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ABSTRAK

PERANCANGAN DAN PEMBUATAN
ALAT PENDETEKSI WARNA BAGI PENDERITA TUNA NETRA
DAN BUTA WARNA DENGAN OUTPUT SUARA

Rendy Pasetia One, 04.12.255, Teknik Elektro 5.1/Elektronika)
(Dosen Pembimbing I: Ir. Teguh Herbasuki, MT)
{Dosen Pembimbing [I: Irmalia Suryani F. ST, MT.)

Perkembangan ilmu pengetahuan dan teknologi dewasa ini sangatlah cepat, yang
mana melingkupi berbagai sisi kehidupan manusia. Dalam meningkatkan sumber daya
manusia (SDM) pada negara berkembang pada umumnya, dan khususnya untuk
meningkatkan SDM pada orang tuna netra dan buta warna. Untuk meningkatkan SDM
pada penderita tuna netra dan buta warna maka dilakukan pembuatan suatu alat yang
bisa mendeteksi warna benda, dengan output suara, agar penderita tuna netra dan buta
warma dapat mengenali warna yang ada di sekitamya,

Untuk membantu dalam pembuatan dan perancangan alat ini, maka dibutuhkan
referensi-referensi yang berhubungan dengan perencanaan alat yang akan dibuat. Sctelah
referensi-referensi terkumpul, maka dilakukan penelitian dan percobaan mengenai objek
yang berhubungan dengan perencanaan alat yang akan di buat, dati hasil percobaan
dapat diambil suatu kesimpulan dari alat.

Alat bantu identifikasi warna ini dapat bekerja pada wama merah, kuning, hijau,
biru, coklat, hitam dan putih. Dari hasil pengujian sensor, dari 20 Jenis benda yang telah
di uji, untuk setiap warna, masih terdapat dalam range frekuensi. Dengan terciptanya alat
pendeteksi warna ini, diharapkan dapat membaniu penderita tuna netra dan buta warna
untuk dapat mengenali warna benda secara mandiri.

Kata kunci; sensor warna, 1C suara ISD 1420
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BABI
PENDAHULUAN

1.1 Latar Belakang
Perkembangan ilmu pengetahuan dan teknologi dewasa ini sangatiah
cepat, yang mana melingkupi berbagai sisi kehidpan manusia. Salah satu
kemajuannya adalah di bidang teknologi yaitu dengan terciptanye sebuah
sensor yang dapat mengenali warna. Kemajuan tersebul tidak terlepas dari
tuntutan manusia yang selalu ingin hidup lebih prakiis dan efisien dalam
kehidupan sehari-harinya.

Dalam meningkatkan sumber daya manusia (SDM) pada negara
berkembang pada umumnys, dan khususnya untuk meningkatikan SDM pada
orang tuna netra dan buta warna. Untuk meningkatkan SDM pada penderita
tuna metra dan buta wamna perlu adanya pembuatan suatu alat yang bisa
membantu untuk meningkatkan pengetahuan mereka akan warna. Dimana
dalam kehidupan schari-hari sangat di perlukan pengetahuan tentang warna
suatu benda agar dapat ditcrapkan dalam kchidupan bermasyarakat.

Dengan adanya kasus tersebut maka sangat diperlukan adanya pembuatan
suatu alat pendeteksi warna yang bisa gunakan untuk penderita tuna netra dan
huta warma agar bisa mengetahui warna suatu benda tanpa harus menunggu
bantuan dari orang lain, sehingga, mercka bisa lebih cepat untuk mengetahui
warna barang atau benda di sekitar mereka, Untuk memudahkan dalam
mengenali tentang warna khususnya pada penderita tuna netra dan buta
warna fersebut maka dibuat suatu alal pendeteksi wama, dengan output suara,

yang menggunakan sebuah sensor wama TCS230, IC suara 15D 1420, 1C 333
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scbagai sumber clock cksternal dan MCU ATB9S8253 sebagai
pengendalinya. Pembuatan alail ini merupakan pengembangan dari skripsi
terdahulu, yang mana hanya dapat mendeteksi warna dari Kertas,
Pengembangan dari alat ini adalah agar dapat digunakan bukan hanya untuk
mengenali warna kerias saja melainkan juga benda-benda lain yang ada di
sckitar kita. Dengan adanya teknologi tersebut, dibarapkan dapat membariiu

mereka untuk dapat lebih mudah dalam mengenali suatu warna benda.

1.2 Rumusan Masalah
Mengacu pada permasalahan yang di uraikan pada latar belakang,
maka rumusan masalah dapat ditekankan pada:
|. Bagaimana membuat alat Identifikasi warna dengan sensor TCS230
menggunakan mikrokontroller dan ISD.
2. Bagaimana cara menampilkan komposisi R G B warna, dari sebuah
warna yang di deteksi.
3. Bagaimana agar mikrokontroller dapat dapat mengolah data R G B
dari sensor, dan memberikan outputan wamna sesuai data dari sensor,

yang dikeluarkan melalui ISD.

1.3 Batasan Masalah

Batasan masalah pada penelitian ini adalah sebagai berikut:

. Suara yang dihasilkan adalah bahasa Indonesia.
2. Pendeteksian warna hanya pada benda bertekstur rata ,tidak transparan,
3. Tidak membahas amplifier yang digunakan.

4. Tidak membahas catu daya.




1.4 Tujuan
Tujuan yang ingin dicapai dalam penyusunan skripsi ini adalah
merancang dan membuat alat pendeteksi warna bagi penderita tunanetra dan
buta warna, dengan outpuf suara, agar penderita tunanetra dan buta warna

dapat mengetahui warna warna benda yang ada di sckitarnya.

1.5 Metodologi

Metodologi yang dipakai dalam pembuatan skripsi ini adalah :

1. Studi literatur
Mencari referensi — referensi yang berhubungan dengan perencanaan dan
pembuatan alal yang akan dibuat.

2. Penulisan
Melakukan penelitian dan penulisan langsung serta melakukan percobaan
secara berulang - ulang mengenai objck yang berhubungan langsung
dengan perencanaan alat yang akan dibuat.

1. Pembuatan
Mengolah dan membuat analisa serta menarik kesimpulan dari hasil
pengujian yang ada.

4. Pengujian

Melakukan penguiian alat setelah pembuatan dan analisa selesai,




1.6 Sistematika penulisan
Sistematika vang digunakan dalam penyusunan skripsi ini adalah
sebagai berikut.:

BAB I : Pendahuluan
Menjelaskan latar helakang permasalahan, rumusan masalah. tajuan,

pembatasan masalah dan sistematika pembahasan skripsi.

BAB Il : Teori Penunjang
Menjelaskan tentang teori-teori dasar penunjang perancangan dan

pembuatan alat.

EAR 111 : Perencanaan Sistem

Pada bab ini dibahas tentang perencanaan dan pembuatan keseluruhan

sistem perangkat keras (hardware) dan perangkat lunak (software).

BAB 1V : Pengujian Alat
Menjelaskan pengujian alal dan analisis terhadap data hasil pengujian

menggunakan teori vang ada.

BAB V : Kesimpulan dan Saran
Menjelaskan kesimpulan dari perancangan dan pembuatan alat serta
menjelaskan tentang saran-saran untuk kesempurnaan dalam pembuatan

alat ini.




BAB 11

TEORI PENUNJANG

Untuk memudahkan dalam memahami sistem ini, maka diperiukan suatu
{cori-teori yang menunjang dan dapat menjelaskan tentang karakteristik dari
komponen- komponen yang digunakan, schingga dapat memperkirakan cara
kerja dari seluruh komponen. Sehingga dapat menambah pengetahuan yang
mendukung perencanaan dan pembuatan alat, yang meliputi teori tentang
wama, mikrokontroller AT8958253, Sensor Warna TCS 230, ISD 1420 1C

5535, switch danL.CD 2x16.

2.1 Teori Warna
Warna adalah speKtrum tertentu yang terdapat dalam suatu cahaya
sempurna (cahaya putih). Identitas suatu wama ditentukan oleh panjang
gelombang dari wama ity sendir. Panjang gelombang yang masih bisa di
tangkap oleh mata manusia berkisar antara 400-780 nanomeler. Mata normal
manusia hisa mensrima panjang gelombang dari 400-700.
Perkiraan batas spectrum warna:

Tabhel 2.1 panjang gelombang warna

PANJANG GELOMBANG
NO WARNA (nm)
; T MERAH 620-750 o
2 JINGGA 590-620
3| KUNING | 570590




4 TR 195-570
5 BIRU 430-495
6 UNGLU 400-430

Sumber : www.soft7.com

4 1.0/ i
E 0.0 ! : | | | i

] ] 1 |
g og—+—H i A L i
T 07— / * A 1|
£ - .. T AT T 1 |
- 06— ) \ . i
o 'U: . ' J \i : | | : | : |
B 0° T ™ T i i
E 04 e j-; | : |
g o8 s ~1L A

. = 02 e 1 P RN B P = ,
'E 'ﬂ,z l ': T . I ’ rk— | { -
£ o e H—
& u,uj 3 T ) T
© 40 [4s50 500 550 o600 650 | 700 750
panjang gelombang (nanometer)
kurva cahaya kurva cahaya
pada malam hari pada siang han
Gambar 2.1 panjang gelombang warnal™
Sumber : www,soft7.com
2.2 Seasor Warna TCS-230

Setiap warna bisa disusun dari warna dasar, Untuk cahaya, warna dasar
penyusunnya adalah warna Merah, Hijau dan Birn. atau lebih dikenal dengan
istilah RGB (Red-Green-Blue), Photodiode pada 1C TC5230 disusun secara
array 8x8 dengan konfigurasi: 16 photodiode untuk menfilter wama merah, 16

photodiode untuk memfilier wama hijau, 16 photodiode untuk memfilter warna




hiru, dan 16 photodiode tanpa filter. Kelompok photodiode mana yang akan
dipakai bisa diatur melalui kaki selektor $2 dan 53. Kombinasi fungsi dari

S2 dan S3 bisa dilihat pada Tabel

Tabel 2.2 Pin/Kaki pengatur filter warna

5

ik

. Photodiode yang aktif
0 Pemlfilter merah
1 Pemfilter biru
0
1

Tanpa filter
Pemfilter hijau

- o
=3 =1 4

Sumhber : www.paralax.com, datasheet TCS 230

TCS-230 mempunyai suatu susunan photodetector yaitu merah, hijau
dan biru. Photodiode akan mengeluarkan arus yang besarnya sebanding dengan
kadar warna dasar cahaya yang menimpanya. Arus ini kemudian dikonversikan
menjadi sinyal kotak dengan frekuensi sebanding dengan besamya arus.
Frekuensi Output ini bisa diskala dengan mengatur kaki selektor SO dan Sl1..
Frequensi output sebanding dengan intensitas warna yang dipilih. Frequensi
output bisa diskala dengan mengatur logika kaki selektor S0 dan S1.

Penskalaan outpint dapat dilihat pada tabel 2.2:

Tabel 2.3 Skala Pembanding TCS-230

S0 Sl Devide

‘ 0 ] __ Power Down
0 1 1:50

N__ 1 0 I: 5
| {1 1: 1

Sumber ; www.paralax.com, datasheet TCS 230




Adapun fungsi masing-masing pin pada tabel 2.4 :

Tabel 2.4 Pin/Kaki Sensor TCS-230

Pin Sinyal Deskripsi
| GND Ground Power Supply, Semua
lcgangan .
. direfrensikan terhadap Ground
|2 VDD | Tegangan Supply (2.7-3 Valt)
3 51 Input pemilihan skala frekuensi
outpul :
4 50 Input pemilihan skala frekuensi
output
5 s2 Input pemilih filter yang diaktifkan
6 OE | Enable low
7 §3 | Input pemilih filter yang diaktifkan
8 OUT | Frekuensi Output
9 LED | Control LED (Aktif LOW)
. 14 NC | No Conect

" Sumber ; www.paralax.com, datasheet TCS 230

TCS230 adalah IC pengkonversi warna cahaya ke frekuensi. Ada dua
komponen utama pembentuk IC ini, yaitu photodioda dan pengkonversi arus ke

frekuensi, sebagaimana bisa dilihat pada gambar 2.3.

PACKAGED
8-LEAD SOIC
(TOP VIEW)
s0 1 g 53
st 2 782
DE » [T 6 OUT
GNC 4 CTf 5 Vo

Gambar 2.2 Pin/kaki Sensor TCS-230

Sumber : www.paralax.com, datasheet TCS 230




Keistimewaan TCS-230 adalah scbagai berikut

- Mengkonversi cahaya ke frekuensi dengan resolusi tinggi.
- Skala frekuensi output dapat di tentukan sesuai kebutuhan.
- Dapat berkomunikasi langsung dengan mikrokontroller.

- Tegangan suply (2,7 V sampai 5,5 V)

TCS-230 mempunyai ukuran sensor 5.3mm  dengan  ketebalan
25mm.Untuk pengukuran semua variasi warna baik kasar maupun halus yang
terdapat pada area warna merupakan rata-rata frekuensi warna yang diukur.
Kombinasi warna yang ditangkap merupakan saringan dan emisi pancaran

yang dapat dilihat pada grafik 2.1 ;

Tt .

E,_ N
NREVAY

A cvi

L L] _._.:..__ . el
Gambar 2.3 Grafik Sensor Color Response

Sumber : www.paralax.com, datasheet TCS 230

Sinyal yang dikirim dari sensor TCS-230 ke mikrokontroler berupa
sinyal kotak atau dalam bentuk pulsa yang dikonversikan kedalam digital.

Untuk menghitung frekuensi output dengan membuat timer 1 detik,
dan selama periode kita hitung berapa kali terjadi gelombang kotak. Sebagai

contoh dapat dilihat pada gambar 2.4:
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“ »
T=1Detik

Gambar 2.4 Bentuk gelombang dalam pulsa selama 1 detik ™
Sumber : www.paralax.com, datasheet TCS 230

JUUL T

1 2 999 1000

Dalam 1 detik terjadi 1000 gelombang
| Berarti frelonensinya 1000 Hx atau 1 KHz

Gambar 2.5 Bentuk gelombang dalam bentuk pulsa selama 1 detik.
Sumber : www.paralax.com, datasheet TCS 230 5
Dalam satu detik terjadi 1000 gelombang, maka frekuensinya 1000 Hz
atan | KHz, dapat di cari dengan f=1/T

T=1ms

Gambar 2.6 Bentuk pelombang selama 1 periode T = m3 Bl
Sumber : www.paralax.com, datasheet TCS 230

Berarti | gelombang penuh periodenya 1mS$ dengan frekuensinya 1/1ms
= 1000 Hz atau 1KHz

Frekuensi keluaran TCS-230 dapat dibaca dengan COUNT
statement vang di tunjukkan sisi area yang diukur. TCS-230 adalah IC

pengkonversi warna cahaya ke frekvensiAda dua komponen utama




pembentuk IC inii yaitu photodioda dan pengkonversi arus

frekuensi,sebagaimana bisa dilihat pada gambar 2.7:

P L} Output |—| |‘|
i Curnend-to-Frequency
Light Comrerns
s
i
52 s) s S TE

Gambar 2.7 Sketsa fisik dan blok fungsional TCS 230 ¥
Sumber : www.paralax.com, datasheet TCS 230

ke

Setiap warna dapat disusun dari wamna dasar .Untuk cahaya ,wama dasamya

adalah wama Mersh, Hijau dan Riru, atau lebih dikenal dengan RGB. Gambar

di bawah ini memperlihatkan beberapa sampel warna dan komposisi RGB-nya

terskala 8 bit.

Hitam (R=0,G=0,B=0)
Merah (R=255,G=0,E=0)
Biru (R=0,G=0,B=155)
Hjau (R=0,G=155,E=0)
Kming {R=255,G=1255B=0)

Orange (R=255,G=160,B=0)

Gambar 2.8 Contoh Beberapa Sampel warna dan kemposisi RGB-nya

Sumber : www.paralax.com, datasheet TCS 230
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2.3 1C 555

ano[ 1] B] v
TRGGER[ Z | 7] piscrarce
oureuT[3 ] (6] rresHoLn
meseT [ 5| coONTROL VOLTAGE

Pin diagram IC 555

Gambar 2.9 Pin-Pin IC 555 1"l
Sumber : www.alldatasheet.com, datasheet IC 555

Pin 1 (GROUND) : Merupakan titik 0 V komponen yang dihubungkan
dengan ground rangkaian atau ground supply. Pin ini ditunjukkan oleh titik
(notch) yang terdapat pada badan komponen,

Pin 2 (TRIGGER) : Merupakan salah satu input komparator bagian bawah
yang akan dibandingkan dengan input lain pada komparator tersebut yang
telah direferensikan nilainya sebesar 1/3 tegangan supply (Vs). Jika input
trigger herubah dari HIGH ke LOW dan besarmya kurang dari 1/3 Vs maka
komparator bagian bawah ini akan mengaktifkan flip-flop schingga akan
dihasilkan output IC 555 dalam kondisi HIGH. Pin trigger ini mempunyai
impedansi yang sangat besar, yaitu > 2M(Q2.

Pin 3 (OUTPUT) : Output IC 555 dinyatakan pada pin ini.

Pin 4 (RESET) : Digunakan untuk membuat eusput IC 555 dalam kondisi
LOW (reset) untuk semua kondisi input. Reset akan tetjadi saat pin ini

diberikan tegangan sebesar < 0,7V,
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Pin 5 (CONTROL) : Merupakan salah satu input komparator bagian atas
dimana input lain dari kamparator adalah pin Threshold pada IC 355. Pin ini
digunakan untuk mengatur tegangan ambang (threshold) yanp telah diatur
secara default sebesar 2/3 tegangan supply (Vs). Biasanya pin ini jarang
digunakan dan saat tidak digunakan pin ini dihubungkan pada ttik ground
rangkajan melalui sebush kapasitor 0,01uF yang berguna untuk mengurangi
gANZEUAN NOise.
Pin 6 (THRESHOLD) : Saat tegangan input pin ini berubah dari LOW ke
HIGH dan besarnya lebih dari 2/3 tegangan supply (Vs) maka komparator
bagian atas akan mereset flip-flop sehingga akan dihasilkan output 1C 555
dalam kondisi LOW.
Pin 7 (DISCHARGE) : Merupakan jalur pembuangan arus yang berasal dari
kaki kolektor transistor NPN yang terdapat pada IC 355, Pin ini biasanya
dihubungkan pada sebuah kapasitor yang juga berfungsi untuk mengatur
pewaktuan (timing) §C 555,
Pin 8 (VCC) : Scbagai input sumber tegangan DC yang digunakan untuk
mengaktifkan IC 555, Sumber tegangan yang digunakan scbesar SV — 15V
Dalam aplikasi rangkaiannya. IC timer 555 mempunyai 3 mode operasi dasar,
yatlu :
1. Monosiable
Output rangkaian monostable hanya berupa satu pulsa (HIGH) saja, yaitu
saat input sinyal yang diumpankan pada pin trigger berubah dari kondisi
HIGH ke LOW. Rangkaian monostable juga biasa discbut dengan

rangkaian one-shoot.
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2. Astable
Output rangkaian astable berupa gelombang kotak yany berosilasi pada
frekuensi dan periode tertentu, tergantung dari komponen RC yang
digunakan.

3. Bistable
Output rangkajan bistable mempunyai 2 kondisi output yang dipengaruhi
oleh input pada pin trigger dan resct. Atau dapat dikatakan, output
rangkaian bistable serupa dengan outpul rangkaian astable yang
dioperasikan secara manual tanpa menggunakan komponen RC sebagai

pengatur pewaktuan (timing).

2.4 Mikrokontroller AT8958253

2.4.1 Pendahuluan

Mikrokontroller bisa dipandang sebagai sebush mini komputer yang
terintegrasi dalam sebuah chip. Didalam satu chip mikrokontroller sudah terdapat
bagian-bagian seperfi dalam sebuah komputer. Bagian-bagian itu antara lain ;
ALU ( Arithmetic Logic Unit ), PC ( Program Counter ), SP ( Stack Pointer ),
Register. ROM ( Read Only Memory }, RAM { Random Acces Memaory ), Paralel

/0. Serial /O, Counter dan sebuah rangkaian Clock.
Seperti sebuah mikroprosessor, mikrokontroller adalah scbuah perangkat
serhaguna, yang fungsi kejanya dapat ditentukan melalui sebuah perangkat lunak

vang mendeskripsikan sebuah sistem yang diinginkan.
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Pada saat ini terdapat banyak keluarga mikrokontroller salah satunya
adalah keluarga MCSS1. Salsh satu tipe mikrokontroller yang termasuk dalam

keluarga MCS51 adalah ATB9S8253 buatan Atmel.

AT89S8253 adalah mikrokontroler keluaran atmel dengan 12K byte Flash
PEROM (Programmable and Erasoble Read Only Memory). AT3958253
merupakan memori dengan teknologi nonvolatile memori, artinya isi memori
tersebut dapat diisi ulang ataupun dihapus berulang kali.

Memori ini biasa digunakan untuk menyimpan instruksi (Perintah)
berstandar MCS — 51 code sehingga memungkinkan mikrokontroler ini untuk
bekerja dalam mode Single Chip Operation (Mode Operasi Keping Tunggal) yang
tidak memerlukan Eksternal Memori (Memori luar) untuk menyimpan source
code tersebut,

AT8958253 juga memiliki 2K byte EEPROM (Electrical Erasable
Programmabel Read Only Memory). Memaori ini biasa digunakan untuk

menyimpan data sehingga memungkinkan mikrokontroler ini untuk melakukan

pengambilan data.




2.4.2 Arsitektur ATS9S8253

| s Pal. Rl
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Gambar 2.10 Blok Diagram AT8958253!"
Sumber : www.atmel.com, datasheet ATS9S8253

IC ATMEL AT89S8253 menyediakan standart berikut:
— 12K Bytes memori yang dapat diprogram ulang
= 256 Bytes internal RAM
— 2K Byte internal EEPROM

= 32 jalur VO (Input dan Output) yang dapal diprogram
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= Sepasang 16 bit Timer dan Counter

=» Dual data Pointer (DPTR)

= Watchdog Timer

= ISP Port

— Mendukung serial Port secara penuh

— Waktu Pemrograman yang singkat

Sebagai tambahan AT8958253 dirancang menggunakan logika yang statis
untuk 0 mode pengoperasian yang menuju ke frekuensi dasar dan pendukungan
terhadap dua Seftware, serta dapat memilih model Power Savingrya. Mode idle
akan berhenti ketika CPU sedang menjalankan RAM, Timer/Counter, Serial Port
dan Interrupt System untuk terus melanjutkan fungsinya. Model power down akan
menyimpan isi dari RAM tapi akan memberhentikan osyilutor dan akan
menghentikan semua chip lain yang sedang berfungsi sampai terdapat adanya

pgangguan dari luar atau hardware di reset,

2.4.3 Pin Deskripsi
o
TayFroc 42V
(TeEX) P1.1d2 33 P00 (ADO
P1203 FBO PO ADA
1304 Irproz @32
S5 P1.405 360 P03 3
Tl F1.5d86 a5 Po4 *Aﬂﬂ
EM-IED F1E8007 34O PO5 (1AD
{SCK)Pt.7O0 QQJFﬂBihDG
R3TO® G0 R P07 (ADT
nxu‘} a0 10 3 QhEANVPP
Dy P34 a0 R ALEPROG
PF3z2giz 2ah
INT1) P23 2BHPR.7 (A15)
P34C14 2T¥BP28 (Ald
‘1)! Fascis sapP2s. ..MB;
{ ;],P'a.m:m 25h P24 (A2
[{ P3.717 24 B P22 A1
ATAL2C]18 gappPa2 {mﬂ]
XTALACO 19 220 P21 (A)
GND | 20 21 pP2.0 (AB)

Gambar 2 .11 Pin — Pin AT8958253 I'
Sumber : www.atmel.com, datasheet AT8958253
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: Power Supply
: Ground

- Port (0 berfungsi sebagai 8 bit /O bertipe open drain hi-directional.

