SKRIPSI

PERANCANGAN DAN PEMBUATAN AMPEREMETER
ARUS SEARAH DIGITAL HALL EFFECT SENSOR DENGAN
OUTPUT SUARA

Disusun Oleh :

AD1 DWI CAHYANTO
06.12.227

JURUSAN TEKNIK ELEKTRO S§-1
KONSENTRASI TEKNIK ELEKTRONIKA
FAKULTAS TEKNOLOGI INDUSTRI
INSTITUT TEKNOLOGI NASIONAL MALANG
2012




LEMBAR PERSETUJUAN

PERANCANGAN DAN PEMBUATAN AMPEREMETER ARUS
SEARAH DIGITAL HALL EFFECT SENSOR DENGAN OUTPUT
SUARA

SKRIPSI

Disusun dan Diajukan Sebagai Salah,Satu Syaral Untuk Memperoleh
_.._.__.;' '..-.-_-.' - Lizifedy i Eo i :_l'l_.: a2 ‘qﬂm !‘S— rj

JURUSAN TEKNIK ELEKTRO S8-1
KONSENTRASI TEKNIK ELEKTRONIKA
FAKULTAS TEKNOLOGI INDUSTRI
INSTITUT TEKNOLOGI NASIONAL MALANG

2012




ABSTRAK

“PERANCANGAN DAN PEMBUATAN AMPEREMETER
ARUS SEARAH DIGITAL HALL EFFECT SENSOR
DENCAN OUTPUT SUARA ™

Adi Dwi Cahyanto NIM 06.12.227
Dosen Pembimbing : M. Ibrahim Ashari,ST, MT dan Ir. Eko Nurcahyo

ABSTRAK

Pengukuran merupakan hal yang penting dalam berbagai aktivitas, hal ini
berkaitan dengan kebutuhan untuk mengetahui nilai dari variable yang divkur untuk
menentukan suatu tindak lanjut. Tidak semua variable dapat ditanggapi langsung oleh
indra manusia, sehingga diperlukan suatu alat untuk mentranformasikin mermnalui
sebuah fenomena fisis agar dapat dimengerti.

Skripsi ini bertujuan untuk membual amperemeter arus searah digital dengan
Hall Effect sensor yang memanfaatkan medan magnet akibal arus listrik. Dimana alat
ukur ini memiliki pembacazan dengan kelepalan yang tinggi, karena didalamnya terdapat
rangkaian low-offset linear Hall dengan satu lintasan vang terbuat dari tembaga. cara
kerja sensor ini adalah arus yang dibaca mengalir melalui kabel tembaga yang terdapar
didalamnya yang menghasilkan modan magnet yang di tangkap oleh integrated Hall IC
dan diubah menjadi tegangan proporsional. Medan yang diterima oleh sensor Hall
Effect akan diteruskan ke system mikrokontroller dan kemudian hasilnya ditampilkan
pada penampil LCD dun suara yang terckam di 131 32590,

Kata kunci : Amperemeter Digital, Speaker.
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BABI
PENDAHULUAN

1.1. Latar Belakang

Manusia dalam melakukan aktivitas kehidupan sering melakukan pengukuran,
hal ini berkaitan kebutuhan manusia untuk mengetahui nilai atau besaran dari variabel
vang diukur. Nilai ini dipergunakan untuk melakukan perhilungan dan perencanaan
dalam melakukan aktivitasnya.

Tidak semua variable dapat ditanggapi langsung olch panca indra manusia,
karena kclerbatasan ini maka diperlukan suatu instrument yang dapal mclakukan
transformasi melalui suatu fenomena fisis schingga memungkinkan pengamatan melalut
panca indra, sebapai contoh besaran arus listrik ditranstormasikan dalam besaran
mekanis perubahan sudut misalnya, perubahan sudut ini berhubungan langsung besaran
arus listrik yang diamati, perubahan sudut menjadi ukuran besaran arus listrik yang
diukur.

Instrument adalah sebuah alat yang digunakan untuk mencentukan milai atau
hesaran dari suatu kuantitas atau variable. Pada sistem elekiromk instrumentasi
didasarkan pada prinsip-prinsip clektronika. Sistem ini dapat berupa sistem yang
sederhana sampai pada sistem yang rumit namun dalam pengembangannya selalu
mengarah pada keakuratan yang lebih baik. Kelelitian sensitifitas dan resolusi
pengukuran adalah hal yang sangat perlu diperhatikan.demikian juga schab terjadinya
kesalahan dalam pengukuran.

Metode pengukuran arus pada awalnya menggunakan  galvanometer
pegas,metode ini merupakan pelopor dari instrumentasi pegas. Pengukuran ini dapat
dilakukan pada arus searah, dan pada pengukuran arus holak-balik diperlukan beberapa
penyesuaian agar metode ini dapat bekena.

(ara pengukuran arus dengan instrument pegas memiliki kelemahan karena
adanya resistansi dalam dari perangkat palvanometer yang akan mempengaruhi akurasi
pengukuran lerutama pada nilai arus yang kecil. Dari kelemahan ini direncanakan
alternative untuk merancang alat ukur arus searah digital dengan hall ¢ffect sensor yang
memanfaatkan medan magnet akibat arus listrik, sehingga tidak ada rangkaian yang

terhubung secara clektrik antara yang diukur dengan alal ukurnya.




1.2.

Tujuan

'|'ujuan penyusunan skripsi ini adalah merancang ampurcmeter arus scarah vang

akurat, mudah digunakan dan dibaca dengan menggunakan sensor hall effect.

1.3

Rumusan Masalah

Berdasarkan latar belakang vang ada, dapat dirumuskan permasalahan schagai

berikut

aj)

h)

c)

1.4.

Bagaimana merancang dan membuat amperemeter arus scarah digital vang
akural.

Bagaimana merancang dan membuat amperemeter arus seardh digital dengan
metode membaca perubahan medan magnet akibat perubahan arus Listrik.,
Bagaimana merancang dan membuat amperemeter arus searah dengan penampil

digital beserta suara

Batasan Masalah

Dalam perencanaan dan pembuatan skripsi ini perlu dilakukan pembatasan

masalah. Pembatasan masalah yang diajukan dalam skripsi ini antara lain :

a)

b)
)
d)
e)

1.5.

Menekankan pada perancangan.pembuatan dan pembahasan sistem amperemeter
arus searah digital dan suara.

Pembatasan arus yang diukur maksimal 3 ampere.

Menggunakan baterai sebagai sumber catu daya.

Suara yang dihasilkan oleh 1C [SD25%90

Ditampilkan dalam satuan Ampere (A) dua angka di belakang koma( , )

Mectodologi

Melode yang dipunakan dalam pembahasan skripsi ini adalah:

1.

Studi fiteraiure

Mencari referensi—tcferensi yang berhubungan dengan perencanaan dan
pembuatan alat yang akan dibuat.

Perancangan Alat

Sehelum melaksanakan pembuatan terhadap alat, dilakukan perancangan
terhadap alat yang meliputi merancang rangkaian keseluruhan alat, scrta

perancangan terhadap soffware.




L ]

3. Pembuatan Alat,

Pada tahap ini realisasi alat vang dibuat, dilakukan perakitan sistem terhadap

seluruh hasil rancangan yang telah dibuat.

4, Pengujian Alal

Untuk mengetahui cara kerja alat, maka dilakukan pengujian secara keseluruhan,

h

Pengolahan Data

Mengolah data dan menganalisa hasil pengujian alat untuk membuat

kesimpulan.

1.6. Sistematika Penulisan

Sistematika pembahasan persmcangan dan pembuatan Amperemeter digital ini

perincianya adalah sebagai berikut;

BAB 1

BAB 11

BABIN :

BABIVY :

BAB Y

BARB VI

PENDAHULUAN
Rerisi latar belakang, perumusan masalah, batasan masalah dan  tujuan.

: LANDASAN TEORI

Berisi tcori-teori vang menunjang dalam proses pembuatan tugas akhir int.
METODOLOGI

Berisi tentang metode yang menjelaskan tentang sistematika berfikir dalam
proscs analisis dan perancangan.

PERENCANAAN ALAT

Berisi tentang rancangan system yang membahas bagian yang demi bagian
penyusunan system baik perangkat keras maupun perangkat lunak.
PENGUJIAN DAN ANALISIS

Berisi tentang pengujian fungsi dari rangakain yang diinginkan dan data

hasil pengujian.

: PENUTUP

Berisi tentang  kesimpulan dan  saran-saran  eatang pengembangan

perancang rangkaian selanjutnya.




BAB IT
LANDASAN TEORI

2.1, Pendahuluan

Medan magnet atau bias dikatakan scbagai induksi magnetik sering discbut
dengun berbagai nama: rapat fluks magnetik, kuat medan magnetik. atau intensitas
medan magnet. Induksi magnetik termasuk besaran vecior karena memiliki fesar dan
arah.

Dua ilmuwan pertama kali menyelidiki besar induksi magnetik yang ditimbulkan
oleh kawat berarns adalah Biot dan Savarl. Suatu dacrah disekitar magnet yang masih
memungkinkan terjadi daya tarik akibat magnet dikatakan sebagai medan magnet.

Pendetcksian perubahan kekuatan medan magnet cukup mudah dan ftidak
memerlukan apapun selain sebuah induktor yang berfungsi sebagal sensornya.
Kelemahan dari detektor dengan menggunakan induktor adalah kekuatan medan magnet
yang statis (kekuatan medan magnetnya tidak berubah) tidak dapat dideteksi. Oleh sebab
itu diperlukan cara yang lain untuk mendeteksinya yaitu dengan sensor yang dinamalkan
dengan “hall effect” sensor. Sensor ini terdin dari sebuah lapisan silikon yang berfungsi
untuk mengalirkan arus listrik.

Sensor hall effect ini terdiri dari sebuah lapisan silikon dan dua buah elekiroda
pada masing-masing sisi silikon. Hal mi akan menghasilkan perbedaan tegangan pada
outpuinya ketika lapisan silikon ini dialiri oleh arus listrik. Tanpa adanya pengarub dari
medan magnet maka arus yang mengalir pada silikon tersebut akan tepat ditengah-tengah
silikon dan menghasilkan tegangan yang sama antara elektroda sebelah Kiri dan elekiroda
sebelah kanan, sehingga menghasilkan tegangan beda tegangan O volt pada outputnya.

2.2.  Hall Effect Ssensor

Pengukuran arus biasanya membutuhkan schuah resistor shunt yaitu resistor yang
dihubungkan secara seri pada beban dan mengubuah aliran arus menjadi tegangan,
Tegangan tersebut biasanya diumpankan ke cuerrent ransformer terlebih dahulu sebelum

masuk ke rangkaian pengkondisi signal.
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Gambar.2.1. Hall Effect Sensor (ACS712)

Teknologi Hall effect yang diterapkan oleh Aflegro menggantikan fungsi resistor
shunt dan current fransformer menjadi sebuah sensor dengan ukuran yang relatil’ jauh
Jebih kecil. Aliran arus listrik yang mengakibatkan medan magnet yang menginduksi
bagian dynamic offset cancellation dan ACST12. bagian ini akan diknatkan oleh
amplifier dan melalui filier sebelum dikelvarkan melalui kaki 6 dan 7, modul tersebut
membantu penggunaan untuk mempermudah instalasi arus ini ke dalam sistem.

ACS712 adalah Hall Effect current sensor. Hall effect allegro ACST12
merupakan sensor yang presisi sebagal sensor arus AC atau DC dalam pembacaan arus
didalam dunia industri. otomotif, komcrsil dam sistem-sistem komunikasi. Pada
umumnya aplikasi sensor ini biasanya digunakan untuk mengontrol motor, detekst beban
listrik. switched-mode power supplies dan proteksi beban berlebih.

Sensor ini memiliki pembacaan dengan Ketepatan yang tinggi, karena didalamnya
terdapat rangkaian low-oflset linear Hall dengan satu lintasan vang terbuat dari tembaga.
cara kerja scnsor ini adalah arus yang dibaca mengalir melalui kabel tembaga yang
terdapat didalamnya vang menghasilkan medan magnel yang di tungkap oleh integrated
Hall IC dan diubsh menjadi tegangan proporsional. Ketelitian dalam pembacaan sensor
dioptimalkan dengan cara pemasangan komponcn yang ada didalamnya antara
penghantar yang menghasilkan medan magnet dengan hall transducer secara berdekatan.
Persisnyz. tepangan proporsional yang rendah akan menstabilkan Bi CMOS Hall 1C

vang didalamnya yang telah dibuat untuk ketelitian yang tinggi oleh pabrik.




2.3.  Mikrokontroller ATmega 16

AVR merupakan seri mikrokontroler CMOS 8-bit huatan Atmel. berbasis
arsilektur  RISC  (Reduced Instruction Set Computer). Hampir semua mstruksi
dieksckusi dalam satu siklug clock. AVR mempunyai 32 repister  general-purpuose.
limer/counter fleksibel dengan mode compare, interrupt internal dan eksternal, serial
UART. programmable Watchdog Timer, dan mode power saving, ADC dan PWM
internal. AVR juga mempunyai In-System Programmable Flash on-chip yang
mengijinkan memori program unwk diprogram ulang dalam sistem menggunakan
hubungan scrial SPL ATMegal6. ATMegal6é mempunyai throughput mendekati |
MIPS per MHz membuat disainer sistem untuk mengoptimasi konsumsi daya versus

kecepatan proses.

2.3.1 Arsitektur Mikrokontroller ATMEGA 16
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Gambar.2.2 Blok Diagram Microcontroller ATMEGA 16




Dari gambar 2.15 tersebut dapat dilihat hahwa A TMegal6 memiliki bagian

schapai berikut
1. Saluran 142 sebanyak 32 buah. yaim Port A, Port B, Port C dan Port 1.
2. ADC bit sebanyak 8 saluran.
3. Tiga buah Timer/Counter dengan kemampuan pembanding.
4,  CPU yang terdiri atas 32 buah register.
5 Watchdog Timer dengan osilator internal.
6. SRAM scbanyak 512 byte.
7. Memon Flash sebesar 8 kb dengan kemampuan Read While Write.
8. Unit interupsi internal dan eksternal.
9 Port antarmuka 5PL
10. EEPROM sebesar 512 byle yang dapat di program saal operasi.
1. Antarmuka komparator analog.
2. TPort USART untuk komunikasi serial.

2.3.2 Konfigurasi Pin ATMega 16

Konfigurasi pin ATMega 16 dapat di lihat pada gambar 2.3:

e
. e
AT PG O 4 AW O Bl aboe)
JnPEIOr Al P Bag RDCT
(INTZem, PEZ ) 8 | Bm WA ek
OCeEm D FEL O] & 7 O Pa3 RDCT
Eeeig | O e Anca)
MoE FEE N 4E O Pas (ADCE)
sy e ¥ 3 M pE DD
(0K FRTCY D 39 O Par apcy)
FHEETOE O MEF
vt O 10 8 0 GHD
D O] 11 O Ao
XTALE O 12 RO PO TGRSR
ETALT ] 18 m O Pos T0sC)
(Rxm POOT] 44 T O PLS
[Ty FOI O 18 - W=
T PG O 18 ] PCE
gNty PR 1T =
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Gambar.2.3. Pin ATMEGA 16




Dari gambar tersebut dapat dijelaskan secara lungsional konligurasi pin ATMegal6

sebapal berikut :
¥ o YCC
Merupakan pin yang berfungsi sebagai pin masukan catu daya.
¥ o GND
Merupakan pin groutd.
- Port A (PAQ...PAT)
Merupakan pin /0 dua arah dan pin masukan ADC,
e Port B (PB0...PB7)

Merupakan pin /0 dua arah dan pin fungsi khusus, yaitu Timer Counler,
komparator analog dan SPL.

Port C (PCL...PCT)

Merupakan pin 1/0) dua arah dan pin fungsi khusus.yaity TWI, komparator analog
dan Timer Oscilator.

Port D (PD0..PD7)

Merupakan pin /O dua arah dan pin fungsi khusus, yaitu komparator analog,
interupsi cksternal dan komunikasi serial,

RESET

Merupakan pin yang digunakan me-resct mikrokontroler.

XTALl dan XTAL2

Merupakan pin masukan clock cksternal.

AVCC

Merupakan pin masukan tegangan untuk ADC.

AREF

Merupakan pin masukan tegangan referensi ADC.

SERIAL PHERIPHERAL INTERFACE (SPI)

Serial Pheripheral interface memungkinkan kemunikasi sinkron berkceepatan

tinggi antar-mikrokontroler ATMegal6 atau antara ATMegal6 dengan perangkat lain

vang mendukung SPL

SPI memungkinkan untuk membuat aplikasi multiprosessor. Berkut fitur dari

SPI ATMegalé:
1. Full Duplex. data transfer tak sinkron menggunakan 3 kabel

2. Operasi master atau slave




Data transfer swal LSB atau MSD

L

Tujuh bit rate yang dapat diprogram

Flag interupsi apabila transmisi data berakhir
Flag proteksi untuk kegagalan penulisan
Wuke-up from idle mode

® N g W

Dua kali kecepatan mode SPI master

Antarmuka tersebut memungkinkan sebuah perangkat master berhak memulai
dan mengendalikan komunikasi. Perangkal lain yang menerima dan mengirimkan data
kembali ke master discbut slave.

Inti dari komunikasi SPl adalah register geser 8 bit pada kedua piranti master
dan slave. serta sinyal cfock yang dibangkitkan olch master.

Komunikasi dengan SP1 membuthkan 6 jalur sinyal, vaitu:

1. SCK (Seriad Clock);yaitu sinyal clock yang menggeser bit yang hendak dituliskan
ke dalam register geser terima AVR lain, dan menggeser bit vang hendak dibaca
dari register geser kinim AVR lain,

2 MOSI (Master Out Slave fn); sinyal bit data serial yang hendak dituliskan dari
master ke slave

Lad

MISCY ( Master fn Slave Ouf); sinyal bit data scrial yang hendak dibaca dari slave
ke master
4. S8 (STuve Sefect/aktil rendah); sinyal untuk memilih dan mengaktifkan sfave

5. SP1 memungkinkan komunikasi denpan beberapa stave dengan satu master
6. Pada konfigurasi master, pin 85 harus disct sebagaioutput atau dapat berupa

input, tetapi harus berlogika high.

AVR ATMegal6 memiliki 3 buah register VO yang herkaitan dengan
komunukasi pemakaian SPL
I.  SPI Data Register (SPDR)

Register SPDR merupakan register baca/tulis  yang digunakan untruk transfer

data antara register umum dengan register geser SPILL
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Sl Control Register (SPCR)

Bit

Fleud Wi
Initm] Walwe L] o (1] a a 1] a ]

Gambar.2.4. Register kendali SP1

Penjelasan pada register SPCR adalah:

1.

Pt

SPLE (SPI Faterrupt Enable), jika bernilai 1 akan membangkitkan interupsi SPI
setelah rransfer data sclesai

SPE (SP1 Enable ), untuk mengaktifkan SP1

DORD (Data Order); jika bemilai 1. maka LSB dikirim terlebih dahulu; jika
bernilai 0, maka MSB dikirim dahulu

MSTR  (Master/Slave Select); jika bernilai 1, maka AVR sebagai master: jika
bernilai 0. maka AVR scbagai slave

CPOL {Cleck Polarity) dan CPHA (Clock Phase), menentukan cara mencuplik
data herkaitan dengan pulsa clock.

QPRI dan SPRO (SP1 Clock Rate Select). menentukan frekuensi dari sinyal clock
SCK.

SP1 Status Register (SPSR)

Hie 7 & 5 d k| ‘ I 1}

I [ wm | - 1 - | - | - | - [swa] sesm
e vty q A ] A T A R R
I il Wb b L] L] a a4 o a 0

Gambar.2.5. Register status SPI

Penjelasan bit pada register SPSR adalah:

1.
2

SPII (SPL fnterupt Flog): akan bernilai 1 jika transter data telah sclesai,
WCOL (Write Collision Flag). akan bernilai | jika SPDR diisi ketika transfuor data

masih berlangsung,
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2.3.4 ADC (Analey Digital Converter) pada ATMegal6
Bourd AVR yang digunakan menggunakan chip ATMegal6. IC ini mempunyar ADC

(anedoy to digital converter) intemal dengan fitur sebagai berikut :

. 10-bit resolution

® 65-260 ps Conversion Time

® Up to 15 kSPS at Maximum Resolution

. % Multiplexed Single Ended Input Channels

. Optional Lefi Adjusment for ADC Result Readout
. 0} - VCC ADC Input Voltage Range

® Selectable 2.56Y ADC relerence Voltage

. Free Running or Single Conversion Mode

o ADC Start Conversion by Auto Triggering on Interrupt Sources
- Interrupt on ADC Conversion Complete

= Sleep Mode Noise Canceler

Sinval input dari pin ADC akan dipilih oleh multiplexer untuk diproses olch
ADC. ADC mempunyai rangkaian untuk mengambil sampel dan hold legangan input
ADC sehingga tetap konstan selama proses konversi, Ade mempunyai catu daya yvang
terpisah yaitu pin AVCC-AGND. Operasi ADC membutuhkan tegangan referensi Vref
dan clock fade. ADC mengonversi tegangan input analog menjadi bilangan digital
selebar 10-hit.
Sinval input ADC tidak boleh melebihi tegangan referensi. Nilai digital sinyal
inpur ADC uniuk resolusi 10-bif (1023} adalah:
Kode digital = (Vinput / Vref) x 1023 (2-6)
Untuk resolusi 8-fif (256):
Kaode digital = (Vinput [/ Vref)x 256 (2-7)

Maode operasi
1. Mode Konversi Tunggal

Mode konversi ini dilakukan untuk sekali pembacaan sampel tcgangan inpul.
Mode konversi tunggal dipilih dengan meng-cfear bit-ADFR dalam register ADSCRA.




12

Z Mode Free Running

Mode konversi ini dilakukan terus menerus sacara kontinyw. Mode free running
dipilh dengan men-ser hit-ADFR dalam register ADCSRA. Dalam mode ini ADC
hekerja secara independen dari flag interupsi ADC.

2.2.4.1 Register-register untuk mengakses ADC, antara lain:

» ADMUX — ADC Multiplexer Selection Register

Bl

Aead e
friilal Y 0 ] i i 0 b i} 0

Gambar.2.6. Register ADMUX

Tabel 2.1. Pemilihan Mode Tegangan Referensi ADC

| REFS1 | REF50 | Voltage Reference Selection =
{ G AREF Internal vref wurmed of
i 1 AYC L with external sapasitor ab AHEF pin
1 i Reseped
f i Intermal 2.56Y Veltage Referance with esternal capacior at AREF pin

Bit 5 — ADLAR : ADC Lefi Adjust Result
Merupakan bit pemilihan mode data keluaran ADC. Bernilai awal 0 schingga 2
bit data hasil konversinya berada di register ADCH dun 8 bit sisanya berada di rcpister

ADCL, seperti pada gambar 2.21. jika bernilai 1, maka hasilnya seperti gambar 2.7

Bila ADCLAR =0

= 15 % i3 1€ 11 15} @ @
= = = = = AF% ADCH
| ACE | ADe: | ADCH | ADCa m o

T 3 5 ry ] ] 1 0

Read /it A A F H A A A A

i A A B A A R H

Indtial ¥k i ] ] a i o 1] ]

f o i ) [ o o e

Gambar.2.7. Register ADCL, ADCH
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Bila ADCLAR =1

Bil 15 % 19 T il

10
~iee | AcE | ADCT | ADCE | ADCS | ADGH | ADC: | ADC2 || ADXH
RDCT | ADGD = = - = = — | npoL
Ei 3 5 I 3 T i T
Read Wiile A f n B R A n R
A A B n A A n R
Iriidli | Walse ul ] [ & ] G ] [}
a] o L] 1] { O ] o

Gambar.2.8. Register ADCL, ADCH

Setelah ADC selesai melakukan konversi register ADCH dan ADCL imi berisi
hasil konversi. Bila chanmel differensial dipilih maka hasilnya dalam format fwo's
complement. Saat ADCL dibaca, data register tidak akan meng-update data sampai
ADCH dibaca. Jika hasilnya dirata kiri (lefi adjust) dan hanya butuh8-bit maka cukuplah
dengan membaca ADCIL Jika butuh 10-bit, baca ADCL dahulu kemudian ADCITL

Rit 4.0 MUX[4...0] : Bit pemilih Analog Channel dan Gain
Merupakan bit pemilih saluran pembacaan ADC. Bernilai awal (00000. Untuk
mode single ended input, MUXT4..0] bernilai dart 00000-00111.




