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ABSTRAK

* Perencanaan Dan Pembuatan Alat Pengulur Tekanan Darah Digital Berbasis MK
89551" Oktavianto, 0352010, Tugas Akhir, Teknik Energi Listrik DIII, ingtitat
Teknologi Nasional Malang, Pembimbing Bambang Priec Hartanto, ST, MT.

Pada manusia normalnya range kondisi tekanan darah sysiole 120 mmilg dan nilai
diastole 80 mmHg, Untuk mempermmdah mengetahor nilar tersebut di buat aiat pengukor
tekcanan darah digital. Alat im mengguanakn sensor kondensor sebags pembangkit frekwens
vang sangat kecil, Selam i juga menggunakan sensor LDR, varm sebuah manduser vang
mengubah intensitas cahava menjadi besaran listrik Nilai vang di hasilkan dari alat ini berupa
nilai systole dan diastole dengan keterangan yang muncnl beberapa saat darn nilay tersebut
sehmoos lats dapat mengetalun masuk dalam katepori mmmakah nilm telanan darah prong
vang kita ukur. Kelebihan dari alat ini adalah dapat mengukwr nilai tekanan dengan
keskuratan yang besar di banding menggunskan pengubnr analog.perancangan alat ukar
fekanan darah di atas menyangkul pembuatan simulasi, mengguinakan MK AT89851, dan
pembuatan sensor suara untuk mendeteksi demyut jantung. Tujuannya pembuatan alat ular
ini agar dapat di gunakan dengan mudah oleh para pengukur tekanan darah dan mengurangi
kesalahan dari pengukur analog.

Alat ukur vang di gunakan untuk mendeteksi suara dalam frebwensi yang sangat
rendah mengguanakan kondensor yang kemudian dikuatkan agar dapat di baca aleh MK
89551, untuk menentukan besarnya nilai menggunakan LDR yang kemudian mlai out putan
di konversikan oleh ADDA PCF 8591 agar dapat diproses oleh MK 89851 sebagai pengolah
data yang kemudian di tampilkim oleh LCD.LCD yang di gunakan type M1632.

Dan stodi vang di lakukan didapal keterangan kiasifikasi tekanan darah orang
dewasa, data mu di gunakan untuk menentukan dalam kategori mana nilai orang yang di ukur.
Perencanaan pembuyatan alat im di antaranya merancang semsor | untuk mendeteksi suara
agar dapat di olah oleh milackontroler, Selan itu merencinakan sensor [T unutk menentukan
berapa basar nilainya yang kemudian di masokkan ke dalam mikrokontroler setelah
konverst oleh ADDA. Pembustan smoulasi alm pengukor tekanan darah  digital i
berpedoman pada alat pengukur tekanam dursh analog dengan mengetahun cara kerjanya yang
kemudian di konversikan kedalam bemtuk digital. Pengpumaan mikrokomtroler ATS98351
menggunakan yaitu bahasa assembly. Perencanaan sensor suara unmuk mendeteksi demyut
mniune mengeunakan kondensor dengan ot putamn sebesar 0.015 volt vang kemudian di
kuatkan memnjadi 3 volt sgar dapat di termma oleh mukrokontroler setelah melalui proses
pentrigeran.

Kata Kunei : LDR, LCD, MK AT39551. ADDA PCF £591, Tekanan Darah. sensor.
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KATA PENGANTAR
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BAB I

PENDAHULUAN

1.1 Latar Belakang

Sebagian besar instrumen - mstrumen medis di rumah sakit umum
digunakan untuk mengukur keluhan - keluhan dari si pasien. Misalnya di rumah
sakit tertentu mengukur tekanan darah tetapi penggunaan alat pengukurannya
masih bersifal manual sehingga ke efektifan dalam pengukurannya masih kurang,
Dalam hal ini tekanan darah sangat bermanfaat bag seorang dokter untuk
menentukan penyakit — penvakit vang mungkin di derita oleh seorang pasien.
Dengan adanya perkembangan teknologi vang semakin maju dan modern,
teknotogi tercipta untuk membantu meringankan pekerjaan manusia.

Pada manusia normalnya range kondisi tckanan darah Diastole 80 mmHg
dan kondisi systole 120 mgHg Untuk dapat mendukung alat ini kami
menggunakan mikrokontroler AT89851, terlihat bahwa mikrokontroler AT89551
memiliki banyak ftur yang menguntunkan. UDipakainya downloadable flas
memori memungkinkan mikrokontroler ini bekerja sendini tanpa di perlukan
tambahan chip lainnya, Sementara flash memnry_rrya\mampu di program hingga
seribu kali. A0 5y

Sensor yang di pakai ialah berupa kondensor yang di gunakan sebagat
pembangkit frekwensi yang sangat kecil. Kondensor merupakan suatu mikropone
vang mengkorversi gelombang suara ke dalam sinyal listrik. Yang nantinya akan

di kuatkan oleh Amplifier. Selain itu alat mi juga menggunakan sensor LDR, yaitu




sebuah tranduser vang menguibah intesitas cahaya menjadi besaran listrik dengan

perubahan resistansinya.

1.2 Rumusan Masalah
Dengan melihat dan memperhatikan latar belakang dari perancangan
tekanan darah di atas maka di dapat rumusan masalah sebagai berikut :
1. Bagaimana pembuatan simulasi untuk pembuatan pengukuran tekanan
darah 7
2. Bagaimana menggunakan mikrokontroler ATMEL AT89551 yang
digunakan untuk mengonirol semua instrumen ?
3. Bagaiman merencanakan dan membuat sensor suara untuk mendeteksi

denyut jantung ?

1.3 Tujuan

Tujuan penulisan untuk membuat alat pengkur tekanan darah secar digital
agar dapat di gunakan dengan mudah oleh para pengguna atau para medis dalam
pengukuran tekanan darah sehingga dapat mengurang kesalahan pengukuran

yang dilakukan dengan menggunakan peralalan yang masih bersifat manual,

1.4 Batasan Masalah

Agar permasalahan yang akan dibahas imi lebih terarah, maka tugas akhir
ini dibatasi hanya pada hal — hal berikut :

1. Hal - hal vang akan diperhatikan dan dipantau adalah tekanan darah

pasien normal.




L R

2. Kurang mendetail membahas tentang frekuensi. Vi7"
3. Penguatan vang digunakan adalah [MES{; di gunakan untuk

menguatkan tegangan sebesar 200 kali dan regangan semula.

1.5 Metodologi Penelitian

Metode penelitian atau langkah — langkah yang dilakukan upntuk
menyelesaikan tugas akhir ini. dapat dilalui melalui tahapan — tahapan sebagai
berikut :

1. Swrver hteralure yang mempelajari teori — teon yang berkaitan
mengenai cara kerja komponen — komponen yang digunakan dalam
perancangan dan pembuatan alat pengukur tekanan darah digital
berbasis MK AT89551.

2. Perancangan dan pembuatan alat untuk mengaplikasikan pada sebuah
alat dari dasar — dasar teori penunjang.

3. Pelaksanaan wi coba alat dani hasil perancangan dan pembuatan aiat
pengukur tekanan darah dengan tampilan LCD berbasis MK AT89551.

4. Penyusunan laporan menyimpulkan hasil perancangan dan pembuatan
alat.

1.6 Sistematika Penulisan

Pada penulisan tugas akhir ini, ditulis sedemikian rupa sehingga diperoleh
hubungan yang jelas antara bagian yang satu dengan bagian yang lainnya,maka

diperlukan sistematika penulisan sebagai berikut :




Bab 1

Bab [1

Bab l1I

Bab IV
Bab V

: Merupakan pendahuluan yang berisi tentang latar

belakang permasalahan, tujuan, metodologi pembahasan dan

sistematika penulisan,

: Membahas teori pemumjang vang membahas teori dasar

tentang mikrokontroler dan teon dasar tenfang peralatan
elekironika pendukung lainnya dalam perancangan tugas

akhir im.

: Membahas tentang Metodologt penelitian.
- Membahas tentang pengujian alat,

. Merupakan bagian penutup yang bensi kesimpulan dan

saran dari hasil mgas akhir ini.




BAB I
TEORI PENUNJANG

21 Jantung

Jantung dalam tubuh manusia berfungsi untuk memompa darah yang
mengandung oksigen ( O: ) ke seluruh sisiem sirkulasi, Sistem sirkulasi ini
terbentuk dari saluran — saluran pembuluh nandi ( arteri ), pembuluh balik ( vena )
dan pembuluh kapiler. Jantung secara fisis terdin dan empal buah ruang, yaitu
dua buah ruang serambi ( atrium ) dan dua buah bilik ( ventrikel ). Ruang ini diisi
oleh darah pada saal ekpansi dan dikosongkan pada saat kontraksi. Tegadinya
kontraksi pada dinding ventrikel ini dikenal dengan istilah systele, kemudian
diikuti oleh proses ekspansi pada dinding ventrikel yang dikenal dengan istilah
diastole, dan dilanjutkan dengan proses relaksasi. Setelah masa istirahat
(relaksasi) kemudian jantung mengalami kembali sistole dan diasrole begitu

proses seterusnya.

2.2  Tekanan Darah

Dalam sistem sirkulasi darah, tekanan darah merupakan parameier yang
sanagat penting, karena selalu diperlukan untuk daya derong mengalimya darah di
dalam pembuluh arteri, arteriola, kapiler dan sistem vena. Dengan adanya aktifitas
jantung, maka terjadilah aliran darah dari pembuluh vena ke pembuluh arteri pada
sistem sirkulasi tertutup.

Tekanan darah biasanya diukur secara tidak langsung menggunakan

sfigmomanometer raksa / jarum dan metode dengar bunyi atau metode auskultasc




Sebelum pengukuran dilakukan, pasien sebaiknya duduk beberapa menit dalam
ruangan sepi pada kursi yang sandarannya myaman. Tekanan pada saat bunvi
pertama kali terdengar atau pada waktu jantung mengucup itulah tekanan darah
sistolik { TDS = SBP = Systolic Blood Pressure ), tekanan darah diastolik ( TDD )
ialah tekanan pada saat bunyi hilang atau pada saat jantung mengendor (fase V).
Tekanan darah sistolik dan diastolik pada orang dewasa sangat bervariasi
yaitu berkisar antara 95 mmiig — 140 mmHg, tckanan ini dapat meningkat dengan
bertambahnya usia. Dilain pihak tekanan diastolik  berkisar antara 60 mmHg -
90 mmHg. Namun tekanan darmh normal biasanya berkisar antara 120 mmHg
untuk tekanan sistolik dan 80 mmHg untuk  tekanan  diastolik Tekanan darah
normal dipengaruhi oleh beberapa fakior anfara lain usia, jenis kelamin,
perjalanan waktu dalam sehari semalam yang membeniuk perubahan tekanan

darah.

2.3 SENSOR1
2.3.1 Kondensor

Kondensor merupakan suatu mikropon yang mengkonversi gelombang
suara ke dalam sinyal listrik. Sekal rongga yang bergetar menyebabkan suatu
komponen listrik menghasilkan aliran arus keluaran pada  suatu frekwensi vang
sebanding gelombang suara itu. Out put dari kondensor berupa tegangan yang

angat rendah yang nantinya aken di kuatkan oleh amplifier.




j<

_—

Gambar 2.1 Ranghkaian Kondensor
Sumber : Laporan Tugas Akhir, Andik Winanto, 2004

23.2 Pre Amplifier

Pada perancangan ini digunakan amplifier dengan seri LM 386, dimana
Op-Amp ini digunakan dalam tegangan yang rendah, dan bisa juga di gunakan
batrei sebagai sumber tegangannya, tegangan yang disupplynya sekitar 6V, hanya
sgja umtuk Op-Amp ini di tambahkan kapasitor dan resistor pada kaki 1 dan 8
yang akan sangat kompetibel dengan penguatan yang dihasilkan amtara 20 sampa

200 kali,

Gambar 2.2 Op-Amp LM 336
Sumber : www.national. com

2.3.3 Komparator Regeneratif { Schmitt Trigger )

Komparator regeneratif merupakan suatu rangkaian yang menunjukan
terjadinva histeresis, vaitu suatu perbedaan besar tegangan pindah pada saat
tegangan masuk naik dan teganagn masuk turun. Komparator regeneratif ini juga

memiliki input t¢gangan dengan batas maksimum yartu UTL (upper tngger level )




sebesar |8V dan batas minimum yaitu LTL ( lower trigger Ieve,lF sehesarl.0V
yang berbentuk gelombang sinusoidal atau gelombang sembarang,

Salah satu kegunaan dan penyulut Schmiit Trigger adalah wuntuk
mengubah tegangan yang berubah lambat menjadi bentuk gelombang keluaran
yang berubah cepat bahkan sangal mendadak dan menghasilkan gelombang vang

berbentuk persegi dari sinyal masukan yang sembarang atau sinusoidal.

M

Fr—=

Gambar 2.3 Trigger
Sumber : Sutanto - Rangkaian Elekironika

z4 SENSOR 2

241 EDR Dot saes 0 F bt e LD
LDR adalah suatu komponen yvang peka terhadap cahaya. D1 gunakan

untuk mengemudikan sebuah rangkaian pada perubahan kekuatan cahaya Prinsip

kerjanya yaitu apabila permukaan LDR terkena cahaya maka resistansinya akan

berkurang dan apabila permukaannya di tutup, maka resistansinya akan lebib

besar. Pencahayaan yang di gunakan adalah lampu LED, di mana LDR di sini di

pakai dalam penentu putaran jarum pada jarum penunjuk tekanan darah.

\ N

Gambar 2.4 Ranghaian LDR
Sumber : Buku Pelajaran Elektronika Jilid 1, Erlangga, 1982




2.5 ADDA PCF 8591

ADDA merupakan Analog loput Qutput add-on board untuk 89C31
Development Tools DT51 menggunakan FC-bus. DT51 C ADDA digunakan
untuk mengubah sinyal analog menjadi digital atau sebaliknya. Spesifikasi yang
dimiliki oleh DT51 I'C ADDA adalah ;

1. Kompatibel penuh dengan B9C51 development Tools DTS1.

2. Hanva perlu dua jalur kabel untuk interface dengan mikrokontroicr.

3. Analog input 4 chanel 8 bit.

4. Digital output | chanel 8 bit.

5. [nput range tegangan 0V - 25 V.

6. Spesifikasi ADDA PCF 8591 adalah 10mV/biL.

aris [2] e aowr
AND | 4 13| adEran
AuEE:' [1F] EXT
ai [&] [11] osc
az [7] [i6] sco
vas (3] 2] soa

Gambar 2.5 Pin ADDA PCF 8591
Sumber : www. datasheetarchive.com

Diengan rummus |

N= A a6
25
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Tabel 2.1
Fungsi Pin ADDA PCF 8591
SYMBOL | PIN DESCRIPTION
AANO 1 o T
Agr = analad nputs
AAZ 3 (AT Converarn
AING 4 =1
Al 5
I'l L= hardwars addrass
AT Fi
Vs 2] naga?l-';;:ii.lpplv wollage
SiA, o 1I7C-bus dota input/output
sCL 10 1 bus clock input
OsSC 11 asCHlator Inpulioutput
EXT 12 exlernal/milenal switch for oscillator
impat
ALEND 12 analog ground
Lo — 14 woltage reference input
AT 15 analog cutput (D/A converter)
Yoo 16 positive supply voltage

2.6  Mikrokontroler AT89851
Mikrokomtroler AT89551 merupakan salah satu produk  buatan
ATMEL Adapun fitur kelebihan dari mikrokontroler ATMEL AT89551 antara

lain scbagai berikut :

4K byte Downloadable Flash Memori
256 byte RAM internal

32 1/O yang dapat dipakai semua

2 buah Timer / Counter 16 bit
Programmable UART (serial port)
SP1 Serial Interface

FProprammable Wiachdog Timer
Dual Data Pointer ( DPTR )
Frekuensi kerja O sampai 24 MHz

W o%w N e N

10. Tegangan operasi 2,7 sampai 6 volt

Terlihat bahwa mikrokontroler Atmel AT83551 memiliki  banyak  fitur
yang menguntungkan Dipakainya downloadabie flash memori memungkinkan
mikrokontroler int bekerja sendiri fanpa diperfukan tambahan chip lainnya.
Sementara flash memorinya mampu diprogram hingga seribu kali. Hal lain yang
menguntungkan adalah sistem pemrograman menjadi lebih sederhana dan tidak
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memeriukan rangkaian yang rumit seperti rangkaian untuk memrogram produk
Atmel yang lainnya yaitu AT89C51.
Adapun blok diagram dari mikrokontroler AT89551 adalah sebagai berikut :

A

TUEW
METIO T ol ol |
Rl -
[ ]
=

Gambar 2.6 Diagram Blok AT89551
Sumber; www.atmel com




2.6 FungsiPin AT89SS1 | ¢
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1
AT89S51 mempunyai pin scbanyak 40 pin dengan konfigurasi
sebagai berikut;
—
(TepPaljy F Im R

TeEX Pz 30 [ PO DAL
PiZC)s 28 [P (ADH)
(=T 370 POE LMOE)
LT B T E a2 1 PO (AL
OISR P &G X5 P04 aDay
i BT 24 11 POLE |ADS)
S0 P T e 2310 Pos Al
RET & == Py Al

RN PO} 1 34 {3 ERAPP
D PRI ool e TR 2t

{TFTEh PRZ L) 92 29 0 FEER

(NTH P3aC] YA 22 PLT A5
LTy Paa ) 14 2FOPRE (Al
M Pascy s 26 [ FLE [ALF
o paar] e 251 P4 (4D
(P Py ] 17 34171 P2 3 [Ri 1)
WAL} e 2B Pz AT
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Gambar 2.7 Konfigurasi Pin AT89551

Sumber: www.aimel com

Fungsi kaki-kaki AT8%C51 adalah:

Pore 1 (Pin 1..8), berfungsi sebagai port /0 biasa,

Pin 9 (R8T), pulsa transisi dari rendah ke tinggi yang diumpankan ke
pin RST akan mereset AT89CS1. Pin ini dihubungkan dengan
rangkaian power on resel.

