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ABSTRAK

PERENCANAAN DAN PEMBUATAN MODULATOR FSK DENGAN
MENGUNAKAN METODE DDS (Direct Digital Synthesizer)

Budi Artono, 0317094, Jurusan Teknik Elektronika S-1
Dosen Pembibing I : Ir. F. Yudi Limpraptono, MT
Dosen Pembibing II : Joseph Dedy Irawan, ST, MT

Sinyal digital tidak dapat ditransmisikan begitu saja, karena bandwidth (lebar pita)
terlalu lebar. Pada makalah ini direalisasikan sebuah sistem yang dapat memodifikasikan
sinyal digital agar dapat ditransmisikan. Salah satu metode modulasi sinyal digital adalah
Frekuensi shift keying (FSK). Caranya dengan menggunakan mikrokontroler sebagai
pemrosesan data sesuai dengan metode DDS (Direct Digital Synthesis) dimana keluaran
dari Mikrokontroler berupa sinyal digital menjadi masukan untuk DAC (Digital to
Analog Converter), Output dari DAC merupakan sample bentuk gelombang analog yang
kemudian akan difilter untuk menghasilkan sinyal sinusoidal yang sempurna. Untuk
mendemodulasikan sinyal FSK ke bentuk data digunakan MT8841 sebagai demodulator.
Dengan cara ini maka dapat dihasilkan frekuensi dalam bentuk FSK dengan akurasi
tinggi dan biaya rendah. Pada pengujian sistem secara keseluruhan boudrate maksimal
yang bisa dicapai adalah 1200 bps apabila pengaturannya lebih dari 1200 bps maka data
yang diterima oleh PC mengalami kerusakan beberapa buah karakter.

Kata kunci: modulasi, FSK, DDS, mikrokontroller, DAC, filter.
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BABI

PENDAHULUAN

1.1.Latar Belakang

Seiring dengan perkembangan teknologi di segala bidang. Perkembangan dibidang
elektronika juga mengalami kemajuan yang sangat pesat sehingga hampir setiap peralatan
yang digunakan manusia tidak lepas dari penggunaan berbagai macam peralatan
elektronika yang ada. Pada perkembangannya, teknologi elektronika menuntut manusia
untuk menciptakan suatu peralatan elektronika yang tepat guna dan praktis sehingga
dapat membantu semua kegiatan menjadi lebih mudah. Salah satu perkembangan yang
paling menonjol saat ini adalah perkembangan di bidang komunikasi,Kemampuan dan
ketelitian menghasilkan serta mengendalikan bentuk gelombang berbagai frekuensi telah
menjadi suatu kebutuhan kunci yang umum bagi sejumlah industri.

Hal tersebut yang mendasari untuk mengaplikasikan suatu metode direct digital
synthesis (DDS) untuk memodulasikan Frequency Shift Keying (FSK) pada skripsi ini.
Seperti diketahui banyak sekali sistem atau metoda memproduksi suatu sinyal sinus ke
dalam format digital dan kemudian melakukan suatu konversi digital-ke-analog. Tetapi,
sistem yang dapat menawarkan kecepatan tinggi terhadap frekuensi keluaran, resolusi
frekuensi bagus dan dengan kemajuan dalam disain teknologi, serta sangat ringkas dan
membutuhkan sedikit daya sangat sedikit. Dalam sistem ini semua yang dibutuhkan
dapat terpenuhi oleh penggunaan direct digital synthesis (DDS).

Dalam skripsi ini penulis mencoba untuk membuat modulator FSK (Frequency

Shift Keying) dengan menggunakan metode DDS (Direct Digital Synthesis).



Adapun prinsip kerjanya adalah sebagai berikut, ketika tombol pada keyboard
ditekan maka data dikirim ke mikrokontroler secara serial. Mikrokontroler sebagai
pengolah data akan memproses inputan data (kode ASCII dikonversi ke bentuk biner
dimana 0 mewakili frekuensi pada nilai fl=1200HZ dan 1 mewakili frekuensi
f2=2200HZ) unt;lk dijadikan proses pada keluaran sesuai dengan perencanaan program.
Kemudian dikeluarkan ke DAC, Output frekuensi adalah modulasi FSK. Output dari
DAC merupakan sample bentuk gelombang analog yang kemudian akan dikirim melalui
filter sebelum dikeluarkan. Untuk mengetahui apakah data yang dikrim sesuai dengan
data yang diterima maka didemodulasikan menggunakan MT8841.

1.2.Tujuan

Tujuan dari skripsi ini adalah untuk memudahkan menghasilkan suatu modulasi
frekuensi dalam bentuk FSK dengan akurasi tinggi dan biaya rendah.

1.3.Rumusan Masalah

Dalam perencanaan dan pembuatan modulator FSK dengan mengunakan metode
DDS (Direct Digital Synthesis) maka permasalahannya adalah bagaimana menghasilkan
sinyal sinus dengan akurasi tinggi, membuat suatu alat yang dapat menghasilkan suatu
modulasi frekuensi dalam bentuk FSK, dan bagaimana mendemodulasikan frekuensi
FSK ke bentuk karakter/data.

1.4.Batasan Masalah

Dalam menyusun skripsi ini diperlukan suatu batasan masalah agar tidak
menyimpang dari ruang lingkup yang akan dibahas. Adapun batasan masalahnya adalah
sebagai berikut :

a) Membahas tentang sistem dan proses alat.



b) Menggunakan MT8841 sebagai demodulator FSK
¢) Menggunakan mikrokontroller ATmega untuk pemrosesan data.
1.5.Metodologi Penulisan
Metodologi yang dipakai dalam pembuatan skripsi ini adalah:
1. Studi Literatur
Dengan mencari referensi-referensi yang berhubungan dengan perencanaan dan
pembuatan alat yang akan dibuat.
2. Field Research
Dengan melakukan penelitian secara langsung mengenai objek-objek yang
berhubungan langsung dengan perencanaan alat yang akan dibuat.
3. Pengujian Alat
Dengan melakukan pengujian perblok rangkaian dan kerja seluruh sistem pada
alat tersebut.
1.6.Sistematika Pembahasan
Penulisan skripsi ini terbagi menjadi lima bab dengan sistematika sebagai berikut:
BABI PENDAHULUAN
Membabhas tentang latar belakang, rumusan masalah, tujuan, batasan masalah,
metodologi dan sistematika penulisan pada penulisan skripsi ini.
BABII LANDASAN TEORI
Berisikan tentang penjelasan dan teori-teori yang berhubungan denagn

komponen-komponen yang digunakan dalan perancangan alat.



BABIII PERENCANAAN DAN PEMBUATAN ALAT
Membahas tentang perancangan alat yang terdiri dari perancangan perangkat
keras dan perancangan perangkat lunak.

BABIV PENGUJIAN ALAT
Membahas tentang pengujian peralatan secara keseluruhan dan analisa hasil
pengujian.

BABV PENUTUP
Berisikan kesimpulan yang didapat selama perancangan dan pembuatan alat

serta saran-saran.



BABII

DASAR TEORI

2.1 Pendahuluan

Bab ini membahas sistem DDS (Direct Digital Synthesis), FSK (Frequency Shift
Keying), mikrokontroler ATmega8, DAC (Digital To Analog Converter), Filter, Op Amp
dan MT8841 sebagai demodulator.

2.2 Latar Belakang DDS

System DDS (Direct Digital Synthesis) merupakan salah satu cara untuk
menghasilkan sinyal sinusodial secara langsung. Inti dari system ini adalah arsitektur
akumulator dengan resolusi mencapai mili Hertz dan frekuensi sinyal yang dihasilkan
dapat diatur tergantung dari sinyal frekuensi referensi dan metode perancangan. Keluaran
sistem DDS yang diproses oleh Mikrokontroler berupa sinyal digital kemudian menjadi
masukan untuk DAC (D/A converter) dan LPF (Low Pass Filter) untuk menghasilkan

sinyal sinusoidal yang sempurna.

Semua parameter kontrol sistem DDS berada dalam bentuk besaran digital.
Sistem DDS pada dasarnya terdiri atas akumulator phasa, LUT (Look Up Table), dan
osilator sebagai pembangkit frekuensi referensi (clock). Sedangkan DAC (digital to
Analog Converter) dan LPF (Low Pass Filter) merupakan komponen-komponen

penunjang sistem DDS.



2.2.1 Kelebihan Dan Fleksibilitas DDS

Kelebihan penggunaan Sistem DDS adalah Karakteristik sistem DDS itu sendiri,
dimana keutamaan dari si §tem ini adalah memiliki settling time/kecepatan yang cepat dan
memiliki resolusi frekuensi yang Halus terhadap frekuensi keluaran, operasi atas suatu
spektrum frekuensi yang lebar dan dengan kemajuan dalam disain teknologi proses. serta
sangat ringkas dan sedikit membutuhkan pemakain daya. sehingga sangat memungkinkan
sistem DDS bisa lebih dikembangkan untuk desain alat yang berkaitan dengan aplikasi-
aplikasi frequency hopping serta system-sistem yang berkaiatan dengan peralatan
pemancar radio, TV, peralatan test, dll.

2.3 FSK (Frequency Shift Keying)

Frequency Shift Keying (FSK) adalah modulasi yang menyatakan sinyal digital 1
sebagai suatu nilai tegangan dengan frekuensi (f1 = 2200 Hz), sementara sinyal digital 0
dinyatakan sebagai suatu nilai tegangan dengan frekuensi (f2 = 1200 Hz).pada modulasi
frekuensi dapat dilakukan pada beberapa frekuensi sekaligus agar pengiriman data

menjadi lebih effisien.

AR

Sodulated Signal

Gambar 2.1

FSK modulation'"!



spektrum secara keseluruhan terdiri dari superposisi 2 spektra FSK dengan

frekuensi f1 dan 2.

2.4 Mikrokontroler AVR Atmega8
2.4.1. Arsitektur
AVR Atmega8 adalah mikrokontroler 8-bit CMOS, low-power yang berdasarkan
pada bentuk arsitektur AVR RISC ( Reduced Instruction Set Computer), yang hampir
semua instruksinya selesai dikerjakan dalam satu siklus clock. AVR ATmega8
menggunakan instruksi tunggal (Single Clock Cycle), yaitu sistem mikrokontroler yang
frekuensi kerja dalam chip sama dengan frekuensi kristal untuk osilator tanpa
memerlukan rangkaian pembagi frekuensi setelah osilator yang diperlukan untuk
memperoleh perbedaan fase dari clock, sehingga AVR 12 kali lebih cepat dibanding
MCS51.
Berbagai karakteristik yang tersedia dalam IC ATmega8 adalah sebagai berikut:
e 8K bytes In-System Programable Flash
e 512 bytes EEPROM (Electrical Erasable Programable Read Only Memory)
e 512 bytes SRAM (Static Random Access Memory)
e 23 jalur I/O general-purpose
e 32 x 8 general-purpose working register
e Timer/Counter yang fleksibel dengan mode pembanding
o Interupsi internal dan eksternal
e Pemrograman serial UART (Universal Asynchronous Receiver and Transmitter)

o Serial Port SPI (Serial Peripheral Interface)



ATmega 8 mempunyai dua buah power-save mode yang dapat diatur melalui

software, yaitu:

a.

Idle Mode

Menghentikan CPU sementara SRAM, Timer/ Counter, port SPI, dan sistem
tetap berfungsi.

Power-Down Mode

Menyimpan isi register dan menahan osilator untuk tidak mengaktifkan fungsi-

fungsi chip yang lain sampai terjadi reset atau interupsi dari luar.

! Data Bus 8-bit
Program Status
Prf:'vg?a":n e——  Counter [ and Control [
Idemory
Interrupt
L ol 32x8 "’I Onit
Instruction General
Redgister Purpose SP|
< Registrers i Unit
lrgtru\:;ion Watchdog
ecoder e
2 g L—VJ Timer
v
l 3 —§ ALY PN Analog
Contral Lines § 3 Comparalor
3 i
o = > 1O Modulet
Data Ol .
o SRAM 110 Module 2
> 'O Modulen
EEPROM —»
IO Lines 0—;
Gambar 2.2

Arsitektur AVR ATmega8"
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Blok Diagram AVR ATmega8"
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2.4.2. Konfigurasi Pin-Pin Mikrokontroller ATmega8

Mikrokontroller ATmega8 mempunyai 28 pin seperti pada gambar di bawah ini:

PDIP
Y
(RESET)PCs [ 1 28 [ PCS (ADCS/SCL)
(RXD}PDa]2 27 [0 PC4 (ADC4/SDA)
(TXDyPD1 3 26 [0 PC3 (ADC3)
(NTO}PD20 4 25 [0 PC2 (ADC2)
(NT1} PD3]5 24 1 PC1{ADCT)
KCKTO)PD4 [ 6 23 [ PCo {ADCa)
veer 22 [1GND
GNDO8 21 [0 AREF
(XTAL1/TOSC1)PR6 ] 8 203 AYCC
(XTAL2TOSC2) PB7] 10 19 1 PBS (SCK)
(THPDs[] 11 18 [1 PB4 (MISQO)
(&INO) PDs [ 12 17 [J PB3 (MOSVOC2)
(&INT) PDTC] 13 16 PB2 (§S/0C1B)
(ICP1) PBa ] 14 15 [0 PB1 (OC1A)

Gambar 2.4 Konfigurasi Pin ATmega8"!
Fungsi tiap pin-nya adalah sebagai berikut:

a. Vcc: Tegangan Supply

b. Gnd: Ground

c. Port A (PAO-PA7): Port dua arah I/O 8-bit, kaki portnya dapat menyediakan
resistor pull-up internal (dipilih untuk masing-masing bit). Port A juga dapat
mengendalikan tampilan LED secara langsung.

d. Port B (PB0-PB7: Port dua arah I/O 8-bit dengan resistor pull-up internal,
digunakan pada fungsi-fungsi khusus dari karakteristik ATmega8.

e. Port C (PCO-PC7): Port dua arah I/0 7-bit dengan resistor pull-up internal.

f. PC6/RESET: Jika fuse RSTDISBL sudah diprogram, PC6 digunakan sebagai

suatu pin /0. Jika fuse RSTDISBL belum diprogram, PC6 digunakan sebagai
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h.

243

inputan Reset dimana level low dari pin ini lebih panjang dari pulsa minimum
yang dihasilkan Reset.

Port D (PD0-PD7): Port dua arah /O 7-bit dengan resistor pull-up internal.
Sebagai input, port D menggunakan eksternal pull low dengan sumber arus jika

pull up resistor diaktifkan.

RESET: Input reset. Level low-nya untuk lebih panjang dari pulsa minimum yang

dihasilkan reset, meskipun clock tidak bekerja.

AVcc: sebagai suplay tegangan untuk A/D converter port C ( 3..0), dan ADC
(7..6). Pin ini harus dihubungkan dengan V¢ melalui low-pass filter.

AREF: Pin analog referensi untuk A/D converter.

ADC 7..6 (TQFT and MLF): Pada TQFP dan MLP, ADC 7..6 bekerja sebagai
input analog untuk A/D converter. Pin-pinnya mendapat daya dari power supplay
analog dan dapat melayani 10 bit saluran ADC.

Peta Memori

AVR ATmega8 memiliki ruang pengalamatan memori data dan memori program

yang terpisah. Memori data terbagi menjadi 3 bagian, yaitu 32 register umum, 64 buah

register 1/0, dan 1024 byte SRAM Internal.

Register keprluan umum menempati space data pada alamat terbawah, yaitu $00

sampai$1F. Sementara itu, register khusus unutk menangani I/O dan control terhadap

mikrokontroler menempati 64 alamat berikutnya, yaitu mulai dari $20 hingga $5F.

register tersebut merupakan register yang khusus digunakan untuk mengatur fungsi

terhadap peripheral mikrokontroler, seperti control register, timer/ counter, fungsi-fungsi

/O, dan sebagainya. Alamat memori berikutnya digunakan untuk SRAM 1024 byte,

11



yaitu pada lokasi $60 sampai dengan $45F. Konfigurasi memori data ditunjukkan pada

gambar dibawah ini.

Register Flle Data Address Space
RO $0000
Ri $0001
A2 $0002
R29 $001D
R30 $001E
R31 — —— _— $001F

140 Registers o o o
$00 $0020
$01 $0021
$02 $0022
$3D $008D.
$3E $005E
$3F —_—— R — $005F
Internal SRAM

$0060
$0061
$045E
$045F

Gambar 2.5. Data Memory Map?!

Memori program yang terletak dalam Flash System Reprogrammable Flash
mempunyai 8K byte karena setiep instruksi memiliki lebar 16-bit atau 32-bit. AVR
ATmega memiliki 4K byte x 16-bit Flash dengan alamat mulai dari $00 sampai $FFF.
AVR tersebut memiliki 12-bit Program Counter sehingga mampu mengalamati isi Flash.
Selain itu,AVR ATnega8 juga memiliki memory data berupa EEPROM 8-bit sebanyak
512 byte. Alamt EEPROM dimulai dari $000 sampai $1FF.

2.4.4. Status Register (SREG)

Status register adalah register berisis status yang dihasilkan pada setioap operasi

yang dilakukan ketika suatu instruksi dieksekusi. SREG merupakan bagian dari inti CPU

mikrokontroler.
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Bit

Read/Write
Initial Value

7 6 5 4 3 2 1 0
= —V 1 N | Z 1 C ] s
;’-TY ;7 A/ -‘-r" 57" R/W
0 0 0 0 0 0 0 0

Gambar 2.6. Status Register AVR ATmega8"*!

Keterangan dari bit SREG adalah:

a.

Bit7 - I: Global Interrupt Enable

Bit harus diset untuk meng-enable interupsi. Setelah itu, baru dapat
mengaktifkan interupsi mana yang akan digunakan dengan cara meng-
enable bit control register yang bersangkutan secara individu. Bit akan di-
clear apabila terjadi suatu interupsi, serta akan diset kembali oleh intruksi
RETL

Bit 6 — T: Bit Copy Storage

Intruksi BLD dan BST menggunakan bit-T sebagai sumber atau tujuan
dalam operasi bit. Suatu bit dalam suatu register GPR dapat disalin ke bit T
menggunakan instrusi BST, dan sebaliknya bit T dapat disalin kembali ke
suatu bit dengan register GPR menggunakan instruksi BLD.

Bit 5 — H: Half Carry Flag

Bit4 - S: Sign Bit, S=N®V

Bit-S merupakan hasil operasi EOR antara flag-N (negative) dan flag V
(komplemen dua overflow).

Bit 3 — V:Two s Complement Overflow Flag

Bit berguna untuk mendukung operasi aritmatika.

Bit 2 — N: Negative Flag
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Apabila suatu operasi menghasilkan bilangan negative, maka ﬂa‘g-N akan
diset.
g. Bit1—2Z: Zero Flag
Bit akan diset bila hasil operasi yang diperoleh adlah nol.
h. Bit0-C: Carry Flag
Apabila suatu operasi menghasilkan carry, maka bit akan diset.
2.4.5. Register /O
Semua port pada AVR memiliki kebenaran fungsional read-modify-write ketika
digunakan sebagai port 1/O umum. Ini berarti bahwa arah dari satu pin port dapat diubah
tanpa bermaksud mengubah arah dari pin yang lain. Logika port /O dapat diubah-ubah
dalam program secara byte atau hanya bit tertentu. Mengubah sebuah keluaran bit /O
dapat dilakukan menggunakan perintah cbi (clear bit 1/0) untuk menhasilkan output low
dan perintah sbi (set bit I/O) untuk menghasilkan output haig. Pengubahan secara byte
dilakukan dengan perintah in atu out yang menggunakan register bantu.
a. PortA
Tiga lokasi alamat memori /O dilokasikan pada port A, masing-masing adalah
register data-Port A, $1B ($3B), register data direction (register pengrah data)-
DDRA, $1A ($3A), dan pin input port A-PIN A, $19 ($39). Pin-pin port A
memiliki fungsi alternatif yang terhubung pada plihan data eksternal SRAM. Port
A dapat dikonfigurasikan menjadi multiplexed low order alamat/data bus selama

akses ke data memori eksternal. (blok diagram dapat dilihat pada lampiran).
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b. PortB
Tiga lokasi alamat memori I/O yang dilokasikan pada port D, masing-masing
adalah register data-PORTB, $18 ($38), register pengarah data-DDRB, $17 ($37),
dan pin input port B-PINB, $16 ($36). (Blok diagram port B dan fungsi
alternative pinnya dapat dilihat pada lampiran).
c. PortC
Tiga lokasi alamat memori I/O yang dilokasikan pada port C, masing-masing
adalah register data-PORTC, $15 ($35), register pengarah data-DDRC, $14 ($34),
dan pin input port C-PINC, $13 ($33). (Blok diagram skematik dapat dilihat pada
lampiran).
d. PortD
Tiga lokasi alamat memori I/O yang dilokasikan pada port D, masing-masing
adalah register data-PORTD, $12 ($32), register pengarah data-DDRD, $11 ($31),
dan pin input port D-PIND, $10 ($30). (Blok diagram skematik port D dan fungsi
alternatif pinnya dapat dilihat pada lampiran).
2.4.6. Osilator
Sumber clock dapat diatur dengan dua cara yaitu osilator internal dan osilator
eksternal. Pengaturan osilator eksternal dilakukan dengan menambahan kristal keramik
sesuai kebutuhan. Untuk osilator internal Atmega8 memiliki 4 nilai yaitu 1, 2, 4, 8 MHz.
Penggunaan osilator internal menggunakan register OSCCAL, untuk 1 MHz alamat
regiternya adalah 0X0000, untuk 2 MHz alamat regiternya adalah 0X0001, untuk 4 MHz

alamat regiternya adalah 0X0002, untuk 8 MHz alamat regiternya adalah 0X0003
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2.4.7 Interupsi

Interupsi adalah kondisi yang membuat CPU berhenti dari rutinitas yang sedang
dikerjakan (rutin utama) untuk mengerjakan rutin lain (rutin intrupsi). AVR ATMega8
memiliki 19 sumber interupsi.

a. Pada AVR terdapat 3 pin untuk interupsi eksternal, yaitu INTO, INT1 ,INT2.
Interupsi eksternal dapat dibangkitkan apabila terdapat perubahan logika atau
logika 0 pada pin interupsi. pengatuiran kondisi keadaan yang menyebabkan
terjadinya interupsi eksternal diatur oleh register MCUCR(MCU Control
Register). Yang terilihat pada tabel dibawah ini:

Bit

Read\Vrite
‘ntial Value 0 0 0 0 1] 0 D 0
Gambar 2.7
Register MCUCR?

Bit penyusunya dapat dijelaskan sebagai berikut:
b. Bit ISC11 dan ISC10 bersama-sama menentukan kondisi yang dapat
menyebabkan interupsi eksternal pada pin INT1.keadaan selengkapnya dapat

dilihat pada tabel dibawah ini:

Tabel 2.1 beberaBa settmE kondisi yang menzebabkan mterugsn eksternal 1!

iIsC11 ISC10 | Description

0 The low level of INT1 generates an interrupt request.

1 Any logical change on INT1 generates an interrupt request.
0 The falling edge of INT 1 generates an interrupt request.

1 The rising edge of INT 1 generates an interrupt request.

-l OO

c. Bit ISCOl1 dan ISCO0 bersama-sama menentukan kondisi yang dapat
menyebabkan interupsi eksternal pada pin INTO. keadaan selengkapnya dapat

dilihat pada tabel dibawah ini:
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Tabel 2.2 beberapa setting kondisi yang menyebabkan interupsi eksternal 0!

iIsCo1 ISC00 | Description
0 0 The lovs level of INTO generates an interiupt request.
0 1 Any logical change on INTQ generates an interrupt request.
1 0 The falling edge of INTO generates an interrupt request.
1 1 The rising edge of INTO generates an intemupt request.

Pemilihan pengaktifan interupsi eksternal diatur oleh register GICR (General Interupsi

Control Register) yang terlihat seperti gambar berikut:

Bit 7 2 5 ¢ 3 2 1 2
= " GICR
RsadWrhe W "W R ) 1 AW N
3l Valoe o e e 0 ) b
Gambar 2.8

General Interrupt Control Register”
Bit penyusun dapat dijelaskan sebagai berikut:

a. Bit INT1 adalah bit untuk mengaktifkan intrupsi ekternal 1. apabila bit tersebut
diberi logika 1 dan bit-I pada SREG (stataus register) juga satu, maka interupsi
eksternal 1 akan aktif.

b. Bit INTO adalah bit untuk mengaktifkan intrupsi eksternal 0. apabiala bit tersebut
diberi logika 1 dan bit-I pada SREG (status register ) juga satu, maka interupsi
eksternal 0 akan aktif.

¢. Bit INT2 adalah bit untuk mengaktifkan interupsi ekternal 2 apabila bit tersebut
diberi logika 1 dan bit-I pada SREG (status register ) juga satu, maka ekternal 2
akan aktif.

Program interupsi dari masing-masing jenis interupsi eksternal akan dimulai dari

vektor interupsi pada masing-masing jenis. Alamatnya dapat dilihat pada tabel:
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Tabel 2.3 Macam Sumber lnterugsi Eada AVR AtmeﬁaS"'

Program |
Vector No. | Address'® | Source Interrupt Definition
— —
1 0ox000™ | RESET External Pin, Power-on Reset, Brown-out
Reset, and Watchdog Reset
2 0x001 | INTO External Interrupt Request 0
3 ox002 | INT1 . é&ernal Interrupt Request 1
4 0x003 | TIMER2 COMP | Timer/Counter2 Compare Match
5 Ox004 | TIMER2 OVF Timer/Counter2 Overflow
6 0x005 | TIMER1 CAPT | Timer/Counter1 Capture Event
7 0x006 | TIMER1 COMPA | Timer/Counter1 Compare Match A
8 0x007 | TIMER1 COMPB | TimerCounter1 Compare Match B
9 ox008 | TIMER1 OVF Timer/Counter1 Overflow
10 ox009 | TIMERO OVF Timer/Counter0 Overflow
" 0x00A | SPI, STC Serial Transfer Complete
12 0x00B | USART, RXC USART, Rx Complete
13 0x00C | USART,UDRE | USART Data Register Empty
14 0x00D | USART, TXC USART, Tx Complete
15 0x00E | ADC ADC Conversion Complete
16 Ox00F | EE_RDY EEPROM Ready
17 0x010 | ANA_COMP Analog Comparator
18 o011 [ TWI Two-wire Senal Interface
19 0x012 | SPM_RDY Store Program Memory Ready

Untuk inisialiasasi awal interupsi, perlu dituliskan terlebih dahulu vektor interupsi
dari interupsi yang terdapat pada sistem. Vektor interupsi adalah nilai yang disimpan ke
program counter pada saat terjadi interupsi sehingga program akan menuju ke alamat

yang ditunjukkan oleh program counter. alamat interupsi eksternal 0 pada alamat 001H
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dan interupsi terima serial pada alamat 00B masing-masing alamat vektor memililki jarak
yang berdekatan sehingga akan timbul masalah jika dperlukan rutin layanan interupsi
yang panjang oleh sebab itu layanan interupsi ekternal 0 akan melompat ke alamat
ext_int0 dan inetrupsi terima serial pada alamat USART_RXC.