Schagai port keluaran masing - masing pin dapat menyerap arus
sehesar 8 masukan TTL (sekitar 3,8 mA). Ketika diberikan logika
“|* pada pin port 0 ini maka pin — pin port 0 ini akan dapat
digunakan sebagai inputan berimpedansi tinggi.

Port 0 juga dapat dikonfigurasikan pada sebagai bus alamat/data
selama proses pengaksesan data memori dan program eksternal.
Jika digunakan dalam mode ini port 0 memiliki internal Pull Up.
Port 0 juga mencrima kode — kode data yang diberkan padanya
selama proses pemrograman dan memberikan kode - kode selama
proses verifikasi program yang telah tersimpan didalam memori.
Dalam hal ini dibutuhkan cksternal Pull Up sclama proses

verifikisi program,

. Port | berfungsi sebagai 8 bit 1/0 Bi-directional yang dilengkapi

dengan internal Pull Up. Ketika diberikan logika “1* pin ini akan di
Pull Up secara internal sehingga dapat digunakan schagai inpul.
Sehagai inputan jika pin — pin ini dihubungkan ke ground maka
masing — masing pin ini dapat menghantarkan arus karena di Pufl
High secara internal. Port | juga menerima Low Order Address

Bytes selama melakukan verifikast program.
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Pada port | di AT89S8253 pin ini mempunyai allernatif seperti pada tabel

berikut ini:
Tabel 2.5 Fungsi — Fungsi Alternative Port 1
Port Pin Alternate Funtions

PIS | MOSI (Master Output Slave Input)’

PlL.6 MISO (Master Input Slave Output)’

P17 SCK (Serial Clock) '

Sumber : www.atmelcom, datasheet ATBISEZSS

Port 2 . Port 2 berfungsi scbagai 8 bit 1/0 Bi-directional yang dilengkapi

dengan inmternal Pull Up Penyangga keluaran port 2 dapat
memberikan atan menverap arus empat masukan TTL (sekitar 1,6
mA). Jika diberikan logika *1° pada pin — pin port 2, maka masing
— masing pin akan di Pull High secara internal sehingga dapat
digunakan sebagai inputan. Sebagai inputan jika pin - pin port 2
dihubungkan ke ground (di Pull Low), maka , masing — masing pin
dapat menghantarkan arus karena di Pull High secara internal,

Port 2 akan memberikan byte alamat bagian tinggi (High Byte)
selama pengambilan instruksi dari memari program eksternal dan
selama pengaksesan memori data eksternal vang menggunakan
perintah dengan alamat 16 bit {misalkan MOVX@DPTR). Dalam
aplikasi ini , jika ingin mengirimkan “ 7. maka digunakan Pull Up
internal yang sudah disediakan. Selama pengaksesan memori data

eksternal vang mengeunaka perintah 8 bit (misatkan MOVX@RI),




Port 3
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port 2 akan mengirimkan isi dari SFR P2 (Special Function
(Register Pori 2). Porl 2 juga menerima alamat bagian tinggi (High

Order Address) selama pemrograman dan verifikasi memori.

- Port 3 sebagai 8 bit /O Bi-directional yang dilengkapi dengan Pull

Up Internal. Penyangga keluaran port 3 dapat memberikan atau
menyerap arus empat masukan TTL (sekitar 1,6 mA).

Iika diberikan logika ‘1" pada pin pin port 3, maka masing —
masing pin akan di Pull High oleh Pull Up internal sehingga dapat
digunakan sebagai inputan. Sebagai inputan, jika pin — pin port 3
dihubungkan ke ground, maka masing — masing kaki akan
memberikan arus karena di Pull High secara internal.

Seperti Port |, port 3 juga mempunyai fungsi — [ungsi alternatif

vang diberikan olch AT89S8253 seperti pada tabel berikut ini:

Tabel 2.6 Fungsi — Fungsi Alternatif Port 3

Fori Pin Fungsi Alternatif
3.0 RXD (Serial lnput Port) i
P3.1 TXD {Sn:‘,riai Output Port} *
P2 dm_'F'{:'l-{-'Fkﬁtemai -I.n-t-:rﬁ.:pi 0 |
P33 TNTT (Eksternal Intorrupt 1) _
P3.4 B T0O (Timer 0 Eksh;mal Input) | i
P3.5 11 (Timer 1 Ek.;;tﬂrnnl Inpl-lf} :
P3.6 | WR (Dkstemal Data Memory Write Strobe)
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P3.7 RD (Eksiernal Data Memory Read Strobe)

Sumber : www.atmelLcom, datasheet ATEYSE2S53

- Inputan Reset akan memberikan logika High °1" pada pin ini

dengan jangka waki yang ditentukan olch lamanya pengosongan
data musatan kapasitor. Jangka wakw minimal adalah 2 siklus

mesin (24 periode frekwensi clock) ditambah wakiu start On

Osilator,
5V
} Voo
O
P
R

Gambar 2 .12 Rangkaian Power On Reset "
Sumber : www.atmel.com, datasheet AT8958253

ALE/PROG: Keluaran ALE (Address Latch Enable) menghasilkan pulsa — pulsa

untuk menutup byte rendah (Zow Byre) alamat selama mengakses

memori eksternal. POin ini juga berfungsi sebagai inputan pulsa

program {The Program Pulse Input) atau PROG selama melakukan
Flash Program. Pada operasi normal, ALE akan berpulsa dengan
pewaktuan (Timing) atau pendetakan (Clocking) rangkaian

cksternal. Sebagai catatan ada sebuah pulsa yang dilewati selama




XTALIL

XTAL2

pengaksesan memori data cksternal. Jika dikehendaki operasi ALE
dapat di nonaktifkan dengan cara mengatur bit 0 dari SFR (Specid
Function Rewisvter) lokasi 8Eh. Jika diberi logika *1° ALE hanya
akan aktif selama menemui instruksi MOVX atau MOVC. Selain
itu, pin ini seeara perlahan akan di Pull High. Mematikan bit ALE
tidak akan adn efeknya jika mikrokontroller mengeksekusi

program secara cksternal.

. EA/VPP (External Access Enable). EA harus sclalu dihubungkan

ke Ground karena digunakan untuk mengakses eksternal memeri
dengan lokasi 0000H sampai FFFTH. Catatan sekalipun bit 1’
sudah terkunci dan terprogram, maka FA akan terkunei pada resct.
EA_ju ga harus dihubungkan ke Vee untuk melakukan menjalankan
program secara intcrnal. Pada saat Flash Programming pin ini

mendapatkan tegangan sebesar 12 Volt.

- Merupakan input ke penguat pembalik osilator dan ke rangkaian

operasi Clock internal,

. Keluaran dari penguat pembalik osilator.

Mikrokontroler AT8958253 memiliki rangkaian osilator internal
dengan mengacu pada frekwensi referensi pada pin XTAL1 dan

XTALZ.
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n _-|_ XTAL2
c1 I

i XTAL1

I GND

Gambar 2 .13 Rangkaian Cristal I"!
Sumber : www.atmel.com, datasheet ATE958253

2.4.4 Register Fungsi Khusus
AT89S8253 mempunyai 21 Special Function Registers {Register
Fungsi Khusus) yang terletak pada antara alamat 80H hingga FFH.
Beberapa dari register — register ini juga bisa dialamati dengan
pengalamalan bit sehingga dapat dioperasikan seperti yang ada pada
RAM yang lokasinya dapat dialamati dengan pengalamatan bit.
= Accumulator
Register ini terletak pada alamat EOH. Hampir scmua operasi aritmatik
dan operasi logika selals menggunakan register ini. Untuk proses
pengambilan dan pengiriman data ke memori eksternal juga diperiukan
register ini.
= Port
89551 mempunyai empat buah Port, yaitu Port 0, Port 1, Port 2 dan

Port 3 yang terletak pada alamat 80H, 90H, AOH dan BOH. Namun,
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jika digunakan eksternal memoriataupun fungsi — fungsi special,
seperti Eksternal Interrupt, Serial ataupun Eksternal Timer, Port 0, Port
2 dan Port 3 tidak dapat digunakan sebagai Port dengan fungsi umum.
Semua Port ini dapat diakses dengan pengalamatan secara bit sehingga
dapat dilakukan perubahan output pada tiap — tiap pin dari port ini
tanpa mempengaruhi port — port yang lainnya.

Scbagai contoh, jika dilakukan instruksi Sctb P1.3, maka bit ketiga
dari port | akan berkondisi high (5V) tanpa mempengaruhi bit — bit

yang lain pada port ini.

Seth! *51'5,\1—— Bil keliga
Powt 1

7 6 5 4 3 2 1 @
PORT1 | x| X[ X x| 1| ¥ X] X
Bil ketiga dari port |

berubah manjadi logika |

Gambar 2 .14 Bit — Bit Port !
Sumber : www.atmel.com, datasheet AT89588253

Seperti yang tampak pada gambar 2 - 8, bit ketiga dari port | terletak
pada alamat 93H oleh karena itu instruksi Setb P1.3 dapat diganti
dengan instruksi Setb 9311

Port ini digunakan untuk menunggu sinyal yang dikirim oleh
komponen lain yang merupakan sinyal positif (5V) misalnya, dengan

Tungen:
Jab P1.3. tungge
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Selama kondisi pada port 1 pin ketiga masih low (0V), program akan
terus melompat ke alamat yang ditunjukkan oleh label “tunggu”
schingga dapat diartikan bahwa program berhenti di alamat tersebut
hingea terjadi sinyal positif (5V). Setelah sinyal positif (5V) muncul di
bit ketiga dari port 1; program akan menuju ke alamat yang

berikumya:

Thdak

Gambar 2 .15 Diagram Alir Deteksi Bit Ketiga Port 1"
Sumber : www.atmelcom, datasheet AT3958253

= Register B
Register B digunakan bersama accumulator untuk proses aritmatik
selain dapat juga difungsikan sebagai register biasa. Register ini juga
bersifat Bit Addressable.

== Stack Pointer
Stack Pointer merupakan sebuah register § bit yang terletak di alamat
81H. lsi dari Stack Pointer ini merupakan alamat dari data yang

disimpan di siack. Stack Pointer dapat diedit atau dibiarkan saja
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mengikuti standart sesudah terjadi reset. Jika Stack Pointer diisi data
5FH, area untuk proses penyimpanan dan pengambilan data dari dan
ke stack adalah sebesar 32 byte, yaitu antara 60H hingga 7FH karena
AT8958253 mempunyai Internal RAM sebesar 256 byte.

Data Pointer Two Byte Register (DPTR)

Data Pointer Two Byte Register atau DPTR merupakan register 16 bit
dan terletak pada alamal 82H untuk DPL (Data Pointer Low) dan 83H
untuk DPH (Data Pointer High). DPTR biasa digunakan untuk
mengakses source code ataupun data yang lerletak di memori
eksternal.

Contoh:

MOV A, #Lh
MOV DPTR, #20:00H.
MOVX @Dpir,A

2000H. Pertama, data 01H diisikan ke accumulator. Kemudian, DI'TR
vang berfungsi untuk menunjukan alamat penyimpanan data diisi
dengan 200011 terakhir, isi dari accumulator A disimpan ke lokasi
memori yang ditunjukan oleh DPTR (Irelirect Addressing).

Register Port Scrial

ATR8958253 mempunyai schuah on chip serial port (serial port dalam
keping) yang dapat digunakan untuk berkomunikasi dengan peralatan
lain yang menggunakan serial port juga seperti modem, shift register
dan lan — fain.

Buffer (Penyangga) untuk proses pengiriman maupun pengambilan

data terletak pada register SBUF, yaitu pada alamat 99H. Sedangkan
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untuk mengatur mode serial dapat dilakukan dengan mengubah isi dari

SUON yang terletak pada alamat 98H.

2.5 LCD ( Liguid Crystal Display ) M1632

Liquid Crystal Display adalah modul tampilan yang mempunyai

konsumsi daya yang relatif rendah dan terdapat sebuah konwroller CMOS

didalamnya. Kontroller tersebut scbagai pembangkit ROM/RAM dan display

data RAM. Semua fungsi tampilan di kontrol oleh suatu instruksi modul LCD

dapat dengan mudah diinterfacekan dengan MPU.

Spesifikasi dari LCD M1632:

o

S B S b

L3

L

Terdiri dari 32 karakter yang dibagi menjadi 2 baris dengan display
dot matrik 5 X 7 ditambah cursor

Karakter generator ROM dengan 192 karakier

Karakter generator RAM dengan § tipe karakter

80 X 8 bit display data RAM

Dapat diinterfacekan dengan MPU § atau 4 bit

Dilengkapi fungsi tambahan : Display clear, cursor home, display
ON/OFF, cursor ON/ OFF, display character blink, cursor shifi dan
display shift

Internal data

Internal otomatis dan reset pada power ON

+5 V power supply tunggal




DOT MATRIK LCD
2 X 16 CHARACTER TYPE M1632

Vas Vee Vec RS RWEN DO Dl D2 D3 D4 DS DE D7 AN KT

Gambar 2.16 Pin Out LCD M1632
(Surber: LCD Module User Manaal)

LCD modul M1632 mempunyai 16 pin dengan fungsi sebagai berikut :

Tabel 2.7 Fungsi Pin —Pin LCD

N;l.':a Jumlah | 'O | Tujuan Fungsi
DB{- 4 /0 MPU Tri state bidirectional lower
DB3 data bus: data dibasca dari
modul ke MPU atau dan
MPU  diwlis ke modul
melalui bus
DB4- 4 O MPU ‘I'ri state bidirectional upper
DB7 fourdata bus: data dibaca dari
modul ke MPU atan dan
MPU  ditulis ke modul
melalui bus
C 1 Input | MPU Sinyal operasi dimulai: sinyal
aktif baca/tulis
R/W ] Input | MPU Sinyalpilih data dan tulis
{0:tulis, 1:baca)
RS 1 - Power | Sinval pilih register
| supply | 0: Instruction register (writc)
Busy flag dan addess
counter (read)
|:Data register (write dan
read)
VLC 1 - Power | Penyetelan kontras  pada
supply | tampilan LCD
vDD 1 - Power |+35V
supply
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V&S 1 = Power Ground OV
supply

(Surmber : LCD Module User Manual)

Pada pin 15 (V) diberi diode gunanya adalah agar tegangan yang masuk

sesuai dengan data sheel yaitn sebesar 4,5 Volt maksimal.

Tegangan diode = 0,7 Volt

Ve

2.5.1

=3 Volt
Jadi tegangan yang masuk =5 - 0,7 =4.3 Volt.
Register
Control LCD mempunyai 2 register 8 bit yaitu fnsrruction register
(IR) dan Data Register (DR). Kedua register terscbut dipilih mclalui
Register Select (RS). IR menyimpan kode instruksi seperti Display clear
dan cursor shift, dan alamat informasi dari Display Data RAM (DD RAM)

dan character generator RAM (CG RAM)

DR menyimpan data sementara untuk ditulis ke DD RAM atau
CG RAM. atau dibaca dari DD RAM atau CG RAM. Ketika data difulis ke
DD RAM atan CG RAM dari MPU, data di DR secara otomatis ditulis ke
DD RAM atau CG RAM dengan operasi internal. Tetapi kelika data dibaca
dari DD RAM atau CG RAM maka alamat data ditulis pada IR.Data
tersebut akan dimasukkan ke DR dan MPU akan membaca data dari DR,
Setelah operasi pembacaan, alamat berikutnya diset data dari DD RAM
atau CG RAM pada alamat tersebut akan dimasukkan ke DR untuk operasi
berikutnya. Display data RAM (DD RAM) mempunyai kapasitas area 80 X
% bil, Beberapa area dari DDRAM yang tidak digunakan untuk display

dapat digunakan sebagai General data RAM.
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Pada LCD masing-masing pin mempunyai range alamat
tersendiri, alamat itu diekspresikan dengan bilangan heksa. Untuk line 1
range alamat berkisar antara 00h-OFh sedangkan untuk line 2 alamat

herkisar antara 40h-4th

(Sumber : LCD Module User Marual)

2.6 ISD (Information Storage Devices) 1420

Information Storage Device adalah sebuah chip 1C yang mampu
merskam dan menyimpan data suara yang direkam tersebut dalam interval
waktu tertentu. Pada setiap jenis IC 1SD kode nama pada dua digit terakhir
menunjukkan lama duarasi waktu maksimal yang mampu disimpan
kedalam device tersebut.

Didalam IC ini telah include beberapa kebutuhan perekaman dan
pemanggilan data kembali diantaranya penguat mikrofone, filter suara dan
penguat speaker untuk menampilkan suara kembali.

ISD 1420 digunakan sebagai outputan berupa suara yang herkualitas.
ISD 1420 terbagi menjadi beberapa scgmen alamat, dengan tiap segmen
alamal mempunyai durasi penyimpanan suara {audio saving duration)
schesar 120ms. 1SD 1420 memunyai 8 buah pin yang digunakan sebagai
alamat, yaitu (A0 - A7), schingga dapat di berikan alamat mulai dari 00H
sampai FEH, atau terbagi dalam 2° = 256 alamat. ISD 1420 ini merupakan
sebuah IC yang dirancang untuk dapat merekam dan memular kembali
suara yang felah terckam di dalam IC. Sehingga 15D 1420 sangat tepat
untuk digunakan menyimpan dan memutar suara untuk aplikasi-aplikasi

tertentiL.
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[SD 1420 mempunyai komponen-komponen yang telah tertanam di
dalamnya, antara lain: oscilator internal, mikrophone pre-amplifier. gain
kontrol otomatis, filter parata dan speaker amplifier. Secara keseluruhan IC
ini dapat digunakan untuk merckam dan memutar dengan komponen
sederhana, seperti mikrophone, speaker dan beberapa komponen
penunjang, dan dua buah saklar tekan dan sumber tegangan. Rekaman akan
disimpang dalam sel memori vang tidak mudah hilang. IC ini merupakan
IC {Strorage Direct Analog) yang dapat dengan langsung MEenyimpan Suara
yang berupa analog, kedalam memori EPROM.

15D 1420 mempunyai waktu penyimpanan suara sclama 20 detik, yang

dapat disimpan di alamat yang kita tentukan.

Blok Diagram ISD 1420,
wew O—f———I peraiceex ] g F—
'  [omng e ChipCorger ®
i - ] TeCMMOLEICY BV60
| 5Pode Active f
Arodicsing O Anakog Thasceven
] ? 1284 Cel - oo
= Tk 5Polo Active
: B | Mdfievel 5 - B i
; i 3 .ﬂurc'..-m Smoamnng ria -[‘> O %
Aulomatc
ARG O Gain Cueshal
[ powen Conetonng || hockess Bulfers o | oeveeComad |
0O 00 0 00000000 0O O O O

Veme Mg VYao Yerm AD AT AZ A3 M AS AL AT ARG MEYE EAM RRCIFD

Gambar 2.17 Rangkaian I1SD 1420 ¥
Sumber : www.alldatasheet.com, datasheet ISD 1420




Konfigurasi Pin-Pin ISD 1420
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iISC1400

ap 3 e 28 3 Veco
Al 7 27 B3 REC
A2 T3 26 [ RCLE
M CJa o5 ] RECLED
L - 24 [ PLAYE
a5 s 23 3 PLAVL
NC 7 22 [ NC

NC 14 27 [ ANA QLT
Ab g 20 3 ANAIN
AF 10 19 g AGC

N B3 16 [ MIC REF
Vesy ] 12 17 3 MIC
Vaga 13 16 [ Vers,
SPe 314 15 [ SP-

Gambar 2.18 Konfigurasi Pin dari ISD 1420 ™
Sumber : www.alldatasheet.com, datasheet ISD 1420

Playback, adge — actifated (played) pin 24.

Ketika sinyal akan berpindah ke kondisi low, maka playe akan berjalan

sampai tanda akhir dari ruang memari yang tercapai. Setelah melakukan

plavback, ISD sccara otomatis akan kembali kemode stomdby, dan

playback akan berhenti jika ruang memaori telah habis.

Playback, level — activated (PLAYL) pin 23

Ketika input berpindah dari high ke low, maka PLAYL akan berjalan.

Playback akan berjalan sampai inpuf high, atau ruang memori lelah habis.

15D akan kembali ke mode siandhy jika plavback telah berhenti.

Record Led Output (RECLED) Pin 25:

Output dari RECLED akan low selama perekaman, maka outpuf ini

digunakan untuk mengetahui bahwa sedang terjadi perckaman.
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Record (REC) pin 27:

Proses perekaman terjadi apabila REC dalam keadaan low, sampai kita
selesai melakukan perckaman.

Automatic Gam Control (AGC) pin 19:

AGC digunakan untuk menambah atau mengurangi penguatan (gain) dart
pre-amplificr. AGC dapat sceara dinamis meluaskan batas dari suara yang
terckam dari suara bisikan sampai suara yang keras.

Speaker Output (SP+, SP-) Pin 14 dan 15:

Ini digunakan untuk mengeluarkan suara yang telah direkam ke speaker.
Qutput ini mempunyai impedansi 16 £2,

Optimal Eksternal clock (XCLK) pin 26:

Digunakn untuk menambah Kristal clock bila dibutubkan pewakiuan yang
lebih besar dan presisi, tctapi bila tidak digunakan harus dihubungkan
dengan ground.

VCCA dan VCCD pin 16 dan 28:

Analog dan digital sircuit didalam 1SD menggunakan bus power yang
terpisah, untuk meminimalisasi noise. Pin ini harus dihubungkan sedekat
mungkin dengan sumber tegangan.

VSSA dan VSSD (grond) pin 13 dan 12:

Sama sepertti VSSA dan VSSD, Analog dan digital sircuit didalam ISD
menggunakan bus power yang ferpisah, untuk meminimalisasi noise. Pin
ini harus dihubungkan sedekat mungkin dengan ground.

Addres input (A0 - A7) pin 1-6 dan 9-10:
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Input ini mempunyai dua fungsi, tergantung dari level dua Most
Significant Bits (MSR) dari alamat.