FPort 3 (Pin 10..17), pori paralel 8 bit dua arah yang memiliki fungsi
pengganti. Fungsi pengganti meliputi TXD (Transmit Data), RXD
(Receive Data), INTO(Imerupt 0), INT1(nterupt 1), TO (Timer 0),
T1 ( Timer I), WR (Write), RD (Read). Apabila fungsi pengganti
tidak digunakan, pin-pin ini dapat digunakan sebagai port /O biasa.
Pin 18 (XTAL1), merupakin pin masukan ke rangkatan ositator
internal, Osilator kristal dan sumber osilator luar dapat digunakan.

Pin 19 (XTAL2), merupakan pin masukan ke rangkaian osilator

internal. Pin ini dipakai bila menggunakan osilator knistal.
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c2
3 I—— XTAL2

c1
) XTAL1

J_ GND

T

Gambar 2.8 Rangkaian Pewaktuan dengan Osilator Internal
Sumber, www.uimel. com

Pin 20 (Ground), dihnbungkan ke Vgg atan ground.

Port 2 (Pin 21..28), port paralc! 8 bit dua arah, dapat digunakan
sebapai port I'O 8 bit biasa dan digunakan untuk menginim upper
hyte ﬂlﬂma}; ila digunakan untuk mengakses memon cksternal.

Pin 29 ( PSEN /Program Store Enable), merupakan pengontrol yang
digunakan untuk mengakses program memon ekstemal masuk ke
dalam bus selama proses pemberian/pengambilan instruksi.

Pin 30 (ALE), digunakan untuk menshan (fatch) alamat memor
eksternal selama pelaksanaan instruksi.

Pin 31 ( £A4), bila pin diberikan logika tinggi, maka mikrokontroler
akan melaksanakan instruksi dari ROMEPROM internal. Bila
diberikan logika rendah, mikrokontroler akan melaksanakan instruksi
dari memon program luar.

Port 0 (Pin 32..39), merupakan port paralel 8 bit open drain dua arah,

Port 0 dapat digunakan scbagai por/ I'Q biasa dan dapat juga
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digunakan untuk memultiplek alamat dengan data pada waki
mengakses memori eksternal.

- Pin 40 (VCC), dibubungkan ke VCC (+5 vol).

2.6.2 Organisasi Memori Mikrokontroler AT89551

Mikrokontroler MCS-51 memiliki pembagian ruang alamat unfuk program
dan data. Memon data diakses oleh alamat 8 bit, tetapi alamat data 16 bit juga
dapat dihasilkan mikrokontroler melalm register DPTR (Data Pointer Register).
Alamat data dan program yang bisa dialamati oleh mikrokontroler adalah sebesar
64 kilobyte yaitu dari alamat 00004-FFFFy,

PSEN adalah sinyal yang digunakan untuk pembacaan memori program
eksternal. Mikrokontroler MCS-51 mempunyai dua buah altematif umtuk

pembacaan memori program yaitu intemal dan eksternal. Pembacaan memon
program ekstemal dengan men-set pin 24 pada logika 0 dan pcmbacaan memori

program internal pin EA diset pada logika 1,
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Adapun strokinr dan memon mikrokontroler MCS 51 ditunjukkan dalam

Gambar 2.9 benkut.

__________________________

f‘ E
¥

EX=1
EYFESREaL,

[ U T e S SN iy el S S —

o ———

Gambar 2.9 Struktur Memori MCS-51.
Sumber Dhta Sheets ATEOS5]

ATE9851 memiliki RAM internal 256 bwe (00y-TFy) vang dapat
digunakan untuk menampung data-data yang diperlukan dalam pemrograman
RAM internal tersebut dapat diklasifikasikan sebagai berikut : 80 byre general
purpose (30y-TFy), 32 bwte (00y — 1Fy) sebagai register bunk yang dapat

dimanfaatkan seperti RAM biasa, dan 16 hyre (201-2Fy) bit addresable.
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Gambar 2.10 RAM AT89S851
Sumber: www.atmel con

Tabel 2.2
Pengaturan RSO-RS1 Bank Regisier
RS1 RS0 Register Bank Select Bits
0 0 Bank 0
¢ 1 Bank 1
1 0 Bank 2
1 L Bank 3

2.6.3 SFR ( Special Function Registers ) /.. ¢

Register Fungsi Khusus terletak pada 128 Byte bagian atas memori data
internal dan berigi register — register untuk pelayanan latch port, timer, program
status word, control peripheral, dan sebagainya. Alamat register fungsi khusus ini

ditunjukan pada tabel dibawah imi :
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Tabel 2.3 Special Function Register

Simbol Nama Register Alamat
ACC Accurmulator | EOH
B Register B S FOH
_ PSW Program Status Word DOH
SP Stack Pointer PO |
DPL Bit Rendah | ., © s |
DPH Bit Tingen ' 83H
PO ~ PotG 2011
PL Port 1 SOH
P ~ Port2 ADH
P3 Port 3 BOH
P Interupt Peionity Control __D&H
P Inicrupt EnableControl | ASH |
TMOD Timer/Counter Mode Control 39H
TCON Timer/Counter Control 88H
THO Timer/Counter 0 High Control 8CH
TLO Timer/Counter 0 Low Control BAH |
THI Timer/Counter 1 High Control 8DH
TL1 Timer/Counter | LowControl 8BII
SCON ___Senal Control 98H
SBUF _— Serial Data Buffer 99H
PCON Power Control 87H

Sumber : Data Sheet Atmel ATE9S5]

Beberapa macam register fungsi khusus yang senng digunakan adalah
sebagai berikut :
1. Accumudator (ACC) merupakan register untuk penambahan dan
pengurangan. Untuk mengakses akumulator disederhanakan sebagm A.
2. Register B Merupakan regisier khusus yang berfungsi melayani
operasi perkalian dan pembagian.
3. Stack Pointer (SP) merupakan register 8 bil yang dapat diletakkan

dizslamat manapun pada RAM internal.
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4. 2 Data Pointer (DPTR) terdiri atas dua register, yaitu byte untuk tinggi
{Data Pointer High, DPH) dan byte rendah (Data Pointer Low, DPL)
yang berfungsi untuk mengunci alamat 16 Bit.

S. Part (} sampai Port 3 merupakan register yang berfungsi umuk
membaca dan mengeluarkan data pada port 0,1.2,3. Masing — masing
register int dapat dialamati per-byte maupun per-bit

6. Control Register terdin dart register yang mempunyai fungsi kondrol.
Untuk mengonirol sistem intrupsi, terdapat dua register khusus, yaitu
register IP (Jreerupt Priority) dan Register IE (rterupt Enable). Untuk
mengontrol pelayanan timer/counter terdapat register khusus, yaitu
register TCON (Timer/Counter Controf) serla pelayanan port serial

menggunakan register SCON (Serial Port Controd).
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Gambar 2.11 Special Function Registers AT89551
Sumber: www. gimel com
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2.6.4 Sistem Interupsi

Mikrokontroler AT89851 mempunyai 5 buah sumber interupsi yang dapat
membangkitkan permintaan interupsi, yaitw INTO, TTN1,TO,T1 dan Port Serial
Saat terjadinya interupsi, maka mikrokontroler secara otomatis akan menuju ke
subrutim pada alamat terscbut. Setelah interupst sclesai  dikenakan,
mikrokontroler akan mengerjakan program semula, Tiap — tiap sumber inderupsi
dapat enable atau disable secara software.

Tingkat prioritas semua sumber dapat diprogram sendiri — sendin dengan
set atau clear bit pada (/mterupt Privrity). Jika dua permintaan interupsi dengan
tingkat prioritas yang berbeda diterima secara bersamaan, permintaan interupsi
dengan prioritas yang sama diterima bersamaan, akan dilakukan poling untuk
menentukan mana vang akan dilayani.

Tabel 2.4 Alamat Sumber Interupsi

Sumber Interupsi Alamat Awal
B Interupt Luar 0 (INT 0) 03H
Pewaktn / Pencacah 0 (TO) : 0BH
Interupt Luar 1(INT ©) L3H
Pewaktu / Pericacah 1 (T1) 01H
Port Serial i 2311
Power On Reset 00H

(Sumber : Data Sheet Atmel ATR9551)

2.6.5 Reset
Rangkaian Power On Reser diperlukan untuk mereset mikrokontroler

secara ofomatis setiap catu daya dinyalakanKetika catu daya diaktifkan,
rangkaian reset akan menahan logika tinggi pada penyemat RST dengan jangka

waktn yang ditemtukan oleh lamanyas pengosongan muatan kapasitor. Untuk
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keabsahan reset, logika tingg harus bertahan lebih lama dan duva siklus mesin

ditambah waktu hidup (start on) osilator.

b o

-

S Fa G
HE

Gambar 2.12 Rangkaian Power On Beser

Sumber: www.cimelcom

|
:

2.7 LCD (Liguid Crystal Dispplay)

Dalam perancangan ini digunakan LCD ( Liquid Crystal Display ) tipe

M1632 yaitu sebuah LCD dot matrix 16 x 2 baris dengan konsumsi daya rendah.

Adapun fitur dari LCD tipe M1632 ini adalah sebagi berikut

k;

2.

16 Karakter, 2 baris LCD dot matrik
Karakter generator ROM untuk 192 karakter
Data RAM display maksimum 30 karakter

Memungkinkan antarmuka dengan 4 bit datassss atau 8 bit data

. +5 V single power supply.
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Tabel 2.5 Fungsi terminal

Nama Signal No. 78 Fungsi
Terminal

DBO-DB3 4 | IO Data bus 4 bit bawah. Bus ini

| dipakai untuk membaca ataw
menulis data.

Jika interface dala menggunakan 4

bit maka signal ini tidak digunakan,

DBE4 - DB7 4 O Data bus 4 bit atas. Bus idata im
dipakai untuk membaca atau
menulis.

|
E L1 1 Enable Signal
Signal untuk mengaktifikan  tulis
data atau baca data.

R/W 1 I Signal pemilih mode read atau write
0 Wnte
1 : Read

RS 1 L Register selection signal
¢ : Instruction register ( read )
1 : Data register ( write and read )

Sumber : www. delta-electronic.com

| DOT MATRIK LCD |

FL 2 x 16 CHARACTER  TYPE uum‘ |

Vss Voo Vec RS R/AWEN DO DI D2 D3 D4 DS D6 D7 AN KT

T
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METODOLOGI PENELITIAN

3.1 Studi Literatur

Tekanan darah adalah menunjukkan keadaan di mana tekanan yang
dikenakan oleh darah pada pembuluh arteri ketika darah dipompa oleh jantung ke
seluruh anggota tubuh. Tekanan darah dapat dilihat dengan mengambil dua
ukuran dan biasanva ditunjukkan dengan angka seperti berikut - 120 /80 mmHg.
Angka 120 menunjukkan fekanan pada pembuluh arteri ketika jantung
berkontraksi yang di sebut dengan tekanan sistolik. Angka 80 menunjukkan
tekanan ketika jantung sedang berelaksasi. Yang disebut dengan tekanan diastolik
Dari survey vang telah di lakukan di dapat Tips pengukuran tekanan darah yang

benar

1. Duduk yang nyaman dan letakkan lengan Anda dekat dan sejajar dengan
posisi jantung.

2. Tarik nafas dalam-dalam 5 sampai 6 kali sebelum pengukuran

3. Jangan bergerak atau bicara selama pengukuran.

4. Istirahatkan 5 sampai 10 menit antara pengukuran pertama dan

selanjutnya,
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Table 3.1 Klasifikasi Tekanan Darah Orang Dewasa

Kategori ~ Tekanan Darah Sistolik Tekanan Darah Diastolik
R:rﬂa_h L B D’I bﬂw.‘ﬂh 99 mmHg R D1 bawah 69 mmhg
Normal Minimal 100 — 119 mm Hg 70 - ’}'QmmHg _
Normal Ideal 120139 mm Hg 80 — 89 mm Hg
Normal Maximal 140 — 149 mm Hg 90 —99 mm Hg
Stadium 1

(Hipertensi Ringan) | 150 - 159 mm_Hg_ _ilm_ 109 mmhg
Stadiym 2

(ipertonsi Sedatiy) | 160— 179 mm Hg 110— 119 mmhg
Stadium 3

(Hipertensi Berar) 130~ 209 mm ilg 120 - 129 mmhg
Stadim 4

(Hipertensi Maligna) 210 mm Hg atau lebih 130 mmbhg atau lebih
Sumber - HKKI ( Himpunan Kimia Klinik fndonesia ) 2007

3.2  Perencanaan dan pembuatan alat
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Perancangan dan pembuatan alat pengukur tekanan darah dengan tampilan

LCD berbasis mikrokontroler AT89551. Adapun blok diagram alat ini adalah

sebagai berikut :
Sensor 1T
Sensor [ Sistole
Diastole/
ADDA
Sumiah | Satuan
Denyut / | MIC | | penguat l mmHg
Satuan | Sinyal =
Waktu 1 > M'ﬁ;‘;;::hr «—| Push Bution
Schimit l
Trigger
Display

Gambar 3.1 Blok Diagram
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Dan blok diagram diatas dapat dijelaskan dan masing — masing blok

sebagai benikut:

. Sensorl

Sensor atau inputan ini berfungst untuk mendeteksi jumlah denyut
persatoan waktu, diamana digunakan stetoskop sebagar pendeieksinya.
Selanjutnya Mic disini berupa codensor yvang dipasang pada selang sictoskop,
dimana stetoskop akan menerima suarz yang berupa suara detak jamung pada
pengukuran denyut jamtung dan detak nadi pada pengukuran tckanan darah
QOutput dari kondensor berupa tegangan. Amplifier merupakan siatn penguat vang
menguatkan outputan kondensor, yang dimana hasil daci penguatan tersebut dapat

diterima oleh mikrokontroler melalu proses pentniggeran terleth dahulu dengan

range tegangan 0 -5 V.

o
f 47k
1 . ¥

n .
p= %ij % WS: )

AAR ]
L' 3 pf TG4
il -Ly
-

S0y Konouwer A
. STED 4Fie

T

Im =y oy

Gambar 3.2 rangkaian seasor 1




Untuk perhitungan low pass :
RI=RZ=Rf=47 K

l ..
Ci=-—13
2

C2=20C3
C}z;
ap R

C3= :
2x3.14x 35047000

Ci=10Df
C2=20Df

El=S1X

Untuk Perhitungan Scihmit Trigger :

T= 100 ps C=10uf
y

1.1% 2
100 -

T LIx2x3.14xRx107

g 1
1.1%2x3.14x100x 107

R =
0.006908

R = 144.7

R =150£21
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2. Sensor [l

Sensor yang digunakan adalah LDR, vaitu sebuah tranducer vang
mengubah intensitas cahaya menjadi besaran listik  dengan  perubahan
resistansinya. Prinsip kerjanya, apabila permukaan LDR terkena cahaya maka
resistasinya akan berkurang dan apabila permukaan ditutup maka resistansinya
akan lebih besar.

