:
acall  write_inst
tulisl:
clr a
move  a,@atdptr
inc dptr
acall  write_data
djnz  r3,tulisl
ret
:===menulis baris bawah
baris_b:
mov  r3,#16
mov  a,#0COh
sjimp bb
;====routin delay
delay:
mov  10#0
delayl:
mov  r5,#50h
dinz 153
djnz  r0,delayl
ret
;===routin Ldelay
Ldelay:
mevy  r2,#30h
Ldl:
acall  delay
djnz  r2,Ldl
ret
sulis:
DB ' Masukan ID:
DB ' Tekan Enter '
End



14

sPROGRAM UJI PPI 82CS5A

1]

pal equ 08h PPI1

pbl equ 0%h

pel equ 0Oah

cwl equ Obh

pa2 equ Och PPI2

pb2 equ Odh

pc2 equ Och

cw2  equ ofh

pa3 equ 10h PPI3

pb3 equ 1ih

pe3 equ 12h

cw3 equ 13h

:Indikator LED aktif low
org 00h

mulai:
mov  r0#cwl
mov  a,#80h
movx @r0,a
mov  10,#pal
mov  a#0ffth
movx @r0,a
mov  r0,#pbl
mov  a#0ffh
movx ,a
mov  r0,#pcl
mov  a,#0fth
movx @r0,a
mov  r0#cw2
mov  a,#80h
movx ,a
mov  r0,#pa2
mov  a,#0fth
movx @i0,a
mov 10 #pbz
mov  a#0fth
movx @r0,a
mov 10, #pc2
mov  a#0ffth
movx @r0,a
mov  10,#cw3
mov  &#80h
movx @r0,a
mov  r0,#pa3
mov  a#0fth
movx @r0,a
mov  10,#pb3
mov  a&#0ffh
movx @r0,a

del2:
dell:

mov
mov
movx

mov
mov
movx
mov
mov
movx
mov
mov
movx
mov
mov
movx

mov
mov
movx
mov
mov
movx
mov
mov
movx
mov
mov
movx

mov
mov
movx
mov
mov
movx
mov
mov
movx
mov
mov
movx

ajmp
mov
mov
mov
djnz
dj e A
djnz

end

10,#pc3
8,#0fth
@r0,a
delay
10,#cwl
a,#80h
@r0,a
10,#pal
a,#00h
@r0,a
10,#pb1
a,#00h
@r0,a
10,#pcl
a,#00h

@r0,a

10, #cw2
a,#80h
@10,a
r0,#pa2
a,#00h
@r0,a
r0,#pb2
a,#00h
@0,
10,#pc2
a,#00h

@r0,a

10,#cw3
a,#80h
@r0,a
r0,#pa3
a,#00h
@r0,a
r0,#pb3
a,#00h
@r0,a
10,#pc3
a,#00h
@r0,a
delay
mulai

12,#100
13,#100
r4,#100
r4,$

r3,dell
2,del2



~=========m==========__——====

:PROGRAM ACUPOINT DISPLAY

M

LCD_EN bit
LCD_RS bit
strobe bit
bufer equ
datat equ
data2 equ
data25 equ
bu_dat equ
cursor equ
data_gab equ
:INISIALISASI PPI
pai equ 08h
pb1 equ 0Sh
pet equ Oah
cwl equ Obh
pa2 equ Och
pb2 equ Odh
pc2 equ Osh
cw2 equ Omh
pa3 equ 10h
pb3 equ 11h
pc3 equ 12h
cw3 equ 13h
start:

:Inisialisasi PPl (off)
mov  rO#cwi
mov  a#8Ch
movx @r0,a
mov rO#pal
mov  a,#0ffh
movx @r0,a
mov  rO#pbi
mov  a#0fth
movx @r0,a
mov  r0,#pct
mov  a#0ffh
movx @r0,a
mov  rO#cw2
mov  a#8Ch
movx @r0,a
mov  r0#pa2
mov  a#0ffh
movx @r0,a
mov  r0#pb2
mov  a#0ffh
movx @r0,a
mov  rO#pc2

p3.0
p3.1
p2.7
40h
41h
42h
45h

PPl

;P12

PPI3

mov
movx

mov
mov
movx
mov
mov
movx
mov
mov
movx
mov
mov
movx

a,#0ffth
@r0,a

r0,#cw3
a,#80h
@r0,a
r0,#pa3
a #0ffh
@r0,a
r0,#pb3
a,#0ffh
@r0,a
r0,#pc3
a,#0fth
@r0,a

;inisialisasi LCD 16x2

mov
acall
acall
mov
acall
mov
acall
mov
acall
mov
acall
tulis:
mov
mov
muter:
acall
acall
Icall
dinz
cancel:
mov
acall
acall
mov
acall
mov
acall
mov
mov

scan_again:
acall
sjmp

a,#03fh
write_inst
write_inst
a#0dh
write_inst
a,#06h
write_inst
a#01h
write_inst
a#0ch
write_inst
r4 #5
dptr,#indra

baris_atas
baris_bawah
Ldelay
r4,muter

dptr,#id_penyakit
baris_atas
baris_bawah
a#8dh
write_inst

a,#0fh

write_inst
bufer,#8dh
cursor,#8dh

scan_key
scan_again
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trusi:

trus2:

trus3:

trus4:

trus5:

trus6:

mov
anl
cjine
mov
acall
ret

inc
jnb

dptr,#idata_key
strobe, trus1

ap3
a,#00111100b
a,#00h,trus1
bu_dat,#1
baris_a

dpl

strobe, trus2
a,p3
a,#00111100b
a,#04h,trus2
bu_dat,#2
baris_a

dpl
strobe,trus3

a,p3
a,#00111100b
a,#08h,trus3
bu_dat #3
baris_a

dp!
strobe, trus4

a,p3
a,#00111100b
a,#10h,trus4
bu_dat #4
baris_a

dpl
strobe,trusS

a,p3
a,#00111100b
a,#14h trusb
bu_dat,#5
baris_a

dpl
strobe,trus6
a,p3
a,#00111100b
a,#18h,trusé
bu_dat #6
baris_a

dpl
strobe, trus?

== el Dt

key =1

‘key =2

key =3

‘key =4

‘key =5

key =6

trus7:

trus8:

trus9:

trus10:

trus11:

akhir:

mov
anl
cjne
mov
acall
ret

inc
inb
mov
an
cine
mov
acall
ret

inc
jnb
mov
anl
cine
mov
acall
ret

inc
jnb
mov
anl
cine
mov
acall
ret

jnb
mov
anl
cine
fjmp

jnb
mov
anl
cine
acall

ret

a,p3
a,#00111100b
a,#20h, trus7
bu_cat 7
baris_a

dpl

strobe, trus8
a,p3
a,#00111100b
a,#24h,trus8
bu_dat#8
baris_a

dpl

strobe, trus9
a,p3
a,#00111100b
a,#28h,trus9
bu_dat,#9
baris_a

dpl
strobe,trus10
a,p3
a#00111100b
a#34htrus10
bu_dat,#0
baris_a

strobe, trus11

a,p3 :
a,#00111100b
a,#30h,trus11
cancel

strobe,akhir
a,p3
a,#00111100b
a,#38h,akhir
penyakit

ey =7

‘key =8

‘key =9

key=0

:cancel

;enter
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write_inst:
clr
mov
clir
setb
acall
ret

o s e o

g s o e a9 o
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LCD_RS
p1.A
LCD_EN
LCD_EN
delay

o o e e

poS_cursor:

mov  a,cursor
acall write_inst

mov a#0fh
acall write_inst
inc cursor

mov a,cursor

cine  a,#8fh,back_pos

mov  a#8fh
acall write_inst
mov a#0ch

acall write_inst
mov  cursor,#8dh

back_pos:

posisi:

ret

mov a,bufer
acall write_inst
acall simpan_data

write_data:
setb LCD_RS
mov plA
clr LCD_EN
setb LCD_EN
acall delay
ret

|SESSSSESESESSERSSEERISE
baris_atas
mov 13#16
mov  a,#80h
acall write_inst
tulis1:
clr a
movec a,@a+dptr
inc dptr
acall write_data
dinz  r3,tulis1
ret

P e e
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baris_bawah:
mov r3,#16
mov  &#0CCh
acall write_inst
tulis2:
clr a
movc a,@a+dptr
inc dptr
acall write_data
dinz  r3,tulis2
ret
:KHUSUS UNTUK DATA KEYPAD
baris_a:
acall pos_cursor
acall posisi
clr a
movc a,@a+dptr
acall write_data
back:
ret

inc bufer

mov a,bufer

cine a,#8fh,out

mov bufer,#8dh
out:

ret
simpan_data:

mov a,bufer

cine a,#8dh,gak

mov data1,bu_dat

sjmp keluar
gak:

mov data2,bu_dat
keluar:

ret
;=======routin delay
delay:

mov  r0#0
delay1

mov  r5#50h

dnz 5%

dinz  r0,delayt

ret
;========routin Ldelay .
Ldelay: '

mov  r2#3Ch
Ld1:

acall delay

dinz  r2,Ld1

ret
penyakit:

mov  dptr,#blank

acall baris_atas

acall baris_bawah

mov  a,datal

swap a

orl a,data2



mari2;

loop1:
berikut:

bs1:

bs2:

bs3:

bs4:

mov
mov
subb
jnc
mov
acall
acall
acall

ljmp

mov
cjne
sjmp

ljmp

mov
cine
mov
acall
acall
lcall
lcall
icall
limp

cine
mov
acall
acall
lcall
Icall
lcall

limp

cjine
mov
acall
acall
lcall
Icall
Icall

ljimp

cjine
mov
acall
acall
lcall
Icall
lcall

ljimp

cine
mov
acall
acall
Icall
lcatt

data_gab,a
a#25h
a,data_gab
mari2
dptr,#tiada
baris_atas
try_again
bata!

mari

a,data1
a,#00,loop1
berikut

jump_adoh

a,data2
a#1,bs1
dptr.#p_01
baris_atas
try_again
il_1

batal
matikan_ppi
mari

a,#2,bs2
dptr.#p_02
baris_atas
try_again
i_2

batal
matikan_ppi
mari

a,#3,bs3
dptr.#p_03
baris_atas
_again
in_3
batal
matikan_ppi
mari

a,#4,bs4
dptr.#p_04
baris_atas
try_again
in_4

batal
matikan_ppi

mari

a,#5,bs5
dptr.#p_05
baris_atas
try_again
il_s

batal

fcall
limp
bs5:
cjine
mov
acall
acall
lcall
lcall
lcall
limp
bs6:
cjne
mov
acall
acall
Icall
lcall
lcall
limp
bs7:
cjine
mov
acall
acall
lcall
Icall
lcall
limp
bs8:
mov
acall
acall
Icall
lcall
lcall
limp

jump_adoh:
cjne

mov
cjne
mov
acall
acall
lcall
icall
icall
ljmp

loop2:
ljimp

cs0:
cjne
mov
acall
acall
Icall
Icall

matikan_ppi
mari

a,#5,bs6
dptr#p_06
baris_atas
try_again
in_s6

batal
matikan_ppi
mari

a#7,bs7
dptr.#p_07
baris_atas
try_again -
il_7

batal
matikan_ppi
mari

a,#8,bs8
dptr,#p_08
baris_atas
try_again
in_s

batal
matikan_ppi
mari

dptr,#p_09
baris_atas
try_again
i_o

batal
matikar_ppi
mari

a,#01,loop2

a,data2
a,#0,cs0
dptr.#p_10
baris_atas
try_again
it_10

batal
matikan_ppi
mari

loop22

a#1,cs1
dptr.#p_11
baris_atas
try_again
ill_11

batal



cs1:

cs2:

cs5:

cs7:

call
limp

cjne
mov
acall
acall
icall
lcall
lcall
limp

cjne
mov
acall
acall
Icall
lcall
Icall
ljimp

cjne
mov
acall
acall
lcall
Icall
lcall

ljmp

cine
mov
acall
acall
icall
lcall
lcall

limp

cjne
mov
acall
acall
Icall
Icall
lcall
ljmp

cjne
mov
acall
acall
lcall
Icall
Icall
limp
cine
mov
acall

matikan_ppi
mari

a,#2,cs2
dptr.#p_12
baris_atas
try_again
in_12

batal
matikan_ppi
mari

a,#3,c83
dptr,#p_13
baris_atas
try_again
i_13

batal
matikan_ppi
mari

a,#4,cs4
dptr,#p_14
baris_atas
try_again
il_14

batal
matikan_ppi
mari

a#5,c85
dptr.#p_15
baris_atas
_again
in_15
batal
matikan_ppi
mari

a,#6,cs6
dptr.#p_16
baris_atas
try_again
il_16

batal
matikan_ppi
mari

a#7,cs7
dptr.#p_17
baris_atas
try_again
in_17

batal
matikan_ppi
mari

a#8,cs8

dptr#p_18
baris_atas

loop22:

Is2:

Is3:

Is5:

acall
lcall
Icall
Icall
limp

mov
acall
acall
{call
icall
Icall
ljmp

mov
cjine
mov
acall
acall
lcall
lcall
icall

ljmp

cjine
mov
acall
acall
icall
Icall
Icall
fimp

cjne
mov
acall
acall
Icall
Icall
lcall

ljmp
cjne

acall
acall
lcall
Icall
Icall
ljmp

cjine
mov
acall
acall
lcall
lcall
icall
limp

try_again
in_18

batal
matikan_ppi
mari

dptr.#p_19
baris_atas
try_again
in_19

batal
matikan_ppi
mari

a,data2
a,#0,Is2
dptr.#p_20
baris_atas
try_again
ill_20

batal
matikan_ppi
mari

a#1,s3
dptr#p_21
baris_atas
try_again
ill_21

batal
matikan_ppi
mari

a#2,ls4
dptr,#p_22
baris_atas
try_again
il_22

batal
matikan_ppi
mari

a,#3,1s5
dptr,#p_23
baris_atas
try_again
i_23

batal
matikan_ppi
mari

a4 |sb
dptr.#p_24
baris_atas
try_again
ill_24

batal
matikan_ppi
mari



Is6:
cine  a#5mari
mov  dptr,#p_25
acall baris_atas
acall try_again
lcall  ill_25
Icall  batal
lcall  matikan_ppi
ljmp mari

Is7:
cine  a#6,mari
mov  dptr#p_26
acall baris_atas
acall try_again
lcall il _26
lcall batal
lcall  matikan_ppi

mari:
ret

DATABASE ROUTIN PENYAKIT

m_1.
mov  rO#pail
mov  a#7fh
movx @r0,a
mov 10, #pb1
mov  a#3fh
movx @r0,a
mov 10 #pci
mov  a#0feh
movx @r0,a
ret

ill_2:
mov  rO#pal
mov a#7fh
movx @r0,a
mov  rO#pa3
mov  a#%eh
movx @r0,a
ret

il_3:
mov  r0#pa1
mov  a#7fh
movx @r0,a
mov  r0,#pb1
mov  a#3th
movx @r0,a
ret

ill_4:
mov  r0#pa1
mov  a#7th
movx @r0,a
mov  rO#pb1
mov  a#0fch
movx @r0,a
mov  r0#pcl
mov  a#0feh

il_5:

ill_6:

in_7.

ili_8:

il_g:

ill_10:

il_11:

movx
ret

mov
mov
movx
mov
mov
movx
mov
mov
movx
ret

mov
mov
movx
mov
mov
movx

mov
mov
movx
mov
mov
movx
ret

mov
mov
movx
mov
mov
movx
ret

mov
mov
movx
mov
mov
movx
ret

mov
mov
movx
mov
mov
movx
ret

mov
mov
movx
mov
mov
movx

@r0,a

0, #pa
a#7fh
@r0,a
r0,#pa2
a,#0cth
@r0,a
r0,#pc2
a,#0f3h
@r0,a

10, #pal

a#7th
@rO a
r0,#pb2
a,#0cth
@r0,a
ret

r0,#pa1
a,#7th
@r0,a
r0,#pc2
a,#0fch
@r0,a

r0,#pal
a#t7th
@r0,a
r0,#pb2
a,#0f3h
@r0,a

0 #pai
a#7th
@rO a
r0,#pb1
a,#0fdh
@r0,a

r0,#pal
a#7th
@r0,a
10, #pb1
a,#0cth
@r0,a

0, #pal
a,#7th
@r0,a
r0,#pb1
a,#0f3h

@r0,a



i_12:

ii_13:

i_14:

i_15:

ill_16:

in_17:

ill_18:

ill_19:

ret

mov
mov
movx
mov
mov
movx

ret

mov
mov
movx
ret

mov
mov
movX
mov
mov
movx
ret

mov
mov
movx
mov
mov
movx
ret

mov
mov
movx
mov
mov
movXx

mov
mov
movx
ret

mov
mov
movx
mov
mov
movx
mov
mov
movx
ret

mov
mov
movx
mov

0, #pb1
a,#0feh
@r0,a
0, #pb2
a #0f3h
@r0,a

r0#pal
ai#ith
@r0,a

0, #pa1
a#7th
@ro,a
r0,#pb3
a,#f3h
@r0,a

rO,#pat
a#7th
@r0,a
r0,#pb2
a#3fh
@r0,a

0 #pa1
a #7th
@r0,a
r0,#pc2
a#cth
@r0,a

r0,#pai
a#7eh
@r0,a

r0,#pal
a,#7fh
@r0,a
r0,#pb1
a#0f3h
@rO a
r0,#pc1
a,#0fsh
@r0,a

r0,#pa1l

a#7fh

@r0,a
r0,#pa2

ili_20:

ill_21:

il_22:

il_23:

i_24:

ill_25:

mov
movx
mov
mov
movx
ret

mov
mov
movx
mov
mov
movx
ret

mov
mov
movx
ret

mov
mov
movx
mov
mov
movx
mov
mov
movx
ret

mov
mov
movx
mov
mov
movx
ret

mov
mov
movx
mov
mov
movx
mov
mov
movx
mov
mov
movx
ret

mov
mov
movx
mov

movx

a#3dh
@r0.a
r0,#pa3
a,#0fch
@r0,a

r0,#pa1
a#7th
@r0,a
r0,#pb1
a,#7th
@r0,a

0 #pa1l
a#61h
@0,a

r0,#pat
a#r7th
@r0;a
r0,#pc
a#7th
@r0,a
r0,#pa2
a#0feh
@r0,a

- 10, #pal

a#7fh
@r0,a
r0,#pa3
a,#00h
@r0,a

r0,#pa
a#7fh
@r0,a
0, #pa2
a#e’h
@r0,a
r0,#pci
a,#0f3h
@r0,a
0, #pc2
a,#0bfh
@r0,a

rO#pai
a#7eh
@r0,a
r0,#pc2
a#0f3h
@r0,a



il_26:

mov
mov
movx
mov
mov
movx
ret

try_again:
mov
acall
ret

batal:
jnb
mov
anl
cjne
acall
ret

r0,#pal
a#rth
@r0,a
r0,#pc2
a#7fth
@r0,a

dptr #coba_lagi
baris_bawah

strobe,$

a,p3

a,#00111100b
a#30h,batal  ;di cancel
Entek

Entek: DB '——Selesai—

matikan_ppi:
mov
mov
movx
mov
mov
movx
mov
mov
movx
mov
mov
movx

mov
mov
movx
mov
mov
movx
mov
mov
movx
mov
mov
movx

mov
mov
movX
mov
mov
movx
mov
mov
movx
mov

r0#cwi
a,#80h
@r0,a
0, #pail
a,#0fth
@r0,a
r0,#pb1
a,#0ffh
@r0,a
r0,#pc1
a,#0ffh
@r0,a

r0,#cw2
a#80h
@r0,a
r0,#pa2
a #0ffh
@r0,a
r0,#pb2
a#0ffh
@r0,a
r0,#pc2
a,#0ffh
@r0,a

r0,#cw3
a,#80h
@r0,a
0 #pa3
a,#0ffh
@r0,a
0, #pb3
a,#0fth
@r0,a
10,#pc3

mov  a#0ffh
movx @r0,a
ret



; MENU AWAL
Indra:

DB ' —Bismillah-- *

DB ' Assalamu'alaikum '

DB ' Alat Peraga '

DB 'Tampilan Anatomi'

D8 ' Tubuh Manusia '

D8 " Untuk Terapi '

DB 'Al-Hijamah (Bekam)'

DB ' Oleh: Indra Ari K.

DB ' ——ITN !

DB ' — MALANG —'
id_penyakit:

DB 'Masukan ID:  *

DB ' Tekan Enter '
data_key:

DB 1234567880
blank

DB ] L

DB ' '
coba_lagi:

DB ‘Coba lagi—>* '
p_O01:

DB ‘Amandel )
p_02:

DB ‘Asma '’
p_03:

DB '‘Asam Urat '

" p_04:

DB '‘Bronchitis !
p_05:

DB ‘Cacingan '
p_06:

DB 'Diabetes '
p_07:

DB ‘Encok (Artritis) '
p_08:

DB ‘Epilepsi '
p_09:

DB ‘Gigi '
p_10:

DB 'Gondok '
p_11:

DB 'Hipertensi !
p_i2:

DB 'Inscmnia !
p_13:

DB 'Jerawat (Penuh di muka) '
p_14:

DB 'Kaki (telapak pecah2) '
p_15:

DB 'Kanker Ginjal !
p_16:

DB '‘Kanker Prostat !
p_17:

DB ' Kanker Otak '

DB
(0]}
DB
DB
DB
DB
DB
DB
DB
DB

end

‘Kolesterol Tinggi
'‘Kesuburan (pria) '
'Maag'

'‘Migrain '

‘Obesitas )
‘Pengapuran di Lutut’
‘Sembelit '

‘Vertigo !
‘Wasir '

'Maaf tidak ada..'
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Light Emitting Diodes
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Product Designation

1gle-color LED

B« SEL 1 1 10 R TP
I | I I I

Structure Emitting color Shape Lens color Taping number
: 5¢type (See next page) (See next page) (See taping list)
3¢ type

4¢type
: 5 mm pitch lead type - Direct mount
3¢ type - Direct mount

Producttype SEL: General-purpose single-color LED
SELU/SELS: Ulitra-high-intensity single-color LED

Lo o

color LED

ex SML 1 6%7 16 W N TP4
I I I I

Structure Emitting color Shape  Lens color Taping number
1: 5¢type (See next page) (See next page) (See taping list)
7: Direct mount In case of single digit
: Common
2: Red/gresn i thod
5: Deep red/pure green ;\‘ : common wod e
8: Ambaer/green : Common anode

Producttype SML: General-purpose bicolor LED
SMLU/SMLS: Ultra-high-intensity bicotor LED

irface Mount LEDs

e SEC 1I 1%0 1 c
| |

Product type Structure Emitting color Lens color
1: Single color (See next page) (See next page)
2: Bilcotor (Right-hand digit 0 for
single colorsLED) Shape

1,2: Flat lens type
3.4: Innerlens type
Producttype SEC: General-purpose surface mount LED
SECU/SECS: Ultra-high-intensity surface mount LED



Product Designation

frared LED (1)

ex SID 1 (I) 10 C M TP7
I I |

Chip type Shape Lens color Taping number
0 : Standard (A==840 nm) (See below) (See taping list)
K: High output (A»=840 nm)
Structure G High output (3>=850 nm) Lead frame shape
1: 5¢ type - : Standard
2: 3¢ type M: Straight
Product type SID: Infrared
frared LED (2)
ex SID 303 € TP18
Sh|ape Lens Lolor Tapilng number
(Seebelow)  (See taping list)
Product type SID: Infrared
Standard type Ultra-high-intensitytype
Color code Chip Peak Chip Peak
Emitting color material wav(:!;r)tgth Emitting color material wav(:!:;gth
1 Deep red GaP 700
2 Red GaAsP 630 |Uitra-high-intensity red AlGalnP 635
4 Green GaP 560/558
5 Pure green GaP 555
6 High-intensity red GaAlAs 660
7 Yellow GaP 570 | Uitra-high-intensity yellow AlGalnP 572
8 Amber GaAsP 610 |Uitra-high-intensity amber AlGalnP 615
9 Orange GaAsP 587 |Ultra-high-intensity orange | AlGalnP 580
B Ultra-high-intensity lightamber| AlGainP 600
D Ultra-high-intensity pure green| InGaN 525
E Blue GaN 430 |Ultra-high-intensity blue InGaN 470
Lens color
R Diffused red K Transparent yellow
w Diffused white G Diffused green
S Transparent red E Transparent green
Cc Clear B Transparent blue
D Diffused orange BR Transparent dark blue
A Transparent orange BP Transparent Violet
Y Diffused yellow BQ Transparent light dark blue




Selection Guide

ngle-color LEDs/Single-color surface mount LEDs

Emitting color and peak wavelength
3 3 w m 2
& = m. m $|8 : 2| B m M g
A R HHHHHHHEE
b2 8 |3 HHUNMHEEIRE N INEHUE
8 1 £
L | 1B HBHE
> = 213 5
Color code=> elelo|s |4 |al7z]7]elol]ls]e]l2]2]6]1
Peak wavelengthinml-s| 430 | 470 | 525 | 555 | 558 | 560 | 570 | 572 | 567 | 590 | 600 | 610 615 | 630 | 635 | 650 {700
standard |_N_| SEL1010 o olo o o o olo][10
N | SEL1010M o o] o o o o 1
sp |Modmany| N | SELIO10GM olo o o 12
Naow | Y | SEL1050M o o |o o o 0 o|o 13
directivity | N | SEL1015 o 14
N | SEL1011 oo o o o o |15
5.6x4.6¢ |Eggshaped| N | SEL1053M o o o 16
ma|  ap | Sendard | N [ sELeoro o o|o o o o o[
Wide dreciviy| ¥ | SEL4014 o oo o o o ol 1.
Standerd | Y | SEL6010 o olo o o o o |19
Wide drectivty| Y | SEL6014 olololo o o] o o 20
sp  |Mmwarmswy| v | sErots o o|o o o 21
Standard | N | SEL2010 ololo]o olo|o]o o o olo| =
Nerwaceiiy| N | SEL201S o o|o o o ) 3
N | SEL2011 o o o | 24
20 N | sELdo17 olo o o o |2
50 N | seL1013 o olo o o o 2
eed g, | Forsurface [y | gp 6013 o o 27
ne [ o, | Humination [T T g 2013 o oo o o o o 28
38 N | SEL1021 oo o o o | 30
2.5¢5 N | sELt022 oo o o o 3
—_— 25 N | SEL1020 [} i) o] [¢] (o] [o] 32
15 N | seLt024 o olo o o A
24 N | SEL4025 [e] [ o] o] (o] [e] M
24 Y | SEL4026 o] o o o o 35
49 N | sEL4027 ) o 36
o X N | sere0zs ololofo o o o o 37
319 v | sEL4020 olo o o o 38
49 v | seLs027 o o o 39
Rectangular Y | seLso20 o o o o o o o 4
mm | 3¢ |Namwdeaviy| Y | SELS021 o o|o o o o #
niesd|Bow-shaped| wide | Y | SEL5023 olo o olololololo|o]ololo 42
5.6x4.6p | directivity | v | SEL5055 (o) o) ] 43
ace| Flatlens SMD SEC1001% [o 30 o) 0| O (o] o]0 [o] o} o o]O 50
ount | tnnerlens | SMD SEC1003 olo|o|o o|o olololo]|o 51
Y---Supported

N---Not supported
*.-Not supported



Selection Guide

color LEDs/Bicolor surface mount LEDs

Emitting color and peek wavelength
. g B3 g c
] z
MR HEHHEHHBHE
3 3 £ 1 1K Els|e|§|>
) £ a
& = T T
-3 g g é Colorcode=| 1 | 2 9le6|2|9)2]2|8]0]2|6]9l4]s5]|7 8
5 ; k] gPeakwavelem[nmbmeaostosa'lssoesossosasmetsswssoesosmssosssmu
3 E [ i i 13 <
2 5 THE Bl 8127 2 gl 35|68 5 2|2
3 g &§|s|2]§|2 $ S EIR AN gl s
a o o
Coorcode=s] 5 | 4 |4 Ja 7o) 72 | 7] 7|7 ]2 |7]|4]|5f4}51!7
Peak wavelengthfnm]=> | 555 | 560 | 560 | 560 | 570 | 587 | 570 | 572 570 | 572 630 | 570 | 560 | 555 | 560 | 555 | 570
N SML1016/10016)| © [0 | O | O a4
5 standard |- SML10016N o a4
und N SML16051 o 45
N SML108SIN ) 45
5.6x4.66 |Egg-shaped|—Y. SML70055 o olo]o]|o 49
Y SML70055N o 49
2.5 N SML16060 o o 46
- N SML10060N o 46
.36 Y SML70020 o|lo]o 47
Bow-sha Y SML70023 olo]o o|o 48
face] _Flatlens SMD SEC2002 o olo ojojolo 52
unt| tnnertens | SMD SEC2004 olofo ojlo|s3
Y---Supported
N---Not supported
frared LED lamps
5 g AHE
- £ S N R AL
& 3 i 3 £ % e
-t o T
Chiptype=>| G K| O
Peak wavelengthinm]=> | 850 | 940 | 940
N | siD1010 olo| s
sund 5¢ Y | sip1oso o) 55
N | sip3oor1c03 o o | s
3 N | siD2010 olo| st
Y--Supported

N---Not supported



Application Notes

1ken Electric's light emitting diodes (LEDs) are all molded in
in molds.
en using Sanken's LEDs, observe the following cautions:

{eat resistance of mold resin

ce an LED must emit internally generated light with high
ciency, a highly transparent resin is used for molding. To
wure high transparency, the molding material must be free from
additives(silica, glass fiber, and others) that are used to
wrove the heat and moisture resistance of other semiconductor
nponents(such as transistors).

ce the resin used for LEDs generally has a low heat resistance,
following cautions must be fully considered.

ver apply an external force, stress, or excess vibration to the

ninals (leads) at high temperature. The glass transition point of
epoxy resin used in LEDs is about 120 to 130°C. Beyond this

'perature range, the coefficient of linear thermal expansion

somes more than double that at room temperature, and the

igure 1 DBisconnection temperature - Terminal load

2 T

g 160——

3

i

2 140

5 -

et T

.% 120

g >

g 100 '

a 100 500
Terminal load (g)

iin softens as well.

ider this condition, an extemal force or stress may budge the
'minals, and may result in disconnection of the internal wire.
jure 1 shows reference data for the disconnection temperature
d terminal load for the SEL1010 Series.