Jika MSB ini keduanya low, maka semua input digunakan sebagai bit
pengalamatan, untuk merekam atau memutar ulang

Microphone — input (MIC) pin 17

Kaki microphone ini terhubung dengan VCC melalui beberapa kapasitor
tang terhubung seri, bersamaan dengan resistor 10KA2 yang berada dalam
chip.

Microphone Reference (MIC REF) pin [8:

Ketika MIC REF terhubung ke Vee dengan microphone ke ground, maka
tingkat noise selama perekaman dapat dikurangi. Bila tidak digunakan,
maka pin ini tidak boleh terhubung dengan sinyal atau tegangan apapun,
harus dalam keadaan terbuka.

Analog Output (ANA OUT) pin 21:

Sinyal dari microphone dikuatkan dan dikeluarkan melatui ANA OUT pin.
Penguatan dari Pre-amp tergantung dari AGC pin.pre-amp ini mempunyai
penguratan maksimum sekitar 24 dB.

Analog Inpot (ANA IN) pin 20:

Kapasilor eksternal menghubungkan antara ANA IN dan ANA DOT pin.
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Gambar 2.19 Rangkaian pengisi ISD 1420 ¥
Sumber : www.alldatasheet.com, datasheet ISD 1420

Untuk melakukan perekaman, dilakukan langkah langkah seperti berikut:

|. Set alumat dimana kita akan mulai menyimpan suara, dengan cara
memberikan logika 0 atau 1 pada A0 sampai A7.

2. Memasang speaker da microphone.

3. Member logika 0 pada pin REC.

4. Mulai merekam suara yang diinginkan, dengan maksimal durasi
penyimpanannya adalah selama 20 detik.

5. Jika sudah selesal, beri logic 1 pada pin REC.
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Untuk mengeluarkan suara yang telah dirckam, dilakukan hal hal berikut:

|. Set alamat dimana kita telah menyimpan suara yang telah terekam

dalam ISD.

i

2. Ada dua cara yang dapat dilakukan untuk mengeluarkan suara pada

ISD

1.

2

Dengan cara memberikan logika 0 pada PLAYL.

Member logika transisi low pada PLAYE, maka [SD akan secara
otomatis akan mengeluarkan suara sampai sinyal EOM
dikeluarkan.

Sinyal EOM akan keluar, sctiap kali ISD telah habis mengeluarkan

Suard.




BAB 111
PERENCANAAN DAN PEMBUATAN ALAT

3.1. Perancangan Perangkat Keras (Hardware)
Blok diagram sistem dapat dilihat pada gambar dibawah ini:
‘ Lco

£

] |
l:n;ur A B | e .ISD e ‘anr =
| ‘._Haﬂ \j—_1> thﬂ ‘> 1420 —1> Iampﬁrier o7
T

(2| (o]

Gambar 3.1. Blok Diagram Sistem

Fungsi dari masing — masing blok diagram adalah sebagai berikut :

-, Sensor warna
Sensor yang digunakan adalah TCS 230, untuk mendeteksi warna.

-. Mikrokontroller AT8958253
Mikrokontroller merupakan inti atau pusat dari seluruh sistem. Disini
mikrokontroller berfungsi sebagai pengolah data.

- LCT)
Berfungsi sebagai penampil R G B dari warna yang telah dibaca oleh
SEN30L.

-. Switch

37
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Berfungsi untuk mengeluarkan suara yang terdeteksi olch sensor.
-, IC 555
Berfungsi sebagai suply timer eksternal untuk mikrokontroller
= IS 1420
Merupakan IC penyimpan suara, yang mana suara yang di hasilkan
akan disesuaikan dengan warna yang diterima oleh sensor.

Berdasarkan diagram blok diatas, maka prinsip kerja dari alat tersebut
dapat dijelaskan sebagai berikut @

AT8958253 scbagai pengontrol utama, kemudian sensor digunakan untuk
mendeteksi wama dari benda yang dideteksi, data dari sensor di kirimkan ke
mikrokontrolter dan diolah untuk disesuaikan dengan data base yang ada. Jika
data yang dikirimkan sensor tersedia di data base mikrokontrolier. dan button
telah akiif, maka mikro akan memerintahkan 1SD untuk mengeluarkan suara yang
gesuai dengan warna yang terdeteksi oleh sensor. Tetapi apabila data yang di
kirmkan sensor ke mikrokontroller tidak ada dalam data base maka suara yang di

kcluarkan 1SD adalah erorr.

3.2 Rangkaian Sensor TCS 230

YeC
] u _
—1 1 3 12
Z = (63,43 DD T
B s NC WE =
Port 3.5 ) i 8 —3 { Porii
o E LT LED ¢ T L<’“—_ -
{_Pont 5 ; 51 S = CPortll |
i Loy L
' Do i —— el — Part3"
G Sensar TCS130

Gambar 3.2 Perencanann Rangkaian Sensor TCS 230
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Pada aplikasi ini menggunakan sensor warna TCS 230. Port 3.5 dan port
3.4 yang digunakan untuk mengaktifkan atau memilih filier wama. yang akan di
tampitkan pada LCD. Port 3.3 sehagal outputan dari sensor. Port 2.1 berfungsi
untuk memerintahkan led agar menyala. Photodiode akan mengeluarkan anis yang
besarnya sebanding dengan kadar warna dasar cahaya yang menimpanya, Arus ini
kemudian dikonversikan menjadi sinyal kotak dengan frekuensi sebanding dengan
hesarnya arus. Frekuensi Output ini bisa diskala dengan mengatur kaki selektor S0
dan S1 yang terhubung dengan Port 3.7 dan 3.6 pada mikrokontroller. Pada
aplikasi ini digunakan skala 1:5 atau 20% dari frekuensi warna yang di terima
oleh sensor. Pengolahan keluaran scnsor ke mikrokonteoler AT8958153 dengan
cara membaca pulsa yang di keluarkan scnsor selama satu periode dengan begitu
dapat diketahui bila satu periode pulsa semakin lebar maka keluaran frekuensi

semakin besar dan sebaliknya.

3.3 Perancangan Minimum Sistem 4 T8953253
Mikrokontroller AT8958253 dirancang untuk dapal berdiri sendiri karena
terdapat EEPROM, RAM serta port input/ouput dan perlengkapan lainnya
dengan twjuan menambah kemudahan dalam aplikasinya juga dalam
software.
Mikrokomtroller vang digunakan pada sistem adalah mikrokontroller

jenis A'T89S8253 yang merupakan 1C CMOS 8 bit internal RAM, 40 pin dan

3 port 1O,
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Dalam perancangan sistem ini pin-pin yang dipergunakan adalah sebagai

berikut :
:.'..:.—._—...__._,._._‘
PO vee n--ff;‘—dﬂ /I T
PLl POO-(ADD} —m
o ) 0,1 140 Hf ;3
Pl P T{ADS i,
Pld PO.3 (ADS) 'fi' ;:‘;

- PLE (MOSD P4 (AT = 7
PLG(MISO)  PO.S1ADS) —%ﬂ“ i
PLTISCE) PG {AD6) —s— -
RST P07 ADT) —
P30 RXDY EAnpe
231 (TND)  ALEPROG
P2 (INTD) BEEN
PiAfINILY P27 iAlS
B14{TH PLALALL
PLETL FIA AT
PR PIA(ALD ¢
P37 B P33 (A11)
NTALL BTN
NTALZ B11 (AL}

0

= GxD PEOTAS) e e »
- Bl AP < SWSPST]
o ATE0SE253 =
e, . R -
Cope

Gambar 3.3 Rangkaian Minimum sistem ATS958253

I. Pin1 (P1.0)sampai pin 8 (P1.7) digunakan untuk jalur 1SD.

2. Din 9 (Reset) digunakan untuk reset mikrokontroller.

3. Pin 12 (P3.2) digunakan untuk jalor 1C 555.

4. Pin 13 (P3.3) sampai pin 17 (P3.7) dan pin 22 (P2.1) digunakan umiuk
sensor TCS 230,

5. Pin 18 (XTAL 1) untuk efock pada Mikrokontroller ATE9S8253.

6. Pin 19 (XTAL 1) untuk clock pada Mikrokontrotler AT8958233.

7. Pin 20 (GND) untuk ground Mikrokontroller AT$938253.

8. Pin 21 (P2.0) digunakan untuk button.

9. Pin 24 (P2.3) sampai pin 26 (P2.5) digunakan untuk ISD.
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10. Pin 27 (P2.6) sampai pin 28 (P2.7) dan pin 32 (P0.7) sampai pin 39

(P0.0) untuk jalur TCD

11. Pin 40 (Vce) Berfungsi sebagai tegangan supply Vec =3 Volt.

Perancangan rangkaian reset pada mikrokontroler AT8958253 adalah

dengan memberikan logika high pada pin reset mikrokontroler ATE9S8253.

Rangkaian reses ini diperoleh dari application note mes-31  Design

Cansideration dari ATMEL. Berikut ialah gambar rancangan rangkaian reser

pada AT89S8253 :

R
.
|

1
=R

Pl

—— L3

s
o

L]
—— B4

]

—— S

—T—

—mrpE)

- :
Mﬂﬁ-’-ﬂ L-HEST i

Gambar 3.4 Rangkaian Reser pada AT8958253

Ositaior pada rangiaian misimam sistem ATR9SE253 menggunakan kristal 12 MHz

dan kapasitor 33 pF. Nilai kapasitor ini diperoleh dari tabel datasheef tentang

penggnnaan kapasitor untuk ranghaian osifator | sistem cfock pada ATEISEIRD.

Berikut ialah gambar ranghkaian osifetor pada mikrokemireler ATB958253;

LT

.

—i[

P MH: =2

= | XTALL P1:
——— XTAL2 P2
GND =53
ATE9SE251

Gambar 3.5 Rangkaian osilator pada mikrokontroler ATB9SEZS3
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3.4 rangkaian 1C 555
VOC
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Gambar 3.6 rangkaian [C 555

Pada perancangan ini digunakan IC 355 sebagai pembangkit pulsa atan
clock. Rangkaian yang dibuat pada perancangan alat ini adalah rangkaian
astable, dimana besar pulsa yang dihasilkan dapat di atur, dengan cara
menentukan besar resistor dan capasitor yang digunakan.
Output dari 1C ini di hubungkan dengan port 3.2 (INTO) mikrokontroller.
Clock dari IC 555 ini digunakan mikrokontroller untuk menjalankan atau
mematikan timer dan counter internal pada mikrokontroller secara

bersamaan,

3.5 Perancangan Rangkaian LCD
Sebagai tampilan daia pengaturan jam. tanggal dan data dari RTC
digunakan display LCD dot matrik 2 x 16 larakter. Sinyal — sinyal yang
dipergunakan oleh LCD adalah dofo bus, RS, R/W dan E. Sinyal E

dihubungkan ke P3.4 untuk mengaklifkan LCD. LCD akan aktif jika
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mikrokontroller memberikan instruksi tulis pada alamat LCD. Sedangkan
port 3.5 dipergunakan untuk memberikan sinyal RS yang membedakan data
yang diberikan pada LCD. Sinyal RS diberikan ke LCD untuk membedakan
sinyal antara instruksi program atau instruksi penulisan data. Untuk pin R/W
akan berlogika fow () apabila dthubungkan dengan ground maka LCD
difungsikan hanya untuk menuliskan program atau data ke display. Untuk
mengambil data dari mikrokontroller maka pin — pin data dihubungkan

dengan Port 0.0 sampai Port 0.7 yang merupakan pin - pin data dari

mikrokontroller.
LED X1i432
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Gambar 3.7 Perancangan Rangkaian Liguid Crystal Display { LCD }

Vg pada pin 1 (Vgg) digunakan untuk mengatur kontras dari karakter
vang ditampilkan, sedangkan pada pin 15 (V.) diberi diode gunanya adalah agar
tegangan yang masuk sesuai dengan data shect yaitu sebesar 4,5 Volt maksmmal.
Tegangan diode =06 Volt

Vee =35 Volt




Jadi tegangan yang masuk =5 —0,6= 4,4 Volt.

3.6 Perancangan Rangkaian ISD 1420.

Perancangan rangkaian ISD digunakan uniuk menentukan alamat dimana
kita melakukan perekaman suara, sehingga mikrokontroller akan mudah untuk
mengakses alamat dari suara suara yang telah kita rekam. Untuk melakukan
perckaman langkah pertama yang harus dilakukan adalah mengeset alamal
sesugi dengan alamat atau durasi wakiu yang dibutuhkan. Schingga untuk
memanggil suara vang diinginkan adalash dengan menentukan alamat dari
suara terschul.

ISD yang digunakan untuk perancangan akat ini adalah 1SD 1420, scperti

pada gambar di bawah ini.
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Gambar 3.8 Rangkaian Modul 1SD 1420
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Gambar 3.9 Ranghaian ISD 1420
Pada rangkaian ini digunakan IC [SD 1420, Alamat yang digunakan untuk
komunikasi dengan mikrokontroller adalah A0 sampai A7, yang dihubungkan
dengan port 0. Untuk memutar suara yang ada pada 1SD, mikrokontroller
mengirimkan data alamat, dimana suara yang akan di putar di simpan, Jika alamat
sudah di tentukan, maka mikrokontroller memerintahkan 1SD untuk memutar

suara yang tentukan, melalui pm 24 (PLAYE).

Tahel 3.1 Alamat Suara Pada ISD 1420

D JENIS | — DATAISD DATA
_WARNA (A7 A6 [AS [A4 A3 A2 |AL AO | ISD |
1 HITAM 6lolo[0[0[0]0 o] 0oH
2 | UNGU o0 0|10 0]0o]|0] osH
3 ~ ERROR 0jo[o /o1 olo]|o]| 10H
K MERAH 1|1/0 0[1]0j0o]o0} 13H
5 KUNING 100 1|0 |1 [0][0] 290
6 oAU (1 1 |o 0|1 [T ]0o[0] 33
7 COKLAT 1 1|0 |1l 0[0[06[0]0AH
8 BIRU p |1 jr[¥irl1le]n | 3EH
9 JINGGA BENEAEEEEE NN EANT
| 10 PUTIH BEEENEIN TN A
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Durasi waktu yang tersedia di ISD 1420 hanya 20 detik, maka suara yang
akan disimpan tidak boleh melebihi kapasitas yang telah ada. Tabel 3.1

merupakan alamat dari suara-suara yang telah terekam di dalam ISD.

Tabel 3.2 Range Warna Pada Data Base Mikrokontroller

o WARNA FREKUENSI
R G B
[ MERAH 174 - 260 15 - 255 14 - 84
B JINGGA 268 - 752 96-252 23-112
3 KUNING 220 - 386 257 - 420 90 - 200
4 HIJAU 42-160 146 - 607 70 - 235
5 BIRU 20 -126 60 - 143 166 - 389
6 UNGU 38-79 31-221 71 - 161
7 COKLAT 82-177 28 - 144 36-110
8 HITAM 2-28 2-34 Fu34
9 PUTIH 200 - 450 350 - 710 400 - 880

1.7 Perancangan Perangkat Lunak

Perancangan perangkal lunak (sofiwgre) yang digunakan dalam
perencanaan dan pembuatan alat akan dipaparkan dalam flowchart sistem secara
kescluruhan. DPembuatan soffware hanya dilakukan pada mikrokontroler
menggunakan bahasa pemrograman Basic dengan bantuan compiler BANCOM -
05/, Diagram alir atau Flowchart program secara keseluruhan adaleh sebagai

berkut:




| Inisialisasi LCD

!

Aktifkan Sensor
WWama

!

Pangqlangan (n)=

-\-‘..i
/ Ambil Data /;’
o Frekuensi
/ Wama RGB f
| ———e
v
! 7

Tampilkan di LCD

L 4 -
Baca Tombol

Cocokan Warna
Dengan Data Base

=

Bl

T -
) < “Ada penahaman\“x

o b

Tombol? ,x
Sy

-\.r Y
Apakah Data ‘\\ Y

Sama Dangan Data
Sebeh.lmrl‘;a'?

Keluarkan data
pada |SD

Seszual wama f

=

=
. n=n+1_‘

Gambar 3.10. Flow chart Program
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BAB IV

PENGUJIAN ALAT

Dalam bab ini akan di bahas mengenai pengujian alat yang telah dibuat.
Hal ini dapat dilakukan untuk mengetahu kekurangan dari kinerja sistem vang
telah dibuat, schingga dapat diketahui apakah alat tersebut dapat bekenja sesum
dengan yang telah di rencanakan. Dalam rangka pengujian alat tersebut diuraikan
percobaan vang telah di lakukan untuk mengetahui respon dari keseluruhan alat

yang telah dirancang,

4.1. Tujuan Pengujian
Tujuan pengujian vang dilakukan terhadap sistem aplikasi ini adalah
sehagai berikur
e Mengetahui unjuk kerja rangkaian Sensor /TS 230 dan L1
e Mengetahui unjuk kerja rangkaian /(" 533,

¢ Mengetahui unjuk kerja mngkaian /873 /420,

4.2, Alat-alat untuk pengujian
Alal-alat vang digunakan dalam pengujian adalah
1. Modul sensor warna TCS 230
2. Rangkaian mikrokontroller AT8988253
3. Rangkaian IC 555
4. Ranghkaian ISD 1420

5. Benda-benda vang akan di deteksi.
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4.3. Pengujian
4.3.1. Pengujian Sensor Warna T'CS 230,

Dalam pengujian rangkaian sessor 1m memiliki tujuan yaitu untuk
mengetahui data counter vang masuk ke mikrokontroller, yang ditampilkan
frekuensi RGB nya pada 1.CD. Diagram blok dari pengujian rangkaian Sensor in

tzrlihat pada gambar di bawah ini :

Sensor e I Mikrokontroller ‘ [ e LCD
Wama AT8958253 4

Gambar 4.1. Diagram Blok Pengujian Rangkaian Sensor.
Langkah — langkah pengujian rangkaian ini adalah sebagai berikut ;
1. Merangkai peralatan seperti dalam gambar blok diagram di atas.
2. Membuat perangkat lunak pegujian mangkaian sensor. Program ini berist
imisialisasi LOCD dan karakter vang akan ditampilkan dari sensor. Yang

selanjutnya diisikan pada mikrokontroler A'T8958253,

i

Menpaktitkan catu dava minimum sistem AT8958253 dan LCD,
4. Meletakkan sensor di atas benda vang di uji.

5. Menuliskan data pengujian kedalam tabel.

43




50

1. Pengujian [ Warna Metah
Tampilan LCD dan hasil pengujian baju warna merah,

Range Wama: R=(174-260), G=(15-255), B=(14-84),

RS e el b P s

Gambar 4.2 Sampling hasil pengujian baju warna merah.

Tabel 4.1 Hasil pengujian sensor untuk warna merah.

FREKUENSI |
NO BENDA . o
R G B
1  Bau 271 33 3
| 2 Binder ) ] 238 47 45 |
| 3 | Tutup Toples 243 41 | 3
I ]
i 4 | Kertas Mengkilap 246 43 37 ;
5 | Kertas doff 267 80 ] 62
S IR
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2. Pengujian Il Warna Jingga
Tampilan LCD dari hasil pengujian baju wama jingga.

Range Warna: R=(430-868), G=(243-359), B=(89-150).

Gambar 4.3 Sampling hasil pengujian baju warna jingga.

Tabel 4.2 Hasil pengujian sensor untuk warns Jingga.

i | FREKUENSI
NO BEMDA
R G B
|
Baju | 524 263 109

Kenas | 448 251 02

Jaket 525 263 | 119




X

Pengujian 11T Wama Kuning

Tampilan LCD dan hasil pengujian baju warna kuning,

Range Wama: R=(22(-386), G=(257-420), B—90-200).

Gambar 4.4 Sampling hasil pengujian baju warna kuning,

Tabel 4,3 Hasil pengujian sensor untuk warna kuning.
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. FREKUENSI
NO BENDA
G
T | Spon 340 (358 141
2 Baju 365 1298 98
3 Tutup Botol Plastik 366 384 119
4 Kertas Mengkilap 352 382 96 '
5 Kertas doff 370 397 125




4. Pengujian IV Wama Hijau

Tampilan LCD dari hasil pengujian baju warna Hijau.

Renge Warna, R=(42- 160}, G=(146-607), B=(70-235).

Gambar 4.5 Sampling hasil pengujian baju warna Hijau.

Tabel 4.4 Hasil pengujian sensor untuk warna Hijau,

53

; FREKUENSI
| NO BENDA -
G
| Raju 53 156 113
2 Bantal 46 173 G5
EN Botol Frestea 135 | 254 122
4 Kertas Menglkilap 44 | 153 78
5 Kertas doff Bz 177 105
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Pengujian ¥V Wama Bimn
Tampilan LCD dari hasil pengujan baju warna Biru,

Range Wama: R={29-

126), G—{60-143), B=(166-189).

Gambar 4.6 Sampling hasil pengujian baju warna Biru.

Tabel 4.5 Hasil pengujian sensor untuk warna Biru.

' FREKUENSI

NO | BENDA !__I_{ B . . |
T Bau 36 7l 188 |
R T TR & 1iai 255
3 TasJinjing ' 44 1o 262
.
4 Tutup Teko 74 142 337 )
i Kertas doff g+ 188 240
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& Pengujian VI Warna Ungn

Tampilan LCD dari hasil pengujian baju warna ungu,

Range Warna; R=(38-79), G={31-221), B=(71-1&1).

Gambar 4.7 Sampling hasil pengujian baju warna Ungu.

Tabel 4.6 Hasil pengujian sensor untuk warna Ungu,

~ FREKLENSI
NO BENDA N
R : G B
Baju 64 35 74
% Tutup Toples o 73 B8 159
E Buku 78 ' 67 151
| Kertas 44 4] 127
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7. Pengujian VII Warna Coklat
Tampilan LCD dan hasil pengujian baju warna Coklat.

Range Warna, R—(82-177), G=(28-144), B=(36-110).

Gambar 4.8 Sampling hasil pengujian baju warna Coklat.

Tabel 4.7 Hasil pengujian sensor untuk warna Coklat.

FREKUENS]
NQ) BENDA -
it - G ' B
1 | Celana I BT 112 99
2 | Busur S 0 43
3 kardus 127 112 90
4 Kulit 93 61 49
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8. Pengujian VI Wama Hitam
Tampilan L.CD dari hasil pengujian baju warna Hitam,

Range Warna; R=(2-28), G=({2-34), B=(2-33).

o ips o ro o M L

e —— T

}

Gambar 4.9 Sampling hasil pengujian baju warna Hitam.

Tabel 4.8 Hasil pengujian sensor untuk warna Hitam,

| ~ FREKUENSI
MWD BENDA o )
|2 (T B

i | Bau 7 ' 9 2 .
2 | Mika 7 5 I

3 Multimeter ' 30 25 30 1
4 | Ganlungan Kunci T 16 20 I
5  Charger B 15 |18




9. Pengujian IX Wama Putih
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Tampilan LCD dan hasil pengujian baju wama Pufih.
Range Wama: R={200-450), G-(350-710), B={400-880).