Pencahayaan yang digunakan adalah lampu led. Dimana LDR disini
dipakai dalam penentuan putaran jarum pada penunjuk jarum penumjuk tekanan
darah. Setelah itu akan dibubungkan dengan ADDA PCF 8591 yang berfumgsi
untuk mengubah sinyval analog menjadi digital yang akan diproses selanjutnya

pada mikrokontroler.

3K T IK

[

M

IL.H-E"

Gambar 3.3 Rangkaian LDR

3. Mikrokontroler AT89551
ATR9S51 disini berfungsi sebagai pengontrol semua sistem yang ada pada

pembuatan alat termometer badan ini.
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4. Push Button

Push button berfungsi untuk memilih sensor mana yang akan diaktifkan
atau bekerja,
5. Display

Display yang digunakan disini adalabh LCD tipe M1632 yaitu sebuah LCD
dot matrix 16 x 2 bans dengan konsumsi daya rendah. Dimana LCD disini
berfungsi sebagai penampil data yang kita peroleh dalam mengukur tekanan darah

SERC0rang.

3.3  Perencanaan Rangkaian ADDA PCF8591

Agar nilai yang dikeluarkan oleh sensor LDR dapat dibaca oleh
mikrokontroler AT89851, nilai tegangan tersebut harus diubah menjadi bentuk
data digital 8 bit. Untuk itu digunakan konverter analog ke digital atau digital to
analog (ADDA). Type yang dipakai dalam perancangan ini adalah type ADDA
PCF8591 yang merupakan ADC dengan empat inputan analog yang dimultiplex

menjadi data 8 bit digital. _f
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Gambar 3.4 Rangkaian ADDA PCF38591

Samber ; www. daiasheeiarchive.com

34  Mikrokontroler AT89851

Mikrokontroler AT89351 adalah sualu chip IC vang terdiri dari 40 pin,

dalam perancangan alat ini pin - pin yang digunakan adalah sebagai berikut :

1

Port 2.0 sampai 2.1 merupakan port yang digunakan sebagai data input
dari ADDA PCF8591.

Port 1.0 sampai port 1.3 merupakan port yang digunakan oleh LCD.
Port 2.2 merupakan pin inputan dan data tngger.

Port 2. 4merupakan push buiton.

Pin 9 ( Reset), reset aktif tinggi terhubung dengan rangkaian power on

reset dan jika diaktifkan mereset mikrokontroler AT89S851.

vRz = B2V _ 4 94 volt. ( Pada saat saklar ditekan maka akan
R+ R2
high ).
Pin 20 digunakn sebagai ground.

Pin 40 digunakan sebagai VCC sumber.
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Gambar 3.5 Rangkaian Mikrokontroler AT895851
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3.5  Sistem Fen:al.mlln Mikrokontroler

Kecepatan proses yang dilakukan oleh mikrokoniroler ditentukan oleh
sumber eclock (pewaktuan) yang mengendalikan mikrokontroler tersebut. Sistem
yang dirancang int .akaﬂ menggunakan osilator internal yang sudah tersedia di
dalam chip mikrokontroler. Untuk menentukan frekuensi osilatornya cukup
dengan cara menghubungkan kristal pada pin XTALI dan XTAL2 serta dua buah
kapasitor ke ground. Besar kapasitansinya dengan spesifikasi pada lembar data
mikrokontroler vaitu 30 pF.

Pemilihan besar frekuensi kristal disesmaikan dengan pemilihan kecepatan
yang diharapkan untuk transfer data melalui pin serial interfuce mikrokontroler

terscbut. Dengan memakai kristal 11,059 MHz, maka satu siklus mesin

membutuhkan waktu sclama 1,08 pdetik atan x12 periode.

11,059

N
\




30 pF
l i AL
DIE MH=z
4 | 19 | R—r———
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Gambar 3.6 Rangkaian Pewaktuan
Sumber : www.atmel.com

3.6  Percacanaan S-BI;MI' Sistole Diastole Per Satuan Waktu

Sensor ini merupakan sutau rangkaian yang digunakan uniuk mengukur
tekanan darah, Prinsip kerja dari alat ini adalah untuk menghasilkan tegangan,
dimana tegangan yang dihasilkan tergantung dan besarnya resistor pada LDR.

B bottom

Dengan rumus Voul = htonis Rido x Vin

3.7  Perencanaan Sensor Jumlsh Denynt Per Satuan Waktu

Dalam perencanaan tranduser ini dirancangn suatu alat yang dapat
mendeteksi denyut jantung dan detak nadi, dimana semuanya ilu menjadi satu
kesatuan dalam perancangan saat ini. Pendeteksi suara yang digunakan adalah
stetoskop, dari stetoskop itu akan didapatkan suara detak nadi dan denyut jantung
yang berupa frekuensi suara, dari outputan stetoskop akan dimasukan atau sebagai
inputan bagi kondensor, kondensor akan merubah menjadikan tegangan, setelah

itu baru dikeatkan dengan penguat LM386 yang penguatanya bisa mencapai
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sampai 200 kali, hal ini dilakukan agar komparator regeneratif { Schmiu Trigger )

dapat membuat pulsa atau clock.

38  Perencanaan LCD

Dalam aplikasi ini menggunakan sebuah layar LCD ( Liguid Crystal
Display Jyaitu jenis M1632 yang merupakan LCD dua baris dengan sctiap
barisnya terdiri atas 16 karakter. Masukan yang diperiukan untuk mengendalikan
modul ini berupa bus data yang masih termultiplek dengan bus alamat. Sementara
pengendalian dot metrik LCD dilakukan secra internal oleh kontroler yang sudah
terpasang pada modul LCD.

Rangkaian display ditunjukkan dalam Gambar 3.9. Saluran data DBy —
DB; dihubungkan pada pin shift register. Sedangkan penyemat Enable dan RS
dihubngkan pada port 1.0 dan port 1.1 mikrokontroler AT39551. Penyemat Ve

dihubungkan pada potensiometer 1 K€, untuk mengatur kecerahan LCD.

LCD 16 x2

n,
i
ny
Y
W

£ 1

“FFTETF EEFEELEE »LF
8

Gambar 3.7 Rangkaian LCD

f
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Untuk menjalankan peralatan yang dirancang diperlukan perangkat lumak
(software) vamg disusun dengan {lowcharl dan ditulis dengan menggunakan
bahasa assembler.

Program adalah kumpulan dan instruksi uoituk mengendalikan atan
mengoprasikan sistem perangkat keras (1lardware). Adapun softwarc-nya adalah
sebagai berikut :

1. Membuat diagram alir (flowchart) dari program yang akan dibuat.

2. Mengubah diagram aliran tersebut ke dalam bahasa pemrograman.

Mengkomplikasikan program yang telah dibuat ke dalam memon,

L

sampai menghasilkan program yang paling sesuai.
4, Kemudian memasukkan program yang telah selesai, berikut ini
merupakan flowchart dari alat pengukur tekanan darah dengan

tampilan LCD berbasis mikrokontroler AT89S51.
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FLOW CHART

[nisialisas:
sistem

1y

Baca nilai
/ tekansn udarn
"

Tampilkan di
LCD

Tidak




Simpan nilai tekanan
di memori diastale

v
Tampilkan di
LCD

Gambar 3.8 Diagram Alir Program
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3.9  Pengujian sensor suara
391 Tujuan
Pengujian scnor ini bertujuan untuk mengetahwi apakah sensor sudah
bekerja sesuai dengan yang diharapkan.
3.9.2 Peralatan yang di gunakan
1. Power Suply
2. Osilator
3.9.3 Hasil Pengujian Sensor Suara

Dari pengujian sensor di dapatkan hasil sebagai benkut .

Gambar 3.9 Hasil Pengujian scnsor suara analog Pada Osiloscope
Dengan Volt/DIV adalah V/DIV

Gambar 3.10 Hasil Pengujian Sensor Suara Digital Pada Osiloscipe
Dengan Volt/DIV adalah V/DIV
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3.94 Analisa Pengujian

Sinyal suara yang di terima kondensor dari stetoskope adalah frekwensi
rendah antara 0 - 4000 Hz. karena out putan kondensor sangat kecil sekali sekitar
0.015 volt, maka di kuatkan oleh Op — Amp Im 386 sebesar 200 kali maka di
dapatkan tegangan sebesar 3 volt. hal ini di lakukan agar dapat memenuhi batasan
schimit trigger antara 0 — 3 volt agar dapat di baca oleh schimit trigger. Out putan
dari schimit trigger berupa high and low yang kemudian dapat di olah oleh

mikrokontroler.




BAB IV

PENGUJIAN ALAT DAN ANALISIS

4.1. Pengujian Sistem Secara Keseluruhan
Bab ini membahas tentang pengujian dan analisis alat yang telah dibuat
Secara umum, pengujian ini bertujuan untuk mengetahui apakah sistem alat ukur

vang di buat sudah sesuai dengan perencanaan awal yang telah ditetapkan.

4.1.1. Peralatan Yang Digunakan
1. Power supplay
2. Stetoskop
3. Rangkaian lengkap alat pengukur tekanan darah berbasis

mikrokontroler AT89S51.

4.1.2. Prosedur Pengujian

1. Alat —alat dirangkai lengkap seperti pada gambar rangkain total
2. Catu daya tegangan 5 Volt.

3. Membuat program yang di gunakan dalam pengujian mikrokontroler

4.1.3. Hasil Pengujian

Dari pengujian vang dilakukan akan didapatkan nilai — nilai pengukuran

yang sangat sesuai dengan apa yang diharapkan Yang pada akhirnya nilai yang
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diperoleh adalah dalam bentuk digital. Hal ini membukuikan proses pengukuran

dapat berjalan dengan baik. Walaupun terkadang ada error yang terjadi.

4.2. Pengujian Alat Keseluruhan Pada Pengukuran Tekanan Darak

Pengujian alat ini adalah pengujian yang sangat sulit dilakukan, Karena
pada kondisi ruangan yang tidak tenang atau ramai, akan menimbulkan error pada
pengukuran, karena alat ini merupakan suatu pengembangan dari teori - teor
sebelumnya, Range yang didapat dalam pengujian alat ini sangatiah berpariasi,
tergantung umur, faktor keturunan, dan kebiasan hidup.

Pengukuran biasanya dilakukan 1 sampai 2 kali, Hal ini dilakuakan agar
mendapatkan nilai — nilai yang mendekati kendisi si pasien. Dan nifai yang
dipakai adalah nilai yang terendah. Hasil pengujian alat ini dapat dilihat pada

gambar 4.1 dibawah ini.

Gambar 4.1 Hasil Pengujian Alat Pengukur Tekanan Darah.




4.3.

Data Percobaan Alat
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Data percobaan alat di bawah ini menunjukkan perbandingan antara alat

pengukur tekanan darah digital dengan alat pengukur tekanan darah analog Data

di hawah ini telah di periksa dan di setujui oleh pihak yang berwenang. Data

percobaan di ambil dari beberapa orang, antara lain sebagai berikut

Tabel 4.1
Data percobaan alat
| Alat pengukur teckanan | Alat pengukur tekanan
| U™ | damh digital dahanalog |
(Thn) | Systole Diastole Systole Diastole
(mmhg) | (mmhg) |(mmhg) |(mmhg)
Deny S 22 142 92 | 140 90 Normal max
Okta 22 96 65 90 60 Rendah
Rohmat 23 124 85 120 80 Normal ideal
Umar 24 113 76 1o 70 Normal min
Ristante | 24 121 83 120 %0 Normal ideal
Himawan | 23 124 82 120 80 Normal ideal

4.4. Analisa Pengujian

Dari percobaan di atas, dapat di analisa bahwa alat ini telah menghasilkan

out putan yang sesual dengan yang di inginkan, Keterangan yang muncul telah

sesuai dengan nilai systole dan diastele, sesuai dengan program yang ada.

Percobuan di atas juga memperlihatkan perbandingan anmtara alat pengukur

tekanan darah secara digital dengan alat pengukur tekanan darah secara analog di

mana nilai — nilai yang di hasilkan oleh keduanya tidak memperlihatkan

perbedaan yang begitu jauh. Alat ini juga mempunyai kelebihan dapat mendeteksi




dengan nilai keluaran yang lebih teliti di bandingkan alat pengukur tekanan darah
secara analog.

Dari pengujian yang dilakukan sebanyak 6 kali pada pengukuran tekanan
darah didapatkan persentase kesalahan sebagam berikut

data pengukuran —data pengujion
data pengukuran

KESB]E}IH:J‘.I:[ ]xlﬂﬂ%

Tabel 4.2
Data Perhitungan Persentase Kesalahan

NO | HASIL PENGUKURAN TEKANAN |  HASIL PENGUJIAN TEKANAN ERROR
DARAH DICITAL DARAH ANALOG
SISTORE | DIASTOLE SISTOLE IHASTOLE SISTOLE | DrastoLe
(mmHg)  (mmHg) | (mmHg) | (mmHg) (%} (%) |
142 a2 140 90 — 00 %
96 63 90 60 0.06 % 008 %
124 83 120 80 0.0% % .06 %
113 76 110 F0 oo 0o? %
121 B3 120 30 001 % 003 %
124 52 120 80 O %% 003 %

Sedangkan untuk menentukan kesalahan rata — rata pada sistole dan

Sfumlal I’ﬂ.ﬂﬁfﬂ#ﬂﬂ rata — rata
hanyaknya sampel

diastale adalah sebagai henkut :

0.16%

kesalahan rata — rata pada sistole adalah = ~ Z = 0,02 %

0,
Sedangkan kesalahan rata — rata pada tekanan darah diastole adalzh &2 Yo _

0,048 %




Spesifikasi Alat

No Nama Alat Banyak(x) | Harga(Rp) | Jumlah(Rp)
I | Minimum Sistem MCS51 i 60.000 60.000 |
2 | MK B9S51 a 1 15.000 15000 |
3 |LCcp 1 100.000 100.000
4 | Keypad 1 35.000 35.000
5 | Kondensor Mic 1 1000 1000
6 | Pre Amp 1 4.500 4500
7 | Twbo Bas 1 10.000 10.000
8 | Pengukur tensi + stetoskop | 75.000 75.000
9 | Modul ADDA 1 80.000 80.000
10 | Filter 1 45.000 45,000
11 | Schimit trigger 1 10,000 10.000
12 | Power Supply ( Adaptor 1A ) 1 17.000 17.000 |
Jumlah 452.500




BAB YV

PENUTUP

5.1 Kesimpulan

Setelah melakukan perencanaan dan pembuatan Alal Penghitung Tekanan

darah secara digital berbasis Mikrokontroler AT89851 maka pada bab m

diberikan kesimpulan :

3.

Pembuatan simulasi alat pengukur tekanan darah  digital i
berpedoman pada alat pengukur tekanan darah analog yang felah ada,
dengan mengetahui cara kerja dari pengukur tekanan darah analog
maka dapat di konversikan ke dalam alat pengukur tekanan darah
digital dengan program yang ada,

Penggunaan mikrokontroler ATMEL ATR985]1 untuk mengontrol
semua system, di gunakan bahasa pemrograman yaitu bahasa
assembly.

Perencanaan sensor suara untuk  mendeteksi  denyul jantung
menggunakan kondensor dengan out putanmya sebesar 0.015 volt
kemudian di kuatkan olch Op — Amp sebesar 200 kali sehingga

menjadi 3 volt agar dapat di terima oleh mikrokontrler setelah melalui

roses pentrigeran.
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52  Saran

Meskipun dari hasil pengujian dan analisa terhadap performansi alat sudah
mencapai  kedaan yang diharakan, namun masih banyak perbaikan atau
pengembangan yang dapat dilakuan untuk lebih meningkatkan lagi performansi
alat. Beberapa saran yang kiranya dapat meningkatkan performansi alat antara
lain:

1. Untuk lebih mempermudah user dalam pengoprasian alat i maka
perlu untuk ditambahkan suatu komponen atau alat yang lebih peka
didalam mendeteksi adanya denyut.

2. Disamping itu jupga sebaiknya dalam pengoprasian alat ini

ditambahkan pemompa otomatis dari cufl yang dipaka.
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e e ATB89551

DT During
wer-down
d idie

wer 0and 1

rrupts

should be serviced in those seclions of code that will periodically be executed within the time
reguired 1o prevent a WDT resst.

