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ABSTRAKSI

Ary Prasojo, 01.17.071 “Perancangan dan Pembuatan Alat Spektrum Audio 10
Band Berbasis Switched Capasitor Filter (Mf 10) Dicontrol Microcontroller
Atmel Avr Atmega 8 7, Skripsi Jurusan Teknik Elektro S1, Konsentrasi Teknik
Elektronika S1 Institut Teknologi Nasional Malang,
Dosen Pembimbing : Ir. F. Yudi Limpraptono, MT

Kata Kunci : Spektrum Audio 10 Band, Switched Capasitor Filter (Mf 10),
Microcontroller Atmel Avr Atmega 8,

Spektrum Audio 10 Band merupakan sistem yang digunakan untuk mengatur
ketepatan dari proses yang telah dilakukan supaya dapat diketahui nilai keluaran dari
sistem kerja sehingga dapat diketahui band berada pada penempatan yang tepat..

Dengan adanya sistem penempatan jalur band dengan menggunakan
Switched Capasitor Filter (Mf 10) dicontrol Microcontroller Atmel AVR Atmega 8
maka dengan mudah dapat diketahui apabila terjadi penyimpangan keluaran dari
proses yang telah dijalankan.

Skripsi ini menjelaskan tentang sistem penempatan band yang menggunakan
Led Array sebagai tampilan keluaran sehingga dengan mudah dapat diketahui
dengan cepat dan tepat hasil dari sistem yang telah berjalan.
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BAB1
PENDAHULUAN

1.1.  Latar Belakang.

Seiring dengan perkembangan pembangunan, teknologi elektronika mengalami
kemajuan yang sangat pesat, menyebabkan manusia tidak akan lepas dari penggunaan
berbagai macam peralatan elektronika yang ada, baik itu penggunaan peralatan yang
berupa perangkat keras maupun perangkat lunak elektronika.

Perkembangan teknologi dibidang elektronika telah membawa perubahan dan

kemajuan yang begitu cepat dan canggih. Kebutuhan akan produk-produk elektronika
juga semakin meningkat. Bahkan bagi sebagian konsumen produk-produk elektronika
tersebut telah menjadi kebutuhan primer. Dari sekian banyak produk elektronika yang
tersebar di pasaran, salah satu yang paling diminati adalah perangkat audio.

Dampak perkembangan teknologi pada bidang elektronika telah banyak
membawa perubahan dan kemajuan yang begitu cepat dan canggih terhadap segi
kehidupan manusia. Pesatnya perkembangan teknologi menghasilkan berbagai
terobosan dan penemuan baru di bidang pengontrolan.

Dalam perkembangannya, mikrokontroller dan Personal Computer (PC) banyak
diterapkan dalam perancangan elektronika, karena Mikrokontroller dan Personal
Computer mampu melakukan proses pengontrolan dan proses pengaturan system secara
otomatis. Efektifitas Mikrokontroller dan PC inilah yang diperlukan manusia dalam
menunjang rutinitas, baik dalam proses produksi pada industri untuk keperluan suatu
pelayanan terhadap komunitas masyarakat, maupun dalam kehidupan sehari- hari.Saat
ini penggunaan Mikrokontrollerdan PC telah dipacu penggunaanya untuk melayani

kepentingan masyarakat.



Pada saat ini banyak piranti audio yang berada dipasaran pada umumnya tidak
bertahan lama. Hal ini dikarenakan banyak faktor yang mempengaruhi, antara lain
penggunaan komponen bermutu rendah dan sering terjadi loos control yang
mengakibatkan komponen kelebihan beban sehingga mengakibatkan kerusakan pada
piranti elektronika tersebut.

Dengan latar belakang tersebut diatas, maka penulis berkeinginan untuk lebih
mempermudah dengan cara otomatisasi dengan memadukan Switched Capasitor Filter
(Mf 10) yang Dicontrol Microcontroller Atmel AVR Atmega 8 sebagai piranti utama,
diaplikasikan dengan Pony Prog 2000 sebagai downloader dan bahasa assembly Code Vision
AVR, dimana akan mengolah input yang berupa arus untuk dirubah menjadi audio dan
ketepatan jalur.

1.2. Rumusan Masalah.
Dengan latar belakang yang telah dikemukakan diatas, maka perlu dirumuskan

dalam membuat Spektrum Audio 10 Band Berbasis Switched Capasitor Filter ( Mf 10 )
Dicontrol Microcontroller Atmel Avr Atmega 8 yaitu:
1. Bagaimana merancang suatu peralatan yang dapat dipergunakan
untuk menunjukkan ketepatan jalur yang digunakan.
2. Bagaimana membuat suatu sistem komunikasi dengan menggunakan
Pony Prog 2000 dan mikrokontroller Atmel Avr Atmega 8.

3. Bagaimana merancang dan membuat rangkaian yang menunjang kerja
sistem.

4. Bagaimana merancang software dengan menggunakan bahasa
pemrograman Mikrokontroller

5. Bagaimana merancang software dengan menggunakan bahasa
pemrograman Code Vision AVR untuk mengirimkan data menuju ke

mikrokontroller maupun menerima aliran data dari Mikrokontroller.



Oleh karena itu dalam penulisan skripsi ini saya mencoba untuk merancang dan
membuat suatu alat yang diberi judul :
“ Perancangan Dan Pembuatan Alat Spektrum Audio Display 10 Band Berbasis
Switched Capasitor Filter (Mf 10) Dikontrol Microcontroller
AVR ATMEL Atmega 8 .

1.3. Tujuan.

Adapun tujuan dari perancangan dan pembuatan alat ini adalah untuk
menciptakan suatu alat pengatur ketepatan jalur pada piranti elektronika dengan
berbasiskan switched kapasitor filter MF 10 berbasiskan mikrokontroller ATMEL AVR
Atmega 8.

1.4. Batasan Masalah.

Dalam perancangan dan pembuatan alat Spektrum Audio ini perlu diberikan
suatu ruang lingkup pembahasan agar tercapai tujuan yang diinginkan, sehingga perlu
kiranya diberikan batasan- batasan, antara lain :

1.  Pembahasan skripsi ini dititik beratkan pada sistem untuk menunjukan
ketepatan jalur.
2. Mikrokontroler yang digunakan adalah ATMEL AVR Atmega 8.

3. Tidak membahas bagaimana sampling rate dibuat.

4.  Tidak membahas rangkaian filter secara detail.
Pada skripsi ini tentang system catu daya tidak dibahas.



1.5. Metodologi.
Metodologi yang digunakan dalam penyusunan tugas akhir ini adalah sebagai

berikut:

Study literature, meliputi:

Melakukan kajian buku, majalah atau hasil penelitian di laboraturium.
Perencanaan tiap blok diagram

Perencaan yang dilakukan berhubungan dengan prinsip kerja alat yang
akan digunakan, kemudian komponen yang dipakai dilakukan
penggabungan masing-masing blok yang telah disusun.

Pengujian alat

Pengujian alat dilakukan perbloksystem dan keseluruhan system yang
telah disusun sehngga disimpulkan suatu efektifitas penggunaan suatu
alat.

Penyusunan Laporan Skripsi

Menyusun data laporan berpedoman pada alat yang selesai dibuat beserta

kesimpulan cara kerja dari alat tersebut.



1.6. Sistematika Penulisan.

Pembahasan laporan skripsi ini akan diuraiakan dan dijabarkan dalam setiap

bab, dengan pembagian sebagai berikut:

BABI

BABII

BABIII :

BABIV:

BABYV :

: PENDAHULUAN
Terdiri dari latar belakang, rumusan masalah, batasan masalah,

tujuan, metodologi, dan sistematika penulisan.

: LANDASAN TEORI

Membabhas teori-teori yang mendukung dan menunjang perencanaan
dan membuat alat yang digunakan.

PERENCANAAN DAN PEMBUATAN ALAT

Berisi tentang proses perencanaan dan pembuatan sistem
pembayaran pemakaian jasa internet di warnet.

PENGUIJIAN ALAT

Berisi tentang pengujian terhadap alat yang dibuat.

PENUTUP

Memuat tentang kesimpulan-kesimpulan yang diperoleh dari hasil

pembuatan laporan skripsi ini serta saran untuk pengembangan lebih

lanjut.



BAB 11
LANDASAN TEORI

2.1. Umum.
Pada bagian ini akan dibahas teori penunjang untuk peralatan yang akan

dirancang yaitu teori dasar Switched Kapasitor Filter ( MF 10 ), teori dasar
Mikrokontroller ATMEL AVR Atmega 8, teori dasar Transistor Switch sebagai saklar
otomatis dan tampilan keluaran ( LED Array ).

2.2. Sistem Spektrum Audio Display 10 Band.

Sistem Spektrum Audio Display 10 Band adalah sistem penempatan jalur
frekuensi yang digunakan dan disesuaikan dengan kapasitas jalur frekuensi dimana akan
bekerja dari frekuensi 70 Hz hingga 16 KHz. Sistem penempatan jalur ini digunakan
untuk menunjang proses kerja frekuensi dalam penempatanya yang digunakan dalam
piranti elektronika audio yang menggunakan jalur frekuensi berbeda seperti,
Operasional Amplifier, Radio Pemancar, dan lainnya. Secara umum fungsi utama dari
Spektrum Audio Display 10 Band adalah :

= Mengubah sinyal elektrik yang sebagai masukan untuk dirubah menjadi arus DC
yang digunakan untuk mengaktifkan LED Array sebagai tampilan output.

* Sebagai pedoman apabila terjadi penyimpang dalam penempatan jalur, dapat
dengan mudah diketahui dikarenakan lebar band with melebihi dan dapat dilihat
pada tampilan output.

* Dalam aplikasi untuk digunakan secara umum adalah pada tampilan equalizer
pada piranti audio pada umumnya.

Komponen — Komponen utama dalam sistem Spektrum Audio Display 10 Band
untuk melakukan proses dalam aplikasinya adalah : Buffer (NJM4558), Switched
Capasitor Filter (MF 10), Mikrokontroller (AVR ATMEL Atmega 8), Transistor Switch



(A733), Serial To Pararel Shift Register (74HC595) dan LED Array (LEDTECH 10
Segment).

2.3. Buffer.
2.3.1. Pengenalan Dasar.

Komponen yang digunakan adalah IC NJM4558 dikarenakan komponen ini
memiliki kemampuan untuk diaplikasikan dengan semua jenis filter, juga dapat
diposisikan sebagai penguat. Komponen ini memang didesain untuk memiliki noise

rendah karena terintregasi dengan bipolar output pada satu monolithic chip.

Veee *> Ev j
L |
8 -
IN+ I —
! y
" | \j” ,) “:%:ze.n r
’ s LN ;u 0
Cs ]
e ‘
P
S
L  \
-
: 1080 0
Veo- ] :
OFFISET OFFSET
NULL NULL
N1) N?)

Gambar 2 - 1. Skematic Block IC NJM4558

Kelebihan dari komponen ini adalah :

e Penggunaan daya rendah.



e Memiliki mode lebar jalur dan rentan terhadap tegangan diferensial.
e Bias input rendah dan arus offset.
e Dilengkapi pengaman rangkaian pada keluaran.
e Distorsi harmoni total rendah £0.003% Typ.
e Noise rendah ( V, = 18 nV/ VHz Typ pada f=1 KHz.
e Impedansi input tinggi dan daerah masukan JFET.
e Bebas dalam operasi Latch-Up.
e Slew Rate tinggi 13 V.
2.3.2. Konfigurasi Pin Pada IC NJM4558.

Konfigurasi kaki — kaki pada IC NJM4558 terdiri dari 8 pin seperti yang terlihat

dibawabh ini :

——a

10UT
fIN-
1IN«

Vee -

Vg 4
20uT
]2N-
2N

A ol rJ
€« | — (e =]

Gambar 2 - 2. Konfigurasi Pin IC NJM 4558.
Adapun fungsi dari tiap pin akan dijelaskan sebagai berikut :

Port 1 : 10UT. Berfungsi sebagai pintu keluar 1 dari proses.
Port 2 : 1IN-. Berfungsi sebagai pintu masuk untuk arus negatif (-).

Port 3 : 1IN+. Berfungsi sebagai pintu masuk untuk arus positif (+).



Port 4

Port 5

Port 6

Port 7

Port 8 :

: VCC(-). Berfungsi sebagai sumber tegangan negative (-).
: 2IN(+). Berfungsi sebagai pintu masuk untuk arus positif (+).
: 2IN(-). Berfungsi sebagai pintu masuk untuk arus negatif (-).

: 20UT. Berfungsi sebagai pintu keluar dari gabungan kedua input.

VCC+ Berfungsi sebagai sumber tegangan positip (+).

Yang perlu diperhatikan dalam penggunaan komponen ini adalah :

- 8
d

emua tegangan rata — rata, kecuali tegangan diferensial memiliki respon

imana VCC; dan VCC..

- Tegangan diferensial adalah IN; yang merespon pada IN.

Tabel 2 - 1. Rating Disposisi.

woge AT DBAING  DEATE TyeWC  TemC  Tp-1aC |
POWERRATING ~ FACTOR  ABOVET, POWERRATING POWERRATING POWER RATING
DBon G0mW SBmAC B 71 il "
Dit4pn) 830 mw 75mG 60<C B0 W A4 mify WA
F 680 miw TOmes §§°C 650 iy 640 M 5 mil
J 030 mW 1.0 miveC 88C B80 mA 680 mw 275 mi
30 B30 84mN" guC B2 mi S8 i 20 m
I\ 680w 9.2mieg 76C 580 S ¥
? b80 i 5.0 miNeg 65*( B4 i S0miw NA
N id pin) 525 mW 2mNes 0C 529 1 NA Mk
HERTY (0 mW 36 mieC 70 700 miy N, hih
W BAO MW 3.0 mlieg (4°C 540 m 520 mi¥ 200w




2.3.3. Karakteristik IC NJM4558.

Tabel 2 - 2. Karakteristik IC NJM4558.

I TLO74M
PARAMETER TEST CONDITIONST | T4t TLO72M UNIT
MIN  TYP MAX| MIN TYP MAX
i Inout cffset volta Yg=C HRg=350Q e : . s : v
Vi nout cffset v g=C = m
Io " U=t e Full-ange 3 15
Temperature coeffcient cf - T
a0 topi cllast Velinge Vg =C Ag=500Q | Fullrangs 18 18 N
| i l : 25°C 5 100 5 100 pA
nput o¥set ¢ Vo=
10 = sl v Full rang 20 20 nA
) ) 25°C 65 200 65 200| pA
I3 Input bias currentd Vg =0
50 50| nA
R . ~12 -12
im Cemmon-mede input o i - . v
ISR voltage range S 1 & v
] th
) RL = 10kQ 25°C 12 +135 112 1735
Vou Mafnmun '."eak gl RL 210 ki 112 112 v
vUlage swing Full rarga
R 220 110 +10
. Large-s-gnal differential Vo =110V, 25°C B 200 35 200 Ui i
VD vo''age ampification RL»2xQ 5 15 o
B; Linity-gain bandwid:n T =250 3 3 M-z
n Inpul resistance Tp = 25°C 1012 1012 0
5 = - ‘ Vi = Vicgmn, o~
CMEH Commar-mods rejectior ratio |, Jg- C.‘Cgs -500Q 25°C BC 86 80 86 dB
_ Supoly-vollags rejeclion -aic  |Voc=:5Vie=z13Y, -
ksyz (NCC~AVID] Vg0, Rgab00 25°C BC 86 80 88 d8
o Supoly current (each amplifier; |V =0, Nooac 25'C 4 25 4 25 mA
¥01iYge  Crosslak attenuation Ayp =100 25°C 120 120 dB
Tabel 2 - 3. Karakteristik operasional.
PARAMETER TEST CONDITIONS L L ST ER uNIT
MIN  TYP MAX| MIN  TYP MAX
— : ? Vi= 10V, Rl =2 o2, o T
SR Siew rate at unity gain GL = 1C0 pF, Ssa Figure 1 5 13 8 3 Vius
t Rise lime overshoot V| =20mV, A_ =2 ka2 2 0.1 us
factor C| = 10C pF, Ses Fgure 1 20%: 20% i
Equivalert inpul noise E I=1xhz 18 18 nVAHz
Yn  yoitage it 1= 10 H2 1010 kHz a - v
In E::;’r;:""' inputnoise | . ~200, 1= 1 kHz 0.0 0.01 pANTE
. A : VO(RMS) = "0V, HRAg<' KkQ, -
THD  Total harmonic distortion F‘ffz L e €.003% 9.003%
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Grafik 2 - 1. Karakteristik IC NJM4558.
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2.4. Switched Kapasitor Filter ( MF 10 ).

2.4.1. Pengenalan Dasar.
Switched Kapasitor Filter ( MF 10 ) merupakan komponen elektronika yang

berfungsi sebagai saklar otomatis yang digerakkan secara elektrik dimana terdiri dari

12



filter yang dapat bersifat aktif dan pasif. Switched Kapasitor Filter ( MF 10 ) dilengkapi

dengan beberapa filter, yaitu :

Low Pass Filter yang hanya meloloskan frekuensi rendah.
High Pass Filter yang hanya meloloskan frekuensi tinggi.

Band Pass Filter yang meloloskan frekuensi diantara Low Pass dan High Pass.

Gambar 2 - 3. Blok Diagram IC MF 10

Keunggulan dari Switched Capasitor Filter ( MF 10 )

Mudah dalam Penggunaan.

Pulsa Akurasi Rasio Frekuensi pusat + 0,6 %.

Dalam keadaan diam kualitas pulsa mempertahankan stabilitas frekuensi.
Sensitifitas rendah dalam penggunaan komponen variatif,

Mudah diaplikasikan dengan Low Pass Filter, High Pass Filter, dan Band Pass
Filter.

Rentan Frekuensi operasional sampai 30 Khz.

13



e Fo x Q range maksimum mencapai 200 KHz.
e 20 Pin dengan lebar jalur dalam 0.3 mm.

e Bentuk kemasan yang minimum tapi terdiri 20 Pin.

1001

ail 1

b

Gambar 2 - 2. Gelombang Keluaran Sistem Data IC MF 10.

2.4.2. Konfigurasi Pin — Pin IC MF 10 ( Switched Kapasitor Filter ).

Surface Meunt and
Sual-ln-Line Package
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Tep View
2rader Number MF10CCWY
See NS Pacaage Humber M202
Creler Humier MF10ACH ar MF10CCH
S22 HS Package Numis=r 1204

Gambar 2 - 5. Konfigurasi Pin IC MF 10
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LP(1,20),BP(2,19),N/AP/HP(3,18). Fungsi ganda dari keluaran Low Pass, Band Pass,
dimana arus keluar berkisar 1,5 mA sampai 3 mA dan lebar swing 1 Volt.

INV(4,17). Masukan inverting dari Op-Amp akan menghasilkan impedansi tinggi,
tetapi apabila mendapat masukan dari non inverting maka AGND akan menjadikan
INV,dan INVg menjadi impedansi rendah.

S1(5,16). Sebagai pin dari sinyal masukan yang dapat digunakan untuk segala jenis
konfigurasi filter . S1 dapat bekerja apabila mendapat impedansi bias mencapai 1 Q.
Bila S1 tidak bekerja maka sinyal masukan dilangsungkan ke AGND.

Sam (6). Saklar pin akan aktif bila dihubungkan dengan satu masukan AGND ( Sas
kondisi V" ) atau untuk keluaran Low Pass Filter ( Sap kondisi V' )m Memiliki
fleksibilitas dalam konfigurasi filter dan operasi variasi mode.

VA (7),Vp'(8). Sumber analog positif dan sumber digital positif

CLKA(10), CLKB(11). Mengaktifkan saklar Kapasitor Filter maksimum pada saat op-
amp bekerja maksimal pada system.

50/100/CL(12). Jika pada saat akif detak pulsa frekuensi utama 50 : 1, jika pada saat
pasif detak pulsa frekuensi utama 100 : 1.

foLk adalah detak sinyal frekuensi luar yang diaplikasi pada pin 10 atau 11.

fo adalah frekuensi pusat pada saat mendapat frekuensi maksimum pada saat Band Pass

Filter mendapatkan frekuensi maksimum.

fnotch adalah kondisi pada saat frekuensi minimum dan pada idealnya f= 0.
F,akan aktif apabila f, dan Q, aktif.

Q adalah faktor kualitas dari semua filter.

Qadalah factor kualiatas kedua dari semua pass filter dan nilainya relatife.

Maka persamaan nilai yang diperoleh :

15



Q; adalah kualitas faktor relative untuk semua karakteristik.

Dimana : Q, = Respons untuk semua Pass.

Hogp = Gain ( dalam V/V ) pada saat keluaran Band Pass, dimana = f,,
Horp = Gain ( dalam V/V ) pada saat keluaran Low Pass, dimana f= 0 Hz.
Honp = Gain ( dalam V/V ') pada saat keluaran High Pass, dimana f = fo /2.
Hon = Gain ( dalam V/V ) pada saat tidak ada keluaran, dimana f= 0.

Hon 1= Gain ( dalam V/V ) pada saat f keluaran 0 Hz.

Hon2= Gain ( dalam V/V') pada saat f keluaran sama dengan = f; x/2.
fhoten adalah frekuensi minimum ( Idealnya 0 ).

fz adalah frekuensi pusat yang stabil bila f, dan Q kondisi High.
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Grafik 2 — 2. Order Band Pass Response.
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Grafik 2 —6. Semua Pass Response.

2.4.3. Karakteristik IC MF 10 ( Switched Kapasitor Filter ).

o Tegangan yang digunakan (V' - V") : 14 Volt.

B Tegangan dalam tiap Pin : V40,3V
V-03V

e Arus masukan dalam tiap Pin : 5 mA.

° Arus Masukan : 20 mA.
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Dissipation Power
Suhu Normal

ESD Susceptabiliti
Informasi Soldering
N Kemasan 10 Detik
Vapor Phase 60 Detik
Infrared 15 Detik
Rating Operasi.

Suhu Rata - Rata
MF10ACN, MF10CCN
MF 10CCWM

20

: 500mW.
:150°C.

:2000 V.

: 260°C.
:215°C.

:220°C.

! Tmin < Ta < Tmax
: 0°C <Tx £70%.

:0°C <Ta < 70%.



Tabel 2 - 4. Karakteristik Elektrik IC MF 10.

Electrical Characteristics
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Tabel 2 - 5. Karakteristik Logic Elektrik 1C MF 10.

Logic Input Characteristics
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Grafik 2 - 7. Karakteristik Stabilitas Kondisi IC MF 10.
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Grafik 2 - 8. Variasi Response Dari Sistem Kerja Filter atas fungsi Q.

ia} Bandpass ih) Low Pass () High-Pass

2.5. Mikrokontroller ATMEL AVR Atmega 8.
2.5.1 Arsitektur Mikrokontroller AVR ATMEL Atmega 8.

AVR  Atmega8 adalah mikrokontroler 8-bit CMOS, low-power yang
berdasarkan pada bentuk arsitektur AVR RISC ( Reduced Instruction Set Komputer),
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-Sistem Programable Flash
* 512 bytes EEPROM (Electrical Erasable Programable Read Only Memory)
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512 bytes SRAM (Static Random Access Memory)

23 jalur I/O general-purpose

32 x 8 general-purpose working register

Timer/ Counter yang fleksibel dengan mode pembanding

Interupsi internal dan eksternal

Pemrograman serial UART (Universal Asynchronous Receiver and Transmitter)

Serial Port SPI (Serial Peripheral Interface)
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Gambar 2 - 6. Arsitektur Mikrokontroller AVR ATMEL Atmega 8
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Gambar 2 - 7. Blok Diagram Mikrokontroller AVR ATMEL Atmega8
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2.5.2. Konfigurasi Pin-Pin Mikrokontroller AVR ATMEL Atmega8.

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

PDIP
IRESET: Pos 1 8 [ FosrADCE RS L
RXDnPOo2 27 O FC4iADCHEDA;)
iTXD: PO O 2 oe O FoaiADC S
T P2 O] 4 25 O FCEADCE:
iIMT1: PO S o4 O PCTiADS
(XCK T PO4 [ e Z2 O PO TADCO
VCC[O7 Z2 O GHD
GRHD O s =1 [d AREF
IXTAL1TOSC s FRs O 2 20 O AVCS
IXTAL2TOSC2 FET ] 10 19 O FBS (50K
TP 1 18 [ FB4 i b=
CAIM POws O 12 17 OFB3 i C2)
tAIRR G PD7 O 15 15 [0 FR2 15250C1B)
II2P1: FBO O 14 15 D FB1 i DC1 A

Gambar 2 - 8. Konfigurasi Pin Mikrokontroller AVR ATMEL Atmega8
Fungsi tiap pin-nya adalah sebagai berikut:

a. Vcc: Tegangan Supply

b. Gnd: Ground

c. Port A (PAO-PA7): Port dua arah 1/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 (PBO-PB7: Port dua arah /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/O 7-bit dengan resistor pull-up internal.

f. PC6/RESET: Jika fuse RSTDISBL sudah diprogram, PC6 digunakan sebagai
suatu pin I/O. Jika fuse RSTDISBL belum diprogram, PC6 digunakan sebagai
inputan reset dimana level low dari pin ini lebih panjang dari pulsa minimum

yang dihasilkan reset.
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h.

2.5.3.

Port D (PDO-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 supplay tegangan untuk A/D konverter port C ( 3..0), dan ADC
(7..6). Pin ini harus dihubungkan dengan V¢c melalui low-pass filter.

AREEF: Pin analog referensi untuk A/D konverter.

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

Peta Memori Mikrokontroller AVR ATMEL Atmega 8.

Mikrokontroller AVR ATMEL Atmega8 memiliki ruang pengalamatan memori

data dan memori program yang terpisah. Memori data terbagi menjadi 3 bagian, yaitu
32 register umum, 64 buah register I/O, 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 kontrol terhadap
mikrokontroller menempati 64 alamat berikutnya, yaitu mulai dari $20 hingga $5F.

register tersebut merupakan register yang khusus digunakan untuk mengatur fungsi

terhadap peripheral mikrokontroller, seperti kontrol register, timer/ counter, fungsi-
fungsi I/O, dan sebagainya. Alamat memori berikutnya digunakan untuk SRAM 1024
byte, yaitu pada lokasi $60 sampai dengan $45F. Konfigurasi memori data ditunjukkan
pada gambar dibawah ini.
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Gambar 2 - 9. Konfigurasi Memori Data
Mikrokontroller AVR ATMEL Atmega 8
Memori program yang terletak dalam Flash Sistem 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 ATmega8 juga memiliki memori data berupa EEPROM 8-bit
sebanyak 512 byte. Alamt EEPROM dimulai dari $000 sampai $1FF.
2.5.4. Status Register (SREG) Mikrokontroller AVR ATMEL Atmega 8
Status register adalah register berisis status yang dihasilkan pada setiap operasi
yang dilakukan ketika suatu instruksi dieksekusi. SREG merupakan bagian dari inti
CPU mikrokontroller.
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Gambar 2 - 10. Status Register Mikrokontroller AVR ATMEL Atmega 8

Keteranga 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 kontrol 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

Apabila suatu operasi menghasilkan bilangan negative, maka flag-N akan
diset.

Bit 1 — Z: Zero Flag

Bit akan diset bila hasil operasi yang diperoleh adalah nol.



h. Bit0-C: Carry Flag
Apabila suatu operasi menghasilkan carry, maka bit akan diset.
2.5.5. Register 1/O.

Semua port pada AVR memiliki kebenaran fungsional read-modify-write ketika
digunakan sebagai port /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 I/O) untuk
menhasilkan output low dan perintah sbi (set bit I/O) untuk menghasilkan output high.
Pengubahan secara byte dilakukan dengan perintah in atau out yang menggunakan
register bantu.

a. PortA

Tiga lokasi alamat memori I/O dilokasikan pada port A, masing-masing adalah

register data-Port A, $1B ($3B), register data direction (register pengarah 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).
b. PortB

Tiga lokasi alamat memori I/O yang dilokasikan pada port D, masing-masing

adalah register data-port B, $18 ($38), register pengarah data-DDRB, $17 ($37),

dan pin input port B-PINB, $16 ($36). (Blok diagram port B dan fungsi Timer/

Counter 2 pinnya dapat dilihat pada lampiran).

c. PortC

Tiga lokasi alamat memori I/O yang dilokasikan pada port C, masing-masing

adalah register data-port C, $15 ($35), register pengarah data-DDRC, $14 ($34),
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dan pin input port C-PINC, $13 (833). (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-port D, $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).