Gambar 4.10 Sampling hasil pengujian baju warna Putih.

Tabel 4.9 Hasil pengujian sensor untuk warna Putih.

FREKUENSI
NO BENDA B
G B

1 Baju 426 514 |45 |
2 Tisu " 344 440 505 !
3 Tas 393 500 " 540
L4 Easing P [ 382 497 | 324
E Kertas ~ 392

491 ‘SGU
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Gambar 4.11 Tampilan LCD dari Hasil Pengujian Rangkaian sensor.

Dari pengujian diperoleh hasil bahwa di layar L.CD muncul frekuensi dari
RGB sensor, dengan demikian dapat disimpulkan bahwa rangkaian sensor dan

LCD berfimgsi dengan baik,

4.3.2, Pengujian Rangkaian IC' 555,

Dalam pengujian rangkaian IC 3555 i memiliki fujuan yaitu untuk
mengetahui apakah rangkaian ini dapat bekerja dengan baik dalam menghasilkan
clock.

Diagram blok pengujian rangkaian 1C 555 terlihat pada gambar dibawah tni ;

- N o 1 o
‘ CatuDaya | | = tﬂ 555 | 5 Osciloscop
/ . — # —— =

Gambar 4.12 Diagram Blok Pengujian Rangkaian 1C 555

Frekuensi yang di inginkan dari 1C 555 ini adalah 4 KHz. Untuk bisa
mendapatkan frekuensi yang diinginkan, maka kita menentukan komposisi antara

R dan C. pada alat ini besar Ra= 68K, Rb = 150K dan C = ImF.
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Dengan nilai komponen tersebut, maka dihasilkan frekuensi sekitar 5 913Hz,

melalui perhitungan sebagai berikut:

1A 1,44
(Ra+Z Rb)e  {68000+(2.150000))1x107

~ 3013 He

Dari hasil pengukuran didapatkan frekuensi dari IC 555 scbesar 4.049 Hz,
dart data tersebut dapat dicari persentase ermor hasil pengujian ierhadap
perhitungan adalah:

¥ = Hasil  perbitungan
V, = Hasil  pengufian

v, =¥,
Safrror = —— L x100%
l
ol 40493913 1 00% = 3.35%
Salirror =- — X So= ..
! 4,045 ’ !

Gambar 4.13 Rangkaian IC 555

Langkah — langkah pengujian 1C 555 adalah sebagar berikut .
1, Alat dirangkai seperts pada gambar diagram blok diatas.
2. Menentukan resistor dan capasitor yang dignnakan, untuk menentukan output

dari 1C 555.




ol

3. Mengaktifkan catu daya.

4, Menghitung output dari IC 553 vang tertampil di osciloscop.

Gambar 4.14 Output Signal dari 1C 555

Dari hasil pengujian dapat dilihat bahwa rangkaian IC 535 dapat bekerja

dengan baik dalam memberikan clock sesual dengan yang diinginkan.

4.3.3. Pengujian Rangkaian ST 1420

Pengujian rangkaian imi bertujuan untuk mengetahui kesesuaian data biner
pada 10 1SD 1420 vang digunakan untuk alamat tiap suara yang telah direkam.
Dalam pengujian 1C ISD ini data biner vang nantinya dari mikro di wakili oleh
saklar deep switch,
Langkah langkah pengujian IC [SD 1420 adalah sebagan berikut:

I, Menempatkan pengalamatan 00H pada dipswitch. sebagai alamat awal

untuk pengisian SU&ra.

2. Menekan REC selama melakukan perekaman,
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3, Untuk perekaman berikutnyn, dicari alamat yang kosong terlabih
dahulu, baru merekam lagi.
4. Untuk mendengarkan hasil rekaman, IC dihubungkan dengan

amplifier, dan ditekan play.

Gambar 4.15 Hasil Peagujian Rangkaian 1SD 1420.

4.3.4 Pengujian Alat Keseluruhan

Peagujian [
Pengujian untuk Baju Warna Hitam

Tabel 4.10 Hasil Pengujian Alat Untuk Baju Warna Hitam.

NO  PENGUIIAN OUTPUT ISD

1 1 HITAM

2 2 HITAM

3 3  HITAM
i 4_ _ 4 - HITAM T
,HS‘ _ : | HITAM |
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Pengujian 11
Pengujian untuk Baju Wama Coklat

Tabel 4.11 Hasil Pengujian Alat Untak Celana Warna Coklat.

[NO | PENGUIJIAN ~ OUTPUT ISD
I i TR '_—c’ihxmr__'—k
2 2 COKLAT J
3 3 COKLAT
4 4 COKLAT
2 7 'I COKLAT

Pengujian ITE
Pengujian untuk Baju Warna Merah

Tabel 412 Hasil Pengujian Alat Untuk Baju Warna Merah.

‘ NO PENGUIJIAN T QUTPUTISD

‘v 1 | MERAH -
| 2 2 MERAH o
"3 3 VIERAH 1
4 4 MERAH

}‘5' | 5 MERAH

Pengujian IV
Pengujian untuk Baju Warna Jingga

Tabel 4.13 Hasil Pengujian Alat Untuk Baju Warna Jingga.

" NO | PENGUIIAN QUTPUT ISD

-

| 1 1 R MFR AH .




. . JINGGA

3 3 | JINGGA

4 4 ERROR

} ’ 3 JINGGA
Pengujian ¥V

Pengujian untuk Baju Wamna Kuning

Tabel 4.14 Hasil Pengujian Alat Untuk Bajn Warna Kuning,

NO | PENGUJIAN OUTPUT 15D
1 1 KUNING
L
(2 2 | KUNING
| 3 3 KUNING
4 4 KUNING
3 5 _l KUNING
Pengujian VI

Pengujian untuk Baju Warna Hijau

Tabel 4.15 Hasil Pengujian Alat Untuk Baju Warna Hijau.

[NO | PENGUJTAN OUTPUT ISD
P | I HIJAL
2 2 HIJAU
3 3 HIIAU
4 4 HIJALS
g 3 HIAU




Pengujian VII
Pengujian untuk Baju Warma Biru

Tabel 4.16 Hasil Pengujian Alat Untuk Baju Warna Biru.
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NO PENGUJIAN OUTPUT SD
] 1 | BIRU
2 2 BIRU
3 3 BIRU
4 4 BIRU
3 3 | BIRU
Pengujian VIl

Pengujian untuk Baju Wama TIngu

Tabel 4.17 Hasil Pengujian Alat Untuk Baju Warna Ungu.

NO | PENGUIIAN ] OUTPUT ISD
1 ] 1 UNGU
2 2 N BIRL) i
- B  UNGU
i 4 | uNGU
5 3 - UNGU
Pengujian IX
Pengwjian untuk Baju Wama Putih

Tabel 4.18 Hasil Pengujian Alat Untuk Baju Warna Putih.

[NO PENGUJIAN OUTPUT ISD

1 1 PUTIH




B&

2 - PUTIH |
3 3 PUTIH |

[4 ! 4 PUTIH i
3 3 PUTIH
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5.1

5.2

BABY

PENUTUP

Kesimpulan
Dari pembuatan alat pendeteksi wamna ini, dapat diambil

kesimpulan sebagai berikut:

. Alat bantu identifikasi warna ini dapat bekerja pada warna merah, kuning,

hijaw, biru, coklat, hitam dan putih.
Dari hasil pengujian sensor, dari 20 Jenis benda yang telah di uji, untuk

setiap warna, masih terdapat dalam range frekuensi.

. Dari hasil pengujian alat secara keseluruhan, kesalahan hanya terjadi pada

warna jingga dan ungu.

. Prosentase error dari rangkaian clock adalah sebesar = 3,35%

Saran
Dari pembuatan alat pendeteksi warna ini, masih ada beberapa
kekurangan, untuk itu ada beberapa hal yang perlu dilakukan untuk

pengembangan:

. Sebaiknya alat dibuat sekecil mungkin dengan catu daya batcrai, seshingga

dapat dibawa kemana-mana dengan lebih praktis dan efisien.

. Uniuk dapat mendeteksi warna dengan lebih teliti sebaiknya range warna

dibuat lehih luas, dengan asumsi tidak ada range warna yang sama denjan

warna lainya
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LISTING PROGRAM




Loop

Red:
Locate 1, 1
Led "R="
TedR
Lm L1] (4]
Retumn

Gireen:
Locate 1, 10
Led "G="
Led G
Gedt "
Retumn

Blue:
Locate 2, 10
Led "B="
Led Bl
Iﬂd m re
Return

Nt 0:
If C=0Then
Enable Intl
cC=1
Else
Disable Intl
Frek— A
C=43
A=0
Incr D
IfD=1 Then
R =Frek
Gosub Red
s2=1
S553=1

Elseif 1»= 2 Then
G = Frek
Gosub Green
B2=10
83=1

Elseif &= 3 Then
D=0
Bl=Frek
Gosub Blue
Gosub Warna




If P20 =0 Then
If N2 =NI Then
Incr N3
IfN3 =2 Then
Locate 2, 8
Led s
Waitms 500
Gosub Isd
Locate 2, 8
L LLIN i}
N1=0
N2 =0
N3I=0
End If
End If
End If
NZ=NIl
2=0
83=0
End If

End If

Return

Nt I:
A=A+
Return

Warna:
IfR <= 602 And R >= 182 And G >= 15 And G == 255 And Bl >= 14 And Bl <=
%4 Then

Locate 2,1

Led "merah "

Pl1=&HI3

PlLi=10

Pil=0

NI=1
Elseif R <= %868 And R >= 430 And G>= 180 And G == 35% And D1 >= 86 And
Bl == |50 Then

Locate 2. 1

L:Cd Hjingga L1]

Pl = &H1F

P3.0=10

PF3.1=10

Nl1=2
Elseif R <= 386 And R >= 220 And G >= 257 And G <= 420 And Bl >= 90 And
Bl <= 200 Then

Locate 2, 1




Led "kuning "

P1=&H29

P3.0=10

Pi.l=0

N1=3
Elseif R <= 126 And R >= 29 And G >= 60 And G <= 305 And Bl >= 166 And Bl
<= 498 Then

Locale 2, 1

Led "biru "

P1=&H3E ¢

Pi.0=10

P31=0

MNl=4
Flseif R <= 160 And R >= 42 And G >= 146 And G <= 607 And Bl == 78 And Bl
<= 2133 Then

Locate 2, 1

Led "hijau "

P1 =&H33

P30=0

Pi.l=0

N1=25
Elseif R <= 200 And R >= 278 And G >= 350 And G <= 710 And Bl >= 500 And
Bl == 880 Then

Tocate 2.1

Led "putth ™

Pl =&HIF

P3.0=1

Pi.1=0

Ni=06
Elseif R <= 170 And R >=38 And G >= 35 And G == 227 And Bl == 115 And Bl
<= 164 Then

Locate 2, 1

Led "ungn ™

Pl = &HOS

Pi0=1

PFil1=40

Ni=7
Elseif R <= |77 And R >= 80 And G >=28 And G <= 144 And Bl >= 36 And Bl
<= 110 Then

Locate 2, 1

Lcd "coklat™

P1 = &HOA

P3.0=10

Pil=0

Nl=§
Elseif R <= 28 And R >= 2 And G>=2 And G <=34 And Bl > 2 And Bl == 33
Then

Locate 2, 1




Led "hitam "
P1 = &HO0
P3.0=10
Pi.l=0
NI=9

Else
Locate 2, |
Led Yerorr
Pl =&HI0
Pl.O0=1
F3.1=10
N1=10

End If

Return

Isd:

Playe =1

Delay

Playe ={)

Delay

Playe =1

Bitwait Recled , Set
Wait 2

Retum
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High-Resolution Conversion of Light
Intensity to Fraquency s?fn:ﬁﬁli
Programmable Color and Full-Scale Qutput
Communicates Directly With a Microcontroller 51 2 I:::] E:j 7 852
Single-Supply Operation (2.7 Vto 5.5 V) !

[o]5] 18
Power Down Feature 2 [::] D_ e
Nonfinearity Error Typically 0.2% at 50 kHz GND 4 O L4 5 Voo
Stable 200 ppm/-C Temperature Coefficient
Low-Frofile Surface-Mount Package

Description

The TCS230 programmahble coler light-to-frequency converter combines configurable siicon photodiodes and
a current-to-frequency converter on single monolithic CMOS integrated circult. The oulput is a squarse wave
(50% duty cycle) with frequency directly proportional to light intensity (iradiance). The full-scale output
frequency can be scaled by one of three preset values via two controf input pins. Digital inputs and digital output
allow direct interface to & microcontroller or other logie circuitry. Output enable (DE) places the output in the
high-impadance state for multiple-unit sharing of a microcontrolier input line.

Tha light-to-frequency convertsr reads an 8 x 8 amay of photediodes. Sixteen photodiodes have blue filters, 16
photodiodes have green filters, 16 photodiodes have red fiitars, and 16 photodiodes are clear wilh no filters.
The four types (colars) of photodiodes are interdigitatsd to minimize the effect of nan-uniformity of incident
irradiance. All 16 photodiodes of the same color are connected in parallel and which type of photodicde the
device uses during operation is pin-selectable. Pholodiodes are 120 um x 120 um in size and are on 144-um
centers.

Functional Block Diagram

| ot [ 11
—| Cumant-to-Frequancy | | .~
Light Photodiods L i
- —hI Amray it Comaret. =11
 Bhemmrems s 52 o M 1= __.;T'_.____F l
SN TR e BT g OE
The LUMENOLOGY® Company Copyright & 203, TAOS Inc,
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Terminal Functions

TERMINAL
HAME HO. Lo DESCRIFTION
GND 4 Power supply ground, All voltages ane refananced bo GHD.
[#]] a I Enabile far [, (active bow),
ouT [ O Ourtpatt fraquancy (f,).
&0, B1 1,2 ! Owtput frequancy scaling salsction inputs,
82,53 7.8 I Photodiode type sebaction inputs.
Voo 5 Supply voltage
Table 1. Selectable Options
20 81 OUTPUT FREGLUENCY SCALING [f,) 8z 53 FHOTODIODE TYPE
L L Powear down L L Red
L H 2% i H Blive
H L b H L Clear {no filtar)
H H 100% H H | Gresn
Avallable Options
DEVICE Ta FACKAGE — LEADS | PACKAGE DESIGNATOH | ORDERING NUMBER
TC3230 -25°C o B5° C S01C8 3] TCE2300

Absolute Maximum Ratings over operating free-air temperature range (unless otharwise noted)t

Supply vollage. Vpp (588 NOIE 1} . .oiviensiiiaiirreiicreiianninaerersciniessrmannenncen BV
Input voltage range, all inputs, Vi . . .ociiaiiiinn e T 0.3V to Vpp +0.3WV
Operaling free-air tamperature range, Ta .o veeiveeercar o iariian s o oanaeneein 0°C to 7O°C
Storage termperatlre faNEE ... ... ceearrenrra e s e e —25°C o B5°C
Lead temperature 1,8 mm (1/16 inch) from case for 10seconds ... ... ... oo, 26070

T Siressas heyend thosa leted Under "sbaolule maxmum ralings” may cause permanant damage (o the device, These an slress ratings onfy, and
functianal uperation of the device al these or any other condltions beyand those Indicated under “recommended cperating conditicns” te not
implied. Expostre to ahsalite-nraximum-rated eoncltions for extended periods may affect device reliability.

NOTE 1; Al voitape values are with respect to GRD,

Recommended Operating Conditions

MIN ¢ NHOM  MAX | UNIT
Supply valtags, Vg 2.7 5 3.0 ki
High-laval Input voltage, V)4 Vpp =27V mEEY 2 Yoo W
Low-beval Input voltaga, V), Vg =27 VI ESY a G
Ohperating free-alf tempemios ange, Ta 0 T <
S —_—— el e
Copyrighl 2 Z003, TADS Inc. The LUMENOLOGY™ Company
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Electrical Characteristics at Ty = 25°C, Vpp = 5 V (unless otherwise noted)

TCS230

PROGRAMMABLE
COLOR LIGHT-TO-FREQUENCY CONVERTER

TADEME — JANUARY 2003
o

PARAMETER TEST CONDITIONS MIN  TYP  MAX | UNIT
Viou High-level oulput voltage g = 4 ma 4 45 v
Yoo Low-eve| output woltags lg =4 mA 025 DA4D v
| i gh-leval Inpul cumend 5 pA
Iy Lonw-dewral Input curment 5 s
Ponwar-on mode i 31 mA
oo Suply cuent Prwar-down mods 7 15| pA
B0=H,Bi=H 500 600 kHz
Full-scala frequency {See Note 2) BO=H.81=L 0o 120 kHz
B0=LB1=H 10 12 kH=z

Temperature coefficient of oulpul frequency L= 700 pm, —25°C = Ta = TO°C +200 ppmts
Kgys Supply voitage sansitivity Ypo=3Y% -10% 0.5 5y

MOTE 20 Fullbscale freguency is tha maximum operating frequancy of the device wihout saturaton.

The LUMENOLOGY® Company
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Operating Characteristics at Vpp = 5 V, T = 25°C, S0 = H, S§1 = H (unless otherwise noted)

(See Notes 3,4, 5,6, and 7).

CLEAR BLUE GREEN RED
TEST PHOTODIODE PHOTODMIDE PHOTODIDDE PHOTODIODE
PARAMETER CONDITIONS GZmH, 82wl SZ=L,53=H S2mH,83=H S2=L, 83=L UHIT
MIN TYP MAX | MIN TYP MAX | MIN TP MAX [MIN  TYP MAX
E. =456 (Wicmd, ;
e = 470 nm 1 2 w4 N2 164 218 kHz
O i T B 135 182 iz
fo fraquency :? = 32,8 pivicm?
B " i
o = 635 16 20 24 14 18 24| kHz
Es=D 2 12 2 12 z 12 2 12| Ha
=470 nrn 438 380 Ba an
Iradiance |3, = 524 nm 510 189 347 46 Haf
Ra ( Nmm“gw A = 565 17 548 49 318 110 g’n”‘!;
Ap = B35 M a10 30 ar 579
Ap = 470 nim 1370 1670
Sawraton |4, =524 nen 1180 1730 Ul
lirpdiance ey mz
(Notg) | Ap =585 om 1090 1880
3, =635 nm 880 1040
b, =470 nm 585 480 17 41
urninanee 3. = 524 nm 58 36 &7 s Hz
Re o [y = 565 rm 52 B 53 " bt
Ap = B35 nm 407 20 25 386
fa=0035 kHz 1% +0.1% +H0.1% +0.1% % F8.
m“:;‘f"w o= 010 50 KHzZ +0.2% 10.2% 102% +0.2% %FS,
" |ta= 0w 500 kHz +0.5% +0.5% +0.5% 10.5% %S,
Resovany
from power 100 100 100 100 pe
choHAT
Response
e 1o out-
it eriable 100 100 104 100 ns
{DE)
NOTES: 3. Opiical measurements are made using smal-angle incident rediation from a light-emitting diode {LED) opfical soures.

4.

5.

T T e S T —
Copyright & 203, TADS Ine.

Tha 470 nm input madiance is suppliad by an InGaN light-emitting diode with the foliowing characiedstics:
pesk wavelangih by, = 470 nm. spectral Falfwidth As'2 = 35 nm, and luminous efficacy = 75 ImW.

“he 524 nm input imsdiance ks supplied by an InGaN light-amiting diode with the following characiesistics:
pesk wavalength A, = 524 nm, spactral halfwidth A2z = 47 nm, and luminous efficacy = 520 kW,

The 565 nm input iradianoe s eupplied by & GaP light-smitting dicde with the fallowing cheractedstics:
peak wavelength Ay, = 565 nm, spectral halfwidth k% = 28 nm, and (minous erfficacy = 395 ImMWW.

The 635 om Input Iradiance iz supplisd by a AllnGaP ligh-emitting dioda with the following charactaristios:
paak wavalength i, = 635 nm, spactral hatfwidth Akl = 1T nm, and Jmirous effizacy = 150 Imivy.
rediance msponslvity Ry 13 chamctedzed over the mnge from zaro te 5 kHz,

Saturation Fradiance = {fuli-acake frequency)imadiance responsivity).

Bluminance respansivity Ry Is calculated from the imadiancs responsivily by using the LED lurninous efficacy walues stated in notes
4,5 and & and using 1 e =1 Imim

. Wonlinsarity ks cefined as the deviatlon of fp from & skreight line between zerm and full scale, sxpressed 85 a percent of full acals,

e b
The LUMENOLOGY™ Company
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TAOSMME - LANLIARY 2003

TYPICAL CHARACTERISTICS
PHOTODIODE SPECTRAL RESPONSIVITY T EXTERNAL HOYA CMS00 FILTER,
l R Normalizsd to ! Normalizad to
08 Choar |/ @Eqﬂﬂ“mn 1 o m'—d - Groen ﬂg;w”“
08 \ . i = 0.3 /’ \ u-l 75°C
Rad A
£ 07 —— i z 07— J
E 0.6 royene E. D8
¥ os s \ \‘ﬁ g 05
pid o
£ o4 er\ ] g D4 I A—— ree
ﬁ a3 .’ I’ f £ 03 J [ \
alZ \ oa| 1AL
r f me 0.4 ’ [ \
01 :
J J N AL AN X

300 500 Tao e0n 1100 300 500 700 00 1100
A= Wavelength = nam & — Wavelength - mm
Flgure 1 Figura 2

e
Copyrighl 22003, TAOS Inc
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APPLICATION INFORMATION

Power supply considerations

Power-supply lines must be decoupled by a 0.01-uF to 0.1-uF capaciior with short leads mounted dlose to the
device package.

Input interface

A low-impedance electrical connaction betwsen the device OE pin and the device GND pin Is required for
improvad noise immunity.

Output interface

The output of the davice is designed to drive a slandard TTL or CMOS logic input over short distances. If lines
greater than 12 inches are used on the output, a buffer or line driver is recommanded.

Photodiode type (color) selection

The type of photodiode (blue, green, red, or clear) used by the device is controlled by two logic inputs, 52 and
53 (se= Table 1).

Output frequency scaling

Outpul-frequency sealing is controlled by two logic Inputs, SO and S1. The internal light-to-frequency convertar
generates a fixed-pulsewidth pulse frain. Scaling is accomplished by internally connecting the pulse-train output
of the converter to a series of frequency dividers. Divided outputs are 50%-duty cycle square waves with relative
frequency values of 100%, 20%, and 2%, Because division of the output frequency is accomplished by counting
pulses of the principal intemal frequency, the final-output period represants an average of the multiple pericds
of the principle frequency.

The output-scaling counter registers are clearsd upon the next pulse of the principal frequency after any
transition of the S0, 51, 82, §3, and UE lines. Tha output goes high upon the next subsequent pulse of the
principal frequency, beginning & new valid period. This minimizes the time delay batween a change on the inpld
lines and the resulting new output period. The response ime to an input programming change or 1o an iradiance
step change is one period of new fraquency plus 1 p8. The scaled output changes both the full-scale fraquancy
and the dark frequency by the selected scale factor.