Jo not apply heat beyond the absolute maximum rating of the
storage temperature (100°C for ordinary LEDs, 90°C for chip
_EDs). (Far soldering, see the soldering conditions.)

‘racture strength
10 . T

Fracture strength {kg)

EMechanical strength

If an excessive mechanical force is applied between the lens resin
and the terminals, the lens resin or intemal connections may be
damaged. The previous figure shows the fracture strength of the
SEL1000 Series according to the direction of the force applied to
the terminals. When aligning or forming the terminals after
soldering, do not bend or twist them with a force beyond the limits
shown in the diagram below.

BFoming

1. Be sure to form terminals before soldering.

2. When forming the terminals, hald tightly them at a point closer
to the lens resin than the forming position to prevent stress from
being applied between the lens resin and the terminals.

3. Form the terminals only below the tie-bar cuts(protruding part of
the terminals).

4. Make the forming pitch equal to the board hole pitch.

EChemical resistance
For washing after soldering, the following chemicals are
recommended:

eisopropyl alcohol

oEthyl alcohol
In addition, keep the dip time within five minutes and work at room
temperature.

oFreon-substitute cleaning liquid
Depending on the constituents, the chemicals may discolor the
resin. Make sure that there will be no problems before use.

EMounting method
Do not mount the LED in such a way that there is a residual stress
between the terminal and lens resin.

WSoldering
1. Mounting holes
The recommended PCB hole diameters are as follows:

Load diameter PCB hole diameter
0.4x0.45mm ¢09t0 1.0
00.5mm ¢1.0to 1.1
00.6mm ¢1.0t0 1.2




Application Notes

joldering conditions

amp Type
Standard Manual contact meunt insertion Automatic contact mount insertion
Temperature| Iron bit: 320 to 340°C Iron bit: 320 to 340°C
Time 3 sec. or less 3 sec. orless
dering £ Q 2 3‘
ron | Position E[C =

Z

Temperature| Soldering Bath: 250+5°C

Soldering Bath: 250+5°C

Preheat: 90°C (back of the PCB) | Soldering Bath: 250°C

Time 3 sec. or less 3 sec. or less

2 min. or less 3 sec. or less

Dip

Position

Iy
a1l
T

'

1@ heat resistance of the mold-resin of the direct mount type is almost equal to that of the standard type. Be careful not to apply a load when the LED is heated.
hen thermaily curing the adhesive of chip components on the same board after LED mounting, keep the temperature of the curing oven below 120°C and the curing

no to less than 60 saconds. (For soldering a Surface Mount LED, see the solderi
hen an LED is mounted by means of automatic contact mount insertion, note that

@ above conditions.
urface Mount Type

oldering iron lron bit temperature: 300°C max, 3 sec max

Dip

Reflow

Part surface temperature (°C) Pant suface temperature {°C)

Dvercurrent

ace an overcurrent may burn the LED, connect a protective
sistor in series to prevent a current in excess of 100 mA in the
se of a spontaneous pulse (excluding infrared LED).
Contact mount LEDs

'vinted circuit board(PCB)

ngle-faced PCBs are recommended. (Do not use through hole
yes when using double-faced PCBs.) If chip components coexist
| the same board, insert the LEDs after curing the chip adhesive.
sonditions of insertion

:ep the insertion pressure as low as possible. The T pattern of
ana-sert is recommended for cut & clinch. When using the N
ittern, maximize the clinch angle on the anode side of the LED.
Moisture-proof packaging of Surface Mount LEDs
influence of moisture absorption on resin of chip LEDs
fthe resin is unusuafly damp, solder dipping may cause interfacial
jefoliation. This phenomenon, generally called "popcorn

ng conditions.)
soldering defects may occur depending an the conditions of insertion even under

phenomencn”, oceurs when a drastic temperature change causes
moisture in the resin to evaporate and to swell.

«Due to this defoliation, the efficiency of light emission might
worsen and the luminosity could lower.

2. Moisture-proof packaging

« Surface Mount LEDs are protected by a moisture-proof packaging
(baked on by Sanken) to minimize moisture absorption by the
resin before use.

« Aluminum laminates with high moisture resistance are used for
packaging.

« Silica gel packs are enclosed in each package to further improve
moisture-proof efficiency.

3. Storage after opening

» Once the package has been opened, solder dipping should be
carried out within seven days.

4. Handling of Remaining LED Chips

« If some Surface Mount LEDs have not been used, put them back
into the moisture-proof packaging, seal the package completely
and store it in a dry place.

EReference mounting pattern for Surface Mount LED {Unit: mm)

Single-color SEC1001/1003 Bicolor SEC2002/2004
Series Series

1.7 14 14

" 0.8min|

!
N s ’
" L1 N|& |

g (=] ]
. —i=

o I H
~ H o I

| ~N .

1




I SEL1010 Serles

5¢ Round Standard LED

SEL1010M Series

ternal Dimensions

(Unit: mm)  Directivity (Typical)

23.0min  (1.0) 76202

@5.0t02

17
(]
7%

Cathode

%:-

>
{7
%

%
3

%

3
<)

0.65max

Tolerance: £0.3

Resin heap 1.5max

%
9%

A5
e
Y

S
R
o

bl
\\\‘

2N

R

T

X
)

et
SS\Wze

o,

i

90° i 90°
100% 50 0 50 100%

Diffuse lens Transparent lens

)solute maximum ratings (Ta=25°C)

Symbol Unit Rating Condition
Ir mA 30
AlF mA/C -0.45 Above 25°C
lep mA 100 f=1kHz, tw<100us
VR \' 3
Top °C 30 to +85
_Tstg °C -30 to +100

actrical Optical characteristics (Ta=25°C)

Fowardvolage | Reversocurent|  Intensity _|Poak wavelengthiSpectrum halfwidt|
. Part VE Condtion| Ir {Condtio§ Iv [Condlonf AP W A\ [Conditon} Chip
niting oolor| \ mper | -o"S %0 ™) e | @A) | Ve |(med)] ® | @om)| | nm)| e |matera
typ | max | (mA)| max| (V) | typ |(mA)| typ [(mA)] typ | (mA)
SEL1210RM | Diffused red 36
. 5| 10 | 50 20 | 630 | 10 | 35 | 10
Red SEL1210SM | Transparent red 19| 25 3 75
SEL1810DM | Diffused crange 18
. . 10 | 35 | 10 |GaAsP
Amber SEL1810AM | Transparent orange 19125110 50 3 37 10 | 610
SEL1910DM | Diffused orange 19
Orange o Transparent orangs 18 | 25 | 10 | 50 | 3 |—— 10 | 587 10 [ 33 | 10
Yellow |SEL1710KM | Transparentyeliow | 2.0 | 2.5 | 10 50 3 65 | 10 | 570 | 10 30 10
SEL1410GM | Diffused green 30
. . 10 | GaP
Green | oM [ Transoarent o 20| 25|10 | 50 | 3 |~ 20 | 560 10 | 20
ure green | SEL1510CM | Clear 20 | 25| 10 [ 50 [ 3 [ 50 | 20 [ 555 10 | 20 | 10

1



49 Round Standard LED

i SEL4010 Serles

SEL4010 Series
ternal Dimensions (Unit: mm)  Directivity (Typical)
1.0min  25.5min 5,002
e | .- :
sk ST aE S
N LR
D, SRS S e
= [ 77 CEACN
%, % ’_Resin heap 1.5max o .ﬁss‘;\:\{\‘l"/g/;%'ﬁ o \y;',/,;'é’o:“‘.‘l‘ oo
s £ 100% 80 0 50  100% 100% 8 0 50  100%
Tolerance: +0.3 Diffuse lens Transparent lens
)solute maximum ratings (Ta=25°C)
Symbol Unit Rating Condition
IF mA 30
Alf mA/C -0.45 Above 25°C
Irp mA 100 f=1kHz, tws100us
VR \' 3
Top °C —-30 to +85
Tstg °C -30 to +100
ectrical Optical characteristics (Ta=25°C)
Forward voltage Reversecument| Intensity PeakwavelengthlSpectmm ha!fwidthl
" Part Ve [Congtn] I1r [Condiion| W [Condtio] AP [Condtio] AA [Condiion| Chip
col :
mtingoolor| \ mber | oo o0 V) to| @A) | Ve ((med)| ® | m)| te | (om)| e |material
typ | max | (mA)[ max | (V) [ typ |(mA)| typ |(mA)| typ |(mA)
SEL4110S | Transparent red 24
. . 100 | 10 | GaP
Jeep red SEL4110R | Diffused red 20 | 25 | 10 50 3 17 5 | 700 | 10 o a
SEL4210S | Transparent red 30
Red SEL4210R | Di od 19125 | 10 | 50 3 17 20 | 630§ 10 | 35 | 10
SEL4810A | Transparent orange 20
Amber . .
SEL4810D | Diffused orange 19|25 | 10 | 50 3 5 10 | 610 | 10 | 35 | 10 |GaAsP
SEL4910A | Transparent orange 26
(o] . .
range === o100 | Difused " 19 (25 | 10 | 50 3 16 10 | 587 | 10 | 33 | 10
SEL4710K | Transparent yellow 36 10
Yell . £
eltow SEL4710Y | Diffused yellow 20 | 25 10 50 3 14 10 570 | 10 30 10
SEL441CE | Transparent green 87 20 GaP
Green . 2. 0 10
SEL4410G | Diffused green 2.0 5 10 50 3 34 20 560 | 10 2
'ure green| SEL4510C | Clear 20 | 25 10 50 3 45 20 | 555 | 10 20 10

17



3¢ Round Standard LED

i SEL2010 Series

SEL2010 Series
ternal Dimensions (Unit. mm)  Directivity (Typical)
ther than GaAlAs chip) Tolerance: 0.3
Cathode 1:0min_ 258min 359! g
%
= 0
S, 30 ] o
Resin heap 1.5max "o“!l
%t
. S g
aAlhs) % '...:.‘:“:\g‘\w' 550 ull
= RN T T | oo
" t g Resin heap 1.5max 50 0 50 100%
b =
SN AAY A R -
l!§ el Diffuse lens Transparent lens
04 Cathode (1.3) 4
1.0min 25.8min 5] o
)solute maximum ratings (Ta=25°C)
. Rating
Symbol i
ym Unit GaP | GaAsP | GaAlAs | AlGalnP | InGaN | GaN Condition
IF mA 30
AlF mA/C —0.45 Above 25°C
Irp mA 100 | 70 f=1kHz, tw<100us
VR v 3 [ 4 5
Top °C -30 to +85 -25 to +85
Tst °C -30 to +100
ectrical Optical characteristics (Ta=25°C)
Forward voltage Reverse current|  Intensity eakwavelongm‘Spowum half width
mitting color Part Lens color VF Condiion] IR [Condion] v [Condifor] AP [Condiion] AA (Condiion| Chip
Number v) F | @A) | Vr [(mcd)] ¢ [(wm) | I | (nm)| I [material
typ | max | (mA)| max | V) [ typ [(mA)| typ |(mA)| typ | (mA)
SEL2110S | Transparent red 40
dDeep red |SEL2110R | Diffused red 20 | 25 | 10 | 50 3 18| 10 | 700 | 10 | 100 | 10 | GaP
SEL2110W)| Diffused white 1.8
gh ity red| SEL2610C | Clear 175122 | 10 [100 | 3 350 | 20 [ 660 | 10 | 30 | 10 |GaAlAs
SEL2210S | Transparent red 40
Red  |SEL2210R | Diffused red 19 | 25 | 10 | 50 3 15 | 20 | 630 | 10 | 35 | 10
SEL2210W| Diffused white 15
SEL2810A | Transparent orange 22 GaAsP
Am . . 1
ber SEL2810D | Diffused orangs 19 | 25 0 | 50 3 9.0 10 (610 | 10 | 35 | 10
SEL2910A | Transparent orange | 16
O . 25 50 10 | 33 | 10
FaNGe | oF 29100 | Difusedorange | 10 3 50 1|5
Tt vallow | SELU2710C | Clear 20 |25 | 10 [100 | 4 [270 | 20 | 572 | 10 | 15 | 10 |AGainP
SEL2710K | Transparent yellow 40
Yell R
ellow SEL2710Y | Diffused yellow 20 | 25 10 50 3 12 10 | 570 | 10 30 10
SEL2410E | Transparent green 77
G . .
reen I I0G Diffused green 20 | 25 | 10 | 50 3 20 20 | 560 | 20 | 20 | 10 | GaP
SEL2510C | Clear 43
)
ure green SEL25106 | Diffused green 20 { 25 | 10 50 3 8.2 20 | 555 | 10 | 20 10
SELU2D10C| Clear 1200 20 | 525 | 10 35 10
e green
tel biue] SELU2E10C| Clear 33 | 40 20 10 5 400 | 20 [ 470 | 10 35 10 InGaN
Blue |SEL2E10C| Clear 38 |48 | 20 | 10 5 60 | 20 {430 | 10 | 65 | 10 | GaN




Characteristic Curves

spectral distribution

andard type
10 0 20 ® ® ® & 4
09 £\ Al [/ \
z 08 / Y \[/
é 0.7 \\ \I/
< 06
% 0.5 / \ | N )
§ 04 \ [i] IAVIRNAWAL
g N\ \ \
:i’-, 0.3 ] N
@ 02 = \ >’ N\
0.1 NI/ N Nz \
‘ 4 AN e N
0.0
380 400 420 440 460 480 500 520 540 560 580 600 620 640 660 680 700 720 740 760 780 800
Wavatength [nm]
Light color Chip material | Paak Wavelength{nm)
O) Blue GaN 430
©) Pure green GaP 555
® Green/deep green GaP 560/558
@ Yellow GaP 570
® Orange GaAsP 587
® Amber GaAsP 610
©) Red GaAsP 630
High-intensity red GaAlAs 660
® Deep red GaP 700
itra-high-intensity type
1.0 [0} [ @ ©0C @
\
0.9
208 [ 1\ A EEER
20 \ 1A ’l \\ \
'§ 0.6
N
5 04 \ \ \ \
2 \ {
] 0.3 Y i
€ 0.2 A\ N
0.1 7 N 11744 X
0.0
380400420440460480500520540560580600620640660680700720740760780800
Wavelength (nm]
Light color Chip material Peak Wavelength{nm)
® Ultra-high-intensity blue InGaN 470
®@ Ultra-high-intensity pure green | InGaN 525
® Ultra-high-intensity yellow | AlGalnP 572
@ Ultra-high-intensity orange AlGalnP 580
® Ultra-high-intensity light amber | AlGainP 600
® Ultra-high-intensity amber AlGalnP 615
® Ultra-high-intensity red AlGainP 635




Characteristic Curves

' « VF characteristic
GaP GaAsP GaAlAs
100 100 100
< = - —_ =
E P of - g. - g e
F // = 7 = g
€ v €
E 10 £ g /
3 7 g 10 = 510
3 e a ®
g 7 g 7 § F
i [ & 4 S [
1 1 1
16 18 20 22 24 26 16 1.8 20 22 24 28 16 18 20 22 24 286
Forward voitage VF [V] Forward voltage VF [V] Forward voitage V¢ [V]
GaN AlGainP InGaN
10
0 100 FAmber =Light amber 160
z T ESSELH z
= K = \_¥Orange = £
: 4 2 /8. z f
1 @ Red Yellow $
E 10 1= &
3 3 10 f 3 10 :
§ 3 T ® F
I FA'l l
g ] g i : I
u. l w uw
1

1
16 24 32 40 48

6 18 20 22 24 26

1
16 24 32 40 A8

Forward voitage VF [V] Forward voitage VF [V] Forward voitage VF [V]
Relative intensity - IF characteristic
GaP GaAsP GaAlAs
10 10 10
f e Hit z
> T gai > T A0 %. mez
| 1 & a2 e 1
! = g ?@*f 5
£ ¥ > E — E
2 fe 2 — 2 il
5 o1 X fii a g o1
Q = 5
14 o « va
0.01 0.01 0.01
1 10 100 1 10 100 1 10 100
Forward current I [mA] Forward current IF [mA] Forward current IF [mA)}
GaN AlGainP InGaN
10 10 10
2 5
g F- i
g g 2
K= = TH] =
® i g .g T
2 = =
g o1 8 o1 5 01
g g g :
0.01 0.01
00 1 10 100 1 10 100 1 10 100
Forward current [mA] Forward current IF [mA] Forward current IF (mA}
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Characteristic Curves

frared LED
Ire - le characteristic Vee - IFP characteristic le - Ta characteristic
— 1000 10
o ‘é — o {ir=50mAH
5 i~ = 5
a = 3
3 £ 100 | 3 2
E] g 7 8
-4 8 K
3 a =
o B 1) ]
2 % 10 ] 05
3 s g
] 3 IPulse width = Tm: 3 0.2
2 0 Dutys10% « 04
100 © 40 12 14 16 18 20 30 © 25 50 7585
Pulse forward current Irp [MA) Pulse forward voitage Vep [V] Ambient temperature Ta (°C)
£ tre - DR characteristic Ire - PW characten'stic ~ I¢ - Ta characteristic
2 2000 Z 2000 € 120
% PW=10us - g oo
= =1
€ 1000 ams & 1000 5 Y
g 50ms 5 3 %
8 A 100ms g e \
a2  [s00msTH ! 3 0 g & A
B PN 2 R0 M | 5w
: S S i} :
- B i —-g 20 N
[-+] -]
1 £ IR :
8 100 S 100 § 0
g 1 5 10 50 100 10 100¢ 1m 10m 100m 1 0 20 40 60 80 100
< Duty ratio D (%) Pulse width PW (s) Amblent temperature Ta (°C)

Spectral distribution

ool L1
L
v
ML
. VAR

Optical output (Relative value)
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Taping Specifications
Faping with holder

tures
is taping format saves the customer the trouble of attaching a holder.
y available inserter can be used with the 5 mm lead pitch radial taping.

12E TH10D

7.5

®

12749

viarking (Black) Marking (Black) 835"

] 3.8605 Zoal o
° - 20 :.‘;?
= .5.% N\ g 'i N2 =
) = ) =]
Y = O
\«4.0*"z
HEF Po: The cumulative pitch eror Is 1.0 mm per 20.
40 59 Dimensional tolerance: 0.3
1mmL Unit: mm
<
(-]
Marking (black)

11.0max

See the previous page for the product names and package contents (standard per box).



Faping Specifications

) type

jle-color SEC1001/1003 Series

@

slor SEC2002/2004 Series
0.2

" . L
Cathode : .
19 - 40 40

2,045

Reel spedfications

21803

N 11440

Label
P/, Manufacturing
Date Code No, Q' ty

9. 01:0.3

General tolerance: 102
Package contents: 3600

63



o CEATURE
FRCT g

)"T

L

OF QLR

s LCD pppyy
D | Tguy WE I 5y
TRAST ph




Product Selection Guide

AN No.SIG-CHMOS805A

Dot Matrix Liquid Crystal Display Module

Character Type
@ FEATURES

« Slim, light-weight and low power consumption
» High contrast and wide viewing angle
» Built-in controller for easy interface

« Available EL and LED backlight type
« Available in wide temperature type

The table below shows a quick reference guide of the character LCD modules. You can see the standard
specifications and other optical specifications on the reference page of each model shown in the table below.

Character Format (character x line) 16x 1 16x2 16x2 16x2 18x4 20x2
Model M1641 M1632 L1642 L1652 L1614 L2012
|Reflective M16410AS M16320AS L164200J000S | L165200J200S | L161400J000S | L201200J000S
|EL backignt M16419DWS M16328DWS L164221J000S | L165221J200S | L1861421J000S | 1L201221J000S
LED backiight M16417DYS M16327DYS L1642B1J000S | L165281J200S | L1614B1J000S | L2012B1J000S
Reflective (w ide temp) M16410CS M16320CS L164200L000S | L165200L200S | L161400L000S | L201200L000S
LED backiight (w ide temp) M16417JYS M16327JYS L1642B1L000S | L1652B1L200S | L1614B1L000S | L2012B1L000S
Charecter font §x7 dots + cursor| 5x7 dots + cursor] 5x7 dots + cursor| §x7 dots + cursor 5x7 dots + cursor] 5x7 dots + cursor
Module Reflective 80,0 x 36,0 x 11,3/85,0 x 30,0 x 10,1/80,0 x 36,0 x 11,31122,0x 44,0 x 11,387,0x 60,0 x 11,6(116,0 x 37,0 x 11,3
size EL backiight 80,0 x 36,0 x 11,385,0 x 30,0 x 10,1]80,0 x 36,0 x 11,3[122,0 x 44,0 x 11.:{87.0x60.0x11,6 16,0 x 37,0 X 11,3
(HxVxT) mm|]LED backiight 80,0 x 36.0 x 15,8/80,0 x 30,0 x 15,8/80,0 x 36,0 x 15,8[122,0 x 44,0 x 15,487,0 x 60,0 x 15,8[116,0 x 37,0 x 15,8
Viewing area (HxV) mm 64,5x13,8 62,0 x 16,0 64,5x13,8 $9,0x 24,0 61,8 x 25,2 83,0x 18,6
Character size (HxV) mm 3,07x5,73 2,78 x 4,27 2,95x 3,80 4,84 x8,08 2,95x%x4,15 3,20x4,85
Dot size (HxV) mm 0,55 x 0,75 0,50 x 0,55 0,50 x 0,55 0,92x1,10 0,55 x 0,55 0,80 x 0,65
Pow er supply voltage (VDD-VSS) +5V +5V +5V +5V +5V +5V
Current consumption {IDD 1.5 20 1,6 2,0 2,7 2,0
(mA.typ) LC 0,2 0,2 0,3 0.4 11 04
Driving method (duty) 1/16 1116 116 1116 118 116
KS0068 KS0066 KS0066 KS0068 KS00€6 KS0068
Builtin LS! or equivalent MSM5839 MSMS839 MSM5838 KS0063 KS0063
or equivalent or equivalent or equivalent or equivalent or equivalent
Operating normal temp. 0to + 50 0to + 50 0to +50 0to+50 Oto+50 0to + 50
temperature ( °C) wide temp. -20t0o+70 -20t0o+70 -20to+70 -20t0o+70 -20to+70 -20to+70
Storage normal temp. -20to+60 -20to+60 -20to +60 -20to +60 -20to + 60 -20to +60
temperature ( °C) wide temp. -30to+80 -30to+80 -30to+ 80 -30to + 80 -30to+80 -30to+ 80
Weight Reflective 25 25 25 50 50 40
(g. typ.) EL backiight 30 30 30 55 55 45
LED backight 35 40 35 65 65 60
Mode! 58 55 58 5C S5A 5A
Inverters Pow er supply (V) +50 +50 +50 +50 +5.0 +50
for EL current consumption (A 10 10 10 35 45 45
Forw ard current
LED consumption (mA) 100 112 100 240 200 154
backlight Forw ard input voltage
(V.typ.) +4,1 +4.1 +4,1 +4.1 +4,1 +4,1
Page 9 12 15 18 21 24




Juality Standard

AN No.SIG-CHMO9805A

Quality Assurance
1.1 Conformity

The performances, functions, and reliability of the products conform to the Product Specification.
1.2 Responsibility

Customers are responsible for any defect in quality caused after incoming inspection.
1.3 Warranty

The quality warranty is valid for one year after the delivery.

