SKRIPSI

PERENCANAAN DAN PEMBUATAN INVERTER BERBASIS
MIKROKONTROLER ATS9852 DENGAN MENGGUNAKAN
ALGORITMA DIRECT DIGITAL SYNTHESIS ( DDS )

Disusun Oleh:

SAIFUL FANANI
NIM 0017156

JURUSAN TEKNIK ELEKTRO S1
KONSENTRASI TEKNIK ELEKTRONIKA
FAKULTAS TEKNOLOG! INDUSTRI
INSTITUT TEKNOLOGI NASIONAL MALANG

APRIL 2008




LEMBAR PERSETUJUAN

PERENCANAAN DAN PEMBUATAN INVERTER BERBASIS
MIKROKONTROLER AT89552 DENGAN MENGGUNAKAN ALGORITMA
DDS ( Direct Digital spnthesis )

SKRIPSI

Disusun dan diajukan sebagai salah satu syarat untuk memperoleh gelar Sarjana
Teknik Elektronika Strata Satu (5-1) )

Disusin Qleh :

SAIFUL FANANI
00.17.156

Diperiksa dan disetujui,

Dosen Pembimbing | Dosen Pembimbing 11
Ir. F. Yudi Limpraptono, MT Ir. M. Abdul id, MT
NIP. P. 1039500274 NIP. Y. 10188001838

NIP.P. 163 950 0274

JURUSAN TEKNIK ELEKTRO 5-1
KONSENTRASI TEKNIK ELEKTRONIKA
FAKULTAS TEKNOLOGI INDUSTRI
INSTITUT TEKNOLOGI NASIONAL MALANG
2008




INSTITUT TEEKNOLOGI NASIONAL MALANG
FAKULTAS TEKNOLOGI INDUSTRI
JURUSAN TEKNIK ELEKTRO 5-1
KONSENTRAS]I TEKNIK ELEKTRONIKA

BERITA ACARA UIJIAN SKRIPSI
FAKULTAS TEKNOLOGI INDUSTRI

Nama Mahagiswa : Baiful fanani

NIM LT 56

Jurusan : Teknik Elekiro 5-1

Konsentrasi : Teknik Elektronika

Judul Sknipst : Perecanaan dan Pembuatan Inverter Berbasis

Mikrokontroler AT89552 Dengan Menggunakan
Algoritma DDS ( Direct Digital Symthesis )

Dipertahankan dibadapan Team Penguji Skripsi Jenjany Strata Satu (S-1) Pada

Hari : Senin
Tanggal : 17 Maret 2008
Dengan Nilai L 76,3 {u+_}'gz%

Panitia Ujian Skripsi

Ir.Mochtar Asroni, MSME (Ir.F.Yudi Lifipraptono, MT)
NIEY. 1018100036 NIP.Y. 1039500274

Anggota Penguji

Penguji Pertama Penguji Kedua

(_Dr, Cahvo Crysdian, MSe. )
NIP.Y. 1030400412




ABSTRAKSI

PERENCANAAN DAN PEMBUATAN INVERTER BERBAKIS
MIKROKONTROLLER ATS89552 DENGAN MENGGUNAKAN
ALGORITMA DDS ( Direct Digital Synthesis )

Saiful Fanani, 00.17.156, Jurusan Teknlk Elektro S-1, Dosea Pembimbing 1 -
Ir. F. Yudi Limpraptono, MT., Dosen Pembimbing 11 : Ir. M Abdul Hamid, MT.

Aplikasi mikrokontroler sebagal  imerfoce sangar membanty  delam
mengotomatisasi suatu svstem control wuntuk mempermudah dan mempercepal
proses kingrfa suaty olal vang dimmakan, sehingga dewasa ind sudah barpak
desain inlerfoce vang memakal mikrokontroler sebagai pengormtrol niama. Salah
satunya adalak perencanaan dan pembuatar irverter berbasis mikrokontroler
ATEO852 dengan menggunakan algoritma DDS (Direct Digital Synthesis).
Dengan cara menggunakan mikrokontroler sebagai pemrosesan data sesuci
dengan metode  DDS  (Direct  Digital  Symtbhesis) dimana  keluaran  dari
Mikrokomroler berupa vimal digital menjadi masukan umtuk DAC (dignal
Analeg Converter), output dari DAC merypakan sampel dari bentuk analog vang
kemudian akan difilier uniuk menghasilkan sinval sinusoida yang sempurna.
Setelah  pengugian,  dapat diambil kesimpulian babwa alat ini masih memiliki
error yang besar karenma Tegangan vangy keluar dari transformater tidak
maksimal dikarenakan adamya rugi tegangan yang terdapat pada transformator
dan tegangan vang kefuar 90 volt AC.

ABSTRACT

Microcontroller aplication as fnaterface very support in automatically
control system (o simplify and to speed up perform used some wiensil, yo nowduys
i iy very much imterface desism to use microcontroller as exeflent controller.
Amyvthing is the profect and inverter production hased AT89852 Microcontroller
to apply algorithm DDS (Direct Digital Synthesis). By microcontroiler method
such data process to fit with DDS (Direct Digital Synthesis) method which
product from microcordroller o appear digital signal to became included in jor
DAC (Digital Analog Cerverter). Output from DAC to shape simple from analog
tvpe and thar the filter to result perfect sinussoida sigaal. Afier the test, it can
take a conclusion thar this system still have a lot of error becawse many to suffer a
loss at transformator end out put voltage fust 90 volt AC.
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BAB I
PENDAHULUAN

1.1.  Latar Belakang

Penggunaan instrumen ¢lektronika vang menggunakan system
muikrokontroler sebagai pengontrol, dewasa ini sudah demikian luas didalam
bidang kehidupun. Systern mikrokontroler ini menggunakan komponen memori
untuk penyimpanan data selama proses berlanpsung, Selain itu komponen im juga
berguna untuk menyimpan program dan data untuk dapat memfungsikan system
mikrokontroler.

Aplikasi mikrokontroler sebagai interface sangal membantu dalam
mengotomatisasi suatu system control untuk mempermudah dan mempercepat
proses kinerja suatu alat yang dipunakan, sehinppa dewasa ini sudah banyak
desain interface yang memakai mikrokontroler sebagai pengontrol utama.
Penerapan mikrokontroler untuk berbagai system control tentunya memerlukan
software vang berbeda scsuai dengan alat vang akan dikontrol oleh
mikrokontroler.

System DDS ( Direct Digital Synthesis ) adalah salah satu cara untuk
mensintesis sinval kontinu sinusoida. Semua parameter control system DDS
berada dalam bentuk besaran digtal. System DDS pada dasarmnya terdin atas

akumulator phasa, LUP (look up table), dan osilator sebagai pembangkit frekuesi




referensi { Clock ). Sedangkan DAC (digital to analog converter) dan LPF (low

pass filler) merupakan komponen-komponen penunjang system DDS.

1.2. Rumusan Masalah
Dalam perencanaan dan pembuatan alat pengontrol peralatan rumah
dengan output suara dapat dirumuskan beberapa masalah seperti berikut ini:

# Proses yang dilakukan sebelum membuat alat, merencanakan alat
bagaimana merancang dan membuat alat yanp dapat mengubah
tegangan DC menjadi tegangan AC

» Bagaimana mengatur tegangan DC menjadi tegangan AC

menggunakan mikrokontroller

1.3. Tujuan
Tujuan dari skripsi im1 adalah merancang dan membusat alat inverter

berbasis mikrokontroler AT89352 dengan menggunakan algoritma DIDS.

1.4. Batasan Masalah

Schubungan dengan masalah vang dihadapi dalam pembuatan skripsi ini,
permasalshan hanya dibatasi dengan tujuan untuk mencegah kKemungkinan
meluasnya masalah dan penyimpangan dari permasalahan. Pembatasan tersebut
antara lain :

# Perangkat keras vang dipunakan IC Mikrokontroler AT89S52.




# Menggunakan algoritma DDS (Direct Digital Sinthesis} untuk
menghasilkan sinusoida

# Menggunakan ADC (804 untuk mengubah data analog to
digital dan DAC 0808 untuk mengubah data digital to analog

* Mengeunakan trafo step up untuk penaik tegangan

1.5. Metodologi Penelitian
Dralam penulisan skripsi ini penulis mengpunakan metode-metode yang
sering dipunakan. Adapun metode tersebut adalah schagai berikut :
# Study literature, dengan mempelajari teori serta aplikasi sistem
kontrol menggunakan Mikrokontroler AT89552
Study literature disini akan mempelajari hal-hal sebagai berikut:
# Mikrokontroler AT89552
= Arsitektur Mikrokontroller AT89552
s Karakteristik umum

# Interface dengan Input/Output (1/0) Mikrokontroller.

» Perencanaan dan pembuatan alat.
Dalam pembuatan alat ini menggunakan konsep sebagai berikut:
¢ Perencanaan sistem secara keseluruhan ( Pembuatan
Blok Diagram Sistem dan Fungsi masing-masing Blok

[iagram).




s Membuat perangkat keras ( Hardware ) dan perangkal

lunaknya { Software ).

1.6. Sistematika Penulisan
Dalam pengerjaan laporan gkripsi ini kami menggunkan sistematka

sebagai berikut :

BAB1 Pendahuluan
Pada pendabuluan ini berisikan tentang latar belakang
masalah,rumusan masalah, tujuan pembuatan alat. batasan
masalah, metode pembahasan dan sistematika pembahasan dari
skripsi ini.

BAB Il Landasan Teon
Pada landasan teori ini akan dibahas mengenai teori-teon yang
mendasari pembuatan alat ini.

BADR [l Perencanaan dan Pembuatan Alat
Berisi tentang perencanaan dan pembuatan Hardware dan
Software.

BABTV Pengujian Alat
Berisi tentang data hasil pengujian alat yang telah dibuat secara

kescluruhan.




BABYV Penutup
Merupakan kesimpulan dari pembahasan pada bab-bab

sebelumnya dan kemungkinan pengembangan alat.




BAB I

LANDASAN TEORT

L.1. MiNrokontroler A I'89852
Mikrokontroler AT89S52 menipakan [C mikrokontroler densan konsnmsi
daya rendah dengan performans: tingpi dan compatible dengan produk MCS-3.2,
memiliki struktur sebagai berikut :
1. 3 bit CPU (central processing unit) / merupakan mikrokontroler 8 bit.
2. 8 Kbvic Flash Programmable And Erasable Kead Onily Memory
{PEROM).
3. 256 x B bit Internal RAM.
4, 32 pin YO yang tersusun dalam 4 pori ( PO, PI. P2, £3) dengan setiap
port terdiri dari 8 bit.
5. Memiliki 6 sumber interupsi.
6. 3 Timer/ Counter 16 bit
7. Full Duplex serial port yang dapat diprogram.
8. On Chip Osalator.
9. Watchdog Timer
10. Dual data pointer,
11. Flexible ISP Programming.
Secara lengkap struklur dari mikrokontroler AT89852 dapat ditunjukan

pada gambar berikut ;
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Gambar 2-1 Blok Diagram Mikrokentroler AT89852'"

2.1.1. Definisi Pin Mikrokontroler ATBY551
Mikrokontroler AT§92552 memiliki 40 Pin yang didefinisikan seperti pada

gambar 2-5 berikut :
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Gambar 2-2 Konfigurasi pin AT$9552'%!

: Catu daya { supply tegangan ).
: Ground.

: Port 0 merupakan port 8 bit yang bersifat open drain dua

arah. Sebagai port keluaran, tap pin dapat menerima 8
masukan TTL. Saat logika 1 dituliskan pada port, pin port

dapat digunakan sebagai masukan dengan impedansi tinggl.

- Port ini merupakan port 'O biderectional denpan internal

pull-up. Out put Port ini dapat mendayai atau menerima 4
masukan TTL. Jika suatu logika 1 dituliskan pada port ini,
maka port akan dibuat tinggi oleh pull-up internal dan dapal

digunakan sebagai masukan. Pada saat scbagai port




masukan, port ini akan dibuat rendah dan port ini akan

mendayai karena adanya pufl-up intemnal.

5 Port2  : Port ini merupakan port 1/O biderectional dengan intcrnal
pull-up. Penyangga pada port ini mampu menangani 4
masukan TTL. Jika logika | dituliskan pada port ini, maka
port akan dibunat tinggi oleh prdi-up internalnya.

6. Port3  : Port ini merupakan porl I/Q bidirectional dengan internal
pull-up. Out put Port ini dapat mendayai alau mencrima 4
masukan TTL. Jika sualu logika 1 dituliskan pada port ini,
maka port akan dibuat tinggi oleh pull-up. Selain sehagai
port parallel port ini juga mempunyai fungsi khusus yaitu :

Tabel 2-1 Fungsi khusus Port 3

Port Pin Fungsi Khusus
P3.0 RXD (masukan port serial (UART))
P3.1 TXD (keluaranan port serial (UART))
P3.2 INTO (masukan interupsi luar 0)
P33 INT1 (masukan interupsi luarl)
P34 T0 {masukan luar Timer / Counter 0)
P35 T1 {masukan luar Tmer)
P36 WR {pulsa penulisan data memon luar)
P3.7 RD (pulsa pembacaan memori luar)

7. Reset : Masukan untuk reset. Suatu logika high selama dua siklus
puda pin reset akan menycbabkan terjadinya proses reset,

8. ALE : Addres latch cnable merupakan suatn pulsa keluaran

untuk mengaitkan ( latch ) byte bawah dari alamat sclama

mengakses memorn luar.




000oH
Memaon Intermal

1FFFH

2000H
Memon Ekstemal

FFFFH

Gambar 2-3 Organisasi Program memori'”!

Sedangkan untuk data memori AT89S52 memiliki RAM internal yang
herkapasitas 256 byte, kapasitas ini dapat dinaikan menjadi maximal 64 Kbyte
dengan menambah memori eksternal. Data memori dibagi menjadi dua bagian
vaitu register khusus yang digunakan olch mikrokontroler ( SFR ) dan register
yang dapat dipakai oleh pengguna. RAM ( Random Access Memori ) merupakan
memori vang bersifat mudah terhapus isinya jika aliran listrik diputus, karena itu
RAM tiduk digunakan untuk menyimpan program tetapi untuk menyimpan data
sementara. Peta dari RAM internal pada MCS-32 dapat ditunjukan pada gambar

sebagai berikut :




TFh

I0h
2Fh

28h
ZTh

20h
1Fh

1&h
17h
10h
aFh

08h
ovh

b

BEIb'II'ttsaatd-lpad

4

+

16 byte addressable RAM

'

Bark 3

Bank 2

Bank 1

Bank 0

Gambar 2-4 Peta memori RAM internal !
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Pada gambar diatas terlihat bahwa RAM internal 256 byte terbagi menjadi

beberapa bagian, Untuk alamal bawah yang pertama yaitu 00h sampai 7Fh

sebanyak 256 byte vang terbagi dalam tiga besar berdasarkan kegunaanya yaitu :
a. Register Bank 00 =3

- Lokasi register bank dimulai dari 00h — 1Fh terdim dan 32 byte.

- Register bank ini terdiri dari empat buah register 8 bit yang dapat

dipilih melalui pengaturan RS0 dan RS| yang merupakan bit ke

3 dani program status word register.

b. Bit Addressable

- Lokasi regisier ini dimulai dari 20h — 2Fh

- Repisier ini bersifat Addressable, artinya bahwa perubahan dapat

dilakukan per bil, tidak perlu per byte { 8 bit ). Fitur ind sanpat

berguna untuk meng-on-off kan suatu bit. Lokasi ini juga dapat

dialamati secara langsung untuk 256 byte vang tersedia.
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¢. Scratch Pad
Lokasi register ini dimulai dari 30h — 7Fh yang digunakan untuk
keperluan apa saja termasuk untuk alokasi stack pointer.

Tabel 2-2 Register Bank

RSO RSI | RegisterBank |  Address
0 0 0 00H - 07H
0 | 1 08H - 09H
1 0 2 10H- 17H
1 [ 3 18H - 1FH

Setelah RAM 256 byte yang pertama, diatasnya diletakkan alamat unwk
SFR (Special Function Register), perlu diingat bahwa RAM 256 byte atas sama

dengan alamat SFR yaitu 80H — FFH, seperti ditunjukan pada gambar berikut ;

FFH
RAM 128 byte | Atas )
atau 5FR
B0H
TFH
RAM 128 byte
{Bawah)
GoH

Gambar 2-5 Memori internal { RAM ) dan SFR"'

2.1.2.1.Special Function register ( SFR )
SFR. merupakan register dengan fungsi khusus. SFR pada mikrokontroler
MCS-32 memiliki alamat 80H - FFH sehingga terdapat 256 lokasi untuk alamat

SFR. Dari alamat-alamat ini hanya beberapa saja yang digunakan olch SFR.




