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ABSTRAK

Keschatan merupakan elemen vital dalam sepala akovitas yang dilakokan oleh
manusia. Denyut jantung merupakan salah sato parameter ukur dard tingkat keschatan
manusia. Namun untuk mengukur denyut jantung kita harus pergl ke rumah sakit atau
klinik terdekat untuk bisa mendapatakan hasil pengukuran denyut jantung. Untuk itu
pada laporan Skripsi ini akan dirancang sebuah alar penhitung laju detak jantung,
yvang mana alul ini dilengkapi dengan sensor denyut janitung (Photedicda dun
Infrared) yang akan mendetekst perubahan volume darah pada jan manusia. Alat ini
Juga menggunakan kowmenikast serial sehingga penggunanya tidak akan kebingungan
melihat hasilnya karena hasil dari pengukuran tersebut akan ditampilkan pada
Aplikasi Human Machine Interface (HMI) StampPlor di kompuler. Semua data
tersebut dikontrol oleh Mikeokontroller PICI6FS77A. Hasil tampilan pengukuran
berupa grafik kestabilan denyut janlung dan angka hasil deteksi denyut jantung.
Grafik kestabilan menunjukkan ada atau tidakova denyut vang terdeteksi dan angka
denyut jantung merupakan jumlah denyut jantung yang terdeteksi.

Kata kunci : penhitung  detak  janmung, sensor  Photodiodu.  Mikrokontrotler
PICTGIR77A, Aplikasi StampPlot
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BAB 1
PENDAHULUAN

1.1 Latar Belakang

Kesehatan merupakan elemen vital dalam sepala aktivitas yang dilakukan
oleh manusia. Namun, manusia sering tidak memahami arti sebenarmnya dari
kesehatan secara fisik. Sehat secara fisik berarti seluruh organ tubuh berada
dalam ukuran sebenarmya dan berada dalam kondisi optimal, serta dapat
berfungsi normal. Sehat secara fisik diukur dari parameter dasar nilai-nilai
normal dari tanda-tanda vital tubuh seperti laju detak jantung manusia. Laju detak
jantung itu sendiri biasa dinyatakan dalam BPM (Beats per Minute). Untuk
mengukur kondisi tersebut manusia biasanya menggunakan stefoscope dan alat
pengukur detak jantung lainnya vang umumnya hanya ditemukan di rumah sakit,
puskesmas atau klinik keschatan. Diharapkan manusia memiliki alat tersebut agar
dapat mengetahui kondisi tubuhnya setiap saat. Pada kenyataanya, manusia yang
memiliki alat-alat tersebut sangat sedikit karena harga yang mahal dan kurang
praktis. Oleh karena itu, diperlukan suatu zistemn yang dapat memeriksa kondisi
tubuh secara praktis.

Dengan latar belakang seperti diatas dan dengan perkembangan dunia
elektronika yang semakin pesat, tidak menutupi terciptanya alat pengukur detak
jantung vang berbasis elektronika yang mudah digunakan oleh setiap pengguna
yang ingin mengukur detak jantungnya sendiri. Salah satunya adalah alat
pengukur detak jantung manusia berbasis mikrokontroller PIC16F877A dengan
dizplay pengukuran menggunakan aplikasi HMI StampPlot.

1.2 Rumusan Masalah
Permasalahan yang akan dibahas dalam skripsi ini adalah sebagai berikut :
. Baguimana membuat alat pengukur detak jantung ini lebih mudah dan
gampang dimengerti untuk digunakan oleh pengguna.
2. Bagaimana menghubungkan alat pengukur detak jantung berbasis
mikrokontroller PICL6F877A dengan komputer.




BAB I
FOAJEAN PESTAKA

2.1, Jantung dan Fungsinya
2.1.1. Pengertian,

Jantung adalah organ vital dan merupakan pertahanan terakhir untuk
hidup selam otak. Denyut yang ada di jantung i tdak bisa dikendalikan
oleh manusia Denyut jantung biasanva mengacu pada jumlah waktu yang
dibutuhkan olch detak janmng per satan  wakty, secara  wmim

direpresentasikan sebapai bpm (beats per munne). [Himn kesehaion, 20013 ]

2.1.2. Fungsi jantung

Fungsi wama jantung adalah menyediakan oksigen ke selurub mbuh dan
membersibkan tubuh dar hasil metabolisme (karbondioksida). Jantung
melaksanakan fungsi  tersebut dengan mengumpulkan dargh  vang
kekurangan oksigen dan selurub tubuh dan memompanya ke dalam paru-
parn, dimana darabh akan mengambil oksigen dan mcmbuang
karbondicksida: jamung kemudian mengumpulkan darah vang kaya oksigen
dari paru-paru dan memompanya ke jaringan di selurch tubuh.

Gambar 2.1 Jantung dan fungsinva. {{fmu kesehatan, 2013]

Pada saal berdenvut, setiap muang jantung mengendur dan terisi darah
{disebut diastol); selamjutnya jantung berkontraksi dan memompa darah
keluar dari ruang jantung (disebut sistol). Kedua atrium mengendur dan

berkontraksi secara bersamaan, dan kedua ventrikel juga mengendur dan




berkontraksi secara bersamaan. Darah yang kehabisan oksigen dan
mengandung banvak karbondioksida dari seluruh wbuh mengalir melalui 2
vena besar (vena cava) menuju ke dalam atrium kanan. Setelah atrium kanan
terisi darah, dia akan mendorong darah ke dalam ventrikel kanan.

Darah dari ventrikel kanan akan dipompa melalui katup pulmoner ke
dalam arteri pulmonalis, menuju ke paru-paru. Darah akan mengalir melalui
pembuluh yang sangat kecil (kapiler) vang mengelilingi kantong udara di
paru-paru, menyerap oksigen dan melepaskan karbondioksida yang
selanjutnya dihembuskan. Darah yang kaya akan oksigen mengalir di dalam
vena pulmonalis menuju ke atrium kiri. Peredaran darah diantara bagian
kanan jantung, paru-paru dan atrium kiri disebut sirkulasi pulmoner. Darah
dalam atrium kiri akan didorong ke dalam ventrikel kiri, yang selanjulnya
akan memompa darah yang kaya akan oksigen ini melewati katup asorta
masuk ke dalam aorta (arteri terbesar dalam tubuh). Darah kaya oksigen ini
disediakan untuk seluruh tubuh, kecuali paru-paru. [fimu kesehatan, 2013}

2.13. Denyut Jantung

Denyut jantung yang optimal untuk setiap individu berbeda-beda
tergantung pada kapan waktu mengukur detak jantung tersebut (saat istirahal
atau setelah berolahraga). Variasi dalam detak jantung sesuai dengan jumiah
oksigen yang diperlukan oleh tubuh saat itu. Detak jantung atau juga dikenal
dengan denvul nadi adalah tanda penting dalam bidang medis yang
bermanfaat untuk mengevaluasi dengan cepal keschalan atau mengetahui
kebugaran seseorang secara umuim.

Pada orang dewasa yang sehat, saat sedang istirahat maka denyut jantung
yang normal adalah sekitar 60-100 denyut per menit (bpm}. Jika didapatkan
denyut jantung yang lebih rendah saat sedang istirahat, pada umumnya
menunjukkan fungsi jantung yang lebih efisien dan Iebih baik kebugaran
kardiovaskularnya. Laskowski menambahkan ada banyak faktor yang dapat
mempengarvhi jumiah denyut jantung seseorang, yaitu aktivitas fisik atau
tingkat kebugaran seseorang, suhu udara disekitar, posisi tubuh (berbaring
atau berdiri), tingkat emosi, ukuran tubuh serta obal yang sedang

dikonsumsl




Untuk mengukur denyut jantung di rumah bisa dengan cara memeriksa
denyut nadi. Tempatkan jari telunjuk dan jari wngah pada pergelangan
tangan atau tiga jari pada sisi leher. Saat merasakan denyut nadi, lihatlah jam
untuk mneghitung jumlah denyut selama 15 detik. Hasil yang didapatkan di
kalikan empat, maka didapatkan jumlah denyut jantung Anda per menit.
Berikut ini denvut jantung normal pada manusia sesuai dengan usianya:

# Bayi0- 1 bulan =70 - 190 denyut per menit.
Bayi 1 - 11 bulan = 80 - 160 denyut per menit.
Anak-anak | - 2 tahun = 80 - 130 denyut per menit.
Anak-anak 3 - 4 tahun = 80 - 120 denyut per menit.
Anak-angk 5 - 6 tahun = 75 - 113 denyut per menit.
Anak-anak 7 - 9 tahun = 70 - 110 denyut per menit.

Y Vv Y ¥ ¥ ¥

Anak-anak 10 tahun, lebih tua, dan orang dewasa (termasuk manula):
60 - 100 denyut per menit.
# Atlet terlatih = 40 - 60 denyut per menit.

Denyut jantung seseorang juga dipengaruhi oleh usia dan aktivitasnya.
Olahraga atau aktivitas fisik dapat meningkatkan jumiah denyut jantung,
namun jika jumlahnya terlalu berlebihan atau di lvar batas sehat dapat
menimbulkan bahaya. Untuk mendapatkan nilai denyut jantung maksimal
dilakukan dengan cara mengurangi angka 220 dengan usia. Misal usianya 40
tahun, maka jumlah maksimalnya adalah 180 bpm. Dengan melakukan tes
sederhana tersebut, sescorang bisa mengetahui apakah denyut jantunya
normal atau tidak. Hal ini juga berguna sebagai diagnosis awal ada atau
tidaknya gangguan kardiovaskuler. {flmu kesehatan, 2013]

1.2, MIKROKONTROLER PIC16F877A

Mikrokontroler PICI16FB77A merupakan salah satu mikrokontroler dari
keluarga PICmicro yang popular digunakan sekarang ini, mulai dari pemula
hingga para profesional. Hal tersebut karena PIC16F877A sangat praktis dan
menggunakan teknologi FLASH memori sehingga dapat di program-hapus
hingga seribu kali. Keunggulan mikrokontroler jenis RISC ini dibanding dengan
mikrokontroler &-bit lain dikelasnya terutama terletak pada kecepatan dan
kompresi kodenya. Selain itu, PIC116F877A juga tergolong praktis dan ringkas
karena memiliki kemasan 40 pin dengan 33 jalur I/O.




Anggota keluarga I'lCmicro buatan Microchip Inc. cukup banyak. Ada
yang menggunakan FLASH memori dan ada pula yang jenis OTP (One Time
Programmable). Mikrontroler dati keluarga PICmicro yang popular, antara lain
PIC2C08, PIC16C54, PIC16F84. Agar lebih mengenal PIC16FB77A, berikut ini
diberikan fitur-fitur penting yang terdapat pada PLC16FB77A. [ Fahmizal, 2010}

Gambar 2.2, Mikrokontroler PIC16FRB77A [ Fahmizal, 20/0]

2.2.1. Fitur-Fitar PIC16F877A

Sebenamya, PICI6F877A bukanlah mikrokontroler yang istimewa dalam
keluarga PICmicro. Namun demikian, PIC16F877A cukup mudah dipelajari dan
dapat di bilang memiliki kemampuan yang handal sebagai mikrokontroler yang
memiliki 40 pin. Mikrokontroler PIC16F877A memiliki fitur RISC CPU yang
mempunyai performance tinggi. PIC16F877A juga hanya 35 jenis instruksi yang
perlu dipelajari dan semua instruksi mempunyai siklus tunggal kecuali untuk
instruksi percabangan. Kecepatan Instruksi: DC — 20 MHz clock input DC — 200
ns fnstruction cycle , 8K x 4 words of FLASH Program Memory, 368 x B bytes
of Data Memory (RAM) . 256 x 8 bytes of EEPROM Data Memary, Pinout
compatible dengan PIC16CT3IB/74B/T6/77, Interrupt (14 sumber interrupt),
Delapan level hardware stack, Dirvect, indireci dan relative addressing modes,
Power-on Reset (POR), Power-up Timer (PWRT) dan Oscillator Start-up Timer
(OST), Watchdog Timer (WDT) dengan on-chip RC oscillator, Programmable
code protection, Power saving SLEEP maode, Selectable vscillutor options, Low
power, high speed CMOS FLASH/EEPROM technology. Fully static design, in-
Circuit Serial Programming (ICSP) hanya dengan dua pin, Single SV In-Circuit




Serial Programming capability, Processor read/write access to progrem
memary, Wide operating voliage range: 2.0V to 5.5V, High Sink/Source Current:
25 mA dan Commerciol, Industrial and Extended temperature ranges.
[ Fatmizal, 20107

2.2.1. Fitur Periferal:

1. Timert): 8-bit timer/counter dengan 8-bit prescaler

2. Timerl: 16-bit timer/counter dengan prescaler, dapat di-increment selama
proses SLEEP dengan external crysialiclock

3. Timer2: 8-bit rimer/counter dengan 8-bit period register, prescaler dan
postscaler

4. Dua Capture, Compare, PWM modules (Capture iv 16-bit, max.
resolution is 12.5 ns | Compare is 16-bit, max. resolition is 200 ns | PWM
max. resolurion is 10-bit)
10-hit mudti-channel Analog-to-Digiral comverter (ADC)

6. Synchronous Serial For( (SSF) dengan SP1 (Master mode) dan [2C
(Master/Slave)

7. Universal Synchronous Asynchronous Receiver Transmitter
{USART/SCI) dengan 9-bit address detection

8 Paraliel Slave Port (PSFP) 8-bits wide, dengan external RD, WR and CS
controls (40/44-pin only)

9. Brown-out detection circuitry untuk Brown-out Reset (BOR)

2.2.3. Deskripsi Pin-Pin

Mikrokontroler PICI6F877A di produksi dalam kemasan 40 pin PDIP
{Plastik Dual In Line) maupun 40 pin SO (Small Outline). Namun yang banyak
terdapat dipasaran adalah kemasan PDIP. Pin-pin untuk 1/O sebanyak 33 pin,
yang terdiri atas 6 pada Port A, 8 pada Port B, 8 pada Port C, 8 pada Port D, 3
pada Port E. Ada pula beberapa Pin pada mikrokontroler yang memiliki fungsi

ganda.
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Gambar 2.3. Pin Mikrokontroler PIC16F877A fDatasheet PICI6F8T7A]

2.2.4. Organisasi Mcmori

Memori pada PIC167877A dapat dipisahkan menjadi dua blok memori,
satu untuk memori program dan satu untuk memori data. Memori EEPROM dan
register GPR didalam RAM merupakan memori data, sedangkan memori FLASH
merupakan memon program. [ Fahmizal, 2010]
2.2.5. Memori Program

Memori program direalisasikan dalam teknologi FLASH memori yang
memungkinkan pem-program melakukan program-hapus hingga seribu kali.
Pemrograman PIC16F877A dilakukan sebelum dipasang pada rangkaian aplikasi,
atau ketika sistemm sudah terpasang namun dikehendaki adanya up-dating pada
program didalamnya. Pemrograman berulang biasanya dilakukan pada saat
pengembangan dan penyempurnaan sistem. Ukuran memori program untuk
PIC16F877A adalah 8K lokasi dengan |ebar kata |4 words. [ Fahmizal, 2010]
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Gambar 2.4. Alokasi Memori Program Mikrokontreler PIC16F877A
[Datasheet PICI6F877A]

2.2.6. Memori Data

Memori data terbagi di dalam beberapa ruang (semacam halaman/bank)
yang memuat register yang mempunyai fungsi-fungsi umum dan khusus yang
tersendiri. Bit RP1 (STATUS<6>) dan RPO (STATUS<5>) adalah bit yang
menunjukan letak ruang yang dimaksud.

Setiap ruang mempunyai kapasitas di atas 7Fh (128 bytes). Lokasi paling

bawah dari setiap ruang ditujukan untuk register yang mempunyai fungsi spesial.
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CGambar 2.5. Alokasi Memori Data Mikrokontroler PIC16F877A
[Darasheer PICIOF877Af
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2.2.7. Mode Pengalamatan
L.okasi memori RAM dapat di akses secara langsuny atau tidak langsung :

|. Pengalamatan langsung
Pengalamatan langsung dilakukan melalui alamat @ bit. Alamat ini
merupakan rangkaian dari 7 bil langsung dari instruksi dan 2 bit dari RPO
dan RP1 pada register STATUS. Contoh pengalamatan langsung adalah
pengaksesan register FSH

2. Pengalamatan tidak langsung
Berbeda dengan pengalamatan langsung, pengalamatan tidak langsung
tidak mengambil alamat dari instruksi, tetapi menggunakan bit ke 7 (IRP)
dari register status dan semua bit dari register FSR. Lokasi alamat di akses
melalui register INDF yang didalamnya berisi alamat vang ditunjuk oleh
FSR.

2.2.8. CPU (Central Processing Unit) PIC16F877A

CPU berperan sebagai otak dari mikrokontroler. Bagian ini bertanggung
jawab untuk mengambil instruksi, melakukan decode, dan mengeksekusi
instruksi. CPU terhubung ke semua bagian pada mikrokontroler. Fungsi
terpenting dari CPU adalah melakukan dekode dan mengeksekusi suatu instruksi.
Instruksi-instruksi dalam bahasa assembly terdiri atas opcode dan operan.
Opcode menyatakan proses vang harus dilakukan mikrokontroler. Sedangkan
operan adalah bagian yang dioperasikan pada aritmatika maupun logika. Agar
mikrokontroler dapat mengerti perintah  opcode, maka instruksi harus
diterjemahkan ke dalam urutan biner dengan kode “0" dan “1™. Tugas untuk
menterjemahkan instruksi dari hahasa asembly ke bahasa mesin (bahasa yang di
mengerti oleh mikrokontroler) dilakukan oleh translator (software assembler atau
compiler}. [ Fahmizal, 20101
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1.4. LED INFRA MERAH

Cahaya infra merah merupakan cahava yang tidak tampak. Jika dilibat
dengan dengan spekiroskop cahava maka radiasi cahaya infra merah akan
nampak pada spektrum elekiromagnet dengan panjang gelombang di atas panjang
gelombang cahaya memh. Dengan panjang gelombang ini maka cahaya infra
merah ini akan tidak tampak oleh mata namun radiasi panas yang ditimbulkannya
masih terasa/dideteksi.

Pada dasamya komponen vang menghasilkan panas juga menghasilkan
radiasi infra merah termasuk (wbuh manusia mavpun tubuh binatang. Cahava
infta merah, walaupun mempunyai panjang gelombang yang sangat panjang tetap
tidak dapat menembus bahan-bahan vang tidak dapat melewatkan cahava yang
nampak schingga cahaya infra merah tetap mempunyai karakteristik seperti
halnya cahaya vang nampak oleh mata.

Gambar 2.8. Bentuk fisik LED Infra Merah fElektronika dasar. 2011]

Pada pembuatan komponen yang dikhususkan untuk penerima infra merah
Jlubang untuk menerima cahaya (window) sudah dibuat khusus sehingga dapat
mengurangi interferensi dari cahaya non-infra merah. Oleh sebab itu sensor infra
merah yang baik biasanya jendelanya (pelapis yang terbual dari silikon) berwarna
biru tua keungu-unguan. Sensor ini biasanya digunakan untuk aplikasi inrfa
merah yang digunakan diluar rumah (eutdoor).

Pada dasarnva penggunaan modulasi cahaya penggunaannya tidak ada
batasnya namun modulasinva harus mengeunakan sinyal carrier yang
frekuensinya harus sangat tinggi yaitu dalam orde ribuan megahertz. Biasanya
modulasi dengan frekuensi carrier vang tinggi ini digunakan untuk madulasi sinar
laser atau pada transmisi data yang menggunakan media fiberoptic sebagai media
perantaranya. [Elekironika dasar, 2001}
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2.6. 1C MAX232

MAX232 merupakan salah saiu jenis IC rangkaian antar muka dual RS-

232 transmitter / receiver yang memenuhi semua spesifikasi standar EIA-232-E.

IC MAX232 hanya membutuhkan power supply 5V ( single power supply }
sebagai catu. IC MAX232 di sini berfungsi uniuk merubah level tegangan pada
COMI menjadi level tegangan TTL / CMOS. IC MAX232 terdiri atas tiga bagian
yaitu dual charge-pump voltage converter, driver RS232, dan receiver RS232.
[ Jimmyrahdiansyah, 2010f
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Gambar 2,10 Konfigurasi Pin I[C MAX232 [Datashee! Max232}

Fitur IC MAX232

1.

5-.}

Dual Charge-Pump Voltage Converter.

IC MAX232 memiliki dua charge-pump internal yang berfungsi untuk
menkonversi tegangan +5V menjadi £10V { tanpa beban ) untuk operasi
driver RS5232. Konverter pertama menggunakan kapasitor C1 untuk
menggandakan tegangan input +3V menjadi +10V saat C3 berada
pada output V+. Konverter kedus menggunakan kapasitor C2 untuk
merubah +10V menjadi -10V saat C4 berada pada output V-

Driver RS232

Output ayunan tegangan ( voltage swing ) driver typical adalah £8V. Nilai
ini terjadi saat driver dibebani dengan beban nominal receiver R5232
sebesar Ski2 atau Vee = 5V. Input pada driver yang tidak digunakan bisa
dibiarkan tidak terhubung kemana — mana. Hal ini dapat terjadi karena
dalam kaki input driver IC MAX232 terdapat resistor pull-up scbesar
400k} yang terhubung keVec. Resistor pull-up mengakibatkan output
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driver yang tidak terpakai menjadi low karena semua output driver
diinversikan.
3. Receiver R8232

EIA mendefinisikan level tcgangan lebih dari 3V schagai logic 0,
berdasarkan hal terscbul semua receiver diinversikan. Input receiver dapat
menahan tegangan input sampai dengan +25V dan menviapkan resistor
terminasi input dengan nilai nominal 5k. Milai input receiver hysteresis
typical adalah 0,5V dengan nilai minimum 02V, dan nilai delay
propogasi typicalnya adalah 600ns.

2.7. PROTEUS 7.0 PROFESIONAL

Proteus adalah sebuah software untuk mendesain PCB yang juga dilengkapi
dengan simulasi PSpice pada level skematik sebelum rangkaian skematik di-
upgrade ke PCB sehingga sebelum PCBnya di cetak kita akan tahu apakah
PCB yvang akan kita cetak apakah sudah benar atau tidak. Proteus mampu
mengkombinasikan program [SIS untuk membuat skematik desain rangkaian
dengan program ARES untuk membuat layoul PCB dari skematik yang kita
buat. Software Proteus ini bagus digunakan untuk desain rangkaian
mikrokontroller.
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fia wew Edit Tools Desipn Oraph Source Debug  Libsay  Templas  Systam  Halp
O B gp @ 58 4 SRS E

| L TAEE Qew, LA EaEs @2 o))
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+ | | l
+
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= T [F[i] oot
£t By owes
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= i
{# E
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=]
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(P B [0 [ & |® |
Food kst 1 _ J

Gambar 2.1 Tampilan Aplikasi Proteus Profesional.

12




Memiliki fasilitas report terhadap kesalahan-kesalahan perancangan dan
simulasi clektrik.

6. Mendukung fasilitas interkoneksi dengan program pembuat PCB-ARES.

7. Memiliki [asilitas untuk menambahkan package dari komponen yang

belum didukung.

2.7.2 Mode ARES (Advanced Routing and Editing Software)

ARES (Advanced Routing and Editing Software) digunakan untuk

membuat modul layout PCB. Adapun fitur-fitur dari ARES adalah sebagai
berikut :

Memiliki database dengan lingkat keakuratan 32-bit dan memberikan
resolusi sampai 10 nm, resolusi angular 0,1 derajat dan wukuran
maksimum board sampai 10 m.

ARES mendukung sampai 16 layer.

Terintegrasi dengan program pembuat skematik ISIS, dengan
kemampuan untuk menentukan informasi routing pada skematik.
Visualisasi board 3-Dimensi.

5. Penggambaran 2-Dimensi dengan simbol library.

Proteus lebih memiliki kelebihan pada desainnya yang sedcrhana,

sangat mudah dan bagus digunakan untuk perancangan rangkaian

mikrokontroller yvang akan sangat membantu digunakan oleh mahasiswa

yang mengambil mata kuliah berhubungan dengan mikrokontroller.
Kelebihannya vang lain adalah sebelum PCB dicetak skematiknya bisa
disimulasikan dulu, Desain-desainnya bisa digabungkan dan masih banyak
lagi kelebihan yang dimiliki Proteus.

2.8. APLIKAS]I HMI (Human Machine Interface) STAMPPLOT

Salah satu penggunaan mikrokontroler adalah sebagai antarmuka antars PC

(Personal Computer) dengan berbagal macam sensor ataupun aktuator. Dengan
biaya yang tidak terlalu mahal dapar dibuat berbagai macam sistem instrumentasi
ataupun kendali sederhana yang dapat menampilkan dan merekam data dari
sensor serta mengendalikan berbagai aktuator pada PC melalui port serial. Untuk
jtu diperlukan pemrograman pada PC yang dapat menerima dan mengirim data
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pada port serial. Banyak bahasa pemrograman yang dapat digunakan untuk
mengakses port serial, misalnya C++, Visual Basic. Delphi, ataupun Matlab.