Pengaktifan interupsi eksternal dilakukan dengan memberikan logika satu pada
register GICR. Dengan demikian, pada pengaktifan interupsi ekternal 0, akan diberikan
logika satu pada bit ke 6 register GICR. pengaktifan interupsi terima serial dilakukan
dengan memberikan logika 1 pada bit ke 7 register UCSRA. Terakhir, berikan perintah
sei untuk menagaktifkan global interupt.

Interupsi dapat muncul kapan pun (kecuali jika bit enable interupsi dalam SREG
clear) dengan demikian, interupsi juga dapat mencul ketika program sedang melakukan
kalkulasi. Kalkulasi tersebut merubah flags dalam status register yang digunakan untuk
next step dari kalkulasi atau untuk beberapa percabangan program. Jika ISR mengubah
flags dalam SREG, maka kalkulasi yang sedang ditempatkan dalam program yang
berjalan normal dapat di-corupt. Oleh sebab itu, perlu pengamanan SREG pada setiap
subrutin interupsi.

2.4.8. Timer/Counter 2
Timer/counter 2 adalah 8 bit Timer/Counter yang multifungsi. Deskripsi untuk
Timer/Conuter 2 pada ATMega8 adalah sebagai berikut:
a. Sebagai Counter 1 kanal
b. Timer dinolkan saat match compare (auto reload)
c. Dapat menghasilkan gelombanng PWM dengan glitch-free

d. Frekuensi generator
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e. Prescaler 10 bit untuk timer
f Ineterupsi timer yang disebabakan timer averflow dan match compare
Pengaturan timer/counter 2 diatur oleh TCCR2 (Timer/Conuter control register 0)

yang dapat dilihat pada gambar berikut:

Bit v 2 § 4 3 2 1

7 a
FOC2 | WGM20 | COM21 | COM2C | WGM21 | €822 | cs2t | C320 | TCem?

I — I
Read’Wrie W R RW KW RW RW RW R'W
~sial Valos 0 o 0 0 0 ¢ 0 0
Gambar 2.9
Register TCCR2?

Penjelasan untuk tiap bit adalah:
a. Bit7-FOC2 : Force Output Compare
b. Bit 6,3 — WGM21 : WGM20: Waveform genertion unit
Bit tersebut mengontrol kenaikan counter, sumber dari nilai maksimum counter,
dan tipe dari jenis Timer/Counter yang dihasilkan, yaitu mode normal, clear timer
mode compare match, dan dua tipe dari PWM (Pulse Width Modulation) berikut
tabel setting pada bit untuk menghailkan mode tertentu:

Tabel 2.4 Konfigurasi Bit WGM21 dan WGM20?!
e——r

wWeM21 | WGM20 | Times/Counter Mode Update of | TOV2Flag
Mode | (CTC2) | (PWM2) | of Operation' TOP | OCR2 Set
0 o] 0 Nommal OxFF | Immediate | MAX
1 0 1 PWM, Phase Comrect OxFF | TOP BOTTOM
2 1 0 CTC OCR2 | Immediate | MAX
3 1 1 Fast PWM oxFF | TOP Max

c. Bit5,4 — COM01:COMO00:Compare Match Output Mode
Bit mengontrol pin OCO(Output Compare pin) apalagi kedua bit tersebut nol atua

clear, maka pin OCO berfungsi sebagai pin biasa namun, jika salah satu bit set,
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maka fungsi pin tergantung pada setting bit pada WGMO00 dan WGMO1 berikut

daftar tabel setting bit sesuai setting pada WGMO00 adan WGMO1.

Tabel 2.5 Konfigurasi Bit COM21 dan COM20 Compare Output Mode non PWM®!

COM21 COM20 Description
(o} 0 Normal port operation, 0C2 disconnected.
0 1 Toggle OC2 on Compare Match
1 0 Clear 0C2 on Compare Match
1 1 Set OC2 on Compare Match

Tabel 2.6 Konﬁgurasi Bit COM21 dan COM20 ComEare Ou}zut Mode fast PWM#

com21 COM20 | Description
o 0 Nomnal port operation, 0C2 disconnected.
o 1 Reserved
1 0 Clear OC2 on Compare Match, set OC2 at TOP
1 1 Set OC2 on Compare Match, clear OC2 at TOP

Tabel 2.7 Konfigurasi Bit COM21 dan COM20 Compare Output Mode Phase Correct

PWM™!
COM21 | COM20 | Description

0 0 Normal port operation, 0C2 disconnected.

0 1 Reserved

1 0 Clear OC2 on Compare Match when up-counting. Set GC2 on Compare
Match when downcounting.

1 1 Set OC2 on Compare Match when up-counting. Clear OC2 on Compare
Match when downcounting.

d. Bit2, 1, 0-CS22;CS21,CS20 : Clock Select
Ketiga bit tersebut memillih sumber clock yang akan digunakan oleh

timer/counter Berikut list tabelnya:
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Tabel 2.8 Konilgurasi Bit Clock Select untuk Memilih Sumber Clock®!

CS22 cs21 CS20 | Description
0 0 0 No clock source (TimerCounter stopped).
o o 1 clkros/(No prescaling)
0 1 0 clkyos/8 (From prescaler)
0 1 1 cﬂcr;sgf32 (From prescaler)
1 0 0 clkro/64 (From prescaler)
1 (o} 1 cliroc/128 (From prescaler)
1 1 0 clkrsof256 (From prescaler)
1 1 1 clkrag/1024 (From prescaler)

2.3.9. Register TIMSK

Selain register di atas terdapat pula register TIMSK (Timer/Counter Interrupt

Mask Register).
Bit 7 ] 5 4 3 2 1 0
| OCIE2 | TOiE2 | TICIE1 | OCIE1A | OCIE1B | TOIE1 - TOIEO | TIMSK
Read/Write RIW RW RW RW RIW RW R RW
Initial Value 0 0 0 0 0 0 0 0

Gambar 2.10. Register TIMSK®!

Penjelasan Untuk setiap bit adalah:

a. Bit 0 — TOIEQ: Timer/Counter 0 Overflow Interrup Enable
Jika bit tersebut diberi logika satu dan bit i SREG juga set, maka dilakukan
enable interupsi Overflow Timer/Counter 0.

b. Bit 1 — OCIEO: Timer/Counter 0, Output Compare Match Interrupt Enable
Jika bit tersebut diberi logika satu dan bit i SREG juga set, maka bias
dilakukan enable interupsi Output Compare Match Timer/Counter 0.

c. Bit2 - TOIE!: Timer/Counter 1 Overflow Interrup Enable
Jika bit tersebut diberi logika satu dan bit i SREG juga set, maka dilakukan
enable interupsi Overflow Timer/Counter 1.

d. Bit 3~ OCIE1B: Timer/Counter I, Output Compare B Match Interrupt Enable
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Jika bit tersebut diberi logika satu dan bit i SREG juga set, maka dilakukan
enable interupsi Overflow Compare Match B Timer/Counter 1.

e. Bit4 - OCIE1A: Timer/Counter 1, Output Compare A Match Interrupt Enable
Jika bit tersebut diberi logika satu dan bit i SREG juga set, maka dilakukan
enable interupsi Overflow Compare Match A Timer/Counter 1.

f. Bit5—TICIEl: Timer/Counter 1 Input Capture Interrupt Enable

g. Bit 6 — TOIE2: Timer/Counter 2, Overflow Interrupt Enable
Jika bit tersebut diberi logika satu dan bit i SREG juga set, maka dilakukan
enable interupsi Overflow Timer/Counter 2.

h. Bit 7 — OCIE2: Timer/Counter 2, Output Compare Match Interurpt Enable
Jika bit tersebut diberi logika satu dan bit i SREG juga set, maka bias
dilakukan enable interupsi Output Compare Match Timer/Counter 2.

2.5. Digital To Analog Converter (DAC)

Keluaran-keluaran yang berbentuk sinyal analog dari suatu system computer dapat
diperoleh dengan menggunakan converter digital ke analog, yang luas dikenal dengan
istilah DAC (Digital to Analoque Converter). DAC akan mengkonversi sebuah sinyal
digital menjadi bentuk sinyal analog.

Salah satu susunan rangkaian converfer digital ke analog adalah DAC dengan
pembobotan biner (R-2R). dalam implementasi pembobotan biner kedua, hanya dua nilai
resistor yang berbeda yang digunakan untuk memperoleh arus-arus pembobotan biner.
Seperti tampak pada gambar 2.10 implementasi DAC pembobotan biner dapat dilakukan
dengan menggunakan rangkaian R-2R bersama-sama dengan sebuah komponen penguat

dan saklar CMOS. bergantung pada posisi saklar CMOS, arus-arus pembobotan biner
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dapat mengalir ke resistor umpan balik atau ke terminal ground. arus yang mengalir ke

resistor umpan balik akan berkontriibusi pada tegangan keluaran rangkaian.

Vref Re
[ ]

Gambar 2.11. Rangkaian R-2RP!

Nilai-nilai bit dari sinyal digital akan menentukan posisi saklar. sebuah logika yang
bernilai 1 pada bit yang paling signifikan akan mengakibatkan saklar CMOS yang
berkorespondensi, d4, terhubung ke terminal masukan pembalik buffer. arus Vr¢2 akan
mengalir ke titik penjumlahan buffer yang akan membangkitkan sebuah tegangan
keluaran. logika yang bernilai 1 pada bit yang paling signifikan berikutnya akan
mengoperasikan saklar CMOS d; dan mengakibatkan arus V.#4R mengalir menuju ke
tittk penjumlahan buffer. dengan demikian besar arus yang mengalir akan bernilai
setengah untuk setiap nilai biner bit yang bernilai setengah dari nilai sebelumnya,
sehingga tegangan keluaran rangkaian akan berbanding lurus terhadap nilai sinyal

digital.
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Keuntungan dari rangkaian R-2R adalah hanya memerlukan dua nilai resistor.
pencapaian kondisi matching di antara sejumlah resistor yang memiliki nilai R dan 2R
akan lebih mudah.

2.6. Filter

Filter (tapis atau penyaring) didefinisikan sebagai rangkaian listrik yang dirancang
untuk melewatkan atau meloloskan arus bolak-balik yang dibangkitkan pada frekuensi
tertentu serta memperlemah semua arus bolak-balik yang dibangkitkan dengan frekuensi-
frekuensi yang lain. (George Clayton dan Steve Winder, 250).

Suatu rangkaian filter LPF(Low Passs Filter) sederhana yang terdiri dari komponen
kapasitor (C) dan resistor (R). Rangkaian diatas pada intinya merupakan sebuah
rangkaian pembagi tegangan yang terdiri atas sebuah komponen resistif (resistor) yang

terhubung secara seri dengan sebuah kapasitor.
R
E 00nF

3.9K
Gambar 2.12. Rangkain Low Pass Filter**

tegangan keluaran rangkaian, e,, diambil pada titik ujung dari komponen kapasitor.
tegangan keluaran ini berelasi dengan tegangan masukan, e;, sesuai persamaan:
e~ 7Xc e/(R5X)
Persamaan bilangan kompleks di atas memperlihatkan bahwa amplitude tegangan

keluaran, e,, dapat dinyatakan dalam persamaan:
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le| = EE
(,/RZ +Xﬁ)

Meskipun tegangan masukan , e;, dapat dijaga konstan sepanjang kisaran dari
frekuensi-frekuensi masukan, amplitude tegangan keluaran, e,, akan tetap berkurang jika
frekuensi sinyal masukan bertambah. Hal ini terjadi oleh karena reaktansi kapasitif
kapasitor X, = 1/2afC, bervariasi secara berkebalikan terhadap frekuensi, f, serta
memiliki kecenderungan untuk bernilai tak terhingga pada frekuensi yang sama dengan
nol dan bernilai nol pada frekuensi yang sangat tinggi (tak terhingga). dengan demikian
pada frekuensi-frekuensi yang sangat tinggi, secara efektif tidak akan terdapat tegangan
keluaran rangkaian.

Pada frekuensi-frekuensi rendah rasio voltase keluaran terhadap voltase masukan
tetap berada level yang konstan hingga mencapai frekuensi f.. frekuensi ini dikenal
sebagai frekuensi cutt-off yaitu frekuensi di mana reaktansi kapasitor memiliki

magnitude yang sama dengan resisitansi rangkaian, yang dirumuskan oleh persamaan:

f. =gt
Untuk frekuensi-frekuensi yang lebih rendah dari f;, gain rangkaian adalah konstan dan
pada frekuensi-frekuensi yang lebih besar daripada f;, gain rangkaian dapat dianggap
sangat rendah sehingga sinyal-sinyal dengan frekuensi ini akan diredam oleh rangkaian.
2.7 Komunikasi Serial

Untuk mengirimkan kode ASCII dari PC (Personal Computer) dan untuk menerima
data dari demodulator, digunakan port serial RS-232, dimana pada port ini terdapat
fungsi-fungsi untuk Tx (pengiriman data), Rx (penerimaan data) dan TX/RX (pemilihan

mode Tx atau Rx). Untuk melakukan transfer kode ASCII dari PC ke mikrokontroler
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digunakan IC MAX232, yang merupakan rangkaian terpadu untuk antarmuka komunikasi

serial.

C1+ E ’ E Ve
W [2] 5] GHID
¢ 3] snmvann [ul on
(4] magw  i)em
G- E 5%%4 1_—2] Riour
V- (5] 1] Tiw
Tagur 7] 0] Tan
Raw 8] E] R2gur

Gambar 2-13
RS 232 (MAXIM )®

RS MAX232 tersusun dari 2 bagian yaitu RS232 Line Driver yang berfungsi
mengubah level tegangan TTL ke level tegangan RS232 dan RS232 Line Receiver yang
berfungsi mengubah level tegangan RS232 ke level tagangan TTL.

Alat ini merupakan standart yang dipakai untuk mengirimkan aliran bit seri antar
interface. Komunikasi serial dapat dibagi menjadi dua sifat dasar pola komunikasi. Yang
pertama adalah komunikasi asinkron, dimana pola-pola bit tertentu dipakai untuk
memisahkan bit-bit karakter. yang kedua adalah komunikasi seri sinkron, yang
memungkinkan karakter dikirim secara berurutan, namun membutuhkan Karakter
sinkronisasi khusus pada awal setiap karakter dan karakter semua khusus untuk
dikirimkan ketika tidak ada informasi yang sedang dikirim.

2.7.1 Protokol Komunikasi pada RS 232

Beberapa protokol dalam interface RS 232 adalah:
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e Start Bit
Merupakan sebuah bit dengan logic “0” dimana bit ini yang menandakan bahwa
akan ada karakter atau data yang mengikutinya. Bit ini langsung diberikan oleh
sinyal device tanpa harus mensetnya terlebih dahulu.

e Data Bit
Merupakan bit yang mewakili dari karakter yang diikutinya data bit ini dapat
diset sepanjang antara 5 sampai 8 bit.

o Pariti Bit
Merupakan bit yang digunakan sebagai error checking pada receiver , apabila
terjadi kesalahan maka receiver akan menset error flag ( parity error ) pada
special register. Parity bit ini menghitung jumlah data yang berlogic ‘1’ pada data
bit. Perhitungan jumlah data bit tersebut tergantung dari jenis parity yang diset.
Untuk parity EVEN maka jumlah data bit yang berlogic ‘1’ ditambah dengan
parity bit akan menghasilkan jumlah yang ganjil.‘ Sedangkan untuk parity MARK
merupakan parity bit selalu berlogic ‘1° begitu pula pada space, parity bit selalu
berlogic ¢ 0’ dan parity NONE disini parity bit yang diabaikan.

e Stop Bit
Merupakan bit yang menandakan akhir dari suatu paket data ( biasanya 1 byte
data ). Seperti pada start bit, bit ini langsung diberikan dari serial device. Sfop bit
ini dapat diset panjangnya menjadi satu bit, satu setengah dan dua bit.

e Baut Rate
Sebenarnya baut rate berarti pergantian kondisi tiap detik ( State Change of the

Line persecond ), tetapi karena hanya ada 2 kondisi pada serial ( logic 0 dan 1)
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maka dapat juga digunakan untuk menunjukkan kecepatan dari transmisi ( bits
per second ).

»  TxBuffer : berfungsi menampung dan menyimpan data yang akan dikirim keluar.
Data ini dikirim oleh CPU ke Tx Buffer setelah memastikan
diperolehkannya melakukan pengiriman.

» RxBuffer : berfungsi menampung dan menyimpan data yang akan diterima. Data
yang akan diterima lebih dahulu ditampung dalam Rx Buffer.

2.8 Op Amp Inverting
Pada penguat inverting tegangan input diberikan pada tegangan terminal input

negatif sedangakan terminal positifnya dihubungkan dengan ground dasra gamabar

inverting diperlihatkan pada gambar berikut

v0!.!’!'

Gambar 2.14
Rangkaian Op Amp Inverting'®

Teganagn keluaran (Vout) pada penguat tak membalik dapat diperhitungkan
dengan persamaan sebagai beriikut:

Vout = (l + :—f)Vin

n

Sedangakan penguatanya dapat diperoleh dengan persammaan di bawah ini:

_ Vout
Vin

A
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p
1+ Bf ]Vin
q=\ Rin
Vin
.
A= 1+£)
\  Rin
29 MTS8841

MT8841 adalah sebuah IC CMOS dengan devais yang kompatibel dimana
fungsinya adalah untuk mendemodulasikan sinyal FSK ke bentuk kode biner.

Gambar IC-nya adalah sebagai berikut:

838
o
(=

o
935
Z

g
»

N O IS | N |

1
2
13
4
5
6
7
18

2

SORNN MR W N =

Gambar 2.15
Konfigurasi Pin MT8841"

Berbagai karakteristik yang tersedia dalam IC MT8841 adalah sebagai berikut:
e 1200 baud BELL 202 demodulasi Frequency Shift Keying (FSK)
e Sensitvitas input tinggi: -36dBm
e Mode power down
e Penguatan internal amplifier yang dapat disetel
e Memakai resonator crystal atau ceramic 3.579545 MHz

e Single 5V power supply
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e Low power CMOS technology

MT8841 menyediakan sebuah data ready signal untuk mengindukasikan

penerimaan setiap karakter 8-bit yang dikirim dari modulator.

Deskripsi Pin :

IN+ : Non-inverting Op-Amp (Input).sinyal masuk melalui kaki ini apabila
tidak diperlukan pembalikan fasa.

IN- : Inverting Op-Amp (Input).sinyal masuk melalui kaki ini apabila
diperlukan pembalikan fasa.

GS : Gain Select (Output).memberikan akses ke output op-amp untuk koneksi
resistor feedback.atau sebagai pemilihan penguatan sinyal apabila
memerlukan penguatan maka diperlukan sebuah resistor yang dihubungkan ke
kaki ini.

Vref : Voltage Reference (Output).tegasngan referensi,nominalnya VDD/2
dipakai untuk mengarahkan input op-amp/sebagai bias input.

CAP : Capacitor.sebagai kaki yang dihubungkan kapasitor 0.1uF ke VSS.
OSC1 : Oscillator (Input).koneksi resonator Crystal atau ceramic sebesar
3,759545MHZ.pin ini dapat dikendalikan langsung dari sumber clock
eksternal.

OSC2 : Oscillator (Output).koneksi resonator Crystal atau ceramic. Saat
OSC1 dikendalikan oleh clock eksternal, pin ini dibiarkan terbuka.

VSS : Power supply ground.

DATA : Data (Output).serial data output menyesuaikan dengan input dan

switching FSK pada input baud rate.frekuensi tanda pada input sesuai dengan
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logika high, sementara frekuensi delay sesuai dengan logia low pada DATA
output. dengan tidak adanya input FSK, DATA berlogika high.output ini
bertahan sampai CD(Carrier Detect) aktif.

DR : Data Ready (Open Drain Output). Output ini menjadi low setelah pulsa
DCLK terakhir tiap word. Ini dapat digunakan untuk mengidentifikasi batasan
data (8-bit word) pada serial output stream. Secara khusus, DR digunakan
untuk menghalangi kedelapan data bit dari serial-to-parallel converter
kedalam sebuah microcontroller.

CD : Carrier Detect (Open Drain Output).sebuah logika low
mengindentasikan bahwa sebuah data telah diberikan untuk waktu tertentu
pada line. Sebuah hysteresis waktu disediakan untuk membolehkan
diskontinyu data sesaat.

IC1 : Internal Connection 1. hubungkan ke VSS.

VDD : positive power supply voltage.
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PERANCANGAN DAN PEMBUATAN ALAT

3.i. Pendahuiuan
Dalam bab II telah dijelaskan bahwa Modulator FSK dengan
menggunakan Metode DDS mempunyai spesifikasi frekuensi yang telah
ditentukan. Oleh sebab itu setiap peralatan tambahan pada sistem DDS harus
mengikuti spesifikasi yang telah ditentukan. Bab ini membahas tentang aplikasi
mikrokontroler ATmega8 sebagai alat memproses data-data masukan dan
mengolahnya untuk dijadikan proses pada keiuaran sesuai dengan perencanaan
program(sebagai Sebagai pengolah data). Aplikasi tersebut meliputi spesifikasi
alat, dan blok-blok rangkaian penyusun sistem
Spesifikasi rangkaian secara global ditetapkan terlebih dahulu untuk acuan
dalam perencanaan selanjutnya. Spesifikasi yang direncanakan adalah sebagai
berikut:
o Digunakan sebagai Moduiator FSK dengan menggunakan sistem DDS
¢ Menggunakan mikrokontroler ATMEL AVR ATmega8 sebagai pengolah
utama
e Menggunakan IC MT8841 buatan MITEL sebagai demodulator

Sistem alat terdiri atas mikrokontroler ATmega8 dan komponen pendukung
seperti Komunikasi Seria DAC (Digital to Analog Converter), Filter dan

Demoduiator.
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3.2. Perancangan Perangkat Keras

Diagram blok rangkaian Metode Direct Digital Synthesis (DDS)
Modulator FSK yang direncanakan ditunjukkan dalam Gambar 3.1

pC
pC |—>| RS232 ATmega | DAC >_’ FILTER } 3} osciloscope
8-bit l
DEMODULATOR
Gambar 3.1

Blok Diagram Metode Direct Digital Synthesis (DDS) Modulator FSK

Sistem piranti yang akan direalisasikan mempunyai blok diagram seperti
terlihat pada gambar 3.1 di atas.
Fungsi dari masing-masing rangkaian subsistem dalam gambar di atas
adalah sebagai berikut:
= Mikrokontroler ATmega8 sebagai pengendali utama, akan direalisasikan
dengan menggunakan perangkat lunak sesuai dengan bahasa pemrograman
pada AVR ATmega8.
»  DAC R-2R(Digital to Analog Converter)
Berfungsi untuk mengubah sinyal digital dari output mikrokontroller

menjadi output analog berupa tegangan.
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3.2.1.

Filter LPF( Low Pass Filter)

Berfungsi untuk memfilter signal outputan dari DAC R-2R, agar output
yang dihasilkan sesuai dengan yang diinginkan.

keyboard

Berfungsi sebagai pemberi inputan data ke Mikrokontroler berupa inputan
kode bentuk hekhza yang kemudian di konversi ke bentuk biner dimana 0
mewakili frekuensi pada nilai f1=1200HZ dan 1 mewakili frekuensi pada
nilai 2=2200HZ.

Demodulator MT8841

Berfungsi sebagai Dekoder yang akan mengkodekan data yang dikirim
dari PC.

RS 232

Berfungsi sebagai komunikasi serial untuk mengirimkan kode ASCII dari
PC (Personal Computer) dan untuk menerima data dari Demodulator.

Perancangan Rangkaian Mikrokontroler ATmega8

3.2.1.1. Sistem Minimum ATmega8

Pada rangkaian ini komponen utamanya adalah unit Mikrokontroler

ATmega8. Komponen ini merupakan sebuah chip tunggal sebagai pengolah data

dan pengontrolan alat. Sebagai pengolah data dan pengontrolan sistem, pin-pin

mikrokontroler ATmega8 dihubungkan pada rangkaian pendukung membentuk

suatu minimum sistem, yang ditunjukkan pada Gambar 3.2 di bawah ini:
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Gambar 3.2

Minimum Sistem Mikrokontroler ATmega8
3.2.1.2. Perancangan Rangkaian Reset
Untuk melakukan reset sistem pada mikrokontroler Atmega8 dapat
memanfaatkan pin reset. Pin tersebut dihubungkan dengan rangkaian reset

eksternal yang ditunjukkan Gambar 3.4 di bawah ini:

;L RESET

e e

wr

=

+H

(U]

-
| e vt

-
1

Gambar 3.3
Perancangan Rangkaian Reset ATmega8

Untuk membangkitkan sinyal resei kapasitor dihubungkan dengan Vee dan
sebuah resistor yang dihubungkan ke ground.
Sesuai dengan data sheet Atmega8 telah dicantumkan bahwa treset(min)

adalah sebesar 1,5 us.
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3.2.2. Perancangan Rangkaian Komunikasi Serial RS232

Sebelum diinputkan ke PC dibutuhkan rangkaian converter tegangan.
Mikrokontroller mempunyai output logika high dihasilkan dari tegangan 5 volt
dan logika low sebesar 0 volt, tegangan ini akan sering mengakibatkan terjadinya
kesalahan didalam pengiriman data dikarenakan rugi-rugi dari kabel. RS 232
berfungsi untuk memperlebar range tegangan karena berada dikisaran +10V dan -
10V, dengan range yang lebar ini kesalahan karena rugi-rugi sistem komunikasi
dari PC ke mikrokontroller tidak mempengaruhi nilai data yang dikirim.

Pada proses penerimaan data pada perancangan alat digunakan RS 232
sebagai penghubung antara PC dengan Demodulator MT8841. ini berfungsi untuk
mengurangi terjadinya kesalahan pada proses penerimaan data, dikarenakan rugi-
rugi dari kabel. RS 232 berfungsi untuk memperlebar range tegangan karena
berada dikisaran +10V dan -10V setelah MT8841 menerima masukan data, maka
data yang dibaca akan dikirim ke RS232 untuk ditampilkan sebagai tampilan
visual pada PC.

Untuk koneksi ke PC digunakan DB9, dimana pin 5 dihubungkan dengan
ground, pin 2 dan pin 3 dihubungkan dengan relay yang akan memilih data yang
diterima dari Demodulator atau data yang akan dikirim ke PC.

Rangkaian komunikasi serial MAX232 yang gambar lengkapnya dapat
dilihat pada Gambar 3.5, berfungsi sebagai komunikasi serial untuk mengirimkan
kode ASCII dari PC (Personal Computer) dan untuk menerima data dari

Demodulator.
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Rangkaian komunikasi serial MAX232 ditunjukkan dalam Gambar 3.5 ini.
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Gambar 3.4
Rangkaian RS232 Komunikasi Serial

Komponen utama rangkaian komunikasi serial ini adalah IC MAX232 dan
beberapa komponen pendukung. Untuk memperlebar range tegangan karena
berada dikisaran +10V dan -10V, dengan range yang lebar ini kesalahan karena
rugi-rugi sistem komunikasi tidak mempengaruhi nilai data yang dikirim.