Tabel 2-3

Byte Special Function Register

Simbol MNama - Address
ACC Accurmulator OEOH
B B Ragl'star 0FOH
PSW Program status Word 0DOH
SP Stack Peinter 81H
OPTR Cata Pointer
DPL Low Byte 82H
DPH High Byte 83H
PO Port 0 a0H
P1 Paort 1 90H
P2 Port 2 aADH
P3 Port 3 oBOH
IP Interrupt Priority Contraol 0BaH
IE Interrupt Enable Control DABH
TMOD Timer/Courtter Mode Control 89+
TCON Timer/Counter Control 88H
THO Timer/Counter 0 High Control 8CH
TLOD TimerfCounter D Low Control BAH

2.1.2.2.Program status Word (PSW)
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Program status word berguna untuk memilih bank memoni yang aktl,

selain itu PSW juga memiliki kegunaan yang lain. Kegunaan lain itu dapat dilihat

dari masing-masing bit penyusun PSW. PSW ini bersitat hit-addressable artinya

bit-bitnya masing-masing dapat dirubah tanpa harus merubah satu kesatuan byte.

Berikut adalah bit-bit penyusun PSW :

Posisi | PSW.7 | PSW.6 | PSW.S‘PSWA PSW.3 | PSW.2 | PSW.1 PSW.{:-‘
Bit |CY FO iRS1 RSO |OV |- P ‘
K eterangan : I _
BitCY : Bit Carry Flag

RBit AL : Bit Auxiliary Carry Flag




Bit FO

Bit RS1

Bit RO

Bit OV

Bit PAW.1

Bit P

5

: Flag 0 untuk kegunaan umum
: Bit pemilih bank memor

: Bit pemilih bank memori

: Rit Overflow Flag

: Bit didefinisikan pemakai

: Bit Parity. Menunjukan jumlah bit 1 pada accurnulator

2.1.2.3.Power Control Register (FCON)

Register Power Control beralamat di §7H berguna untuk mengatur

kebutuhan daya mikrokentroler. Dengan adanya register pengatur daya ini

memungkinkan mikrokontroler ke mode “idle”™ atau “sleep” yanpg mana akan

menghemat pemakaian dava. Selain itu ada bit-bit pada register PCON ini untuk

mengatur Baud Rate pada scrial port. Bit-bit pada PCON adalah sebagai berikut :

MSB LsSB
SMOD - - GFL GIO PD IDL
Keterangan :
Bit SMOD  : Digunakan untuk membuat dobel (2 kali) baud rate pada umer 1
Bit - : Tidak digunakan, untuk pengembangan selanjutnya
Bit GF1 : Bit Flag serbaguna
Bit GFQ : Bit Flag serbaguna
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Bit PD : Bit power down. Bila berlogika 1 mode power down aktif
Bit 1DL : Bit idle mode. Aktif jika berlogika 1
2.1.2. 4. Accumulator

Dari namanya dapat diketahui bahwa fungsi dari accumulator adalah
pengumpul. SFR. Register ini merupakan register yang banyak dipakai. Untuk
semua operasi aritmatika biasanya menggunakan/melibatkan accumulator. Alamat

dari accumulator adalah EOH.

2.1.2.5.B Register
B Register beralamat di FOH. Register ini digunakan untuk operasi

perkalian dan pembagian. Contoh instruksi yang menggunakan register ini adalah:

Mul AB ; kalikan isi pada accumulator dan pada B register

Div AB ; membagi isi accumulator dengan isi B register. accumulator akan berisi

hasil bagi dan B register akan berisi sisa pembagian.

2.1.2.6.Stack Pointer ( SP)

Stack pointer adalah penunjuk stack yang memiliki alamat di B1H. Isi
register ini mengindikasikan dimana nilai selanjuinya yang harus diambil oleh
stack pada RAM internal. Jika anda memasukan (PUSH) suatu nilai ke stack,
maka nilal tersebut akan dituliskan pada alamat SP+1 (alamat SP ditambah satu).

Jika SP berisi 07H kemudian svatu instruksi PUSI dijalankan, maka nilai yang
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dimasukan akan dituliskan pada alamat O8Il Nilai default untuk stack pointer

adalah berada pada alamat 07H.

2.1.2.7.Data Pointer { DPTR )

Data Pointer (DPTR) vang berukuran 16 bit terdiri dari dua register yaitu
DPL (Data Pointer Low bvte) yang beralamat di 82H dan DPH (Data Pointer
High byic) yang beralamat di 83H. Data Pointer digunakan untuk membentuk

alamat berukuran 16 bit untuk mengakses memori luar.

2.1.3. Timer / Counter

Pada mikrokontroler keluarga MUS-52 terdapat dua buah Timer/Counter.
Dengan adanya timer/counter menambah fungsionalitas dari mikrokontroler ini.
Sebagaimana peralatan lain pada mikrokontroler ini, timer/counter juga diatur
oleh SFR (Special Function Register) yaitu Timer/Counter Control ( 'CON alamat
88H). dan Timer/Counter Mode Control {TMOD alamat 8911). Selain itu nilal
byte bawah dan byte atas dari Timer/Counter disimpan dalam register TL dan TH.
Jika difungsikan sebagai timer maka ukan menggunakan sistem clock sebagai
sumber masukan pulsanya, kemudian jika difungsikan sebaga countcr
(penghitung) maka akan menggunakan pulsa dari cksternal sebagal masukan
pulsanya. Sebagaimana dikctahui port 3 pada fungsi khususnya terdapat TO
(masukan luar untuk Timer/Counter 0) dan T1 (masukan luar untuk

Timer/Counter 1),




18

2.13.1.Register TMOD

Register TMOD dibagi menjadi 2 bagian secara simetris, yaitu bit 0 — 3
register TMOD (TMOD bit 0. TMOD bit 3) dipakai untuk mengatur timer 0. dan
bit 4 sampai 7 register TMOD (TMOD bit 4. TMOD bit 7) dipakai untuk

mengatur timer 1, susunan bit dapat dilihat dibawah ini :

MSB LSB
Timer/Counter 1 Timer/Counter 0
GATE | cm | M1 | MO Gate | om | M1 | Mo
Keterangan :

Bit GATE = Jika bit ini disel timer akan berjalan hanya jika INT1 ( P3.3) sedang
tinggi. Jika bit ini diclear timer akan berjalan tanpa
mempertimbangkan kondisi INTT.

Bit C/T = Saat bit imi diset timer akan menghitung kejadian pada 11 (P3.5)
schapal fungsi counter. Jika bit ini diclear maka timer akan
menghitung tiap siklus mesin (sebagai fungsi timer).

Bit M0 dan M1 bit mode Timer/Counter

T'abel 2-4 Bit pemilih mode timer

W MO | Timer Mode|  Katerangan
0 a 1] 13 bit timer
0 1 1 16 bit timer
1 | 2 8 bit auto refoad
1 1 K] aplit mode
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2.1.3.2.Register TCON

Register 'TMOD dibagi menjadi 2 bagian secara simeiris, bit 0 sampai 3
register TMOD (TMOD bit 0 .. TMOD bit 3) dipakai untuk mengatur Timer 0, bit
4 sampai bit 7 register TMOD (TMOD bit 4 .. TMOD bit 7) dipakal untuk

mengatur timer 1, susunan bit dapat dilihat dibawah ini :

MSB LSB

bit 7 hit 6 bit & bit 4 bit 3 bit2 bit 1 bit 0

TF1 TR1 TFO TRO IE1 T IED iTo
Keterangan :

Bit (7} TF1 — Timer | overflow, diset oleh Mikrokontroler jika hitungan timer 1
melimpah (overflow).

Bit (6) TR1 = Timer 1 Run, jika bit ini diset maka timer 1 on, jika bit ini diclear
maka timer 1 off.

Bit (5) TFO = Timer O overflow. bit ini diset oleh Mikrokontroler saat timer 0
mehmpah.

Bit (4) TRO = limer (0 Kun, jika bit ini diset maka timer 0 on, jika diclear maka
timer 0 off.

Bit (3) IE1 = Interupt 1 edge flag. Diset olch hardware jika sisi suatu sela luar
terdeteksi. Diclear jika mstruksi RET1 dijalankan.

Bit (2) IT1 = Interupt | type. Berhubungan dengan sela luar 1. Fungsinya sama
dengan 1T10.

Bit (1) IEO = Interupt 0 edge flag. Diset olch hardware jika sisi suatu sela luar

terdeteksi. Diclear jika instruksi RET1 dijalankan,
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Bit (0) ITO = Interupt O type. Sela luar 0 diterima mclalui bit 2 pada port 3. Jika
bit ini diset, maka INTO dikenali pada sisi turun sinyal. Jika bit ini
diclear maka suatu sela akan dikenali pada saat suatu sinval low.

2.1.4. Metode Pengalamatan

Metode pengalamatan dengan menggunakan bahasa pemrograman
assembler pada Mikrokontroler keluarga MCS-52 adalah sebagai berikut :
a. Pengalamatan Tak Langsung
Operand pengalamatan tak langsung menunjuk kearah schuah regisier
yang berisi lokasi alamat memori yang akan digunakan didalam operasi. Lokasi
vang nvata tergantung pada isi register saat instruksi dijalankan . Untuk
melaksanakan pengalamatan tak langsung digunakan simbol (@.
ADD A (@RO : Tambahkan isi RAM yang lokasinya
; ditunjukan olch register R0 ke Accumulator
DEC @R1 ; Kurangi satu isi Ram yang alamatnya
; oleh repister R1
MOVX @DPTR.A  ; Pindahkan isi dari accumulator ke memori luar
; yang lokasinya ditunjukkan oleh data pointer
b. Pengalamatan Langsung
Pengalamatan langsung dilakukan dengan memberikan nilai ke suatu
register secara langsung. Untuk melaksanakannya digunakan tanda #.
MOV A H01H ; Isi accumulator dengan bilangan O1H.

MOV DPTR #20CDH : Isi register DPTR dengan bilangan 20CDH.
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Pengalamatan data langsung dari 0 sampai dengan 127 akan
mengakses RAM internal, sedangkan pengalamatan dari 128 sampai
255 akan mengakscs register perangkat keras.
MOV PIA : Pindahkan isi accumualtor ke alamat data.
BOH : ( BOH adalah alamar port 3 ).
INC 60 : Naikkan lokasi 60 (desimal) menjadi bernilai high.
¢. Pengalamatan Bit.
Pengalamatan bit adalah penunjukan alamat lokasi bit baik dalam
lokasi RAM internal (byte 32 sampai 37) maupun bit perangkat keras.
Untuk melakukan pengalamatan bit digunakan simbol titik (.).
SET P1.3 ; Ubah bit ke 3 pada port 1 menjadi bernilai high
d. Pengalamatan Kede
Terdapat tiga macam vang dibuluhkan dalam pengalamatan kode, yaitu
relative jump, in-block jump atau call dan long jump.
2.2. ADC ( Analog Digital Converter ) 0804
Agar dapat mengukur atau mengolah suatu variabel fisik yang umumnya
dalam besaran analog dengan piranti digital, variabel tersebut harus diubah dahulu
menjadi variabel digital yang nilainya proporsional dengan nilai variabel yang
akan diukur atau diolah. Konversi ini dilakukan oleh konverter analog ke digital,

ADC (Analog to Digital Converter).

Resolusi ADC didefinisikan sebagai voltage input yang diperlukan untuk 1

bit output dan dapal dinyatakan dengan persamaan berikut :
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2" 1
Atau jika dinyatakan dalam % Resolusi :

% Res = X 100 %a

|

7 -1

Resolusi ADC mengacu pada jumlah bit dalam kelvaran biner ADC. Resolusi

1
ADC 8-bit d — | x 100 %,
it sama dengan (255}

Spesifikasi penting selain ketelitian (akurasi) dan linearitas adalah waktu
konversi (converse time). Waktu konversi ADC adalah waktu yang diperlukan
ADC untuk menghasilkan kode biner yang valid untuk tegangan masukan yang
diberikan. Semakin pendek waktu konversi. maka kecepatan konverter itu
semakin tinggi. ADC vang banyak digunakan adalah :

1.  Counting atau Counter AT

2. Successive Approximation ADC (SAC)

LIPS

Paralel-Comparatoe atau flash ADC

4. Dual stupe atau ratiometrik ADC

c_:E w E'.w OR Y pEr
EE EET
wE[2 %E‘.B. LB,

e 3] I7jCB:

TR E 1_T.fr:s-,

v €] hejoe,

sml [E [12]ce,

ronD [8 15 LM

VREr'2 E Eph

BEND il§ [1T] 087 peew

Gambar 2-6 Konfigurasi PIN ADC 0804'¢!
Sumber ¢ Data sheat ADC 0804, www_alldatasheet com
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Fitur ADC 0804 :
- Kompatibel dengan mikroprosesor atau mikrokontroller tanpa
memetlukan rangkaian inferfacing.
- Dapat beroperasi dalam mode stand alone atau diinterfacekan ke
mikroprosesor atau mikrokontroller
- Input lcgangan analog yang diffcrensial
- Generator clock on chip
- Tegangan input analog 0-5 V
Spesifikasi :
- Resolusi 8§ bit
- Error total + 1 LSB
- Waktu konversi 100 ps
- Supply tcgangan 5 V

- Bekerja pada temperatur (° C sampai 70° C

2.3. DAC ( Digital Analog Converter ) 0808
Digital To Analog Converter (D/A) merubah N bit bilangan biner menjadi
output tegangan analog yang memiliki 2" nilai tepangan yang terpisah. Pada
umumnya hubungan antara inputan digital dan outpul analognya adalah linier
lelapi ada juga yang hubungan antara input dan outputnya berupa logaritmik.
Diagram blok sebuah konverter digital ke analog (DAC), ditunjukan pada

gambar berikut :
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FA Vs

k1 B

|

DATA SHGHAL INPUT '

e ANALOG VWOLTAGE DUTPUT

i,, e

BUFFER AMBLIFIER

|
DIGITAL INTERFACE *‘-_
PRECIS:ON ADJUSTED CIRCUIT

Gambar 2-7 . Diagram Blok DAC!"!
Blok diagram diatas terdiri atas 3 bagian, yaitu :
1. Perantara Digital
2. Rangkaian Pengatur Presisi
3. Penguat Baffer
Perantara digital akan menerima sinyal digital kemudian rangkaian
pengatur presisi akan mengubah sinyal digital tersebut menjadi analog dan
kemudian diperkuat oleh penguat baffer sebelum dikeluarkan.
Rangkaian pengatur presisi merupakan bagian terpenting dari konverter
imi. Setting konverter ditentukan oleh tegangan acuan yang digunakan. Sebaga
contoh, pada tegangan acuan = + 14 Volt jika input berlogika “1°, maka tegangan
output memadi + 10 Volt, sedangkan jika logika semua input *0" maka tegangan
output adalah 0 Volt. Pada konversi D/A semakin banyak bit-bit input maka akan

semakin baik resclusi dan kecepatanya.




(a) DIGITAL / ANALOG CONVERTER

T = } QUTPUT= 0.0 VOLTS
—-u..-
ALL INPUT LOGIC i :

SIGNALSARED"

(b} DIGITAL/AMALOG CONVERTER

=

o — e
- OUTPUT=+10.C YOLTS
ALL INFUT LDGIC

SIGNALS ARE 1"

o

CGambar 2-8.
Hubungan Antara Sinyal — Sinyal Digital dan Output Tegangan Analog™!

Dengan menggunakan mctode numerik untuk menunjukan secara jelas,
jika pada bagian input memiliki 10 jalur maka akan terdapat 2" (1024)
kombinasi, dimana kombinasi-kombinasi tersebut akan mengeluarkan output vang
berbeda-beda sehingga berlaku :
1. Perubahan tegangan outpul minimum sama dengan besar perubahan
tegangan maksimum dibagi dengan status maksimum kurang satu.
2. Perubahan tegangan output maksimum = Volt na — VoIt (min
Yolt (maks) =10 Volt
Volt nin) =0 Volt
{Tegangan Referensi = 10 Volt), maka :
Perubahan tegangan output maksimum =10-0 =10Volt

Status maksimum : status maksimum - | - 1024 -1 = 1023
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Perubahan legangan output minimum = — = 0,00975
+5
ol .
( l — Vv
s p
£:1 sl 3
% - 2 '-_:,_;jmﬂ 1____ f-l
:11:". ] E = k] Wl -
3 it W
5 [rers—0 gé
i %f B Veow 14, 2R N b3
=12 1_" o .* ui 136 £ T 'v'l-m- -] 15 :
W ££ I':C !
—_—

Gambar 2-9 . Digital To Analog (DAC) 0808!°!

2.4. Penguat ( Op-amp )

Amplifier atau lazim disebut penguat dalam suatu rangkaian dapat
difungsikan dalam suatu rangkaian penguat sinyal input, rangkaian penjumlahan
tegangan input, rangkaian pembanding antara 2 sinyal input, rangkaian filter dan
masih banyak lagi.

Rangkatan penguat ini sangat sederhana dalam pemakmanya baik secara
merangkainya maupun dalam penggunaanys. Rangkaian ini terdiri dari kombinasi
antara pengutan operasional yang dirangkai bersama kompenen pasif tahanan atay
kondensator. Dengan kombinasi ini dapat dikembangkan lagi menjadi rangkaian
yang mempunvai spesifikasi khusus seperti rangkaian instrumentasi, rangkaian

isolator, dan lain sebagaianya Gambar 2-7 menunjukan simbol dari op-amp
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dengan lima terminal dasar terdiri dari 2 terminal catu daya, 2 terminal input atau

masukan vaitu (+) dan (-) dan terminal output atau keluaran dari op-amp.

tV e
O

i EE
Gambar 2-10. Simbol Op-Amplifier!'"!