Stampplot adalah sebuah software aplikasi computer untuk akuisisi data
dan pengendalian input output mikrkontroler melalui komunikasi serial. Aplikasi
ini mampu menampilkan grafik dan menyediakan pembuatan user interfaces
untuk pemantauan dan pengendalian, serta penyimpanan data yang akan
dikirimkan oleh mikrokontroler. Sebenarnya software ini dibuat khusus untuk
basic stamp. Namun, pada perkembangannya, software ini juga dapat digunakan
untuk mikrokontroler lain, asalkan computer tersebut dapat melakukan
komunikasi serial dengan computer.

StampPlot adalah salah satu perangkat lonak alernatif yang dapat
digunakan sebagai alat bantu akuisisi data yang dikitimkan oleh mikrokontroler
melalui port serial. Fasilitas yang terdapat pada StampPlot memungkinkan kita
untuk membuat plotting, menampilkan indikator, merekam, dan melakukan
perhitungan dari data, serta melakukan kendali melalui PC. fNugroho, 2009]

T W Vot Wit s W3 Bueeiopd Uit T 5
H‘H-II' X wim@e 4 —ikll +— il iu I, SRl T P

Gambar 2.12. Tampilan Aplikasi StampPlot [Nugroho, 2009
Beberapa fitur dari StampPlot antara lain :

1. Dapat menampilkan plotting data dari maksimal 8 data digital dan 10 data
analog.

2. Data dan gambar plot yang diperoleh dapat disimpan dalam bentuk file

Axt atavpun jpg.

Plotting dapat dilakukan menggunakan skala linear ataupun logaritma

4. Dapat dilakukan berbagai perhitungan matematika

Tad
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5, Terdapat berbagai antarmuka dalam bentuk grafis untuk monitoring data
maupun kendali interaktif, misalnya text box, list box, meter, alarm,
tombol, lampu, slider, progress bar, dan bahkan joystick.

6. Terdapat instruksi untuk memainkan file suara .wav maupun
menampitkan gambar.

7. Mampu menyimpan data(log) dan gambar grafik(Snap)

8. Terdapat tasilitas software Serial — TCP sebagai perangkat penghubung
dengan jaringan komputer.

9. Tonfigurasi dapat dilakukan menggunakan perintah dari mikrokontroler
ataupun dalam bentuk makro.

10. StampPlot bebas digunakan untuk pengguna pendidikan dan pribadi.
Perbedaannya dengan versi Profesional adalah tidak ada fasilitas drag and
drop dalam pembuatan macro dan waktu koneksi menggunakan Serial-
TCP dibatasi hanya 3 menil.

2.9. LADDER DIAGRAM MICRO (LDMICR()

LDMicro adalah sebuah softiware TDE yang menghasilkan kode mesin
(file *Hex) untuk mikrokontroler. Software IDE (Integrated Development
Environment) adalah software vang menggabungkan Editor, Assembler,
Compiler dan Debugger dalam satu Iingkungan kerja. Tdlak seperti Editor
pada umumnya vang berbentuk teks, Editor LDMicro berbentuk diagram

tangga.
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Gambar 2.13 Tampilam Aplikasi LDMicro
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Cara penggunaan program ini pun sama dengan memprogram Ladder
diagram PLC. sama dengan CodeSys pada Wago, Syswin pada Omron, AB.dll.
software ini juga dilengkapi dengan proses simulasi sehingga memudahkan kita
untuk melakukan check error program yang telah kita buat. program yang telah
dibuat dalam bentuk ladder dengan LdMikro ini ketika di compile juga
menghasilkan file (*hex) yang nantinya kita gunakan untuk mendownloadkan ke
miktrokontroler  atau  mensimulasikan  dengan  program  tambahan
semisal simulasidengan RealPicSimulator atau dengan Proteus.

Ada beberapa jenis mikrokontroler yang bisa dibuat kode mesinnya di
LIDMicro vaitu:

1. Untuk keluarga PIC: PIC16F628(A), PIC16F88, PICI6F819,

PICI16F8T7{A), PIC16F876(A), PIC16F877, dan PIC16F86.
2, Untuk keluarga AVR : ATmegal28, ATmegatd. ATmegal62,
ATmegald2, ATmegal6 dan ATmegaR.

ML Parametars. ..
Micreconirols: ¥ Atmel AYR ATrmegal2s 64-TOFP

akmel BYR ATmegatd 64-TOFP

Aatrel AV ATmegalss $0-FDIF

Atmel AVE & Fregads $0-POP

atmel BYR-ATmegals $0-PDIP

agmel AVE ATmegal 28-FOIF

Micr ocip PICI6FSEE 18-FOIF or 18-50000

Mbr ochip PICIGFEE L8-PDIP ar Li§-50Q1C

Microchip PICIG6FGLS 18-PDIP of L6-300C

Microchip PICIAFETT 40-POIP

Microchip PICI6FBTE 28-FDIF or 28-500C
v ANSLC Cude

Interpretabie Byte Code

(o microcongrcller)

Gambar 2.15 Mikrokontroler yang Support Program LdMicro

LdMicro, Program yang dikembangkan oleh Jonathan W dapat menjadi
solusi baru bagi penggiat ataupun pembelajar di dunia kontrol ataupun otomasi,
bisa dibilang terdapat dualisme positifmempelajari program ini, pertarmna dapat
menjadi pengembangan dalam mepelajari mikrokontroler dengan metode
program Ladder pada PLC atau juga dapat menjadi metode mempelajari PLC
dengan Mikrokontroler (sebagai Hardware nya).

Porgram Ladder LdMikro ini bukan hanya dapat mengolah data digital
thigh and low logic) tetapi juga data analog karenn sebagaimana kita ketahui
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BABI
PERANCANGAN SISTEM

Dalam perancangan sistem ini mnejelaskan tentang bagaimana merancang
alat denyut jantung berbasis mikrokontroller PIC16F877A, baik itu merancang
skematik rangkaian, diagram block rangkaian, perancangan program vang akan
dimasukkan kedalam mikrokontroller PIC16F877A dan flowchart perancangan
alat tersebut.

3.1 Diagram Blok

Dalam setiap perencanaan dan pembuatan suatn alat diperlukan sebuah

diagram blok, yang berfungsi untuk mempermudah dalam menentukan alur

kerja dari system pada alat tersebut. Selain itu diagram blok juga berguna
untuk mengetahui bagian-bagian sytem dari suatu alat, berikut ini adalzh
diagram blok dari alat dalam laporan skripsi ini.

SEMSOR
DENYUT
JANTUNG

.

DISPLAY
MIKROKONTROLLER KOMUNIKASI
PENGUAT LM35E I —m  APLIKASI
FPICIBFETTA SERIAL RB232 STAMPPLOT

Gambar 3.1 Blok Diagram

I. Sensor Denyut jantung
Untuk mendeteksi denyut jantung manusia melalaui perubahan volume
darah manusia dan mengubah hasil deteksi tersebut dalam berntuk sinyal
pulsa.

2. Penguat LM358.
Berfungsi untuk menguatkan sinyal vang diterima dari hasil deteksi
sensor photodioda dan diteruskan ke mikrokontroller PIC16FB77A.

3. Mikrokontroller PICI6F877A.
Mikrokontroler vang digunakan adalah PIC16F877A.digunakan untuk
menerima data dari rangkaian sensor photodioda, diolah dan ditampilkan.
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Guambar 3.3 Rangkaian Komunikasi Senial
Alat dan bahan yang digunakan untuk rangkaian ini yai:
10 MAX232

# Capasitor | uF (4 Buah)

‘r’n.

Capasitor 100uF
# Konektor DBY Female
¥ Socket 1C 16 Pin

Untuk melakukan komunikasi serial dengan standar RS-232, harus dilakukan
penvesuaian level sinyal dari level TTL menjadi level R5-232 menggunakan
IC tertentu, misalnya DS 275 atau MAX232. Penggunaan IC MAX232 untuk
menyesuaikan tegangan dari prosesor dengan tegangan standar RS-232 yang
melalui konektor DB9.

Pada RS232, Is (high) direpresentasikan dengan tegangan -3 sid -25V, dan
0s (low) direpresentasikan sebagai —3 s/d +25V. Sedang diantara -3 dan +3V
dianggap sebagai status mengambeng dan tidak dianggap. Atas alasan ini,
untuk menghubungkan mikrokontroller yang ber-standar TTL dengan
komputer (atau alat lain) yang menggunakan RS232, kita harus
menggunakan peralatan tambahan misalnya dengan chip MAX232 untuk
mengkonversi level TTL ke R8§232 dan level RS232 ke leve] TTL.
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3. Rangkaian ICSP (In Circuit System Program)

Sesuai dengan namanya rangkaian ini berfungsi sebagai jalur unmtuk
memasukkan program ke mikrokontroller yang terintegrasi langsung
dengan rangkaian minimum system mikrokontroller PIC16FE77A vang
mana rangkaian im terhubung dengan pin 32 dan pin 40 mikrokontroller
PIC16F877A sebagai jalur komunikasi dan rangkaian ini terhubung
dengan rangkaian resel.Rangkaian ini terhubung ke pin 3,4.5.7 dan 8 dari
kabel serial DBY.

L1
- ECTAOLHR ABOMNT | a3
a4 oe;c.;.-nl.m.rr AEi |2 R3
ey e
2| maciann RBaToM 5 h—g ; J1
-8 radmmnia Re4 ﬁ 1 05
——1 RAZiSN2WVREFSOYREF s — 1} = =]
2 RABMIVREF s Frpmrc --g- 4TH Ea
I ARG AT T RETFAG0 g
A | 18 =
= CEOITCH)
A mEoanaRS RCHTIOSRCCFSE % CONN-SILS
ﬂ: FE LA ACHTOR —o A4TH
REJ/ANTICE RCAECKEeL 8 e
RCA/BDUEON |22
1 WELAA Y AcEADD 2t
RESET ROATECK |25
AETRDT 22
|15
ROFEFD
RADAFER: 20
RONPEF:? 41
Py eeieg -1
ROTERA :ﬁ
RDSAPEES
(et
ROTFSFT ﬁ
PERFRTTA

CGambar 3.4 Rangkaian ICSP
Alat dan bahan yang digunakan dalam rangkaian ini yaitu:
¥ Socket |C 40 pin
# Resistor 4.7k (3 buah)

# Kabel scrial DB%

# Pin Header
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4. Rangkaian secara keseluruhan.

ICSP
R
i,
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P ——F )
e = '-l- I-‘ZEJ
:
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||_1_EE”:|| ) : £'—5_‘
=3 [ r-gj:f
™™ Ty b—;—l: ':—CIE
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W | i
' o L 8
7 :[ [} =| ) =
= ii .a_: 1.-_I;l .

: H e =
b o | ISR
KONTROLER g ==y e

(Gambar 3.5 Rangkaian secara keseluruhan

5. Rangkaian Sensor Denyut Jantung
Rangkaian ini berfungsi untuk menerima data melalui  proses

pendeteksian volume darah melalui Infrared (D1) dan photodiode (D2},
Sinyal yang diterima dkuatkan oleh 1C OP-AMP LM338 untk diteruskan
ke pin 2 mikrokontroller PIC16F877A .Sistem kerja rangkaian ini adalah

mendeteksi perubahan volume darash manusia pada  kulit  jar

menggunakan photodiode dan Infrared.

RE
l R
2] Ry -
1 BOCFwT b ut g
3 1
i
D1 Bz B2 ©
=y "1
01,9

Gambar 3.6 Rangkaian Sensor Cahaya
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tegangan. Tujuan penggunaan 1C LM358 ini adalah agar sinyal yang
diterima oleh Photodioda dipastikan terlebih dahulu oleh penguat ini sebagai
logika 1 atau 0. Karena dalam proses mikrokontroller membutuhkan sinyal
logika 1 dan 0 untuk menjalankan program. Sinyal yang diterima oleh
photodiode terkadang untuk membedakan logika 1 dan 0 nilainya sangat
kecil maka digunakan IC LM358 untuk memastikan sinyal yang masuk

berupa logika 1 atau 0.

Perancangan Program { Software

Untuk perancangan sosfiware terdapat beberapa aplikasi yang mendukung

untuk terselesaikan skripsi ini. Aplikasi tersebul adalah sebagai berikut :

1. Aplikasi Ladder Diagram Micro

Aplikasi berfungsi untuk membuat program yang akan dimasukkan

kedalam mikrokontroller PICI6F877A yang berguna untuk mengolah data
yang diterima dari sensor denyut jantung dan di tampilkan ke display.
Aplikasi ini akan menghasilkan file berekstensi HEX agar dapat diterima dan
bekerja pada mikrokontroller PIC16F8T7A.

-I,FL[J-M-PNIMHW-'M:{EH-?.'_‘ - el Lk iy
b bl g bbrrevoon Sewiwin e e

froem Popm Hakn FaonPremam A0S Fen

o BT -pld S LB e pre ey s LU L8

Gambar 3.7 Aplikasi Ladder Diagram

Intruksi Yang digunakan dalam perancangan program ini adalah sebagai
berikut ;

¥ Instruksi Read A/D Converter.,

Instruksi ini digunakan untuk membaca tegangan analog antara 0-5v,
dengan ketelitian pembacaan sebesar 10 bit. atau nilai antara 0-1023. Jadi
untuk tegangan 0V akan terbaca nilai 0 dan untuk tegangan 5V akan terbaca
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nilai 1023. Sedangkan untuk tegangan 2V akan terbaca 2/5x 1023 = 409 dan
seterusnya untuk tegangan 3V dan 4V.

Pembacaan dilakukan ketika instruksi ini mendapatkan nilai 1. Nilai hasil
pembacaan tersebut kemudian disimpan kedalam sebuah variable yang
namanya selalu diawali depgan huruf A. Huruf A ini secata otomatis
ditambahkan untuk mengindikasikan bahwa variable tersebut adalah hasil
instruksi ADC.

Gambar 3.8 Kotak instruksi dan Simbol READ A/D Converter

¥ Instruksi Formatted String Over UART.
Instruksi ini akan mengirimkan data berupa variable dan teks (string)
melalui komunikasi serial UART ke computer. Pengaturan kecepatan
pengitiman (baud rate) dapat dilakukan pada menu MCU Parameters. Data
akan dikirimkan ketika instruksi ini mendapat sisi naik pulsa (dari 0 ke 1).

Swing: value: \3\rin Cancel

Gambar 3.9 Simbo] dan kotak Intruksi Formatted String Over UART

#  Instruksi Comment
Instruksi ini berfungsi untuk member keterangan mengenai isi program
pada Ladder Diagram Micro.

Cambar 3.10 Simbol dan Kotak Intruksi Comment
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# Instruksi Contact

Tnstruksi ini memiliki 2 status yaitu NO (Normally Open) dan WNC
(Normally Close). Untuk status NO apabila mendapat nilai | maka contact
akan terhubung, sedangkan bila mendapat nilal 0 maka contact akan
terbuka. Sebaliknya untuk status NC bila mendapal nilai 0 maka contact
akan terhubung dan bila mendapat nilai | maka contact akan terbuka.
Sumber contact ada 3 yaitu internal relay, Input Pin dan Output Pin. Untuk
contact Input Pin dan Qutput Pin, kedua contact ini terhubung dengan kaki
mikrokontroler sedangkan untuk contact Internal Relay tidak terhubung
dengan kaki mikrokontroler, tetapi menggunakan Internal memory atau
RAM sehingga bisa menghemat kebutuhan kaki mikrokontroler.

Untuk Contact Input pin akan membaca sinyal yang diberikan pada kaki
mikrokontroler sedangkan untuk contact Internal Relay dan contact Output
pin akan membaca status coil Internal Relay dan Output pin yang memiliki

nama yang sama dengan contact tersebut.

Tnterrial Relay Hame: TN

@ Input pin | |/1 Negated
Output pin

Gambar 3.11 Simbol NO, NC dan Kotak Intruksi Contacts.

# Instruksi OSR (One Shot Rising).
Instruksi ini mendeteksi sisi naik sebuah input pulsa yaitu perubaban
kondisi dari nilai 0 ke 1.

Gambar 3.12 Simbol Instruksi OSR
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# Instruksi OSF (One Shot Falling)
Instruksi ini mendeteksi sisi turun sebuah input pulsa yaitu perubahan
kondisi dari nilai | ke 0.

Gambar 3.13 Simbol Intruksi OSF

# [nstruksi TON (Delayed Turn On)
Instruksi ini berfungsi untuk menunda kondisi 1 hingga waktu delay yang
ditentukan telah habis.

5 O P SR

ke bt Settngs  InStruchiap

| Delay (ms): 100.000

Gambar 3.14 Simbol dan Kotak Tnstruksi TON

¥ Instruksi TOF (Delaved Tum Off)
Instruksi ini berfungsi untuk menunda kondisi 0 hingga waktu delay yang
ditentukan telah habis.

5 Lomic- P S

Fie kot '_-I:‘_'t:ng: instruction,.  Sinulate- L I.'-l11F-|E relg

Mame: G5

! Delay (ms): 100.000

Gambar 3.15 Simbaol dan Kotak Instruksi TOF

# Instruksi GRT (Compare For Greather Than)
Instruksi ini menhasilkan kondisi | ketika nilai variable lebih besar dari

nilai yang ditentukan.
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Gambar 3.16 Simbol dan Kotak instruksi GRT

¥ [Instruksi MOV (Move)
Jika instruksi ini bernilai 1, maka akan memasukkan nilai atau variable pada

kolom source ke dalam variable pada kolom destination.

Gambar 3,17 Simbol dan Kotak Instruksi MOV

% Instruksi EQU (Compare If Equals)
Instruksi ini menghasilkan kondisi 1 ketika nilai variable sama dengan nilai
yang ditentukan.

Gambar 3.18 Simbol dan Kotak Instruksi EQU

# Instruksi CTU (Count Up)
Instruksi ini menyimpan jumlah pulsa yang masuk dengan hitungan naik
(increment) ke dalam sebuah variable, dan menghasilkan kondisi | bila nilai

variable tersebut lebih besar atau sama dengan angka yang telah ditentukan.
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Name; [N

Trueif = 0

Gambar 3.19 Simbol dan kotak instruksi CTU

¥ Instruksi NEQ (Compare If ™ot Equals)
Instruksi ini menghasilkan kondisi | ketika nilai variable tidak sama dengan
nilai yang sudah ditentukan.

Gambar 3,20 Simbol dan Kotak instruksi NEQ

# Instruksi RES (Reset)
Instruksi ini berfungsi jika instruksi ini bernilai 1, maka akan membuat nilai

variable suatu timer atau counter menjadi O atau di- Reset.

Lormpnle . REL

Gambar 3.21 Simboal dan kotak instruksi RES

» Instruksi Coil
Instruksi ini berfungsi sebagai output dari program. Semua contact yang
namanya sama dengan output ini akan diberi nilai | bila Output ini bernilai
| dan diberi 0 bila Output ini bemnilai 0. Jika pilhan Source = Pin On MCU,
maka nilai 1 atau 0 vang dihasilkan tersebut akan diteruskan ke piranti di
luar melalui sebuah kaki mikrokontroler yang ditugaskan untuk Output ini.
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Ciambar 3.22 Simbol dan Kotak Instruksi COIL.

¥ Instruksi CTC (Count Clroular)
Instruksi ini berfungsi menyvimpan jumlah pulsa vang masuk dengan
hitungan naik (increment) kedalam sebuah variable, yang akan direset ke
nilai 0 ketika mencapai nilai maksimum yang telsh ditentukan dan kembali

menghitung naik.

[ ox |

| Max value: | Camel |

Gambar 3.23 Simbol dan Kotak Instruksi CTC.

# Instruksi MUL (Multiply)
Jika instruksi ini bernilai |, maka akan membuat nilai atau variable pada
kolom kedua dikalikan dengan kolom 3. Hasil perkalian tersebut

dimasukkan kedalam variable dikolom pertama atau dikolom destination.

Gambar 3.24 Simbol dan Kotak instruksi MUL.

3.4.2. Aplikasi Human Machine Interfaces (HMT) StampPlot.
Sesuai dengan namanya. aplikasi ini berfungsi untuk menampilkan hasil
pengukuran vang telah dilakukan oleh mikrokontroller PIC16F877A.
Aplikasi ini menggunakan konmunikasi serial sehingga memudahkan untuk
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langsung dengan pin 39 dan 40 dari mikrokontroller PIC16£377A yang mana
pin-pin tersebut berfungsi sebagai mode programming.

"5 TICPgm Development Prograrmmer 1.5.0.
File Command Hardware Estras Help

: E m:.é.lﬂ:detectmc:] ﬁ i | ﬁ u ﬂ.

Opbors | Cods Mem | Disis Mam | Config Mem | Config Be | Leg |
HEX, File

I o = Ij?“‘—*-:?!

[ sutsratsed befors programming if HEX flie modfied on disk

|
[#] EEPRDM data m HEX fie has dummy bytes
Erogramming Optione Divice Informiabion
A Program Code Maminry (FLASH) PIC: 2z
Dewice 10¢ R El
Program fhata Memory (EEFROM) | | Fash: 2 iy
A Program [0 Locobons EEPROM; FIF B

E Pragram Cerflgurabion Bits

Nn_FI{ Frogrammer Tﬂuﬁd! Check vennection! (Autadetect Autodatest

' Gambar 3.27 Tampilan aplikais PICPgm Programmer




3.5 Flowchart
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Gambar 3.28 Flowchart pembuatan alat.
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BAB IV
PENGUJIAN DAN ANALISA

4.1, Pengujian Alat.

Pada bab ini akan membahas tentang hasil Pengujian dan analisa dari alal
pengukur detak jantung ini. Baik it pengujian secara keseluruhan rangkaian dan
masing-masing blok rangkaian kerja alat pengukur detak jantung ini. Untuk
pengujian perblok yaitu rangkaian komunikasi dan rangkaian Sensor denyut
jantung. Dan untuk pengujian secara keseluruhan rangkaian yaitu pengujian alal
pengukur detak jantung ini dapat terdeteksi oleh komputer dan data yang diterima
oleh sensor denyut jantung dapat terbaca oleh aplikasi StampPlot.

4,11 Pengujian rangkaian ICSP (In Circuit Serial Programing).
Rangkaian [CSP menggunakan komponen Resistor dengan nilai 4,7 k dan kabel
komunikasi serial DRO, Dan rangkaian JCSP ini membutuhkan tegangan 5v DC.

1. Tujuan Penelitian.
Untuk mengetahui rangkaian ini bekerja dengan baik atau tidak dan
rangkaian ini berfungsi untuk mengisi program kedalam mikrokontroller
PIC16{877A.
2. Alat yang digunakan.
» Power Supply 5v DC
¥ Rangkaian ICSP
% Kabel Serial DB9
% 1C Mikrokontroller PIC 16§877A
% Aplikasi PICPgm Programmer.
3. Prosedur Pengujian
3 Pasang IC Mikrokontroller PIC16£877A pada rangkaian [CSP.
Sambungkan kabel serial DB9 dari rangkaian ICSP ke kemputer dan

'\l‘_!'

pasang catu daya.
% Buka aplikasi PICPgm Programmer untuk melihat IC
mikrokontroller PIC16f877A terdeteksi atau tidak.
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File Command  Hardware “Extras H:H:'.
B ) eeamre -] 60 0 GO 0N 62

Diptions | Cocle Msm | Data Mem | Config Mem | Config Eila | Log |

HEX File
| E\Bunus oo BEATLOADE Pk 1AM 77 Foattasder 12 - Prowse .., |
1 Ausbersitad before pratrammirg rFHEX e mocifiad on dek

[ EEPROM data In HEX file has oummy Dytes

__.I-" '\—\.._\-
Programmang Certians Device Informetion o
[ Program Code Mamary [FLASH} PIE PEC 1SFRTTA
b1nt GwiEDD

B Progrem Dabs Memaory F RO m‘f 15 ket I'

Frogram 1D Locations :eqi\cr-'l-. 266 Biyta £

™ Progrem Configuraton Bits e e //
01 Pragrammer {Autodetect) ) cona

Gambar 4.1 Mikeokontrollar terdeteksi aplikasi PICPgm Programer
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Gambar 4.2 Proses memasukkan program ke mikrokontroller.

4. Analisa.
Tabel 4.1 Konfigurasi pin rangkaian 1CSP (In Circuit Serial Programing)

Kabel DB9 ["Mikrokontroller PIC16f877A
Pin 3 (1D) Pin |
Pin 7 (RTS) Pin 39 (PGC)
Pin 4 (DTR) Pin 40 (PGD)
Pin 8 (CTS) Pin 40 (PGD)
Pin 5 {Ground}) |

Untuk melakukan programming, aplikasi PICPgm Programmer akan
mendeteksi mikrokontroller PIC16f877A. Dan saal proses memasukkan
program, mikrokontroller akan mengirimkan sinyal ke aplikasi PICPCm
Programmer melalui pin 39 ke pin 7 RTS (Request To Send) komunikasi
serial bahwa mikrokontroller siap melakukan pertukaran data Feedback
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dari komunikasi serial akan mengrimkan sinyal melalui pin 4 DTR (Data
Terminal Ready) dan pin 8 CTS (Clear To Send) ke pin 40 {PGD) bahwa
data telah siap untuk dikirimkan dan proses pengiriman data pun
berlangsung melalui pin 3 TD (Transmit Data) ke pin mikrokontroller
PIC161877A.