3.2.3. Perancangan Rangkaian DAC(Digital/Analog Converter)

Rangkaian DAC (Digital/Analog Converter) berfungsi untuk mengubah

sinyal digital dari output mikrokontroller menjadi output analog berupa tegangan.

DAC R-2R Ladder.
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Gambar 3.5

Rangkaian DAC (Digital/Analog Converter)
Adapun Rangkaian DAC R-2R ditunjukkan dalam Gambar 3.6 di atas.

dengan nilai komponen R=10K dan 2R=20K.
3.2.4. Perancangan Rangkaian Filter (LPF)
Sinyal yang keluar dari DAC di teruskan ke filter LPF(Low Pass Filter).

LPF ini berfungsi untuk memperhalus bentuk gelombang sinus keluaran
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DAC.nilai komponen R dan C pada frekuensi cutt off dapat ditentukan dengan

rumus:

1

Fe =
27RC
1
2200 =
27 * R*100nF
R=725)

R yang digunakan adalah nilai yang mandekati dan tersedia di pasaran yaitu

6,8Q2.

Rangkaian Filter ditunjukkan dalam Gambar 3.7 di bawah ini.
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Gambar 3.6
Rangkaian Filter(Low Pass Filter)

3.2.5. Perancangan Rangkaian Op Amp

Digunakan Op Amp inverting sebagai pembalik sinyal keluaran dari DAC

dengan penguatan sebesar 1x dimana digunakan feedback Rf =R=10k.
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Gambar rangkaian Op Amp Inverting seperti tampak di bawah ini.
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Gambar 3.7
Rangkaian Op Amp Inverting

3.2.6. Perancangan Rangkaian Demodulator MT8841
Rangkaian demodulator ini digunakan IC MT8841 buatan MITEL untuk

mendemodulasikan sinyal FSK ke bentuk kode biner

RUMANR) —— J_ -
U = Y T
9 [ oorx ves Ls L3 579545
R §— Dataosc2 (— | i
10K R | % oS [ 0.1uF
100K +—] PRDN VRer [ R
l 2t 6s —
l L P [ 100K
YDD IN«
88T R

o
—
&
-
ﬂ
o
[a]

= ——| mm

Gambar 3.8
Rangkaian Demodulator MT8841
Pada input rangkaian diatas dihubungkan langsung dengan modulator FSK

karena inputnya adalah kode yang sudah termodulasi bentuk FSK
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3.3. Perancangan Perangkat Lunak

Perangkat lunak ini berdasarkan pengendali utama yaitu mikrokontroller
ATmega8. Pembuatan perangkat lunak sistem aplikasi berdasarkan pada semua
kejadian yang harus dikerjakan perangkat keras.

Dalam perancangan alat ini perangkat lunak yang digunakan adalah bahasa
pemrograman C dan perangkat lunak bahasa pemrograman Delphi7. untuk
mikrokontroller ATmega8 bahasa yang digunakan adalah bahasa pemrograman C.
sedangkan sebagai tampilan visual pada PC digunakan bahasa pemrograman
delphi7. pembuatan perangkat lunak harus melalui proses-proses uji coba secara

software maupun secara hardware.

Secara garis besar, sistem kerja dari Modulator dan Demodulator FSK

seperti Gambar 3.9 di bawah ini:
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3.3.1 Flowchart Sistem
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Gambar 3.9
Flowchart Sistem

Sedangkan untuk flowchart perancangan software-nya seperti pada gambar

di bawah ini.



3.3.2 Flowchart Pada Delphi
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Flowchart Pada Delphi
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3.3.3 Flowchart Pada Mikrokontroler
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Gambar 3.11

Flowchart Pada Mikrokontroler
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BABIV

PENGUKURAN DAN PENGUJIAN

Untuk memastikan sistem aplikasi modulator dan demodulator FSK dapat bekerja
sesuai dengan spesifikasi perencanaan, diperlukan serangkaian pengujian dan
pengukuran.

Bab pengujian dan pengukuran ini menguraikan tentang bagian alat yang diuji,
tujuan pengujian, langkah-langkah pengujian dan hasil pengujian yang menunjukkan
unjuk kerja dari tiap-tiap bagian alat. Pembahasan dalam bab ini dibagi menurut
pembagian alat yang diuji untuk mengetahui unjuk kerja sistem secara keseluruhan.

Untuk mengetahui kemampuan alat dan sistem kerja sesuai dengan program yang
telah dibuat maka dilakukan pengujian pada alat dan sistem kerja alat.

Pengujian dilakukan pada tiap-tiap blok system aadapun blok-blok yang di uji
adalah:

1. Rangkaian RS 232

2. Rangkaian DAC R2R

3. Rangkaian op amp

4. Rangkaian modulator

5. Rangkain demodulator
4.1 Pengujian Komunikasi Serial Interface
a. Tujuan

Untuk mengetahui fungsi pin Tx (pengiriman data) dan Rx(penerimaan data) pada

MAX232 sudah berfungsi dengan baik. Dengan cara mengirimkan data dari PC ke
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Mikrokontroller melalui rangkaian MAX232 dan pada pin9 dan 10 (Rx dan Tx)
dijumper, sehingga data yang akan dikirimkan oleh PC ke Mikrokontroller akan
dibalikkan lagi ke PC.
b. Peralatan yang digunakan

e Rangkaian MAX232

e Kabel Serial (DB 9)

e Power Supply +5 volt

o Jumper
¢. Langkah-langkah Pengujian

!. Merangkai rangkaian driver seperti pada gambar dibawah ini:

vee
vee
A T MaX232
SnF Sf - vee 5
b bl
3 [ ; e oD 13 }
I e mour 1 =L
T 1o mnN|EB S
: 13 miout ¥
| Sar |y § v TN |
22 [ .} rovTTam [—1
c | £ renvraoutT }
l ]
PC
Gambar 4 -1 ’

Rangkaian Pengujian Serial Interface
2. Pada gambar di atas, output MAX232 (Pin Tx) dihubungkan dengan input (Pir
Rx), dengan demikian semua data yang dikirim melalui PC akan diumpan-

palikkan ke PC lagi.
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d. Analisa

Data yang dikirim PC 01010101 maka data yang diterima oleh PC pun sama

01010101.

¥ Uji Serial "”*'ﬁ:‘@gi
Received Data
rm[ﬂﬂl
o gn“‘ Clear |
Gambar 4-2

Pengujian Komunikasi Serial Data 1

Data yang dikirim PC 00110011 maka data yang diterima oleh PC pun sama

00110011.
L Cose : | Clear
Gambar 4-3
Pengujian Komunikasi Serial Data 2
Data vang dikirim PC 00001111 maka data yang diterima oleh PC pun sama
00001111.
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¥ Uji Serial

Transmit Data Received Data
00001111 p0001111
Clear
-n Clote Clear
Gambar 4-4

Pengujian Komunikasi Serial Data 3
4.2 Pengujian Rangkaian DAC R2R
a. Tujuan
Penggujian rangkaian DAC bertujuan untuk mengetahui apakah DAC berfungsi

dengan baik sekaligus untuk mengetahui kelancaran proses konversi atau perubahan
sinyal digital ke sinyal analog
b. Peralatan yang digunakan

e Rangkaian DAC R2R

e Sumber tegangan +12 Volt

e Switch 8 Buah

e Multimeter digital ( DT9205B )
¢. Langkah Pengujian

1. Merangkai rangkaian seperti pada gambar dibawah ini:
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Gambar 4-5
Rangkaian Pengujian DAC R2R

2. Menghubungkan kutub positif multimeter digital (multimeter diset pada skala 20

Volt DC) pada outputan DAC, sedangkan kutub negative ke ground.
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3. Mengamati perubahan nilai tegangan pada multimeter dan mencatat hasilnya pada
tabel 4-1.

d. Analisa

Untuk mengetahui keluaran DAC R2R dapat dicari dengan menggunakan rumus

berikut:
R
Vm“=_Lmef &. _D._'+&+.&+&+&+&+_D_7
R 256 128 64 32 16 8 4 2
Dimana:
Veee = 12 Volt

¢ Jika diketahui inputan=000100005. Maka berapakah keluaran DAC R2R ?

Penyelesaian:
R
Vm .-=_._!_me/ 21_+.D_6+_Di+&+&+&+_p_l+£9.
R 2 4 8 16 32 64 128 256
10 000 1 0 O O 0
Voa =——X12f =+ —F—F—F—+—+—+—
10 2 4 8 16 32 64 128 256
=.0,75 Volt
Outpac =-0,75 Volt

e Jika diketahui inputan= 11111111g. Maka berapakah keluaran DAC R2R ?

Penyelesaian:
R
Vota —....._.f..mef _D.7_+P£+.&+_‘Qi+23_+&+_&+_?_ﬁ_
R 2 4 8 16 32 64 128 256
Vm“— l_qxlz _l.+_l.+l+._1- .]_+L+._l_ _l_
10 2 4 8 16 32 64 128 256
=-11,95 Volt
Outpac =-11,95 Volt
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Berikut merupakan tabel perbandingan tegangan output antara hasil pengukuran
dan hasil perhitungan dari keluaran DAC R2R:

Tabel 4-1
Data Hasil Pengujian Rangkaian Konversi DAC R2R

Keluaran DAC R2R
NO | Bit Masukan Tegangan Vo (Volt)
Perhitungan | Pengukuran | % Kkesalahan

1 00010000 -0,75 -0,74 0,132
2 00100000 -1,5 -1,52 -0,131
3 00110000 -2,25 -2,22 0,135
4 01000000 -3 -2,90 0,345
5 01010000 -3,75 -3,61 0,388
6 01100000 -4,5 -4,38 0,273
7 01110000 -5,25 -5,17 0,154
8 10000000 -6 -6,12 -0,196
9 11111111 -11,95 -11,50 -0,391

Untuk % kesalahan dapat dihitung dari hasil pengukuran dan perhitungan sebagai

_ (perhitungan — pengukuran)
perhitungan

berikut : % kesalahan x100%

Contoh : V perhitungan = -0,75 Volt

Vo pengukuran =-0,74 Volt

% kesalahan = (‘0’7(5)0'7(;)0’74) x100% jadi % kesalahan = 0,132 %
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Gambar 4-6
Sinyal Output DAC Sebelum di Filter

Hasil pengujian DAC dapat dilihat dari gambar 4-6, V,,, sebesar 6 V pada Volt /
div sebesar 0,2 V dan Time/ div sebesar 0,2 ms. bahwa gambar sinyal yang dihasilkan
masih terputus-putus hal ini terjadi karena input yang masuk kedalam DAC berupa data
digital sehingga output dari DAC pun masih berupa data 8 bit = 256 langkah. Dari data
yang dianalogkan untuk mencapai hasil yang diinginkan maka perlu ditambahkan filter
pada output rangkaian DAC sehingga akan dihasilkan sinyal output yang lebih baik
seperti gambar 4.7, V,,, sebesar 6 V pada Volt / div sebesar 0,2 V dan Time/ div sebesar

0,5 ms
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Gambar 4-7
Sinyal Output DAC Setelah di Filter

4.3 Pengujian Rangkaian Op Amp
a. Tujuan
Pengujian rangkaian penguat (op amp) bertujuan untuk mengetahui karakteristik

penguatan sinyal output sehingga sesuai dengan yang direncanakan.
b. Peralatan yang digunakan

e Rangkaian op amp

e Sumber tegangan £5 Volt

e Voltmeter digital ( DT9205B )
¢. Langkah Pengujian

|. Merangkai rangkaian seperti pada gambar dibawah ini:
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\in

2. Menghubungkan kutub positif multimeter digital (multimeter diset pada skala 10

2

10K

it

Gambar 4-8

Voltmater

Rangkaian Pengujian Op Amp

Volt DC) pada pin 1 dari IC LM 741, sedangkan kutub negative ke ground.

3. Mengamati perubahan nilai tegangan pada multimeter dan mencatat hasilnya pada

tabel 4-2.

Tabel 4.2.

Data Hasil Perhitungan dan Pengukuran Rangkaian Op Amp

Tegangan Tegangan Output (mV)
Gain (A) | % Kesalahan
NO | input (mV) | Perhitungan | Pengukuran
1 100 200 197 2 0,15
2 200 400 399 2 0,025
3 300 600 600 2 0
4 400 800 798 2 0,025
5 500 1000 996 2 0,040
d. Analisa

Untuk perhitungan tegangan output op amp dapat dicari dengan menggunakan

rumus berikut:
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VOUT = "VIN R Dimana: Vin =100
Maka:
R, 2R,
Vour ==V =3 Vour = =100—= ;¥ p = -200mV

Sedangkan penguatannya (Ac) seperti persamaan dibawah ini:

A, = Vour = _‘Ef_ A _2_99.
“ v, R“ 100
Ag, = 2kali

Untuk % kesalahan dapat dihitung dari hasil pengukuran dan perhitungan sebagai

berikut : % kesalahan = (PErhitungan — pengukuran) o0,
perhitungan

Contoh : Vj perhitungan =200 mVolt
Vo pengukuran = 197 mVolt

% kesalahan = %x 100% jadi % kesalahan =0,15 %

4.4 Pengujian Rangkaian Modulator FSK
a. Tujuan

Untuk mengetahui bentuk sinyal dan besar frekuensi yang dibangkitkan oleh
rangkaian modulator FSK apakah telah sesuai dengan frekuensi FSK yang direncanakan
yaitu 1200Hz dan 2200Hz.
b. Peralatan yang digunakan

e Rangkaian modulator FSK
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e Oscilloscope (HEWLETT PACKARD 54601A )
¢. Langkah pengujian
Pengujian dilakukan dengan cara melihat sinyal output modulator, yaitu pada pin
output filter. Osiloscope diset pada 500 V / div dan 1.00 ms /div, Probe merah pada
Osiloscope dipasang pada output filter dan probe hitam Osiloscope dipasang pada

ground.

= i:'i " T]— (]

<~ L I». T

4
PR SR B P WP Sl S

Gambar 4-9
Rangkaian Pengujian Modulator FSK

Sinyal yang dihasilkan oleh modulator FSK tersebut terlihat seperti pada gambar

n

4-10 dengan frekuensi yang dihasilkan sebesar 1200 Hz dan 2200Hz dengan V., sebesar

4,4 V pada Volt/ div sebesar 0,1 V dan Time / div sebesar 0,5 ms.
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Gambar 4-10
Sinyal Output Modulator FSK

4.5 Pengujian Demodulator MT8841
a. Tujuan

Untuk mengetahui pengkodean pada MT8841 sudah berfungsi dengan baik.
Dengan cara mengirimkan data dari PC ke Modulator melalui rangkaian MAX232 pada
pin 10 dan pin 9 dihubungkan ke Demodulator, sehingga data yang akan dikirimkan oleh
PC ke Modulator akan dibalikkan lagi ke PC.
b. Peralatan yang digunakan

e Rangkaian MT8841

e Modulator FSK

e Kabel Serial (DB 9)

e Power Supply +5 volt

e Rangkaian MAX232
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c. Langkah-langkah Pengujian

1. Merangkai rangkaian seperti pada gambar dibawah ini:
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Gambar 4 -11
Rangkaian Pengujian Demodulator MT8841

2. Pada gambar di atas, output MT8841 (Pin DATA) dihubungkan dengan PC dan
diberikan input dari rangkaian Modulator, dengan demikian semua data yang

dikirim melalui PC akan diumpan-balikkan ke PC lagi.

d. Analisa

Data yang dikirim PC budi maka data yang diterima oleh PC pun sama budi.

Wrwin 0 Teennm g

i&m

i

P foudi? Im: ‘
| Hoksa62 75 64 69 heksa 62 75 64 69
biner 01100010 01110101 011001(bined 1001100010 01110101 01%
=] R

-Jmli wul

Gambar 4-12
Pengujian Demodulator dari PC Data 1
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Data yang dikirim PC coba maka data yang diterima oleh PC pun sama coba.

T ORI 161 |
i Br prows

» fcobas [cobat L
Heksa63 6F 62 61 heksa 63 6F 62 61
biner 01100011 01101111 011000bine 1001100011 01101111 011

wupot | u-l

Gambar 4-13
Pengujian Demodulator dari PC Data 2

Data yang dikirim PC alat maka data yang diterima oleh PC pun sama alat.

R =1 |

Er e

Hoksa6l 6C 61 74 " "heksa 61 6C 61 74
biner 01100001 01101100 011000(inen 111061100001 01101100 011

i | o |

Gambar 4-14
Pengujian Demodulator dari PC Data 3
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Apabila boudrate disetting lebih dari 1200 bps maka data yang diterima oleh PC

mengalami kerusakan karakter.

{3 Fosnl = 8%

e proses

lbudi# blupa
Heksa 62 75 64 69 heksa
biner 01100010 01110101 011001binen11C 1001

b post el

Gambar 4-15
Pengujian Demodulator dari PC dengan Boudrate +1200 bps

Apabila boudrate disetting lebih dari 9600 bps maka data tidak bisa ditampilkan

D ;ﬂfﬁﬂ

(Connacted 0:00:05 Adodeted Ao detect o

Gambar 4-16
Pengujian Demodulator dari PC dengan Boudrate +9600 bps
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BABYV
PENUTUP

5.1. Kesimpulan

Berdasarkan semua kegiatan yang telah dilakukan berkaitan dengan
penyusunan skripsi ini yang meliputi orientasi pustaka, perencanaan sistem,
pembuatan alat dan pengujian alat, dapat diambil kesimpulan sebagai berikut:

1. Dari hasil pengujian rangkaian modulator dan demodulator FSK, dalam
proses pengiriman dan penerimaan data, dari 100 kali pengiriman data
yang karakternya berbeda, rata-rata terjadi kesalahan akibat penyimpangan
waktu antara waktu pengiriman dan penerimaan sebesar 0.98 % yaitu dari
100 kali data dikirim, 98 data dapat diterima oleh penerima sesuai dengan
data yang dikirim, dua data mengalami kerusakan berupa kerusakan
karakter.

2. Pada pengujian sistem secara keseluruhan boudrate maksimal yang bisa
dicapai adalah 1200 bps apabila pengaturannya lebih dari 1200 bps maka
data yang diterima oleh PC mengalami kerusakan beberapa buah karakter.

3. Kecepatan pengiriman data yang relatif masih rendah (1200 bps) sebagai
akibat dari kualitas penerima yang tidak terlalu baik.

5.2. Saran
Alat Modulator FSK dengan metode DDS ini dapat dikembangkan lagi
agar lebih sempurna dalam penggunaannya diantaranya dapat dilakukan dengan;

1. Dari alat ini sangat ideal dikembangkang untuk aplikasi-aplikasi
frequency hopping, walaupun demikian sistem DDS juga dapat digunakan

pada peralatan pemancar radio dan TV, peralatan test, dll.
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Slattery (colm.slattery@analog.com)

s Direct Digital Synthesis?

digital synthesis (DDS) is a method of producing an analog waveform—usually a sine wave
enerating a time-varying signal in digital form and then performing a digital-to-analog

sion. Because operations within a DDS device are primarily digital, it can offer fast

ng between output frequencies, fine frequency resolution, and operation over a broad

m of frequencies. With advances in design and process technology, today’s DDS devices are
ympact and draw little power.

yould one use a direct digital synthesizer (DDS)? Aren’t there other methods for easily
ting frequencies?

ility to accurately produce and control waveforms of various frequencies and profiles has

> a key requirement common to a number of industries. Whether providing agile sources of
ase-noise variable-frequencies with good spurious performance for communications, or
generating a frequency stimulus in industrial or biomedical test equipment applications,
ience, compactness, and low cost are important design considerations.

vossibilities for frequency generation are open to a designer, ranging from phase-locked-loop

based techniques for very high-frequency synthesis, to dynamic programming of digital-to-
converter (DAC) outputs to generate arbitrary waveforms at lower frequencies. But the DDS
jue is rapidly gaining acceptance for solving frequency- (or waveform) generation

ments in both communications and industrial applications because single-chip IC devices

\erate programmable analog output waveforms simply and with high resolution and

Y.
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nore, the continual improvements in both process technology and design have resulted in

| power consumption levels that were previously unthinkably low. For example, the

3, a DDS-based programmable waveform generator (Figure 1), operating at 5.5 V with a 25-
ock, consumes a maximum power of 30 milliwatts.

Figure 1. The AD9833—a one-chip waveform generator.

re the main benefits of using a DDS?

svices like the AD9833 are programmed through a high speed serial peripheral-interface
nd need only an external clock to generate simple sine waves. DDS devices are now

le that can generate frequencies from less than 1 Hz up to 400 MHz (based on a 1-GHz
The benefits of their low power, low cost, and single small package, combined with their
t excellent performance and the ability to digitally program (and reprogram) the output
rm, make DDS devices an extremely attractive solution—preferable to less-flexible

1s comprising aggregations of discrete elements.

<zind of outputs can I generate with a typical DDS device?
avices are not limited to purely sinusoidal outputs. Figure 2 shows the square-, triangular-,
usoidal outputs available from an AD9833.
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Figure 2. Square-, triangular-, and sinusoidal outputs from a DDS.

es a DDS device create a sine wave?

 breakdown of the internal circuitry of a DDS device: its main components are a phase
lator, a means of phase-to-amplitude conversion (often a sine look-up table), and a DAC.
locks are represented in Figure 3.

Figure 3. Components of a direct digital synthesizer.

produces a sine wave at a given frequency. The frequency depends on two variables, the
re-clock frequency and the binary number programmed into the frequency register (tuning

ary number in the frequency register provides the main input to the phase accumulator. If a
k-up table is used, the phase accumulator computes a phase (angle) address for the look-up
‘hich outputs the digital value of amplitude—corresponding to the sine of that phase angle—
)AC. The DAC, in turn, converts that number to a corresponding value of analog voltage or

' To generate a fixed-frequency sine wave, a constant value (the phase increment—which is
ned by the binary number) is added to the phase accumulator with each clock cycle. If the
rcrement is large, the phase accumulator will step quickly through the sine look-up table

s generate a high frequency sine wave. If the phase increment is small, the phase

lator will take many more steps, accordingly generating a slower waveform.

1o you mean by a complete DDS?
egration of a D/A converter and a DDS onto a single chip is commonly known as a complete
»lution, a property common to all DDS devices from ADL

alk some more about the phase accumulator. How does it work?

uous-time sinusoidal signals have a repetitive angular phase range of 0 to 2zt. The digital
yentation is no different. The counter’s carry function allows the phase accumulator to act as
: wheel in the DDS implementation.

erstand this basic function, visualize the sine-wave oscillation as a vector rotating around a
ircle (see Figure 4). Each designated point on the phase wheel corresponds to the equivalent
n a cycle of a sine wave. As the vector rotates around the wheel, visualize that the sine of
le generates a corresponding output sine wave. One revolution of the vector around the
vheel, at a constant speed, results in one complete cycle of the output sine wave. The phase
ilator provides the equally spaced angular values accompanying the vector’s linear rotation
the phase wheel. The contents of the phase accumulator correspond to the points on the

f the output sine wave.
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Figure 4. Digital phase wheel.

ase accumulator is actually a modulo-M counter that increments its stored number each time
ves a clock pulse. The magnitude of the increment is determined by the binary-coded input
7). This word forms the phase step size between reference-clock updates; it effectively sets
any points to skip around the phase wheel. The larger the jump size, the faster the phase
lator overflows and completes its equivalent of a sine-wave cycle. The number of discrete
oints contained in the wheel is determined by the resolution of the phase accumulator (),
jetermines the tuning resolution of the DDS. For an » = 28-bit phase accumulator, an M

£ 0000...0001 would result in the phase accumulator overflowing after 228 reference-clock
increments). If the M value is changed to 0111...1111, the phase accumulator will overflow
\ly 2 reference-clock cycles (the minimum required by Nyquist). This relationship is found in
ic tuning equation for DDS architecture:

. MXx

OUT = An

output frequency of the DDS

nary tuning word
-ernal reference clock frequency (system clock)

gth of the phase accumulator, in bits

:s to the value of M result in immediate and phase-continuous changes in the output
1cy. No loop settling time is incurred as in the case of a phase-locked loop.

output frequency is increased, the number of samples per cycle decreases. Since sampling
fictates that at least two samples per cycle are required to reconstruct the output waveform,
<imum fundamental output frequency of a DDS is f /2. However, for practical applications,
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yut frequency is limited to somewhat less than that, improving the quality of the
-ucted waveform and permitting filtering on the output.

-enerating a constant frequency, the output of the phase accumulator increases linearly, so
log waveform it generates is inherently a ramp.

iow is that linear output translated into a sine wave?

e-to-amplitude lookup table is used to convert the phase-accumulator’s instantaneous output
28 bits for AD9833)—with unneeded less-significant bits eliminated by truncation—into the
wve amplitude information that is presented to the (10-bit) D/A converter. The DDS

cture exploits the symmetrical nature of a sine wave and utilizes mapping logic to synthesize
lete sine wave from one-quarter-cycle of data from the phase accumulator. The phase-to-
1de lookup table generates the remaining data by reading forward then back through the
table. This is shown pictorially in Figure 5.

[FAee.

Figure 5. Signal flow through the DDS architecture.

are popular uses for DDS?

ations currently using DDS-based waveform generation fall into two principal categories:
ers of communications systems requiring agile (i.e., immediately responding) frequency

s with excellent phase noise and low spurious performance often choose DDS for its

1ation of spectral performance and frequency-tuning resolution. Such applications include

» DDS for modulation, as a reference for a PLL to enhance overall frequency tunability, as a
scillator (LO), or even for direct RF transmission.

atively, many industrial and biomedical applications use a DDS as a programmable

yrm generator. Because a DDS is digitally programmable, the phase and frequency of a

rm can be easily adjusted without the need to change the external components that would
ly need to be changed when using traditional analog-programmed waveform generators.
ermits simple adjustments of frequency in real time to locate resonant frequencies or

1sate for temperature drift. Such applications include using a DDS in adjustable frequency

; to measure impedance (for example in an impedance-based sensor), to generate pulse-wave
ited signals for micro-actuation, or to examine attenuation in LANSs or telephone cables.

lo you consider to be the key advantages of DDS to designers of real-world equipment

stems?
s cost-competitive, high-performance, functionally integrated DDS ICs are becoming
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n in both communication systems and sensor applications. The advantages that make them
'e to design engineers include:

igitally controlled micro-hertz frequency-tuning and sub-degree phase-tuning capability,
xtremely fast hopping speed in tuning output frequency (or phase); phase-continuous
requency hops with no overshoot/undershoot or analog-related loop settling-time anomalies,
1e digital architecture of DDS eliminates the need for the manual tuning and tweaking
:lated to component aging and temperature drift in analog synthesizer solutions, and

we digital control interface of the DDS architecture facilitates an environment where systems
an be remotely controlled and optimized with high resolution under processor control.

ould I use a DDS device for FSK encoding?

frequency-shift keying (usually referred to simply as FSK) is one of the simplest forms of
coding. The data is transmitted by shifting the frequency of a continuous carrier to one of
crete frequencies (hence binary). One frequency, fl , (perhaps the higher) is designated as the

equency (binary one) and the other, j;), as the space frequency (binary zero). Figure 6 shows
nple of the relationship between the mark-space data and the transmitted signal.