14

Tubel 2.2. Tabel Pemilihan Bit Saluran Pembacaan ADC

MUX4 0 | Single Ended hput | Pos Diflerential Input | Meg Difterential Input | Gain

A AL

[ | ALY

'_‘-‘ZFZ-"1 G Al

PO | BOCA A

i (e A4

e AR

sotie | Ance il

et AR AT T

A AL - MDD ] 1--.1-3
| -;-1-;&7_ | AL 10w
_-1 1 Al L el 2w

PURE AL A0 i

o ok ALe2 ALC2 Tou

S (4] AL ADCS 105

3110 ACC2 Al 2 20w

(R R ADCA a0ca : 200N

1RO ] AT A [cd 1k
|1 ocor | ancs ADCH 1%

10040 MA A2 Al 10

e | AL ADCT 1a

s (] AT AT fu
B AT ATCA 1=

IR RIS A AT x -

19111 ADCTF AL im

11000 AT Az 1%

11009 _AE:*:‘J ADC2 i

11098 AL A2 1a

1411 AR | ADCE I

11400 A4 - MIWEE 1k

e ADCSRA — ADC Conirol and Status Register

Rit 7 4 & 4 3 H | a
[FOEN | AUSC | AURTL] ADF | AGRL ] ADPea | WDPGi ] WoPsy | AUCSRA

Paad/\irite R R LR N RAw R AW RAar

Inkiad Vahss o ] 0 fi 1] i 1] b

Gambar.2.9. Register ADCSRA

Bit 7 — ADEN : ADC Enable

Merupakan bit pengatur aktivasi ADC. Diisi 1 unitukmengakiifkan ADC, diisi 0
untuk mematikan ADC sekaligus memberhentikan konversi yang sedang berlangsung.
Bit 6 — ADSC : ADC Start Conversion
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Pada mode single-conversion, set bit ini untuk memulai tiap konversi. Pada mode
free-rupning, set bit ini untuk konversi pertama kalinya. Bit ADSC bila dibaca akan
bernilai 1 selama proses konversi, dan bernilai 0 bila konversi selesai. Mengisi bit ini
dengan mla U tidak akan mempunyai dampak.

Bit 5 — ADATE : ADC Aute Trigger Enable

Bila bit ini diisi 1 maka uro rrigeer ADC akan diaklifkan. ADC akan memulai
konversi pada saal tepi positif dari sumber sinyal frigger yang dipilih. Sumber sinyal
trigger ditentukan dengan menseting bit AIXTS pada register SFIOR.

Bit 4 — ADIF : ADC Iuterrupt Fag

Rit ini akan bernilai 1 pada saat ADC selesai mengkonversi dan data register
telah diupdate. ADC Conversion Complete Interrupt akan dijalankan bila bit ADIE dan
bit-T pada register SREG diset 1, ADIF akan di-clear secara hardware bila mengerjakan
penanganan vektor interrupt yang bersesuaian. Alternatifnya. ADIF dapat di-clear
dengan menuliskan 1. 1lati-hati bila bekerja dengan Read-Modify-Write pada ADCSRA,
interrupt vang tertunda dapat dinonaktifkan atau batal.

Bit 3 — ADIF : ADC Jfnterrupt Enable

Mengisi bit ini dan bit-l pada rcgister SREG menjadi 1 akan mengaktifkan ADC
Conversion Complete Interrupt,

Bit 2...0 — ADPS[2...0] - Bit pemilih ADC Prescaler

Merupakan bit pengatur clock ADC. Bernilai awal 000 Lebih detail nilai bitnya dapat
dilihat pada tabel 2.3

Tabel 2.3. Tabel Penentu Bilangan Pembagi Antara Sumber Clock XTAL

ke Clock ADC
RDPSZ ADPE1 ADPSD Divigion Eactor

0 ) r o

0 1 2

1 &
i 1 ! a
1 o r 15
1 o 1 32
1 j o &
1 | 1 | 28
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b SFIOR — Special Function 1/0) Register untuk sumber aufo trigger Bif

Hif

Froad Writs ;
Indial Vialue o o 1] i ] o 1] a

Gambar.2.10. Register SFIOR

Bil 7:5 — ADTS2:0 : ADC Aute Trigger Source

Bila ADATE dalam register ADCSRA diset 1, maka nilai dalam bit-bit ini akan
menentukan sumber mana vang akan mentrigger konversi ADC. Bila bit ADATE
bernilai 0, maka bit-bit ini tidak akan mempunyai efek. Sebuah konversi ditrigger oleh
sinyal rising-edge dari interrupt flag yang, dipiih. Perlu diingat bahwa memindah sumber
trigger yang di-clear ke sumber trigger lain yang diset akan menyehabkan positive-edge
pada sinval trigger. Bila ADEN dalam register ADUSRA diset, juga akan memulai
konversi. Memindah mode free running tdak akan menycbabkan pulsa rrigger,
meskipun bila flag interrupt ADC disel.

2.3.5 EFEPROM (Electrically Erasable Programmable Read Only)

ECPROM (Electrically Lrasable Programmable Read Onfy Memory) adalah
qalah satu dari tiga tipe memori pada AVR. EEPROM tetap dapat menyimpan data saal
(iduk dicatu daya dan juga dapat diubah saat program berjalan, Kapasitas EEPROM pada
ATMegal 6 sebesar 512 byte. Berbentuk suatu pemisahan data, di mana tiap byte dapal
dibaca dan ditulis. EEPROM mempunyai kapasitas sedikitnya 100.000 siklus tulis atan
penghapusan.

Untuk menulis dalam EEPROM, schelumnya perlu ditentukan terlebih dahulu
data apa yang akan ditulis serta alamat untuk menulis data tersebut. Untuk mencegah
ketidaksengajaan menulis di dalam FEPROM, diperlukan prosedur untuk menulis dalam
EEPROM. Proses penulisan EEPROM tidak berlangsung waktu itu juga, tletapi
membutuhkan wakty sekitar 2.5 sampai 4 ms. Olch karena alasan tersebut, program yang
dibuat harus dicek terlebih dahulu apakah EEPROM telah siap untuk ditulis dengan byte

data baru.
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Alamat untuk byie yang akan ditulis dimasukkan ke dalam EEPROM Address
Register (EEAR). Data akan diletakkan dalam EEPROM Data Register (EEDR). EECR
(EEPROM Control Register) digunakan untuk mengontrol operasi dari EEPROM. EECR
memiliki empat bil, yaitu EEMWE. EEWE, EERIE, dan EERE. Berikul penjelasan
register-register pada EEPROM :

EEPROM Address Register — EEARH dan EEARL

- Rits 15..9 — Res: Reserved Bits

Bit ini merupakan bit cadangan pada ATMegalé dan selalu dibaca nol.

. Bit 8..0- EEARS._.0: EEPROM Address

EEPROM address register-EEARH dan EEARL menetapkan alamat EEPROM pada 512
bytes diruang EFPROM. EEPROM data byte ditujukan secara linier antara O dan 511,
Nilai awal dari EEAR ini tak tergambarkan, Suatu nilai yang sesuai harus ditulis scbelum
mengakses FEPROM.

Bii 15 1 13 i 1" [ W &
= EEARR | EEARH

B U R S TR s v 3 LA T el Eeam

P [] 5 i E] 2 1 o
Fganl Vi B R =l " ] R [ R
R [=Lt] R A Rw Ay AW R
Irwtiad b o ] i ] 0 o ) ]}
] H ] ] X X

Gambar.2.11. EEPROM address register - EEARH dan EEARL

. EEPROM Data Register — EEDR

. Bits 7..0 - EEDR7..0: EEPROM Data

Dari operasi penulisan EEPROM. Register EEDR berisi data vang akan dituliskan di
FHPROM pada alamat yang diberikan olch register HEAR. Untuk operasi baca pada
EEPROM. ELDR berisi data yang terbaca dari FEPROM pada alamat yang diberikan
oleh EEAR.

Gambar.2.12. EEPROM data register — EEDR
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¢. EEPROM Cuntrol Register — EECR

Bit b L] ] 4 k] 2 i a

- e T [ EERIE | EECR
Fiead Witz I_H_I_E 2] 1 s v Far
Inital Vahue ) 8 o o & o X 2

Gambar.2.13, EKFROM Control register _ FRCR
® Bit 7..4 — Res : Reserved Bits
Bit ini merupakan bit cadangan pada ATMegal6 dan selalu dibaca nol.
. Bit 3 - EERIE. : EEPROM Ready Interrupt Enable
Penulisan EERIE memungkinkan HEPROM ready interrupt jika I-Bit di dalam SREG
di-set. Penulisan EERIE menjadi nol akan mclumpuhkan interrupt. EEPROM ready
interrupl menghasilkan suatu interrupt yang tetap ketika EEW E diclear.
. Bit 2 - EEMWE : EEPROM Master Write Enable
Bit EEMWE menentukan apakah pengaturan EEWE juga digunakan apabila EEPROM
siap digunakan untuk ditulisi byte. Ketika EEMWE di-set, pengaturan EEWE dengan
empat siklus waktu dalam menulis data ke EEPROM pada alamat yang terpilih adalah
jika FEMWL bernilai nol, pengaturan FEWE tidak akan mempunyai efek.
L Bit 1 - EEWE : EEPROM Write Enable
EEPROM Write [nable Signal EEWE adalah penulisan strobe pada EEPROM. Ketika
alamat dan data yang tepat telah di-set, bit EEWE harus ditulis dengan suatu nilai
tertentu pada EEPROM. Bit EEMWL harus ditulis pada register data sebelum data yang
sebenarnya ditulis ke EEWE, jika tidak tulisan pada EEPROM terhapus.
. Bit 0 — EERE : EEPROM Read Enable
EIFPROM Read Enuble Signal EERE adalah strobe yang dibaca pada HEPROM. Ketika
alamat yang benar sudah diatur di register EEAR, hit FERE harus dituliskan suatu logika
untuk memicu pembacaan pada EEPROM. Akses baca EEPROM mengambil satu
instruksi, dan data yang diminta akan tersedia seketika. Pemakai perlu memenksa EEWE
bil sebelum operasi baca dimulai. Jika suatu operasi penulisan sedang dalam proses,
tidak menutup kemungkinan untuk membaca FEPROM, maupun untuk berubah dafiar
EEAR.
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2.4. ICISD 2590

Berfungsi untuk melakukan proses perekaman suara dan proses pemular ulangan
hasil rekaman. Piranti ini hanya membutuhkan beberapa komponen pasit’ agar dapal
melakukan kerjanva sebagal piranti dasar pengolahan suara. Dalam hal perancangan
lunpsi perckaman dan pemutaran hasil rekaman Model untuk menjalankan fungsi
ISD2590 dipilih pada mode push burronyaitu pengoperasian yang didasari pada
penggunaan tombol — tombol push on untuk menjalankan baik proses perekaman
maupun pemutaran  ulang. Mode ini bisa disesuatkan dengan penggunaan 1C
mikrokontroller sebapai pengganti saklar push on untuk melakukan intruksi kerja.

Adapun urutan kerja pada proses record dan proses putar ulang, yailu :

Proses Record.

a)  Pin PD {FPower Down) diberikan kodisil O

b}  Pin P/~ R (Playback/Record) diberikan kondisi LOW.

¢} Pin CE (Chip Enabled) diberikan pulsa fow ( H L. _H ) seasaat setelzhpemburian pulsa,
pada pin ~OLEM akan bernilai HIGH yang menandakan proses record sedang berlangsung.

d)  Untuk mengakhiri proses rekam dengan memberikan kembali pulsa LOW pada pin CE atan
menunggen hingea durasi perekaman sesuai dengan tipe 1C yang dipakai pada pin ~COM
bernilai LOW kembali vang menandakan proses rekam telah usal.

Proses Putar Ulang

a)  Pin PD (Power Down) diberikan kondisi LOW.

b)  Pin P/ ~R (playbackrrecord) diberikan kondisi HIGH.

¢} Pin CE (Chip Enabled) diberikan pulsa LOW ( H — L -~ H ), sesaal setelah
pemberian pulsa. pada pin ~OEM akan bernilai HIGH yang menandakan proses
pavhack sedang berlangsung.

d)  Setclah playhack telah usai. pin ~QOlMakan bernilai LOW kembali yang

menandakan proses plavback telah selesai,
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Gambar.2.14. Pin Konfigurasi 1C ISD2590
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Gambar.2.15. Blok Diagram 1C [SD2590

Rangkaian ini merupakan suatu rangkaian yang terdiri atas beberapa bagian vang
masing-masing bagian mempunyai fungsi sendiri-sendiri akan tetapi tctap merupakan
bagian yang kompleks dan saling bekerja sama. Bagian-bagian alat ini terdiri atas bagian
pengindera sebagal pengaktf relay untuk saklar perekam suara dan lampu penerangan,
dan bagian perekam suara sebagai perckam suara yang akan disimpan.

Prinsip utama dari rangkaian Aplikasi 1C 15D 2590 Sebagai Pesan Pada Saklar
(Momatis Lampu Penerangan bekerja atas dasar pengolahan gelaran bunyi menjadi
isyaral listrik. bentuk gelombang yang diciptakan. Mic kemudian mengirimkan sinyal ke
VR yang akan mengatur berapa besarnya masukan yang diinginkan ke Cl yang
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berfungsi sebagai kopling untuk melewatkan sinyal dan dikuatkan oleh transistor. Arus
yang keluar dari C1 di groundkan tetapi sinyal tetap dipcriahankan untuk melewati
transistor. Keluaran dari transistor sinyal yang terbawa tegangan akan dirubah menjadi
tegangan oleh dioda dan disulut ke T1C 7473 yang berfungsi sehagai flip-flop. Dan IC
7473 keluaran akan berlogika | (high) atau 0 (low). Jika pada kondisi 1 (high) akan
menyulut transistor yang akan memberi tegangan pada relay schingga relai akan bekerja
kemudian akan menghubungkan kaki pin CE pada IC ISD 2590 ke kondisi low tetapi
pada pin P/A dalam kondisi 1 (high), sehingga akan memutar pesan yang tclah direkam
sebelumnya. Suara yang keluar merupakan hasil dari pada 1 kali proses perekaman pesan
vang telah dilakukan Jika memori IC ISD yang digunakan telah penuh, telah digunakan
untuk perckaman suara selama 90 detik, maka perlu di reser agar dapat merckam pesan
saura kembali. Untuk melakukan pe-resetan, pin PD pada 1C ISD diberi kondisi *I”
(high) scsaat (low-high-low).

2.5. LCD{ Liquid Crystal Display }

1.CD (Liguid Crystal Display) atau dapat di bahasa Indonesia-kan sebagai
tampilan Kristal Cair adalah suatu jenis media tampilan yang menggunakan kristal cair
sebagai penampil utama. LCD bisa memunculkan gambar atau tulisan (berwarna juga
hisa dong) dikarenakan terdapat banyak sckali titik cahaya (pikscl) yang terdin dari satu
buah kristal cair sebagai sebuah titik cahaya. Walau disebut sebagai titk cahaya, namun
kristal cair ini tidak memancarkan cahaya sendiri. Sumber cahaya di dalam sebuah
perangkat LCD adalah lampu neon berwarna putih di bagian belakang susunan kristal
cair tadi. Bus data 1.CD dihubungkan dengan Bus data mikrokontreler. Karena LCD
dioperasikan hanya menerima data. Maka Pin R/W dihubungkan dengan ground. RS
dihubungkan dengan pin A0 dari bus alamat mikrekontroler. Untuk mengatur kecerahan

LCD digunakan resistor variable 10kL2.
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Gambar.2.16. Penampilan LCD dan Konfigurasi Pinnya

Masukan vang diperlukan untuk mengendalikan modul ini berupa bus data yang

masih termutiplek dengan bus alamal serta 3 bil sinyal control. Pengendalian dot matrik

1.CD dilakukan secara internal oleh kontroler vang sudah terpasang pada modul LCD.
Fungsi-fungsi pin LCD ditunjukkan dalam tabel 2.4
Tabel.2.4. Fungsi Pin LCD

penyemat Fungsi
DB-DI, Merupakan saluran data berisi perintah dan data
_ yang akan dihasilkan di LCD
Enable Sinval operasi awal, sinyal ini mengaktifkan data
) tulis atau baca ]
BW Sinyal seleksi tulis atau baca
{ : tulis
| :baca
RS Simyal pemilih register
0 - instruksi register (tulis)
| : data register {baca dan tulis) |
VEE Untuk mengendalikankecerahan  1.CD dengan
mengubsh-ubah nilai resistor wvariable yang
dipasang )
Vi Tegangan sumber +5V
Wus Terminal grownd
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2.6. Speaker

Speaker merupakan suatu komponen yang dapal menghasilkan suara yang mana
apabila diberi tepangan pada input komponen, maka skan bekerja sesuai dengan
karakteristik dari alarm vang digunakan. Dalam pembuatan proyek tugas akhir ini,
penulis menggunakan “Speaker” sebagai informasi suara. Hal ini dikarenakan
karakteristik dari komponen yang mudah unmuk diaplikasikan dan suara yang dihasilkan
relatif kuat.

Speaker merupakan scbuah komponen elektronik yang dapat mengkonversikan
energi listrik menjadi suara yang di dalamnya terkandung sebuah osilator internal untuk
menghasilkan suara dan pada speaker osilator yang digunakan biasanya diset pada
frekuensi kerja sebesar 400 Hz.

Dalam penggunaannya dalam rangkaian, speaker dapat digunakan pada tegangan
sehesar antara 6V sampai 12V dan dengan tipical arus schesar 25 mA. Pada gambar

berikut dapat dilihat simbol dari komponen speaker.

Gambar.2.17. Simbol Speaker
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PERANCANGAN DAN PEMBUATAN ALAT

31  Pendahuluan

Penvusunan skripsi ini didasarkan pada masalah yang bersifat aplikatif. yaitu
perancangan dan perealisasia alal agar menghasilkan kinerja yang sesuai dengan
perencanaan dan mengacu pada rumusan masalah. Data dan spesifikasi komponen yang
digunakan dalam perencanaan merupakan daa sekunder yang diambil dari buku data
komponen elektronika. Pemilihan komponen berdasarkan perencanaan dan disesuaikan

dengan komponen yang ada di pasaran.

3.2  Perancangan dan Percalisasian Alat
Agar perancangan dan perealisasian alat berjalan secara sistematis maka perlu
dirancang blok diagram yang menjelaskan sistem yang dirancang dibuat sccara garis

besar. Gambar 3.1 menunjukkan Aok diagram sistem.

probe+ EnsQT s IT_,[_ - | I [ lED ‘
ALY i_\ —
proke - |

ATMEGA
16

S (SD2590 S "' spé

ombo p ker |

=H
\""x.\_\

.,

Gambar 3.1 Blok Diagram Sistem Peraneangan Alat

l'ungsi dari tiap tiap blok diagram dijelaskan sebagai berikut:

1. Sensor ACS712
Sensor ACS712 merupakan sensor yang presisi sebagai sensor medan magnet pada
suatu arus AC atau DC.

2. Mikrokontroller
Mikrokontroler berfungsi sebagai pengendali serta pemroses utama dari data yang
dihasilkan dan yang masuk pada pin — pin input.
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3. LCD{( Licuid Cyrstal Dnsplay )
LCD berfungsi untuk menampilkan karakter hasil pemrosesan dari mikrokontroler.
4, ISD ({ Information Store Device ) 2590
ISD merupakan komponen berbentuk IC yang dapal menyimpan informasi dalam
bentuk suara dalam jangka waktu tertenlu.
5. Speaker
Spcaker merupakan sebush komponen elektronik yang dapat mengkonversikan

eneryi listrik menjadi suara,

Cara kerja sistem

Dalam perancangan alal ini menggunakan sensor Halfl Effect yailu sensor vang
digunakan untuk mendeteksi medan magnet. Hafl Effect sensor akan menghasilkan
sebuah tegangan yang proporsional dengan kekuatan medan magnet yang diterima olch
sensor tersebut. Arus listik tersebut akan di alirkan melalui sebuah kumparan untuk
memperoleh medan magnet yang cukup. Medan magnet pada inti kumparan diterima
aleh sensor.sensor akan memberikan respon keluaran berupa perubahan tegangan akibal
pengaruh medan magnet.

Tegangan keluaran sensor dikuatkan pada hlok pengkondist sinyal untuk
menyesuaikan dengan tegangan yang diperlukan oleh ADC system mikrokontroler.
Sistem mikrokontroler mengolah data yang diterima dari pengkondisi sinval yang
berupa tegangan dengan ADC internal, mengolah dan memberikan keluaran yang
ditampilkan oleh penampilan L.CD, kemudian dilanjutkan lagt dengan pengolahan data
yang ditampilkan oleh ISD2590 berupa suara.




33 Perancangan Peranghkat Keras
3.3.1 Perencangan Senser ACS712

Untuk dapat membaca arus pada pengukuran arus AC dan DC scbagaimana
perancangan, maka digunakan sensor arus Hall Fffect ACS712. Sensor ACSTI2
herdasarkan datasheel mempunyai keluaran tegangan sebagai perwakilan arus yang
terukur sensor dan mempunyai resolusi keluaran 100mV/Ampere. Grafik keluaran

sensor hall effect terhadap perubahan besar arus (Data Sheet) ditunjukkan dalam

gambar 3.1.
Qutput Voltage versus Sensed Current
I
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Grafik 3.1 Grafik Arus ACST12

Garis lurus pada grafik merupakan represi linear yang dapat dari Data Sheet
ACS712. keluaran arus pada titik 0 adalah tegangan sensor dalam kondisi tunpa beban
dan menghasilkan arus 2,5A. Untuk dapat mengukur keclvaran tegangan  sensor
ACS712, maka diperlukan ADC. dimana pada perancangan im ADC yang digunakan
adalah ADC internal dari AIMEGAIG sehingga keluaran tegangan dari sensor arus
dapat diolah oleh mikrokontroller untuk kalkulasi lebih lanjut. Adapun perancangan
rangkaian dan hubungan sensor terhadap ADC internal ATMIGATE6 ditunjukkan
schagaimana gambar 3.2;
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Gambar 3.2 Skematik ACSTI12

Nilai filter (C5) dipilin pada nilai antara InF hingga 10nF (burdasarkan
datasheet). Filler ini digunakan untuk mereduksi riplle (noise) dar pengukuran arus.

3.3.2 Perencanaan Mikrokontroller
Konlfigurasi mikrokontroller ATMEGA16 digolonghan menjadi pin sumber
tegangan, pin osilator. pin control, pin /0 dan pin untuk proses interupsi luar. Gambar

3.3 berikut merupakan konfigurasi pin ATMEGAL6:
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Gambar 3.3 Susunan Pin dari ATMEGAIL6

Fungsi dari pin-pin ATMEGA16:

a. Veg
b. Gnd
c. AREN

d. AVCC
c. Reset
f Port D

= pin positif sumber tegangan 5V

= pin ground sumber tegangan

internal.

— pin masukan Reset AVE

PD.0 (RXD)
PD.] (I'XD)
PD.2 (INTO)
PD.3(INT 1)
PD.4 (T0)
PD.5 (T1)
PD.6 (ICP)

Analog VCC, sumber tegangan ADC internal.

pin-pin pada port D ini mempunyai 5 inputan antara lain :

+ Masukan penerima data serial.

: Keluaran pengirim data serial

- Interupsi (0 eksternal

- Interupsi 1 cksternal

: Masukan cksternal waktu / pencacah ()

: Masukan eksternal waktu / pencacah |

: lntermal Comparator

28

Analog Reference, digunakan sebagai masukan referensi input ADC

g. PortB = Port B ini digunakan sebagai port input - output data dan porl untuk

pengisian software menggunakan ISP.
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3.3.2.1 Pin-pin yang digunakan pada sistem
Pada perancangan alat ini pin pin ATMEGA16 yang digunakan adalah :
. Port A{l — digunakan sebagai input ADC untuk pengkondisi sinyal,
. Port B.0 B.5= digunakan untuk Port LCD
s Port B.7 = digunakan LED Indikalor.
. Port C.{} = digunakan scbagai output PWM atau driver IRIACU 55R.