4.1.2 Pengujian Rengkaian Komaunikasi Serial RS232

Rangkaian ini menggunakan IC Kkomunikasi serial MAX232 vang

berfungsi sebagai jembatan untuk menghubugkan mikrokontroller PICL6{877A
dengan komputer. Rangkaian ini membutuhkan tegangan kerja 3v DC.

I. Tujuan Penelitian.

Rangkaian komunikasi ini berfungsi untuk menghubungkan alat pengukur

detak jantung ini dengan komputer agar proses penampilan data hasil pengolahan

data mikrokontroller PIC |6f877A dan proses pemrograman pun bisa dilakukan

dengan menggunakan program TinyBootloader.

2. Alat yang digunakan

F
=
>
¥
>

5

Mikrokontrolier PIC 1 6f877A
IC MAX232

Converter setial to USB
Capasitor 1uF/16v x4 buah
Capasitor 1 00nF

Aplikasi TinyBootloader

3, Proscdur Pengujian

2
>
=

Sambungkan kabel DB9 dari rangkaian komunikasi ke komputer
Hubungkan rangkalan dengan catu daya Sv DC.

Buka Device Manager dan lihat Comunication Port sudah terhubung atau
belum.

Buka aplikasi TinyBootloader dan set mode COMM pada nilai 19200
pntuk mengecek mikrokontroller PIC16f877A terdeteksi atau tidak
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Gambar 4.2 Comunication Port
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Ciambar 4.4 Mikrokontroller terdeteksi.
4. Analisa
'Fabel 4.2 konfigurasi Pin LC PIC16F877A dan 1IC MAX232
T PICI6F87TA | MAX232
Pin 25 (TX) Pin 11 (L'1TN) I
Pin 26 (RX) Pin 12 (R1IOUT)
Pin | (MCLR) Pin 9 (R20UT)
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Tabel 4.3 konfigurasi Pin IC MAX232 dan Konektor RS232

MAX232 KONEKTOR RS232
Pin 13 (R1IN) Pin 3 (RD)
Pin 14 (F1OUT) | Pin 2 (TD) B
Pin § (R2IN) | Pin 7 (RTS) dan Pin 8 (CTS)

Untuk melakukan komunikasi antara mikrokontroller dan komputer
digunakan komunikasi setial yang dimana pin 25 (TX) dan pin 26 (RX)
berfungsi sebagai jalur komunikasi keluar masuk data dari mikrokontroller
PIC16f877A vang dihubungkan ke pin 11 (T1IN) dan pin 12 (RIOUT) dari
1C Max232. Dan jalur komunikasi tersebut akan diteruskan ke komputer
menggunakan kabel DB9 dari pin 13 (R1IN) dan pin 14 (T10UT) ke pin 2
(RID) dan pin 3 (TD) dari koneklor serial 232,

4.1.3 Pengujian Rangksian Sensor Photodioda.

l.

Tujuan Pengujian

Dalam pengujian rangkaian ini bertujuan untuk mengetahui sinyal analog
vang diterima oleh sensor photodioda yang merupakan hasil deteksi volume
darah pada kulit jari manusia. Rangkaian ini menggunakan penguat LM358
yang akan meneruskan sinyal analog tersebut ke mikrokontroler untuk

diproses menjadi tampilan hasil deteksi denyut jantung,

2. Alat yang digunakan

¥

"5"

vV Y Y

Photodioda

LED Infrared

IC OP-AMP LM358

Kapasitor 1uF (2 buah) dan 100nF {2 buah)

Resistor 68k (2 buah), 6.8k (2 buah) dan 680k (2 buah)
Resistor 15042 dan 33k

3. Prosedur Pengujian

# Hidupkan rangkaian sensor denyul jantung dengan catu daya 5V
» Tempatkan kabel avometer {-) pada ground dan {+) pada pin 7 ic LM338

yang mana pin ini berfungsi sebagai oulput keluaran sinyal analog.

a7




1,

» Tempatkan jari telunjuk pada sensor photodioda untuk melihat sinyal
yang diterima dari hasil deteksi.

- ¥

Gambar 4.6 Pengujian Sinyal Keluaran saat detcksi denyut

. Analisa

Untuk pengujian yang pertama yaitu sinval analog pada 1C LM358, sinyal
vang dihasilkan berasal dari sensor photodiode yang mendeteksi volume
darah pada kulit jari manusia. Sinyal analog ini akan bernilai tinggi jika
sensor photodiode mendapat deteksi volume darah pada kulit jari manusia
dan akan bernilai rendah jika sensor photodiode tidak mendeteksi volume
darah pada jari manusia. Sinyal inilah vang akan diteruskan ke
mikrokontroler untuk diproses menjadi hasil denyut jantung yang kemudian
akan ditampilkan pada tampilan StampPlot.
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4.2.Pengujian Program.
Dalam perancangan program ini menggunakan aplikasi Ladder Diagram
Micro vang mana aplikasi ini dapat membuat Ladder diagram PLC untuk
dimasnkkan kedalam mikrokontroler untuk dijalankan sebagai sebuah PLC
Mkrokontroler.

4.2.1 Meng-Compile Program.

Setelah instruksi program untuk mendeteksi dan memproses denyul jantung
ini dirangkai akan di konversikan ke dalam bentuk file berekstensi * HEX
untuk dimasukkan kedalam mikrokontroller PIC16F877A. Program inilah
yang akan memproses data yang diterima dari sensor denyut jantung
menajdi hasil tampilan denyut jantung . Proses compile dilakukan dengan
menggunakan tool Compile pada aplikasi LD Micro. Masukkan nama file
dan tekan tombol Save untuk meng-Compile Program.
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Gambar 4.7 Proses Compile berhasil

4.2.2 Simulasi Program.

Sebelum program  dimasukkan ke Mikrokontroller, terlebih  dahulu
disimulasikan untuk mengetahui program sudah berjalan dengan baik atan
belum. Untuk melakukan simulasi, ada beberapa hal yang perlu
diperhatikan yaitu memilih jenis mikrokontroller yang digunakan,
kemudian menentukan port Input data dan pin Output data dan frekuensi
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wransfer data vang digunakan dalam rangkaian Minimum  sistem
Mikrokontroller PIC |6F87TA.

Untuk memilih jenis Mikrokentroler yang akan digunakan dapat dilakukan
pada tools Settings-Microcontroller.
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Gambar 4.8 Memilih Mikrokontroller
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Setelah memilih jenis mikrokontroller yang digunakan maka sckarang harus
menentukan pin input dan output data. Dapat dilakukan pada bagian bawah
jendela kerja dari LDMicro. Untuk menentukan pin yang digunakan dapat
dilakukan dengan meng-klik 2 kali pada instruksi untuk menerima dan
mengirim data. Untuk pin komunikasinya kana secara otomatis terdeteksi

ketika kita memilih jenis mikrokontrotler yang akan digunakan.
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Gambar 4.9 Menentukan Pin Input
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3. Sambungkan catu daya ke rangkaian minimum sitstem mikrokontroller
PIC16F877A dan rangkaian sensor denyut jantung.

4. Buka aplikasi HMI StampPlot dan buka tampilan yang telah dibuat untuk
menampilkan hasil dari pengukuran detak jantung.

5. Untuk aplikasi HMI StampPlot dapat terkoneksi dengan rangkaian
pengukur detak jantung maka perlu setingan untuk mencari port yang
digunakan.

Defined Help

i e | N | ISP P
i 2B Displays Configuration win dow|

Gambar 4.12 Tools Display Configuration Window
. Pada tab Port klik tombol ? (tanda Tanya) untuk mendeteksi port yang

digunakan.
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Gambar 4.13 Configuration Port
7. Setelah port dideteksi maka klik tombol connect 10 the port untuk
menghubungkan aplikasi StampPlot dan port yang digunakan oleh alat
pengukur detak _]ﬂ].'ltu.l'l E I:n.:rbasm M1Lrukontmler PICI16F87TA

File Macros Logging _ Plnt foiz  View Regis

2|@8® N Br-?tﬂ_l_ o b

0. w v User Status

Gambar 4,14 tools Coneet To Port
53




8. Tempatkan jari telunjuk pada sensor denyut jantung untuk mendeteksi
volume darah pada jari tersebut,

Gambar 4.15 Menempatkan jari pada sensor denyut Jantung

9. Klik tombol start untuk menjalankan program untuk mendeteksi denyut
jantung.
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Gambar 4.16 Hasll deteksi denyut jantung pﬂda Apllkaal StampPlot

4.4.4. Analisa.
Terdapat heberapa analisa untuk rangkaian pengukur laju detak jantung ini
vaitu sebagai berikut
1. Untuk menerima data dari sensor denyul jantung, jalur datanya
menggunakan pin 2(RA0) yang merupakan port A dari mikrokontroller
PICI6FR7TA.
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10.

11.

Data yang dikirimkan sensor denyut jantung ini masi berupa data analog
yang kemudian akan dikonversikan ke bentuk data digital pada list
program yang telah dibuat menggunakan aplikasi LD Micro.

Jalur komunikasi data yang digunakan dalam menghubungkan alat
pengukur delak jantung dengan computer terdapat pada pin 25 (TX) yang
berfungsi menerima data dan pin 26 (RX) yang berfungsi mengirim data
ke computer pada mikrokontroler PIC 16F877A.

Data akan diteruskan ke computer menggunakan IC MAX232 melalui
koneksi serial vang terhubung pada pin 2(RX) dan Pin 3(TX) port serial
232 yang berfungsi untuk mengirim dan menerima data,

Converter Serial to USB digunakan untuk mengubah koneksi dari serial
ke USB agar dapat digunakan ke computer alaupun Laptop yang tidak
mempunyai port Serial DB9.

Untuk menampilkan hasil yang diproses mikrokontroler PIC16FB77A,
aplikasi  StampPlot menggunakan tools komunikasi serial  yang
mneghubungkan aplikasi tersebut dan port yang digunakan oleh alat
pengukur detak jantung tersebut.

Data yang ditampilkan sudah berupa data digital yang mana aplikasi
StampPlot akan menampilkan grafik kestabilan denyut jantung dan nilai
jumlah denyut jantung

Terdapat 2 tampilan hasil denyut jantung yaim Grafik Kestabilan denyut
jantung dan hasil perhitungan denyut jantung yang mana sudah diatur
pada program yang telah dibuat pada LD Micro.

Grafik kestabilan denyut jantung menunjukkan ada atau tidaknya dernyut
pada jari manusia sedangkan angka hasil pengukuran denyut jantung
menunjukkan hasil perhitungan denyut jantung oleh mikrokontroller.
Untuk memproses hasil denyut jantung, mikrokontroller akan menerima
data dari sensor photodiode sebanyak 60 kali scan dengan waktu scan
10} {(ms} yang bila dinyatakan dalam waktu nyata mikrokontroller akan
menerima sinyal masukkan tersebut dalam waktu 20 detik.

Data yang diterima mikrokontroller akan diproses oleh program yang

sudah dimasukkan untuk menampilkan hasil denyut jantung manusia.
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5. Terdapat selisi 2 denyut jantung antara pengukuran menggunakan
perhitungan secara manual dan menggunakan alat penghitung denyut

Janlung,

6. Untuk menghitung secara manual terdapat kelemahan yaitu jika dalam
perhitungan selama 15 detik mendapatkan 17 denyut maka hasil denyut
jantung adalah 68 denyut permenit.

7. Dan jika dalam 15 detik perhitungan mendapatkan 18 denyut maka hasil
denyut jantung adalah 72 denyut permenit. Perhitungan secara manual
tidak dapat mendeteksi perhitungan denyut jantung untuk angka 69, 70

dan 71 denyutl permenit.
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BAB V
PENUTUP

51. KESIMPULAN

Dari hasil pengujian dan analisa yang telah dibahas pada bab schelumnys,

maka dapat diambil kesimpulan sebagai berikut :

Alat penghitung detak jantung berbasis mikrokontroller PIC16F877A ini
mampu menampilkan hasil perhitungan denyut jantung. Namun masi
terdapat factor eror dalam perhitungan denyut jantung jika dibandingkan
dengan metode perhitungan secara manual.

Data yang dikirim sensor denyut jantung masih berupa data analog vang
akan dikonversi ke data digital cleh mikrokontroler PIC16F877A dengan
program yang telah dibuat sebelumnya pada aplikasi LD Micro.

Sensor denyul jantung mempunyai peranan penting dalam alat pengukur
detak jantung ini, karena data yang akan diproses oleh mikrokontroler
PIC16F877A ini berasal dari sensor denyut jantung ini,

Aplikasi HMI StampPlot berfungsi untuk menampilkan grafik kestabilan
denyut jantung dan menampilkan angka dari hasil denyut jantung yang
diproses oleh mikrokontroller PIC16F877A.

5.2.5ARAN

Adapun saran yang penulis masukkan dalam penulisan laporan skripsi ini

karena penulis menyadari laporan ini masih memiliki banyak kekurangan.

sehingga masih banyak yang bisa dikembangkan untuk kesempurnaan alat ini :

1.

Sensor denyut jantung ini masih terlalu sensitive dengan cahaya maupun
keadaan bergerak disekitar. Sehingga data yang diterima tidak hanya hasil
deteksi volume darah pada kulit darah manusia.
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MICROCHIP

PIC16F87XA

28/40/44-Pin Enhanced Flash Microcontrollers

e
Devices Included in this Data Sheet:
= PIC16F873A = PIC18FE754A

« PIC1GFE744 * PIC15FE77A

High-Performance RISC CPU:

+ Only 35 single-werd Instructions to leam
= Al single-cyele instructions except for program
branches, which are two-cycle
+ Qperating speed: DC — 2] MHz clock input
DG = 200 ns instruction cycle
* Upto 8K x 14 words of Flash Program Memory,
Up to 368 = & bytes of Data Memory (RAM),
Lip to 256 x 8 bytes of EEFROM Dara Mamory

* Pinout compalible to other 28-pin or 40/ 4-pin
PIC18CXXX and PIC16F XXX microcontrofliers

Peripheral Features:

= Timer(: B-bit tmer/countar with 8-bit prescaler

= Timeri: 16-bit timar/counter with prescater,
can be Incremanted during Sleep via external
crystalfclock

+ Timar2: 8-bit mercountar with 8-hit perod
register, prescabr and posiscaler

= Two Capture, Compare, PYWM modules
- Caplure is 16-bit, mayx, resolution is 12.5ns
- Compare s 16-blt, mex. resoluticn is 200 ns
- PWM max. resolution is 10=hit

» Synchronous Serial Port (SSP) with SPI
{Master mode) and 12C™ (Master/Slave)

+ Universal Synﬂrmms_ﬁs;r@mnmm Recatvar
Transmitter (USART/SCI) with 8-bil address
detaction

* Parallel Slave Por (PSF) - & bits wide with
extanal RO, WR and G5 controls (40/44-pin only)

+ Brown-out detection circuitry for
Brown-oul Reset (BOR)

Analog Features:

* 10-bil, up to B-channel Analog-to-Digltal
Converter (A/D)
* Brown-out Reset (BOR)
= Analeq Comparator module with:
- Two analog comparatirs
- Programmable on-chip voltage referenca
(VrEF) module
- Programmable input multiplexing from devies
inputs and Intemal voltage reference
- Comparator outputs are externally accessible

Special Microcontroller Features:

= 100,000 srase/wrile cyda Enhanced Flash
program memory typical

+ 1,000,000 erssefwrite cycle Data EEPROM
memaory byplcal

+ Data EEPROM Reterntion = 40 years

+ Self-reprogrammable under softwara conbred

* In-Circisit Serial Programming ™ (ICSP™)
wla two pins

* Single-supply SV In-Circull Serial Programming

+ Watchdog Timer (WDT) with its own on-chip RG
oselllator for reliable aparathon

* Programmabla cods protection

+ Power saving Sleep mode

+ Seleciable oscillator aptions

* In-Circuit Debug {(ICD) via two pins

CMOS Technology:

* Low-powsr, high-speed FlashEEFROM
technology

* Fulky statlc design

* Wide operating voltage range (2.0V ta 5.5V)

* Commercial and Industrial termperaturs ranges

* Low-power consumplion

iimiibeslici -, N 10-bit 1 cer | | |11mm
Davica i # Single Word SRAM [Bytas) 10 AT (ch) | (PWM) | g Master USART 8/ B-bH Comparators
Instructions |(Bytes) “c | !
PICIBFa73A | 72K | 4096 192 | 128 22| 5 2 |Ves| Ves | Yes | 2if 2
PIC16FE74A | 7.2K 4096 192 | 128 (33| &8 2 |Yes| Yes | ves | 21 )
PicisreTea | 14ak| a9z 8 | 2 | 22| 5 2 |ves| Yes | ves | i 2
FIC1aFa77A[ 143K 819z | 368 | 256 |33 | @ 2 |ves| Yes | ¥es | 2n 2

2 2001-2013 Microckip Technology Inc.
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PIC16F87XA

Pin Diagrams

23-Pin PDIP, SOIC, 550P

{ LR —= "1 e 2] = HEorsh
| ranang =[] 2 Ir|] == REGPGC
RAtAan =[] 3 #[] == RES
FrARBMN 2RI VREE = 4 g (7 ++= mEa
RAMANIVRErs =[] 5 e 2¢[] == mEIPGM
AALTOCKLICIOUT =—=[] & = 23[] =—= RRA2
RASANSEEICROUT ~— ] 7 E z[] == rR8
wos—=_| B el A [] == RACINT
oecuoLkl —=0 2 5 ] ~— vo
oeCnoLKg -—1[0] 10 E 18] | =— V=5
RCOM1QSQmIGK = L] 1 = 15_,J = = RCTRMODT
ROHTIOSICORE =—=[ 12 170} == RCATN/CK
RCHCOP] =—= 13 15[ ] == RCSS00
ROASCHISOL =—=[ |14 §5[ ] == RC4SDISDA
-0 [m ]
28-Pin OFN zZ %g I
- 3 UE E o
EEi=2EE R
ATRERRINT
ALAZ ANEVRES-ICYRER =— ) ' F10 e RO
RANANINREF: = | 7 MK = BB
FA4TOCKNGHOUT e 3 18q = = RE1
RARAMNASECIOUT = p 4 ::czﬁglgi 188 ~—= RENNT
VIR e i b c 174 =— Voo
DESCUCLEl —=J 6 -=— W54
OSCUCLKD =—) 7 A e RCTRYDT
P s o e
= L o | o
§ ﬁ%hgéﬁg
44-Pin QFN 88 'é,,—;%ofﬁ'§
v B 2. .28 2ORIFTE
BofPRsEeRgl CE RE
EE Ao e S {1
§§3&§%Eﬂg5§ 52
PR
SERRRONAR!
!
ST geRkEad
ROTIRNOT =—a uxg"*? 7T Tag) — = OSCHTLKD
ROMIPSPd = = |2 gl =—— OBCUCLK
ROGPSPS =~ |3 37 = Va3
RDEPSFE == )14 any -— ﬁa
mrmi,';: == g PIC16F874A 20| =— SO0
VoG — )T PIC18FETTA ar| — HEEF@AN?
VeD —e |8 o] = RETWRANEG
| REMNT == {9 a5l 4= RENRDIANS
RE1 = |10 240 == RASANASECI0UT
] R— 112:‘3:!:'3;'3';322 E?’uﬂzﬂ - RAMTOCKRCIOUT
Euilﬂ O o o +
e B5goiz Z 28
5 e 5' gf
R |- 242
| ﬂ;
| 2
| 3
——

DE395R2 - page 7
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PIC16F87XA

Pin Diagrams (Continued)

40-Pin PDIP
MCLRN P —-[] 1 Al [ e RRTEGED
ST T — ]2 iG] - =« RERFGEC
FALBNT =—-[] 3 M [J=—= RBS
AN ANZVREFTYREF e [ 4 37 | ] =—e RE4
RAAMNIAFEF ¢ »—w [ 5 36 [ =—= RBAPLGM
RASTOCKICIOUT =& A5 ] =—o RBE2
RASIANAESICZOUT +— [ 7 ;E 7 e RAT
REWRLVANS =—s ] & 33 Je—s REOMT
RETAVRUANSE -— [ 2 20—V
RE2CSIANT =— [ 1D A w— WEs
Wi 41 b B e RODTPERT
Vo []12  f5 2% e RDEFSPE
OSCHCLKI—s13 7 78~ RDSFSRS
DECHGAKD =——[f16 = 37 [ == RD4HPSFY &
RCWTADBNTICK] w—= || 15 26 [1 =—= RCTRXDT =
RCATIOSHCIERZ «—w [ 15 75 [ = = ROGTRCK 5
RC2/CCPT ] 17 24 [] =—= RCESDO g“
RCUSCKIGLL =— [ 1E 21 M= = RCEDISDA § ;% (=R~
ROOFIPD =—a[] 14 22 [] m—= ROIPSPI %ggzﬁ{ﬂ i E
- ROAPSPY +—w [] 20 - ROZPEPI o PR
33E2R bk
44-Pin PLCC 'I'H H
I e o
=R rl

25 ] = RE1|lﬁ‘ﬁ,|_ﬁm

T a—= REL/RIVANS

24 O =—=  BASIANATSECMUT
I =—= RAMTOCKNCIQUT

REQANT =—= 1
RB{ =T
RBZz =— 1T}

REYPGM =— L1

e = - -

2Ll o
nszh:srﬁr;; HE 1 PIC16F3T4A
via . [],3 PICIGFBTTA
OFCEUCLEL s [ 14
OSCHCIKD =[] 15
RL‘.D."FH.‘.!ECH"I‘H:“IJ(& e T 45
i U oogranns
QY I I { [ |
e p |
¢ Bogrelil LT
290 [ EED — | e
Lt in cral St P o |
pesalisct SGEREISH
80388880000 goekeRty
EXCLKECEIFEILCECEILE 2 BaaoDooon
z Efn:ﬂa:n:u:n:a
arntare LT cE
HARAHAREAAT %
ATCOTgRRERey
RCTIRY/DT =—=CTT]9 MNC:
ROMPSE4 = = 111 7 =—= RCOTICSONTICK]
RO&SPSAY =~ 5 1 — QOSCHCLKO
RDaPSPs =104 = QSC1CLKI
ROFESPT =—e =1 & PIC1GFETAA = —-—= :EB
Wy === TTT1 g [T} = Do
o e PIC16FETTA - BEACEANT

@ 2001-2013 Microchip Technalogy ine.
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PIC16F87XA

1.0 DEVICE OVERVIEW

This decumant conlains device spedfic information

about the following devices;

« PIC16FaT73A

= PIC1GFET4A

* PIC1GFBTEA

+* PIC1BFETTA,

PIC16FET3ABTEA devices are available anly in 28-pin

packages, while PIC10FE74AETTA devices are avail-

abbe in 40-pin and 44-pin packages. All devices In the

PIC1E8FEYXA family share common architecture with

the following differences:

= Tha PIC1EF373A and PIC18FB744 have one-half
of the total on-chip memoary of the PIC1EFA7EA
and PIC16FETTA

= The 28-pin devices have three 'O ports. while the
#0/d4-pin devices hav flve

+ The 28-pin devives have fourteen intarmupts, while
the 40/44-pin devices have fiflean

« The 28-pin davices have five A/D input channels,
while the 40/44-pin devices have slght

= The Parallel Slave Port is implementad only on
the 40/44-pin devicas

The availaldg fealures are summarized in Tabde 1-1,
Block diagrarne of the PIC16FBT3ABTEA and
PIC16FBTAABTTA devices are provided in Figure 1-1
and Figure 1-2, respectively. The pinouts ko these
device families are listed in Table 1-2 and Table 1-3,

Additional information may be found in the PICY Mid-
Range Reference Manual (DS33023), which may be
obtained from your local Microchip Sales Representative
or downloaded from the Microchip wab slte. The Refer
ence Manual shoukd be considerad a complementary
documeant to this dals sheel and is highly recommended
reading for a better understanding of the device architec-

ture and operation of the periphersl modules,

TABLE 1-1: PIC16FE7XA DEVICE FEATURES
Key Features PIC16FBTIA PIC1SFBTAA PHC16FBTEA PIC16FaTTA
Operating Frequency DC - 20 MHz DC— 20 MHz DG — 20 MHz OC = 20 MHz
'Resets (and Delays) POR, BOR POR. BOR PGR, BOR POR, BOR
{PWRT, OST) (PWRT, OST) (PWRT, QST) (PWHT, OST)

Flash Program Memorny 4K 4K 8 BK
{14-bit words)

'Data Memory (bytes) 192 132 368 366 |
EEPROM Data Memory (bytss) 128 128 256 25€
Interrupts ' 14 15 14 15
VO Ports Pots A, B,C |PortsA B,C,D,E| PosA,B.C |PortsA B,G,D E
Timers i S 3 3 3
Capture/Compare/PYWM modules Z z z 2
Sarial Communications MSEF, LISART MESF, USART MESP. LSART MSSP LISART
Faraliel Communicaions -— PSP — PSP
10-bit Analu-;—b—l:llgital Module 5mput channels | 8input channels | 5input channels | & in[&.\m.channela
Analog Comparators 2 2 ) 2¢ | 2
Instruction Set 35 Instructions | 35 Instruclions | 35 Instructions | 35 Instrustions
Packages 2B-pin PDIF 40-pin POP 28-pin FDIP 40-pin PDIP