The frequency-scaling function allows the outpul range to be optimized for a varety of measuremant
technigues. The scaled-down outputs may be used where only a slower frequency counter is available, such
as low-cost microcontroller, or where period measurement techniques are used.

Measuring the frequency

The choice of interface and measurement technique depends on the desired resolution and data acouisition
rate. For maximum data-acquisiton rate, period-measurement technigues are used.

Cutput data can be collected al a rate of twice the output frequency or one data poini avery microsecond for
full-scale output. Period measurement requires the use of a fast reference clock with avaitahle resolution directly
ralatad to reference dock rate. Output scaling can be used 1o incréase the resolution for & given clock rate or
to maxgimiza resolution as the light input changes. Period measurement is used to measure rapidly varying light
levels or to make a very fast measurement of a constant light source.

Maximum resolution and accuracy may be obtained using frequency-measurement, pulse-accumulation, or
integration technigues. Frequency measurements provide the added benefit of averaging out random- or
high-frequency variations (jitter) resulting from noise in the light signal. Resolution s limited mainly by available
counter registers and allowable measurement time. Frequency measurement is well suited for slowly varying
or constant light levels and for reading average light levels over short periods of time. Integration (the
accumulation of pulses over a very long period of time) can be used to measure exposurs, the amount of light
present in an area over a given time period.

T @TAOS

L] www tsnaine.com
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MECHANICAL INFORMATION

PACKAGE D PLASTIC SMALL-OUTLINE PACKAGE

— 5.1 & 010 ——m

4.1 =012 7.8+ 0.20

=
— =it
b

2w 0BS5S = 010 —P

8127 =010

DETAIL A

r 8= 0175 = 0.1TS
. - e l——
1.8+ 0200 I

— M ~ 8x 065 0,12

0215 & 0ﬂ35—i
T =
35" +38' =7 T
0.825 = D425 — _
. Al Fnesr dimansions are (0 millimaters.

A

B. Package is moidad with an electrically nonaonduclive clear plastic compourd having an index of refraction of 1.55,

. Actual product will very within the mechanical tolerancas shown on this spacEization, Designs for usa of this product MUIST allow
for the cata sheat IDierances,

Pin 4 (GND} i machanleally connected ta the dia mount pad.

The B x B photodiode amay area is 1.15 mim x 1,15 mm (1.33 8g. mm).

Thiz drawing is subjact to changs without nodca,

Figura 3. TCS230 Mechanical Specifications

MOTES:

mmp

W — e Sl e
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PRODUCTION DATA — information in this document is current at publication date. Products conform to
specificalions in accordance with the terms of Texas Advanced Opleelectronic Solutions, Inc. standard
warranty. Production processing does not necessarily include testing of all parameters.

NOTICE

Texas Advarced Optoslactronic Solutions, Inc. (TADS) reserves the right to make changes to the products contained in this
document to Improve performancs or for any other purpose, or to discontinue them without notice. Customers are advised
in contact TAOS to obtain the latest produe! informatian before placing orders or designing TAOS products into systems.

TAOS assumes no respansibllity for the use of any products or circults described in this document or customer product
design, conveys no license, elther expressed or implied, under any patent or other right, and makes no representation that
the circuits are free of patent Infrlngement. TAOS further makes no clalm as to the suitability of ts products for any particular
purpose, nor does TADS assume any liability arising out of the use of any product ar circutt, and specifically disciaims any
and all liahility, Including without limitation consequential or incidental damages.

TEXAS ADVANCED OPTOELECTRONIC SOLUTIONS, INC. PRODUCTS ARE NOT DESIGNED OR INTENDED FOR
USE IN CRITICAL APPLIGATIONS IN WHICH THE FAILURE OR MALFUNCTION OF THE TAOS FRODUCT MAY
RESULT IN PERSONAL INJURY OR DEATH, USE OF TAOS PRODLUCTS [N LIFE SUPPORT SYSTEMS 1S EXPRESSLY
UNAUTHORIZED AND ANY SUCH USE BY A CUSTOMER IS COMPLETELY AT THE CUSTOMER'S RISK.

LUMENC_OGY is a reglstered trademark, and TAGS, the TAQS loga, and Texas Advanced Opiosleciranic Baolulions ara frademarks of
Tenas Advanced Oploelsciranic Salutions Incerporated,

e

——
Copyright & 200, TADS Ine. - .
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PRODUCTION DATA — information in this document is currant at publication date. Products conform to
specifications in accordance with the terms of Taxas Advanced Cptoelectronic Selutions, Inc. standard
warranty. Production processing does not necessarily include testing of all parameters.

NOTICE

Texaz Advanced Optoelecironlc Selutions, Ing, (TADS) reserves the right o make changes to the products contained in this
document to improve performance o for any other purpase, or to discontinue them without notice, Customers are advised
to contzct TAOS to obtam the latest product information before placing orders or designing TADS preducts into systems.

TAOS zs=umes no responsiblity for the use of any products or circuits described In this document or customer product
design, conveys no license, aither expressed or implied, under any patent or other right, and makes no represantallen that
the aircuits are free of patent infringament. TADS further makes no claim as to the suitability of its products for any particutar
purpcse. nor does TADS assuma any jiability arising out of the usa of any preduct ar ciroult, and specifically discaims ary
and all fabliity, Including without limilafion consequential or Incidental damages.

TEXAS ADVANCED OPTOELECTRONIC SOLUTIONS, INC. FRODUCTS ARE NOT DESIGNED OR INTENDED FOR
USE IN CRITICAL APFLICATIONS IN WHICH THE FAILURE OR MALFUNCTION OF THE TAQS FRODUCT MAY
RESULT IN PERSONAL INJURY OR DEATH, USE OF TAOS PRODUCTS IN LIFE SUPPORT SYSTEMS IS EXPRESSLY
UNAUTHORIZED AND ANY SUCH USE BY A CUSTOMER IS COMPLETELY AT THE CLISTOMER'S RISK.

LUMEROLOGY is & registered tademark, and TADS, the TADS logo, and Toxas Advancad Optoelectranic Salutions ara trademarks of
Tawas Advanced Optoelectmnic Solutions incorporaled.
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Features
* Compatible with MCS®.51 Products
= 12K Bytas of In-System Programmabia {I5F) Flash Program Memory
— 5Pl Serial Interface for Program Downloading
— Enduranes: 10,000 Write/Erasa Cyclas
= 2K Bytes EEPROM Dats Marnory
— Endurance: 100,000 Write/Eraca Cycles
= §4-byte User Signature Array
= 2.7V to 5.5V Operating Range
= Fully Static Operation: { Hz io 24 MHz
= Three-tevel Program Memory Lock
= 258 x 8-bit Inkernal RAM
= 32 Programmabie 'O Lines
* Threa 16-bit TimerCountars
* Nine Interrupt Sources
» Enhanced UART Sarial Port with Framing Error Detection and Automatic
Address Recognition
+ Enhancad SP| (Double Write/Read Buffered) Serial Interface
* Low-power idle and Power-town Modes
= |mtarrupt Recovery from Power-down Mode
* Programmable Weatchdog Timer
* Dual Date Pointer
= Power-off Flag
= Flaxible ISP Programming (Byte and Page Modes)
— Page Mode: 64 Byles/Paga for Code Memory, 32 Bytes/Page for Data Memory
= Four-level Enhanced Interrupt Controller
» Programmable and Fusaable x2 Clock Option
& |nternal Powar-on Resat
* 42-pin PDIP Package Option for Reduced EMC Emission
= Green (Pb/Hallde-fres) Packaging Option

1. Description

The ATBASE253 is a low-power, high-performance CMOS 8-bit migrocontrolier with
12K bytes of In-Systern Programmabie (I1SF) Flash program memory and 2K bytes of
EEPACM data memory. The device is manufactured using Amel's high-density non-
volatile memory technology and is compatible with the industry-standard MG5-51
instruction sat and pinout. The on-chip downloadable Flash allows the program mem-
ary to be reprogrammed In-system through an SPI serial interface or by a
sonventional nonvolatile memory programmer. By combining a versatlle B-bit CPU
with downloadable Flash on a monolithic chip, the Atmal ATBSS8253 Is a powerful
Ticrogontroller which provides a highly-flexible and cost-effactive solution to many
smbedded control applications,

ATMEL

8-bit
Microcontroller
with 12K Bytes
Flash and 2K
Bytes EEPROM

AT8958253

32EE-MCAD-1205




The ATB258253 provides the following standard features: 12K bytes of In-System Programma-
bie Flash, 2K bytes of EEPROM, 258 bytes of RAM, 32 /O lines, programmable watchdog timer,
two data pointers, three 16-bit imer/countars, a six-vector, four-lavel intarrupt architecture, a full
duplex seral port, on-chip oscillator, and clock clrevitry. In addition, the ATBESB253 Is designed
with statlc logic for oparation down to zaro frequency and supports two software selectable
power saving modes. The Idie Mode stops the CPU while allowing the RAM, timer/counters,
serial port, and interrupt system to continue functioning. The Power-down mode saves the RAM
cortents but freezes the osclllator, disabling all other chip functions until the next extermal inter-
nipt or hardware reset.

The on-board Flash/EEPROM is accessible through the SPI serial Interlace. Holding RESET
active forces the SPI bus Into a serial programming interface and allows the program memary to
be written to ar read from, unless one or more lock bits have been activated.

2. Pin Configurations

2.1 40P6 - 40-lead PDIP

T2y B1.0r{1 awhvee
M2 EX) P12 3z PO (AD
Pil.2ri3 3BIPDT (AR
P304 37 Pﬁ.zﬂgg
[BE P45 3 HPLI I
MOS8 1538 AR PO :
{MIS0) .8 o7 340POS (ADS
BONESTIS  Bbeos
= P, i
X0} P30 ERee
} Pt T ALE/FROIG
} P32 o EM
[FT) P35 P27 (A1E)
{T0h P34 L P2 {A14)
1) PAEL F2.31813)
PALED P24 (a13)
{RD) PATC Paa Al
Alzr P2.2 A4
ATAL1 18 PE1 1AB)

2.2 44A - 44-lead TQFP

ELI PSSO
MIBE] F1.80
1= F"‘I .I'I

ia8azis
i un

3
E
E
b = 55 33
o o B e B R

BERENEESELE

2
= O
mnTm
RN
EEE
ﬂ

2
h]
14
5
L]
i
8
:]
20
-a )
EE'
e

e e e - G

R
Eﬁﬁh §ocn

1 gws-s-s
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2.3 44J - 44-lead PLCC

-~
EHDS:I}F-‘.EH.F
MISD Py D8

g
i
im}
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3. Pin Description

31 vCC
Supply voltage (all packages except 42-FDIF).
32 GND
Ground {all packages except 42-PDIP; for 42-POIP GND connects only the logic core and the
asmbedded program/data memaories).
33 VDD
Supply voltage for the 42-PDIP which connects only the logic core and the embeddad oro-
gram/data memories,
14 PWRVDD
Supply voltage for the 42-PDIP which connects only the /0 Pad Drivars.
The application board must connect both VDD and PWRVDD 1o the board supply voltage,
M= e 3
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3.5

3.6

3.7

3.8

PWRGND

Port O

Port 1

Port 2

GEround for the 42-PDIP which connects only the /0 Pad Drivers, PWRGND and GND are
weakly connectad through the common silicon substrate, but not through any metal links. The
appllcation board must connect both GND and PWRGND to the board ground.

Fart 0 Is an 8-bit opan drain bi-directional I'C port. As an output port, each pin can sink six TTL
inputs. When 1s ara written to port 0 pins, the pins can be used as high-impedance Inputs.

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

Port 0 alzo receives the code bytes during Flash programming and outputs the code bytes dur-
ing program verification. External pull-upa are required during program verification.

Port 1 Is an 8bit bl-directlonal /O port with internal pull-ups. The Port 1 cutput buffers can
sink/source six TTL inputs. When 1s are written to Port 1 pins, they are pulled high by the weak
internal pull-ups and can be used as inputs. As inputs, Port 1 pins that are externally being
pulled law will source currant (1,150 pA typlcal) because of the weak intemal pull-ups.

Saome Paort 1 pins provida additional functions. P1.0 and P1.1 can be canfigured o be the
timar/countar 2 enternal count input (P1.0/T2) and the timer/counter 2 trigger input {(P1,1/T2EX),
respeciively.

Furthermore, P14, P1.5, P1.6, and P1.7 can be configured as the SPi slave port select, data
input/owtput and shift clock inputioutput pins as shown in the following table.

Part Pin | Alernate Functions
P1.0 T2 (eximmal count input to ThmerfCounter 2), q:l?g:k—nut
| P11 TZEX (TimeriGounter 2 captura/ralnad trigger and direction control)
| P14 38 (Slave port select input)
F1.5 WOSI (Master data output, siave data input pin for SP1 channel)
P1B MISO (Master data Input, skeve data output pin for SF| channel)
M7 SCK (Master clock output, slave clocht input pin for SPI channel)

Fort 1 also recelves the low-order address bytes during Flash programming and verification.

Port 2 |2 an 8-bit bi-diractional /O part with internal pull-ups. The Port 2 output buflers can
sinkfsource six TTL inputs. When 1s are written to Port 2 pins, they are pulled high by the weak
intarnal pull-ups and can be used as inputs. As inputs, Port 2 pins that are exiernally being
pulled low will source currant (1,150 pA typical) because of the weak intemal pull-ups.

Port 2 emits the high-order address byta during fetches from extemal program memory and dur-
ing accesses to external data memory that use 18-bit addresses (MOVX @ DPTR). In this
application, Port 2 uses strong intemal pull-ups whan amitting 1s. Duning accasses to external
data memory that use 8-bit addregses (MOVX @ Rl), Port 2 emits the contents of the P2
Spectal Function Reglster.

Port 2 algo recelves the high-order address bits and some control signals during Flash
programming and verification,

£ TEL5525 % e eee—— e s
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3.9 Port3

3.10 RST

3.11 ALE/PROG
312 PSEN
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Part 3 is an B-bit bi-directional WO port with internal pull-ups. The Port 3 output buffers can
sink/source six TTL Inputs. When 1s are written to Port 2 pins, they are pulled high by tha weak
intemal pull-ups and can be usad as inputs. As inputs, Port 3 pins thal are extamally being
pulled low will source current (1,150 pA typlcal) because of the weak internal pull-ups.

Port 3 receivas some control slgnals for Flash programming and verification.

Port 2 alzo serves the functions of various special features of the ATB258253, as shown in the
follawing table.

Port Pin Alternate Functions
P3.0 R¥D {serial input port)
P31 TXD (serial output port) B
P22 TNTO {axtarnal imterrupt O3
B TNTT (external interrupt 1)1" o
P34 TO (tirmar O eocternal INpUL)
Pas T1 {timer 1 extarnal input}
P36 | WR (external data memory write sirobe)
Pa.7 | AD {aternal data memory read strobe) B

Note: 1. Alipins In ports 1 and 2 and almost &l pins in port 3 (the exceptions are P3.2 INTO and P3.3
NTT} have their inputs disabled in the Powesr-down mode, Port pina P2.2 (HTO) and P3.2
{TNT1) are mctive even In Power-down mods (1o be abla to sense an interrupt requast to exit
the Power-down madae) and as such stil have their weak intemal pull-ups urned on.

Reset input. A high on this pin for at least two machine cycles while the escillater Is running
resets the devica,

Address Latch Enable. ALE/PROG is an output pulsa for latching the low byte of the addrese (on
its falling edge) during accesses to external memory. This pin is also the program pulse input
(PROQ) during Flash programming,

In normal operation, ALE is emitted at a constant rate of 1/6 tha osclilator frequency and may be
used for external timing or clocking purpases. Note, however, that one ALE pulse is skipped dur-
ing each access to external data memory.

If desired, ALE operation can be disabled by setting bit 0 of the AUXR SFR at location 8EH. With
the bit set, ALE is active only during a MOVX or MOVC instruction. Othenwise, the pin Is weakly
pulled high. Setting tha ALE-disable bit has no effect If the microcontroller is in extemal execu-
tion mode.

Program Store Enable. PSEN is the read strobe to extemal program memory {activa low).

When the ATB958253 is executing code from extarnal program memary, PSEN is activated
twice each machine cydle, excepl that two PSEN activations are skipped during aach access to
extemnal data memory,

AlmEL :




External Access Enable. EA must be strapped to GND in order to enable the device to fetch
code from extemal program memory locations starting at 0000H up to FFFFH. Note, however,
that if lock bit 1 s programmed, EA will be intemmally [atched on resel

3.13 EANPP

EA should be strapped to V. for internal program executions. This pin also receives the 12-volt
programming enable voltage (V) during Flash programming when 12-volt programming |8
salactad.

3.14 XTAL1
Input to the inverting oscillator amplifier and input to the internal clock operating circult.

3.15 XTAL2
Qutput from tha inverting osclllator amplifier.

4. Block Diagram
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5. Special Function Registers

A map of the cn-chip memcry area called the Speclal Function Register {SFR) space is shownin
Table 5-1.

Mote that not all of the addresses are ocoupled, and unoccupied addresses may not be imple.
mented on the chip. Read accesses to these addresses will generally return random data, and
write accesses will have an indeterminate effect,

User software should not write 1s to these unlisted locatlons, since they may be used in future
products to invoke new features. In that case, the reset or inactive values of the new bits will
always be 0,

Tabila §5=1. ATBIS8253 5FR Map and Reaset Values
bFEH OFFH
B
OFOH | msnpodon OFTH
OESH | oEFH
P - i
ACC | {
| BETH
UEOH | poonoodo - ! 0
oDaH ! DBFH
A ==
P3W i sPCR |
000 | hoonono DOCOO100 ] oRTH
|
PN T2COM T2MO0 RCAP2L RGAFZH TL2 TH2 ' OnFH
00000000 KHHRXXOD | 0000000 | OOOCOMD | DOODDONG BOCCODN0
0CoH 0G7H
12 SADEN
FH
OBEH | yxpoonoo | oooooooe e
Pa ] =19
arH
OBOH | 44195114 ! soxooooas |
14 SADDR 8PSH
DAFH
GABH | oxooonop | oooopoon | O0OXXXDD 1
na WOTRST WOTCON
AT
kit 11111141 (Write Only} | 000D D000 OATH
g SCON SAUF —_—
OO0ODOCD | 000000 [
= EECON
TH
BOH 1 giq11114 XXooon11 -
¥ TCOM TMOD TLO L THD THI ALFKR CLKREG | .,
54 DODDCOOD DOO00000 OOOCO000 | 0DDDCCDO | 0OOOOOGD | OOEODODO WNOOGOND | 300N
" . ro =1 oeoL DPOH DRL DP1H SPCR PCON i
. 11111111 no0on 1 ODOOOoCo | 00000000 | 0ODODOOD | QOCODOGD HEENRREN BOXX0000 |
lcte:  # means: O afer cold reset and unchanged after warm reset.
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Auxiliary Register

The AUXR Register containg a single aciive bit called DISALE.

Table 5-2.  AUXR - Auxiliary Reglster
AUXA Address = BEH Reset Value = X000 00008
Mot Bit Addressabls
- = - = SRR TN Intel_Pwd_Exit | DISALE
Bit 7 B 5 4 3 2 1 4]
Symbof Function
DISALE When DISALE =0, ALE ks erritted at a constant rate of 1/8 the ascillater frequancy {(except during MOWX when 1
ALE pulse iz missing). When DISALE = 1, ALE is activa only during a MOWX or MOVG instruction.
When =at, this bit conflgures the Interrugt driven exit from power-down to resume execution on the rsing edge of
Intel_Pwd_Exi. the interrupt signal. When this bit is cleared. the execution resumes after a self-timed interval (nominal 2 ms)
f refarenced from the falling edge of the interrupt signal.
52 Clock Register
The CLKREG ragister containg a single active bit called X2,
Table 5-3. GLKREG — Clock Register

CLKREG Address = FH

Mot Bit Addrassable

Resat Value = X0 X308

= = _ = = Y = | ¥
Bit 7 & 5 4 3 i F 1 0
Symbol Function
When X2 = 0, the cacillator frequency (at XTAL1 pin) Is intarnally divided by 2 before it is used ag the device system
¥o Irsquency,

| When ¥2 = 1, the divider by 2 is no longer used and the XTAL1 frequency becomes the device systam frequency. Ths
| enabies the user to choose a 6 MHz crystal Instead of a 12 MHz crysial, o example, in order 1o reduces EML

3.3

i

SPI Registers

Control and status bits for the Serlal Peripheral Interface are contained in registers SPCR {see
Table 14-1 on page 25) and SPSH (see Table 14-2 on page 26). The SP| data bits are contained
in the SPDR register. In normal SP1 mode, writing the SPI data register during serel data trans-
far sats tha Write Collision bit (WGOL) In the SPSR register. In enhanced 5P| mode, the SPDA
is also write double-bufferad because WGOL works as a Wrlte Buffer Full Flag instead of being a
collision flagg. The valuas in SPDR are not changed by FReset,

interrupt Reglsters

The global Interrupt enable bit and the individual Inlerrupt enable bits are in the |E register. In
addition, the individual interrupt enable bit for the SPI is in the SPCR reglster. Four priorities can
be set for sach of the slx interrupt sources in the |P and IPH registars.

iPH hits have the sarme functions as IP blts, except IPH has higher priority than IP. By using IFH
in conjunction with [P, a priority level of 0, 1, 2, or 3 may be set for sach intsrTupt.

) ATESSAZ5] c——————

AWG-MIGRO-T2HES




e S SR
5.5 Dual Data Polnter Registers

To facliitate accessing both intemal EEPROM and extemal data memary, two banks of 16-bit
Data Pointer Registers are provided: DPOQ at SFA address locations 82H - 83H and DP1 at 84H
- B5H. Bit DPS = 0 in SFA EECON selects DPD and DPS = 1 selects DP1. The user shauld
ALWAYS iniflallze the DPS bit to the appropriate value before accessing the respective Data
Painter Register.

56 Power Off Flag

The Power Off Flag (POF), located at bit_4 (PCON.4) in the PCON SFA. POF, is set to “1" dur-
Ing power up. It can be set and reset under software control and is not affected by RESET.

6. Data Memory -~ EEPROM and RAM

The AT8958253 implements 2K byles of on-chip EEFROM for data storage and 256 bytes of
RAM. The upper 128 bytes of RAM occupy a parallel space to the Special Function Registers.
That means the upper 128 byles have the same addresses as the SFR space but are physically
separate from SFR space.

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

Far example, the following direct addressing instruction accesses the SFR at location CACH
{which iz P2).

MOV OAOH, ¥Ydata
Instructions that use Indiract addressing access the upper 128 bytes of RAM. For example, the
following indirect addressing instruction, where RO contains 0AOH, accesses the dala byte at
address OACQH, rather than P2 (whose address Is GAOH).

MOV @R0, #data
Note that stack operations are examples of indirect addrassing, so the upper 128 bytes of data
RAM are available as stack space.