In Power-down mode the osclllator stops, which means the WDT also stops. Whilke in Power-
down mode, the uger does not need to sendce the WOT. There are two methods of exiting
Powar-down mode: by a hardware reset or via a level-activated external interrupt, which is
snablad prior 1o entarng Power-down mode, When Power-down is exited with hardware raset,
senvicing the WDT should occur as it normally does whenever the ATBBS51 is reset. Exiting
Power-down wilth an interrupt is significantly differant. The intermupt Is held low long enough for
the oscillator to stabilize. When the Internupt s brought high, the intersupt is serviced. To pre-
went the WOT from resetting the device while the interrupt pin is held low, the WDT is not
started untll 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 overfiow within a few states of exiting Power-down, It is best
to reset the WDT just before entering Powar-down mode.

Betore going into the IDLE mode, the WDIDLE bit in SFR AUXR s used to determine whether
the WDT continues to count If enabled. The WDT keeps counting during IDLE (WDIDLE bit =
0) as the default state. Te prevent the WOT from resetting the AT89551 while in IDLE mede,
the user should always set up a timer that will perodically exit IDLE, service the WDT, and
reenter IDLE mode.

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

Tha UART in the ATB9S51 operates the same way as the UART in the ATE9C51. For further
Information on tha UART operation, refer to the ATMEL Web site (hiip-/fwww almel.com).
From the homa page, select ‘Products’, then '8051-Architecture Flash Microcontroller’, then
“Product Overview' .

Timer 0 and Timer 1 in the AT89551 operate the same way as Timer 0 and Timer 1 in the
ATBACS1. For further information on the timers’ operation, refer to the ATMEL Web site
(hitp://www.atmel.com). From the home page, select ‘Products’, then ‘8051-Architecture Flash
Microcontroller, then ‘Product Ovandew’,

The ATS0S51 has a total of five interrupt vectors: two external imerrupts (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 thesa intermupt sources can be individually enabled or disabled by setting or clearing a
bit in Special Function Register IE. IE also contains a giobal disable bit, EA, which disables all
interrupts at once.

Note that Table 4 shows that bit position IE.B is unimplementad. In the AT89551, bit position
IE.S i2 also unimplementad. User software should not write 1s to these bit positions, sinca thay
may be used in future ATBS praducts.

The Timer 0 and Timer 1 fiags, TFO and TF1, are set at 85P2 of the cycle in which the timers
averfiow. The values are then polled by the dircuitry in the next cycle

e ATTIET 9
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Table 4. interrupt Enable (IE) Register
IMBE) (L=8)
19—1__"' |__ |Es | ETI |E)(Iv JEl'u |Exu |
Enatbe Bil = 1 enables the imempL
Enable Bit = 0 dizaidas the inlamrupl

Symbol | Position Funection

EA I Iew Disables all infermupts. If EA = 0, no inteupt i
acknowledged. if EA = 1, each inierrupt source is
individually enabled or disabled by setling or clearing

itz anable bit.
= IE6 Ressrved
- IE.E Hml‘ll”
= IE.4 Serial Port intermupt enable bit 7
ET1 Ea o Timer 1 imerrupt cnable bit f
X IE2 External intarrupt 1 anable bi
ETO IE.1 Timer 0 inferrupl enable bit
EX0 |0 External interrugt 0 enable bit

User software should nmrmi-hminmermdﬁbs.becammﬂy may be used in fulure AT8S
products.

Figure 1. Interrupt Sources
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XTAL1 and XTAL2 are the input and output, respectively, of an inverting ampiifier that can be
configured for use as an on-chip oscillator, as shown in Figure 2. Elther a quartz crystal or
ceramic resonator may be used. To drive the device from an extamal clock source, XTALZ
should be left unconnected while XTAL1 is driven, as shown in Figure 3. There are no require-
menls on the duty cycle of the extenal clock signal, since the input o the internal clocking
cireuitry is through a divide-by-two flip-fiop, but minimum and maximum voftage high and low
time spocfications must be observed.

Figure 2. Oscillator Connections

] —I— KIALT

—i— KA

Mote:  C1, CZ =30 pF + 10 pF for Crystals = 40 pF 1 10 pF for Ceramic Resonatons

Figure 3. External Clock Drive Configuration

HC ———1 AW
EXTERMAL

GECLLATOR —  ¥EAL
HaMAL

in idie mcda, the CPU puts itself to sleep while all the on-chip peripherals remain active. The
mode is invoked by sofiware. The content of the on-chip AAM and all the special function
registers remaln unchanged during this mode. The idle mode can be terminated by any
enabled interrupt or by a hardware reset.

Nate that whan idle mode is terminated by a hardware reset, the device nomally resumes pro-
gram execution from whare it left off, up to two machine cycles befora the internal reset
algorithm takes control. On-chip hardware inhibits access to intemal RAM in this event, but
access to the port pins Is not Inhibited. To eliminate the possibility of an unexpected write fo a
port pin when Idle mode is terminated by a reset, the instruction following the one that invokes
idle mode should not write to a port pin or to external memaory.

in the Power-down mode, the oscillatar is stopped, and the Instruction that invokes Power-
down is the last instruction executed. The on-chip AAM and Special Function Registers retain
their values until the Powar-down mode is terminatad . Exit from Power-down mode can be ini-
tiatad eitter by a hardware resat or by activation of an anabled extemal internugt into INTO or
JHT1. Reset redefines the SFRs but does not change the on-chip RAM. The resel should not
be activatad before V. is restored 10 its normal operating level and must be held active long
enolgh to allow the oscillator to restart and stabilize.

_m H
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Table 5. Status of Extemal Pins During Idie and Power-down Modes

Mode Frogram Memory | ALE | P3EN | PORTO | PORT | PORT2 | PORT3
idle Inamal 1 1 Data | Data | Daa | Dat
ldla Extarnal 1 1 Float Data Address Data

| Power-gown | Internal 0 0 Daa | Data | Daa | Dam
Power-down | External 0 0 Float | Data | Data | Dam

The AT89551 has three lock bits that can be left unprogrammed (U) or can be programmed
{P) to obtain the additional features listed in the following tatie.

Table 6. Lock Bit Protection Modes

Program Lock Bits ;
LB1 LBz LBA | Proteciion Type

1 U U | U | Noprogram lock features

2 P u u MOVC instructions executed from exterrsl program
memory are disabled from fetching code bytas from intemal
memory, EA s sampled and latched on reset, and further
programiming of the Flash memory &5 disabled

P u Same as moda 2, but varify is also disabled
4 P P P Same 28 mode 3, but oxtamal exeacution iz also dissbled

When lock bit 1 is programmed, the logic level at the EA pin is sampled and latched during
resal. If the device |s powerad up without a resel, the latch initializes to a random value and
holds that value untl! reset is activated. The latched value of EA must agree with the current
logic lewel at thal pin in order for the device to funclion praperdy.

The ATBE351 is shipped with the on-chip Flash memory array ready to be programmed. The
programming interface needs a high-voltage (12-volt) program enable signal and is compati-
ble with conventional third-party Flash or EPRCM programmers.

Tha ATE2S51 code momory array is programmed byte-hy-byte.
Programming Algorithm: Before programming the AT88851, the address, data, and control
signals should be set up according to the Flash programming mode table and Figures 13 and
14. To program the AT82S51, take the following steps:
1. Input the desired memory location on the address lines.
2 Input the appropriate data byte on the data lines.
3. Activate the cormect combination of control signals.
4. PRaise EAN e to 12V.
5. Pulse ALE/PROG once to program a byte in the Flash array or the lock bits. The byte-
write oycle is self-timed and typically takes no mora than 50 5. Repeat steps 1
through 5, changing the address and data for the entire array or until the end of the
oblect file is reached.

Data Polling: The AT89S51 features Data Polling to indicate the end of a byte write cycle.
During a write cycle, an attempted read of the last byte writion will result in the complement of
the written data on P0.7. Once the write cycle has been completad, irue data is valid on all out-
puts, and the next cycle may begin. Data Polling may begin any time after 2 write cycle has
beean initiatad.
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Ready/Busy: The progress of byte programming can also be monitored by the RDY/BSY out-
put signal. P3.0 is pulled low after ALE goes high during programming to indicate BUBY. P3.0
is pulled high again when programming is dons to indicate READY.

Program Verity: If lock bits LB1 and LB2 have not been programmed, the programmed code
data can be read back via the address and data lines for verification. The status of the individ-
ual lock bits can be verified direcily by reading them back.

Reading the Signature Bytes: The signature bytes are read by the same procedure as a nos-
mal verification of locations 000H. 100H, and 200H, except that P3.6 and P3.7 must be pulled
to a logic low. The values retumed are as follows.

{000H) = 1EH indicates manufactured by Atmel

{(100H) = 51H indicates BIS51

{200H) = 0&H
Chip Erase: In the paraliel programming mode, a chip erase operation is initiated by using the
proper combination of control signals and by pulsing ALE/PROG low for a duration of 200 ns -
500 ns.

in the seral programming mode, a chip erase operation is Initiated by issulng the Chip Erase
instruction. In this mode, chip erase is self-timed and takes about 500 ms,

During chip erase, a serial read from any address location will relum 00H at the data output.

The Code memory array can be programmed using the seral ISP interface while RST is
pulled 1o V.. The serial imerface consisis of ping SCK, MOSI (input) and MISO (output). Aler
RST is set high, the Programming Enable instruction needs 1o be executed first before other
operations can be executed, Belore a reprogramming sequence can ogour, a Chip Erase
aperation is reguired.

The Chip Erase operation tums the content of every memory location in the Code amay infe
FFH.

Either an external system clock can be supplied at pin XTAL1 or a crystal needs 1o be con-
nacted across pins XTALT and XTALZ. The maximum serial clock {SCK) frequency should be
less than 1/16 of the crystal frequency. With a 33 MHz oscillator clock, the maximum SCK fre-
quency is 2 MHz.

To progrem and verify the ATB8S51 Iin the senal programming moda, the following sequance
is recommaended:
1. Power-up sequence:
Apply power between VCC and GND pins,
Set AST pin o "H™
I a crystal is not connecled acroes pins XTAL1 and XTAL2, apply a 3 MHz 1o 33 MHz
clock to XTALY pin and wait for at least 10 milliseconds.

2. Enabe serial programming by sending the Programming Enable serial instruction to
pin MOSIP1.5. The frequency of the shift clock supplied at pin SCK/P1.7 neads lo be
less than the CPU clock at XTALY divided by 15.

3. The Code array Is programmed one byte at a time in either the Byte or Page mode.
The write cycle Is self-timed and typically takes less than 0.5 ms at 5\

4. Any memory location can be verified by using the Read instruction that retumns the con-
tent &t the selected address at seral output MISO/P1.6.

5. Althe end of a programming session, RST can be set low to commeance normal device
opamation.

m—m 13
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Power-off sequence (if needed);
Sat XTAL1 to “L” (if a crystal is not used).
Set AST to “L",
Tumn 'lr,cc power off.
Data Polling: The Data Polling feature is also availabie in the senal mode. In this mode, dur-

ing & write cycle an attempted read of the last byte written will result in the comploment of the
MSE of the serial output byte on MISO.

The Instruction Set for Serlal Programming follows a 4-byte protocol and is shown in Tabie 8
on page 18.

Every code byte in tha Flash amray can be programmed by using the appropriate combination
of control signals. The write operation cycle is self-timed and once initisted, will automatically
timea itsalf to complation.

All major programming vendors offer worldwide support for the Atmel microcontroller series.
Please contact your local programming vendor for the appropriate software revision.

s 7. Flash Programming Modes

ALE! | ER/ | l poro | P2¥0 | PLTD
o ¥ec | RST | PEEN | PROG Vp | P28 | P27 | P33 | P38 | P27 | Data Aderess
= | ] i
s Gode Data | 5Y H S g v | L H H ! H [ H D A11-8 AT-0
jCodeData | 5V H L H H | L L L { H | H Dourr A11-8 AT-0
e ]
 Lock Bit 1 sv H T R H H I] H H X X X
i [ 1
¢ Lock Bit 2 v H L i 12 H H H ! L L X X X
Lok | tav L H L X X
B 3 sv H S 2 H H X
o2,
|
KRGO s H L H H | H H L H & F0.3, b X
8 PD.4
4]
Eruse sv H L e 12v H L H L L X X X
Atmed ID 5V L H H L L L L 1EH 0000 ooH
= - £ 2 =
Denice IDY 5V L H H L L | L L | 5MH 0001 DoH
Device ID | SV L H H L L | L L | osH 0010 00H

1. Each PROG pulaa ls 200 na - 500 ne for Chip Erase.

2 Each PRONG pulse i 200 ns - 500 ns for Write Code Data.
3. Each PROG pulse is 200 ns - 500 ns for Write Lock Bits.
4. RDY/BSY signal is output on P2.0 during programiming.

5 X =don’ cara.




Figure 4. Programming the Flash Memory (Parallel Modg)

ATO9S51 "?:
soop. AT Soy ey Ve
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MODES TABLE | ———»f PRB

— PAT
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B33 MHz |

=] l
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Figure 5. Verifying the Flash Memory (Parallet Mode)
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1ish Programming and Verification Characleristics (Paraliel Mode)
: 20°C 10 30°C, Vg = 4.5 10 5.5V

mbaol Paramaster Min Max Uink=
m B Pregrameming Supply Volage 115 126 [ ¥
Programming Supply Current 10 mA
Vm—. Euppl:.n' Cusrant 30 . mA
no Oscillator Frequency 3 33 | e
4 | Address Setup to F'm__LPw 48, .
W | Address Hold Afle- PROG 4850,
i Data Setup to PROG Low izioy
W ) Data Hold Atrer FRDG o 45}_|:|.::L .
= P2.7 (ENABLE) High to Ver 4Bleicr -
i Ve Setup to FROS Low 10 s
" B Vor Hold Aftar PROG B 10 ps
H PROG Width 0z | 1 s J
V Address 10 Data Vaiid oo
g ENABLE Low to Data Valid ABloycy
z Data Flpat After ENABLE 0 4Bl
; PROG High to BUSY Low 1.0 s
Bwyle Wiita Cycle Time 50 us
| 6. Flash Programming and Verification Wavelorms — Paralle! Mode
PLO - BT | PROGHAMMING VEFIFICATION
PO -PRE ADDRESS :—4} ADDRESS __ r———
|"— Favav
PORT 0 a3 DATA 1N 4 [ DATA OUT p——
M lovel  lerox
lavar — Tapax
ALE/FROG ™
CTN s PR T tanst
_— A Ve ] NLOGIC
ERNpp o e e e e T e e T
*—lenan — lenor
P27 _-| taav i
(ENABLE)
e —*
P30
[ROY/EST) BUSY REAL
b
AT89S51

248TA- 1061
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ure 7. Flash Memory Serial Downloading
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re B. Serial Programming Wavelorms
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ie 8, Serial Programming Instruction Set

Instruction I
Format
iruction Byte 1 Byle 2 Byle 3 Byle 4 Operation
Hpamming Enable 100 1100 o101 001 XEMX MR el Emable Serial Programming
o110 1001 while RST is high
| (Output)
- ! B —
ip Eraze 1010 1100 100 o0 MERX  MIRH s R Chip Erase Flash memory
i amay

ad Program Memory | 0010 0000 WK D99 | raouw ouno | oo mo=c | Fead data fom Program
ta Mode) ol e e Q008 | emory in the byte mode

te Program Mamary | 0100 0000 e ] Eﬁ:m; Bgwe ou-o | Wiite data to Program

12 Moda) . e 'E me in the byte ___I

te Lock Bits'™ 1010 1100 110 00 Z& | oo oo | oo cox White Lock bits. See Note (2).

1 Lock Bits 0010 D100 0O AXHE 0! X000 | X2 X Read back current status of
{ tha lock bits (a programmed

lock bit reads back as a *17)
| Signature Byfe | Fead Signature Byte

M‘E;g}ﬂhjmw} 0010 1000 00 D YRYT e 0K 00K

e e
®

d Program Memeory | 0011 0000 oo —oem | Byle 1. Fead data from Program
& Mode) oL | Byto 265 memory in the Page Mode
| (256 bytes)
e Program Memory | 0107 0000 ok  Coae | Bylel Byta 1... Write data to Program
1e Mode) <t Byte 255 memory in the Page Mode
{256 hytes)
1. The signaiue bytes are not readable in Lock Bil Modes 3 and 4.
2. B1=0,82=0— Mods 1, no lock protection
Bl =0, B2 =1 —> Mode 2, lock bil 1 aclivaled Each of tha lock bits needs to be activated sequamtially befora
Bl =1, B2 =0 > Mode 3, lock bif 2 activalied Mode 4 can be execudad,

Bi=1,B1=1— Mode 4, lock bit 3 activaled

After Rieset signal is high, SCK should be low for at least B4 system clocks before it goes high to dlock in the snable daia
byt Mo pulsing of Resat sigral is necassary. SCK should be no faster than 116 of the system clock at XTALT.