-

Figure 6. FSK modulation.

coding scheme is easily implemented using a DDS. The DDS frequency tuning word,
nting the output frequencies, is set to the appropriate values to generate j;) and fl as they

1 the pattern of Os and 1s to be transmitted. The user programs the two required tuning words
- device before transmission. In the case of the A1)Y834, two frequency registers are

le to facilitate convenient FSK encoding. A dedicated pin on the device (FSELECT) accepts
{ulating signal and selects the appropriate tuning word (or frequency register). The block
1in Figure 7 demonstrates a simple implementation of FSK encoding.
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Figure 7. A DDS-based FSK encoder.

*v about PSK coding?
qiﬂ keying (PSK) is another simple form of data encoding. In PSK, the frequency of the
emains constant and the phase of the transmitted signal is varied to convey the information.

;chemes to accomplish PSK, the simplest-known as binary PSK (BPSK)—uses just two
hases: 0 degrees and 180 degrees. BPSK encodes 0° phase shift for a logic 1 input and 180°
hift for a logic 0 input. The state of each bit is determined according to the state of the

ng bit. If the phase of the wave does not change, the signal state stays the same (low or high)
bhase of the wave reverses (changes by 180 degrees), then the signal state changes (from
igh, or from high to low).

coding is easily implemented with DDS ICs. Most of the devices have a separate input

(a phase register) that can be loaded with a phase value. This value is directly added to the
f the carrier without changing its frequency. Changing the contents of this register

tes the phase of the carrier, thus generating a PSK output signal. For applications that

high speed modulation, the AD9834 allows the preloaded phase registers to be selected
dedicated toggling input pin (PSELECT), which alternates between the registers and

tes the carrier as required.

yphisticated forms of PSK employ four- or eight- wave phases. This allows binary data to be
tted at a faster rate per phase change than is possible with BPSK modulation. In four-phase
tion (quadrature PSK or QPSK), the possible phase angles are 0, +90, —90, and 180 degrees;
ase shift can represent two signal elements. The AD9830, AD9831, AD9832, and ADY835

four phase registers to allow complex phase modulation schemes to be implemented by
ously updating different phase offsets to the registers.

iltiple DDS devices be synchronized for, say, I-Q capability?

sible to use two single DDS devices that operate on the same master clock to output two
whose phase relationship can then be directly controlled. In Figure 8, two AD9834s are
1med using one reference clock, with the same reset pin being used to update both parts.
his setup, it is possible to do I-Q modulation.
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IASH

Figure 8. Multiple DDS ICs in synchronous mode.

must be asserted after power-up and prior to transferring any data to the DDS. This sets the
itput to a known phase, which serves as the common reference point that allows

nization of multiple DDS devices. When new data is sent simultaneously to multiple DDS
coherent phase relationship can be maintained, and their relative phase offset can be

bly shifted by means of the phase-offset register. The ADY853 and A 1DY834 have 12 bits of
solution, with an effective resolution of 0.1 degree. [For further details on synchronizing
e DDS units please see Application Note AN-605.]

re the key performance specs of a DDS based system?
j0ise, jitter, and spurious-free dynamic range (SFDR).

oise is a measure (dBc/Hz) of the short-term frequency instability of the oscillator. It is
=d as the single-sideband noise resulting from changes in frequency (in decibels below the
de at the operating frequency of the oscillator using a 1-Hz bandwidth) at two or more
cy displacements from the operating frequency of the oscillator. This measurement has
ar application to performance in the analog communications industry.

S devices have good phase noise?

n a sampled system depends on many factors. Reference-clock jitter can be seen as phase

n the fundamental signal in a DDS system; and phase truncation may introduce an error

to the system, depending on the code word chosen. For a ratio that can be exactly expressed
ncated binary-coded word, there is no truncation error. For ratios requiring more bits than
lable, the resulting phase noise truncation error results in spurs in a spectral plot. Their

1des and distribution depends on the code word chosen. The DAC also contributes to noise
ystem. DAC quantization or linearity errors will result in both noise and harmonics. Figure 9
1 phase noise plot for a typical DDS device—in this case an AD9834.
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9. Typical output phase noise plot for the AD9834. Output frequency is 2 MHz and M
clock is 50 MHz.

bout jitter?

the dynamic displacement of digital signal edges from their long-term average positions,

d in degrees rms. A perfect oscillator would have rising and falling edges occurring at

y regular moments in time and would never vary. This, of course, is impossible, as even the
illators are constructed from real components with sources of noise and other

tions. A high-quality, low-phase-noise crystal oscillator will have jitter of less than 35
nds (ps) of period jitter, accumulated over many millions of clock edges

oscillators is caused by thermal noise, instabilities in the oscillator electronics, external
nce through the power rails, ground, and even the output connections. Other influences
external magnetic or electric fields, such as RF interference from nearby transmitters,
an contribute jitter affecting the oscillator’s output. Even a simple amplifier, inverter, or
ill contribute jitter to a signal.

> output of a DDS device will add a certain amount of jitter. Since every clock will already
intrinsic level of jitter, choosing an oscillator with low jitter is critical to begin with.

> down the frequency of a high-frequency clock is one way to reduce jitter. With frequency
, the same amount of jitter occurs within a longer period, reducing its percentage of system

al, to reduce essential sources of jitter and avoid introducing additional sources, one should
ble reference clock, avoid using signals and circuits that slew slowly, and use the highest
reference frequency to allow increased oversampling.

s-Free Dynamic Range (SFDR) refers to the ratio (measured in decibels) between the

evel of the fundamental signal and the highest level of any spurious, signal—including
nd harmonically related frequency components—in the spectrum. For the very best SFDR,
ntial to begin with a high-quality oscillator.

Page 9
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Figure 10. Output of an AD9834 with a 50-MHz master clock and
@J,,, = 16.667 MHz (i.e., MCLK?3); (b) S, ,= 4.8 MHz.

s an important specification in an application where the frequency spectrum is being shared
1er communication channels and applications. If a transmitter’s output sends spurious
into other frequency bands, they can corrupt, or interrupt neighboring signals.

output plots taken from an AD9834 (10-bit DDS) with a 50-MHz master clock are shown
‘e 10. In (a), the output frequency is exactly 1/3 of the master clock frequency (MCLK).
> of the judicious choice of frequencies, there are no harmonic frequencies in the 25-MHz
v, aliases are minimized, and the spurious behavior appears excellent, with all spurs at least
selow the signal (SFDR = 80 dB). The lower frequency setting in (b) has more points to
he waveform (but not enough for a really clean waveform), and gives a more realistic

the largest spur, at the second-harmonic frequency, is about 50 dB below the signal

=50 dB).

| have tools that make it easier to program and predict the performance of the DDS?
line interactive desion tool is an assistant for selecting tuning words, given a reference

nd desired output frequencies and/or phases. The required frequency is chosen, and idealized
harmonics are shown after an external reconstruction filter has been applied. An example is
in Figure 11. Tabular data is also provided for the major images and harmonics.
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re 11. Screen presentation provided by an interactive design tool. A sinx/x presentation
of a typical device output.

vill these tools help me program the DDS?

it’s needed is the required frequency output and the system’s reference clock frequency. The
tool will output the full programming sequence required to program the part. In the example

re 12, the MCLK is set to 25 MHz and the desired output frequency is set to 10 MHz. Once

date button is pressed, the full programming sequence to program the part is contained in the

quence register.

MCLK %0 Rz
Desired FREQD 10 M Achal FREQD  $399999360740097 Disp in Harmanics
Desired FREQT 10 mr  ACAlFREQY  S9USGUSSEIIANST opietdeiow
Desired PHASED D deg Al PHASED 0 deg
Desired PHASET () deg ACWAIPHASE! dea

FSEL FREQS v PSEL PMasi) « SLEEP1MZ Powessdup v
Eiate VOUT DAC v DN2 Dwiety2 v
register

MODE (S ROM) Normal bt
Cocewords Comrolregswr v Coslrelregister 0000 Ragisterdats
In 2100 6565 5993 ASE5 5993 CO00 ED0O 2000
sequence. .

Update |

History.

Figure 12. Typical display of programming sequence.

n I evaluate your DDS devices?
S devices have an evaluation board available for purchase. They come with dedicated
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e, allowing the user to test/evaluate the part easily within minutes of receiving the board. A
l note accompanying each evaluation board contains schematic information and shows best

1iended board-design and layout practice.

can I find more information on DDS devices?
in DDS homepage is located at v ww.analog.com/dds

» design tools are provided at hitp:/www.analog.com/en/DCDesignToolsDisplay/
.00.html

lepth tutorial on DDS technology can be found at hitp:/www.analog.com/Uploadedliles/
1s/450968421DDS Tutorial rev12-2-99.pdf

S can be found at http://www.analog.com/UploadedFiles/Application Notes/
8535190444148168447035AN605_0.pdf

est DDS selection guide can be found at hitp://www.analog.com/IS T/
nTable/?selection table id=27

TOP OF PAGE |

oht 1995- 2007 Analog Devices. Inc. All rights reserved.
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iagram:

The ATmegas8 is a low-power CMOS 8-bit microcontrolier based on the AVR RISC
architecture. By executing powerful instructions in a single clock cycle, the ATmega8
achieves throughputs approaching 1 MIPS per MHz, allowing the system designer to
optimize power consumption versus processing speed.

Figure 1. Block Diagram
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ATmega8(L)

AIMEL

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

The ATmega8 provides the following features: 8K bytes of In-System Programmable
Flash with Read-White-Write capabilities, 512 bytes of EEPROM, 1K byte of SRAM, 23
general purpose I/0 lines, 32 general purpose working registers, three flexible
Timer/Counters with compare modes, internal and extemal interrupts, a serial program-
mable USART, a byte oriented Two-wire Serial Interface, a 6-channel ADC (eight
channels in TQFP and MLF packages) with 10-bit accuracy, a programmable Watchdog
Timer with Intemal Oscillator, an SP1 serial port, and five software celectable power sav-
ing modes. The Idle mode stops the CPU while allowing the SRAM, Timer/Counters,
SPi port, and interrupt system to continue functioning. The Power-down mode saves the
register contents but freezes the Oscillator, disabling all other chip functions until the
next Interrupt or Hardware Reset. in Power-save mode, the asynchronous timer contin-
ues to run, allowing the user to maintain a timer base while the rest of the device is
sleeping. The ADC Noise Reduction mode stops the CPU and ail /O moduies except
asynchronous timer and ADC, to minimize switching noise during ADC conversions. in
Standby mode, the crystal/resonator Oscillator is running while the rest of the device is
sleeping. This allows very fast start-up combined with low-power consumption.

The device is manufactured using Atmel's high density non-volatile memory technology.
The Flash Program memory can be reprogrammed In-System through an SPI senal
interface, by a conventional non-volatile memory programmer, or by an On-chip boot
program running on the AVR core. The boot program can use any interface to download
the apptication program in the Application Flash memory. Software in the Boot Flash
Section will continue to run while the Application Flash Section is updated, providing
true Read-While-Write operation. By combining an 8-bit RISC CPU with In-System Self-
Programmable Flash on a monolithic chip, the Atmel ATmega8 is a powerful microcon-
troller that provides a highly-flexible and cost-effective solution to many embedded
control applications.

The ATmega8 AVR is supported with a full suite of program and system development
tools, including C compilers. macro assemblers, program debugger/simulators, In-Cir-
cuit Emulators, and evaluation kits.

Typical values contained in this datasheet are based on simulations and characteriza-
tion of other AVR microcontroilers manufactured on the same process technology. Min
and Max values will be available after the device is characterized.
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criptions

37..PBO)
AL2/TOSC1/TOSC2
|

C5..PCO)

|

'D7..PDO)

Digital supply voltage.
Ground.

Port B is an 8-bit bi-directional #O port with internal puil-up resistors (selected for each
bit). The Port B output buffers have symmetrical drive characteristics with both high sink
and source capability. As inputs, Port B pins that are externally pulled low will source
current if the pull-up resistors are activated. The Port B pins are tri-stated when a reset
condition becomes active, even if the clock is not running.

Depending on the clock selection fuse settings, PB6 can be used as input to the invert-
ing Oscillator amplifier and input to the intemal clock operating circuit.

Depending on the clock selection fuse settings, PB7 can be used as output from the
inverting Oscillator amplifier.

If the Internal Calibrated RC Oscillator is used as chip clock source, PB7..6 is used as
TOSC2..1 input for the Asynchronous Timer/Counter2 if the AS2 bit in ASSR is set.

The various special features of Port B are elaborated in “Alternate Functions of Pont B"
on page 56 and “System Clock and Clock Options” on page 23.

Port C is an 7-bit bi-directional /O port with interal pull-up resistors (selected for each
bit). The Port C output butfers have symmetrical drive characteristics with both high sink
and source capability. As inputs, Port C pins that are externally pulled low will source
current if the pull-up resistors are activated. The Port C pins are tri-stated when a reset
condition becomes active, even if the clock is not running.

if the RSTDISBL Fuse is programmed, PC6 is used as an VO pin. Note that the electri-
cal characteristics of PC8 differ from those of the other pins of Port C.

If the RSTDISBL Fuse is unprogrammed, PC6 is used as a Reset input. A low level on
this pin for longer than the minimum puise length will generate a Reset, even it the clock
is not running. The minimum pulse length is given in Tabie 15 on page 36. Shorter
pulses are not guaranteed to generate a Reset.

The various special features of Port C are elaborated on page 59.

Port D is an 8-bit bi-directional /0 port with internai puil-up resistors (selected for each
bit). The Port D output buffers have symmetrical drive characteristics with both high sink
and source capability. As inputs, Port D pins that are externally pulled low wiii source
current if the pull-up resistors are activated. The Port D pins are tri-stated when a reset
condition becomes active, even if the clock is not running.

Port D also serves the functions of various special features of the ATmega8 as listed on
page 61.

Reset input. A low level on this pin for longer than the minimum pulse length will gener-
ate a reset, even if the clock is not running. The minimum pulse length is given in Table
15 on page 36. Shorter pulses are not guaranteed tc generate a reset.

-10,04
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AV is the supply voltage pin for the A/D Converter, Port C (3..0), and ADC (7..6). It
should be externally connected to Ve, even if the ADC is not used. If the ADC is used,
it should be connected to V. through a low-pass filter. Note that Port C (5..4) use digital
supply voltage, Vgc.

AREF is the analog reference pin for the A/D Converter.

In the TQFP and MLF package, ADC7..6 serve as analog inputs to the A/D converter.
These pins are powered from the analog supply and serve as 10-bit ADC channels.

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

24560-AVR-1032
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This section discusses the AVR core architecture in general. The main function of the
CPU core is 1o ensure correct program execution. The CPU must therefore be able to
access memories, perform calculations, control peripherals, and handle interrupts.

Figure 2. Block Diagram of the AVR MCU Architecture
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In order to maximize performance and parallelism, the AVR uses & Harvard architecture
— with separate memories and buses for program and data. Instructions in the Prograrm
memory are executed with a single level pipelining. White one instruction is being exe-
cuted, the next instruction is pre-ietched from the Program memory. This concept
enables instructions to be executed in every clock cycle. The Program memory is ir-
System Reprogrammable Flash memory.

The fasi-access Register File contains 32 x 8-bit general purpose working registers with
a single clock cycle access time. This allows single-cycie Arithmetic Logic Unit (ALU}
operation. In a typical ALU operation, two operands are output from the Register File.
the oparation is executed, and the result is stored back in the Register File — in one

clock cycle.
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Six of the 32 registers can be used as three 16-bit indirect address register pointers for
Data Space addressing — enabling efficient address calculations. One of the these
address pointers can also be used as an address pointer for look up tables in Flash Pro-
gram memory. These added function registers are the 16-bit X-, Y-, and Z-register,
described later in this section.

The ALU supports arithmetic and logic operations between registers or between a con-
stant and a register. Single register operations can also be executed in the ALU. After
an arithmetic operation, the Status Register is updated to reflect information about the
result of the operation.

The Program flow is provided by conditional and unconditional jump and calt instruc-
tions, able to directly address the whole address space. Most AVR instructions have a
single 16-bit word format. Every Program memory address contains a 16- or 32-bit
instruction.

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

During interrupts and subroutine calls, the return address Program Counter (PC) is
stored on the Stack. The Stack is effectively allocated in the general data SRAM, and
consequently the Stack size is only limitea by the total SRAM size and the usage of the
SRAM. All user programs must initialize the SP in the reset routine (before subroutines
or interrupts are executed). The Stack Pointer SP is read/write accessibie in the I/O
space. The data SRAM can easily be accessed through the tive ditferent addressing
modes supported in the AVR architecture.

The memory spaces in the AVR architecture are all linear and regular memory maps.

A flexible interrupt module has its controi registers in the I/O space with an additional
global interrupt enable bit in the Staius Register. All interrupts have a separate Interrupt
Vector in the Interrupt Vector table. The interrupts have priority in accordance with their
interrupt Vector position. The lower the Interrupt Vector address, the higher the priority.

The /O memory space contains 64 addresses for CPU peripheral functions as Control
Registers, SPI, and other IO functions. The /O Memory can be accassed directly, or as
the Daia Space locations fullowing those of the Register File, 0x20 - OxSF.

2:350-AVR-10.0=
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This section describes the different memories in the ATmega8. The AVR architecture
has two main memory spaces, the Data memory and the Program Memory space. in
addition, the ATmega8 features an EEPROM Memory for data storage. All three mem-
ory spaces are linear and regular.

The ATmega8 contains 8K bytes On-chip In-System Reprogrammable Flash memory
for program storage. Since all AVR instructions are 16- or 32-bits wide, the Flash is
organized as 4K x 16 bits. For software security, the Flash Program memory space is
divided into two sactions, Boot Program section and Application Program section.

The Flash memory has an endurance of at least 10,000 write/erase cycies. The
ATmega8 Program Counter (PC) is 12 bits wide, thus addressing the 4K Progiam mem-
ory locations. The operation of Boot Program section and associated Boot Lock Bits for
software protection are described in detail in “Boot Loader Support - Read-While-Write
Self-Programming” on page 206. “Memory Programming” on page 219 contains a
detailed description on Flash Programming in SPI- or Paralle! Programming mode.

Cor:stant tables can be allocated within the entire Program memory address space (see
the LPM — Load Program memory instruction description).

Timing diagrams for instructior: fetch and execution are presented in “Instruction Execu-
tion Timing” on page 12.

Figure 7. Program Memory Map
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$FFF
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Figure 8 shows how the ATmega8 SRAM Memory is organized.

The lower 1120 Data memory locations address the Register File, the I/O Memory, and
the internal data SRAM. The first 96 locations address the Register File and VO Mem-
ory, and the next 1024 locations address the internal data SRAM.

The five different addressing modes for the Data memory cover: Direct, Indirect with
Displacement, Indirect, Indirect with Pre-decrement, and Indirect with Post-increment. in
the Register File, registers R26 to R31 feature the indirect addressing pointer registers.

The direct addressing reaches the entire data space.

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

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

The 32 general purpose working registers, 64 /O Registers, and the 1024 bytes of inter-
nal data SRAM in the ATmega8 are all accessible through all these addressing modes.
The Register File is described in “General Purpose Register File” on page 10.

Figure 8. Cata Memory Map

Register File Data Address Space
RO $0000
R1 $0001
R2 $0002
129 $001D
R30 $001E
R3O $001F

WORegisters  ____
$00 $0020
$01 0021
$02 $0022
83D _$005D
$3E $005E
83F ___$005F
internal ERAM

_$0060
$0061
$045E
$045F

ATMEGAS(L.)  ————————————— e ——
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The high-performance AVR ALU operates in direct connection with all the 32 general
purpose working registers. Within a single clock cycle, arithmetic operations between
general purpose registers or between a register and an immediate are executed. The
ALU operations are divided into three main categories — arithmetic, logical, and bit-func-
tions. Some implementations of the architecture also provide a powerful multiplier
supporting both signed/unsigned multiplication and fractional format. See the “instruc-
tion Set” section for a detailed description.

The Status Register contains information about the result of the most recently executed
arithmetic instruction. This information can be used for altering program fiow in order to
perform conditional operations. Note that the Status Register is updated after all ALU
operations, as specified in the !nstruction Set Reference. This will in many cases
remove the need for using the dedicated compare instructions, resulting in taster and
more compact code.

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

The AVR Status Register - SREG - is defined as:

Bit 7 6 5 4 3 2 1 3

3 v T s T s | v | N | Zz | C | SRec
Read/Wite RW RW RV RW RW RW RW RN
Initial Value 0 c 0 0 0 o ° 0

* Bit 7 —1: Global interrupt Enable

The Gilobal interrupt Enable bit must be set for the interrupts to be enabled. The individ-
ual interrupt enable control is then performed in separate control registers. if the Global
interrupt Enable Register is cleared, none of the interrupts are enabled inaependant of
the individual interrupt enable settings. The I-bit is cleared by hardware after an interrupt
has occurred, and is set by the RETI instruction to enable subsequent interrupts. The |-
bit can also be set and cleared by the application with the SE!l and CLI instructions, as
described in the instruction Set Reference.

+ Bit 6 — T: Bit Copy Storage
The Bit Copy instructions BLD (Bit LoaD) and BST (Bit STore) use the T-bit as source or
destinction ioi the operated cit. A bit from, a register in the Register File can be copied

into T by the BST instruction, and a bit in T can be copied into a bit in a register in the
R=gister File by the BLD instruction.

¢ Bit § - H: Half Carry Flag

The Half Carry Flag H indicates a Half Carry in some arithmetic operations. Half Carry is
useful in BCD arithmetic. See the “Instruction Set Description” for detailed information.

o Bit4-S:SignBit,35=N2V

The S-bit is alvaays an exclusive or between the Negative Flag N and the Two’s Comipie-
ment Overflow Flag V. See ihe “Instruction Set Description” for detailed information.

« Bit 3 - V: Two's Complement Overflow Fiag

The Two's Complement Overflow Flag V supports two's complement arithmetics. See
the “Instruction Set Description™ for detailed information.

» Bit 2 - N: Negative Flag

The Negative Flag N indicates a negative result in an arithmetic or logic ogeration. See
the “Instruction Set Description” for detailed information.

e Bit1-Z: Zero Flag
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The Zero Flag Z indicates a zero result in an arithmetic or logic operation. See the
“Instruction Set Description” for detailed information.

* Bit 0~ C: Carry Flag

The Carry Flag C indicates a Carry in an arithmetic or logic operation. See the “Instruc-
tion Set Description” for detailed information.

The Register File is optimized for the AVR Enhanced RISC instruction set. in order to
achieve the required performance and flexibility, the following input/output schemes are
supported by the Register File:

* One 8-bit output uerand and one 8-bit result input.

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

* Two 8-bit output operands and one 16-bit result input.
*  One 16-bit output operand and one 16-bit result inpest.

Figure 3 shows the structure of the 32 general purpose working registers in the CPU.

Figure 3. AVR CPU General Purpose Working Registers

7 . 0 Addr,
RO x50
R1 0x01
R2 ox02
R13 0x0D
General R14 Ox0E
Purpose R15 OxOF
Woerking R16 0x10
Registers R17 Ox11
R26 Ox1A X-register Low Byte
R27 ox18 X-register High Byte
R28 0x1C Y-register Low Byte
R2y Cxi0 Y-tegister High Byte
i R30 Ox1E Z-register Low Byte
31 ox1F Z-register High Byte

Moast of the instructions operating on the Register File have direct access to all registers,
and most of them are sinyle cycle instructions.

As shown in Figure 3, each register is also assigned a Data memory address, mapping
thein directly into the first 32 locations of the user Data Space. Although not being phys-
ically implemented as SRAM locations, this memory organization provides great
flexibility in access of the registers, as the X-, Y-, and Z-pointer Registers can be set to
index any register in the file.

2+136CAVR-1C T2
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Keep the AVR RESET active (low) during periods of insufficient power supply volt-
age. This can be done by enabling the internal Brown-out Detector (BOD). If the
detection level of the internal BOD does not match the needed detection level, an
external low V¢ Reset Protection circuit can be used. If a reset occurs while a write
operation is in progress, the write operation will be completed provided that the
power supply voltage is sufficient.

The /O space definition of the ATmega8 is shown in * on page 284.

All ATmega8 1/Os and peripherals are placed in the I/O space. The {/0 locations are
accessed by the IN and QUT instructions, transferring data between the 32 genaral pur-
pcse working registers and the /O space. VO Pegisters within the address range 0x00 -
Ox1F are directly bit-accessible using the SBi and CBI instructions. In these registers,
the value of single bits can be checked by using the SBIS and SBIC instructions. Refer
1o the instruction set section for more details. When using the I/O specific commands IN
and OUT, the /O addresses 0x00 - 0x3F must be used. When addressing /O Registers
as data space using LD and ST instructions, 0x20 must be added to these addresses.

For compatibility with future devices, reserved bits should be written to zero if accessed.
Reserved YO memory addresses should never be written.

Some of the Status Flags are cleared by writing a logical one to them. Note that ihe CBl
and SB! instructions will operate on all bits in the /O Register, writing a one back into
any flag read as set, thus clearing the flag. The CBI and SBl instructions work with reg-
isters 0x00 to Ox1F only.

The I/O and Peripherals Control Registers are explained in later sections.

24860-AVR-10.T%
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XTAL1 and XTAL2 are input and output, respectively, of an inverting ampiifier which can
be configured for use as an On-chip Oscillator, as shown in Figure 11. Either a quartz
crystal or a ceramic resonator may be used. The CKOPT Fuse selects between two dif-
ferent Oscillator amplifier modes. When CKOPT is programmed, the Oscillator output
will oscillate a full rail-to-rail swing on the output. This mode is suitable when operating
in a very noisy environment or when the output from XTAL2 drives a secend clock
buffer. This mode has a wide frequency range. When CKOPT is unprogrammed, the
Oscillator has a smalier output swing. This reduces power consumption considerably.
This mode has a limited frequency range and it cannot be used to drive other clock
buffers.

For resonators, the maximum frequency is 8 MHz with CKOPT unprogrammed and
16 MHz with CKOPT programmed. C1 and C2 should aiways be equal for both crystals
and resonators. The optimal value of the capacitors depends on the crystal or resonator
in use, the amount of stray capacitance, and the electromagnetic noise of the environ-
ment. Some initial guidetines for choosing capacitors for use with crystals are given in
Table 4. For ceramic resonators, the capacitor values given by the manufacturer should
be used.

Figure 11. Crystal Oscillator Connections

G2 ’ XTAL2
5
,_c,.‘_._T___x*rAu
GND

The Oscillator can operate in three different modes, each optimized for a specific fre-
quency range. The operating mode is selected by the fuses CKSEL3..1 as shown in
Table 4.