3.3.3 Perencanaan Rangkaian LCD

Sebagai penampil informasi pengaturan seting Daya. Monitor Daya, KWH.
Menu Keypad, dan lainnya pada perancangan alat ini, maka digunakan LCD sehagai
penampil informasi. [.CD yang digunakan adalah LCD MI1632 atau 16X2 Karakter,
Adupun hubungan rangkaian LCD terhadap Controller (MCL) ditunjukkan pada

cambar 3.4:
MEGATS
PoarScL 5=
POUS0A "'%
PCINCK _'_:5
PG NS [
PCAfTON: =7
PesAD| [
PCETOSC
por TGy 2
POA/THD —% -’-F\
PO2ANTO T
BOANTI f=lt
PRSCIE [— = YR
FLSAICTA s
PrEsch
ST g aTel AR "
ariras
=)
aven -y
— LCD

Gambar 3.4 Rangkaian LCD
Potensio 10K pada rangakain 1.CD) diatas merupakan pembagi tegangan yang
dihubungkan ke pin VEI: LCD. Pin ini berfungsi untuk mengatur kontras LCT) sesuai
keinginan. Untuk pin WR diground-kan karcna sifatnya hanva menulis dari MCU ke
LCT, sementara pin 15 dan 16 adalah input tegangan LED Backlight LCD. sehingpa
LCD dapat kelihatan terang meskipun malam hari.
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3.3.4 Pcrencanaan Rangkaian ISD 25

Rangkaian ini digunakan untuk menghasilkan suara yang diperlukan system
agar lebih intcraktif. Rangkaian ini mempergunakan komponen wama yaitu IC ISD
2590, untuk dapat memfungsikan IC ini maka diperlukan komponen tambahan .

[C ISD 2590 ini memiliki kemampuan menyimpan suara selama 90 detik.
Komponen ini menggunakan teknologi CMOS EEPROM sehingga suara yang
dimasukkan dapat diubah —ubah dengan cepat .

IC ISD 2590 memiliki 200 segment address. sehingga resolusinya adalah
100ms . keseluruhan alamat di akses dengan 8 pin alamat AQ — A7 dengan resolusi
adalah 100 ms,maka range alamat adalah 00IT - AOH.

Untuk merekam pesan mulai alamat tertentu, pertama—tama pin alamat Al — A7
diberi logika alamat vang diinginkan .Setelah itu pin REC (pin nomor 27) diberi logika
alamat yang diinginkan . Saat pin REC kembali dari logika rendah ke tinggi, secara
otomatis IC 1SD ini akan menyisipkan tanda end — of — message (menandakan akhir
vebuah pesan).

Pemutaran pesan dapal dilakukan melalui pin PLAYE dan PLAYL Pemuturan
pesan aktil saat terjadi transisi ddan logika tinggl ke rendah Pada pin PLAYE dan
pesan terus berputar hingga menjumpai tanda end — of  message . Scdangkan bila
pengaktifan dilakukan melalui pin PLAYL maka pesan akan diputar selama pin ini
berlogika rendah . Alamat pesan yang diputar lergantung pada pin A0 -A7T.

Agar menghemat pin , pin alamat AQ — A5 1C IS dihubunkan ke ground
sehingga berlogika 0. Pin A6 dan AT dihubungkan ke pori B bit {} dan 1. Sedangkan
pengakiifan pemutaran pesan menggunakan pin PLAYE yang dihububgkan ke porr B
bit ke 2. Rangkaian unit suara (ISD) terlihat dalam gambar 3.5 :
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Flowchart sistern 1512 dapat dilihat pada gambar 3.6:
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Gambar 3.6 Flowchart Sistem ISD 25H)
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3.4  Perancangan Perangkat Lunak

Perangkat luak dirancang untuk mengatur kerja sistem mikrokontroller,
Perangkat lunak adalah susunan perintah-perintah (progam) di dalam memori yang
harus dilaksanakan mikrokentroller,

Progam ampercmeter dengan Hall Efféct merupakan progam yang dirancang
bekerja untuk membaca data masukan ADC internal mikrokontroller, mengkonversi
menjadi data digital. kemudian melakukan pengolahan data tersebul dan menampilkan
dalam penampil LCD. Adapun pengolahan data yang lain yaitu dengan cara
menampilkan dalam bentuk suara yang tersimpan dalam 15D, kemudian data yang ada
pada ISD akan di tampilkan melalui Speaker. Berikut ini adalah diagram alir

(Mowcehart) dari soltware yang dirancang.
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Gambar 3.7 Flowchart Perangkat Lunak
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BARB IV
PENGUJIAN

4.1 Umum
Bab ini membahas pengujian dan analisis alal yang telah dirancang dari sisiem
yang telah dibuat. Pengujian dilakukan dengan pengukuran tiap-liap blok dengan tujuan
mengamati apakah blok-blok tersebul bekerja sesuai dengan yang direncanakan.
Pengujian dilakukan berdasarkan pada masing-masing komponen pendukung

duri alat serta secara keseluruhan, Pengujian yang dilakukan adalah :

42  Pengujian Sensor Hall Effect
e Tujuan:
Tujuan pengujian sensor adalah untuk mengetahul respon 5ensOT terhadap
perubahan arus yang diberikan.
s Peralatam :
Peralatan yang diperlukan untuk melakukan pengujian terhadap sensor hatl
effect adalah sebagai berikul ;
v Power supply
v Sensor Hall Effect ACST12
v Multimeter digital
Blok diagram pengujian sensor Hall Effect ditunjukkan dalam gambuar 4.1

Gambar 4.1 Blok Diagram Pengujian Sensor Hall Effect

s Progedur pengujian :
Pengujian sensor Hall Fffect dilakukan dengan melakukan urutan prosedut
sebagal berikut
v Merangkai modul rangkaian seperti pada blok diagram.

v Memberikan catu daya 5V pada rangkaian sensor.
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v Merubah nilai arus yang dialirkan pada beban bervariasi mulad ( sampal
1 ampere yang diakibatkan oleh perubahan arus,

e Hasil Pengujian dan Analisa :
Dari grafik 3.1 pada bab ITI kita bisa berpedoman dalam pengujian sensor hell

effect yang akan kita buat Keluaran sensor lanpa beban dapat dilihat pada gambar 4.2:

Gambar 4.2 Keluaran Arus Pada Sensor AC "§712 tanpa beban ( 0A )
ensor setelah diberi beban berupa lampu schesar (L6 mA,

Adapun keluaran
pada gambar 4.3 dan gambar 4.4 sebagai

sehingga dapat kita lihat perubahan arus
herikut:

Cambar 4.3 Lampn 12V/0,6mA Sebagai Beban




Gambar 4.4 Keluaran Arus Pada Sensor ACST12 Setelah diberi beban ( émA )

Dari hasil pengujian, didapatkan keluaran scnsor hull effect akibat

data hasil pengujian ditunjukkan dalam Tabel 4.1:

perubahan arus,

Tabel 4.1, Keluaran Sensor Hall Effect Akibat Terubhahan Arus

No Arus Beban Keluaran Sensor Hasil Dari (%) Exror
(A) Hall Effect (V) | Data Sheet (V)

I | (.00 (tanpa beban) 2,500 2,500 0
2 0.20 2,521 2,520 0.04 |
N .40 2,540 2,540 0

4 0,60 2,562 2,560 0,08
B 0,80 2,581 2,580 0,04
6 1.00 2,603 2.600 oIt |

Dari hasil pengukuran didapat hasil

2 o

Error Rata-rata = <

_oz7
6

= ﬂ,{]45 Yo

Z Percobaan

analisa error rata-rata pada sensor arus. yaitu ;
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4.3  Pengujian ADC dan Penampil LCI
- Tujuan :
Tujuan dari pengujian ADC dan penampil LCD adalah :
v Mengetahui perubahan keluaran ADC saat tegangan masukan herubah
v Membaca keluaran ADC pada penampil LCD
- Peralatan :
Peralatan yang diperlukan untuk melakukan pengujian terhadap ADC dan
penampil LCD adalah scbagai berikut :
v Catu daya 3V
Resistor variabel 1k£2
Qistern Mikrokontroller ATMega 16
Penampil LCD

g % %, R

Multimeter digital

Blok diagram pengujian ADC ditunjukkan dalam pambar 4.5:

. gy =m—= 2 i ADC A
. — B | TERRC O o et |_P'| I
e ] T = Y=
CGambar 4.5 Blok Diagram Pengujian ADC
- Prosedur :

Pengujian ADC dan penampil LCD  dilakukan dengan melakukan urutan
prosedur sebagai berikut :
v Merangkai modul rangkaian seperti pada blok diagram.
v Memberikan catu daya 5V pada rangkaian.
v/ Masukkan progam baca ADC ke sistem mikrokontroller. Adapun Nowchart
progam adalah sebagai berikut :
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Gambar 4.6 Flowchart Baca ADC

¢  Merubah resistor variabel untuk variasi tegangan 0 hingga 3V

v Mengamati perubahan data ADC pada penampil LCD

. Hasil Pengujian dan Analisa :

Dari hasil pengujian ADC sebagimana prosedur pengujian diatas, tegangan
referensi mengpunakan toferensi sebesar SV dengan resolusi ADC yang digunakan 10
Bit. Dengan demikian didapat data hasil pengujian schagaimana ditunjukkan dalam
'label 4.2:

Tahel 4.2.Pengujian ADC Dengan Perhitungan Terhadap Masukan Yung

Diberikan
[ l Tegangan . B
. Musuﬁanfim?} S ‘
1 0 0 |
2 250 512 |
3 500 1023
4 750 153,5
5 1000 204.6
G 1250 2558 |
7 1500 306.9
B 1750 3581 |
9 2000 409,2
[ 10 | 2250 | 4604 |
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Adupun analisa hasil dari Vinput ADC 250mV pada hasil pengujian tabel4.2 dapat

dihitung sehagaimana berikut:

PPerhitungan ADC data ke- 5 dengan Vi = 1000 mV

Diata ADC _ YV
¥ e

nef

=1023

o Loton
a

=204.6

Gambar 4.7 Pengujian ADC Dengan Vi, = 1 Volt

Dengan ADC internal mengeunakan resolusi 10 bit dan pengujian dilakukan
dengan kenaikan 250mV. Hasil pengujian keluaran ADC menunjukkan terfjadi selisih
vag kecil dengan hasil perhitungan yaitu +1 bit, sclisth ini tidak memberikan pengaruh
yung signifikan terhadap perancangarn. sehingga ADC internal ATMega 16 disimpulkan
memiliki performa yang baik. Pengujian ini jugs merupakan pengujian penampilan
1.CD karena keluaran ADC ditampilkan pada LCD. Penampilan |.CD  dapat dilihat
pada gambar 4.8 :
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Gambar 4.8 Pengujian Penampilan LCD

44  Pengujian Penampil Suara ISD 2590
¢ Tujuan:

Tujuan dari pengujian sistem ini adalah mengetahui respon output suara yang
dihasilkan 1SD dengan mengukur tegangan speaker saat play [SD.

¢« Peralatan:

Peralatan yang diperlukan untuk melakukan pengujian penampilan suara adalah
sehagai berikut :

¥ Power supply

v Rangkaian ISD2390
v' Speaker

v Multimeter digital
e Prosedur:

Prosedur yang dilakukan untuk pengujian penampil suara 15D adalah dengan
cara memasukkan alamat ISD. pin PR ISD dalam kondisi ITigh (1). kemudian
memberikan pulsa pada pin CE. Yelanjutnya 1S akan mem-play voice lerganiung
alamat yang diset. Dan outpul dapat diukur pada pin speaker 1SD untuk mengetahui
adanya sinval suara yang sedang dimainkan. Output suara dapat diukur dalam bentuk
tegangan AC.

s Hasil Pengujian dan Analisa :

Setelah dilakukan pengujian, didapatkan hasil pengujian penampil suara yang

berupa legangan dari I1C 18D, Hasil pengujian ditunjukkan dalam Tabel 4.3 :
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Tabel 43 Pengujian Penampil Snara

Time Tegangan (V) J
| second 274 mV AC '
1.5 second 322 mV AC i‘

Dari hasil pengujian sebagimana tabel 4.3, dapal dilihat besar tcgangan yang
dihasilkan, seperti yang ditunjukkan pada gambar 4.9 dan gambar 4.10 :

(R o

"r,.-".'.'ll'“.'“'l.'l |
+'*.;;'..,:I"_;!'!|;r'!:;n;_,'m.',l-_f.’.lm

Gambar 4,10 Sinyal dan Tegangan Speaker Pada Saat 1.5 Second

Dari foto hasil pengujian scbagimana gambar 4.9 dan gambar 4.10 amplitudo
tegangan AC yang terukur pada ouput speaker dan rangkaian 1SD berkisar antara
770mV AC hingga 335mV AC. Sinyal yang terukur herubah-ubah mengikuti besar
kecilnya suara yang dihasilkan 1SD. Dengan demikian, pengujian 1S dinyatakan

berhasil dan sesuai sebagaimana perancangan.
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4.5 Pengujian Sistem Secara Keseluruhan
e Tujuan
Tujuan dari pengujian sistem secara keseluruhan adalah untuk mengetahui unjuk
kerja dari sistem yang telah direncanakan, apakah sistem keseluruhan ini sudah dapat
hekerja sesuai dengan perancangan yang ditetapkan.
e Peralatan :
Peralatan yang diperlukan untuk melakukan pengujian lerhadap sisicm secara
keseluruhan adalah sebagai berikul :
v Power supply
v Multimeter digital schagai pembanding,
¥ Beban, berupa lampu dengan daya bervariasi
v Perangkat terangkai sensor dan sistem mokrokontroller
e [Prosedur:
Prosedur yang dilakukan uniuk pengujian system secara kesehuruhan adalah
dengan merangkai sistem. beban, power supply. dan multimeter sebapal pernbanding.

menyalakan sistem. kemudian mengalirkan arus pada beban dengan nilai bervariasi.

e  Hasil Pengujian dan Analisa :
Qotelah dilakukan pengujian, didapatkan hasil pengujian sistem kescluruhan
yang berupa tampilan besar arus terukur pada penampil LCD, hasil pengujian
ditunjukkan dalam Tabel 4.4:

Tabel 4.4. Pengujian sistem keseluruhan

Arus Tamipilan | ]
™o Muliimeter Aldat yang Sehisih (¥o)
| [A) Dibuat (A)

[ 0.00 0.00 0
[ 2 0,40 0.40 0|
3 (.60 0.60 0 i
BE 1.00 1.00 0

rata-rata selisih ]

Dari tabel 4.4 dapat dilihat perbandingan anlara arus dari pengukuran yang
memakai muliimeter digital schagal pembangding dari alat yang dibuat dengan beban
yang berbeda pada gambar 4.11, gambar 4.12, sumbar 4,13 dan gambar 4.14;




Gambar 4.12 Pengujian Dengan Alat Yang Dibuat Beban 1
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Gambar 4.14 Pengujian Dengan Alat Yang Dibuat Beban 11

sekitar 0%. Hasil pengujian

Dari pengujian didapatkan hahwa rata-rata selisih
adalah 0,01A pada

nunjukkan bahwa perubahan terkecil yang bisa dibaca

yang me
Dari pengujian sistem secara keseluruhan tersebut mununjukkan

beberapa sampel.

hahwa sistem ini telah berjalan sesuai dengan yang diharapkan pada perancangan.
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4.6. Spesifikasi Alat

Sotelah melalui proses perencanaan dan pengujian alat, maka didapatkan spesilikasi
sebagai berikut :

o Dimensi Panjang X Lebar X Tinggi alat : 17,5¢cm X 10,5¢m X 3.5cm

o Tegangan input : DC 9V
Qensor Arus : ACST12 ( Hall Effect )

e Kapasitas Pengukuran O s/d 20 Ampere
LOD M1632 atau 16X2 Karakter

IC ISD2590

Speaker

Foto Alat:

Gambar 4,15 Amperemeter Arus Searah Digital Hall Effect Sensor Dengan Output

Nuara




BABY
PENUTUP

5.1  Kesimpulan

Setelah dilakukan proses perancangan dan pembuatan serta pegujian alat maka
dapat diambil kesimpulun :

e Sensor Hall Effect ACST712 dapat melakukan pembacaan arus AC dan
DC dengan error 0,04 Y.

o |lasil pengujian ADC memiliki selisih yang kecil dengan tingkat crror +1
hit. sclisih ini tidak memberkan pengaruh yang signifikan lerhadap
perancangan, schingga ADC internal ATMega 16 disimpulkan memiliki
performa yang baik.

e Pepampil suara [SD235%0 mampu mengeluarkan suara pada speaker
dengan pengaturan mode dan alamat yang sesuai dengan masukan arus
vang dibaca mikrokontroller ATMEGAL6

e Sofiware yang dirancang dapat melakukan  konversi input  ADC,
kalkulasi data ADC menjadi arus dan mengolah data untuk diampilkan
LCD dan ISD.

5.2  Saran

Dalam perancangan alat ini penyusun menyadari alal yang dirancang ini masih
memiliki keterbatasan, untuk i diharapkan dapat dikembangkun untuk meminimkan
keterbatasan tersebut, diantaranya:

e Sensor ACS712 sangat lerpengaruh olch medan maghnet luar. sehingga
menyebabkan hasil tidak akurat, untyk ilu pencmpatan scnsor pada
papan PCB dan desain Box alat perlu dipertimbangkan ulang untuk
menghindari hal tersebut.

o Perhatikun parameter ADC yang dipilih. masukan Vreff ADC dan
kalkulasi software yang masih sering berubah-ubah pada hasil pengujian,
Untuk ita diperlukan pengembangan untuk dapat menstabilkan data
ADC terscbut.

e Suara yang dihasilkan masih tersendat-sendat dan lama pada saat play
masing-masing alamal 15D, untuk ity pemiliha mode dan pengaturan
address 18D perlu dikembangkan untuk mendapatkan kinerja yang
ofisien dan cepat pada proses play voice 15D,

48
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« Daya system yang dibutuhkan sangat besar dan boros lerbadap batteray,
untuk itn pemilihan item-item komponen dari blok diagram perlu
dikembangkan menggunakan komponen yang hemat ¢nergy.
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Amperd . bas

"fsim
$regfile = "mlbdef.dat”
$crystal = 4000000

'Const kKoma = 28

a0 alias Portd.?
al alias Portd.6
A2 alias Portd.5
A3 alias Portd.4
a4 Alias pPortd.3
A5 alias portd.?2
AG Alias Portd.
A7 Aalias Portd.
al alias Porth.
A9 alias Porth.
Play_rec Alias Pertc.0
Eom Alias Pinc.
pd Alias pPorth.
ce alias Portb.
ovf alias Pinb.
Tombo]_record Aljas Pinb.1
Tombal_play Alias Pinb.0

Blaba g M

Porta = &HFF
Pporth = &HFF
Portc = &HFF
Portd = &HFF
config AQ = Qutput
config Al = Output
config AZ = outpul
config A3 = Output
config Ad = output
config Ad = Output
Config AD = Output
config A7 = output
contig AB = Output

tonfig Play_rec = Output
config Portc.l = Input "EOM
config Pd = Output
config Ce = Outpur

config Portb.4 = Input "owf
config Portb.0 = Input
config Porth.1 = Input

Gosub Operational_mode

Const Belas 12
const Puluh 13
Const kKoma = 14
const Miliamper = 15
Const Amper 16
Const Minus 17

positif alias 1
Negatif alias O

config Lcdpin = Pin , Db4 = portc.5 , Dh5 = Portc.4 , Dbé = Portc.s , Dh7 =
portc.2 , E = Portc.b , Rs = Portc.7 ) )

config Led = 16 * 2 'konfigurasi Tcd 1672
config adc = single , Prescaler = Autoe , rReference = Avcc

start Adc

Fage 1




Amperd.bas
Enable Interrupts

pim pata adc As word , channel As Byte , Data_port As Byte , I As Tnteger
pim vamp As Single , Count_play As Integer , COUNt rec As Integer

Dim Alamat isd As Byte , address As Byte , Arus As 5tring * 8 , Temp As string ¥

7z , Hasil as string * 6

pim Puluhan As Byte , Satuan As Byte . Tempw AS word
Dim Kalkulasi As Sing1e , Flag As Bit

Dim Temps As String * 6

cursor Off Noblink

Cls

Lcd "ADI DWI CAHYANTO"
Lowerline

Led “NIM:0612227 ITN'
Wait 2

Channel = Q

cls

Lcd "Amperemcter n
Lower]ine

Lcd "Hall Effect "
wait 1

Cls

Lcd " AMPERE METER "
Lowerline

Lcd "Aarus:

Do

Locate 2 , 6
kKalkulasi = 0
For I = 1 Ta 100
Data_adc = Getadc(channel)
vamp = Data_adc * 5
vamﬁ = vamp / 1024
kalkulasi = Kalkulasi + vamp
Next
kalkulasi = Kalkulasi / 100
Temps = Fusing(vamp , "#.#F7)
vamp = val(temps)

kalkulasi - 2.5269

vamp
vamp / 0.1

vamp

‘acs 712-204
If vamp <= 0.04 And vamp »>= -0.03 Then Vamp = 0
Arus = Fusing(vamp , N

Led Arus 3 " AL % Sﬁc{dj
f Tombol_play = 0 Then
Hasil = ""
Temp = Left{arus , 1)
If Temp = "-" Then
Flag = Negatif
=2
Else i
Flag = Positif
I=1
end 1f
Do
Temp = Mid{arus , I , 1)
I1=1+1 .
If Temp <> “." Then Hasil = Hasil + Temp

n m

Logp unti Temﬁ =
puluhan = val(hasil)
Hasil = Right(arus , 2} ‘depan koma
satuan = valChasil) !

cosub cek_flag "cek plus minus flag

rage 2




Alamat_isd = Puluhan

Gosub voice_play

Tf satuan <= 0 Then
address = Koma
Gosub Play

Alamat_tisd = Satuan
Gosub voice_play
End If
address = Amper
Gosub Play

end If
waitms 400
Loop

cek_flag:

If Flag = negatif Then
Address = Minus

Gosub Play
Fnd If
Return

voice_play:

If Alamat_isd <= 11 Then

Elseif Alamat_isd >=

Address = aAlamat_isd
Gosub Play

Elseif Alamat_isd > 11 and

Amperd . bas

alamat_isd < 20 Then

sddress = alamat_isd - 10

Gosub Play
address = Belas
Gosubh Play

1f Alamat_isd »= 20 and
address = 2
puluhan = Alamat_isd
End If
If Alamat_isd == 30 and
address 3
puluhan
End If
If alamat_isd >= 40 And
address
puluhan
gnd If
If Alamat_isd >= 50 and
address = 5
puluhan = Alamat_isd
End IT
If Alamat_isd >= 60 And
address = 6@
puluhan = Alamat_isd
End IT
1f Alamat_isd »= 70 aAnd
Address 7

alamar_ isd

([

4
Alamat_isd

puluhan = Alamat_isd
End If
1f alamat_isd == 80 and

address = B

Puluhan = Alamat isd
End If

If alamat_isd == 90 and
address = 9
puluhan = Alamat_isd
End IT
Lowerlina

Lcd address ;

m_on

20 and Alamat_isd < 100 Then

Alamat_isd < 30 Then
- 20
Alamat_isd < 40 Then
- 30
Alamat_isd < 50 Then
- 40

Alamat_isd < 60 Then
- 50
Alamat_isd < 70 Then
- 60

alamat_isd < 80 Then
- 70
Alamat_isd < 90 Then
- 80

Alamat_disd < 100 Then

Fis

90

Page 3
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o Aamperd .bas
Gosub Play 'play address
Address = Puluh .
Gosub Play
! Lcd Address ; ":"

1f Puluhan <= O Then
address = Puluhan
' Led Address 3 "o
Gosub Flay
end If
End If
Return

operational_mode:
set Ce
set Pd
Set Play_rec
waitms 10
rReset al
raset Al
Reset A2
Reset AJ
Reset Ad
Reset Ab
et AD
Reset A7
set Al
et A9
waitms 10
Count_rec = 0
Return

Record:
Reset (e
waitus 1
s5et e
Do
Loop Until Tombol_record = 1
'pause [EOM
Raset Ce
waitus 1
set Ce
waitms 10
Return

Play:
ser Pd
waitms 20
Reset Pd
waitms 20
count_play = 0
Set Al
while Count_play < Address
Reset Ce
wWaitus 1
set Ce
wWaitms 45
Incr Count_play
wend
Reset Al
Reset Ce
Waitus 1
et Ce
waitms 40

Do
Loop until Eom = 0
Return
Page 4
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ACS712

Fully Integrated, Hall Effect-Based Linear Current Sensor ic
with 2.1 kVRMS Isolation and a Low-Resistance Current Conductor

Features and Benefits

1aww=noise anclog signal path

[Jevice bandwidth is sed via the new FILTER pin

5 s QUEAIE rises LiME N Tespmse 1o sten ity cyrmenl
K0 B He handwidth

Tl pistput error 1,5% ol Ty =25°C

Small [ootprint, low-srofile SOICY packuge

1.7 m& iniemal oonductor reststimoe

& Wosingle supply operation

At 1RS mY/ A putput senstlivity

Dutput vultage proportional to AT or DU currents
Factory -rimmid For gecuracy

Ltremely stable outpur offsct voliage

Mearly zoro mogmdic hysteresis

Ratiometric output from supply voltage

TUW A
( € Crartrficuts Mamber
iy 0 05 GaF1a 010
4 ]

Package: 8 Lead SOIC (suffix LC)

-

Approximase Sl § 1

P s

2 1 kVRMS minimum [solation voltage from pins 1-4 L pins 5%

Description

The Allegm® ACSTI2 provides economical and precise
solutions for AC o7 DC current sensing inindustrisl, commercial,
and communications systems. The device packuge allows for
easy implementation by the customer. Typical applications
include motor control, load detection and management. switch-
made power supplies, and overcurrent fault protection. The
device is not intended for aulomative wpplications.