For Page Read/Writa, the data always staris from byte 0 to 255. After the command byte and upper address byte are
latchad, each byte thereafter is treated as data until all 266 bytes are shifted infout. Then the next ingtruction will be ready lo
be dacoded.

ATHISE e e

2487810001




erial Programming Characteristics

igure 8. Serfal Programming Timing
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AT89551

ble 9. Seral Pragramming Characteristics, T, = 40°C ta 85°C, Vo =4.0 - 5.5V (Unless Otherwise Noted)

ymbol | Parameter Min Typ Max Units
YouoL Oscillator Frequency D a3 MHz
1o | Oscitator Period 30 s

. SCK Putse Width High T ns

G SCK Pulse Width Low 8L ns

— MOS! Setup to SGK High T B ns

x| MOSI Hoid after SCK High 2 ] '
i SCK Low to MISO Valid 10 | 16 22 g
Ft-.ﬂ-.BE Chip Erasa Instruction mrdﬂ_'l_'lm 500 ms

e Serial Byle Write Cycle Tima 641, + 400 s

e ——— E 19




isolute Maximum Ratings*

ierating Temperatluie.. ... e oo <5870 B0 +125°C NOTICE:  Stresses beyond those listed under “Absolute
Mandmum Ratings” mey cause permanent dam-
WAGE TEMPErEIIIE _......oovierenessmnensei e omee ~B70 10 +150°C age o the device, This is a stress rating only and
functional operation of the device at thesa or amy
tage on Any Pin other conditions bayond those indicated in the
GRS ST T (-TT) T (R————— 1 " 1 R 1 |1 operational sactions of this specificafion is nol
] implied. Exposure to absolute maximum rating
samum Operating VolAgE ... e BBY corddiions for extendad periods may affect
U CURTENE o111t e cone e ceeesscenssnsson 150 U
' Characteristics
values shown In this table are valid for T, = -40°C to 85°C and Vg = 4.0V to 5.5V, unless otherwise notad.
nbal Parameter Coendition Min Max Unite
Input Low Voliage {(Except EA) 0.5 | 0.2 Vee01 v
Input Low Voltage (ER) 05 | D2V 03 v
input High Voltage (Except XTALt, RST) 02V +0.9 [ Vo5 v
Input High Valtage (XTAL1, AST) 0.7Vee | Vogt05 v
Output Low Voltage!" (Ports | 045 v
1,2,4) gy, = 1.6 mA t
Output Low Voltage!!! [ 045 v
, {Poit 0, ALE, FSEN) lor = 3.2 MA |
Igyy = S0 pA, Ve = 5V £10% 24 v
{‘.lutmt High W I'DH- =25 |.|Fi u-?s v:,,: W
{Ports 1,23, ALE, PSEN) Lo = -10 pA 0.9 V. v
Lo = 800 pA, Voo = 5V £10% 24 v
Ouiput High Voltage Aoy =200 JiA | A ¥
{Port 0 in External Bus Mode) los = -BO A 0.8 Vi v
Legical O Input Current {Ports =50 pA
123 Yy = D45V
Logical 1 to 0 Transition Current -850 HA
(Ports 1.2.3) Vi =2V, Voo =5V £ 10%
input Leakage Cument (Part 0, +10 A
ER) 0.45 < Vi < Ve
T Rasat Puldown Resistor 50 300 (8]
Pin Capacitance Test Freq. = 1 MHz, T, =25°C f 10 pE
Active Mode, 12 MHz 25 ma
Power Supply Currend Idle Mode, 12 MHz 85 mé
Powar-clown Mode Voo = 5.5V 50 pA

1. Unger steady stete (no-transient] conditions, |5 must be externally limited as ioflows:
Maximum |, per port pin: 10 MA
Maimum |, per B-bit port.
Port &: 28 mA Porta1, 2, 3 15mA
Meaimum total |, for all output pine: 71 mA
If I, exceeds the test conditian, Yo, may exceed the related specification. Pins are not guaranteed lo sink current greater
than the (sted test conditions.
2 Minimum Y for Power-down is 2V
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; Characteristics

ar operating conditions, load capacitance for Port 0, ALE/FAOG, and PSEN = 100 pF; lgad capacitance for all other
its = B0 pF

ternal Program and Data Memory Characteristics

12 MHz Oscillator Variable Oseiliator
nbol | Parameter Min Max Min hax Units
YA Oscillator Frequency i o | = MHz
. ALE Puise Width o 127 B 40 ns
A Address Vaiid to ALE Low a3 | tuc, 25 s |
"  Address Hold After ALE Low 48 togca-25
ALE Low to Vakid Inn‘tmnrtlm In 233 M, -85 ns
_ ALE Low to PSEN Low 43 toua-25 ns
. | PEEN Pulse Width T 208 BE="2E ns
PBEEN Low to Valid Instruction in 145 Sty B0 ne
| Input Instruction Hold After PSER 0 0 - ns |
Input Inetruction Fioat After PSEN " 5o tml-z-é_d na
: PEEN to Address Valid 75 loic B ns
Address to Valid Instuctionn Mz | Stoyx-80 ns
_ FSEN Low to Address Float _ 0 10 ns
. FID Pulse Wicth 400 By 100 ' ns
4 WH Puiza Width - 400 _ | ﬂ,;mj o0 s
" | 7D Low to Valid Daia In - 282 Sloq i 90 ey
Data Hold Atter AD o i _ ns
Data Float After AD o o7 Doy 28 ns
ALE Low 1o Valid Data In - 517 | Blga-150 ne
Address to Valid Data I ses | Oig 165 ne
ALE Low 1o BD or WH Low 200 S aETEEE ms
 Address to P or WH Low - 203 B 5 e
Data Valid to WR Transition 2 b 30 ns
, Data Valid to WR High B 433 nﬂm-—hiaﬁ s
Daa Hold Aftar WH 33 o258 | ns
TID Low to Address Float 1 o o ns
RD or WA High 1o ALE Hign 43 123 oy oy 25 oy +25 ns

W_m 21




AIMEL

ternal Program Memory Read Cycie

T Ty
ALE e N
tMI.L - T 'LI.N i tH'PH
PSEN rg LT ™,
= =l i
! lengyz

by | e

PORT D =K AD- A7 INSTRIN P Al - A7

b R ]
PORAT 2 x AB - AlS % AB-Al5

ernal Data Memory Read Cycle

T —
ALE ,F . ,h;/
e taran
PSEN P ib Y
e— gy pay —#
e — - lum_'——'ﬁ
RD Ty 43¢ —» N
TR - ol # Tra oy ez
- — taro
PORT 0 __—(A0 - A7 FROM A 0A DPLYCH L DATA IN R RCAD - A7 FRDM PCL-{ INSTR iN
+ Lo

—— Laow

POAT 2 X

P20 - PRT DA A8 - AlS FROM OFH b4 AR - ATS FROM FCH

ATEO5T] rerr e ——— s e

2487 A1 04K




AT89S51

ternal Data Memory Write Cycle

by —sf
- = —
—H Lyt

PSEN _/ Mo

o by g ety g —

e "

Wh weys,
t i sl — —
e o ;|__tm__ o
PORT O A - AT FROM Al DR DPL DATA OUT %, #AD - AT FROM FCL—{INSTR IN

— g ————*

PORT 2 P20 - PLT OR A8 - &15 FROM OPH p o AR - AN FROM BCH

ernal Clock Drive Waveforms

Longy
—— lenex lopey —* i tepae
V. - D5V 7
07 Voo
S ‘7/&2 Ve - GV : 7| :
g—— il:L{'.'I ———
" STl
arnal Clock Drive
ol Parameter Min Max Units
aE Cscilighor FFEC!.HI'IW 1] 33 MHz
Clock Period - o 30 ns |
High Time 12 ns
Low Twne 12 s
Rise Time s
Fall Time ns

ik




AlmEL

rial Port Timing: Shift Register Mode Test Conditions
valuas In this table are valid for Vo= 4.0V v 5.5V and Load Capacitance = 80 pF.

12 MHz Osc Variable Osclliator
ol Peramaler Min Max Min M Linits
i Serial Port Clock Gycle Time 1.0 12 i
o Quiput Data Setup to Clock Rising Edge 700 10ty o -133 o ns
- Outout Data Hold After Clock Riging Edge 50 2o B0 ns
= Input Data Hold Alter Clock Rising Edge 0 o R ns
. Glock Rising Edge 1o Input Data Valid 700 133 | 1
ft Register Mode Timing Waveforms
INSTRUCT ION I 4] [ i I I I 4 | 5 | B I SN [ |
weE _ TETEMEEM FErEr e e e e e e rerer
——+{t.
CLOCK - [ g Y O s L) e S ) O
g i A
WRITE TO SBUF S 010 1 2 3 M a o 5 W & X 7 /
lﬁ_r
OUTPUT DATA -——?‘ = b SETTI
| CLEARA G S
¥
INPUT DATA,

Testing Input/Output Waveforms'"

02 Ve, + 00V
TEST POINTS
0.2 Vg - 04V

oudsy

1. AG Inpuls during testing ara drven at V- 0.5V fora logic 1 and 0.45Y for a logic 0. Timing measurements are made at Vy,
min. for 2 fogic 1 and V), max. for a logic 0.

it Waveforms!'

1. For timing purposes, a part pin is no longer floating when a 100 mY change from load voltage occurs. A port pin begins to
float when a 100 mV change from the loaded YoV, level coours.

ATRONG] o o
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dering Information

spead Power
MHz} Supply Ordaring Coda Package Oparation Range
24 4.0% w55V | ATS9551-24A0 444 Commercial
ATBESE1-24JC 44,1 {0"C ta 70°C)
ATE9351-24PC 40P8
ATE9S51 2441 444 Industrial
AT8GSS1-24J1 44 (-40°C to BS°C)
40P8

Package Type
44-jead, Thin Plastic Gull Wing Cuad Flapack (TQFP)
44-lead, Plastic J-leaded Chip Carrier (PLCC)
40-pin, 0.600" Wide, Plastic Dual Inline Package (FDIF)
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AImEY

ckaging Information
444, a4-lead, Thin {1.0 mm) Plastic Gull Wing Cuad A4y, 44-tead, Plastic J4eaded Chip Camier (PLCGC)
Flat Package (TQFF) Dimensions in Inches and (Millimeters)

Cimensions in Millimeters and (Inches)"

S| N T[j; I :___.:_ Pt
— : l—:ﬁ,?:ﬁm Ii}“ﬂ
o (G S
; |

Controlling dimension: milimeters

OP8, 40-pin, 0.800" Wids, Plastic Dual Inline
ackage (FDIP)

imansions in Inchas and (Milimetars)

IDEC STANDARD MB-011 AG

]
|‘l LB 8} I.
| I-T:I.D Mo n._L;ll-,IJ__l_-_ _r
|1
|| ) () r.f -5“"‘-"]'
i If[.-“ =
| |
b et 'r'r'"'l'l__—L
= 0az:20)
|.- 140048 28] REF —=—| T
BB 2 L
MAX I lﬂiﬁﬂ
|-'-|'| } |I
SEATRG HIREC TR
P IH” Lm!ll !Hl s 65)
e | e
< 1
P - g - mm
”w'?ﬁ'? T
: a3tA
T
(e o e
012(305) _ ﬂi_u H i+
- 205} L senTe)
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Data pack F Issued March 1997 232-3816

Light dependent resistors
Data Sheet

NORP12 RS stock numbar 651-507
NSL13-M51 RS stock number 596-141

Two cadmium sulphide (cdS} photoconductive cells Electrical characteristics

with spectral responses similar to that of the human 7, =G, 2854°K fungsien light source
eve. The cell resistance falls with increasing Lght mien-

sity. Applicatons melude smoke delection, sudomatic |Paramcler Conditions | Min. | Typ. | Max.| Units
ligthtiney cantrol, batch eounting and burglar alarm ays- Coll resistanee 1 000 T _ 00 z %)
ferms. 10 o, - g - b
Dark remugance La = - | Mk

Guide to source illuminations ;ﬁﬁfm e ;,: - i
Light sourca likrmination (Lux) 10ho 5 18 = i
Moonlight 0.1 YFall fime 2 [00x | - | 48 mz
BOW budls ad 1mn ; g0 10 Tuse 120 - | ms
W MES bulb at 0.1m __ 100 1.Darkto |10%R,
Fluprescent Eghtng g 2TolOxE, _ L
Bright sunfight - 30000 R, = photocell resisiance under given Tummnation.

Features

Circuit symbal @ Wide speciral response
& Low cost
“-"@ @ Vide ambient terperature rance
Dimensions

Light memory characteristics

Jight dependent resisiors have a particular property in
hat they remembwer he Lghting conditions in which
hey have been stored This memory effect can be
ninitnised by storing the LDRa in light prior fo use
Aght storage reduces eguilibrium fime to reach
ileady resistance values.

T

512 138
AT i3a

YORP12 (RS stuck no. 651-5071

ibsohate maximn rallngs

‘cltage, ac ur de peak 20 250= 010

rrent 15mA IB.TD-

ower dissipaton at 30°C 250mW

‘perating temperaiure 1drge -G0°C to +75"C I
20,50 MO

TTeL 010
g In,_j.. -

327

Lipyils i e f fimonones|
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Ggure 1 Fower dissipation derating Figure 3 Resistance as a function of dllumination
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qure 2 Spectral response
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232-3816

Absolute maximum ratings :
Valtage, acor de peak 1aome S e
Current S

Power dismipation at 23°C S0mW*

Opaeratng temperature rangs s A B+ Tl 94

— ; am
*Derate linearly from 50mW at 25°C 1o OW at 75°C. \ : / PHEERT %!
Ay
Electrical characiecistics | )
Parameler Condilions | Min, | Typ. | Max. | Units R L
Cell Temstance 10 0 . 1o ki ks
100 e - I I 52
Dark resistance 100 hise After |
10 e 2 = M2 ¥
Spectd resporae | - - [ 550 nm ER Tl ooses 0010 178,
Fiee tma 0%z P o] e
Fall time 10w - A5 i
Figure 4 Resistance as a function [llumination = o s
1600
z . 0.02010.002 — ] (ot — o
e W R 125,
) I \.\\ 0D D05
267
1.0 N X
' et
0.1
o 1o 10 108 100 40,000
Liix

Figure 5 Spectral response
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rpical application circuits

fqure § Sepsitive light operated relay

s+ 0 =10
[P
- | 7| 1V RELAY (min 1101
2Ma04a
¥
4 & o

elay ensrdqisec] when Uepht lerel increases above the
el ot by VR,

Figure 9 Logarithmic law photographic light meter

Wy
OFF o 30

R —A—

HOFETR A

METEA
IOt

Typical value R' = 100k

R = 2008 preset 10 give [wo Overlapping rangs.
(Calibration should be riade sgams=! an accurate meter. )

gure T Light Interruption detector

TS

g s T

FIV FELAY [min FI054

S

i Figgure B reday energised when Yot level drops
fow the level set by VR,

qure 8 Automatic Hght cirouit

2 ALl
e
ok 12F W
2
MORPE2 BLILA
fui. Y
. Boiw Sl
A ™
i - o Y
“Fir with 5 B0 hoamink,

L&t tuprn-om podnr wih Vi

Figure 10 Extremely sensitive light operated relay

— -
Thed1 48
TEWRELAY
LR ]
1

o oV

(Relay ensrgised when Ight excesds preset level)
hcorparaies a halancma brdee and op-anp. K, and
NORFIZ may be fmerchanged for the reverse function.

o, rrovided in B el |eranme i belisved o b scsrate aed cotiable: howeresr, B Cofmponanis asmmes na cespermsdFeling fer Insnrrion
i, o e e ue of thus mbrrnation, ekl a7 use ol such nfarmstion shall bee eimively i the usar's mamn ridc

remimibsility i by KS Comproments G any nirhgements of paterts o ofber Tigie of 1o partien which may e from S e,

st sl B8 Componsnis ichiileal e Canire ara mubhjert b chaage wirout nobice,

smponents, PO Box 99, Corby, Northants, NN1T 8HS
Ay Elactrosmypsorsn Compsiy

Telephone: 01538 201234
& RS Components 1967




&Nntionut Semiconductor

LM386

Low Voltage Audio Power Amplifier

General Description

Thia LM38E is & power amplifier desigred for usa in low voil-
age consumer spplicaions. Thea galn is (ntarmally sal to 20 fo
keap axtemal part codnl ow, but the addition of an external
resisior end capacitor between ping 1 and & will Incresss the
gain o any value fram 20 1o 200,

Tha inputs are ground referenced while the sutpul autamat-
cally bigses to one-hall the supply voltage. The qulescent
power drain is anly 24 millwalls wher oporating from 2 6 volt
aupply. making the LM3B86 idesl for battery oparation.