2.5. Transistor

Prinsip kerja transistor adalah arus bias base - emitter yang kecil mengatur
besar arus besar kolektor — emitter. Bagian penting berikutnya adalah bagaimana
caranya memberi arus bias yang tepat sehingga transistor dapat bekerja optimal.
1.5.1 Arus Bias

Ada tiga cara yang umum untuk memberi arus bias pada transistor, yaitu
rangkaian CE (Common Emitter), CC (Common Colector, CB (Common Base).
Namun saat ini akan lebih detil jika dijelaskan bias transistor rangkaian CE.
DNengan menganalisa rangkaian CE akan dapat diketahui beberapa parameter

penting dan berguna, lerutama untuk memilih transistor yang tepat untuk aplikasi
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lerfentu. Misalnya untuk aplikasi pengolahan sinyal audio tenfu saja ldak

menggunakan ransistor power.

2.5.2 Arus Emitor
Dari Hukum KirchofT diketahui bahwa jumlah arus yang masuk ke sau
titik akan sama dengan arus yang keluar, Jika teorema tersebut diaplikasikan pada

transistor, maka hukum itu menjelaskan hubungan :

Ig=Ic+1y

Gambar 2-11 Arus Emitor!""!
Sumber: www.clectroniclab.com. rubrik elka analog, aswan hamonangan

Persamaan di atas mengatakan arus emitor I adalah jumlah dari arus
kolektor I dengan arus base I, karena arus I sangat kecil sekali atau disebutkan
Iy << I, maka dapat dinyatakan :

Ie=1¢

2.5.3 Daerah Aktif
Daerah kerja transistor yang normal adalah pada daerah aktif, dimana arus

I~ konstan terhadap berapapun nilai Veg. Dani kurva ini diperlihatkan bahwa arus
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Ic hanya bergantung pada besar arus ;. dacrah kerja ini biasa disebut juga daersh

linear {finear region).

Jika Hukum Kirchofl mengenai tegangan dan arus diterapkan pada loop
kolektor (rangkaian CE), maka dapat diperoleh hubungan :
Ver=Vee—le-Re
Dapat dihitung dissipasi daya transistor adalah :
Py=Vee.le
Rumus ini mengatakan jumlah dissipasi daya transistor adalah tegangan
kolektor —ermitter dikalikan dengan jumlah arus yang melewatinya. Dissipasi daya
mi berupa panas vang menyebabkan naiknya temperature transistor. Umumnya
untuk transistor power sangat perlu untuk mengetahui spesifikasi Ppma.
Spesifikasi ini menunjukkan temperatur kerja maksimum yang diperbolehkan agar
transistor masih bekerja normal. Sebab jika transistor bekerja melebihi kapasitas
daya Pryax, maka transistor dapat rusak atau terbakar.
2.5.4 Dacrah Saturasi (Dalam Keadaan Jenuh)
Dasrah Saturasi adalah mulai dari Vep = 0 Volt sampai dengan kira - kira
0,7 Volt (transistor silikon), vaitu akibat dari efek dioda kolektor - base yang

mana legangan Vcg belum mencukupi untuk dapat menyebabkan aliran elektron.
Transistor dalam keadaan jenuh (saturasi), maka berlaku :
e Kuat arus {I.} mencapai maksimum
s V. sama dengan 0 volt
* Tegangan pada beban sama dengan teganpan sumber (V. =Vg.)

Untuk Icbih jclasnya dapat dilihat pada gambar dibawsah ini :
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Yoo

(2 (k)

Gambar 2-12 {a) Transistor dalam keadaan saturasi (b) Rangkaian ekui valent 2!

Sumber: www.electroniclab.com, rubrik elka dasar, aswan hamonangan

Unluk menghitung resistansi pada basis menggunakan rumus :

Vee—lc.Re—Vep=0

Karena keadaan samurasi V.. = 0 maka ramumya menjadi ;

\'fcc — Ic.Rc =
Ic= fae- In
R=

255 Daerah Cut-Off (Sumbat)
Transistor dalam keadaan cut off (sumbat) berlaku hal-hal sebagai berikut :
. Arus 1, sama dengan 0 volt

. Arus 1. sangat kecil sekali sehingga dapat diabaikan

. Ve sama Ve
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?

woC

C: saklar
Tertmka

E

{a) )

Gambar 2-13 (a) Transistor dalam Keadaan Cutt OfT (b) Rangkaian ekuivalen! 3!
Sumber: www.electroniclab.com, rubrik elka dasar, aswan hamonangan

Jika kemudian tegangan V¢ dinaikkan perlahan - lahan sampai tegangan
Vg tertentu tiba - tiba arus [¢ mulai konstan Pada saat pernbahan ini, daerah
kerja transistor berada pada daerah cut-off, yaitu dan keadaan saturasi (OFF) lalu
menjadi aktif (ON). Perubahan ini dipakai pada sistem digital yang hanya
mengenal angka biner 0 dan 1 yang tidak lain dapat direpresentasikan oleh status
transistor OFF dan ON.
2.6 Transformator
Transformator adalah suatu alat listrik yang dapat memindahkan dan
mengubah energi listrik dari satu atau lebih rangkaian listrik ke rangkaian listrik
yang lain melalui suatu gandengan magnet dan berdasarkan prinsip induksi
elektromagnet. Prinsip kcrja transformator berdasarkan induksi magnet antara
rangkaian primer dan rangkaian sekunder. Gandengan magnet berupa inti besi

tempat melakukan fluks bersama-sama. Seperti ditunjukkan pada gambar benikut:
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Gambar 2-14 Transformator ' *!
Sumber: Zuhal, Dasar Tenaga Listrik, ITB Bandung, 1991 [p.4]

Dalam bidang tenaga listrik pemakaian transformator dikelompokkan menjadi:
1. 'Transformator daya.
2. Transformator distribusi.
3. Transformator pengukuran, yaitu terdiri dari: transformator arus dan
transformator tegangan,
Cara kerja transformator berdasarkan induksi elektromagnetik, yaitu:

Apabila kumparan primer dihubungkan dengan tcgangan bolak-balik, maka
akan mengalirkan arus bolak-balik (I;) pada kumparan tersebut. Oleh karena
kumparan mempunyai inti, maka arus [; akan menimbulkan fluks magnet yang
berubah-ubah pada intinya. Sehingga kumparan primer akan timbul GGL induksi

E,. Besarnya GGL. induksi pada kumparan primer (£,) adalah:

Fp=-N, % Volt
Ep=-N, w = - Np. &3 maks-Cos ot
Harga Efektifnya:
B! i ROV
V2 e

Pada rangkaian sekunder, fluks (®) bersama tadi menimbulkan:
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E.=- N.,dé Volt
dt
d Si
B.=-N, u%’:ﬂ_-ﬂ = Ni. & maks.Cos mt
N 2nfé. .
h& - J';.# 4544 NT Jr'¢.v.rﬂ.t“r

Apabila transformator dianggap idcal, maka dianggap tidak terdapat kerugian
dava. Perbandingan antara EMF pada primer dan sekunder adalah:

L V N f

e AL S R
E. V. N, |1

N & 5

Sumber: Zuhal, Dasar Tenaga Listrik, ITB Bandung, 1991 [p.4]

Keterangan:
a = Perbandingan ratio transtormasi EMF pada primer dan sekunder.
By = Tepangan induksi vang dibangkitkan oleh lilitan primer (Volt).
E; = Tegangan induksi yang dibangkitkan oleh lilitan sekunder
(Volt).
Ny = Banyaknya lilitan pada sisi primer.
N = Banyaknya lilitan pada sisi sekunder.
Ip = Arus pada sisi primer (Ampere).
L = Arus pada sisi sekunder (Ampere).
vV, = Tegangan sumber yang masuk pada sisi primer (Volt)
Vs = Tegangan sckunder ke beban (Volt).
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2.6.1 Sensor Tegangan (Transformator Tegangan)

Transformator tegangan berguna untuk menurunkan tegangan dari jala-jala
menjadi tegangan yang dibutuhkan oleh ADC dan mikrokontroller untuk bisa
bekerja, yaitu schesar 0 — 5 Volt. Karena tegangan yang diukur adalah tegangan
+220volt, maka diperlukan adanya transformator penurun tegangan (transformator
stepdown). Tegangan ini kemudian disearahkan atau diubah menjadi tegangan DC
agar dapat diterjemahkan menjadi tegangan digital oleh rangkaian ADC 0804,
Dengan mengetahui Ny dan Nj, membaca tegangan V. serta menganggap

transformator ideal maka tegangan V', adalah:

V[ = —TIKVE

g

Pentanahan tangkaian sckunder diperlukan untuk mencegah adanya beda

potensial vanp besar antara kumparan primer dan kumparan sckunder.
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PERENCANAAN DAN PEMBUATAN ALAT

Bub ini akun membzhas tentang perencanaan dan pembuatan inverter
berbasis mikrokontroler AT89S52 yuny meliputi perancangan perangkat keras
(frardware) dan perangkat lunak (software), untuk lebih detailnya akan dijetaskan

pada sub bab berikut ini

3.1.Diagram Blok Rangkaian

Secara garis besar, prinsip kerja alat ini dapal digambarkan melalui blok

diagram dibawah inj:

F-Eny-{:u'm
IBangan

2 ‘r\"._z'f\./ & m Payearan 1
L R
LI £ 9 I AL

LAY
i 4
_ B\ AC -

1F
AT BES5D L pac MV Armplifiar
0.5 e o-12%
r e
i a5 08
Trate
'—|_| [ 1 Stan g

ETHY

' S X Tegangan
ADC _’:'E;r?EZL— E‘J AC
0.5y | OHANE J (220 V)

Gambar 3-1 Blok Diagram Rangkaian
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Prinsip kerja dari blok diagram diatas adalah -

¥ Jala-jala Listrik, berfungsi sebagai sumber tegangan

» Penyearah Tegangan, berfungsi untuk meyearahkan tegangan yang
tegangan 220 Volt (AC) menjadi 12 Valt dan 5 Voli (DC).

¥ Mikrokontroler AT89552, berfungsi untuk pengendalian dari
kescluruan sistem.

» Digital Analog Converter (DAC) berfungsi untuk mengubah data
digital menjadi data analog.

» _Ampiifier berfungsi sebagai penguat tegangan.

» Trafo Step Up berfungsi vntuk menaikan tegangan dari 12 Volt
menjadi 220 Volt (AC).

» Tegangan AC 220 Volt / Output hasil dari inverter tegangan DC
menjadi tegangan AC.

# Sensor Tegangan berfungsi untuk mengetshui apakah tepangan
sudah 220 Volt (AC).

# Analog Digital Converter (ADC) befungsi untuk mengubah data

analog menjadi data digital.

3.2. Perencanasan Hardware

Dalam perencanaan ini rancangan hardware yang dibuat bertujuan guna
mendukung dan memberikan kemudahan pada proses kerja perancangan soffware
agar nantinya sesuai dengan kondisi yang diinginkan, unwk perancangan

hardware sendiri dibagi menjadi 9 bagian yaitu :
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1. Minimum System AT89552

2. Digital Analog Converter (DAC) 0808
3. Amplifier

4. Sensor Tegangan

3, Analog Digital Converter (ADC) 0804

3.2.1 Perancangan minimum sistem mikrokontroller AT89852

Penggunaan mikrokontroller AT89S52 harus didukung oleh beberapa
rangkaian penunjang agar dapal melakukan fungsinya. antara lain rangkaian elock
dan rangkaian resel. Selain itu juga harus ditenfukan penggunaan port-porinya
untuk rangkaian pendukung yang lain.
3.2.1.1 Rangksian clock

Kecepatan proses pengolahan data pada mikrokontroller ditentukan oleh
clock (pewzktu) yang dikendalikan olch mikrokontroller tersebut. Pada
mikrokontroller ATRYSS2 terdapat infernal clock gemerator yang berfungsi
sebagm sumber clock, tapi masih memerlukan rangkaian tambahan untuk
membangkitkan ¢lock yang diinginkan,

Rangkeaian tambahan ini terdini atas 2 buah kapasitor dan scbuah kristal
yang lerangkal sedemikian rupa dan kemudian dihubungkan dengan port yang
khusus terscdia pada mikrokontroller.

Dalam perancangan rangkaian ini menggunakan :

® 2 Kapasitor 30 pF. Penentuan besarnya kapasilansi disesuaikan dengan

spesifikasi pada data sheet.
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e Knstal 11,0592 MHe.
Dengan demikian perhitungannya dapat dilihat sebagai berikut :

= 11,0592 MHz

o |
/

. 1

P
1L.0592x10

karena 1 siklus mesin = 12T maka

4 ]
| siklusmesin=12x ——— =1 085 us
11,0592x10° B

Adapun pambar rangkaian clock sebagai berikut :

CGambar 3-2 Rangkaian clock

3.2.1.2 Rangkaian reyet

Reset pada mikrokontroller merupakan masukan aktif high “1° pulsa
transisi dari rendah “(" ketinggi akan me-reses mikrokontroller menuju alamat
0000H. Pin reset dihubungkan dengan rangkaian power-on resel seperti pada

zambar berikut :
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Gambar 3-3 Rangkaian Reser

Rangkaian reser bertujuan agar mikrokontroller dapat menjatankan proses
dari awal Rangkaian reset untuk mikrokontroller dirancang agar mempunyai
kemampuan power on resei, yaim reser yang terjadi pada saal sisiem dinyalakan
untuk pertama kalinva. Reser juga bias dilakukan secara manual dengan menekan
tombol reset yang berupa switch push button.

Rangkaian reser terbentuk olch komponen Resistor dan kapasitor yang
sudah baku (ditetapkan oleh perusahaan pembuat 1C AT89552). Nilai Resistor
vang dipakat adalah 10K€2 dan kapasitor 10pF. Besar mlai tahanan dan kapasitor

pada rangkaian tersebut akan menentukan lama waktu pulsa reses.

3.2.1.3 Perancangan penggunaan port-port pada mikrokontroller AT89852
Pada skripsi ini mikrokontroller ATB9S52 digunakan scbagai pusat
pengendali kerja dan alat yang dibuat kerena disinilah tersimpan program-

program (software) periniah serta alamal yang akan dituju program. Untuk
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melaksanakan fungsi tersebut diatas maka perlu dirancang port-port /O vang akan
digunakan.
Gambar 3-6 menunjukkan rancangan port-port [/0O pada mikrokontroller

ATE9S52 yvang dimanfaatkan pada skripsi :

R ES
g

ssssans BGE murveEsy §
thuuﬂw |3|+ Hizekitded |2

0 | | | ] B Y| ey

CGambar 3;-* Perancangan pemakaian port-port mikrokontroller
1.  Portl
Port 0.0 — Port 0.7 (pin 32 — 39) digunakan sebagai port keluaran untuk

lampu led.
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Port 1

Port 1.0 — Port 1.7 (pin 1 — 8) digunakan sebagai outputan data yang dikirim
untuk DAC

Port 2

Port 2.0 — Port 2.7 (pin 21 — 28) digunakan schagai output data yang dikirim
untuk saklar dip swit.

Port 3

Port 3.0 — Port 3.7 (pin 10 — 17) digunakan sebagai inputan data yang
diterima dari ADC

Pin 9 (reset} dihibungkan dengan rangkaian reset

Pin 18 dan pin 19 dihubungkan dengan rangkaian rangkaian ¢/ock atau
(scillator external

Pin 31 (EA) diberi logika tinggi (high) atau dihubungkan dengan Ve maka
mikrokentroller akan mengakses program dari ROM internal (EPROM atau
flash memory)

Pin 29 dan pin 30 (ALE/PROG dan PSEN) tidak digunakan karena pada
pembuatan alat ini tidak menggunakan atau mengakses memory eksternal
Pin 40 (Vee) dihubungkan dengan tegangan supply +5V

Pin 20 (GND) dihubungkan dengan tegangan supply growned
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3.3. Rangkaian Digital Analog Converter (DAC) 0808
Digital To Analog Converter (D/A) merubah N bit bilangan biner menjadi
output tegangan analog yang memiliki 2" nilai tegangan yang terpisah. Pada
umumnya hubungan antara inputan digital dan output analognya adalah linier
tetapl ada juga yang hubungannya antara inpul dan outputnya berupa logaritmik.
Untuk N bit linier D/A converter. oulpul analog yang idial adalah V{n)
yang merupakan tungsi linier dari digital input n antara dua tegangan reverensi

Vm , dau‘v’mﬂ

Gambar 3-5 menunjukkan rancangan port-port pada Digital Analog
Converter (DAC) 0808,

1. Pin 5 — 12 digunakan sebagai port keluaran dari mikrokontroler

ATE9S52

2. Pm 4 diguanakan sebagai port inputan untuk rangkaian penguat

3.  Pin 3 dan 16 dihubungkan dengan tegangan supply — 5 Voll

4. Pin 14 ( Vit +) dihubungkan dengan tegangan supply 12 Voll

5. Pin 15 ( Vrf - ) dihubungkan dengan tegangan supply ground

6.  Pin 13 { VCC ) dihubungkan dengan tegangan supply + 5 Volt
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Gambar 3-5 Rangkaian DAC 0808 (Digital Analog Converter)

3.4. Rangkaian Amplifier

Rangakaian amplifier disini menggunakan transistor schapai
penguat, sclain sebagai saklar transistor juga digunakan sebagai penguat. Setelah
membias transistor dalam daerah aktif, kita dapat memasang tegangan AC pada
dioda emitor untuk memmbulkan Muktuasi dalam arus kolektor. Jika arus kolektor
ini mengalir melalui resistor luar, pembesaran sinyal ini discbut penguatan, Jika
menggunakan transistor sebagai penguat untuk mengukur tegangan transistor ke
tansh sering digunakan voltmeter. Karena alasan ini maka harus memperkirakan
berapa tegangan AC yang ada dalam pengual. Tiga tegangan Ac dasar dalam
penguat transistor adalah tegangan kolektor ketanah Ve, legangan emitor ke tanah

Ve dan tegangan basis ke bawah Vb.