The device consists olu precise_ Iow-afTset, linear Mall circuit
with a copper conduction path located near the surface ol the
die. Applied current fowing through this copper conduction
path generates amagnetic field which the Hall IC converlsinion
proportional voltage. Device accuracy is optimized through the
close proximity of the magnetic signal {o the Hall transducer.
A precise, proportional voltage is provided by the low-ndtset,
choppér-stabilized BICMOS 1Hall 1C. which is programmed
for aceuracy afler packaging,

The output of the device has a positive shope (=Viouroy)
when an inereasing current flows through the primary copper
conduction path (from pins | and 2, to pins 3 and 4), which is
the path used for carrent sampling, The internal resislance of
{his conductive path is 1.2 mE} gpieal, providing low power
loss, The thickness of the eopper conduetor allows survival of

Conrinued on e PeTE g,

Typical Application

WEC

B
2Py \ACUT
IP'
] 3\ FILTER

IP-

AC5T12

GME

Application 1, The AGET12 outputs an analog signal, Vg
fhat varies fingarly with e uni- of bi-directional AC ar DG
primary samipked curent, Ig, writhin the range specified. C;
it recommandad for notse managament, with velues that
depend on he application

ACETI2-DS, Rev. 13




ACS712

Fully Integrated, Hall Effect-Based Linear Current Sensor c
with 2.1 kVRMS Isolation and a Low-Resistance Current Conductor

Description {continued)
the device at up io 5= overcurrent conditions, The terminals of the

conductive path are electrically isolated from the signal leads (pins
§ through 83 This allows the ACHT12 w be used in applications
requiring clectrical isolation without the use of opto-isolutors or

peher costly isplation techniques.

The ALS712 s provided in asmatl, surfsce mount SOIC % package.
“The leadframe is plated with 100% marte tin, which is compatible
with standard lead { Ph) frec printed circuit board assembly processes.
Internally. the devieeis Ph-free, except tor flip-chiphigh-temperature
Phebased wlder halls, currently exempt from RoHS. The deviee i
fully calibrated prior to shipment from the factory.

Selection Guide
Part Numbar Packing® {1'[5} ﬂnﬂmﬁ;hm. e S?r:r:ﬁ:rﬁ::]m
ACET1ZELCTROSE-T | Tape and resi, 3000 piscesiree| 401085 5 185
AGSTIZELCTR 20A-T | Tape and reel, 3000 piacesfiee) 40 19 85 220 100
ACST12ELCTR-30A-T | Tape and reel. 3000 piocesiesl 401085 230 86
*‘Contact Allegro for additinnal packing options,
Absolute Maximum Ratings
T Charactaristic Symbol Notes Rating Unkts
Supply Voltage Ve ' v
| Reverse Supply Vollage Vaoe =1 v
Output Voltage Viour 8 v
-_thrsae Dutpul Veltage Vet 01 W
i : Fins 1-4 and 5-8; 60 Hz 1 minute, T,=25°C 2100 VAT
Rainforoed lsakation Voltags Vise Maximum working vottage according 1o - v
ULEDGS0-1 pqau_
Pins 14 and 5-8; 60 Hz, 1 minute, Ta=25°C 1500 VAC |
Biagic Isalation Voltege ViGrhes Masxirmum working voltage accarding 1o 384 v
ULBOS50-1 poak
Outpat Cusrant Sourca — 3 ma
Criput Currart Sirk S T i) 10 e
Overcurrent Transient Tolerenca k. | 1puise, 100ms 100 A
Hominal Operating Ambient Temperature i Range E 401085 | °C
Makimum Junclion :rﬂmpﬂﬂure T ) 165 [ o
[ Storage Temperatire T | 6810170 G
‘ Parameter Specificaon
| CAN/CSA-C22 2 No. 60850-1-03
Fire and Elecirks Shock UL B0950-1:2003
L | EN 60950-1:2001

Al lgiD MO E yateme, ek

115 Nofbeast Cutcl

Wreeshar Wassachasatis 01815 006 175 0.

1:E0R . BSS SO00; wiww BRSJOrmHc. COm




ACS712

Fully Integrated, Hall Effect-Based Linear Current Sensor IC

with 2.1 kVRMS Isolation and a Low-Resistance Current Conductor

Functional Block Diagram

______________________________________

l:li'll\-l"\-

.
3=
v
S O
||i—l—

Pin-out Diagram
(] voo
7] Wi
[E] FILTER:
;E poey
Tarminal List Table _
i Hummber Hame Descriptlon
1ard 2 P Terminals for currant being sampled; fused Intemaly
3 and 4 IP- Termimals for current bedrig samplad: fused intamally
5 GND Sigreal gound terminal |
8 FILTER | Terminal for extemal capacior thal sots randwidth ]
[ 7 VIGUT Analog cUipUt signal
L 8 vee Dievice power supply termingi

o : Allagm MGGy Fiems, Ire
(L 1% Morfes Carfmt
i \iceasiar, Massachibatia 0 E12-00os LA,
WUl iy s WG i + S50, BEG SOCE weew allagromiors.GHr




AC s 7 1 2 Fully Integrated, Hall Effect-Based Linear Current Sensor Ic
with 2.1 kVRMS Isolation and a Low-Resistance Current Conductor

COMMON OPERATING CHARACTERISTICS? aver full range of T, G = 1 nF, and Ve = 5 W, unless atherwise spacifiid

Characteristic [ Symbel Tast Corditions [ min, [ Typ. | Mex | Units

ELECTRICAL CHARACTERISTICS

Supply Voltage ' Ve 45 | &0 EE | N
Supply Current Ton |Voo = 5.0 V. outpul open i 10 13 me |
[Gutput Capecitance Load TGl |VIOUT to GND = = 10 rF
Cirtput Resistive Load Ruman | VIOUT to GND a7 = = kDt
Arimary Conducior Resistance | Rogpeeasy [ To= 2570 - 12 - [119]
Rise Time L ln= lpimax). Ty = 25°C, Goyr = open N = 5 - us |
Frequency Bantdwidth f Z3dB, 1,= 25'C. I Is 10 A paak-to-peak = W i kHz
Maninearity En | Over full range of | R - 1 - %
Symmetry : Egyw | Over hall range of |- 58 100 107 %
Jerd Cutrent Output Voltage | Vioure; | Bidirectionst: Iy = 0 A, T, = 26°C S v
BawerGn Tine b g}:tpﬂt ma;:!s 80% of staady-state leval, T,=25"C, 20 A present _ 35 _ i
Magnefic Coupling? i 17 | = GiA |
infernal Fitter Rasistances Rz IBEE; 7o)

- - !
[ievica may be operatad 31 highar primary current tevels, I, and ambienl, Ty, and inkernal lesdirame tempersturas, T, provided that the Maximim
Junction Temperature, T,(max], is not excesded.

21G=0.1 mF.
3Ry forms an RE circuil via the FILTER pan.

COMMON THERMAL CHARACTERISTICS!

I Min | Typ. | Max | Unis |
“Gperating Intemal Leadrame Tamperaturs | 1, | Erange —a0 = 85 G

I ' ' [ Walue | Unils
Junchtien-to-L eed Thenmal Resisiance? Ran Mounted on the Allegro ASEK 712 svaluation beard | & A
———— e F ey Blo :Jnmu{nmuﬁnﬁgm H5-03272 gvaluation board, includes the power con- a3 SR

I-1.»'ﬂ'«:luzillljl:rrmI ermal imformaton is available on the Allegro wabseie,
TTha Allagrs evaluaton boerd has 1500 mm® of & 02. COpRer on aach side, connected o pins 1 and 2, and to pins 3 and 4, with fhermnal vias connecl-
ing I layers, Performance values inciude the power consumed by the PCE. Further datads on the boand are avattable from the Frequantly Ashed
Ginestions document an owr wabsite, Further imformation aboul board design and tharmal performance alga can be found in the Applications (nfoerma-
fion sectlon of this dateshesal

g = ARG MEoEyIETE o

: * 115 Mertheast Cusol

maE - wWeemesier, Massarnusats (16150038 L5 A
k| - heropiers, b 1 GOR B SO0 waver allegramicm com




Fully Integrated, Hall Effect-Based Linear Current Sensor IC
with 2.1 kVRMS Isolation and a Low-Resistance Current Conducior

ACS712

»058 PERFORMANCE GHARAETERIBHCS1 T, =—40°C 10 B6°C, Cp = 1 nF. and Vg = 5 V. unises oinarwise speciied

Cheracteristic Symbol Test Conditions [ Non. Trp Max. Units
Oplimized Accuracy Range ls I. & 5 A
Sansitivity Sane  (Owerfultrange of by Ty = 25°C 180 185 130 A

: Paak-tn-peak. T, = 26°C, 185 mviA programmed Sensitviy, |
e VMGISEP®) |, « 47 1F. Gy = open, 2 kHz handwidth - = - my
Tp= 40°C 0 25°C o - | 0% | -~ G
Zem Gurment Cutpul Siopy Al = 2
i “3‘”_'-‘:“ T,=25°C to 160°C = ~0.08 = myrG
: Ty = 40°C to 25°C - nos | - MG
oo ASenS 965G 10 150°C T ogoe| = | mwiArG
Tatal Cutput Emor? Ergr  |lp =25 A 15 = 25°C = 15 = %

Dievice may be operated at higher primary cument lewals, In. and ambdent tamperatures, T pravided that the Masimum Junction Temperaturs, T imanp
& not exceded
Parcemage af Ip, wilh == 5 A, Cutput fillered.

x20A PERFORMANCE CHARACTERISTICS! 1,=—40°C 10 85°C. Gg= 1 nF, and Vg = 5V, unisss otherwise spedifiad

Characteristic Symbol Test Conditions Min, | Typ- | Max. Units
[ Dptimized Accaracy Fange Ies T = 0 A
Sensitivity Sens  |Ower full range of Ip T,= 25°C ' o5 o0 104 A
Peak-iopeak, To= 25°C, 100 mV/A programmed Sensitiviy, it
Hlolse VHOISE(PP! | = 47 nF, Gy 1y = Open, 2 kHz bandwidth & L = By
T.=—AFCI025°C - —0.0s i TVEE
I .k (A
Zate Sunest Gt e Mounar ' CFEC10750C S v WVFC
[ To=A0Clo2s G = ooT | — AT |
Sapaivity Sags e T.= 25 Cto 150°C — [—0.004 - VIASE
[ Tetal Qutput Ervar? Erar  |lp=t20 A, T4=25C = 5 = | [ |

Dewvice may be operated at nigher primary current kvels, lp, srd aniblant temperahures, T,, provided that the Maximum Junctinn Temperalure,
T, {max). is not exceadsd.
2Parcentage of n with |p =20 & Cltput fillered.

x304 PERFORMANGE CHARACTERISTICS! 7, =—40°C ta 85°C, Cp =1 nF, and Vo = 5V, unless alharwise speciied

Characteristic Symbol Test Conditions ' Min. [ Typ. | Max. Unite
| Dptmized Aoalracy Range [ _ -30 - Ao A
Sensitiviy Sens | Over full range of I, Ta = 25°C ' 63 [ 62 | mWA
Moize Viasepr E:ahf;—ﬁ ;n-f:r' ﬁmfr.ﬁzﬁkwﬁaﬁ;mmm — - 7 - mv
' ) Ta= 40C o 25°C - |03 | - G|
s s Mexman |7 265 1o 150°C - |, | - G|
_ = _40°C to 25°C = o007 || - MV
Sensitivity Shope ASEns Taw 257G 1o 166°C = S YT = MG
Total CUiput Eroi? Erar | Ip=230A, T, = 25°C = 1.5 = % |

Device may be operaked at higher primary currant levels. lp, and ambient temparanires, T, provided that the Maxmum Jundlion Tempersture,
T, (max}, i not exceated.
ZPercantage of s with i = 30 A Output filkesd,

Allegm MigoSysmme, Inc 5
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ACST" 2 Fi "d!.}' !nfegf ﬂfﬂf, Hall E_ﬂ’ecf—ﬂased Linear Current Sensor IC
with 2.1 kVRMS Isolation and a Low-Resistance Current Conductor

Characteristic Performance
Ip = 5 A, unless otherwise speciliad
Mean Supply Cument versis Ambiant Temperature Supply Current warsus Supply Vaollage
oan Tug B =y
RS | N
1020 -
1048 | _ _“ rl
g 0m ! £ -os|
= 10u0a L 0B
Faam| ~ 104
E 0.05 {[a 3
B.
ﬁ.: P | 10
880 - = | 18.4
BTR 1 Taln) - |
51 26 ia 45 EBELO TE dApDD 135 150 A5 &0 L &% 48 50 51 22 53 hd &b
Ta 1) Ver 4V
Magnetic Offset versus Ambiant Temperature Monlineanty versus Ambient Temperature
Ly - T B -
O | 1 i - =
1.0 E ] 1 [
|
g} = = F.04
T 70 e — —— =
E :E Vigom ¥ = 0A o ok
z '1'D |AfEr eeurEn k25
—an | . |
T e | | T
—4.0] : ! =yT
N i —— l L
=50 z L —_— —
% O 287 BDFE 10D 125 150 B @ 0 g Mg 75 i san v
Tad"E} Tl
Meaart Tatal Cutput Error versws Amblont Temperatine Senstivity wersus Ambert Temparaiune
[ kel AEEEET— — —— TBEST i
c 1860 | | ||
TS5
4! /’1—.\ :_? AESD. !
4 E  iman
3 F rean
ol = oamamg
- 183.0
- 18926
a2 n
- 1815
| I— 1L
—pD. <20 o a5 &5 T f0a 125 150 - 25 Q Fl i 5 e 12s 154
Ta I"E] Ta£5)
CHitpat Violtage versus Sensed Current - Sensifivity versus Sensed Curent
4.0 — 200 —y
a5 | i i l'_'ID|- ¥ | _=____I=____L—:
& TR Ml w—— - n
= :.-c! - g % 10 | ! T
= &4 a v | —0| Topey | —
:_E ol 5 Suau - =0
15 <4 0O =
; 431,50
1.0 e NS E]
a5 Tl “10.00 - ==
o TCHREED 4 &
e, R N T e, e WL T - M- R T R R 55 -2 -2 a 2
I ) I [A]
0 A Outpul Voltags versus Ambienl Temperature 1 A Onatput Vollage Cument varsus Ambient Temperature
M@ T ma T 2
a1
E_ o
_F it Z ool
: E
E & D
~ILan
—Ax 45 =
-EQ M ! ac 1u) B 10 175 180
Ta 108 Tu "G
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Fuily Integrated, Hall Effect-Based Linear Current Sensor IC
with 2.1 kVRMS Isolation and a Low-Resistance Current Conductor

ACS712

Characteristic Performance
Ip= 20 A, unless othenwise specified
Mean Supply Curent versus-Ambient Tempsraiung Supply Currenl vorsis Supply Voltage
av- 0.8 — ; T -
i | o g
- Tau W= B —
Z us - 4 g ey .
=t s = |8 ¥
A opd | Wi bﬂ i B
i . 34
£ | a4 =
L L] =
97— 2] | |
5O <25 O 2% & TS 100 1EF 15 A% 4B 4T 40 €9 5@ &1 52 5F 54 B2
T, e Wer W]
wagnetic (Mset versus Amblent Tenperaturs Monlincarnity wersus Abient Temperature
4 | 1 0.35—
. | | [ i 1 W
“Haf— | 5 |
~-1.8 ] = = | L |
g =0 — & =¥ |
5 —2.E h;_,-.-\':lp:ﬂ-ﬂu T R [
¥ aal- AT mazaraen b 204 | : s g -
=ab | | | oo — |
—ia | | | i [
—4f | | } | |
L - - a ! L 4
B R R 25 &80 e 10 zh N & -0 % S5 TR N 135180

Ta el

Mean Total Output Eror versus Ambiant Temperalure

Tal"=l

Senaithvily versus Ambient lemperaiue

& o8
5 | ! —| -00.E
i <004
= 1002
a
£ % 10
B F 2 Bas
W _a a
Bd |
— A
-1 4.2
—h.l " = om0 .
=& a5 5] 5 (4] EL T 1 (I E SR 1 =1 -2b <] = o P00 12 1ED

Ty, [}

Cutputt Vo'tage wersus Sengad Current

Ta ™Gl

Sansitivity yersus Sensed Curment
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4.5[ & 00,00 ! Tl l__|
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Fully Integrated, Hall Effect-Based Linear Current Sensor IC
with 2.1 kVRMS Isolation and a Low-Resistance Current Conductor

ACS712

Characteristic Performance
Ip = 30 A, unless olherwise specified
Maan Supply Cument versus Amblend Termpeature Suipply Current versus Supply Voltage
2b - 103 -
: I I
s 0= |
|
A
o N 7 ue
B oes 3
B ]
Bz .
i ai 0%
ui = el
L o -- R
g -75 4 2 = 75 00 =28 1A A5 &# 47 43 4= &0 51 B2 B3 A4 BS
Moo IV
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g T
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—an 0
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=51 2h b 45 GO TR o0 126 10D 51 -2 O £ a0 TR R 13 6l
Te G} Ta [°GH
Mean Total Cutput Errar versus Ambient Ternperature Sanitivity versus Ambdent Temperaturs
B BEE
T
F!' BE.S
i BE.4
E 2 | % 8E:3
= ._________.——-IH._________-_-‘ £ =h2
w | . 5 B0}
-2 1 T (=R
= 5.6
~4H 1 GhH
—£ — 657 i J—1
-50 25 a =5 L] 5 19 175 THd 40 25 1] & = 7h 00 1E e
TR LT Ta B
Chtpaut Volhage versus Senced Cument Sensitvily versus Sensed Cument
- el
HAAL | | |
EBaC —
P y —
:.ﬁ gD ——
54,00 TalGl |
GAL - L' "";;
Az 00 - Tl
i . | ==
CHEEE L. L
. -3 =] 0 a 19 2 50
W ipdA)
04 Cutput Voltage versis Amblent Temperatura 0 & Cupul Voltege Current versus Ambienl Temperature
LEE S .35 |
a5l Lag— |
PEIG 025
E FRI0[ [ Rt
= o6 Eg Rl
"E 750 2.0,
£ pEns d nrms
L wals a
:4-3.-..- =L.043
;..m|3| - - =
Z4R0 — 016
#3325 ¥ ] 20 ] Th 1o 135 150 el (B
To el
ARG, MCTS ke 1S, (1. &
115 Morthaas: Cutodf

WWeamaster, Massschuggts 016150036 U.5.A
1 GOR BS3 SO0, wwie SliBgromiom oom




ACS712

Fully Integrated, Hall Effect-Based Linear Current Sensor IC
with 2.1 kVRMS Isolation and a Low-Resistance Current Conductor

Definitions of Accuracy Characteristics

Sengitivity (Sens). The change in device output in response 0.4
1A change through the primary conductor, The sensitivity is the
product of the magnetie circuit sensitivity (€3/A) and the linear
IC amplifier gain (m¥/GY. The linewr 1€ amplifier gain is pro-
gramimed at the factory 0 optimize the senzitivily (mv/A) for the
full-svabe current of the deviee,

Noise (¥ ygzsp) The product of the linear IC amplifier gain
{mVA3) and the noise floor Tor the Allegro 1Tall effect finear 1C
(=1 (). The naise floer is derived [rom the thermal and shot
noise nhserved in Hall etements. Dividing the noise (mY} by the
sensilivity (mV/A) provides the smuallest current that the device is
ahle to resnlve.

Linearity (Ey ). The degree to which the voltage output from
thie 1€ varics in direct proportion to the primary current through
ity full-scale amplitade. Nonlinearity in the output can be attrib-
uted to the suturation of the flux concentrator approsching the
full-scale current. The following egualion is nsed o derive the
lingarity:

P C bbb Fiowt_full-sgale amperes — Fioumon! | |
| 2 (FiouT Falfscale amperes — Voo b

where Hau fillscate ampenes — 1hE Outpul volage (V) when the
sumpled current approximates full-scale +lp.

Symmetry (Egypghe The degres to which the ahsolute voltage
output from the 1C varies in proportion te cither a positive or
negative (ull-scale primary current. The following formula is
wsed wo derive symmelsy:

- [Wiour | fllseale amperes Fiovn

Fioio o — Fiowt_—fublseale amperss

Quiescent nutput voltage (Vigyyg)l- 1 he oulput of the device
when the primary current is 2z, For a unipolar supply voluge,
it iominally remains at Vees 2. Thus, ¥y =3 V translates into
\'rli_'l"l_rri_ig} = 2.5 W, Vadatlon in V]@JTH.?] can be attributed o the
resolutinon of the Allegro linear IC quiescent volage trim and
thermal drifl.

Electrical offset voltage (Vgp). The deviation of the device oul-
put from its ideal guieseent value of Vee!/ 2 due 1o nonmagnetio
caises. To convert this voltage to amperes, divide by the deviee
sensitivity. Sens.

Aceuracy (Eygp) The accuracy represents the maximum devia-
tiom of the actual oulput from its ideal value. This is also known
as the lotat output error. The aceuracy is illustrated graphically in
the cutput voltage versus current chart ul right.

Avcurecy is divided into four arces:

s OA at 25°C. Accuracy al the zero current low a8 25°C, with-
out the effects of temporature,

s 0 A over A temperature. Accurscy al the zer carrent [ow
including temperanme ¢lfects.

s Full-scale current 2t 25°C, Accuracy at the the fill-scale cumanl
at 25°C, without the effects of temperature,

« Full-scale current over A temperature. Accuracy ai the fill-
scale current Aow including lemperature efficts.

Ratiometry. The ratiometric festure means that its U A output,
Vier iy neminally equal to Wi2) and sensitivity. Sens, are
propuriional o its supply voltage, V- The following fomula is
used to derive the ratiometric change in O A ootput voliage,
AVicwmegiran LYk
s ( Fronmavee o nigisv |
Ve (3 !

The ratiometric changs in sensitivity, ASensgr (%), is defined ws:

| Sensyor | Semssy )

Output Voltage versus Sampled Gurrent
Aocuracy at 0 A and at Full-Scele Curent
.hwr‘ i
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ACS712

Fully Integrated, Hall Effect-Based Linear Current Sensor IC
with 2.1 kVRMS Isolation and a Low-Resistance Current Conductor

Definitions of Dynamic Response Characteristics

Power-On Time {tpg). When the supply is ramped to its operst-
ing voltage, the device requires a finite lime 10 power its internal
components before respunding to an input magnetic ficld,
Power-0n Time, tpg - is delined as the time i takes for the output
voltage o settle within £ 10% of its sleady state value under an
applied magnetic fickd, after the power supply has reached its
minimum specified operating voltage, Veoe(mind, as shown in the
chart al right.

Rise time (1), The time interval between a) when the device
reachis 1000 of its Tull seale value, and by when 1t reaches 90%
of itz Full scale value. The rise ime 10 & Step response is used Lo
defve the bandwidih of the device, in which f(=3 JB)= 035/
Buth I, 8nd typgpowse are detrimentally affected by eddy current
Insses observed in the conduetive 1C ground plane.