August 2000

Features

w Battary oparation

¥ Minimum exdemal parts

B Widae supply voltage range: 4v-12V or SWY— 18V

B Low guigscent currant drain; 4mA

= Yoltege gains from 20 o 200

m Ground refarenced input

m Saff-centerng output quisscent voliage

» Low disiortion: 0.2% (A, = 20, Ve = 6V, R, = B{l, Py, =
125miy, T = 1kHz)

= Awvaliabla in B pin MSOF package

Applications

B AM-FM radic amplifiers

m Fortable lape player amplifisns
® Iniercoms

TV gound systoms

B Line drivars

B Ulirasanic divess

u Small servo drivers

® Powar convartars

Equivalent Schematic and Connection Diagrams

2
— Oy

Y

o Soreall Outline,
ol Molded Mini Small Outling,
and Dual-in-Lina Packages
[ = L] —L U ‘—- ELIN
i - LE— T
) Wonrs =il |_
HERIT —.1 ..'.-.— wy
]
ko -] LT
CEonauTE-2
Top View
e Order Number L M3Z6M-1,
- LM3S6MM-1, LM3ISON-1,

22000 Mational Semiconciifcir Corporaion DS00EITE

wwwcnational com

seyjjdury Jemod o|pny eBejjoA MO 9BEWT




LM3B6

Absolute Maximum Ratings moe 2)

Duzl-in-Line Packagea

F Military/Asrospace specifisd devices are redquired, Soldanng (10 sac) +260°C
please contact tha National Ssmiconductor Sales Officel Small Outiine Package
Distributors for availablifly and specifications. {80IC and MSOP)
Supply Voltage Vapor Phase (B0 sec) +215'C
(LM3AEN-1, -3, LMIAEM-1) 15y Infrared (15 ?ﬂl . 2N C
oy Yt (L IR St g Vo T e
Package Dissipation {Mate 3) surface mount devices.
{LM3EEN) 125w Thammal Resistance
{L MM 8.7 B, (DIP) 3TV
{LM3BEMA-1) 0.5685W 8, (DIP 1070
Input Voltags 0.4V 8,0 (SO Package) IV
Storage Temparalure -86°'C to +150'C i, [SO Package) 1720
Operaling Temperaturne 0Cto +T0°C 0, (MSOR) MO
Junction Temparatuna +150°C - (MSOP) S5 CAN
Soldanng Information
Electrical Characteristics (nowes 1, 2)
To=25C
Paramater Conditions Min Typ Mo Units
Operating Supply Vollage (Va)
LM3BEN-1, 3. LMIBEM-1, LMIBEMM-1 12 v
LM3BEN-4 18 v
Quiescant Current (1o} Ve =BY. V=0 4 B mA
Dutput Power (Pgry)
LMIBEN-1, LMIBEM-1, LMIBEMN-1 ¥, = BV, R, = Bi, THD = 10% 250 325 mw
LM386N-3 Vs = 8V, R = B, THD = 10% 500 700 mw
LM38EN-4 Vg = 18V, R, = 320, THD = 10% 700 1000 miv
Vollage Gain (A, Ve =BV 1=1kHz 28 dB
10 pF from Pin 1 to 8 46 dB
Bandwidth {BW) Ve = BV, Pins 1 and 8 Open 300 prom
Total Harmonic Distoriion (THD} Vg = BV, R, = Bi3, Pouy = 126 mW 02 %
f = 1 kHz, Fine 1 and 8 Open -
Power Supply Rejection Ratio (PSRR) Vg = 8V, 1= 1 kHz, Caypass = 10 pF dB
Pins 1 and 8 Open, Referred to Output
Input Resstance (Ray) 50 kil
Input Bias Cument (hawe) Vg =BV, Pins 2 and 3 Open 250 nd

Hote 10 All vwolimpes are maasurad with espect o the grotmd pin, unksss othenwisa spacifiad
Moty =/ bovoluie S I ting s ecate VT Desyond windh demeages bo B device mury oo, Opiaing Ratings inicats condfions for which the devics i L
thonad, bt 00 RO gUETATee Speciic paccTEnce Brite. Electicsl Charactenstics sEie D0 and AC Slecinical speciicaons ndar Davicias st aondisions which g
anime spedfic peformancs lmite. This ssaumes Tt the devios s within e Operating Retings. Spacifcations arm aof puarmntmed for parametees whare n il s
givan, however, ihe typlcal vale s @ good indication of dedes performance.
Hote 3: For operation in ambiart iempemiures above 25'C. the deviee miat ba derated hesed on A 150 C mesimum jnction temperatude and 17 3 hemal resis-
tance of 107 VY juncion be ambvent i e dual-n-ine peckage and 2} a themal resistance of 170°CW for ine smal outhne peckage

www nasonal.com




Application Hints
WM CONTROL

o make the LM3B5 a more versatile amplifisr, two pins (1
nd 8} ara provided for gain control. Vyith pns 1 and 8 open
18 1,35 ki2 resistor sels the gain at 20 (26 4B). i a capaciior
¢ put from pin 1 to 8, bypassing the 1.35 k& resision, the
ain will go up o 200 (46 dB). If 8 resistor is placed in serles
ith the capacitor, the gain can be el to 2ny value from 20
¢ 200. Gain control can also be done by capacitively cou-
ling & resiater {or FET) from pin 1 to ground.

dditional external components can ba placed in parafisl
ith the imtarnal feadback resistors (o tailor the gain and fre-
Jency response for Indhvidual applications. For example,
2 con compersals poor speaker bass response by fre-
iancy shaping the feedback path. This s done with 2 saras
C from pin 1 fo § {paralaiing the Internal 15 kil resistor).
ar 6 dB effeciive base boost: R = 15 k), the loweat value
rgood stable operation i8 R = 10 k2 i pin 8 is opan, If pins
and B are bypassed then R as low as 2 kil can be used.
iis restriction |s becausa tha amplifier i cnly compensated
r closed-oop gains graater than 9,

INPUT BIASING

Tha schematic shows that both inputs are biasad to ground
with & 50 ki? resistor, The basa curmant of the input Iransis-
tors is aboul 250 nA, so the inpuis are at sbout 12.5 mV
whan left cpan. if the do source resislance driving the LM385
i highar than 250 k2 it will contribute very litke additional
oftzet (about 2.5 m\ at the inpul, 50 m\ al the output). ¥ tha
do source registance |s less than 10 k2, than shorfing the
unused input to ground will keep the offset low (about 2.5 my
gl tha input, 50 mV at the ouiput). For do source resisiances
batwasn these values we can eliminate excess offsat by put-
ling a resistor from the unused inpul o ground, equal in
value o tha de source resistance. OF course all offset prob-
iems are eliminated if the input s capacitivaly coupled.
VWhen osing the LM356 with higher gains (bypassing tha
1.35 kil rasistor between pins 1 and B il is necassany o by-
pass the unused input, preventing degradation of gain and
possibis instabiliies. This ia done with 5 0 1 pF capaetior or
a shorl to ground depending on the do source resistance on
the dmven input,

wiraLnatiomal, GO

99EN




LM3386

Typical Performance Characteristics

Quiescent Supply Cumrent Prak-ip-Peak Dutput Voltage
va Supply Voltage Swing va Supply Vollage
[
T w e
; : ¥Zd
g -"""'.FF” i ‘ L] N
2 = - A
- - = ¥ 7
] z “
:i i w4 -
[ 3
- "1
? E o, =
1I:,ilil:i-.ln'.:t E'
& 5 & ¥ [ ] i i 2
EEFPLY VOLTAGE (#OLTH AL L L = i
== 2 FALRNEREH [Hel Mfﬂlrl-ﬂ!ﬂluﬂmgﬂ
Dl
Voitage Galn va Frequency Distortion ve Frequency Distortion vs Oulput Power
s i fwrm L TTT] g W[
,E 1 _H."” : r '| i 1 =] E- . _!\-Hr
= 3 Frun = 1B T tr1mr .
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E wl L et E
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Davice Dissipation vs Quiput Device Dissipation vs Output Davice Dissipstion va Output
Power—40 Load Power— B Load Power— 184 Load
1 EY ] —
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fypical Applications
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Typical Applications (continued)
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*Hilips Semiconductors

Product specification

8-bit A/D and D/A converter

PCF8591

FEATURES
Single power supply
Oparating supply voltage 25V o 8V
Low standby curment
Sadial inputfoutput via ZC-bus
Address by 3 hardware address pins
Sampling rate given by 12ZC-bus spaad
4 analog inputs programmable as single-ended or
differential mputs
Auto-incremented channel selection
Analog voltage range from Vs to Voo
Onr-chip track and hold circuit
8-bit succassive approximation AD convarsion
Multiphying DAC with one analog oulput.

APPLICATIONS
Sosed oop control systems

31 GENERAL DESCRIPTION

The PCFA591 iz a single-chip, single-supply low powar
8-hit CMOS data acquisiion device with four analog
inputs, one analog cutpul and a seial 12C-bus interface.
Three address pins AQ, A1 and A2 are used for
programming the hardware address, allowing the use of
up to eight devices connecied 1o the 12C-bus without
additional hardware. Address, conirol and data i and from
the device are transiemed serially via the two-line
bidirectional 12C-bus.

The funclions of the device include analog input
mulliplexing, on-chip track and hold funclion, 8-bit
analog-to-digital conversion and an 2-bit digital-io-anaiog
convarsion. The masimum conversion rate i given by the

< maximum speed of the FC-bus_

-ow power converter for remote dats acquisifion
Jaitery opermated equipment
icquisilion of analog values in auibmotive, audio and
N applications.

ORDERING INFORMATION

TYPE PACKAGE

NUMBER NAME DESCRIPTION VERSION
ABRIIP CiP16 plastic dual indine package: 16 leads {300 mil); lorg body S0T38-1
ABRT SOné plastic small outtine package; 18 leads; body width 7.5 mm S0T162-1

§Jul 02 3
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‘hilips Semiconductars

Product spedcificalion

8-bit A/D and D/A converter PCF8591
PINNING
SYMBOL | PIN DESCRIPTION
18] 1
N1 2 analog inputs
unz 3 |{AD canverter) amio [ U ] Voo
AN 4
0 3 AlNE | 2 15 | &0
1 & | hardware address awz [3 14] Vaer
2 7 ams [ Es_-_l AGND
&S 8 negalive supply voitage w s o IEI EXT
DA [ FC-bus data inputioutput e m——
CL 10 | 12C-bus dack input
sC 11 | escillator inputioutput o Yo} Sct
KT 12 | externalintemal swiich for ascillator vas [3 ] FIE:"
I!'Ipl.ll Frpmige. |
ShiD i3 |analog ground
EF 14 volt=ge reference input
2UT 15 |analog output (D/A converter) Fig.2 Piwmiing disgram.
m 16 | posilive supply voltage .
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hifips Semiconducton

Product specificaton

8-bit A/D and D/A converter PCF8591
FUNCTIONAL DESCRIFTION 7.2  Control byte
1 Addressing The second byte sent to a PCF8581 davice will be stored

ach PCFB591 device in an 12C-bus system is aciivated by
inding a valid address o the device. The address
insists of a fixed part and a programmabile part.

ie programmable part must be sat according to the
kdress pins AQ, A1 and A2, The add-ess always has to
i gant as tha first byte sfter the stant condition in the
g protocol. The last bit of the address byle is the
adfwrite-bil which seis the direction of the following data
insfer (see Figs 3, 15 and 16},

A0 R

I‘hm;plrt pww;mm TTR0RE0
Fig.3 Address byle.

in its control register and is required o conlrol the device
function.

The upper nibble of the control register is usad forenabling
the analog ouiput, and for programming the analog inpuls
as single-ended or differential npuis. The lower nibble
salects one of the analog nput channels defined by the
upper nibble (see Fig.4). If the aulo-ncrement flag is sel
the channel number Is incremented automatically after
each AMD canversion.

if the auto-increment mode is desirad in applications
where the intermal oscillator is uged, the analog output
ermabie flag in the control byte (bt 6) should be sel This
aflows the intemal osdillator to run continuously, thereby
preventing conversion emors resulling from oscillator
start-up delay. Tha analog oulput enable flag may be roset
at other timas to reduce quisscent power Consumption.

The setection of 2 non-gxsting input channal results in the
highest available channel number being aliocated.
Therefore, if the auto-increment fiag is set, the next
selected channel will be always channe! 0. The rmost
asignificant bits of both nibblas are reserved for future
funchons and have o ba sat i 0. Afier a Power-on resel
condition all bitz of the control regisder are reset to 0.

The D/ converter and the nscillator are disabled for power
gaving. The analog output is switched to a high-impedance:
siate.




hillps Semiconductors Product spedilicaton

8-bit A/D and D/A converter PCF8591
|
[£-oi) LEB
& X X X 1] X X x CONTROL BYTE
L1
I—I_J— ASD CHAMNNEL NUMBER:
i) charmnal 0
[+ | channel 1

19  channel 2
" chsn el 3

AUTOINCRAEMENT FLAG:
{switched on i 1)

= AMALOGUE INFUT PROGRAMMING:
60  Four singls ended inpuls

AlND el 0
AN ———————— channal 1
ANT - —ee iR 2
AINS channal 3

01 Thiee differsntial inguts

Alhs0
ﬁ’_;)——amwu

Al
chanrsl 1
-
AlNZ
channsl 2
AING

10 Singie endad and diffterential mixed

AlND chanres 0
AN —eee e 1
ARz ——

charnst 2
AN

11 Two difleresrtiml inpuds
AiNo 5—— channet 0
AN ———1
il >——- channel 1
Al ——
ANALOGUE OUTPLIT EMABLE FLAL:
{mrabogue oulpul Bctive i 1) TIB0WH

Fig.4 Controd bytes.
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hifips Semiconducions

Product specification
8-bit A/D and D/A converter PCF8591
3 D/A conversion The an-chip VA converter s also usad for successive

ot b sent o PS50 covo msied e SRCCT VD UL N T B e D
AC data register and is converted to the comesponding equipped with a track and hold circuit. This circuit holds the
1alog voltage using the on-chip DVA converter, This DA il iobile fing the AID ion.
mverler consists of a resistor divider chain connected to

e external reference voltago with 256 taps and selechion  The oulput voltage supplied to the anaiog output AOUT is
vitchas, Tha tap-decadar awiiches one of thess taps © given by the formula shown in Fig 6. The waveforme of a
2 DAC output ling (see Fig.5). DvA conversion sequence are shown in Fig.7.

12 analog output voltage iz buffered oy an alulo-zemed
ity gain ampiifier. This buffer amplifier may be swilched
1or off by sefting the analog output enable flag of the
nirol register. In the aclive state the output voltage is
id until a furthar data byta is senl.

Vper — D QLT
AZSH
RI55 i
I 1 |
I i 0
I ] 1
o7
as F: 08
L TAP ]
i Y
02
——— O
A1 m
MGND
o0
TZAPDET
Fig.5 DAC resisior divider chain.
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hilips Semiconductons Product specification

8-bit A/D and D/A converter PCF8591

MEB LS8 TZ80%63
OV | D6 |05 Ds 030z | D1 | DD register

y
NI Vaer — Yaano ] i
VaouT = Vagno + ¥ Dix?
Yoo =8 o
¥,
REF f._'.f
[ J
-~
Pt
i
i
'f-
..ﬁ"
-
-
Vagno T— %
e | it e
00 01 02 03 O4 FE FF HEX GOOE

Fig.6 DAC data and DC conversion characheristics.