The an-chip EEPROM data memory is selected by setting the EEMEN bit in the EECON register
at SFE address location 96H. The EEPROM address range |s from 000H to 7FFH. MOVX
instructions are used to access the EEPROM. To access off-chip data memory with the MOVX
ingtructions, the EEMEN bit needs 1o be set to "0".

During program execution mode {using the MOVX instruction) there is an auto-arase capability
at the byte level. This maans that the user can update or modity a single EEPROM byte location
in real-time without affecting any other bytes.

The EEMWE bit in the EECON register needs to be set to “1" before any byte location in the
EEFROM can be written, User software should reset EEMWE bit to "07 If no further EEPROM
write Is required. EEPROM write cycles in the seral programming mode are seff-timed and fypl-
cally take 4 ms. The progress of EEPROM write can be monitored by reading the RDY/BSY bit
(read-cnly) in SFR EECON. RDY/BSY = 0 means programming is still in prograss and ADY/BSY
= 1 means an EEPROM write cycle s completad and another write cycle can be initlated. Bit
EELD in EECON controls whether the next MOVX instruction will only load the write buffer of the
EEPROM ar will actually start the programming cycle. By setting EELD, only load will acour.
Before the last MOVX In a given page of 32 bytes, EELD should be cleared so that after the last
MOVX the entire page will be programmed at tha same time. This way, 32 bytes will only require
4 ms of programming time Insteed of 128 ms required in single byte programming.

—m 8
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In addition, during EEPROM programming, an attempted read from the EEFROM will fetch the
byte being written with the MSB complemanted. Once the write cycle is completed, true data are
valid at all kit locations.

6.1 Memory Caontrol Register
The EECON registar containz control bits for the 2K bytes of on-chip data EEPROM. It also con-
tains the control bit for the dual data polintar,

Table 68-1. EECON - Data EEPROM Control Register
EECON Address = 95H Reset Value = XX0D CO1IB
Mot Bit Addressable

Bit = — EELD EEMWE EEMEMN DPS ROY/BEY WHTINH

7 & 5 4 a I 2 1 0
Symbel Function

EEFACM data rmemary load enable bit: Used to implemant Page Moda Write. A I'uFDV}( instruction writng into the data
EEFPACM wiil not inlitata the programming cycie I this bit Is set, rather it will just ioad data Into the volatile data buffer of

EELH the data EEPROM memory. Before the last MOWYX, resel this bit and the data EEPROM will program all the bytes
arevausty loaded on the same page of the address given by the last MOWX instruction.
EEMWE EEPROM data memory write enable bit. Set this bl to 1 before initiating byte wrile (o on-cnip EEPRCOM with the MOVX

instruction. User software should set this bit to 0 after EEPROM write is completad,

Interral EEPROM access snabis, When EEMEN - 1, the MOVX instruction with DPTR will aceess on-chip EEPROM
EEMEN instead of external data mamory if the address used is less than 2K, When EEMEN = 0 or the address used is = 2K,
MOVX with DPTR accesses external data memory. ¢

Data pointer register select. DPS = 0 selects the first bank of data pointer register, DPO, and DPS = 1 selecis lhe

Ene second bank, DF1.
ADY/B5Y (Ready/Busy) Mag for the data EEPROM mamaory, This i2 a read-only bit which [s cleared by hardware during
AOV/BEY the programmiing cycle of the an-chip EEPROM. It is also set by hardware when the programming is completed. Note

that ROY/BEY will be cleared |ong after the complation of the MOV X Instruction witich has initlated the programming
oycla,
WRTIN (Write Inhibit) 5 a BEAD-QNLY bit which |s cleared by hardware when V. Is too low for the programming cycle

WHRIIMH of the on-chip EEPROM to be executed. When this bit i ciearsd, an ongoing programming cycle will be aborted or a
few progremming cycle will not start.

‘lgure 6-1.  Data EEPROM Write Seguence

EEMERN _I ”
EEMWE —! )
EELD -——-J

RDY/BEY

0 LA TEUER25] e ————
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7. Power-On Reset

Figure 7-1.

5

Minv__ Lovnl 2.5 -
Levom| 2.3 -

POA Ll 1 =

A Power-On Reset (POR) Is generated by an on-chip detection circuit. The detection lavel is
neminally 1.4V. The POR is activated whenever V. is balow the detaction level. The POR cir-
cuit can be used to trigger the start-up reset or to detect a supply voltage tailure In devices
without @ brown-out detectar. The PCR clircult ensures that the device is reset from power-on.
When Vg reaches the Power-on Reset threshold veltage, the POR delay counter determines
how long the device is kept in POR after V. rise, nominaily 2 ms. The POR signal is activated
again, without any delay, when V¢ falls below the POR threshold level. A Power-Cin Reset {i.e.
& cold raset) will setthe POF flag in PGON.

Power-up and Brown-out Detection Sequence

FOR

XTALA

Imernal
RESET _

r1 Brown-out Reset

The ATB9SB253 has an on-chip Brown-out Detection (BOD) circuit for monitoring the Ve level
during operation by comparing it to a fixed trigger level of 2.4V {max). The trigger level for the
BOD is nominally 2.2V, The purpese of the BOD is to ensure that if V... fails or dips while axe-
cuting at speed, the system will gracefully enter reset without the possibility of errors Induced by
incormect execution. Whan V. decreases to a value below the trigger level, the Brown-out Reset
is Immediately activated. When V. Increases above the trigger level, the BOD delay counter
starts the MCU after the timeout period has expired in approximately 2 ms.

—E 11
"

BB -MICAD-1 205




8. Programmable Watchdog Timer
The programmable Watchdeg Timer (WDT) counts Instruction cycles, The prascaler bits, PS0,
P51 and PS2 in SFR WOTCON are usad to sel the period of the Watchdog Timer from 16K to
2048K instruction cycles. The avallable timer perlods are shown in Table 8-1, The WDT time-out
perod is dependeant upon the exiemal clock frequency.

The WOT is disabled by Power-on Reset and during Power-down mode, When WDT times out
without belng serviced or disabled, an intemal RST pulse is generated to reset the CPLU. See
Tabla 8-1 for the WDT perod selections.

Table 6-1. Watchdog Timer Time-out Period Selection

WLT RN DN Period (Nominal for
Ps2 PS1 PSO Feux = 12 MHz)

0 0 0 18 me

o 0 . 1 - ) 32 ms

4] i 0 &4 mas

0 1 1 i 128 ms
l. 1 D_ 0 256 ms o
1 j 0 1 512 ms
| 1 1. a 1024 ms
| 1 1 1 2048 ms

2 ATEOSEI5T o —
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8.1

Watchdog Conirol Register

Tha WDTCON register contains control bits tor the Watchdog Timer (shown in Table 8-2).

Table B-2. WDTCON - Watchdag Contral Reglster
WDTCON Address = ATH Raszet Value = 0000 0008
Mot Bit Addressable
P52 1' P PSSO WDIDLE DISARTO HWDT WEWRET WOTEM 'E
. i ' ~ '
Symbol Funétion
pao Prescaler bits Bor the walchdag timar (WDT). When all three bits are ¢leared 10 0, the watchdog fimer has a nominal
PS1 period of 16K machine cycles, (i.e. 16 ms at a XTAL frequency of 12 MHz In normal mode or 6 MHz in x2 made), When
PSO all three bits are set to 1, the neminal perlod & 2048K maching cycles, (i.e. 2048 ms at 12 MHz cleck frequency in
normal mode or  MHz In x2 modal.
WDIDLE Enable/dicable the Watchdog Timer In IDLE moda. When WOIDLE = 0, WOT continuas 1o count in IDLE made. Vyhen
WDIDLE = 1, WDT freezas wnile the device is in IDLE mode.
Enable/disable the WDT-driven Flesest Out (WDT drives the AST pin). When DISRTO = 0, the RST pin ie drivan high
MSRTO after WOT times out and the entire hoard is reset. When DISRTO = 1, the RST pin remains onby as an input and the
WDT resets only the microcontroiler intermnally after WOT times out.
Hardware mode salect for the WEDT. When HWDT = §, the WDT can be turned on'off by simply setting or cleanng
WDTEN In the same register (this s the software mode for WDT). When HWDT = 1, the WDT has io be =al by writing
HWDT the sequence 1EH/E1H b the WOTRST ragister (with address DABH) and afler being setin this way, WD cannot be
twmad off except by reset, warm or cold (this |s the hardwars mode for WOT), To prevent the hardware WOT from
resetting the entire device, the same sequence 1EHVE1H must be written to the same WDTRST SFR before the
Hmeout interval,
"Watchdog software reset bit, i HWDT =0 (iLe. WDT Is In sofiwars corirolled mode), when sel by softwars, this bit resets
WSWRST | WDT. After being set by software, WSWRST s reset by hardware during the next machine cycle. [f HWDT =1, this bit
hes no effect, and If set by software, it will not be cleared by hardware.
Watrhdog software enable bit, Whan HWDT = O (ie. WOT Is in software-controlied mode), this bit enabies WOT when
WOTEN set tn 1 and disables WOT when cleared to D (it doss nol reset WDT in this case, but just freazes the existing counter
slate). F HWDT = 1, this bit js READ-DMLY and reflects the siatus of the WOT (whather i iz running o n:_'.':'t}.
‘lgure 8-1.  Software Mode — Watchdog Timer Sequence
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9. Timer0Oand1i

10. Timer 2

AIMEL

Timer 0 and Timer 1 In the ATBAS8253 gperate the same way as Timer 0 and Timer 1 in the
ATESS51 and ATBDS52. For more detailed information on the Timer/'Counter operation, please
click on the document link below:

http/fwww.atmel . comidyn/resources/prod_documents/DOC4316.PDF

Timer 2 is a 16-bit Timer/Counter that can operate as either a timer or an event counter, The
type of operation is selected by bit C/T2 In the SFR T2CON (see Table 10-2 on page 15), Timer
2 has three operating modss: capture, auto-reload {up or down counting), and baud rate gansr-
ator, The modes are selected by bits In T2CON, as shown in Table 10-2.

Timer 2 conslats of two B-bit registers, TH2 and TL2. In the Timer function, the TL2 register is
incremented every machine cycle. Since a machine cycle conslsts of 12 oscillator periods, the
count rate is 1112 of the osclllator frequency.

In the Counter function, the register Iz Incremented In response to a 1-to-0 transition at its corre-
sponding extermnal input pin, T2. In this function, the extemal input Is sempled during S5P2 of
every machine cycle. When the samples show a high in one cycle and a low In the next cycle,
the count |s Incrementad. The new count value appears in the register during S3P1 of the cycle
following the one in which the transition was detected. Since two machine cycles {24 cscillator
pariods) are required to recognize a 1-to-0 transltion, the maximum count rate is 1/24 of the
oscillator frequency. To ensure thal a given level is sampled at least once before it changas, the
level should be held for at least one full machine cycle.

Table 10-1.  Timer 2 Operating Modes

RCLK + TCLK CPRALZ TR2 MODE
o a] 1 16-bit Autoereload
0 1 1 16-bit Capture
1 X - 1 -B;Lé.ﬂate Generator
X X ¢ {OF)

4 JA T B0'S 8.2 55 1500000000
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Teble 10-2.  T2COM - Timer'Counter 2 Control Register

T2CON Addrass = PCEH Aeset Value = 0000 J0008
Bit Addressable
| TF2 EXF2 ROLK TCLK EXEN2 TR2 CiT3 CRALZ

Bit T 3] 5 4 3 2 1 o

Symbal | Funetion

T2 Timer 2 cverflow flag set by a Timer 2 overflow and must be cleared by softwara. TF2 will not be sat when either

) ACLK=10or TGLR = 1.

Timer 2 extarnal llag set whan aither a capture or reload is caused by a negeative transition on T2EX and EXEN2 = 1.

EXF2 When Timar 2 interrupt is enabled, EXF2 = 1 will cause the CPU to vector to the Timer 2 intarrupt routine. EXF2 must be
claared by soitware. EXF2 does not cause an intenupt in upddown counter mode (DCEN = 1).

ACLK Aeceive dock enabla. When set, causes the serial port to use Timer 2 overflow pulses for its recalve clock In serial port
Maodes 1 and 3. ACLK = 0 causes Timer 1 ovardlows 1o be usad for the recaive clock.

TCLK Transmit glock enabla. Whan set, causes the serial port to use Timer 2 overfiow pulses for its tranmn clock in smrlal port
Modes 1 and 3. TCLK = 0 causes Timer 1 overflows to be used for the transmit clock,

EXEN2 Timer 2 axtarnal anable. When sel, allows a capture or raload to occur 28 a result of & negative transition on T2EX If
Timar 2 iz not being m&d 1o clock the serial port. EXENZ = 0 causes Timei 2 to ignore events at T2ZEX.

TRZ StarvStop controd for Tirnﬂr 2, TF‘LE = 1 slarts the timer.

oA Timer or counter selact for Timer 2. G/T3 = 0 for timer function, C/TE = 1 for extsrnal want counter (falling edge
truggered}

L Gapm.l’ﬁalnad select. CPRLE = 1 causes captures 1o ocour on nngahve transilions at TZEX I EXEN2 =1. CPRLZ =0
CPRARLZ | causes automatic relnads to occur when Timer 2 overflows or negative transitions eccur at TEEX when EXEN2 = 1, When

either RCLK or TCLK = 1, this bit iz ignored and the timer is forced to auto-reload on Timer 2 overflow.

10.1 Timer 2 Registers

Control and status bits are contained in registers T2CON (see Table 10-2) and T2ZMOD (see
Table 10-3) for Timer 2. The register pair (RGAP2H, RCAP2L) are the Capture/Reload registers
far Timer 2 In 18-bit capture mode or 16-bit auto-reload mode.

0.2 Capture Mode

In the capture mode, two options are selected by bit EXEN2 in T2CON, f EXEN2 =0, Timer 2 is
a 16-bit timer or counter which upon overflow sets bit TF2 in T2CON. This bit can then be used
to generate an interrupt. If EXEN2 = 1, Timer 2 parforms the same operation, but a 1-to-0 trans!-
tion at external input T2EX also causes the current value in TH2 and TL2 to ba capturad into
RCAP2H and RCAP2L. respectivaly, In addition, the transition at T2EX causes bit EXF2 in
T2CON to be set, The EXF2 bit, ke TF2, can generate an Inferrupt. The capture mode I3 illus-
trated In Flgure 10-1.

e ATTIEL .
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Figure 10-1. Timer 2 In Capture Mode
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10.3 Auto-reload (Up or Down Counter)

Timer 2 can be programmed to count up or down when configured In its 16-bit auto-reload
mode. This feature Is invoked by the DCEN (Down Counter Enable) bit located in the SFR
T2MOD {sae Table 10-2). Upon reset, the DCEN bit is set to 0 50 that timer 2 will default to
count up. Whan DCEN is set, Timer 2 can count up ar down, depending on the valua of the
T2EX pin.

fable 10-3. T2MOD - Timer 2 Mode Control Register
TEMOD Address = 009H Aeset Value = ¥R X008
Not Bit Addressable
- - | - - 1 = T20E DOEN

Bit 7 s L4 a | 2 i 0
Symbol Function
- Mot implemantad, raserved for future use,
TECE . Timer 2 Output Enable bit,
DCEN Wihan zet, this bit allows Timer 2 1o ba C{;l‘-lﬁgl..lﬂﬂ ﬁs ;n ufydown countar.

6

Figura 10-2 shows Timer 2 automatically counting up when DCEMN = 0. In this mode, two aplions
are selected by bit EXEN2 in T2GON. If EXENZ =0, Timer 2 counts up to OFFFFH and then sets
the TF2 bit upon overfiow. The overflow also causes the timer registers to be reloaded with the
16-bit value In ACAP2H and RCAP2L. The values In RCAP2H and RCAP2L are preset by soft-
ware. If EXEN2 = 1, a 16-bit reload can be triggered either by an overflow or by a 1-to-0
transition at exiernal input T2EX, This transition alsc sets the EXF2 bit. Both the TF2 and EXF2
bits can generate an interngpt If enabled.

Setting the DCEN bit enabies Timer 2 to count up or down, as shown in Figure 10-3. In this
mode, the T2EX pin controls the direction of the count. A logic 1 at T2EX makes Timer 2 count
up. The timer will overflow at OFFFFH and set the TF2 bit. This overflow also causes the 16-bit
value in BCAP2H and RCAP2L to be relcaded into the timer registers, TH2 and TL2,

respactivaly.
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A logic 0 at T2ZEX makes Timer 2 count down. The timer underflows when TH2 and TL2 equal
the values stored in ACAP2H and RCAPZL. The underflow sets the TF2 bit and causes OFFFFH

to be reloaded Into the timer registers.
The: EXF2 bit toggles whenever Timer 2 cverflows or underflows and can be used as a 17th bit
of resolution. In this operating mode, EXF2 does not flag an interrupt.

Figure 10-2, Timer 2 in Auto Reload Mode (DCEN = 0)
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Figure 10-4. Timer 2 in Baud Rate Generator Mode
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i1. Baud Rate Generator

Timer 2 |5 selected as the baud rate generator by setting TCLK and/or RCLK in T2CON (Tabls
10-2). Mote that the baud rates for transmit and receive can be different If Timer 2 is used for the
racaiver or tranemitter and Timer 1 Is used for the other function. Setting RCLK andfor TCLK
puts Timer 2 into Its baud rate generator mods, as shown in Figure 10-4.

The baud rate gensrator mode is similar to the autc-reload mods, In that a rollover in TH2
causes the Timer 2 ragisters to be reloaded with the 16-bit value In registers RCAP2H and
RCAP2L, which are praset by software,

The baud rates in Modes 1 and 3 are determinad by Timer 2's overfiow rate according to the fol-
lowing equation.

Timer 2 Overflow Hata
16

Modes 1 and 3 Baud Rates =

The Timer can be configured for either timer or counter operation. In most applications, It is con-
figured for timer operation (CP/T2 = 0). The timer operation Is different for Timer 2 whan It is
used as a baud rate generatar. Normally, as a timer, it increments every machine cycle (at 112
the osclllator frequency). As a baud rate generator, however, il increments every state time (at
1/2 the oscillator frequency). The baud rate formula |s given below.

Modes 1 and 3 _ Oscillator Frequency
Baud Rate 32 x [65536 - (RCAP2H,RCAP2L)]

where (RCAP2H, RCAP2L) is the content of RCAP2H and RCAP2L taken as a 18-bit unsigned
integer,

8 ATEOSAZER e ——
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Timer 2 as a baud rale generator is shown in Figure 10-4. This figura is valid only if RCLK or
TCLK =1 in T2CON. Note that a rollover In TH2 does not set TF2 and will not generate an inter-
rupt. Note too, that it EXEN2 is set, a 1-to-0 transition In T2EX will set EXF2 but will not cause a
teload trom (RCAPZH, ACAP2L) to (TH2, TL2). Thus when Timer 2 is in use as a baud rate gen-
erator, T2EX can be used as an extra external interrupt.

Note that when Timer 2 |s running (TR2 = 1) as a timer in the baud rate generator mods, TH2 or
TLZ should not be read from or written to. Under these conditions, the Timer is incremented
every state time, and the results of a read or write may not be accurate. The RCAP2 registers
may be read but should not be written to, because a write might overlap a reload and causs
write and/or reload errors. The tmer should be tumed off (clear TR2) before accessing the Timar
2 or RCAPZ ragistars.

12. Programmable Clock Out

A 50% duty cycle clock can be programmed to come out on P1.0, as shown in Figura 12-1, This
pin, besldes being a regular IO pin, has two altemate functions. It can be programmed to Input
the extemnal clock for TimernCounter 2 or to output & 50% duty cycle clock ranging from &1 Hz 1o
4 MHz {for a 16 MHz cperating frequency).

To configure the Timer'Counter 2 as a clock generator, bit G/T2 (T2CON.1) must be cleared and
bit T2OE (T2MOD. 1) must be set. Bit TR2 {T2CON.2) starts and stops the tmer.

The clock-out frequency depends on the oscillator frequency and the reload valug of Timer 2
capture registars (RCAP2H, RCAPZ2L), as shown In the following equation.

Oecillator Frague

Clock Dut Fraguency = 4 [AERAE —( ACAP2H RCAPZLY]

In the clock-out made, Timer 2 rollovers will not generate an Interrupt. This behavior s similar o
when Timer 2 is used as a baud-rate ganerator. 11is possible to use Timer 2 as a baud-rate gen-
erator and a clock generator simultanecusly. Note, however, that the baud-rate and clock-out
frequencies cannot be determined independently irom one another since they both use
RCAP2H and RCAPZL.

igure 12-1. Timer 2 in Glock-out Moda
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13. UART

AIMEL

L.

The UART in the ATB958253 operates the same way as the UART in the AT89551 and
ATBASS52, Far more detalled information an the UART opearation, please dlick on the document
link below:

hitp:ifwww.atmel.com/dyniresourcesiorod_documents/DOC4316.PDF

13.1 Enhanced UART

In addition to all of its usual modes, the UART can parfarm framing amor detection by looking for
missing stop bits, and sutomatic address recognition. The UART also fully supports multiproces-
sor communication as does the standard 80C51 UART.

When used for framing error detect, the UART looks for misslng stop bits In the communication,
A missing bit will set the FE bit in the SCON register. Tha FE bit shares the SCON.7 bit with SMO
and the function of SCOMN.7 is determined by PCON.6 (SMODD). f SMODO is sat then SCON.7
functions as FE, SCON.T functions as SM0 when SMOD0 is cleared. When used as FE,
SCON.7 can only be cleared by software.

13.1.14 Automatic Address Recognition

Automatic Address Recognition is a feature which allows the UART 1o recognize certain
addresses In the seral bit stream by using hardware to make the comparsons, This leaturs
saves a greal deal of software overhead by eliminating the need for the software to examing
every serial address which passes by the seral port. This feature is enabled by setting the SMz2
bit In SCON, In the S-bit UART modes, mode 2 and mode 3, the Receive Interrupt flag (RI) will
be automatically sat when the recelved byte contalns alther the “Given™ address or the
"Broadcast” address. The 8-bit mode requires that the 9th information bit is a 1 to indicate that
the received indormation s an address and not data.

The 8-bit mode |s called mode 1. In this mode the Rl flag will be set if SM2 is enabled and the
infarmation recelved has a valid stop bit following the B address bits and the information is either
a Given or Broadoast address.

Mode 0 is the Shift Reglster mode and SM2 is ignored.