Fosenr on T worsis = :unnnd Filiar ! Hp-‘ln'.'lm
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ACS712

Fully Integrated, Hall Effect-Based Linear Current Sensor IC
with 2.1 kVRMS Isolation and a Low-Resistance Current Conductor

Chopper Stabilization Technique

Chipper Stabilization is an innovative circuit technigue that is
used Lo minimize the offeet voltage of a Hall clement and an axso-
ciated on-chip amplifier. Allegro patenied a Chopper Stabiliza-
tinn techniyue that nearly eliminates Hall 17 oukput drift induced
b Lemperature ur package stress effects. This offsat reduction
technigque is based on a signal modulation-demodulation process.
odulation is used to separate the undesired DC otfse signal
from the magnetically induced signal in the Irequency domain.
Then, using a low-pass filter, the modulated DC offset is sup-
arcssed while the magnetically induced signal passes through

Hall Element

X

the filter. As @ tesult of this chopper stabilization approach, the
output voltage from the Hall 1C is desensitized to the cffects

of temperature and mechanical stress. This lechnique produces
devices that have an extremely stable Llectrical Offiet Voltage.
are immune to thermal stress, and have precise recoveribility
after temperature eveling,

This technique is madi possible through the use of a BICMOS
process that aliows the use of low-offset and Jow-noise amplificrs
in combination with high-density logic integration and sample
and hold circuits,

o Clockilogc

L

Lo Pass
Filler

Sample and
Held

Aliegro MiooSyaters, Ins 1M
115 Morteas] Culolf

Winroeshar, Marssachosats 090150056 LG 4

1 B0 5 GO ween Rl mEmiGn ST




ACS712

Fully Integrated, Hall Effect-Based Linear Current Sensor 1C
with 2.1 kVRMS Isolation and a Low-Resistance Current Conductor

Typical Applications
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ACS712

Fully Integrated, Hall Effect-Based Linear Current Sensar IC
with 2.1 kVRMS Isolation and a Low-Resistance Carrent Conductor

improving Sensing System Accuracy Using the FILTER Pin

I low-frequency sensing epplications. it is often advantageous
oo add a simple RC filler to the output of the device, Such a low-
pass filter improves the sipnal-to-noise ratio. and therefore the
r-u.mluunn of the device output signak. [ lowever, the addition of
an R{ filter to the output of a sensot 1C can resull in undesirable
device output attenuation — even [ur DO signals,

Signal altenuation, A¥sp, i @ result of the resistive divider
effect between the resistance of the external liler, R {scc
Applicativon £). and the input impedance and resistanee of the
customer interface eircuil, Rpypee. The transfer function of this
resistive divider is given by

A =3 S
Al (I578 I'[ﬁ'r-‘ T

B

Lven I Ry and Ry pc ure designed {o match, the two individual
resistance values will most likely dift by different amounts over

=

tempensture. Fherefore, signal atenuation will vary as a function
of temperature. Mote that, in many cases, the input impodance.
Ryurpe - oF a typical analog=to-digital converter { ADC) can be as
loww s 100 kLD

The ACS712 contains an internal resswor, 8 FIETER pin conhec-
tion o Lhe printed circuit boasd, and an internal buffer amplifier.
With this circuit architecture, users can implement a simple

R filter via the addition of o capaeitor, Cp (see Application 7)
fram the FILTER pin to ground. The buffer amplifier inside of
the ACNT12 (located after the intemnal resistor and FILTER pin
conncetion) eliminates the attenuation causcd by the resistive
divider cffcet described in the cyuation for AV, Theretore, the
ACS712 deviee is ideal for use in high-aecuracy applications
that cannot siford the signal altenuation associated with the use
of un external RC low-pass filter,

Application &. When & low pass filter is constructed
axiemally o a standand Hall effect device, a resislive
divder may exist betwesn tha filter resistor, R and
thia resistance of the cortomer inkeface ciralil. Ruyree
This resistive divider will cause sxcessive attanuation,
a& given by the tansfer fundion for N

Application 7. Using the FILTER pin
provdied on the ACET12 efiminales he
attanuation effacts of \he resistor divider
betwean Rr antd Ryrec, Shiown in Appi-
catlon B,

e
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ACS712

Fully Integrated, Hall Effect-Based Linear Current Sensor 1C
with 2.1 kVRMS Isolation and a Low-Resistance Current Conductor

Package LC, 8-pin SOIC

- O L

1L=RE

CAUGEPLAKF

Frarooc Faoe
M
EEM 1N !

- L l s
[F2.0

P

ek i
A o

L=

Fre Hehoronoe Ty ! B Vol (5 Seberis ME-01LA0A)
Tavetskong i miEmslae

kG echeerm o ekt foak pakec b e and b prokusioms
Fusre i a1 wrsed v Fypudicn i appber dermbon winer §miz shown

& Teeramal 31 mak #wa

Aty Dol ol A s | A pRer dssoto

A5 Rebstonc tind padan laaed {ifirerce 27151

i FOEAAPEMLT 7S BN, W1 pac n minemm ol 50 el o
sl Packs; BCs! 0 RedHAERN In Moot gk plon pncess
wcairomen s and MO Bl menooe

Copyright ©2006-2010, Allegro MicroSysiems, Inc.
The produets described herein ore protected by 1.5, patents: 5.621.319; 7.598.601; and patent pending.

Allezro MicroSystens, lig, reserves the right to make, from tirme to time, such departures fro
mil improvements in the performance., reliability, or manufacopsbility of its products. Before
information Being relied upon is gureent;

Allegro's produgts are nak w b ysed in Tl e or gystems, il fhihure ol Alkepre priduct G
Tl i i D oF o Ley thi saifiety or effcctiveness of thad device Or system.

g p—i

Hge0-~

ﬁ'Eh twasdand ey T besdaz Vi

H - Therioe parl nombsr

7= Zariaqe Deagusne

[ = Lantan lomperaioe g
& - Mimage

L= |otmimher

Fidky Fracd = Ty vl T

st the deteil speclfications s may be requined o pe-
pliacing an order, the user is cantioned to verify that the

psomabily be expected 1o caust the

The information inclided herein is believed to be peourate and relivble, However, Allegre MicraSystetms, Ine, assuines no responsibility for is-use;
nor for any infringement of patenls ur oiber ights of thied parties which muy result from it use.

For 1he latest version of this docurnent, visil our website:

www.allegrom|gro.com

#RlYy _—
e o
-"h-l" L T,

ASngm MerSestams. Inc. 14
114 hoeitwgsd Do

Wercasiar Massachuselts D181 50036 US4,
15048 BES SOCK: wewrs sliagrimicnn com




=== T

Features |
+ High-performance, Low-power Atmel” AVR™ 8-bit Microcontroller
« Advanced RISC Architecturs
— 131 Powerful Instructions — Most Single-clock Cyela Exacution
— 32 x & General Purpose Working Registers
= Fully Static Operation
- Up to 16 MIPS Throughput at 16 MHz fe—=raa== amn s e

— On-chip 2-cycle Multipller
+ High Endurance Non-volatila Memory segmernts
— 16 Wbytes of In-Systemn Sel-programmable Flash program memory

- 512 Bytes EEPROM I S'b' it AVR )

— 1 Khyte Internal SRAM

— Write/Erase Cycles: 10,000 Flagh/100,000 EEPROM H

- Data retention: 20 years at 85°C/M00 years at 25°CH M Icracuntrol IEF

— Optional Boot Code Saction with Indepandent Lock Bits =
In-System Programming by On-chip Boot Program WIth 1 ﬁ K Byt35
True Read-While-Write Operation

— Programming Lock for Software Security In -S}‘Stem

= JTAG (IEEE std. 11481 Compliant) Interface
_ Boundary-scan Capabilities According to the JTAG Standard PI'OQ rammable

- Extensive On-chip Debug Support

~ Programming of Flash, EEPROM, Fuses, and Lock Bits through the JTAG Interface Flash
= Peripheral Features

_ Two 8-bit TimeriCounters with Separate Prescalers and Compare Modes

— One 16-bit Timer/Counter with Separate Prescaler, Compare Mode, and Capture

Mode _ ATmegai6
— Real Time Counter with Separate Oscillator
- F PWM Cha |
~ gechannel, 10-bit ADC | ATmegai6L
8 Single-anded Channels

7 Differential Channets in TAFP Package Only
2 Differential Channels with Programmable Gain at 1x, 10%, or 200x
— Byta-oriented Two-wire Serial Intarface
— Programmable Sarial USART
— MasterfSlave 5PI Serial Interface
— Programmable Watchdog Timer with Saparate On-chip Oscillator
- On-chip Analog Cemparator
Special Microcontraller Features
— Powar-on Reset and Pregrammable Brown-out Detection
— Internal Calibrated RC Oscillator
— External and Intemal Interrupt Seurces
- Six Slaep Modes: Idle, ADC Nolsa Reduction, Power-save, Power-down, Standby
and Extended Standby
/O and Packages
— 32 Programmable /O Lines
— 40-pin PDIP, 44-lead TQFP, and 44-pad QFN/MLF
» Operating Voltages
- 2.7V - 5.5¥ for ATmegalbl
- 4.5V - 5.5V for ATmegalb
= Speed Grades
- D -8 MHz for ATmegal6L
- 0 -16 MHz for ATmega1d
+ Power Consumption @ 1 MHz, 3V, and 25°C for ATmegaistl
— Active: 1.1 mA
- Idie Mods: 0.35 mA
— Powar-down Moda: < 1 gA

Rrv. B4EET-AVR-O7D




——————————— ATmMega16(L)

Pin

Configurations

Disclaimer

2 T-AVR-DIT

Figure 1. Pinoul ATmegal6
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Typical values contained in this datasheet are hazed nn simulations and charactenzation of
athet AYR microcontrollers manutacturad on the same process technalogy. Min and Max values

will be available after the device is characterized.
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ATmegal6(L)

Overview The ATmegalb is a low-power CMOS 8-bit microcontroller based on the AVR enhanced RISC
architecture. By executing powerful instructions in & single clock cycle, the ATmegals achieves
throughputs approaching 1 MIPS per MHz allowing the system designer to optimize power con-
SUMPLoN versus processing speed.

Block Diagram Figure 2. Block Diagram
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- A TMEga16(L.)

Pin Descriptions
vce
GND

Port A (PAT..PAQ}

2087 AH-L 1Y

The AV core combines a rich instruction set with 32 general purpose working registers. All the
32 registers are directly connected to the Arithmetic Logic Unil (ALU), allowing two independent
registers to be accessed in one single inslruction executed in one clack cycle. The resulting
architecture is more code efficient while achieving throughputs up to ten times faster than con-
ventional CISC microcontrollers.

The ATmega16 provides the following features: 16 Kbytes of In-System Programmable Flash
Program memory with Read-While-Writs capabilifies, 512 bytes EEFROM, 1 Kbyte SRAM, 32
general purposa 1O lines, 32 general purpose working registers, 2 JTAG interface for Boundary-
scan, On-chip Debugging support and programming, three flexible Timer/Counters with com-
pare modes, Infernal and External Intarrupts, a serial programmable USART, a byle uriented
Two-wire Serial Interface, an 8-channel; 10-bit ADC with optional differential input slage with
programmable gain (TQFP package only), a programmable Watchdog Timer with Internal Oscil-
lator, an SPI serial port, and six software selectable power saving modes. The |dle mode stops
the CPU while allowing the USART, Two-wire interface, A/D Converter, SRAM, TimerfCounters,
5P| port, and inlerTupt system to continue functioning. The Power-down mode saves the ragistar
contants bul freezes the Qecillator, dizabling all other chip functions until the next Extemal Inter-
rupt or Hardwara Reset. In Pawer-save mode, the Asynchronaus Timer continues to run,
allowing the user to maintain a timer base while the rest of the device is sleeping. The ADC
Noise Reduction mode stops the CPU and all /O modules except Asynchronous Timer and
ADC, to minimize switching noise during ADC conversions. In Standby mode, the crystal/reso-
natar Oscillator is running while the rest of the device is sleeping, This allows very fast start-up
combined with low-powar consurnption, In Extendad Standby mode, both the main Oscillator
and the Asynchronous Timear continue to run.

The device is manufactured using Atmel's high density nonvalatile memory technology. The On-
chip ISP Flazh aliows the program memory 10 be reprogrammed in-system through an SPl senal
interface, by a conventional nonvolatile memory programmer, or by an On-chip Boot program
funning on the AVR core. The boot program can use any interface to download the application
program in the Application Flash memory. Software in the Boat Flash section will continue to run
while the Application Flash section is updated, providing true Read-While-Write operation. By
combining an 8-bit RISC CPU with In-System Seli-Programmable Flash on a monolithic chip,
the Atmel ATmegal6 is a powerful microcontroller that provides a highly-flexible and cost-efiec-
tive =olution io many embedded control applications.

The ATmegalb AVR is supported with a full suite of program and system development tools
including: C compilers, macro assemblers, program debugger/simulators, in-circuit emulatars,
and evaluation kils,

Digital supply vollage.
Ground.

Port A serves as the analog inputs to the A/D Converter.

Port A also serves as an 8-bit bi-directional 10 port, if the A/D Converter is nol used. Port pins
can provide intemal pull-up resistors (selected for sach bit). The Port A output buffers have sym-
metrical drive characteristics with both high sink and source capability. When pins PAQ to PA7
are used as inpuls and are externally pulled low, they will source current if tha intarmal pull-up
resistors are activated. The Port A pins are tri-slated when 2 reset condition bacomes active,
even if the clock is not running.

AIMEL 4




——————— A TmMega16(L)

Port B {PB7 .PB0)

Port C {PC7..PCD}

Port D (PD7..PDO)

XTAL1

XTALZ

AVCC

AREF

ZARET--AVR-DTIN

Port B is an 8-bit bi-directional !0 port with intemal pull-up resistors (selected for each bit). The
Port B output buffers have symmetrical drive characteristics with both high sink and source
capability. As inputs, Port B pins that are extemally pulled low will suurce Gument if the pull-up
resistors are activated. The Port B pins are tri-staled when a reset condition becomes active,
aven if the clock is not running.

Port B also serves the functions of various special features of the ATmega16 as listed on page
58,

Port C is an 8-bit bi-directional VO port with internal pull-up resistors (selected for each bit). The
Part C output buffers have symmetrical drive characteristics with both high sink and source
capability. As inputs, Port C pins that are extemally pulled low will source cument if the pullup
resictors are activated, The Porl G pins are iri-slated when a reset condition becomes active,
aven if the clock is not running. I the JTAG interface is enabled, the pull-up resistors on pins
PC5(TDI), PC3(TMS) and PC2{TCK) will be activated even if a resel occurs.

Port C also serves the functions of the JTAG interface and olher special features of the
ATmegal6 as lisled on page 61.

Fart D is an 8-hit bi-directional /O port with internal pull-up resistors {selected for each bit). The
Port D output buffers have symmetrical drive characteristics with both high sink and source
capability, As inputs, Port D pins hal are extemally pulled low will source current if the pull-up
resistors are activated. The Port D pins are tri-stated whan a reset condition becomes active,
even il the clock is not running.

Port O alzo serves the functions of varous special fealures of the ATmegalb as listed on pags
63,

Reset Input. A low level on this pin for longer than the minimum pulse length will generate a
reset, sven if the clock s not running. The minimum pulse length is given in Table 15 an page
48, Shorter pulses are nul guaranteed to generate a resel.

Input to the inverting Oscillator amplifier and input to the intemal clock operating circuit.

Cutput from the inverting Oscillator amplifier.

AVCC is the supply voltage pin for Part A and the A/D Converter. It shauld be externally con-
nected to Vg, even if the ADC is not used. If the ADC is used, it should be connected to Vi
through a low-pass filter,

AREF is the analog reference pin for the A/D Convertar.
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Resources A comprehensive set of development tools, application notes and datasheats are available for

download on httpdiwww.atmel.comiayr.

Data Retention  Reliability Qualification results show that the projected data retention failure rate is much less

than 1 PPM over 20 years at 85°C or 100 years at 25°C.
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About Code
Examples

Z4BET-AVR=0SA0

This documentation contains simple code examples that briefly show how to use various paris of
the device. These code examples assume that the part specific header file is included before
compilation. Be aware that not all C Compiler vendors include bit definitions in the header files
and interrupt handiing in C is compiler dependent. Please confirm with the C Compiler documen-

tation for more details.
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This section discusses the AVR core architecture in general. The main function aof the CPU core
i5 (0 ensure comect program execution. The CPU must therefore be able (o access memories,
perform calculations, control peripherals, and handle interrupts,

Figure 3. Block Diagram of the AVR MCU Architecture

* Diata Bue Bhit
Fi Frogram Salis
P"'#ﬂ;ﬁ b and Comired
Monpy fe—o
Inlormipe
A xE Urit
Ingtructon T e =
Fragizdar Puposs % ™=
= e o] * Hogisireey [ Uit
freatruction ' =
Dieexder B By ..‘#ﬂ:hﬂ
J g v s
Cannired Lines = g BERl Cuwrparsior
= o
}od )
= O Moot

I
o sniﬂa ..._,.-—-| 1 Mcwhate 3

W o ]
13 Lines L'—"
Clehe e

In arder to maximize performance and parallefism, the AVR uses a Harvard architecture — with
separate memories and buses for program and data. Instructions in the pragram memory are
executed with a single level pipelining. While ona instruction iz being executed, the next instruc-
tion is pre-fetched from the program mamory. This concept enables instructions 1o be executed
in every clock cycle. The program memory is In-System Reprogrammable Flash memaory

The fast-access Register File contains 32 = 8-bit general purpase working registers wilh a single
clock cycle access time, This allows single-cycle Arithmetic Logic Unit [ALU) operation. In a typ-
ical ALLl operation. two operands are output from the Register File, the operation is executed,
and the result is stored back in the Register Fila — in one clock oycle.

3ix of the 32 regisiers can be used as three 16-hit indirect address register pointers for Data
Space addressing — enabling efficient address calculations One of the these address pointers
can also be used as an address pointer for look up tables in Flash Program memary. These
added function registers are the 16-bit X-register, Y-register, and Z-register, described latarin
this section.

The ALU supports arithmetic and logic operations between registers or betwsan a constant and
a register. Single register operations can also be executad in the ALL. After an arithmebc opera-
tion, the Stalus Register is updated to reflect information about the result of the operation.

AIMEL 8
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ALU - Arithmetic
Logic Unit

Status Register
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Frogram flow is providad by conditional and unconditional jump and call instructions. able to
directly address the whole address space. Most AVR instructions have & single 16-bil word for-
mat. Every program memory address contains a 16-bit or 32-bil instruction,

Program Flash memory space is divided in two sections, the Boot program section and the
Application Program section, Both sections have dedicated Lock bits for write and readfwrita
protection. The SPM instruction that writes into the Application Flash memory section must
reside in the Boot Program section.

During interrupts and subrouting calls, the return address Program Counter {FC) is stored on the
Stack. The Stack is effactively allocated in the general data SRAM, and consequently the Stack
size i= onty limited by the total SRAM size and the usage of the SRAM. All user programs must
initialize the SP in the reset routine (before subroutines or interrupts are executed). The Stack
Pointer SP is read/write accessible in the /O space. The data SRAM can easily be accessed
through the five different addressing modes supported in the AVR architecture.

The memory spaces in the AVR architectura are all linear and reguiar mamary maps.

A flexible interrupt module has its control registers in the /O space with an additional global
interrupt enable bit in the Status Regster. All interrupts have a separate interrupl vector in the
interrupt vectar table. The interrupts have priority in accordance with their interrupt vector posi-
tion. The lower the interupt veclor address, the higher the priority,

The IO memory space contains 64 addresses for CPU peripheral functions as Confrol Regis-
ters, SPI, and other /0 functions. The /O Memory can be accessed directly, or as the Data
Space locations following those of the Register File, $20 - $5F.

The high-performance AVR ALU operates in direct connection with all the 32 general purpose
working registers. Within a single clock cycle, arithmetic operations between ganeral purpose
registers or between a register and an immediate are executed. The ALU operations are divided
inta three main categories — arithmetic, logical, and bit-functions. Some implementations of the
architecture also provide a powerful multiplier supporting both signediunsigned multiplication
and fractional format. See the “Instruction Set” section for a detailed description.

The Status Register contains information about the rasult of the mast recently executed arthme-
fic instruction, This information can be used far altering program flow in order to perfarm
wonditional operations. Note that the Status Register is updated after all ALU operations, as
specified in the Instruction Set Reference. This will in many cases remove the need for using the
dedicated compare instructions, resulting in faster and more compact code.

The Status Register is not automatically stored when entering an inlerrupt routing and restored
when returning from an interrupt. This must be handlad by software.

The AVR Status Register — SREG — is defined as:

Ba T ] ] i a 2 1 0

s I v [ w [ & ] ¥ | N | 2 | ¢ | smec
Readivilte R HW EAY Ry R R R R
Inita Warise 1] Q f u 4] i ] 0

= Bit 7 - |: Global interrupt Enable

The Global Interrupt Enable bit must be set for the interrupts to be enabled. The individual inter-
rupt enable control is then performed in separate control registers. If the Global Interrupt Enable
Register is clearad, none of the interrupts are enabled independent of the individual interrupt
enable settings. The I-bit is cleared by hardware after an interrupt has occurred, and is set by
the RET! instruction to enable subsegquent interrupts. The |-bit can also be set and cleared by
the application with the SEI and CL| instructions, as describad in the instruction set reference.

ATMEL .
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« Bit & - T: Bit Copy Storage

Tha Bit Copy instructions BLD (Bit LoaD) and BST (Bit STore) use he T-bil as source or desti-
nation for the operated bil. A bit from a register in the Register File can be copied into T by the
BST instruction, and a bit in T can be copied into a bit in a register in the Regisler File by the
BLD instruction.

= Bit 5 - H: Half Carry Flag

The Half Camy Flag H indicatas a Half Camry in some arithmetic operations. Half Camy Is usaful
in BCD anthmetic. See the “Instruction el Description” for detailed information.

+ Bit4-5S:SignBit, 5=NDV

The S-bit is always an exclusive or between the Negative Flag N and the Two's Gomplement
Overflow Flag V. See the “Instruction Set Description” for detailed information.

= Bit 3 —V: Two's Complament Overflow Flag

The Two's Complement Qverflow Flag V supports two's complement arithmetics. See lhe
*Inztruction Set Description” for detailed information.

« Bit 2 = N: Negative Flag

The Negative Flag N indicates a negative result in an arithmatic or logic operation. Sae the
“|nstruction Set Description” for detailed information.

» Bit1—2: Zero Flag

The Zero Flag 7 indicates & zero result in an arithmetic or logic operation. See the "Instruction
Set Description” for detailed information.

= Bit 0 = C: Carry Flag

The Carry Flag C indicales a carry in an arithmetic or logic operation. See the “Instruction Set
Description” for detailed information.

—_————-——————= |||E|'_ 10
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General Purpose  The Regisier File is optimized for the AVR Enhancad RISC instruction set. In order to achieve
Register File the required performance and flexibility, the following input/output schemes are supported by the
Register File:

= (One 8-bit output operand and one 8-bit resull input

«  Two 8-bit output operands and one B-bit result input

- Two 8-bit output operands and one 18-bit result input
«  One 16-bit output operand and one 1E-bil result input

Figure 4 shows the structure of the 32 general purpose working registers in the CPU.

Figure 4. AVR CPU General Purpose Working Registers
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Most of the instructions operating on the Register File have direct acesss 1o all registers, and
most of them are single cycle instructions.

Az shown in Figure 4, each register is also assigned a data memory address, mapping them
directly inlo the first 32 locations of the user Data Space. Although nat being physically imple-
mented as SRAM locations, this memory organization provides great flexibility in access of the
registers, as the X-, ¥-, and Z-pointer Registers can be set to index any registar in the file,

AIMEL "
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The X-register, Y- The registers R26..R31 hava some added functions to their general purpose usage, These reg-
register and Z-register isters are 16-bil address pointers for Indirect addressing of the Data Space. The three indirect
address registers X, ¥, and Z are defined as described in Figure 5.

Figure 5. The X-reqgister, Y-register, and Z-register
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In the different addressing modes these address registers have functions as fixed displacement,
automatic increment, and automatic decrement (see the Instruction Sel Relerence for details).

Stack Pointer The Stack is mainly used for storing temporary data, for staring local variables and for storing
return addresses after interrupts and subroutine calls. The Stack Pointer Register always poinls
to the top of the Stack. Note that the Stack is implemented as growing from higher memary loca-
tions 1o lowsr memary locations. This implies that a Stack PUSH command decreases the Stack
Pointer. If software reads the Program Courter from the Stack after a call or an interrupt, unused
bits [15:13) should be masked out.