Shipping assurance level is as follows

Rank Zone Defect AQL
Major defect A |Display area Display functions
(Appearance) current consumption 0.4%
(Functions) Missing display functions
No display
Minor defect A |Display area Polarizer defect
Uneven contrast
Crosstalk
Black spots
B |Boundary of display area Black streaks 1.0%
to view ing area Bubbles
Cromaticity
Unif ormity
C |Panel frame Scratches
Circuit board Dirt

Zone definition

A : Active display area
"
B : Viewing area

/‘//_—Du—_

C : Outside of window

\

A : active display area
B : viewing area excluding active display area
C : area of entire module excluding viewing area (metal frame, PCB etc)

. Appearance Defect
See individual defects standards in Delivery Specifications




liability

AN No.SIG-CHMOS805A

2. LCD Life Time
ltem Conditions Standard Unit
Life time 25°C+10°C 100,000 or more hours
< 65 %RH

Reliability Test
Normal Temperature type
tem Test Conditions Iresult
tion at 40°C+£2°C No abnormalities
emperature  |90% RH for 500 hours in functions* and
umidity appearance*”
ition at 60 °C + 2 °C for 500hrs  |No abnormalities
emperature in functions* and
appearance™
shock 20°C « +60°C
Left for 1 hour at No abnormalities
each temperature, in functions* and
Jtransition time 5 minutes |appearance**
repeated 10 times
remperature |-20 °C + 2°C for 500hrs  |No abnormalities
in functions* and
appearance*
tion Sweep for 1 min. at
10Hz, 55Hz, 10H2 No abnormalities
amplitude 1.5mm 2 hours | in functions® and
eachinthe X,Y and Z appearance™
directions
shock Dropped onto a board No abnormalities
from a height of 30cm in functions* and

ssipation current, contrast and display functions
»arizer deterioration, other appearance defect

appearance*” ‘

Wide Temperature type
tem Test Conditions result
ration at 60°C+2°C No abnormalities
temperature [80% RH for 500 hours in functions* and
humidity appearance**
ration at 80 °C % 2 °C for 500hrs |No abnormalities
temperature in functions* and
appearance*”
t shock -30°C o +80°C
Left for 1 hour at No abnormalities
each temperature, in functions* and
transition time 5§ minutes |appearance**
repeated 10 times
i Temperature |-30 °C 2 °C for 500hrs|No abnormalities
in functions* and
appearance”*
ration Sweep for 1 min. at
10Hz, 55Hz, 10Hz No abnormalities
amplitude 1.5mm 2 hoursj in functions” and
eachinthe X,Y and Z |appearance™*
directions
»p shock Dropped onto a board  |No abnormalities
from a height of 30cm | in functions® and
appearance™*

dissipation current, contrast and display functions
solarizer deterioration, other appearance defect

3. Definition of LCD service life

+ Contrast becomes 30% of initial value

« Current consumption becomes three times higher than
initial value

« Remarkable alignment deterioration occurs in LCD
cell layer

« Unusual operation occurs in display functions




ow To Use LCD Module

AN No.SIG-CHMOS805A

afety

he LCD panel is damaged, be careful not to get the liquid
'stal in your mouth and not to be injured by crushed

ISS.

rou should swallow the liquid crystal , first wash your

juth thoroughly with water, then drink a lot of water

luce vomiting and then consult a physician.

he liquid crystal should get in your eyes, flush your eyes
h running water for at least fiteen minutes.

he liquid crystal touches your skin or clothes, remove it

d wash the affected part of your skin or clothes with soap
d running water.

sh voltage is applied to the lead terminals of the EL lamp.
» not touch any part of the lead terminals. (For LCD

»dule with EL bacldight)

» not use EL inverters without a load or in the short-circuit
xde.

se the LCD module within the rated voltage to prevent
erheating and/or damage. Also, take steps to ensure that
2 connector does not come off.

-CD Handling

slease keep the temperature within the specified range for
se and storage. Polarization degradation, bubble

sneration or polarizer peel-off may occur with high
mperature and high humidity.

o not touch, push or rub the exposed polarzers with
nything harder than hardness of 3B (glass, tweezers,

ic..).

/hen the display surface becomes dusty, wipe gently with
bsorbent cotton or other soft material like chamais soaked
) petroleum benzene. Do not scrub hard to avoid damaging
e display surface.

Vipe off saliva or water drops immediately. Contact with
rater over a long period of time may cause deformation or
olor fading.

woid contact with oil and fats.

sondensation on the surface and contact terminals due to
old will damage, stain or dirty the polarizers. After products
lretestedatbwhemperatumsmeynmstbewamed upina
ontainer before coming in contact with room temperature
tir.

Yo not put or attach anything on the display area to avoid
eaving marks on.

30 not touch the display area with bare hands, damage the
fisplay area and degrade insutation between terminals.
some cosmetics are detrimental to the polarizers)

as glass Is fragile, it tends to become cracked or chipped
furing handling especially on the edges, Please avoid
dropping or jarring.

LCD Module
1 Mounting LCD module
Use the specified mounting parts and holes to mount the
module.
Connect a 10 uF capacitor between the power supply
terminals to eliminate noise.

Fitting plate Transparent plate

= —A=TT1

Module Small

Screw

« Make sure that no stress is applied on the module when it is
mounted. The application of stress for a long time may
damage the LCD panel and the ICs substrates.

* To protect the polarizer and the LCD panel, cover the display
surface with a transparent plate, for example, acrylic or glass,
with a small gap between the transparent plate and the LCD
surface.

* Do not apply input signals when power supply voltage isn't
applied.

3.2 Precautlon for handling LCD module
Since the module has been assembled and adjusted with a
high degree of precision, avoid applying excessive shocks to
the modute or making any modifications to it.

« Do not atter, modify or change the shape of the tab on the
metal frame.

« Do not make extra holes on the PCB, modify its shape or

change the positions of components attached.

Do not damage or modify the pattem wiring on the PCB

Do not modify the zebra rubber or touch it with ancther

materials.

« Do not make any modifications with a soldering iron except
indicating area.

« Do not drop, bend or twist the module.

.

3.3 Electro-static discharge
Since CMOS ICs are mounted on the module, special
attention has to be paid to the electric-static discharge.

« Make sure that you are connected to the ground during
handling of the module.

« Before removing the module from packing unit make sure
that the modute and yourself have the same electric
potential.

« When soldering the terminal of the module, make sure that
the AC power source for the soldering iron does not leak.

» When using an electric screwdriver to attach the module, the
screwdriver should be grounded to minimise as much as
possible any transmission of electro-magnetic waves
produced by sparks coming from the accumulator of the
motor.

« Make your clothes and working bench the ground potential
as much as possible.

« Avoid to generate static electricity, relative humidity should
be 50 ~ 60 %RH.

3.4 Precaution for operation

+ Proper operating voltage for LCD gives optimum viewing
angle.

« If LCD surface is pressed harder during operation, the
display becomes abnormal and then will retum to normal
after the pressure is released. However, it may generate
bubbles and cause permanent damage to the LCD.

+ Condensation may generate electrochemical reaction and
then it may cause open or short circuit on the terminal.

3.5 Cleaning

. Domtwipehepolarizerwiﬂ\adryclom,asitmayscmmh
the surface.

« Wipe the module gently with a soft cloth soaked with a
petroleum benzene.

« Do not use ketonic solvents (ketone, acetone efc.) or
aromatic solvents (foluene and xylenen) as they may

damage the polarizing plate.

4. Storage

« Store the module in the dark place. Keep the temperature
between 15 °C and 35 °C and the humidity below 65%RH.

« Do not store the module near organic solvents or corrosive
gases.

« Make sure that no stress or vibration is applied to the

module when it is stored.
« Use the products with EL backlight within 6 months after

receiving them.
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Handling the LED backlight
Nhen soldering the LED connector, the soldering iron
emperature should not exceed 260 °C and soldering time
should be within 3 seconds
“or cleaning, wipe with soft cloth and use only the following
shemicals

Ethanol

Isopropyl alcohol

Handling the EL backlight

four design should make it easy to replace the EL backlight
since they have a shorter service life than the other
somponents of LCD modules.

J0 not bend the EL leads when soldering them on the circuit
soard of the LCD modules otherwise they may break.

l'o set the EL backlight into the LCD module, push the EL
racklight with its emitting side up, without pushing the rubber
sonnectors too hard. If you damage them, the LCD module
nay not work properly.

Jo not damage the film surface of the EL backlight otherwise
he backlight will be damaged by humidity.

Since high voltage is applied to the EL lead terminals, be
careful not to touch the EL terminals.

Do not use EL inverters without a load or in the short-circuit
mode.
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efinition of Optical Characteristics Term

\ngles & and 0

4

(6=0)
Y (@=180°)

\
)
W

)

Y (@=180"°)
(6=90°)

Contrast C

_ Brightness (reflection) of non-selected segment (B2)

C= Brightess (reflection) of selected segment (B1)
: Brightness (reflection)
(%) B2 of selected segment
(bright) :
Brightness
Brightness (reflection)
(reflection) of non-selected
segment
(Dark)
0

Operating Voltage (V)

B Viewing Angle 01 and 02

C max.

Contrast C

2.0

02

Viewing Angle

@ Response Time

1/frmm

Voltage

42

Unselected state
(display OFF)

Unselected Selected state

state_ g, | g (display OFD) g |

(Bright) + + 10%
90%
Brightness 100%
(transmissin)
RA.
(Dark)

ton toft
Vopr : Operating Voltage

frrm : Frame Frequency

ton : Response time (rise)

toff : Response time (fall)
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AN No.SIG-CHMOS805A

6 Characters x 2 line

) X 7 Dot Matrix + Cursor

B Electrical Characteristics
Voo=5Vz 5%, Vss=0V, Ta=0 ~ 50°C

/16 D“ty Item Symbol | Conditions | Min. | Typ. |Max.| Unit
, . Power supply] Vob 475|5.00{5.25| V
'V single Power Supply voltage Voo -Vio 501 - leal v
\vailable in EL and LED Input  High | ViH1 22| - [voo| Vv
!ackligh t type voltage Low ViL1 0 - Jo6]| V
Output High VOoH1 |[loH=0.205mA} 2.4 | - - \")
\bsolute Maximum Ratings voltage Low | Viki ] -loL=12mA} - | - 1041V
Vss=0V, Ta=25°C Current consumption *
: Symbol [Conditions| ~ Min. Max. | Unit Normal Templ _ bo Ta=25°C - |16]25|mA
rer supply | Voo -03 6.0 v type | Ko Vic=0.25V - 102110 |mA
age vic 03 Voo v Wide Temp. oo Ta=25°C - [16]25|mA
it voltage Vin -03 |Voo+03| V type Lc Vic=-06V | - 103]10|mA
wrating temperature * test pattern : check board pattern
lomal Topr 0 +50 | °c | M Pin Function
Vide Topr -20 +70 °c No. Name Function
lormal Tstg -20 +60 °C 2 VDD Pow er supply voltage +5V
Vide Tsig -30 +80 °C 3 VvLC Liquid crystal driving voltage
rage <48 hrs +20 +85 | %RH 4 RS L : Instruction code input
nidity <1000 hrs +20 +65 %RH H: Data input
. . g0 5 RW L : Data w rite from MPU to LCM

.Vlechamcal Characterlstlcs H : Data read from LCM to MPU
n Specifications | Unit 6 E Enable
dule size (H x V) 85.0x 30.0 mm 7 DBO Data bus line
ckness Reflactive/EL 10.1 mm 8 DB1 Data bus line

LED 15.8 mm 9 DB2 Data bus line
wing area (H x V) 620x160 | mm 10 DB3 Data bus line
aracter size with cursor (Hx V) | 2.78x 4.89 mm n D; l;ata :us :ine
unting hole distance (H x V) 820x240 | mm 12 D ata bus line

Rofloctive >5 13 DB6 Data bus line
. 2 " 9 14 DB? Data bus line
tight EL backiight 30 g (15) A Anode (+) for LED backiight

LED backlight 40 ) (16) K Cathode (-) for LED backlight
Horizontal, V : Vertical
Dimensions
M1632 (2x16) Unit: mm, General tolerance +0.5 mm

B83.0:0%
1 s20m s Reflective/EL Backlight ~LED Backlight

3

pStes

1743

a1

I

109823

%0

26629

[kl

(DR

70

NEWING AREA 62043

(1075}

72548

(1311

Qa0

07y

55 MAX

Jote : Only dimension changes between Reflective/EL and LED backlight is the thickness.

|

100 MAX
—

1642

12
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“ircuit Block diagram

Timing Signal 3
DBO ~ 7<_—’_‘> A
Serial Data > Setient
RS ——» Driver
rRW —ms| Controller Segment Signal @ LIRS
E —»
%> LCD (16x2)
Common Signal
VDD
VS§ ——
vic—»
Recommended Operating Voltage .
, 8 LED Backlight
recommended value (Vopr) for an ambient temperature
s follow s. Vopr=Vop - Vic 1. Absolute Maximum Ratings
perature (°C) | -20 0 +25 +50 +70 —" Ta=25‘-’c
r(V)[Nomal | - | 500 | 475 | 450 | - form Symbol _| Specifications | Unt
Wide 6.20 590 | 560 | 540 5.20 LED forw ard current Ir 200 mA
consumption *

. o 4o LED reverse voltage VR 8 \'4
Dptical Characteristics ow2bie Toso > 553 w
.Normal Temperature Range Type Operating Temperature Topr -20~+70 | °C

Ta=21°C, 1/16 Duty, Vopr=4.75V Storage Temperature Tstg -40~+80 oC

] Symbol Conditions Min. | Typ.[Max.|] Unit
wing 01 C:2 - - |-15 * LED forward cument consumption and operating temperature
le 02 ® =0° 55| - - | deg. characteristics are as follows.

02-01 70| - - 200
wrast Cc 0=25°% @ =0° - S - - LED forward

ton (rise) 8 =0° - |150] 200|msec cumrent 16
sponse] toff (fall) @ =0° - | 200] 220|msec consumption
> ton (ise)] 6=0° @ =0° - |750] 800|msec (mA)

toff (fall) | Ta = 0°C, Vopr=5.0v| - | 600]700|msec % s o
asuring equipment : Canon illuminater LC4SR

temperature (°C)
.Wide Temperature Range Type 2. Electrical Characteristics Tas28C
Ta=21°C, 1/16 Duty, Vopr=Vob - Vic

n Symbol Conditions Min. JTyp. [Max.| Unit ftem Symbol | Conditions | Min.| Typ. Max.] Unit
wing 01 C22 - - |-15 LED forw ard VF F=112mA |38|41]44] V
jle 92 o =0° 851 - - | deg. input voltage

02-01 Vop=5,6v 70 - | - LEDreverse IR VR=8V - - lo.16] mA
ntrast c 0 =+20°, @ =0° -151-1 - current

Vop=5,6v Brightness L IF=112mA* | 40 | 50 | - [ed/m

ton (ise)] 6 =0°, & =0° - 1150|200 |msec
sponse|toff (fall) [Ta = 21°C, Vopr=5.6V] - | 200|220 |msec
e ton (se)] 6 -0° @ =0° | - |750]|800|msec Anods

toff (fall) | Ta = 0°C, Vopr=5.9V| - 600| 700 |[msec * # # ------------- #
xasuring equipment : Canan illuminater LC-4SR # * #

* Cathode

total number of LED chips =2 x 8 = 16 pes

13
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L Backlight
Absolute Maximum Ratings

Symbol Standard Unit
rating Vopr AC 150V, 1KHz \
1ge Sinew ave
rating Topr -10 ~ +50 °C
)erature
age Tstg -20 ~ +60 °C
serature
age 0~ 10 % RH (60 °C)
idity 0~ 30 % RH (40 °C)

Brightness, Current, Life Characteristics

Conditions Specifications] Unit
htness 100V, 400Hz 30min. |cd/m?
Sinew ave 35 typ.
ent 100V, 400Hz 1.2typ. mA
Sinew ave 1.7 max
* 100V, 400Hz, Sinew ave 1,500
25°C,50%RH hrs
Using 58 Inverter 4,000
25°C,50%RH

sfinition of Life : Used continuously dow n to 10 cd/m?

Suitable Inverter SS
1 Electrical Characteristics

(When combined with EL lamp)

3.3 Maximum Ratings (Inverter only)

Ta=25°C
ltem Symbol{ Conditions |Specifications| Unit
sillating finv | VIN=SVDC| 550 typ. Hz
juency
jput voltage Vour | Vin=BVDC| 100 typ. \'4
'put current bur | Vins5VDC| 1.5typ. mA
ut current Vin 5typ vhC
age N Vin=5vDC 10 typ mA
ial brightness B Vin=5VDC 35 typ. cd/m?
face brightness} Bp | VIN=5VDC 7 typ. cd/m?
nel upper side) Vopr=0V
2 Tolerance (Inverter only)
tem Specifications Unit
ut voltage 3.0t06.0 \")
ad range 5t0 15 cm?

ltem Specifications Unit
Input voltage 7.0 \"/
Load range 50 cm?
Operating temperature -10 to +60 °C
Storage temperature -20 to +70 °C
3.4 Inverter Dimensions (unit : mm)
Pin No.|Function
©0 1 |input:5vVDC
- 2 |Common:GND
£ 3 |OCutput
| M-~ I{“

3-06




Jperating Instructions

AN No.SIG-CHMO9805A

. Timing Characteristics

1.1 Write operation i
P VDD=5V  10%. VSS=0V, Ta=25°C 1.2 Read operation s, , 10y, vss=0v, Ta=25°C
Item Symbol Min. Max. Unit Item Symbol Min. Max. Unit
abel cycle time tc 500 - ns Enabel cycle time tc 500 - ns
able rise time tr - 25 ns Enable rise time tr - 25 ns
able fall time tf - 25 ns Enable fall time tf - 25 ns
able pulse width tw 220 - ns Enable pulse width tw 220 - ns
tup time R/'W, R tsut 40 - ns Setup time R'W, RS tsu 40 - ns
id time R/S, RS th1 10 - ns Hold time R/S, RS th 10 - ns
ita setup time tsu2 60 - ns Data delay time to - 120 ns
ita hold time th2 10 - ns Data hold time toH 10 - ns
:>§£ ViH ViH )§< Rsyl ViHi Virt )§<
< Vin ViL £ < Vi Vi &£
tsu1 tht tsu th
N Vi
m( Vi Vi RIW 7‘(&1 tw th \
tw th —>| i e
—> tfle—
ViH “ Vi N / Vi A Vie /
Vit ,_/ s \; Vi Vi A E Vit ,4-/ " \< ML
tr —> <— th >t &— ton
ViH T Valid Data ViH ViH X ; VKt
30 - DB7 Vi X_ Vit DBO - DB7 V“r | Valid Data Vi
tc tc
). Basic Operation
1 Block Diagram of Controller KS0066
Parallel/Serial
rer Vi—= Data conversion
ply V2—= Circuit
LCD V3——=
e Vi——
Vs—= [Busy Character Character Cursor
Voo Flag Generator Generator Blink
Vss o—= I ROM RAM Control .
(CGROM)| [(CG RAM) Cireuit 40-bit 4o| 40-bit (40| 40-bit (40
33— 8320 bits 512 bits ' Shift = shift = Shift =
34~7 —~> s | Data | 4 8 Register| |Register| |Register
4 Input | Register ’ \ : |
Output (OR) ; 8 D
RW — puffer H -
RS 7 Display
E 8 _|Imstruction |g | Instruction 7 Data RAM
4 Register Decoder (DD RAM)
(R) (IR) 74 80x8 bits
7 Address | 7 | 16-bit 16-bit Common
Counter (AC) Shift Shift signal
7 Registef 16 Register 16 (01 - 16)
. ‘ - S
Ge-lr-:r:::gon cLKi
Circuit hanKz

41
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.2 Registers
he controller (KS0066) has to kinds of eight-bit registers ; the instruction register (IR) and the data register (DR). They are selected by
'e register select (RS) signal as shown below table 1. The IR stores instruction codes such as Display Clear and Cursor Home, and the
ddress information of display data RAM (DD RAM) and character generator RAM (CG RAM). They can be written from the MPU, but
an not be read to the MPU. The DR temporarily stores data to be written into DD RAM or CG RAM, or data read from D RAM or CG
'AM. For data write, the data written into the DR from the MPU is automatically written into DD RAM or CG RAM by intemal operation.
or data read, when the data address is wiitten into the IR, the specified data is read out to the DR by internal operation. Then the MPU
sads it from the DR. After the read operation, the next address is set and DD RAM or CG RAM data at the address is read into the DR
r the next read operation.

Table 1  Register Selection

RS | RW Operation
0 0 |[Rselection, IR write. Internal operation : Display Clear, Cursor Home, etc
0 1 |Busy flag (DB7) and address counter (DBO to DB6) read
1 0 |DR selection, DR w rite. Intemal operation : DR to DD RAM or to CG RAM
1 1 |DR selection, DR read. Internal operation : DD RAM or CG RAM to DR
.3 Busy Flag (BF)

he busy flag indicates whether the module is ready to accept the next instruction. As shown in table, the signal is output to DBy, if
'S=0 and RW=1. If the busy flag is 0, the next instruction can be wiitten. Therefore, the busy flag status needs to be checked before
xecuting an instruction. To execute an instruction without checking the flag status, wait for more than the execution time of prior
istruction. For the execution time of each instruction, see section 3 “instruction Outiine”.

.4 Address Counter (AC)

he address counter specifies an address when data is written into DD RAM or CG RAM and when the data stored in DD RAM or CG

\AM is read out. If an address Set instruction (for DD RAM orCG RAM) is written into IR, the address information is transferred from the
R to the AC. When display data is written into or read from DD RAM or CG RAM, the AC is automatically incremented or decremented

y one according to the Entry Mode Set. The contents of the AC are output to DBo to DBe if RS=0 and R/W=1 as shown in table 1.

).5 Display Data RAM (DD RAM)
DD RAM has a capacity of up to 80 x 8 bis and stores display data of 80 eight-bit character codes. Some storage areas of DD RAM that
re not used for display can be used as general data RAM. A DD RAM address to be set in the AC is expressed in hexadecimal form as
sllows. Example : DD RAM address 07"

he comespondence between the DD RAM address and the display digits of the LCD panel is described in the followings.

< Upper bit Low er bit— 3

Ac: [Ac6]ACs[AC4]AC3]AC2| AC1|ACO

[oJoJoJoJ1]1]1|
N o0_/\ 7

2.6 Address Location
‘he DD RAM address and the display digit of the LCD panel comrespond as follows for LCD modules driven by 1/16duty and one
controller can display maximum 80 characters.

1 2 3 ——— 15 16 17 18 19 20 —————— 38 39 40 Display digit
tne 1foo] 01 02] ——— loefoF|10}11]12]13] ——— zsls_ﬂlDDRAM
tne2|40] 41]42] ——— l4elaF|so|s1]|52]s3] ———— |65]66] 67]address (HEX)

Nhen the display digits are less than 40, the display begins at the head positions of the two lines. In this case, first line end address
ind the second line start address are not consecutive.

2.6.1 M1641

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 Display digit
Line1|00|01lO2|03I04|05l06|07|40|41|42|43|44|45|46l47|DDRAMaddress(HEX)

Jote : This is initialised as a 2 line display because of no LCD driver. Character No.9 must be addressed as first position of 2nd line,
vhich is 40 (HEX).

2.6.2 M1632, L1642, L1652

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 Display digit
Line 1| 00] 01]02]03]04] 051 06| 07{ 08| 09|0A|0B]OC| OD] OE| OF | DD RAM
Line2| 40] 41| 42| 43] 44| 45] 46| 47| 48] 49| 4A | 4B] 4C] 4D] 4E | 4F Jaddress (HEX)

2.6.3 L1614

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 Display digit
Line 1] 00] 01} 02}03]04}05]|06] 07| 08| 09| 0A| 0B OC|OD| OE] OF
Line2| 40] 41]42]43]44]45146] 47| 48| 49| 4A] 4B 4C) 4D| 4E | 4F |DD RAM
Line3{10{11]12]13|14]15{16] 17} 18] 19]1A|1B|1C{1DJ1E| 1F address (HEX)
Line 4| 50| 51]52|53| 54| 55|56} 57| 58] 59| SA[5B|SC]5D| SE] SF
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sonsequently, the end address of fine 1 and the start address of line 3 are consecutive. Also, the end address of line 2 and the start
iddress of line 4 are consecutive. The DD RAM address G0H to 27H are displayed in line 1 and line 3 and 40H to 67H in line 2 and line 4
iy executing Display Shift.

6.4 L2012, L2022
1 2 3 4 56 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 Display digit
Line 1|00{ 01| 02|03|04|05| 06| 07|08} 09|0A|0B[0OC|OD|CE|OF| 10| 11} 12| 13]DD RAM

Line 2| 40| 41| 42| 43| 44| 45| 46| 47| 48| 49| 4A | 4B |4C|4D| 4E| 4F | 50| 51 | 52] 53 jaddress (HEX)
6.5 L2014

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 Display digit
Line 1/ 00/ 01]02]03| 04| 05| 06| 07| 08| 09]/0A|OB|0C|OD|OE|OF| 10| 11]12] 13
Line 2| 40| 41| 42| 43| 44| 45| 46| 47| 48] 49| 4A| 4B | 4C | 4D | 4E| 4F | 50| 51| 52] 53} 0D RAM
19
59

Line3|14|15|16}17| 18 1Al1Bl1c| 1Dl 1E| 1F| 20] 21| 22| 23| 24| 25| 26| 27 |address (HEX)
Line 4|54 |55| 56| 57158 5A|5B|5c|5D|5E| 5F| 60| 61) 62| 63| 64| 65]|66]67

sonsequently, the end address of line 1 and the start address of line 3 are consecutive. Also, the end address of line 2 and the start
\ddress of line 4 are consecutive. The DD RAM address 00H to 27H are displayed in line 1 and line 3 and 40H to 67H in line 2 and line 4
iy executing Display Shift

1.6.6 L2432

1 2 3 45 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 Display digit
Line 1] 0o{01] 02| 03] 04| 05| 08| 07| 08]09|0A[0B |0C|0D|OE| OF [ 10| 11} 12] 13] 14| 15] 16] 17 |DD RAM
Line 2| 40[ 41| 42| 43| 44| 45| 46| 47| 48| 49|4A]4B]4c|aD] 4E| 4F | 50| 51| 52| 53] 54| 55| 56 | 57 |address (HEX)
6.3 L4042
1 2 3 ——— 15 16 17 18 19 20 38 39 40 Display digit
Line 1{oo| 01| 02| ——— |oE|oF|10]11|12|13] ——— |25|26]|27|DDRAM
Line2[40[41[42] — |4e|4F|s0|51|52[53] ——— |65 66]67|address (HEX)
1.6.4 M4024
2 3 ——— 15 16 17 18 19 20 ——— 38 39 40 Dsplay digit
Line 1{00] 01| 02| — |oE|oF|10]11|12[13] ——— [25]|26]27
Line 2| 40| 41| 42] —— |4E| 4F|50]|51|52|53] —— |e65{66|67|DDRAM
Line3[gol01[o2] —— [oe|oF|10[11[12]{13] ————— |25]|26]27|address (HEX)
Line 4| 40| 41| 42| — | 4E| 4F|50]|51|52|53] —— |65]|66]67

14024 has two LCD controllers. Since the capacity for each is 80 characters (40 characters x 2 lines), M4024 can display 160
sharacters (40 characters x 4 lines) by using two LCD controllers. Line 1 and 2 are activated by E1. Line 3 and 4 are activated by E2. All
he four lines cannot be shifted at the same time. Instructions must be written using E1 and E2 to distinguish the upper two lines from the
ower two lines.