Gambar 3-6 Rangkaian Amplifier

Transistor yang digunakan pada amplifier salah salunya adalah 9013 diketahui
dari data sheel (ransistor 9013 besarnya Ic = 100mA. hfe = 110, V ,, = 0,7 Volt,

sehingga

4 e VT 1.1

L I (1.1)
T

I T 1.2

" e {1.2)

e A e B e oo (1.3)

maka [, pada lransistor 9013

_ 100mA
LD

= 0.909mA
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Maka R, adalah :
=20 i
0.909

Ry sebesar 4,73 x 10702 =5k Q

Pada Transistor Tip 31 diketahui dari data sheel besamya Ic = 500mA, hic = 135
Muka Iy pada transistor TIP 31

bR
135

I =500 + 3.7
I = 503,7 mA
Pada mansistor Tip 3055 diketahui dari data sheet besarnya Ic = 1A, dan hfe =45

Maka Iy; pada transistor TIP 3055

T=1-+0,022

Iz = 1,022A

3.5. Rangkaian Sensor Tegangan dan Analog Digital Converter (ADC) 0804
Transformator tegangan berguna untuk menurunkan tegangan dari jala-jala
menjadi tegangan yang dibutubkan oleh ADC dan mikrokontroller untuk bisa
bekerja, yaitu sebesar {0 — 5 Voll. Karena tegangan yang diukur adalah tegangan
+220volt, maka diperlukan adanya transformator penurun tegangan (transformator

stepdown). Tegangan ini kemudian disearabkan atau diubah menjadi icpangan DO
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agar dapat diterjemabkan menjadi tegangan digital oleh rangkaian ADC 0808.
Dengan mengetahui Ny dan N;, membaca tegangan V,, serta menganggap

transformator ideal maka tepangan V; adalah:

Vi=—LtxVy
3

Pentanahan rangkaian sekunder diperlukan uniuk mencegah adanya beda
potensial yang besar antara kumparan primer dan kumparan sekunder,

ADC yang digunakan adalah ADC 0804 yang merupakan A satu kanal
input dengan output pararel 8 bit. Agar ADC dapat bekerja secara optimal maka
diberi catu daya 5 volt. ADC 0804 telah dilengkapi clock internal vang dapat

diaktifkan dengan menghubungkan dengan tahanan dan kapasitor eksternal,

5V
R
g
: | e e g “I:
DHosda L "‘:"?‘ = e
10K .
T 10ulF LI S E
oy
l 2 S hDET
= S e
IRK
19 |ermz ot
rw : lokm g
e i -
| 1 Apcoes
Ta Tagangan == = =
AC )

Gambar 3-7 Rangkaian sensor tegangan dan Analog Digital Converter (ADDC) 0804
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Nilai tahanan R2 diteniukan sebesar 10 KL dan nilai kapasitor C2 sebesar
150 pF, sehingga memberikan frekuensi cfock sebesar :

1 1
F= —
LIRC  L1x10KOx150pF

= 606,06 KHz

Berdasarkan frekuensi clock diatas, maka wakiu konversi maksimum yang
dibutuhkan ADC adalah :

ar_ 2
f 606.06x10"

=042 ms

ADC ini dirancang agar dapat menerima tegangan input antara (0 — 4.5
Volt. Pada perencanaan ini diberikan tegangan reverensi (Vref/2) pada pin 9
sebesar 2,25 volt. Untuk mendapatkan Vre2 digunakan rangkaian resistor
pembag tegangan yang terdiri dari 2 buah resistor yang terhubung sccara seri.
Pada perancangan. salah satu resistor digunakan varigble resistor sebesar 10K£)
sehingga tegangan kcluarannya dapat diatur sesuai dengan kebutuhan.

Dengan Vref/2 sebesar 2.25 Volt maka ADC akan memiliki resolusi
sebesar

Vref /2

ar

Resolusi =2 x Volt / step

2,25

=8

s

=7 x

I Volt/ step = 17,65 mV / step

3.6. Sistem DDS (Direct digital Synthesis)
Sistem DDS (Direct digital Synthesis) merupakan salah satu cara untuk
menghasilkan sinyal sinusoida secara langsung. Inti dari sistem ini adalah

arsitektur akumulator dengan resolusi mencapai mili Hertz dan frekuensi sinyal
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yang dihasilkan dapal diatur tergantung dari sinyal frekuesi referensi dan metode
perancangan. Keluaran sistem DDS yang diproses oleh mikrokontroler berupa
sinyal digital kemudian menjadi masukan untuk DAC (XA converter) dan [LPF
(Low Pass Filter) untuk menghasilkan sinyal sinusoida yang sempuma.

Semua parameter kontrol sistem DDS berada dalam bentuk digital. Sistem
DDS pada dasarnya terdiri atas akumulator phasa, LUT (Look Up Table), dan
ostlator sehagal pembangkil frekuensi referensi (clock). Sedangkan DAC (Digital
To Analog Converter) dan LPF (Low Pass Filter) merupakan komponen-

komponen penunjang sistern DS

3.7. Kelebihan Dan Flesibilitas DDS

Kelebihan penggunaan Sistem DDS adalah karateristik sistem DDS itu
sendiri, dimana keutamaan dari sistem ini adalah memiliki setting time/kecepatan
vang cepat dan memiliki resulusi frekuensi yang halus terhadap frekuensi
keluaran, operasi atas suata sepektrum frekuensi yang lebar dan dengan kemajuan
dalam desain teknologi proses. Serta sangat ringkas dan sedikit membutuhkan
daya. Schingga sangat memungkinkan sistem DDS bisa lebih dikembangkan
untuk desain alat yang berkaitan dengan aplikasi-aplikasi frekuensi hopping serta
sistem-sistem yang berkaitan dengan peralatan pemancar radio, 1V, peralatan test,

dll.
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Brrod i

B

Fimre =4, Sigunl Flow through the 1205 archiiconre
Gambar 3-8 Signal Sinusoida Direct Digilal Synthesis (DDS)

3.8. Perancangan Perangkat Lunak

Dalam menunjang kerga sistem secara kescluruhan diperlukan suatu
perangkat lunak (software). Software yang digunakan uniuk ATR9852 disini
menggunakan bahasa assembler keluarga MCS52. Program yang ditulis dengan
bahasa assembly terdini dari label: kode mnemonic dan lain sebagainya yang pada
umumnya dinamakan schagai program sumber (sowrce code) yang belum bisa
diterima oleh prosesor untuk dijalankan sebagai program, tetapi harus dijalankan

dulu menjadi bahasa mesin dalam bentuk kode biner.

» Penulisan program dengan menggunakan teks editor dan disimpan
dengan ckslensi Asm.

» Meng-compile program yang tclah ditulis dengan menggunakan
Compiler MCS52 sehingga didapatkan file dengan ekstensi Hex,

> Mengubah file berekstensi flex menjafi file berekstensi Bin

# Men-download file berekstensi Bin ke dalam EPROM Mikrokontroler

AT89552.




3.8.1. Flow Chart Kerja Rangkaian

Inisializasi
Nama Memory

¥
Setting
Timer 1 Mode 16 Bit
Reset Timer
Enable Interupt Timer 1
Start Timer

Sct Data
Volt-ADC - 30

I

Raca AIM
Bagi Data ADC
dg Data Voli-ADC

Hasil=0 7

Kurangi Dala
Volt-ADC dg
Daia ADC

Ambil
Lookup Tabel |

S0
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Hasil =257

Ambal
Lockup Tabel 2

Masil <207

Ambil
Lookup Tabel 3

l

¥

Ambil
Lookup Tabel 4

i N

Hasil %

¥

Ambil
Lookup Tabel §

Ambil
Lookup Tabel &

M
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r

Ambil
Lookup Tabel 11




Kurangi Data
ADC dg Data
Voli-ADC

Ambil
Lookup Tabel &

Hasil < 107

'

Ambil
Lookup Tabel 7

Hasil < 15 %

Ambil
Lookup Tabel 8

™

Hasil = 20 7

Ambil
Lookup Tabel 9
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Amhil
Lookup Tabel 10

N

Hasil =" 30 7

Ambil
Lookup Tabel |1

M

-
Ambil
Lookup Tabel 11

END

CGiambar 3-9 Flowchart program utama




INTERUPT
TIMER

h

Stop Timer

Y
Ambil Pointer
data yg ka (sina}

L 4
Driva DAC

i

Ing (sine)}

F
RETURN
INTERUPT

Gambar 3-10 Flowchart Data Loc up table
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BABIV

PENGUJIAN ALAT

Bab ini akan membahas pengujian alat yang telah dirancang, dirakit serta
direalisasikan. Tujuan pengujian alat ini adalah menpetahui kerja dari masimg-
masing sistem yang dibual sccara per-blok. Dengan demikian dapat diketahui
kepresisian kerja dari alat vang direncanakan dan dibuat. Secara nmum fujnan dari

pengujian alat tersebul adalah sebagai berikut :

1. Mengetahui proses kerja dari masing-masing rangkaian { blok ).
2, Memudahkan pendataan spesifikasi alat.
3. Mengetahui hasil dari suatu perencanaan yang telah dibuat,
4. Memudahkan perawatan dan perbaikan apabila sewaktu-waklu terjadi
kerusakan.
4.1. Pengujian Rangkaian DAC 0808
4.1.1. Tujuan
Pengujian rangkaian DAC (Digital Analog Converter) 0808 ini bertujuan
untuk mengetahui bagaimana kondisi sinyal sinusoida pada saat dijalankan.
4.1.2. Langkah- Langkah Pengujian
. Menyusun rangkaian DAC 0808 seperti pada gambar 4-1.
2. Menghubungkan rangkaian DAC 0808 dengan tegangan Vee (5V).

3. Mengamat hasil pengujian.
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Gambar 4-1 Rangkaian DAC (Digital Analog Converter) 0808

4.1.3. Hasil dan Anslis

Setelah melakukan pengujian DAC (Digital Analog Converter)O%08 maka

hasil yang diperoleh adalah sebagai berikut

(rambar 4-2 hasil pengujian sinuseida pada rangkain DAC (808




Pada pengujian DAC 0808 ini digunakan Vyer = 12 V artinya jika semua
inputan berlogika maka tegangannya 12 V dan apabila semua input berlogika 0
maka, tegangannya 0 V. Jadi untuk Vge= 12 V maka Vi = 12V dan Vo — 0 V.
IC DAC 0808 mendapat inputan 8 bit berarti lerdapat 2% kombinasi = 256
kombinasi, schingpa didapat :

Status maksimum = status maksimum — |
=256 -1 =255
perubahan legangan output minimum = 12 /255 = 0,047 V

input = 30 hek = 48 desimal : output analog = 48 * 0,047 = 2.256 Voll

Mo | - Inputan Output cData Analog { Vaolt ) i
. Data Digital Desimal
. (Heksa Desimal) Pengukuran Perhitungan
- { Volt ) { Volt )
I 00 0 1 my 0
g | 30 48 2,174 ' 2.256 ‘
3 65 101 4,602 4747 |
NS 149 | 6868 7,003
i BB 187 8,632 8,789
6 FF 255 LTS 11,985

Tabel 4 — 1 Hasil perhitungan dan Pengukuran Konversi Digital to Analog

4.1.4. Analisa Data

LJari data yang ada pada hasil pengujian, maka oulput dari rangkaian DAC
DBOB memiliki bentuk gelombanyg sinus dengan frekuensi SOHz |

Tegangan analog yang dihasilkan DAC 0808 dengan menggunakan
ATEDS3T sebanding dengan input digitalnya. Lrror yang didapat 0,1 ?.:H:




58

4.2. Pengujian rangkaian amplifier
4.2.1. Tujuan
Pengujian ini bertujuan untuk mengetahui apakah rangkaian amplificr
yang digunakan berkerja dengan baik.
4.2.2. Langkah-Langkah Pengujian
| Menyusun rangkaian amplifier seperti pada gambar 4-3
2. Menghubungkan rangkaian amplifier dengan tegangan Vee (12V),

3. Mengamati hasil yang ditunjukan pada ampermeter,

s = ]l 3
TIF AC _'.i1 =il

{ T i DDA

Gambar 4-3 Rangkaian Amplifier

4.2.3. Hasil dan Analisa
Setclah melakukan pengujian rangkaian amplifier maka hasil yang di

peroleh adalah sebagai berikut -




Gambar 4-4 Hasil Pengujian Arus Pada Rangkaian Amplifier

Dapat disimpulkan bahwa untuk mendrive transistor agar mengcapai

kendisi saturasi maka arus yang masuk kekaki basis harus sesual, agar transistor

tidak terlalu jenuh,
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# Hasil dari pengukuran tegangan untuk rangkaian amplifier adalah scbagai

berikut

Gamibar 4-5 Hasil Pengujian Tegangan Pada Rangkaian Amphfier

Mo Arus {A) | Tegangan (V) B
Pengukuran | Perhitungan _Pengukuran | Perhitunpan |
O L 45 0,62 2 |

Tabel 4 — 2 Hasil Pengukuran dan Perhitungan Rangkaian amplifier

4.2.4, Analisa Data

Dari data yang ada pada hasil pengujian, maka output dari rangkaiat
amplifier memiliki arus sebesar 3,33 A dan Tegangan scbesar 9,62 Voll itu
dikarenakan adanya Ve = 0,7 Volt.
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4.3. Pengujian Rangkaian Sensor Tegangan dan ADC 0804
4.3.1. Tujuan

Pengyjtan ini bertujuan untuk mengetatui kinerja perangkat keras secara
keseluruhan apabila dijalankan.
4.3.1. Langkah-Langkah Pengujian

l. Menyusun rangkaian sensor tegangan dan ADC 0804 scperti pada

gambar 4-6
2. Menghubungkan sensor tegangan dengan tegangan 220 v
3. Menghubungkan rangkaian ADC 0804 dengan tegangan 5 V

4. Mengamati hasil yang ditunjukan pada multimeter

sV

E ODEpusNEE

f1)
L

=f =4

@ Tkgmzan
At

Uambar 4 - 6 Rangkaian Sensor T cgangan Dan A DC 0804

m I H“_I ADCRIIE

4.3.3, Hasil dan Analisa

Setelah melakukan pengujian rangkaian sensor tegangan maka hasil vang

di peroleh adalah sebagai berikut -




» Hasil pengukuran dan perhitungan rangkaian sensor tegangan didapat sebagai

berikut
| No | Tegangan [nput Tegangan Dﬁﬁut{ Volt} |
{ Volt ) pengukuran perhilungan
1| %0 23 2.6
2 |llo 138 3
3 |220 | 47 5 ]

Tabel 4 — 3 Hasil Pengukuran Rangkaian sensor Tegangan

# Hasil pengukuran dan perhitungan rangkaian ADC 0804 didapat sebaga

berikur :

No | Input Data Analog (Volt)

Output Dula Digital i
_ {Heksa [Nesimal)

| | Pengukuran Perhitungan
1| 0,00 00 00 |
E3 !1,22 ar 30 ~
3 220 |E 71 3 iy
4 ]3.50 B4 :AF
5 |a10 D2 CD
6 |4.64 EE [

Tabel 4 — 4 Hasil Pengukuran dan perhitungan Rangkaian ADC 0804
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d4.3.4. Analisa Data

Dari data yang ada pada hasil pengujian, maka output dari rangkaian

SENSOT legangan mempunyai error sebesar 2%

Dan data yang ada pada hasil pengujian rangkaian ADC (804 didapat

error vang angat keeil,

4.4, Pengujian Rangkaian keseluruan

4.4.1. Tujuan

Pengujian ini bertujuan untuk mengetahui kinerja perangkat keras secara

keseluruhan apabila dijalankan,

4.4.2. Langkah-Langkah Pengujian

2

Menyusun rangkaian keseluruan sepert: pada pambar 4-6
Menghubungkan rangkaian keseluruan dengan jala-jala listrik,
Menekan Lombol start

Mengamati hasil yang ditunjukan pada multimeter digital.
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Gambar 4-6 Rangkaian Keseluruan

4.4.3. Hasil dan Analiss
Pengujian sistem sccara keseluruhan dilakukan dengan menggabungkan
semua blok rangkaian dan menjalankan perangkat lunak vang telah dibuat untuk

menjalankan peralatan. Pengujian ini dimaksudkan untuk mengetahui kenja sistem

keseluruhan,
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» Hasil dan pengukuran tegangan tanpa beban untuk rangkaian keseluruan

adalah sebagm berikut ;

Gambar 4-7 Hasil Pengujian Tegangan tanpa beban Pada Rangkaian keseluruan

Dapat disimpulkan bahwa untuk tegangan keluaran dari rangkaian

keseluruan hanya dihasilkan legangan 90,2 Volt itu dikarenakan adanya drop

tepangan pada transformator,

r NO Pengukuran Perhitungan

1 90,2 Volt 220 Volt

. |
Tablc 4-5 Hasil Dari Pengukuran Rangkaian Keseluruan
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» Hasil dari pengukuran tegangan berbeban 15 watt untuk rangkaian keseluruan
adalah sebagai berikut :

Gambar 4-10

Hasi] Pengujian Tegangan berbeban 15 watt Pada Rangkaian keseluruan

# Hasil dari pengukuran tegangan berbeban 25 watt untuk rangkaian keseluruan

adalah sebagai berikut |

(iambar 4.11

Hasil Pengujian Tegangan berbeban 15 watt Pada Rangkaian keseluruan
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Dapat  disimpulkan bahwa untuk tegangan keluaran berbeban dari

rangkaian keseluruan dapat dilihat ditabel dibawah ini |

NO | BEBAN TEGANGAN ( Volt) —‘
| 15 watt 794 -

2 (10 watt 77,6

3 } 15 watt | 75.5

4 [ 25 watt : 74,3 R

Table 4-6 Hasil Dari Pengukuran Rangkaian Keseluruan Berbeban

4.4.4. Analisa Data

Setelah dilakukan beberapa kali penpujian maka hasil percobaan tidak
sesual dengan yang di harapkan dikarcnakan tegangan yang keluar tidak maksimal
karena adanya rugi tegangan yang terdapat pada transformator Ydang mempunyal

eror sckitar 51% dikarenakan tegangan yang di hasilkan 90 Volt
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PENUTUP

5.1 Kesimpulan
Dan pengamatan dan analisa selama proses perancangan dan pembuatan
alal dapatl diambil beberapa kesimpulan sebagai berikut :
1. Dalam merancang dan membuat sinyal sinusoida dapat menggunakan
rangkaian DAC 0808 dimana sinval keluarannya berupa sinyval sinus.
2. Dalam merancang rangkaian amplifier kita dapat mengpunakan rangkaian
volted follower.