28-pin S0OIC 44-pin PLCC 28-pin 30IC 44-pin FLCG
2B-pin SS0OP a44-pin TQOFP 28-pin SSOP 44-pin TOFP
28-pin QFN Ad-pin FN 28-pin QFM 44d-pin OFN

£ HW1-2013 Microchlp Technology Inc.
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PIC16F87XA

FIGURE 1-2: PIC16FBTAABTTA BLOCK DIAGRAM
13 4
- —_—— 1 [rata Bus : PORTA
Fiash i kT RaA1iaMt
Frogram i o FRAG AN REF - LVREF
Memory RAM e RAVAMINBER+
{13-bit} Flie FALTOCKIC OUT
A Fogisiers RASAMEEERTIOUT
£rogam 44 } i FORTE
RAM Agdr! -
s o ? RBOANT
REB1
Instrustion reg 2k
| Lwect Addr 7 REIMFCGH
- 5 R
RBS
RB&FEE
RE?RED
a
P
| REOM10STICK]
| P RCWTiOSICoR2
i e || RGP
Instruction ecillatar RCSECHISCL
Denede & £ Startus Timer PCAETAEDON
Conkroi —_— RCAS
P orear-on RORTECH
o it RCNRNDT
il E Wadchidog
B ceneraion [+ Timer |
OSRCACLED Brown-out ROLPSPO
DECTCLKD Fesel RD1PSP
| nCireatt ROGIPSFEE
Debugger ROAFERT
RO(PSP4
Low-Yola
| P‘!ugrnrnn'Efg RIEPEPE
RO PEPE
g é ROTIFSRT
MELR Voo, Ves | 4[] RECRDIANS
i L 54 RE1WRIANG
| | X rEzCEmanT
% | Parallel
Thriar Tirmward \ [ Timer2 J 10-b#t W0 Slave Port
e F o = 7
e iF I | ST (W L
B .z If Il & J 1L
| Viotage
[Crats EEPROM ‘ coP L2 EynEQ'lra;:d.ls [ UsaRT ‘ Gormparalor -| Referancs
Davica Program Flash Data Memory Daim EEPROM
PICIBFET4A 4K words 102 Bytes 126 Bytes
PICiGFBTTA B wunns 368 Bylas 256 Bytes
Moda 4: Heghet ordet bes. ane o e Sates ragistar
e

2001 -2013 Micmchin Technology Inc,
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PIC16F87XA

TABLE 1-2: PIC16F873AMATEA PINOUT DESCRIPTION
| _ POIP,SOIC, | @FN | NG/ |  Butter o
Pin Hamea SSOP Pink | Ping | Type Typa Deseription
DSCIGLE g 8 STIEMOS™ | Dscliator crystal or exltema! clogk nput.
OsCH 1 Oacllator crystal input or axiemal clock sourcs input. ST
buiffer whien conhgured m K mode; otherwise CWOS.
CLKl i Extemal clock source inpul. Always sasociated with pin
function OSC1 (see OSCHCLKL OSCHCLKD pins).
OECHCLKD 10 * - Qzelifatne nrysial or dock oufput.
Dsc2 L Osclitalor crystal outpul. Connects o oryslal or resonator
in Cristal Osalllator imoede,
ClLKO o} In RC mode, 0OSC2 pin outputs CLKD, which has 1/4 he
_____ froquency of DECT and denctes the instruction cycle rate,
MCLRVPP 1 26 aT Master Clear {inpul} or programmbng vodtage (owput)
MCLR | Master Clear (Reaet] imput This pin is an aclive low Resal
io the dewice,
LEE P Programming voitaga inpul.
PORTA I a hidirectional KO piort.
RADAMD 2 ar TIL
R v, Digltal 12,
AN | Analog impul 0,
RA1AN 3 28 T
Al 1 Lrigatal WO,
AN | Analog Input 1.
RAZIANZNVRER 4 i TIL
CVREF Wo Dibgital 1O
RAZ I Analog npul ¥,
ANZ | A0 reference valiage [Low) inpul.
VREF- o Comparaler YREF wutpul,
CWVREF
RAIBNIVREF & Z TTL
RA3 1o Digitad 170
AN3 | Analog nput 3,
WREFY A AID reference vallage (High) kil
RA4TOCKICIOUT fi 3 &T
RA4 fie] Crigital WO = Open-draln when configured Bz output.
TOCKI 1 Timert} extemal clock inpul
C1oUT Q Comparsior 1 output
RASIAN4SSIC20UT 7 4 TTL
RAS s DHgital 1O,
Ald I Analog Input 4.
55 | &P slave salact input.
C20UT o Comparater 2 autput.
Legand: | =input 1 = oertpat W = inpulioutpul F = powar
—=Ngtused TTL=TTL inpul BT = Schmitt Trigger input

Mote 1:

This buffer i3 & Schmitt Trigger input when configured a5 the extamal Interupt,

2:  This buffar 15 3 Schanitt Trigger input when used in Saral Programming mode.
%:  This puffer iz a Schmitt Trigger input when configured in RC Oacillator mode and 5 CWOS nput othenwise.

mw—n
@ 2001-2013 Microchip Technology inc.
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PIC16F87XA

TABLE 1-2: PIC16FB73AMBTEA PINOUT DESCRIPTION {(CONTINUED)

i POIR,S0OIC, | QFH | LOIP Buifer
Fin Mama eine pink | P | T T Description
s FORTE k a bidrectional VC porl. PORTE can be sofware
programmedd for intermal weak pull-ups on all inputs.
REHINT 21 18 TTLST
REG 1 Degetal 110 |
IMT I Extemnal interrupt.
RE1 22 19 (L] TTL Dragrlad 113
RE2 23 20 e TIL ! Eegtal 170 [
REAPGM 4 | TTL
RB3 1 LG Digital 7.
P ! | Low-voltage (sngle-supply) ICSFP programeng enable pin,
| RE4 i 2§ 2z | o TTL Digital 0.
RES 26 23 Wo TTL Digital 1.
RBA/PGO 27 24 TTusT?
FiBE Mo’ Digitad 140
PG | In-circuil debugger and 1ICSP programmimeg coc,
REV/PGD 28 25 TTUSTR
RBT 140 Diiggitah 12,
PGD [a) In-circuit debugger and KSR programming data.
PORTE iz a bidiractional D pant
ROCIVTIOSOIT 1 CKI " L] 8T
RCA [ Digital V3.
TS50 4] Timear1 ascilator autpul
THCKI | Timer1 extemnal clock input.
RCUT10SUCCE2 1z § 8T
RCA [ix] Digital 113,
Ti051 | Tirner! ascitalor Impt
CCP?2 fiv] Cagture? input, Compar:2 oulput, PWM2 cutpul
RCHCCPY 13 1Q ST |
RC2 (Fn] Digital (/0.
CCP e} Capmure! input, Gompare 1 culpur, FWAT output
RCIBCKIECL id n 5T
RC3 1 Crigital KO,
S0 s Synchronous senal ciock nputiowput far 5P| mode,
SCL 1 Synchronous sarial clock Inputioutput for 22 mods.
RE4HS0IS0A 15 12 sT
RC4 1#3 [olggital 1703
S0l | 5P data in.
S04 s} IC data 10,
RCESOD 16 13 a7
RCE 1 Crigital 1A,
s0a o EP data out.
RCATRCK 17 14 3T
RCE 1 Drigyital WO
TX | Q UISART asynchranous tranamit.
{824 WO WSARTY synchronous clock.
RCT/EADT 18 16 5T
RCT [1%] Dighal ¥,
R | USART asynchrenous recelve.
DT o USART synchronous data.,
WEs B, 14 58 P — Ground reference for logic and 10 pens. 1
Voo 20 17 P — Pogitive supply for kogic and V0 pins. |
Legend: I=inpul 0 = outpul U0 = inpubd ot P = power

—=Motwsed  TTL=TTL imput 5T = Schmitt Trigger inpul
MNote 1: This buffer is a Schlll Trigger input when sonfigured as tha extemal intemupt.
2:  This buffer iz 8 Schmitt Trigger input when used in Sanal Programming modea.
3 This buffer is 2 Schmitt Trigger input whan configured in RGC Osciiator mode and 8 CMOS Input atherwize.

T T ——
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PIC16F87XA

TABLE 1-3: PIC16F874A/87TA PINOUT DESCRIPTION
| PP [PLCC | TGQFP | QFN vome Buffer
e Nams Pin# | Ping | Pin | Pin® | Type | Type Dascrirtion
OSCAICLN 13 14 | 30 | 3@ STICMOSH | Dedliator crystal or exermal clock Input
(v i Oscliator crystal Input or extemal clock source
Inpial. ST bufler when configured i RC mode;
oifferwise CMOS.
CLKI i External cock sounca input. Alweys associeted
with aln functioh O3C1 (see OSC1CLKI,
I OSC2CLKD pins).
IOSCHCLRG 14 15 1] a3 = Osgillalor crystal or clock output,
o5C2 O | Gseillator crystal output.
[ Connects to crysiad or resanalor in Crystal
Osclllater mode
CLED 5 | In RC mode, O5C2 pin outputs CLKD, which
has 174 the frequency of D507 and denctes the
instruction oycle rala.
MCLR R 1 ? 16 18 &T Master Clear (input] or programming voltage (output).
MCLR | Maslor Clear (Resel) inpat, This pli s an actve
low Raset 1o the devices.
Wep F Programmipg voitage inpug.
PORTA iz a bldirecilonal 82 port.
HAFANG £ 3 18 149 TTL
RAD 10 Digital 140,
AN I Analog mpul 0.
RATANT 3 4 20 20 TTL
FAd o Digitat 1c,
AN I Analog input 1.
RAZANZNREF-ICWREF 4 5 21 gl TTL
RAZ [ha) DHirgitaal 1/,
ANZ | Analog nput 2.
VREF- i A reference volage (Low) Input.
CvReEr o Comparator VREF oulput.
RAMANANREF+ 5 B 22 22 TTL
RA3 7] rlegiead 172,
AMI | Anelog input 3.
VREF+ | AT reference valtage (High) inpat.
IHAMTUC-I-(I.I‘CH]UT B T 23 23 5T
| RAd4 W DHgittal 13 — Cper-draln when configured as
autput.
TOGKED | Timer0 axtamal clock npul.
C1oUT L8] Cromparalor 1 autput.
RASIANAESIC20UT 7 ] 24 24 TTL
RAS , I Digital liC),
AN I Analog npul 4.
5= I 5P glave salact input
c20uT . ) Comparator 2 outpet.
Legend: | = Impuit O = ot Q1 = inputiowtput F = power
—=MNotused TTL=TTL mpul 5T = Schmilt Trigger input
Mote 1: This buffer s a Schmitl Thgger put when configured as the external intermupt.

#:  This buffer iz 8 Schmitl Trigger input when used in Seral Programming mode,
3:  Thiz bufferis 8 Schmitl Trigger impul when eonfigured In RC O=cliiator mode and 8 CMOS inpot otherwise.

DS39582C page 10
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PIC16

F87XA

TABLE 1-3: PIC16F874A/8TTA PINOUT DESCRIPTION (CONTINUED}
PDIF [ PLCC [TaFP| oFN | vom | Buffer .
Dhey Harvin Rir | Pin# | Find | Plnd | Typa Type il
| f e PORTE Is a bidirachons) 110 por. PORTE ¢an be
| software programmed Tor intemal weak pull-up on &l
Irpmats.
REO/INT 33 | 38 8 5 TSt
=10 i Digital 1K
INT | External intamupt.
RB1 34 3/ g 10 I TTL Digltal 10
mBEz a5 3B 10 11 I TTL Cigital W,
RB3IPGM 36 i) " 12 LR ER
RE3 1403 Drlgpitaal 1/,
PGM | Low-valtage |IC5P programming anab a pin.
RB4 aw 41 14 14 o TTL Dagetal 0.
|
RBS 28 42 15 15 [0 TH: Digital KOy,
REEPGC g 43 16 16 TTUETE
= L Chiggiteal 1100,
PGC | In-eiriuit sebugoer and ICSP programming cock.
RETPGD 40 A | T 17 TTLETE |
| RBT I | Digital Q.
PGSO | [Faj | IF-efreult dedbivgger and |C52 programming data. |
Legend: | =input 0 = gutpal 0 = imputioutput P = powar

— =Metused  TTL = TTL input

Mote 1: This buffer is a Schmitt Trigger inpul when configured as the extemal intsmupt.
2:  This bulfer ks 3 Schmiilt Thgger input when used in Serial Programming made.

3:  This buffer is @ Schmitt Trigoer input whan configures In RC Oscilalor mode and a ChMO0S inpul otherwise.

ST = Schmitt 1rigger Input

@ 2001-2013 Microchip Technoiogy Inc
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PIC16F87XA

I S
TABLE 1-3: PIC16FE8T4A/BTTA PINOUT DESCRIPTION (CONTINUED}
PDIP | PLCC |TQFP | QFN | bO/P Buffer e
bl Ping | Pind | Pin2 | Pint | Type | Type Dewoription
p== PORTE is A tidirectional 10 port
| RCOT10SOTICK] 15 16 a2 H 5T
i RCa 1o Digrital 1.
T105G L#] Timer] oscillator output
T4CKI | Timeri axtermnal clock input.
RCAT1091/CCP2 18 18 a5 a5 57
REA fla] Cgial 1T
T105! | Timer] ascillator input.
CCPZ s Caphura? input, Compane? putput, PWIAZ owtput.
REC2/CCP 17 19 35 a5 ST
RC2 L] Digital 110,
CCP 5] Caphuret imput, Comparsd oatput, PAWKMYT cudput
RCABCK/SCL 18 il ar ar 5T
RC3 I Digital ko,
ECH fia] Synchronous garial clock inpubioutput for 52|
TrcdE.
| &L 140 Synchronous serial clock inputioutput for 176
| rmode.
| RCASDISDA 23 26 42 47 ST
RCa s Drigital 1T
| | 5P| data In.
SOA ] P data 1o,
RCGEBO0O 24 26 43 43 sT
RCE 140 Diglesi 1O,
1 S0 a 5PI data aut.
;'HDB.ITK.IEK 25 27 EC] a4 ST
RCH 140 Digital 10,
TX L) WSART asynchronous transmil.
CH (18] USARTY synchmnous clock,
RCTRRDT 26 29 1 1 5T
RCT (L8] Dilggltad LY
P | USART ssynchraonous recemne.
oT (e} USART syncheonous data,
Legend: 1= imput O = gutpul uwo = I;!pl.Jll'ul.m:rut P = powar
—=Motused  TTL = TTL Input ST = Schmitt Trgges input
Hole 1. This buffes is a Schmitt Trigger npul when configured as the exiemal intemupt.
2. This buffer is a Schmitt Trigger input whien usad in Sarial Programming moda.
3:  This buffer is a Schmitl Trigger input wiven configurad In RG Oscillator mode and a CMOS input atherwise.

DS39582Cpaga 12
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PIC16F87XA

TABLE 1-3: PIC16F874A/877A PINOUT DESCRIPTION (CONTINUED)

: PDIP |PLCC | TQFP QFN | O | Buffer
Pin Name Pk | Ping | Pine  Ping Type T Description
= PORTD is & bidirectlonal 10 port of Parallal Siave
Porl when intérfacing to a mchoprocessar bus.

ROOPSFO 19 H 38 3R STTTLE

RO0 e} Digital 1O

PSP0 100 Pasaled Skave Part data.
RIH PSR 20 22 | 30 39 a7l

RO1 L} Eligital KO,

PSP [} Farallel Slave Port data.
RODZPSFZ 21 23 40 40 sTTTL

RO2 Yo Digital 1D,

PSPZ2 fLe] Parallel Slave Port dala.
RONPSF3 P 24 41 | 41 sTTL

ROA . Ts] Diigital 110,

PSP3 1 Farallel Slave Port data.
RO4/PSP4 2! 30 2 2 ST

R4 s} Digital 1/0).

PSP s} Parallel Slave Por data.
RMOS/PSPS | 28 | 3 3 ST

RDS ! | 1 Wy Drigitad 1/,

PSPs s} Parallel Siave Fort data,
ROEPSPE 29 3z 4 4 STATL

ROE ([[n} CHgital /53,

PSBg 1 {Ta] Faraliel Slave Por data,
ROTPSPT a0 33 5 ! STTTLR

ROT ] Digital 1,

PsPT ; 110 Parallzl Slave Port data,

PORTE is & bidiractional 110 port.

REMRDOMAMS 8 g 25 25 sTTTL®

REO 140 Digital 10,

RO + Read control for Parmallsl Slave Pod,

ANS I | Analog input 5.
RE1WRIANE -] 10 | 26 | 26 ST |

RE1 el Digital 110

WR i Wirites conirod for Parallel Slave Porl

ANE | Analog input 6.
REZCEMANT 10 " zr 2 st

REZ Tls] Drigilal 10,

Cs § hip 3elect contred for Parallel Slave Porl,

ANT s | Analog Input 7.
W55 12,31 (13,34 | 6,29 | € 30, P — Ground reference for logic and WO pins,

| a3
Voo 11,32 (12,35 7,28 | 7.8 F — Positive supply for fogic and 170 plns.
28, 29
NG — [ 13 13 -— — 1 remsee (S @ne not intamally connected. These pins
28 40 1 33,34 should be lafl unconmectad,

Legend: | =input O = ouiput 1D = inputfoutpul P = powes

— =Matused TiL=TTLinpt ST = Schmitt Trigger mput

This buffer B & Schmitl Trigger Input when configured as the extemal ntemupt.

This buffer is a Schmill Trigger input when wsed In Safal Programming rode.

3 This buffer is a Schmitl Trgger input when canfigured In RC Qscllator mode and a CMOS inpot atherwise.

£ 20012043 Microchip Tachnobogy Ine- D53asarCpage 13




PIC16F87XA

2.0 MEMORY ORGANIZATION

There are thres memory blocks in sach of the
FIC1GFBTXA devices. The program memary and data
memory have ceparabe buses so that concument
acoess can aoour and is detalled in this section. The
EEPRCIM data memary block is detailed in Section 3.0
“Data EEPROM and Flash Program Memory™.

Additional Information on device memory may La found
in the PICY Mid-Rangs MCU Family Reference Manual
(D533023),

21 Program Memory Organization

The PIC16FRTXA devicas have a 13-bit program coun-
ter capable of addressing an 8K word x 14 bil prog-am
memory space, The PICIGFETEARTTA devices have
8K words x 14 bits of Flash program mamory, while
PICIBFETAMETAA devices have 4K words x 14 bits.
Acressing a location above the physically implzmented
address will cause a wraparound.

The Raeset vector i at DO00N and the interrupt vector is
at 0004,

FIGURE 2-2: PIC16FETIABT4A
FIGURE 2-1: PIC1GFBTGAMBTTA PROGRAM MEMORY MAP
PROGRAM MEMORY MAP AND ST ACK
AMND STACK |
| P12l
) Pl
I_ ) e | all, BRETURN "||"' o
JETFIE, RETLW i 7 T
SRTL, RETURM l g '{,I? ;
HETFIE, RETLH — &
| Hiack Lol 1
[ Sack Level 1 | Slack Levwt 2
. Siack Level 2 e e
. | Stack Leval & il
B Sacklovel8
[ ResstVeco 900k
Aoset Veckor I N
25 ‘J.I__
: i Inbermupt Vector DD
Irterupt Wactor Lt 1] I ooosh
¢ BOYHSh tn-Chip | Pege 0
Page 0 Program < [— i
aTFF Mamang 0a00h
= Mega 1
QB
Faga 1 OFFFh
OnF-Chin _|I IEFFh A0
Program ]
Meriisey 1000
Page 2
ki ___| 17FFh
Page 3 i 1FFFN
3 1FFFh
N Tl

& 2001-2043 Microchip Technalogy Ino.
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PIC16F87XA

22  Data Memory Organization

The data memory is pariitioned into multiple banks
which contzin the General Purpose Registers and the
Special Function Reglsiers. Bits RP (Status<6=) and
RPD (Sfatus<5=) are the bank saleat bits,

RP1:RPO f Bank
o i @ i
51 1
E 10 ,
31; 3

Each bank extends up to TFh (128 hytes). The lower
locations of each bank are reserved for the Special
Function Registers, Above the Special Function Regis-
ters are General Purpose Registers, implemented as
siatic RAM. All implemented banks rmontain Spacial
Function Regislers. Some frequently used Special
Funulion Registers from one bank may be mirrored in
anothiar bank for code reduction and quicker access.

—r

Mote:  The EEFROM data memory descripfion can
be foumd in Section 30 “Data EEPROM
and Flash Program Memary" of this data
sheel

221 GEMERAL PURPOSE REGISTER
FILE

The register e can be accessed sither directly, or
indiractly, through the File Select Ragister (FSR),

DEXNEE2T-page 16
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PIC16F87XA

FIGURE 2-3; PIC16FB76A/BTTA REGISTER FILE MAFP
' File Flle File File
Address Address Address Address
e e e e b e ] e =1
Indirect addr.!? | 00k Indirect addr??| gon | Indirect addr!? | 100h Indirect addr.™ | 180n
| T TMRO |oih |OPTION REG| sth | TMRO | 101h | OPTION REG| 181h
[ PoL__Jon | pcl { 82h m,:’ 102n PCL___| 187k
| STaTUS | D3h [ STATUS | sah | STATUS | 103h STATUS | 183h
FSR 4n |  FSR |esan | FSR | 104h FSR 184h
| FORTA D I TRISA i5h L~ 105h | 185h
| __PORTB | O%h TRISE | 86h | PORTE | 106h TRISE 186h
PORTC__ | O7h TRISC B7h | 107n 187h
PorTD™ | 08h RSO | ssh 108h | 188N
porTed | ook | TRISE® | men | | 1u8h ) 189N
PCLATH | OAh PCLATH | aah PCLATH | 10Ah | PCLATH | 188h
— |NTCOM | 0Bh | INTCON | sBn | INTCON | 10Bh | INTCON | 18Bh
PIR1 0Ch ~ PIE1 ach | EEDATA  10Ch EECONT | 18Ch
PIR2 obh | PIEZ BOA EEADR | 10Oh EECONZ | 18Dh
TMRAL OER PCOM | BEh EEDATH | 10Eh Reserved® | 14Eh
i TMRIH | OFh | sen | EEADRH | 10Fh | Reserved® | 18Fh
TICON 10h ' | aon 110k 190h
T TMR2 11h SSPCONZ | 91h 111h 181h
T2CON 12h FRZ 5zh i12h | 192h
SSPBUF | 13n SSPADD | 93h 113h 193h
 SSPCON | 14h SSPSTAT | 94h 114h 184h
CCPRIL | 150 [ ~ | 95h 115h 195h
| CCPRIH | 16h - 95h 116h 196h
CGPICON | 17h [ I Em 17h Elm 197h
RCSTA | 18h TXSTA 98 Register | 1180 Register | 128h
TXREG |19 | SPERG 991 16Bytes | 1190 16 Bytes | 188h
RCREG | 1Ah | 98h 11Ah 19Ah
CCPRZL | 1Bh oah HEBh | 198h
COPRZH 1Ch CMCON GCh 11Ch 19Ch
CCPZCON | 1Dk | CVRCOM | aph 110h 180h
| ADRESH | f ADRESL | gEh 1Eh 19€Eh
apcong | 1Fh ADCON1 | 9Fh 11Fh 19Fh
T |2 ah | 120h 1ADh
General Ganeral Eeneral
PI.I:I']I!-DEE Purpass FI.IFPEIEB
Em Ragister Reqisler Register
Register B0 Byles 80 Bytas B0 Bytes
96 Bytes EFh 16Fh 1EFh
BLCESSES FOh accasses 170n ACCESIES 1FQR
70h-7Fh 70h-TFh 70h - 7Fh
Y I - S | ) T 7 bewen L 1FFh
Bank O Bank 1 Bank 2 Bank 3
£l Unimplemanted datz memory locations, read as v
* Mol a physical reqlster.
Mote 1: These registers are not implemenied on the PIC16FB76A.
2. These registers are reserved; maintain these registers clear.
== Er— e —— e R

® 2001-2013 Microchin Technalegy Inc-
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PIC16F87XA

FIGURE 2-4: PIC16F&73A/874A REGISTER FILE MAP
Fila Flia File File
Address Address Address Addrass
indirect addr.™ | con Indirect addr.® | ok Indirect addr.”? | 100h Indirect addr?| 1m0t
~ TMRO | 01h OPTION_REG | 81h TMRO 101h OPTION REG! 181h
PCL h PCL | A%h PCL 102h PCL 182h
STATUS | 03h | STATUS | 83h STATUS | 103h |  STATUS 183h
FSR 04n ___FSR Bih FSR 1™h | FSR i34k
PORTA__ | 05h | TRISA | 8sh 105h 185+
PORTHE 06h | TRISE HEh FORTE 106h TRISE | 186K
i PORTC o7h TRISC B7h 107h 187h
poRTDM | oan TrRISDM | 8B ~ | 1o8n | 1men |
PORTE!Y | 05k TRISE™ | goh = 108h 183h
PCLATH | 0ah | PCLATH | 8ah PCLATH | 10Ah PCLATH | 18Ah
INTGON | 0Bh INTCON | BBh INTCON | 10Bh INTCON | 18mh
PIR1 | OCh FIET | 8Ch EEDATA | 10Ch EECON1 | 18Ch
FIR2 00k PIEZ | 8Dh EEADR | 10Dh EECON2 | 18Dh
TTMRAL GEh PCON | 88h | EEDATH | 10Eh | Reserved® | 18Eh
TMRAH oth | Bn | EEADRH | 10Fh Reserved® | 18Fh
TiCON 10h o0h 7] 110h 190k
TMR2 11h SSPCONZ | Oih
"~ T2COM 12h " PR2 azh
SSPBUF | 13n SSPADD | 43h
SSPCON | 14h | SSPSTAT | @4n
- CCPRIL | 15h R
CCPRIH |16 [ aBh
CCPICON | 17h a7h
RCSTA 18h TXSTA 98h
TXREG 19h SPERG 96h
RCREG | 1Ah 9ah
CCPR2ZL | 18h . 9B8h
CCPR2ZH | 1Ch CMGON | ach
~ CCP2CON_| 1Dh CVYRCON | sph
ADRESH | 1Eh | ADRESL | gen ,
ADCOND | 1Fh ADCON1 | 9Fh | 5 oo
20h | AR |
Eeneml Eenem[
R B mw || E
95 Bytes 05 Bytes 16Fh 1ER
170h | 1FOn
| 7 1 FFn 1—J 17Fh |_ | 1FFh
Bank 0 Bank 1 Bank 2 Bank 3
[E] Unimplemented data memory locations, read as 'o”.
* Naot a physical regisier.
Mote 1: These registers are not implemented on the PICTGFET3A.
2. Thease registers are reserved; maintain these reglsters clear.
e = e e e N
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PIC16F87XA

222 SPECIAL FUNCTION REGISTERS

The Speclal Function Registers are registers used by
the CPU and perpheral medules for controlling the
desired operation of tha device. These regisiers are
implemantad as static RAM. A list of these regisiers
given in Table 2-1.