Table 4. Crystal Osciilator Operating Modes

Frequency Recommended Range for Capacitors |

CKOFT | CKSEL3..1 Range(MHz) C1 and C2 for Use with Crystals (pF) |
1 101" 0.4-0.9 - —
BE 110 0.9-3.0 12-22 :
1 1M1 30-8.0 12-22 [

o 101,110,111 105 12-22

Note: 1. This option should not be used with crystals, only with ceramic resonators.

The CKSELO Fuse together with the SUT1..0 Fuses select the start-up times as shown
in Table 5.

AIMEL 25
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Table 5. Start-up Times for the Crystal Oscillator Clock Selection

| Start-upTime | Additional Delay
from Power-down from Reset

CKSELO | SUT1.0 | and Power-save {Vcc = 5.0V) Recommended Usage
0 0 | 250K 41 ms fﬁg“‘; resonator, fast
0 01 258 CK" 65 ms | S;:‘agmmsronator, slowly
e e [ ey
0 1 1K CK® 41ms g;;‘;“‘m"a‘“- fast
1 00 1K CK® f 65 ms S;;Z"“;‘; resonator, siowty
1 01 wkok | _ Crystal Oscilator, 50D
11 10 16K CK 41ms Sg:g‘a“)&sg“am +fast
R 16K CK e5ms 1 slowty

Notes: 1. These options should only be used when not operating close to the maximum fre-
quency of the device, and only if frequency stability at start-up is not important for the
application. These oplions are not suitabie for crystals.

2. These options are intended for use with ceramic resonators and will ensure fre-
quency stability at start-up. They can aiso be used with crystals when not operating
close to the maximum frequency of the device, and if frequency stability at start-up is
not important for the application.

quency Crystal To use a 32.768 kHz watch crystal as the clock source for the device, the Low-ire-

tor quency Crystal Oscillator must be selected by setting the CKSEL Fuses to *1 001". The
crystal should te connected as shown in Figure 11. By programming the CKOPT Fuse,
the user can enable internal capacitors on XTAL1 and XTAL2. thereby removing the
need for external capacitors. The intemal capacitors have a nominal vaiue of 36 pF.

When this Oscillator is selected, start-up times are determined by the SUT Fuses as
shown in Tabie 6.

Table 6. Start-up Times for the Low-frequency Crystal Osciliator Clock Selection

Start-up Time from Additionat Delay
Power-down and from Reset
SUT1..0 Power-save {(Vee =5.0V) Recommended Usage
00 1K CK{ 4.1 ms Fast rising power or BOD enabled
o1 1K CKV 65 ms Slowly rising power
10 32K CK 65 ms Stable frequency at start-up
11 Reserved

Note: 1. These options should only be used if frequency stability at start-up is not important
for the application.

ATmega8(L)
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The calibrated internal RC Oscillator provides a fixed 1.0, 2.0, 4.0, or 8.0 MHz clock. All
frequencies are nominal values at 5V and 25°C. This clock may be selected as the sys-
tem clock by programming the CKSEL Fuses as shown in Table 9. If selected, it will
operate with no external components. The CKOPT Fuse should always be unpro-
grammed when using this clock option. During reset, hardware loads the 1 MHz
calibration byte into the OSCCAL Register and thereby automatically calibrates the RC
Oscillator. At 5V, 25°C and 1.0 MHz Oscillator frequency selected, this calibration gives
a frequency within + 3% of the nominal frequency. Using run-time calibration methods
as described in application notes available at www.atmel.com/avr it is possible to
achieve = 1% accuracy at any given V¢ and Temperature. When this Oscillator is used
as the chip clock, the Watchdog Oscillator will still be used for the Watchdog Timer and
for the Reset Time-out. For more information on the pre-programmed calibration value,
see the section “Calibration Byte” on page 222.

Table 8. Intemal Calibrated RC Oscillator Operating Modes

CKSEL3..0 Nominal Frequency (MHz2)
0001t 10
0010 20
0011 . 40
0100 8.0

Note: 1. The device is shipped with this option selected.

When this Oscillator is selected, start-up times are determined by the SUT Fuses as
shown in Table 10. PB6 (XTAL1/TOSC1) and PB7(XTAL2/TOSC2) can be used as
either general I/O pins or Timer Oscillator pins..

Table 10. Start-up Times for the Interna! Calibrated RC Oscillator Clock Setection

Start-up Timefrom |  Additional Delay
Power-down and ; from Reset
SUTi..0 Power-save ! (Ve =5.0V) Recommended Usage
00 6 CK § - BOD enabled
01 6 CK ; 4.1 ms Fast rising power
10 6 CK _J: 65 ms Slowly rising power
11 ‘ Reserved

Note: 1. The device is shipped with this option selected.

24860-AVR-10.0+
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Management Sleep modes enable the application to shut down unused modules in the MCU, thereby
ep Modes saving power. The AVR provides various sleep modes allowing the user to tailor the
] power consumption tc the application’s requirements.

To enter any of the five sleep modes, the SE bit in MCUCR must be written to logic one
and a SLEEP instruction must be executed. The SM2, SM1, and SMO bits in the
MCUCR Register select which sleep mode (idle, ADC Noise Reduction, Power-down,
Power-save, or Standby) will be activated by the SLEEP instruction. See Table 13 for a
summary. If an enabled interrupt occurs while the MCU is in a sleep mode, the MCU
wakes up. The MCU is then halted for four cycles in addition to the start-up time, it exe-
cutes the interrupt routine, and resumes execution from the instruction following SLEEP.
The contents of the Register File and SRAM are unaltered when the device wakes up
from sleep. f a reset occurs during sleep mode, the MCU wakes up and executes from
the Reset Vector.

Note that the Extended Standby mode present in many other AVR MCUs has been
removed in the ATmegas, as the TOSC and XTAL inputs share the same physical pins.

Figure 10 on page 23 presents the different clock systems in the ATmega8, and their
distribution. The figure is helpful in selecting an appropriate sleep mode.

trol Register — The MCU Controt Register contains contro! bits for power manageraent.
Bt 7 s 5 4 3 T2 1 )
|segsmzlsm|sm]nsc11|uscw}tsco1|tscoo|ucuca
ReadM¥ite RN RW RW RW RW RW RW RW
Initia! Value 0 o 0 0 0 0 0 0

e Bit 7 - SE: Sleep Enable

The SE bit must be written to logic one to make the MCU enter the sieep mode when the
SLEEP instruction is executed. To avoid the MCU entering the sleep mode unless it is
the programmer's purpose, it is recommended to set the Sleep Enable {SE) bit just
before the execution of the SLEEP instruction.

« Bits 6..4 — SM2..0: Sleep Mode Select Bits 2, 1, and 8
These bits select between the five available sleep modes as shown in Table 13.

‘Table 13. Sleep Mode Seiect

SM2 : SM1 SMO Sleep Mode
0 0 ! 0 idle
0 0 1 ADC Noise Reduction
0 B : - 1 ' 0 Power—down~_—— - .
0 ; 1 ' 1 Power-save
1T . 0 i 0 Reserved
1 ! 0 ‘ 1 Reserved
1 1 i o0 Standby!"

Note: 1. Standby mode is only available with external crystals or resonators.

PEREREEEE AlmEl 31
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ts This section describes the specifics of the interrupt handiing performed by the
ATmega8. For a general explanation of the AVR interrupt handling, refer to “Reset and
interrupt Handling™ on page 12.

Vectors in
’ Table 18. Reset and Interrupt Vectors
! Program
Vector No. | Address® | Source Interrupt Definition
1 0x000"" ! RESET External Pin, Power-on Reset, Brown-out
! Reset, and Watchdog Reset
2 0x001 INTO External Interrupt Request 0
3 i 0x002 : INTH External Interrupt Request 1
4 | 0x003 | TIMER2COMP | Timer/Counter2 Compare Match
5 { O0x004 | TIMER2OVF Timer/Counter2 Overfiow
6 i 0x005 ; TIMER1CAPT | Timer/Counterl Capture Event
7 1 0x006 TIMER1 COMPA | Timer/Counteri Compare Match A
8 ’ 0x007 ! TIMER1 COMPB | Timer/Countet1 Compare Match B
9 . Ox008 | TIMERIOVF | Timer/Counterl Overflow
10 | O0x009 | TIMEROOVF Timer/Counter0 Overilow
11 | Ox00A | SP,STC Serial Transfer Complete
12 | Ox00B | USART,RXC | USART, Rx Complete
13 0x00C USART, UDRE USART Data Register Empty
14 0x00D i USART, TXC USART, Tx Complete
15 | OxQ0E | ADC ADC Conversion Complete
16 ' Ox00F ; EE_RDY | EEPROM Ready
17 | O0x010 | ANA_COMP  Analog Comparator
18 | o011 | TWI i Two-wire Serial Interface
19 i O0x012 | SPM_RDY : Store Program Memory Ready
Notes: 1. When the BOOTRST Fuse is programmed, the device will jump to the Boot Loader
address at reset, see “Boot Loader Support — Read-While-Write Seif-Programming”
on page 205.

2. When the IVSEL bit in GICR is set, Interrupt Vectors will be moved to the start of the
boot Flash section. The address of each Interrupt Vector will then be the address in
this table added to the start address of the boot Flash section.

Table 19 shows reset and Interrupt Vectors placement for the various combinations of
BOOTRST and IVSEL settings. If the program never enables an interrupt source, the
Interrupt Vectors are not used, and regular program code can be placed at these loca-
tions. This is also the case if the Reset Vector is in the Application section while the
Interrupt Vectors are in the boot section or vice versa.

ATmega8(L)
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The external interrupts are triggered by the INTO, and INT1 pins. Observe that, if
enabled, the interrupts will trigger even if the INTO..1 pins are configured as outputs.
This feature provides a way of generating a software interrupt. The extemal interrupts
can be triggered by a falling or rising edge or a low level. This is set up as indicated in
the specification for the MCU Control Register — MCUCR. When the external interrupt is
enabled and is configured as level triggered, the interrupt will trigger as long as the pin is
held low. Note that recognition of falling or rising edge interrupts on INTO and INT1
requires the presence of an /O clock, described in “Clock Systems and their Distribu-
tion" on page 23. Low level interrupts on INTO/INT1 are detected asynchronously. This
implies that these interrupts can be used for waking the part also from sleep modes
other than ldle mode. The I/O clock is halted in all sleep modes except idle mode.

. Note that if a level triggered interrupt is used for wake-up from Power-down mode, the

changed level must be held for some time to wake up the MCU. This makes the MCU
less sensitive to noise. The changed level is sampled twice by the Watchdog Oscillator
clock. The period of the Watchdog Oscillator is 1 pys (nominal) at 5.0V and 25°C. The
frequency of the Watchdog Oscillator is voltage dependent as shown in “Electrical Char-
acteristics” on page 239. The MCU will wake up if the input has the required level during
this sampling or if it is held until the end of the start-up time. The start-up time is defined
by the SUT Fuses as described in “System Clock and Clock Options” on page 23. If the
level is sampled twice by the Watchdeg Oscil'aior clock but disappears before the end
of the start-up time, the MCU will still wake up, but no interrupt will be generated. The
required level must be held long enough for the MCU to complete the wake up to trigger
the level interrupt.

The MCU Control Register contains control bits for interrupt sense control and general
MCU functions.

B8it 7 6 5 4 3 2 1 0 .
[ se | swz | smi | Smo | isct1 | iSCto | 1SCO1 | 'SC00 | MCUCR

Read/Wiite RIW RW RW RW RIW RW RIW RW

Initial Value 0 0 1] 1] V] 0 0 0

e Bit3,2-I1SC11,ISC10: Interrupt Sense Control 1 Bit 1 and Bit 0

The External Interrupt 1 is activated by the external pin INT1 if the SREG I-bit and the
corresponding interrupt mask in the GICR are set. The level and edges on the external
INT1 pin that activate tiie interrupt are defined in ‘fable 31. The value on the INT1 pin is
sampled before detecting edges. If edge or toggle interrupt is selected, pulses that last
longer than one clock period will generate an interrupt. Shorter pulses are not guaran-
teed to generate an interrupt. If low lavel interrupt is selected, the low level must be he:d
until the completion of the currently executing instruction to generate an interrupt.

Table 31. interrupt 1 Sense Control
ISC11 | ISC10 | Description

0 0 The low level of INT1 generates an intersupt request. l
0 1 Any logical change on INT1 generates an interrupt request.
1 0 The falling edge of INT1 generates an interrupt request.

B 1 1 The rising edge of INT1 generates an interrupt request.

ATMEGAB (L) . ——
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« Bit1, 0—ISCO01, ISC0O0: interrupt Sense Control 0 Bit 1 and Bit 0

The External Interrupt 0 is activated by the extemal pin INTO if the SREG I-flag and the
corresponding interrupt mask are set. The level and edges on the external INTO pin that
activate the interrupt are defined in Table 32. The value on the INTO pin is sampled
before detecting edges. If edge or toggle interrup! is selected, pulses that last longer
than one clock period will generate an interrupt. Shorter pulsec are not guaranteed to
generate an interrupt. If low level interrupt is selected, the low level must be held until
the completion of the currently executing instruction to generate an interrupt.

Table 32. interrupt 0 Sense Control
ISCO1 | ISC00 | Description
0 0 The low level of INTO generates an interrupt request.
Any logical change on INTO generates an interrupt request.

o 1
1 0 The falling edge of INTO generates an interrupt request.
1 1 The rising edge of INTO generates an interrupt request.

Bit 7 6

l INT4 l INTO |
Raad/Wiite RIW RW
initial Value [¢] 1]

« Bit 7 - INT1: External Interrupt Request 1 Enable

When the INT1 bit is set (one) and the I-bit in the Status Register (SREG) is set (one),
the external pin interrupt is enabled. The Interrupt Sense Control1 bits 1/0 (ISC11 and
ISC10) in the MCU genera! Control Register (MCUCR) define whether the extemal
interrupt is aciivated on rising and/or failing edge of the INT1 pin or level sensed. Activity
on the pin will cause an interrupt request even if INT1 is configured as an output. The
corresponding interrupt of External Interrupt Request 1 is executed from the INT1 Inter-
rupt Vector.

» Bit 6 - INTO: External Interrupt Request 0 Enable

When the INTO bit is set (one) and the I-bit in the Status Register (SREG) is set (one),
the externa! pin interrupt is enabled. The interrupt Sense Centrol0 bits 1/0 (1ISC01 and
ISCO00) in the MCU general Control Register (MCUCR) define whether the external
interrupt is activated on rising and/or falling edge of the INTO pin or level sensed. Activity
on the pin will cause an interrupt request even if INTO is configured as an output. The
corresponding interrupt of Exiernal Interrupt Request 0 is executed fiom the INTO Inter-
rupt Vector.

1 0
[WseL | WoE | GicR
RW  RW

[+] 0

o 1]
o AN
o:ﬂrlu
o ajils
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Bt 7 6 5 4 3 2 1 (]

INTF1 NvFO | - | - ] - | - - 1 - | GFR
Read/Write RW RW R R R R R R
Initial Value 0 0 0 0 0 0 0 0

¢ Bit 7 - INTF1: External Interrupt Flag 1

When an event on the INT1 pin triggers an interrupt request, INTF1 becomes set (one).
If the I-bit in SREG and the INT1 bit in GICR are set (one), the MCU will jump to the cor-
responding Interrupt Vector. The flag is cleared when the interrupt routine is executed.
Alternatively, the fiag can be cleared by writing a logical one to it. This flag is always
cleared when INT1 is configured as a level interrupt.

¢ Bit 6 — INTFO: Externat interrupt Fiag 0

When an event on the INTO pin triggers an interrupt request, INTFO becomes set (one).
If the I-bit in SREG and the INTO bit in GICR are set (one), the MCU will jump to the cor-
responding Internipt Vector. The fiag is cleared when the interrupt routine is executed.
Altematively, the flag can be cleared by writing a logical one tc it. This flag is always
cleared when INTO is configured as a tevel interrupt.

24860-AVR-1C
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:

imer/Counter2 Timer/Counter2 is a general purpose, singie channel, 8-bit Timer/Counter module. The

main features are:
WM and Single Channe! Counter
chronous

Ctear Timer on Compare Match (Auto Reload)
tion Glitch-free, ohase Correct Pulse Width Mecdulator (PWM)
) Frequency Generator
10-bit Clock Prescaler
Overflow and Compare Match interrupt Sources {TOV2 and OCF2)
Allows Clocking from External 32 kHz Watch Crystal Independent of the /O Clock

o & 6 6 o & o

BwW A simplified block diagram of the 8-bit Timer/Counter is shown in Figure 45. For the
actual placement of 1/O pins, refer to *Pin Configurations™ on page 2. CPU accessible
/O Registers, including /O bits and /O pins, are shown in bold. The device-specific VO
Register and bit locations are listed in the “8-bit Timer/Counter Register Description” on
page 115.

Figure 45. 8-bit Timer/Counter Block Diagram
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unter Clock
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The Timer/Counter (TCNT2) and Output Compare Register (OCR2) are 8-bit registers.
Interrupt request (shorten as Int.Req.) signals are all visible in the Timer Interrupt Flag
Register (TIFR). All interrupts are individually masked with the Timer Interrupt Mask
Register (TIMSK). TIFR and TIMSK are not shown in the figure since these registers are
shared by other timer units.

The Timer/Counter can be clocked internally, via the prescaler, or asynchronously
clocked from the TOSC1/2 pins, as detailed {ater in this section. The asynchronous
operation is controlled by the Asynchronous Status Register (ASSR). The Clock Select
logic block controls which clock source the Timet/Counter uses to increment (or decre-
ment) its value. The Timer/Counter is inactive when no clock source is selected. The
output from the clock select logic is referred to as the timer clock (clkry).

The double buffered Output Compare Register (OCR2) is compared with the
Timer/Counter value at all times. The result of the compare can be used by the wave-
form generator to generate a PWM or variable frequency output on the Output Compare
Pin (OC2). For details, see “Output Compare Unit” on page 105. The Compare Match
event will also set the Compare Flag (OCF2) which can be used to generate an QOutput
Compare interrupt request.

Many register and tit references in this document are written in general form. A lower
case “n° replaces the Timer/Counter number, in this case 2. However, when using the
register or bit defines in a program, the precise form must be used (i.e., TCNT2 for
accessing Timer/Counter2 counter value and so on).

The definitions in Table 41 are also used extensively throughout the document.
Table 41. Definitions

BOTTOM ! The counter reaches the BOTTOM when it becomes zero (0x00).
MAX * The counter reaches its MAXimum when it bacomes OxFF (decimal 255).

TOP The counter reaches the TOP when it becomes equal to the highest
value in the count sequence. The TOP value can be assigned to be the
fixed value OXFF (MAX} or the value stored in the OCR2 Register. The
i assignment is dependent on the mode of operation.

The Timer/Couiter can be clockad by an internal synchronous or an external asynchro-
nous clock source. The clock source ciky, is by default equal to the MCU clock, clkyo.
Wiien the AS2 bit in the ASSR Register is written to logic one, the ciock source is takeni
from the Timer/Ccunter Oscillator connected to TOSC1 and TOSC2. For details cn
asynchronous operation, see “Asynchronous Status Register — ASSR™ on page 117. For
details on clock sources and prescaler, see “Timer/Counter Prescaler” on page 121.

msssressssssssusennes - A mEl 103
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rer/Counter
- Description

anter Control
-TCCR2 Bit 7 6 H 4 3 2 1 0
[ Foca | woemo ; comzs | comz0 [wGMz21 | cszz | cs21 | CS20 | TCCR2
Read/Wiite w RW RW RW RW RW RW RW
Initial Value o 0 ] 0 ] o 0 0

o BIit 7 - FOC2: Force Output Compare

The FOC2 bit is only active when the WGM bits specify a non-PWM mode. However, for
ensuring comoatibility with future devices, this bit must be set to zero when TCCR2 is
written when operating in PWM mode. When writing a logical one to the FOC2 bit, an
immediate Compare Match is forced on the waveform generation unit. The OC2 output
is changed according to its COM21:0 bits setting. Note that the FOC2 bit is imptemented
as a strobe. Therefore it is the value present in the COM21:0 bits that determines the
eftect of the forced compare.

A FOC2 strobe will not generate any interiupt, nor will it clear the timer in CTC mode
using OCR2 as TOP.

The FOC?2 bit is always read as zero.

- Bit 6,5 - WGM21:0: Waveform Generation Mode

These bits contro! the counting sequence of the counter, the source for the maximum
(TOP)-counter value, and what type of waveform generation to be used. Modes of oper- .
ation supported by the Timer/Counter unit are: Normal mode, Clear Timer on Compare

Match (CTC) mode, and two types of Pulse Width Modulation (PWM) modes. See Table
42 and “Modes of Operation” on page 108.

Table 42. Waveform Generation Mode Bit Description

! WGM21 WGM20 ' Timer/Counter Mode | Update of | TOV2Flag
Mode ; (CTC2) (PWM2) : of Operation TOP ; OCR2 ; Set
0 x 0 0 ' Normal OxFF immediate ‘ MAX
10 1 FWM,Phase Correct | OxFF  TOP | BOoTTOM |
R 0o .cTC OCR2 | immediate | MAX
T3 1 1 1 FastPWM OXFF ' TOP MAX |

Note: 1. The CTC2 and PWM2 bit definition names are now obsolete. Use the WGM21:0 def-
initions. However, the functionality and location of these bits are compatible with
previcus versions of the timer.

« Bit 5:4 - COM21:0: Compare Match Output Mode

These bits contro! the Output Compare Pin (OC2) behavior. If one or both of the
COM21:0 bits are set, the OC2 output overrides the normal port functionality of the 1O
pin it is connected to. However, note that the Data Direction Register (DDR) bit corre-
sponding to OC2 pin must be set in order to enable the output driver.

When OC2 is connected to the pin, the function of the COM21:0 bits depends on the
WGM21:0 bit setting. Table 43 shows the COM21:0 bit functionality when the WGM21:0
bits are set to a normal or CTC mode (non-PWMj.

R Am 115
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Table 43. Compare Output Mode, Non-PWM Mode

COM21 | COM20 | Description
0 0 Normal port operation, OC2 disconnected.
1] : iw : Tog;!; OC2 on Compare Match
1 5 0 ; Clear OC2 on Compare Match
1 R 1“ S§t0C2 on Compare Match o T T

Table 44 shows the COM21:0 bit functionality when the WGM21:0 bits are set to fast
PWM mode.

Table 44. Compare Output Mode, Fasi PWM Mode(

COM21 COM20 Description
0 ! 0 Normat port operation, OC2 disconnected.
0 : 1 Reserved
1 i o Ciear OC2 cn Compare Match, set OC2 at TOP
1 1 Set 0OC2 on Compare Match, clear OC2 at TOP

Note: 1. A speczal case occurs when OCRA2 equals TOP and COM21 s sat. In this case, the
Compare Match is ignored, but the set or clear is done at TOP. See “Fast PWM
Mode" on page 110 for more details.

Table 45 shows the COM21:0 bit funciionality when the WGM21:0 bits are sat to phase
correct PWM mode.

Table 45. Compare Output Mode, Phase Correct PWM Mode(!
COM21 | COM20 ; Description

0 ) No'mal port operanon. 0OC2 disconnected.
o i 1 , Reserved
1 0 Clear 0C2 on Compare Match when up-counting. Set OC2 on Compare

Match when downcounting.

: : © Set OC2 on Compare Match when up-counting. Clear OC2 on Compare
1 : 1 i
i i ; Maich when downcounting.

Note: 1. A special case occurs when OCR2 equals TOP and COM21 is set. In this case, the
Compare Match is ignored, but the set or clear is done at TOP. See “Phase Correct
PWM Mode” on page 111 for more details.

\Tmega8(L)
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nter Register -

npare Register -

»nous Operation
ner/Counter

‘ous Status
ASSR

* Bit 2:0 - CS22:0: Clock Select

The three clock select bits select the clock source to be used by the Timer/Counter, see
Table 46.

Table 46. Clock Select Bit Description

CS22 | CS21 | CS20 | Description

0 0 0 | Noclock source (Timer/Counter stopped).

0 0 1 | clkpeg/(No prescaling)

0 1 0 clkps/8 (From prescaler)

0 1 1 ! clkppg/32 (From prescaler)

1 0 0 ! clkrys/64 (From prescaler)

1 Y 1 f clkpe/ 128 (From prescaler)

1 1 ‘0 ! clkypg/256 (From prescaler)

1 1 ! 1 ; clky,s/1024 (From prescaler)
Rit 7 6 5 4 3 2 1 0

| TCNT2{7:0) ] TONT2

Read/Wiite RW RW RW RW RIW RW RW RIW
tnitial Value 0 ° 0 0 ° 0 0 0

The Timer/Counter Register gives direct access, both for read and write operations, to
the Timer/Counter unit 8-bit counter. Writing to the TCNT2 Register blocks (removes)
the Compare Match on the foliowing timer clock. Modifying the counter (TCNTZ2) while
the counter is running, introduces a risk of missing a Compare Match between TCNT2
and the OCR2 Register.

Bit 7 6 5 4 3 2 1 0
[ OCR2[7:0] ] ocrz

Read/Wite RW  RW RW RW RW RW  RW  RW

inttial Vatue 0 0 0 0 0 0 0 ¢

The Output Compare Register contains an 8-bit vaiue that is continuously compared
with the counter value (TCNT2). A match can be used to generate an Output Compare
interrupt, or to generate a waveform output on the OC2 pin.

Bit 7 6 5 4 3 2 1 0

I - i - l - l_: | As2 ] TCN2UB | OCR2UB | TCI:.ZUB ASSR
Read/Wiite R R R R RW R R R
Initial Value 0 0 0 0 0 0 0 0

* Bit 3 - AS2: Asynchronous Timer/Counter2

When AS2 is written to zero, Timer/Counter 2 is clocked from the IO clock, clk,q. When
AS2 is written to one, Timer/Counter 2 is clocked from a crystal Oscillator connected to
the Timer Osciilator 1 (TOSC1) pin. When the value of AS2 is changed, the contents of
TCNT2, OCR2, and TCCR2 might be corrupted.

AIMEL "
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» Bit 2 - TCN2UB: Timer/Counter2 Update Busy

When Timer/Counter2 operates asynchronously and TCNT2 is written, this bit becomes
set. When TCNT2 has been updated from the temporary storage register, this bit is
cleared by hardware. A logical zero in this bit indicates that TCNT2 is ready to be
updated with a new value.

« Bit 1 - OCR2UB: Cutput Compare Register2 Update Busy

When Timer/Counter2 operates asynchronously and OCR2 is written, this bit becomes
set. When OCR2 has been updated from the temporary storage register, this bit is
cleared by hardware. A logical zero in this bit indicates that OCR2 is ready to be
updated with a new value.

« Bit 0 - TCR2UB: Timer/Counter Control Register2 Update Busy

When Timer/Counter2 operates asynchronously and TCCR2 is written, this bit becomes
set. When TCCR2 has been updated from the temporary storage register, this bit is
cleared by hardware. A logical zero in this bit indicates that TCCR2 is ready to be
updated with a new vaiue.

If a write is performed to any of the three Timer/Counter2 Registers while its update
busy flag is set, the updated value might get corrupted and cause an unintentional inter-
rupt to occur.