2.7 Character Generator ROM (CG ROM)

G ROM generates 5x7 dot-matrix character pattems from eight-bit character codes. In LCD modules of 5x7 dot-matrix character
yattern, CG generates 192 types of 5x7 characters. Table 2 shows the correspondence between the CG ROM character codes and
sharacter pattems of 5x7 dot-matrix.

2.8 Character Generator RAM (CG RAM)

3G RAM is used to create character pattemns freely by program. Eight types of 5x7 dot-matrix character pattems can be written into a
G RAM. Table 3 shows the character patterns created from CG RAM addresses and CG RAM data. To display a created character
»attem, the character code in the left column of the table is written into DD RAM comesponding to the display position (digit). The areas
1ot used for display are available as general data RAM.

2.9 Cursor/Blink Control Circuit
The circuit generates the cursor or blink. When the address counter (AC) selects the address of DD RAM, the curscr or the blink appears
n the digit corresponding to the address. When the address counter is 08H, a cursor or blink position is in the Sth digit in line 1 as shown

selow.
The cursor or bink also appears when the character generator RAM (CG RAM) is selected by the address counter. In this case, the

sursor or blink position has no meaning.
ACs ACs ACa AC3 AC2 AC1 ACo
acfoJo]ol1]o]o]o]
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 Display digit

Line 1{co|01]| 02| 03| 04| 05| 06|07} 08| 09|0A| 0B |0C | GD | OE | OF | DD RAM
Line 2{ 40[ 41| 42| 43| 44| 45| 46| 47| 48] 49| 4A| 4B | 4C| 4D | 4E]| 4F |address (HEX)
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"able 2 Correspondence between character codes and character pattern (5x7 dot -matrix)

l‘,’ppe“‘bits 0000 | 0010 | 0011 | 0100 |0101 |0110 0111 {1000 | 1001 | 1010 {1011 | 1100 | 1101 | 1110 {1111
W er 4 bits
CG
oo | AR EEE EE
M
e o | o o
o o 1 o o
XOX0011 £
cHEEEEEEEEREEE &
XXOXX0100 i
- EEBEEREEEEEERH S
| | o e G
R EE
= o B AREEEEEEER S
oo | o | R R R S
oo o |2 N P O B R R O
= o | O B
= AR 5
= |- |
R [ EREEE =
| o | e B
2 B
| o | O O R O B
e
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Table 3 Relation between CG RAM addresses and character codes (DD RAM) and
character patterns (CG RAM) (5x7 dot-matrix)

e o oo R s P

7 6 5§ 4 3 2 1 0 § 4 3 2 1 0 7 6 5 4 3 2 10

<— Upper bit Low er bit — <~ Upperbit Lower —i l=— Upper bit Low er bit —
0 0 O * o 11t 1t 1 10
0 0 1 1 0 0 O 1
0 1 0 1 0 0 0 1

o 0o o 0o * 0 O0@UDO 0O 0 ojo0 1t 1t 1t 1 1 1 0
1 0 O 1 0 1 0 O
1 0 1 1 0 0 1 O
1 1 0 1 0 0 0 1
1 1 1 ** *10 0 O 0 O
0 0 O ** *11 0 0 0 1
o 0 1 o 1 0 1 0
0 1 0 11 1 1 1
o 1 1 o 01 0 O

o oo o * 0 O 1 o 0 1/1 0 O 1 1 1t 1 1
1 0 1 0 01 0 O
1 1 0 0 0 1 0O
1 1 1 * * 10 0 0O O O
0 0 0 . . .

/—‘\RL\\ 0o 0 1

/—/'“_’ﬁ\\_ 010 //

0000 * 1 11 [ T~ ]
1 1
1
11 . o+ .

Example of character pattern (R) and (¥ )

* : don't care bit

Jotes: - In CG RAM data, “1" corresponds to Selection and “0” to Non-selection on the display.

- Character code bits O to 2 and CG RAM address bits 3 to 5 comespond to each other (three bits, eight bytes).
- CG RAM address bits O to 2 specify a line position for a character pattern, Line 8 of a character pattem is the cursor
position where the logical OR of the cursor and CG RAM data is displayed. Set the data of line 8 to “0” to display the cursor.

If the data is changed to “1” , bit 1 lights, regardless of the cursor.

- The character pattern column positions correspond to CG RAM data bits O to 4 and bit 4 comes to the left end. CG RAM
data bits 5 to 7 are not displayed but can be used as general data RAM.

- When regarding a character pattern from CG RAM, set to “0” all of character code bits 4 to 7. Bits O to 2 determine which
pattem will be read out. Since bit 3 is not valid, 00+ and 08+ select the same character.
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}. Instruction Outline

vhen MPU controls LCD controller on the LCD module, MPU directly controls only two registers of the controllers; the Instruction
‘egister (IR) and the Data Register (DR). Prior to intemal operation start, the controller temporarily stores control information in these
:gisters, so as to interface with various types of MPUs or peripheral control I[Cs which operate at different speeds from speed of
ontroller intemal operation.

able 4 shows the instructions and their execution time.

vhile the controller is executing an instruction and intemal operation is in progress, the controller will accept and execute no instruction
ther than the Busy Flag/Address Read instruction.

ince the busy flag is set to “1” while an instruction is being executed, check the busy flag status and make sure it is “0" before sending
n instruction from the MPU to the controller.

o send instructions without checking the busy flag, make sure that the interval between two instructions is much longer than the
xecution time of the prior instruction.

fter the execution of writing/reading data instruction to/from CG/DD RAM, RAM address counter is automatically incremented or
ecrement by one. This increment/decrement / is executed after the busy flag is set to “0°. The time from the fall edge of busy flag to the
nd of address counter renewal (tADD) is as shown below.

Busy signal (DB7) Busy state

—_—
Address counter
(DBO to DB6) A At
tabp
tADD depends on the clock oscillation frequency (fosc)
taop= 1.5(s)
fosc

L. Initialization

.1 Automatic Initialisation
he system is automatically initialised at power-on if the following power supply conditions are satisfied.

0.2v
torF : Time w hen pow er supply is OFF if cut

instantaneously or tumed ON and OFF repeatedly

torr
0, ims <trcc < 10ms  torF2 1ms

1 automnatic initialisation, the following instructions are executed.
* Display Clear
* Function Set
DL = 1 : Interface data length : Eight bits
N =0, F = 0: 1/8 duty, character font : 5 x 7 dot-matrix
* Display ON/OFF control
D = 0: Display OFF
C =0: Cursor OFF
B = 0: Blink OFF
* Entry Mode Set
I/D = 1 : Increment
S =0: No display shift
iince some conditions set by initialisation may not be suitable for the LCD module, execute further Function Set instruction.
he busy flag (BF) is kept busy until initialisation ends. The busy state remains for 20ms after VDD reaches to 4.5V.
f the power supply conditions are not satisfied and automatic initialisation is not executed. Execute initialisation using instruction
iccording to section 4.2, “Initialisation by Instruction”.

1.2 Initialisation by Instruction

F automatic initialisation is not executed because the power supply conditions are not satisfied, use interface data length of eight bits or
our bits instructions shown in table 4 and table 5 to implement initialisation.

since it is unknown whether the interface data length is set to eight bits or four bits at power on, execute Function Set twice to set the
sterface data length to eight bits and then set the required interface data length by executing further Function Set instruction.
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Table 4 List of Instruction
Instruction Code Function Execution
RS |R\W] DBr| DBs | DBs|DB4 | DBs | DB2] DB1}DBo time **
Clears all display and returns cursor to
(1) Display Clear ojolojOo]|J]OojO;0O] 0| O] 1 |home position (address 0) 1,64 ms
Returns cursor to home position, shifted
(2) Cursor Home o|Jl|ojojojlo}|oOo]0O]O] 1] * |display returns to home position and DD 1,64 ms
RAM contents do not change
Sets direction of cursor movement and
(3) Entry Mode Set 0l0|o0ojJo]Oo|0o|joOo]| 1|WD] S |whetherdisplay will be shifted when 40 ym
data is w ritten or read
Turns ON/OFF total display (D) and
(4) Display ON/OFF o({o[o0f[{O0]0O0|O|1]D]C]{ B |cursor(C), and makes cursor position 40 ym
Control column start blinking (B)
Moves cursor and shifts display w ithout
(5) Cursor/Display ojojfojojo]| 1]|SC|RL] * | * |changing DD RAM contents. 40 ym
Shift
Sets interface data length (DL), the
(6) Function Set o|lo|lo]o|1|DOLIN]F]| *| * |duty(N),and character fonts (F) 40 pm
Sets CG RAM address to start
(7)CGRAMAddress| 0 | 0} O | 1 Acc transmitting or receiving CG RAM data 40 uym
Set
Sets DD RAM address to start
(8) DDRAMAddress | 0 | 0 | 1 Apop transmitting or receiving DD RAM data 40 um
Set
Reads BF indicating module in internal
(9) BF/Address Read | 0 | 1 | BF AC operation and AC contents (use for both 0 um
CG RAM and DD RAM)
(10) Data Write to
CGRAM or 0|1 Write Data Wirites data into DD RAM or CG RAM 40 pm
DD RAM tapo=6um
(11) Data Read from
CG RAM or 111 Read Data Reads data from DD RAM or CG RAM 40 um
DD RAM tapp=6um
* : Don't care bit I/D =1 : Increment B=1:Blink ON N =1:1/16 duty
Acc : CGRAM address /D =0 : Decrement B = 0: Blink OFF N =0: 1/8 duty or 1/11 duty

App: DD RAM address

AC : Address counter

S =1 : Display shift
S = 0: No display shift

D =1 : Display ON
D =0: Display OFF

C =1 : Cursor ON
C = 0: Cursor OFF

S/C =1 : Display shift
S/C = 0: Cursor movement

R/ = 1 : Right shift

RAL = 0: Left shift:

DL=1:8bits
DL =0: 4 bits

F =1 :5x 10 dot matrix
F =0:5 x 7 dot matrix

BF = 1 : Intemal operation in progress
BF = 0: Instruction can be accepted

* Execution time in the above Table indicated the maximum value w hen fosc is 250KHz. It changes w hen fosc changes.

When fosc = 270 KHz : 40 ps x 250/ 270 = 37 us
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Table 5. Interface Data Length : Eight bits

Power ON

Wait for 45 ms or more after VDD
reaches 4,5V

RS RMW DB7 DB6 DBS

DB4 DB3 DB2 DB1 DBO

o 0 0 0 1

1 * * - *

Wait for 4,1

ms or more

RS RMW DB7 DB6 DBS

DB4 DB3 DB2 DB1 DBO

o 0 0 0 1

1 * - * -

Wait for 100 ys or more

RS R/MW DB7 DB6 DBS

DB4 DB3 DB2 DB1 DBO

o 0 o0 0 1

1 * * * *

RS RW DB7 DB6 DB5

DB4 DB3 DB2 DB1 DBO

o 0o 0 O 1 1 N * * *
o o o o o 0O t O O O
o o o o o 0 0 O O 1
o 0 0 0 0O O O 1 W S

End of
initialisation

The busy flag cannot be checked from the follow ing instruction
Functon set (interface data length : 8 bits)

The busy flag cannot be checked from the follow ing instruction
Functon set (interface data length : 8 bits)

The busy flag cannot be checked from the follow ing instruction
Functon set (interface data length : 8 bits)

e

The busy flag can be checked from the follow ing instruction
Functon set (interface data length : 8 bits)
Display OFF
Display Clear
Entry Mode Set
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Table 6. Interface Data Length : Four bits

Power ON

!

reaches 4,5V

Wait for 45 ms or more after VDD

RS RAW DB7 DB6 DB5 DB4

o 0 0 O 1

1

Wait for 4,1 ms or more

RS RW DB7 DB6 DBS DB4

o 0 0 0 1

1

Wait for 100 ys or more

'

RS RMW DB7 DB6 DBS DB4
o 0 0 0 1 1
RS RMW DB7 DB6 DBS DB4
o 0 0o O 1 O
o 0 0 O 1 O
0O 0 N F * *
o 0o 0 0O 0 O
o 0o 1 0 O O
0O 0o o 0O 0 O
o 0o O O O 1
o 0 0 0 0 O
O 0 0 1 IO S

The busy flag cannot be checked from the follow ing instruction
Functon set (interface data length : 4 bits)

The busy flag cannot be checked from the follow ing instruction
Functon set (interface data length : 4 bits)

The busy flag cannot be checked from the follow ing instruction
Functon set (interface data length : 4 bits)

—

The busy flag can be checked from the follow ing instruction
Functon set (interface data length : 4 bits)

Function Set

Display OFF

Display Clear

Entry Mode Set

End of

initialisation

Note : in M4024, execute initialisation on E1 and E2 respectively
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). Instruction Detail

.5.1 Display Clear
RS RW DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
Codef 0 Jo[ofoJofofoJofo]1]
isptay CLEAR clears all display and returns cursor to home position (address 0). Space code 20H is written into all the addresses of
D RAM, and DD RAM address 0 is set to the AC, if it was shifted, the display retums to the original position. The cursor or blink go to

e left end on line 1, except M4024. In M4024, if the cursor or blink is on line 3 or line 4, it retumns to the left end of line 3. After execution
f the Display Clear instruction, VD = 1 (increment) of Entry Mode is sel.

.5.2 Cursor Home
RS RW DB7 DBs DBS DB4 DB3 DB2 DBt DBO
CdefofofoJoJofofojof1]-]
URSOR Home retums cursor to home position (address 0). DD RAM address O is set to the AC. The display retums o the original

osition if it was shifted. The DD RAM contents do not change. If the cursor or blinking is ON, it retums to the left end, except M4024. In
14024, if the cursor or blink on line 3 or line 4, it retums to the left end of line 3.

.5.3 Entry Mode Set
RS RMW DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
Ce[ 0 JoJoJoJoJoJo[1[w]s]
NTRY Mode Set sets the direction of cursor movement and determines whether display is shifted.
D :The DD RAM address is incremented or decremnted by one when a character code is written into or read from DD RAM. This is
also true for writing into or reading from CG RAM.
When /D = 1, the address is incremented by one and the cursor or blink moves to the right.
When I/D = 0, the address is decremented by one and the cursor or blink moves to the left.
. If S = 1, the entire display is shifted either to the right or left for writing into DD RAM. The cursor position does not changed only the
display moves, There is no display shift for reading form DD RAM.
When S = 1 and UD = 1, the display shifts one digit to the left after data write to DD RAM.
When S = 1 and I/D = 0, the display shifts one digit to the right after data write to DD RAM.
If S = 0, the display does not shift.

..5.4 Display ON/OFF Control
RS RMW DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
Cde[ 0 JoJoJoJofof1]pfcie]
Yisplay ON/OFF Control tumns the total display and the cursor ON and OFF, and makes the character on the cursor position start
finking Cursor ON/OFF and blinking is done at the digit indicated by the DD RAM address specified by the AC
): When D = 1, the display is tumed ON
When D = 0, the display is turned OFF
If D = O is used, display data remains in DD RAM. Therefore the data can be displayed again by sefting D = 1.
: When C = 1, the cursor is displayed
When C = 0, the cursor is not displayed.
The cursor is displayed in the dot line below the character fonts.
3: When B = 1, the character at the cursor position starts blinking.
When B = 0, it does not blink.
For blinking, all-black dots and the character are switched about every 0.4 seconds when fosc is 250KHz. The cursor and blinking
can be set at the same time.

N

* C =1 (cursor display) * B =1 (blink)
E
cursor
-
5x7 dot S x7 dot
2.5.5 Cursor/Display Shift

RS RMW DB7 DBS DBS DB4 DB3 DB2 DB1 DBO
Code[ 0 [oJofoJof1[scfre]~]"-]

Sursor/Display Shift moves the cursor and shifts the display without charging the DD RAM contents. The cursor position and the AC
sontents match. This instruction is useful for display comection and retrieval because the cursor position or display can be shifted without
ariting or reading display data, In a 2-iine display, the cursor is shifted from digit 40 (DD RAM address 27) of line 1 to digit 1 of line 2.
Displays of lines 1 and 2 are shifted at the same time Display shift moves the display of each line only horizontally. Therefore, the display
pattemn of line 2 is not shifted to line 1 and display pattern of line 1 is not shifted to line 2.

Note : M1641 operates intemally as 8 characters x 2 line display, L1614 as 32 characters x 2 line-display, L2014 as 40 characters x 2
ine-display and M4024 as two 40 characters x 2 line<display. See section 2.6 Address Location.

*: don't care bit
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SIC | RL Operation
0 0 |The cursor position is shifted to the left (the AC is decremented by one)
0 1 |The cursor position is shifted to the right (the AC is incremented by one)
1 0 |The entire display is shifted to the left w ith the cursor
1 1 |The entire display is shifted to the right with the cursor

.5.6 Function Set
RS RMW DB7 DBs DB5 DB4 DB3 DB2 DB1 DBO

Cdelofofolof1fofn]r]-]-]

* . don't care bit

unction Set sets the interface data length, the number of display lines and the character font.
L :Interface data length
When DL = 1, the data length is set at eight bits (DB7 to DBO)
When DL = 0, the data length is set at four bits (DB7 to DB4). In 4-bit interface, the upper four bits are transferred first, then the
lower four bits follow.
| : When N = 1, the duty is set to 1/16
When N = 0, the duty is set to 1/8 or 1/11
: Character font
When F = 1, the character font is set to 5 x10 dot matrix
When F = 0, the character font is set to 5 x 7 dot matrix.
If N is set to 1, F becomes “ Don't caro bit*

N | F | Number of display line | Character font | Duty LCD module

0] o 1 5x7 1/8 -

0] 1 1 5x10 111 -

1 * 2 5x7 1716 |M1641, M1632, L1642, L1652, L1614, L2012
L2022, L2014, 12432, L4042, M4024

unction Set instruction must be executed prior to all other instructions except Busy Flag/Address Read. If another instruction is
xecuted first, no interface data length is effective.
2.5.7 CG RAM Address Set

RS RMW DB7 DB6 DBS DB4 DB3 DB2 DB1 DBO

cdef o JoJo[1[aJaJalAa]Aa]lA

l<— Upper bit Lower bit -s»

G RAM addresses expressed as binary AAAAAA are set to the AC. The data written from or read to the MPU is for the CG RAM.
2.5.8 DD RAM Address Set
RS RW DB7 DBé DBS DB4 DB3 DB2 DB1 DBO
ce[oJo[1]ala]alalalalna

- Upper bit Lower bit -»

DD RAM address expressed as binary AAAAAA are set to the AC. Then data written from or read to the MPU is for the DD RAM. When

N = O (one-line display) the addresses are OCH to 4HH. When N=1 (twoine display : M1632, L1642, L1652, L2012, L2022, 12432,
L4042), the addresses used for display in line 1 (AAAAAA) are O0H to 27H and those for line 2 (AAAAAA) are 40H to 67H. As for M1641,
L1614, L2014 and M4024, see section 2.6 Address Location.

2.5.9 Busy Flag/Address Read
RS RW DB7 DB6 DBS DB4 DB3 DB2 DB1 DBO
code[ o1 ]Br[1 [Aa]JalAalAalAalA

l<— Upper bit Lower bit #-

The BF signal is read out, indicating whether the module is working internally because of the previous instruction.

When BF = 1, the module is working internally and the next instruction cannot be accepted until the BF value becomes 0.

When BF = 0, the next instruction can be accepted, Therefore, make sure that BF = 0 before writing the next instruction.

The AC values binary AAAAAA are read out at the same time as the busy flag read. The AC addresses are used for both CG RAM and
DD RAM, and the Address Set before the execution of this instruction determines whether the address is for CF RAM or DD RAM.
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.5.10 Data Write to CG RAM or DD RAM
RS RW DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
Cdel 1 |[o|[D|D|D]D|[D|D|D]|D

l<— Upper bit Lower bit =

inary eight-bit data DDDDDDDD is written into CG RAM or DD RAM. CG RAM Address Set or DD RAM Address Set before this
struction selects either RAM. After the write operation, the address is incremented or decremented automatically according to Entry
lode Set. Entry Mode Set also determines whether display shifts or not after the write operation.

5.11 Data Read from CG RAM or DD RAM
RS RMW DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
ce[1]1[D[D[D[D][D[D[D]D

l<— Upper bit Lower bit =

Wary eight-bit data DDDDDDDD is read from CG RAM or from DD RAM. CG RAM Address Set or the DD RAM Address Set before this
truction selects either RAM. CG RAM Address Set or the DD RAM Address Set must be executed immediately before this instruction.
10 Address Set instruction is executed before a read instruction, the first read data is invalid. Data is nomally read from the second

ie, if read instructions are executed consecutively. For DD RAM, if Cursor Shift instruction is executed just before reading DD RAM<
sre is no need to execute an Address set instruction because the Cursor Shift instruction does this.

era read operation, the address is automatically incremented or decremented by one according to Entry Mode Set, but the display

it shifted regardless of Entry Mode set.

te : The AC is automatically incremented or deremented by one according to Entry Mode Set after Data Wiite to CG RAM or DD RAM
truction is executed. If a read instruction is executed immediately after this instruction, RAM data specified by the AC is not read out.
rrect data is read out under the following conditions.

An Address Set instruction is executed immediately before a read instruction
For DD RAM. the Cursor Shift instruction is executed immediately before a read instruction
The second, or later, Instruction is executed in consecutive execution of read instructions
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). Interfacing to MPU

LCD modules containing controller can interface to both 4-bit and 8-bit MPU

.1 Interface in 4-bit operation

vhen interface data is 4 bits long, data is transferred using only four buses; DB4 to DBo. DBo to DB3 are not used. Data transfer between
e controller and the MPU ends when 4-bit data is transferred twice. Data of the higher order 4 bits (contents of DB4 to DB7 when
tterface data is 8 bits long) are transfemred first, then lower order 4 bits ( content of DBo to DB3 when interface data is 8 bits long) are
ansferred. Check the busy flag after 4-bit data has been transferred twice. Then the busy flag and address counter data are read out by

vo transfers.
RS N
RW __—/
E
DBy \<
DBs : X X
0Bs mm-m- AC1 DRs (DRIX__)
DBs CIRa X IR0 X____XACaX__ XACo DR DRo
Instruction Register | Busy Flaf (BF) and Address| Data Register (DR)
(IR) write Counter (AC) read read
.2 Interface in 8-bit operation
Vhen interface data is 8 bits long, data is transferred using the 8 data buses of DBo to DBv.
RS r
E [\ [\ A
bB7 X iRe X X Br X
o XX XageX
OB X IR X XAciX.
DBo X 1ro X_ X acoX
Instruction Register Busy Flaf (BF) and Address Data Register (DR)
(IR) write Counter (AC) read read
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mpatible with MCS-51° Products

Bytes of In-System Programmable (ISP) Flash Memory
- Endurance: 1000 Write/Erase Cycles

V to 5.5V Operating Range

ly Static Operation: 0 Hz to 33 MHz

ee-level Program Memory Lock

} X 8-bit Internal RAM

Programmable /O Lines

0 16-bit Timer/Counters

Interrupt Sources

| Duplex UART Serial Channel

v-power Idle and Power-down Modes

2rrupt Recovery from Power-down Mode
tchdog Timer

al Data Pointer

ver-off Flag

st Programming Time

xible ISP Programming (Byte and Page Mode)

scription

AT89S551 is a low-power, high-performance CMOS 8-bit microcontroller with 4K
5 of in-system programmable Flash memory. The device is manufactured using
I's high-density nonvolatile memory technology and is compatible with the indus-
tandard 80C51 instruction set and pinout. The on-chip Flash allows the program
ory to be reprogrammed in-system or by a conventional nonvolatile memory pro-
imer. By combining a versatile 8-bit CPU with in-system programmable Flash on a
olithic chip, the Atmel AT89S51 is a powerful microcontroller which provides a
y-flexible and cost-effective solution to many embedded control applications.

AT89S51 provides the following standard features: 4K bytes of Flash, 128 bytes of
, 32 1/0 lines, Watchdog timer, two data pointers, two 16-bit timer/counters, a five-
or two-level interrupt architecture, a full duplex serial port, on-chip oscillator, and
< circuitry. In addition, the AT89S51 is designed with static logic for operation
1 to zero frequency and supports two software selectable power saving modes.
Idle Mode stops the CPU while allowing the RAM, timer/counters, serial port, and
rupt system to continue functioning. The Power-down mode saves the RAM con-
, but freezes the oscillator, disabling all other chip functions until the next external
rupt or hardware reset.