3. Tegangan yang keluar pada pengujian 90 volt AC

4, Tegangan yang keluar dan transformator tidak maksimal dikarenakan
adanya rugi tegangan yang terdapat pada transformator.
5. Daya maksimum 40 watt

6. Arus vang keluar dari rangkaian amplifier 3,33 A

5.2 Saran- saran
Ada beberapa hal yang perlu diperhatikan dalam pengembangan alat ini,
antara lain :
1. Agar alat ini dapat bekerja dengan baik, diharapkan untuk mengikuti
petunjuk pengoperasian alat dengan benar
2. Dalam mengembangkan alat ini lebih lanjut bisa ditambahkan LCD dan
keypad dimana pantinya dapat mengetahui tegangan yang di Gk

e

L
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1jmp init
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i
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Features

* Compatible with MCB-519 Products

» 8K Bytes of In-Systorn Programmabls (ISP) Flazh Memory
— Endurance: 1000 Write/Erase Cycles

4.0V {0 5.5V Operaling Range

Fully Static Oparation: 0 Hz to 33 MHz

Thrae-level Program Memory Lock

256 x B-bit Intarnal RAM

32 Programmabte 1O Lines

Threa 168-bit TimerCounters

Eight Intarnspt Sources

Full Duplex UART Serial Channel

Low-power |dle and Power-down Modes

Intarrupt Recovery from Powerdown Mode

Watchdog Timer

Dual Data Polmter

Power-off Flag

Fast Programming Thme

Flexibla ISP Programming (Eyte and Page Mode)

Description

The ATBOS52 i a low-power, high-performance CMOS 8 bit misrocontroller with 2K
bytes of in-system programmable Flash memory. The device is manufactured using
Almel's high-density nonvolatila memory technology and is compatible with the indus-
try-standard 80CS1 instruction set and pinout. The on-chip Flash allows the pragram
memory o be reprogrammed in-system or by a conventional nonvolatile memory pro-
grammer. By combining a versatile 5-bit CPU wilh in-syslem progmmmable Flash on
a monolithic chip, the Atmel ATB9552 is a powearful microcontrolier which provides a
highly-flexible and cost-effective solution to many embedded control applications.

The ATE9552 provides the following standard features: 8K bytes of Flash, 256 bytes
of RAM, 32 V0 lines, Watchdog timer, two data pointers, three 16-bit timericountars, a
si-vector two-level interrupt architecture, a full duplex serial port, on-chip oscillator,
and clock circuitry. In addition, the ATB9552 is designed with static logic for operation
down 1o zero frequency and supports two software selectable power saving modes.
The Idle Mode stops the CPU while allowing the RAM, timer/counters, serial port, and
interrupt system to confinue funclioning. The Power-down mode saves the RAM con-
tents but freezes the osaillator, disabling all other chip functions until the nest interrupt
or hardware reset

ATMEL

8-bit
Microcontroller
with 8K Bytes
In-System
Programmahle
Flash
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Pin Configurations
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Pin Description

YGC
GND

Port 0

Port1

Port 2

Port3

ATMEL

Supply voltage.
Ground.

Port 0 is an 8-bit open drain bidirectional 'O port. As an output port, each pin can sink
gight TTL inputs. When 1s are written to port 0 pins, the pins can be used as high-
impedance inpuls.

Port () can also be configured to be the multiplexed low-order address/data bus during
accesses to external program and data meamory. In this mode, PO has internat pull-ups.

Port 0 also receives the code bytes during Flash programming and outputs the code
bytes during program verification. External pull-ups are required during program
verification.

Port 1 is an B-bit bidirectional /O port with intemal pull-ups. The Port 1 output buffers
can sink/source four TTL inputs. When 1s are written 1o Port 1 pins, they are pulied high
by the internal pull-ups and can be used as inputs. A= inputs, Port 1 pins that are exter-
nally baing pulled low will source current {l, | becatse of the infernal pull-ups.,

in addition, P1.0 and P1.1 can be configured io be the timercounter 7 external count
input {P1.0/T2) and the timerfcounter 2 trigger input (P1.1/TZEX), respectively, as
shown in the following Lable.

Port 1 also receives the low-order address byles during Flash programming and
wvizrification,

Part Pin Altemate Functions

P10 T2 fesdernal count input te TerarCountar 2), dock-out

P11 TZEX (TimerCounter 2 capturaireload tigoar and direr:TinH:".an':l} E
P1.5 MWOSI (used for In-System Programming) -

P1.B MISO jused for In-System Programming)

P% ? - SCK[u;Efnr In-:'-ag;;';;;n-;—‘rc_yg-mmmingj

Port 2 s an 8-bit bidirectional /O port with intermal pull-ups. The Fort 2 output buffers
can sink/source four TTL inputs. When 15 are written to Port 2 pins, thay are pulled high
by the Internal pull-ups and can be used as inpuls. As inputs, Port 2 pins that are exter-
nally being pulled law will saurce current () because of the intermal pul-ups.

Port 2 emits the high-order address byte during fetches from external program memory
and during accesses o external data memery that use 16-bit addresses (MOVX @
DPTR). In this application, Port 2 uses strong intemal pull-ups when emitting 1s. During
accesses to external data memory thal use 8-bit addresses (MOVX @ R}, Port 2 emits
the contents of the P2 Spedial Function Beqgister.

Part £ also receives the high-order address bits and some contral signals during Flash
programiming and verification,

Port 3 is an 8-bit bidirectional If0 part with intermal pull-ups. The Port 3 outpul buffers
can sink/source four TTL Inputs. When 1s are written to Porl 3 pins, they are pulled high
by the internal pull-ups and can be used as inpuls. As inputs, Porl 3 pins thal are exter-
nally being pulled low will source currant (1, ) becausa of the pull-ups.

4 ATAISS. e

1P 158-MICRO- 1110




RST

ALE/PROG

HTAL1

XTALZ2

TTEE-MICRT-110S

Port 3 receives some control signals for Flash programming and verification.

Port 3 also senves the functions of various special features of the ATESS52. as shown in
the following table.

Part Pln Adteniaie Fuiliivis
P30 R¥D {garial input port)
P31 | TXD tserial autput port)
- [ B W fembernal interugt 1)
P33 TNTT {external interrupt 1) i
E - 10 (timer 0 EI[E.'TﬂFl.i-inpql'l‘}
Pa5 | T1 {timer 1 extermal inputi_
 p3s WH {oxternal data memory i si-l'ﬂbﬂ:l
P37 RD (sxternal data memery read strebe)

Resel inpul. & high an this pin for two machine oycles while the oscillator is running
resets the device, This pin drives high for 98 oscillator periods after the Watchdog times
oul. The DISRTO bitin SFR AUXR {address 8EH) can be used to dizable this feature. In
the default state of bit DISRTO, the RESET HIGH out feature is enabled.

Address Laich Enable (ALE) is an output pulse for latching the low byte of the address
during accesses to external memory. This pin is also the program pulse input (EROG)
during Flash programming.

In normal operation, ALE is emitted at a constant rate of 1/6 the oscillater frequency and

may be used for external timing or clocking purposes. Note, however, that ane
ALE pulse is skipped during each access to external data memory.

If desired, ALE operation can be disabled by setting bil 0 of SFR location 8EH. With the
bit set, ALE is active only during a MOVX or MOVC instruction. Otherwise, the pin is
woakly pulled high. Setting the ALEdisable bit has no effect if the microcontraller is in
extamal execulion mode,

Program Ztore Enable (PSEN) is the read strobe to external program memory.

Yihen the ATEISS5Z is executing code from extemal program memory, PSEN is acti-
vated twice each machine cycle, except that two PSEN activations are skipped during
each access to external data memory,

External Access Enable. EA must be strapped to GND in arder to enable the device o
fetch code from external program memory locations starting at 0000H up to FFFFH.
Note, however, that if fock bit 1 is programmed, EA will be internally latched on reset.

EA should be strappad to V.. for intemal program executions.

Thiz pin alsa receives the 12-vall programming enable voltage (Vap) during Flash
programming.

Input to the inverting ascillator amplifier and input to the internal clock operating circart.

Cutput from the inverting oscillator amplifier.

ATMEL ;




Special Funection
Registers

B

A map of the an-chip memory area called the Special Function Register (3FR) space is
shown in Tabls 1,

_Nnte that not all of the addresses are oooupied, and unpocupied addresses may not be
implamented on the chip. Read accesses to these addresses will in general retum ran-
dom data, and write accasses will have an indeterminate effect

User software should not write 12 to these unlisted lacations, since they may be used in
futura products to invoke new fealures. In that case, the reset or inactive vaues of the
new bits will always be 0.

Timer 2 Registers: Control and status bits are contained in registers T2CON (shown in
Table 2) and T2MOD (shown in Table 6) for Timer 2. The register pair (RCAP2H,
RCAPZL) are the Capture/Reload registers for Timer 2 In 16-bit caplure mode or 16-hbit
auto-relaad mode.

Interrupt Registers: The individual interrupt enable bits are in the IE register. Two pri-
arities can be set for gach of the six interrupt sources in the P egister.

Table 1. ATBBS52 SFR Map and Reset Values

argH

(FH

OESH

DEDH

DDEH

MM

OCEH

QCHH

GBAH

0B0H

OndH

DAnH

aEH

[ ] ]
1 | UFFH_
| -
B
DO OFTH
| n=FH
| e | .
| 00000000 | . OETH
A
' OOEH
PEW g
00000000 oOTH
TZCON T2MoD RCAPZL RCAP2H L2 THZ o
COGOON00 | XxXXMX00 RO 0 OOO3I000 Q0000007 Qo0a0oDo |
! 0 h
OeTH
I
e
XX000000 1 ‘ HEh
P3 |
11111114 OB7H
IE
BXBOO000 BAFH
=2 AUERA WDTRST OATH
11111114 IO HANILN,
ICON SBUF 8EH
QOG00DGD | 2000000
| | |
o I
RAEIREEE | ek
[ reon TMOD TLO L1 THO TH ALIKR _—
| OOODO0GD | DDGOC0OD DOG00DOD DOODNGOG | OCOOOO0O | 00000000 HHHDDARD
[ po P DPaL DPOH oPIL DPIH PCON | oo
| 11414414 06GOG1 11 ROGO0000 ODODOCOD | DOODOOOE | DOOGO000 OXHH D00
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Table 2. T2CON — Timer/Counter 2 Control Register

QR?2

L

T2CON Address = 0CBH Reset Value = 000 DDOOB 1
Lit Addressabia i
r [ TS — ===
Bt | TF2 EXF2 ROLK TClK | EXEN2 | TR2 | o2 CPRIZ ]
| 7 8 5 4 3 | & ] A o | |
Swumhal  Functlon
TFE I Timer 2 overflow ftag set vy 8 Timer 2 overfiow and must be cleared by 2aftware, TFZ will not be set when either RCLIK = 1
or TOLK =1,
EXF2 I Timer 2 external flag set when either a capture or refoad b= caused by a negative transition on T2EX and EXEN2 = 1.
When Thmer 2 interrupt s snabiled, EXF2 = 1 wilt cause the CPLU to vector to the Timer 2 interrupt routine, EXF2 must be
claarad by software. EXF2 doas not causs an irterrupt in up/down counter mode (DCEN = 1).
RCLK Receive clock enable. When set, causes the sariz| port to LUss Timar 2 evarflaw pulses for s teceive clock in serial port
Modes 1 and 3. HCLK = 0 causes Timer 1 ovarfiow to ba used for tha necaive clock,
TCLKE Transmit clock enable. When set, causes the serial port to use Timer 2 overfiow pu'sas for Its transmit clock In seral port
Modes 1 and 3. TOLK = 0 causes Timer 1 cverflows to be used for the transmit clack,
EXENZ Timer 2 external enable. When set, allows a capture or reload o occUr 35 8 resu’t o a negative tansifon on T2EX i Timer
2 is not being used bo clock the serial port, EXENZ = 0 causes Timer 2 o ignore events at | ZEX.
TR2 Start/Stop control for Timer 2. TR2Z2 = 1 starts the fimer,
=T : Timer ar counter select for Timer 2. CT2 = 0 for timer function. CITZ = 1 for external avert counter ifalling edge triggerad).
CPRLZ | Gapture/Reload salect. GP/RLZ = 1 causes caplures o oocur on negative transitions at TZEX if EXENZ = 1. CRRLZ= 0
causes autoratic reloads to ccour when Timer 2 overfiows or negative transitions cocur at TZEX when EXENZ = 1, When
pither RCLK or TCLE = 1, this bitis ignored and the timer is forced to auto-reload an Timer 2 averflow,

19 AB-RCRC 1903
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Table 3. AUXR: Auxiliary Register

AUXR Address = BEH Reset Value = XXX00XX0E
Net Bit Addrassable
= - | - Jwooe|pbsro| - _ | pisae
Bt 7 | 8 5 s | 3 2 1 0
- Beserved for future axpansion
DISALE Disable/Enabia ALE
DISALE Operating Mode
0 ALE is emilted at a constant rate of 1/8 the osclilator frequency
1 ALE is active only during 8 MOVX or MOVC instruction
GISRTO Dizable/Enabla Reset out
DISRTO
0 Resel pin |5 driven High after WO'T times out
1 Reset pin is input anly
WDIDLE Di=abie/Enable WDT in IDLE mode
WOIDLE
o WDT continues fo count in IDLE mode
1 WDT halts eounting in IDLE mode

Dual Data Peinter Ragisters: To facilitate accessing both internal and exlernal data memory, two banks of 18-bit Data
Pointer Registers are provided: DPO at SFR address locations 82H-83H and DP1 at 84H-85H, Bit DPS = 0 in SFR AUXR1
selects DPO and DPS = 1 selectz OP1. The user should ALWAYS initialize the DPS bit to the appropriate value bafore
acocassing the respective Data Fointer Registar,

Power Off Flag: The Power OFf Flag (POF) is located al bit 4 (PCON.4) in the PCON SFR. POF i set to *1" during power
up. It can be set and rest under software control and is not affected by reset.

Table 4. AUXR1: Auxiliary Register 1

AUXRA Address = AZH Reset Value = XXOOOOX08
Mot Bil Acdressabla
- = s = = =, ~ | pps
Bl 7 | 6 s | 4 I 2 1 Ii o
- Reserved for fulure expansian
OPs Data Pointer Register Salact
DPS
0 Selects DPTR Registars DPOL, DPOH
1 Salects DPTR Reglsters DP1L, DPTH
8 ATES S0 T S T T —rr T
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HE“‘IDW Grganizatinn MCS5-51 devices have a separate address space for Program and Data Memory. Up to

Program Memory

Data Memory

Watchdog Timer
(One-time Enabled
with Reset-out)

Using the WDT
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684K bytes each of external Program and Data Memory can be addressed.