PROTOCOL | & ADDRESS 0| A CONTROL BYTE A DATA BYTE 1 A DATA BYTE 2 A

VapuT
—— — ——— — — T ——— —_— PREVIOUS VALLE VALLIE DF
HELD N DAC DWTA BYTE 1
HIGH IMPEDANGE STATE OR REGIETER
PREYHOLS YALLE HELD N DAC REXIGTER
TI80EL time

Fig.7 D/A conversion sequence.
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hilips Semiconductors

Produc] specification

8-bit A/D and D/A converter

PCF8591

4 A conversion

& A/D converier makes use of the successive
promimetion conversion echnique. The on-chip DiA
mverter and a high-gain comparaior are used
mporarly during an AD conversion cyche,

1+ &/0 conversion cycle is always staried after sending a
lid read mode address to a PCFBS91 device. The AD
aversion cycle is triggered at the traling edpe of the
knowledge clock pulse and is executed while
rsmitting the result of the previous conversion (see
3-8

ice A conversion cycle is Iriggered an input voltage
mpla of the salected channel is stored on the chip and is
mvarted o the corresponding 8-bit binary code. Samples
ked up from differential inputs are converted 10 an 8-bit
¥'s complement code (see Figs Band 10)

The conversion result is stored in the ADC data negisier
and awails transmission. i the auto-increment flag is set
the next channel is selected.

The first byte tranamitied in a read cycle contains the
conversion resull code of the previous read cycle. Afler a
Power-on resal condiion the first byte read iz a
rexadecimal B0, The protocol of an 12C-bus read cycle is
shown in Chapter 8, Figs 15 and 16.

The maximum AD conversion rate is given by the actual
speed of the FC-bus.

PROTOCOL | & ADDFESS 1T1A DATA BYTE D

A DATABYTE | A DATABYTEZ A

inasglsenalsusalissal

TIROOES
BYTE1 BYTE 2 BYTE 1
CONVERSION CONVERSION
OF BYTE OF BYTE 2 OF BYTE 3
i i I g I 1
TRANSMISSION TRANSMISSION
OF PREVIOUSELY OF BYTE Y OF BYTE 2
CONVERTED EYTE

Fig.8 A/D conversion seguence.
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hilips Semiconductors Producl specification

8-bit A/D and D/A converter PCF8591

(s it ]

.

g 2 B B3 %
S

— -
e 1 2 3 e e 54 755 Vain— Vasun
Visg

Fig. 8 A/D conversion characteristics of single-endad inputs.

HEX
mnEI 1280967
¥

Fip.10 A/D conversion characterstics of differantial inputs.
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hilips Semiconduciors

Product speaficabon

8-bit A/D and D/A converter

PCF8581

5§ Reference voltage

o the OvA and AD conversion eifer a stable exiemat

itage reference or the supply voltage has 1o be appied
the resistor divider chain (pins Vres and AGND ).

12 AGND pin has to be connecied to the system analog
ound and may have a DC off-sct with reference 1o Vs,

low frequency may be applied to the Viger and AGND
15, This allows tho uss of the DA converter az a
ie-quadrant muliipier, see Chapter 15 and Fig.6.

e AD converler may also be used as a one or wo
adrant analog divider. The analog input voliage is
ided by the referance voltage. The result is converted to
snary code. In this application the user has o keep the
erence voliage stable duning the convarsion cyde.

dul 02 12

7.6 Osclliator

An on-chip oacilistor generates the ciock signal reguined
for the &/D comversion cyche and for refreshing the
aubo-zaroed buffer amplifier. When using this osciltator the
EXT pin has io be connecled to Vg, At the O8C pin the
oscillator Fequency s available.

if the EXT pin iz connected to Vg the ascillator output

OSC s switched 10 2 high-impedance state allowing the
user o feed an external clock signal to OSC.




hifips Semiconductors Product specilicalion

8-bit A/D and D/A converter PCF8591

CHARACTERISTICS OF THE 1*C-BUS

12 12C-bus is for bidirectional, wo-line communicalion between different 1Cs or modules. The two lines are a seral data
ie (SDA) and a zenal dock line (SCL). Bath lines must be connecied 10 a8 positive supply via a puikup resistor. Data
insfer may be initiated only when the bus is not busy.

1 Bittransfer

& data bit is transferred durlng each clock pulse. The data on the SDA line must remain stable during the HIGH period
the clock pulse as changes in tha data line at thie time will ba mtarpreted as a control signal.

I | | 'I,|
ool f | | X 1 -
| | ]
| | 1
| | i ===
sCL M
| | 1
| data line | changs |
| slabla; | ofdata |
| daia valid | ilowvred WRCATT |
Fig.11 Bit transfer. J

Start and stop conditions

h data and clock lines remain HIGH when the bus is nol busy, A HIGHAe-LOW transition of the data line, while the
kis HIGH, is defined as the start condition {$). A LOW-io-HIGH transition of the dala line while the clock is HIGH, is
ned as the stop condition {P).

| i | r—=
i i — i —
ey N / \ | | DA
i 1 oo i |
I 1 I I
| i p— i i .
=TT\ ¥ o i i T T
0L | i i | S0L
| & I F o
START Conditon STOP concition .

Fig 12 Definition of START and STOP condition.
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8-bit A/D and D/A converter PCF8591

3  System configuration

dawvice genarating a massage iz a ranemitier’, a davice receiving a message s the ‘receiver’. The devica that controls
2 messape is the ‘master’ and the devicas which are contralied by the masier are the 'slaves”.

BA
sCL J
MASTER ELAVE VASTER
TRANSMITTER ¢ SLAVE TRANGMITTER / MASTER TRAMIMITTER
HECEIVER FECEVER. RECEIVER TRANSMITTER RECEIVER
[EL S s
Fin. 13 System configuration.
Acknowledge

: number of data bybes transferred between the start and stop conditions from transmitter t0 recaner & not Bmited.
=h data byte of eight bits is followed by one acknowtedge bit. The acknowledge bitis a HIGH level put on the bus by
tranermitter whereas the master also generates an extra acknowledge related clock pulse. A slave receiver which is
Iressed must generate an acknowledge after the reception of each byle. Also a masker must generate an
nowledge afler the reception of each byte that has been clocked out of the slave tranamitter. The device that
nowledges has to pull down the SDA line during the acknowledge clock pulse, so that the SDA line is stable LOW
ng the HIGH period of the acknowledge ralated clock pulse, A master receiver must signal an end of data 1o the
smittar by not gensrating an acknowledge on the last byle that has been clocked out of the slave. In this event the
smitter must leave the data fine HIGH to enabla the master to genarate a stop condition.

A

o RIS *:\; X X X 7
;| ot acknewedge

DATA QUTPLT T 7=

BY RECEIVER Lo Y /
il g

s B 1 2 __M

L2 mtmfu

Fig. 14 Acknowledgement on the I2C-bus.
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hilips Semiconductons Product specificalion

8-bit A/D and D/A converter PCF8591

5 PC-bus protocol

ter a =tart condilion a valid hardware address bas to be sent i a PCFB531 davice. The readiwrite bit defines the
ection of the following single or multiple byfe data transfer. For the format and the fiming of fhe start condition (S), the
1 condiion (P) and the acknowledge bit (A) refier to the 12C-bus characteristics. In the write mode a data transfer is
minated by sending either a stop condition or the start condition of the next data transfer,

Acknowledpe Acknowiledge
from PCFESE1 froem PCFASN from PCFESR1

L]
[_ 8 ADDRESS 4] A CONTROL BYTE A DATA BYTE A -3

M e M
DATA BYTES 7zeDBAE
Fig.13 Bus protocol for write mode, DA conversion,
Acknowiedge Acknowledge MND SCkncrrhindge
trom PCFRSEN from maater 1
5 ADDRESS ) 1 A DATA BYTE A LAST DATA BYTE 1 P
§
TZR0BED
N={to M
DATA BYTES

Figq.18 Bus protocol for read mode, AD conversion.
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hilips Semiconductors Product specificalion
8-bit A/D and D/A converter PCF8591
LIMITING VALUES
sccordance with the Absolute Maxdimum Rating System (IEC 134},
SYMBOL PARAMETER M. MAX UNIT
‘oo supply voltage (pin 16) -0.5 +8.0 v
i input voitage (2ny input) -0.5 Voo + 0.5 v L
D input cument = 10 mA,
¥ DC output current - +20 mA
o lag \pp Or Vs current - +50 iy
it total power dissipation per package - 300 m
o power dissipation per outpul - 1040 v
i oparafing ambiant temparature 40 +85 G
ag siorage temperatire -85 +150 °C
HANDLING

uis and oulputs are protected against electrostatic discharge in pormal handiing. However, 1o be totally safe, iiis
sirable to take precautions appropriate t© handiing MOS devices. Advice can be found in Data Handbook 1C12 under
mdiing MOS Devices”,

Jul 02
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hilips Sermiconductons Produc! specification

8-bit A/D and D/A converter PCF8591
DC CHARACTERISTICS
w=25VIio BV Vs = 0V: Tamp =—340 °C t0 185 °C unless otherwise specified.
WWYMBOL PARAMETER CONDITIONS MIN. TYR MAX. UNIT
upply
oo supply voltage (operating| 25 - 6.0 1%
o supply current
standby W) = W or Vg no load - 1 15 LA
operating, ACUT off oo = 100 kHz - 125 250 11,
oparating, AQUT active face = 100 kHz - 045 10 A
POR Power-on reset level note 1 0.8 - ZUF v
Igtal Inpute/output: SCL, SDA, AD, A1, AZ
L LOW level input voltage 0 N O3xVpg |V
H HIGH lavet inpit voltage 0.7 % Voo |- Voo v
leakage currant
AD, A1, A2 Vi=Vss oV —250 - +250 A,
BCL, 3DA Wi = Vg 10 Voo —1 e +1 pA
input capacitance = - 5 pF
_ LOW level SDA output current |V = 0.4V 3.0 = - ma
verence voltage Inputs
EF referance voltage Vrer = Yacun, nole 2 Vga +18 |- Voo Y
GHD analog ground vollage Vieer ™ Vasun; note 7 Ven - Voo -0.8 |V
Input leakage cument —250 - +250 nA
EE input resistance ping Vrer and AGND ' - 100 - kL2
clilator: OSC, EXT
o input leakage cumrent — - 250 nA
e oscillator frequency 0.75 - 1.25 MHz
a5

The power on reset circuit resets the FG-bus logic when Vog is less than Vaog.
A further extension of the range is possible, if the following conditions are fulfilled:

W A\ v +%
REF . J‘Gm?ﬂ-ﬂ“"’nn" REF 5 AGND -y 1y

Jul 2 v
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8-bit A/D and D/A converter PCF8591

! DIA CHARACTERISTICS

1o = 5.0V Vigs = O V: Vrer = 5.0 V: Vaguo = 0 Vi Ry = 10 ki G = 100 pF; T = —40 °C to +85 °C unless otherwiss
wcified.

WYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT

nalog output

OA ouiput voltags no resistive load Vg - Voo v
F_= 10 k0 Vas . 09 %Vpp |V

o output leakage curent AQUT disatded - - 250 nA

Coiracy

Ss offset emor Tamn =25 °C - - 50 my

linearily error - - 1.5 LS8

i gain eror no resistive lbad - - 1 %

A setiling tirme to ¥ LSB full scale step - - 90 s

A CONVersion rate - - 11.1 kHz

IRR supply noisa rejecton ratio | = 100 Hz; - 40 - dB
Voo =01 xVpp

AMD CHARACTERISTICS

3= 5.0 V; Vag = 0V; Vpgr =50 V; Vaenp = 0V, Rg = 10 KL Tome = —40 °C o +85 °C unless othenwise specified.

rMBOL | PARAMETER CONDITIONS M TYP. MAX. | UNIT

aiog Inputs

i analog input vollage Vaa - Voo v

L analog input leakage curment - - 100 nA

. analog input capacitance - 10 - pF

" differential inpul capacitance - 10 - pF
single-ended voltage measuring range Vaswo - Vrer Ld
differantial voltage rmeasuring range; = - Vg v

Vra = Vrer — Vacwo = o,

suracy

o offaet amror Tame = 25 °C - - 20 my
limearity emor = - 1.5 LSB
gain efror - - 1 %

= small-signal gain emor AV; = 1B LSB - - 5 %%

RR common-mode rejection - 60 - dB
ratio

iR supply nolse rejection ratio | f= 100 Hz; - 40 - 48

Voo =01 % Vee

: conversion bme - - 90 ps

samplinp/convarsion rate - - 1.1 kHz
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200 TEMTH 180 TIRET T
o oo
i) 1 (AT
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" | 7
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50 { 4o =
| | [
: |
a _] '] E
2 a 4 5 ] 2 3 4 -] ]
Vg {¥) Voo IV
{a) inferrod oeciiador: Too, =+ 27 92 (b1 External caciliaiorn

Fig.17 Cperating supply current as a function of supply voliage (analog output disabled).
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O/ & output imepadenca {1}

100 200

~—] b //
=

100 =
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o gt ol hax input code
1 Cutpul impadiance: near nagathe pows ek Tam, =+ 27 °C (B} Curtput Impadance near positive poveer ril; Tapy = 127 0.

18 ¥-aiie repwesenits e hax input-code equivelent of the ouBpu! woiteoe.
Fig.18 Output impedance of analog output buffer {near power rails).
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8-bit A/D and D/A converter PCF8591

I AC CHARACTERISTICS
| tirning values are valid within the operating supply voltage and ambient temperature range and reference o V) and
y with an input voltage swing of Vg to Vpp.

SYMBOL PARAMETER MIN, TYP. MAXL UNIT
C-bus timing (see Fig. 1%, notz 1)
el SCL clock frequency - - 100 kiHz
P inlerable spike witdth on bus = - 100 ns
uE bus free lime 4.7 - - 117
LSTA START condiion set-up time a7 - - s
D-ATA START condition hold me ~ lao0 = = pe
" SCL LOW time 4.7 - - lus
aH SCL HIGH time 4.0 - - pe
ECL and SDA riser time - - 1.0 us
SCL and SDA fall fime - - 0.3 ps
FOAT data set-up time 250 - - ns
HOAT data hold tima 0 - - na
FOAT SCL LOW-o-data out walid - - 34 s
ESTO STOP condition sel-up time 4.0 - - ns
e

A detailed deseription of the 2C-bus specification, with applications, |= given in brochure “The F-bue and how fo
use it", This brachure may be ordered using the code 9388 393 40011,

- S————

BTART BT 7 BITH BITO | ACKNOWLEDGE ST08
ROTOCOL CONDITION M58 (A LB (A} CTOEDETION
(8) AT R (F)
- t 1
EUETA LOwW HGH o
- r a0 —e-

E & = o
suDAT  'HODAT tyopat S— Fsu,

Fig.18 FC-bus timing diagramy rise and fall times refer lo Vi, and V).
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i APPLICATION INFORMATION
pitn mist be connectad to Ves or Vppwhen not in use. Analod inpuls may also ba connected to AGND or Vger.

ofder o prevent excessive ground and supply noisa and o minimize cross-talk of the digita to analog signal paths the
ier has to design the printed-circuit board layout very carefully. Supply fines common & a PCFE581 device and noisy
jital circuits and ground loops should be avoided. Decoupling capacitors (>10 pF) are recommended for power supply
d reference voltage inputs.