2.5.6. Timer/ Counter 2.
Timer/ Counter 2 adalah 8 bit Timer/ Counter yang multifungsi. Deskripsi

Timer/ counter 2 pada ATmega8 adalah sebagai berikut:

Sebagai Counter 1 kanal.

& P

Timer dinolkan saat match compare (auto reload).

Dapat menghasilakan gelombang PWM dengan glitch-free.

R O

Frekuensi generator.

Prescaler 10 bit untuk timer.

oo

Interupsi timer yang disebabkan timer overflow dan match compare (TOV2
dan OCF2).
g. Dapat menggunakan clock dari kristal independent luar sebesar 32 kHz pada
I/O clock.
Pengaturan Timer/Counter2 diatur oleh TCCR2 (Timer/ Counter Kontrol
Register 0) yang dapat dilihat pada gambar berikut:

Bi: 7 5 5 3 3 2 1 0

I_ FOC2 | WGM20 | COM21 | COM20 | WGM21 | €822 | 821 f i:SZIJj TCCR2
Feadarits W R RA% I RAY RAN R RA%
Intal “aue 0 4 3] (I 3 0 g 0

Gambar 2 - 11. Register TCCR2
Penjelasan untuk setiap bit adalah:

a. bit 7—FOC2: Force Output Compare
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b. bit 6,3 — WGM21: WGM21:WGM20: Waveform Generator Unitl.
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 menghasilkan mode tertentu:

Tabel 2 - 9. Konfigurasi Bit WGM21 dan WGM20

WGM21 | WGM20 | Timer/Counter Mode Update of | TOV2 Flag
Mode | (CTC2) | (PWM2) | of Operation't-' TOFP OCR2 Sel
J 0 Maormeal OxFF Immediate | MAX
1 J 1 PWWM. Phase Conect ixFF | TOP BOTTOM
2 1 0 CTC QOCRZ | Immediate | PAX
3 1 1 Fast PWH oxFF | TOP r1aX

c. Bit5,4 - COMO01:COMO00: Compare Match Output Mode
Bit mengontrol pin OCO (Output Compare Pin). Apabila kedua bit tersebut nol
atau clear, maka pin COO0 berfungsi sebagai pin biasa. Namun, jika salah satu bit
set, maka fungsi bit tergantung pada setting bit pada WGMO00 dan WGMO1.
Berikut daftar tabel setting bit pada WGMO00 dan WGMO1:
Tabel 2 - 10. Konfigurasi Bit COM21 dan COM20 Compare Output
Mode non-PWM

COoM21 COM20 Description
0 0 Normal port operation, OC2 disconnected.
0 1 Toggle OC2 on Compare Maich
1 0 Clear OC2 on Compare Match
1 1 Set OC2 on Compare Match
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Tabel 2 - 11. Konfigurasi Bit COM21 dan COM20 Compare Output

Mode Fast PWM
comz21 COM20 Description
0 0 Normal port operation, OC2 disconnectead.
0 1 Reserved
1 0 Clear OC2 on Compare Maich. set OC2 at TOP
1 1 Set OC2 on Compare Match, clear OC2 at TOP

Tabel 2 - 12. Konfigurasi Bit COM21 dan COM20 Compare Output
Mode Fast PWM

COM21 | COM20 | Description

0 0 Normal port operation, OC2 disconneacted.

0 1 Reserved

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

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

d. Bit2,1,0-CS22, CS21,CS20
Ketiga bit tersebut memilih sumber clock yang akan digunakan oleh
Timer/Counter. Berikut list tabelnya:
Tabel 2 - 13. Konfigurasi Bit Clock Select Untuk Memilih Sumber Clock

cs22 cs21 Ccs20 Description
0 0 0 No clock source (Timer:Counter stopped).
0 0 1 clkrzs/{No prescaling)
0 1 0 clkt25/8 {(From prescaler)
0 1 1 clkr,5732 (From prescaler)
1 0 0 clkT.5/64 (From prescaler)
1 0 1 clkT;5/128 {From prescaler)
1 1 0 ClKy, /256 (From prescaler)
1 1 1 clkr.5/1024 {From prescaler)




2.5.7. 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, INTZ2.
Interupsi eksternal dapat dibangkitkan apabila terdapat perubahan logika
atau logika 0 pada pin interupsi. pengaturan kondisi keadaan yang
menyebabkan terjadinya interupsi eksternal diatur oleh register MCUCR
(MCU Kontrol Register). Yang terlihat pada gambar dibawah ini:

e : : 2

M1 ] SMO ] Scll | ISID ] 1Sco! ] Ieho0 | MCUCR

S aan Aleea B I =0 m =0 m
230 yvre Fivy ] " W R o] My =N

—

(el

|
o
=

=

)

w

Gambar 2 - 12. Register MCUCR
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 - 14. Beberapa Setting Kondisi Yang Menyebabkan Interupsi
Eksternal I

ISC11 ISC1e | Description

0 0 The lzw I=azl of INT1 gensratss an int=nupt reguest,

0 1 Aree bgical chongs an INTT genemat=s an interrupt request,
1 0 The falling =dge of INT1 gensrat=s an interupt request.
1 1 The riging =dge of INT1 gensiatzs an irtemrupt request,

¢. Bit ISCOl 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 - 15. Beberapa Setting Kondisi Yang Menyebabkan Interupsi
Eksternal 0

Isco ISCon | Description

0 0 The ey ezl of T generates an intsrupt reoquest.

0 1 Any logical changs on INT genemtes an interrupt recuest.
1 0 The falling =dae of INTO gensratzs an intemrupt regqusst,
1 1 The rizing =clge of INTO gensmt=s an intemupt regquest.

Pemilihan pengaktifan interupsi eksternal diatur oleh register GICR (General

Interupsi Kontrol Register) yang terlihat seperti gambar berikut:

[T IN:I'3|-[_]:]

= o7 = =
=] =

| IMSEL IWCE l ZICR

= —_N%
Ve =Y

Y i d

Gambar 2 - 13. General Interrupt Kontrol Register

Bit penyusun dapat dijelaskan sebagai berikut:

a.

vektor

bawabh.

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

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

interupsi pada masing-masing jenis. Alamatnya dapat dilihat pada tabel di

39



Tabel 2 - 16. Macam Sumber Interupsi pada
Mikrokontroller AVR ATMEL Atmega 8

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 dan interupsi terima serial pada alamat 00B masing-masing alamat vektor
memililki jarak yang berdekatan sehingga akan timbul masalah jika diperlukan 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
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Program
Vector No. | Address’™ | Source Interrupt Definition
1 ' | BESET Ext=inal Pin, Pavizr-on Reset, Brovn-out
R=s=t, and Watchdoa Besat
2 2201 1MTD Ext=rnal Int=riupt Request &
8 Patalies IMT1 Extzinal Int=rrupt Request 1
4 Ox03 TIMERZ COMP Timer/CGount=r2 Compare Match
3 A TimerCounter2 Oweiflow
i3 TIMER1 CAFT TimerCounter! Captur= Event
7 TIMER1 COMFA | TimerCounter! Compars Katch 2
8 TIMERT TOMPE | TimerCounter1 Compars Match B
a TIMER1 ZWF TimerCounter! Owsrflay
10 DY TIMERS CHF TimerCourter Opsrfloy
11 A ZPI. ST Serial Traneder Compplet=
12 B LISART, RXC USART. Re Complets
13 LI3ART, UDRE LSART Data Register Empty
14 S LISART, TAC USART. Tx Complets
15 e ADC ADC Comersion Compl=t=
15 R EE_RD EEPROK Reacly
17 LA I ANA_COMP Aralog Comparator
18 11 T Temovine Senal Interfoce
19 | fwnz | BPRLRDY | Store Pregram Kemery Ready




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 ataﬁ 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.

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

Mask Register).

m

it y A 5 4 3 2 1 0

| QCIE2 | TOIE2 TICIE1 OCIE1A | ©CIE1IB | TOIE1 | - | TolED | TIMSK
Read/\Write R/W R RW RW RW RW R RW

Initial Value 0 0 0 0 0 0 0 0

Gambar 2 - 14. Register TIMSK
Penjelasan Untuk setiap bit adalah:

a. Bit 0 —TOIEO: 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.

¢. Bit2 - TOIEI: 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 1, 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. Bit 4 — 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.

2.6.  Transistor Switched.
2.6.1. Pengenalan Dasar.

Pada tahun 1949, Shockley mencoba teori dasar tansistor junction dan hasil
pertamanya dihasilkan dalam tahun 1951, dampak transistor tersebut dalam elektronika
berperan sangat besar. Di samping dimulainya Industri semikonduktor multi-bilyun
dolar, transistor pun telah membuka jalan pada penemuan-penemuan rangkaian-
terintegrasi, piranti opto-elektronik dan prosesor-mikro.

Pada rangkaian ini komponen yang digunakan adalah Transisitor PNP Silikon
A733 produksi NEC.Komponen ini didesain khusus sebagai driver AF amplifier, karena

memiliki fitur yang sangat sensitif pada hg dan ekselen linier dimana :

hep e ==60 Y, 1=~ 1.0 mal
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Gambar 2 - 15. Tiga Daerah Transistor.
(A) Transistor NPN. (B) Transistor PNP.

Pada Gambar 2-4a menunjukkan sebuah kristal npn. Emiter didope sangat
banyak, dan berfungsi untuk mengemisikan atau menginjeksikan elektron ke dalam
basis. Basis di dope sedikit, dan sangat tipis; basis melewatkan sebagian besar elektron-
elektron yang diinjeksikan emiter ke kolektor. Tingkat doping (doping level) dari
kolektor berada pada tingkat menengah, antara tingkat doping dari emiter dan tingkat
doping dari basis. Kolektor dinamakan demikian, karena kolektor mengumpulkan atau
menangkap elektron-elektron dari basis. Kolektor merupakan bagian yang terbesar dari
tiga bagian tersebut; kolektor harus mendisipasikan lebih banyak panas daripada emiter
atau basis.

Transistor pada Gambar 2-4a mempunyai dua sambungan (junction), satu di
antara emiter dan basis dan lainnya diantara basis dan kolektor. Karena inilah, sebuah
transistor sama seperti dua buah dioda. Transistor npn disebut juga diode emiter basis
atau singkatnya dioda emiter. Transistor pnp pun disebut juga diode kolektor basis atau
dioda kolektor.

Gambar 2-4b menunjukkan kemungkinan yang lain, yaitu sebuah transistor pnp.
Transistor pnp merupakan komplemen dari transistor npn. Pembawa muatan mayoritas
pada emiter adalah hole, sebagai pengganti dari muatan bebas. Ini berarti, pada
transistor pnp dibutuhkan arus dan tegangan yang berlawanan dengan transistor npn.
2.6.2. Karakteristik Transistor A733.

Pada komponen ini memiliki 3 pin yang terdiri dari emitor, basis dan kolektor.

Adapun daitunjukan pada gambar berikut :



PACKAGE DIMENSIONS

Tullirmezer

|
Gambar 2 - 16. Bentuk Dimensi Transistor A733.

Salah satu penggunaan dari transistor adalah sebagai switch atau saklar, artinya
bahwa kita mengoperasikan transistor pada salah satu dari saturasi atau titik sumbat,
tetapi tidak di tempat-tempat sepanjang garis beban.

Jika sebuah transistor berada dalam keadaan saturasi, transistor tersebut seperti
sebuah switch yang tertutup dari kolektor ke emiter. Jika transistor tersumbat (cutoff),
transistor seperti sebuah switch yang terbuka. Dalam transistor dikenal istilah aturan
disain Soft saturation dan Hard saturation. Soft saturation berarti kita membuat
transistor hampir saturasi, di mana arus basis hanya cukup untuk mengoperasikan
transistor pada ujung atas dari garis beban. Soft saturation tidak dapat diandalkan pada
produksi massa karena adanya perubahan-perubahan pada Bdc dan IB(sat). Soft
saturation akan mengacu pada rancangan dimana transistor akan jenuh secara terbatas,
dalam hal ini penguatan arus hanya sedikit lebih kecil daripada penguatan arus aktif.

Pada kondisi Hard saturation, berarti terdapat arus basis yang cukup kuat untuk
membuat transistor saturasi pada semua harga dari Bdc. Untuk keadaan yang paling
buruk dari temperatur dan arus, hampir semua transistor silikon sinyal kecil mempunyai

Bdc lebih besar daripada 10. Karena itu, suatu pedoman disain untuk hard saturation

44



adalah mempunyai arus basis kira-kira sepersepuluh dari harga saturasi arus kolektor;
ini menjamin hard saturation pada semua kondisi kerja. Sebagai contoh, jika ujung atas
garis beban mempunyai arus kolektor sebesar 10 mA, maka akan di dapatkan arus basis
sebesar 1 mA. Hal ini menjamin keadaan saturasi untuk semua transistor, arus,
temperatur dan sebagainya. Di gunakan aturan 10 : 1 dalam proses mendisain rangkaian
switching transistor, kecuali jika di tentukan lain. Ingat, ini hanya suatu pedoman. Jika
nilai tahanan standar menghasilkan perbandingan IC/IB sedikit lebih besar daripada 10,

hampir setiap transistor sinyal kecil akan menuju keadaan hard saturation.

Gambar 2 - 17. Contoh-contoh dari transistor yang digunakan sebagai switch.

Gambar 2-6a menunjukkan sebuah rangkaian switching transistor yang
digerakkan oleh tegangan step. Jika tegangan input nol, transistor tersumbat (cutof¥).
Dalam hal ini, transistor kelihatannya seperti sebuah switch yang terbuka. Dengan tidak
adanya arus yang mengalir melalui tahanan kolektor, maka tegangan keluaran sama
dengan +VBB.

Gambar 2-6b menunjukkan suatu disain dengan adanya sedikit variasi.
Rangkaian ini disebut sebuah LED driver, karena transistor mengendalikan LED. Jika
tegangan masukan rendah (low), transistor akan tersumbat (cutoff) dan LED padam.

Jika tegangan masukan tinggi (high), transistor saturasi dan LED menyala.
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Tabel 2 - 17. Karakteristik Transisitor A733.

[ SYMBOL CHAAACTERISTIC MIN TYP MAK UNIT _ TEST CONOIT ONS
[nee DC Current Gain w200 60 Vps-60Y Ige=10mA
l HEF ose Figure 6.0 0 dd - Ag=10kf, 1-100 Hz
'T 330 Banawath Product 100 1EX MH: Mep=-60V, i1g=10 mA
( ntout Capscinance 45 60 pk Veg=<10V, 1g=0 0NM2
CBO Catlecter Cutat Current 01 A Yeg=-B0V, ig=0 J
EHO Emitter Cutatf Current 0.1 Wit Veg=-50V, ic=0
VEE Basz to Ermitter Voilage -058 062 -0 68 Vep=-80V, lg=-10mA
L'.;;,,:,; Collectee Saruration Voitage -0.18 -03 v =100 mAa 13-~ 10 mA

2.6.3. Persamaan Nilai Transistor.

Gambar 2 - 18. (a) Bias basis. (b) Garis beban dc.
Gambar 2-5a memperlihatkan rangkaian bias basis. Sebuah sumber tegangan
VBB membias maju dioda emiter melalui resistor RB yang juga berfungsi membatasi
arus. Penjumlahan tegangan di sekitar loop input memberikan :
I BRB VBE VBB =0
sehingga arus bias pada basis adalah :

IB = VBB - VBE
Rp

dimana VBE = 0,7 V untuk transistor silikon dan 0,3 V untuk germanium.

Dalam rangkaian kolektor, sumber tegangan VCC membias balik diode kolektor

melalui RC. Dengan hukum tegangan Kirchhoff, diperoleh tegangan kolektor-emiter.
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Dalam rangkaian bias basis yang di perlihatkan Gambar 2-5a, VCC dan RC
adalah konstan, VCE dan IC adalah vertikal. Pada persamaan diatas apabila di
sederhanakan akan dapat di tentukan besarnya arus Ic, seperti terlihat pada persamaan
berikut :

Ic=Vcc-Vee
Rc

Gambar 2-5b menunjukkan grafik dari persamaan diatas memotong kurva kurva
dari kolektor. Perpotongan vertikal adalah pada VCC/RC dan perpotongan horizontal
pada VCC.

Garis ini disebut garis beban dc karena garis ini menyatakan semua titik operasi

yang mungkin. Perpotongan dari garis beban dc dengan arus basis adalah titik operasi
kerja dari transistor. Titik dimana garis beban memotong kurva IB = 0 disebut titik
sumbat (cutoff). Pada titik ini, arus basis nol dan arus kolektor sangat kecil, sehingga
dapat diabaikan (hanya ada arus bocor ICEO). Pada titik sumbat, dioda emiter tidak lagi
dibias maju,dan transistor kehilangan kerja normalnya. Untuk itu digunakan suatu
pendekatan, bahwa tegangan kolektor-emiter adalah :

VCE (cutoff) , VCC (2-8)

Perpotongan dari garis beban dan kurva IB = IB(sat) disebut saturasi. Pada titik
ini, arus basis sama dengan IB(sat) dan arus kolektor adalah maksimum. Pada saturasi,
dioda kolektor tidak lagi dibias balik, dan transistor kehilangan kerja normalnya. Untuk
itu digunakan suatu pendekatan, bahwa arus kolektor pada saturasi adalah seperti di
perlihatkan pada persamaan :

IC(Sat) =VCC
Rc¢

dan arus basis yang tepat menimbulkan saturasi adalah seperti di perlihatkan pada

persamaan :
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IB(Sat) = IC(Sat)

Ba

Grafik 2 — 7. Tipikal Karakteristik Transistor A733
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NORMALIZED hPARAMETERS w o e P
COLLECTOR TO EMITTER VOLTAGE
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2.7.  Serial To Pararel Shift Register.
2.7.1. Pengenalan Dasar.

Komponen yang digunakan pada skripsi ini adalah Motorola 74HC595
dikarenakan sebagai pendukung pembacaan transfer data dari Mikrokontroller AVR
ATMEL Atmega 8. Adapun fitur yang dimiliki oleh Serial To Pararel Shift Register
Motorola 74L.S595 adalah sebagai berikut :

- Kapasitas output drive : 15 LSTTL.

- Output direck interface pada CMOS, NMOS, dan TTL.

- Rentan tegangan operasional 2 V hingga 6 V.

- Arus input minimum 1pA

- CMOS memiliki selektfitas tinggi pada noise.

- Chip komplek terdiri dari 328 FETs dan 82 gerbang ekivalen.
- Imunitas LATCH Dan Input fleksibel.
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Gambar 2 - 19. Logic Diagram 74HC595
2.7.2. Konfigurasi Pin Serial To Pararel Shift Register Motorolla 74HC595.
Serial To Pararel Shift Register Motorolla 74LS595 memiliki 18 pin yang
ditunjukan seperti dibawah ini :

gl 1. 15 1 Yo

3o 2 15 1] G

a0 2 12 1 &

Ce[l £ 13 ] SUTPLT EHASLE
2= 5 12 [] LATCH CLOGH
SR ] SHIFT CLOCK
a4l 7 10 [] RESE
chz e |

Gambar 2 - 20. Konfigurasi Pin 74HC595
Adapun fungsi dari tian pin adalah sebagai berikut :
Port 1 : Qp, Berfungsi sebagai output dari non inverter, 3-state, dan latch.
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Port 2 : Qc, Berfungsi sebagai output dari non inverter, 3-state, dan latch.
Port 3 : Qp, Berfungsi sebagai output dari non inverter, 3-state, dan latch.
Port 4 : Qg, Berfungsi sebagai output dari non inverter, 3-state, dan latch.
Port 5 : Qp, Berﬁmgsi sebagai output dari non inverter, 3-state, dan latch.
Port 6 : Qg, Berfungsi sebagai output dari non inverter, 3-state, dan latch.
Port 7 : Qu, Berfungsi sebagai output dari non inverter, 3-state, dan latch.
Port 8 : GND, Berfungsi sebagai ground.
Port 9 : SQu, Berfungsi sebagai output serial data yang memiliki 8-Bit shift
register.
Port 10 : RESET, Berfungsi sebagai input reset shift register.
Port 11 : SHIFT LOCK, Berfungsi sebagai input shift register clock.
Port 12 : LATCH LOCK, Berfungsi sebagai input Latch Lock Storage.
Port 13 : OUTPUT ENABLE, Berfungsi sebagai aktifasi rendah low output
enable (QA-Qu)
Port 14:A, Berfungsi sebagai input serial data aktif pada 8-bit serial shift
register.
Port 15 : Qa, Berfungsi sebagai output dari non inverter, 3-state, dan latch.
Port 16 : VCC, Berfungsi sebagai sumber tegangan masuk.
2.7.3. Karakteristik Serial To Pararel Shift Register Motorolla 74HC595.
Tabel 2 - 18. Rating Maksimum.

Symbal FParameter Value Linit
Ve L Supply Veltags (Referenced o G —0S5tc+7.0 3
“in OC Input 7 e (Refgrencec t 0 -~ 0.5 ‘co+ 0.5
ot G Ouput Violtags IReferencea 1o EN0H —-0.5w Voo +0.5
P O inpat Carrent, g P A,
Lot GO Cutput Surrent, per Fin VA
oo G Current, ¥~ and SND Pins ary
Fo Fowszr Dizssipaton im 301 Air Plastic or Csrame OISt A vy
= FPackaget a0
= Packaget 450
Tt Swarage Tenperatu-e — G5t = 50 o~
Tg. Lead Temperature, T mm rom Case for 10 Seconds C
{Fiastic DIF. SGIC or TSSC S0
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Tabel 2 — 19. Rekomendasi Operasional.

Symbal

Parameter

Min

IInit

Bine D Buony Votage (Referepeed to =MD 20 ;50
iy Vout | D Inpur Valtage. Gutout Voltage 0 Veo | ¥
Ta -55 |+125 | *C
. bz 0 CCC | rs
0l 00
3 400

Tabel 2 - 20. Karakter DC

Test Conditions

Ve

125 C

Unit

Symbol

V

i out = - K

] ann 5 1
I3 2
" 14 )

|8

i =V or 1.9

| <20 44

=V|H o mA 3 2




Guaranteaed Limirt

- 55t

Symbol Paramets: Test Conditions v 25« B85 C 125°C Unit
i n Low Oulg H 2 I 1 1
A 20n 45 1 1 1
60 1 1 D1
H loutl = 2 3 0 4
Yaiid v 4 0 4
bout 7 8 '
3 figh=Level it 2 1 19
2 20 pA B - ot 12
O L e 3 o 2 22
I- 4 3 7
Hags! g 54 - 52
-1 i 4 2 1 | 1
Bt 20 uA 1 1 1 1
1 1 .t
H or V| 2 0 4
r 4 ] 3
0.2 0 4
" * ND f + 0.4 =1 + | A
> atput ay + 5 % + 10 u
- i
I y 4 D £ 40 J 1A
ut 1

Tabel 2 - 21. Karakter AC.

Vi

Guaranteed Limit

5510

Symbol Parameter 85 ( () Inir
i x faxr » D yCle Fal U 48 4 MHz
(5 e | 30 ] I
4c ] 24
Delay, Shift( X 2 17¢ 10 ne
] C 12 EN
'3 i 3
=ay R 20 I¢ 220 r
4 ¥ 44
60 3] 3
elay Latch » Qa - QN 2 14 5 210 I
) | 50
= ‘
tg sm Pro =l ay tput Enable 0 Qg - O 2 150 1 r
s Jures 4 ) 100 124
45 30 45
6.0 2 ]
Ip7L i etay, Output Enable to Q - 20 135 17 5 ns
PZH » 0 40 1 3
45 27 34 L




Tabel 2 - 12. Timing Requirement.

Guarantesed Limit

25'C to

Symbeol Parameter v 55C 85 ( 125 C nit
tsy 1al Data Iny Shift Clock 2 ) T r
3 40 L
4.t J 1 -
(3] (1] 11 1
) , f to Lal lock 2 75 DS 0 r
Figure j {] 30
4 2 19 22
" ||_ "_-
] Mmimum Held Time, Shift Clock to Senal Data Input & 2 50 50 50 r
Figure &) ) 50 i 50
] F-I r
e covary Time Ress ctive 1o Shift k 7 50 T 7%
= \ 10 £0) £0
i 10 | 1§
[ ] I
Kinimurn Pulse Width Reset z 50 ne
Figure 2 15 ¢ i
45 2 15 )
i ) 1 3
Kimimum Pulse VWidth, Shit ) £ I
F [ ) 10 0
4 3 I 5
i ) 1
Mimmum Pulse Width, Latch Clock 0 50 . 7¢ .
Figure 40 5
45 ] 1 '.
[ an 1
k I Input Rise and Fall T 20 3]
1 3 ' A
4 | =t
; 400 400 4
Guaranteed Limit
\."i" -5510
Symbol Parameter Vv 549C B85 ( 1251 Unit
TLH Maxmum Output Transition Time. Qg - QH i] 75 ( ns
ITHL esJand7) 23 27 :
d¢ 2 15

- — ] 10 oF
- i'. =
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Tabel 2 - 23. Fungsi Keseluruhan.

Inputs Resulting Function
Serial Shift Latch Serial Parallel
Input Shift Latch | Output Registar Registar Outpur Outputs
Operation Reset A Clock Clock | Enable Contents Contents SOH Oa-0H
Reast shif register L X X L.H I L L U L I
Snif: data into shit M 6] | L.HI L 37 — SRy [
ey ster
Snif: register remana H X (I T O - L ] U [I] [I]
nzhanged
7877 regster H X L:H;d I L ) SRy —LRpy u 32y
latch register
3 J3ter remanrs X X X L.HI L U u
rznange
Enable parale outputs X X X L : 3 Sraed
Foros cutzens nia bigh X X X ; 4 H 2 L z
mpedance state
3SR = shift segister contents D=datail. Hi ogic =l o * = depencs on Resst and Shift Clec< irputs

-R = latch register contents

2.8.

= remains unenanged

LED Array.

2.8.1. Pengenalan Dasar.

LED Array yang digunakan dalan skripsi ini adalah produksi dari LEDTECH 10

T =depencs on Latck Clock irpat

Segment, dimana berfungsi sebagai tampilan output dari proses yang telah dilakukan.

LED Array akan aktif apabila mendapai masukan arus dan logika 1, begitu pula akan

pasif apabila tidak mendapat masukan arus dan logika 0.

LED Array adalah deretan LED (Light Emiter Diode) yang terdiri dari anoda

dan katoda, dimana apabila mendapat arus masuk akan aktif (menyala).
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Gambar 2 - 21. Bentuk Fisik Dari LED Array LEDTECH 10 Segment.
2.8.2. Karakteristik LED Array.

LED Array pada dasarnya adalah deretan LED (Light Emiter Diode) yang
disusun seefisien mungkin untuk mendapatkan dimensi yang tidak terlalu besar dan

memerlukan arus yang memadai agar dapat mengaktifkan komponen tersebut.

1/'/'

I
Gambar 2 - 22. Simbol LED (Light Emiter Diode)
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Gambar 2 - 23. LED Array LEDTECH 10 Segment.
Tabel 2 - 24. Karakteristik LED Array LEDTECH 10 Segment.

10 SEGMENT Ap

(11m) VitV) Iy (med)

CHIY

PART NTMBER |
COLOR| 1yp | TyP. [MAX.|MIN. [TYP.

LL10000-GEWAK |GREEN| 572 b 4 | 24 4.6 7.7

LL1I0000O-YEWAK [YELLOW]| 559 2.1 24 38 6.3

Pl

LL10000-OEWAK |ORANGE| 630 | 2.1 24 5.3 5.8

LL10000-HRRRAK |ORANGE| 630 | 2] 24 5.3 5.8

LL10000-SBEWAK |SB RED | 660 1.7 2.2 | 123 | 205

29

LL10000-AMITEWAK | RED 660 1.7 2, 12.3

X |

[—

(]
. cl
19 | 4

LL10000-PREWAK | RED 00 2] 2.4
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BAB III
PERENCANAN DAN PEMBUATAN ALAT

3.1. Pendahuluan.

Dalam perancangan alat ini dapat dibagi menjadi dua bagian yang terdiri atas
perancangan perangkat keras dan perancangan perangkat lunak yang mendukung sistem
kerja alat ini. Pada perancangan perangkat keras meliputi perancangan diagram blok
sistem, perancangan rangkaian Switched Capasitor Filter ( MF 10 ), Mikrokontroler
AVR ATMEL Atmega 8, Tranmsistor Switched, yang berfungsi sebagai media
penghubung ke Personal Computer serta LED Array sebagai media tampilan keluaran
dari system yang telah dilakukan. Sedangkan perancangan perangkat lunaknya,
menjelaskan perangkat lunak yang digunakan untuk menjalankan sistem, dimana
menggunakan bahasa Code Vision AVR C Compiller dan Ponyprog 2000 .