If the EA& pin is connected to GND, all program fetches are directed to axtarnal mamory,

On the ATB3S52, if EA is connected to Vpp. program fetches ta addresses 0000H
thraugh TFFFH are directed to internal memory and felches to addresses 2000H
through FFFFH are to external memory.

The AT89552 implements 256 bytes of on-chip RAM, The upper 128 byies ocoupy 2
paraflel address space lo the Spedial Funclion Registers. This means that the upper 128
bytes have the same addresses as the SFR space but are physically separate from SFR
space.

When an instruction accesses an internal lecation above address 7FH, the address
mode used in the instruction specifies whether the CPU accesses the upper 128 bytes
of RAM or the SFR space. Instructions which use direct oddrassing access the SFR

space.

For example, the following direct addressing instruction accesses the 5FR at location
OAOH {which is P2},
MR OAGH, #data

Instructions that use indirect addressing access he upper 128 bytes of RAM. For exam-
ple, the foflowing indirect addressing instruction, where R0 conlains 0AQOH, accessas the
data byte at address 0AOH, rather than P2 {whose address is DAOH).

MOw 8rO, #data

Mote that stack operations are examples of indirect addressing, so the upper 128 bytes
of data RAM are available as stack space.

The WOT iz intended as a recovery method in situations where the CPU may be sub-
jected to software upsets. The WDT consists of a 14-bit counter and the Watchdog
Timer Resat (WDTRST) 5FR. The WDT s defaulted to disable from exiting reset. To
enable the WDT, a user must write 01EH and OE1H in sequencs to the WDTRST regis-
ter (SFR location 0ABH). When the WDT is enabled, it will increment every machine
cycle while the oscillator is runming. The WDT timeout pericd is dependent on the exter-
nal clock frequency. Thare is no way to disable the WDT except through resat (either
hardware reset or WDT overflow resat). When WDT overfiows, it will drive an oulput
RESET HIGH pulse at the RST pin.

To enable the WOT, a user must write 01EH and 0ETH in seguence to the WOTRST
register {SFR location 0ABH). When the WDT is enabled, the user needs to service it by
writing D1EH and 0E1H to WOTRST to avoid a WOT ovarflow. The 14-bit counter over-
flows when it reaches 16383 (3FFFH), and this will reset the device. When the WDT is
enabled, it will increment every machine cycle while the ascillator is running. This means
the user musi resel the WDT at least every 16383 machine cyclas. To reset the WOT
the user must write 01EH and OE1H 1o WOTRST. WOTRST is a write-only registar. The
WOT counter cannot be read or written. When WDT overflows, it will generate an output
RESET pulse at the RST pin. The RESET pulse duration is 98xTOSC, where
TOSC = 1/FO3C. To make the besi use of the WOT, it should be serviced in those sec-
tions of code that will pededically be executed within the time required to prevenl a WOT
resef.

ATMEL ;
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WDT During Power-  In Power-down mode the oscillator stops, which means tha WOT also stops, While in

down and Idle Fower-down mode, tha user does not need to service the WDT. There are two methods
of exiting Powar-down mode: by a hardware reset or via a level-aclivated axternal inter-
rupt which is enabled prior to entering Power-down mode. When Power-down is exited
with hardware reset, senvicing the WDT should occur as il normally doss whenever the
ATEQSSZ is resetl. Exiting Power-down with an interrupt is significantly different. The
interrupt is held low long enough for the ascillalor to stabilize, When the interrupt is
brought high, the interrupt is serviced. To prevent the WDT from resetting the device
while the interrupl pin is held low, the WDT is not started until the interrupt is pulled high,
it i= suggested that the WDT be reset during the interrupt service for the interrupt used
to exit Powar-down mode.

To ensure that the WDT does not overflow within a few states of exiting Power-down, it
is best to reset the WDT just before entering Power-down mode.

Before going into the IDLE mode, the WDIDLE bit in SFR AUXR s used to determine
whether the WDT continues to count if enabled. The WOT keeps counting during IDLE
{WDIDLE bit = 0} as the default state. To prevent the WDT from resetting the ATS9352
while in IDLE mode, the user should always set up a timer that will periodically exit
IDLE, servica the WDT, and reenter IDLE made.

With WDIDLE bit enabled, the WDT will stop to count in IDLE maode and resumes the
count upon exit from IDLE,

UART The UART in the ATA9S57 operates the same way as the UART in the ATA2CS51 and
ATE9CS2Z, For further information on the UART aperation, refar to the ATMEL Web site
{httpdfwww.atmel .com). From the home page, select “Products”, then "BO51-Architen-
ture Flash Microcontrolier”, then "Product Overview”.

Timer 0 and 1 Tirmer O and Timer 1 in the ATESSS2 operate the same way as Timer B and Timer 1in
the ATEQCS1 and ATEICS2, For further information on the Bmers" operation, refer to the
ATMEL Web site (hitp:/fwww.admel.com). From the home page, select "Products”, then
"8051-Architeciure Flash Microcontrollar”, then "Product Ovearview”.

Timer 2 Timar 2 iz a 18-bit Timer/Counter that can operate as either a timer or an avent counter,
The type of operation is selected by bit C/TZ in the SFR T2CON {shown in Table 2).
Timer 2 has three operating modes: capture, autc-reload {up or down counting), and
baud rate generator. The modes are selected by bits in T2CON, as shown in Table 5.
Timer 2 consists of wo 8-bit registers, TH2 and TLZ, In the Timer function, the TLZ reg-
ister is incremented every machine cycle. Since a machine cycle consists of
12 oscillator periods, the count rate is 1/12 of the osdillater frequency.
Table 5. Timer 2 Operating Modes

RCLK #TCLK CPRLZ TR2 . MODE
0 0 1 6-trt Auto-raload
0 1 1 16-bit Capture -
i 1 ] = x . 1 R _Bau_[: Rate Genarator
X x 4] el '

10 ATRONLT e oo e e e e
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Capture Mode

Auto-reload (Up or Down

Counter)

Figure 1. Timer in Capture Mode

In the Counter function, the register is incremented in response to a 1-to-0 transition at
its cormesponding external input pin, T2. In this funetion, tha external inpul is sampled
during S5P2 of evary machina cycle. When the sampleg show a high in ore cycle and 2
low in the next cycle, the count is incremented. The new count value appears in the reg-
ister during S3P1 of the cycle following the one in which the transition was detected.
Since two machine cycles (24 osdillator periods) are required to recognize a 1-to-D tran-
sition, the maximum count rate is 1/24 of the osciflatar frequency. To ensure that a given
level is sampled al least once befora it changes, the level should be held for at least one
full machine cycle.

in the capture mode, twa aptions are selected by bit EXENZ in T2CON. If EXENZ =0,
Timer 2 is a 16-bit timer or counter which upon overflow sets bit TF2 in T2CON. This bit
can then be used to generate an interrupt. If EXEN2 = 1, Timer 2 performs the same
operation, but a 1400 transition at extermal input T2EX also causes the curment value in
TH2 and TL2 to be captured into RCAP2H and RCAP2L, respectively. In addition, the
transition at T2EX causes bit EXF2 in T2CON to be set, The EXF2 bit, like TF2, can
generate an interrupt. The capture moda is illustrated in Figure 1.

Timer 2 can be programmed fo count up or down when configured in its 18-bit auto-
reload mode. This feature is invoked by the DCEN (Down Counter Enable) bil located in
the SFR T2MOD (see Table B). Upon resel, the DCEN bitis setta O so that timer 2 will
default to count up. When DCEN is set, Timar 2 can count up or down, depending on the
value of the TZEX pin,

| GSE_—’—D +12
e w J{m ]
! i ONERFLOW
7 —E?
[ ;
T2 PIN --D—\
| RCAPZH | RCAPIL l
TRAMSITION
DETECTOR TIMER 2
- INTERRUPT
o |
TEE)'.F'!ND i L 77— - ENpE: [t orr oo
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Figure 2 shaws Timer 2 automatically counting up when DGCEN = 0. In this mode, two
options are selected by bit EXENZ2 in T2CON, H EXEN2 =0, Timer 2 counts up to
OFFFFH and then sets the TF2 bit upon ovarflow. The overflow also causes the timer
registers to be reloaded with the 16-bit value in RCAP2H and RCAP2L. The values in
Timar in Capture ModeRCAPZH and RCARZL are procet by coftware. If EXEN2Z =1, a
16-bit reload can be triggered either by an avertlow or by 8 1-40-0 transition at extemal
input TZEX, This transition also sets the EXF2 bit. Both the TF2 and EXF2 bits ¢an gen-
erate an interrup! i enabled.

Setting the DCEN bit enables Timer 2 to count up or down, as shown in Figure 2. In Lhis
mode, the T2EX pin controls the direction of the count. A logic 1 at T2EX makes Timer 2
count up. The timer will overflow at OFFFFH and set the TF2 bit. This averflow also
causes the 16-bit valua in RCAP2H and RCAPZL lo be reloaded into the timer registers,
THZ and TL2, respectivaly.

A logic 0 at T2EX makes Timer 2 count down. The timer underflows when TH2 and TL2
egual the values stored in RCAPZH and RCAPZL. The underflow sets the TF2 bit and
causes OFFFFH to be reloaded into the timer registers.

The EXF2 bit toggles whenever Timer 2 overflows or underflows and can be used as a
17th bit of resolution. In this operating mode, EXF2 does not flag an interrupt,

Figura 2. Timer 2 Auto Reload Mode (DCEN =0}

055 W 12 -
T2 =0
’ ™2 | A
—C‘.""/D-__.l T —|_4
[ConTROL OWERFLOW
e £, |
T o2 =4 ¥
D RELOAD
T2 PN TIMER 7
RCARZH | RCAPIL INTCRAUFT
TRANSITION -
DETECTOR
Taex PN [ e oo
e i
| conTroL
EXEnZ
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Table 8. TZ2MGD - Timer 2 fdode Control Registar

T2800 Address = HCAH Reset Value = )XXX XX008
Mot Bit Addreesable
L _Ji - - - I] s . — . | 120E i DGEMﬂ{
Bt 7 | s | s a | 3 2 | 1+ | o
Symbaol Function
- Not implemanted, reserved for future
T20E Timer 2 Output Enable bit - ' '
DE:iEN When set, thm blt allnws Timar 2 to ba corfigured as an upddown counter o

Figura 3. Timer 2 Auto Reload Mode (DCEN=1)
(DOWN COUNTING REL OAD VALLE)
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¥ i . L L
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lconTrRoL '}-’\l % L
& TRZ | g +
. [ CT2 =1 ; HMER &
MB— | l INTERRLIPT
Fa |
RCARZH | RCAPIL T COLNT
IUP COUNTING RELCAD YALLIE) | DIRECTION
1=UF
=CHCANE
T2EX FIN
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Baud Rate Generator Timer 2 is selected as the baud rate generaior by seting TCLK and/or RGLK in T2CON

14

(Tabie 2). Noie thai ihe paud rates for iransmit and receive can be different if Timer 2 is
used for the receiver or transmitter and Timer 1 is used for the other function. Setting
RCLK andior TCLK puts Timer 2 infa iis baud rate generator mode, as shown in Figure
4,

The baud rate generator mode is similar to the auto-reload mede, in that a rollover in
THZ causes the Timer 2 regislers to be reloaded with the 16-hit value in reqgistars
RCAFZH and RCAPZL, which are preset by softwarne.

The baud rates in Modes 1 and 3 are determined by Timer 2's averflow rate according to
the following equation.

Modes 1 and 3 Baud Rates - 1ImerZ2 G:;rﬂcw Rate

The Timer can be configured for either timer or counter operation. In most applications,
it is configured for imer operation {CP/T2 = Q). The timer operation is different for Timer
2 when it is used as a biaud rate generatar. Narmally, as a timer, il incremants svery
machine cycle {at 1/12 the oscillator frequency). As a baud rate generator, however, it
increments every state time {at 1/2 the oacillator frequency). The baud rate formula is
givan balow.

Modes 1andd _ Oscillator Frequency
Baud Rate 32 x [65530-RCAPZH RCAPZLY

whare (RCAP2H, RCAPZL) is the content of RCAP2H and RCAPZL taken as a 16-hit
unsigned integer.

Timer 2 as a baud rate generator is shown in Figure 4. This figure is valid only if RCLK
or TCLK = 1 in T2CON. Note that a reliover in TH2 does not sat TF2 and will not gener-
ale an interrupt. Note tog, that if EXEN2 is set, a 1-to=0 transition in TZEX will set EXF2
tut will not cause a reload from (RCAPZH, RCAP2L) to (THZ, TL2). Thus, when Timer 2
is in use as a8 baud rate generator, TZEX can be used as an exira external inlerrugt.

Mote that when Timer 2 is running (TR2 = 1} as a timer in the baud rale generator mode,
TH2 or TL2 should not be read from or written lo. Under these conditions, the Timer s
incrementsd every state time, and the results of o read ar write may not be accurato,
The RCAP2 registers may be read but should not be writlen to, becausa a write might
overlap a reload and cause write and/or reload errors. The timer should be turmed off
{clear TRZ) befora accessing the Timer 2 or RCAP? registars.

ATEDSED e
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Figure 4. Timer 2 in Baud Rate Gengrator Mode

TIMER 1 OWERFLOW
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EXENZ

Fragrammabla A 50% duty eycle clock can be programmed to come out on P1.0, as shown in Figure 5,
Clock Out This pin, besides being a regular IO pin, has two alternate funclions. It can he pro-

grammed to input the extemal clock for Timer/Counter 2 or to oulput 3 50% duty cycle
clock ranging from 81 Hz to 4 MHz {for a 16-MHz operating frequency).

To configure the Timer/Counter 2 as a clock generator, bit C/T2 (T2CON.1) must be
cleared and bit T20E (T2MOD1 ) must be set. Bit TRZ (T2CON.2) starts and stops the
timer.

The clock-out frequency depends on the oscillator frequency and the reload value of
Timer 2 caplure regislers (RCAP2H, RCAPZL), as shown in the following equation.

O=cillator Freguency
4 x [63536-(RCARZH . RCAPZL)Y]

Clochk-0ut Freguency =

in the clock-gut mode, Timer 2 roll-overs will not generate an interrupt. This behavior is
similar to when Timer 2 is used as a baud-rate genarator, It is possible o use Timer 2 as
a baud-rate generator and a clock generator simultaneously, Note, howeavar, that the
baud-rate and clock-oul frequencies cannot be determined independently from ore
another since they both use RCAPZH and RCAPZL.

ATMEL e
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Figure 5. Timer 2 in Clock-Out Mods
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Interrupts

16

e ,{ :: i_, TIMER 2
5 INTERRLIPT

EXEMZ

The AT89552 has a total of six interrupt vectors: two external interrupts (INTO and
INT 1), three timer interrupts (Timers 0, 1, and 2), and the serial port interrupt, These
interrupts are all shown in Figure 6,

Each of these interrupt sources can be individually enabled or disabled by setting or
clearing a bit in Special Funclion Register IE. IE alsa contains a global disable hit, EA,
which disables all inberrupts al once.

Note that Table 5 shows that bit position 1E.6 is unimplemented. Usear software should
nol write a 1 fo this bit position, since it may be used in future ATED products.

Timer 2 interrupt is generated by the logical OR of bits TFZ and EXF2 in ragister
T2CON. Neither of these flags is cleared by hardware when the service routine is vec-
tored to. In fact, the service routine may have to determine whether it was TF2 or EXF?
that generated the interrupt, and that bit will have fo be cleared in software.

I'he Timer 0 and Timer 1 flags, TFC and TF1, ara =at at S5P2 of the cydle in which the
timers overflow. The values are then polled by the circuitry in the next eycle, However,
the Timer 2 flag, TF2, is set at 32P2 and is polled in the same cycle in which the timer
overflows.

AT89552 “
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Table 7. Interrupt Enable {IE) Regisier

{M3B) (L3B}
E_E.I\ - lIE |erz B ES | T |_E)=;‘.| ETO | exa
Enabie @it = 1 enabies ihe nerupt
Enable Bit = 0 dizablas the infemupt,
Symbol | Position Function
En [E.T Disobles all interrupts. £ EA = 0, noirterrupt s acknowedged. IFEA = 1, aach
interrupt souree Is Individually enatied o dissbled by setting or cicaring its enable bit,
ETZ IE.5 'I'|n:mr 2 Interrupt enable bik. _
EZ |E.4 Serial Port interrupt a_n atlTe-} bit. -
CET1 = Timer 1 inteupt enabe bil. } i
| EX1 | IE2 | External Interrupt 1 enable bit.
ETO IE.1 | Timer 0 interrupt anable bit.
__Exﬂ- . IEQ External ints-rrupt 0 enable bil.
_U:',:e_r mm shiould nevar write 1s to reserved hits, becauss they may be used in f:;ture ATEA products,

Figure 6. Inferrupt Sources
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Osciliator
Characteristics

Idle Mode

Power-down Mode

AIMEL

XTAL1 and XTALZ are the input and output, respectively, of an inverting amplifier that
Lt e suiguteu U0 wse ds A oneoii usciiiaioe, ws i in Figune T, Sl o g e
crystal or ceramic resonalor may be used. To diive the device from an exterral ciock
gourcs, XA 2 should be bafl pconnected while XT81 1 is driven, as showhn in Figure &,
There are no requirements on the duty cycle of he exteral douk signal, since the input
to the inlermal clacking circuilty is through a divide-by-twa flip-flop, bul minkoum aod
rraximum voltage high and low time specifications must be observed,

In idle mode, the CPU puts itself to sleep while all the on-chip peripherals remain active.
The mode is voked by software. The content of the on-chip RAM and afl the special
functions registers remain unchanged during this moda. The idle mode can be termi-
nated by any anablad intarrupt or by a hardware reset.