AIMEL

R LY R

8-bit
Microcontroller
with 4K Bytes
In-System
Programmable
Flash

AT89S51

Preliminary

Rev. 2487A-10/01
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jolute Maximum Ratings*

ATE}

rating Temperature...............evvevverveeennns -55°C to +125°C *NOTICE:  Stresses beyond those listed under “Absolute
Maximum Ratings” may cause permanent dam-
age Temperature...........ccccovecvevvvnvernernenns -65°C to +150°C age !o the device. This is a stress rating only and
] functional operation of the device at these or any
\ge on Any Pin other conditions beyond those indicated in the
Respect to Ground. ..........cccevveverveiiernnnenne -1.0V to +7.0V operational sections of this specification is not
) implied. Exposure to absolute maximum rating
mum Operating Voltage ...........ccccceeveemereereveeeerennnnnes 6.6V conditions for extended periods may affect
device reliability.
UPUL CUITENE....coeiece e eeene 15.0 mA
Characteristics
alues shown in this table are valid for T, = -40°C to 85°C and V¢ = 4.0V to 5.5V, uniess otherwise notea.
bol Parameter Condition Min Max Units
Input Low Voltage (Except EA) -0.5 0.2 V0.1 v
) | Input Low Voltage (EA) 0.5 0.2 V0.3 \
Input High Voltage (Except XTAL1, RST) 0.2 V¢ +0.9 Vo +0.5 \'
Input High Volitage (XTAL1, RST) 0.7 Ve Vee+0.5 \'
Output Low Voltage!” (Ports 0.45 v
1.2,3) lo=1.6 MA
Output Low Voltage!” 0.45 v
{Port 0, ALE, PSEN) loL =3.2mA
lgn = -60 pA, Vo = 8V £ 10% 24 \
Output High Voltage o = 25 WA 0.75 Vee v
(Ports 1,2,3, ALE, PSEN) lon=-10 pA 0.9 Ve v
loy = -800 pA, Ve =5V £ 10% 24 \
Output High Voltage low = -300 pA . 4 075Vee I LV
(Port 0 in External Bus Mode) low = -B0 pA 0.9 Ve ) Y ]
Logical O Input Current (Ports -50 HA
1,2.3) VlN = 045\/
Logical 1 to O Transition Current -650 HA
(Ports 1,2,3) ViN=2V, Ve =5V £10%
Input Leakage Current (Port 0, +10 pA
EA) 0.45 < VlN < Vcc ]
3T Reset Puilldown Resistor 50 300 KQ
Pin Capacitance Test Freq. = 1 MHz, T, = 25°C 10 pF
Active Mode, 12 MHz 25 mA
Power Supply Current Idie Mode, 12 MHz 6.5 mA
Power-down Mode® Vee =55V 50 pA

1.

Under steady state (non-transient) conditions, lg_ must be externally limited as follows:

Maximum lg_per port pin: 10 mA
Maximum lg_ per 8-bit port:
Port 0: 26 mA

Ports 1,2, 3: 15 mA

Maximum total I for all output pins: 71 mA
If I, exceeds the test condition, Vo may exceed the related specification. Pins are not guaranteed to sink current greater

than the listed test conditions.

2. Minimum V¢ for Power-down is 2V.

/A T 80 S 551 1000000000000 S
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Description
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AlE] e

Supply voitage.
Ground.

Port 0 Is an 8-bit open drain bidirectional VO port. As an cutput port, each pin can sink eight
TTL Inputs. When 1s are written to port 0 pins, the pins can be used as high-impedance
inputs.

Port 0 can also be configured to be the multiplexed low-order address/data bus during
accesses to external program and data memory. In this mode, PO has intemal pull-ups.

Port 0 also receives the code bytes during Flash programming and outputs the code bytes
during program verification. External pull-ups are required during program verification.

Port 1 is an 8-bit bidirectional YO port with internal pull-ups. The Port 1 output buffers can
sink/source four TTL inputs. When 1s are written to Port 1 pins, they are pulled high by the
internal pull-ups and can be used as inputs. As inputs, Port 1 pins that are extemnally being
pulled low will source current () because of the intemal pull-ups.

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

Port Pin Alternate Functions

P15 MOSI (used for In-System Programming)
P16 MISO (used for In-System Programming)
P17 SCK (used for In-System Programming)

Port 2 is an 8-bit bidirectional VO port with intemal pull-ups. The Port 2 output buffers can
sink/source four TTL inputs. When 1s are written to Port 2 pins, they are pulled high by the
intemal pull-ups and can be used as inputs. As inputs, Port 2 pins that are extemnally being
pulled low will source current (I, ) because of the intemal pull-ups.

Port 2 emits the high-order address byte during fetches from extemal program memory and
during accesses to external data memory that use 16-bit addresses, (MOVX @ DPTR). In this
application, Port 2 uses strong intemal pull-ups when emitting 1s. During accesses to extemnal
data memory that use 8-bit addresses (MOVX @ RI), Port 2 emits the contents of the P2 Spe-
cial Function Register.

Port 2 also receives the high-order address bits and some control signals during Flash pro-
gramming and verification.

Port 3 is an 8-bit bidirectional /O port with intemal puli-ups. The Port 3 output buffers can
sink/source four TTL inputs. When 1s are written to Port 3 pins, they are pulled high by the
internal pull-ups and can be used as inputs. As inputs, Port 3 pins that are extemally being
pulled low wiil source current (l;) because of the pull-ups.

Port 3 recelves some control signals for Flash programming and verification.

Port 3 also serves the functions of various special features of the AT89S51, as shown in the
following table.

/A" T89S 51 500000000 A
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Port Pin Alternate Functions

P3.0 RXD (serial input port)

P3.1 TXD (serial output port)

P3.2 INTO (external interrupt 0)

P3.3 TNTT (external interrupt 1)

P34 TO (timer O external input)

P3.5 T1 (timer 1 external input)

P3.6 WH (external data memory write strobe)
P3.7 D (external data memory read strobe)

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

device. This pin drives High for 98 oscillator periods after the Watchdog times out. The DIS-

RTO bit in SFR AUXR (address 8EH) can be used to disable this feature. In the default state

of bit DISRTO, the RESET HIGH out feature Is enabled.

{/PROG Address Latch Enable (ALE) Is an output pulse for fatching the low byte of the address during
accesses to external memory. This pin is also the program puise input (PROG) during Flash

programming.

In nomal operation, ALE is emitted ata constant rate of 1/6 the oscill
be used for external timing or clocking purposes. Note, however,
skipped during each access to extemal data memory.

ator frequency and may
that one ALE pulse Is

it desired, ALE operation can be disabled by setting bit 0 of SFR location 8EH. With the bit set,
ALE Is active only during a MOVX or MOVG instruction. Otherwise, the pin is weakly pulied
high. Setting the ALE-disable bit has no effect if the microcontroller is in external execution

mode.

EN Program Store Enable (PSEN) is the read strobe to external program memory.

When the AT89S51 is executing cede from external program memory, PSEN is activated
twice each machine cycle, except that two PSEN activations are skipped during each access

to extermnal data memory.

INPP Extemal Access Enable. EA must be strapped to GND in order to enable the devics to fetch
code from extemal program memory locations starting at 0000H up to FFFFH. Note, however,

that if lock bit 1 is programmed, EA will be intemally latched on reset.
EA should be strapped to V¢ for intemal program executions.

This pin aiso receives the 12-volt programming enable voltage (Vpp) during Flash

programming.
AL1 Input to the inverting osclllator amplifier and input to the internal clock operating circuit.
‘AL2 Output from the Inverting osclllator amplifier

]
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should be serviced in those sections of code that will pericdically be executed within the time
required to prevent a WDT reset.

In Power-down mode the oscillator stops, which means the WDT also stops. While in Power-
down mode, the user does not need to service the WDT. There are two methods of exiting
Power-down mode: by a hardware reset or via a level-activated external interrupt, which is
enabled prior to entering Power-down mode. When Power-down is exited with hardware reset,
servicing the WDT should occur as it normally does whenever the AT89S51 Is reset. Exiting
Power-down with an interrupt is significantly different. The interrupt is held low long enough for
the oscillator to stabilize. When the interrupt is brought high, the interrupt is serviced. To pre-
vent the WDT from resetting the device while the interrupt pin is held low, the WDT is not
started until the interrupt is pulled high. it is suggested that the WDT be reset during the inter-
rupt service for the interrupt used to exit Power-down mode.

To ensure that the WDT does not overflow within a few states of exiting Power-down, it Is best
to reset the WDT just before entering Power-down mode.

Before going into the IDLE mode, the WDIDLE bit In SFR AUXR is used to determine whether
the WDT continues to count Iif enabled. The WDT keeps counting during IDLE (WDIDLE bit =
0) as the default state. To prevent the WOT from resetting the AT89S51 while In IDLE mode,
the user should always set up a timer that will periodically exit IDLE, service the WDT, and
reenter IDLE mods.

With WDIDLE bit enabled, the WDT will stop to count in IDLE mode and resumes the count
upon exit from IDLE.

The UART in the AT89S51 operates the same way as the UART in the AT89C51. For further
information on the UART operation, refer to the ATMEL Web site (http://www.atmel.com).
From the home page, select ‘Preducts’, then ‘8051-Architecture Flash Microcontroller, then
‘Product Overview'.

Timer 0 and Timer 1 in the AT89S51 operate the same way as Timer 0 and Timer 1 in the
ATB9C51. For further information on the timers’ operation, refer to the ATMEL Web site
(http://www.atmel.com). From the home page, select ‘Products’, then ‘8051-Architecture Flash
Microcontrotler’, then ‘Product Overview'.

The AT89S51 has a total of five interrupt vectors: two extemal interrupts (INTO and INT1), two
timer Interrupts (Timers 0 and 1), and the serial port Interrupt. These interrupts are all shown in
Figure 1.

Each of these interrupt sources can be individually enabled or disabled by setting or clearing a
bit in Speclal Function Register {E. IE also contains a global disable bit, EA, which disables all
interrupts at once.

Note that Table 4 shows that bit position IE.6 is unimplemented. In the AT89S51, bit position
IE.5 is also unimplemented. User software should not write 1s to these bit positions, since they
may be used In future AT89 products.

The Timer 0 and Timer 1 flags, TFO and TF1, are set at S5P2 of the cycle in which the timers
overflow. The values are then poiled by the circuitry in the next cycle

e — ‘ImEl 9
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CHMOS PROGRAMMABLE PERIPHERAL INTERFACE

m Compatible with all Intel and Most m Control Word Read-Back Capability
Other Microprocessors m Direct Bit Set/Reset Capability

m High Speed, “Zero Wait State”
Operation with 8 MHz 8086/88 and m 2.5 mA DC Drive Capability on all I/0

80186/188 Port Outputs

m 24 Programmable 1/0 Pins m Available in 40-Pin DIP and 44-Pin PLCC
| Available in EXPRESS

m Low Power CHMOS — Standard Temperature Range
m Completely TTL Compatible — Extended Temperature Range

The Intel 82C55A is a high-performance, CHMOS version of the industry standard 8255A general purpose
programmabte 1/0 device which is designed for use with all Intel and most other microprocessors. It provides
24 1/0 pins which may be individually programmed in 2 groups of 12 and used in 3 major modes of operation.
The 82C55A is pin compatible with the NMOS 8255A and 8255A-5.

In MODE 0, each group of 12 170 pins may be programmed in sets of 4 and 8 to be inputs or outputs. In
MODE 1, each group may be programmed to have 8 lines of input or output. 3 of the remaining 4 pins are used
for handshaking and interrupt control signals. MODE 2is a strobed bi-directional bus configuration.

The 82C55A is fabricated on Intel's advanced CHMOS Wi technology which provides low power consumption
with performance equal to or greater than the equivalent NMOS product. The 82C55A is available in 40-pin
DIP and 44-pin plastic leaded chip carrier (PLCC) packages.
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Table 1. Pin Description

Symbol

Pin Number

Dip

PLCC

Type

Name and Function

PA3-o

1-4

2-5

/0

PORT A, PINS 0-3: Lower nibble of an 8-bit data output latch/
buffer and an 8-bit data input latch.

6

READ CONTROL: This input is low during CPU read operations.

|3

CHIP SELE_C_T: Alowon this input € enables the 82C55A to
respond to RD and WR signals. RD and WR are ignored
otherwise.

System Ground

Ao

ADDRESS: These input signals, in conjunction RD and WR,
control the selection of one of the three ports or the control
word registers.

Ay | Ag WR Input Operation (Read)

Port A - Data Bus

Port B - Data Bus

Port C - Data Bus

alalole
2lolalo
oooogl
alalala
oooogl

Contro! Word - Data Bus

Output Operation (Write)

Data Bus - Port A

Data Bus - Port B

Data Bus - Port C

a|=]lolo
s |lo|slo
alalals
olole|e
ololole

Data Bus - Control

Disable Function

X X X X 1 Data Bus - 3 - State

X X 1 1 0 Data Bus - 3 - State

PC7-4

10-13

11,13-15

170

PORT C, PINS 4-7: Upper nibble of an 8-bit data output latch/
buffer and an 8-bit data input butfer (no latch for input), This port
¢an be divided into two 4-bit ports under the mode control. Each
4-bit port contains a 4-bit latch and it can be used for the control
signal outputs and status signal inputs in conjunction with ports
A andB.

PCo-3

14-17

16-19

1/0

PORT C, PINS 0-3: Lower nibble of Port C.

PBo.7

18-25

20-22,
24-28

170

PORT B, PINS 0-7: An 8-bit data output latch/buffer and an 8-
bit data input buffer.

Vee

26

29

SYSTEM POWER: + 5V Power Supply.

D7-0

27-34

30-33,
35-38

170

DATA BUS: Bi-directional, tri-state data bus lines, connected to
system data bus.

RESET

35

39

RESET: A high on this input clears the control register and all
ports are set to the input mode.

WR

36

40

WRITE CONTROL: This input is low during CPU write
operations.

PA7-4

37-40

41-44

170

PORT A, PINS 4~7: Upper nibble of an 8-bit data output latch/
buffer and an 8-bit data input latch.

NC

1,12,
23,34

No Connect
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82C55A FUNCTIONAL DESCRIPTION

General

The B2C55A is a programmable peripheral interface
device designed for use in Intel microcomputer sys-
tems. Its function is that of a general purpose I/0
component to interface peripheral equipment to the
microcomputer system bus. The functional configu-
ration of the 82C55A is programmed by the system
software so that normally no external logic is neces-
sary to interface peripheral devices or structures.

Data Bus Buffer

This 3-state bidirectional 8-bit buffer is used to inter-
face the B2C55A to the system data bus. Data is
transmitted or received by the buffer upon execution
of input or output instructions by the CPU. Control
words and status information are also transferred
through the data bus buffer.

Read/Write and Control Logic

The function of this block is to manage all of the
internal and external transfers of both Data and
Control or Status words. It accepts inputs from the
CPU Address and Control busses and in turn, issues
commands to both of the Control Groups.

Group A and Group B Controls

The functional configuration of each port is pro-
grammed by the systems software. In essence, the
CPU “outputs” a control word to the 82C55A. The
control word contains information such as “mode”,
“pit set”, “bit reset”, etc., that initializes the func-
tional configuration of the 82C55A.

82C55A

Each of the Contro! blocks (Group A and Group B)
accepts “commands” from the Read/Write Control
Logic, receives “control words” from the internal
data bus and issues the proper commands to its as-
sociated ports.

Control Group A - Port A and Port C upper (C7-C4)
Control Group B - Port B and Port C lower (C3-C0)

The control word register can be both written and
read as shown in the address decode table in the
pin descriptions. Figure 6 shows the control word
format for both Read and Write operations. When
the contro! word is read, bit D7 will aiways be a logic
“1”, as this implies control word mode information.

Ports A,B,and C

The 82C55A contains three 8-bit ports (A, B, and C).
All can be configured in a wide variety of functional
characteristics by the system software but each has
its own special features or “personality” to further
enhance the power and flexibitity of the 82C55A.

Port A. One 8-bit data output latch/buffer and one
8-bit input latch buffer. Both “pull-up” and “pull-
down” bus hold devices are present on Port A.

Port B. One 8-bit data input/output latch/bufter.
Only “pull-up” bus hold devices are present on Port
B.

Pert C. One 8-bit data output latch/buffer and one
8-bit data input buffer (no latch for input). This port
can be divided into two 4-bit ports under the mode
control. Each 4-bit port contains a 4-bit latch and it
can be used for the control signal outputs and status
signal inputs in conjunction with ports A and B. Only
“pull-up” bus hold devices are present on Port C.

See Figure 4 for the bus-hold circuit configuration for
Port A. B, and C.
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Figure 3. 82C55A Block Diagram Showing Data Bus Buffer and Read/Write Control Logic Functions
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EXTERNAL
P PORT
PiN

*NOTE: e

Port pins loadsd with more than 20
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pF capacitance may not have their logic level guaranteed following a hardware reset.
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Figure 4. Port A, B, C, Bus-hold Configuration
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82C55A OPERATIONAL DESCRIPTION

Mode Selection

There are three basic modes of operation that can
be selected by the system software:

Mode 0 — Basic input/output
Mode 1 — Strobed Input/output
Mode 2 — Bi-directional Bus

When the reset input goes “high” all ports will be set
to the input mode with all 24 port lines held at a logic
“one” level by the internal bus hold devices (see
Figure 4 Note). After the reset is removed the
82C55A can remain in the input mode with no addi-
tional initialization required. This eliminates the need
for pullup or pulldown devices in “all CMOS” de-
signs. During the execution of the system program,
any of the other modes may be selected by using a
single output instruction. This allows a single
82C55A to service a variety of peripheral devices
with a simple software maintenance routine.

The modes for Port A and Port B can be separately
defined, while Port C is divided into two portions as
required by the Port A and Port B definitions. All of
the output registers, including the status flip-flops,
will be reset whenever the mode is changed. Modes
may be combined so that their functional definition
can be “tailored” to almost any 1/0 structure. For
instance; Group B can be programmed in Mode O to
monitor simple switch closings or display computa-
tional results, Group A could be programmed in
Mode 1 to monitor a keyboard or tape reader on an
interrupt-driven basis.

CONTROL SUS
| - 1
OATA BUS )

IR

e
-y

re,  KOT, KGR, MATTA

RIS

1 CONTROL
o, %, CONTROL  PAyPA,

TTET

AT
@unm

T
"

231256-56

Figure 5. Basic Mode Definitions and Bus
Interface

82C55A

CONTROL WORD

0, |0 |og |0 | DD |0} 0

GROUP B

PORT C (LOWER)
1= INPUT
0= QUTPUT

PORT B
1= INPUT
0« QUTPUT

GROUP A

PORY C (UPPER)
1= INPUT
0= 0UTPUT

PORT A
1= INPUT
0= OUTRUT

MODE SELECTION
00 = MODE 0
01+ MODE t
1X » MODE 2

MODE SET FLAG
1= ACTIVE

231256-6

Figure 6. Mode Definition Format

The mode definitions and possible mode combina-
tions may seem confusing at first but after a cursory
review of the complete device operation a simple,
logical 1/0 approach will surface. The design of the
82C55A has taken into account things such as effi-
cient PC board layout, control signal definition vs PC
layout and complete functional flexibility to support
almost any peripheral device with no external logic.
Such design represents the maximum use of the
available pins.

Single Bit Set/Reset Feature

Any of the eight bits of Port C can be Set or Reset
using a single OUTput instruction. This feature re-
duces software requirements in Control-based appli-
cations.

When Port C is being used as status/control for Port
A or B, these bits can be set or reset by using the Bit
Set/Reset operation just as if they were data output
ports.
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Figure 7. Bit Set/Reset Format
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When the 82CS55A is programmed to operate in
mode 1 or mode 2, control signals are provided that
can be used as interrupt request inputs to the CPU.
The interrupt request signals, generated from portC,
can be inhibited or enabled by setting or resetting
the associated INTE fiip-flop, using the bit set/reset
function of port C.

Interrupt Control Functions

This function allows the Programmer to disallow or
allow a specific 1/0 device to interrupt the CPU with-
out affecting any other device in the interrupt struc-
ture.

INTE flip-flop definition:

(BIT-SET)—INTE is SET—Interrupt enable
(BIT-RESET)—INTE is RESET—Interrupt disable

Note:
All Mask flip-flops are automatically reset during
mode selection and device Reset.
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Operating Modes Mode 0 Basic Functional Definitions:

* Two 8-bi d tw it ports.
Mode 0 (Basic Input/Output). This functional con- wo 8-bit ports and two 4-bit po

figuration provides simple input and output opera- * Any port can be input or output.
tions for each of the three ports. No “handshaking” e Outputs are latched.
is required, data is simply written to or read from a

e Inputs are not latched.

o 16 different Input/Output configurations are pos-
sible in this Mode.

specified port.

MODE 0 (BASIC INPUT)

#5 B( _7(
‘._lm — o— R —|
- )( )
l-——- tap—— e tpa————]

Y X
01».——-—————-——-———( )( »——

231256-8

MODE 0 (BASIC QUTPUT)

©y0, : : j
T - -
o X

231256-9
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MODE 0 Port Definition
A B GROUP A GROCUP B
PORTC PORTC
Dy D3 D4 Do PORT A (UPPER) # PORTB (LOWER)
0 0 0 0 OUTPUT OUTPUT 0 OUTPUT OUTPUT
0 0 0 1 OUTPUT OUTPUT 1 OUTPUT INPUT
0 0 1 0 OUTPUT QUTPUT 2 INPUT OUTPUT
0 0 1 1 OUTPUT OUTPUT 3 INPUT INPUT
0 1 0 0 OUTPUT INPUT 4 OUTPUT OUTPUT
0 1 0 1 OUTPUT INPUT 5 OUTPUT INPUT
0 1 1 0 OUTPUT INPUT 6 INPUT OUTPUT
0 1 1 1 OUTPUT INPUT 7 INPUT INPUT
1 0 0 0 INPUT OUTPUT 8 OUTPUT OUTPUT
1 0 0 1 INPUT OUTPUT 9 OUTPUT INPUT
1 0 1 0 INPUT OUTPUT 10 INPUT OUTPUT
1 0 1 1 INPUT OUTPUT 11 INPUT INPUT
1 1 0 0 INPUT INPUT 12 OUTPUT OUTPUT
1 1 0 1 INPUT INPUT 13 QUTPUT INPUT
1 1 1 0 INPUT INPUT 14 INPUT OUTPUT
1 1 1 1 INPUT INPUT 15 INPUT INPUT
MODE 0 Configurations
CONTROL WORD #0 CONTROL WORD €2
D, Dy O O, Dy O O Do O, Dy Dy O 03 07 O O
opogonan [LLLLETT
Af—p e rayea, Al asra,
$2C38A S2CS8A
VLI VLI
0y:Dp c 0,0 =" c-[
Il‘ PCyPCo "'_f‘—"c!"cv
8 2 PO 98 6 0,78
CONTROL WORD #1 CONTROL WORD #3
D, O, Dy Oy O3 0 O O o, O, Oy DO, 03 D; O O
Mololo‘olo|e|j l'lnlolololo‘|I|J
Ao paLra, A raea,
20584 SICS3A
ol‘ #CPC, * Pertce
— —
e rcprc, e 0Py
° & ro,r0y o |e—rAt— rayte,
231256-10
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MODE 0 Cenfigurations (Continued)

CONTROL WORD 64
D, Oy O, Dy Py 0; Oy O

gonononn

a bt S e pa, 0,
S2C88A
b PP,
0,0, ———— c
A4 bcyrc,
8 £ PAyPRy

CONTROL WORD 8
D, Dg Dy O, Dy 0 O O

Donpooong

aja—rl—— pajra,

82C33A
L4

ropoc,

0,0, *—————| c

14
7

#esot

8l 5,28,

CONTROL WORD &5
0, Og Dy Dy Dy 0y Uy D

Donpoonn

af—rt—era,ra,

CONTROL WORD #9
o, b, © O, Dy 9 D O

noonBunn

A ja—rtt— papra,

82C8SA 82C88A
e b oc, | e ve,
0,0, c'[ ByDy e ‘5-[
2
e peyc, —p— PEgc,
ol—rpt e r5,r0, 8 8 8,-08,
CONTROL WORD 06 CONTROL WORD 610

D, Og O, O, D3 O D, Og

CTLLTLLL

D, O Oy D, 0, D, 0O, Dy

ClelelTefel I

A e Pa ra, Al payea,
62CS3A 02C83A
’_'/‘—’ PC PG, —_/"_. rCrrC,
0,-Dp ———— c-[ 070y «—m — c—[
Lt pcpi, A pey9G,
8 o———/—g— 8,78, 8 ._—-/—'—— #8,-r8,
CONTROL WORD 87 CONTROL WORD #11

nooooonn,

At rarea,

$2C50A
‘[———r“—"cr'c.
4

DDy s -t

8 |e—rpt2— vo,Pm,

goonponn

a .——/—’-—- PA,-PA,

| 4% e ecprc,
D,.b° —————— c {
PV LSy 1Y

e LI

231256-11




82C55A

MODE 0 Configurations (Continued)

CONTROL WORD 012
D, Oy Dy D, 03 O; Dy O

pooponon

a ‘.—A— PApPA,

4
£ PCAPC,

;-0 o] C—

e )

’——/"—-mun

CONTROL WORD #14
D, O, Dy O D D % D

CLefelef el Io]

A‘———/-a—— PA,PA,

yx)

Dy 0y S c=

74

CONTROL WORD €13
O, O O, 0, O3 D, Oy D

CLellledel-1]

a .._/L_— A, PR,
02C58A
24
7 PC,PCy
0,0y —————1 ¢ .
a PCrPCy
8 S . po,Pa,

CONTROL WORD #15
D, Oy Dy D, 03 O Oy O

apanoonn

aAfe——rp— rapray

24
7 rCrPC,

L]
7+ oz aa

6 fo—rpl— rorta,

231256-12

Operating Modes

MODE 1 (Strobed Input/Output). This functional
configuration provides a means for transferring 1/0
data to or from a specified port in conjunction with
strobes or “handshaking” signals. In mode 1, Port A
and Port B use the lines on Port C to generate or
accept these “handshaking” signals.

10

Mode 1 Basic functional Definitions:

¢ Two Groups (Group A and Group B).

e Each group contains one 8-bit data port and one
4-bit control/data port.

¢ The 8-bit data port can be sither input or output
Both inputs and outputs are latched.

o The 4-bit port is used for control and status of the
8-bit data port.
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Input Control Signal Definition

STB (Strobe Input). A “low” on this input loads
data into the input latch.

IBF (Input Butfer Full F/F)

A “high” on this output indicates that the data has
been loaded into the input latch; in essence, an ac-
knowledgement. IBF is set by 5TB input being low
and is reset by the rising edge of the RD input.

INTR (Interrupt Request)

A “high” on this output can be used to interrupt the
CPU when an input_device is requesting service.
INTR is set by the STB is a “one”, IBF is a “‘one”
and INTE is a “‘one™. It is reset by the falling edge of
RD. This procedure allows an input device to re-
quest service from the CPU by simply strobing its
data into the port.

INTE A
Controlled by bit set/reset of PCy.
INTEB
Controlled by bit set/reset of PCa.