The Special Function Registers can be classified into
two sels core (CPU) and paripheral. Those registers
assoclated with the core functions are deszrbed in
detail in this section, Those related to the operation of
the peripneral features are deceribed in datail in the
peripheral feamres secton.

TABLE 2-1: SPECIAL FUNCTION REGISTER SUMMARY

~ Value on: | Datalls

Addrees|  Mama Bit7 | Bits | BiS Bit 4 H_t_:l Bh2 Bire | BRO | R lon sage:
m u ———a Tl = .-
ookl IMICF MdnmgmalmhunetummniFERtn&ddrendats.mm{nﬂlspﬁEﬂrmtaﬂ Gano aodaa| 3, 150
Dth  |TMRO [ Timerd Module Register srex o | 55,150
oo R Py Program Countar (PC) Laasd Significant Byt - - " |eooo sooo| 30,150
pa®  |sTaus me [ me1 | RP0 | T8 | M | z | 06 | © |vom wos] 7m0
o (PSR Indirect Data Mamary Address Peirtar —— ETIETT)
osh  |PORTA = [ = |PﬂRanh1;lmmnmmPﬂRTApmmmmad - --0x 0000 | 43,150
mh FOIRTR FIDFETEI‘]'mImmmn PORTE pirs when read oo oo | 45, 150
ath PORTE PORTC Data Latch whan writien: FORTC pins when read oo woer | AT, 450
cen® | PoRTD PORTE Data Latch whan witien: PORTT pins uman sesd wxwx xxxr| 48, 150
gl |PORTE - — — — | — [ e [ ret | mea x| 49, 150
aAah=t | PCLATH - - — | Wil Bl By e upgper & bits of the Program Counter  [---0 0004 30, 150
0B [INTCON Gt | el | TMRUE | INTE | RBIE | TMROF | INTF | RBIF |onao naoz| 24, 150
[t FIRY PEPIFYY | ADIF RGIF | TAIF SSPIF | COPUF | TMR2F | TMRIIF jovos aoun| 26, 850
oom PIR2 1= CMIF = EEIF BCLIE — | — |ccraF|-ni-0 -0 281m0
QOEh TRRIL Holding Register for the Least Skrificard By of the 16-Lil TMARH Rrgisl;&r auoie s | 860, 150
aFh THMRIH Holding Registar for the Mes! Signifsnt Byte of the 15-ba TMR1 Reqistar sk wecex | 60, 150
wn__ [mioon | — | —  [riokest] vieeso [Tioscen] TISTNG | TvR1CS [TMRioN| a0 sanc) 7, 150
1ih THWRZ ﬂn‘hﬁ? I;Hnd-ljle Register oo ogon| 62 150
1z [1zCon = TMRZON |TzckPst [TzckPsn|-omn oone] 61, 150
13h SSPBUF Syrrchronous Serksl Port Recelve: BubeoTransanil Register | e ?‘E, 1.5EI
14h  |SSPCON WCOL | SSPOV | SSPEN | CHP | SSPM3 | SSPM2 | SSPMT | S5PMO [pdoo ooon| 82 42
150

15h  |cCPRIL CaptureiCompare/PWM Registar 1 (LSB) o oo woar | 63, 150
16h  |CCPRIH  |Captur/Compara®Whi Register 1 (MSE) - woe xocx | 63, 180
LEL COPACON - - COP1X | GOPIY | comMa | coPiMz | coPiMt | corive --00 noa0| B4 150
18 |RCSTA SPEM | RH3 | SREN | CREN | ADDEN | FERR | OFRR | RX30 |oaoa anex|112.150
188 TEREG LISART Transmit Data Regstar : UI?'::I‘E' ._EI":I 09| 118, 1‘.?]_
1ah  |RCREG USART Recaive Data Register ) ) ug-_cni nama | 116 150
1Bh  |CCPRZL  |Caphwe/Compare/PWM Regisier Z {LSE) i
1Ch  |CCPRZH | Caplue/Comgare/PWM Register 2 (MSB) icxx xwnx| B2 150
iDh |CoP2coN — | — T eerex [ copay [copama | copemz | copamt [ copame |- a0 popa| 64, 150 |
1Eh  |ADRESH  |AD Resut Regisier High Byle . B s xxmex | 13, 150
iFn__ |ADCOND | ADCS1 | ADGSD | CHsz | oHst | cHso |GOMOWE| — | ADON [ooun oe-af127. 150
Legand; = usskrwT, U = l.lnd'lﬂnged, q= value dapands on condilion, - = l.|r1irr.l.pl¢f.-h=.l11.ﬂd. read 86 0, o = masarved,

Shaded |acations are unimplementad, ead 85 '0'.

Hote 7. The upper byia of he program counter i3 not directly accessibla, PCLATH & a holding reglsies for the PC< 128>, whos
confohis s transfered b the uppar byte of the progrem countar,

Thasa regisiars can be addressed from any bank.

Bils PSPIE and PSPIF are resenved on PIC16FETIAMETEA devices; atways malntain these bits clear,

PORTD, PORTE, TRISD and TRISE ata Aot implarnanted on PIC1BFETIAMTEA davices, raad as '0’,
Bl 4 of EEADRH implameanted only an the PIC1GFETEARTTA devices.

it 2004-204 3 Microchip Tachnology Ine,
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PIC16F87XA

————
TABLE 2-1: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)
) disoschc’ i
Address|  Mame Bi7 | Bt6 | Bits 1 Bié | 03 Bit2 g1 | &ho Fwﬂﬂ Eo':“f:;!
Bank 1 ' T
son®  JinoE dkiressing thes location uses conlenls of FSR 1 sddiess data memery (ot a physscal regester) | apan 1aca| 34, 150
#th  |oPnon ReG| RBPU | NTEDG | Teos | Tose | Psa [ pm2 Pst | pso |iiw 1111 28 we0
gzn® |PCL Frogram Gourstsr (PG) Least Significant Syte _ losan sasa 30 150
Buf™  [STATUS rRP | 1 [ R0 | T8 | PO | z oc | ©  jobor 1eee| 22 15
g4 IFSR ) |MDEBW#MW_ - e wanex | 31 150
851 |TRISA — | — [PoR1A Datm Drecton Register -  |--ir caet} 43 150
g6h  |TRISB PORTE Blata Deedion Register Lils _LxLf 45 150
B7h | TRISC PUR T Data Cirection Regisior 1311 1111 47 150 |
e | rRISD: PORTD Dala Direction Register 1111 1211 48 151
sant®  |TRISE BF | OBF | BOV |PSPMODE|  —  |PORTE Daw Diection bits paga -i11| 50 151
mant' 3t |peLaTH — — — |\t Buffer for the upper 5 bits of B Program Counter | ---¢ 9090 | 30 160
(e | INTcoN @E | FEE | TMROE | INTC RBIE | TMROF | WTF | RBIF |aaon casc| 24 150
BCh  |PIE PSPE® | ADIC | ROIE TWE | SSPIE | COPUE | TMRZIE | TMRAIE |0soo too| 25 151
BOh  |PIEZ == eME | EEE | B0LlE | — | — | coP2E [-coo-a 27181
Bh  |PCON | — - — ~ = | = FOR | BOR | g 28151
&Fh — Unmnplermenied - —
EEII_ : = ' d — —
oth |oSPCONZ | GCEN [ACKSTAT[ AGKDT | ACKEN | RCEN | PEN | RSEN | SEN |onca aco:[ 83151
92h Pz Timar? Period Rogistes 1111 1111 A2 tRE
83h  |SESPADD Syncwonols Seia Port (I°C mode) Addrss Redlder ) nanc a0an| 76 151
84 [SSPSTAT sup | cke | oA | P | & | RW [ ua | BF [osae a0so] 78159
oh | — Unimplemorrd o = =
fth — T ——— - = B
|amm = Unimplamerted ) = =
sak |TxsTA [CsRe | s | DEN | svNe — | mmch | TRMT | TX@0 looan -g10| 11151
Seh  |SPERG B Finte Ganarator Registar oo 0000|113, 151
[gan == Unimplemanied o - = =
o8k = Unimplammeried =as —
acn  {cMcon CoOUT | ciouT | caNv | omw | CIs oMz | om1 | owo |oooo oi1if 135,159
aDn  |CVRCON | CVREN | CVROE [ GVRR | — CVR3 | GVRZ | GVA1 | CVRD [oao- opon| 141,151
9Eh  |ADRESL  |AD Result Register Low Byte i ] |00 o] 133,151
oFh  |ADCONT ADFM | ADCS2 | — | — | PoFGa | POFGZ | PGFGY | POFGO [uu-- uded | 125, 151)
Lagand x & URknown, u = unchanged, « = value depends on condition, - = unmrpemented, /ead as 'y, & = neseed,
Shaded locetiers s unimplemernted, resd a5 "0°.
Mote 4:  The upper byte of the program counter is not directly sccessible. PGLATH 18 B hokding register fof the PL<12:8>, whose
ponkents are ransfermed io b uppar byta of the program counler
2. Bits PSPIE and PSPIF ars reserved an PIC: GFRTIANTEA devices; always maintain these bits clear,
3 These neqisiers can be addressed fram any Dank.
:  PORTD, PORTE, TRISD and TRISE aro nol implerantad on PIC1EFETIABTRA devices, read 25 "o,
& Bil4 of EEADRH impiemented only on the PIC1BEBTBAMNTTA devices.
o
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PIC16F87XA

TABLE 2-1: SPECIAL FUNCTION REGISTER SUMMARY (CONTINUED)

Address|  Hame a7 Bit Bh5 Bit4 fk 3 B2 Bk1 | 8o :';L”‘;;R ::J;;
ru Ei.r_k_z._ - i — —— = —— = — — --- = -- s e -
woh™ | iNoF Addressing this omllon uses contents of PSR to address dabs memory (nol 3 physical regester) [ nooa anar | 31,150
T s LR e ) T
1oen® |por Progrsm Counter's (PClLeast StrleantByts 5000 anoc) 30,150 |
1asht™ |swaTus me | me | meo | T8 | P8 |z | pe | e [oom sz
1™ |FsR Irndiend Drala Metsicny Adddresy Posiey e ] 31,150
105h - Unimplemented — -
106h  |PORTE PORTE Data Latch when written: PORTE pins when read o xoocx| 45, 150
To7h = [ ——— S ) i = L
108h —  Iikmpermentsd = ==
10oh = Urimplemented
10ah-30 [ Pop ATH Wirite Busffer for B upger 5 bite of the Pragram Counder ~u aoac a0, 450
[10BHE | MTCOM GE | PEE | TvRoE | NTE [ RBIE | TMROF [ INTE | REIF [paca ani| 24,50
Wih EEDATA EEPR_MA Dalka ﬁﬂg‘iﬁ:"Lﬂij‘tﬂ oo sooex | 3%, 151
10Dh  |EEADR  |EEPROM Address Register Low Byte cnt e | 30151
WER  |FEDATH — |EEPROM Data Regiuer High Byta e T T
1WFh  |EEADRH | — — | = | —® TEEPROM Addrss Register High Byte - o] 19,151
Bank 3 T - S
1B0HM ||HI_'IF Addmanzing H‘us,‘r_ﬂ:ﬁl‘:l‘l_l.!;iﬂ; rxadants of FSR b nilelress: datn Hw.-mm,r{mr-n phremicsl peisber) | Dnoe aoosc | 31, 150
wth_ [opTioN Rec| RBPO wtepc [ Toce | tose | psa [ psa | pst | Ps0 |uu un|zaim
a0 [P Program Counter (PC) Lesst Significant Biyie anan rans| 30,150
18 | STATUS me | et | R | T0 | @ | z | bc | © |osa1 i 22150
1e4n |FSR Indiract Dite Memory Address Ponter T Vs sl 54,450
185 = Unimplemented - i
186h | TRISE PORTE Dats Dimclion Fiagister N 1111 1111 45, 150
187n | tinirphemantes o =
18an | —  |Unimplementsd ] = =
T Unimplernsnted o = =
18R PCUATH 7 | = Iwite Buffer for the upper 5 bits of the Program Gounter | ---0 o000 30, 150
HaER™ | INTCON GIE PEE | TMRME | INTE REIE | TMRIE | INTE | RBIF  |2000 ooox) 24, 150
18Ch  EECONT EEPGD | — | — | — |WRERR| WREN | wR RO |a--- x000| 34,151
180h |EECONZ | EEPROM Conirol Regester 2 (not a physical register) - 3. 151
18EN Resened; manian claar pandg auon -—
18Fh —_ Rm,l’ﬂﬂafl_ﬁﬂ e QOO Q0o _—

Legand: x = Unkisowm, u = unianged, g = value depends on condiort, - = unimplemented, mad as 0", © = reserasl,
Shaded localions are unimplemeanted, mad as "o
Hote 1: The upper byte of Be program coumter 5 not directy accessible. PCLATH is a holdng register for he PLcl 26>, whose
gonfenis are ransfamed 1o the upper byta of the program counter,
2 Bis PSPIE and PSPIF are resersed on PIC1GFETAABTEA devices; always mainiain these bits dear,
3. These regisiess can be addrassed from any bank
& PORTD, PORTE, TRISD and TRISE are not implemented on PICTEFETIAETEA dendcas. read as 0’
5 Bit 4 of EEADRH implermaniad only on the PICIEFETGAGTTA dewvicea.

i 2001 -204 3 Microchip Technology Inc.
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2221 Status Register

The Status register contains the arthmetle status of the
AL, the Reset status and the bank seledt bits for data
Memory.

The Status register can be the destination for any
instruction, as with any other regiater, If the Status reg-
ister is the destination for an instruction thal affects the
Z,DC or G bits, then the write to thass threa bits s dis-
abled. These bits are set or cleared according 'o the
device logic. Furthermore, the TO and PD bits are not
writable, tharefore, the result of an instruction with the
Status regisler as destination may be differant than
intended.

REGISTER 2-1:

For example, LR STATUS, will clear the upper thres
bits and set tha Z bit. This leaves the Stalus register as
Q00U wivu (where u = unchanged).

I i recommended, therefore, that only BCF. BSF
SWAEF and MoVWF Instuctions are used to alier the
Status register becauses these instrucfions do not affect
the Z, C or OC btz from the Status register. For other
instructions nol  affecting any stelus  hits, see
Saction 15.0 “instruclion Set Summany™.

Mote: The € and BC bits operate a3 8 bomow
and digit bormow bil, respedtively, 0 sub-
traction. See lhe SUBLW and SUBHF
instructions for examples.

STATUS REGISTER [ADDRESS 03h, 83h, 103h, 183h}

RAW-0 RW-0 RAW-0 R-1 R-1 ANy RAMx RAW-x
mRF  RP1_| RPO | 6 | P | z | pc | © |
hit 7 oit
bit ¥ IRP: Ragister Bank Select bit {used for indirect addressing})

1= Bark 2, 3 (100h-1FFh)
o= Bank 0, 1 (00h-FFh)

kit 6-5 RP1:RPU; Regisler Bank Select bits (used for dirsct addressing)
11 = Bank 3 (180h-1FFh}
10 = Bank 2 {(100R-17Fh)
01 = Bank 1 (80h-FFh)
o0 = Bank O {Q0h-7Fh)
Each bankis 128 bytes.
bit 4 TO: Time-out bit
1 = After power-up, CLEWDT instruction or SLERP Instruction
o= AWDT time-out ooccurred
bit 3 PD: Power-down bit
1 = After power-up or by the CLRWOT instruction
a = By execulion of the SLERE instruction
bit 2 Z: Zara bit
1 = The resull of an anthmetic or logic operation iz zaro
o = The resull of an arthmetic or logic aperation is not e
bit 1 DE: Digit camy/borrew bit (AODWE, ADDILW, SUBLW, SUBHF ingtructions)
{for borrow, the polanty is reversed)
1 = A carry-out from the 4th low arder bit of the result occurred
0 = Mo cary-out from the 4th low arder B of the result
it O ©: Carry/borrow bit (ADDWF, ADDLW, SUBLW, SUSWF instructions)

1 = A camry-out from the Most Signlficant bit of the result occurrad
4 = No carmy-out fram the Most Significant bit of the result occurred

Mole:  For barrow, the polarity s reversad. A subtraction is executed by adding the two's
complement of the second oparand. For rotale (RRF, RLF) instructions, this bit is
loaded with either the high, or low order bil of the source register.

Legend:
F. = Readable bit W = Writable bit U = Unimplarmanted bit, read as '0°
-n = Value al FOR 1" = Bt is set ‘0 = Bit is clearad x=E'rlisunh-rqnn

DSIEsEIC-page 2
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PIC16F87XA

2222  OPTION_REG Register Note: To achiews 2 1.1 prescaler assignment for
The DPTICN REGS Registeris a readable and wiitable tha TMRO register, assign the prescaler to
regisier, which contains various control bits to configure the Watchdog Timer.
the TMRD prescaler™VDT postscaler (single assign- -

able register known also as the prescater), the exlemal

INT interrupt, TMRD and the weak pull-ups on PORTE.

REGISTER 2-2: OPTION_REG REGISTER (ADDRESS 81h, 181h)

RAN-1 -1 R RAN-1 A1 -1 RAM-1 RIS
RBPU | INTEDG | Tocs | TosE | PsA | Psz | Pst PS0
bil 7 L0
bit T RBPU: PORTE Pull-up Enable bit

L = PORTE pull-ups are disabled

0 =PORTE pull-ups are enabled by individual port lateh values
bit & INTEDG: Interrupt Edge Select bit

1 = Interrupt on figing edge of RBOANT pin

o = Interrupt on falling edge of RBOIMT pin
bit 5 TOCS: TMRO Clack Source Salact bit

1 = Transition on RALTOCK] pin

1 = Internal instruction cycle clock (CLKO)
bit 4 TOSE: TMRO Source Edge Selact bit

1 = Incremeant on high-to-low transition on RALTOCKI pin
o= Increment on low-to-high transition on RATOCK] pin

kit 3 PSA: Prascaler Assignment bit

1 = Prescaler i aszigned to the WOT
o = Prescaler is assigned to the Timeard module

bit 2-0 PS2:PSD: Prescaler Rate Salect bits
Bil Value TMRQRate WODT Rate

ooo E B 1:1

oGl 1:4 1:2

olo 1:8 1:4

011 1:18 i-8

100 1133 1:16

101 1. 64 1:32

11n 1:128 1:64

111 1 256 1:128
Legend:
R = Readable bit W= Writable bit U = Unimplamented bit, read as 0"
- n=Value at POR "= Bt is et 'D‘rBit_ispleamd % = Bitis unknown

inm When using Low-Yollage ICSP Programming (LYP) and ih;pull-m& o PORTE are
enabled, bit 3 in the TRISE reqgister must be cleared to disable the pull-up on RB2
an_-g:l enslrs tha prupnrup-arahun uf_tl'bedwm

e — ez ——weme——r
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ex2.3 INTCOMN Register Note:  Intermupt flag bits are sat when an inlemupt
The INTCON register is a readable and writable regis- condition cccurs regandless of the state of its |
texr, which conlains vanous enable and flag bits for the comesponding enable bit or the global
TMRO register overflow, RB port change and exiernal enable bit, GIE (INTCON<T>). User softwars

REBOINT pin interrupts.

REGISTER 2-3:

bl ¥

bit 6

bit 4

bit 3

bit 2

kit O

should ensure the appropriate intamupt flag
bits are clear prior 1o snabling an interniot.

INTCON REGISTER (ADDRESS 0Bh, 8Bh, 108h, 18Bh)

RVy- R0 RW-0 RAW-0 RY-01 RA-0 R0 Rifv-x

GE | PEIE | TMROIE | INTE | RBIE | TMROIF | INTF REIF
bit 7 R it 1)

GIE: Global Interrupt Enalle bit

1 = Enables all unmiasked intermupts

a = Dizables all intermupts

PEIE: Peripheral Interrupt Enable bit

1 = Enables all unmasked perpheral intermupls

0 = Dizablez all peripheral intermupts

THMROIE: TMRO Ovarfiow Intarrupt Enable bit

1 = Enables the TMRO interrupl

& = Dizables the TMRQ interupt

INTE: RBOVINT Extemal Inbermupt Enabie bil

1 = Enables the RBOANT exdernal interrupt

0 = Disables the RBUINT external inlamupt

REIE: RE Port Changa Intarrupt Enable bit

1 = Enables the RB por changs Intarmipt

o= Disables the RB port change interrupl

THROIF: TMRD Overflow Imlerupt Flag bit

1 = TMRO ragister has overflowed {must be deared in software)

0= TMRO register did nol overflow

INTF: REO/INT External Intarrupt Flag bit

1 = Tha RBIJINT external Interrupt occumed (must be cleared In softwans)

0= Tha RBOANT external mbarmupt did not acour

RBIF: RB Port Change Intermupt Flag bit

1 = At least one of the RET:RB4 ping changed state, a mismatch condition will confinue 1o set
Ihe bit, Reading PORTB will end the mismalch condiion and allow the bil 1o be cleaned

{must be cleared in software).
a = Mone of the RB7:RBA4 pirie Fave changed stale

.ngumi:
R = Readable bit W = Writable bl L = Unimplémiented BT, réad a5 '0°
- n = Value at FOR 1" = Bit i5 sat ‘0 = Bilis cleared x = Bit is untinown

DS30582C-pags 24
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==
2224  PIE1 Register Nete: Bit PEIE (INTCON<G6>) must be set tg
The PIE1 register contains the ndivndual enable bits for enable any peripheral intemupt. |

the penphearal intarmups.

REGISTER 2-4:

bit 7

bil &

bit &

bit 4

bit 3

bit

bit 1

bit 0

PIE1 REGISTER (ADDRESS 8Ch)

RAW-D RAMD RMWED RWD RAW-0 RW-0  RW-0 W0
PsPiEfl | ADIE | RCIE | TXIE | SSPIE | COP1IE | TMR2IE [ TMRAIE
bit 7 ' o Bit O

PSPIE: Parallel Slave Port Read/Wirite Interrupt Enable bit!!
1 = Enables the PEP readfwrite intermupt
0 = Disablas the FSF readfwrite interrupt

Mote 1: PSPIE is reserved on PIC16FBTIAMTEA devices, always maintain this bit clear.