Note thal when idie mode is terminated by a hardware reset, the device normally
fesumes program execution from where it eft off, up to twa machine cycles before the
infermal reset elgorithm takes control, On-chip hardware inhibits access to infernal RAM
in this event, but access 1o the pod pins is not inhibited. To eliminate the passibily ol an
unexpected write fo a port pin when idle mode is terminated by a reset, the instruction
following the one thal invokes idle made should mot write to a port pin or to external

memeory.

In the Power-down mode, the cscillator is stopped, and the instruction that invakes
Power-down is the last instruction executed. The on-chip RAM and Special Function
Registers retain their values until the Power-down mode is terminated. Exit from Powar
down mode caa be intiated aither hy a hardware resel or by an enabled extomal inter-
rupt. Reset redefines the SFRs but does not change the on-chip RAM. The reset should
not be activated before Ve is restored 1o its normal operating leve! and must ba hald
active fong enough o allow the oscillalor tu restart and stabilize.

Figure 7. Oscillater Connections

| o1 |
o—]| HTAL1

M

MWote: 1. €1,C2 = 30pF+10pF for Crystals
= 40 pF 1 10 pF for Ceramic Rosonalors
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Figura 8. Extemnal Cilock Drive Configuration

[ ——1 NTALZ
EXTERNAL
CECILLATOR — HTALY
SIGHAL
CNL

Table 8. Siatus of External Pins During Idle and Power-down Modes

Program ! ! -!
Mode Memory ALE | PSEN | PORTD | PORTA | PORTZ | PORT3
idhe Intemal 1 | 1 | Data | Data | Data Data
T . 1 =
Ieller External 1 1 Float Data Address Data
Power-riown Intermnal o 1] Data Oata ! Natm | Dala
. i = +
Power-down External ¥ 0 | Fioat Daty | Data Data
ngram Memury The AT8S352 has thraa lock hits that can ba |eft unpragrammed (U or can be pro-
Lock Bits grammed (P) to obtain the additional features lisled in the following table,
Table 9. Lock Bit Protection Modes
Program Lock Bits 5
LBE1 LBz LB3 | Protection Type
1 u u u Mo program lock features
z2 F u u MOWVE instrictions executed from external program
memary are disabled from fetching code bytes from
internal memary, EA is sampled and |atched on reset, and
| further programming of the: Flash memory 15 disabled
: bl R
3 F P U | Same as mode 2, but venfy is also disabled
(2] P P | Eame as moda 3, but extemal execution is slso disabled

When lock bil 1 is programmed, the logic level al the EA pin is sampled and latched dur
ing reset. if the device is powerad up withou! a reset, the latch mtializes to a8 random
value and holds that value until reset is activated. The latched value of EA must agree
with the current logic level al thal pin in order for the device o function properly.

1S EB-MHICRO-1 1103
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Programming the
Flash — Parallel Mode

ATMEL

The ATBES52 is shipped with the an-chip Flash memory amray ready to be programmed.
The programming interface needs a high-voltage [12-volt) prograrm enable signal and is
compalible wilh conventional third-party Flash or EPROM programmers,

The ATEQERZ code memony array is programmed byto by-barte.

Programming Algodithm: Belore programming 1he ATESSSZ, the address, dats, and
control signals should be set up according to the Flash programming mode lable and
Figures 13 and 14. To program the ATBSSEZ, {ake the foilowing sleps:

1. Input the desired memory location on the address lines.

2. Input the appropriate data byle on the data lines.

3. Activate the cormect combination of control signals.

4, Raise EANG to 12V,

5. Pulse ALE/PROG once lo program a byte in the Flash array or the lock bits. The
byle-wrile cycle is selfHimed and typically iskes no more than 50 ps. Repeal
steps 1 through 5, changing the address and data B the entive aray gr untl the
end of the object fils s reached.

Data Polling: The ATESS52 features Dala Poliing Lo indicate the end of a byle write
cycle. During a write cycle, an attempted read of the last byte written will result in the
complernant of tha written data on PO.T. Once the wiite cycle has been completed, true
data is valid on all outpuls, and the next cvcle may begin. Bata Polling may begin any
time after a writa cycla has beean initiated.

Ready/Busy: The progress of byle programming can alzo be monitered by the
ROY/BSY output signal. P3.0 is pulled low after ALE goes high during programming to
indicate BUSY. P3.0 is pulled high again when programming is done to indicate READY.

Program Verify: if lock bits LB1 and LBZ have not been programmed, the programmed
code data can be read back via the address and data lines for verilication. The status of
the individual lock bits can be venfied directly by reading them hach,

Reading the Signature Byles: The signature byles are read by the same procedure as
a normal verification of locations 000H, 100H, and 200H, except that P3.6 and P3.7
must be pulled to a logic low. The values returned are as follows.

{000H) = 1EH indicates manufactured by Atmel
(100H) = 52H indicates AT89S52
{Z00H) = 06H

Chip Erase: In the parallel programming mode, a chip erase operation 15 initiated by
using the proper combination of controd signals and by pulsing ALEfPRGG (ow for a
duration of 200 ns - 500 ns.

In the serial programming modsa, a chip erase operation is initiated by issuing the Chip
Erase instruction. In this mede, chip erase is self-timed and takes about 500 ms.

During chip erase, a serial read from any address location will returrn 00H 2t the data
output.

20 ATEO552 ceeeeseemmeme———as———-————coraperessr e
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Programming the
Flash — Serial Mode

Serial Programming
Algorithm

1 OE-PAIZRT 1103

The Code memory amay can be programmed using the serial ISP interface while RST is
pulled o V... The senal interface consists of pins SCK, MOSI (input} and MISO {output).
After RST is set high, the Programming Enable instruction needs to be executed first
before other operations can be executed. Before a reprogramiming Sequence Can oocur,
a Chip Erase opemtion |5 required.

The Chip Erase operation turns the content of every memary lacation in the Code amay
into FFH,

Either an external system clock can be suppliad at pin XTALY or a erystal neads to be
connected across pins XTALY and XTAL2. The maximum serial clock (SCK)
frequency should be less than 1/16 of the crystal frequancy. With a 33 MHz oscillator
clock, the mazimum SCK frequency is 2 MHz.

To program and verify the AT88552 in the serial programming moda, the fallowing
sequence is recommended:

1. Power-up sequence:
Apply power between VOO and GND pins.
Set RST pinto "H".

If a crystal is nol connecled across pins XTAL1 and XTALZ, apply a 3 MHz to
33 MHz clock to XTAL1 pin and wait for st least 10 milliseconds.

2. Enable serial programming by sending the Programming Enable sarnal instruc-
tion to pin MOSIP1.5. The frequency of the shiff clock supplied at pin SCK/P1.7
needs o be less than the CPU clock at XTALT divided by 16,

3. The Code array is programmed one byte at a time in either the Byle or Page
mode. The write cycle is seff-timed and typically takes less than 0.5 ms at 5V

4. Any memory location ean be verified by using the Read instruction which returns
the contant at the selected address at serial autput MISC/PY 6.

5. Aithe end of a programming session, RST can be sel low o commence normal
device operation,
Power-off sequence (if nesdad):
Set XTAL1 to *L" {if a crystal is not used).
SetRET L™
Tum Ve power off.
Data Polling: The Data Palling feature is alzo available in the serial mode, In thiz mode,

during a write cycle an attempted read of the last byte wrtten will result in the comple-
ment of the MSB of the serial outpul byte on MISO.

AIMEL 2
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Serial Programming  The Instruction Set for Serial Programming foliows a 4-byte protocel and is shown in
Instruction Set beliie i 4.

Programming Evary code byte in the Flash amray can be programmed by using the: appropriate combi-
|nlErfat:E . Pﬂra“ﬁl FiEtan of comroi Sf'g'ﬂﬂiﬁ The wriie ﬂpﬂrﬂﬂﬂﬂ q'me 15 ser-umed and ocnce Iﬂflrn*leu,, wiii
. automatically time itself to completion.

EEFLFE AR~

Most worldwide major programming vendors offer support for the Atme! ATE9 microcon-
troller series. Please contact your local programming vendor for the appropriate
software revision.

Table 10. Flash Programming Modas

| = ’ Pa, T
- AE | EA | poro | PR | PiTo
i Mode Vo: | RST | PSEN | PROG Ve | PRE | FZF P33  P3IE P37 | Dat Address
| @ | . I ' |
Write Code Diata | 5V H L R 2% L H | H | H | H Dy M2E | AT \
Rewd Cote Dats | 5V H L H | H Lot L H H Doy | Mze | Ao
@ 5 | =
Wirike Lack Bit 1 & | H L 12v H H - H H SO (Y X
Write Lack Bit 2 L "1 tav
e Bt ) I
T I av H H H H L L X X x
T 1ah |
Write Lock Bit 3 i H L 12v b i | H M L X K
i i i — | | x
Head Lack Bits ' | P02,
el 8V H L H ( H | H | H L H | L | Fo3, ® *
P | | | PoOa4
Chip Erase TR b ) " H L H L L x | ox X
2 | ! Yo it
| Read Atmal 1D &y H L H H L L L E; L 1en ¥ 0000 00H
Feas Davies 10 5V it H i L L L L L 52H X Doat anH
Raad Device 10 v e |. L H H L i L b LoF Lo oL | wB&d XD OH

Notzs: 1. Each PROG puise is 200 ns - 500 ns for Chip Erase.
Each PROG pulse i 200 ns - 500 ns for Writs Code Data,
Each PROG pules is 200 ne - 500 rie for Wrike Lock Bits,
ROY/ESY signal is output on P3.0 during orogrammineg.

X =don't care.

e

2 ATEGSE? e e
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Fiaure 9. Prooramming the Flash Memory (Paralie! Mode)
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Fioure 10. Verifvina the Flash Memory (Parallel Mode)
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Flash Programming and Verification Characteristics (Parallel Mode)
Ta = 20°C 10 30°C. Vo =4.5 to 5.5V

| Symbol Parameter I Min i Max | Unit= |
| Ve Proaramming Sinoly Wnitane : MK i 198 | W i
len = Programming Supply Currani - - i 10 g i,
T - 'e',;C:SI:JII..-ITJ'ry wuirEii o sz . ~. - K |. irid
| ‘I.f’tg_.m_ Orsdillator Frequancy . a 33 | MHz
g o Address Setup o PROG Low 48tc o i
iw‘_ - Address Hold After PROG d-B-‘;-Lc.: “ _
e | Data Setup to PROG Low - 4Bl oy
v o o At PR Bea .
e | P27 (ERABIE) Hih to v,y : ®ou :
s | Vpp Setup to PROG Low 10 i ps
Lal: Vpp Hold After PROG ' 10 -‘ _ | s
bt PROG Width - 0.2 : 1 I
ey Address to Data Valid _ ' as. |
e | ENABLE Low to Data Valid R S
tEm Data Hoat Atter ENAB_LE _ . o _m N _;
bwm, F'ﬁ'ﬁﬁ_ High to BUSY Low _ ' . 10 Hs
L. | Byte Wi Cyele Time — | s s

Figure 11, Flash Programming and Verification Waveforms - Farallel Mode
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P20 - P24 < ADDRESS ﬂj ADDHESS  »——
_ — fayaw
PORT 0 lﬁ DATA 1N ) ! ( DATA OUT p————
Hiwa ook |
Lot ™ e lopax
ALEPROG N A
LR L P af tomeL
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Flash Programming
and Verification
Waveforms — Serial
Mode

THAE-MICRO-11/03
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Figure 12. Flash Memory Serial Downloading
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Figure 13. Seral Programming Waveforms
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Table 11. Serial Programming Instruction Sat

ATMEL

Instruction f
. Format [
Instruction | Byte 1 Byte 2 Byte 3 | Byte 4 | Operation
Programming Frshble 1NN 1NN Nt WENN NN | NENE NNV J Frahis Sarlat Prnommming
| 0110 1001 | while RST s high
| (Cutput on _
! | hISC) |
T | =
. Chip Erase 1010 1100 100 00 | WHAK WA | Wwxx M Chip Erage Flazh memory
) [ | array
Read Prograrm Memory | G0 00O HH¥ oo b et i e L %ﬂg bt Resad data from Program
[Byte Mcde) < oL frEmedy i lhe byte mode
Write Progam Memory | 0100 G000 O o e pt- e i g Write data to Prmogram
[ - - ot 05 D00
‘Byte Mods) Z ¥ = R® memary in tha byte mxde
Write Lock Bt 1Mo 1100 1M10 00 28 | woo oo N W Write Lock bits. Ses Note (1)
Read Lock Bits DotG 01450 KEEE WENM KXY XEKX mma e xe Read back currant status of
-4 ad the lock bits (& program med
| | lock bit reads back as a "17)
= t e 1
Reac Signaturs Bytes no10 1000 nx: E:mE lrz_mcx Wl Sigrature Byte  Read Signature Byte
|
Read Program Memory | D011 0000 h R Byle 0 | Byie 1. Read data from Frogram
(Page Made) 4 A , Byte 255 | memaory in the Pags Mode
(256 bytes)
Write Program Memory | 9101 0000 T | Byle D Byle 1. Wirite data to Program
{Page Made) o el | Byta 255 memory in the Pags Mods
iz D TR e | . (e s
Mote: 1 B1 =0, B2 =0— Mode 1, no Iock protection

26

B1 =0, B2 =1 —> Mode 2, lack bit 1 activated
B1 =1, BE = 0 ===> Mode 3, lock bit 2 activated
B1 =1, B =1 =—-»Mode 4, lock bit 3 activated

Erch of the lock bit modes needs to be activated sequentially

befora Mode 4 can be axecited,

After Reset signal is kigh, SCK should be low for at least 64 syslem clocks before it
goes high 1o clock in the enable data bytes. No pulsing of Reset signal is necessary.
SCHK should ba no faster than 1/16 of the system clock at XTALY,

For Page Read/Write, the data always starts from byle 0 to 255 After the cormmand byte
and upper addrass byte are latched, each byle thereafter is freated as data unfil all 256
bytas are shifted infout. Then the next instruction will be ready to be decoded.

ATAGSE? m——————————rrrs e ey
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Serial Programming Characteristics

Figure 14. Serial Programming Timing
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Table 12. Serial Programming Characteristics, T, = 40°C 10 85°C, Vo = 4.0 - 5.5V (Unless Otherwise Noted)

Symbol Parameter Min Typ Max [ Units

e o { Oecillator F requenty 3 23 i MMz !

by ! Crscillator Period 3o ns

bshsL SCH Pulse Wldlh High .3 oo . . ns
sy | SCK Pulse Width Low . Bte e ,! i [

lowssH MOS! Setup o SCK High 1;,1_:: ; , ne
i | MOS! Hold after SCK High _ T B e

Iy py SCK Low to MISD Valid 10 _ 16 - az ns

lenase Chip Erase Instruction Cycle Time 500 ms

e T { Serial Byte Write Cycle Time . G 1y g + A0KD s

ATMEL z
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Absolute Maximum Ratings*

ATMEL

I Oparating Tempammbumg ..., -B510 10 +128°C *NOTICE:
~i Storage TemPeraIire .. .o, 570 10 +150°C
| Voltaga on Ay Pin
| With RESPECHD GIOUNG e e e~ OV 10470V
\ Maimum Operating Yolege ... .. 66V
e 1.0 MA

DC Characteristics
The values shown m this 1able are vafid for T, = -40°C #0 85°C and V- = 4.0V 1o 5.5V, unfess otherwise noted.