82C55A

MQDE 1 {PORT A)

PALPA CB

CONTROL WORD
0, Oy Oy Oy 0; 0 Oy Do et
fe— 78,
LXK | LA ™ *
PCur G B,
10 (NPUT
0= CUTPUT
c,|— mra,
@D ——9 .
"y "
MODE 1 (PORT B)
CONTROL WORD

©; Dy Dy Oy D3 O; Oy O
[ DRI+ 1]

e 58,

e (8f,

——vmm

231258-13

Figure 8. MODE 1 Input
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Figure 9. MODE 1 (Strobed Input)
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Output Control Signal Definition

OBF (Output Buffer Full F/F). The OBF output will
go “low” to indicate that the CPU has written data
out to the specified port. The OBF F/F will be sg%x
the rising edge of the WR input and reset by ACK
Input being low.

ACK (Acknowledge input). A “low” on this input
informs the 82C55A that the data from Port A or Port
B has been accepted. In essence, a response from
the peripheral device indicating that it has received
the data output by the CPU.

INTR (Interrupt Request). A “high” on this output
can be used to interrupt the CPU when an output
device has accepted data transmitted by the CPU.
INTR is set when ACK is a “one”, OBF is a “one”
and INTE is a “one”. It is reset by the falling edge of
WR.

INTE A

Controlled by bit set/reset of PCg.

INTE B

Controlled by bit set/reset of PCa.

CONTROL WORD
Dy Dg Dy Dy Oy Py Oy D o o
CTeT T oY) [[-- - .
PCas :w:t V] e R
1« tNeUT ==
0= OUTPUT
o
b 2
PCus F—/—u
MODE 1 {PORY B)
e
CONTROL WORD

Dy Dy D5 D, O3 O; Oy Dy

[ DD e |-

Lo -

.-

=
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Figure 10. MODE 1 Output
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Figure 11. MODE 1 (Strobed Output)
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Combinations of MODE 1

82C55A

Port A and Port B can be individually defined as input or output in Mode 1 to support a wide variety of strobed

170 applications.
D ——e0 PCy le—— §78, W ~——ed rc,|—-» 3EF,
CONTROL WORD e 1B GONTROL WORD - R
Ds Dy 03 D, Oy Dy PCy [ INTR, Dy Dy Dy Oy D3 D; Oy Dy POy |—— INTR,
N 2 N 2
DT el Lo DONoDoD ekt
Por PCys
Lo e[ o, L
i —e0 ey | tF, —e9 P, fo—— 58,
PCy fo—— ACKq PCy|— 18Ry
PCy|——— INTRy PCy p—= INTR,

PORT A — (STROBED INPUT}
POAT B ~ (STROBED OUTPUT)

PORT A — (STRGBED OUTPUT)
PORT B — (STROBED INSUT)

231258-17

Figure 12. Combinations ot MODE 1

Operating Modes

MODE 2 (Strobed Bidirectional Bus 170).This
functional configuration provides a means for com-
municating with a peripheral device or structure on a
single 8-bit bus for both transmitting and receiving
data (bidirectional bus 1/O). “Handshaking” signals
are provided to maintain proper bus flow discipline in
a similar manner to MODE 1. Interrupt generation
and enable/disable functions are also available.

MODE 2 Basic Functional Definitions:

« Used in Group A only.

e One 8-bit, bi-directional bus port (Port A) and a 5-
bit control port (Port C).

e Both inputs and outputs are latched.

© The 5-bit control port (Port C) is used for control
and status for the 8-bit, bi-directional bus port
(Port A).

Bidirectional Bus 1/0 Control Signal Definition

INTR (Interrupt Request). A high on this output can
be used to interrupt the CPU for input or output oper-
ations.

Output Operations

OBF (Output Buffer Full). The OBF output will go
“low” to indicate that the CPU has written data out
to port A.

ACK (Acknowtedge). A “low" on this input enables
the tri-state output buffer of Port A to send out the
data. Otherwise, the output buffer will be in the high
impedance state.

INTE 1 (The INTE Flip-Flop Assoclated with
OBF). Controlled by bit set/reset of PCg.

Input Operations

STB (Strobe Input). A “low” on this input loads
data into the input latch.

IBF (Input Buffer Full F/F). A “high” on this output
indicates that data has been loaded into the input
latch.

INTE 2 (The INTE Flip-Flop Associated with IBF).
Controlled by bit set/reset of PCa.

13



82C55A i“te' .

CONTROL WORD
O, Oy Oy O O3 O, Dy O
| ———e iNTR,
1 1 w | wiwn
&8F,
e PCy
1« INPUT PU—
0=0UTPUT m‘
——e—e- PORT B
- (NPUT
9+ GuTRUT o—— 8T8,
IBF,
L —————————+ GROUP 8 MODE
0=MODE O
1«MODE?
231256-18 3
#5 ———0 [ a—f— /0
Figure 13. MODE Control Word
231256-19

Figure 14. MODE 2

DATA FROM
CPU TOS2CSIA

- \ -—tmj/
- — | o \

18F / (—'7

s s —] wo
Y
PERIPHE
RIMERAL _ e — « - »-——-- _
/ ] o — tas
w / /
CATA FROM DATA FROM
PERIPHERAL TO 82C856A £2C55A TO PERIPHERAL
DATA FROM
$2C58A TO 8000

231256-~20

Figure 15. MODE 2 (Bidirectional)

NOTE: _
Any sequence where WR occurs before ACK, and STB occurs before RD is permissible.
(INTR = IBF ® MASH o ST o RD + OBF ® MASK ¢ ACK K o WR)

14




82C55A

MODE 2 AND MODE 0 (INPUT}

rc,

INTR,

ol

e, |—— o,

MODE 2 AND MODE 0 (OUTPUT}

Pc,‘-———-otm‘

K

o |— %

CONTROL WORD Py fo— K, CONTROL WORD rc, je——— K,
©;, Dg Dy Oy D3 O; Oy O 0y Dy Oy Dy 0y 0, O; Oy
R
[T XD T ) - [ [ X o [ b,
3 Py [ 187, lact] Py [ 18Fy
1 INPUT 1 = RUT
o= s 0= oUTPUT 3
resof—F—r Pgo [o—r— W0
R ——=4 w————=9
e KT LN
WA ——q R ———a
MODE 2 AND MODE 1 (OUTPUT} MODE 2 AND MODE 1 {INPUT)
e, f—— virny € | TR,
N e ) e
Py |—— GoFa oc, f— G5Fa
CONTROL WORD CONTROL WORD re, Jo—— K,

B, Oy Oy O, D3 Oy Dy D5

[N
(IR e X

PG,y fomm—

ey p—

ey fp——

pcy fo——

=,
EN

18F,

o5,

acky

0y Uy Dy 04 O3 O O Oo

DX [ IX

”©, .._..——-Efi‘

eorn (0]

231256-21

Figure 16. MODE 1/, Combinations

15



82C55A i
intel.
Mode Definition Summary
MODE 0 MODE 1 MODE 2
IN |OUT IN | ouT GROUP A ONLY
PAg| IN |oOUT IN | OUT «—>
PA1| IN |OUT IN | OUT «—>
PA2| IN |OUT IN | OuT «—
PAz| IN |OUT IN | OUT «—>
PAs| IN |OUT IN | OUT >
PAs| IN |OUT IN | OuUT «—>
PAg| IN |OUT IN | OUT «—>
PA7| IN |OUT IN | ouT «—
PBo| IN | OUT N | ouT — ]
PBy| IN |OUT IN | OUT —
PBp| IN |OUT IN | OUT —
PB3| IN |OUT N | ouT — | MODEO
PB4| IN |OUT N | ouT — OR MODE 1
PBs| IN |OUT N | ouT — ONLY
PBg| IN |OUT IN | OuUT -
PB;| IN |OUT IN | OuT -
PCo| IN |OUT INTRg | INTRg 70
PC;| IN |OUT I1BFg | OBFg 170
PCa| IN |OUT STBg | ACKg 70
PC3| IN |OUT INTRA | INTRA INTRA
PCs| IN |OUT §TBa | 170 3TBa
PCs| IN |OUT IBFs | 170 IBFa
PCg| IN |OUT 170 | ACKa ACKa
PCy| IN |OUT 1710 | OBFa OBFa

Special Mode Combination Considerations

There are several combinations of modes possible.
For any combination, some or all of the Port C lines
are used for control or status. The remaining bits are
either inputs or outputs as defined by a “Set Mode"
command.

During a read of Port C, the state of ail the Port C
lines, except the ACK and STB lines, will be e placed
on the data bus. In place of the ACK and STB line
states, flag status will appear on the data bus in the
PC2, PC4, and PC6 bit positions as illustrated by
Figure 18.

Through a *“Write Port C” command, only the Port C
pins programmed as outputs in a Mode 0 group can
be written. No other pins can be affected by a “Write
Port C" command, nor can the interrupt enable flags
be accessed. To write to any Port C output pro-
grammed as an output in a Mode 1 group or to

16

change an interrupt enable flag, the “Set/Reset Port
C Bit"” command must be used.

With a “Set/Reset Port C Bit” command, any Port G
line programmed as an output (including INTR, IBF
and OBF) can be written, or an interrupt enable flag
can be either set or reset. Port C lines programmed
as inputs, including ACK and STB lines, associated
with Port C are not affected by a “Set/Reset Port C
Bit” command. Writing to the comesponding Port C
bit positions of the ACK and STB lines with the
“Set/Reset Port C Bit” command will affect the
Group A and Group B interrupt enable flags, as ilfus-
trated in Figure 18.

Current Drive Capability

Any output on Port A, B or C can sink or source 25
mA. This feature allows the 82C55A to directly drive
Darlington type drivers and high-voltage displays
that require such sink or source current.



intgl.

Reading Port C Status

in Mode 0, Port C transfers data to or from the pe-
ripheral device. When the 82C55A is programmed to
function in Modes 1 or 2, Port C generates or ac-
cepts “hand-shaking” signals with the peripheral de-
vice. Reading the contents of Port C allows the pro-
grammer to test or verify the “status” of each pe-
ripheral device and change the program flow ac-
cordingly.

There is no special instruction to read the status in-
formation from Port C. A normal read operation of
Port C is executed to perform this function.

82C55A

INPUT CONFIGURATION
Dy Dg Dg Dy D3 D Dy Do

170]1/0 | 1BFA| INTE | INTRA INTEg | 1BFg | INTRg

GROUP A GROUP B

OUTPUT CONFIGURATIONS
Dy Dg D; Dy D3 Dy Dy Do

BF | INTEA] /0] /0| INTRA [ INTEg | OBFa | INTRg

GROUP A GROUPB

Figure 17a. MODE 1 Status Word Format

Dg Ds D4 D3 D Dy Do

5B—FA|INTE1|IBFA|INTE2|INTRA [ ]

GROUP A GROUPB
(Defined By Mode 0 or Mode 1 Setection)

Figure 17b. MODE 2 Status Word Format

Interrupt Enable Flag Position Alternate Port C Pin Signal (Mode)
INTEB PC2 LEKB (Output Mode 1) or STBg (Input Mode 1)
INTE A2 PC4 ST8a (Input Mode 1 or Mode 2)

INTE At PC6 ACKp (Output Mode 1 or Mode 2

Figure 18. Interrupt Enable Flags in Modes t and 2

17



82C55A

ABSOLUTE MAXIMUM RATINGS"*
Ambient Temperature Under Bias....0°Cto + 70°C

Storage Temperature ......... — 65°Cto + 150°C
SupplyVoltage ..........cooueeee — 0.5t + 8.0V
Operating Voltage ................. +4Vto+ 7V
Voitage onany Input.......... GND—2Vto + 6.5V
Voltage on any Output . .GND—0.5V to Vcc + 0.5V
Power Dissipation .........cc.cciiiveenas 1 Watt

D.C. CHARACTERISTICS

intal.

NOTICE: This is a production data shest. The specifi-
cations are subject to change without notice.

*WARNING: Stressing the device beyond the “Absolute
Maximum Ratings” may cause permanent damage.
These are stress ratings only. Operation beyond the
“Operating Conditions” Is not recommended and ex-
tended exposure beyond the “Operaling Conditions”
may affect device reliability.

Ta = 0°C to 70°C, Vg = +5V +10%, GND = 0V (Ta = —40°C to +85°C for Extended Temperture)

Symbol Parameter Min Max Units Test Conditlons
ViL Input Low Voltage -0.5 0.8 v
ViH Input High Voltage 20 Vce v
VoL Output Low Voltage 0.4 Vv loL = 2.5 mA
VoH Output High Voltage 3.0 Vv lon = —25mA
Vce — 0.4 A lon = —100 pA
e Input Leakage Current +1 pA ViN = Voo to OV
(Note 1)
loFL Output Float Leakage Current +10 pA ViN = Voo to OV
(Note 2)
IpAR Darlington Drive Current +25 (Note 4) mA Ports A, B,C
Rext = 50092
Voxt = 1.7V
IPHL Port Hold Low Leakage Current +50 +300 pA Vout = 1.0V
Port A only
IPHH Port Hold High Leakage Current -50 —300 A Vour = 3.0V
Ports A, B, C
lpHLO Port Hold Low Overdrive Current —350 [T Vout = 0.8V
IPHHO Port Hold High Overdrive Current +350 pA Vout = 3.0V
Icc Vge Supply Current 10 mA (Note 3)
lccss Ve Supply Current-Standby 10 pA Vee = 5.5V
ViN = Vcc or GND
Port Conditions
If I/P = Open/High
0O/P = Open Only
With Data Bus =
High/Low
TS = High
Reset = Low
Pure Inputs =
Low/High
NOTES:

1. Pins Ay, Ag, CS, WR, AD, Reset.
2. Data Bus: Ports B. C.

3. Outputs open.

4. Limit output current to 4.0 mA.

18



-
|n‘te| ® 82CS5A
CAPACITANCE
Ta = 25°C, Vg =GND = 0V
Symbol Parameter Min Max Units Test Conditions
Cin Input Capacitance 10 pF Unmeasured pins
o] 170 Capacitance 20 F returned to GND
o P P fo = 1 MHz)
NOTE:
5. Sampled not 100% tested.
A.C. CHARACTERISTICS
Ta = 0°to 70°C, Vg = +5V £10%, GND = 0V
Ta = —40°C to +85°C for Extended Temperature
BUS PARAMETERS
READ CYCLE
82C55A-2 Test
Symbol Parameter " — Units Conditions
tAR Address Stable Before RD | 0 ns
tRA Address Hold Time After RD T 0 ns
tpR RD Pulse Width 150 ns
tRD Data Detay from RD | 120 ns
toF RD T to Data Floating 10 75 ns
tRv Recovery Time between RD/WR 200 ns
WRITE CYCLE
82C55A-2 Test
Symbol Parameter Units
Min Max Conditions
taw Address Stable Before WR | 0 ns
twa Address Hold Time After WR T 20 ns Poris A&B
20 ns PortC
tww WR Pulse Width 100 ns
tow Data Setup Time Before WR T 100 ns
twp Data Hold Time After WR T 30 ns Ports A& B
30 ns PortC

19



82C55A intel .

OTHER TIMINGS
Symbol Parameter 82C55A-2 Units Test
Min Max Conditions

twa WR = 1 to Output 350 ns

tR Peripheral Data Before RD 0 ns

tHR Peripheral Data After RD 0 ns

tak ACK Pulse Width 200 ns

tsT STB Pulse Width 100 ns

tps Per. Data Before STB High 20 ns

tpH Per. Data After STB High 50 ns

tap ACK = 0 to Output 175 ns

tko ACK = 1 to Output Float 20 250 ns

twos WR=1t100BF =0 150 ns

taoB ACK = 0to OBF = 1 150 ns

tsiB STB=0toIBF = 1 150 ns

tRiB RD=1t0IBF =0 150 ns

tRIT RD =0t INTR =0 200 ns

tgiT STB = 1t0INTR = 1 150 ns

tarT ACK = 1t0INTR = 1 150 ns

twit WR =0toINTR =0 200 ns see note 1
trRes Reset Pulse Width 500 ns see note 2

NOTE:

1. INTR T may occur as early as WR | .

2. Pulse width of initial Reset pulse after power on must be at least 50 uSec. Subsequent Reset pulses may be 500 ns
minimum. The output Ports A, B, or C may glitch low during the reset puise but all port pins will be hetd at a logic “one" level
after the reset pulse.

20



in'tel ® 82C55A
WAVEFORMS
MODE 0 (BASIC INPUT)
L]
@ 5( 7F
fe—tin —1 f— ‘na-~|
4
ro A X
I‘-—— AR | tgp =]
&, a1,40 Xv J(
G —— — — T T 7 _( )( ) camt
trp *‘! ‘or
231256-22

MODE 0 (BASIC OUTPUT)

A=
LL

e oy—————————!

b gy ]

.—‘uo—"

0,0

Taw

wa

& a0 f

r~——--'m———’|

231256-23
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82C55A in‘l‘el .

WAVEFORMS (Continued)

MODE 1 (STROBED INPUT)

i iy h_..,._\.g——

INPUT FROM oy e e >_ _____________________
PERIPHERAL A\ A

231256-24

MODE 1 (STROBED QUTPUT)

= N ﬂ

231256-25

22



82C55A

intal.

WAVEFORMS (Continued)

MODE 2 (BIDIRECTIONAL)

DATA FROM
8080 YO 9255

‘_'m\
S

N

= \\eé
Y
‘s ; .
teF A/
e ¢ | o
\
RRI;"I‘FRM __________ < ) P I, _<\ >_ _____ —— -
/ —=|ttn— / s
K5 .
DATA FROM DATA FROM
PERIPHERAL TO 8258 8255 TO PERWPHERAL
DATA FROM
8255 TO 5680
231256-28
Note: . .
Any sequence where WR occurs before ACK AND $TB occurs before RD is permissible.
(INTR = IBF  MASK » STB * AD + OBF * MASK * ACK * WR)
WRITE TIMING READ TIMING
Ag-1.C8 X Aoy C3
[JPRE— iyl o tan |+~ tRa
i ‘14 .i 'un_’i
DATABUS K RS
tow el e tyn—+] ‘uol* ‘orpe—
L] DATABUS:;: 77 MIGHIMPEDANCE .. 7] VALID [HIGH IMPEDANCE
231256-28
23125827

A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT

20 20
DEVICE
X :>ﬂmmm< X-mw UKoER T AN N O Vexr
08 0. I_q - 150pF
231256-29 = 231266-30
AC. Testing Inputs Are Driven At 2.4V For A Logic 1 And 0.45V
For A 0 Measurements Are Made At 2.0V For A *Vexr I8 Set At Various Voltages Durlng Tesﬁng To Guarantee
r A Logic 0 Timing AT TS G, Includes Jig

Logic 1 And 0.8 For A Logic 0.
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Standard Keypads grayﬁill

SERIES 96
>onductive Rubber
"EATURES

Quality, Economical Keyboards
Easily Customized Legends
Matrix Circuitry

Backlit and Shielded Options
Available

Termination Mates With Standard
Connectors

Tactile Feedback to Operator
1,000,000 Operations per Button
‘Compatible With High Resistance
Logic Inputs

"he Series 96 is Grayhill's most economical 3x4
ind 4x4 keypad family. The contact system
itilizes conductive rubber to mate the
ippropriate PC board traces. Offered in matrix
ircuitry, with shielded and backlit options. Built
vith quality component parts, the Series 96 is
ubjected to our rigid statistical process control
o insure that it meets our reliability standards.

JIMENSIONS In inches (and millimeters)

3x4 Front Mount Keyboard Standard Versions Shielded/Backlit Versions
030 340 + 015 030 340 + 015
. 2.000% 015 __, (0.76) [ (864 0,38) (8.64 + 0,38)
(50.8 £ 0,38)
| <ms 500
(12.7) i 025 + 002 —ie 025+ 002
- 1000, 150 (3,81)R. (0,64 + 0,05) SQ. PIN (0,84 x 0,05) SQ. PIN
(254) 4 CORNERS 550
500 i
12,7) !
( 500 T Fl=-
- § (15.24)
1 D 3 150
D LI 1552 * 2.700 [ (3.81)
EEIEHS?| 15
(38,1) (88,
B | 0 [
i T
\ | (25.4) L=
| SWITCH POSITION 075 (1,91)
IDENTIFICATION BUTTON 100 (2.84) 100 254
FRONT | - 308 (7,82) Q. HEIGHT DIA. 4 PLS. DIA. 4 PLS.
PANEL BUTTON T2 FLE. oo 1700 150 - 1.700 150
MOUNT - 1.700 — 125 DSt (43,18) (3.81) (43,18) (3.81)
cuTout (43,18) (3,18)
| ] f GUARD ot 1a 100 (2,54) REF. o] |a— 100 (2,54) REF.
[} —{ |- .250 (6,35) TERMINAL ;ERMW»‘g-E
iN HEADER
062 (1,57)R. o 42';?;5 08) FINHEADER TERMINAL PIN
2.400 £, o RN IDENTIFICATION
(60.96) IDENTIFICATION N
' | 9 87665432 1
T — CEEEEE! SEEEEEEEEEERE)
_ PANEL THICKNESS =] I 100254 T, 4 = |10 @snTve.
?”  RECOMMENDED 098 (2,49) 098 (2,49)
125(3,18) DIA. REF. TERMINAL REF. TERMINAL
2PLS. PIN HEADER PIN HEADER

Grayhill, Inc. »+ 561 Hiligrove Avenue + LaGrange, llinois

60525-5997 + USA - Phone: 708-354-1040 - Fax: 708-354-2820 - www.grayhilL.com
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Grayhill

DIMENSIONS In inches (and millimeters)

Standard Keypads

3x4 Rear Mount Keyboard Standard Versions Shielded/Backlit Versions
030 _ 3401 015 030 _ 3401 015
- 2:2002 015 __, (. 76) [(a 64 £ 0,38) (0,76) [ (8,64 £0,38)
i oa g on 150 (381)R. #’__
- 2.000(50.8)~ /" 4PLS. i
B0 i 025% 002 ] -1 0252 002 )
e—i--600 (15,24) 750 ,2,64 £ 0,05) SQ. PIN (0,64 £ 0,05) SQ. PIN
500 (12.7) | =] 1000 (18,05
e (254) -850 600 (15.24) . 700 (17.78)  1.100 (27,94) - 500 (12,7)
500 (12,7) - (16,51) X
1l = %
I R g 1 o T
2,600 ‘ fi P_LI 1] :t 200 200
500 o o o
+ 000 595 El BlE (12 (5,08) (5,08)
-.005 (15,11) i 1.500 o o5 o
(58,33 7 5 (38.1)
i EE sl w3
0,13 o) [ 2 S
} 1.000 Olg © o o,
N (254) e
495 ( 12:.;?8) e — SW. POS. 1D L 082 (1.57) LABEL N LiaseL I B
(7.82) 50. B 253330‘-‘:1‘;2_ 200(3.08) 003235 4P 033 (236 4PLS.
BUTTON A0t St — mlf=— 075 (1,81) DIA 4 PLS. DIA. 4 PLS.
12 PLS. (76,2 0.38) BUTTON
1.990 + .000 -.005 HEIGHT
ipaptna e Lo L | " TeRmAL | [~ TeruAL
REAR : ‘ HIGH
f=- 2.008 {so.sla-l i £50 PIN HEADER PIN HEADER
PANEL (1,27 BUTTON
MOUNT GUARD TERMINAL PIN
TERMINAL PIN
CuTOUT fgg!:‘;nen * / IDENTIFICATION i # IDENTIFICATION
2 000 .81+ 0,00 . . |7le 54 3 21 (. 8765432 1
g Bl - T CREEEED : COC00C000CO0
4PLS. g } o] |~ 100 @2.54) TYP. o] =100 2,5 Tve.
.062 (1,57) MAXIMUM .098 (2,49) .098 (2,49)
PANEL THICKNESS REF. TERMINAL REF. TERMINAL
- RECOMMENDED PIN HEADER PIN HEADER
/
093 (2,36) DIA., 4 PLS. OR
2.56 X .250 (6,35) LONG STUD
4x4 Front Mount Keyboard Standard Versions Shielded/Backlit Versions
_.030 340 .030 340
2.500 £ 015 tﬂ.:ﬁl +.015 t .gls
(63,5 + 0,38) (8,64 X
500 1500 __ +0,38) £0,38)
(12.7) (38.1} —ie 0251 .002 =i 0251 .002
. [1?_2(31(]] - 150 (3.81) R, (0,64 £ 0,05) SQ. PIN (0,64 £ 0,05) SQ.PIN
: 4 CORNERS . 750 1.200 700
500 A.-l JC0 1778 "| (19 05) “@oan) | [T 07.78) 4
(12,7 < _f_ao = e pram— i}
(1'534) © 0 o ©O } o © "o }
530 1 ! 150 450
127 A 2_7c||31gs H o 0O 0 0 o St (3.81) o o _©o o © 5.5 (3.81)
(38.1) (88,58 " o o (60,88) o of o o offf(6086)
{ £0,38) o o o o ©
I_ 1000 o o o ©o ©
L _{2.0) = & y
SWITCH POSITION =l 41— 075 (1,91) LABEL
IDENTIFICATION BUTfDN 100 (2,54) 100 (2,54)
- | |« 308@s2)50. HEIGHT DIA. 4 PLS DIA 4 PLS.
FRONT i 020 (0.51)
PANEL BUTTON 12 PLS. Qi o 2200 || 150 2200 || .150
MOUNT 125 BUTTON (55,88) (3.81) (55,88) (3,81)
cuTouT | (a5 as) _‘I ima) GUARD 00 2.501 REF
C————————————— )~ - J & 3
~ ! | 1= 250 (6.35) | |- ;'ggh("";:ﬂﬂﬁﬁ HTER?S-IJNA:)_
4PLS. =
062 (1,57) R. o 1200 (5,08 PN HEADER PIN HEADER
2PLS. /- TERMINAL PIN = LE;:"T'E%;';N
IDENTIFICATION N
gl76854321 i 10 3 B765432 1
125 (3,18) MAXIMUM EEEEEEEE ; EEEEEEEEEEEEE)
PANEL THICKNESS N e
$ | Jem 100 (2,54) TYP. =]l 100 @59 TYP.
098 (2,49) .098 (2,49)
REF. TERMINAL REF. TERMINAL
PIN HEADER PIN HEADER

Cc-7

Grayhill, Inc. + 561 Hillgrove Avenue - LaGrange,

i T 60525.5997 - USA - Phone: 708:354-1040 + Fax: 708:354.2820 + www.grayhill.com




JIMENSIONS In inches (and millimeters)

4.¢4 Rear Mount Keyboard

Standard Versions

Shielded/Backlit Versions

030 340 030 340
2.700 £ .015 (0,76)| +.015 0,76)| =+ .015
(68,58 + 0,38) 150 (3,81) R. (8,64 - ] (8,64
Le— 2.500 {53,5) —= 41PLS. 10,38) 10,38)
600 (15,24) 500 =i~ 025 ¢ 002 ¥ ‘—lee- 025 % 002 !
(38,1) 750 (0.64 £ 0,05) SQ. PIN (0,64 £ 0.05) SQ.PIN
500 (12,7 1.000 (19,05) 1,200
: Jil (25.4) 650 700 oy 800 (22,88) B —— 700 (17,78)
500 (12,7) (16,51) (17.78) K ; (30.48) ,
—
! l ) i o "o c o 4
2500 -0 @ B e 200 200
+.000 595 12.7) (5.08) (5.08)
—.005 (15,11) 1,500
(68,33 (38,1)
+0,00
-0,13
| 1.000
Y (25.4) - ——
495 (12,57) ~F=] |— sw.POS. ID L 062 (1.57) 100 (2.54)R. L ABEL i —
. azissuqa == = 2800 (71,12)- =200 (5,08) 083 (2.36) 4 PLS. 093 (2,36) 4PLS.
; : 3.000 £ .015 — — 075 (1,91) DIA. 4 P IA. 4 PLS.
amfg el i R DIA. 4 PLS. D :
REAR : 2490+ .000 -.005 HEIGHT
PANEL (63,25 +0,00-0,13)  __ | 020 (0.51) i 100 (2,64) REF. - 100 (2,64) REF.
MOUNT : HIGH TERMINAL TERMINAL
CUTOUT  |=— 2500 3.8)—~] (2“;‘7) BUTTON PIN HEADER PIN HEADER
T ¥ =T (. GUARD
150 + anu/ /- TERIMINA £ It ngw;%;%!
e /' IDENTIFICATION i 0!
e : 1 8l7 654321 _mho 98765432 1
gl i 0.00 27 CEEEREER EEEEEEEREEREER
[ 4PLS. (68,59 ¢ = |= 100 @254y 7V b0 e oo @ssyTve.
062 (1,57) MAXIMUM 098 (2,49) 098 (2,49)
PANEL THICKNESS REF. TERMINAL REF. TERMINAL
Vi— RECOMMENDED PIN HEADER PIN HEADER

.093 (2,36) DIA., 4 PLS.OR
2-56 X .250 (6,35) LONG STUD

CODE AND TRUTH TABLES

Dots in the chart indicate connected terminals when switch is closed.
Terminals are identified on the keyboard.