The mechanisms for reading TCNT2, OCR2, and TCCR?2 are different. When reading
TCNTZ2, the actual timer value is read. When reading OCR2 or TCCR2, the value in the
temporary storage register is read.

When Timer/Counter2 oparates asynchronously, some considerations must be taken.

« Warning: When switching between asynchronous and synchronous clocking of
Timer/Counter2, the Timer Registers TCNT2, OCR2, and TCCR2 might be
corrupted. A safe procedure for switching clock source is:

1. Disable the Timer/Counter2 interrupts by clearing OCIE2 and TOIE2.
2. Select clock source by setting AS2 as appropriate.
Write new values to TCNT2, OCR2, and TCCR2.

3.
4. To switch to asynchronous operation: Wait for TCN2UB, OCR2UB, and
TCR2UB.

5. Clear the Timer/Counter2 Interrupt Flags.
6. Enable interrupts, if needed.

e ‘The Osciliator is optimized for use with a 32.768 kHz watch crystal. Applying an
external clock to the TOSC1 pin may result in incorrect Timer/Counter2 operation.
The CPU main clock frequency must be more than four times the Oscillator
frequency.

e When writing to one of the registers TCNT2, OCR2, or TCCR2, the value is
transferred to a temporary register, and latched after two positive edges on TOSC1.
The user should not write a new value before the contents of the temporary register
have been transferred to its destination. Each of the three mentioned registers have
their individual temporary register, which means that e.g. writing to TCNT2 does not
disturb an OCR2 write in progress. To detect that a transfer to the destination
register has taken place, the Asynchronous Status Register — ASSR has been
implemented.

» When entering Power-save mode after having written to TCNT2, OCR2. or TCCR2,
the user must wait until the written register has been updated if Timer:<Counter2 is
used to wake up the device. Otherwise, the MCU will enter sleep mode before the
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changes are effective. This is particularly important if the Output Compare2 interrupt
is used to wake up the device, since the Output Compare function is disabled during
writing to OCR2 or TCNT2. i the write cycle is not finished, and the MCU enters
sleep mode before the OCR2UB bit returns to zero, the device will never receive a
Compare Match interrupt, and the MCU wiii not wake up.

« If Timer/Counter? is used to wake the device up from Power-save mode,
precautions must be taken if the user wants to re-enter one of these modes: The
interrupt logic needs one TOSC1 cycle to be reset. If the time between wake-up and
re-entering steep mode is less than one TOSC1 cycle, the interrupt will not occur,
and the device will fail to wake up. If the user is in doubt whether the time before re-
entering Power-save or Extended Standby mode is sufficient, the following algorithm
can be used to ensure that one TOSC1 cycle has elapsed:

1. Write a value to TCCR2, TCNT2, or OCR2.
2. Wait until the corresponding Update Busy Flag in ASSR returns to zero.
3. Enter Power-save or Extended Standby mode.

¢ When the asynchronous operation is selected, the 32.768 kHZ Oscillator for
Timer/Counter2 is always running, except in Power-down and Standby modes. After
a Power-up Reset or Wake-up from Power-down or Standby mode, the user should
be aware of the fact that this Oscillator might take as long as one second to stabilize.
The user is advised to wait for at least one second before using Timer/Counter2
after Power-up or Wake-up from Power-down or Standby mode. The contents of all
Timar/Counter2 Registers must be considered lost after a wake-up from Power-
down or Standby mode due to unstable clock signal upon start-up, no matter
whether the Oscillator is in use or a clock signal is applied to the TOSC1 pin.

+ Description of wake up from Power-save or Extended Standby mode when the timer
is clocked asynchronously: When the interrupt condition is met, the wake up
process is started on the following cycle of the timer clock, that is, the timer is
aiways advanced by at least one before the processor can read the counter value.
After wake-up, the MCU is halted for four cycles, it executes the interrupt routine,
and resumes execution from the instruction following SLEEP.

* Reading of the TCNT2 Register shortly after wake-up from Power-save may give an
incorrect result. Since TCNT2 is clocked on the asynchronous TOSC clock, reading
TCNT2 must be done through a register synchronized to the internal 1/0 clock
domain. Synchronization takes place for every rising TOSC1 edge. When waking up
from Power-save mode, and the /O clock (clk,o) again becomes active, TCNT2 will
read as the previous value (before entering sleep) until the next rising TOSC1 edge.
The phase of the TOGSC clock after waking up from Power-save mode is essentially
unpredictable, as it depends on the wake-up time. The recommended procedure for
reading TCNT2 is thus as follows:

1. Write any value {0 2ither of the registers OCR2 or TCCR2.
2. Wait for the corresponding Update Busy Flag to be cleared.
3. Read TCNT2.

+ - During asynchronous operation, the synchronization of the interrupt Flags for the
asynchronous timer takes three processor cycles plus one timer cycle. The timer is
therefore advanced by at least one before the processor can read the timer value
causing the setting of the interrupt Flag. The Output Cempare Pin is changed on the
timer clock and is not synchronized to the processor clock.

AIMEL 19
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7 6 5 4 3 2 1 0
| ociE2 | TOiE2 | MCIE1 | OCIEIA | OCIE18 | TOIE1 i - | TOEO | TiMSK
Read/Write RW RW RW RW RW RW R RW
Inttial Value 0 0 0 (1} 0 0 0 0

« Bit 7 - OCIE2: Timer/Counter2 Output Compare Match interrupt Enable

When the OCIE2 bit is written to one and the I-bit in the Status Register is set (one), the
Timer/Counter2 Compare Match interrupt is enabled. The corresponding interrupt is
executed if a Compare Match in Timer/Counter2 occurs (i.e., when the OCF2 bit is setin
the Timer/Counter Interrupt Flag Register — TiFR).

« Bit 6 — TOIE2: Timer/Counter2 Overfiow Interrupt Enable

When the TOIE2 bit is written to one and the I-bit in the Status Register is set (one), the
Timer/Counter2 Overflow interrupt is enabled. The corresponding interrupt is executed if
an overflow in Timer/Counter2 occurs (i.e., when the TOV2 bit is set in the

Timer/Counter interrupt Flag Register — TIFR).

8it 7 6 -] 4 3 2 1 0

I R A R R e I L
Read/Write RIW RW RW RW R W R RIW
Initial Value [} 0 [} 0 4} 0 ] 0

+ Bit 7 - OCF2: Output Compare Flag 2

The OCF2 bit is set (one) when a Compare Match occurs between the Timer/Counter2
and the data in OCR2 ~ Output Compare Register2. OCF2 is cleared by hardware when
executing the corresponding interrupt Handling Vector. Alternatively, OCF2 is cleared
by writing a logic one to the fiag. When the I-bit in SREG, OCIE2 (Timer/Counter2 Com-
pare Match Interrupt Enable), and OCF2 are set (one), the Timer/Counter2 Compare
Match Interrupt is executed.

« Bit 6 — TOV2: Timer/Counter2 Overflow Flag

The TOV2 bit is set (one) when an overflow occurs in Timer/Counter2. TOV2 is cleared
by hardware when executing the corresponding interrupt Handling Vector. Alternatively,
TOV2 is cleared by writing a logic one to the flag. When the SREG I-bit, TOIE2
(Timer/Counter2 Overflow Interrupt Enable), and TOV2 are set {one), the
Timer/Counter2 Overflow interrupt is executed. In PWM mode, this bit is set when
Timer/Countér2 changes counting direction at 0x00.

24860-AVR-10/04
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Digital-to-Analog Conversion

ata is in binary form, the 0's and 1's may be of several forms such Iy 4.

"TI. form where the logic zero may be a value up to 0.8 volts and IR

ay be a voltage from 2 to 5 volts. The data can be converted to cleanjici..ironics
‘orm using gates which are designed to be on or off depending on cone epts '
ie of the incoming signal. Data in clean binary digital formcanbe ||~

ed to an analog form by using a summing amplificr. For example, a Digital
1-bit D/A converier can be made with a four-input summing Cireuits

zr. More practical is the R-2R Network DAC. R

" Weighted Summing Amplifier |R:ZB._N, ctwork Approac hl

e o o

>hysics*****Electricity and magnetism Nave

Ge Back

Foufﬁit D/A Conv;?er |
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in

re

ted in
mming

1
.__1_
ier to 0 Q—W \_:+
1

1.25K 10K into a summing Electronics
- junction. concepts
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R4 v require the largest scaling Digital
1K resistor to be 2048 times the Systems‘

smallest, so this approach
quickly becomes impractica!l Sec 9-16.

proach is not satisfactory for a large number of bits because it
: too much precision in the summing resistors. This problem is
ne in the K-2K neisork DAC,
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R-2R Ladder DAC

imming amplifier with the R-2R Y“‘f

of resistances shown produces

tput
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Horowitz
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Alogic 1 {e.g., TTL 5¥) closes
the switch, applying Yref to the
summing junction. A logic O

leaves that input grounded. R

Dz =1

Summing
amplifier.
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R2R DIGITAL TO ANALOG CONVERTER

Deskripsi:
DAC - R - 2R Ladder ini memiliki kelebihan-kelebihan antara lain
- Tegangan output analog yang dapat diatur antara 5V sampai 34V sesuai
vang diinginkan
- Arus output yang lebih besar daripada IC DAC yang lain.
Hal ini disebabkan DAC ini menggunakan OP-AMP. Secara umum rangkaian DAC
-R - 2R Ladder ini dapat dibagi menjadi 2 bagian utama, yaitu :
1. Blok R-2R Ladder
2. Blok Penguat Tegangan

Blok R-2R Ladder
Rangkaian R-2R Ladder mengkkonversikan 8 bit data digital dari
mikrokontroler menjadi tegangan analog

AL yang bersesuaian
S Apabila semua bit data berlogika 1 (FFH)

maka tidak ada arus lo yang mengalir
sehingga tegangan output (Vo) =35V
Apabila semua bit data = 0 (OH) maka
mengalir arus lo dan tegangar output =
10V

Pada bagian ini ada suatu level DC 5V
yang harus dihilangkan agar output DAC
berayun antara 0 sampai 5V.

Untuk itu, output DAC ini diinputkan lagi
ke sebuah penguat membalik yang mana
akan menghasilkan tegangan output DAC
0-5V saja.
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Bagian Penguat Tegangar

v Output DAC ini masih dapat dinaikkan ke
) level yang lebih besar tergantung dari besar tegangan
8 3]
10K 2
tegangan tidak membalik seperti dalam gambar
= o berikut

§ supply yang digunakan. Tegangan output ini
TT_:T—' Vo = Ve = (I+RfR) V3

>"‘-—i maksimal 1,5V dibawah tegangan supply positifnya.
0!

J Rangkaian dasar penguat tegangan adalah penguat
v

DL LA BELECTRONIU

Lup:deta-clecimonic.cont



Supply DAC

3

Pada bagian ini, tegangan -V
dibutuhkan untuk menghasiikan respon yang
lebih linier dari Op Amp yang digunakan.

i DELTA ELECIRONIC
T hupi/fdetia-clectronic.com
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+15kV ESD-Protected, +5V RS-232 Transceivers

General Description

Ihe MAX202E-MAX213E. MAX232E/MAX241E line
driversireceivers are designed for RS-232 and V.28
communications in harsh eavironments. Each
transmitter output and receiver input is protected
against +15kV electrostatic discharge (ESD) shocks,
without fatchup. The various combinations of features
are outlined in the Selection Guide. The drivers and
receivers for all ten devices meet all EIA/TIA-232E and
CCITT V.28 specifications at data rates up to 120kbps,
when loaded in accordance with the EIA/TIA-232E
specification.

The MAX211E/MAX213E/MAX241E are available in 28-
pin SO packages, as wefl as a 28-pin SSOP that uses
60% less voard space. The MAX2025/MAX232E come
in 16-pin narrow SO, wide SO, and DIP packages. The
MAX203E comes in a 20-pin DIP/SO package. and
needs no external charge-pump capacitors. The
MAX205E comes in a 24-pin wide DIP package, and
alco eliminates external charge-pump capacitors. The
MAX206E/MAX207E/MAX20BE come in 24-pin SO,
SSOP. and narrow DIP packages. The MAX232E/
MAX241E operate with four 1pF capacitors, while the
MAX202E/MAX206E/MAX20TE/MAX208E/MAX21 1E/
MAX213E operate with four 0.1pF capacitors, further
reducing cost and board space.

Applications
Notebook, Subnotebock, and Palmtop Computers
Battery-Powered Equipment

Hand-Helg Equipment

Ordering information appears at end of datz shest.

S ANKXILINA

Features

+ ESD Protection for RS-232 /O Pins:
215kV—Human Body Model
+8kV—IEC1000-4-2, Contact Discharge
1+15kV—IEC10800-4-2, Air-Gap Discharge

+ Latchup Free (unlike bipolar equivalents)

+ Guaranteed 120kbps Data Rate—LapLink™
Compatible

4+ Guaranteed 3V/us Min Stew Rate

+ Operate from a Single +5V Power Supply

Pir Configurations

FOP VIEW
P

Gl E E Veo
oG] amana fud nor

Ce- ¢ MAX202E 13} RiN
o & MAX23eE % -

v-[¢] [} vm

e 7] 1] T2
w2 [ 9 | raout

DIPISO

Pin Configurations onz Typica! Opcrating Clrcuits continued at

end of clala shest

Selection Guide

! i i
Mzt Negreme | TohEw | e | POV | TTnees

SHUTDCWN | CAPACITORS |
MAX202E | 2 T 0 FERETTIIN No No
MAX203E | 2 2 0 tione i No Nc
MAX205E ! 5 5 0 Nane ; Yes Yes
MAX206E ! 4 3 0 4 (G uF) Yes Yes
MAX207E | 5 3 c 4018 No NG
MAX208E | 4 4 0 3 No No
MAX211E | 4 5 0 4{0.1pF; Yes Yes
MAX213E 2 5 2 41036 Yes Yes
MAX232€ 2 2 0 4 (IpFi : No No
MAX241E | 3 5 I o acph) | Yes Yes

LaplLink is a registered wademark of Traveling Sofiwere. Inc.

MAAXIM

Maxim integroted Products 1
For free samples & the latest literature: http:/fwww.maxim-ic.com, or phone 1-800-998-8800

FALYZXVIWIZEZXVIN ‘IELZXVIN-TZ0ZXYIN
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+15kV ESD-Protected, +5V RS-232 Transceivers

ABSOLUTE MAXIMUM RATINGS

03Vin ~5Vv

(Ve - 2.3Vito - 14V
Vo ererecrieee reresmn s et e 214V 10 4 0.3V
input Voltages
TN e v 0.3V IO (Ve 2 ©2V)
RUN....... 1)
Cutput Veltages
T_OUT oeer errrecesrieresisesesernecnnennen V- - 0.3V1 10 (V= = 0.3V)
ROUT.. .. 03Vio Vce - C3V)

Shont-Circuit Durstion 1 _OQUT. ... . Continwous
Continuous Power Dissipaticn {Ta = +70°C)
16-Pin Plasiic DIP (derate 10.53mW/*C above +70°C).. .842mW
15-Fin Narrow 30O {derate 8.70mWi°C ahove +70°C) ... 696mW
16-Pm Wige SO (derate 2.52mWr°C above ~70°C} . . 7162mW
20-Pin Plastic CiP (derate 11.11mW/°C abave -70°C) 883SmwW

20-Pin SO (derate 10 06MW/'C above +70°C)... .. ....BOOMW
24-Pin Narrow Plastic DIP

(cerate 13.33mMWIC 3D0VE +70°C) wonrrrrencereernnicanenns 1. OTW
24-Pin Wide Plastic DIP

{cerate 14.20mWIC above +70°C) . ienirannencens 1.14W
24.Pin SO (derate 11.76mW/*C above +70°C)... 941mW
24-Pin SSOP (derate 8 5C.nW!"C above +70°C)

28-Fan SO (derate 12.507:W/"C above +70°C).. e IW

22-Pin 3SOP {geraie §.52nW/°C above +70°C) ......... T62mW
Operating Tempersture Ranges

MAX2__EC__.... 0°Cto +70°C

MAX2_ _EE_ _ e s e m¥0"C 10 +85°C
Storage Teirpara: Range ... . . . -05°C 1o +165'C
Lead Temparaturs sotdening, 10SeC) .o .....+300°C

Stresses bayoad thuse isted under "Absohlte Mo FlinGs ' My CRUSE pEMnanal dzmage 19 e device, These arc siess 13tngs oy, and functional
oprtation of i device Al Hwse o any other Conitinm breyned those invclicated in tive cgwratnrl steres of the specdicatons is not implied. Expostre lo
absolute maximum iating canviitans for exienued periods may aftect devce reliabitty

ELECTRICAL CHARACTERISTICS

(VoC = +5V =10% for MAX2C2E1206E/208E/211E/213E/222R/241E; Vg = +5V =5% for MAX203E/205E/207E; C1-C4 = 9.1pF for
MAX202€/205E/207E/208E:2118/213E: C1-C4 = 1uF for MAX232E/247F: Ta = Tran 10 T:ax: uniess otherwise noted. Typical values

areat Ta= -25°C}

PARAMETER [ SYMBOL | CONDITIONS [ MIN TYP MAX |UNITS
DC CHARACTERISTICS
MAX 2)2E/203F 8 15
MAX205E-208€ M 20
Vee Supply Current lce No lcad. Ta = -25°C MAX211L.2713E 14 20 mA
MAX232E 5 10
MAX241E 7 15
}AaX205E/208¢ 1 10
Shutcow. 1 Suppi, Current s =25°C. Figure i PAAX2112/28%E 1 10 yA
MAXZ13E 15 50
LOGIC
Input Puti-up Current T_IN = OV (MAXZO5E-208£/211£/213E/241E) 15 200 | pA
Input Leakage Cuitent T_IN - OV 15 Voo (MAX2C2E/2036/232E) £10 pA
Thea - " T_IN: EN. SHDN {MAX213E) of
Input Threshold Low Vit £, SHON (MAK205E-208E/21 1E/241E} 0.8 9
T_IN 2.0
Inout Threshold High Vi EN SHON (MAY213E) ~~ EN, SHDM 24 v
(MAX205E-2082/271E/241E) -
, R_CUT: ioui = 2.2mA {MAX202E/2035/232€) o
Cutput Vohage Low VOL | iguyr « 1 BmA (MAX205E/208E/211E/2135/241E; 0.4 v
Output Voltage High Ve R_QUL louy = -1.0mA 3.5 Vec-04 v
T T T e T T T R VoG, EN - OV, VS RouT < Ve, -
utout Lo o6 c ter . X\ =
Output Logkage Cument MAXZ0SE 2085 /217 E/21 3E/241E cuiputs disabied 005 £10 | pA
MMAXIMN




+15kV ESD-Protected, +5V RS-232 Transceivers

ELECTRICAL CHARACTERISTICS (continued)

NGe = +5V «10% for MAX202E/206E/208F 21 1F/213F/232281241F . Vg = +5V =5% for MAX263F/2056/207€. C1-C4 = 0.1yF for
MAX202E/206E/207E2ubc/211E/213E; C1-C4 « 1pf for MAX232E/241E: Ta = Tamin 1 TMAX: uniess othenvise noted. Typical values
areatTa= +25'C)

PARAMETER ]symBoL | CONDITIONS [ MIN  TYP MAX | UNTTS

EIA/TIA-232E RECEIVER INPUTS

tinput Voltage Range -30 30 v
All parts. normal oper aucn 0.8 12

. . PR Ta = +25°C. iy RTTERET .o

input Threshold Low Ve = 5V MAX213E. SHON = GV, 06 15 v
EN = Ve

. . All pants. nofnal operation 1.7 2.4
Input Threshold High tar 125C TAAXZI3E (R4, R5Y . v
Ve~aSV o VIS 1.3 2.4

SHON = OV, EN = V2

Input Hysteresis Vee = 5V, no hysteresis in shutdown 02 05 1.0 v

input Resistance Ta = +25°C, Vce = 5V 3 ) 7 kQ

EIA/MA-232E TRANSMITTER OUTPUTS

Dutput Voltage Swing ! All drivers ioaded with 3k 16 ground (Note 1) +5 *Q v

Qutput Resistance Voe = V4 = V- = OV, Vo T ~ =22V 300 Q

QOutput Short-Cacuit Cutrent =10 +60 mA

TIMING CHARACTERISTICS

. . RL = 3kQ 15 7k Ct = SCoF to 1000pF.

Maximum Data Rate one yansmitter switching 120 kbps
All parts, nofmal operation 0S5 10

Receiver Propacation Delay ';:“L‘; Ce = 150F MAX213E (RS, R5), . 0 ps
SHDN = OV, EN = Vo

. . MAX205E/206E/211F/21 381247 normat
Receiver Output Enable lime eneration, Figure 2 600 ns
e SAAK205E/206E/211F /2136 7241E normal o
At OF = ! N
Receiver Outpu: Disable Time } operation. Figure 2 200 ns
Transmitier Propagation Delay t;‘:'_ Ry = 3kQ. Ci = 2500pF. aill ransmitters 0aged 2 Hs

Ta= 25°C.VLC = 3V, Ry » 3kQ 0 700
Transiticn-Reg:on Slew Rate Cy = 50pF to 1000pF. measured from -3V (C 3 6 30 Vius
+«3Vor +3V10-3V. Figura 3

"E$D PERFORMANCE: TRANSMITTER OUTPUTS, RECEIVER INPUTS

tiuman Body Madel =15 !
1 ESD-Protecticn Volttage 1€C1000-4-2, Contact Dischurge =8 kv
| i 7EC1000-4-2. An-Gap Discharge =15

Note 1: MAX2172E_ _iested with Vee = -3V =5%.

PAAXILAA 3
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+15kV ESD-Protected, +5V RS-232 Transceivers

{Typical Operating Circuits. VcC = +5V. Ta = +25°C. unless otherwise noted.)

a0

75

VO&, VOL (V)
o~
L5 o

[
o

50

Typical Operating Characteristics

MAXZR2E MAX202EARAX203E MANAE
TRARSMITTER OUTPUT VOLTAGE TRARSIRITTER GUTPUT VOLTASE TRARSIMITTER OGUTPUT VORTAGE
vs. LOAD CAPACITANCE t0 vs. LOAD CAPACTTANCE vs. LOAD CAPACITANCE

e e 3 Al eestoias toote & ’ X AR (oA |1
. N g:mugn.:mp___g 5 :m?u;&m&__g ' N wagm&m
ANEAN SHEN ANIAUAEN
N -1 > s N ‘\ e
\\""";55' § 55 v', 7 \\\:,:m g es S, \‘}
Vs SO = N7 = N
NG e \]‘_ § 0 &\ \\ \\ _J.._ § 60 \\y..-/.l;}\\\
N
A N >NANEN REAR%AN \‘\\
Vog = 45¢ ot s 45V \ Voo dSY
H \\ 50 11NN 50 Pt \\ NS
0 000 2000 3000 4000 s0CC ¢ W00 2000 3000 €000 £0C e 3000 2000 3000 4000 S000
LOAD CAPACITANCE (pF) LOAD CAPACITANCE (F) LOAD CAPACITANCE (pF)
MAX21TEMAX213E MAX21TENANZTIE/MAN241E
TRANSMITTER OUTPUT VOLTAGE TRANSMITTER SLEW RATE
a0 vs. LOAD CAPACITANCE vs. LOAD CAPACITARCE
} AL RRGETTERSLOACD [P AL rssTTERS WD |3
DATARATE . 220055 _,__{3 paTaeste - e, |8
15 \ [ | 13 B 30
— N
s —-\ - 2 X
3 N\ ; =
5 65 N 3Rt ]
z @-i:vi g
] 4
2 66 \\ Vi a 0 \\\\ P
AR N \ I~
'»5 - CRNpRS SR PN 5 PR R e s B s ud
/ ‘[\\ N Stew h:==
50 RS -V = SOV 0 ;

g

1000 2000 300 4000 SO0
LOAD CAPACIIANCE (pt)

G %000 2000 3000 400 5000
LOAD CAPACITANCE (pf}
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+15kV ESD-Protected, +5V RS-232 Transceivers

{Typicsl Operating Cicuits, VoC = «8V. TA = +25°C, unless otherwise noved §

Typical Operating Characteristics (continued)

MAX202EMMAX20SEMMAX232E MAX205E-MAX208E MAX20SE-MAX208E
© TRARSMITTER SLEW RATE TRANSMITTER QUTPUT VOLTAGE TRANSHSTTER SLEW RATE
vs. LOAD CAPACITANCE . s vs. LOAD CAPACITANCE » vs. LOAD CAPACITANCE
W ‘
e i i N I PRI Y 1
N DATARAIE » 120ps . |3 — -] 1 TRANSMITTER AT FULL DATA RATE]R
W R e 3282 59 = 20x00s} 1 6 4 TRANSMITTERS AT 1/B DATA RATE {3
= = s b [
5 N e F [l i T
g \ § 25 HER B! T é‘
z \\ £ Voo = 45V, Ry 32 | H 2 pce
= 8 P 2 o [ TRANSMITISRATFULL DATARATE— z w
8 NN stewiate S TRASSMITTERS AT 178 DATA RATE FALL
$T 8 2 8
& i Ny N W' ! 25 P ]
@ N NS 5 s L 6
SSUEW RATE TN ™~ i‘w‘..—,s/ﬁ&: 3
‘ ~~— g =’ i 2 —
2 ‘ n 75 H 1 20vmps | o
0 1000 2000 3000 <4000 5000 0 W6 20 W0 S WD 0 1000 2000 3000 4000 5000
LOAD CAPACITANCE (oF) LOAR CAPACIIANCS (2F) LOAD CAPACITANCE (pF)
MAX20SE-MAX203E
SUPPLY CURRENT MAX205E-MAX20SE
vs. LOAD CAPACITARCE OUTPYUT VOLTAGE vs. DATA RATE
50 e .
T T 1} v :
240xbps |5 se Ad
H T8 5
3
< - ‘B A T
¢ B s i
e =3 H -
£ L1 /‘// € 5 Ve R =30
g pau p S o |1 TRANSMTTERAT FULL DATARATE | |
3 = 2 ¥ [ 4 TRANSMITTERS AT /8 DATA RATE
> Y // { 2 g 1 |
& - Z0kbps 5 “ i {
a " L o 56 veur.
25 [YorASYRo-TQ L 4 : 1
1 TRANSMITTES AT FULL DATA RATE 28 * v
x L TRANSMITTERS AV 116 DATA RATE § w0 i
0 1000 2000 3000 4000 5000 £ 3 60 90 120 150 180 2'0 240
LOAD CAPACITANCE (pF) DATA RATE (kbos)
MAKLAA 5
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+15kV ESD-Protected, +5V RS-232 Transceivers