Dalam perencanaan ini dilakukan secara bertahap untuk memudahkan dalam
menganalisis setiap bagiannya maupun dalam sistem keseluruhan. Perencanaan dan
pembuatan sistem ini terdiri atas dua perencanaan utama, yaitu perencanaan perangkat
keras dan perencanaan perangkat lunak, disamping itu aspek lainnya yang juga perlu
dijelaskan dalam pembahasan bab ini seperti penentuan spesifikasi atas sistem yang

dirancang dalam blok diagram dan prinsip kerja sistem.

3.2. Blok Diagram. : _
Adapun diagram blok dari perancangan alat ini adalah sebagai berikut:
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3.3.

Mikrokontroller
Buffer Switched Capasitor Filter VR LED Array
(MF10) 108and
ATMEL Atmega 8
A
Transistor Switch
[
Audio Input

Gambar 3 - 1. Blok Diagram Sistem

Spesifikasi Alat.

Perancangan alat ini mempunyai beberapa spesifikasi sebagai berikut:

. Buffer yang digunakan sebagai pemilih sinyal masukan yang berupa sinyal
audio.

. IC MF 10 ( Switched Capasitor Filter ) berfungsi sebagai penyaring sinyal
masukan dari Buffer.

. Menggunakan mikrokontroler ATMEL AVR Atmega 8 sebagai pengolah
data dan pengontrol keseluruhan kinerja system.

Transistor Switched berfungsi sebagai saklar elektrik akan menempatkan
sinyal dari rentan 40 Hz — 65 KHz

. LED Array sebagai tampilan keluaran dari proses kerja.

Perangkat lunak dari system kerja menggunakan Code Cision Compailler
AVR dan Ponyprog 2000.
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3.4. Prinsip Kerja Rangkaian.

Pada dasarnya prinsip kerja dari alat ini adalah mendeteksi sinyal keluaran dari
system yang telah dijalankan, dimana berupa sinyal audio dengan rentan frekuensi dari
60 Hz hingga 60 KHz. Cara kerja dari spektrum audio 10 band berbasis Switched
Capasitor Filter (MF 10) dicontrol microcontroller ATMEL AVR Atmega 8 diawali
dengan sinyal masukan dari audio input yang melewati Buffer akan diolah dan
dipisahkan kemudian ditransfer ke Switched Capasitor Filter (MF 10) yang akan
memilah sinyal dan disaring. Informasi tersebut akan diterjemahkan oleh
mikrokontroler ATMEL AVR Atmega 8 sehingga data yang ada pada PC dapat
ditampilkan pada LED Array sehingga dapat diketahui hasil dari proses kerja.

3.5. Perencanaan Perangkat Keras.

Perangkat keras yang digunakan dalam sistem ini terdiri atas beberapa bagian
yaitu:
3.5.1. Mikrokontroler AVR ATMEL Atmega 8.

Komponen produksi ATMEL yang berorientasi control ( mikrokontroller ). Intel
mengklarifikasikan dalam kelompok embedded microcontroller, yang artinya adalah
mikrokontroler yang dapat diprogram ulang ( reprogrammable ). Di dalam chip
mikrokontroler ATMEL AVR Atmega 8 ini sudah tersedia berbagai macam peralatan
pendukung mikroprosesor seperti RAM, serial port, bus — bus data dan lainnya yang
membuat pemakai chip ini dapat menekan penambahan komponen pendukung.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 sistem, yang ditunjukkan
pada gambar di bawah ini:
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~ ATMEGAZ |
PCO(RESET) PCS(ADCS)

PDO(RXD) PC4(ADCH)
3 PDI(TXD) PC3(ADC3) —2
1| pp2anTo) pca(apcy) —22
LD == PD3(NTI) PCI(ADCI)
L PDA(XCK/T0)  PCO(ADCO) |
VCC_ 1 vce GND o
= & Gup AREF —2 =
W PB6(XTALL) AVCC —
20pF AL
P 0 peuxTAL) PBS(SCK) —2—
- i 18
B PD5(TI) PBA(MISO)
12 17

PD6(AING)  PB3(MOSIOC2)

- PD(AINI)  PB2((SS/OCIE) |
’ 14

PBO(ICP1) PBI(OC1A)

Gambar 3 - 2. Perencanaan Rangkaian Mikrokontroler AVR ATMEL Atmega 8.
Port — Port Yang Digunakan Dalam Sistem :

Port I : Reset (PC6). Digunakan sebagai rangkaian reset. Untuk interupt dari Port 1
meliputi Ekternal Pin, Power On-Reset, Brown Out Reset dan Watchdog Reset.

Port2 : PDO (RXD). Digunakan sebagai input untuk mengaktifkan LED Array kolom
ke 10.

Port 3 : PDI (TXD). Digunakan sebagai input untuk mengaktifkan LED Array kolom
ke 9.

Port4 : PD2 (INTO). Digunakan sebagai input untuk mengaktifkan LED Array kolom
ke 8.

Port5 : PD3 (INT1). Digunakan sebagai input untuk mengaktifkan LED Array kolom
ke 7.

Port 6 : PD4 (XCK/T0). Digunakan sebagai input untuk mengaktifkan LED Array
kolom ke 6.

Port 7 : VCC. Digunakan sebagai sumber tegangan yang dibutuhkan.

Port 8 : GND. Digunakan sebagai ground.

Port 9 :PB6 (XTAL1).
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Port 10:
Port 11:

1.

Port 12:

ke2.

Port 13:

ke3.

Port 14:

ked.

Port 15:

ke l.

Port 16:
Port 17:
Port 18:
Port 19:
Port 20:

Port 21

Port 26

PB7 (XTAL2).
PDS5 (T1). Digunakan sebagai input untuk mengaktifkan LED Array kolom ke

PD6 (AINO). Digunakan sebagai input untuk mengaktifkan LED Array kolom
PD7 (AIN1). Digunakan sebagai input untuk mengaktifkan LED Array kolom
PBO (ICP1). Digunakan sebagai input untuk mengaktifkan LED Array kolom
PB1 (OC1A). Digunakan sebagai input untuk mengaktifkan LED Array kolom
PB2 (SS/OC1B). Digunakan sebagai perantara ke Header 4 CONSS5.

PB3 (MOSI/OC2). Digunakan sebagai perantara ke CON1 ISP Port 1(RST).
PB4 (MISO). Digunakan sebagai perantara ke CON1 ISP Port 4.

PB5 (SCK). Digunakan sebagai perantara ke CON1 ISP Port 3.
AVCC. Digunakan sebagai sumber tegangan yang dibutuhkan.

: AREFF. Digunakan sebagai sumber tegangan yang dibutuhkan.
Port 22:
Port 23:
Port 24:
Port 25:
: PC4 (ADC4). Digunakan sebagai kontrol pada Serial to Paralel Shift Register

GND. Digunakan sebagai ground.

PCO (ADCO0). Digunakan sebagai perantara ke Header 4CONS Port 2.
PC2 (ADC1).

PC2 (ADC2).

74HCS595 pembacaan CLK. Untuk interupt dari Port 26 meliputi

Port 27:

PC4 (ADC4). Digunakan sebagai kontrol pada Serial to Paralel Shift Register

74HC595 pembacaan LATCH.

Port 28:

PC5 (ADCS). Digunakan sebagai kontrol pada Serial to Paralel Shift Register

74HC595 pembacaan DIN.
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3.5.2. Rangkaian Reset

Rangkaian reset dirancang agar mempunyai kemampuan power on reset yaitu
reset yang terjadi pada saat system di nyalakan untuk pertama kalinya. Reset juga dapat
dilakukan secara manual dengan menambahkan tombol reset berupa switch button

Untuk me-reser mikrokontroler atmega8, maka pin Reset diberi logika tinggi
selama sekurangnya dua siklus mesin (24 periode osilator). Untuk membangkitkan
sinyal reset kapasitor dihubungkan dengan V¢ dan sebuah resistor yang dihubungkan
ke ground. Karena kristal yang digunakan mempunyai frekuensi sebesar 4 MHz, maka
satu periode dapat dihitung dari persamaan :

1
Jyrw,  4MHz
Sehingga waktu minimal logika tinggi yang dibutuhkan untuk mereser

mikrokontroller adalah :

s =0,25x10%s

reset (min)= T x periode yang dibutuhkan
=025x10°x24=6ps
Jadi mikrokontroller membutuhkan waktu minimal 6 ps untuk mereset. Waktu

minimal inilah yang dijadikan pedoman untuk menentukan nilai R dan C. Dengan
menentukan nilai R = 10 k) maka :
T=2xaxRxC

=

2xnmxR )

0,25x107°

C= =

2x3,14x10x10°
C=0.0039x10"
C=390 pF
Jadi nilai komponen R = 10 kQ dan C = 390 pf, namun C yang dipakai pada alat

sebesar 10 pF, karena dengan C yang lebih besar maka akan lebih baik untuk menghilangkan
bouncing.

Rangkaian reset ditunjukkan dalam gambar di bawah ini :
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Gambar 3 - 3. Perencanaan Rangkaian Reset

3.5.3. Rangkaian Clock
Kecepatan proses yang diperlukan oleh mikrokontroller atmega8 ditentukan oleh

sumber clock yang mengendalikan mikrokontroller tersebut. Untuk kristal clock
dipasang Kristal dan resonator keramik yang berfungsi sebagai pembangkit clock
osilator yang ada pada mikrokontroller. Rangkaian ini terdiri dari dua buah kapasitor
dan sebuah kristal. Untuk mengendalikan frekuensi osilatornya cukup dengan
menghubungkan Kristal pada pin 9 (P47/X,y) dan pin 10 (P46/Xj,) serta dua buah
kapasitor ke ground.

Dalam minimum kristal ini, menggunakan kristal 4 Mhz dan C, = C, yaitu

sebesar 33 pF. Dengan rangkaian sebagai berikut :

MIEROEONTROLLER
SApF T A MIEROEONTEOLLER

*J”—" :l..;;\.Illi::

Gambar 3 - 4. Perencanaan Rangkaian Clock

Dengan menggunakan nilai kristal dan kapasitor di atas maka dapat dihitung
waktu yang diperlukan untuk 1 siklus mesin yaitu :
Diketahui : F =4 MHz

MakaT=-,-ﬁ=fp.s
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Maka untuk 1 siklus mesin dari mikrokontroller atmega8 adalah sebesar:

T =4xT
=4x;fus =1 ps

Adapun dimensi fisik dari Mikrokontroler AVR ATMEL Atmega 8 adalah seperti

gambar dibawah ini :

| Iy @ i_”E: _._."r

Gambar 3 - 5. Dimensi Fisik Mikrokontroler AVR ATMEL Atmega 8
Tabel 3 - 1. Keterangan Dimensi Fisik Mikrokontroler AVR ATMEL Atmega 8

SYMEOL . MIN NOR L1eX | NOTE
& - - 4.6724
A1 e - -
L 4d 54l - T | ek )
E T - 8.255
E1 7112 - i Ly Y O |
E RS | - 0523
E1 1142 - 1.7
Bt 0. 72 - 1,145
L 2174 - adia
0.2 - V) A5
B = - 10150
S 2540 TYP

3.5.4. Switched Capasitor Filter ( MF 10 ).
Komponen ini mempunyai fungsi utama sebagai penggerak saklar otomatis yang

dioperasikan secara elektrik. Pada bagian ini akan bekerja setelah mendapat sinyal
audio dari Buffer dan untuk fungsi saklar otomatis dikontrol oleh mikrokontroller AVR
ATMEL Atmega 8.
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Pada komponen ini dilengkapi dengan Low Pass Filter, Band Pass Filter, dan
High Pass Filter. Filter yang digunakan dalam sistem adalh Band Pass Filter.

Band Pass Filter adalah suatu rangkaian yang khusus dirancang untuk hanya
melewatkan isyarat dalam suatu lebar gelombang ( Band With ) pada frekuensi tertentu,
dan menolak semua frekuensi dari lebar gelombang dari frekuensi yang dibatasi.

Lebar jalur sempit adalah sebuah filter yang memiliki bandwith lebih kecil dari
sepersepuluh ( /10 ) frekuensi resonan.( B < 0,1 or) dan factor kualitas (Q) lebih kecil
dari rangkaian ( Q < 10 ), sedangkan lebar jalur besar adalah sebuah filter yang
memiliki bandwith lebih besar dari frekuensi resonan ( B > 0,1 or ) dan factor kualitas
(Q) lebih besar dari rangkaian ( Q > 10 )

Pada Switched Capasitor Filter, band pass filter berada port 2 dan 19, seperti
yang terlihat dibawah ini.

Vo Ya N/AP/HPs Sls Bz LPy

NON DVERL
CLOCK

0icL D controL (¢ 4 |sas

D LEVEL | NON OVERL | o
CLKg SHIFT cLocK I \ \

Gambar 3 - 6. Diagram Blok IC MF 10
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3.5.5. Transistor Switch.
Pada perancangan dan pembuatan alat ini, transistor yang digunakan adalah PNP
Silikon A733. Penggunaan komponen ini diharapkan dapat membantu fungsi kerja dari

rangkaian dalam proses scanning display.

Gambar 3 - 7. Rangkaian Pengujian Transistor Switch.
3.5.6. Serial To Pararel Shift Register Motorolla 74HC595.

Pada perancangan dan pembuatan alat ini, Motorolla 74HC595 dikarenakan
cukup memadai untuk mendukung system transfer data, dan memiliki real time yang
cepat dan dilengkapi dengan port Data, Clock , dan Latch.

3.5.7. LED Array

Pada perancangan dan pembuatan alat ini, led array yang digunakan adalah
Ledtech 10 Bit sebagai tampilan dari keluaran proses kerja Spektrum Audio Display 10
Band.
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Gambar 3 - 8. Rangkaian Serial To Pararel Shift Register (74HC595), Transistor
Switch ( A733 ) Dan LED Array.
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Q US\LCL (N
penguat non-inverting, dimana input umpan balikan ke masukan positif untuk dikuatkan

s
er. .
Padapuféerdapat rangkaian penguatan operasional amplifier yang terdiri dari
sesuai dengan arus yang dibutuhkan. Adapun rangkaian seperti gambar dibawah ini
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L
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Gambar 3 - 9. Rangkaian Operasional Amplifier
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3.7. Perencanaan Perangkat Lunak.

Perencanaan Perangkat Lunak diperlukan untuk menjalankan sistem sesuai
dengan yang diharapkan. Untuk pemakaian mikrokontroller, perlu direncanakan
perangkat lunak yang dapat mengatur system kerja operasional tersebut. Perangkat
lunak disini adalah susunan perintah — perintah ( program / software ) didalam memori
yang harus dikerjakan sebagai intruksi dari mikrokontroller.

Memori merupakan fasilitas utama karena disinilah disimpan perintah — perintah
yang harus dikerjakan. Memori disini dapat dibedakan menurut fungsinya menjadi
memori program dan memori data. Menurut letaknya memori dibedakan menjadi
memori dalam dan memori luar. Memori luar diberikan apabila memori didalam
mikrokontroller tidak mencukupi untuk menampung semua program dan data.
Perencanaan perangkat lunak ( Program / Software ) didasarkan perencanaan perangkat
keras ( Hardware ) yang telah dibuat sebelumnya, untuk mendapatkan ssstem kerja yang
diharapkan oleh perangkat lunak dari alat tersebut terdapat di bagian lampiran dan
untuk diagram alir ( Flow Chart ) dari alat tersebut adalah sebagai berikut :
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START

Demo Display

Y.

Setting Swicthed Capasitor Filter
Pada Frekuensi N

Pengolahan Proses Data

A 4

Tampilkan Pada LED Array
Kolom 0

'

N=N+1

N <10

2

A 4

[i]

Gambar 3 - 10. Flowchart Sistem Kerja.
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BAB 1V

PENGUKURAN DAN PENGUJIAN ALAT.

41. Umum

Setelah merancang keseluruhan sub-sistem selanjutnya dilakukan pengujian
untuk mengetahui kerja masing-masing sub-sistem yang telah direncanakan. Setelah
dilakukan pengujian terhadap masing-masing sub-sistem, selanjutnya seluruh sub-
sistem tersebut digabungkan membentuk suatu sistem yang kemudian dilakukan
pengujian sistem secara keseluruhan.Untuk memastikan sistem ini 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.

Pengujian sistem tersebut adalah pengujian perangkat keras (hardware) per blok
dan alat secara keseluruhan. Berikut ini akan diberikan prosedur pengujian dan hasil
pengamatan terhadap pengujian.

4.2. Tujuan Pengujian.

Pengujian pada masing-masing blok pada perencanaan dan pembuatan alat
perancangan dan pembuatan alat spektrum audio 10 band berbasis switched kapasitor
filter (mf 10) dicontrol mikrokontroller AVR ATMEL Atmega 8 ini bertujuan:
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. Untuk mengetahui apakah tiap blok rangkaian dapat berfungsi dengan
baik.

. Untuk mengetahui sistem kerja dengan menggunakan mikrokontroller
ATMEGA 8 sebagai pengendali utama.

4.3. Pengujian Rangkaian Mikrokontroler AVR ATMEL Atmega 8 Dan
Switched Capasitor Filter (IC MF 10).

Tujuan pengujian rangkaian Mikrokontroler AVR ATMEL Atmega 8 Dan
Switched Capasitor Filter ( MF 10 ) adalah untuk mengetahui sistem kerja rangkaian
Switched Capasitor Filter ( MF 10 ) dan respon terhadap lebar jalur pada frekuensi yang
diinginkan.

Peralatan yang digunakan :

e Rangkaian Mikrokontroler AVR ATMEL Atmega 8 Dan Switched Capasitor
Filter ( MF 10).

e 1 Buah Function Generator.

Switched Capasitor Filter Osilosscope
(MF10)

Mikrokontroler AVR
ATMEL Atmega 8

e 1 Buah Osilosscope.

Function
Generator

|

Gambar 4 - 1. Diagram Blok Pengujian Rangkaian Mikrokontroler AVR ATMEL
Atmega 8 Dan Switched Capasitor Filter (IC MF 10).
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Langkah — Langkah Pengujian Rangkaian Mikrokontroler AVR ATMEL Atmega
8 Dan Switched Capasitor Filter (MF 10) :

Setting Function Generator pada frekuensi 100 Hz.
Setting Ossilossope pada : T/Div =2 puS.
V/Div=1V.

Menghubungkan dengan Switched Capasitor Filter (MF 10), dan
Mikrokontroler AVR ATMEL Atmega 8.

Mengaktifkan catu daya.
Mengaktifkan listing program pengujian.
Menghubungkan Switched Capasitor Filter (MF 10) derigan ossiloscope.

Metigamati dan mengukur perubahan pada iayar ossiloscope pada saat
frekuensi diubah.
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Gambar 4 - 2. Rangkaian Pengujian Mikrokontroler AVR ATMEL Atmega 8 Dan
Switched Capasitor Filter (MF 10)
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Listing program pengujian IC Switched Capasitor Filter (MF 10).

It — —

1"

" PENGUJIAN IC SWITCH CAPACITOR MF10CCN
// OLEH : ARY PRASOJO

// NIM :0117071

/' TEKNIK ELEKTRO

// ITTN - MALANG

{f

#include <mega8.h>
#include <delay.h>

#include <definisi.h>

// Timer 0 overflow interrupt service routine
interrupt [TIMO_OVF] void timer0_ovf_isr(void)
{
TCNTO0=0xF0;
MF_CLOCK=~MF_CLOCK;

void jalan()
{
OSCCAL~0x89; OCR1A=0X23; OCR1B=0X23;
while(1);
}
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4.4. Pengujian Rangkaian Serial To Pararel Shift Register Transistor Switch
Dan LED Array.

Tujuan pengujian rangkaian Serial To Pararel Shift Register (74HC595),
Transistor Switch Dan LED Array.adalah untuk mengetahui sistem kerja rangkaian,
dimana saling mendukung untuk mendapatkan suatu system yang komplek. Adapun
dapat ditunjujan dengan diagram blok dibawah ini :

Transistor Switch <
PNP Silikon A733

4 Serial To Pararel
> Shift Register.
74HC595

Mikrokontroller
AVR ATMEL LED
Atmega 8 | Array 10

Segment
Serial To Pararel
—'ﬁ Shift Register.
74HC595

Gambar 4 - 8. Diagram Blok Pengujian Rangkaian Serial To Pararel Shift
Register (74HC595), Transistor Switch ( A733 ) Dan LED Array.

Langkah — Langkah Pengujian Rangkaian Serial To Pararel Shift Register
(74HC595), Transistor Switch ( A733 ) Dan LED Array :
o Menghubungkan rangkaian Pengujian Rangkaian Serial To Pararel Shift
Register (74HC595), Transistor Switch ( A733 ) Dan LED Array.
. Mengaktifkan catu daya.

. Mengaktifkan listing program pengujian.
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° Mengaktifkan scanning display, dimana pada kondisi aktif maka
transistor akan berada pada posisi off karena PNP, setelah mendapat
masukan data dari Serial To Pararel Shift Register (74HC595), maka
transistor dalam kondisi saturasi dimana scanning display akan
berlangsung karena setiap mendapat masukan data, switch transistor
aktif dengan posisi tutup, dan hanya ada 1 switch yang tertutup

sedangkan yang lain terbuka.

° Menghubungkan dengan ossiloscope dan mengamati saat mendapat

masukan data, clock dan latch.

| o 2z [E—pe
i ‘l" ke k 2 [T
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— ez Do e T o=l e
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="d ; ; o L [7F] =3 sinl ) = ‘ =~ L1
: —{15| QA ac {7}
MIKROKONTROLER L_r:—- =5 = :}_ '
TO PAR, HIFT REGISTER

Gambar 4 - 9. Rangkaian Serial To Pararel Shift Register (74HC595), Transistor
Switch ( A733 ) Dan LED Array.
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Listing program pengujian Rangkaian Serial To Pararel Shift Register (74HC595),
Transistor Switch ( A733 ) Dan LED Array.

I/
I
// PROGRAM PENGUIJIAN IC SHIFT REGISTER SERIAL TO PARALEL
// DAN DISPLAY LED BAR GRAPH

// OLEH : ARY PRASOJO

// NIM : 0117071

// TEKNIK ELEKTRO

// TIN - MALANG

I
I

#include <mega8.h>

#include <delay.h>
#definecolum1PORTD.5

#defineDIN PORTC.5
#defineCLK PORTC.3
#defineLATCH PORTC.4
unsigned char n,m,j;

void kirim_data(unsigned char datane)
{
j=11;DIN=1;
while(j) {CLK=0; CLK=1; j-; }
LATCH=0; LATCH=1;
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if(datane)

{
DIN=0;
while(datane)
{
CLK=0; CLK=1; datane--;
}
LATCH=0; LATCH=1;
}

void start_up_demo()

{
// bar graph naik
n=l1;
{
while(n<11)
{
kirim_data(n);
delay_ms(100);
n++;
}
}
}
void demoled()
{
colum1=0;
start_up_demo();
}
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Gambar 4 - 10. Timming Diagram.
Kesimpulan Hasil Pengukuran Dan Pengujian Rangkaian Serial To Pararel Shift
Register (74HCS595), Transistor Switch ( A733 ) Dan LED Array.

° Dibutuhkan real time dengan kecepatan tinggi untuk mendukung transfer

data antar rangkaian.

o Pemasangan Serial To Pararel Shift Register (74HC595) secara ganda
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karena diperlukan port kaki tambahan untuk menunjang rangkaian LED
array

4.5. Pengujian Rangkaian Operasional Amplifier.

Tujuan pengujian rangkaian Operasional Amplifier ( OP-Amp ) adalah untuk
mengetahui sistem kerja rangkaian pada buffer dikarenakan sebagai penyangga utama
atas masukan sinyal audio. Adapun seperti gambar diagram blok dibawah ini :

Input Sinyal

Audio

Gambar 4 - 11. Diagram Blok Rangkaian Operasional Amplifier.

V Input

Rl \V[‘
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Hasil Perhitungan Pengujian Rangkaian Operasional Amplifier :

Vo=

10 KQ
=| 1+
L 1000
= 25KV

VO /VI

Rf
1 +—

R1

=25KV/5V
10 KO
1+

100 Q
=10x

A\
I=—
R
33V
330 Q
=10 mA

Rf
1+ —- Vi
R R1

5v

Kesimpulan Hasil Pengukuran Dan Pengujian Rangkaian Operasional Amplifier :

. Dari hasil perhitungan diperoleh bahwa :

VI-VO Vi
-+ =

Rl

Rf
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4.6. Pengukuran Dan Pengujian Rangkaian Transistor Switch.

Tujuan pengukuran dan pengujian rangkaian transistor switch adalah untuk
mengetahui sistem kerja rangkaian dalam menentukan scanning display pada proses

yang berlangsung.
Peralatan yang dibutuhkan :
. 1 Buah Ossiloscope.
. Dataseet Transistor PNP Silikon A733
Langkah — Langkah Pengujian Rangkaian Transistor Swich :

. Menyiapkan dataseet dari transisitor A733 yang digunakan sebagai
pembanding nilai dari hasil perhitungan.

° Aktifkan catu daya.

. Pengamatan data clock dari Mikrokontroller pada saat posisi saturasi dan
off.

. Perbandingkan hasil pengukuran dengan hasil pada dataseet.

Hasil Perhitungan Pengujian Transistor Switch.
VRZ =VCC - VLED

=5V-17V

v b T

\

I=—
R

33V

3300
=10 mA
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Gambar 4 — 13. Rangkaian Pengujian TransistorSwitch A733
Maka dapat diketahui hasil perbandingan perhitungan dan pengukuran :

7,4 > I pp>12,3
Jadi Iy gp berada diantara nilai minimum dan nilai maksimum, berarti kondisi rangkaian

Op-Amp normal.
Kesimpulan Hasil Pengukuran Dan Pengujian Rangkaian Transistor Switch :

° Rangkaian dalam kondisi normal apabila nilai Ij gp berada diantara nilai

minimum dan nilai maksimum dari nilai yang tertera pada dataseet.
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S.1.

Dari Pengujian yang dilakukan dengan alat ini, maka dapat diambil kesimpulan :
1.

5.2.

2.

1.

BAB YV
PENUTUP

Kesimpulan.

Output frekuensi yang paling tinggi yang bisa dicapai pada alat ini adalah 60
Khz
Pada Frekuensi diatas 12 KHz terjadi sedikit penyimpangan dikarenakan transfer

data antar register bersamaan.

. Dari hasil pengujian didapatkan nilai error rata — rata pada pengujian DACK)
ang

sebesar 0.08 %, error rata —rata pada pengujian frekuensi bentuk gelom
segitiga sebesar 0.05 %, error rata -rata pada pengujian frekuensi bentuk
gelombang kotak 0.1625 % dan error rata —rata pada pengujian frekuensi bentuk
gelombang sinus sebesar 0.4 %.

Perangkat lunak yang dibuat dapat beroperasi sesuai dengan fungsinya yaitu
dapat menerima sinyal masukan dari perangkat-perangkat keras, mengolahnya

dan kemudian menampilkan hasil pengolahan ke layar penampil ( LED Array ).

Saran.

Untuk Pengembangan alat ini range frekuensinya bisa dinaikkan lagi, dan
outputnya gelombangnya bisa ditambahkan

Agar alat ini dapat bekerja dengan lebih baik, sebaiknya menggunakan
komponen-komponen yang lebih baik dan lebih sensitive .