12 Button Keypads

Shielded keypad = Shielded
Backiit keypad = NC
Shielded and backlit keypad =
Shielded

I~ Shielded keypad = NC
Backiit keypad = EL Panel 1
Shielded and backlit keypad =
EL Panel 1

= Shielded keypad = NC
Backiit keypad = EL Panel 2
Shielded and backlit keypad =

EL Panel 2

3x4 MATRIX CODES
Shielded/Backlit
1 - . .
2 . . - .
Z |3 Q0 a0
g 4 - ° -
< |5 . . e 0
Q 4=
S |6 . . . .
-z‘ 7 . - .
8 " L [ .
E ] . ® - .
3 10 lle -
11 . . . . T
12 . . . -
6]7]|1/23]4|l6]7]8]2]3]4]|5]1]970
TERMINAL LOCATION

16 Button Keypads

I—{- Shielded keypad = Shieided

Backlit keypad = NC
Shielded and backlil keypad =
Shielded

-1~ Shielded keypad = NC

Backiit keypad = EL Panel 1
Shielded and backlit keypad =
EL Panel 1

-4 Shielded keypad = NC

Backiit keypad = EL Panel 2
Shielded and backlil keypad =
EL Panel 2

4x4 MATRIX CODES
Standard Shiulded/Backlit

1le . - . -
2 ° - ° .
3 - - = .

-3_' 4 s le ele

|5 ] . ° .

5 5] . . o .

_o, 7 . . ° ®

Z B 0 » » »

‘D: 9le . ® .

5 (10 - ° - .

o 11 . . - .
12 0 . . .
13| e olle .
14 - . . .
15 - . . -
16 o . . .

sief7isf1]2]3]4][6]|7]8]9]2]3]4]5] 1]10]11
TERMINAL LOCATION

Graghil, Tnc. - 561 Hillgrove Avenue + LaGrange, Ilinols 60525.5997 « USA - Phane: 708-354-1040 + Fax: 708-354-2820 + www.grayhill.com
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Grayhill

SPECIFICATIONS

Rating Criteria

Rating at 12 Vdc: 5 milliamps for .5 seconds
Contact Bounce: < 12 milliseconds

Contact Reslstance: < 100 ohms (at stated
operating force)

Voltage Breakdown: 250 Vac between
components

Mechanical Operation Life: 1,000,000
operations per key

Insulation Resistance: > 10" ohms @ 500 Vdc
Push Qut Foren Per Pin: 5 Ibs.

Operating Features

Travel: .040 minimum

Operating Force: 175 + 40 grams
Operating Temperature: -30°C to +80°C

Material and Finishes

Terminal Pin: Phosphor bronze, solder-plated
PC Board: FR-4 glass cloth epoxy

Keypad: Silicone rubber, durometer 50 + 5
Housing: ABS, cycolac "KJW"

Housing Color: Black

STANDARD LEGENDS

Standard Keypads'

Shielding Effectiveness

Results shown are typical for a standard Grayhill 93
Series 84S keyboard. A conductive gasket will

generally increase the shielding, dependingon 80 [+~ “"‘\

the size and shape of the gasket and its material. - A,
Data derived for E-Field Radiation. N
. AN

SHIELDING EFFECTIVENESS OF
SERIES 86 E.L. KEYPADS

Test Method:

Measurements were made with the keyboard
mounted to a brass plate, which in tum was 0
mounted to a shielded enclosure containing the 01 10
receiving equipment. A signal generator provided
the frequency source that was radiated from the
transmitting antenna to the enclosed receiving
antenna. The spacing between antennas was

20

100 400 800 2000 6000 10000 180U0

MHz
— - Represents shielding effectiveness
greater than or equal to lina.

maintained constant throughout the frequency Frequency Rating
range. The effectiveness rating is determined M Hz in dB
by establishing a reference reading without 0.1 >66.2
obstruction between the two antennas and 10 >94.8
determining the difference between that reading 100 90.5
and the test setup reading. 400 64.2

8GO 42.3
Note: 2,000 40.5
When measured in actual equipment, shielding 6,000 33.1
effectiveness is determined by many factors. 10,000 34.4
This method accurately represents the shielding 18,000 37.0

effectiveness of the Grayhill Series 84S under
Ideal test conditions.

Available through Grayhill Distributors

-102

To order one of the configurations below, use the dash number shown here; select the keypad
size and code, and order the part number with the appropriate legend dash number.

-152

ORDERING INFORMATION

i —

96AB2-102-FS-EL

L

Grayhilll Serles Number
Keyboard Size: A = 3x4, B = 4x4
Circuitry: B2 = Matrix (terminal pin header)

E.L. Panel Backlighting Option

EL = Backlit, Blank = Non-backlit
EMI/RFI Shielding Option

S = Shielded, Blank = Non-shielded
Mounting Option: F = Front panel mount, R = Rear panel mount
Standard Legend Cholces

12 Position legends

102 = Black legends on a white button
152 = White legends on a black button
16 Position legends

006 = Black legends on a white button
056 = White legends on a black button

Available from your local Grayhill Distributor.
For prices and discounts, contact a local Sales
Office, an authorized local Distributor or Grayhill.

C9 Grayhill, Inc. - 561 Hillgrove Avenue - LaGrange, lilinois

60525-5997 - USA + Phone: 708-354-1040 - Fax: 708-354-2820 + www.grayhill.com
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FAIRCHILD
SEMICONDUCTOR M

MM74C922 - MM74C923

16-Key Encoder * 20-Key Encoder

General Description

The MM74C922 and MM74C923 CMOS key encoders pro-
vide all the necessary logic to fully encode an amay of
SPST switches. The keyboard scan can be implemented
by either an extemal clock or extemal capacitor. These
encoders also have on-chip pull-up devices which permit
switches with up to 50 kQ on resislance to be used. No
diodes in the swilch amay are needed to eliminate ghost
switches. The intemal debounce circuit needs only a single
external capacitor and can be defeated by omitting the
capacitor. A Data Available output goes fo a high level
when a valid keyboard entry has been made. The Data
Avallable output retums to a low level when the entered
key is released, even if another key is depressed. The Data
Available will retumn high to indicate acceptance of the new
key after a normal debounce period; this two-key roll-over
is provided between any two switches.

An intemnal register remembers the last key pressed even
after the key s released. The 3-STATE outputs provide for
easy expansion and bus operation and are LPTTL compat-
ible.

Features

B 50 kQ maximum switch on resistance

& On or off chip clock

| On-chip row pull-up devices

B 2 key roll-over

| Keybounce elimination with single capacitor
& Last key register at culputs

@ 3-STATE output LPTTL compatible

B Wide supply range:
M Low power consumption

October 1987
Revised April 2001

3Vio 15V

Ordering Code:

Grder Number | Package Number Package Description
VM74C922WM M20B | 20-Lead Small Oulline Infegrated Circuil (SOIC), JEDEC MS-013, 0.300° Wide
"MM74C922N N18B 18-Load Plastic Duakin Line Package (PDIP), JEDEG MS-001, 0.300° Wide
MM74C923WM M20B 50-Load Small Ouliine Integrated Circull (SOIC), JEDEC MS-013, 0.300° Wide
MM74Co23N N20A 20-Lead Plastic Dua-in-Line Package (PDIP), JEDEC MS-001, 0.300 Wide

Dovico also availablo in Tape and Reol. Specify by appending suffix letter *X" to tha ordering codo.

Connection Diagrams

Pin Assignment for DIP
Rom 1 = U LI
rowvz -4 12 patacura
ROW Y3 = DS oavaut e
aom vA =Y PE savaome
osciueaton < 13 oatacuT0
REVSOUNEE WS = Z3
covLmmn x4 = D2 gara avarLasie
coLve xa 4 1. coLom 1
ono =Y 12 coLumu xz
Top View
MM74C922

Pin Assignment for SOIC
/
Row Y1 {1 20 - vee
ROW Y2 ==f 2 19 = DATA OUT A
ROw ¥3 ~43 18 }—DaATA OUT B
ROW Y4 — 4 17 | DATA QUT €
T B 18 |~ para our o
OSCILLATOR —{ & 15 | n¢
KEYBOUNCE MASK =47 14 | GUTPUT EWABLE
COLUMN X4 ~{ 8 13 | DATA AVAILABLE
COLUMN X3 —{ 9 12 = COLUMN X1
onp —f 10 11}~ COLUMN X2
Top View
MM74C922

® 2001 Fairchild Semiconductor Corporation ~ DS006037

www.fairchildsemi.com
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MM74C922 - MM74C923

Connection Diagrams (continued)

Pin Assignment for
DIP and SOIC Package
Aoy -3-1 U 12 ve
nowvz 24 LR
ROW Y3 2 'L.' DATA GUT D
Rowve Y L earaourc
Romys -3 LS oaracuro
GSCILLATOR -L & BATAQUT &
KEVBOUKCE HASK — L. GUTeaT enABLE
COLUS X4 —.1 "l OATA AVAILABLE
corvmn xy 2 L2, cotyun x1
GND l—" g|:ul.!l“ 143
Top View
MM74C923
Truth Tables
(Pins 0 through 11
Switch [} 1 2 3 4 5 [ 7 8 9 10 1
Positlon Y1,X1 Y1,X2 Y4,X3 Yi,X4 Y2,X1 Y2,X2 Y2,X3 Y2,X4 Y3,X1 Y3, X2 Y3,X3 Y3, X4
D
A A 0 1 V] 1 (1] 1 0 1 1) 1 V] 1
T B 0 0] 1 1 0 ()] 1 1 0 0 1 1
Il A c ¢ o o o 1 1 1 1 0o o 0o 0O
o D (4] 0 0 0 0 0 0 o} 1 1 1 1 "
U E(Notet) 0 ] 0 0 [} 0 (1] [+] 0 4] 0 4]
T
“{Pins 12 through 19) —
Switch 12 13 14 13 16 7 18 19
Position Y4,X1 YA, X2 Y4,X3 Y4,X4 Y5(Note 1), X1 Y5(Note 1), X2 Y5 (Note 1), X3 Y5 (Note 1), X4
D
A A 0 1 0 1 0 1 0 1
T B 0 0 1 1 0 0 1 1
A C 1 1 1 1 V] 0 1] 1]
o D 1 1 1 1 0 0 0 0
U E(Notet) 0 0 ] 0 1 1 1 1 |
T
Nots 1: Omit for MM74C922

www.fairchildsemi.com 2



Block Diagram

1K

1
DAYA AVAITABTE
osExTe I; |
DA CLOCK <
207 Ll KEV CCUNCE
counTER FLUQRATION :?_‘“'
™
v
2754 BECOBER
ACTIVE LOW GUTHUTS
3 fu J’n xu \% ::V:“‘
WTERRAL
3 [ SR W
“o— “o— ]
~ .. . -—0 VI
| S =i - b
~ .l o - 2 [
spsT ~S. “‘0‘ W .1 excooms
swiTew Y e O | f Lon
) i TREY
- - N- - [t | o
DN I IS I
" w o AWM )
xey
ARRAY

.

—%——Oc b CUTIUTS

p—icx

0ATA
O avaiLasie

I STATE

www.fairchildsemi.com
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MM74C922 - MM74C923

Absolute Maximum Ratingsote 2)

Voltage at Any Pin Vee - 0.3Vio Ve +0.3V
Operating Temperature Range
MM74C922, MM74C923 -40°C to +85°C
Storage Temperature Range -65°C to +150°C
Power Dissipation (P p)
Dual-n-Line 700 mW
Small Outline 500 mW
Operating Vg Range RISV e 2 “Absolste Maximum Ratings’ mo thosa vakies boyord which tho
Vee 18V safoty of tho dovice cannot bo g Except for ‘Operating Tomp
Load Temporatur e ey et ot B s o 0
(Soldering, 10 seconds) 260“C  condiions for actua) dovice operation.
DC Electrical Characteristics
Min/Max limits apply across temp range unless ise specified
Symbol Paramatar Condiions T = | T [ tax | Unis
CMOS TO CMOS
Vi, Posttive-Going Throshold Voliage Voo =5V, Iy 2 0.7 mA 30 36 43 v
a1 Osc and KBM Inputs Vee =10V, hy2 1.4 mA 6.0 68 86 v
Veg= 15V, iy 22.1 mA 8.0 10 129 v
Vr- Negative-Going Threshald Voitage Voc = 5V, Iy 2 0.7 mA 07 14 20 v
at Osc and KBM tnputs Vg = 10V, Iy 2 1.4 mA 14 32 40 v
Voo = 15V, Iy 22.1mA 2.1 5 60 v
Vingty Togical-1- input Voitage, Voo =5V 35 35 v
Except Osc and KBM Inputs Vg = 10V 8.0 9 v
Veg= 15V 125 135 v
) Togical ‘0" input Voliage, Voo =5V [ 15 v
Except Osc and KBM Inputs Ve = 10V 1 2 v
Vo= 15V 15 25 v
[ Row Pull-Up Cumrent at Y1, Y2, Vg = 5V, Vin=0.1 Vg -2 5 pA
Y3, Y4 and YS inputs Veg = 10V -10 -20 pA
Voe = 16V -22 45 WA
Vourqt)  |Logical T Output Voltage Voo = 5V, lg=—10 pA 15 v
Vee = 10V, Ig==10 pA 9 v
Vg =15V, Ig==10 pA 135 Y
Voutiy | Logical ‘0" Cutput Voliage Vec =5V, lg= 10pA 05 v
Vee = 10V, Ig =10 pA 1 \'
Vee = 15V, ig= 10 uA 15 v
Ron Column "ON" Resistance at Vcc = 5V, Vo = 05V 500 1400 a
X1, X2, X3 and X4 Outputs Ve =10V, Vo= 1V 300 700 o
Vg = 15V, Vo = 1.5V 200 500 Q
[ Supply Current Veg =5V 0.55 11 mA
Osc at OV, (one Y low) Vo= 10V 14 19 mA
Vee = 15V 17 28 mA
[Yer Logical *1° input Current Voc = 15V, Viy = 15V 6.006 | 10 bA
5t Outpid Enable
o) Logical 0" Input Current Vg = 15V, Viy =0V 10 0.005 WA
at Cutpul Enable
“CMOS/LPTTL INTERFACE
Viwy | Except Osc and KBM inpuis Voo =4.75V Voo 15 v
me Except Osc and KBM inputs Vg =4.75V 08 v
Vourty | Logical "+ Gutpul Vohiage o = -360 pA
Vg =4.75V 24 v
lo = -3B0 pA

www.fairchildsemi.com




DC Electrical Characteristics (continued)

Symbaol Parametor CondRlons Min Typ Max Unlts
Vouroy Logical -0° Ouiput Voltage To=—360 pA
Veo =4.75V 04 v
lo=-380 pA
QUTPUT DRIVE (See Famlly Characteristics Data Shaat) (Short Circult Cumrent)
Tsource ] Outpl Source Cument Voo =5V. Vour =0V, 75 33 mA
(P-Channel) Tp=25°C
Isource | Cutput Source Currant Vee = 10V, Voyr = 0V, -8 -1§ mA
(P-Channel) Ta=25C
TSNk Output Sink Current Ve = 5V, Vour = Veor 1.75 38 mA
{N-Channel) Ta=25°C
sk Output Sink Cument Veg = 10V, Vour = Ve, 8 16 mA
(N-Channel) Ta=25C
AC Electrical Characteristics (Note 3)
Ta = 25°C, C_ = 50 pF. unless otherwise noted
Symbol Parametor Conditions Min Typ Max Units
to00. toat Propagation Delay Time to €, =50 pF (Figure 1)
Logical “0" or Logical *1” Veg =5V €0 150 ns
from D.A, Vg = 10V 35 80 ns
Veg =15V 25 80 ns
T tn | Propagation Delay Time from R, = 10k, Cy = 10 pF {Figure 2)
Logical *0° or Logical *1° Ve = 5V, Ry = 10k 80 200 ns
into High Impedance State Vee = 10V, Cy = 10pF 5 150 ns
Voe =15V 50 110 ns
o b1 | Propagation Delay Time from Ry = 10K, Gy = 50 pF (Figwe 2)
High Impedance State to a Veg = 5V, Ry = 10k 100 250 ns
Logical "0 or Logicat “1° Veg =10V, C = 50 pF 55 125 ns
Voo = 15V 40 90 ns
[ Input Capacitance Any Input {Nole 4) 5 75 pF
Cour 3-STATE Output Capacitance Any Output (Note 4) 10 pF
Note 3: AC are g d by OC tosting.

Note 4: Capacitance is guaranteed by periodic testing.

www.fairchildsemi.com
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MM74C922 - MM74C923

F]

Switching Time Waveforms

Vee

ANY KEY
0

Vee
anY OTHER
KEY |
0
' _—l 2 f—
— - il
Vee l
DATA
AVAILAGLE 95 vec 85¥ge

.

190 — ot
Vee
DATA 5V, a5V,
oumuT J% vee e

T1=T2=RC, T3 = 0.7 RC, whare R = 10k and C is extemna! capacitor at KBM input.

FIGURE 1.
Vee
T o
= toH
Vee —— ===
DATA QUY ( { asmatE
VQLA 1%
Ve
%@T . (Y1
s
Voy %
DBATA OUT —— . 3ETATE
FIGURE 2.

www.fairchlidsemi.com 6




Typical Performance Characteristics

Typical I, vs Viy at Any Y Input Typlcal Ry, v8 Vour at Any X Output
4
® Tae25%C = [ Ve =3¥ Tas28C
) Vg1V 2 38 ]
z g ?
<
g » 7 g 25
£ / 3 [
S s Z 2
3 / £ s I ¥
s 10 / Ve = 10V ] 8 " [ /
a = 1
=3 1o
g 5 2 s / / __,’sy'
Vee =5V g
] o
] [] 10 15 (] 5 10 15
Vee- Vin Yoyt V)
Typlcal Fgean v8 Cosce Typlcal Debounce Period vs Cypy
10K 1
NS ; a 'y -
l g i l l
a i
1 )
S = 8 =
g 7 & i1
* 10 ' £ o
s H
=t g et H
10 ' 0.0 l I
081 ot 1 10 01 1 1 0
tosc & Ciem P
Typical Applications
Synchronous Handshake (MM74C922) Synchronous Data Entry Gnto Bus (MM74C922)
1ue
wM7acoz =
MnAcsIL T
. o
— I " ) ct—>
{ TO DATA &S | o L al—p T0 DATA 8US
3]z er: [ 1 ]e 7]
Afp
LALILIEE oy 1j81%3% 2 OATA AVAILABLE
anno ;amm B{a9]t »
tlelole DATAAVAILAGLE fieyolc ki
- se 0= tavrATion st
. SYSTEW
cLockp bl cLOCK P>
£ i ¢ EXARLE CUTPUT ——
I {RESPONSE} I
The keyboard may be d by omitting the ¢apacior at = .
osc. and driving osc. diroctly If the system clock rato is lowar than 10 kHz Qutpus aro enablod when vaiid entry Is made and go into 3-STATE when

key is released.
Tho koy may bo sy ly d by omitting the capacitor at
osc. and driving osc. diroctly If the systam clock rate Is lowar than 10 kMz

7 www.fairchildsemi.com
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MM74C922 - MM74C923

Asynchronous Data Entry Onto Bus (MM74C922)

"
semasiz =
s XEW
x3
" Py B
l —n :‘_’ 0 DATA 203
3]2]1]0 n o :
76|54 Y2
A DATA AVARLABLE
Blajsie v
Flejolc va
=T
c
I
- 1/6 74C08

Outputs are in 3-STATE unth key Is prossed. then data is placed on bus. When key is released, outputs return 1o 3-STATE,

Expansion to 32 Koy Encoder (MM74C922)

*5v
| sur4ce22
A/
O F ke
X2 oSCimy _I_
¢ gki0c
6 T
I C X A |— caTa AvalLABLE
ofi1]z]3 n A
«Is]s]z ¥ s> o1
sfsfw]n a3 2 | 1ooam
1213114 |1s % - ob—>03 [saus
2 imm
16 [17 |13 |19 YYY ;.
204821122123 - o
2402525 |z7
28§29 [30]3 MM74C20
E : S0k
Voo
Theory of Operation

The MM74C022/MM74C923 Keyboard Encoders imple-
ment &ll the logic necessary to interface a 16 or 20 SPST
key switch matrix to a digital system. The encoder wili con-
vert key switch closer fo a 4(MM74C922) or
5(MM74C923) bit nibble. The designer can control both the
keyboard scan rate and the key debounce period by alter-
ing the oscillator capacitor, Cogg, and the key bounce
mask capacitor, Cysk. Thus, the MM74C922/MM74C923's
performance can ba optimized for many keyboards.
The keyboard encoders connect to a switch matrix that is 4
rows by 4 columns (MM74C922) or 5 rows by 4 columns
(MM74C023). When no keys are depressed, the row inpuls
are pulled high by intemal pull-ups and the column oulputs
sequentially cutput a logic "0". These outpuls are open
drain ang are therefore low for 25% of the time and other-
wise off. The column scan rate is controlled by the oscilla-
tor input, which consists of a Schmitt trigger oscillator, a 2-
bit counter, and a 2-4-bit decoder.
When a key is depressed, key 0, for example, nothing will
happen when the X1 input Is off, since Y1 will remain high.
When the X1 column is scanned, X1 goes low and Y1 will
.go low. This disables the counter and keeps X1 low. Y1

going low also initiates the key bounce circuit timing and
locks out the other Y inputs. Thé key code to be outputis a
combination of the frozen counter velue and the decoded Y
inputs. Cnce the key bounce circuit times out, the data is
latched, and the Data Available (DAV) eutput goes high.

If, during the key closure the switch bounces, Y1 input will
go high again, restarting the scan and resetting the key
bounce circuitry. The key may bounce several times, but as
soon as the switch slays low for a debounce pericd, the
closure is assumed vaild and the data is latched.

A key may also bounce when it is released. To ensure that
the encoder doas not recognize this bounce as another kay
closure, the debounce circuit must ime out before another
closure is recognized.

Tha two-key roli-over feature can ba illustrated by assum-
ing a key is depressed, and then a second key is
depressed. Since all scanning has stopped, and all other Y
inputs are disabled, the second key is not recognized until
the first key is lifiled ard the key bounce circuitry has reset.
The output lalches feed 3-STATE, which is enabled when
the Output Enable (OE) input is 1aken low.

www.fairchitdsemi.com




Physical Dimensions inches (milimeters) unless otherwise noted

04830512
(12.943 - $2.008)

g

—

N X
i %

1

=

ﬂ.lm-n
e
am-em
R T
8L13-0.008 0.853 -0.104
T N et [" Pm-zea
8.004 -0.012
p h'f'ﬁg' | ATe-oes
%_,_,_,Jj 4] sorea
950 -081 om -nu % » 0.634-6.000 yyp
Tt o L “’"' | oo
lm 2008
{0 203) N W B

20-Lead Small Outline Integrated Clrcult (SOIC), JEDEC MS-013, 0.300" Wide
Package Number M20B .

9 www.fairchildsemi.com
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MM74C922 - MM74C923

Physical Dimensions inches (milimeters) unless otherwise noted (Continued)

M-—— B954.006 [2273:0.13] ————
©

I3 14 10
[in O i I o O i WY e B e 8 i 0 e N

018 [0.44 TYF}

b O

!

2501.005 [8.35:0.15]

?VVU'})VVU'}:’

070 [1.78]
045 [1.14

(] ,‘ . ]—.1329.005[3;5ma)
7°TYP l

| @

310+.010[7.6710.25)—]

X

7TYP”

c 210 MAX —j
j— [6.33]
015 MIN
.100 150 [aB81 0 300
2541 115 {2_92] 08 .62
022 [056 A30 MAX
014|036 na.se
| @@ el co0mAX
11.62]

NOTES:

A. CONFORMS TO JEDEC REGISTRATION MS-001,
VARIATIONS AC, DATED 61983

B. CONTROLUNG DIMENS!ONS ARE IN INCHES
REFERENCE DIMENSIONS ARE [N MILLIMETERS.

{©) DOES NOT INCLUDE MOLD FLASH OR PROTRUSIONS.
MOLD FLASH OR PROTRUSIONS SHALL NOT EXCEED
010 (NCHES OR 0.25MM.

(B DOES NOT INCLUDE DAMBAR PROTRUSIONS.
DAMBAR PROTRUSIONS SHALL NOT EXCEED
010 {NCHES OR 0.25MM.