ADIE: A'D Converter Interrupt Enable bit

1 = Enables the A/D converter intermypt

n = Disables the AD convertar inlemupt

RCIE: USART Receive Interrupt Enable bit

1 = Enables the USART receive intemupt

0 = Dizables the USART receive Interrupt

TXIE: USART Transmil Intorupt Ensble bit

1 = Enables the USART tranamit interrupt

o = Disables the USART transmit interrupt
SEPIE: Synchronous Serial Porl Intarrupt Enable bit
1 = Enabrlas tha S5P intermupt

0 = Disables the S5 intermipt

CCP1IE: CCPY Interrupt Enabde bit

1 = Enables the CCP1 Intarrupt

1 = Bisghles tha GGCP intermupt

TMRZIE: TMR2 to PR2 Mateh Interrupt Enable bit
1 = Enablas the TMRZ to PR2Z malch infarrupt

n = Disables the TMRZ to PRZ match intermupt
TMR1IE: TMR1 Oveflow Interrupt Enable bil

1 = Enablas the TMBE1 overflow Intarrupt
o = Dizsabkes the TMR overflow intermupt

Legand:
R = Resadabla bit W = Writable bit U = Unimplemented hit, read as 0
- i = Yalue at POR '1' = Bitia sel ‘" = Bit iz cleared ¥ = Bit ks unknown |

S|
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D e
4225 PIR1 Register " Mote: Irerrupt flag bits are sat whon an intemupt
The PIR1 register contains the individual Aag bits for condition occurs regandiess of the stale ofits |
the peripheral intarmepks. comesponding  enable DR or the gbl:lall

REGISTER 2-5:

bit ¥

bit &

bit 5

bit 4

bit 3

bit 2

tit 1

bit 0

e bit, GIE (INTCON<T=). User software |
should enaure the approprate intemupt bits |
ara riaar prior to enabling an imemupt. }

PIR1 REGISTER (ADDRESS 0Ch)

RO RW-0 R-0 R-0 RW-0  RW-0  RW-D  RW-0
[ psPIF™ [ ADIF RCIF [ TXIF | SSPIF | CCPIIF | TMR2IF | TMRIIF
bt7 - BiL

PSPIF: Parallel Slave Part ReadMWrils Interrupt Flag biff*
L= Aread or a wile operation has taken place (must be cleared in software |
o = Mo read or write has ocourred
Mote 1: FSPIF is reserved on PICTEFETIAETEA devices, always maintain this Bif claar,

ADIF: AD Convverter Intermupl Flag bit
1 = An AJD conversion completed
0 = The AD convarsion is not complete
RCIF: USART Receive Interrupt Flag bit
1= The USART receive buller s full
= The USART receive buffer is ermmpty
TXIF: USART Transmit Interrupt Flag bit
1 =The USART fransmit buffer is empty
o = The USART transmit buffer is full
SSPIF. Symchronous Sedal Porl (35F) Interrupt Flag bit
1= The 55P intermupt condition has ocourred and must be cleared in software before returing
fram the Inlerrupt Service Routine. Tha conditions that will set this hil are:
+ &Pl - A transmissicnireception has aken place.
- I’C Slave — A Iransmission'reception has taken place.
- PC Master
A transmission/receplion has taken place.
The initiated Start condition was completed by the S5P module.
The initiated Stop condilion was completed by the SSP module.
The initiated Restar condition was completed by the S3F module.
The inftisted Acknewledga condifion was completed by the SEP medula.
A Start condition occurred while the SSP module was Idle (multi-master system),
A Bfop condiion occurred while e S5P module was Idle (mult-master systam),
0= NoS5F interrupt condiion has occumed
CCP1IF: COP1 Interrupt Flag bit

[ | i i

Lapiure mode;
1 = & TMRT register capture occumad {must be cleared in software)
0= No TMR1 register capture occumed

Lompare mode:
1 = A TMR1 register compare match oocumed [must be cleared in software)
0 = No TMR1 reglster compare match occumed

P mode:

Lnused in thizs mode.

TMRZIF: TMRZ to PR2 Match Imierrupt Flag bit

1 = TMR2 ta PRZ match occurred (must be cleared in software)
0 = No TMRZ to PRZ match occumed

THMRAIF: TMR1 Cverfiow Intemmapt Flag bit

1= TMR1 register overflowad (must be cleared In software)
a = TMR1 register did not overflow

Legend:
R = Readable bil W = Wriable bit LI = Unimplemented bit, read as ‘0
- = Value at POR 1" = Bit is 26t ‘0 = Bit is clearad x = Bit i5 unknown
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2228  PIE2Register Fﬁaiaé:' " Bit PEIE (INTGON<6>) must be sel to
The PIEZ register contalns the Indirvdual enable bits for

the CCF2 periphersl interrupt, the S5P bus collision
intermupt, EEPROM write operation intemupt and the

comparator interupt.

REGISTER 2-6:

bit 7
blt &

bit 5
kit 4

bit 21
bit O

PIE2 REGISTER (ADDRESS BDh)

U0 RMO LD RWO RIW-0

-0 Y R0

— [ eme | — [ eeE | BELIE

bit T

Unimplementad: Read as "¢’
CMIE: Comparator Interrupt Enabile bit

1 = Enablas the comparator interrupl
0 = Disable the comparator intamupt

Unimplementad: Raad as "0’

EEIE: EEPROM Write Operatlon Interrupt Enable bit
1 = Enable EEPRCM write intermugpt

o= Disable EEFROM write interrpt

BCLIE: Bus Collision Intemmupl Enable bit

1 = Enable bus collislon Interrupt
i = Digable buz collizion intarmipt

Unimplemented: Read as 'o°
CCP2IE: CCP2 Imterrupt Enable bl

1L = Enables the CCP2 intemrupt
0 = Digables the CCPZ interrupt

= = CCP2IE

bt 0

Legend:

R = Readable bit W = Wriable bit L = Unimplemented bit, read as a'h
- = Value at POR 1" = Bil 15 set ‘r = Bit is cleared ¥ = Bit is unknown

B 3001-2013 Mierochip Techinalogy Inc
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2227 PIR2 Register Naote:  Intermupt flag bits are set when an intemupt
The PIRZ register conlains the Nlag bils for the COCP2 condition occurs regandless of the state of
interrupt, the SSP bus collision mtermupt, EEPROM itz corresponding enable bit or the global
wirile pperation interrupt and the comparator intermupt. gnable bit, GIE (INTCON<T=]. User

REGISTER 2-T:

kit 7
bit &

bit 5
bit 4

it 3

it 2-1
bit O

soflware should enswe e appropiate
intorrupl  flag bis arc clear prior o
enahling an intermupt

PIRZ REGISTER (ADORESS 0Dh)

L-0 RIW-0 Lo RANO R/W-0 U0 U0 RIW-0
[ = [ owr [ — [ EsF | BouF | — [ —  [coPaF
bt 7 bitD

Unimpiementad: Read as 'Y’

CMIF: Comparator Interrupt Flag bit

% = The comparstor input has changed (must be clearad in 2ofwara)
0 = The comparalor inpt has not changed

Unimplamantad: Read as "2’

EEIF: EEFROM Write Oparation Interrupt Flag bit

1 = The write cperation completad [must be cleared in soffware)

= The write operation is nof complate or has not been started
BCLIF: Bus Collision Intermupt Flag bit

1 = A bus eollision has sceurrad in the SSP when configured for IPC Master minde
= Mo hus collision has occumed

Unimplemented: Read as "0’

CCP2IF: CCP2 Interrupt Flag bit

Capture mode:

1= A TMR1 register caplure oocurned (must be clearad in software)

0= Mo TMR1 register capiure oocumed

Compare mode:

1 = A TMR1 register compare match occurred {must be cleared in seftware)
o = Mo TMR1 ragister compara match occumad

PWM mode:

Unused.

Lagend:

R = Readable bit W = YWiitable bil LI = Unimplemented bit, read as 0"

- n = Value at FOR ‘1" = Bit Is sat _ '0' = Bit i5 clearsd x=Bitis unm__
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2228 PCON Register Note: BOR iz unknewn on Fewer-en Reset. It
The Power Cantmd (PCOM) register containg flag bits must be set by the user and checked on
o allow diferentiation betwesen a Poweron Reset subsequent Resels to see if BOR i3 clear,
{POR), a Brown-out Reset (BOR), a Watchdog Reset indicating a brown-out has occurred. The
{WDT) and an extemnal MCLR:. Resat. BOR status bit is 8 “don'l care™ and is not
predictable i The brown-out circuit is dis-
abled (by dearing the BODEN it in the
configuiation word).
REGISTER 2-8: FCON REGISTER (ADDRESS BEh]
k0 o -0 T e RAN-D RA-1
T Iy I
it ¥ bit 0
bit 7-2 Unimplemented: Read as "o’
it 1 POR: Power-on Reset Stalus bit
1 = Mo Power-on Reset cocurred
1 = A Power-on Resel ocourred (must be ot in software after 2 Power-on Heset ocours)
bvit O BOR: Brown out Resaet Status bit

1 = Mo Brown-out Resel occured
0 = A Brown-out Resat acourad (must be set in saoftwara after 3 Browr-out Reset ocours)

Legend:
R = Readables bit W — Whitabde bit U = Unimplemented bit, read as 0"
- n = Value at POR 1" = Bit is set 0 = Bit is clearad ¥ = Bit is unknown |
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2.3 PCL and PCLATH

The Program Counter {(PC) iz 12 bits wide. Tha low
byte comes from the PCL register which is a readable
and writable register. The upper bits {PC<12:8>) are
not readable, but are indirectly writable through the
PCLATH register, On any Resst, the upper bite of the
PCwill be cleared. Figure 2-5 shows the two situations
for the loading of the PC. The upper example in the
figure shows how the PC Is loaded on a write to PCL
{PCLATH=4:0= » PCH}. The lower example in the
figure shows how the PC is loaded during a CRLL of
3070 Instruction (PCLATH<4:3> — PCH).

FIGURE 2-5: LOADING OF PC IM
DIFFERENT SITUATIONS
PCH POL
L 2 0 insiruchon with
I 3 | Bolas !
S — i Uegangtion |
g P ATH=d-1 L Sx Ll
A 0 . L A
PCLATH
PCH PCL
12 110 B 7 v
| P& |_ | I 0TS, CALL
|2__| PR e .IT—,L" 1 Opcridn <30S
i FCLATH
i

2341 COMPUTED GOTO

A computed 20TC is accomplished by adding an offset
to the program counler (ADDWF  PoLj. When doing a
table read Uusing a compuied coT0 method, cara
should be exarcized if the lable location osses a FCL
memaory boundary (each 256-byie block). Refer to the
application note, ANSSS, Tmplementing a Table Read”
(DSO0558).

2.3.2 STACK

The FICTEFBTXA family has an G-level deep x 13-bil
wide hardware stech. The stack space is not pert of
either program or data space and the stack pointar iz not
readable or writsbla, The PC is PUSHad onto the stack
when a CALL instruclion |5 executed, or an interrupt
causes a branch, Tha stack is POP'ed In the event of a
RETURN, RETLW of a RETFIE Instruction exscution.
PCLATH is not affected by a PUSH or POF operation.

Tha stack operates as a creular buffar. Thiz means that
aftar the stack has bean PUSHad eight imes, the ninth
push overwrites the value that was stored from the first
push. The tenth push overwrites the second push (and
50 o).

Mate 1: Thare are no status bits o indieste siack
overflow or stack underflow conditions,

2: Thare are no instructionsmmemonics
caled PUSH or POP. These are achons
that occur from the execution of the CALTL,
FETURN, RETLW and RETFIE insbrucbans

or the vectoring to an interrupt address. |

2.4 Program Memory Paging

All PICIEFETXA devices are capable of addressing a
confinuous BK word block of program memory. The
CALL amd SOTO instructions provide only 11 bits of
addrass to allow branching within any 2K program
memory page, YWhan doing a CALL or GOTO instruction,
the uppet 2 bilz of the address are provided by
PCLATH=4:3= When doing & CALL O GOTO instric-
tion, the user must ensure thal the page select bits are
programmed 50 thet the desirod program memory
page ik addressed. i 3 retum from 3 CALL instiucdion
(or interrupt} is executed. the enlire 13-bil PG s pobped
off the slack Thereform, manipulation of the
PCLATH=4:3= bits iz nol required for the RETUEN
instrctions (which POPs the address from the stack).

Mote: The contents of the PGLATH register are |
unchanged sfter a BETURN OF RE‘IFIE:
isirction is axacuted. The user must
rewrite the contents of the PCLATH regis-
ter for any subsequent subroutine cal's ar

30T instructions, f
Example 2-1 shows the calling of a subroutine in
page 1 of the program mamony. This example assumes
that PCLATH is savad and restored by the Interrupt
Service Routine (if imemupts are used),

CALL OF A SUBROUTINE
IN PAGE 1 FROM PAGE 0

EXAMPLE 2-1:

ORG 0xE00
BCF PCLATH, %
HEF BCLATH,3 | Select page 1

: [AOQE-PFFH]
ALL ETUBL Fl <all subroutine -n
: ipage 1 (A00n-FFFh)

ORG 0xddd
spEL_P1

;paga 1 (800h-FFFh)

icalled oubroutine
ipage 1 [800h-FFFh)

RETIIRN jreturn Lo
jEall subrout e
iin page 0
i (OUUh-7FFL)
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2.5 Indirect Addressing, INDF and A simple program to clear RAM locations 20h-2Fh
FSR Registers using indiresl addressing is shown in Example 2-2.
The INDF register is ot & physical register. Addressing EXAMBLE 2-2: INDIRECT ADDBESSING
the IMDOF ragister will causa indirect addrassing. = I T ARHASS (e a PRE !
Indirect addressing |s possible by using the INDF reg- MOVHE FER fto RAM |
ister. Any instruction using the INDF register actually NELT CLRF  INOF iolear INDF register |
accassas the register pointed to by the File Sefect Reg- LR TEERG o e posnter
ister, FSR. Reading the INDF reqister itseff, indirectly BETEDURSRLAT ‘;-*Jﬂf'--*
(FSR = o) will read 00h. Witing te the INDF register L L
indirectly results in & no eperation {although status bits 2 yra-sontime
may be affacted). An effective 5-bit address is obtained | = =
by concatenating the 8-bit FSR register and the IRP bit
{Siatus=<7>) as shown in Figure 2-6.
FIGURE 2-6: DIRECT/INDIRECT ADDRESSING =
Direct Addrassing Indirect Addressing
RP41:RFOQ i From Cpcode 0. IRP T FSR Register 0
W = L, AL = A ke s - A
Bank Select  Location SEHBCti Bank Sefec Localion Selest
b = 00 a1 10 11 -
l | bon B0 100h 180h
L . -.— -
|
Data
Wamors'?
TFh FFh 7 |1FF
Bank0  Bankt Bank2  Bank3
HWote 1: For reglster fle map detail, ses Figure -3
=== —— i T —

T 20042013 Mictochlp Tachnology Inc.
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3.0 DATA EEPROM AND FLASH
PROGRAM MEMORY

The data EEFROM and Flash program memony IS read-
able and writable during normal operation jover the full
DD range |, This memory is not dirsctly mapped in the
register file space Instead, it i indirecty addressed
through the Speclal Function Registers. There are sik
SFRs used I read and write this memony;

« EECONS
= EECONZ
= EEDATA
- EEDATH
- EEADR

- EEADRH

When interfacing lo the data memory block, EEDATA
holds the B-bit data for readfwrite and EEADR holds the
address of the EEPROM locatlon belng accessed.
These devicas have 128 or 256 bytes of data EEPROM
{depanding on the device), with an address range from
06h to FFh. On devices with 128 bytes, addrassas from
BOh to FFh are unimplermenied and will wraparound to
the beginning of data EEPROM memory. When writing
o unimplemanled locations, the on-chip charge pump
will be wmead off.

When interfacing the program memory block, the
EEDATA and EEDATH registers form a wo-inyte word
that hodds the 14-bit data for readfwrite and the EEADR
and EEADRH registers form a twia-byta word that holds
the 13-bit address of the program memory location
belng accessed. These devices have 4 or BK words of
program Flash, with an address range from Q0000 1o
OFFFh for the PIC18FST3ABT4A and 00000 bo 1FFFh
for the PIC1BFBTEAMT TA. Addressas above the range
of the respedtive desvice wil wraparound to the
beginning of program memory.

The EEPROM data memory allows singke-Lyte read and
writa. The Flash program memory allows single-word
raads and four-word block writes. Program memony
write operations aulomatically perform an erase-belore-
wrile on blocks of four words. A byte write in data
EEPROM memory automatically ersses the location
and writes the new dats {erasa-bafono-write ).

The wrile lime ks controlled by an on-chip timer, The
writeferaze volages are gensrated by an an-chip
charge pump, rated to operale ovar tha voltage range
of the device for byte or word operalions.

When the device is code-protected. the CPU may
continues 1o read and wite the data EEPROM memory.
Depanding on the settings of the writeprotect hits, tha
davice may or may not be able 1o write certain blocks
of the program memory; however, neads of the program
memory are allowed, When code-protected, the device
programmes can o lenger access dala or program
memaory, this doas NOT inhibit internal resds or writes.

3 EEADR and EEADRH

The EEADRH:EEADR register pair can address up to
a maximum of 256 hytes of data EEPROM or up tova
maxlmum of 8K words of program EEPROMNM. When
selecing a dala addrass valus, anly tha LSByte of the
address |5 written o the EEADR reqgiztar. Whan salact-
ing & program address wvalue, the MSByte of the
address 1z written to the EEADRH register and the
LSByte is written to the EEADR register,

If the device containa less memory than the full address
raach of the address regisier pair, the Most Significant
bits of the registers are not Implemantad. For eampla,
if the device has 128 tyies of data EEPROM, the Most
Signitcant bit of EEADR is not implemented or access
tn data EEFROM,

12 EECON1 and EECON2 Registers

EECONT = the control register for memory acCasses.

Control bit, EEPGD, datarmines if the access will be a
program or data memody access. When clear as it is
wihan resal, any subsequent operabions will gparale on
the data memory. When sel, any subzequent
operations will operate on the program memory.

Control bits, RO and WE,, initiate read and write or
erase, respectivaly. These bils cannot be cleared, only
set, in software. They are cleared in hardware at com-
pletion of the read or wrile operation. The inability to
clear the WR bit in software prevents the accidental,
pramaturs termination of a write aparation.

The WREM bil, when sal, will allow a write or erase
operatien. On powear-ug, the WHREM bit |s clear. The
WRERR bit is set when a wrile {of erase) operatlon is
intermupted by a MCLR or a8 WDT Time-oul Reset dur-
ing nommal operation. In these situations, following
Reset, the user can chack the WRERR bit and rewrile
the location. The data and address will ke unchanged
in the EEDATA and EEADR reglstars.

Intarrugpt fiag bit, EEIF in the PIRZ register, is set whean
the write is complete. |t must be ceared in sofware.

EECOMZ |s not a physical register. Reading EECONZ
will read all 'o's. The EECOMNZ regisler is used
sxclusively in the EEPROM write saquenca.

Mote:  The seff-programiming mechanism for Flash
program mesnorny hes besn changed, On
previous PICAEFBTX devices, Flash pro-
gramming was done in single-word emsal
wiite oyces. The newer PICISFETHA
devices use a fourword erasefwrite
cycle. See Section 3.6 “Writing to Flash
Program Mamory™ for more mformation.

& 2009 -20 13 Micrechip Technology Inc.
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REGISTER 3-1.

bit f

it &4
hit 3

kit 2

bit 1

kit O

EECON1 REGISTER (ADDRESS 18Ch)
RAW-x U0 U-U -0 RAVW-x RW-0 RS-0 RS-0

EEPGD | — | — | — [WRERR| WREN | wR | RO |

bt 7 bit O

EEPGD; Program/Diata EEPROM Select bit

1 = ACCESSES PIOGram mamory

= Avcesses dald rmemory

Reads ‘n' gftar 8 POR; this bil cannol be changed while a wnits oparalion IS in prograss.

Unimplemented: Read as '0'

WRERR: EEFROM Ermor Flag hit

L= A write operalion 5 prematurely terminated (any MCLR or any WOT Resat during raonmal
operation)

1= Tha write operation completed

WREN: EEPROM Write Enable bit

1 = Allows write cycles

4 = |nhibits write to the EEPROM

WR: Write Controf bit

1= 'mitistes a write cyde. The bit is cleared by hardwara once writa is compiste. The W bit
can only be gat [not deared) in softwara.

i = Write cycle to the EEFROM |5 complete

RD: Read Control bit

1 = [pitiates an EEPROM read: RD Is cleared in hardware. The RO bil ¢an only be sat (not
clearad ) in software.
n = Does not initiate an EEPROM raad

Legend:
R = Readable bit W = Writable bit U = Unimplamentzd bit, read as 0"
-n =Valua at POR 1" = Bitiz zot T = Bit 5 clearad x = Bitis unknuw[u
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33 Reading Data EEPROM Memory

To read a data memory location, the user must write the

address to the EEADR register, clear the EEPGD con-

trod bit (EECON1<7=) and then set control bit RD

{EECOMN 1=}, The data iz available in the very next

cycle in the EEDATA register; therefore, it can be read

in the next instruction (see Example 3-1). EEDATA will

hold this value until another read or untd it IS written 1o

by the user {during & write operation},

The staps to reading the EEFROM dats memony are:

1. 'Write the address to EEADR, Makes sura that the
address is nol larger than the mamary size of
tha device,

2. Ciear the EEPGD bil to polnt o EEPROM data
MEmory.

3. Selthe RD bit to start the read operation.

4. Read the data fram the EEDATA register,

EXAMPLE 3-1: DATA EEPROM READ
BSF STATLS, BD1
BCE STATLE, RPT i Bank 2
MOVE DATA_EE_ADDR,W . Daza Memocy
MOVHF  EEADR i Address to read
ESF STATVS RPO joBaak-. 3
ECEF EECONL, EEPGED ; Eoimt bEo Taka

: Benory

BEF EECON1. RO + ER Raad
BCEF ETRTLS, KFO ; Bank 2
MOV EECATA, W 7 Wo= BESATH

3.4  Writing to Data EEPROM Memory

T wrile an EEPROM data location, the user must first
write the address to the EEADR register and the dala o
tha EEDATA register. Then the user must folow a
apecfic wrile sequence toinitiate the wite for sach byta.

The write will not initiate If the wiite sequence is not
exacly followed {write 55h to EECONZ, write Afh to
EECOMZ, than sat WR bit) for each byte. Wa strongly
recommend that interrupls be disabled during this
code segment (see Example 3-2).

Additionally, the WREN bit in EEGON1 must be set to
enable write. This mechanism prevents accidentsl
writes to data EEPROM due to emant (unexpected)
code execution {i.e_. lost programs). The user should
keep the WREM bil clear al all times, axcept whan
updating EEPROM. The WREN bit is nol cleared
by hardware

After a write saquence has been initiated, clearing the
WREN bit will not affect this write cycle. The WH bit will
be inhibited from baing set uniess the YWREN bit is set
At the completion of the wiite cycle, the WR bit is
cleared in hardware and the EE Write Complete
Interrupt Flag bit (EEIF) is sel. The user can aithar
enable this intemupt or poll this bit. EEIF must ba
cleared by software.

The steps io wrnte 1o EEPROM data memory a-e

Ti

Il step 10005 not implemented, check the WR bil
to see il & wils is in progress.

2. Wriie the address to EEADR. Make sure that the
addrezs s not karger than the memory sz of
the device.

3. Write the B-bit data value ta be programmed in
the EEDATA register.

4. Clear the EEPGD bit ta polnt v EEPROMN data
MEmory.

5. Selthe WREN bil to enable program cperations.

6, Disabde inlemupts (if enabled).

7. Execute the spedial live msiruction seguence:

« Wrile 55h to EECOMZ in two sleps (s
to W, thern to EECONZ)

« Write AAh to EECONZ in two steps {firs:
to W, then to EECONZ)

+ Sat the WR bit

8, Enable interrupts (if using interrupts).

G, Clear the WREN bt to disable program
operations.

10. At the completion of the write cycle, the WE bit
is clearad and the EEIF interrupt ftag bit & sst.
(EEIF must be cleared by firmware.) fstep 1 s
not implemented, then fiomware should sherstk
for EEIF to be s&f, or YWH 1o clear, o Indicate the
end of the program cycle.

EXAMPLE 3-2: DATA EEPROM WRITE

=Py STATUS ,BFL :
BEF STATIS , RED
BTFSC EECOHL , KR ;Wait Eor write
T 5-1 plo pomplete
BCF STATUS, BEFQ ;Bank &
WOUE  [ATA RE ADDE,W ;Taba M=moby
MOVHF EEARDE jAddress to writs
MOVE  DATA EE_GATA,W ;Caba M=mory Valae
MOUWE  EECATR ito wrikta
BIF STATUS , EP0 ;Bank 3
BCF EECCML,EEPGD ;Point to LATA
3 THER L

BLF EECONL , WREHN ;Emable writ=s
BCF INTCON , G1E ;Bisable IHTs.
MOVLW 55h P

5 § MOVHE BECONZ ;Write Ssh

= § MOVLW AAh 1

E ¥ MoVWF EECONI (Witte RAR

"9 pgp EECGML, WR ek WR bBit La

;begln write

Lar INTCON, 3IE {Enable INTs.
BCP EECONL, WREN ;Digable wriktes

& 2001-2013 Microchip Technology Ine.
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3.5 Reading Flash Program Memory

To read a program memory location, the user must wiite
two bytes of the address to the EEADR. and EEADRH
registers, set the EEPGD controi bit (EECON1<7>) and
then set contral bit RD (EECONT <0=), Gnes the read
contro! bit iz zat, the program memory Flash contraller
will use the next two nstruction cycles to read the data.
This causes these two instructions immadiately follow-

EXAMPLE 3-3:  FLASH PROGRAM READ

ihg the “BEF  EECONI, RDT instruclion o be ignored.
The data is available in the very next cycle in te
EECATA and EEDATH registers, therefore, it can be
read as two bytes in the following instructions. EEDATA
and EEDATH registers will hold this valua until another
read or until it is writtlen to by the user (during a write
operation ).