Untuk pengembangan lebih lanjut, sebaiknya alat ini dihubungkan langsung ke
komputer sehingga dapat dijadikan data base dan hasil pengukuran juga dapat
langsung dicetak.
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4. Secbaiknya rentan Frekuensi jangan terlalu dekat dikarenakan dalam
pengukuran akan mendekati nilai sebelum dasesudahnya dikarenakan factor
trial error.
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Hasil Pengujian Dan Pengukuran :
Pada frekuensi 180 Hz.

TRIO CS-1022

Gambar 4 - 3. Hasil Pengukuran Dan Pengujian Pada Frekuensi 180 Hz.

Pada Frekuensi 1 KHz.

TRiO T —— |

Gambar 4 - 4. Hasil Pengukuran Dan Pengujian Pada Frekuensi 1 KHz.

Pada Frekuansi 3 KHz.

Gambar 4 - 5. Hasil Pengukuran Dan Pengujian Pada Frekuensi 3 KHz.
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Pada Frekuensi 12 KHz.

Gambar 4 - 6. Hasil Pengukuran Dan Pengujian Pada Frekuensi 12 KHz.

Pada Frekuensi 16 KHz.

Gambar 4 - 7. Hasil Pengukuran Dan Pengujian Pada Frekuensi 16 KHz.

Kesimpulan Hasil Pengukuran Dan Pengujian Mikrokontroler AVR ATMEL
Atmega 8 Dan Switched Capasitor Filter (MF 10).

° Respon keluaran dari rangkaian menunjukkan fungsi yang sesuai dengan
aplikasi, yaitu memberikan respon yang sesuai dengan masing — masing

frekuensi yang diuji.

° Posisi terbaik dari frekuensi yang dicoba adalah 1 KHz, dimana terlihat

lebar bandwith rata dengan munculnya lereng secara seimbang.

78



DAFTAR PUSTAKA

1. Malvino, Prinsip-prinsip Elektronika, Edisi kedua, Penerbit Erlangga,
Jakarta,1999.

2. 302 Rangkaian Elektronika, PT. Elex Media Komputindo, Jakarta, 1991.

3. Anonim. 1992. Data Sheet Book I, data IC Linear, TTL dan CMOS

4. Couglin F Robert dan Driscoll F. Frederick. 1992, Penguat Operasional dan
Rangkaian Terpadu Linear cetakan kedua. Penerjemah Soemitro, herman
Widodo. Jakarta: Erlangga

5. Eko Putra, Agfianto. 2004. Belajar Mikrokontroler Atmel AVR ATMEGA 8
Teori dan Aplikasi. Yogyakarta : Gava Media

6. Fairchild Semiconductor Corporation;2000

7. KEC Semikonductor Technical Data;2001

8. Malvino, Ap, 1987. Elektronics Principles. Alih Bahasa: Prof. M. Barnawi,
Ph.D dan M,0. Tjia, Ph.D, Jakarta: Erlangga

9. Nalwan, Paulus Andri. 2003. Teknik Antarmuka dan Pemrograman
Mikrokontroller Atmel AVR ATMEGA 8. Jakarta. PT Elex Media Komputindo

10. Nationalsemikonductor.2000. LM 35.HTTP://.www.AllDataSheet.com.pdf

11. www.europe.support@nsc.com.

12. www.atmel.com/literature.

90



INSTITUT TEKNOLOGI NASIONAL MALANG
FAKULTAS TEKNOLOGI INDUSTRI
JURUSAN TEKNIK ELEKTRO

LEMBAR BIMBINGAN SKRIPSI

Nama : Ary Prasojo

Nim : 01.17.071

Jurusan : Teknik Elektro S-1

Konsentrasi : Teknik Elektronika

Judul Skripsi : PERANCANGAN DAN PEMBUATAN ALAT

SPEKTRUM AUDIO 10 BAND BERBASIS
SWITCHED CAPASITOR FILTER (MF 10)
DICONTROL MIKROCONTROLLER ATMEL AVR

ATMEGA 8
Tanggal Mengajukan Skripsi : 03 Desember 2008
Tanggal Menyelesaikan Skripsi : 18 Maret 2009
Dosen Pembimbing ¢ Ir. F. Yudi Limpraptono, MT
Telah Dievaluasi Dengan Nilai : 80 ( Delapan Puluh )
Malang, Maret 2009
Mengetahui, Menyetujui,

Ketua Jurusan El

Dosen Pembi g

NIP. P. 1039500274



s, INSTITUT TEKNOLOGI NASIONAL MALANG
) FAKULTAS TEKNOLOGI INDUSTRI

/| JURUSAN TEKNIK ELEKTRO S-1
KONSENTRASI TEKNIK ELEKTRONIKA

BERITA ACARA UJIAN SKRIPSI
FAKULTAS TEKNOLOGI INDUSTRI

Nama Mahasiswa :  ARY PRASOJO

N.LM. : 01.17.071

Jurusan : Teknik Elektro S-1

Konsentrasi :  Teknik Elektronika

Judul Skripsi : PERANCANGAN DAN PEMBUATAN ALAT

SPEKTRUM AUDIO 10 BAND BERBASIS
SWITCHED CAPASITOR FILTER (MF 10)
DICONTROL MICROCONTROLLER ATMEL
AVR ATMEGA 8

Dipertahankan dihadapan Majelis Penguji Skripsi Jenjang Strata Satu (S-1)
Hari :  Selasa.

Tanggal : 24 Maret 2009

80,50

Panitia Ujian

Ir. Sidik Noertjahjono, MT ) (Ir. F. Yudi Cigpraptono, MT )
Ketua Sekretaris

Anggota Penguji

- }}

\ L
& / -

~

( Joseph;l)é]dy Irawan ST, MT) (1. Komang Somawirata, ST, MT )
nguji Pertama Penguji Kedua




INSTITUT TEKNOLOGI NASIONAL MALANG
) FAKULTAS TEKNOLOGI INDUSTRI

/ JURUSAN TEKNIK ELEKTRO S-1

/ KONSENTRASI TEKNIK ELEKTRONIKA

FORMULIR BIMBINGAN SKRIPSI

Nama : ARY PRASOJO

Nim : 01.17.071

Masa Bimbingan

Judul Skripsi : PERANCANGAN DAN PEMBUATAN ALAT SPEKTRUM

AUDIO 10 BAND BERBASIS SWITCHED CAPASITOR
FILTER (MF 10) DICONTROL MICROCONTROLLER
ATMEL AVR ATMEGA 8

Paraf

No. Tanggal Uraian Pembimbing

Bab1: - Perbaiki Sistematika Penulisan
- Perbaiki Rumusan Masalah dan Tujuan

Bab Il : - Perbaiki Teori Dasar

Bab IV : - Tampilkan Tabel Hasil Uji Pengukuran
Bab V : - Perbaiki Kesimpulan

5. - Perbaiki Daftar Pustaka

-~

6. Buat Makalah Seminar Hasil A

7. Acc Semmar S

%
2 Bab III : - Perbaiki Flowchart 4#

s— /W% i

Malang,)ﬂMei 2009

Dosen PembimbingD
Ir. F. Yudi Limptaptono, MT

NIP. P. 1039500274

Form.S-4b




TLO071, TLO71A, TLO71B, TLO72
TLOT2A TL0728éTL074, TLO74A, TLO74B
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS000C - SEPTEMBER 1978 - REVISED AUGUST 1004

15 DEVICES COVER COMMERCIAL, INDUSTRIAL,
AND MILITARY TEMPERATURE RANGES

® Low Power Consumption ©® Low Nolse
® Wide Common-Modo and Differential Vn =18 nVWVRZ Typ atf = 1 kiz
Voltage Ranges ® High Input Impedance . . . JFET input Stage
® Low input Blas and Offset Currents ¢ Internal Frequency Compensation
& Output S8hort-Circult Protection ® Latch-Up-Free Operation
® Low Total Harmonic Distortion ® High Slew Rate ... 13 V/us Typ
0.003% Typ ® Common-Mods Input Voitage Range
includes Vee..
description

The JFET-input operational ampiifiers in the TLO7_ series are designed as low-noise versions of the TLOS_
series amplifiers with low input bias and offset currents and fast slew rate. The low harmonic distortion and low
noise make the TLO7__ series ideally suited for high-fidelity and audio preamplifier appications. Each
features JFET inputs (for high input impedance) coupled with bipolar output stages integrated on a single
monolithic chip.

The C-suffix devices are characterized for operation from 0°C to 70°C. The I-suffix devices are characterized
for operation from —40°C to 85°C. The M-suffix devices are characterized for operation over the full miltary
temperature range of ~85°C to 1256°C.

AVAILABLE OPTIONS
PACKAGE
™ SMALL CHIP | CERAMIC | CERAMIC | PLASTIC | PLASTIC TSSOP FLAT
AT25°C | OUTLINE | CARRIER o [ DIP oP PACKAGE | PACKAGE
o)t FX) (2] [ G) N) 4] PW) W)
10mV | Tw71C0 TLO7iCP | TWTICPWLE
émvV | TLO7IACD - - - - TLO71ACP — -
3mv | TLO71BCD TLO71BCP -
oc | 19mv |morco TLO72CP | TLO72CPWLE
70°C 6mV | TLO72ACD - - - - TLOT2ACP . -
amv |TLO72BCD TLO72BCP |. -
1omv | TLO74CD TLO74CN TLOT4CPWLE
6mV | TLO74ACD - - - TLO74ACN - - -
Smv | TLO74BCD TLO74BCN -
_ 071D - TP
e | smv |norm - - - — | 1ore - _
TLO74(D TLO74IN -
-5°Cto | 8™V TLO7TIMFK - TWO7IMIG -~
125°C emv - TLO72MFK - TW72MIG - - - -
smv TWO74MFK | TLo7aMy - TLO74MW

The D package s avatiable taped and reeled. Add the suffx R tothe device type (e.g., TLO71COR). The PW package is only aveiable left-onded
tapod and reeled (.g., TLO72CPWLE).

Copyright © 1994, Texas instruments Incorporated

POGT OFFICE BOX 655303 © DALLABS, TEXAS 76208 2-335



TLO74, TLOT1A, TLO74B, TLOT2
mm TLOT4A, TLOT4B
J OPERATIONAL AMPLIFIERS

- SEPTEMBER 1078 - REVISED 1!

TLOTY, TLOTIA, TLOT18 TLOT2, TLOT2A, TLOT28 TLOT4, TLOT4A, TLO74B
D, JG, P, OR PW PACKAGE
(TOP VIEW)

D, J, N, OR PW PACKAGE
TLO74...W PACKAGE

OFFSET N1
IN-

IN+

Vee -

TLO72 (snch
OFFBET Nt W‘gﬂﬂbmm
Ny —— N+ *
- ouT
-—T Ne— =
OFFBET N2

;b TEXAS

2-338 POBT OFRCE 80X 853303 © DALLAS, TEXAS 78255



TLO74, TLOT1A, TLO71B, TLOT2

TLO72A, TLO72B, TLO74, TLO74A, TLO74B
LOW-NOISE JFET-INPUT OPERATIONAL AMBLIFIERS
SLOG0BOC -~ SEPTEMBER 1978 -~ REVISED AUGUST 1004

schematic (each amplifier)
vcce ‘I ‘.I

4

X-_!—'\‘V\o-—ir

N-T Lj,_ “ad
| WA our
j«m
TN

g
<]
AA
VWA
A
W
g
<)
A

[}
]
vee- é | é ®
|
OFFSET OFFSET
NULL NULL
g o]
Vv
TLO7M Only
All component values shown are nomingal,
COMPONENT COUNT?
COMPONENT
TYPE TLO7t | TLO72 | TLOTS
Resistors 1 2 44
Transistors 14 28 58
JFET 2 4 8
Diodes 1 2 4
Capacitors 1 2 4
oph-FET 1 2 4
Includes bias and trim cirouftry

INSTRUMENTS

POST OFFICE BOX 655300 ® DALLAS, TEXAS 75205 2-337



DL L
LOW-NOISE JFET-INPUT orsmhom AMPLIFIERS

SLOS080C ~ SEPTEMBER 1978 ~ REVISED
absolute maximum ratings over operating free-air temperature range (untess otherwise noted)t
Supply voltage, Voo, (seeNote 1) ........... Ceeeesetreneetecnantsacatiertretireanatanens ... 18V
Supply voltage, Voo—- (888 NOtB 1) ... ..vuriniiiiiiiiiii ittt iiei ettt iieaiaeas -18V
Differential input voitage, Vip (BB NOB2) .......cociineiiniiiiiiiiiiiiiiiineiienieaennas . 130V
Input voltage, V; (5ee NOteS 1 and3) ...........cceiernernireacneionnrnscsnoenrransasannnes +15V
Duration of output short-Circuit (SEBeNOte d) .........cviiiiieiiieiiinaieieoeranrreocnnennns unfimited
Continuous total dissipation ........coecinieiiiiiiiiiiiiinecciineenna, See Dissipation Rating Table
. Operating free-air temperature range, TA: Csuffix ...........ooviiiiniiiaieniiiiiieninns 0°C to 70°C
lsuffix ..... Ceerirerecetiienaane ceeesarsenes ~40°C to 85°C
Msuffix ......cooviiiiiiiiiiiiiiiiee, ~55°C to 125°C
Storago temperature fange ........c...ccveeeeecrvesoscncncannens feeerenrtesatienan ~65°C to 150°C
Case temperature for 60 seconds: FKPaCKAOS .......c.vveviiariiierinroreocnrnerernannnnns 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: J, JG, or W package ............ 300°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D, N, P, or PW package ......... 260°C

1MWMMMWWWMWWWbMWMWWWWW
functional operation of the device at these or any other conditions beyond those [ndicated under “recommended operating conditions” is not
Impled. Exposure io absolute-maximum-rated conditions for extended periods may affect device refiablity,
NOTES: 1. Ali voltage values, except differential voitages, are with respect to the midpoint between Voo, and Voo —.

2. Difierential voltages are at [N+ with respect to IN—.

3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 V, whichover is less.

4. The output may be shortad to ground or to elther supply. Temperature and/or supply voitages must be [imited to ensure that the

dissipation rating is not exceaded.
DISSIPATION RATING TABLE
PACKAGE ToS25°C DERATING DERATE TA=70°C TA=65C Ta=125C
POWERRATING  FACTOR ABOVET, POWERRATING POWER RATING POWER RATING
D (8 pin) 660 mW 5.8 mW/*C 33°C 484 mW 3T mw NA
D (14 pin) 680 mw 7.6mWrC 60°C 608 mwW 484 mw A
£K 680 mW 11.0mWrC 88°C 660 mw 680 mW 276 mW
J 680 mw 11.0mwWrC 88°C 680 mwW 680 mwW 275 mW
Je 680 mwW 8.4 mWrC 69°C 672 mwW 546 mW 210mwW
N 680 mW 8.2mWrC 76°C 680 mwW 568 mW N/A
P 680 mwW 8.0 mW/C 65°C 640 mW 520 mw N/A
PW (8 pin) 526 mW 42 mwWrc 70°C 525 mW A NA
PW (14 pin) 700 mw 5.6 mWrC 70°C 700 mwW N/A NA
w 680 mW 8.0 mW/C 85°C 640 mW 620 mw 200 mW
@ TEXAS

INSTRUMENTS
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electrical characteristics, Voo = +15 V (unless otherwise noted)

ToTic TLOTIAC TLoTiEC LTy
TL072C TLOT2AC TLoT2BC o
PARAMETER TEST conpmonst | Tat Ly TooTeAS hplird nore UNIT
TYP MAX| MN TYP MAX| N TYP NAX TP MAX
25°C 310 36 2 3 3 6| mv
Vio - input offset voltage VO =0, =500
to i 0=0. Rs=S00 [ e 8 75 5 8
avio ;"m“’"‘”"m““’m'”‘"‘ Vo=0, Rg=50Q |Fuirange 18 18 18 18 VG
25C 5 100 5 100 5 100 5 100] pA
[J current Vo=
0 {nput afiset 0=0 Fullrange 0 2 2 2] oA
25°C 8 200 6% 200 85 200 6% 20| pA
p crontS  |Vo=
18 tnput bas 0=0 Fulrango 7 7 7 2] ™
Cormmon-mode input =12 -12 -12 -2
ViCR 25°C M to 3] to M to +11 o v
g votage range 16 18 16 16
a @ R =10k0 2%6°C | H2 1135 $2 135 12 #4138 112 #1388
2 Vo mm'“m'mw RL2 10k0 iy 12 2 012 2 v
RL22k 0 750 £10 10 10
AvD Large-signal differential | Vo = +10V, 25°C 25 200 50 200 50 200 50 200 ViV
voltage emplification | R 22kQ Fullrange | 16 26 26 25
E 8 Unity-gain bandwidth 25°C ) 3 3 3 Mz
g G Input rasistance 25C 1012 1012 1012 1012 Q
Common-mode ViC = Vicgmin,
RR
g oM v Voo s | 2 | ™ o0 7% 100 7% 100 7% 100 &
Supply-voltage
KSVR  rejectionratio yoootoubY | ¢ | 7 100 8 100 8 100 80 100 ey
(AVoes/aVi) 0-0. Rs-
lco mm VO=0, Nolad 25'C 14 25 14 25 14 26 14 25| ma
VOuVig2_Crosstalk attenuation | Ayp = 100 26'C 120 120 120 120 B

t ANl characteristics are measured under open-loop

$ Fulirange is Tp = 0°C to 70°C for TLO7_C,TLO7_AC, TLO7_BC andis TA = -40°C to 85°C for TLOT_J.

§ Input blas currents of a FET-input operationa) amplifer are normal junction raverse curvants, which are temperature sensttive &3 shown in Figure 4. Puise tachniques must be used
that will maintain the junction temperature as ciose 1o the ambient lemperature as possible.

conditions with zero common-mode voitage uniess otherwiss specified.

¥Om 1340 ISION-MOT

m;mm-mumﬁm-m
vL01L

V1

GVLO'IT‘IV“VLO'I.I.

SLOL ‘GhZ0TL ‘VILOWL ‘B0L



TLO71, TLO71A, TLO71B, TLO72
TU TLO72B, TLO74, TLO74A, TLO74B
JFET-INPUT OPERATIONAL AMPLIFIERS

L

1978 ~ REVISED AUGUST 1894

electrical characteristics, Voo = £ 18 V (unless otherwise noted)

HmntPuboWMbMMwﬁmWhMWuMthWu

tmmmmmmmmmemmmm

Th = -65°C to 125°C.

TLOTIM
TLOT4M
PARAMETER TESTCONDITIONST | Ta$ TLOTZM UNIT
MIN TYP MAX| MIN TYP MAX
25°C 3 8 3 9
Vvio Input offset vottage VO=0, Rg=50Q Fallrange ° B ™
avio wmm Vo=0, Rg=500 |Fulrange 18 18 uvrC
26°C 5 100 5 100] pA
v -
o Input offset current 0-0 Fulirenge 20 20| nA
25°C 6 200 65 200] pA
! Vo=
B Input bias currentd '0=0 80 50| nA
oot -12 -12
VICR Common-modo 25C M #M v
voltage rango 18 16
M R =10k 25°C £12 135 12 #1356
Vom mum pek output Ry 2 10kn Ful 12 12 v
R 22kQ 8 710 10
pyp  mme-signal dfferontial Vo =110V, 2C | 36 200 3_20 VimV
voitage ampiification AL22kn 15 15
B Unity-gain bandwidth TA = 25°C 3 3 MHz
n tnput resistance TA=25C 1012 1012 Q
Vic = Vicrmin,
CMRR  Common-mode rejection ratio Vo=0, Rg=600 26°C 80 86 60 88 dB
Supplyvolingo refsctionratio | VoG =29 Vo215V,
[‘SVR  vecsiavio) Vo=0, Rg=50a | #C | %@ 88 & & 8
lcc Supply ourrent (each ampifier) | Vo = 0, No load 25°C 14 25 14 25| mA
[ Voi/Voz_Crosstaksttenuation Ayp = 100 25°C 120 120 dB
f tnput bias currents of a FET-input operationa)

ampitfier are normal junction reverse currents, witich are temperatre sonsitive as shown in

.ruvo is

‘v'lhxm

INSTRUMENTS
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TLO74, TLO71A, TLO71B, TLO72
TLO72A, TLO72B, TL074, TLO74A, TL074B
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS
SLOG0B0C — SEPTEMBER 1078 -~ REVISED AUGUST 1994
operating characteristics, Voo+ 216 V, To 2 26°C

TLOTXM ALL OTHERS

PARAMETER TEST CONDITIONS e e wax] o
V=10V, AL =2k0,

SR Slew rate et unity gain CL= 100, Seo Fiows 1 5 13 8 13 Vips

y  Rsotmooveshoot |Vi=20mw, RL=2kD, 0.1 0.1 us

tactor CL = 100pF, oo Figure 1 20% 20% ]

Equivalent input noiso . fo1kHz 18 18 nVNFz

Vn voltage Rg=200 f=10 Hzto 10Kz 4 4 uv

I CEentinpitnose | pg.200, fa1kHe 0.01 0.01 pANFE
Vi =10V, Rgs1ka,

THD  Total harmonic distorbon | P XA gyt 0.003% 0.003%

PARAMETER MEASUREMENT INFORMATION

_Kia
Vo Y
Vi—1s = vo
Cy = 100pF RL= 2k0 * .
_[ RL I CL = 100 pF
Figure 1. Unity-Gain Amplifier Figure 2, Gain-of-10 Inverting Amplifier

Figure 3. Input Offset Voitage Null Circult

‘v TEXAS
INSTRUMENTS
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TLO71, TLO74A, TLO71B, TLO72

TLOT2A, '|L0729,'1L07P3*|L074 TL0748
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS
- 1970~ AUGLST 1904
TYPICAL CHARACTERISTICS
Table of Graphs
FIGURE

B tnput bias curent vs Froe-air temperature 4

vs Frequency 6.6,7

Vom Maxinum output voltage ::M"“‘ ol semporatre s

vs Supply voltage 10

D Largo-signal difierential voltage empiification ::w‘“"‘"‘“‘"'“" :;
Phase shift vs Frequency 12

Normmalized unity-gain bandwidth vs Froo-alr temperature 13

Normmalized phase shitt vs Froe-air tamperature 13

CMRR Common-mode rejection ratio vs Freo-air temperature 14
Supply current vs Supply voktage 16

'cc vs Froo-air temperature 16

.EE Total power dissipation vs Free-gir temperature 17
Normaiized siew rate vs Froo-gir temperature 18

Vn Equivalent input noise voltage vs Frequency 19

THD Total hermonic distortion va Frequency 20
Large-signal pulse response va Time 21

Vo Output voltago vs Time 22

l@'naxns -
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TLO71, TLO71A, TLO71B, TL072
TLOT2A, TLO72B, TLO74, TLO74A, TLO74B
LOW-NOISE JFE'I'-INPUT OPERATIONAL AMPLIFIERS

EPTEMBER 1978 ~ REVISED AUGUST 1854

TYPICAL CHARACTERISTICST
INPUT BIAS CURRENT MAXIMUM PEAK OUTPUT VOLTAGE
vs vs
100, FREE-AIR TEMPERATURE FREQUENCY
EVeCe =118V 1 . 8 Vi st18V
y. B
£128
3 5
U
g y § £10 Veei=£10V
g 1 3 +78
?‘ o1 5 28 Veox=s18VELLL
P i
L ' .
— 5 2.8
0.01 | 0
~76 -850 -25 0 25 5 7S 100 125 100 1k 10k 100k 1M 10M
Ta —Free-Alr Tempersture ~°C t - Froquency —~ Hz
Figure 4 Figure §
MAXIMUM PEAK OUTPUT VOLTAGE MAXIMUM PEAK OUTPUT VOLTAGE
vs v8
FREQUENCY FREQUENCY
£18 118 T 111
> ?" ngg > " Vg o158V,
+1 Vo= 16V A= : |_[Tas25°C R =2k
g 25 Soe Figure 2 g $12.8 As Soo Figure 2
§ £10 | I 110
vVees s £10 Ta = ~85°C
2 75 { ! +78 |
g TaA=125C
5 +8 L3 H
Veois 16
] ™ ]
3 28 5 +2.85
NN
(] 0 =
100 1k 10k 100k 1M 10M 10k 40k 100k 400k 1M 4M 10M
1~ Frequency - Hz 1 - Frequency ~Hz
Flgure 6 Figure 7

fmuwwmmmwwmmmmmmmdumm.
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TLO71, TLO71A, TLO718, TLO72

ml AL =2k0

Veces215Y
Boolﬂuuloz

o
-78 -850

-25 0 256 50 75 100 28

TA ~Free-Alr Temperature - °C

Figure 8

MAXIMUM PEAK OUTPUT VOLTAGE

vs
SUPPLY VOLTAGE

y 4 f

4 6 8 10 12 14 16
Vec+! - Supply Vottage - v

Figure 10

1125 | See Figure 2
4
+10 ;ﬂ'

78 /

U/

4 VooimitSVY
2@ RLe2ka

1
-7 -60 -26 O

TLO72B, TLO74, TLO74A, TLO74B
JFBE'TMJ'T opeaﬁhom AMPLIFIERS
SEPTEMBER 1 REVISED AUGUST 1994

LOW-NDISE
S8LOB080C

TYPICAL CHARACTERISTICST
MAXIMUM PEAK OUTPUT VOLTAGE MAXIMUM PEAK OUTPUT VOLTAGE
FREE-AIR TEMPERATURE LOAD RESISTANGE
R = 10kQ 8 ece=t18V
1 TA=25'C s

=

//

V.