Using the Automatic Addrass Recagnition feature allows a master to selectively communicate
wilh one or more slaves by invoking the given slave addrass or addresses. All of the slaves may
be contacted by using the Broadcast address. Two special Function Ragisters ara used 1o
define the slave's address, SADDR, and the address mask, SADEN. SADEN Is used to define
which bits in the SADDR are to be used and which blts are "don't care”™. The SADEN mask can
be logically ANDed with the SADDR to create the "Giver™ address which the master will use tor
addressing each of the slaves. Uss of the Given address allows muitiple slaves to be recognized
while excluding others, The following examples will help to show the versatiiity of this scheme:

Slave 0 SADDR = 1100 0000
SADEN = 1111 1101
Given =110000X0

Slave 1 SADDR = 1100 0000
SADEN =1111 1110
Given = 1100 000X

0 I e e —— e S S
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In the previous exarmple SADDR is the same and the SADEN data |s used lo differentiate
between the two slaves. Slave { requires a 0 in bit 0 and It ignores bit 1, Slave 1 requires a 0 in
bit 1 and bit O is ignored. A unique address for slave 0 would be 1100 0010 since slave 1
requires a 0 in bit 1. A unique address for slave 1 would be 1100 0001 since a 1 in bit O will
exclude slave 0. Both slaves can be selected at the same lime by an address which has b0 =0
(for slave ©) and bit 1 = 0 (for slave 1). Thus, both could be addressad with 1100 0000.

In & more complex system the following could be used to select slaves 1 and 2 while excluding
slave 0;

Slave 0 SADDR = 1100 0000
SADEN=1111 1001
Ghven = 1100 0XX0

Slave 1 SADDR =1110 0000

SADEN =1111 1010
Given =1110 0X0X

Slave 2 SADDR = 1110 0000

SADEN = 1111 1100
Given = 1110 OOXX

In the previous example the differentiation among the 3 slaves is in the lower 3 address bits.
Slave 0 requires that bit 0 = @ and |t can be uniquely addressed by 1110 0110. Elave 1 requires
that bit 1 = 0 and it can be uniquely addressed by 1110 and 0101, Slave 2 requires thatbit 2 =0
and its unigue address |s 1110 0011, To sslect Slaves 0 and 1 and exclude Slave 2, use
address 1110 0100, since it is necessary to make bit 2 = 1 to exclude slave 2.

The Broadcast Address for each slave is created by taking the logical OR of SADDR and
SADEN. Zaros in this result are trended as don't-cares, In most cases, Interpreting the don't-
ceres as ones, the broadcast address will be FF hexadscimal,

Upon reset SADDR (SFR address OASH) and SADEN (SFR address 0B9H) are loaded with 0s.
This praduces a given address of all “don’t cares™ as well as a Broadcast address of all “don’t
cares”, This effectively disables the Automatic Addressing mode and allows the microcontroliar
to use standard 80C51-type UART drivers which do not make use of this feature.

_m 21
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Table 13-1. PCON - Fower Control Hegistar
PCON Address = B7TH Reseat Value = 00xx DDOOE
Bit Addreg=abla
| SMOD1 SMODO - POF GF1 GFo | PD iDL
BIt | 7 6 5 4 3 2 1 0
Symbol " Function
SMOD1 | Double Baud Rate bit. Doubles the baud rate of the UART in Modes 1, 2, or 3.
SMODD Frama Eror Salacl. Whan SMODO = 1, SCON.7 i SMO. When SMOD0 =1, SCON.7 Is FE. Note that FE will be set after
a frame emor regardiass of tha state of SMODO.
POF Power Off Flag. POF |s set to *1* during power up {i.e. cold reset). It can be set o rese! under software control and is not

affactad by AST or BOD (l.e. warm rassats),

GF1, GFD | Generakpurpose Flags
PD Power-down bit. Setting this bit activates power-down operation. ]
1oL Idle Mode bit, Setting this bit activates Idie mode opemtion
Table 13-2. 5CON - Seral Port Control Reglster
SCON Address = BaH FReset Value = 0000 DODDB
Bit Addressahla
SMO/FE SM1 SM2 REN 88 B8 0 T1 | A
Bt | 7 6 5 4 3 2 | 1 0
{SMOD0 = /1y
Symbeol | Function
Framing arror bit. This bit is set by the receiver whan an imalid stop bit is detected. Tha FE bit is not claarad by vahd
FE frames but should be cleared by softwars. The SMODO bil must be set to enable access 1o the FE bit. FE will be sat
regardiess of the state ol SMODD.
SMO Serial Port Mode Bit 0, (SMOD) must = (10 access bit SMO)
Serial Port Mode Bit 1
SM0 St Maoda Dezcription Baud Raia'®
] 0 [H ghift regiater e/ 12
il o i 1 B-bil UART variable
1 ] 2 9-bit UART {64 or f /32
1 1 3 O-bit UART yariable
Enables the Automatic Address Recognition feature in modes 2 or 3, If §M2 = 1 then Rl will not be set unlgss the recaived
oMz Bth data hi:_iFlEIBJ is1, I_ndicamg an address, and ha rea:arvad byta i & Given or Elmadc_ast Address. In mode 1, if SMZ2 =
1 then Al will not be activated unless & valid stop bit was recaived, and the recaived byte is & Given or Broadcast Address.
in Mode 0, SM2 should be 0. .
REM Enables serial reception. Set by software to snable racaption. Clear by software to disable raception.
TES Thie Sth data bit that will be transmitted In modes 2 and 3. Eai ar clear by sofiware as deslred. I
ABE In nmdqs 2 and 3, tha Sth data bit that wes recefved. In moda 1, if 3M2 = 0, RBB is the stop bit inat was recefved. In mode
0, RB3 is not used.
T Transmit intermupt llag. E_st by hardwere at the end of tha Bth hit tima in mode 0, or at the beginning of the stop bitin the
ather modas, in amy serial trangmission. Musl be cleared by softwars.
a1 Recaive Imen'!.q:l flag. S_at by hars:lw&re at the and of the 8th Bt ime In mode 0, or halfway through the stop bl tima in the
other modes, in any serial recaption (except see Sk2). Must be cleared by software.
stegr 1. SMOD0D 2 located at PCOM.G,

2. f,. = oscillator frequency.
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14. Serial Peripheral Interface

The serial peripheral interface {SPI) allows high-speed synchronous data transfer between the
ATB9SB253 and paripheral devices or betwean multiple AT8958253 devices. The AT8988253
5P| faatures include the following:

+ Full-Duplex, 3-Wire Synchronous Data Transfer

* Master or Slave Operation

* Maximum Bit Frequency = /4 (12 It in x2 Clock Mode)

* LSB First or MSB First Data Transfer

= Four Programmable Bit Rates in Master Mode

= End of Transmission Interrupt Flag

= Write Collision Flag Protection

* Double-Butarad Recaiva

= Double-Buffered Transmit (Enhanced Mode only)

= Wakeup from idle Mode (Slave Mode only)

The interconnection between master and slave CPUs with SPI Is shown In Flgure 14-1, The four
ping in the Interface are Master-In/Slave-Qut {MIS0), Master-Out/Slave-In [MOSH), Shift Clock
{BCHK]), and Slave Select (85). The SCK pin is the clock oulput in master mode, but is the clock
Input in slave mode. The M3TR bit In 3PCR delermines the directions of MISO and MOSE Also
notice that MOSI connects to MOSI and MISO to MISO. In master mode, $5/P1.4 is ignored and
may be used as & general-purposs input or output. In slave mode, 55 must be driven low to
select an individual device as a slave. When S8 is driven high, the slave's SP| port is deactl-
vated and the MOSIP1.5 pin can be used as a general-purpose Input.

Figure 14-1, 5P| Master-Slave Interconnection

MSE  MASTER LSE o wiso MSE  SLAVE LSB
_[EE" SHIFT REGISTER |— - 8-BIT SHIFT REGISTER [—
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CLOGK GENERATOR - v et
[
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Figure 14-2. SPI Block Dlagram
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Note: 1. The Write Data Bulfer is only used in snhanced SPl moda.

The SPI has two modes of gperation: normal (non-buffered write} and enhanced {buffered
write). In normal mode, writing to the SPI data register (SPDR) of the master CPU starts the SPI
clock generator and the data written shifts out of the MOSI pin and inta the MOSI pin of the slave
GPU. Transmisslon may start after an initial delay while the clock generator walts for the next full
bit slot of the specifled baud rate. After shifting one byte, the SPI clock generator stops, setting
the end of transmission flag (SPIF) and transfaming the received byte to the read buffer (SFOR).
If bath the SPI intarrupt enable bit (SPIE) and the sarlal port iMermupt enable bit (ES) are set, an
interrupt is requested. Note that SPDR refers to either the write data bulfer or the read data
buffer, depending on whethar the access is a write or read. In normal mode, because the write
buffer is trangparant (and a write access to SPDR will be directed to the shift butter), any atempt
to write to SPDR while a transmigsion is in progress will rasult in a write collision with WCOL set.
Howevar, the transmission will still complate normally, but the new byte will be ignored and a
new write access to SPDR will be necessary.

Enhanced mode ie similar to normal mode except that the write butfer holds the next byte to be
transmitted. Writing to SPDR loads the write buffer and sets WCOL to signify that the buffar is
full and any further writas will overwrite the buffer. WCOL Iz cleared by hardwara when the buff-
sred byte is loaded Irto the shift register and transmission begins. If the master SPI is currenty
idle, |.a. if this is the first byte, then after loading SPDR, tranemission of the byta starts and
WCOL is cleared immediately. While this byte s transmitting, the next byte may be writtan to
SPDA. The Load Enable flag {LDEN) In SPSR can be used to determine when transmission has
started, LDEN s asserted during the first four bit slots of a SPI transfer. The master CPU should
first check that LDEN Is sel and that WCOL is cleared befora loading the next byte. In enhanced
mode, I WCOL is set when a transfer complates, i.e. the next byta is avallable, then the SPI
immediately loads the buffered byte Into the shift register, resets WCOL, and continues trans-
mission without stopping and restarting the clock generator. As long as the CPU can keep the
write buffer full in this mannsr, multiple bytes may be transferred with minimal latency betwesn

bytes.
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Table 14-1, SPCH - SPi Control Register
SPCH Address = DEH Resat Value = 0000 01008
Mot Bit Addressabie
i SPIE BRE DORD MSTR CPOL CPHA SPR1 BFRO
Bit | 7 G 5 4 a 2 1 ]
Symbol | Function
SPIE SPI inemupt enable, This bit, in conjunction with the ES bit in the IE register, enablas SPI interrupts: SPIE =1 and ES =1
enable SP] interrupts, SFIE =0 disables SPI interrupts.
; SPE SPI anable. SPI = 1 enaties the SP! cnannel and connects 55, MOSI, MIS0 and SCK o pins F1.4, P1.5, F1.6,and P1.7.
5P = C disables the SPI channal,
DORD Cata ceder. DORD = 1 sefects LSB first data ransmission. DORD = 0 selects MESB first data transmission.
METR Mester'slave salect. M3TH = 1 selects Master SPI mode. MSTR = 0 selects slave SPI mode.
BPOL Clogk golarity. When GPOL = 1, 8CK is high when idle. When CPOL = 0, SCK of the master device is low when not
transmiting. Plaasa refer to figure on SP| clock phasa and polarity control,
CPHA Clock phase, The CPHA bit togetnar with the CPOL bit controls the clock and data relationship betwesn master and slave.
Please rafer to figure on SPI clock phase snd pofarily contol.
5Pl clock rate select, These two bits control the SCK rate of the device conligured as mastar. SPR1 and SPRG have no
affect on the slave, The relationship batwean SCK and the cacillator frequaney, Fage, 5 as Tollows:
SPR1 SPR0 SCK
EEE‘;’ 0 0 fi4 (12 in x2 mode)
] 1 718 {8 In %2 mads)
1 ] ff64 (632 In 2 mods)
1 1 128 (/64 in x2 mode)

loles. 1, Selup e clock mode before enabling the SP1: set all bis needed in SPCA excopt the SPE bit, then el SPE,

g

Enable the master SP| prier to 1the slave device.

3. Slave echoes master on naxt Tx if not loaded with new data,

m

BE-MICRO-12405




52

Single-Chip Vo

ChipCorder”

TRATHRCE QI 1y Fre

ISD1400 Series

ice Record/Playback Devices
16- and 20-Second Durations

GENERAL DESCRIPTION

Inforrction Storage Devices' 1501400 ChipCorder®
series prowides high-guality, single-chip record/
playback salutlons fo shor-duration messaging
applications, The CMOS devices include an on-
chip oscliator, microphone preamplifier, oufo-
rmatic gain control, ontialiasing fiter, smoothing fil-
ter, and speaker ampiifier. A minimum recordf
playback subsystern can be configured with @ mi-
crophone, a specksr, several passives, two push-
butions, and a power source,

Recordings are stored In on-chio nonvolatile
memory cells, providing Isic-powel  message
storage. This unigue. single-chip solution is made
possible through B0Ys patented mulflevel storoge
echnology. Voice and audio signais aie stored
directly into mennony In their noatuec: form, prevcing
high-quality, solid-state volce reproduction.

Figure: 1SD1400 Series Block Diagram
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SD1400 Series

FEATURES

Easy-fo-use single-chip voice recordiplayback
solution

High-quality, natuial voicefaudio reproduction
Push-button inteface

- Pioyback can ba edge- or leve-
activeded

Single-chip durctions of 16 and 20 seconds

Automatic power-down mode

- Enters standey mode immediaiely fol-
lowing a record of playbock cycle

- Standby cument 0.5 uA [tvplcal)

er-powsr message storage

— Elimingtes battery bockup circuits

Fully addressable fo handie muttipke
Messodes

100-year message retention (fypicall
100,000 record cycles (typical)

On-chip clock solrce

Mo programmer of development system
needed

Single +5 volf power supply

Available in dle form, DIP, and 3CIC
packoging

industial temperature (—40°C to +85°C)
versions available
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ISD1400 Series

DETAILED DESCRIPTION

SPEECH/SOUND QUALITY

The IS0 400 seres includes devices offered at 6.4
and 8.0 KHz sarmpling frequenclas, allowing the
weer a cholce of speech gualty options. The
spoech samples are stored directly Infe on-chip
nonvolatile mermorny without the digltization and
compression gssociated with other solutions. Di-
rect ancleg storage provides a very true, natural
sounding reproduction of voice, muske, fones,
and sourd effects not avallabie with most sclid-
state digiral soiutions.

DURATION

To rheet end system requirements, the 1507400
serlas offers single-chip solutions at 16 and 20 sec-
onds,

EEPROM STORAGE

One of the: benefits of IS0's CnipConder technotogy
is the use of on-chip nonvolatie memory, providing
ZErC-pOwes Message siorage. The message s re-
toined for up o 100 vears typleally without power,
Inaddition, the devica can be re-recondad typl-
cally over 100,000 fimes.

BASIC OPERATION

The 1801400 ChipCorder series devices are con-
frolled by o single record signal, REC, and either of
two push-button control playback signals, FLAYE
(edge-activated ployiback), and PLAYL (level-acti-
vated playback). The 1501400 parts ans config-
urad for sinplicity of desgn In a single-message
appleaticn. Using the address lines will allow mul-
fiple message applications. Device opeaation Is
exploined on page 15.

AUTOMATIC POWER-DOWN MODE

At the end of a plavback or record cycle, the
1SD1400 seres devices automdatically mstum to o
low-powes standby mode, cansuming  typicolly
0.5 pA. Duing o playback cycle, the device pow-
e down aufomatically af the end of the mes-
sage. Duing a record cycle, the device powers
down immediately after REC is released HIGH,

ADDRESSING (OPTIONAL)

In addition o providing simple message plaviback,
the ISD1400 senes provides a full addessing ca-
iy,

The 1501400 series storoge anay has 160 disfinct
addressable segments, providing the following
resoiUtions. See Applicafion Informcation for 1501400
address tolblas,

Table 1:

Device Playback/Record
Durations

e L D N
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1501400 Series

Figure 1: 15D1400 Series Pinouts
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MC means must Not Connect.

PIN DESCRIPTION

NOTE The REC signal is debounced for 50 ms on

1t tisng edgs fo pravent a folse refiggeing
from o push-buffon switefr,

VOLTABE INPUTS (Vea , Vecp)

Ancliog and d gifal circuits Intemal to the 1SD1400
series Use seporate power buses to minimize noise
on the chip. Trase power buses are brought out to
separate pins 2n the package and should be fied
fogether as ciose to the supply s passible. 1t ls im-
portant that tre power supply be decoupled as
clnse o5 possizie to the pockage.

GROUND INPUTS (Vs , Veso)

Sirnilar 1o Voes and Yeep the analog and digital
clreuits infema fo the 1501400 series use separcte
ground buses 1o rminimize nolse, These pins should
ba fied fogether as close as possible To the device.

RECORD (REC)

The REC Imput is an octive-LOW record signal, The
device racoids whanaver REC is LOW, This signal
rmust remain LOW for the duration of the record-
Ing. REC fakes precedence over eifher piayback
(PLAYE or FLAYL) signal. If REC is pulled LOW during
a playback cycle, the playback Immediately
ceasas and recording begins.

A record cycle is completed when REC is pulled
HISH or the memoy space |5 flled.

An end-of-message marker (EOM) is intemally re-
corded, enabling a subsequent playback cycle
to terninate appropriately. The device autormati-
cally powers down 1o standby mode when REC
goes HIGH.

PLAYBACK, EDGE-ACTIVATED (PLAYE)

When a LOW-going transition i detected on this
input signal, a playback cycle begins. Flavback
continues until an EOM s encourtered or the end
of the memory spoce is reached. Upon comple-
fion of the plavback cycle, the device autormnatl-
cally powets down Info standby mode. Taking
PTAYE HIGH during o playback cycle will not termi-
nate the curent cycle,

PLAYBACK, LEVEL-ACTIVATED (PLAYL)

When this input signal fransitions from HIGH fo
LOW, a piaybock cycle is inffiated, Playback con-
tinues undll FLAYL is pulled HIGH, an EOM marker is
detectod, or the aend of the memory spOCe is
reached, The device autornatically powers down
to standby mode upon completion of the play-
back oycle.

NOTE In playback, If efiher PLAYE a1 PLAVL Is held
LOW during EOM or OVF, the device wil st
enfer standby and the infernal oscliofar
and fiming generator wil stop. However,
the rising edge of PLAYE and PLAYL ate not
debounced and any subseguent foling
edge (particulorly switch bounce] present
on the input pins wil inftiate anofher
playback,

Voice Solutions in Silicon 3




1501400 Series

RECORD LED OUTPUT (RECLED)

The output RECLED is LOW during g record cycle,
it can be used to dive an LED to provide feed-
oack that a record cycle is In progress. In addifion,
RECLED puises LOW momentarity when an EOM s
encountered in a playback cycle.

MICROPHOME INPUT (WIC)

The miciophone input fransfers #s signal fo the on
chip prearnpliier. An on-chip Automatic Gain
Conftol [AGC) clrcuit controls the gain of this
praomplfier from—15 to 24 dB, An extemal micro-
phone should be AC coupled to this pin via a se-
ries capacitor, The capacitcr value, together with
the intemal 10 Ki2 resistance on this pin, defer-
mine the low-frequency cutoff for the BD1400 se-
fes possband. See Applcation Informaton Tor
additiona Information on low-frecpuancy cutoff
calculations.

MICROPHONE REFERENCE {MIC REF)

The MIC REF Input is the Inverting input to the mi-
crophone preamplifier. This provides a nolse-can-
celng or common-mode rejeciion input o the
davica when connected differenfialy fo a mico-
phone.

AUTOMATIC GAIN CONTROL {AGC)

The AGC dynamically adjusts the gain of the
preamplif &1 to compensate for the wide range of
microphane input levels, The AGC allows the full
range of sound, from whispers fo loud sounds, fo
be recarded with minimal distortion. The "attack™
fime is deternined by the time constant of a 5 KQ
irtermal resistance and an extermal capociiar (T
on the schermatic In Figue 4) connected from the
AGC pin 1o Vygs analog ground. The release” ime
& determined by the time constant of an extemal
resistor [RS) and an external capacitor (Cd) con-
nected in poralel between the AGC Pin and Ve
analog ground. Norminal values of 470 KQ and
4,7 uF give safisfactory results in most coses.

ANALOE DUTPUT (ANA OUT)

This pin provices the preampilifier output 1o the us-
er, The voltage gain of the preompilfier is deter-
mined by the voltoge leve! at the AGC pin.

ANALOG INPUT (ANA IN)

The ANA IN pin transfers the input signal 1o the chip
for recording. For microphone Inputs. the ANA OUT
pin shoukd be connected via an external capaci-
for to fhe ANA IN pin, This capocitor value, togeth-
er with the 3.0 KQ input Impedance of ANA IN, is
selected to give additional culoff at the low-fra-
gquency end of the voice passband. If the desired
input is dedved from a source other than a micro-
phone, the signal can be fed, capacifively cou-
pled, info the ANAIN pin directty.

EXTERNAL CLOCK INPUT (XCLK)

The exemna clock Input for the 1507400 devices
has an Infemal pull-down device. The ISD1400 is
configured ot the foctory with an infermal sam-
pling clock frequency that guarantees its miri-
mum  nominal  record/playback  fime. For
instance, an 1501420 operating within specifica-
ton wil be cbserved to aways have a minimum
of 20 seconds of recording fime. The sampling fre-
guency Is then maintained to a voriation of 2,25
percen! over the commercial femperature and
operating voltoge ranges, while sfill maintaining
the minimum speciiled recording duration. This
will resutt In some devices having a few percent
mose fhan nominal recoding time.

The Inferma cloek hos a =5 percent folerance
over the Industrial termperature and voltage
rangs. A regulatad power supply is recommend-
ed for industial temperature ports. If greater pre-
cision Is required, the device con be clocked
through the XCLK pin as foliows:

Table 2:
g

it Tl el

External Clock Sample Rates

1501416 1024 KHz
1501420 [ 6.4 KHz 819.2 KHz

150




1SD1400 Series

These recommended clock rates should not ba
vared becauss the anfialiosing and smocthing fillers
are fixad, and aliasing problems can occur if the
sample rate differs frorm the one recommendad.
The duty cycle on the input clock 's not criticol, os
the ciock s immedictely divided by two intemally.
i the XCLK Is not used, this input should be
connected to ground.

SPEAKER OUTPUTS (SP+, SP-)

The SP+ and 5P pins provice direct dive for loud-
speakers with Impedances as low as 16 £ A sin-
gle output may be used, bul, for direct-dive
loudspeakars, the two opposte-polarty outputs pro-
vide on improvement in output power of up fo
four times over a single-ended connection. Fur-
thatmarne, when 5P - and 5P- are used, a speaker-
coupling copactor is not required. A single-end-
ad connection will require an AC-coupling ca-
pacitor betwaen ihe SP pin and the speaker. The
spedker outputs are In o high-mpedance state
during o record cycle, and held ot Vgs duting pow-
ar down.

ADDRESS INPUTS (AO-AT)

The Address Inputs have two funciions, depending
upen the level of the two Most Significant Bits (MSB)
of the address.