BEF STATUE, RFl ;

BCF STATUS, REFO . Baok 2
MOVTW  MS PROG EE ADDRE
MOVWF  EEADEH

MOVLK  LE PRCE EE ADDR

BCF STRIUS; BFPQ i Hank 2

MOVHFE DATRL s
MOV EEDATE, W
MOVHF DATRH

i ME Bybke of Progzam Addeess bo read

MCWWE EEADRA i L Bybe of Program Bddress teo rzad
B STATOS, REd J Bank 3
HEF BEECONL, BEEZD ;Point bo PROGRAN memocy
BEF EECCH1, RD , EE Tead

Bf -

(=4
=z HOP
.Eg WP . Aoy instructione here are ignored as program

i mempry i ceatd in gecond cycle after BsY EHCGNL, RO

MW E EEDATA, W | W = L& Byta of Program EEDATA

, W - M3 Tyte of Program ZEOATR

DSI05R I page 16
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3.6

Flash program memory may only be written to if the
destination address is in 3 segment of marmary that |s
hot write-protected, as defined in bits WRT WRTO of
the device configuration word (Fegister 14-1), Flash
Program mermary must be written in four-waord blosks, A
block consists of four words with sequential addresses,
with a lower boundary defined by an addrass, where
EEADR<1:0> = 0. At tha same time, all black writes o
program memary are done as erase and write opara-
tions. Tha write cperstion is edge-aligned and cannot
noolr across boundaries,

Tir write program data, it must first be loaded into the
burffar registers {see Figure 3-1). This is accomplished
by first wiiting the destination address to EEADR and
EEADRH and then wriling the data to EEDATA and
EEDATH. Afles the address and data have been salup,
then the following sequence of events must be
axecuted.

1. Setthe EEPGD control it (EECONT<7=).

£ Write 55h, then AAh, to EFECON2 {Flash
Frogramming sequenca),

8. Selthe WR control bit (EECON1<1 =)

All four buffer register locations MUST be writlen to with
cofmect data. If anly one, two or thres words are being
written to in the block of four words, then a read from
the program memory location(s) not being written 1o
must ba parformed. Thiz tshes the dats Form the pro-
gram lacatlon{s) nof being written and loads it nta the
EEDATA and EEDATH registers. Then the sequence of
events lo transfer data to the buffer registers must be
executed,

Writing to Flash Program Memory

To transfer data from the buffer reqisters to the program
memory, the EEADR and EEADRH must paint (o the last
Iocation i the four-word block (EEADR=1-D> = L1}
Then the following sequence of events must ba
execiiad:

1. Setthe EEPGL control bit (EECONT=T>),

Z. Write 55h, then AAh, fto EECOMN2 (Flash
Frogramming sequence),

3. Bel confral bit WR (EECON1 <13 1n begin tha
write operation,

The user must follow the sare spedific sequence toini-

tiale the write for each word In the program block, writ-

ing each program word in sequence (oo, 01,10, 12)

When the write is performed on the last g

(EEADR<1:0> = 11}, the block of four words ars

automatically erased and the contemts of the butfer

reqisters are wrilten iito the program memaory.

After the “BSF EECONT , WR™ mstruction. the processor
requires two cycles lo set up the eraseiwrite operation.
The user must place two MOP instructions afier the WR
bit s set Since data Is being written to buflar registers,
the writing of the first three words of the block Eppears
to occur Immediately. The processor will hait interngf
operations for the typical 4 ms. only during the cyclo in
which the erase takes place (la., tha last word of the
four-word block), This Is not Sleep mode as the docks
and penpherals will continue to run. After the write
Gytle, the processor will resume oparation with the third
instruction atter the EECOMT write instruction. if the
sequance is performed to any other location, the action
is ignorad.

FI_GUHE 31 BLOCK WRITES TO FLASH PRUG_FIAI_! MEHQR‘I' -
B 75 07 0
]’ " EEDATH ] EEDATA [ "' o :‘:“"” of |
: & 5 thimn all buftars
. ara iransfoired
First word of block M :!:;ﬂi;:‘shwﬂ'd"r
to be written is written

EEADR<1:0== ap EEADR=1:0= = g2
*| Buﬂﬂl.ﬂﬂgtﬂer | "1 Buffer Registar

EEADR<f 0= 10

14

Buffer Fegister

=

Buifer Register

T

Program Memory

_———

© 2001 -2013 Microchlp Technology Ine
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6 Pin Configuration and Functions

Top Yiew

MAX232 ...D, DW, N, OR NS PACKAGE
MAXZ3H . .. D, DW, OR N PACKAGE

(TOP VIEW)
G+ [ 1 16 ] VCC
Vs [| 2 15]] GND
ci-[]3 4[] T1OUT
c2+[Ja  13[JR1IN
c2-[]5 12[] R1OUT
Vg[8 1] THN
T20UT (|7 10 T2IN
RZIN[| & gl RzouT

Pin Functions

PIMN

e = TYFE DESGRIPTION )
1+ 1 — | Positive lead of C1 capacitor -

| VE+ . 2 o) Pogitive chargs pump aatpot for sinrege capadiar only |
ci- 3 — [ Megative lead of Ct capacitor '
oo+ [ & Pasitive lead of C2 capacitor

| oz 5 — [ Negative lead of C2 capaitor
WE- _ B 0 Negative chiarge pump outpul for storage capacior anly |
T20UT, TIOUT 7,14 0 |R5232 line data outpct [to remole RS232 system)

RzZIN, R1IN IS | | RS232 ine dafm input (from remeots RS232 systam)
R20UT, R10UT 9, 12 O Logic data oulput (1o UART) -

[ T2IN. T1IN 10, 11 | Loglc data inpul (frarm UART) i
GND 15 — | Ground = )

-'u'm 1B - Supply Voltaga, Connect (o e.:-:'lan'ual £V pawer supply -

Copyright € 16062014, Tesax inatrumenis Inoorporated
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7 Specifications
7.1 Absolute Maximum Ratings"

over operating free-air temparature range (unless otherwise notad) -
Ty _ ' MIN max| UNm
Vo Imput Supply voitags range* i =03 6] v
'.-"_5,,_ Foalive culput supply voliage rErngH Ve — D3 15 W
Vg Megative autput supply 'u'dl:ag;a rEnge ! 0.3 -15 W
v e s T4, T2IN 03 Vg +03 W
_ RAIN, R2IN #30 |
& 'mml o o | TOUT, T20UT Vs —03 Vs + 0.3 " B
) RAQUT, RZOUT -0.3 Mg + 0.2
_ Shon-circuft duration T10UT, T20UT ~ Uniimited
'rTL Cperaling \rirtusul.jundiun temperature = — {50 oG
(1) Stresses beyond those isted undar Absolute Maximum Ratings may cause perianent damage to the deidce. Thesa are sirass ralings

anly, and functionsl operation of the device at these or any oiher conditions beyond those indicated under Recommanded Cperating
Conditiohs |s reot Implied. Exposure lo sbsolute-maximum-rated conditions for extendad pedods may affect device reliabilty.

(2} Al voltages are with respect 1D network GND,
7.2 Handling Ratings B - -
| MiN MAX LNIT
|T=‘|¢ ; Stn-r:{ge tempersiure mnpe - -B5 150 =
Human body modal (HEBM), per ANSVESDALJEDEC JE-001, all 0 2000
| i s pins
W, Elect a = - | W
Espy | Electrostelic dissharge o aed devios model (COM) per JEDEC specification 0 1000
! JESOZ2.C10M, sl pias'e!

(1) JEDEG document JEP 155 states that 500-Y HEM alliows safe manufaciuring with & standard E30 control process.
(2] JEDEC documert JEP15T states that 250-V COM allows safe mamufacturing with a slandard ESD control pimcess.

7.3 Recommended Operating Conditions

MIN NOM  MAX| UNIT

Voo Supply vollage ] 45 & 55V
Vi High-level ingiit voltags (T 1IN, T2IN) ) ¥
Ve Low-leval Input voltage: [TTIN, T2N) o8| W
R,
R2IM Racﬁlver i woltage _ B 30 W
§ e MAXTZ 70 -
| PRI nauae MAXZ32] EETS a5
74 Thermal Information = _
MAKZIZRD LA 3 D MAKZIZN MAXZI2xNE
THERMAL METRIC ! sOIC BOIC wide POIP sOp st
16 PINS 16 PINS 18 PINS 18 PINS B
B Junction-to-ambant thenmal resstance 73 57 &7 e CW
{1) For moes information about tradibonal and new thermal metrics, see the 1C Fackege Themal Metncs appiication reporl (SPRAZS)
7.5 Electrical Characteristics — Device
over recommanded ranges of supply voltage and operating ree-air tﬂmperah_.!_re_{unlaas atherwize rinigd} (vee Figure B)
B PARAMETER TEST CONDITIONS™ MM TYP?  MAX | UNT
e Supply current & Vo = B.5Y, all outputs apen, Ta=25°C 8 1d rnh_J

(1) Tast conditions are C1-CA=1 pF at Ve =5 ¥ 205V
{2) Al typical vahies ars 8t Voo = 5V, snd Ty, = 25°C.

i Sutinit Documentation Fesaback
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7.6 Electrical Characteristics — Drivaer
over recommended ranges of supply voitage and operating free-sir temperature (unless otherwise noled)

PARAMETER _ TEST CONDITIONS " MIN TYP  MAX| UNIT
Vo Higi-evel output voltage TIOUT, T20UT |, =3 kD to GND 5 7 v
Vor  Lowlevel suipulvoiage™  TIOUT, T2OUT _ |R =SkQWGND 7 5| v
W Cuiputreslstance TIOUT, T2OUT [V, =Ve =0, Vg =22V EE o
los™  Short-circuit output current  THOUT, TROUT |V =55V, Vo =0V — M #He | mA
| s Short-clreult input current TN, TZIN V=0 | = o 00| pA

(1) Testconditons are G104 = 1 pF etV =5V 2 06 Y

(2] Al typicel values are &t Ve =6V, Ta = 25°CC

(3} The slgebraic convention, Tn which the least-pasilive (most nagalive) value is desipnated minmum, is used in his dana sheet Tor logic
valtape levels onfy.

{4} Mot mare than ane output showld be sharted at & time.

7.7 Electrical Characteristics — Receiver
over recommended ranges of supply voftage and operating free-air temperalure {uniess othermse noted)

| PARAMETER TEST CONDIMONS™ | mIN_ TYP®  MAX[ uMIT |
|y High-level output voltage R1OUT, R20U7 [ lgs = =1 mA 35 v

| You Low-lave ouitput woitage ™! RHOUT, R20UT | lo, = 3.2 mé b4 ¥
iw.r o Pocaluer poskivergaing INput SSRA | R, RaiN | Vee =8V, Ta=26°C 17 24| W

f P c i " B .

(Vi mf;g";“ negative-gong input threshald | oy Ry Voo =5V, Ty=25'C 0.8 12 v
[ I |05 N - R ks
(Vo  Input hysterssis voltape R1IN. R2IN [ Mee=5Y 02 05 1 v
[%  Racsiver input resistance R1IN, R2IN |Vee =5V, Ta=25°C 3 5 T, %0

(1] Test cordidons are C1-C4 =1 pF al Ve =3V £ 0.5 V.

(2] Al typical values ares at Vee = 5V, Tas 25'C.

(3] The akyebralc convention, in which the lssst-positiva (maosl negallve) velue is designated minimum, s used in this data shaat for loglc
voltage levels ondy.

7.8 Switching Characteristics
over racommended tanges of supply voltage and operating free-air temperature (unless otharwise noted)

PARAMETER TEST GONDITIONS'™ | N TYR® max| unim
SR Drver siew rate B RL = 3 ki1 10 7 kI, s6e Figure 4 B | _ 30| Vs
SR Driver transition region slew rale G688 Fiule o ) ) B 3 Vips
Data rate ) | D TOUT switching ) i ) 120 al‘-_c_l:dlja.
i) m:gwﬂ"m‘:t"“ BME. | TTL ke, swe Figuis 3 | 500 ne
B g ik Ry ol delay me, TT( load, ses Figure 3 00 ns

(1) Testcondiions ae G1-Cd=1pFat Voo =3V 105V

Copyright £ 1885-2014, Texas Insirumants ncomaonles Submil Docuymentation Faedback 5
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7.8 Typical Characteristics

! | - T ] =——TH
B F——— -—-:; 19 | | I TOUT o RIM}
3 " = 8 | I MEARTE ..o, 1
41— A e |
] o v e A EEE !
.-5\- y B E ] 1 | |
Bl — — = S . —
g2 e e = il 1 — -]
| e | £4| bpt— ==
-5 :‘__ =Y V| [ .I =
l— | -k - | &1 =
Ez === [ = S— — — |
-4 — —— VoL & e [ ;
= ———— r— B | - . |
_1'1' | ——VOH 5 | | et
-1z &
1 z 3 4 5 & 7 @ 12346 BT @ 810111213 1445121718
Load resistanes (K3 Timm ()
Figure 1. TOUT VOH & VIOL va Load Resistance, Both Figure 2 Driver to Recelver Loopback Timing Wavalorm
Drivars Loaded
[ Submit Dacumentation Feadback Copyright & 18632014, Texss netnarmenis Incompambed
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8 Parameter Measurement Information

Yeg
FPulss
Ganarater -
{sea Hote A}
L =50pF
{sea Mote B)
TEST CIRCUIT
sline - o —» je—=10ns
I | |
! | Fowme momk o
mprt 10% Lsu'p{, s-u%[ 10% -
_m“_.h_._.k_
| 1
— \ PLH
| i '.'DH
Dutput 15V F o R Ty

WAVEFORMS
A The pulse generator has the following cherscterstics: 25 = 50 0, duty oycle £ 509,
B. Cp mulodas probe and jig cepacitance
G. Al diodes are TW30E4 or aquivalent,

Figure 3. Receiver Test Circuit and Waveforms for sy, and tp 4y Measuremenis

Cogwyrighl £ 1980-2014, Tewas Instrumenis incorporetad
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Parameter Measurement Information {(continued)

e TAIN or T2N THOUT or T20UT
mnm‘:} —Do = ElA-232 Output
{sea Note ? l
CL =10 pF

RL il I {see Note B}

TEST CIRCWIT
sions —» fe— - Iﬂ—ﬂﬂl‘l!
I ! |_|______.-..———-3"u"
N
0% . | | . 0% av
I-d— 5 g —|
tpyL — b I Pt
' J
{_ 9% | < 0% Vo
Lo o I\ oo 10% A |
| | e = === "H"QL
tru, - —» b tren
DB, =V. ) DENM. -V
6K oH EIL“___;:IL Var!
Yrun THL
WAVEFORMS

A The pukss generator has the following charactesistics: Zp = 50 0, duty cycle = 50%.
B. C includes probe and ig capacilance,

Figure 4. Driver Test Circult and Waveforms for tpy,_ and tp ,; Measurements (S-ps Input)

Pulse
Generator ¥ ElA-232 Duiput
(sea Mota A) L i

L T Cy =2.5nF
TEST CIRCUIT
“A0ns —» e — W =t0ns
Input | 1
L 80%  90%N |
105 1 1.5V 1.5V | 10%
i 20 s —#
_H =
e B
J I
Culput

WAVEFORMS
& Tha pulsa generstor has the following cheracteristios: Zo = 50, duty cycle 5 50%:
Figure 5. Test Clrcuit and Waveforms for tyy, and i,y Measurements (20-ps Input)
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9 Detailed Description

9.1 Overview

Tha MAX23Z device is a dual driverrecelver that includes a capacilive vollage generator using four capacitors to
supply TIVEIA-232-F voltags levels from a single 5V supply. Each receiver converts TIAEIA-232-F inputs to 5-
W TTL/CMOS levels. These receivers have a typical threshold of 1.3 V, a iypical hysteresis of 0.5 V, and can
accept +30-Y inputs. Each driver converts TTL/CMOS input levels into TIAJEIA-Z32-F levels. The driver, recelver,
and voltage-generator functions are available as cells in the Texas Instruments LinASIC™ library. Qutputs are
protected against shorts o ground.

9.2 Functional Block Diagram

BV POWER

2 2 Tour
I > ; A
ROCUT = & R
7 R5232
9.3.1 Power

The power block increases and inverts the 5V supply for the RS232 dnver using a charge pump thal requires
four 1-pF external capacitors.
9.3.2 R3232 Driver

Two drivers interface standard logic level to RS232 levels. Internal pull up resistors on TIN inputs ensures a high
input when the line Is high impedance.

9.3 Feature Description

8,23 RS5232 Receiver
Two recaivers interface R5232 levels to standard logic levels. An open input will resultin a high output on ROUT.

9.4 Device Functional Modes

941 V.- powered by 5V
The device will be in normal operation.

9.42 V.c unpowerad
When MAX232 is unpowered, it can be safely connected to an active remote RS232 davice,

Table 1. Function Table Each Driver!!!

[ INPUT OUTPUT
N ~_TouTt
L . H
H L B

1) H=high level, L = low kaved, X = imelevant, Z = high impedance

Copyright & 18R8-2014, Taxas Inskusmenin ncomaorabed Subrmit Documentaiion Feedback k|
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10 Application and Implementation

Tabie 2. Function Table Each Receiver'"

INPUTS OUTPUT
RIN ROUT
: : v : )
H L

Dpen i

1) H = high lewed, L = low levsl, X = irrelevant, Z = high impadance (off),
Opan = disconnested Input or connectad driver off

NOTE

Information in the following applications sections is not part of the Tl componsnt
specification, and T! does not warrant its accuracy or completeness. TI's customers are
respansible for determining suitability of companents for thair purposes. Customers should

validate and tast thair design implementation to confirm system functionality.

10.1 Application Information

For proper operation add capacitors as shown in Figure 8 Pins @ through 12 connect to UART or general
purposs logic lines. EIA-232 lines will connect to a connecior or cable.

10.2 Typical Application

5V
T+ 1
CEYPASS = 1 0F = |
i |18 ]
I Voo A
o L 2 =
G155 1pF 3 Er Vge | %+ BV

|
cf= gomis |
CZ A= 1pF 5

G- &
# . ey T ek 232 Output
Froum CHBOE or TTL i“w 7
—Eh = [ EtA-233 Crtput
12
J’ ] r —'. Baazmen
To GMOS or TTL N 2
L._.n-* i r |—=—"— ena32 mpui
15
GHD

T 03 can ba connecian i Vi or GHND,
MOTES: A Ressbor volisas shmam are nominal.
B. Moapalsrized coramio capaclion we sooaptabla. i polarzed lankshim of slemrivtic capmclcrs are used, thay should be

cormected a5 shoan. In adoition o oihe 1-pF capaciomn srown, e MAXEIE tan operada wilh 1. 1-uF capactons.

Figure 6. Typical Operating Circuit

10.2.1 Design Requirements

«  Vee minimum is 4.5V and maximum is 5.5 V.
s Mexdmum recommended bit rate is 120 kbps.

10.2.2 Detalled Design Procedure
Use 1 uF tantalum or caramlc capacilors.

5
e Ve _T_ > =HEY
G-l 4 pF
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Typical Application (continued)
10.2.3 Appileation Curves

m
g — = 2
E e — e i
7 i —
£ | ——
5 | =
== E
=== :
= EI g el || =
[7] 3 e L _—
g 3 == i al] A
3 ——
_g L.‘h__ i = ——

i = ! R —
1:3 T —— — Y
Z%E — — ] —wen

| rd £} 4 |-} L] T

Load resistance O}
Flgure 7. TOUT VOH & VOL vs Load Resistancs,
Drivers Loadad

11 Power Supply Recommendations

Both

12
1 ] I T
o e ——— TOUT [to AN
I e o B O (B T
T [ I T =
b —_—— _I.__' i --.. .l._l R
= B i ! l —jr '_
= a f] : i
N 1 | el —
] <] ———
pibe =tV 1]
= 21 / : =
—3 = L2
:43 S S SE— I
I 1 £ 1
E } |
1 i s e g
& ' '
01 2345676 81112131416 184718
Tl {1e)

Figure 8. Drivar to Receiver Loopback Timing Wavelorm

The Ve voltage should be connecied to the same power source used for logic device connected to TIN pins.

Ve should be between 4.5V and 5.5V,

12 Layout

12.1 Layout Guldelines

Keep the extemal capacitor fraces short. This is more Important on G1 and C2 nodes that have the faslest rise

and fall timeas.

12.2 Layout Example

Ground
== [1]c1+ Voo [18] | vee
—1_ .T.; ywF —|—II =
W [2]vee eND[E] | e
[3lcr-  TiouT[i4]
—U— [4]cas R1IN[13]
1u
[5lcz-  riouT[iZ]
orownd—| |- [6] V5- THINH]
1uE
[7iT20uT  T2IN|10]
[8]lran  r20UT|9]
Figura 9. Layout Schematic
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13 Device and Documentation Support

13.1 Related Links

The isble belcw lists guick access links, Categores include technical documents, support and community
resources, tools and software, and quick access to sample or buy.

Tahle 3. Relatad Links

e TECHMNICAL TOOLE & SUPPORTR |

PARTS PRODUCTFOLDER | SAMPLELBUY | DOCUMENTS |  SOFTWARE COMMUNITY |
MAXZI2 Click here Cliek Feste lCE':_i_u:k hana | _f__‘.l!n::c nefe Click hware
MAKZIZ Click hera | Cilirke hiere Cllck hers Click hena  eick here

13.2 Trademarks
Al trademarks are the property of their respective owners.

13.3 Elsctrostatic Discharge Caution

J‘ Thnese devicas have lmited bulli-in ESD proleclion, The keads should e shorted tegether or the device placed in conducilve foam
M durirg siage or handing to pravent electreatetic damage o the MOS gates.

13.4 Glossary
5LYZ022 — TT Glossarny.
This glossary lists and explains terms, acronyms and definitions.

14 Mechanical, Packaging, and Orderable Information

The follawing pages include mechanical packaging and crderable information. This information is the mast
current data available for the designated devices. Thig data is subject to change without notice and revision of
this document. For browser based versions of this data sheet, refer to the lefl hand navigation,
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TAPE AND REEL BOX DIMENSIONS

e f
]
4
< P
= ot i
Al dimensions are nominal
Davice Package Type |Package Drawing| Pins sSPh Length {mm) | Width (mm) | Helght (mm)
MAX232DR SOIG D 15 | 2500 393.2 3458 286
MAX2320R SOIC D 16 | 2500 367.0 3670 38.0
MAXZIZDRGA soIC D 18 | 2500 332 | 3458 286
MAX232DRG4 SOIG B 6 | 2500 367.0 370 | 380 |
MAX22ZDWR SOIG oW 16 | =zo0o 367.0 367.0 38.0
MAX2320WRGA SOIC oW 16 | 2000 367.0 367.0 36.0
MAX232IDR S0IC o 16 | 2500 333.2 345.9 28.6
MAXZ32IOWR S0IC oW 16 | 2000 367.0 367.0 38.0
| MAX232IDWRGH s0IC oW 18 | 2000 | 367.0 367.0 3.0

Pack Materials-Paga 2
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LAND PATTERN DATA

D (R-PDS0O-G16) PLASTIC SMALL OUTLINE

Example Board Loyout mﬁrw

{Hote G)

—=1 (=—16x0,55

14x1,27 ‘ —-—--’J-‘ ‘ll-—‘lh‘i.i?
FRTTET LT EETEELE

0,07 /

ATNZR-4/E 0B/1Z

M linsor dimansions ore in milllmetera

This drawing Is subject to chonge withcut notice.

Publicalion IPC~7351 Is recommended for oitermate designe.

Loser cutting opertures with tropexoidal wails ond olsc rounding comers will offer batter poste roleose. Cuzlomers shouid
confoct ther board ossembly se for stencil design recommendations. Refer to IPC-7525 for other slenci recommendatlons.
Customers should contact their board fobrication site for sclder maskc toleronces betwean ond oromd signal pada.
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MECHANICAL DATA
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LAND PATTERN DATA

DW (R-PDSO—G16) PLASTIC SMALL OUTLINE
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This drowing I8 subject to chonge withoul notice.
to PCTI5 for oltemote boord design.

T

mm%w-dlmddxnwm“mﬂnﬂwhﬁrmm Customars should
contoct their boord ossembdy site for stencl design recommendotions. Refer o IPC-7525

Customers should contoct thekr board fobricotion sits for sdlder mosk toleronces batwesn ond oround signal pads.
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MECHANICAL DATA
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IMPORTANT NOTICE

Texas Instrumants Incorporated and its subsidisries (T1} resarve the fght to make corections, enhancements, iImprovemenis and other
changes to its semiconducior products and services per JESD4S, lalest issue, and fo discontinue any product or service per JESD4E, latest
izsue, Buyers should oblain the Iatest ralevant information before placing ordess and shauld verty that such information |s cumrent and
complete. All semiconductor products (aleo efered to hersin a8 ‘components”) are sold subject to T's terme and condltlons of sale
suppled atiha lime of order acknowledgment,

T| wamants perfatmance of its components to the specilicalions applicable at he Eme of sale, in accordance with the wamanty in Tl's tarns
and conditions of saie of semiconductor products, Testing and other quality conral techrigues are used to the extent Ti deems necessany
o sipport this warmranty, Except whers mandated by applicable law, testing of all peramelers of sach component Is not necessarily
perfimed.