The Stack Pointer points to the data SRAM Stack arsa where tha Subroutine and Interrupt
Stacks are located. This Stack space in the data SRAM must be defined by the program before
any subrouting calls are executed or interrupts are enabled. The Stack Pointer must be sel to
point above $60. The Stack Pointer is dacremented by one when dala is pushed onto the Stack
with the PUSH instruction, and it is decremented by two when the retum address is pushed onto
the Stack with subroutine call or interrupt, The Stack Painter is incremented by one when data is
popped from the Stack with the POP instruction, and it is incremeanted by two when data is
popped from the Stack with return from subroutine RET or return from interrupt RETL

The AVR Stack Pointer is implemented as two 8-bit registers in the 1/O space. The number of
bits aclually used is implementation dependent. Nole that the data space in some Implementa-
tions of the AVR architecture is 2o small that only SPL is needed. In this case, the SPH Register
will not be present.

Bit 15 14 13 12 11 i +] E ] &
™SEis | 5Pl | SPi3 | SPiz | SP11 | BP0 e TP SPH
2PT 5F6 SP5 BP4 BP2 52 5P SPD sPL
7 B G I 3 7 1 0
Readyrite RAN R R RN R Ry RANW R
2w RN R RIW R AW Fawy R
Intial Valua a 0 i} 0 4] o 1] i
o i I 0 o o & o
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Instructicn
Execution Timing

Reset and
Interrupt Handling

This section describes the general access timing concepts for instruction execution. The AVR
CPU ig driven by the CPU clock ek, diractly genarated from the selected clock source for the
chip. No internal clock division is used.

Figure B shows the parallel instruction fetches and instruclion executions enabled by the Har-
vard archilecture and the fast-access Register File concept. This is the basic pipelining concept
to obtain up to 1 MIPS per MHz with the comesponding unique results for functions per cost,
functions per clocks, and functions per power-unit,

Figure 6. The Paralle! Instruction Fatches and Instruction Executions
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Figure 7 shows the internal timing concept for the Register File. In a single ciock cycle an ALU
operation using twa register operands is exacuted, and the result 15 stored back to the destina-
tion registar.

Figure 7. Single Cycle ALU Operation
T T2 T3 T4

gy
Total Execution Tima

Register Operands Felch

ALU Operation Execute

Result Write Back

The AVR provides several different interrupt sources. These interrupts and the separate resset
yector each have a separale program yvector in the program memory space, All Interrupts are
assigned individual enable bits whieh must he written logic one together with the Global Intermupt
Enable bit in the Status Register in order to enable the interrupl. Depending on the Program
Counter value, interrupts may be automatically disabled when Boot Lock bits BLBO2 or BLB12
are programmed. This feature improves software security. See the section “Memory Frogram-
ming” an pege 252 for details.

The lowest addresses in the program memory space are by default defined as the Reset and
Interrupt Vectors. The compleda list of vectors i= shown in "Intarrupts” on page 45. The list also
determines the priority levels of the different interrupts. The lower the address the higher is the
pricrty level. RESET has the highest priority, and next is INTD — the External Intermupt Requesl

== AII“E'{w 13
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0. The Interrupt Vectors can be moved to the start of the Boot Flash section by setting the IVSEL
bit in the General Interrupt Control Register (GICR). Refer o “Intemupts” on page 45 Tor more
information. The Reset Vector can also be moved to the start of Lthe boot Flash section by pro-
gramming the BOOTRST Fuse, see “Bool Luader Support - Read-While-Write Self-
Programming’ @n page 246.

When an interrupt ocours, the Global Intermupt Enable I-bit is cleared and all interrupts are dis-
abled, The user software can write logic one to the I-bit to enable nested interrupts, All enabled
interrupts can then intemrupt the current interrupt routine. The |-bit is automatically set when a
Return from Interrupt instruction — RETI — is executed.

There are basically two types of interrupts. The first type is tnggered by an evenl that sets the
Interrupt Flag. For these interrupts, the Program Counter is vectored to the actual Interrupt Veo-
tor in order to execuie the interrupt handling routine, and hardware clears the corresponding
Interrupt Flag. Interrupl Flags can also be cleared by writing & logic one to the flag bit position{z)
tu be cleared. If an interrupt condition occurs while the corresponding interrupt ena bl bit iz
cleared, the Intemrupt Flag will be set and remambered until the interrupt is enabled, or tha flag s
cleared by software, Similarly, if one or more interrupt conditions occur while the Global Interrupt
Enable bit i= cleared, the corresponding Interrupt Flag(s) will be set and remembered unbl the
global interrupt enable bit i= set, and will then be executed by order of priorty.

The second type of interrupts will trigger as long as the interrupt condition is present. Thess
interrupts do not necessarily have Interrupt Flags. If the interrupt condition disappears hefore the
interrupt is enabled, the interrupt will not be triggered.

\When the AVR exits from an interrupt, it will always retumn to the main program and execute one
more instruction before any pending interrupt is served.

Notae that the Status Register is not automatically stored when entering an interrupt rautine, nor
restored when retumning from an interrupt routine, This must be handled by software.

When using the CLI instruction o disable interrupts, the interrupts will be immediately dizablad.
No interrupt will be executed after the CLI instruction, even if it occurs simultaneously with the
GLI instruction. The following example shows how this can be used to avoid interrupts during the
timed EEPROM write sequence.

Assambly Code Exampla =

in iR, SEEE posbore FEEG vaiue

eli : Adgable incerropis-daring timed sagquence
sbi ZECH, HEMWE . gtart RRFROM wrlte

gbi EECR, EEWE

out HREA, L& | restora - SREG -walue [I-bild

 Code Example

char TARES,

LSRES - 3RER: v stors BRES value 4

/4 diashle fntecouptds Suring L imed amguence 0

B P N B

EECE |= (l<sEEMWH]; ¢ gtart RBFROM wrica 4
EECE |— iL=<EEWEI ;
AFES = CYHES: % restor= SEEF valus (I-Bit!) Lrs
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Interrupt Response
Time
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When using the SEI instruction to enable interrupts,; the instruction fellowing SEI will be exe-
cuted before any pending intermupts, as shown in this example.

Aszembly Code Example

T ; &er giobal dnterrupt snable
gleep ; cnbter sleep, walbing For leferiups
; roce: will enter sleep befcore any pendind

LoAnLErrupl ()

C Code Exampla

_ARTA) oM mel glaval interruptoenable
SBLERP L) S entsr sTeep, wallihg For dncerrupt 75

J* poze: will enter alasp bmefore any peodicg incarrual {8) &f

The interrupt execution rasponse far all the snabled AVR interrupts is four clock cycles mini-
mum. After four clock eycles the program vector address for the actual interrupt handling routine
iz executed. During this four clock cycle penod, the Program Counter is pushed onto the Stack.
The vector is notmally a jump to the intermapt routine, and this jump takes three clock cycles. If
an interrupt cocurs during execution of a mulli-cycle Instruction, this instruction is completed
before the interrupt is served. If an interrupt occurs when the MCU s in sleep mode, the interrupt
execution response time is Increased by four clock oycles, This increase comes in addition to the
start-up time from the selected sleep mode.

A raturn from an interrupl handling routine takes four clock cycles. During these tour clock
cycles, the Program Counter (fwo bytes) is popped back from the Stack, the Stack Pointer is
incremantad by two, and the |-bit in SREG is sat,
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This section describas the different memories in the ATmegalt The AVR architeclure has two
main memery spaces, the Data Memory and the Program Memory space. In addition, the
ATmegal6 features an EEPROM Memory for data storage. All three memory spaces are linear
and regular.

The ATmegalt contains 16 Kbytes On-chip In-System Reprogrammable Flash memory for pro-
gram storage. Since all AVR instructions are 16 or 32 bits wide, the Flash is organized as 8K »
16. For software security. the Flash Program memory space is divided into two seclions, Bool
Program section and Application Program section.

The Flash memory has an endurance of at least 10,000 write/erase cycles. The ATmegalt Pro-
gram Counter (PC) is 13 bils wide, thus addressing the BK program memoary locations. The
operation of Bool Program section and associated Boot Lock bits for software proleclion are
described in detail in “Boot Loader Support - Read-Whils-\Write Self-Frogramming” an pags
248, "Memory Programming’ on page 259 contains a detailed description on Flash data serisl
downloading using the 5P| pins or the JTAG interface.

Constant tables can be allocated within the entire program memory address space (see the LPM
— Load Program Memory Instruction Description ).

Timing diagrams for instruction fetch and execution are presented in “Instruction Execution Tim-
ing” on page 13

Figure 8. Program Memory Map
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SRAM Data
Memory
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Figure O shows how the ATmegals SRAM Memory is orgamized.

The lower 1120 Data Memory locations address the Register File, the 1fO Memory, and the inter-
nal data SRAM. The first 95 locations address the Register Fite and /O Memory, and the nesxt
1024 locations address the internal data SEARM.

The five different addressing modes for the data memory cover: Direct, Indirect with Displace-
menl, Indirect, Indirect with Pre-decrement, and Indirect with Posl-incremenl. In lhe Register
File, registers R26 o R21 feature the indiredd addressing pointer registers.

The direct addressing reaches the entire data space.

The Indirect with Displacement mode reaches 63 address |ocations from the base addrazs given
by the Y-register or Z-register.

When using register indirect addressing modes with automatic pre-decremeant and post-incre-
ment, the address registers X, Y, and Z are decremented or incremented.

The 32 general purpose working registers, 64 1'0 Registers, and the 1024 bytes of internal data
SRAM in the ATmeagal6 are all accessible through all these addressing modes. The Register
File is described in “General Purpose Register File” on page 11.

Figure 3. Data Memory Map
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Data Memory Access
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EEPROM Data
Memory

EEPROM Read/\Write
Access
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This section describes the general access timing concepts for internal memary access. The
internal data SRAM access is performed in two Ik, cycles as described in Figurs 10,

Figure 10. On-chip Data SRAM Access Cycles
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The ATmegal6 conlains 512 bytes of data EEPROM memaory. It is organized as a separate data
space, in which single bytes can be read and written. The EEPROM has an endurance of at
least 100,000 write/erase cycles. The access between the EEPROM and the CPU i deseribed
in the following, specifying the EEPROM Addrass Registers, the EEPROM Data Register, and
the EEPROM Conlrod Reqister.

For a detailed description of SPI, JTAG, and Parallel data downloading to the EEFROM, see
page 273, page 278, and page 262, respeclively.

The EEFROM Access Registers are accessible in the /O space.

The write access time for the EEPROM is given in Table 1. A self-timing function, however, lets
the user softwars detact when the next byte can be written. If the user code contains instructions
that write the EEPROM, some precautions must be taken. |n heavily filtered power supplies, Vo
i likely to rise or fall slowly on Power-up/down. This causes the device for some perod of time
to run at a voltage lower than specified as minimum for the clock frequency used. See "Prevent
Ing EEPROM Commuption” on page 22 for details on how to avoid problems in these situations:

In order to pravent unintentional EEPROM writes, a specific write proceduras must be followed.
Refer to the description of the EEPROM Control Register for daetails on this.

When the EEPROM is read, the CPU is halted for four clock cycles before the next instruction is
axaculted. When the EEPROM is written, the CPU is halted for two clock cycles before the naxt
instruction is executed.
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The EEPROM Address
Register - EEARH and
EEARL

Tha EEPROM Data
Register - EEDR

The EEPROM Control
Register - EECR
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« Bits 15..9 - Res: Resarved Bits
These bits are reserved bits inthe ATmega1c and will always read as zera,

« Bits 8.0 — EEARE 0: EEPROM Address

The EEPROM Address Registers - EEARH and EEARL — specify the EEPROM address in the
512 byles EEPROM space. The EEPROM data byles are addressed linearly belween 0 and
511. The initial value of EEAR is undefined. A proper value must be written before the EEPROM
may be accessed.

Bit 7 ] L 4 3 2 1 o

| _mse | I I I | | [[te ] ezor
FeadWrite AN RA RN RAN R RAn RS R
Inltial Walue [ a il 0 jil 0 i il

» Bitg 7.0 — EEDR7.0: EEPROM Data

For the EEPROM write operation, the EEDR Register contains the data to be written Lo the
EEPROM in the address given by the EEAR Register, For the EEPROM read operation, the
EEDR contains the data read out from the EEPROM at the address given by EEAR,

Bit 7 b 5 4 3 i 1 o
| | - | - | - | Eene [EEwwe | EEWE | EERe | EECR

FlaadWils R R R R R R R RO

Entizl Value i L] 4] a i) ] X Li]

+ Bite 7_4 - Rez: Reserved Bits
These hits are reserved bits in the ATmegal6 and will always read as zero.

= Bit 3 — EERIE: EEPROM Ready Interrupt Enable

Writing EERIE to one enables the EEPROM Ready Interrupt if the | bit in SREG 15 sel. Wiiling
EERIE to zero disables the intermupt. Tha EEPROM Raeady interrupt generales a constant inter-
rupl when EEWE is cleared.

= Bit 2 - EEMWE: EEPROM Master Write Enable

The EEMWE bil determines whether satting EEWE to one causes the EEPROM 1o be written.
When EEMWE is set, setling EEWE within four clock cydles will write dala to the EEPROM al
the selected address f EEMWE is zerg, setting EEWE will have no effect. When EEMWE has
been written 1o one by software, hardware clears the bit 1o zero after four clock cycles, See the
deszcription of the EEWE bit for an EEPROM write procedure.

ATMEL 1
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« Bit 1 — EEWE: EEPROM Write Enable

The EEFROM Write Enable Signal EEWE is the write strobe to the EEFPROM, When address
and data are cormecily set up, the EEWE bit must be written to one to write the value into the
EEFROM. The EEMWE bit must be wrillen lo one before a logical one |s written to EEWE, oth-
ervise no EEPROM write takes place, The following procedure should be followed when writing
the EEPROM (the order of steps 3 and 4 is not essential):

1. Wait until EEWE becomes zero.
Wait until SPMEN in SPMCR becomas zaro.
Write new EEPROM address to EEAR (optional}.
Wiite new EEPROM data to EEDR (optional).
Write 2 logical one to the EEMWE bil while writing 2 zero to EEWE in EECR.

Within four clock cycles after selting EEMWE, write a logical one to EEWE.

The EEPROM can not be programmed during & CPU write to the Flash memory. The software
must check that the Flash programming is completed before initiating a new EEPROM write.
Stap 2 iz only relevant if the software contains a Bool Loader allowing the CPU to program the
Flash. If the Flash is never heing updated by the CPU, step 2 can be omitted. See "Eoct Loader
Support = Read-While-Write Self-Programming” an page 246 for details about boot
programming.

Dooe N

Caution: An interrupt between step 5 and step 6 will make the write cycle fail, since the
EEPROM Master Write Enable will time-out. If an interrupt routine accessing the EEPROM is
interrupting another EEFROM Access, the EEAR or EEDR reGister will be modified, causing the
interrupted EEPROM Access Lo fail. It is recommended to have the Global Interrupt Flag cleared
during all the steps to avoid these problems.

When the write access time has elapsed, the EEWE bit is cleared by hardware. The user sofi-
ware can poll this bit and wait for a zero before wriling he next byte. When EEWE has been set.
the CPU is halled for two cycles befora the next mstruction is executed.

+ Bit 0 - EERE: EEPROM Read Enable

The EEPROM Read Enable Signal - EERE — is the read sirobe to the EEPROM. When the cor-
recl address is sel up in the EEAR Register, the EERE bit must be written to a logic one to
trigger the EEPROM read. The EEPROM read access takes one instruction, and the requested
data is available immediately. When the EEPROM is read, the CPU is halted for four cycles
before the next instruction is execuled.

The user should poll the EEWE bit before starling the read operation. If a write operabion is in
progress, it is neither possible to read the EEPROM, nor lo change the EEAR Register.

The catibrated Oscillator is usad to time the EEPROM accesses. Table 1 lists the typical pro-
gramming time for EEPROM access from the CPU

Table 1. EEPROM Programming Time

I Murnber of Calibrated RC
| Symbaol Oscillator Gycles' ' Typ Programming Time
| EEPROM write (from CPU) B443 8.5 ma

Mote: 1. Uses 1 MHz clock, independent of CKSEL Fuse setting.

The following code examples show one assembly and one C function for writing ta the
EEPROM. The examples assume that interrupts are controlled (for example by disabling inter-
rupts globally) sa that no interrupts will occur during execution of these functions. The examples

ATMEL 2

24G66T - AVE-D0T0




Ses

ChipCorder”

TOCHANOLTIGY By 150

ISD2560/75/90/120 Products

Single-Chip Voice Record/Playback Devices
60-, 75-, 90-, and 120-Second Durations

GENERAL DESCRIPTION

Informmation  Storage Devces 502500 Chip-
Corder® Seiles provides high-guality, single-chip
record/playback solutions for 80- 1o 120-second
messaging applications. The CMOS devices in-
clude an on-chip oscillator, microphone pream-
plifier, aoutormatic gain control, anfiailasing filker,
smoothing filter, speaker amplifier, and high den-

Recorzings are stored In on-chip  nonvoldtiie
memoy cells, provding Zec-power message
storage. This unique, single-chip solution is made
possible fhiough B0% pomanted mulfilevel stordges
technology. Yoice and audio signals are stoed
directty info mermaony N Their natum) form, providing
hligh-quality, solid-state voice reproduction

sify multievel storage amay. In addition, the
1502500 is microcontioller cormpatible, alowing

complex mesogng and cddessing o be

achizved
Figure i: 15SD2560/75/90/120 Device Block Diagram
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FEATURES

Easy-to-use single—chip voice record/
playback solution

High-quality. natural voice/audio
reproduction

manual switch or microcontroller compatible
playback con be edge- or levelactivatad

Single-chip durations of &0, 75, 90, and 120
seconds

Directly cascadable for longer durations
Autamatic Power-Down (Push-Button Mode)
= Standby current | wA (hploal)
Zero-power message sforage

— Eliminctes battery bockup circulfs

Fully addressable to handle mulfiple
Messages

100-year message retention (typicab
100,00 record cycles (hyploal)
Orrchip clock source

Prograrnmer support for play-only
applications

Single +5 volt power supply

Avallable In die fom, DIP, SOIC, aond TSOP
packaging

Table i: 1ISD2560/75/90/120 Product Summary

Part Duration Input Sampia Typical Fliter Pass
Number (Seconds) Rate (KHz) Band (KHz)
1802550 &0 a0 3.4
ISD2E75 75 &4 27
1S02550 20 5.3 23
13025120 120 40 17

Voice Solutions in Silicon”
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DETAILED DESCRIPTION

SPEECH/SOUND QUALITY

The 1SD2500 series includes devices offered at 4.0,
5.3, 4.4, and 8.0 KHz sampling freguencies. allow-
Ing the user a choice of speech qualty options.
Incraqsing the duration within 0 product seres de-
creases the sampling frequency and bandwicn,
which offects sound quality, Plecse refer 1o the
ISD25460/75/90/120 Product Summary table on
page i o compare filter pass band and product
durafions,

The speech samples are stored directly Info on-
chip nonvolatle memony without the digifizaton
ond compraession assoclated with cther sclufions,
Direct nnalog storage provides a very fiue, natural
souncing reproduction of voice, music. 1ones,
and sound effects not avallakle with most solid-
stote digital sclfions,

DURATION

Ta meet end systern requirernents. the 1502500
safies offers single-chip solutions of 60, 75, 90, and
|20 seconds. Pars may alio be cascaded fo-
gethat for longer dumtions.

EEPROM STORAGE

Ore of the benefits of 50's ChipCorder fechnclogy
s fhe use of on-chip nonvelatile memor y, provid-
ing Zefo-power massoge stooge. The message s
refoined forup fo 100 vears yplcaly withaut pow-
er. In addifion, the device can be re-recoded
typicaly over 100,000 fimes.

MICROCONTROLLER INTERFACE

In addition fo its simplicity and eose of Use, he
1S02500 seres includes all the Interfaces necessary
for micioconfoler-diven applications. The ad-
dress and centrol ines can be Interfaced toa mi-
crocontroler and manipulafed fo perfomm Q
voriely of tasks, including message assemily,
messoge conegtenation, predefined fived mes-
sage segmeniation, and message manage-
ment,

PROGRAMMING

The I1SD2500 sevies is also ideal for playbock-only
applications, whate single or muliple messages
cre referenced through buttans, swifches, or a mi-
croconfroler. Once the desired message config-
uration |z creoted, duplicotes can easily be
generated via an 5D programmer,

Voica Solutions in Siticon™
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Figure 1: 1SD2560/75/90f120 Device Pinouts

KD2560/75/90/120
apmoC— 1 @ 268 [ Voco
Al 2 Ok
OF e 32 anacur  AzM2EHa 26 L1 ACLK
crE::Q gé':smﬁm Aimarc] a 25 [ EOM
| = ] [ AGC - &
B o 4 29 G MR AMMALO 24 =0
XOLK 5 28 B MIC ASIMEL L & 231 CE
PRé 21 O Vcea AGMET] 7 22 1 OWF
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.ﬂ?f’Pv'I%':'lE 27 [ Veen A NC 1) 18 0 MIC REF
ASME 13 203 AR o
Admid — 14 19 = A8 U%D: A T ,”"C
ARMS ] 15 1853 A8 SSACT 13 16 [ Veea
AtiE ] 14 17 = A7 P+ 14 16 1 5P—
33-PIN TEOR DIP/SOIC
PIN DESCRIPTIONS
VOLTAGE INPUTS (Veep, Veop) POWER DOWN INPUT {PD)

To minirmize noise, the analog and digiral chrcuits
in the 1SD2500 seres devicas Use separate powear
busses. These volage busses are brought out 1o
separate pins and should be tfled together as
close to the suppy as possible. In odcilion, these
supplles should be decoupled as close to the
package as possicle,

GROUND INPUTS (Vssy, Viso)

The 15302500 seres of devices ufilizes sepaaie an-
nlog and digital ground busses. These pins should
be connacted separately through a lewHdmped-
ance path to power supply ground

When nat recording o plaving back, the PR gin
should be puled HIGH 1o place the part in a very
low power mode [see lgg specification). When
cverdlow [OVF) pulses LOW for an overflow condi-
fion, PD should be brought HIGH to reset the ad-
dress pointer back 7o the beginning of The recod/
piaviback space. The PD pin has additional func-
tionaliny in the Mé [Push-Bution) Operational Mode
descrbed later in the Opeafional Mode section

CHIP ENABLE INPUT (CE]

The CF pin is taken LOW 1o enable all playback
and record operdtions. The address inputs and
ploybackrecod input (PR) ae latched oy the fall-
ing edge of CE. CE has additional funchionality in
the Mé& [Push-Button) Cpergtional Mode ce-
soriped later In the Operational Mode saction.

Voice Solutlons in Sificon”
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PLAYBACK/RECORD INPUT (P/R)

The PR input is lotched oy the faling edge of the
CE pin. A HIGH level selecls a plavback cycle
while o LOW level selects a recod cycle. For a
record cycle, the address inputs pravide the stan-
ing address and recording continues untll PO or
CE is pulled HIGH or on overflow is detecad (ie.
the chig is full, When o record cycle is terminated
by puling PO or CE HIGH, an End-Of-Message
(ECM) marker s stored at the current address in
memory. For a playback cycle, the address inputs
provide the starting address and the device will
piay untll an EOM marker is encountered. The de-
vice can confinue past an EOM marker inan Op-
ercticnal Mode, or if CE s held LOW in address
made. [See poge 5 formane Operafional Modes),

END-OF-MESSAGE / RUN OUTPUT (EOM)

A normvolatile marker s outormatically inserted ot
the end of each ecorded message, [t remains
there until the message Is recorded over, The EOM
output pulses LOW for a pericd of Ty at the end
of each message,

In addition, the ISD2500 senes has an intemal Voo
dafact circuit to malntain message  integriy
should Ve fall below 3.5V. In this cass, EOM
goes LOW and the device is fixad In playback-only
mode,

When the device is configued in Operafional
Mode Ma [Push-Button Mode), this pin provides an
active-HIGH RUN signal, indicating the device is
cumentty recording or playing. This signal can con-
vaniently drive an LED for a visual indicotar of a
record of playback cperation in Diocess.

OVERFLOW OUTPUT (OVF)

This signal puses LOW ot the end of memory
space, indicating the device has been filed and
the message has overflowed, The OVF cutput
then follows the CE input unlil a PO pulse has eset
the device. This pin can be used 1o cascade sev-
el 1502600 devices together 1o Increase record/
ployoock dunations.