+.005 +013] __|
019" 000 -.o.og]

E. DIMENSIONING AND TOLERANCING PER ASME Y14.5M-1994, N18BrevA

18-Lead Plastic Dual-in-Line Package (PDIP), JEDEC MS-001, 0.300” Wide
Package Number N16B

www.fairchildsemi.com




Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

1 1.813-1.040

0.082 X D03 [ {2573-267)
2337 xom)
MAX B

PIN §0. 1 IDENT

053220085
B0z
RAD
0260 +0.005

(5.508 :0.127) P MO, 1 IDENT
6.289
OPTION 1 \.
o |
MIN
0.300-0.320
17.620-0.126)
DESQ ROM 00, oemioN2 0130 0505
0oss  11529) {1018 £ax |"— __ D13 0es
= e TP B3 s.2n l
)
L4 0.145-0200
T = JE—— | fassassa
8%56° 1| osms-oms o ¥ |
I~ 0229-0.380) oon

VP 0.100:0.0t0 0.125-0.190  {0.508)
f 0.060 :0.008 ! Lum:ozm“'l I""‘“'“m’_“__ EX =TT

+0.080 052420020
0325 _onis

(0.487 £ 0.07€)

N2OA (REV O

20-.ead Plastic Dual-in-Line Package (PDIP), JEDEC MS-001, 0.300 Wide
Package Number N20A

Fairchild does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and
Fairchild reserves the right at any time without notice to change sald circuitry and specifications.

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD

SEMICONDUCTOR CCRPCRATION. As used herein:

1. Life support devices or systems are devices or sysiems
which, (a) are intended for surgical implant into the
body, or (b) support or sustain life, and (¢) whose failure
to perfoom when properly used in accordance with
instructions for use provided In the labeling, can be rea-
sonably expected to result in a significant injury to the
user.

2. A critical component in any component of a life support
device or system whose fallure to perform can be rea-
sonably expected to cause the fallure of the life support
device or system, or to affect its safety or effectiveness.

www.falrchildsemi.com

1
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SEMICONDUCTOR ™

DM74LS573

General Description

The 'LS573 is a high speed octal latch with buffered common
Latch Enable (LE) and buffered commeon Output Enable
(OE) inputs.

This device is functionally identical to the 'LS373, but has dif-
ferent pinouts. For truth tables, discussion of operations and
AC and DC specifications, please refer to the 'LS373 data
sheet.

Octal D Latch with 3-STATE Outputs

March 1998

Features

m Inputs and outputs on opposite sides of package
allowing easy interface with microprocessors

m Useful as input or output port for microprocessors

m Functionally identical to 'LS373

= Input clamp diodes limit high speed termination effects

® Fully TTL and CMOS compatible

Connection Diagram

Logic Symbol

Dual-In-Line Package 2 3 4 5 6 7 8 9
T AENEERE
o3z il s D0 DI D2 D3 D4 D5 D6 D7
o1—3 18=01
p2—{4 17 f-02 H—jLE
035 16p=03 o
Di=—E 1504 ! UE
=8 K HpE 00 01 02 03 04 05 08 07
DE=— 8 13p=06
TTTT T 111
Lo L Hp=-E 19 18 17 16 15 14 13 12
DS0058 14-2
DS009814-1
Ve = Pin 20
Order Number DM74LS573WM or DM74LS573N GND = Pin 10
See Package Number M20B or N20A
Pin Names Description
DO-D7 Data Inputs
LE Latch Enable Input (Active HIGH)
0E 3-STATE Output Enable Input {Active LOW)
00-07 3-STATE Latch Outputs
Function Table
OUTPUT Latch D Output
Enable Enable 5]
L H H H
L H L L
L L X Qo
H X X Z

Z = High Impedance State
Qg = Previous Condition of O

L = Low State, H = High State, X = Don't Care

© 1998 Fairchild Semiconductor Corporation DS009814
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Absolute Maximum Ratings (ote 1)

Operating Free Air Temperature Range

DM74LS 0°C to +70°C
i‘:ﬁl{l:!gt::e ;z Storage Temperature Range -65'C to +150°C
Recommended Operating Conditions

Symbol Parameter DM74LS Units
Min Nom Max
Vee Supply Voltage 4.75 5 5.256 v
Vin High Level Input Voltage 2 \J
Vi Low Level Input Voltage 0.8 \)
lon High Level Input Current -2.6 mA
lou Low Level Output Current 24 mA
Ta Free Air Operating Temperature 0 70 ‘C

Noto 1: The "Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed.

The davice should not be operated at these

timits. The parametric values defined in the “Electrical Charactsristics” table are not g at the ratings. The ded Operating
Conditions" table will define the conditions for actual dovice operation.
Electrical Characteristics
Over recommended operating free air temperature range (unless otherwise noted)
Symbol Parameter Conditions Min Typ Max Units
{Note 2)
\'A Input Clamp Voltage Ve = Min, |; = =18 mA -1.5 v
Vo High Level Output Vee = Min, loy = Max, 27 34 A
Volitage V. = Max
Vou Low Level Cutput Vee = Min, Ig, = Max, 0.35 0.5
Voltage Vi = Min \
lou = 4 MA, Ve = Min 0.25 0.4
I Input Current @ Max Ve = Max, V, = 7V 1 mA
Input Voltage
[ High Level Input Current Vee * Max, V, = 2.7V 20 PA
e Low Level Input Current Ve = Max, V, = 0.4V -0.4 mA
los Short Circuit Vee = Max -30 -130 mA
QOutput Current (Note 3)
lee Supply Current Vge = Max 50 mA
lozu 3-STATE Output Vee = Veen 20 pA
off Cumrent High Vozu = 2.7V
lozL 3-STATE Output Vee = Veen -20 pA
off Current Low Voz = 0.4V

Note 2: All typicals are at Ve = 5V, Ta = 25'C.
Notoe 3: Ndmorelhanonaommnw.mldboamnodalam,wmodumlbnshwldrmuxceedonem.

www.fairchildsemi.com




Switching Characteristics
at Ve = 5V and T, = 25°C (see Section 1 for Test Waveforms and output loading)

R = 2 kQ,
Symbol Parameter C,_ =50 pF Units
Min Max

toLn Propagation Delay 27 ns
tprL Datato Q 18

toun Propagation Delay 36 ns
tory LEto Q 25

tezn 3-STATE Enable Time 20 ns
toz OEtoQ 25

tonz 3-STATE Enable Time 20 ns
torz OEto Q 25

t(H) Setup Time (High/Low) 3 ns
(L) Data to LE 7

t.(H) Hold Time (High/Low) 10 ns
L) Data to LE 10

tW(H) Pulse Width (High) 15 ns

Data to LE

www.fairchildsemi.com






Physical Dimensions inches (millimeters) unless otherwise noted
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DM74LS573 Octal D Latch with 3-STATE Outputs

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DE-
VICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD SEMI-

CONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or sys- 2.

tems which, (a) are intended for surgical implant into
the body, or (b) support or sustain life, and (c) whose
failure to perform when properly used in accordance
with instructions for use provided in the labeling, can
be reasonably expected to result in a significant injury

A critical compaonent in any component of a life support
device or system whose failure to perform can be rea-
sonably expected to cause the failure of the life support
device or system, or to affect its safety or effectiveness.

to the user.
Fairchild Semiconductor Fairchitd Semiconductor Fairchild Semiconductor National Semiconductor
Corporation Europe Hong Kong Ltd. Japan Ltd.
Amsricas Fax: +49 (0) 1 80-530 85 88 13th Floor, Straight Block, Tel: 81-3-5620-6175
Customer Rezponsa Contor Emal: ourope.support@nsc.com Ocean Centro, 5 Canton Rd. Fax: 81-3-5620-8179
Tol: 1-888-522-5372 Dautsch Tel: +49 (0) 8 141-35-0 Tsimshatsul, Kowloon
English  Tel: +44 (0) 1 Hong Kong
italy Tok: +39 (0) 2 57 5631 Tel: +852 2737-7200

www.fairchildsemi.com

Fax: +852 2314-0081
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DM74LS138 - DM74LS139
Decoder/Demultiplexer

General Description

These Schottky-clamped circuils are designed to be used
In high-performance memory-decoding or data-routing
applications, requiring very short propagation delay times.
In high-performance memory systems these decoders can
be used to minimize the effects of system decoding. When
used with high-speed memories, the delay times of these
decoders are usually less than the typical access time of
the memory. This means that the effective system delay
introduced by the decoder is negligible.

The DM74LS138 decodes one-of-eight lines, based upon
the conditions at the three binary select inputs and the
three enable inputs. Two active-low and one active-high
enable inputs reduce the need for external gates or invert-
ers when expanding. A 24-line decoder can be imple-
mented with no external inverters, and a 32-line decoder
requires only one inverter. An enable input can be used as
a data input for demultiplexing applications.

The DM74LS139 comprises two separate two-line-to-four-
line decoders in a single package. The active-low enable
input can be used as a data line in demultiplexing applica-
tions.

All of these decoders/demultiplexers feature fully buffered
inputs, presenting only one normalized load to its driving
circuit. All inputs are clamped with high-performance
Schottky diodes to suppress line-ringing and simplify sys-
tem design.

August 1986
Revised March 2000

Features

m Designed specifically for high speed:
Memory decaders
Data transmission systems

B DM74LS138 3-to-8-line decoders incorporates 3 enable
inputs to simplify cascading and/or data reception

B DM74LS139 contains two fully independent 2-to-4-line
decaders/demultiplexers

B Schottky ctamped for high performance
| Typlcal propagation delay (3 levels of logic)
DM74LS138 21ns
DM74LS139 21 ns
| Typical power dissipation
DM74LS138 32 mW
DM74LS139 34 mW

Ordering Code:

Order Number |Package Number Package Description
DM74LS138M M16A 16-Lead Small Oulline Integrated Circult (SOIC), JEDEC MS-012, 0.150 Narrow
DM74LS138S) M16D 16-Load Smail Outline Package (SOP), EIAJ TYPE II, 5.3mm Wide
DM74LS138N N16E 16-Load Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300 Wide
DM74LS135M M16A 16-Lead Small Outline Integrated Circult (SOIC), JEDEC MS-012, 0.150 Narrow
DM74LS1395) M16D 16-Lead Small Outline Package (SOP), EIAJ TYPE II, 5.3mm Wide
DM74LS139N N16E 16-Lead Plastic DuarIn-Line Package (PDIP), JEDEC MS-001, 0.300 Wide

Dovicos atso avaliablo in Tape and Rool. Spacily by appending the suffix lattar °X® to the ordaring code.

© 2000 Fairchild Semiconductor Corporation DS006391

www.falrchildseml.com
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DM74LS138 - DM74LS139

Connection Diagrams

DM74LS138 DM74LS139
DATA OUTPUTS SELECT OATA QUTPUTS
- ENABLE —— —_ ~
vceo Yo Y1 ¥2 Y3 Ya ¥s Y6 vee G2 A2 B2 2Y0 v 2v2 ¥
lw |‘5 lM |13 In ]11 I\o Ls |ts |ts 18 |13 Iu I" |1o Jq
K 2 3 |a |5 s |7 e [‘ P T |5 e I’ e
A 8 C GA GaB G1 Y7 GND
-\ " outeuT ENABLE A1 BT  1Y0 1Yl 1¥2 1¥Y3 GND
SELECT ENASLE G1 b ~
SELECT DATA OUTPUTS
Function Tables
DM74LS138 DM74LS139
Inputs Inputs
ts
Enable | Select Outpu Enable | Select Outputs
G1]G2 (Note 1| C|B|A| YO V1| Y2| Y3|Ya| V5] Y6 Y7 G B | A | YO| Yl ]| v2] Y3
X H X[XIXTH[H]|H]H]H]|H|H]|H H X X H H H H
L X X|XIX] HIH|H|H|H|H|HH L L L L H H H
H L LitjL{ L |H|H|H|H|H|H|H L L H H L H H
H L LILIHfH|L|H|H|H[HIH|H L H L H H L H
H L LIHIL|H|H]|L|H]H[H]|H]H L H H H H H L
H L LIHIH{|H|H|H|L|H|H]|H|H
H L HIL|L|H[H|H|H|L|H|H|H
H L H|LIH{H|H|H]|H|[H]|L|H|H]| H=HGHLowI
L= LOW Lovel
H R CICS R TG G R RN RS LR Rt
H L H|HHIH|H{H]H|H|H]|H]|L
Noto 1: G2 = G2A + G28
Logic Diagrams
DM74L8138 DM74LS139
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v o d BT e ume s 2 Ot
suecr o2 D {) H— Lve (LI
o ‘zlll)
cm__Do—--o-— =! v s ”ﬂb"'—' L
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Absolute Maximum Ratingsote 2)

Note 2: Tho "Absolute Maximum Ratings® ero those valuos bayond which

d at the

the safoly of tho device cannot bo guarantasd. Tho device should not be
operated &t thosa (imits. The paramotric values definad in tho Electrical
Py

Supply Voltage ™

Input Voltage v tables 2o not
Operating Free Air Temperature Range 0°C to +70°C

Storage Temperature Range —65°C to +1500C ™" oetusl dovics oporation.

DM74LS138 Recommended Operating Conditions

ratings.

The "Recommended Operating Conditions® table will dafine the condiions

Symbol Parameter Min Nom Max Units
Vee Supply Voltage 4.75 5 5.25 v
Vi HIGH Level Input Voltage 2 v
Vo LOW Level Input Voitage 0.8 v
lon HIGH Level Output Current -0.4 mA
oy LOW Leve! Output Current 8 mA
Ta Frae Air Operating Temperature 0 70 °C

DM74L.S138 Electrical Characteristics
over recommended operating free air temperature range (untess otherwise noted)
e
Units
Symbol Parameter Conditions Min {Noto 3) Max n
vy Input Clamp Vehage Ve = Min, || =-18 mA -18 v
Von RIGH Leve! Outpul Voliage Voo = Min, lon = Max, Vg =Nax, Vip=Min| 2.7 34 v
VoL LOW Level Ve = Min, gy = Max, Vy_ = Max, Vi = Min 0.35 05 v
Output Valtage Tor = 4 MA, Ve = Min 025 04
h Input Current @ Max Input Valtage |Vec = Max, V=V 0.1 mA
™ HIGH Lovel Input Current Voo = Max, Vy= 2.7V 20 pA
T LOW Love! Input Cumant Vg = Max, Vy = 0.4V -0.38 mA
Tos Short Circuit Output Curront Vcc = Max (Note 4) 20 -100 ™A
Ice Supply Current Ve = Max (Note 5) 6.3 10 mA
Noto 3: All typicals are @t Vg = 5V, Ty = 25°C.
Noto 4: Not more than one output should be shorted 2t a time, and the duration should not exceed ono second.
Noto 8: Icc is moasured with all outputs crabled and OPEN.
DM74LS138 Switching Characteristics
atVec = 5Vand Ta= 25°C
From (Input) Lovels R =2k
Symbol F To (Output) of Delay CL=15pF C =50 pF Units
Min Max Win Max
ten Propagation Delay Time Scloct to Output 2 18 27 s
LOW-to-HIGH Level Output
tou Propagation Delay Time
2 Fi4 40 s
HIGHAoLOW Lovel Output | o0t 0 0P
tn Propagation Delay Tima Select to Output 3 18 2r ns
LOW-to-HIGH Level Output
[ Propagation Delay Time 1o Output 3 P 40 s
HIGH-to-LOW Leve! Output
ton Propagation Delay Time Enable to Outpul 2 18 2 s
LOW-to-HIGH Lave! Output
tpHL Propagation Delay Time Enable to Output 2 2 40 ns
HIGH-to-LOW Level Oulput
oL Propagation Delay Time Enable to Oulput 1 ns
LOW-to-HIGH Lovo! Output o 3 8
et Propagation Detay Tima Enable to Outpul 3 2 ns
HIGH-to-LOW Lave! Qutput

www.fairchildsemi.com
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DM74LS138 - DM74LS139

DM74LS139 Recommended Operating Conditions

— Symbol Parameter Min Nom Max Units
Vcc Supply Vollage 4.75 5 5.25 v
Vi HIGH Leve! Input Voltage 2 v
Vo LOW Level Input Voitage 0.8 v
lon HIGH Level Output Current -04 mA
oL LOW Levst Output Current 8 mA
Ta Free Air Operating Temperature [ 70 °C
DM74L8139 Electrical Characteristics
over ded operating free air temp range (unk therwise noted)
Typ
Symbol Parameter Conditions Min (Noto §) Max Units
v, Input Clamp Voltage Voo = Min, [ =—18 mA 15
Von HIGH Lavel Vee = Min, Ioy = Max, 27 24
Output Votiage Vy = Max, Vi = Min
Voo LOW Level Veg = Min, Iy = Max 035 05
Output Voltage Vi = Max, Vi = Min v
loL=4 mA, Ve = Min 025 04
Iy Input Current @ Max input Veltage Vee = Max, Vi= TV 0.1 mA
('™ HIGH Level Input Current Ve = Max, V= 2.7V 20 HA
L LOW Level tnput Current Vo = Max, Vy= 0.4V 036 mA
los Short Circuit Output Current Vec = Max (Note 7) -20 -100 mA
lec Supply Curent Ve = Max (Note 8) 68 " mA
Noto 6: Al typicals are &t Vg = 5V, Ty = 25°C.
Note 7: Not more than one output should be shorted et @ time, and the duration should not exceed one second.
Noto 8: I is measured with afl outputs enabled and GPEN.
DM74LS139 Switching Characteristics
atVee= 5V and Ta=25°C
From (Input) R =2kQ
Symbol Paramater To (Outptt) CL=15pF CL=50 pF Units
Min Max Min Max
o Propagation Delay Time
LOW-to-HIGH Level Output Select to Output 8 "
tor, Propagation Delay Time Setoct to Output 2 s
HIGH-to-LOW Level Output
Propagation Detay Time
b LOW-to-HIGH Level Output Enabloto Output 18 e
tPrL Propagation Delay Time
HIGH-10-LOW Level Output Enabie to Output « @ i

www falrchildsemi.com




Physical Dimensions inches (millimeters) unless otherwise noted

b 19 AAA0RAR
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18-Lead Small Outline Integrated Clrcuit {SOIC), JEDEC MS-012, 0.150 Narrow

Package Number M16A
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DM74LS138 - DM74LS139
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Physical Dimensions inches (milimeters) unless ctherwise noted (Continuad)
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DIMENSIONS ARE N MILLIMETERS

NOTES:

A. CONFORMS TO EIAJ EDR-7320 REGISTRATION,

ESTABLISHED IN DECEMBER, 1958.
B. DIMENSIONS ARE IN MILLIMETERS.

C. DIMENSIONS ARE EXCLUSIVE OF BURRS, MOLD

FLASH, AND TIE BAR EXTRUSIONS.
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SEE DETAIL A
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GAGE PLANE

Fr

\— SEATING PLANE

DETAIL A

46-Load Small Outline Package (SOP), EIAJ TYPE I, 5.3mm Wide

Package Numbar M16D
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Physical Dimensions inches (milimeters) unless otherwise noted (Continued)
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16-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300 Wide
Package Number N16E

Fairchild does not any

ponsibility for use of any circuitry described, no circult patont licenses are implied and
Fairchild reserves the right at any ime without notice to change sald clrcultry and specifications.

LIFE SUPPORT POLICY
FAIRCHILD'S PRODUCTS ARE

SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or systems
which, (a) are Intended for surgical Implant into the
body, or (b) support or sustain life, and (c) whose failure
to perform when properly used in accordance with
instructions for use provided in the labeling, can be rea-
sonably expected to result in a significant injury to the
user.

NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD

2. A critical component in any component of a life support
device or system whose failure to perform can be rea-
sonably expected to cause the failure of the life support
device or system, or to affect its safaty or effectiveness.

www.fairchildsemi.com
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DM74LS244

General Description

These buffersfline drivers are designed to improve both the
performance and PC board density of 3-STATE buffers/
drivers employed as memory-address drivers, clock driv-
ers, and bus-orisnted transmitters/receivers. Featuring 400
mV of hysteresis at each low current PNP data line input,
they provide improved noise rejection and high fanout out-
puts and can be used to drive terminated lines down to
133Q.

August 1986
Revised March 2000

Octal 3-STATE Buffer/Line Driver/Line Receiver

Features
W 3-STATE outputs drive bus lines directly
@ PNP inputs reduce DC loading on bus lines
B Hysteresis at data inputs improves nolse margins
& Typlcal lgy. (sink current) 24 mA
B Typical loy (source current) -15 mA
m Typical propagation delay times
Inverting 105 ns
Noninverting 12ns
W Typical enable/disable time 18 ns
B Typical power dissipation (enabled)

tnverting 130 mW
Noninverting 135 mW
Ordering Code:
Order Number | Package Number Package Description
DM74LS244WM M208 20-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-013, 0.300 Wide
DM74LS244S8J M20D 20-Load Small Qutline Package (SOP), EIAJ TYPE II, 5.3mm Wide
DM74LS244N N2CA 20-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300 Wide

Connection Diagram

vee 26 1Y1 244 1¥2 2A3
J2o |19 |} iz |1 ]is

1¥3 282 1ve 241
14 | fz2 |

AR
R dd

Lo || 5

Davicas aiso available in Tepe and Reel. Specily by appending the suffix letter “X" to the ordering codo.

Function Table

Inputs Output
G A Y
T L L
L H H
H X z

L = LOW Logic Leval

H = HIGH Logic Lavel

X = Either LOW or HIGH Logic Level
Z = High Impedanco

v ]2 Js Je s le J2 fs |o |
1G 1A1 2Y4 1A2 2Y3 1A3 2Y2 1A4 2Y1 GND
© 2000 Fairchid Semiconductor Corporation DS008442 www.fairchildsemi.com
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DM74L8244

Absolute Maximum Ratingsote 1)

Supply Voltage v
Input Voltage v
Operating Free Air Temperature Range 0°C to +70°C
Storage Temperature Range -65°C to +150°C

Recommended Operating Conditions

Noto 1: Tho "Absoiuto Maximum Ratings® are those values boyond which
the safety of tho device cannot be guaranteed. The dovice should not be
operatod at theso limits. The paramotric vales defined In the Electdical
Charactoristico tables are not g d at tho rotings.
The "Recommended Operating Conditiona” table will define the conditions
for actual davice operation.

Symbol Parameter Min Nom Max Units
Vee Supply Voltage 475 5 5.25 v
Vin HIGH Level Input Voltage 2 v
Vi LOW Level Input Voltage 0.8 \"
lon HIGH Level Output Cument -15 mA
loL LOW Level Output Current 24 mA
Ta Free Air Operating Temperature 0 70 °C
Electrical Characteristics
over ded operating free air temp ature range (| otherwise noted)
Symbol Parametar Conditions Mia e Max Units
(Nota 2)
v Input Clamp Vollage Veo=Min, h=-18 mA -1.5 v
HYS Hysteresis (Vr, - V1.) Vg = Min 02 04 v
Data Inputs Only
Von HIGH Lavel Output Voltage Ve = Min, Viy =Min 27
Vi =Max, by =~1mA
Vog = M. Vi =Min 24 34 v
Vi =Max, oy =-3 mA
Ve = Min, Vi =Min 2
Vi = 0.5V, loy = Max
Vou LOW Level Output Voltage Ve = Min loL= 12 mA 04
V= Max loL = Max 0.5 v
Vi = Min
lozn Off-Stats Output Curent, Vec= Max Vo=2.1V 20 HA
HIGH Level Voltage Applied Vg = Max
lon Off-State Output Curent, Ve = Min Vo=04V -20 pA
LOW Level Voltage Appiied
h Input Current at Maximum Vee= Max V=V 0.1 mA
{nput Voltage
(™ HIGH Leve! Input Curent Veg = Max V=27V 20 pA
by LOW Level Input Curvent Vee = Max V=04V -05 -200 A
los Short Circuit Output Current Ve = Max (Note 3) 40 225 mA
Icc Supply Current Ve = Max, Outpts HIGH | 13 23
Outputs Open Outputs LOW 27 48 mA
Outputs Disabled 32 64

Noto 2: Al typicals aro at Vgg = 5V, T4 = 25°C.

Noto 3: Not moro than ona output should ba shorted a1 a time, and tha duration should not excead ona socond.
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Switching Characteristics
alVee = 5V, Ta = 25°C

Symbol Parameter Conditions Max Units

teLn Prapagation Delay Time Cy =45pF 18 s
LOW-to-HIGH Level Output Ry = 6670

o Propagation Delay Time C_=45pF 8 s
HIGH-to-LOW Level Output Ry = 667Q

tez Output Enable Time (o C_=45pF 2 o
LOW Lave! Ry = 66702

[, Output Enable Time to C_=45pF . ns
HIGH Level Ry = 6670

oz Oulput Disable Time CL=6pF 25 s
from LOW Level Ry = 66700

toyz Output Disable Time CL=6pF 8 n
from HIGH Leve! R, = 667Q

o [Proagstion Detay Time Ci= 160 pF 21 ns
LOW-to-HIGH Lovel Qutput Ry = 667Q

[y Propagaticn Detay Time Cy = 150 pF 2 o
HIGH-to-LOW Level Output Ry = 66782

trze Oulpul Enablo Time 1o CL= 150 pr = -
LOW Loval Ry = 65752

tozn Output Enable Time to Cy= 150 pF % s
HIGH Lovel R, = 667Q

www falrchildsemi.com

YyZSTWLNG



DM74L5244

Physical Dimensions inches (milimeters) unless othenwise noted
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20.Lead Small Outline Intagrated Circuit (SOIC), JEDEC MS-013, 0.300 Wide
Package Number M20B
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Physical Dimensions inches (millimeters) unless otherwise noted (Continued)
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NOTES: e x
A. CONFORMS TO E1A) EDR T320 REGISTRATION.
ESTABLISHED (N DECEMBER, |
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M20DRevB1
DETAIL A

20-Load Small Outline Package (SOP), EIAJ TYPE f), 5.3mm Wide
Package Number M20D
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DM74LS244 Octal 3-STATE Buffer/Line Driver/Line Receiver

Physical Dimensions inches (millimeters) unless otherwise noted (Continued)
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20-Lead Plastic Dualln-Line Package (PDIP), JEDEC MS-001, 0.300 Wide
Package Number N20A

Fairchild does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and
Fairchild reserves the right at any time without notice to change saki circuitry and specifications.

LIFE SUPPORT POLICY

SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devicas or systems
which, (a) are Intended for surgical implant into the
body, or (b) support or sustain life, and {c) whose failure
to perform when properly used in accordance with
instructions for use provided in the iabeling, can be rea-
sonably expected to result in a significant injury to the
user.

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD

2. A critical component in any component of a life support
device or system whose failure to perform can be rea-
sonably expected to cause the failure of the life support
device or system, or to affect its safety or effactiveness.
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This datasheet has been downloaded from:
www.DatasheetCatalog.com

Datasheets for electronic components.
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