Tiessumes na Eabllity for applications essistance or the design of Buyars' products. Buyers are responsible far thelr products and
appiicationa using Tl components. To minimize the nisks associated with Buyers' praducts and applications, Buyers should provide
adequate design end operating safequards.

Ti does not wamant of repraserd that any license, either express or implied, (= granted under any patant right, capyright, mask work right, or
ather inlellectual property right ralating ba any combination, machine, or process in which Tl components or services are used. Informetion
pubfished by T regarding third-party products of serdess does not conatitute a ficanse to wse suoh products of services o a warmanty or
endorsamant thereof, Use of such information may require a llcensa from a thind party under lha palents or other Intelectusl property of the
third party, or a license from T) under the patents or other [mellectLial propery of TL

Raprodiction of significant portions of Tlinformation in Tl data books or data sheets is permissible only If reproduction 13 without afteration
and iz sccompanted by all asseclsted warmantiss, conditions, limilations, and notices. T is not responsibls or liable for such altered
documentation. [rformation of third parties may ba subject ta additional restrictions,

Resals of Tl companents or services with stalements differant from or beyond the parameters stated by T1 Tor that componen! or seqvice
voids all express and any implled warranties for the esscciated T component or servica and is an unfair and deceftive business practica.
Tl 1= nol respongible or lisble for any sUch sEemants.

Buyer acknowiedges and agrees that it is solely responsibls for compliance with all legal, regulatory and safely-relaled requnaments
conceming its products, end any uss of Tl components in its applications, netwithstanding any applications-related informalian ar slpport
that may be provided by T). Buyer represents and agrees Ihal It has all the necessary expartiss to create and Implement ssfeguards which
anticipate dengerous conssqusnees of failures, monitor failures and thelr consequences, lessen the IKelihood of fallures that meght cause
harm and take spproprials remedlal actions. Buysr will fully indemnify TI and its representatives against any damages arlsing out of the vse
of any Tl components in safaty-critical appHcations,

In some cases, TI components may be promoted specifically to faclilate safety-related applications. With: such componeils, TI's goal (s Lo
halp enable customers to design and creale their own end-product soluions that meet appiicable funcional safaty standards and
requiraméants. Nonetheless, such components are subject 1o these tems.

N T1 components are authorized for wse in FDA Class (Il (o similar ife-critical medical equipment) unless authorized officers of the parties
have exsciled a spacial agreemenl specifically govering such use.

Only thoee TI components which T1 has specifically designated as military grade or “enhanced plastic” are designad and intsnded for use |n
militmry/asmspace applications or snvironments. Buyer acknowledges and apreas thal any military or serospaca use of Tl componants
which have not bean so designated is solely af the Buyer's riek, and thal Buyer |s solely responsitde for compliance with ol legal and
regulatory requirements In conection with such use.

Ti has specifically designated esrain components as meeting ISC/TS 16849 requéiremants, mainky for automative use. In any case of use of
non-designated products, T1 will not be responsible Tor any falure io mael IS0 516245,

Products Appllcations

Audic wwrw _camdaudin Automotive and Transportation  www i oormdaulamotive
Ampifiers amiplifer 1l com Communications and Telecom  www. L comicanenlnications
Crata Converters dataoanvarer.fi.oom Computers and Peripherals Wil fi.comecomputers
DLPE Products waarwe dlp.com Coreunvar Elactronice WAL DT COnS LM AT IR
osP dgp fl.com Enargy and Lighting Wik L comieneagy

Clocks and Tmers wowrw A .camiclochs Industrial wiwras i pmiirediestrial
Intarface interface.icom Medical wany s eomimedical

Logic logic. i com Security whrw i comisessuriy

Power Mg posar, |l colm Epasce, Avionles and Defense w1 comispace- avinnics-iefenss
Microconlrallers mictacontradiar i com Widen and imaping w11 comviden

RFID o ti-rfid . ooam

OAAP Applications Procsssols wiwnwti:comiomap T1 E2E Community e tioam

Wirslees Connactivity s tcormiwirelessconnectivily
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LM258, LM358, LM358A,
LM358E, LM2904, LM2904A,
LM2904E, LM2904V,
NCV2904, NCV2904V

Single Suppiy Dual
Operational Amplifiers

Utilizing the circuit designs perfected for Quad Operational
Amplifiers, these dual operational amplifiers feature low power drain,
a common mode input voltsge range extending to ground/Vig, and
single supply or split supply operation. The LM338 series is
equivalent to one~halfl of an LAM324.

These amplitiers have several distinet advantages over standard
operational amplifier types in single supply applivations. They can
operate at supply voltages as low as 3.0 V or as high as 32 ¥, wath
quiescent currents about one—fifth of those associated with the
WME1741 (on a per amplifier basis), The ¢otnmon mode input range
includes the negative supply, thereby eliminating the necesaty for
external biasing componenis in many applicanons. The oupit voltage
range lwo inchudes the negaiive power supply voliage,

Faatures

Short Circuit Protected Oulpits

True Diffcrential Input Stage

Single Supply Operation: 30V w32V

Low Input Bias Currents

Internally Compensated

Common Mode Range Extends to Megative Supply

Single and Split Supply Operation

ESD Clamps on the Inputs Increase Ruggedncss of the Device

withoul Affecting Oporaton

® NCV Prefix for Automutive and Other Appheations Requining
Uinigue Site and Control Change Requirements; AEC-Q100
Qualified and PPAP Copable

® These Devices are Pb—Free, Halogen Free/BFR Free and are RoHS
Compliant
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LM258, LM358, LM358A, LM358E, LM2904, LM2904A, LM2904E, LM2904V, NCV2904,

NCV2e04V
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Figura 2. Representative Schematic Diagram
{Ong—Half of Circuil Shown)
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LM258, LM358, LM358A, LM358E, LM2904, LM2904A, LM2904E, LM2904V, NCV2904,

NCV2904V
MAXIMUM RATINGS Ty = +25°G, unhass otharw|se noted, |
RAating Symbol Value Unit
Power Supply Vollages Vdo
Single Supply Veo 3z
ST Suppliae Yoo VEE HE
Input Di¥farantial Valtage Range (Mota 1) Vion +32 Vo
Input Commaon Mode Vollage Range WVien —0.3 to 32 Ve
Output Short Circuit Duration 1tz Conlinuous
Juneticn Temparahurs TJ 150 G
Thermal Pesistance, Junction=to-Alr (MNote 2) Tase B4EA Fyis =ocl] oW
Case 751 212
Case 626 1581
Slorage Tamparature Range Teap —&6 1o +150 G
ESD Protection at any Pin Vaad L
Human Body Mods| 20
idachine Model 200
Oparating Amblent Temperature Rangs Ta o
L2585 -25 10 +85
LM358, LM3ssA, LMISEE Qto +70
L2a04, LM20044, LM2904E 40 +105
LMZ9D4, NCW2804 (Mole 3} —40 o +125
HNCV2e04Y (Mals 3) =40 ta +150

Stresses exceading those isted In the Maxdmum Rafings tabe may damage the device. If any of thesa Imils are exceeded, davice funchonality
should not ba assumed, damage may accur and reability may be afected.

1, Spff Power Supplies,

2. All Ry, measurements mads on evaiuston board wilh 1 62. coppEer Teces of minimLEm pad size, Al device oulpuls were aotive,

3. NCVESOd and MOV are qualiied for autommolive vse,

www. ongeml.com




LM258, LM358, LM358A, LM358E, LM2904, LM2304A, LM2S04E, LM2904V, NCV2504,

NCV2904Y
ELECTRICAL CHARACTERISTICS (Voo = 5.0V, Vg = GND. Ty = 25°C, unless otherwise noled )
LMIE8 LM358, LM35SSE [NTELTTY
Charactaristic Symbol | Min | Typ | Max | Min | Typ | Max | Min | Typ | Max | Unit
Input Offzet Voliage Via my
Vm:f.‘ﬁ.ﬂVhaﬂu,v“;—ﬂ\rm‘fgc—t?u‘
Vo=14V.Reg=084
T = 25°0 - 28 | 50 - za | o - 20 | Ab
Ta= Tﬂgh {Moke 4} = == 7.0 - - 2.0 - - E0
Ta = Ty (Mota 4) - - 7.0 - - 9.0 - - 50
Average Temperature Coefflalent of input Offest | AVi/AT | — 70 - - 70 - - 7.0 - | pvimo
Yoltage
T = Thigh 10 Tigw (Nota 4}
It Citfset Current [ - Jaoc s | - |50 |50 | - |50 |3 | nA
Ta= Tmﬂﬁ 10 Ty (MokE 4) - 100 - - 150 - - 75
nput Bias Currernt I = <45 |=150 | - a5 | —250 " 45 |—100
Ta = Thigh 10 Tims (Mote ) - =50 (=300 - -50 | =500 - —50 {200
Awarage Tamperatore Coefficiant of Input Ofsel | Alip/aT | - o - - io - - 10 - | pATG
Zurrant
T,u, = Thlg,h 1o T;u“ :Nﬁt& 4)
Input Gommon Mode Veltage Range (Mots 5}, YVice 0 - |283 | @ = |23 | 0 - | 285 ")
Yoo = 30V
Voo =30V, Ta = Tgn 12 Tiow 0 - 28 0 28 a - 28
Oifterantial input YYoltage Range Vioe = - Voo = = Yoo - - Ve W
Large Signal Opan Loop Voltage Gain By, Vimy
Ry = 2.0 KK, Voo = 15 V, For Large Vo Swing, so |10 | - |25 |100| - | 28 |00 | -
T = Trign 10 Tigey (Mota 4) 25 - - 15 = 2 15 = =
Chamnnel Separation ] - |-i2n]| - - |12 | - + 120 | - dB
1.0 kHz =1 = 20 kHz, Input Referancad
Commaon Made Rejection SMA 70 1 = =3 71 - &5 0 = dB
Rg< 10 ki
Powar Supply Felection FSR B5 100 - 65 100 - BS 100 - dB
Cuibpert Vollags—High Limit Vo W
TA - Thiv" tﬂTw ﬂ"ﬂ"& 4:|
Vog=50 Y, R =20k, Ta=250C 33 | 35 - 33 | 35 - 33 | a5 -
Voo=30 Y R = 2.0 k&2 28 - - 26 - - 28 = =
Yoo =230V By = 10k 27 28 - 27 28 - 27 28 -
kUl Voitage-Low Limit VoL - 50 20 - 5.0 20 - 50 20 my
W =50V, A =10 kil
Ta= Tmm 10 Thy (Mot 4)
Chitput Source Currant b+ mA,
Vip=+1.04 Voo =15 ¥ 20 | 40 | = |20 |40 | - |20 | 40 | -
T,q = THU‘I o T"," EL.I‘\BSBA Cily) 10 - -
DQutput Sink Gurrent o-
Yip= —1.0 W Ygg = 15 W 10 | 20 = 10 | =0 = 10 | 20 - méA
Ta = Thigh 10 Tipw (L3584 Only) 5.0 - - mA
Vi ==1.0 ¥, Vo = 200 m¥ ia 50 - 12 50 - 12 B0 - )
Culput Short Cinouit to Ground (Mate 6] Ig - 4af &0 - 40 €0 - 44 B0 md
Powsr Supply Cument (Tote!l Deviea) e mA
Ty= Th'qh for T (Mote 43
Vog=30V, Vg =0V, Ry == - {15 a0 | - (15|80 | - |15 |20
Vop=8V Vo=0V R == - 0.7 1.2 - a7 | 1.2 - o7 |12
4, LM25B: T = —25°C, Tiyon = +85°0 LMI5E, LMISEA, LIMISAE: Tigy = 0°G, Thgh = +70°C
L2904/ AE: Ty = —0°C, Tygn = +105°C L2004 B NCV2004: Ty, = -40°C, T|-'E|-| =4+125°C
NEVESH4 and NGVI904V are qualied for aulomoilve use,  NCYZR04Y: Tigy, = —40°C, Thgy = +150°

5, The input common mode voltaga of elther Input signal voltage sheuld not be aliowied 1o go negative by maora than 0.8 W, The uppes and of

the comman mode voltage range s Voo — 1.7 W
€. Shert circuits from the oulput 10 Ve can eause excessive healing and sventual destruciion. Dastructlve dissipation can feesull from

simultangous shorts on all amplifiers.,

www.gngemicom




LM258, LM358, LM358A, LM358E, LM2904, LM2904A, LM2904E, LM2304V, NCV2904,

NCV2904V
ELECTRICAL CHARACTERISTICS Vi = 5.0 W, Ve = Gnd, Ty = 25°C, unlass othensisa noted.)
LaAze0dy, MOV 2a04
LM2Zo04/LM2a04E LM28044 HCV29a04Y
Charactsristic Symbal | Min | Typ | Max | Min | Typ | Max | Min | Typ | Mex | Uni
Input Ofizet Unitaua Vin my
Yoo =0 YieddW Yic=0V1o II||"|g:;;—'|.Tn"'n.l",
Va=14V.Rz=00
Ta = 25°C - 20 | 7.0 - 20 | 70 - - 7.0
Ta = Thigh (Note 7) - - 4] - 10 - = 13
T = Tioww (Nlote 7) - - o | - = | - - | 10
Ayerage Temperature Coefficlant of Input Offset AVipAT | - | 7.0 - 70 - = |70 - | pwrc
Voltage
Ta= Thigh 10 Tigw (Male 7)
input Offset Current i - 50 | :Bd - 5.0 5 - 50 | 50 nA
Ta= Thiﬂ'l 10 Tigw (Mote 7) - 45 200 - 45 200 - 45 200
Inpul Bias Current lig - | 45 |-=50| -~ | =45 |-100| - | -#5 |-250
Ta = Thigh 10 Tigw (Mote 7) - | -50 |-s00| - | -50 |-250| - | -S50 |-S00
Avarage Temperature Coaefficiant of Inpat Cifsal AlgfaT | - 10 - - 1o - - 10 - | pASG
Current
Ta = Trigh 10 Tigw {Mote 7)
Inpul Comimon Mode Yoltage Ranga (Nate &), Vich a - |eg3 ]| 9 - |e283| 0 - |m3] ¥
Ve = 30 v
Voo =30V, Ta= Thigh 10 Tiow o - 28 ¥ - 28 a 22
Difierential Inpat Yoltaga Ranga Yiom - = Voo - - Ve | — - Yoo W
Large Signal Opan Loop Yollags Gain Ao Wim\
AL = 2.0 k2, Ve = 15 V. For Lasge Vg Swing, 25 {1 | - | &= w0 ] - |2 0| -
T = Thigh 10 Tjpw {Mota 7) 15 - - 15 - - 15 - -
Channal Separation (] - |-tao | - - |-120] - - |=120]| - dB
1.0 kHz = [ = 20 kHz, Input Referenced
Common bode Rejeciion CMA 0] 70 - a0 7o - 50 70 - dE
Rg = 10k
Powar Supply Hejacton PSR 501 | 100 - 50 | 100 - 50 | 100 - dB
Qutpud Vottaga—High Limit Van W
Ta = Thigh 10 Tigw (Nole 7}
Voo=5.0% B =20k, Ta=235°C 33 | 85 - 32 | 35 - az | a5 =
Voo =30V A = 2.0 k0 F - > 26 - - 28 . -
Yoo =230Y, Ay = 10k 27 | 28 - 27 | 24 = 27 oa =
Cutpud Volttage-Low Limit Vew - a0 20 = 5.0 20 - 2.0 20 Ty
Yoo =50Y, R =10k,
Ta "Th'ih 10 Ty (Mole T}
Duitput Soures Currant g, |20 |40 | - |20 |4 | - [20 |40 | - | mA
Vip=+10W Voo = 15V
Crtput Sink Current I
Vip=-1.0W Voo =15V 10 20 - 0 | 2o - 10 20 = ma
Yig = =1.0 ¥, Vo = 200 my - - = - - = - - - i
Corput Short Cinguit to Gooved (Mote 8) lag - 40 2] - 40 ] - 40 &0 ik,
Powst Supply Current {Total Device) lee md,
Ta = Thigh 10 Tigw (Note 7]
Vop=30W Vo=0V. R == - 15 | 30 - 1.5 | 3.0 - 15 | 30
Um =5V V=0V RL == - o7 1.2 - 0.7 1.2 - oz 1.2
LA358, LM3S8A, LMISBE: Tigw = 0°G, Thigh = +70°C

7. LM258: Ty =-25°C, Thgh = +B5°0
LMMNE. Tll!ﬂ'-' = -40'3&. Tnm =+1 IZIE"C

NOV2S04 and NCVE9R4V ane qualified for aufomotie vse,  NMCV204Y; Tigy = —30°C, Thigh

LM2304Y & NCY2304: T, = —40°C, THErt = +1257C

= +1 50

B, The input comman made voltage or either input signal voltage should not be aflowed to go negative by maore than 0.3 V. The upper end of

the common moeds wollags range |3 Yog =17 W
4. Shorl clreuits from the miput 10 Viop can cBuse

simultaneous shorls on all amplifiers.

WWW.ONSEM. Coim
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LM258, LM358, LM358A, LM358E, LM2904, LM2904A, LM2904E, LM2904V, NCV2904,
NCV2904V

CIRCUIT DESCRIPTION

The LM3ISE sweries is made uosing two  intetnally
compensated, (wo—stage operational amplifiers. The first
stage of cach consists of differental input devices Q20 and
1% with impat bulfer vansistors Q21 and Q17 and the
differential to single ended converter Q3 and 4, The first
stage performs not only the fivst stage gain function but also
performs the lovel shilting and ransconductance reduction
functions, By reducing the transconductance, a smaller
compensation capacitor (only 5.0 pH) can be employed, thus
sawing chip area. The transcondvctance reduction is
accomplished by spliming the collectors of (20 and CF18.
Another feature of this inpul slege is that the input common
munde range can include the negative supply or groond, in
single supply operation, without sutirating either the input
devices or the differential to singla—ended converter. The
second stage congists of a standard current source load
amplifier slage.

Each amplifier is biased from an internal—voliage
regularor which has a Jow lemperature coefficient thus
giving each amplifier good temperatare characteristics s
well as excellent power supply rejection.

¥ . NPT WOLTAGE (W)

1] 20 40D
Veuhes, POWER SUPPLY VOLTASES (V)

Flgure 4. Input Yoltage Range

g0 &80 10 12 14 1B 1B 20

AL, OPEN LOOP VOLTAGE GAIN ja8)
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Figure 3. Large Signzl Voltage
Followar Response
T | | [T 1
[ Vop= 15V
- T Weg = Gnd
"—\ 1 T,l,:ﬁ“ﬂ
b e b
1.0 10 100 10K 10k 100 k (E
1, FREGUENGY [Hz]

Figure 5. Large-Signal Open Loop Voltage Gain
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VR, OUTPUT VOLTAGE RANGE [V o)

lgps . POWER SUPPLY CURRENT tmA)

LM258, LM358, LM358A, LM358E, LM2904, LM2904A, LM2904E, LM2904V, NCV2204,

NCV2904V
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Figure 8. Power Supply Current versus
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Figure 9. Input Bias Current versus
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LM258, LM358, LM358A, LM358E, LM2904, LM2904A, LM2904E, LM2904V, NCV2804,

NCV2904V
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LM258, LM358, LM358A, LM358E, LM2904, LM2904A, LM2904E, L2904V, NCV2904,

NCV2904V
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Hf Wiers §, and EIW are axressed In Hz.
po PR L o Rz R It source impedance varias, filer may be praceded with vollage
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LM258, LM358, LM358A, LM358E, LM2904, LM2904A, LM2904E, LM2904V, NCV2904,
NCV2904V

ORDERING INFORMATION

Davics Operating Temperaturs Rangae Package ShippingT
LfasRADRIG 2500 | Tape & Resl
S0IC-8 : .
Lii3saDG {Pb-Free) 28 Unils [ Rail
LM35aDR3G 2600 / Tape & Resl
LMBESSEDRZG 301C8 2500 / Tape & Pesl
0°Cto /0 [Fb—Freel
LM3SEDMRA2ZG Microb 4000 ¢ Tape & Resl
[Pb-Frea)
LM3SANG PDIP-& 5 Linits £ R=il
{Pl—Fraa)
LM3SEDR2G {Pb-Frae) 2500 / Tape & Reel
LMEsEDMR2G _nes & MiproB 4000 ; Tape & Reel
297G 1o +B5°C (Pb-Frae)
LM258NG POIP-8 50 Units £ Rall
[Pl—Fraa)
LM2804DG — 98 Units / Rail
LMZO04DR2G [P-Fras) 2500 | Tape & Reel
LMZSMEDRZG S0OIC-8 2500 ! Tape & Resl
{Plb—Frea)
LMZIMOMREG hicros 2500 | Taps & Reel
(Fb—Fras)
—40°C 1o +105°0
LMZ304NG . PDIP_8 50 Units / Pal
(Pl—Fraa)
LMZBC4ADMG hicros 4000 ! Tepe & Real
LM2004ADMAZG (Pb-Free) 4000  Tape & Reel
L2504 AMG PDIP-E 53 Units ¢ Rail
{Pb-Fraa)
LIM2O04 VDG S0IC-8 98 Unils / Rail
LM2E04VDR2G (Po-Free) 2500 ¢ Tape & Reel
LM2ei4 VDM A2E e o8 4000 ! Tape & Fasl
{Ph=Fres)
LM2904VNG 2 {980 PDIF-8 50 Units / Rall
40°C lo + (Po—Fres)
MOV 2804 DR2G" SOIC-B 2500 / Tape & Resl
{Pb—Fres)
MCV2204 DMR2G" Microg 4000 / Tape & Resl
(Pb—Free)
MNCOVZeMYDAZE" ~40" G bo +150°C S50NC-B 2500/ Tapa & Rael
{Pb—Frae)

+For information on tape and reel speciications, including part orantation and tape &lzes, pleasa refer o our Tape and Resl Packaging
Specifications Brochure, BROGOT1/D.
"M Prefix for Automotive and Other Applications Requiring Urigue Skt and Conirol Change Requirsments; AEC-G100 Cuialiied and PPAFP

Capable.

WA, gnSEmi_com
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LM258, LM358, LuasaA,-'Lmss_dE, LM2904, LM2904A, LM2904E, L M2904V, NCV2904,

M

&
Wi, L
Y Y
W, W
a

NCV2904V
MARKING DIAGRAMS
POIP-3 | POIP-8 ' POIP-B
N SUFFIX AN SUFFIX VN SUFFIX
; CASE B8 CASE BI8 CASE 626
sp L A Bp A A b | b LN
" LMxSBM - LM2804N LMZa04AN LRAZE04N
D AWL D AWL Y AWIL D AL |
o YYWWG o YYWWE sy YYWWG S YYANNG
FTrTT AFY T T T
S0IC-6 SOIC-8
D SUFFI VD SUFFIX
CASE 751 GASE 751
a i
56
LYWa
1
;|
S5HE
LYWA
|
MicroB
DMRAZ2 SLUFFIX
CASE 8464
5 g 8 8
58 2004 BO4A soav |
AY A AYWe ATV AW
Lo . (o =
IHH 1 1 1

=20ar3

= Asgembiy Localion
= Wafer Lot

= "Ear

= Work Waek

= Fb-Free Package

= Pb-Frae Package — (Male: Microdot may be in either locafion)

*This diagram slso applisg to NCVZ904

e onsami.com
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LM258, LM358, LM358A, LM358E, LM2904, LM2804A, LM2904E, LM2904V, NCV2904,

NCV2904V

. POIP-8

' . N, AN, VN SUFFIX

CASE E26-05
ISSUE P

fog 1o

EHD YIEW
WATH LEADS CO8

HOTES'

END VIEW

S G mg:|a-u-; HOTE S

WM DRSEML,Com
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PACKAGE DIMENSIONS

WOTES

CIMENSICHING AND TOLEAANGING PER ASVE Y145, 1954,

‘> CONTROLLING DIMENSION: INCHES. )
. DAMEMEYORE A, &1 AND L APE MEASUAED WiTH THE FhikK-

AGE SEATED IM JEDEC SEATING PLANE GALIGE G5-3

. DIMENSIONS 1, [ AND Ef DO NOT INCLUDE MOLD FLAEH

OF PROTRLISIONS. MOLD FLASH OR PROTRIRNNG ARE
MOT-TO EXCEED £.13 [EH

. DIMENEIOH E 15 MEASLIRED AT A POINT 0015 BELOWY DIATLIM

ELAME M 'WiTH THE LEADS COMSTRAMED PERPENHCULAR
O DATUM .

. DEMERSHOM aB 15 MEASLAED AT THE LEAD TIPS WITH THE

LEADS UNCONSTRAINED,
CATUM PLANE H 15 GOMCIDENT WITH THE BOTTOM OF THE
LEADE, WHERE THE LEADS EXIT THE BODY.
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