Voo -
38T =
ATH1
AlN2
Yoo A
+f AD
an
A2
+i
AIMD
AN
— anz —
Vo vy o G EXT —| vy
Vg —1 A PCFASST OSC—
Al SCL
A2 S0A
Vg
T
‘Luﬂmmm MASTER
J_matTnLﬁnmm o
L 2 1L‘
_I_ FIRparL? l:l: BUS
Fig.20 Application diagram.
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I PACKAGE ODUTLINES

P16: plastic dual in-line package; 18 leads (300 mil); long body

|--aﬂngplma

,? llﬂ mm
L i i i i i
B
MERSIONS [nch dinmesmsions e derived firom the original mm dmensions)
' rll
our | A | A A2 g | ey | e | O™ EM | e | e | L | e | My | ow | D
140 053 a2 2.5 A5 3.8 825 a5 noEd 29
mm | 47 | 851 [ 37 | ygu ) pas | e23 | 214 [ 620 | 2% | T2 | 34 | 7m0 | 83
Doss | 0024 | 0013 | OBE | 02 015 032 | 037
mohés | 018 | 0020 | 015 nods | 0ots | ooos | os4 0.4 030 0.0 013 a3 033 0484 DT
e
Sigglic or ratal probnkions of 125 mm maeme per siche are nof inchabed.
m— ISSUE DATE
VERSION IEC JEDEC EIAS PRIOUJECTION
i E e =
807361 050608 MO-001AE =& o
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318: plastic small outline package; 16 leads; body width 7.5 mm 8071621

= (1] = ---—Eg—‘r—rﬂ
: | * TN h 1
= = A S
iR nEn N W— J\\ar
w0 ¥l e == e

1] 5 10 rm
[ 5 5 E i I i i i i
oale
MERSIONS {inch dhmarmions Bne derived Srom the original mm dimsnsions)
A I
mr | o Ay | Az | Ax | By e [ oM} M| & | K L-ll.,, a v w y |zt &
030 | 245 pan | 0z | 1S | T 0,65 T B o9
mm | 265 | 5% | 525 | 925 | pag [ n2s | 101 | 74 | 7F [s000] 4 | o4 | 10 [PF| 0% 0T ] a4 |
&
O | 0o 0019 | nma | n4g | 030 0418 L0043 | 0043 aoas | ©
cnes | 090 | one | 0oea | 907 | go1s 0.008 | 040 | 029 0050 | y'agy | D955 | o pys | ppag | P07 | 000 | D04 5 gy
1]
Tesfic o Mstal prowusions of 015 mm mendmim per side: s fol indcei
: REFERENCES EUROPEAN
CUTLINE e A —
VERSION e JEDEC mAl PROJECTION
SOT162.1 O7SE03 MS-013A8 = @ it
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" SOLDERING
1 Infroduction

g s na saidermyg method that is oaal for all 1C
chages. Wave solderning is often prefermed when
vugh-hole and surface mounted components are mixed
one printed-circuit board. However, wave soldaring is
t alwanys suitable for surface mountad ICs, or for
nted-circuits with high population densities. In these
1ations reflow soldening is offen used.

i 1exi pives a very brief insight to a complex technology.
nore in-depth eccount of soldering ICs can be found in

- ‘Data Handbook IC2E; Imegrated Circull Packages”
der code B368 652 D001 1),

2 DIP
21  SOLDERING BY DIPFING OR BY WAVE

» maximurm parmissible temperature of the solder is

I °C; solder at this temperature must not be in contact
1 the joint for more than 5 seconds. The total contact
= of successive solder waves must nol excesd
»conds.

s gevice may be mounted up to the seating plana, but
temperature of the plastic body must not exceed the
cified maximum slorage temperaiure {T g mad. If the
ted-circuit board has been pre-heated, foreed cooling
' be nacessary immeadiately afler soldering to keep the
peratune within the permissibla limit.

'2 REPAIRING SCLDERED JONTS

ly & low voitage soldering iron (less than 24 V) to the
{s) of the package, below the sealing plane or not

2 than 2 mm above it, If the temperature of the

ering iron bit i3 less than 300 °C it may remain in

act for up 1o 10 seconds. If the bit temperature is
een 300 and 400 "C, coniact may be up 0 5 seconds.

80
1 REFLOW SOLDERING
mv acldering fechniques are sultable for all 50
ages.

w soldering requires solder pasie (a suspension af
tolder particles, flux and binding agent) to be applied
: printed-circult board by screen printing, stencilling or
wira-syringe dispensing before package placement.

Several techniques exist for reflowing; for example,
mherma conduction by heated belt. Dwell imes vary
between 50 and 300 seconds depending on healing
method. Typical reflow lemperatures rangs from
215 fo 250 °C.

Preheating iz necessary to dry the paste and evaporate
the binding agent. Preheatng duration: 45 minutes at
45°C,

1732 WAVE BOLDERING

Wave soldering lechnigues can be used for all 30
pachages if the following conditions are observed:
» A double-wave (& turbulent wave with high upward

pressure followed by a smooth laminar wave) soldering
technigue should be used.

« The longitudinal axe of the package footprnt must be
parafiel 1o the solder flow,

= The package foolprint must incorporate solder thisves at
1he downstream and.

During placement and bafore soldering, the package must
be fixed with a droplet of adhesive, The adhesive can be
applied by screen printing, pin fransfer or syringe
dizpensing. The package ¢an be saoldered after the
adhesive is cured.

Maximum permissible solder temperatune is 260 “C, and
maximum duration of package Immearsion in solder is

10 seconds, if cooled to less than 150 °C within

& saconds. Typical dwell tima s 4 saconds at 250 *C.

A mildly-activated flux will eliminaie the need for removal
of corrosive regidues in most applications.

1733 REPMRING SOLDERED JOINTS

Fix the companent by firsl soldering two diagonally-
oppasie end keads. Use only a low voftage soldering iron
(less than 24 V) applied to the flat part of the lead. Contact
time must be fimited to 10 saconds at up o 300 °C. When
uzing 2 dedicaied tool, 2l other leads can be soldanad in
one operalion within 2 to & seconds bebween

270 and 320 °C.
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| DEFINITIONS
ata sheet status
hjactive spacification Thie data sheat contains tanget or goal specifications for product development
reliminary specification This data sheet contains preliminary dats; supplementary data may be published lates.
roduct specification This daia sheet contains final product spacifications.
Imiting values

miting values given are in accordance with the Absolute Maamum Rating System (IEC 134). Stress above one or
one of the limiting values may cause permanent damage to the device. Thesea are stress ratings only and operation
the device at these or at any other conditions above hosa given in the Characteristics seclions of the specificalion
not implied. Exposure to limiting values for extended periods may affect device reliabifity.

splication information

here application information is given, it is advisory and does not form part of the specification.

LIFE SUPPORT APPLICATIONS

s products are not designed for uza in bfe support appliances, devices, or systems where malfunction of these
ducts can reasonably be expected to result in persanal injury. Phiips customers using or seliing these products for

1 in such applications do so at their own risk and agree o fully indemnify Philips for any damages resulting from such
IToper use or sala.

PURCHASE OF PHILIPS I2C COMPONENTS

Purchase of Philips I2C components conveys a license under the Philips’ 12C patent to use the
compaonants in fhe 1PC systemn provided the gystem conforms o the I2C spediication defined by
Phifips. This specihcation can be aorderad usging the code 9398 393 40011,
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INTEGRATED CIRCUITS

DATA SHEET

For a complete data sheet, please also download:

e The IC06 74HC/HCT/HCU/MCMOS Logic Family Specifications
e The IC06 74HC/HCT/HCU/HCMOS Logic Package Information
e The IC06 74HC/HCT/HCU/HCMOS Logic Package Outlines

74HC/HCT132
Quad 2-input NAND Schmitt trigger

“roduct specification September 1993
“ile under Integrated Circuits, IC06

S PHILIPS




Philips Semiconductors Product specification

Quad 2-input NAND Schmitt trigger 7T4HC/HCT132

FEATURES

« Cutput capabiity: standard
s I category: 58I

GEMERAL DESCRIPTION

Thea T4HC/HCT 132 are high-speed Si-gate CMOS devices and are pin compatble with low power Schottiy TTL (LSTTL).
They are specified in compliance with JEDEC standard no. 7A.

The TAHCHCT132 comtain four 2-input NAND gates which accept standard input signals. They are capable of
Iransforming slowly changing inpul signals indo sharply defined, jitter-free owliput signals.

The gate awitches at different points for positive and negative-going signals. The differance batwean the positive voltoge
Vr. and the negative voltage Vy_1s defined as the hysteresis voltage Vi,

AUICK REFERENCE DATA
SND =0V, Tamm=25"C.L=f=86ns
TYPICAL
SYMBOL PARAMETER CONDITIONS UNIT
HC HCT
frid teiH propagation defay nA, nB to nY CL=15pF. V=5V |1 17 ns
C input capacitance is a5 pF
171 power dissipation capadance per gate | nofes 1 and 2 24 20 pF

lotes
. Cppia used to determine the dynamic power dissipation [Pp in pW):
Po = CpoX Vec? xfi+ (G x Voc? x 1o} where:
i = inpuit frequency in MHz
f, = output frequency in MHz
T {Co % Vpe? x 15) = sum of oulputs
Ci = outpul load capacitance in pF
Ve = supply voltage in WV
For HC the condition iz Vy = GND o Vee
For HCT the condition is Vi = GND lo Vg — 1.5V

RDERING INFORMATION
W FTHHCHCTHCUHCMOS Logic Fackaga Infommation”.

plember 1883 2




Philips Semiconductors Product specification
Quad 2-input NAND Schmitt trigger 7TAHC/HCT132
PIN DESCRIPTION
PN NO. EYMBOL NAME AND FUNCTHON
1.4.9.12 1Alo 4A data inpuis
2.5,10,13 1B to 4B data inputs
3.68N1 1Y o 4% data outpuls
7 GND ground (0 V]
14 'h".;.;_ positive supply voltage
1 L E ol r ]
i ._ 1Y .i_| e 3
U e (1 :I
141 e ¥eg " i
1l 1L ’ E - LA : 7
w[3 ] 4x s 2] j‘r
wml[A] 132 [n]av +2aly] L, =&
=0 mEL - ». Ly m |,
.
wile [ [3a ;
o lT o 1344 T 2 Ady = L5
" it Edr
EE 2 Fra
e
Fig.1 Pin configuration, Fig2 Logic symbol Fig.3 |EC logic symbol.

L]

o 'i'l'

.

.‘* Y
= z

e I=

Fig.4 Functional diagram.

I

Ra]

Fig.3 Logic diagram

{ome Schmitt trigger).

ptember 1993

FUNCTION TABLE
INPUTS QUTPUT
nA neE nY

L L H

L H H

H L H

H H L
Notes

1. H = HIGH voltage level
L = LOW voitage level

APPLICATIONS

= Wave and pulse shapers
= Astable multivibrators
= Monostable multivibrators
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Quad 2-input NAND Schmitt trigger 74HC/HCT132

DC CHARACTERISTICS FOR T4HC

For the DC charactenstics see 7dhC/HC T/HCLUHCMOS Logie Family Specificaions". Transfer characterislics ane
ghven belw.

Qutpul capability: standard
I category: S5
Transfer characterisilcs for T4HC
Vollages are referenced to GND (ground = 0 V)
Tams {7C) TEST CONDITIONS
T4HC
EYMBOL | PARAMETER UMNIT Ve WAVEFORMS
+25 —d0 to-+H85 | 40 to +125 ™
min. |typ. |max. |min. |max |min. | max
V. posifive-going threshold (0.7 [1.1B (1.5 oFr |15 0.7 |15 v 20 |FpeGand 7
1.7 |238 3156 | 1.7 |318 1.7 1315 4.5
21 [3.14 |42 2.1 |42 21 |42 6.0
Vi negative-going threshold (0.3 (063 (10 (03 |10 D3 (10 v 20 |FigeGand 7
09 |187 |22 0 |22 0e |22 45
1.2 |226 |3.0 1.2 |30 1.2 |30 6.0
VH hystenasis (V. — Yyl 02 |0585 110 0.2 |1.0 02 (1.0 v 20 |FigsGand 7
04 1071 |14 04 (14 04 (14 45
g6 |DBB |18 (08 |18 |08 |16 6.0
C CHARACTERISTICS FOR 7T4HC
WD =0V, == 6ns; G =50 pF
Tams ("C} TEST CONDITIONS
TaHC
IYMBOL | PARAMETER UNIT |y WAVEFORMS
425 —40 TO +85 | —40 TO 4125 {3‘}
min. [typ. (maEc | min. | max. | mEn. | mac
M ey | propagation delay 36 125 155 190 ns 20 |Figi3
nA, nB to nY 13 |25 3 38 45
10 21 28 32 80
vt | output transition time 19 |75 95 10 [ns |20 [Fig.13
¥ 15 18 27 45
3 13 16 19 6.0

ptember 1883 4
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Quad Z-input NAND Schmitt trigger 7T4HC/HCT132

DC CHARACTERISTICS FOR T4HCT

For the DC characteristics see "FAHO/HC TVHELHCMOS Logic Family Specificstions ™. Transfer charactarislics ana
givan below.

Qutput capability; standard
lgp category: S35

Motes to HCT types

The value of additional quiescent supply cument (Alc-) for 2 unit load of 1 s given in the family specifications.
To determine Al per input, mulliply this value by the unit load coefficient shown in the table below:.

INPUT UNIT LOAD COEFFICIENT
nA, nB 03
lransfer characteristics for TAHCT
foltages are referenced to GND (ground =0 V)
Tams {°C) TEST CONDITIONS
T4HCT
SYMBOL | PARAMETER LIMT Vee WAVEFORMS
+25 —40 to +85 | 40 to +125 W™
min, |typ. | max. |min. (max. |min. | max.
v, positive-going threshald | 1.2 (141 (18 |12 |18 [1.2 |19 |V |45 |FigaBand7
1.4 159 (21 1.4 |29 14 |21 55
Vi negative-going threshold (05 (085 (1.2 (058 |12 0.5 |12 v 45 |Figefand 7
06 j0B8 14 |06 (14 0.6 |14 5.5
M hystarssis [V, —V7.) |04 [0.56 |- 0.4 |- 04 |- V |45 |FigsBand7
04 080 |- 0.4 |- 04 |- 5.5

C CHARACTERISTICS FOR 74HCT
ND=0Vt=4=6ns;CL=50pf

Tamb [“C} TEST CONDITHONS
TA4HCT
YMBOL | PARAMETER UNIT | ¢ WAVEFORMS
425 40 to +85 | —40 to +125 ‘:}c
mimn. | typ. | max. | min. | max. | min. | max.
w/tan | propagation delay
A, B 1o nY 20 33 41 s 50 |ns 4.5 (Fig.13
WL lw [ output transition time Fi 15 18 22 Ins 45 |Fig.13

ptember 1983 5
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Quad 2-input NAND Schmitt trigger 7T4HC/HCT132
TRANSFER CHARACTERISTIC WAVEFORMS
vo = rs o
¥ra
Yo
- W e M
b L S
Fig.7 Waveforms showing tha dafinibion of Vs,
Vo and Vi whera Ve, and Vo are bebween
Fig.6 Transfer charecterislic. limits of 20% end 70%.
" ;;?-;ir ‘m_ FIERTTE
‘e a1
[T 1]
00
E
" - / . K
A yE=r =
™ M
4 8 o -Jlr \-—
B b a 1 2 ] L | B
? ] ol 0 Vg i¥
Fig.8 Typical HC ransfer characteristics; Fig.8 Typical HC transfer characteristics;
Yec =2V, Vpe=4.5V.
18 . B i
les I -
Imaj { [T
. f
[ X3 ﬂl\ oa '.
" \ w1 1]
(% ] % [ £ ]
4
nl 3 4 s a4 [ £ -" 1 T ] L] -
Vg ¥ Wi 0¥
Fig. 10 Typical HC transfer characterislics; Fig.11 Typical HCT transfer charatierstics,
Ve =6V, Vee =45V,
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Quad 2-input NAND Schmitt trigger 74HC/HCT132

Application information

The slow input rise and fall imes cause additonal power dissipalion, this can be catculated using the ollowing formulsa:
Pag=fix{bxleea+ 4 ¥ o) X Ve,

Whera:

Py = additional power dissipation (W)
% = inpunt frequency (MHz)

= input rige fime (ns); 10%:— 80%
1) = [nput fall ime {(ns); 10% — 90%

loca = avarage additional supply cument (uA)

bvarage oo, differs with positive or negative input transifions, as shown in Figs 14 and 15.

ey TEREPa o fELar
- ’ e
Efl [ b 1
m y -ty
f‘;‘ 00
200
f;'f e ¢
& "=/
fﬁ”-:u-—-n’_ b
o i
L] ﬁ | o !
o 4 'owggiv £ 1] F] L owpivi B
Flg.14 Average leo for HO Schimitt rigger devices: Fig.15 Average Igo for HCT Schmitt irigger
linear change of V; betwean 0.1 Voo to devices; linear change of V; belwesn
0.9 Voo 0.1 Vg 1o 0.8 Ve,

CHCT132 used in a relaxation oscillator circuit, see Fig.16.

Fig.16 Relanation cecillator using HC/HCT132,

ste to Application information
values given are typical unlass otherwise specifiad.

(CHAGE OUTLINES
8 ‘TAHCHCTIHCUWHCMOS Logie Package: Ouiiines’,

plember 1993 B
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Quad 2-input NAND Schmitt trigger

7T4HC/HCT132

“ e
eg i
Crmih T
L8] 1
i
s
oa
ol
] \h-
L] ] T 2 4 L] L]
Vigiv1

Fig.12 Typical HCT transfer charactenstics; Ve = 5.5 V.

LC WAVEFORMS

W

Y OATRUTY iy

el e L

bE =

(1) HE Wy = 505 V) = GND 1o Voo
HCT: Vi = 1.3V V) = GND e 3.

Fig 13 Waweforms showing the input (n4. nB) lo oulput (nY) propagation delays and the oulpul iransition imes.
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