MICROPHONE INPUT (MIC)

The microphone input fransfers is signal to the o
chip preamplifier, An on-chip Automatic Gain
Cortrol (AGC) circutt controls the gain of this
preamplifier fiom =15 1o 24 dB. An exfemnal micio-
phone shoud be AC coupled 1o His pin via O se-
nes copacitorn. The capaciion value, fogether with
tha ntemal 10 KE2 resistance on this pin, deter-
mines the low-frequency cutoff for the 502500 s2-
res passband. S2e Applicction Information for
addifional informofiocn on low-fraquency cutoff
calcuaton.

MICROPHONE REFERENCE INPUT (MIC REF)

The MIC REF input is the Invering Input o the mi-
crophone preamplifier. This provides a noise-can-
celing or common-mode rgjection input to the
device when connected 1o a differental micro-
phone,

AUTOMATIC GAIN CONTROL INPUT (AG<)

The AGC dynomically odjusts the gain of e
preamplifier to compeaensate for the wide range of
microphone inpart levels. The AGC allows the full
range of whispers 1o loud saunds fo be recoded
with minirmal distortion, The "attack” fime is deter-
mined by the fime constant of a 5 KL infermnal re-
sistance and an exdamnal capacitor (C2 on the
schematic on page 18] connected from the AGC
pin fo Ve andlog ground. The “elease” fime s
determined by the tirme constant of an examal
resistor [R2] and an extemnal capacitor [C2) con-
nected in parallel betwesen the AGC Pin and Vegs
analog ground. Nominal values of 470 KQ ond
4.7 jF give salistoctony results in mosl coses.

ANALOG OUTPUT (ANA OUT)

This pin provides the preamplifier cufouf 1o the Ls-
er, The voltage gain of the preamplifiet is deter-
mined by the voltage level ot the AGC pin

150
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ANALOG INPUT (ANA IN)

The analog input pin ransfers its signal to the chip
for recomling. For microphone inputs. the ANA OUT
pin should be connected via an exfemal capack-
tor to the ANA N pin. This capaciior value, fogeth-
er with the 3.0 KQ input impedance of ANA N, is
selected fo give additional cuteff at the low-fre-
guency end of the voice passkband. If the desired
Input is derdved from a source ofher than a micro-
phane, the signal can be fed, capacitively cou-
pled, info *he ANA IN pin directly.

EXTERNAL CLOCK INPUT (XCLK)

The extemnal clock input for the 5D2500 devices
hos an intemal pull-down device. These davices
are configured af the factory with an infemal sarm-
pling clock frequency cenfered to =1 percent of
specification, The frequency is then maintained 1o
a vanaton of +2.25 percent over the entire com-
mercial fempercture and cperating voltage rang-
&3 The Intemal clock hos @ +5 pecent folerance
over the Industicl temperalure and volfoge
range: Areguicted power sUpoly s iecommended
for industial temperature range parts. IF greater
pracision is required, the device can ba clocked

through the XCLK pin as follows:
Tabie 1: External Clock Sample Rates
Part .

Wt Sample Rate Required Clock
oSO8 BD RN 1024 wHz
ISD2575 .4 KHz 8172 KHz
SO0 b3 KHZ @Gaz 7 KHz
[SEs1 20 A0 KHz 512 KHz

These recommendad clock rates should not ba
vaded becouse the anfidliasing and smaocthing ters
are fixed, and allasing problems can occur if the
sample rae differs from the ane recommended,
The duty cyele on the Input clock is not criticol, as
the clock is Immediofely divided by two, If the
XCLK is nof used, this input must ba connected
to ground.

SPEAKER OUTPUTS (SP-+/SP-)

Al devices In the 1802500 senes include an on-chip
differervial specksr diver, capable of driving
BOmW info 1642 fromy AUX IN [12.2mW from
memory).

The speaker outputs are hald ot Vsg, levels dunng
recard and power down, It is therefore not possl-
tle to paraliel speoker outputs of multple 1SD2500
devices or the outputs of other speaker divers,

NOTE Connection of specker cutpuls I paralel
may cause damage fo the device,

A single output may be used alene (including a
coupling capacitor oetween the 3P pin cnd the
speaker). These outputs may be used individually
with the cutput sgnal taken from elther gin. Using
the differential outputs resuts In o 4 o 1 imoove-
rrent i SUTRLUE [Dower,

NOTE Mever ground or daifva on unused speaksr
OUTELT.

AUXILIARY INPUT (AUX IN)

The Auxiiary Inour is mulliplexed through o the
outpur ampilifier and speaker output pins when CE
s HGH, PR is HIGH, and playback ls currently nat
active or If the device is in playbock overflow.
Whean cascading muitiple 1502500 devices, the
ALY IN pin i used to connect a playback signal
frorm a following device to the previous outpuf
speaker drivers. For noise considerafions, it s sug-
gested that The awdiary input not be drven when
the storoge aray is aclive.

Voica Solutions in Silicon”
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ADDRESS/MODE INPUTS [AX/MX)

The Address/Mode Inputs have two funclions ce-
pending on fhe kevel of the two Most Significant
Bits [MSB) of the address [AR and AZ)

If elther or both of the fwo MSBs are LOW, the inputs
are all infenafed as addess bits and are used g
the stat address for the curent record o ploy-
back oycle, The addiess ping arg inputs oniy and
da nat cutput Intemal address infomrmation as the
operation progresses Address inputs are latched
by the falling edge of CE

Il bath M3Bs are HIGH, the Address/Mode Inputs
ae Inferpreted os Mode bifs according o The Op-
emtional Mode fable. There are six Operational
Modes (MO, .Ma] available as indicatea in he fo-
ble It is possible to use mulinle Opercfional
Modes simultaneously. Opercriconal Modes are
sampled on aach faling edge of TF, and thus
Operatonal Modes and diect addressing are
rnutually exclusive,

OPERATIONAL MODES

The 1302500 s=iies is designed with several buit-in
Cperafional Modes that provide maxirmum func-
fionality with rminimum addifional companents.
These are described in detall balow, The Opena-
fional Modes use the addrass pins on the [SD2500
devices, but are mapped outtide the valid od-
drass range. When the two Most Significart Bils
IMSBs] are HIGH (AB and AP), the remalning od-
dress signals are interpreted as mode bits and not
Js oddress bits. Theefoe, Opemntional Modes
arnd direct addiessing ore not compatiole and
cannot be wed simultanenusly.

Ihere are two important considerations for using
Operational Modas, First, all operations begin ini-
ficlly at oddress 0, which is the beginning of the
102500 address space, Later operations can bs-
gin at offer address iocations, depending on the
Opeational Mode(s) chasen, In addition, the ad-
dress pointer is eset to 0 wnen the device s
changed from ecord o plovibock, plavioack 1o
ecoid [excent Mé made), or when g Power-Down
cycle is executed,

Second, Operafional Modes are execuied whean
CE goes LOW and the two M3Bs are HIGH. This Op-
erationa Mode remains in effect unfil the next
LOW-going CE signal, ot which paint the curent
addressimede levels are sampled and executed,

Table 2: Operational Modes Table

Mode Control Function Typical Use Jointly Compatible’

mad Messoge cusing Feast-forword through messoges M4, ME, Mb

M1 Dedete EOM rrarkets Position EOM rrcrkes at the end of the Iost B3, G, ME, M5

F‘I'IESSGQE

M2 hot applicabie Resened B

w3 Looping Confinuous playback from, Adciess O KT, BAS, MG

M | Consecufive addressing | Recordfplay mulliple conseoutive messages | M. M1, M5

M5 | TF levet-activatec Allows messone pausing : MO, M1, M3, M4

M6 | Pust-button corrad Sirmplified device Inteface MO, M1, M3

1. Adcifiong Qperaiong Modes con be used srrufunsously wilh e given mode,

=0
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OPERATIONAL MODES DESCRIPTION

The Opeiational Modes can be used in conjunc-
tion with a microcontaller, of they can be hard-
wired 1o provide the desired systerm operaion,

MO0 — MESSAGE CUEING

Massage Cueing allows the user fo skip through
miessages, without knowing the actual physical
addresses of each messoge. Each CE LOW pulse
coauses the intemal address pointer fo skp fo the
resc ressage. This mode should be used for play-
back only, and is typically used with the M4 Oper-
afional Mode.

M1 — DELETE EOM MARKERS

The M1 Opercational Mode allows sequentially re-
carded messages to e combined Info a single
rmessage with onfy one EOM marker set at the end
of the final message. When this Operational Mode
ls configured, messages recorded sequenticlly
are played back ds one confinuous massage,

M2 — UNUSED

When Operahonal Modes are selected, the M2
pin should be LOW.

M3 — MESSAGE LOOPING

The M3 Operational Mode allows for the automat-
i, continucusly repeated playback of the mes-
soge localed af the beginning of the address
space, A message can completely fil the
1SD2500 device and will loop from beginning o
end without TVF going LOW

M4 — CONSECUTIVE ADDRESSING

During nomal operations, the oddress ponter will
rezet when a message s played through to an
FOM marker, The M4 Operational Mode inhibits
the address pointer reset on EOM, allowing mes-
soges 1o ba played back consscutively.

M5 — CE-LEVEL ACTIVATED

The defaulf mode for ISD2500 devices is for CE fo
be edge-actverted an plaoyiback and level-activat-
ed on record. The MS Operational Mode causes
the CE pin to be Inferpreted as level-activated as
opposed to edge activated during playback. This
is specifically usefu for terminating playback op-
erations using the CL signal,

In this mode, CE LOW begins a ployback cycle,
at the beginning of the device memory, The pldy-
back cycle continues as long as CE s held LOW.
When CE goes HIGH, playback will immediately
and. A new CE LOW will restart the message from
the beginning uniess M4 is alsc HIGH.

Mé — PUSH-BUTTON MODE

The 1502500 series of devices contain @ Push-But-
ton Opaigtional Mods, The Push-Button moads s
used primarity in very low-cost aoplications and is
designed to minimize extemal circuitny and com-
ponents, thereby reducing systerm cost. in ofder fo
configure the device in Push-Bufton Operational
Mode, the two mast significant oddress bits miust
ke HIGH, and the Mé mode pin must also ba
HICH, A device In this mode alweays powears down
atthe end of each plavback or record oycle after
CE goes HIGH.

when this Operational Mode s implemenied,
several of the pins on the device have alfemate
functionalty:

Table 3: Alternate Functionality in Pins
_ Alternate Functionality in
Fin: Mawn Push-Button Mode
CE ! SorfPouse Push-Button
[LOW puilse-activated)
PLI | StopfRess! Push-BURton
[HiEH pulse aclivaled]
ECH Active-HIGH Bun Indicatar

Vaice Solutions in Silicon™
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CE PIN (START/PAUSE)

In Push-Button Cperatonal Mode, CL acts as o
LOW-going puse-activoted START/PAUSE signal, If
no cperation is curenty in progress, a LOW-going
pulse on this sgnal will inffiate a ployback of o
record cycle oocording to the level on the PR pin.
A subsequent pulse on the CF pin, bafore an End-
Of-Messoge is reachad In playback or an overflow
condition occurs, will cause the device 1o pause.
The address counter is not reset, and another TF
pulse wil cause the device to continue the oper-
aion from the place where it was paused,

PD PIN (STOP/RESET)

In push-button Operational Mode, PD acts as ©
HIGH-going pulse-activated STOR/RESED signal.
Wwhen a ployback of record cycle is in progress
and a HIGH-going pulse is observed on PD, the
current eycle is ferminated and the oddress point-
er |5 reset o address D, the beginning of the mes-
50ge space.

EOM PIN (RUN)

In Push-Button Operationa Mode, EOM becomes
an active-HIGH RUN signal which can be used 1o
drive an LED or other external device, It is HIGH
wherever a record or playbock operation is in
progress,

Recording in Push-Button Mode

1. The PD pin should be LOW, wsdaly using
O plll-gdown resistor,

2. The PR pin is token LOW.

3. The CE pin is pulsed LOW, Recording stars,
EOM goes HIGH 1o iIndicate an cperation in
progress.

4. The CF pin is pulsed LOW. Recording paus-
es. FOM goes back LOW. The Internal ad-
cress pointers are not cleared, but an EOM
rmarker |5 stored In memoarny o point o the
message end. The PR oin may be faken
HISH af this fime. Any subseauent TF would
start o plovibock at oddress O

5. The CE pin is pulsed LOW. Recording srarrs
at the next r:ldd_r?m affer fne previous 5o
EOM marker, EOM goes back HIGH,

NOTE If the M1 Cperational Mode [in s @lso
HIGH, the just oreviously writfer EOM B s
egsed, and recording  starts ot thar

adcress, )

6. When the recording sequences ore fin-
isned, the tinal TF pulse LOW will end the
last recard cvele, leaving a set EDM marker
at the message end. Recording may Jlso
be temrninated by a HGH level on PD,
which will leave a zet BEOM marker,

Playback in Push-Button Mode
1. The PD pin should be LOW,

2. The PN pnis laken HIGH

3. The TE pin is pulsed LOW. Playback starts,
=OM gees HIGH to indicate an operation in
Crogress.

4, ftheCE pinis pulsed LOW or an EOM mark-
e is encountered durng an operation, the
part will pause, The intemal address point-
ers e not cleared, and EOM goes back
LOW, The: PR pin may be changed at this
firme. A subseguent mrecord  opeiation
would not rese the address poinfers: and
the recording would begin where payback
endad

5. CEF is ogain pulsed LOW, Playback starfs
where it left off, with EDM geing HIGH foin-
dicate an operation in progress,

6. Playbock continues as in steps 4 and 5 urti
PO is pulsed HIGH or overfiow ooors,

7. Ifinoveriow, puling TF LOW wil reset e
address pointar and starr ploybock friom
the beginning. After a PD pulse, the parf i3
raset to oddress 0.

NOTE Push-buifon mode con ba used In comjLine-
fion with modes MO, MT, ang M3,
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GOOD AUDIO DESIGN PRACTICES

15D products are very Nigh-gqualhy single-chip
wolce recording and ploytack sysfemns. 1o ensue
the highest quality voice repreduction, it is Impor-
tant that good audic design practices or layout
and power supply decoupling be foliowed, See
the 150 Aoplication Notas in this bock for derails,

ISD1000A COMPATIBILITY

The 1502500 seres of devices is designed o pro-
vide upword compatility with the 18010004 fam-
Iy, When desigring with the 1502500 sefles, the
following differences should be notec.

ADDRESSING

The 15D2560/75/90/120 devices have 480K stor-
oge cells designed o provide 40 seconds of stor-
age ot a sampling ate of B0KHz, This Is
opproximately four fimes the storage of the
ISDT10004A farmily. To enablke the same addressing
fesoldtion, twa additional addiess pins have been
addeq. Tne address space of each device s di-
visible into S00 Increments with valid addressing
frorm 0O 1o 257 Hex. Some higher addresses are
mapped inte the Cperafional Modeas, Al other
oddresses are invalid,

OVERFLOW

The I5D1000A seies combinaed fwo funclions on
the EOM pin: end-of-message indication and
overflow, The ED2800 separores these two func
tions, Pin 25 (FDIP package) remains as EOM, but
outpuls only the ECM signal indication, Pin 22
(POIF package) becomes OVF and pu'ses LOW
only when the device reaches ifs end of memory,
of is "l This change allows easy message cue-
ing and addressability across device boundaries.
This also means that the M2 Operational Mode
found In the 15010004 family s net implemented
n the [S02500) series.

PUSH-BUTTON MODE

The 1502500 senes includes an additional Opera-
fional Mode called Push-Buttcn mode. This pro-
vides an dfemative inferface to the record and
playback furctions of the part. The CE and PO pins
become redefined as edge-activated "push-but-
tons." A pulse on CE nitiafes a cycle, and if frig-
gerad again, pauses the curen! cycle wihout
resetting the address pointer (i.e., @ Starr or Pouse
funclion). PD stops any curment cycle and resats
fhe address poinfer fo the beginning of the mes-
sage space [Le., J Stopand Reset functicn), Ad-
difionaily, the EOM pin funcrions as an actve-
HIZH run indicator, cnd con be usad ‘o drive an
LED indicatfing o record or playbock coenation is in
prograss, Devices in the: Push-Buton mode cannot
bea cascaded,

LOOPING MODE

The ISD2500 seres can loop with o meassage that
completely fills the mamory space.

NOTE Adcifiona descilpfions of 1SD2500 davice
funchionaity and application sxompies ore
provided in the 15D Applicafion Natss fn this
book,

Voice Soiutlons in Sificon™
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TIMING DIAGRAMS

Figure 2: Record

Ty — :

al
l >

a—— T
PR * /K Gon't Corer
. la—— T — -‘ T T H\Tma HTPDP
PD Mon't Core !

AD-AB DontCae Don't Cora

A& m i e Ay -

- lapn —

o F

Figure 3: Playback
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Tabie 4: Absolute Maximum Ratings Table 5: Operating Conditions
(Packaged Parts)(" (Packaged Parts)
Condition Value Condition Value
lunction temperatune 150°C Commercial ooemating D o +704C
temperature ranget!!
Storage temponature ange A5 to + 18070
. Industrial cperating
Voltoge applied to any pin (Ve -03 V) o temperature ranget™
{"u‘lcc +0.3 "'-"l:' .
Suoply voltage (Vo) +A5V to +55Y
Voltage applisd 1o any pin (Weg— 10 V) To -
{nput curent limited to (Ve + 1.0V) Ground voltogs (Ve oV
+20 mA)
Lead termperature (soldeing | 300°0 ; g Ease rﬁrrmq?rs
= = i ol oy
10 seconds) ¥ Wee me'f- vaﬂ’
L Corgd foetony.
Vi Vs 03V 10470V 4 Consulaetany
1. Sfrasses above fhoss lstad may couse pesmansnt
darmmoge o the device Expasure to the ctseiuts
i ralings My affect device reliobiliy.
Functionol ooenchion s not impled ol ibhese
carditans.
Tabie 6: DC Parameters (Packaged Faris)
Symbol Paramsters Mint?) Typt | max | Units Conditions
ViL Input Low Voliage 0.8 i)
Vin Input High Valtage 2.0 W
VoL Cutpul Low Voltage 0.4 W lo = 4.0 mA
VCIH 'Dl.ﬂput High'voltage I\I'ED—GA W IDH =10 pA
Vs EOM Outpul High Voltage | Vge— 1.0 | Voe— 0.8 v logg =—3.2 mA
e V¢ Current (Operating) 25 30 mA | Rgxr==™
biei Ve Current (Standby) 1 10 wa |
hi Input Leakage Current =1 A
hiPo Input Current HIGH w/Pull 130 T Force Ve
Down
Rext Cutput Load Impedance 16 2 Speaker Load
Foaic Preamp In Input 4 8 15 ke MIC and MIC REF Fins
Hesistance
Raux ALX INPUT Resistance 5 11 20 8#
Voice Solutions in Silicon™




1SD2560/75/90/120 Products

Table 6: DC Parameters (Packaged Parts)

Symbol Parameters Min(2) Typ i | Max® | units Conditions
Repn i AN IN Input Resistance 23 3 b K€y
PepE Freamp Galn 1 21 24 26 cif AGC = 0.0V
Aosen Preamip (zain 2 -15 5 db ASC =25V
Aai ALX INJSP+ Galn 0.98 10| v
Aapp ANA IN 10 5P +(- Gain 21 23 26 a
M AGC COutpul Resistance 2.5 5 .5 KE

T. Typloal valies & 7y - 28°C ang 5.0 V.

2. A Mindvax s are guonaiteed Ly 150 vio elechical tesing or chgractenzation. Not alf specificalions are
100 porcent fostod

3. Vrpg and Vi connocted togetner
4. XOUK pin only

Table 7: AC Parameters (Packaged Parts)

Symbal Characteristic Min® | Typ 't | max®® | Units Conditions
Fs Sampling [SD2540 BEO kHz |1
Frequency 1302576 ) Kz |7

1502590 83 |k |7
(3025120 4.0 l KHz il

For Filter Paiss Band IS025A0 3.4 | khz |3 de Rollof Poin B8]
5128 74 2.7 KHz | 3 <t Roll-Off Poine (8!
502590 23 Kz | 3 B Roil-Off Point (18]
15025120 Tid Kz | 3 b Roll-Off Point (18]

Torcs Record Duration IS2I2660 561 &00 | 20 sec | Commercial Operarion!’)
1522540 565 &0.0 43 8 see | Industicl Operation'?
302575 | 724 750 | 775 | sec | Commercial Operyion!”)
1532575 70.7 750 797 sec | Industrial Operation!”!
180050 87, Q00 | 93.0 sec | Commercial Operation!’]
5025120 | 1167 1200 | 1239 sec | Commercial Operationt’!

Tr sy Plendoock Duration. IBD26460 £8.] &1.0 &2.0 S Commereial Openotion
[ED2540 LTl A1.0) oa.8 1= InciugTia Ooerction
BL25T7h [ 750 PTG sEC Commescicl Opendation
iz B W 0.7 5.0 s FENC Irdustrial Opsrction
[SO2H%0 7.1 =] 3.0 605 Commerchal Cpegion
IToZa120 | 1140 1200 | 1237 = Comrmerckal Cpeciion

T CF Pulse Width T nsec

Tegr Corfrolidddresss Setup Tme 300 nsec

Thou Confrolf&ddess Hold Time 0 | rsec

150 1"
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Table 7: AC Parameters (Packaged Parts)

Symbeol Characteristic Min@ | Typ™ | Maxi® | Units Conditions
Teio Prwer-Lip Desay B02560 24.1 250 27.8 | msec | Commercial Opeation
1502540 245 28.5 mees | Indusrial Coeration
BR25TA ag, 2 33 34.3 misec | Commerciol Opecation
BO2575 263 e 352 | rmeec | Indusmal Oosgtion
152520 i, 2 375 40,8 mesac | Carmmearcial Cparaticn
IBO25120 | £48.2 500 3.4 msec | Commercial Opaiation
T-og P Fulse Width ISD2560 25 meec
Recard IS02575 31.25 maec
IS0E500 375 rhsec
[SCEs1 20 530 MSec
lep PO Pulse Width Play - 1SD2560 12.56 MEes
ISO2575 1hazh mses
152590 1875 =
ISC¥En1 20 2510 mssc
To PD Pulse Wicth Siomc 100 nsec |
Tppe Penwer Down Hold 8] TIGEH:
Tecm EOMA Pulse Width 12560 125 ==
IS02573 15628 msec
502590 18.75 MSes
ISD251 20 25.0 =
Towr Cveriow Pulse Widlh &5 pisec
THC: Tonal Harmncnic Dastorlion 1 2 % @ 1 KHz
Peur Speaker OUpUT Fower 12.2 50 | mwW | Rge = 10
Voo Vornage Across Speaker Fins 2.5 Vit | Bgg — o000
Visi1 MICS Inpun Voltioge 20 mv | Peck-to-Peac )
Wiz ANA N Input Volroge a0 'y Peok-fo-Pedk
Wis AL Input Violtogs 1.25 W Peak-fo-Peak|
Rpg = 1602

Y. Typico volues @@ Ta = 25°C and 50V

Al Winddax s are guararfeed Dy 150 o eleciical ety or characrsiizotion, Not ol specificahions are
I percenmt tested

8, low-frequency cutalf depends upon 'ho volue of extenal copacion [Soe Pin Dascrphions).
4. R AUX NG T OANA N s drven of 50 oV oop, the P = TE2 mW fupical,
5 Whh 51 KQ seves iesstor af ANA Y
& Tops (5 required curng o glolc conditfon, frpicoiy ovenriow

7. Samping Frequency ong playback Duraion Can vary as much of 225 percenl over The commercial
termperatune range and voltage range and 15 percent over fhe Industial fempsiaiuie ond volfage rangs. For
grecier srabiffy, an externdl ciock con be uliized (see AT Descripfions).