/

0
061 02 04 071 2 4 7 10
R ~Losd Resistance — k0

Figure ©

LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION

ve
FREE-AIR TEMPERATURE

| Vo=1t0V

25 80 75 100 125
Ta —=Free-Alr Temperature - °C

Figure 11
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TLOT1, TLOTHA, TLOT4B, TLOT2
TLO72A, TLO72B, TLO74, TLO74A, TLO74B
LOW-NOISE JFET-INPUT OPERA TIONAL ERS

w SEPTEMBER 1978 ~ REVISED AUGUST 1994

TYPICAL CHARACTERISTICST
LARGE-SIGNAL
OIFFERENTIAL VOLTAGE AMPLIFICATION NORMALIZED UNITY-QAIN BANDWIDTH
AND PHASE SHIFT AND PHASE SHIFT
v vs
FREQUENCY FREE-AIR TEMPERATURE
108 P 1.03
Vocs = 86V 1o £18V
=2k
105 \\ %-m Unity-Gain Bandwidth 102
" NI L g
TSN N Dfflorential . 101
I W N § i
N 5
] g‘“ \ 099
<g Phave Ghitt VeCio£1BV N
tot \W‘“’ zosl af?zgm ~ N 058
’ 1= By for Phase Shift
'S 10 100 ik ok A . o7 L1 | l 0.97
1 K 100k 1M 10M . -
_ k) 76 -50 A? I JTB 0 1
Figure 12 Figure 13
COMMON-MODE REJECTION RATIO SUPPLY CURRENT PER AMPLIFIER
ve ve
o FREE-AIR TEMPERATURE SUPPLY VOLTAGE
L] 1) z
8 Voci=18V T
1| Riatoka T el Lﬁ;:'j
g s ! No Load
10—
g [:14 § 14
312
) g 1
o 08
£
! 1
-3 84 + 04
3 8 o2
& °
TS 60 25 0 B 80 T 100 28 © 2 4 6 8 10 12 14 1
?A-l'ww-'c in‘-mw-v
Figure 14 Figure 15

fmumwmwmwmmnmmmwmmahmm.
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TLO71, 'I'L071A, TL071B, TLO72

TL074 TLO74A, TLO748
W—NblSE JFE:‘I;-.INPU'i' OPERATIONAL AMPLIFIERS
TYPICAL CHARACTERISTICST
SUPPLY CURRENT PER AMPUIFIER TOTAL POWER DiSSIPATED
8 ve
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
2 — 260
Voot =x18V| Vect- :I:1_ﬂ
? 18 No Signal ] . 25 noamd
< No Load
e € 200
§ 18 . ] |
14 175 —
¥y 2 — 3‘” \\
g 1 125 P
08 § 100 —T
§ o 2 n ==
L o4 o ® _TLoTH
8 2 2
°% % -2 0 25 8 75 100 428 O7% 50 25 0 25 & 75 100 125
Ta — Free-Alr Temperature - *C Ta —Free-Alr Temperature ~°C
Figure 16 Figure 17
noammsn SLEW RATE EQUIVALENT INPUT NOISE VOLTAGE
FREEAIR TEMPERATURE FRECRIENCY
118 T 60 Voo s +18
Voo =118V CCx
wo | _RL=s2k0
* OLsWOpF ‘o

1.06

1

095 ~

Normatized Siew Rate
/
/

N

0.90

085
-7 650 ~26 0 25 5 78 100 28

Ta —Free-Alr Tompersture - °C
Figure 18

Ayps= 10
Rgs 200
St Tas25C

A

Vi, - Equivalent Input Notso Vottage - av/ ¥z
8

]
10 40 100 400 1k 4%k 10k 40k 100k
1 =Frequency ~Hz

Figure 19
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TLO71, TLO71A, TLO71B, TLO72

TLO72A, TLO72B, TLO74, TLO74A, TLO74B
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS
SLOS080C ~ SEPTEMBER 1978 ~ REVISED AUGUST 1904
TYPICAL CHARACTERISTICS
TOTAL HAM:'G DISTORTION VOLTAGE-
FREQUENCY LARGE-SIGNAL PULSE RESPONSE
1 = Vocist18V ¢ Veesst18V
os :-'._ Aypsot I Ru=s2k0
L ViRMS)= 6V 4 Cy =100 pF
L Tao= 25°C Output \TA 226°C
0.1 2 \

THD - Total Harmonic Distortion - %
-]
4
Vjand Vg -Input and Output Voitages -V
. (-]

0.01 -2
0.004
-4
\
100 400 1k -e
4k 10k 40k 100k 0 05 1 18 2 25 3 as
1 - Frequency - Mz t=Timo=pus
Figure 20 Figure 21
OUTPUT VOLTAGE
vs
ELAPSED TIME
28
N
Overshoot
E » >4
] 90%
g 16 I
12 I:
gk
' |
L 4 t
10%T ! Vecr =118V
0 4 an RLa 2k
TA=25°C
- 1 [
0 0t 02 03 04 05 08 07
t=Time~us
Figure 22
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TLorza mnc%nr?.?o!la’ TL074A, TLO74B
LOW-NOISE J -m?’romhom AMPLIFIERS

- 1978 - REVISED

APPLICATION INFORMATION

Table of Application Dlagrams
PART
APPLICATION DIAGRAM NUMBER HGUFE
0.6-Hz square-wave oscillator TLO7t 23
High-Q notch filter TLO71 24
Audio-distribution ampiifier TLO74 25
100-kHz quadrature osoillator TW72 26
AC amplifier TLO7Y 27
Rp = 100 kQ
veee
1" =
| nput T . ¢—— Output
Creasyr T 1x0 ®T vee-
= -18V
- s RS Rl = R2 = 2R3 = 15 MQ
33k a1k c1 c2 €1 =02 = Bu 110 pF
(= 1 1 I -L)l'— 1
Z Ry Cp T = o~mmor - 1Mt
Flgure 23. 0.5-Hz Square-Wave Oscillator Figure 24. High-Q Notch Fliter

TLOY4 Output B
Vee-
\(

TLo74 Output &
. Vee-

Figure 25. Audio-Distribution Amplifier

l‘ym
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TLO71, TLO7A, TLO71B, TLO72
TLO72A, TL0728 TLO74, TLO74A, L0748
LOW-NOISE JFET-INPUT OPERATIONAL AMPLIFIERS

1978 - REVISED AUGUST 1994

APPLICATION INFORMATION

1N4148 18 kD2 (00 Noto A
AN (~ ) -15V
— $1a
4
ga4ka y p 9— Scosat
18pF 1%
; Pt 1BV
1N4143 18 k2 (s00 Note A)
88.4kQ

VW

NOTE A: These resistor values may be adjustod for a symmetrical output.
Figure 26. 100-kHz Quadrature Oscillator

Vees

Figure 27. AC Amplifier

“——“
l‘l?'lEXAs
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

. - MC54/74HC595A
8-Bit Serial-Input/Serial or
Parallel-Output Shift Register
with Latched 3-State Outputs i
High—Performance Silicon—-Gate CMOS . CASE 620-10

The MC54/74HC595A is identical in pinout to the LS595. The device 1
inputs are compatible with standard CMOS outputs; with pullup resistors,
they are compatible with LSTTL. outputs.

The HC595A consists of an 8-bit shift register and an 8-bit D-type latch N SUFFIX
with three—state parallel outputs. The shift register accepts serial data and 16 PLASTIC PACKAGE
provides a serial output. The shift register also provides parallel data to the i CASE 648-08
8-bit latch. The shift register and latch have independent clock inputs. This
device also has an asynchronous reset for the shift register.

The HC595A directly interfaces with the Motorola SPI serial data port on D SUFFIX
CMOS MPUs and MCUs. 18& SOIC PACKAGE
e Qutput Drive Capability: 15 LSTTL Loads 1 CASE 751B-05
o Outputs Directly Interface to CMOS, NMOS, and TTL
o Operating Voltage Range: 2.0 to 6.0 V
o Low Input Current: 1.0 uA 16 @ DT SUFFIX
« High Noise Immunity Characteristic of CMOS Devices : TSSOP PACKAGE
¢ In Compliance with the Requirements Defined by JEDEC Standard CASE 948F-01

No. 7A
o Chip Complexity: 328 FETs or 82 Equivalent Gates ORDERING INFORMATION
¢ improvements over HC595 MCS4HCXXXAJ Ceramic
— Improved Propagation Delays MC74HCXXXAN Plastic
— 50% Lower Quiescent Power MC74HCXXXAD soic
— Improved Input Noise and Latchup Immunity MC74HCXXXADT  TSSOP
LOGIC DIAGRAM PIN ASSIGNMENT
SERIAL ie 16 [J V|
DATA { A 15 0 Qs [ cc
INPUT ! a5 Qcfl2 1510a
24 ap(s HA
| 3 Q:; PARALLEL Qel] 4 13 [J OUTPUT ENABLE
SHIFT Lt L4 o OUD;;TST s Qrff5 12 [] LATCH CLOCK
REGISTER | 5 o Qs e 11 [] SHIFT CLOCK
_: Qg onfl7 10 [J RESET
— Qy GND[| 8 9 [1say
SHIFT 11
clock — P —l r>
10 9 SERIAL
RESET T SQy } DATA
LATCH 12 OUTPUT
CLOCK
OUTPUT _13
ENABLE
Vec=PIN16
GND=PIN8

3/97
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MC54/74HC595A

MAXIMUM RATINGS*
Symbol Parameter Value Unit This device contains protection
Supply Voltage (Referenced ~-05t0+7.0 v circuitry to guard against damage
Vec | DC Supply Vottago (R 0 GND) due to high static vottages or electric
Vin DC Input Voltage (Referenced to GND) -05tVec+05] V fields. However, precautions must
—-0. +0. v be taken to avoid applications of any
Vout | DC Output Vottage (Referenced to GND) 0.5t Vge +0.5 vofiage highor than masinmur ratod
lin | BC Input Current, per Pin +20 mA voltages to this high-impedance cir-
cuit. For proper operation, Vip and
lout | OC Output Current, per Pin +35 mA Vout 1d be constrained 1o the
icc | DC Supply Current, Vo and GND Pins +75 mA range GND = (Vin orVout) = Ve
Pp | Power Dissipation in Still Alr, Plastic or Ceramic DIPf 750 mw Unused inputs must always be
tied to an appropriate logic voltage
SOIC Packaget 500 g
TSSOP Packaget 450 level (e.g., either GND or Vcg).
Unused outputs must be left open.
Tstg | Storage Temperature -65to + 150 °C
T Lead Temperature, 1 mm from Case for 10 Seconds °C
(Plastic DIP, SOIC or TSSOP Package) 260
(Ceramic DIP) 300

* Maximum Ratings are those values beyond which damage to the device may occur.

Functional operation should be restricted to the Recommended Operating Conditions.

tDerating — Plastic DIP: — 10 mW/°C from 65° to 125°C

Ceramic DIP: — 10 mW/°C from 100° to 125°C
SOIC Package: — 7 mW/°C from 65° to 125°C
TSSOP Package: ~ 6.1 mW/°C from 65° to 125°C

For high frequency or heavy toad considerations, see Chapter 2 of the Motorota High-Speed CMOS Data Book (DL129/D).
RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min | Max | Unit
Vee DC Supply Voltage (Referenced to GND) 20 6.0 "
Vin: Vout | BC Input Voltage, Output Voltage 0 Vee | V
(Referenced to GND)
TA Operating Temperature, All Package Types -85 |+125 | °C
t tg Input Rise and Fall Time Vee=20V| 0 1000 | ns
(Figure 1) Vee=45V]| 0 500
Vec=60V] 0 400
DC ELECTRICAL CHARACTERISTICS (Voltages Referenced to GND)
Guaranteed Limit
Vce -55to
Symbol Parameter Test Conditions v 25°C = 85°C | <125°C | Unit
VIH Minimum High—Leve! Input Vout=0.1VorVec-0.1V 20 15 15 1.5 v
Voltage lloutl = 20 pA 3.0 21 21 21
45 3.15 3.15 3.15
6.0 42 42 42
ViL Maximum Low-Leve! Input Vout=0.1VorVec-0.1V 20 05 0.5 05 \Y
Voltage lloutl = 20 pA 3.0 09 09 0.9
45 1.35 1.35 1.35
6.0 18 1.8 1.8
VOH Minimum High-Level Output Vin=ViHqorVjL 20 1.9 1.9 19 v
Voltage, Qa — Qi lloutl = 20 pA 45 44 44 44
6.0 59 59 59
Vin=VIHorViL Jloutl s24mA| 30 248 234 22
lloutl =60mA| 45 3.98 3.84 37
lloutl s78mA| 6.0 5.48 5.34 52
MOTOROLA 2




MC54/74HC595A

DC ELECTRICAL CHARACTERISTICS (Voitages Referenced to GND)

Guaranteed Limit
Vce -55¢to
Symbol Parameter Test Conditions \4 25°C 5 85°C | =125°C | Unit
VoL |Maximum Low-Level Gutput Vin=ViHorViL i.g g.: g.: g.: v
Voltage, Qa - floutl < 20 uA y . . .
"age. Aa-~ 0w out 6.0 0.1 0.1 0.1
Vin=VIHOrVIL lloul s24mA| 30 0.26 0.33 04
floutl =60mA | 45 0.26 0.33 04
loutl =7.8mA| 6.0 0.26 0.33 04
VOH Minimum High-Leve! Output Vin = Vi orViL 20 1.9 1.9 1.9 A
Voitage, SQ ligut! < 20 pA 4.5 4.4 44 44
9 H out 6.0 59 59 59
Vin=ViHorV|L lloutl s24mA | 3.0 208 2.34 22
lloytl <40mA | 45 398 384 37
lloutls 5.2mA 6.0 548 5.34 5.2
VoL Maximum Low—Level Output Vin=ViqorVjL 20 g: g: g: v
Voltage, SQ lgutl < 20 pA 45 . ) .
" 6.0 0.1 0.1 0.1
Vin=ViHorViL lloutl s24mA| 30 026 0.33 04
loutl < 40mA | 45 0.26 0.33 04
lloutls 5.2mA 6.0 0.26 0.33 04
lin Maximum Input Leakage Current | Vi = Vo or GND 6.0 0.1 £1.0 £1.0 pA
loz |Maximum Three-State Leakage | Outputin High—Impedance State | 6.0 £0.5 £5.0 10 pA
Current, Qa — QH Vin=V|Lor Vi
Vout = Ve or GND
lcc | Maximum Quiescent Supply Vin = Vg or GND 6.0 4.0 40 160 HA
Current (per Package) lout = 0 pA

NOTE: Information on typical parametric values can be found in Chapter 2 of the Motorola High-Speed CMOS Data Book (DL 129/D).
AC ELECTRICAL CHARACTERISTICS (CL =50 pF, Input t; = t;= 6.0 ns)

Guaranteed Limit
Vee -55to0
Symbol Parameter v 25°C s 85°C | < 125°C | Unit
fmax | Maximum Clock Frequency (50% Duty Cycle) 20 6.0 48 40 MHz
(Figures 1and 7) 30 15 10 8.0
45 30 24 20
6.0 35 28 24
tpLH, | Maximum Propagation Delay, Shift Clock to SQH 20 140 175 210 ns
tpHL (Figures 1 and 7) 30 100 125 150
45 28 35 42
6.0 24 30 36
tPHL Maximum Propagation Delay, Reset to SQ 20 145 180 220 ns
(Figures 2 and 7) 3.0 100 125 150
: 45 29 38 44
6.0 25 31 38
tPLH. | Maximum Propagation Delay, Latch Clock to Qa ~ Q 20 140 175 210 ns
tPHL (Figures 3 and 7) 30 100 125 150
45 28 35 42
6.0 24 30 36
tpLz, | Maximum Propagation Delay, Output Enable to Qp — QH 20 150 180 225 ns
tPHZ (Figures 4 and 8) 3.0 100 126 150
45 30 38 45
6.0 26 33 38
tpzL. Maximum Propagation Delay, Output Enable to QA-QH 20 135 170 205 ns
tpzH (Figures 4 and 8) 3.0 90 110 130
45 27 34 4
6.0 23 29 35

3 MOTOROLA



MC54/74HC595A

AC ELECTRICAL CHARACTERISTICS (C|_ = 50 pF, Inputt; = t¢ = 6.0 ns)

Guaranteed Limit
Vee ~55to
Symbol Parameter v 25°C < 85°C | < 125°C | Unit
j - 60 75 80 ns
trLm, Maximum Output Transition Time, QA — QH 20
nd 7 3.0 23 27 31
THL (Flgures 3and 7y 45 12 15 18
6.0 10 13 15
i 110 ns
ttLH, | Maximum Output Transition Time, SQi 20 75 g5
Figures 1 and 3.0 27 32 36
THL (Fie n 45 15 19 22
6.0 13 16 19
Cin Maximum Input Capacitance —_ 10 10 10 pF
Cout Maximum Three—State Output Capacitance (Cutput in — 15 15 15 pF
High-Impedance State), Qa — QY

Speed CMOS Data Book (DL129/D).

NOTE: For propagation delays with loads other than 50 pF, and information on typical parametric values, see Chapter 2 of the Motorola High—

Cep Power Dissipation Capacitance (Per Package)*

Typlcal @ 25°C, Voe = 5.0V

300

pF

Motorola High-Speed CMOS Data Book (DL129/D).

TIMING REQUIREMENTS (input t; = t = 6.0 ns)

* Used to determine the no-{oad dynamic power consumption: Pp = Cpp Vcc2f + Icc V. For load considerations, see Chapter

2ofthe

Guaranteed Limit
Vce | 25°Co
Symbol Parameter v -55°C | <85°C | <125°C | Unit
tsu Minimum Setup Time, Serial Data Input A to Shift Clock 20 50 65 75 ns
(Figure 5) 3.0 40 50 60
45 10 13 15
6.0 9.0 1 13
tsy Minimum Setup Time, Shift Clock to Latch Clock 20 75 g5 10 ns
(Figure 6) 3.0 60 70 80
45 15 19 22
6.0 13 16 19
th Minimum Hold Time, Shift Clock to Serial Data Input A 20 5.0 5.0 5.0 ns
(Figure 5) 3.0 5.0 5.0 5.0
45 5.0 5.0 5.0
6.0 50 5.0 5.0
frec Minimum Recovery Time, Reset Inactive to Shift Clock 20 50 65 75 ns
(Figure 2) 30 40 50 60
45 10 13 15
6.0 9.0 1 13
tw Minimum Pulse Width, Reset 20 60 75 g0 ns
(Figure 2) 30 45 60 70
45 12 15 18
6.0 10 13 15
tw Minimum Pulse Width, Shift Clock 20 50 65 75 ns
(Figure 1) 3.0 40 50 60
45 10 13 15
6.0 9.0 1 13
tw Minimum Pulse Width, Latch Clock 20 50 65 75 ns
(Figure 6) 30 40 50 60
45 10 13 15
6.0 9.0 1 13
tn b Maximum Input Rise and Fall Times 20 1000 1000 1000 ns
(Figure 1) 3.0 800 800 800
45 500 500 500
6.0 400 400 400

MOTOROLA 4



MC54/74HC595A

FUNCTION TABLE
Inputs Resulting Function
Serial Shift Latch Serial Parallel
lnput Shift Ltatch | Output Register Register Cutput Outputs
Operation Reset A Clock | Clock | Enable Contents Contents sSQy QA-QH
Reset shift register L X X LHI{ L L u L V)
Shift data into shift H D T LH{ L D—SRa; u SRGg = SRy u
register SRN — SRN+1
Shift register remains H X LH{ | LHI L u u 7] U
unchanged
Transfer shift register H X LH{ T L u SRN = LRN u SRN
contents to latch register
Latch register remains X X X LH{ L * u . u
unchanged
Enable parallel outputs X X X X L * hid ol Enabled
Force outputs into high X X X X H hd - * z
Impedance state
SR = shift register contents D =data (L, H) logic level T = Low—to-High * = depends on Reset and Shift Clock inputs

LR = latch register contents U = remains unchanged | = High-to-Low ** = depends on Latch Clock input
PIN DESCRIPTIONS
INPUTS Latch Clock (Pin 12)
Storage Latch Clock Input. A low—to—high transition on this
A (Pin 14) input latches the shift register data.

Serial Data Input. The data on this pin is shifted into the
8-bit serial shift register.
CONTROL INPUTS

Shift Clock (Pin 11)

Shift Register Clock Input. A low- to-high transition on this
input causes the data at the Serial Input pin to be shifted into
the 8-bit shift register.

Reset (Pin 10)

Active-low, Asynchronous, Shift Register Reset Input. A
low on this pin resets the shift register portion of this device
only. The 8-bit latch is not affected.

Output Enable (Pin 13)

Active-low Output Enable. A low on this input allows the
data from the latches to be presented at the outputs. A high
on this input forces the outputs (QA—QH) into the high-
impedance state. The serial output is not affected by this
control unit.

OUTPUTS

QA -QH (Pins 15,1,2,3,4,5,6,7)
Noninverted, 3-state, latch outputs.

SQy (Pin 9)

Noninverted, Serial Data Output. This is the output of the
eighth stage of the 8-bit shift register. This output does not
have three-state capability.

MOTOROCLA
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MC54/74HC595A

SWITCHING WAVEFORMS
t y .
Vee
v /
SHIFT o «© RESET 0% —GND
CLOCK ot ——GND
Vimax —:I CUTPUT 50%
—» tPLH tPHL SQH P—
outpur  S0%|4 vee
SQy 1359.% SHIFT 50%
cLock —GND
tTLH tTHL
Figure 1. Figure 2.
Vee
V. oUTPUT 50%
(I:f;g: 50% o ENABLE — GND
—GND —
F—'PZL tpLz HIGH
IMPEDANCE
PLH  tPHL OUTPUTQ % 10% — VoL
80% “—lpzH Pz —>  |e—
QA-GH %92" 80%— VOH
OUTPUTS 1 OUTPUTQ Moo HIGH
fIH  tTHL IMPEDANCE
Figure 3. Figure 4.
SHIFT
VALID y CLOCK 50%
SERIAL o cc GND
INPUT A GND tsy Vi
oy f+—th LATCH 50% -«
LATCH —Vec Clock GND
50%
CLocK GND w
Figure 5. Figure 6.
TEST CIRCUITS
TEST POINT TEST POINT
fQ CONNECT TO Voo WHEN
CUTPUT ouTPUT TESTING tp 7 AND tpz) .
DEVICE DEVICE CONNECT TO GND WHEN
UNDER . UNDER . TESTING tpz AND tpzp.
TEST I G TEST I CL

* Includes all probe and jig capacitance * Includes all probe and jig capacitance

Figure 7. Figure 8.
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MC54/74HC595A

EXPANDED LOGIC DIAGRAM
OUTPUT _13
ENABLE ‘D
LTCH 12 Dc
CLOCK -
SERAL 14Dc g‘{\f b D a ;{-I}'sm
INPUT A ——d> SRa —da> LRy
. .
(e D Q :_ll; LI
—q> SRg t—9> Rs
R
ED a} D @ :{> 2 oc
—d> SR¢ - Re
R
) QW D a :.D 3 ap
— sko — Ko PARALLEL
R DATA
OUTPUTS
e D Qo——<{>—405
——a> SRe —a> LRg
R
D ow D oo——<D—50F
—d> SRe t—9> Re
R
g D oo——<{>—°o¢;
—> SRg D> LR
R
SHFT [ b ap :D Loy
CLOCK {>c > SRy 3> Ry
R
SERIAL
#> 9. DA
OUTPUT SOy

Reser 10 :[> D°
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MC54/74HC595A

TIMING DIAGRAM

SHIFT
CLOCK

SERIAL DATA | | I
INPUTA

reser ||

il

= . 1
o —
o |
o XXX
% XXX
@ XXX
e j XXX
o | XXX
% XXX
QH XXX
ouTT sy ' |

NOTE: XXX implies that the output is in a high-impedance
state.

Lk
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MC54/74HC595A

OUTLINE DIMENSIONS
J SUFFIX
CERAMIC PACKAGE
y CASE 620-10 "
16 8 ISSUEV 1. DIMENSIONING AND TOLERANCING PER
ANSIY14.5M, 1882
* 2. CONTROLLING DIMENSION: INCH,
. s 3. omwuomwmm
C— L— 4. DIMF MAY NARROW TO 0.76 (0.030) WHERE
THE LEAD ENTERS THE CERAMIC BODY.
—*‘ l / ¥ 0. 1 1
) 749
// = o — | 508
[ 020
0.050BSC_ | 127B5C
f | SES e D
J 18P K o.igl E%
Dﬂm (@lozs00100@ 1] 8@ L
($]0250010)@®|T| A®| [N 1 00% | 0040 | 051 1 11
N SUFFIX
—{=A} PLASTIC PACKAGE NOTES:
M AT AR CASE 648-08 bVt OLAMENGPERAS
g )1 ISSUER L e e
P 8 4. DIMENSION B DOES NOT INCLUDE MOLD FLASH.
8 i 5 CORNERS OPTIONAL.
) e -
S 1
4
R REL 5
L- -K J—Jq— M
D 6Pt
[€10.250.010 @ [T] A@ |
D SUFFIX
PLASTIC SOIC PACKAGE
CASE 751B-05
AAEARARARR [ ISSUE J %smmrmmmm
16 9 5M, 1682,
2. CONTROLLING DXMENSION: MILLIMETER.
3. DIMENSIONS A AND B DO NOT INCLUDE
=Bl Par 4 mmmmmmm(om
@ 8 (&]025000@][ @] " PERSIDE
5. DIMENSION D DOES NOT INCLUDE DAMBAR
:—T_tﬂ_ﬂ H %; PROTRUSION, ALLOWABLE DAMBAR
PROTRUSION SHALL BE 0.127 (0.005) TOTAL
I;D N EXCESS OF THE D DIMENSION AT
G MAXIMUM MATERIAL CONDITION.
__] L_ | oow_
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K— Rx 45°
! 1) l T \/
ey © S )
T 4 = i
SEARNG M J Ol Y]
PLAE ) L—Dtsn JK [3
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MC54/74HC595A

OUTLINE DIMENSIONS
DT SUFFIX
PLASTIC TSSOP PACKAGE
CASE 848F-01
ISSUE O
16X KREF
— I-—{el 0.100.004)®[ U O]V
|Q|0.15(0-005)|T U —..I K I-— e OALENSIONDE AND TOLERANCING PER ANS
HHHAARAARAH K1 2. CONTROLLIG DOAENSION MILIVETER
! L i,
* ? —[ 1 GATE BURRS SHALL NOT EXCEED 0.15 (1.006) PER
I — i ‘ %&smmmmwm
B SECTION N-N PROTRUSION. INTERLEAD
o+ ——-—E s o

PIN 1 5. DIMENSION K DOES NOT INCLUDE DAMBAR
N PROTRUSION. ALLOWABLE CAMBAR PROTRUSION
DENT. WO —l SHALL BE 0.08 (0.003) TOTAL IN EXCESS OF THE K
8 o DMENSION AT MAKBAI KATERIL CONDITION.

N mlﬂmammel!m!s SHOWN
1 H H H H H H I: 025(0.010) 7. m@smms&mn
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o2k BAR ARRAY /LCD BACK LIGHT

BAR ARRAY Electrical/Optical Characteristics at T,=25°C

5 SEGMENT |y Dol el o LT W-.,
J— (nm) r(V) Iy (mcd) . o

PART NUMBER | COLOR [yp. TYP. |MAX.| MIN. [TYP.
LL5000-GEWAK |GREEN| 572 | 2.1 | 2.4 | 46 | 77 , , oo
LL5000-YEWAK |YELLOW| 589 | 2.1 | 24 | 38 | 63 - -
LLS000-OEWAK |ORANGE| 630 | 2.1 | 24 | 53 | 88 ’ ’
LL5000-HRRRAK |ORANGE| 630 | 2.1 | 24 | 53 | 838 :
LL5000-SBEWAK |SBRED| 660 | 1.7 | 2.2 [ 123 | 205 g
LL5000-MIEWAK | RED [ 660 | 1.7 | 22 | 7.4 [ 123 L .
LL5000-PREWAK | RED | 700 | 2.1 | 2.4 | 12 | 21 . e -

10 SEGMENT |y . rene . .

@m)| VeV | Iv(med) BN | bt .
PART NUMBER C?)llth I EHHHHHHH i
TYP. | TYP. [MAX.[ MIN. [TYP. | *

LL10000-GEWAK |GREEN| 572 [ 2.1 | 24 [ 46 [ 77 T
LL10000-YEWAK |YELLOW]| 589 | 2.1 | 24 | 38 | 6.3 2 PO umcnon
LL10000-OEWAK [ORANGE| 630 | 2.1 | 2.4 | 53 | 838 $2 ANss: 13 Syes
LL10000-HRRRAK |ORANGE| 630 | 2.1 | 2.4 | 53 | 88 SF ANSBE 13F chment
LL10000-SBEWAK [SBRED| 660 | 1.7 | 2.2 | 123 | 205 |.. ‘:]I || ” " H [| " “ HZ 571 NsBr 185 Sapooe
LL106000-MIEWAK| RED | 660 [ 17 | 22 | 7.4 | 123 , P ,
LL10000-PREWAK | RED | 700 | 2.1 | 24 | 12 | 21

LCD BACK LIGHT Electrical/Optical Characteristics at T,=25°C

3277X1.06” (83.0mmX27.0mm) @ 400mA [ j
I 83.0 1 5.3
cure (el | Ve | 1 camd l L.
PART NUMBER | o/ o0
TYP. | TYP. [MAX.[MIN.[TYP. | | | o,
LY1165-G GREEN| 572 | 42 | 48 | 60 | 100 g |
LY1165-Y YELLOW| 589 | 42 | 48 | 50 | 80 3 L
LY1165-0 ORANGE| 630 | 42 | 48 | 70 | 120 1 pdaibinition ‘ILJ;-;
LY1165-M1 RED | 660 | 3.4 | 44 | 9 | 140 ; o7
3.98”X1.46” (101.0mmX37.0mm) @ 360mA - - - -
Ap 2 ' . v
\Y Iy (cd/m?) .
PART NUMBER Cf)lli,gk @m] Ve®) | b e
TYP. | TYP. [MAX.| MIN. [TYP. .
LY1166-G GREEN| 572 | 105 [ 120 | 90 | 150 ' i I
LY1166-Y YELLOW| 589 | 105 | 120 | 80 | 130 N
LY1166-O ORANGE| 630 | 10.5 | 12.0 | 100 | 170 : . -
LY1166-M1 RED | 660 | 8.5 [ 11.0 | 120 | 200 (4B 4441
Te00O0P0PYYY (22322221
reORREYYY (12224242
TITIEITYY  rerrrYree
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NEC/'

PNP SILICON TRANSISTOR

2SA733

DESCRIPTION The 2SA733 is designed for use in driver stage of AF amplifier.