I ether of the two MSBs is LOW, the Inputs are all
inferpieted as address blits and are used as fhe
start address for the cument record or playback
cycle, The addiess pins are Inputs onty and do not
output infema address infomation as the operd-
fion progresses. Address inpus are lafched by the
falling edge of FLAYE, PLAYL, or REC,

OPERATIONAL MODES

The 1301400 series is designed with several built-in
operational modes provided to allow maximum
functionality with a minimum of odditional com-
ponants, described In detail below. The opera-
fional modes use the addrass pins on the 15014040
devices, but are mapped oufside the valid ad-
dress range. When fhe two Most Significant Bifs
(MSBs) are HIGH (Aé and A7), the remaining ad-
diess signals ara interpreted os mode bits and not
05 address bifs. Therefore, operational modes
and direct addressing are not compatible and
cannot be used simultanecusly,

There are two imporant considerations for using
operational modes. First, oll operations begin ini-
flally at address 0, which s the beginning of the
1501400 address space. Later operations can be-
gin at other address locations, depending on the
operational mode(s) chosen. In addiiion, the ad-
dress pointer Is esset fo 0 when the device s
changed from record to plavback but not from
playback 1o record when A4 is HIGH in Operation-
al Mode,

Second, an Cpeictional Mode is executed whan
any of the control inputs, PLAYE, PLAYL, or REC, go
LMW and the two M3Bs are HIGH. This Opeational
Mode remalns in effect until the next LOW-going
control input signal, at which point the cument od-
dress/mode levels are sampled and executed,

NOTE The rwo MSBs are on pins ¢ and 10 for
each 1507400 senes device,

Voice Solutions in Silicon™




ISD1400 Serles

OPERATIONAL MODES DESCRIPTION

The Operational Modes con be used In conjunc-
fon with ¢ microcontrolier, or they can be hard-
wired to provide the deslred systern operation.

AD — MESSAGE CUEING

Message Cueing dilows the user fo skip through
massages, without knowing the actual physical
addresses of each message. Each contral input
LOW pulse causas the infemal address polnter to
skipy to the next message. This mode should be
used for playbact only, and is typically used with
e Ad Operational Mode.

Al — DELETE EOM MARKERS

The Al Operational Mode allows sequentially re-
coded messoges to be combined into a sngle
message with only one EOM marker set at the end
of tha fing. message. When this operational mode
s configurad, messages recoded sequentially
are pleyed back as one confinuous message.

A2 — UNUSED

A3 — MESSAGE LOOPING

The A3 Cperational Mode aliows for the automeart-
o, continuously repected plaviback of the mes-
sage located at the beginning of tne address
space,

A message can complately fil the 15D1400 ce-
vice and will loop fram beginning fo end. Pulsing
PLAYE will start the playback and pulsing PLAVT will
end the playback.

A4 — CONSECUTIVE ADDRESSING

During nomnal operations, the address poirter: will
resat when a massoge is played through 1o an
EOM mcirker. The A4 Opesational Modea inhibits the
ciddress pointer reset, allowing messages 1o bere-
corded of played back consecutively. Whan the
device is in a static state; i.e., not reconding o
playing back, momentarly taking this pin LOW will
reset the addrass courter to zemo.

A5 — UNUSED

Table 3; Operational Modes Table

AD Messoge cusing Fost-fomand TI'IFC'UQ-ITL?'}W}QES

Al Cielate BEOM markes Posffian EOM moker of the end of the lost message | A3, A4
A2 Urised

A3 Loopirg Caontinuous playtock from Addiess 0 i

Ad Caonsecutive addressing | Recordiploy muliiple corsecutive messages A, A
Ab Linused

7. Addiiond opsrational modes con e Used smultcnsousy wih the given mode,

150




ISD1400 Serias

TIMING DIAGRAMS
Figure 2: Record
d——-—T;J__i_ ——————— ] [l T‘=r.'_
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e f—— Ty ] et i
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e =l TI'-I-—-r Ty e I
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Figure 3: Playback
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1. REC must ba HGH for the emfre duration of @ playback cyche.
2. RECIED funchions as on EOM during playback,
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ISD1400 Series

Table4:  Absolute Maximum Ratings Table 5: Operating Conditions
(Packaged Parts)
Junction fermperatune 150°C Commerckal tvperm{?g 0*C to +70°C
Storage tempeature range -45°C fo +150°C temperature range!
| ial operci ¢ .
Voltope oppled to any oin (Vg = 0.3 V) fo mﬁd:;::muem i A0°C 1o +BS°C
Voo + d.3v) &
Vohoge applied fo any pin {Vsg - 1.0V fo Supply voitoge (Ve +4.8%iIo 58V
{input cur=nt imited fo £20mA) | Ve + 1.0V Ground voltage [V oV
Leod tempernaiune (sokdeding — 00
10 secorcy) 1. Cose tampendturs,
Veg -V 0.3Vio +7.0V 2. Ve = Veea = Vo
ee . : =, L‘rﬂ = L‘S\SA = Usm.

1. Sfrsggss above those ffed may couse DefmcerT
dormags o the device, EXposune to e Gbsoiure
miceimun ratings may affect devica reliobity,
Funchoral opsrafion (s mof imoled of these
CORHeE

Vil Input High Yeoltage 2.4
Ve Oufput Low Yoltage 0.4 Vol =40ma
Vo Output High Veltage: 2.4 Vo | g =-1.6mA
o Ver Curent (Operdating) 16 3o mA | Vee =55 VP, Ryg ===
- Ve Current (Standty] 0.5 10 ph | BT
. Input Leckage Curent +] LA,
lipo ot Cunent HGH wiPuUI 130 ut | Foce Ve ¥
DOWT
Req Oufpt Load Impedance 1és 2 Speqker Load
Ruic Preamp In nput Reslstance 4 o 17 KO | Pins 17, 18
Fapis i AbA N InpUT Resistarce 2.5 3 5 kil
—_— Prearnp Goin 1 20 23 26 cB |AGC =00V
Aengo Pigamp Gain 2 -45 15 dB | AGC =258V
150 T




ISD1400 Series

A

i e ki
ARP AMA M to SP+f- Galn st}
Race ASC Qutpul Resistance 2.5 5 .5 Kit
bp2EH Fraamp Out Beurce -2 me | @ Ve = 1.0V
IpaEL Frearmp In Sink 0.5 mb | @V =20V

1. Typlogl volues @ Ta = 26°C and 50 V.

2. Al Mn/Max #Tits oie guorantesd by 50 vio sleciiodl festing o characterzotion. Not off specfications are
100 percen: ‘estad,

3. Vg and Voo cornected fogather,
d. REC, RLAYL, and PLAYE mist be &t Vo

5. XOWK pin,

Fe Sarmpiing Frequercy  1SD1414 8 kHz |
1501420 é.4 kHz |
Fes Fiter Pass Bond 1801414 4.3 KHz |3 d8 Rol-Off Paint (!
IS011420 2.8 KHz | 3 dif Rol-Cff Point 1S
Trec Record Duration 07414 14 sec
181420 20 s8c
ToLay Piaryiback Duration 1501414 1& sec |
151420 20 sec |
Tiem RECLED ON Dexaty 5 MsSc
TiEpg RECIED OFF Delay 15071416 30 389 G5 meec
1801420 40 48.6 110 | meec
Tegr Acidress Sefup Time a0c reac
ThotLp Bccross Holol Time a neec
Dk ISD1420 32 esc
Treon Record Power-Down (SD14158 26 TsEs
Delay 071420 3z msac
Tepun Flay Power-Up Delay 1801416 28 e
130420 32 s
Voice Solutions in Slificon™




ISD1400 Sertes

Table 7: AC Parameters (Packaged Paris)

ISD1416 msec

IS0 420 msec

1414 125 =T

1501420 15,625 msec
THD Total Harronic Distortion 1 3 % | @1 Kz
Pour Speaker DUtpUt Power 122 i Rpg = 1642
Ve Voltage Across Specker Pins 1.25 25 | Vpo |Reg—400R
Vi MIC Input voltage 20 myY | Peak-to-Peoik 4
Wiz ARA I IFput Veltane 50 my | PeoktoFeor

1.

a

‘l

Tvoioo! violugs & Ty = 25°C and 50 W

Al Min Sy Kol are guorantesd by 15D v elsctricd tesiing o charocherzation.

Not o specifications are 100 percert fested,

Low-frecuency cufoff depends uooh vaus of exemnal copocitors (ses AN Descrpfions ),

With 5.0 KL sefess resstor of ANA IV,

Sompirg frequancy and ploybock duration wit vary 0F much 03 2,25 palcent over Ihe commerciol termperature
and vakage ranges. # may vary os much of 25 percant over the incusdial temperanune and volfoge rangess. Al
davices wil meed the maxmum sarmoing nequency and minimurm pavbacy QUicion poromsters. For greater
Fabdity, an externa cock con be UWWzed see Fin Descnpfions).

fitter seciicotion opplies fo the antlatiosing fiter ond fo the smooffing fitar,

5D
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TYPICAL PARAMETER VARIATION WITH VOLTAGE AND TEMPERATURE (PACKAGED PARTS)

Chart 1: Record Mode Operating Current
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Chart 2: Total Harmonic Distortion

Chart 3: Standby Current (Igg)
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Chart 4: Oscillator Stability
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ISD1400 Series

Table 8: Absaolute Maximum Ratings Table %: Operating Conditions (Die)
(Dig)" e e s

3 By b N T T T e
= A Fe it ' Commercial operating 0°C 1o +50°C
Junsction termiperatue 150°C temperaiure 1ange

Storage temperchure rangs —£5°C to +150°C Supply voltage (Vo' +45VI0+65V
Voitage applied o any pod [Vee— 0.3V] o Ground votage Vgl ov

Mee + 0.3Y)

Yoltage apelied to any pad Vs = 1.0V to L. Voo = Veoy = Ve

(bout curent lrmited to =20 md) [ (Ve + 1.0 2. Vg = Vige = Vam.

Yo = Vg -O3Vie +70V

1. Shosses shovs WMiose tafed moy couse pevrmanent
damoge to ihe devios, Exposurs fo the absolte
L T fotings may offect dievice relobilty.
Functioma cpenatfon is nof impdied of Hhess
conatang.

Table

Yy Input Low Vohtope v
Vig Input High Voltoge 2.4 v -
Ve Cufput Low Volloge 0.4 Vo |l =40ma
Ver Output High Vollage 24 Vo | o ==1.6mA
ke Ve Curent [Operating) 15 30 mA | Vee =55V, Rpg ==
ka Ve Cunent [Standoy) 0.8 10 pa |
e Input Lenakage Cument +] I :
s Input Cument HIGH wiPul 180 uA | ForceVee ¥

Down
Reser Dutout Load impedance 16 Q Speaker Load
Ry Preamp in Input Reslstarce 4 9 17 k@ |Prs17.18
Rapia, i AN N InpUt Reslstance 2.5 3 5 ki
Aone Precumnp Gain 1 20 23 24 dB ASC =00Y
Aeres Preamp Galn 2 45 -15 dB | AGC =25V
Bupp ANA IN to 5P +/- Gan 20 22 25 da

=D 11




15D1400 Serles

Table 10: DC Paramaters (Die)

. . T ﬁ_ﬁ.ﬁll‘ z
Sl bl TefraTe et e _«._q._s-;:é-b".r...-_-.'i-_ L T a‘“ : :-'-,-E—- i s
Rage AEC Output Redstance 25 B 258 kil
IpyaEH Faamp Oul Souce -2 mA | @Vgyr=1.0V
IPREL Faarmp In Snk 0.5 mA | @ Vg =20V

1. Typicol valise @ T4 = 25°C and 50 V.

2, Al Mn/Mox emifs are guardrfeed by 5D via efetincal fedfing or choractadzation. Nat ot specificotons are
TR peicer testad,

3. Veps and Voep connectad Togefher.
4, REC. PLAYL ond RLAYE must be af Veen
8. XCIK pin

Table 11: AC

Parameters (Die)

IR

2 - = Hh P ¥ % DL - I i ¥ e
Fs Sampling Frequency ISD141& a kHz | ®
801420 &4 KHz |
For F lter Poss Band BD1414 23 KHz | 3 dB Roll-COff Paint 21S)
IS0 420 24 KHz | 3 dB Roll-Off Point (1€)
Trgm Recond Duraiion ISCH 414 14 SEC
[SC 420 20 =
Tra v Picyback Durafion SO 414 14 e ()
IS0 420 20 s|C 5
Tiee RECLED ON Celay 5 meac
TiEis RFECLED OFF Delay ISD1476 3g | a9 95 TesC
501420 40 48,4 T mHec
Tser Acdress Sefup Time 300 nsec
T Arccliess Hold Time 4] FSEC
Trpun Fecord Power-Uo Detay 1301416 26 Msec
1501424 a2 rses
Teecn Record Power-Down [SD141 4 26 mees
Dely [S01420 a2 ==
Tomm Flay Power-Up Delay 501414 24 msac
jsOra20 32 mesC
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Table 11: AC Parameters (Die)

s A

|

Piay Power-Down Delay (301416

4.5

1501420 8.1
Teom EOM Pulse Widith 1801416 12,5 rmiec

1801420 15.625 rrsec
THDG Total Hamonic: Distodian i 3 % @1 KHe
Faur Speaker OUtput Powet 122 m¥ | Rpg =168
NVeun Voltage Across Speciksr Pins 1.25 25 Vp-p | Rpg=40011
Vi MIC Input Voifage 2 mv | Peak-to-Peak ¥
Vinz ANS N Input Voltoge 50 my | Peck-fo-Peak

1. Trploa valuss @ T, = 2Z5°C and 50 V.

2. MMmﬂmxﬁmamgmmwmmmmrﬂmwmﬂmﬁmﬁmWmmﬂmmﬂm
100 pe—ent fested,

. low-Necusncy cutoff dependts dpon vole of exenal copacifors fsea AN Cescnipfions |
£ Wih 5] KGO senss resstor of AA I

5. Somphing freguency and plovback cuation wil vany as much o8 =225 percent over ihe. Gommercial fernperaiurs
and vasage ronges. Al devices Wil meet the maxmum samplng freqUency and minrum playbock dwarion

porametars, For grectar sabitty, on axferndal olock can 09 Wiized (s8a Pin Descriphions).

&, FAiter snactloction apples ta the arfiolasing Mer and to ine smootting ey Tviplodl Paramater Varatan with
Votugs and Tempearofure (e,
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TYPICAL PARAMETER VARIATION WITH VOLTAGE AND TEMPERATURE (DIE)
Chart 5: Record Mode Operating Current Chart T: Standby Current (Isg)
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Chart 6: Total Harmonic Distortion Chart §: Oscillator Stability
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Figure 4: Applicatlon Example
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FUNCTIONAL DESCRIPTION EXAMPLE

The following example operating sequence dem-
onstrates the funclionclity of the 1801400 senss
devices.

1.

zl

Record o message filing the address
space,

Pulling the REC signa! LOW initiates o record
cycle from the beginning of the message
space. If FEC is held LOW, the recording
corfinues untl fhe message space has
been flled, Once the Messoge space 8
flled, racording ceasss. The device wil
autornatically powsr down after REC s
pulled HIGH,

Edge-activated playbaock.

Puling the PIAYE signcl LOW inifiates a
playback cycle from the beginning of the
message space of ot a selected location.
Ther rising edge of PLAYE has no effect on
operation. If o recoiding has filed the
message space, the enfire message s
played, When the device reoches the EOM
rmarkey, It automatically powers down. A

subsaquent faling edge on PLAVE inttiates
a new play cycle from the start address,

Level-activated playback,

Puling the FLATL signal LOW inffiates o
piayback cycle from the beginning of the
message space of a selected location. if
recording has flled the message space,
the enfire message 5 ployed. When the
cevice reaches the EOM matkern I
automatically powesrs down. A stibsequent
faling adge on PLAYL iniiates a new play
cycle from the starting address.

Leval-activated plovicask fruncated),

if PLAYL is pulled HIGH any time during the
playback cycle, the device stops plaving
and enfers the powerdown mode, A
subsequent fallng edge on PLAYL inilotes o
new play cycle from the start addrass,

Recod (interupting ployback).

The REC signal takes precedence over
oiner operations, Any LOW-going fransifion

-T2
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I1SD1400 Sexles

on REC inftiates a new record openation
from the beginning of the start address or
ot o selacted location, regardiess of any
climent spemfion in progress.

Record a message, partially filing the ad-
dress soace,

A record operation need not fil the entire
messcgs space. Releasing the REC signal
HIGH before filing fhe messoge spoce
causes e recoding o stop and an BEOM
fo e ploced, The device powers down
automaticaly.

Flay bock o message, padicly filing the
oddress space.

Puling =ne PLAYE o PLAYL signal LOW
infiates a playbock cycle which i then
complered when the EOM morker s
encolntered. Playback caoses and the
device oowers down.

RECIED operation.

The RECLED ocutput pin provides an active-
LOW signal which can be used fo dive an
LED as o “record-in-progress” indicator, It
retums t o HIGH state when the REC pin is
relegsed HIGH or when the mecording is
complered due fo the message space
being T led. This pin olso pulses LOW to
inclicate an EOM at the end of a message
being playved.

APPLICATIONS NOTE

Some users may experience an unexpected e
cording taking place when thair ciicult is powered
up, or the batteries are changed and Ve rises
faster than REC. This undesired recording pravents
playback of the previously recorded messoge. A
spurious End Of Message (EOM) marker appeaisat
fhe very beginning of the memory, preventing ac-
caess fo the original messoge, and nothing Is
played.

To prevent this occurence, ploce a capaclior
([approx. 0,001 uF] between the confrol pin (REC)
and Vo, This pulls the confrol pin volloge up with
Vo @8 if dses, Once the voltoge is HIGH, the pull-
up device will keep the pin HIGH untlt infentionally
pulled LOW, preventing fhe false EOM maiker,

Since his anomaly depends on factors such as
the capacitance of the user's printed circult
boad, not all cirewt dasigns will axhibit the spun-
aus marker, However, it s recommeanded that the
capacitor is included for design refiabiity. A more
defalled explandiion and esoldion of his occur-
rence i described in Application Infomation,

16
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[SD1400 SERIES PHYSICAL DIMENSIONS

Figure 5: 28-Lead 0.600-Inch Plastic Dual Inline Package (PDIP) (F)

i 1 e o o 0t ] e e 5 R e 8 e s s
827 267 2123 28 X 118 17 16 6

D & O

—c1—

Plastic Dual Inline Package (PDIP) (P) Dimensions

R T A ; = "g:l"' . e
¥ ! '.g:.'l-\.!".

A 1.445 1.450 1.455 356,70 34.83 36.94
B1 0,180 3.81
B2 0.048 0,070 0.07% 1.5 1.78 1.91
c 0.600 0.526 15.24 15.88
cz 0530 0.540 0.ES0 13.44 1372 13.97
B c.19 4.83
C1 gQ1s 0.38
E (81 i) 0135 318 3.43
F D.01E 0018 a.022 0.38 0.4& 0.84
G 0088 0.040 0.085 1,40 1.52 1.55
H 0130 2,54
J 0.008 0.010 D02 C.2 0.25 0.30
3 0.070 0.07E 0.080 1,78 1.91 203
q ik 15* 0° 15"

NOTE:  lsog coplonanty ta be within 0005 Inches.
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Figure 6: 28-Lead 0.300-Inch Plastic Small Outline Integrated Circuit (SOIC) (S)

HAQfAARAAARaRE

bl 0 i R B I e ) W ol LB B e R

L
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0 % o i g =
IV N R

Table 13: Plastic Small Outline Integrated Circuit (SOIC) (8) Dimensions

o Dol

= A 0.701 0.70& Q.71 17.81 17.83 | 1806
B 0.097 a.10% 0,104 2,44 2,56 2.464
c 0.292 0.294 0.29¢ 742 7.5 7.5%9
D 0.005 0.009 00115 0.127 0.22 0.29
E 0.014 0014 0.019 035 0.41 0.44
F 0.050 1.27
& 0, a0 0,404 a.410 10,14 10:31 10.41
0024 0.032 0.040 0.61 0.81 Tz

NOTE: lead coglanathy ta Ba within 0.004 inches.

18 Volca Solutlons in Silicon ™
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Figure 7: 1SD1400 Series Bonding Physical Layout’

AJ Al KCLE
RECLEG
14

[SCT 400X i
l. Die Dimenslons T AT

X722 =1 mils

¥, 168.5 +1 mils
I Die Thickness®

17.5 =1 mils
. Pod Opening

100 x 112 microns :

3.9 % 4.4 mils 1 ANA OLT

AMA, 1N
1. e bocksds of die ks Infarnally conmectad 1o Ve #f MUST NOT be conmnacted fo amy ofthar potential or domags
IRy Cooir,

2. Dip thisnass 6 aubject to change, pleose contoct G0 focfory for ahafus
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Table 14: 1ISD1400 Series PIN/ Designations, with Respect to Die Center (um)

L s

Address O %734
LY Addrass 1 19738
A2 Addrass 2 1973.8
A3 Addrass 3 1910.2
A4 Acjciress 4 17226
AS Addrsss b 15178
A Address & -1214.6
AT Address 7 -2014.1 -1399.8
NC No Connect —2074.1 -1 745.4
Vegm Vg Dightal Power Suoply -1894.1 -1971.8
Vs Vg Anaiog Pawer SUpply -358.1 -1971.8
8P+ Speaker Ouput + =17.7 ~1894.4
5P Speaker Oufout — 411.2 ~180E.6
Vecs Vi Andiog Powes Supphy 7795 -1936.2
MIC Microphone Input D015 19738
MIC REF Microphone Refetence 11687 —1973.8
AGC Autornatic Galn Control 19779 -1910.6
ANA IN Analog nput 2008, 1 ~1580.2
ANA OUT Anaiog Output 1990.7 -1379.0
PLAVL Level-Acteated Plodack 20139 1608 4
PLAYE Edige-Activited Plaviback 2013.9 17770
RECLED Record LED Output 2011.9 1971.8
XCLK Mo Cormect (cptionall 1580.7 19738
EC Record 7523 1973.8
Veon Vo Dightal Power SUpply —48.5 1929.4

NOTE: Dis dimensons ond pinspod posifions may ba sublect to changs, Pecss comtact B0 Sales Qifices or
Repressmimlives o vailly cument ar fulire speciiications.

20 Volce Splutlons in Siticon ™
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ORDERING INFORMATION

Produc? Number Descriptor Key

ISD14____

1EDT 400 Serias
Duration:
T4 = 14 Seconds
20 = 20 Seconds

Special Temparature Fleld:

Barnk= Commercial Packaged [0°%C 1o 4+ 70°C)
o Commercial Die [0°C o +50°C)
I o= Industrial {(=40°%C 10 +85°C)
— Package Type:
P = 2B8leod0.4004nch Plastic Dudl nine Pockage FOIP)
5 = 28-Lend 0.300-inch Plastic Small Ouling Package
[SNZ)
- Chier

When ordaring 1SD1 400 Series devices, please efer 1o the following valid part numbers.

i e

[S01420pP

[501476M 501 420P
3074163 IS0 4205
B 4165 15014208
B0 418K IS0 4200%

For the larast product informnation, access 15D's worddwide website af hitp://iwww.isd.com.

15D
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