Pin Descriptions

MAX202E/MAX232E
PN
BiFIS0 | Tce NAME FUNCTION
1.3 : 2.4 [N B Terminals for postive Charge-pump Capacitor
2 ! 3 A 1 2Vee voltage generated hy the charge pump
4,8 ; 5.7 c2-.C2- Terminals for negative charge-pump capacitor
€ ' 8 Y- -2Vcc voltage generated oy the cherge pump
7.14 : 9,18 T_OUT RS-232 Driver Outputs
813 10,17 N R5232 Recewes Gupnns
9.12 ' 1215 ]R_OUT RS-232 Receives Qulpuls
301 . 13,14 T_IN RS-232 Driver inpuls
15 19 GND Ground
1 i 20 voe +4.5V 10 +5.5V Supply-Voltage inpik :
— i 1,611 16 N.C. No Cornect—nGi iniefnaliv connected. |
MAX203E
PN NAME FUNCTION
olP i SO
1.2 . 1.2 T_IN RS-232 Oriver inputs
3.20 3.20 R_OUT RS-232 Receiver Oulpurs
419 : 4.19 R_iN RS-232 Receiver inpu's
5.18 i 5 18 T_ourt RS-232 Transmiter Chionds
6.9 ’ 6.9 GND Ground
7 i 7 vee +4.5V {0 +~5.5V Suprav-Vcitage input
8 ) 13 Ci~ Make no connection C it<s Bin.
10. 16 : 11.16 C2- Connect pins together.
1237 10. 17 V- “2Y~c. vokage goacrated by the charge pump. Connect Dins together.
3 i Cl- Make no connection (© Yus din.
14 ; 8 Vs +2VCe voltage generated by the charge pump
1118 : 12.15 C2+ Connect pins logete’.
NAME FUNCTION
f_our RS-232 Driver Cutputs
R_N RS-232 Recewer Inputs
R_OUT TGOS Receiver Quiputs. All recavers are nactive in shutdown.
1IN TTL/CMUS Criver Inputs. Internal puBs e \ee.
GND Ground
vVee +4.75V 10 +5.25V Supgiy Voltag2
EN Receiver Enable—active low
SHDN Shuidown Confrol—active tigh -

MAXLMN




+15kV ESD-Protected, +5V RS-232 Transceivers

Pin Descriptions (continued)

MAX206E
PIN NAME FUNCTION
1.2.3 24 T_0out ©S-232 Driver Cutputs
4 16,23 Q_IN RS-232 Receiver Inputs
8 172 Q_QuT TTLICMOS Rereiver Outputs. Al receivers are inactive in shutdovm
6.7.18.19 TN TTLCMOS Driver tnputs. Intemal o8-ups 10 VCC.
e GND Ground
g Vee =45V ic +5.5Y Supply Voltage
*G. 12 ci-. C1. Terminals for positive charge-pump capacitor
17 Ve -2Vce generated by the charge pump
i3 78 C2-.C2- Tenminals for negative charge-pump capaciter
i3 V- -2V gerated Ly the charge pump :
20 EN Receiver Enable—active low
F3 SHON Snutdown Control—active high
MAX207E
PIN NAME | FUNCTION
1.2.2.26.24 T_OUT | 2S-232 Driver Outputs
4.16. 23 RN RS-232 Recesver lnputs
5.17.22 R_OUY TTUCMGS Receiver Outputs. All receivers are inactive in stitdown.
8.7.18 19 21 T_iN TTUCMOS Driver inputs. itema! pull-ups o VCC.
8 GND Greund
g vee + 4.75V to +5.25V Supply Voltage
032 __ | Clx.Ci | Terminals (of positve Carge pUmp COACHOT ]
L i Ve -2V ¢ generated by the charge pump
13,14 £2- C2- Terminals for negative Charge-pumo capacior
35 V- -2Y¢cc generated Dy the charge pump
MAX208E
PIN NAVE | FUNCTION B
t.2.20 24 T_OUT T RS-232 Driver Outputs :
37 18,23 R_IN RS-232 Receiver inputs
4 617 22 R_OUT TTIJCMOS Receiver Outputs. Al receivers are inactive in shutdown
5.'8,19. 2% T_ity TTL/CMOS Criver Inputs. Intema! putt-uns 10 \ec. s
S GND Ground
[3 Vee =4 5V 10 +5.5V Supply Voltage
*c. 2 C1:, Cr- Terminals for positive charge-pump C3pacitor
11 Ve -2Vce generated by the charge cump
13.%4 c2-. C2- Terminals for negative chargs-pump Capaciior
i3 V- -2\Vce generated by the chaige puinp

FLPZXVIWIAZEZXYVIN ‘AELZXYN-TZ0CXVIN
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+15kV ESD-Protected, +5V RS-232 Transceivers

Pin Descriptions {(continued)

MAX211E/MAX213E/MAX241E
H PN NAME T FUNCTION " i
i z.328 T_OouT RS-232 Oriver Gutputs !
i 4% 182327 R_iN 1 RS-232 Receiver Inpuits !
| 5 g 19 22,26 o oul T TTLICMOS Recaiver Ouiputs For me MAX213E. receivers R4 anc 25 are activein stetgown |
R i mode when EN = 1. For the MAX21 1€ anc MAX241E, all receivers are inactive in stutdown. i
T &7 00 TN TTUICMIOS Driver Tnpts, Oy 1w WIAK21 1F . HAAX213E, and MAXZ24' have internal pullupss te \CC
: 0 GNO Ground -
i Ve <4 5V to ~5.5V Supply voltage _
i 12,14 1o 30T Tarminais for positive Charge-oump Capaciuor 4
: i3 V- ~2Vec voltage gererated Dy the charg:: nump :
H 35 0 C?2+ C2- Teiminals for negative charge-camp CApACitorn :
H 17 V- .2Vce, voliage generated by e Chatde Dump :
] 2t EN | Receiver Enable—uClive low iMAX211E. MAK241E) i
‘ EN | Receiver Enable—active hig” (4AX2128) ;
: s SHDN | Shatdown Controi—active high iMAX21 1k, MAX241E) ]
i - SHEN Shustdown Coatrol—active lov: it X213¢} :
O —
; 2 ﬁ’s’s—b 3+
i R 7 &
: [T j:_ AT ELudid
s vz v p—t — i
' ag re —>| e QUTRUTENABLE TRE
e 1, AAAXIM o .
MAXZISE v .—) l.t.. Pe gy
+ -2 Mt e O S it :
put I YEC |\ pavngas = RECEIVIR
prEs 1 M/ Z13E ' CUTPUT < 08V
' Lo S s | oo
i O3 337015 i R i
‘ sov ] LA T i i
RITGRS * E N
c ol 58 bomote T e GIPUT ISARE 1
-] :;O!ﬂ |« ! gy O O > |- HTPUT ISALE 105
NOR A3V 3 {EN} :}’\x . = [ T e You - BV i
‘ hont > - * t RECEMER T:X- 28 z
i e ST 3 OuPuE . :° R-¥FaQ :
] -2 3 v} g SEHDK (SHDR! 'l i = v 8V {
fe ! i i
{ } ARE SORMAXEISE L CHPACHORS MAY BF !
° s FOR MAAIE =" PCLARLED OR UHPOLARIZED ! S
R B [ S

Frgure 't Shitcowm Coment Test Circut (MAX20GE,

MAX2T1EMAX213EMAX241E]

and Disable Timing

Figure 2 Receiver Qutpu
MAX213EMAX2Z4IE)

(MAXZCSE MAX206EMAX2T T

MAXIMN




+15kV ESD-Protected, +5V RS-232 Transceivers

Y
z

A
A2

®
III-——“J-—l

W{:5Y) ]

OV {3V} pe—] SHON (SHDN)

MINIAUM SLEW-RATE 1EST CIRCUI!

| VARE FORMRA213E
*1EF FORMAXDIAAAYILT

IRANSMITIER INPUT PULL-UP RESISTURS eNABIL, AND SHULDOWN ARE 2GT Pruvies; ON EHE MAKZUZE WAXZI3L. AN MAX2IZE.
ENABLE AND SHUTOOWN ARE NOT 0IDL D ON THE MAX20TE AD MaY 6F.
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5157 e 30N (G ;

FAAXIRALRA SLEW-RATE (ST CRCUT

Figure 3. Transition Slew-Raie Circuit

Detailed Description

The MAX202E-MAX213E, MAX232E/MAX241E consist of
three sections: charge-pump voltage converters.
drivers {transmitiers), and receivers. These £ versions
provide extra protection against £50. They survive
+15kV discharges to the RS-232 inputs and outpuls,
tested using the Human Body Maodel. When testad
according to EC1000-4-2, they survive +8kV contact-
dischorges and +15kV air-gap dischiarges. The iugged
E versions are intended for use in harsh environments
or apphcations where the R5-232 connection is
frequently changed (such as notebook computers). Tre
standard (non-"E”) MAX202. MAX203, MAX205-
MAX208. MAX211. MAX213, MAX232, and MAX241 are
recommended for applications where cost is critical.

+5V to +10V Dual Charge-Pump

Voltage Converter

The +3V to =10V conversion is periormed by dua!
charge-pump voltage converers (Figure 4) The firs:
charge-pump converter uses capaciler C1 to deuble
the +5V into +10V, sioring the +10V on the outpt filter
capacitor, C2. Tha second uses C2 to invert the +10V

AA AKX

into -0V, stering the -10V on the V- output filter
capacior C4.

i shutdown mode. V- is internally connecied to Vcc by
2 1vQ ouil-down recistor, and V- is internally cornected
10 Qround by 3 1YQ pull-up resistor.

RS-232 Drivers
Vith Voo = 5V, the typicai driver output voltage swing
is =8V when loaded with a3 nominal 5kQ RS-232
recoiver. The cutput swing 's guaranteed to mect
FiA/TIA.232E and V.2¢ specifications that call for +5V
minimum attput leveis under worst-case conditions.
Taese include a 2kQ load, minimur VYce, and
maximum operating temperature. The open-circuit

put voltage swings from (Vs - 0.5V) to V-,

input thresholds are CMOS/TTL compatible. The
unused drivers' inputs on tha MAX205E-MAX208E,
MAX2TIE. MAX213E, and MAX241E can be left
urconnected because 400kQ pull-up resistors o Ve
are incliuded on-chip. Since all drivers invert, the pull-
up resistors force the unused drivers’ outputs fow. The
MAX292E, MAX203E. and MAX232E do not have pull-
ug resistors on the ransmitter inputs

FLYZXVIWIZESXYIN ‘AELZXVIN-TZ0ZXYIN
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+15kV ESD-Protected, +5V RS-232 Transceivers

When in low-power shutdown mode. the MAX205E/
MAX206E/MAX211EMAX2T3EMMAX241E driver outpu:s
are turned off and draw only teakage currents—even if
they are back-driven with veitages between 0V ard
12V. Below -0.5V in shutdown, the ransmitter output is
diode-clamped to ground with a 1kQ serics
impedance.

RS-232 Receivers
The receivers convent the RS-232 signals to CMOS-logic
output levels. The guaranteed 0.8V and 2.4Y receiver
inpul threshoids are significantly tighter than the £3V
thresholds required by the EIA/TIA-232E speciiication.
This allows the receives inputs to respond to TTUCMOS.
logic levels. a5 well as RS-232 levels.

The guaranteed 0.8V input low threshotd ensures that
receivers shorted to ground have a logic 1 output. The
5kQ input resistance to ground ensures that a receiver
with its input leR open will also have a logic T output.
Receiver inpits have approximaiely 0.5V hysieresis.
This provides clean output transitions, even with slow
riseffall-time signals with moderate amaunts of noise
and ringing.

In shutdown, the MAX213E's R4 and RS receivers have
no hysteresis.

Shutdown and Enable Control
(MAX205ZMAX2C6EMAX211E/
MAX212EMAX241E)
in shutdown mode, the charge pumps are turned off,
Vs is puiled down to Vcc. V- is pulled to ground, and
the: wansmitter outputs are disabled. This reduces
supply cufrent typically to 1pA (15pA for the MAX213E].
The time required !0 oxit shutdown is under 1ms, 25
showmn in Figure 5.

Receivers
Al MAX213E receivers, except R4 and RS, are put into
& high-impedance staie in shuldown mode (see Tables
15 and 1b). The MAX212E's R4 and R5 recevers st
funclior in <hutdown mode. These two awake-in-
shitdown feceivers can monitor external activity while
mamtaining minimal povser consumption.
The enable control i3 used 1o put the receiver outputs into
a high-impedance state. to allow wire-OR ccanection of
w0 EIATTIA-232E poits (or ports of different types) at the
UART. It has no effect on the RS-232 drivers or the
charge pumps.
Note: The enable control pin is active low for the
MAX211E/MAX241E (EN), but is active high for the
MAX213€E (EN). The shutdown contro! pin is active high
for the MAX205E/MAX206E/MAX211E/MAX241E
(SHDN), but is active low for the MAX213E (SHDN).

U —e

Figure 4. Charge-Pump Diagrain
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TAN2ZE m i
WMAX203C 20 H
MAXZIZE-202E) 20 1
NAVIEE 20 i
HAK232E 1 H
MAX221E B i
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+15kV ESD-Protected, +5V RS-232 Transceivers

The MAX213E's receiver prepagation delay is typically
0.5ps in normai operation. in shutdown mode,
propagation delay increases to 4ps for both rising and
faiiing transitions. The MAX213E’s receiver inpuls have
approximately 0.5V hysteresis. except in shutdown,
when receivers R4 and RS have no hysteresis.

When entering shutdown with receivers active. R4 and
RS are not valid until 80ps after SHON 15 driven low.
when coming out of shutdown, all receiver outputs are
invalid unril the charge pumps reach nominal voltage
fzvels {less than 2ms wh=n using 0.1pF capacitors).

+15kV ESD Protection
As with ai Maxim devices ESD-proteciicn ctruciures
are incorporated on ai! pins to protect against
electrostatic discharges encountered during handling
and assembly. The driver outpuls and receiver INputs
have extra protection against static efectricity. Maxim's
engineers developed state-of-the-art structures to
protect these pins against ESD of =15kY withau
damage. Tre ESD swucwures withstand high £5D in ail
states: normal operation, shutdown, and pewered
down. After an ESD event. Maxim's E versions keep
working without latchup, whereas competing RS-232
products can iatch and must be powered down to
remove latenup
ESD protection can be tested in varinus ways: the
transmikter outputs and receiver inputs of this product
family are characterized for protection to the following
limits:
1) 215kY using the Human Body Mode!
2) £8kY using the contact-discharge maethod specificd

in 1£Ci0CG-4-2

3) £15&v using IEC10G-4-2's air-gap method.

ESD Test Conditions
ESD performance depenas on a variety of conditions.
Cortact Mavim fur a rehizbility repornt tnat dccuments
test Set-1p. €St Melnodsiogy. and test resuis.

Human Body Model
Figure 6a shows the Human Body Model, and Figwie
6b shows the current waveform it generates when
discharged into a fuw inpedance. This modei cunsists
of 2 1000F capacitor charged to the ESD voltage of
interest, which is then discharged into ihe {est device
through 2 1.5kQ resistor.

AN AKX

MAX211E
L 1 SHON
o
v
Ve
sv -
o
o V-
¥
oV
200ps/div

Figure 5. MAZZ!IE V- and V- when Exiting Stutdown (0. TuF
capaciors)

Table 1a. MAX205E/MAX206E/MAX211E/
MAX241E Control Pin Configurations

. SHON | EN Ry ™ Rx

: o lo g:‘:;’m AllAcive | Al Active

poo | gg:gw AlAcive | AllHigh-Z
11X !Shadown | AlHighZ | Al HighZ

£ = Dent Care

Table tb. MAX213E Contro! Pin

Configurations

SR e [OREPATION g |
o | o ishudoern | AtHignz! Highz u-eeg.v-.-zi
5 1 Usnudown | aimignz] mignz | Adivc

i o g:::icﬁ AiAcive | Hgnz | Highz

‘ o g‘;’;’a";m Al Acive | Active | Active

“Active = active with ieduced performance

11
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+15kV ESD-Protected,

+5V RS-232 Transceivers

Rz 508 10 100\ Rp X2
._-/\M—c/o—
CHANGE CURRENT DISCHARGE
B4 RISISTOR RESISTANCE

HGH- C—gf  DENCE HIGH DEVICE
VOLIAGE Ce STORAGE R VOLTA s STORAGE 1NDER
o W07 T CASACTIOR ol S oc 15057 [~ CAPACITOR TEST

SOURCE SQURCE

b
Figure 62. Humen Sodly ESD Test Modet Figire 7a. 1EC1000 4-2 ESD Test Modc!
[
19 100% iy PEAK-10-PLAK RINGING Riicd ek Tl et M
? 0% NOT DRAWH TO SCALE} LA
APERES
3%65% = H \—
10% |-
o 3
sl . ™e —p
2
g
UPRENT WAVEFORM
0% =
Figure 6b. Human Sudy Moge* Curent Wavelorm F T Y e '
j—————— Sy ——

IEC1800-4-2
The IEC10CC-4-2 stancard covers ESD testing and
peiformance of finisred equipment: it does not
specitically refer ic ‘ntegrated circuits, The
MAXZ02E/MAX2G3E-t4A%213E, MAX232E/MAX241E
help you design equipment that meets ievel 4 (the
highest level} of {EC1000-4-2. without the need for
additio :at ESD-protection components.
The major difference ceiween tests dor.e using the
Human Body Mocet and iEC1000-4-2 is higher peak
current in IEC1000-4-2 because series resistance is
lower in the 1EC1G0C-4-2 model. Hence. the ESD
withstand voltzage mcasured to |EC1000C-4-2 is
generally lower thar that measured using the Human
Body Model. Figure 7b shows the current waveform for
the 8xV IEC1000-4-2 leve!-four ESD comact-discharge
test.

12

Figure 7b. IEC1000-4-2 ESD Generator Current Waveform

The air-gap test involves approactung the device with z
charged probe. The contact-discharge method
connects the prabe to the device before the prabe is
energizexd

ifachine Modzl
fhe Machine Model for ESD tests ail pins using 2
200pF storage capacitor and zero discharge
resistance. its objective is to emulate the stress caused
by contact that occurs with handling and assembly
during manufacturing. Of course, all pins require this
protection during manufacturing, not just RS-232 inputs
and outputs. Therefore, after PC board assembly, the
Machine Model! is less relevant to IO ports.

MNAXIN




+15kV ESD-Protected, +5V RS-232 Transceivers

Applications Information

Capacitor Selection
The capacitor type used for C1-C4 is not criticai for
proper eperaticni. The MAX2G2E. MAX206-MAX208E,
MAX211E, and MAYX212€ requirc 0.1pF capacitors,
and the MAX232E and MAXZ41E require ipF
capacitors. atthough in all cases capacitors up to 10uF
can be used without harm. Ceramic, aluminum-
electrolytic, or tantalum capacitors are sugrested for
the 1uF capacitors. and ceramic dielecti.cs are
suggested for the 0.1pF capacitors. When using the
minimum recommended capacitur values, make sure
the capacitzance value does not degrade excessively
a3 the nperating temperature varies. i in doubt, use
capacitoss wath a larger (e g., 2x) iominal value The
capacitors' effective series resistance (ESR), which
usually rises at low lemperatures, intluences Lhe
amount of rigple on V- and V-.

Use larger capacitors (up to 10pF) to reduce the output
impedance at V+ and V-. This can be useful when
“stealing™ power from V+ or from V-. The MAX203E and
MAX205E have internal charge-pump Capacitors.

Bypass Vce to ground with at least 0.1pF. In
applications sensitive to power-supply noise generated
iy the charge pumps, decouple Vcc to ground with 5

capacitor the same size as (or larger than) the charge-
pump capacitors (C1-C4).

V+ and V- as Power Supplies
A smc anount of power can be drawn from V4 and V-,
although this will reduce both driver output swing and
noise margins. Increasing the value of the charge-pump
capacitors (up to 10pF) helps maintain perforniance
when power is drawn from V+ or V-.

- Driving Muftiple Receivers
Each transmitter is designed to drive a single receiver.
Transmitters can be paralleled to drive multipie
receivers.

briver when Exiting Shutdown
The driver outputs display no ringing or undesirable
wransients as they come out of shutdown.

High Data Rates
These transceivers maintain the RS-232 =5.0V
minimum driver output voltages at data rat=s of over
12Ckbps. For data rates above 120kbps, refer tc the
Transmitter Output Voltage vs. ioad Capacitance
graphs in the Typical Operating Characteristics
Communrication at these high rates is eesie: if the
capacitive loads on the transmitters are smali; i.e.,
shor cables are best.

Table 2. Summary of EIA/TIA-232E, V.28 Specifications

AAXLAA

i EIATIA-232E, V.28 l
PARAMETER f CONDITIONS SPECIFICATIONS
1 : —
1 Oievel i Srf2iC 7+ Q Heac +5v 10 +15V
Driver Curzut voltage n
l 1 Level i 201w 7 lcad -5V1o-15V
Driver Qutput L evet Max No inac =25V
Data Rate 302 € 3 S TRQ Cy < 2500pF Up to 20kbps
_ 1 0Level +3V 16 5 15V
Receiver Ino.” Yeitage |
i 1 Level -3Vi5 -15V
Receiver inpu: “.evel 225V
Instantaneous S'ew Raie. Max 3D s R €7kQ. Cy < 2500pF 30vius
Driver Cutput Shue-Circuit Cutrent, Max H 1C0mA
VZa tms or 3% ol the period
Transition Rae on Drives Outpu -
SIATIAZ2E 4% of the period
Oriver Ouiput Reustance -2V < gyt < <2V 30002
— O PR — -— ————— e e e sermae s seed

13
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National Augus

Semiconductor

741

yerational Amplifier

i inti output, no latch-up when the common mode range is ex-
&?7:? D,:zcnpt[:n donal i ceeded, as well as freedom from oscillations.

sert e general purpose operational amplifi- o
vhich feature improved performance over industry stan- ;Zel.ngch:s‘?:;;?w n?n‘::n‘é:n:aigmgx::;c:‘:'g‘ ta;
s like the LM709. They are direct, plug-in replacements 70°C temperature ra'::ee instead gf 55°C o +125°C
1 708C, LM201. MC1439 and 748 in most applications.  * P ge. B .
amplifiers offer many features which make thelr 2ppli-
n nearly foolproof: overload protection ¢ the input end Features

nnection Diagrams

Metal Can Package Dual-In-Line or S.0. Package
A\
OFFSET ML —{1 8j—nc
IVERTEG INPUT =1 2 v
NON-INVERTING—{ 5 6 }-outeur
WPUT
-4 s|-orrser nuL
00334103
1: LM741H is available per JM38510/10101 Order Number LM741J, LM7414/883, LM741CN
Order Number LM741H, LM741H/883 (Note 1), See NS Package Number JO3A, MOBA or NOSE
LM741AH/883 or LM741CH
See NS Package Number H08C
Ceramic Flatpak
nc—oe —T
+OFFSET NULL :31 °:I NC
SNTE—]  LM741W v
+INPUT =s s:1 GUTPUT
V- I ] -OFFET NULL
00934108
Order Number LM741W/883

See NS Package Number W10A

pical Application

Oftset Nulling Circuit

LM741 OUTPUT

00934107

National Semiconductor Corporation DS009341 www.national.com
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Absolute Maximum Ratings (note 2)

if Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for avallability and specifications.

(Note 7)
LM741A
Supply Voltage $22V
Power Dissipation (Note 3) 500 iaW
Differential Input Voltage +30V
Input Voltage (Note 4) =15V
Qutput Short Circuit Duration Continuous
Operating Termnerature Range -55'C to +125°C
Stoiage Temperature Range -65°C to +150°C
Junction Temperature 150°C
Soldering Information
N-Package (10 seconds) 260°C
J- or H-Package (10 seconds) 300°C
M-Package
Vapor Phase (60 seconds) 215°C
Infrared (15 seconds) 215C

LM741
22V
500 mw
+30V
+15V
Continuous

-55'C to +125°C
—65°C to +150°C

150°C

260°C
300°C

215°C
215°C

LM741C
+18V
500 mW
+30V
+15V
Continuous
0°Cto +70°C
-65°C to +150°C
100°C

260°C
300°C

215°C
215°C

See AN-459 “Surface Mounting Methods and Their Effect on Product Refiability” for other methods ul

soldering
surface mount devices.
ESD Tolerance (Note 8) 400V 400V 400V
Electrical Characteristics (note 5)
Parameter Conditions LM741A LM741 LM741C Units
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
Input Offset Voltage To=25C
Rs < 10 kQ 10 | 5.0 20 | 6.0 mV
Rs < 500 08| 30 mv
Tamin € Ta € Tamax
Rs < 50Q 40 mv
Rg < 10 kQ 6.0 78| mv
Average Input Offset 15 pvrc
Voltage Drift
Input Offset Voltage Ta =25°C, Vg = £20V =10 *15 +15 mv
Adjustment Range
Input Offset Current Ta=25C 3.0 30 20 | 200 20 | 200 nA
Tanun € Ta € Tamax 70 85 | 500 300| nA
Average input Offset 0.5 nA/"C
Current Drift
Input Bias Current Ta=25C 30 80 80 | 500 80 | 500 nA
Tamin S Ta S Tamax 0.210 1.5 08| pA
Input Resistance Ta=25C, Vg = £20V 1.0 | 6.0 03} 20 03| 20 MQ
Tavin € Ta S Tamax: 0.5 MQ
Vg = 20V
input Voltage Range To=25C 12| 13 Vv
Taniny S Ta S Tamex 12| £13 v

www.nztional.com




jcal Characteristics (Note 5) (Continued)
arameter Conditions LM741A LM741 LM741C Units
Min | Typ [ Max | Min | Typ | Max | Min | Typ | Max
al Voltage Gain |To=256'C,R.22kQ
Vg = 20V, Vg = 215V 50 VimVv
Vg = 215V, Vg = £10V 50 | 200 20 | 200 VimV
Taun£Ta s Tamax
RL22kQ,
Vg = £20V, Vg = 215V 32 V/imV
Vg = 215V, Vg = 210V 25 15 VimV
Vg = 5V, Vg = 2V 10 VimV
tage Swing Vg = 20V
R 2 10kQ +16 v
RL.22kQ *18 v
Vg = 15V
R 210kQ ! +12 | 14 12 | £14 v
R, 22kQ 10| =13 +10 | 213 \"
art Circuit Tao=25C 10 25 35 25 25 mA
Tamin S Ta S Tamax 10 40 mA
Jode Tamin € Ta € Tamax
Ratio Rg < 10 kQ, Vg = 12V 70 | 90 70 | SO dB
Rg < 50Q, Vo = 12V 80 95 dB
itage Rejection Tamine S Ta S Tamaxs
Vg = £20V to Vg = #5V
Rg < 50Q 86 96 dB
Rg £ 10 kQ 77 | 96 77 | 96 dB
Response Ta = 25°C, Unity Gain
ne 0.25| 08 03 0.3 Hs
Yot 6.0 20 5 5 %o
i (Note 6) Ta=25C 0437 | 15 MHz
! Ta = 25°C, Unity Gain 03 | 0.7 0.5 0.5 Viys
irent Ta=25C 1.7 | 28 171 28| mA
nsumption Ta=25C
Vg = 220V 80 150 mw
Vg = 218V 50 | 85 50 | 85 | mW
\ Vg = £20V
Ta = Tamin 165 mwW
T: = Tamax 138 mwW
Vg = £15V
Ta = Tamin 60 | 100 mw
Ta = Tamax 45 | 75 mw
Absolute Maximum Ratings” indicate fimits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is
. butdo not g specific perf tumits.

www.national.com
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Electrical Characteristics (Note 5) (Continued)
Note 3: For operation el etevated temperatures, these devices must be derated based on thermal resistance, and Tj max. (listed under “Absolute Maximum

Ratings’). Tj = T + (62 Po).