PACKAGE DIMENSIONS
in millimeters (inches)

FEATURES ® High hgg and Excellent Linearity : 200 TYP. (o%‘”"“’:x )
bFE (ch ==80V, lc =-1.0 mA)
i3
ABSOLUTE MAXIMUM RATINGS ne
Maximum Temperatures g
. Storage Temperature .............. ~55 t0 +125 °C e iz
Junction Temperature ........... +125 °C Maximum = = |~ 3
Maximum Power Dissipation (Ta=25 °C) - I
Total Power Dissipation ................ 250 mw (10} 3
Maximum Voltages and Currents (Ta=25 °C)
Vego Collector to Base Voltage ........ . €0 v
Vceo Collector to Emitter Voitage ........ -50 v
Vego Emitter to Base Voltage ........... =50 V 1. EMITTER EIAJ :SC-438
lc  Collector Cument .. .............. -100mA 3 oase TO" et il
Is Base Current et eeenanan cees. =20 mA :
ELECTRICAL CHARACTERISTICS (Ta=26 °é)
SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT TEST CONDITIONS
hgg DC Current Gain 90 200 600 Vce=-6.0V, Ig=-1.0mA
NF Nolse Figure 6.0 20 d8  Vcg=-60V, Ic=-0.3 mA, Ag=10 k2, f=100 Hz
T Gain Bandwidth Product 100 180 MHz Vcg=-6.0V, Ig=10 mA :
Cob Output Capacitance 45 60 PF  Vcg=-10V, Ig=0, f=1.0 MHz
IcBo Collector Cutoff Current - -0.1 BA.  Vcg=-60V, Ig=0
leso Emitter Cutoff Current . 0.1 #A  Vgg=-5.0V,Ic=0
Vae Base to Emitter Voltage -058 -062 -—068 \ Vce=-6.0V, Ic=—1.0 mA
VCE(sat)  Collector Saturation Voltage -0.18  -03 V.  Ic==100mA, ig==10 mA
Classification of hgg
Rank R a P K
Range | 80— 180 | 135-270 | 200-400 | 300 — 600

hgg Test Conditions : Veg=~6.0 V, ic=-1.0mA




2SA733

NEC
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FYPICAL CHARACTERISTICS (Ta=25 °C uniess otherwiss notod)

TOTAL POWER DISSIPATION
vs. AMBIENT TEMPERATURE

COLLECTOR CURRENT vs.
COLLECTOR TO EMITTER VOLTAGE

COLLECTOR CURRENT vs.
COLLECTOR TO EMITTER VOLTAGE

300 Frae As -i® ,'1-}‘—,' % -1 'E ,-ﬂ‘,l
7 P55 %
E % ~ /‘( - =
-89 . <> 5. 8
] - C ‘2 /Z/‘/,/ fod ? ,//—__Sl
< W RRyZZo28% R o
- X 8 Zovane -l RS =E oy
- -2
< 3 o A 1 £, | T
é 10 § 7 v = ~0.2 @A) ~15
B AN g // ] 2
N 1 -
.;! %0 \\ L Lo / L -2 '8"5‘J"
< ° 2% 5 715 10 125 1% $ Lo
TaAmbient Temperatira—°C o ~02 -04 -06 —08 -10 0 10 -20 -30 -4 -5
’ Vg ~Coflector to Emiter Voltage —V Ve ~Colector to Emitter Voltage—V
B8C CURRENT GAIN OC CURRENT GAIN
vs. COLLECTOR CURRENT vs. COLLECTOR CURRENT %&ﬁ%’%ﬁ%’éﬁ"&ﬁu
1000 -
1000 = z Vo= —60 V Yeg=-60V
500 1t — = ueai) ~-100| e
§ & .= THH 50
s 200 veg=—~60 V]| 3 20 a=75 ‘CHH } 3 .:’EI l: ',' ‘'
: waoi B R
g 100. == £ == | 10 ! WATIIP
: S £
s o 2 | 3B
|
Ea I i £ ! T § f
oL LI TN " T T 3
~01-02 ~05 =1 =2 -5-10 -20 -50-100 -0 05 ~06~-1 ~2 =5 —10 -0 -%0-10 <
. -1 .1-0.5 ~0. - 20 -50— _os
Ig=~Coltector Curr mA to—Collector Current—mA 7
-02
—oa LLOHIUTT
~04 -05 -06 -07 -08 -09 -10
Ygg—Base to Emitter Voltage—V
COLLECTOR AND BASE SATURATION
VOLTAGE va. COLLECTOR CURRENT A EMIETER CORRENT Do U REVERSE VOLTAGE
-20
500
> " 1015 £ T RN 100 T=10
- : ! N === o
8 E BE(sat ) } VeE= -60 V '§ I —H
g 4
g -0s| e i N 8
=8 l a == ~10 VN k]
55 £ 100 4 : 8
-3 2 02 -
£3 TH s = 3
32 -o ] O e i B 03 1 g i
gg_onﬁ : |§ i '32 H L'-:III
PN - 10 20 50 100 10 e o fhapes i t i
%%_om {g ~Emitter Current=mA -10 20 -50 -10 -2 -50-100
ST 2 -5 -0 -%  -%0-100 Vg —Coliector to Base Voitage—V

{c~ CoRector Current ~mA
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2SA733

NORMALIZED h-PARAMETERS

ve. BMITTER CURRENT

100 S PARAMETTS
| R
% :1”0.”. v '.'B 3
§ » h
_% 10 &
o
< SpS
ol ™ i
1N 4
2
1 h
g 1j=nre ]
f 05 s L
o
T
02
I hi fre|

°'5.|ozo.5| 2 510 2 5 10
Ig—Emitter Current—mA

NOISE FIGURE MAP 2
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a . NG o =33 ¢
| 20 k[\ N 40
2 o !
g .= 2
-3 = s
z.o-\\
10K
:2, SO0 5.0 s o =
200\ 82 N
wol "

NORMALIZED h-PARAMETERS vs.
COLLECTOR TO EMITTER VOLTAGE
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& National Semiconductor

MF10

General Description

The MF10 consists of 2 independent and extremely easy to
use, general purpose CMOS active filter building blocks.
Each block, together with an extemnal clock and 3 to 4
resistors, can produce various 2nd order functions. Each
building block has 3 output pins. One of the outputs can be
configured to perform either an allpass, highpass or a notch
function; the remaining 2 output pins. pesform lowpass and
bandpass functions. The center frequency of the lowpass
and bandpass 2nd order functions can be either directly
dependent on the clock frequency, or they can depend on
both clock frequency and external resistor ratios. The center
frequency of the notch and allpass functions is directly de-
pendent on the clock frequency, while the highpass center
frequency depends on both resistor ratio and clock. Up to 4th
order functions can be performed by cascading the two 2nd
order building blocks of the MF10; higher than 4th order
functions can be obtained by cascading MF10 packages.

Universal Monolithic Dual Switched Capacitor Filter

May 2001

Any of the classical filter configurations (such as Butter-
worth, Bessel, Cauer and Chebyshev) can be formed.

For pin-compatible device with improved performance refer
to LMF100 datasheet.

Features

| Easy to use

® Clock to center frequency ratio accuracy £0.6%

u Filter cutoff frequency stability directly dependent on
external clock quality

B8 Low sensitivity to external component variation

u Separate highpass (or notch or allpass), bandpass,
lowpass outputs

B f5 x Q range up to 200 kHz

8 Operation up to 30 kHz

B 20-pin 0.3" wide Dual-In-Line package

= 20-pin Surface Mount (SO) wide-body package

System Block Diagram

v Vi N/RPIE, 1 8% T

vy VA N/AP7HPy St L] 1Py

Package in 20 pin moidad wide body surface mount and 20 pin moided DIP.

© 2001 National Semiconductor Corporation DS010389

www.national.com
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& National Semiconductor

MF10

May 2001

Universal Monolithic Dual Switched Capacitor Filter

General Description

The MF10 consists of 2 independent and extremely easy to
use, general purpose CMOS active fitter building blocks.
Each block, together with an external clock and 3 to 4
resistors, can produce various 2nd order functions. Each
building block has 3 output pins. One of the outputs can be
configured to perform either an allpass, highpass or a notch
function; the remaining 2 output pins perform lowpass and
bandpass functions. The center frequency of the lowpass
and bandpass 2nd order functions can be either directly
dependent on the clock frequency, or they can depend on
both clock frequency and extemal resistor ratios. The center
frequency of the notch and allpass functions is directly de-
pendent on the clock frequency, while the highpass center
frequency depends on both resistor ratio and clock. Up to 4th
order functions can be performed by cascading the two 2nd
order building blocks of the MF10; higher than 4th order
functions can be obtained by cascading MF10 packages.

Any of the classical filter configurations (such as Butter-
worth, Bessel, Cauer and Chebyshev) can be formed.

For pin-compatible device with improved performance refer
to LMF100 datasheet.

Features

8 Easy to use

8 Clock to center frequency ratio accuracy £0.6%

m Filter cutoff frequency stability directly dependent on
extemal clock quality

® Low sensitivity to extemal component variation

B Separate highpass (or notch or aflpass), bandpass,
lowpass cutputs

2 f5 x Q range up to 200 kHz

8 Operation up to 30 kHz

= 20-pin 0.3" wide Dual-In-Line package

= 20-pin Surface Mount (SO) wide-body package

System Block Diagram

v Vi N/RP/HPy 8ty Y (1.9

Package in 20 pin moided wide body surface mount and 20 pin moided DIP.

© 2001 Natlonal Semiconductor Corporation

DS010399

www.national.com
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MF10

Supply Voltage (V* - V™)
Voltage at Any Pin

Input Current at Any Pin (Note 2)
Package Input Current (Note 2)
Power Dissipation (Note 3)
Storage Temperature
ESD Susceptability (Note 11)
Soldering Information

N Package: 10 sec

Electrical Characteristics

Absolute Maximum Ratings (note 1)

if Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/

Distributors for avallability and specifications.

14V

V*+ 0.3V
V- -03V
5 mA

20 mA
500 mW
150°C
2000V

260°C

SO Package:

Vapor Phase (60 Sec.)
Infrared (15 Sec.)

Operating Ratings (Note 1)

Temperature Range
MF10ACN, MF10CCN

MF10CCWM

215°C
220°C
See AN-450 “Surface Mounting Methods and Their
Effect on Product Reliability” (Appendix D) for other
methods of soldering surface mount devices.

Trin < Ta S Tvax
0°C<sTos70C
0'C<To<70°C

V* = +5.00V and V™ = -5.00V unless otherwise specified. Boldface limits apply for Tuyn to Taax; all other limits T, = T, =

25°C.
MF10ACN, MF10CCN,
MF10CCWM
Symbol Parameter Conditions Typical | Tested | Design [ Units
(Note Limit Limit
8)
(Note (Note
9) 10)
vt - Supply Volitage Min 9 \'
v-
Max 14 v
Ig Maximum Supply :::ock Applied to Pins 10 & 8 12 12 mA
Current No Input
Signal
fo Center Frequency Min fo x Q < 200 kHz 0.1 0.2 Hz
Range Max 30 20 kHz
ferk Clock Frequency Min 5.0 10 Hz
Range Max 1.5 1.0 MHz
foudfo | 50:1 Clock to MF10A Q=10 Voin12 = 5V 0.2 +0.6 $0.6 %
Center Frequency MF10C Mode 1 fouc = 250
Ratio Deviation KHz $0.2 $15 $15 %
fowffo | 100:1 Clock to MF10A Q=10 Voin1z = 0V +0.2 +0.6 0.6 %
Center Frequency MF10C Mode 1 fouk = 500
Ratio Deviation kHz +0.2 *15 1.5 %
Clock Feedthrough Q=10
Mode 1 10 mV
Q Error (MAX) Q=10 Veiniz = 5V 12 16 6 %
(Note 4) Mode 1 feuc = 250
kHz
Vpin1z = OV £2 16 16 %
fox = 500
kHz
HoLp: | DC Lowpass Gain Mode 1 R1 = R2 = 10k 0 0.2 $0.2 dB
Vos1 DC Offset Voltage (Note 5) 5.0 +20 +20 mv
Vosz | BC Offset Voltage | Min Vpini2 = +6V | Spap = V* -150 | -185 -185 | mv

www.national.com
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Electrical Characteristics (continued) N i
V* = +5.00V and V- = -5.00V unless otherwise specified. Boldface limits apply for Tygu to Tuax; all other limits T, =T, =

25°C.
MF10ACN, MF10CCN,
MF106CCWM
Symbol Parameter Conditions Typical | Tested | Design | Units
(Note Limit Limit
8)
(Note (Note
9) 10)
(Note 5) Max goc;_Kifo = 85 -85
Min Vpin1z =45V | Spg = V- ~70 mv
Max (fervffo =
' 50)
Voss DC Offset Voltage Min Vpin12 = +5V | All Modes =70 -100 -100 mvV
(Note 5) Max goc;_,(lfo = 20 20
Vosz DC Offset Volitage Von12 =0V | Spm = =300 mv
(Note 5) (fewklfo =
100)
Von12=0V | Sam =V~ -140 mv
(feudfo =
100)
Voss DC Offset Voltage Voini2 = 0V | All Modes -140 mv
(Note 5) (feudfo =
100)
Vour Minimum Output BP, LP Pins | R_ = 5k +4.25 38 3.8 v
Voltage Swing :‘I:Pmp R, = 3.5k +4.25 +3.8 38 v
GBW Op Amp Gain BW Product 25 MHz
SR Op Amp Slew Rate 7 Vips
Dynamic Range(Note 6) Vpini2 = +5V 83 dB
(feuidfo = 50)
Vpini2 = OV 80 dB
(feudfo = 100)
Isc Maximum Output Short Source 20 mA
Cireuit Current Sink 3.0 mA
(Note 7)
Logic Input Characteristics
Boldface limits apply for Ty to Tyax; all other limits T, = T, = 25°C
MF10ACN, MF10CCN,
MF10CCWM
Parameter Conditions Typical Tested Design Units
(Note 8) Limit Limit
(Note 9) (Note 10)
CMOS Clock Min Logical “1” V* = 45V, V™~ = -5V, +3.0 +3.0 \"
Input Voitage Max Logical “0" Visn = 0V -3.0 -3.0 v
Min Logical “1” VY= +10V, V- = 0V, +8.0 +8.0 \
Max Logical “0" Vi gn = +5V +2.0 +2.0 \'/
TTL Clock Min Logical “1" V' = +5V, V- = -5V, +2.0 +2.0 v
Input Voltage Max Logical “0” Vign =0V +0.8 +0.8 "

www.national.com
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MF10

Logic Input Characteristics (Continued)
Boldface limits apply for Ty to Taax; all other limits T, = T, = 25°C

MF10ACN, MF10CCN,
MF10CCWM
Parameter Conditions Typical Tested Design Units
(Note 8) Limit Limit
(Note 9) (Note 10)
Min Logical “1” V= +10V, V- =0V, +2.0 +2.0 v
Max Logical “0” Visn = 0V +0.8 +0.8 v

Notoe 1: Absolute Maximum Retings indicate limits beyond which damage to the device may occur. DC and AC eloctrical spectfications do not apply when operating
the device beyond its specified operating conditions.

Notoa 2: When the input voitage (V;y) at any pin exceeds the power supply rails (Viy < V™ or Viy > V*) the absolute value of current at that pin should be limited
o 8 mA or less. The 20 mA package input current limits the number of pins that can exceed the power supply boundaries with a 5 mA current limit to four.
Note 3: The maximum power digsipation must be derated at elevated temperatures and Is dictated by Tuax. 8,4, 2nd the ambient temperature, Ta. The maximum
allowable power dissipation at any temperature is Pp = (T puax — Tal0,a or the number given tn the Absolute Maximum Ratings, whichever is lower. For this device,
Tamax = 125°C, and the typical junction-to-ambient thermal resistance of the MF1IGACN/CCN when board mountad is 55°C/W. For the MF10AJ/CCJ, this number
Increases to 95°C/W and for the MF1IOACWM/CCWM this number is 66°C/W.

Note 4: The accuracy of the Q value Is a function of the center frequency (fo). This is illustrated in the curves under the heading *Typical Performance
Characteristics”.

Note 5: Vg1, Vos2, and Vogj refer to the intemal offsets as discussed in the Appéications Information Section 3.4.

Note 6: For £5V supplies the dynamic range Is referenced to 2.82V rms (4V peak) where the wideband noise over a 20 kHz bandwidth is typically 200 pV rms for
the MF10 with a 60:1 CLK ratio and 280 pV rms for the MF10 with a 100:1 CLK ratio.

Note 7: Theshoddrwﬁsomwwmfsmauwedbyﬂowmgmeoummatisbehgwsbdtoltsmaﬁmumpostﬁvevoﬂagesvdngandﬁmduﬁngﬂwtw!pm
tomenegaﬁvewmmmmnmmwmwmmmmsmwmmmmmmmmmmm
that output to the positive supply. These are the worst case conditions.

Note 8: Typicals are at 25°C and represent most likely parametric norm.

Notoe 9: Tested limits are guaranteed to National's AOQL (Average Outgoing Quality Level).

Noto 10: Design limits are guaranteed but not 100% testod. These limits are not used to calculate outgoing quality levels.
Note 11: Human body model, 100 pF discharged through a 1.5 k(2 resistor.

www.national.com 4




Typical Performance Characteristics

Power Supply Current vs. Power Supply Voltage

140 ——
T,= 25°C
~ A
< 30T yoe 1 /
= 120 f—To=Skhz
(7Y}
&
2 110
= 100
e ’ /
7 y,
Y
(1Y)
E3
Y
7.0

80 90 100 11.0 120 13.0 140
POWER SUPPLY VOLTAGE (V)

01036904
Negative Output Voltage Swing vs. Load
Resistance
(WAP/HP Output)
-1.5
| IR
=20 T,= 25°C
Rl
[} -2.5
z
E -30
5 -35
2 ™ N{{[[l[*7-2.5 voLT suPpLIES
> -
8 40 NNl #7=5:0 voLT supeLiEs
£+ \NUIF7-5.5 voit supeiies
2 > P\ NJ[l[FZ=50 voit sureiies
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MF10

Typical Performance Characteristics (cContinued)
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Typical Performance Characteristics (continued)
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MF10

Pin Descriptions

LP(1,20), BP(2,19), N/AP/HP(3,18)

The second order lowpass, bandpass
and notch/allpass/highpass outputs.
These outputs can typically sink 1.5 mA
and source 3 mA. Each output typically
swings to within 1V of each supply.
The inverting input of the summing
op-amp of each filter. These are high
impedance inputs, but the non-inverting
input is intemally tied to AGND, making
INV, and INVg behave like summing
junctions (low impedance, current
inputs).

81 Is a signal input pin used in the
allpass filter configurations (see modes
4 and 5). The pin should be driven with
a source impedance of less than 1 kQ.
If S1 is not driven with a signal it should
be tied to AGND (mid-supply).

This pin activates a switch that con-
nects one of the inputs of each filter's
second summer to either AGND (S,p
tied to V™) or to the lowpass (LP) output
(Sasm tied to V*). This offers the flexibil-
ity needed for configuring the filter in its
various modes of operation.

Analog positive supply and digital posi-
tive supply. These pins are internally
connected through the IC substrate and
therefore V,* and Vp* should be de-
rived from the same power supply
source. They have been brought out
separately so they can be bypassed by
separate capacitors, if desired. They
can be extemally tied together and by-
passed by a single capacitor.

Analog and digital negative supplies.
The same comments as for V,* and
Vo apply here.

Level shift pin; it accommodates vari-
ous clock levels with dual or single sup-
ply operation. With dual +5V supplies,
the MF10 can be driven with CMOS
clock levels (£5V) and the LSh pin
should be tied to the system ground. If
the same supplies as above are used

1.0 Definition of Terms

fewx: the frequency of the external clock signal applied to pin
10 or 11.

fo: center frequency of the second order function complex
pole pair. fo is measured at the bandpass outputs of the
MF10, and is the frequency of maximum bandpass gain.
(Flgure 1)

fotcn: the frequency of minimum (ideally zero) gain at the
notch outputs.

f.: the center frequency of the second order complex zero
pair, if any. If {, is different from f,, and if Q is high, it can be
observed as the frequency of a notch at the allpass output.
(Figure 10)

Q: “quality factor” of the 2nd order filter. Q is measured at the
bandpass outputs of the MF10 and is equal to f, divided by

INV(4,17)

$1(5,16)

Sams(6)

VA" (7).Vp*(8)

Va™(14), Vp(13)

LSh(9)

but only TTL clock levels, dersived from
0V to +5V supply, are available, the
LSh pin should be tied to the system
ground. For single supply operation (OV
and +10V) the V,~, Vppins should be
connected to the system ground, the
AGND pin should be biased at +5V and
the LSh pin should also be tied to the
system ground for TTL clock levels.
LSh should be biased at +5V for CMOS
clock levels in 10V single-supply
applications.

CLKB(11)

Clock inputs for each switched capaci-
tor filter building block. They should
both be of the same level (TTL or
CMOS). The leve! shift (LSh) pin de-
scription discusses how to accommo-
date their levels. The duty cycle of the
clock should be close to 50% especially
when clock frequencies above 200 kHz
are used. This allows the maximum
time for the intemal op-amps to settle,
which yields optimum filter operation.
By tying this pin high a 50:1
clock-to-filter-center-frequency ratio is
obtained. Tying this pin at mid-supplies
(i.e. analog ground with dual supplies)
allows the filter to operate at a 100:1
clock-to-center-frequency ratio. When
the pin is tied low (i.e., negative supply
with dual supplies), a simple current
limiting circuit is triggered to limit the
overall supply current down to about
2.5 mA. The filtering action is then
aborted.

This is the analog ground pin. This pin
should be connected to the system
ground for dual supply operation or bi-
ased to mid-supply for single supply
operation. For a further discussion of
mid-supply biasing techniques see the
Applications Information (Section 3.2).
For optimum filter performance a
“clean” ground must be provided.

CLKA(10),

50/100/CL(12)

AGND(15)

the -3 dB bandwidth of the 2nd order bandpass filter (Figure
7). The value of Q determines the shape of the 2nd order
filter responses as shown in Figure 6.

Q;: the quality factor of the second order complex zero pair,
if any. Qz is related to the allpass characteristic, which is
written:

where Q; = Q for an all-pasé response.
Hogs: the gain (in VIV) of the bandpass output at f = f,,.
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1.0 Definition of Terms (Continued)

Hoop: the gain (in VV) of the lowpass output as f = 0 Hz
(Figure 2).

Houp: the gain (in V/V) of the highpass output as f — fc,,/2
(Figure 3).

Hop: the gain (in V/V) of the notch output as f = 0 Hzand as
f = fo /2, when the notch filter has equal gain above and

below the center frequency (Figure 4). When the
low-frequency gain differs from the high-frequency gain, as
in modes 2 and 3a (Figure 11 and Figure 8), the two quan-
tities below are used in place of Hoy.

Hone: the gain (in V/V) of the notch output as f — 0 Hz.
Hon: the gain (in VIV) of the notch output as f — fo /2.

§

0.707 Hogp

BRIN (V/V)

Y

fifo ty
1 (LOG SCALE)

(a)

01030905

PHASE (DES)

8586 8

fo
@ fn—fi

1

'HB'O(E"’

wp = 2wy

FIGURE 1. 2nd-Order Bandpass Response

fo=

ffofn
f(LOG SCALE)

01036908

LiH

= *1)

=) +1)
20

01036958
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MF10

1.0 Definition of Terms (Continued)

Y

h &
1 (L0G SCALE)
01030907
@

Y

fo
f (LOB SCALE)

(b)

01039908

um.)=__ﬂ"”°’—
.z+%+,,°z

fc“fox\/(1——2;2~) +‘/i1-5-;2-i +1

{_—1
f, = ——
b=loy!' ~ =

Hop':"!ouaxw
aV' "

FIGURE 2. 2nd-Order Low-Pass Response

01039957
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1.0 Definition of Terms (centinued)

LI
f (LOG SCALE)
01039909
(a)
oA
g
%-m
-~180
" >
1(L0S SCALE)
01038910
(b)
n“p(‘)=_"w_'£_
.z+%+ ao?

(RPN ey
e [

Hop=“oap><1—J;—,-
aV' Ta@

FIGURE 3. 2nd-Order High-Pass Response

1036958
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MF10

1.0 Definition of Terms

{Continued)
4
I~ How —
Z 0.707 Hon
3
T -
f (LOB SCALE)
01030911
(a)
90 A
g
a
w0
£ s
-80 >
L fofy
1 (LOG SCALE)
01038912
(b)
bute) = Hoads? + w07
524320, w2
Q
et _ .
Q fl'l —_ fl.. 'O m

-1
f._—_-fo(_+ _1_ +.|)
1 1
ty=to[— 2
H 'o(m+ P +1)
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FIGURE 4. 2nd-Order Notch Response

www.national.com

12




1.0 Definition of Terms (Continued)

A
g
2
=
3
o >
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(@
A
- 0
g8
g -180
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—360 -
fo -
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(b)
o)
8) =
924'%1-”02
01030961

FIGURE 5. 2nd-Order All-Pass Response
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MF10

1.0 Definition of Terms (Continued)

(a) Bandpass (b) Low Pass (c) High-Pass
2 2 Q=10 =5 . 9= n=l‘ 0
10 10 : =2 gii I
Q=1 0=1 0 0 0
0 - 0 0=0.707 & Q=0.707
g E } s -10
‘g-w § -1 =05 § \:f:":_
-20 /7 =3 -20 ,——o.‘=ﬂ.2/ -2 Vs 1
=10 -3
-30 = -30
-4 -4 , 1 0z 9510 2 5 w
0.1 05 1 2 S 10 01 02 05 1.0 20 50 10 - - 1
FREGUENCY (Ha) FREQUENEY (H2) FRECUENCY (Hz)
01030050 01039951 01030962
(d) Notch (e) All-Pass
» 0 I I
10 —60 | (1]
0 Q=107 = _120
g = g
57" 0=2] g - 5=0;
-20 A —240 T
[ 0=05 4= '-!
=30 —300 |
—© —350 1]
010205 10 2 5 10 0102 05 1 2 5 10
FREQUENCY (Hz) FREQUENCY (H2)
01035953 01036954
FIGURE 6. Response of various 2nd-order filters as a function of Q.
Gains and center frequencies are normalized to unity.
2.0 Modes of Operation o R3
The MF10 is a switched capacitor (sampled data) filter. To @ -“aw R
fully describe its transfer functions, a time domain approach
is appropriate. Since this is cumbersome, and since the = quality factor of the complex pole pair

MF10 closely approximates continuous filters, the following

discussion is based on the well known frequency domain. BW = the -3 dB bandwidth of the bandpass output.

Each MF10 can produce a full 2nd order function. See Table Circuit dynamics:
1 for a summary of the characteristics of the various modes. H
MODE 1: Notch 1, Bandpass, Lowpass Outputs: Howp = %Bgoﬂ‘losp = Hop X Q

froten = fo (See Figure 7)

= Hony X Q.
fo= center frequency of the complex pole pair

HoLP(peak) = Q X Hoyp (for high Q's)

= fok  fok
=300 ° 50 MODE 1a: Non-inverting BP, LP (See Figure 8)
f; f
froten= center frequency of the imaginary zero pair = f,, fo = %.—!‘- or %
R3
Ho|_p=Lowpassgain(asf—>0)=—% Q ==
A3 Howp = —1; HoLpoa) = Q X Hove (for high Q's)
Hogp = Bandpass gain (atf = fg) = —— _R3
A1 HOBPj 'ZHE
= ; f—0 _—Re
Hon = Notch output gain as f — fcu(/z} = Ry Hogpz= 1 (Non-Inverting)

Circuit Dynamics: Hogpy = Q

Note: Vi should be driven from a low impedance (<1 kQ) source.
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2.0 Modes of Operation (continued)

01038916

1(20)

v‘

FIGURE 8. MODE 1a

MODE 2: Notch 2, Bandpass, Lowpass: f,,,., < fo
(See Figure 8)

fo = center frequency
- fox [R2 fax [R2
100VRs T ¥ 50 VRa '’

Q = quality factor of the complex pole pair
_ ARG T
R2/R3
HoLp = Lowpass output gain (as f — 0)
- __Re/R1
R2/R4 + 1
Hosp = Bandpass output gain (at f = fg) = —R3/R1
Hony = Notch output gain (as f —> 0)
. __Ra/m
R2/R4 + 1

Hon, = Notch output gain (asf - %‘-“) = —R2/R1

Filter dynamics: Hogp = Q vHoLr Hon, = vHont Honz

MODE 3: Highpass, Bandpass, Lowpass Outputs
(See Figure 10)

01038917

fak . [R2  fox \/ﬁ
e x  a— —_— e
fo 100 Vs ™ 50 *Vra

Q = quality factor of the complex pole pair

_ B
R4 R2

Howp = Highpass Galn (asf—»‘%i) - _.:‘%
. R3
Hogp = LowpassGam(atf=fo) = -0
. R4
Horp = Lowpass Gain (asf - o) -—
iroui .2 _ Houp,
C«rcmtdynamies.m HoLp'

Hosp = VHorp X Horp % Q
Hovp(peak) = Q X Hoyp (for high Q’s)
HoHp(peax) = Q X Hopp (for high Q's)

15
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MF10

2.0 Modes of Operation (Continued)

AAA.
v

01036918

FIGURE 9. MODE 2

R.
i L
R |

vV g

- AAA
v A4

01036019
':nMoaes.mefaeabmmssmmmmmmmmmsmmwdmwmmawomm fthisisa
problem, connect a small capacitor (10 pF - 100 pF) acress R4 to provide some phase lead.