8. Fiter specificalion apoves fo both the amiaiosng filer ard e smooifing fite Therafore, from inpal 1o oltpuf,
axpect a & of drop by rofure of possing fhiough both fifers

12
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TYPICAL PARAMETER VARIATION WITH VOLTAGE AND TEMPERATURE (PACKAGED PARTS)

Chart 1: Record Mode Operating Current Chart 3: Standby Current (lgg)
(ec) Y
n
e s - /__,
E. T — — g’ I ,-f'f. ,f"f*
= e — E A
& T T —— .8+ A
E — — g R _./_,.f'
z = . e — -
= = (&) .
o 15T F Jo7
£ 3
B 10+ 2 D41
o 551
Bl
@ | i ]
0 } } | -40 25 70 85
-AD 25 70 ag Temperature (C)
Temperature ()
SN + 4.5 \ols
= GEVCls  ® 4.5 Vols m RN
Chart2:  Total Harmonic Distortion Chart 4: Osclllator Stability
04T
0.7 ERCE
Fﬁl“:a — F2T | Ewe
- 064 T z s
& H‘\f‘ah of
1 = 5 ;
05 TR e = ¥
R 8 apd
B 044 b Ty o - B
= = e 0.4 T .
E 0.3+ al =
0.6+ ol
0.2 -+ .--""'-'.
0.5
0.7 -+
| 1.0 } 1| }
- | | 1
T 1 | 1 40 25 70 85
A0 2o | g5
Temperabure [C]
Temperaiure [C)
L- savols e 45Vols | . 55Vofs & 4.5Vl
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Table B: Absolute Maximum Ratings Table 9: Operating Conditions
I:DIB}“} (Die)
Condition Value Condition Value
Junction “ermpenratune 150°C Cormmaecial operating I T o
fempenatune onge
Storcge termperdiae ange —45°C fo +150°C
Suppty valtage Ve +AEY o +& 6 Y
Voltoge applied to any pad [Veg =02 V)t
(Ve + 0.3 V) {Sound voliage Vg™ oV
Voltage applisd to any pad Ve =10 V) o
(Input cument limited fo £20mA] | Vee | 1.0V L Voo — Vooa = Yooo
2. Vgz = Vgza = Vo
Vcﬂ- U&q_ L2V 1o +7.0V
1. Afresses above those Wshed mmay couse: permonent
darrage o the device, Exposre to the absolste
T fatings may affect device eiobwity.
Funchional cpetaficn s not impffed of fheso
CONCRtToITs.
Table 10: DC Parameters (Die)
Symbol Parameters Min'?) Tvp | Max? | units Conditions
ViL InpUt Low Vttoge 0.a W
YiH Input High Voltcioe 20 W
Ve Outpur Low Voltage 0.4 W I = A0 mA
Vom Dutput High Voltage Voo — 004 W gy — =10 Lo
Vi O Curpur High Vilioge 2.4 W ey = =1 & md
Ve EOR COumplit High Voltage Ve —1.0 | Yo —048 W oy = —3.2 M4
e Ve Curent (Operating) 25 a0 mA | Rpyr = s
le Vo Curent (Standby) 1 10 who | A
e Imput Leokage Curent +=| LA
150 Inputl Curent HIGH with Pul 130 gh | Force Ve M
Doty
st Dutput Load Impedonce 14 L] Siectker Lood
Runc Prearnp 17 Input Reslstance 4 9 14 2V MWIC and MIC REF Pacds
R ALK [NpUt Resistance 5 11 20 Kia
Rapa | ANAIN Input Resistance 23 ] 5 kil

Voice Solutions in Silicon
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Table 10: DC Parameters (Dis)

Symbol Parametars Min(® Typ 1 | max® | Units Conditions
Appez | Preamp Gain 2 -15 5 B |ACC - 25V
A ALIX IN/SF — Galin 0.9 1.0 | W

Fiage ANE N 1o 5P +/- Gain 21 23 24 b

Rpzc AGC Dupul Resstance 25 a @0 ‘ ki

Tl waluss @ Ty = 250 amd 50 V.

2. AN MindMox imits ore gucrordesal Ly 150 vk ekechical festing of characienzaion, Mot ol specificofions are
100 percarnt fosted,

3 Voo and Verp Sonnectsd togather,

4. XoW pod only,
Table 11: AC Parameters (Die)
Symbol Characteristic Min® | Typ ™ | Maxi® | Units Conditions
Fq sampiing 1502560 8.0 Kz |V
Freguency 102675 &4 KHz |1

502590 53 KHz | 171
5025120 40 KHz | W1

For Fitter Pass Band 1502540 3.4 KHz | 3 0B Roll-f Point 119
BD267E 2.7 KHz | 3 dB Roll-Off Point 112!
1502560 2.3 KHz | 3 B Rall-Off Point /19)
025120 1.7 KHz | 3 ob Roll-Off Poirt B E

Totcs Record Durcfion ISD2540 58.1 A0.0 62.0 sec | Commacial Operationt’!
802575 726 i | 775 | sec | Commescial Operation’’!
BLZ5S0 87.1 00 | %30 sec | Commecial Operalion:”!
BoZs120 | 1187 120.0 | 1237 SE Commetcial Dperation'”

Truay Ploybock Durgion 1SD2560 | 58, 60.0 | 620 | ssc | Commercial Operdion!”
B02575 728 75.0 77.5 soc | Cormmeiclal Operation!!
1502590 871 20.0 3.0 s=c | Commercial Operafion!’!
BDZE1E0 | 1140 120.0 | 1239 soe | Commerclal Operationt’)

Toe CE Pulse Width 100 rsec

Terr Contioliaddress Setup Time 240 nsec

Turn ConliolfAddress Hod Time a rsec

18} Fower-Up Dealoy iB02560 24.1 250 27.8 meec | Commercial Operation
sD2&75 30.2 21.3 34.3 macs | Commercial Operation
BD250 34,2 375 40,8 meec | Commercial Operation
5025120 4R.D 50.0 53 & meec | Commerclal Opercrion

isp 15
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Table 11: AC Parameters (Die)

Symbol Characteristic Mint2 | Typ) | Max'® | Units Conditions
Tron P Pulse WadTh [SD2550 25 msec
Recond ISCE257 5 31.25 1=

[SD2sv0 a7.5 ms=c

15023120 50.0 msec
Teoo PD Pulse Width Play  18D2550 12.5 msec

502575 15,425 =l

1SO2570 18,75 S

[E02B120 250 Mmssc
Trms PD) Pulse Width Static 100 msec | M@
TroH Fower Down Hold 0 rised
Teow ECM Pulse Width 502550 125 maee

L= B 15.425 s

EBO2s20 1875 ="

B0251720 250 msac
Tewyr Oyerflow Pulse Widih b = os
THO Teted Horrmonic Distosfion 1 A S @ 1 KHz
P Speakiar Output Powes 12.2 50 mw | e — 1608
Vour Vottoge Across Spaaker Fins 25 | Vpp |Rpp=4000
Vini MIC Input Voltogs 20 mv | PecktoPeck B!
Vi AR IN InipUt Votioige 50 | mv | PeckfoPeak
Wy Aux Input Vestoge 125 v Fealk-to-Peak;

Rpg = 1642

Tvpicol walwes & T, = 25°C and £0 W

AN MirdMax fraté ore guaranfeed by 150 wo eciical testing o choractarzation. Mot ol specifications e
10 peicen lested,

Low-freguency cutolf depends upon the valug of exfenal corxaaiors [sea AN Jescrphions],

Ercarrl ALY INGE ANA IV fs oiven ot S0 mV peps e Foge — 122 miw, oo,

Wit 5.7 KL sewies restdor of ANA N,

Ters Sireauired dunlng o seatic cardibon, hpicaly overfiow,

Somptng Freauency ond plopback Ddrcfion evn Wy 08 much as +2.25 percen over the commercy
tarmperature ramge L walfoge range. For greater stablify, an exemnal clock con by Llized (see Pin Descriphions).

Fitter specificotion cookes to the arabiasiyg ey and fhe smooffing fler.

16
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TYPICAL PARAMETER VARIATION WITH VOLTAGE AND TEMPERATURE (DIE)

Chart 5: Record Mode Operating Current
(lce)
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Chart B: Total Harmonic Distortion
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Chart 7: Standby Current (Isg)
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Figure 4: 15D2560/75/90/120 Application Example—Design Schematic

Wil
IED2580/75/90/1 20 ——
LN Yoy 124 -
Voo .ml 2] ) Y |14 F T I
T — 5 cp—— —t—c¥ —ca
= Ag R e R o
il Wasn |12 = = |
....... N R 5l a4 i 13 | :
GHIF EMABLE Imkn & s =2 J_
- Ab o
0 o & il .Y gpy (14 * T
b1 AT - |14 l
o 21 a8 Adem (11 1853
10] A A |20 |
‘ &1 ka o
8] e ARG 2L A AAA_T o F
PFLAYRBACKRECORD | poy
g 2| PR MIC REF |18 Mol
—0 25 Fom i A2
b=y i G_“_'J'F Wos CI_I_
= == 1 —
1_]__ ML AGC T~ 0.0 uf
i 1
s ]
7]
470 K52 dl:-?"l-l: o .

r
Rs
10 KD

i clesirexct, pin 18 [POIP pockoge) may be el unconnected fmicropnone predmplifior nolse vl be Rignevl, In

MRS iz cose, pin 18 must nof be fisd fo any oftier sianad or valtage. Acdifional deskan exaimpie schamatics arg
provided 1 fne Appaicolion Nofes In fhils Dook,
Table 12: Application Example—Basic Device Control
Control Step Function Action

1 Power Up chip ond sslect recordiplovback mode | (1. FD = LOW, [2.) PR = Asdesimad

2 Sl rmessone oddress for ecod/ploviack Sat addressas AD-AD

38 Bagin playback PR = HIGH, TE = Pulsed LOW

38 Bagn recaord PR = LOw, OF — LOW

A4 End plovbock Aromatic

48 End record P2 ar CE — HIGH

18
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Table 13; Application Example—Passive Component Functions

Part Function Commants

R Microphons powear supply decouping | Reduces power supply nolse

R Releass time constont Sets release time for AGC

R3, RS Microphone basing ressiorns Prowidas Deosing for rcropione opesation

4 Series limifing resistor Reduces level fo prevent distorfion at highcr suppty
valtoges.

Ré Series Imiting resisio Reduces lewel 1o high supply voltoges

1,256 hMicrophons DC-olocking capacitor Dacouples miciophone Dias from chipn Provices single-

Low-freqquerasy cutalt ol fow freaquency cUtart and Comimion mode nolse:

refechicn.

i AftackPelease tire congtant Sets affackisleass fime for AGC

=3 Lo -Trecqieency cutoff capacifor Proawindes crdditicnal pote for kow-frequency cutoff

4 Microphona power supph-decoupling | Reduces power supply nolse

i T Powear sUpphy Comacitons Siiter and bypass of power supoly

EXPLANATION

I this simplified block diagrarm of a miciocentol-
er applicaticn, the Push-Button mode and mes-
sage cueing are used, The microcontollerisa 16-
pin version with enough port pins for burtans, an
LFD. and the 1302500 serles device. The soffware
can be wiltten o use fhree buttons: ane each for
play and record, and one tor messcge selection.
Becouse the microconfaller is interpreting the
buttons and commanding the 1502500 device,
saftware con be withen for any functions desired
In o paricular application.

NOTE 50 doss mot recormrmend  conneching
address mes difectly 1o G mMicroprocessor
bus, Adaress fines shouly be extemaly

lafohad,

50
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Figure 5: ISD2560/75/90/120 Application Example—MicrocontrolleriSD2500 Interface
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Figure 6: ISD2500 Application Example—Push-Button

oo
ISD25607690/120 T
1} an oo
s Mre 'u'as]_ 1 Al Yoz
= 3} A7
AL A3 Ve
4 n =
[l R Ad esh,
g —_1 15 AL
—0 o B Ep
START/PAUSE A7 o
L[ &) AR BT B
- o 10 AR AP M 120
ETOPRERET
151 Gk ANA OUT
X D
= S 17| PR MIC REF
0 25 EoM M
il
) ETLE i
B L1
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NOTE: Ploass refer o Appcanon Infanmahon,
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Table 14; Application Example—Push-Button Control

Control Step Function Action
] Select recordiplaybock mode. | PR — As desired
25 Begin playbock PR = HIGH, CF = Puised LOW
ZB Begin =cord PR = LOW, CL = Fulsed LOW
3 Pause record or playback CF — Fulssd LOW
a8, End ployiock Ay ttormetic at EDM rmarkes or PD — Pulsed HGH
4B End recodd PO = Pulsed HIGH
Table 15: Application Example—Passive Component Functions
Part Function Commenits
R2 kelease trme constont Sats releose fime for AZC
24 Leies lnnitinvg resistor Raduces lovel o pravent distodion at highet supply
ytoges
Ré, R7 Pull-up and pull-down msision Defines static state of inputs
21,C4,Ch Powet supply capacitars Fittors and brpoase of poweas supphy
o2 Attock/Roloase fime consfant Eats ortackiistooss fime lor ASC
g Low-frequency cutaff copacitar ! Frovdces additicnal poke for low-frequency cutel!
Table 16: Push-Button Parameters
Symbol Characteristic Min Typ (1) Max Linits Conditions
- CE Pulse Wisth [StarfPause] | 300 nsec
Taer ConfrolAddress Setup Time i 300 rsec
Trum Powear-Up Delay [SCr2550 25 mseC
ISD2E? S 31.25 gz
1502h%0 a7.25 MESss
5025120 &OLO M&ss
Ters PD Pulse \Width [SfopiRoset] 300 nsec
T TE to EOM HGH 25 400 | nsec
TPN..EL ﬂ T EORT LOw 50 AN 1= e
Tra CEHIGH Devounce 1502560 70 105 | rmsec
ISD2575 BS 1356 MMses
1502580 105 | &) msec
5026120 135 215 mesc

150
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PUSH-BUTTON TIMING DIAGRAMS

Figure 7: Push-Button Mode Record

Sherl Pause Start Slop
¢_E — T | — T | — T |
[StertPouss] R it Y
ik g + | i T~ Tamy

PR =_ | |
PD _— :‘ Tery - | I I w T = T |
(ShepReseT) .

- Ty e
AD=-4% | |
MIC ANA IN ———— st
ovF ' T

; T'Iuh—.lr} -] \t—— Tonmr | \_—/
EOM — s | AN /
Run) : =T = - e S5

e, — ot
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Figure 8: Push-Button Mode Playback
Short Pousse Start Slop _

¢E —_— T& = —F-T:-._F "‘T{;E
‘GtortPauss|] L ? by p ™

w fn |- 1 — Top = T
PD # | y
| Shopy TR

AQ-AD .i
e L\ Y HA M
OVF !
e = - Traise \\_'/
EoM — ' X T v
[Fun] | i o Db — i ey Tt R A
ETH _"| e = Tam B !
Modes 1" 17} 51} 14,5 1.4 ]

1. A% AB and A8 = | for push-Dutfon cperaiion,

2. Tho frst CF [OW pulie performs @ Start funchion.

3. The port Wil begin fo olay o /8o Offer O Dower-up deiay Tap.

£ The peavt must Aove CF HIGH tew 1 debounce penod TOB batora it wil recognize anolhar faiing sdge of CF ard
PO,

5. Tha second CE LOW pulse, Ungd nary even puise theteofisl, performs o Pouse funclion.

& Again. the pat mug hove TF HIGH for o debounce peiod 1O before f wil recognize wncther faling odge of

CF, which would restat an opergfion. Jn aocfian, the part will ot oo an Infarnadl powss dowr Wil COF 18 HiH for

the TDE fime,

The Iniidd TF LOW pulse; ond every odd pulse thereciter, paalonns g Resume funahion

8. At any fime. g AIGH jevel on £D wil siop the curent funclion, resel i adhess Counter, amd. power down ha
device

b
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DEVICE PHYSICAL DIMENSIONS

Figure 9;: 28-Lead 8x13.4mm Plastic Thin Small Outline Package (TSOP) Type | (E)

A
B

1A

O 0 =4 O (T D 00 BS —

zh
7
#h
25

L =
23
21

1%
18
17
1-]
15

AR

Table 17: Plastic Thin Small Outline Package (TSOP} Type | (E) Dimensions

INCHES MILLIMETERS
Min Nom Max Min MNom Max

A 0.520 0.528 0.535 1323 13,40 13,60

B 044 0,865 0452 [ P 117.80 11.20

= 0317 0315 a.are 750 2.00 810

[ 0,002 0,006 Q.05 015

C 0.007 0.00s 0. 07 g.23 0.27

F o0z 0.55

= 0.057 0.03% 0,041 095 1.040 1.05

H o° 3" &’ Qe 37 &t
B 0.020 0.022 0.028 .50 D.55 0.70

d 0.004 00a 01 .21
NOTE: leod copmnanty fo be wihin LUV Nches.

=0
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1$D2560/75/90{120 Products

Figure 10: 28-Lead 0.600-Inch Plastic Dual Inline Package (PDIP) (P)

T e Bl S e N o N 8 e 8 B
2827 20024 33022 1 X119 I 0T 16005

3 0 O

1Y E 13 14

g 7
N O B I

s
Table 18: Plastic Dual Inline Package (PDIP) (P) Dimensions
INGHES MILLIMETERS
Min Nom Max Min Mom Max
A 1.445 |.450 1.455 36.7C 36.63 36,96
Y 0150 3.81
B2 0.065 0.070 0075 165 BRET 191
I 0.600 0 625 15.24 16,88
c2 0.530 0,540 0.550 13.46 13.72 1397
D 019 483
D1 0.015 0.38
E 0,125 0,35 3.18 3.43
F D.01& 0.0°8 0,022 0.38 0.46 1356
& 0.055 0.060 0.065 1.40 162 165
H 0,708 2,54
| 0,008 0.010 0.012 020 0.25 (.20
5 0.070 0.078 0,080 1,78 1 91 203
g 0° 158 0° 150

NOTE: lead coporny Jo e witun 0004 inches
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1SD2580/75/90/120 Products

Figure 11: 32-Lead 8x20mm Plastic Thin Small Outline Package (TSOP) Type | (T)
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Table 19: Plastic Thin Small Outline Package (TSOP) Type | (T) Dimensions
INCHES MILLIMETERS
Min MNom Max Min Max
A 0.7a0 Q.7az 0.795 IS B0 20,00 H1.20
B 0720 0.724 0728 18,30 18,40 18.50
& 031 0.313 nae 7.50 a.00 810
B 0.oo0z 0,004 0.05 115
e 0.006 000% 0011 RE 0.22 0.27
I 0.097 0.50
= Q037 003 0041 .95 1.00 1.05
H DQ’ 3“ 5(‘ G: Sﬂ 5:
| 0.020 0,024 0028 0.50 0.60 0.70
A 0004 Loooa 010 0.2l
NOTE: oo coplononty fa be within DN Inciness.
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ISD2560/75/90/120 Products

Figura 12: 1SD2560/75/30/120 Products Current Bonding Physical Layout! {Unpackaged Die)

ISD2550/75/90/12%

I, Die Dimensions
X187 +1 mils
¥ 220 1 mils

Il. Die Thickness®
17.5=1 mils

ll. Pad Opening
100 % 109 microns
A4.3x% 4.3 mis

A3 AT

| a2 an
I |

Neep  XCIK
| T

-
Ah—TE
A -m

AT —

AQ—

TTH

I5D2560/75/90/120

B bE B
TE

L
3

AR I

P o] '.'TT-!,

| ! | '
AU TN | Vs | - M Y aAsC

\'.lrﬁ I

P

B

- ARA N
L

|

Vepa  WIC RET

1. Ine backsde of die fs Fremaly conneched 1o Ve I MUST MOT De connected fo any eing potential or damage

oy cscul

2. D fhickness 5 subject lo chonge, plogse comfact B0 tactony for shatus.
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15D2560/75/90/120 Products

Table 20: ISD2560/75/90/120 Products Current PIN/PAD Designations,
with Respect to Die Center (pm)

Pin Pin Name | X Axis ¥ Axis
Al Address C -1148.% 4898.2
A Address | -1406.% 4478.2
AZ Acicirass 2 -1561.9 4894.2
A2 Acdedress 3 =12147 48982
FI¥.} Addiass 4 | -206%.9 44082
45 Aidiess 5 21949 4358.2
Ad Address & -2194.7 4108.2
A Address 7 =2154.2 42123 o
BB Adchess & =24 =4456.3
A9 Acldress @ =i 48973
AL Aendlicey Inpat i -4848.3
Vi Vs Digiicll Power Suppy -1343.9 —4H50.4
Vega Ve Anolog Posear SUDOlY -5519 —18%4 5
5P+ Specker Ouiput + =111:4 —A4790.8
aP— Spocker Oufplr — A25.6 -A790:8
Ve Vi Aricilisg Poiwer SURRIY 85581 —4848 32
MIC Miciophans Input 1320.7 —AEGT. 3
MIC REF Microphons Reference 14051 -4827.3
AT Automictic (ain Canrel 1B77.4 —A871.3
ARA N Anabag Inot 220211 —4260 8
AMA CUT Arabog Cutpuat 21231 -3210.8
hF Crvariiow Cutput 2142.6 41547
CE Chip Encble Input 2202.1 4558.7
FD Prower Down Input 2048.1 4g98.2
B Erndd of Messoge 16481 48657
HCLK Mo Connect [ophonal] 12211 4807 .2
] PlovibockRecod QO5.0 4378.2
Ve Ve Digital Power Supply 445, 1 4396.7
50 27




I5D2560/75/90/120 Products

Figure 13: 1SD2560/75/90/120 Products Future Bonding Physical Layout' (Unpackaged Die)

A3 Al Noop  KCLK .
fe THFS
15D2560/75/90/120X" o o T B B B
Fa o
I. Die Dimensians - - X i
X: 1495 <1 mils g b =
. —EWE
¥ 262.0 +1 mils At ST
I, Die Thickness®
11.8 ~.4 mils 15D2560/75/90/120X
. Pod Ooening
111 %111 microns
A4.A4x 4.4 mils
e =3
A7 \m I.—_—N%UUT
P . T - AMA TN
R R

I |
AL M Wz S MIC Y AGC
Vg 5P+ Weopa  MICREF

1. The bockside of dis 5 internally comiected o Ve I MUST NOT b connecfed to any ofher pofertial or darmdge
MY BOCLT,
2. Die thickness i sublect to change, please confact 15D facton for storfuls ana’ avolarblihy
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1SD2560/75/90/120 Products

with Respect to Die Center (um)

Table 21: ISD2560/75/90M1 20 Products Future PIN/PAD Designations,

Pin Fin Nama X Axis ¥ Axis
Al Address -457.2 341252
Al Acidiass | -1115.4 31362
A Addrass 2 -1331.0 31352
A3 Ackdress 3 -1544.0 31262
Ad Aciciress 4 -1640.4 2BE8.9
AR Acdcirass & —14698.2 24710
v Acdciress & —1598.2 2441 5
AT Address 7 -1731.2 —2563 2
Ab Addiess 8 =1731.2 —2768.4
AL Adcirass @ =1731.2 -3050.8
AN IN Auxilians Input =140 31157
Vi Vs Digital Power Supply 11128 30762
Vieh Ve Analog Power Supply 401/ 8 -3138.5
SF+ Spacker OupUt + —A74 =30&7.7
5P Speaakar DUt - 3859 -A0a 7
Vi Ve Analog Powes SUpehy 7455 e
M Mizrophons Inpurt 11o1.2 —314411
M RES Miciophore: Refeence 12947 -314460
AT Autornatic Gain Cortrol 1 &66,4 ~3130.3
AMA I Analog nput 1 F2E.4 26540
ANa 2T Anclog Dutput 1700.¢ —21.0
OV Overflow Cutput 13409 3121.7
CE Chip Eraole input 17267 . 28244
FD Poweer Down Inpput 1730.5 3094.0
ECM End of Message 13409 31217
KCLK Mo Connec: [cofanal) OB&.5 31607
i FraybackRecond E07.2 3163.4
Voo Ve Ligital Power Supply 5447 3159.2
IsD 29




ISD2560,/75/90,/120 Products

ORDERING INFORMATION
Product Number Descriptor Key

ISD25

S

2500 Serias

Cruration:
o = & Seconds
75 = 75 Seconds
o0 = 0 Secands

120 = 120 Seconds

— Packoge Type:
&
Clroult (3O
o
Fackoge (FOIF)
3
Clrcult (SO
T
Packoge (T3OF)
¥ Die

L Special Temperature Fleld:
Blarnk=

Commercial Pockaged (0°C to +70°C)
Cormmercial Die (07C o +80°C)

28-leod 0.350-Inch Small Outling Infegraled

Z8-lead 0.4800-nch Plostic Dual in-Line

28-lead 0.300Hmcn Smail Chthine Integroted

32-lead Bx20-rom Thin Small Outline

When ordering 1SD2560/75/90/120 products, please refer to the fellowing valid parf numbers.

Part Number Part Number Part Number Part Mumber
151 3256 I3D2575G 1502590 150251205
ISD2nalR ISD2575P [SDES%0P [SC25120P
1512256805 ISC25755 |SD25505 [SD25120%
IS 40N 15D25751 IS023907
1S ¥2560X |SDZ575% [SCH2 SR

For the Iatest product information. access 1SD's worldwlde website at hitp:/ fwww isd.com,

Yolce Solutions in Slicon ™
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