Thermal Resistance Cerdip (J) | DIP (N) | HO8 (H) | SO-8 (M)
8, (Junction to Ambient) 100'cw | 100'cw | 170°C/w | 195°C/W
6,c {Junction to Case) N/A N/A 25'CW NA

Note 4: For supply vaitages less than =15V, the absolute maximum input voitage is equa! to the supply voltage.

Note 5: Unless ctherwise specified. these specifications apply for Vg = +16V. =55°C < Tp S +125'C (LM741/LM741A). For the LM741C/LM741E, these
spacifications are Emited t0 0°C 5 Ta 3 +70°C.

Note 6: Calculated value from: BW (MHz) = 0.35/Rise Time(yss).

Note 7: For military specifications see RETS741X for LM741 and RETS741AX for LM741A,

Note 8: Human body modet, 1.5 ki in series with 100 pr.

Schematic Diagram

7
- - a Vv
08 Q 012 013
$ ’\‘ou
VeI 3 2 INVERTH
P ot Q’\L INPUT " S ks
‘A :’ Sf'x V‘VAT
R7 ats ]
\I . Lo 45K
Q3 30pF1 g8 L
N o 75K b3 p
Y‘V‘
‘/_—-J’ 6
4 Q7 Q15 p=QUTPUT
1\. :ﬁ Ri0
$ 50
{ Q17
\{ J/ Qs Q10 \| l(
as ats in/{ ‘\020
OFFSET NULL — l\}s_:zﬁff
R SR <R R4 a2 2
ik Sk 5K 3 Bk $ iy
| ‘.

0033410t
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cMOS MT8841

Calling Number Identification Circuit

satures

1200 baud BELL 202 and CCITT V.23
Frequency Shift Keying (FSK) demodulation
Compatible with Bellcore TR-NWT-000030 and
SR-TSV-002476

High input sensitivity: -36dBm

Simple serial 3-wire data interface eliminating
the need for a UART

Power down mode

Internal gain adjustable amplifier

Carrier detect status output

Uses 3.579545 MHz crystal or ceramic
resonator

Single 5V power supply
Low power CMOS technology

pplications

Calling Number Delivery (CND), Calling Name
Delivery (CNAM) and Caliing identity on Call
Waiting (CIDCW) features of Bellcore CLASSS
service

Feature phones

Phone set adjunct boxes

FAX machines

Telephone Answering machines
Database query systems

ISSUE 4 May 1985
Ordering information
MT8841AE 16 Pin Plastic DIP
MT8841AS 16 Pin SOIC
MT8841AN 20 Pin SSOP
40 °C to +85 °C
Description

The MT8841 Calling Number |dentification Circuit -
(CNIC) is a CMOS integrated circuit providing an
interface to various calling line information delivery
services that utilize 1200 baud BELL 202 or CCITT
V.23 FSK voiceband data transmission schemes.
The CNIC receives and demodulates the signal anc
outputs data into a simple 3-wire serial interface.

Typically, the FSK modulated data containing
information on the calling line is sent before alerting
the called party or during the silent interval between
the first and second ring using either CCITT V.23
recommendations or Bel! 202 specifications.

The CNIC accepts and demodulates both CCITT
V.23 and BELL 202 signals. Along with serial data
and clock, the CNIC provides a data ready signal to
indicate the reception of every 8-bit character sent
from the Central Office. The received data can be
processed externally by a microcentroller, stored in
memory, or displaved as is, depending on the
application.

Receive ) o
iN- \ Bagi?pass > o m‘;%Kl o Datg gnd ‘I"l:;ung » DR
ter emodulator
iN+ + “/ T . covel > DCLK
T 3
CAP «
Bias Carrier
Vet < Generator > Detector »CD
r -3 '
Ciock to other
v Genl\eralor ————> circuits
v ! U T
OSC1 QsC2 Vgs Vpp iCt IC2

1 ' igure 1 -

\ASS®* is a service mark of Beilcore
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IN+E 1 o 16§voo iNe[] 1 d

IN-Tf 2 157 ic2 IN-T] 2 197 1c2
Gs{d 3 143 ic1 Gs{d 3 t8[INC
VRef [} 4 1330 PWON vRef[] 4 175 NC
cap] S 121 CD car[l] 5 181 1c1

osci[]s 113 BR NC[ 6 150] pWDN
oscz2{i 7 10["] patA osci] 7 146D
vssils 957 poLK NCl] 8 13]OR

9 1 pATA

10 [1pCLK

igure
scription

Name Description

IN+ |Non-inverting Op-Amp (Input).

IN-  linverting Op-Amp (Input).

GS |Gain Select (Output). Gives access to op-amp output for connection of feedback resistor.

Vger [Voltage Reference (Output). Nominally Vgps. This is used to bias the op-amp inputs.

CAP (Capacitor. Connect a 0.1pF capacitor to Vgs.

OSC1 |Oscillator (Input). Crystal or ceramic resonator connection. This pin can be driven directly
from: an external clocking source.

0SC2 |Oscillator (Output). Crystal or ceramic resonator connection. When OSC1 is driven by an
external clock, this pin should be left open.

Vss |Power supply ground.

DCLK |Data Clock (Output). Outputs a clock burst of 8 low going pulses at 1202.8Hz (3.5795MHz
divided by 2976). Every clock burst is initiated by the DATA stop bit start bit sequence. When
the input DATA is 1202.8 baud, the positive edge of each DCLK pulse coincides with the
midd'e of the data bits output at the DATA pin. No DCLK pulses are generated during the start
or step bits. Typically, DCLK is used to clock the eight data bits from the 10 bit data word inio a
serial-to-parailel converter.

DATA |Data {Output). Serial data cutput corresponding to the FSK input and switching at the input
baud rate. Mark frequency at the input corresponds to a logic high, while space frequency
corresponds to a logic low at the DATA output. With no FSK input, DATA is at logic high. This
output stays high until CD has become active.

DR |Data Ready (Open Drain Output). This output goes low after the last DCLK pulse of each
word. This can be used to identify the data (8-bit word) boundary on the serial output stream.
Typically, DR is used to latch the eight data bits from the serial-to-parallel converter into 2
microcontroller.

CD |Carrier Detect {Open Drain Output). A logic low indicates that a carrier has been present for
a specified time on the line. A time hysteresis is provided to allow for momentary discontinuity
of carrier.

PWDN |Power Down (Input). Active high, Schmitt Trigger input. Powers down the device including the
input op-amp and the oscillator.

IC1  {Internal Connection 1. Connect to Vgg.

. 1C2 linternal Connection 2. Internally connected, leave open circuit.
' Vpp |Positive power supply voltage.
NC |No Connection.




MT8841

inctional Description

e MT8841 Calling Number Identification Circuit
NIC) is a device compatible with the Belicore
posal (TR-NWT-000030) on generic requirements
transmitting asynchronous voiceband data to
stomer Premises Equipment (CPE) from a serving
sred Program Controlled Switching System
3CS) or a Central Office (CO). This data
nsmission technique is applicable in a variety of
rvices like Calling Number Delivery (CND), Calling
ime Delivery (CNAM) or Calling dentity Delivery:
Call Waiting (CIDCW) as specified in Custom
cal Area Signalling Service (CLASSS¥) calling
ormation delivery features by Bellcore.

th CND, CNAM and CIDCW service, the called
bscriber has the capability to display or lo store
3 information on the calling party which is sent by
3 CO and received by the CNIC.

the CND service, information about a calling party
embedded in the silent interval between the first
d second ring. During this period, the CNIC
seives and demoduiates the 1200 baud FSK signal
ympatible with Beil-202 specification) and outputs
ta into a 3-wire serial interface.

the CIDCW service, information about a2 second
ling party is sent to the subscriber, while they are
gaged in another call. During this period, the CNIC
ceives and demodulates the FSK signal as in the
D case.

le CNIC is designed to provide the dat

insmission interface required for the above service

R3 R2

| DIFFERENTIAL INPUT AMPLIFIER
C1=C2=10nF
R1=R4 =R5 = 100 kQ
R2 = 60k, R3 = 37.5 kQ
R3 = (R2R5) / {R2 + R5)
VOLTAGE GAIN
(Aydiff) = RS/R1
INPUT IMPEDANCE

Zpnyaiff) = 20/R12 + (HaC)

Figure 3 - Differential input Configuration

VOLTAGE GAIN

at the called subscriber location either in the on-hock
case as in CND, or the off-hook case, as in CIDCW.
The functional block diagram of the CNIC is shown in
Figure 1. Note however, for CIDCW applications, 2
separate CAS (CPE Alerting Signal) detector is
required.

In Europe, Caller ID and CIDCW services are being
proposed. These schemes may be different from
their North American counterparts. In most cases.
1200 baud CCITT V.23 FSK is used instead of Be!t
202. Because the CNIC can also demodulate 1200
baud CCITT V.23 with the same performance, it is
suitable for these applications.

Although the main application of the CNIC is to
support CND and CIDCW service, it may also be
used in any application where 1200 baud Bell 202
and/or CCITT V.22 FSK data reception is required.

Input Configuration

The input arrangement of the MT8841 provides an
operational amplifier, as well as a bias source (V!
which is used to bias the inputs at Vppy,. Provision is
made for connection of a feedback resistor to the op-
amp output (GS) for adjustment of gain. in a single-
ended configuration, the input pins are connected as
shown in Figure 4.

Figure 3 shows the necessary connections for &
differential input configuration.

User Interface

The CNIC provides a powerful 3-pin interface whict
can reduce the external hardware and software
requirements. The CNIC receives the FSK signa:
demodulates it, and outputs the extracted data to the
DATA pin. For each received stop bit start b
sequence, the CNIC outputs a fixed frequency clocx
string of 8 puises at the DCLK pin. Each clock rising

th
[



Y

sponds to the centre of each DATA bit cell
the incoming baud rate matches the DCLK
K is not generated for the stop and start
equently, DCLK will clock only valid data
pheral device such as a serial to parallel
ter or a micro-controlier. The CNIC also
end of word pulse (data ready) at the DR
ata ready signal indicates the reception of
it word sent from the Central Office. This
rpically used to interrupt a micro-controiler.
outputs together, eliminate the need for a
(Universal Asynchronous Receiver
r) or the high software overhead of
j the UART function (asynchronous serial
stion).

the 3-pin interface may also output data
by voice since these frequencies are in
frequency detection band of the device.
may choose to ignore these outputs when
is not expected, or force the CNIC into its
'n mode.

wn Mode

plications  requiring reduced power
ion, the CNIC can be forced into power
n it is not needed to receive FSK data. This
¢ pulling the PWDN pin high. In powerdown
e crystal oscillator, op-amp and internal
ire all disabled and the CNIC will not react
ut signal. DATA and DCLK are at logic high,
and CD are at high impedance or at logic
n pulled up with resistors.The CNiC can be
i for reception of the FSK signal by pulling
N pin lo ground (see Figure 9).

detect

.ence of the FSK signal is indicated by a
' at the carrier detect (CD) output. This
as built in hysteresis to prevent toggling
_received signal is shortly interrupted. Note
ZD output is also activated by voice since
equencies are in the input frequency
_band of the device. The user may choose
this output when FSK data is not expected,
he CNIC into its powerdown mode.

MTB841
0SC1 0SC2

MT8841
0SC1 0SC2

MT8841
0sC1 0SC2

]

3.579545 MHz

Crystal Oscillator

The CNIC uses a crystal oscillator as the master
timing source for filters and the FSK demodulator.
The crystal specification is as follows:

Frequency: 3.579545 MHz
Frequency tolerance: 10.1%(-40°C+85°C)
Resonance mode: Parailel

Load capacitance: 18 pF

Maximum series resistance. 150 ohms
Maximum drive level (mW): 2 mW
e.g. CTS MP036S

A number of MT8841 devices can be connected as
shown in Figure 5 such that only one crystai is
required. The connection between OSC2 and 0SC1
can be D.C. coupled as shown, or A.C. coupled using
30pF capacitors. Alternatively, the OSC1 inputs on
all devices can be driven from a CMOS buffer (dc
coupled) with the OSC2 outputs leit unconnected.

VRef and CAP Inputs

Vger is the output of a low impedance voltage source
equal to Vppy, and is used to bias the input op-amp.
A 0.1puF capacitor is required between CAP and Vg3
to suppress noise on Vg,



MT8841

)plications

2 circuit shown in Figure 6 illustrates the use of
MT8841 device in a typical FSK receiver systen.
Ilcore Special Report SR-TSV-002476 specifies
t the FSK receiver should be able to receive FSK
nal leveis as follows:

ceived Signal Level at 1200Hz:
-32dBm to -12dBm

ceived Signal Level at 2200Hz:
-36dBm to -12dBm

s condition can be attained by choosing suitable
ues of R1 and R2. The MT8841 configurzd in a
ty gain mode as shown in Fig. 6 meets the above
el requirements.

- applications requiring detection of lower FSK
nal level, the input op amp may be configured to
wide adequate gain.

._E
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R2 {1 VRef
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R3, R4 = 100 kQ 10%
C1, C2, C3 = 0.11F 20%
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» Maximum Ratings* - Voitages are with respect to Vgg unless ctherwise stated.

Parameter Symbol Min Max Units
Power Supply Voltage Vpp t0 Vgg Vbb 0.3 6 \
ige on any pin Vp 0.3 Vppt0.3 v
ent at any pin (except Vgg and Vss) lyo +10 mA
age Temperature Tst -65 +150 °C
:age Power Dissipation Po 500 mw

these values may cause permanent damage. Functional operation under these conditions is not implied.

ended Operating Conditions - voitages are with respect to ground (Vsg) unless otherwise stated

Characteristics Sym | Min Typ Max | Units Test Conditions
Sower Supply Voltage Voo 4.5 5.0 5.5 \
k Frequency fosc 3.579545 MHz
rance on Clock Frequency Afc +0.2 %
rating Temperature -40 +85 °C
trical Characteristics’
Characteristics Sym Min Typ* | Max | Units Test Conditions
Standby Supply Current ippa 15 100 HA [PWDN=Vgy
Operating Supply Current lop 3 5 mA | PWDN=Vgg
Power Consumption PO 28 mw
. {Low Level Output Voltage Vo, 04 Vg =2.5mA
¢ jHigh Level Output Voltage Vou | Vpp04 V  {log=0.8mA
Sink Current oL 25 mA V5 =04V
Low Level Input Voltage Vi 1.2 A%
« | High Levei input Voltage Vi | Voo-i2 \
input Current In 10 MA [VssSVinSVpp
Output Voltage Vget | 245 25 | 255 VvV  {Vpp=5.0V
No Load
' 1Output Resistance RRef 2 kQ

wres are at 25°C and 2re for design aid only.

sal Characteristics are over recommended operating conditions unless otherwise stated.




MT8841

ectrical Characteristics' - Gain Setting Amplifier

Characteristics Sym Min | Typ* | Max | Units Test Conditions
1 |Input Leakage Current bine 1 pA  [Vgs<Vin<Vpp
2 linput Resistance Rin 5 MQ
3 |input Offset Voitage Vos 25 mV
4 |Power Supply Rejection Ratio PSRR 30 40 dB 11kHz ripple on Vpp
5 |Common Mcde Rejection CMRR | 30 40 dB  |Vemmin < Vin < VeMmax
6 |DC Open Loop Voltage Gain AvorL 30 32 dB
7 |Unity Gain Bandwidth fc 2 03 MHz —
8 |Output Voltage Swing Vo 0.5 Vpp0.5 ‘ Vp, |Load 2 50k ]
o | Moximum Capacitive Load (GS) | C. | 100 | pF
10 |Maximum Resistive Load (GS) R, 50 kQ
11 |Common Mode Range Voltage Vem 10 Vpp-1.0 A"
Electrical characteristics are over recommended coerating conditions, unless otherwise stated.
Typical figures are at 25°C and are for design aid only: not guaranteed and not subject to production testing.
.C Electrical Characteristics’ - FSK Detection
Characteristics Sym | Min | Typt | Max | Uniis Notes*
1 {Input Detection Level -36 -9 dBm |1,2,3
12.3 275 mv {1,2,3
input Baud Rate 1188 | 1200 | 1212 | baud |7

3 |Input Frequency Detection

Bell 202 1 (Mark) : 1188 | 1200 | 1212 Hz

Bell 202 0 (Space) | 2178 | 2200 | 2222 | Hz }7 BELL 202 Frequencies

3 i 131

COITT V23 0 (Spoce) | 3e00 |atara| e |7 comTvasFecuencs

4 |input Noise Tolerance 29 log(.iigg-zl) | SNR 20 ‘ dB {2,3,4,5
| ! }

- .
AG Electrical Gharacteristics are over recommended operating conditions, unless otherwise stated.

| Typical figures are at 25°C and are 1or design aid only: not guaranteed ard nou subject to production testing.

©™
g



1

rical Characteristics' - Timing

Characteristics Sym | Min | Typ* | Max | Units Notes*
nn | Power-up time toy 35 50 ms
C1 | power-down time tep 100 | 1006 | ps |1
Input FSK to CD low delay tiar 25 ms
5 | tnput FSK to CD high delay tan 8 ms
Hysteresis 8 ms
TA | Rate 11881 1200 | 1212| bps | 6,12
Input FSK to DATA delay tiop 1 5 ms
Rise time tr 200 ns |8
Ta | Fali time te 200 ns {8
LK | DATA to DCLK detay toco | 6 416 pus | 6,7,10
DCLK to CATA delay tcoo 6 416 us | 6,7,10
Frequency 1200 | 1202.8 1205 Hz
1k | High time ton | 415 | 416 | 417 | ps |7
Low time tor 415 416 417 ps |7
':%K DCLK to DR delay terp | 415 | 416 | 417 us |7
Rise time trr 10 us |9
R | Fall time ter 200 ns |9
Low time tw | 415 | 416 | 417 | ps |7

cal Characteristics are over recommended operaﬁn; conditions uniess otherwise stated.
ures are at 25°C and are for design aid only, not guaranteed and not subject to production testing.

dBm=decibels above or below a refetence power of TmW into 600

Using uni!égain test circuit shown in Figure 6.

Mark and Space frequencies have the same amplitude.

Band limited random noise (200-3200Hz).

Referenced to the rinimum input detectior level.

FS¥ input data at 1200 £12 baud.

OSC1 at 3.579545 MHz 10.2%.

10k to Vgs. 50pF to Vgg,

10k to Vpp, 50pF to Vgg.

Function of signat condition.

The davice will stop functioning within this time, but more time may be requireu to reach ippq.
For a repeating mark space saquence, the data stream will typically have equal 1 and O bit d?:ralions.

toL

>

e e —

[Figure 7 - DATA and DCLK Output Timing Figure 8 - DR Output Timing



MT8841

i< 2 sec ;{ channel seizure Mark state checksum

\
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DATA [or] | [eolo1]s2feafba]es|esior] | |eof o1fb2] 63| vajvs|bee7f | |vo]b1]v2]
SRR R
IR
— [

- I I 1

* with external pull-up resistor



unit Unitl;
interface

uses
Windows, Messages, SysUltils, Variants, Classes, Graphics, Controls, Forms,
Dialogs, DB, ADODB, Menus, ExtCtrls, StdCtrls, CPort;

type

TForm1 = class(TForm)
Notebook1: TNotebook;
MainMenul: TMainMenu;
Filel: TMenultem;
closel: TMenultem;
ADQConnectionl: TADQConnection;
ADOQueryl: TADOQuery;
ADOConnection2: TADOConnection;
ADOQuery2: TADOQuery;
lbcipta: TLabel;
button: TImage;
GroupBox1: TGroupBox;
Labell: TLabel;
edbt: TEdit;
buton: TButton;
Ibpasscipta: TLabel;
Label2: TLabel;
kirim1: TMenultem;
edtkirimdata: TEdit;
btnkirimdata: TButton;
Label3: TLabel;
IblkirimdataHeksa: TLabel;
ComPort1: TComPort;
Label4: TLabel;
Iblkirimdatabiner: TLabel;
Button3: TButton;
Edtdtserial: TEdit;
Lblterimaheksa: TLabel;
Iblterimabiner: TLabel;
Label5: TLabel;
Label6: TLabel;
Button1: TButton;
procedure closelClick(Sender: TObject);
procedure butonClick(Sender: TObject);
procedure buttonClick(Sender: TObject);
procedure FormCreate(Sender: TObject);
procedure kirim1Click(Sender: TObject);



procedure btnkirimdataClick(Sender: TObject);

procedure heksa(ldtheksa:string);

procedure biner(ldtbiner:string);

procedure kirimmk(data:string);

procedure ComPort1RxChar(Sender: TObject; Count: Integer);
procedure terimal Click(Sender: TObject);

procedure Button3Click(Sender: TObject);

procedure Button1Click(Sender: TObject);

private
{ Private declarations }
public
{ Public declarations }
end;
var
Form1: TForml;
dtheksa,dtbiner,dtserial:string;

implementation
uses Unit5, Unit3;
{$R *.dfm}

procedure TForm1.kirimmk(data:string);
begin
ComPort1. WriteStr(data);

end;

procedure TForm1.heksa(ldtheksa:string);
begin
dtheksa:=IntToHex(Ord(Idtheksa[1]),2)+' °;
end;

procedure TForm1.biner(ldtbiner:string);
var lintdt,lintmod,bt0,bt1,bt2,bt3,bt4,bt5,bt6,bt 7:integer;
begin

lintdt:=Ord(1dtbiner[1]);
/Nintdt:=StrToInt(Edit5.Text);
bt0:=(lintdt div 1) mod 2;

bt1:=(lintdt div 2) mod 2;

bt2:=(lintdt div 4) mod 2;

bt3:=(lintdt div 8) mod 2;

bt4:=(lintdt div 16) mod 2;

bt5:=(lintdt div 32) mod 2;



bt6:=(lintdt div 64) mod 2;

bt7:=(lintdt div 128) mod 2;
dtbiner:=IntToStr(bt7)+IntToStr(bt6)+IntToStr(bt5)+IntToStr(bt4)+IntToStr(bt3)+IntToS
tr(bt2)+IntToStr(bt1)+IntToStr(bt0)+' ';

J//Edit5.Text:=Edit5.Text+IntToStr(lintdt);

end;

procedure TForm1.close1Click(Sender: TObject);
begin

close;

end;

procedure TForm1.butonClick(Sender: TObject);
begin

DMS.g;

end;

procedure TForm1.buttonClick(Sender: TObject);
begin

DM3.a;

end;

procedure TForm1.FormCreate(Sender: TObject);
begin

Notebook1.ActivePage:='utama’;

dtheksa:=";

dtserial:=";

end;

procedure TForm1 kirim1Click(Sender: TObject);
begin

Notebook1.ActivePage:='kirim';

end;

procedure TForm1.btnkirimdataClick(Sender: TObject);
var Istr:string;
li:integer;
begin
Edtdtserial. Text:=";
Istr:=edtkirimdata.Text;
kirimmk(Istr);
IblkirimdataHeksa.Caption:=";
Iblkirimdatabiner.Caption:=";
Lblterimaheksa.Caption:=";
lblterimabiner.Caption:=";

for li := 1 to length(lstr)-1 do



begin

heksa(lstr[li]);
IblkirimdataHeksa.Caption:=IblkirimdataHeksa.Caption+dtheksa;
biner(Istr[1i]);
Iblkirimdatabiner.Caption:=lblkirimdatabiner.Caption+dtbiner;

end;
end;

procedure TForm1.ComPort] RxChar(Sender: TObject; Count: Integer);
var ldtserial,Istr:string;

lizsinteger;

begin

ComPort1.ReadStr(Idtserial,Count);

Edtdtserial. Text:=Edtdtserial. Text+Idtserial;
dtserial:=Edtdtserial. Text;
if dtserial[Length(dtserial)]="#" then

begin

for li := 1 to length(dtserial)-1 do
begin

heksa(dtserial[li]);

Lblterimaheksa.Caption:=Lblterimaheksa.Caption+dtheksa;
biner(dtserial[li]);
Iblterimabiner.Caption:=Iblterimabiner.Caption+dtbiner;
end;

end;

end;

procedure TForm1.terimal Click(Sender: TObject);
begin

Notebook1.ActivePage:="terima’;

end;

procedure TForm1.Button3Click(Sender: TObject);
begin

ComPort1.ShowSetupDialog;

end;

procedure TForm1.Button1Click(Sender: TObject);
begin

Application.Terminate;

end;

end.



/* File include */
#include <mega8.h>
#include <delay.h>

/* Pendefinisian */

#define DAC_low PORTC //PORTC.5-PORTC.0
#define DAC_high PORTB //PORTB.2-PORTB.1
#define masukan PIND.O

/* Inisialisasi variabel global */

unsigned char index_data_keluaran;

flash unsigned char
data_keluaran_low[33]={63,25,48,7,26,41,53,60,63,60,53,41,26,7,48,25,63,38,15,56,37,
22,10,3,0,3,10,22,37,56,15,38};

flash unsigned char
data_keluaran_high[33]={2,4,4,6,6.6,6,6,6,6,6,6,6,6,4,4,2,2.2.0,0,0,0,0,0,0,0,0,0,0,2,2};

void init_port()

DDRC=0b00111111;
DDRB=0b00000110;
DDRD=0b11111110;

void init_timer2()
{

/* Timer ini akan digunakan sebagai oscillator */

/* Mode yang digunakan adalah Clear Timer On Compare dengan interrupt */

/* Mula-mula OCRO diset untuk frekuensi 1200 Hz, 17 langkah, frekuensi clock 8
MHz */

TCCR2=0x08;

TIMSK=TIMSK]0x80;

TCNT2=0;

OCR2=203;

/* Fungsi saat terjadi timer 2 compare match interrupt */
/* Turn registers saving off */

#pragma savereg-

/* interrupt handler */

interrupt [4] void timer2_match(void)



/* Pemanasan */
#asm

push r30

push r31

in r30,SREG
push r30
#endasm

/* Inti */
if (index_data_keluaran!=31)index_data_keluaran++;
else index_data_keluaran=0;

DAC_high=data_keluaran_high[index_data_keluaran];
DAC_low=data_keluaran_low{index_data_keluaran];

/* Pendinginan */
#asm

pop r30

out SREG,r30
pop r31

pop r30

#endasm

/* re-enable register saving for the other interrupts */
#pragma savereg+

/* Program Utama */

void main()

{
/* Inisialisasi */
init_port();
init_timer2();

/* lets go */
DAC_low=63;
DAC_high=2;
index_data_keluaran=0;
#asm("sei");
TCCR2=TCCR2|0x01;
do

OCR2=masukan=0 ? 109:200;/168 : 84;
ywhile(1);
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