FIGURE 10. MODE 3
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2.0 Modes of Operation (Continued) ':335412) Allpass, Bandpass, Lowpass Outputs{See
MODE 3a: HP, BP, LP and Notch with Extermal Op Amp
(See Figure 11) fo = center frequency
= ok o fax
100 80
\/R_é“— \/::—i 1,* = center froquancy of tho complex 2ero =
_fo _ R3

’ Q
= 8w A2
a R4 RZ

. R3
32 Qz=q1mﬁtymdeontplexmpmu-ﬁ?
Howp = —&y For AP output make R1 = R2

R2
Hoee = _23 Hoap* = Allpasssaln(ato<f<%£)=__n_1.__,
R4 Hoip = Lowpass gain (asf —> 0)
Howp = —g7 =_(g_f+1)=_z
= fok fox [Bn Hosp = Bandpass gain (a1 f = fo)
fa = notch frequency = “7 °' 5 VR =_&(,+&) _z(m)
R R2

Hon = gain of notch at

Circuit Dynamics: Hogp = (Hovp) X Q = (Hoap + 1Q
t=10= o (FiHore - ~°~o~»)l|

*Due to the sampled data nature of the filter, a slight mis-
Hn1 = gainof notch (asf —> 0) = -9 X HoLp match of f, and f,, occurs causing a 0.4 dB peaking around
fo of the allpass filter amplitude response (which theoreti-
fCLK) cally should be a straight line). If this is unacceptable, Mode
§ is recommended.

Hnz = gain of notch (asf —> .

= -Da, Howp
Rp

By
& AA
Vv
v VY &
AP
h-ﬂlﬂ'
— EXTERNAL
= 0P ANP
01039620

FIGURE 11. MODE 3a
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MF10

2.0 Modes of Operation (Continued)

P
1(20)
01039021
FIGURE 12. MODE 4
MODE 5: Numerator Complex Zeros, BP, LP MODE 6a: Single Pole, HP, LP Filter (See Figure 14)
(See Figure 13)
fe = cutoff frequency of LP or HP output

A2 ok R2 _ fok = R2 fak __ R2 fouk
= —x— ar— — ——-_of__
fo V'R %700 V' " Ra <50 A3 100 * A3 50

=/-E§M /-ﬂf_% - _h3
tz 1 fs X100 V! s < 50 HoLp R

R3
R2

Qz =J1—R1/R4X%

R2
Q = /1 + A2/A4 X Honp=—ﬁ

MODE 6b: Singte Pole LP Filter (Inverting and

Ho, = geainat C.Z. output (as f — O Hz) Non-nverting) (See Figure 15)
—R2(R4 — R1) fe = cutoff frequency of LP outputs
R1(R2 + R4) _ R2 f R2 f
Hop = gainatC2Z. output (asf — (0K} - TH2 5100 " %
02 = gan . 2 /"R R3 100 ~ R3 50
Hoae = —(E2+ 1) x 22 HoLpy = 1 (non-inverting)
R3
y =_(nz+m)xy Howz =~
oLP R2 + R4/ " R1
Py
1020
Vi D=t
i?n
vl
01009922

FIGURE 13. MODE §
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2.0 Modes of Operation (continued)

10

01039623

FIGURE 15. MODE 6b

TABLE 1. Summary of Modes. Realizable filter types (e.g. low-pass) denoted by asterisks.
Unless otherwise noted, gains of various filter outputs are inverting and adjustable by resistor ratios.

Mode BP LP HP| N | AP| Number of Adjustable Notes
Resistors feudfo
1 * * * 3 No
2) May need input buffer.
1a Hogpy = -Q Hop +1 2 No Poor dynamics for
Hogpz = +1 high Q.
2 * * * 3 Yes (above fg, /50
or fcy/100)

3 * * * 4 Yes Universal State-Variable
Filter. Best general-purpose mode.

3a * * A 7 Yes As above, but also includes
resistor-tuneable notch.

4 * * * 3 No Gives Allpass response with
Hoap = -1 and Hop = -2.

5 . . . 4 Gives flatter allpass response
than above if R, = R, = 0.02R,.

6a * * 3 Single pole.

6b @ 2 Single pole.

Hoipt = jn‘s
Howrz = 55

19
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MF10

3.0 Applications Information

The MF10 is a general-purpose dual second-order state
variable filter whose center frequency is proportional to the
frequency of the square wave applied to the clock input
(feLi)- By connecting pin 12 to the appropriate DC voltage,
the filter center frequency fo, can be made equal to either
ferw/100 or fcy «/50. fo can be very accurately set (within
+6%) by using a crystal clock oscillator, or can be easily
varied over a wide frequency range by adjusting the clock
frequency. If desired, the fc/fo ratio can be altered by
extermnal resistors as in Figures 9, 10, 11, 13, 14, 15. The
filter Q and gain are determined by extemal resistors.

All of the five second-order filter types can be built using
either section of the MF10. These are illustrated in Figure 1
through Figure 5 along with their transfer functions and some
related equations. Figure 6 shows the effect of Q on the
shapes of these curves. When filter orders greater than two
are desired, two or more MF10 sections can be cascaded.

3.1 DESIGN EXAMPLE

In order to design a second-order filter section using the
MF10, we must define the necessary values of three param-
eters: fo, the filter section’s center frequency; H,, the pass-
band gain; and the filter's Q. These are determined by the
characteristics required of the filter being designed.

As an example, let's assume that a system requires a
fourth-order Chebyshev low-pass filter with 1 dB ripple, unity
gain at DC, and 1000 Hz cutoff frequency. As the system
order is four, it is realizable using both second-order sections
of an MF10. Many filter design texts include tables that list
the characteristics (fo and Q) of each of the second-order
filter sections needed to synthesize a given higher-order
filter. For the Chebyshev filter defined above, such a table
yields the following characteristics:

foa = 529 Hz Q, = 0.785

fos = 993 Hz Qg = 3.559

For unity gain at DC, we also specify:

Hoa =1

Hos = 1

The desired clock-to-cutofi-frequency ratio for the overall
filter of this example is 100 and a 100 kHz clock signal is
available. Note that the required center frequencies for the
two second-order sections will not be obtainable with
clock-to-center-frequency ratios of 50 or 100. It will be nec-
essary fo adjust .

fok
fo

extemally. From Table 1, we see that Mode 3 can be used to
produce a low-pass filter with resistor-adjustable center fre-
quency.

In most filter designs involving muitiple second-order stages,
it is best to place the stages with lower Q values ahead of
stages with higher Q, especially when the higher Q is greater
than 0.707. This is due to the higher relative gain at the
center frequency of a higher-Q stage. Placing a stage with
lower Q ahead of a higher-Q stage will provide some attenu-
ation at the center frequency and thus help avoid clipping of
signals near this frequency. For this example, stage A has
the lower Q (0.785) so it will be placed ahead of the other
stage.

For the first section, we begin the design by choosing a
convenient value for the input resistance: R,, = 20k. The
absolute value of the passband gain Hg, 4 is made equal to
1 by choosing R4, such that: Rys = ~HoypaR1a = Ry = 20k.
If the 50/100/CL pin is connected to mid-supply for nominal
100:1 clock-to-center-frequency ratio, we find R,, by:

o Ry 082 (6262
Roa = Raa G k11007 (10002
R3a = Qa VR2aFea = 0.785 /5.6 X 109 X 2 X 10% = 8.3k

=2%X 104 X = 5.6k and

The resistors for the second section are found in a similar
fashion:

Ryg = 20k
Rsp = Ryp = 20k
_ g2, (0832 _
R2og = R4 Toux/ 100R 20k (1000)2 19.7k

Rag = Qp VAzaR4p = 3.550/7.07 X 109X2X 102 = 70.6k

The complete circuit is shown in Figure 16 for split 5V

power supplies. Supply bypass capacitors are highly
recommended.
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3.0 Applications Information (continued)

k Vour
" WA pr
- 17, 1p, A4
R3A k39
83k 2 19 708k
S EN B9 g
R2A
S5k 3 18 187k
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N W A B
5 16
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FIGURE 16. Fourth-Order Chebyshev Low-Pass Filter from Example in 3.1.
15V Power Supply. OV-5V TTL or -5V £5V CMOS Logic Levels.

R1B
20k Vour
RAA — R4B
20 k
V‘Vz' ' ”A '-Pe m A'A'Av
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VWA &P, 87, AN
R2A A 8 2B
58k 3 18 19,7k
WA N/AP/HP, N/AP/WPq AN
RIA |4 17
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w A B
s 16
st 1
6 A w0 8
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L 5ve Acd i
1oV 7 e Ve 14 (X]
10K
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03 | == n =
o.1| > Jo.4] L sh. 50/100/CL
10
= 11
oLk, ClKg
aoxw J LIL I
foux = 100kHz
01039928

FIGURE 17. Fourth-Order Chebyshev Low-Pass Filter from Example in 3.1.
Single +10V Power Supply. 0V-5V TTL Logic Levels. Input Signals
Should be Referred to Half-Supply or Applied through a Coupling Capacitor.
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MF10

3.0 Applications Information (continued)

v+

'-0

z
R ¢ TYPICAL VALUES:
'I‘ 2k <R <106k
L. 0.1pF <C <470 pF
01039527

(a) Resistive Bivider with
Decoupling Capacitor

v =10v

I'M LM2831A2-6.0 -rn!zf =5V
= T __L_mo oF

01038928
(b) Voltage Regulator
v+

4T0k 1/2LM358
+ v.’
S %

Ly): I 0.4 pF

01039920

(c) Operational Amplifier
with Divider

FIGURE 18. Threo Ways of Generating V*/2 for Single-Supply Operation
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3.0 Applications Information
(Continued)

3.2 SINGLE SUPPLY OPERATION

The MF10 can also operate with a single-ended power sup-
ply. Figure 17 shows the example filter with a single-ended
power supply. V,* and Vp* are again connected to the
positive power supply (8V to 14V), and V,~ and V™ are
connected to ground. The Agxp Pin must be tied to V*/2 for
single supply operation. This half-supply point should be
very “clean”, as any noise appearing on it will be treated as
an input to the filter. It can be derived from the supply voitage
with a pair of resistors and a bypass capacitor (Figure 18a),
or a low-impedance half-supply voltage can be made using a
three-terminal voltage regulator or an operational amplifier
(Figure 18b and Figure 18c). The passive resistor divider
with a bypass capacitor is sufficient for many applications,
provided that the time constant is long enough to reject any
power supply noise. It is also important that the half-supply
reference present a low impedance to the clock frequency,
so at very low clock frequencies the regulator or cp-amp
approaches may be preferable because they will require
smaller capacitors to filter the clock frequency. The main
power supply voltage should be clean (preferably regulated)
and bypassed with 0.1 pF.

3.3 DYNAMIC CONSIDERATIONS

The maximum signal handling capability of the MF10, like
that of any active fiiter, is limited by the power supply volt-
ages used. The amplifiers in the MF10 are able to swing to
within about 1V of the supplies, so the input signals must be
kept small encugh that none of the cutputs will exceed these
limits. If the MF10 is operating on %5V, for example, the
outputs will clip at about 8 V,_... The maximum input voitage
multiplied by the filter gain should therefore be less than
—p*

Note that if the filter Q is high, the gain at the lowpass or
highpass outputs will be much greater than the nominal filter
gain (Figure 6). As an example, a lowpass filter with a Q of
10 will have a 20 dB peak in its amplitude response at f,,. If
the nominal gain of the filter Ho, » is equal to 1, the gain at f,
will be 10. The maximum input signal at fo must therefore be
less than 800 mV,,_, when the circuit is operated on 15V
supplies.

Also note that one output can have a reasonable small
voltage on it while another is saturated. This is most likely for
a circuit such as the notch in Mode 1 (Figure 7). The notch
output will be very small at fo, so it might appear safe to
apply a large signal to the input. However, the bandpass will
have its maximum gain at f, and can dlip if overdriven. If one
output clips, the performance at the other outputs will be
degraded, so avoid overdriving any filter section, even ones
whose outputs are not being directly used. Accompanying
Figure 7 through Figure 15 are equations labeled “circuit
dynamics®, which relate the Q and the gains at the various
outputs. These should be consulted to determine peak circuit
gains and maximum allowable signals for a given applica-
tion.

3.4 OFFSET VOLTAGE

The MF10’s switched capacitor integrators have a higher
equivalent input offset voltage than would be found in a
typical continuous-time active filter integrator. Figure 19
shows an equivalent circuit of the MF10 from which the
output OC offsets can be calculated. Typical values for these
offsets with S, tied to V* are:

Vet = Opamp offset = 5 mV
Ve = =150 mV @ 50:1:
Voss = —70 mV @ 50:1:

=300 mV @ 100:1
=140 mV @ 100:1

When S, is tied to V™, V., will approximately halve. The
DC offset at the BP output is equal to the input offset of the
lowpass integrator (V4a). The offsets at the other outputs
depend on the mode of operation and the resistor ratios, as
described in the following expressions.

Mode 1 and Mode 4

1 Vosa
vosso = Voun (5 + 1 e ) - 5
Voser) = Voss
Voser) = Vospy—Vosz
Mode 1a ] v
Vos(N.INV.BP) = (1 +5) Vosi _%&3

Vos(INV.BP) = Vps3
Vosup) = Vos(N.INV.BP)—Vos2
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3.0 Applications Information

(Continued)
Mode 2 and Mode 5
A2 1
Vosjm = (_R;"")V“‘ X 3+ R2/Ra
1 Voss .
+Vos2 T Re/R2 T O + RoTAA
Rp = R1//R3//R4
Voser) = Voss
Vosup = Vospy — Vosz2
Mode 3
Vosip) = Vosz
vosur = voor 1+ 2] - voss (22)
oswr) = Vos Ryl ~ Vose pz

R4
~voss (55)

Rp = R1//R2//R3

SV SUPPLY

"

FIGURE 19. MF10 Offset Voltage Sources

R4

AAA

A A A4

AAA

vy

pen o 00
+

R3

AAA

For most applications, the outputs are AC coupled and DC
offsets are not bothersome unless large signals are applied

o0

01030831

VY

FIGURE 20. Method for Trimming Vg5

to the filter input. However, larger offset voltages will cause
clipping to occur at lower AC signal levels, and clipping at
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3.0 Applications Information
(Continued)

any of the outputs will cause gain nonlinearities and will
change fo and Q. When operating in Mode 3, offsets can
become excessively large if R2 and R4 are used to make
feudfo significantly higher than the nominal value, especially
if Q is also high. An extreme example is a bandpass filter
having unity gain, a Q of 20, and fg, «/fo = 250 with pin 12
tied to ground (100:1 nominal). R4/R2 will therefore be equal
to 6.25 and the offset voltage at the lowpass output will be
about +1V. Where necessary, the offset voltage can be
adjusted by using the circuit of Figure 20. This allows adjust-
ment of Vg4, which will have varying effects on the different
outputs as described in the above equations. Some outputs
cannot be adjusted this way in some modes, however
(Vos@p) in modes 1a and 3, for example).

3.5 SAMPLED DATA SYSTEM CONSIDERATIONS

The MF10 is a sampled data filter, and as such, differs in
many ways from conventional continuous-time filters. An
important characteristic of sampled-data systems is their
effect on signals at frequencies greater than one-half the
sampling frequency. (The MF10's sampling frequency is the
same as its clock frequency.) If a signal with a frequency
greater than one-half the sampling frequency is applied to
the input of a sampled data system, it will be “reflected” to a
frequency less than one-half the sampling frequency. Thus,
an input signal whose frequency is f,/2 + 100 Hz will cause
the system to respond as though the input frequency was
fs/2 — 100 Hz. This phenomenon is known as “aliasing”, and

can be reduced or eliminated by limiting the input signal
spectrum to less than /2. This may in some cases require
the use of a bandwidth-limiting filter ahead of the MF10 to
limit the input spectrum. However, since the clock frequency
is much higher than the center frequency, this will often not
be necessary.

Another characteristic of sampled-data circuits is that the
output signal changes amplitude once every sampling pe-
riod, resulting in “steps” in the output voltage which occur at
the clock rate (Figure 21). If necessary, these can be
“smoothed” with a simple R—C low-pass filter at the MF10
output.

The ratio of fo i to fc (normally either 50:1 or 100:1) will also
affect performance. A ratio of 100:1 will reduce any aliasing
problems and is usually recommended for wideband input
signals. In noise sensitive applications, however, a ratio of
50:1 may be better as it will result in 3 dB lower output noise.
The 50:1 ratio also results in lower DC offset voltages, as
discussed in Section 3.4.

The accuracy of the fc «/fo ratio is dependent on the value
of Q. This is illustrated in the curves under the heading
“Typical Performance Characteristics™. As Q is changed, the
true value of the ratio changes as well. Unless the Q is low,
the error in fo«/fo will be small. If the error is too large for a
specific application, use a mode that allows adjustment of
the ratio with extemnal resistors.

It should also be noted that the product of Q and fgshould be
limited to 300 kHz when fs, < 5 kHz, and to 200 kHz for f, =
5 kHz.

100:1

01039932

FIGURE 21. The Sampled-Data Output Waveform
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Connection Diagram

3.0 Applications Information (continued)

Surface Mount and
Dual-In-Line Package

N
LPy—1 20— Py
BPy—]2 19 f~BP,

N/ AP/ HP,—3 18}~ N/ AP/ HPg
INV, =1 4 17— INVg
S1,—5 16f—Sig

Sa/e—6 15 |—AGND
Vyt—7 14f=V,-
Vpt—8 13—Vp-
Lsh—{9 12 f—50/ 100/CL

CLK, =110 11 f—=CLKg

01030904
Top View
Order Number MF10CCWM

See NS Package Number M20B
Order Number MF10ACN or MF10CCN
See NS Package Number N20A
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Physical Dimensions inches (milimeters)
unless otherwise noted
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MF10 Universal Monolithic Dual Switched Capacitor Filter

Notes

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL
COUNSEL OF NATIONAL SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or 2.
systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and
whose failure to perform when properly used in
accordance with instructions for use provided in the
labeling, can be reasonably expected to result in a
significant injury to the user.

A critical component is any component of a life
support device or system whose failure to perform
can be reasonably expected to cause the failure of
the life support device or system, or to affect its
safety or effectiveness.
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Features

* High-performance, Low-power AVR® 8-bit Microcontroller

» Advanced RISC Architecture
— 130 Powerful Instructions — Most Single-clock Cycle Execution
— 32 x 8 General Purpose Working Registers m E
A T (e R ()

— Up to 16 MIPS Throughput at 16 MHz
— On-chip 2-cycle Multiplier
¢ High Endurance Non-volatile Memory segmenis
— 8K Bytes of In-System Self-programmable Flash program memory

Z 12 tee EEPROM 8-bit AVR"

— 1K Byte Internal SRAM

— Write/Erase Cycles: 10,000 Flash/100,000 EEPROM with K B es
— Data retention: 20 years at 85°C/100 years at 25°C!") 8 yt
— Optional Boot Code Section with Independent Lock Bits 4

In-System Programming by On-chip Boot Program In SVStem

True Read-While-Write Operation
— Programming Lock for Software Security Prog rammable
¢ Peripheral Features
— Two 8-bit Timer/Counters with Separate Prescaler, one Compare Mode FIaSh
— One 16-bit Timer/Counter with Separate Prescaler, Compare Mode, and Capture
Mode
— Real Time Counter with Separate Oscillator
— Three PWM Channels ATmegaB
- 8-channel ADC in TQFP and QFN/MLF package
Eight Channels 10-bit Accuracy ATmegaBL
— 6-channel ADC in PDIP package
Six Channels 10-bit Accuracy
- Byte-oriented Two-wire Serial interface
~ Programmable Serial USART Summar Yy
— Master/Slave SPI Serial Interface
- Programmable Watchdog Timer with Separate On-chip Oscillator
— On-chip Analog Comparator
* Special Microcontroller Features
— Power-on Reset and Programmable Brown-out Detection
- Internal Calibrated RC Oscillator
— External and Internal Interrupt Sources
~ Five Sleep Modes: Idle, ADC Noise Reduction, Power-save, Power-down, and
Standby
* /O and Packages
— 23 Programmable /O Lines
- 28-lead PDIP, 32-lead TQFP, and 32-pad QFN/MLF
* Operating Voltages
- 2.7 - 5.5V (ATmega8L)
— 4.5 - 5.5V (ATmegas8)
* Speed Grades
— 0 -8 MHz (ATmega8L)
— 0 -16 MHz (ATmega8)
' Power Consumption at 4 Mhz, 3V, 25°C
— Active: 3.6 mA
— ldle Mode: 1.0 mA
— Power-down Mode: 0.5 pA
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AIMEL

s =S O]
Pin »
" z PD
Configurations o
(RESET) PC6 (] 1 28 [1PC5 (ADCS/SCL)
(AXD) PDO ]2 27 [1PC4 (ADCA/SDA)
(TXD) PD1 |3 26 [1PC3 (ADC3)
(INTO) PD2 ] 4 25 [1PC2 (ADC2)
(INT1) PD3C]5 24 [1PC1 (ADC1)
(XCK/T0) PD4 [] 6 23 |1 PCO (ADCO)
veerl7 22 [1GND
GND[]8 21 [ AREF
(XTAL1/TOSC1) PB6 ]9 20 B Avee
(XTAL2/TOSC2) PB7 (] 10 19 [1 PB5 (SCK)
() PD5 ] 1 18 [1PB4 (MISO)
(AINO) PDG [] 12 17 [1PB3 (MOSI/OC2)
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Overview The ATmega8 is a low-power CMOS 8-bit microcontroller 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 ver-
sus processing speed.

Block Diagram Figure 1. Block Diagram
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Disclaimer

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 con-

ventional CISC microcontrollers.

The ATmega8 provides the following features: 8K bytes of In-System Programmable Flash with
Read-While-Write capabilities, 512 bytes of EEPROM, 1K byte of SRAM, 23 general purpose
I/O lines, 32 general purpose working registers, three flexible Timer/Counters with compare
modes, internal and external interrupts, a serial programmable USART, a byte oriented Two-
wire Serial Interface, a 6-channel ADC (eight channels in TQFP and QFN/MLF packages) with
10-bit accuracy, a programmable Watchdog Timer with Internal Oscillator, an SPI serial port,
and five software selectable power saving 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 func-
tions until the next Interrupt or Hardware Reset. In Power-save mode, the asynchronous timer
continues to run, allowing the user to maintain a timer base while the rest of the device is sleep-
ing. The ADC Noise Reduction mode stops the CPU and all I/O modules 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 serial 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 application 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
ATmegas8 is a powerful microcontroller 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-Circuit Emulators,
and evaluation kits.

Typical values contained in this datasheet are based on simulations and characterization of
other AVR microcontrollers manufactured on the same process technology. Min and Max values
will be available after the device is characterized.
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Pin Descriptions

vCC
GND

Port B (PB7..PBO0)
XTAL1/XTAL2/TOSC1/
TOSC2

Port C (PC5..PC0)

PC6/RESET

Port D (PD7..PDO)

1ESET

486TS-AVR-05/08

Digital supply voltage.
Ground.

Port B is an 8-bit bi-directional I/O port with internal pull-up resistors (selected for each bit). The
Port B output buffers have symmetrical drive characteristics with both high sink and source
capability. As inputs, Port B pins that are 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 inverting Oscil-
lator amplifier and input to the internal 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 Port B” on page
58 and “System Clock and Clock Options” on page 25.

Port C is an 7-bit bi-directional I/O port with internal pull-up resistors (selected for each bit). The
Port C output buffers 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, PC8 is used as an I/O pin. Note that the electrical char-
acteristics of PC6 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 pulse length will generate a Reset, even if the clock is not running.
The minimum pulse length is given in Table 15 on page 38. Shorter pulses are not guaranteed to
generate a Reset.

The various special features of Port C are elaborated on page 61.

Port D is an 8-bit bi-directional I/O port with internal pull-up resistors (selected for each bit). The
Port D output buffers have symmetrical drive characteristics with both high sink and source
capability. As inputs, Port D pins that are externally pulled low will 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
63.

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

AIMEL 5
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AIMEL

AV¢e 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 V¢, even if the ADC is not used. If the ADC is used, it should be con-
nected to V¢ through a low-pass filter. Note that Port C (5..4) use digital supply voltage, Vcc.

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

ADC?7..6 (TQFP and In the TQFP and QFN/MLF package, ADC7..6 serve as analog inputs to the A/D converter.
QFN/MLF Package These pins are powered from the analog supply and serve as 10-bit ADC channels.

Only)

ATmega8(L) m————
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Resources A comprehensive set of development tools, application notes and datasheets are available for
download on htip://www.atmel.com/avr.

Data Retention Reliability Qualification results show that the projected data retention failure rate is much less
than 1 PPM over 20 years at 85°C or 100 years at 25°C.
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Register Summary (Continued)

Address Name Bit7 Bit6 Bit5 Bit4 Bit 3 Bit 2 Bit1 Bit0 Page
0x01 (021) TWSR TWS7 TWS8 TWS5 TWS4 TWS3 - TWPS1 TWPS0 173
0x00 (0x20) TWER Two-wire Serial Interface Bit Rate Register 171
Notes: 1. Refer to the USART description for details on how to access UBRRH and UCSRC.
2. For compatibility with future devices, reserved bits should be written to zero if accessed. Reserved I/O memory addresses
should never be written.
3. Some of the Status Flags are cleared by writing a logical one to them. Note that the CBI and SBI instructions will operate on

all bits in the I/O Register, writing a one back into any flag read as set, thus clearing the flag. The CBI and SBI instructions
work with registers 0x00 to Ox1F only.

AIMEL o
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Instruction Set Summary

SRS el Sl i eI
Mnemonics | Operands | Description Operation | Flags | #Clocks
~ARITHMETIC AND LOGIC INSTRUCTIONS
ADD Rd, Rr Add two Registers Rd « Rd + Rr ZCNV.H 1
ADC Rd. Rr Add with Carry two Registers Rd« Rd+Rr+C ZCNVH 1
ADIW Rdl.K Add Immediate to Word Rdh:Rdl « RdhRdl + K ZCNV.S 2
“sus Rd, Rr Subtract two Registers B « Rd-Rr ZOMV.H !
Rd K Subtraci C { from Register Rd « Rd- K ZCNVH 1
Rd, Rr Subtract with Carry two Regi Rd <« Rd-Rr-C ZCNVH 1
Rd, K Subtract with Carry C t from Reg. Rd« Rd-K-C ZCNVH 1
Rdl,K Subtract Inmediate from Word Rdh:Rdl « Rdh:Rdl - K ZLCNVS 2
Rd, Rr Logical AND Registers Rd « Rd e Rr ZNV 1
Rd, K Logical AND Register and Constant Rd « RdeK ZNV 1
Rd, Rr Logical OR Regi Rd « RdvRr ZNV 1
Rd, K Logical OR Register and Constant Rd « RdvK ZNV 1
Rd, Rr Exclusive OR Regist Rd « Rd@® Rr ZNV 1
Rd One’s Complement Rd « OxFF — Rd ZCNV 1
Rd Two's Complement Rd « 0x00 - Rd ZCNVH 1
Rd.K Set Bil(s) in Register Rd « RdvK ZNV 1
RA.K Clear Bit(s) in Register Rd « Rd » (0xFF - K) ZNV 1
Rd Increment Rd « Rd+ 1 ZNV 1
Rd Decrement Rd « Rd-1 ZNV 1
Rd Test for Zero or Minus Rd « Rd« Rd ZNV 1
Rd Clear Register Rd « Rd® Rd ZNV 1
Rd Set Register Rd « OxFF Nene 1
Rd, Rr Multiply Unsigned R1:R0 + Rd x Rr zC 2
Rd, Rr Multiply Signed R1:R0 « Rd x Rr zc 2
Rd, Rr Muttiply Signed with Unsigned R1:R0 « Rd x Rr zc 2
Rd, Rr Fractional Multiply Unsigned R1:R0 « (RdxRn << 1 zZC 2
Rd, Rr Fractional Multiply Signed R1:RO « (RdxRn << 1 zc 2
Rd, Rr Fractional Multiply Signed with Unsigned R1:RO < (RdxRn << 1 ze 2
BRANCH INSTRUCTIONS
RJMP k Relative Jump PC«PC+k +1 None 2
1JMP Indirect Jump to (2) PCZ None 2
[ RCALL K Relative Subroutine Call PC« PC+k+1 None 3
_ICALL Indirect Call to (2) PC«2Z None 3
RET Subroutine Retum PC « STACK None 4
RETI Interrupt Retum PC « STACK 1 4
CPSE Rd,Rr Compare, Skip if Equal if (Rd = Rr) PC « PC + 2 or 3 None 1/213
cP Rd.Rr Compare Rd - Rr Z NV.CH 1
CPC Rd,Rr Compare with Carry Rd-Rr-C Z, NV.CH 1
CPI Rd.K Compare Register with Immediate Rd - K Z.NV.CH 1
SBRC Rr, b Skip if Bit in Register Cleared if (Rr(b)}=0) PC «- PC + 2 or 3 Nene 11243
SBRS Rr, b Skip if Bit in Register is Set if (Rr(b)=1) PC « PC + 2 0r 3 None 11213
SBIC P.b Skip if Bit in /O Register Cleared if (P(b)=0) PC - PC + 2 or 3 None 1/2/3
SBIS P,b Skip if Bitin /O Register is Set if (P(b)=1) PC « PG + 2 or 3 None 1/2/3
BRBS 8,k Branch if Status Flag Set if (SREG(s) = 1) then PC«PC+k + 1 None 1/2
BRBC 5.k Branch if Status Flag Cleared if (SREG(s) = 0) then PC«PC+k + 1 None 1/2
BREQ k Branch if Equal if (Z= 1) then PC « PC+k + 1 None 1/2
BRNE K Branch if Not Equal if @=0)then PC «- PC+k + 1 None 1/2
BRCS K Branch it Carry Set if (C=1)then PC « PC+k+1 None 1/2
BRCC k Branch if Carry Cleared if (C=0) then PC « PC + k + 1 None 1/2
BRSH K Branch if Same or Higher if (C = 0) then PC « PC + k + 1 Nene 1/2
BRLO k Branch if Lower if (C = 1) then PC « PC + k + 1 None 1/2
BRMI k Branch if Minus if (N = 1) then PC +~ PC + k + 1 None 1/2
BRPL K Branch if Plus if (N = 0) then PC « PC +k + 1 None 112
BRGE k Branch If Greater or Equal, Signed if (N @ V= 0) then PC « PC + k+ 1 None 1/2
BRLT k Branch if Less Than Zero, Signed if (N @ V= 1) then PC +- PC + k+ 1 None /2
BRHS K Branch if Half Carry Flag Set if (H=1) then PC « PC + k + 1 None 172
BRHC K Branch if Half Carry Flag Cleared if (H=0) then PC « PC + k + 1 None 172
BRTS K Branch if T Flag Set if (T=1) then PC « PC +k +1 None 1/2
BRTC K Branch if T Flag Cleared if (T = 0) then PC «- PC +k + 1 None 1/2
BRVS K Branch if Overflow Flag is Set if (V= 1) then PC « PC + k+ 1 None 1/2
UL L OYO 0 Tl o Cloared UACASRY) S LT ——
| Mnemonics Operands Description Operation Flags #Clocks

o ATmegab(L) messssemmmm s
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Instruction Set Summary (Continued)

486TS-AVR-05/08

BRIE k Branch if Interrupt Enabled if(1=1)then PC+ PC+k+1 None 1/2
BRID k Branch if Inte! Disabled H(I=O)N£C¢—Pc+k#1 Nﬁ 1/2
~DATA TRANSFER INSTRUCTIONS
MOV Rd, Rr Move Between Regi Rd « Rr None 1
MOVW Rd, Rr Copy Register Word Rd+1:Rd « Rr+1:Rr None 1
LDI Rd, K Load Immediate Rd « K None 1
LD Rd, X Load Indirect Rd « (X) None 2
LD Rd, X+ Load Indirect and Post-inc. Rd « (X), X X +1 None 2
LD Rd, - X Load Indirect and Pre-Dec. X« X-1,Rd « (X) None 2
LD Rd, Y Load Indirect Rd « (Y) None 2
LD Rd, Y+ Load Indirect and Post-Inc. Rd« (Y)Y« Y+1 None 2
LD Rd, - Y Load Indirect and Pre-Dec. Y «Y-1,Rd«(Y) None 2
LDD Rd.Y+q Load Indirect with Displacement Rd«(Y+q) None 2
LD Rd, Z Load Indirect Rd « (2) None 2
LD Rd, Z+ Load Indirect and Post-inc. Rd « (Z). Z « Z+1 None 2
LD Rd, -Z Load Indirect and Pre-Dec. Z+Z-1,Rd« (2) None 2
LDD Rd, Z+q Load Indirect with Displacement Rd « (Z+q) None 2
LDS Rd, k Load Direct from SRAM Rd « (k) None 2
ST X, Rr Store Indirect (X) « Rr None 2
X+, Rr Store Indirect and Post-Inc. (X) e Rr, X X+1 None 2
- X, Rr Store Indirect and Pre-Dec. X X-1,(X)« Rr None 2
Y. Rr Store Indirect (Y) « Rr None 2
Y+, Rr Store Indirect and Post-inc. (Y)+Rr,Y«Y+1 None 2
ST =Y, Rr Store Indirect and Pre-Dec. Y« Y-1,(Y)«Rr None 2
STD Y+q,Rr Store Indirect with Displacement (Y +q) «Rr None 2
ST Z Rr Store Indirect (Z) « Rr None 2
ST Z+, Rr Store Indirect and Post-Inc. )« Rr,Z+«Z+1 None 2
ST -Z, Rr Store Indirect and Pre-Dec. Z+«2-1,(Z2)«Rr None 2
STD Z+q,Rr Store Indirect with Displacement (Z+q)«Rr None 2
_STS k, Rr Store Direct to SRAM (k) « Rr None 2
LPM Load Program Memory RO « (2) None 3
LPM Rd, Z Lead Program Memory Rd « (&) None 3
LPM Rd, Z+ Load Program Memory and Post-Inc Rd « (2), Z « Z+1 None 3
SPM Store Program Memory (Z) « R1:RO None -
IN Rd, P In Port Rd«P None 1
ouTt P, Rr Out Port P « Rr None 1
PUSH Rr Push Register on Stack STACK « Rr None 2
POP Rd Register from Stack Rd « STACK None 2
T T T O —— S =
SBI P.b Set Bit in O Register 1IO(P.b) + 1 None 2
CBI P.b Clear Bit in I/O Register 1/O(P.b) «- 0 None 2
LSL Rd Logical Shift Left Rd(n+1) « Rd(n), Rd(0) « 0 ZC.NV 1
LSR Rd Logical Shift Right Rd(n) « Rd(n+1), Rd(7) « 0 ZLCNV 1
ROL Rd Rotate Left Through Carry Rd(0)«-C,Rd(n+1)« Rd(n),C+Rd(7) ZCNV 1
ROR Rd Rotate Right Through Camy Rd(7)«-C,Rd(n)« Rd(n+1),C«Rd(0) ZLNV 1
ASR Rd Asithmetic Shift Right Rd(n) « Rd{n+1), n=0..6 ZCNV 1
SWAP Rd Swap Nibbles Rd(3..0)«-Rd(7 ..4).Rd(7..4)1—_Rg!3..U) None 1
BSET L] Flag Set SREG(s) « 1 SREG(s) _ 1
BCLR s Flag Clear SREG(s) « 0 SREG(s) 1
BST Rr, b Bit Store from Register to T T « Rr(b) T 1
BLD Rd, b Bit load from T to Register Rd(b) « T None 1
SEC Set Carry Ce1 [+] 1
CLC Clear Camry C«0 c 1
SEN Set Negative Flag N1 N 1
CLN Clear Negative Flag N« 0 N 1
SEZ Set Zero Flag Ze1 Z 1
CLZ Clear Zero Flag Z+0 Z 1
SE! Global Interrupt Enable le1 | 1
Ccu Gilobal Interrupt Disable |«0 | 1
SES Set Signed Test Flag Se«1 s 1
CLS Clear Signed Test Flag S0 s 1
SEV Set Twos Comp 1t Overflow. Vet v P
CLvV Clear Twos Compli t Overflow V0 Vv 1
ﬁT T4-1 T 1
| Mnemonics Operands Description Operation Flags #Clocks
ATMEL 1
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ATMEL

Instruction Set Summary (Continued)

CLT Clear T in SREG T«0 T 1

SEH Set Half Carry Flag in SREG He1 H 1

CLH Clear Half Carry Flag in SREG He 0 H 1

MCU CONTROL INSTRUCTIONS

NOP No Operation None 1

SLEEP Sleep (see specific descr. for Sleep function) None 1
LWDR Watchdog Reset see ific descr. for ime) None 1

12

ATmegas(L) m—
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Orderinﬂ'n‘ormation

~ Speed (MHz) Power Supply Ordering Code Package'" Operation Range
| ATmegaBL-8AU® 32A _
8 27-55 ATmega8L-8PU®) 28P3 Jjgutstrgoc
ATmega8L-8MU®? 32M1-A ( 0 85°C)
ATmega8-16AU® 32A _
16 45-55 ATmega8-16PU® o8P3 Industrial
ATmega8-16MU®) 30M1-A (-40°C to 85°C)

Notes: 1. This device can also be supplied in wafer form. Please contact your local Atmel sales office for detailed ordering information
and minimum quantities.
2. Pb-free packaging complies to the European Directive for Restriction of Hazardous Substances (RoHS directive). Also
Halide free and fully Green.

Package Type
32A 32-lead, Thin (1.0 mm) Plastic Quad Flat Package (T QFP)
28P3 28-lead, 0.300” Wide, Plastic Dual Inline Package (PDIP)
32M1-A 32-pad, 5 x 5 x 1.0 body, Lead Pitch 0.50 mm Quad Flat No-Lead/Micro Lead Frame Package (QFN/MLF)

ATMEL "

86TS-AVR-05/08
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AIMEL

Packaging Information

PIN 1 o\ |
PIN 1 IDENTIFIER
e 1 N o E1 E

‘ JuUouuuooID

32A

-l @

uuuuoruom

o
|

CH o-7 (I
ijL T

COMMON DIMENSIONS
(Unit of Measure = mm)
SYMBOL| MIN NOM MAX | NOTE
A - - 1.20
Al 0.05 - 0.15
A2 0.95 1.00 1.05
D 8.75 9.00 9.25
D1 6.90 7.00 7.10 | Note 2
E B.75 9.00 9.25
Notes: 1. This package conforms to JEDEC reference MS-026, Variation ABA.
2. Dimensions D1 and E1 do not include mold protrusion. Allowable E1 690 | 7.00 | 710 |[Note2
protrusion is 0.25 mm per side. Dimensions D1 and E1 are maximum B 0.30 - 0.45
plastic body size dimensions including mold mismatch. c 0.09 0.20
3. Lead coplanarity is 0.10 mm maximum. : = :
L 0.45 - 0.75
e 0.80 TYP
10/5/2001
TITLE DRAWING NO. |REV.

2325 Orchard Parkway

San Jose, CA 95131 32A, 32-lead, 7 x 7 mm Body Size, 1.0 mm Body Thickness,

0.8 mm Lead Pitch, Thin Profile Plastic Quad Flat Package (TQFP) _en B

4+ ATmega8(L) m————
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28P3

ATmega8(L)

D

RN O Y N o

q =

oo oogy Yoo

ot

Lj_’_l L -—;1 ’—”—-—B o ’_‘(;BIELACES)
i

c \/__\?—\I.J\E; 15° REF

COMMON DIMENSIONS
(Unit of Measure = mm)

486TS-AVR-05/08

SYMBOL| MIN NOM MAX | NOTE
! eB ! A - - | 45724
Al 0.508 = -
D 34.544 - 34.798 | Note 1
E 7.620 - 8.255
E1 7.112 - 7.493 |Note 1
B 0.381 - 0.533
Note: 1. Dimensions D and E1 do not include mold Flash or Protrusion. B4 1.143 e 1.307
Mold Flash or Protrusion shall not exceed 0.25 mm (0.010%). B2 0.762 - 1.143
L 3.175 - 3.429
0.203 - 0.356
eB = - 10.160
e 2.540 TYP
09/28/01
TITLE DRAWING NO. |REV.
2325 Orchard Parkway N ; :
AREL, 337 1500"CR Svar | 2879231029 0.30077.62 mm Wice)PlstcDua 23 | 6
A|IIIEI.®

15
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ATMEL

ety ()

32M1-A
(o]
- {o7]
: f _
1 E’ u
2 =
3l ]
i [E1] H  sIDE VIEW
I ]
K —
TOP VIEW -
:I;@
[AH
= COMMON DIMENSIONS
@. (Unit of Measure = mm)
" ! . g SYMBOL| MIN | NOM | MAX | NOTE
A 080 | 090 | 1.00
ZQUTUTTUTDY
Iﬁ — —11 A1 - 0.02 | 005
> [ pnp Notch_y) = 2 A2 | - | oss | 100
=) (0.20 R) 13 20 RE
ey o A3 0.20 REF
—) (o b 018 | 023 | 030
— o D 4.90 500 | 5.10
=4 J = @ D1 470 | 475 | 4.80
I‘* E 490 | 500 | s.10
E{ - o RERE. I
BOTTOM VIEW E2 2.95 3.10 3.25
e 0.50 BSC
L 030 | 040 | 050
P - = 0.60
e - - 12°
Note: JEDEC Standard MO-220, Fig. 2 (Anvil Singulation), VHHD-2. K 0.20 = -
5/25/06
TITLE DRAWING NO. (REV.
AIREL, 2325 Orchard Parkway | spp11.p, 32-pad, 5 x5 x 1.0 mm Body, Lead Pitch 0.50 mm, omia | E
' 3.10 mm Exposed Pad, Micro Lead Frame Package (MLF)

¢ ATmegad(L) m————
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Errata The revision letter in this section refers to the revision of the ATmega8 device.
ATmega8 * First Analog Comparator conversion may be delayed
Rev.Dtol ¢ Interrupts may be lost when writing the timer registers in the asynchronous timer

» Signature may be Erased in Serial Programming Mode .
* CKOPT Does not Enable Internal Capacitors on XTALW/TOSCn Pins when 32 KHz Oscillator is

Used to Clock the Asynchronous Timer/Counter2
* Reading EEPROM by using ST or STS to set EERE bit triggers unexpected interrupt request

1. First Analog Comparator conversion may be delayed
If the device is powered by a slow rising V¢, the first Analog Comparator conversion will
take longer than expected on some devices.
Problem Fix / Workaround

When the device has been powered or reset, disable then enable theAnalog Comparator
before the first conversion.

2. Interrupts may be lost when writing the timer registers in the asynchronous timer

If one of the timer registers which is synchronized to the asynchronous timer2 clock is writ-
ten in the cycle before a overflow interrupt occurs, the interrupt may be lost.

Problem Fix / Workaround

Always check that the Timer2 Timer/Counter register, TCNT2, does not have the value 0xFF
before writing the Timer2 Control Register, TCCR2, or Output Compare Register, OCR2

3. Signature may be Erased in Serial Programming Mode
If the signature bytes are read before a chiperase command is completed, the signature may

be erased causing the device ID and calibration bytes to disappear. This is critical, espe-
cially, if the part is running on internal RC oscillator.

Problem Fix / Workaround:
Ensure that the chiperase command has exceeded before applying the next command.

4. CKOPT Does not Enable Internal Capacitors on XTALW/TOSCn Pins when 32 KHz
Oscillator is Used to Clock the Asynchronous Timer/Counter2

When the internal RC Oscillator is used as the main clock source, it is possible to run the
Timer/Counter2 asynchronously by connecting a 32 KHz Oscillator between XTAL1/TOSC1
and XTAL2/TOSC2. But when the internal RC Oscillator is selected as the main clock
source, the CKOPT Fuse does not control the internal capacitors on XTAL1/TOSC1 and
XTAL2/TOSC2. As long as there are no capacitors connected to XTAL1/TOSC1 and
XTAL2/TOSC2, safe operation of the Oscillator is not guaranteed.

Problem Fix / Workaround

Use external capacitors in the range of 20 - 36 pF on XTAL1/TOSC1 and XTAL2/TOSC2.
This will be fixed in ATmega8 Rev. G where the CKOPT Fuse will control internal capacitors
also when internal RC Oscillator is selected as main clock source. For ATmega8 Rev. G,
CKOPT = 0 (programmed) will enable the internal capacitors on XTAL1 and XTAL2. Cus-

tomers who want compatibility between Rev. G and older revisions, must ensure that
CKOPT is unprogrammed (CKOPT = 1).

5. Reading EEPROM by using ST or STS to set EERE bit triggers unexpected interrupt
request.

Reading EEPROM by using the ST or STS command to set the EERE bit in the EECR reg-
ister triggers an unexpected EEPROM interrupt request.

486 TS—-AVR-05/08
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Problem Fix / Workaround
Always use OUT or SBI to set EERE in EECR.

ATmega8d(L) m———
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Datasheet
Revision
History

Changes from Rev.
2486S- 08/07 to
Rev. 2486T- 05/08

Changes from Rev.
2486R- 07/07 to
Rev. 2486S- 08/07

Changes from Rev.
2486Q- 10/06 to
Rev. 2486R- 07/07

Changes from Rev.
2486P- 02/06 to
Rev. 2486Q- 10/06

Changes from Rev.
24860-10/04 to
Rev. 2486P- 02/06

486 TS~-AVR-05/08

Please note that the referring page numbers in this section are referred to this document. The
referring revision in this section are referring to the document revision.

g

Updated Table 98 on page 240.

Updated “Ordering Information” on page 292.
- Commercial Ordering Code removed.
- No Pb-free packaging option removed.

Updated “Features” on page 1.
Added “Data Retention” on page 7.
Updated “Errata” on page 17.

Updated “Slave Mode” on page 129.

Added text to Table 81 on page 218.

Fixed typo in “Peripheral Features” on page 1.
Updated Table 16 on page 42.

Updated Table 75 on page 206.

Removed redundancy and updated typo in Notes section of “DC Characteristics” on
page 242.

Updated “Timer/Counter Oscillator” on page 32.
Updated “Fast PWM Mode” on page 89.
Updated code example in “USART Initialization” on page 138.

Updated Table 37 on page 97, Table 39 on page 98, Table 42 on page 117, Table 44 on
page 118, and Table 98 on page 240.

Updated “Errata” on page 17.

Added “Resources” on page 7.
Updated “External Clock” on page 32.
Updated “Serial Peripheral Interface — SPI” on page 124.

Updated Code Example in “USART Initialization” on page 138.
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Changes from Rev.
2486N-09/04 to
Rev. 24860-10/04

.

Changes from Rev.
2486M-12/03 to
Rev. 2486N-09/04

Changes from Rev.
2486L-10/03 to
Rev. 2486M-12/03

Changes from Rev.
2486K-08/03 to
Rev. 2486L.-10/03

g

AIMEL

Updated Note in “Bit Rate Generator Unit” on page 170.
Updated Table 98 on page 240.
Updated Note in Table 103 on page 248.

Updated “Errata” on page 17.

Removed to instances of “analog ground”. Replaced by “ground”.
Updated Table 7 on page 29, Table 15 on page 38, and Table 100 on page 244.
Updated “Calibrated Internal RC Oscillator” on page 30 with the 1 MHz default value.

Table 89 on page 225 and Table 90 on page 225 moved to new section “Page Size” on
page 225.

Updated descripton for bit 4 in “Store Program Memory Control Register - SPMCR”
on page 213.

Updated “Ordering Information” on page 13.

Added note to MLF package in “Pin Configurations” on page 2.

Updated “Internal Voltage Reference Characteristics” on page 42.

Updated “DC Characteristics” on page 242.

ADC4 and ADCS5 support 10-bit accuracy. Document updated to reflect this.
Updated features in “Analog-to-Digital Converter” on page 196.

Updated “ADC Characteristics” on page 248.

Removed reference to “External RC Oscillator application note” from “External RC
Oscillator” on page 28.

Updated “Calibrated Internal RC Oscillator” on page 30.

Removed “Preliminary” and TBDs from the datasheet.
Renamed ICP to ICP1 in the datasheet.
Removed instructions CALL and JMP from the datasheet.

Updated tgg; in Table 15 on page 38, Vgg In Table 16 on page 42, Table 100 on page
244 and Table 102 on page 246.

Replaced text “XTAL1 and XTAL2 should be left unconnected (NC)” after Table 9 in
“Calibrated Internal RC Oscillator” on page 30. Added text regarding XTAL1/XTAL2
and CKOPT Fuse in “Timer/Counter Oscillator” on page 32.

0o ATmega8(L) m————
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Changes from Rev.
2486J-02/03 to
Rev. 2486K-08/03

Changes from Rev.
24861-12/02 to Rev.
2486J-02/03

486TS-AVR-05/08

6.

10.

11.

10.

11.
12.

13.

Updated Watchdog Timer code examples In “Timed Sequences for Changing the
Configuration of the Watchdog Timer” on page 45.

Removed bit 4, ADHSM, from “Special Function 10 Register - SFIOR” on page 58.
Added note 2 to Figure 103 on page 215.
Updated item 4 in the “Serial Programming Algorithm” on page 238.

Added typ gyse to Table 97 on page 239 and updated Read Calibration Byte, Byte 3, in
Table 98 on page 240.

Updated Absolute Maximum Ratings* and DC Characteristics in “Electrical Character-
istics” on page 242.

Updated Vg values in Table 15 on page 38.
Updated “ADC Characteristics” on page 248.
Updated “ATmega8 Typical Characteristics” on page 249.

Updated “Errata” on page 17.

Improved the description of “Asynchronous Timer Clock — clkASY” on page 26.

Removed reference to the “Multipurpose Oscillator” application note and the “32 kHz
Crystal Oscillator” application note, which do not exist.

Corrected OCn waveforms in Figure 38 on page 90.
Various minor Timer 1 corrections.
Various minor TWI corrections.

Added note under “Filling the Temporary Buffer (Page Loading)” on page 216 about
writing to the EEPROM during an SPM Page load.

Removed ADHSM completely.
Added section “EEPROM Write during Power-down Sleep Mode” on page 23.

Removed XTAL1 and XTAL2 description on page 5 because they were already
described as part of “Port B (PB7..PB0) XTAL1/XTAL2TOSC1/TOSC2” on page 5.

Improved the table under “SPI Timing Characteristics” on page 246 and removed the
table under “SPI Serial Programming Characteristics” on page 241.

Corrected PC6 in “Alternate Functions of Port C” on page 61.
Corrected PB6 and PB7 in “Alternate Functions of Port B” on page 58.

Corrected 230.4 Mbps to 230.4 kbps under “Examples of Baud Rate Setting” on page

AIMEL 2
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Changes from Rev.
2486H-09/02 to
Rev. 24861-12/02

14.

15.

16.

17.

18,

1.

Changes from Rev. 1.
2486G-09/02 to
Rev. 2486H-09/02
Changes from Rev. 1.
2486F-07/02 to
Rev. 2486G-09/02
Changes from Rev. 1.
2486E-06/02 to
Rev. 2486F-07/02 2
- 8
4.
5.
Changes from Rev. 1.
2486D-03/02 to
Rev. 2486E-06/02
2.
3:
2

-~

AEL

Added information about PWM symmetry for Timer 2 in “Phase Correct PWM Mode”
on page 113.

Added thick lines around accessible registers in Figure 76 on page 169.

Changed “will be ignored” to “must be written to zero” for unused Z-pointer bits
under “Performing a Page Write” on page 216.

Added note for RSTDISBL Fuse in Table 87 on page 223.

Updated drawings In “Packaging Information” on page 14.

Added errata for Rev D, E, and F on page 17.
Changed the Endurance on the Flash to 10,000 Write/Erase Cycles.
Updated Table 103, “ADC Characteristics,” on page 248.

Changes In “Digital Input Enable and Sleep Modes” on page 55.
Addition of OCS2 in “MOSI/OC2 - Port B, Bit 3” on page 59.

The following tables have been updated:

Table 51, “CPOL and CPHA Functionality,” on page 132, Table 59, “UCPOL Bit Settings,”
on page 158, Table 72, “Analog Comparator Multiplexed Input(1),” on page 195, Table 73,
“ADC Conversion Time,” on page 200, Table 75, “Input Channel Selections,” on page 208,
and Table 84, “Explanation of Different Variables used in Figure 103 and the Mapping to the
Z-pointer,” on page 221.

Changes in “Reading the Calibration Byte” on page 234.

Corrected Errors in Cross References.

Updated Some Preliminary Test Limits and Characterization Data
The following tables have been updated:

Table 15, “Reset Characteristics,” on page 38, Table 16, “Internal Voltage Reference Char-
acteristics,” on page 42, DC Characteristics on page 242, Table , “ADC Characteristics,” on
page 248.

Changes In External Clock Frequency
Added the description at the end of “External Clock” on page 32.
Added period changing data in Table 99, “External Clock Drive,” on page 244.

Updated TWI Chapter

ATmegad(L) e ——————re———
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Changes from Rev. 1.
2486C-03/02 to
Rev. 2486D-03/02

Changes from Rev. 1.
2486B-12/01 to
Rev. 2486C-03/02

486TS-AVR-05/08

More details regarding use of the TWI bit rate prescaler and a Table 65, “TWI Bit Rate Pres-
caler,” on page 173.

Updated Typical Start-up Times.
The following tables has been updated:

Table 5, “Start-up Times for the Crystal Oscillator Clock Selection,” on page 28, Table 6,
“Start-up Times for the Low-frequency Crystal Oscillator Clock Selection,” on page 28,
Table 8, “Start-up Times for the External RC Oscillator Clock Selection,” on page 29, and
Table 12, “Start-up Times for the External Clock Selection,” on page 32.

Added “ATmega8 Typical Characteristics” on page 249.

Updated TWI Chapter.

More details regarding use of the TWI Power-down operation and using the TWI as Master
with low TWBRR values are added into the datasheet.

Added the note at the end of the “Bit Rate Generator Unit” on page 170.
Added the description at the end of “Address Match Unit” on page 170.

Updated Description of OSCCAL Calibration Byte. ]

In the datasheet, it was not explained how to take advantage of the calibration bytes for 2, 4,
and 8 MHz Oscillator selections. This is now added in the following sections:

Improved description of “Oscillator Calibration Register - OSCCAL" on page 31 and “Cali-
bration Byte" on page 225.

Added Some Preliminary Test Limits and Characterization Data.
Removed some of the TBD's in the following tables and pages:

Table 3 on page 26, Table 15 on page 38, Table 16 on page 42, Table 17 on page 44, "TA =
-40xC to 85xC, VCC = 2.7V to 5.5V (unless otherwise noted)” on page 242, Table 99 on
page 244, and Table 102 on page 246.

Updated Programming Figures.

Figure 104 on page 226 and Figure 112 on page 237 are updated to also reflect that AV¢s
must be connected during Programming mode.

Added a Description on how to Enter Parallel Programming Mode if RESET Pin is Dis-
abled or If External Oscillators are Selected.

Added a note in section “Enter Programming Mode” on page 228.
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AIMEL

ey (1)
Headquarters International
Atmel Corporation Atmel Asla Atmel Europe Atmel Japan )
2325 Orchard Parkway Room 1219 Le Krebs 9F, Tonet§u Shinkawa Bldg.
San Jose, CA 95131 Chinachem Golden Plaza 8, Rue Jean-Pierre Timbaud 1-24-8 Shinkawa
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