Strassas hayond thoge lisked under “Absoiute
Maximum Ratings™ may cause permanant dam-
age to tha device, This is a stress rating only and
functional operation of the device' at these or any
othar condifions beyond those indicated in the
operational sections of this specification is not
implied, Exposure fo absolute maximum rating
conditions for extended periods may affent
device reliabilin:

|
Symbol | Patameter Condition Min I Max Units ,
W Input Low Vollnge {Excapt ER) 0.5 0.2 Vo1 W
Wy g . Input Lew Volisge (EX) 05 0.2 W3 v
W | Input High WVoltage {Excepl XTAL1, RST) 0.2 Vopm0.8 Wyt 05 v
Ve Inpul High Voltage {XTAL1, RST) BTV | Woosas W
VoL Culput Low Voltage'™ (Pors 1,231 | 1. =16 mA 045 W
Chutpat Low Vollage' ! e F
I'ulrn| 1 {Fﬂfr u1 ALE. F_Srﬁﬂ}l IDL - d..l;: mA Dq-ﬁ- 1I||r
Loy = -BO pA, Vo = 5\ £10% 24 W
Output High Vottage R
Von [Ports 1.2.3, ALE, PEEN) lon ™ 728 48 75 Ve 3
Iy =-10 pA 0.9 Vo "
Loy = -BOD A, Ver = 5V £ 10% 24 ¥
Ouiput High Yoltage T tE=—dli= h
Va iFart (1in Extarnal Bus Mods) Jon =-300pA 0.75 Vgt X
Iy = -B0 P& 0.9 Veon v
I Logieal O Input Currant {Perts 1.23) | v, = 0.45v W
ical 1 bo 0 Transilion Gurrent
= '-(:.?m A Vi = 2V, Ve = SV L10% 650 WA
I ingut Leakage Current (Port 0, ﬁ] D45 = Wi = Vi #o [T}
RAST Resat Pulldown Rasietor 50 a0 ML
Cin Pin Capacitance Tast Freq.= 1 MHz, T,=25°C 1d pF
{ Active Mode, 12 MHz i 25 ma
Power Supply Cument 3 - i
b [ Idle Mode, 12 MHz 6.5 mA
| Powrar-down Mode' Yop = 5.5V 50 _ A

Pt

28

Linder steady state (non-translant] conditinons, 1, must be externally limiterd as fdows
Meximum Iy per pert pin: 10 mA
Masiriam i, per B-bit port:

Port 0: 26 mA

Forts 1, 2, 3: 15 mA

Maximdm toal 4o, fo- all cutput pins: 71 mA
If Ig. exceeds the test conditicon, Vo may exceed the relsted specification, Pins are not guamnteed to sink current greater
than the listed test conditions.

2 Minimum V.. for PFower-gown is 2.

ATENRED v —————— e e
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AT Mharartoricticre

o

NoCT

A e -

Lincler nnesating eonditinns. inar capacianeces for Port (1. A FIPROHG. aad PSER = 1090 nF Inad canactancs far aff ot b
OUTpUTS = Bkl pE

Tvtornal Dranram snd RNatas Moamars Characfaricticrs

| 12 MHz OsciRator

Wariabie Oscillator

A

| Symbol | Parameter wmin | max Min max units |
. . Chariilater Ernmnmney ! n 49 L MHe ﬁ
e | ALE Pulse Width [ | 2,40 | 1 s
i L AGATESS Vaua (0 ALE LOW I a4 I tmm_-.f,.z I e
V% | Address Hold After ALE Low a8 e 25 s
tuy | ALE Lowto Valld Instruction In 233 | My B5 | e
. ALE Leow to PSEN Low = ] tawe | ' S
ks o PSEN Pulss Width puli 4 Bty n45 | ns
i FSEN Low to Valid Instructon In 145 1,60 ne
x| Input Instruction Hold After PSEN 0 b | ns
1-1,-,‘,._._ _ Input Instruction Float After PSEN ) 59 - - ey 125 B
E"' | PSEN 0 Addrass Valid 75 ! Loy B - rs
tay | Address to Vali Instruction In | a2 - Sty B0 B o |*
i PSEN Low to Address Float el 10 | 10 ns
— RO Pulse Widih a0 Bt -100 P
b WR Puise Wid_ﬂ_?-_ 400 Bikyy o - 100 _ ns
fwos | RO LowtoValid Data In i _ %2 | Steupy-90 | T-?
teiai Data Hoid Atter RD 0 0 | ne
 —— Data Floal After ﬁ'ﬁ N a7 | Mg -28 -
i ALE Low to Valid Dats in 517 | Blon-150 | s
K Address to Valid Data In 85 Ot 165 | ns
. ALE Low to BD or WR Low 200 a0 3ty 50 U ®B0 | s |
L Address to RD or WR Low 203 Aoy ey 75 e
toi Data Vialid to WR Transftion . 23 | tom-30 ' f ns
thH ) Data valid to WR High - 433 1 Tl e-130 | ) ns
_q.M_mc Data Hold After WR - 33 w25 | _ ns
RD Low to Address Float - ] (] ns
N ; | D or WR High t0 ALE High T m 123 28 oy +25 ns
29
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External Program Memory Read Cycle

b, —
ALE ZT o e
3 I " loipy
Tl [ "t R J
prpnm— el Y
P5EN 7 TN iy A N
L
— 1PL¢\Z ; P’MJ”""!
ik ; AL f—
g — -l
PORT 0 =i AD-AT INSTRIN o2 AD- AT
i Lanamy g
PORT 2 ) x AL - A1S W AB- AIG
External Data Memory Reslifytie
:LHLL_*
ALE /F I,
=H Y
PSEN '
_v/_ W b _-_i u
— I pyy —
=y t
RD et A7
o SN — by i brpna
N o triepx
PORT O Al - AT FROM RI OR DPLE ¥ COATRA INCHERTAD - AT FROM PCLM— INSTR M
et [

B ALL Lt
t.#\‘.l'l:l'l.l' e
PORT 2 FZ0 - P27 OR AR - A1S FROM DPH . o A A1S FROM POH

30 AT89S52 —Gm.-%
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RO W W ma e

Fxternal Data Memorv Write Cycla

bl — I
ALE S . 8 {7—\—/
—H banars
=t |
PEEN _ | \ /

— 1 —T—lmm —"
Wi b
e tans— > i’[ﬂ L_AJ [+ toria

— S —""|
PORT O A - A7 FROM RI OR DPL}{ DATA CUT }( AN - AT TROM PCLS=INSTR 1N
1
R\."l."i 4’]

P20 - P27 OR AB - A1E FROM DPH )4

PORT 2 AR - A5 FROM PCH

External Clock Drive Waveforms

b =————————"#
External Clock Drive
Symbol Parameter Min Miax Units
[ WMoe Oxelilator Frequency 0 33 MHz
i Clock Period an na i
beaon | High Time 12 ) ns
I, e . Low TIH'hE' -12 N ns— n
toron Hiza Time i i fis h
l.,_,_":, Fall Time - 5 . ns

1188 MICRO- 11/
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Serial Port Timing: Shift Register Mode Test Conditions
The walues in this table ara valid for V.- = 4.0V to 5.5V and Load Capacilance = 80 pF,

J | 12MHzOss | Variable Oscillator |
Symbol Paramater L Min - Max Min Max : Units
Y Serdal Port Cloek Cyele Thme 10 1| 12t 'l s
baisis Qutput Data Setup to Clock Rising Edge | 700 | 10ty oy-133 | ns
o Cutput Data Hold After Clock Rising Edge 50 ey -80 L ons
T Input Ciata Hold Aftar Clock Rising Edge o 0 | ns
t,:,m Clock Rizing Edge to Input Data Valid i TEIEI_ - 1 _1_'3;1-: _‘-I;.i ; ns

Shift Register Mode Timing Waveforms

INSTHJ{:TIDN|0|1|2|:3|-1|E|E|?|B|

e I LENDE LT EPL BT LN UTET B B BT

1'HI_K.L
CLOCK » T s VP = VI s 1Y o A e TR S
B =t
SRITE TO BBUF T b e e e G W, RN W R, e e
" ot SET 1]
OUTPUT DATA o [
| CLEARRI | oy
INF"L."T’I]B.TP.

AC Testing Input/Output Waveforms'"

Vog- D5V

0z 'h"lx + oY
TEST POINTIS
0.2 You - GV

dsY

Mate: 1. AL Inputs during tosting are driven &t VW, - 0.5V
for & legie 1.ard 0.45Y for a logic 0. Timirg maasurements are made at V. min for 4 ogic 1 and ¥, max. for a fogls G,

Float Waveforms'"

Timing Referanca
Points

Note: 1. For timing purposes, a port pin is no longer floating when a 100 mV change from load voltage oocurs. A port pin begins D
float when a 100 my change from the loaded Vo Ve, level aoours,

32 ATEORE? o e T W IR T T
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Ordering Information

1

Speed Power
{MHz) Supply Ordering Code Pachage Operation Rangs
24 4.0V o 5.5V ATHIRG2-24RL0 444, Cofmmarciat
ATBASSZ-24.0C 44.) (0°C to 707 G [
ATBOS52-24PC AOPE
ATBOB52-245C AZPES
ATBRSS2-244A1 ddh, Industrial
ATBISSZ-24.1 44 (407G to 857 C)
ATBOS52-24P1 40P6
ATBES5Z-2450 42P56
33 4.5V b 5.5V ATBOS52-33AC 448 Commercial
ATBOS52-334C 44 (0" Cto 70" C)
ATBOB52-33PC 40P6
ATRBSE2-335C 42P56
Package Typa
444 | 4 dead, Trin Plastic Gull Wirg Quad Flatpack [TQFP}
44 44-lead, Piastic J-isadec Chip Carrier (PLCC) !
40P8 4C-pin, U.ECO" Wide, Plaslic Dual Inline Padkage (POIP) |
42P56 42-pin, 0.600" Wide, Plastic Dusl Inline Package (POIP) I

19198 MICRO-1108

AIMEL
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Packaging Information

44A - TQFP
11 1 11 N
PIN T N /? |, |
= =
= PiN 1 IDENTIFIER =8
Ew T E:_* I |
= ¢
R R B 1 TR
O =
- )
2 T
[ el i 1 I'II'I"IFI'IF)J.ar]' .rnnn".:r]['r[r—“"t__ !
* i i
J L A1 az  La
COMMON DIMEMSIHNG
{Unil al Measure = mm)
SYMBOL | MIN NOM | MAX | NOTE
A - 1.20
A nns - _E.TE i _:
AZ 0.95 1. CII} 1.0%
i T R e i S
n 175 1?4m 12.25
W] B0 1080 10,70 | heote 2
o - E 11.75 12.00 1225
Motes: 1. This package conforms i JEDEC referanca MS-0E28, Variation \ =y
2 [imensions 01 and E1 do not include mold protrusion. Allowahle £ 880 | 10.00 | 1010 | Note2
protrusion ks 0.25 rm per side, Dimensions 07 and E7 ame maximm B 0.30 | 045
plastic body size dimensions incuding mold mismatch. o .09 _ 00
4. Lead coplanarity i 1110 men eagimim, ;
L .45 - 07s
e 080 TYP
10/52001
TITLE DRAWING NO. [REV.
AR, 525072 fared | a4, 28-1ead, 10 x 10 mm Bady Size, 1.0 mm Body Thickness, A .
San Jose, CA 0. mm Lead Pitch, Thin Profle Plastic Quad st Package (TGIP)

34
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ATOACED

R B W Nl

441 -PLCC
! 1
1.14{0.045) X 45" PINNQ. 1 i sl e
' f IDENTIFIER — |_:1 0 1870 0075
e
# s I "f_?__ K i
| =
: : =i I
* B T |
—w] i : s
! l ,J; BT E L= D
B L [ |
i iR B !
e | i o o e 5 0 o B R s i B = -
I‘— | _‘
[y
A 1
B
0.51{0-020)MAX %
45 MAK (3% 'T T
COMMON DIMENSIONS
{Unit of Measure = mm)
| SYMBOL| MIN | NOM | MAX | NOTE
A 448 4572
Al | 2286 3.048
A2 0.508 -
] f7.398 17 B53
o1 ) ESI0 | - T6.66E | Moto 2
_— E | 17.388 - 17.651 1
Mates: 1. This package corforms o JEDEC reference MS-018, Varation AC. g ———
7. Dimersions D1 and B4 do not ncludea moid protrusion | Ft 18310 = tHGEZ | Hake 2
Allowable protruston is D107 0,254 mm) per side, Dimersion O OE? | 14.986 = 16002
and E1 noiede mold mismatch and sm maasumd At the exirems B 0680 | - 083 !
miterial condlion at the upper or lower parting fine. e :
3. Lead coplanarity i= 0004 {0102 mif) rasimum. | By |oam | - 1533
|i 2 12370 TP
10/
s TITLE DRAWING HD. |REV.
2325 Orchard Patkway | 44y 44 1600, Plastic J-leaded Chip Carrier (PLEG)
San Jose, CA 95121 ! ' f 44J B
a5

ANNEL
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40P6 - PDIP
b e
|_|-_|11|_||_||_||_||_|_|\xl_|7:'1 Irte
) 1
..l l.llnl —
7/ 7 T
L L ;
0 et 13 e o 0 e
,u.,

— W P

L_.l

=1
B1

— E o |
1

| N T | :I
f-__. N '0°~18" ReF
C - | =

COMMON DIMENSIONS
{Unit of Measue = mm)

symeoL| MIN | Now | wmax | NOTE
F=—— &B | A - 483
Al | 0381 | - -
D | &2070 57,578 | Nowe 2
E 15240 H - 15;5.?5
Bt |13ss2 [ - | 13070 | nowe2
B 356 : = (1]
Motes: 1. This package conforms to JEDEC reference MS-011, Variation AT, Bl |04t 1851
7. Dimensions D and E1 do not nclude mald Flash or Protusson, L 3048 3558 -
rckd Flash nr Prodmasion shal not exseed 0.25 om (0.0107), c 0,203 _ DRt
ek A 9-‘1_ - 17.526
& ZHMITYP
G281
TITLE DRAWING MO, [REV.
E 2325 Orchard Parkway | gapg 4p.jead (0.600"(15.24 mm Wide) Piestic Dual SO &
San Joss, CA 95131 | |nline Package (POIF)

36
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42P56 — PDIP
” |
O BT
1
ﬁrT CLr T Ml xr1|
/
Fd
f
(f.
Yo '.
EgEilEsgussesenpnalannm
lﬁ,._
SEATING PLANE * []:\HgHDL | '_'_t
J .
oy H
I—-— B‘] | |- B
(& ]
=
e b COMMOMN DIMENSIONS
¢ j b I\ ge-15" REF (Linit of Messure = rm}
e S | e
~- symeoL| MM | Nom | max | NOTE
|—-— oB —-—| b= - 4,83
Yo 051 E -
b | | - | 3696 | Now2
E 15.24 : 15,80
E1 | 1346 - 1397 | Note?2
B 138 - 0.56
Notee: 1. Thiz prckage conforms to JEDEC refarence MS-011, Variation AC. B ol 5 147

Z, Dimensions 0 and E1 do not induds mold Flash or Pratrusion. L .05 343
Mold Flash or Protrusion shall not axceed 0.25 mm (0.0707). B c Gan | - 0.0
3 - - 1855 | |
& 178 TYP |
11603
TITLE DRAWING HO. |REV.
2325 Orchard Parkway ; . i ;
42P56, 47-lead [0.600715.24 mm Wide) Plastic Duzl ATPSE "
m San Jose, CA 95131 Inline Package (POIF)
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&Narinﬂaf Semiconductior

ADCD801/ADC0802/ADCO080

Nagarmbar 1684

3/ADC0804/ADCO0805

8-Bit uP Compatible A/D Converters

General Description

Fhe  ADCOBOT. ADCDEDEZ, ADCDEQZ, ADCOBIM ard
ADTOBE pre CMCS B-bil sucesssive approximaliar, ASD
curverters jbal use & diterontia’ potentomaetric ledder—
simnilar oo the 256H products, Towse convartors arg do-
mignad 1o allew operation with the NSCBDD and |NSa080A,
derlvalive gunled b wilh TREETATE® pulpan lalches di-
racty driving thes dela bus. Thesa AsDs appear e nmarnary
leabions o PO porks En the microprecasaor and no moar-
fazing togic o nesckad

[MHarantal anpeg wolbage ifesls allzay inereasing the e
man-mode ~ejection and offsating the analog zaro Input
voliegs walua. Inacdibon, The wollage sedarsnce npul can
bt -arfustad to allow encodng any emelkar aralc] voltaga

® Ditterenlial anatog woliage inputs

B Logizinputs and oulputs moer booh MOCE 80a TTL eoll

ape level Specilizarions

Works wilh 2.5V (LM3ZE} woltagn ~aforeaca

Cm-chip clock genarator

M 3 AY gmalon inpid weltane renga wih singla SV

audply

B Mo zarg adlirsl reaqulmad

B 437 gancand widih 2i-pin DIP package

B Apin molded <hip camer oo small culine packags

m Operales rtigmateenty or with & Ve, 28 Ypc, or ana-
2 span adjusted woitage refsrencs

span Lo the full I Lits of resalubion. —_— .
Key Specifications
Features B Respdition Akt |
= G-:lﬂ'll:ﬂﬂ.:llﬁ with BOE0 wP derivalivagers mborfanng ® Total amor % LSd. £ L33 ard £1 SR
leqgie: nessded - aooass e - 135 Az B Cormiccgon limo 100 g |
W Eawy mlerface oo @il microprocessors, of operatas
i “afand alora”
Typical Applications
L1
A
L i g T
i m 1
] KT o i :g I }J’ AN
‘______? Y LKW 18! [ e
= ]
i o3 |iEfane
e CZ:' o L Py [
e e
b al T L GkD L
PSR 1| R ¢ ERAMAR 'Jr A
__ L1 e Wepp ™ p—C kL Ol E =
L. b1} T L
W TLAH/ERT -
T wriace Error Specification (Includes Full-Scabe.
Zerg Error, and Mon-Linearity}
| E— N |
i Part E':'I;I“ Veepd2— 2500 Yoo | Yaep/?— Mo Connectian
- [ IE— Humber Adjusted (Ho Adjustsents . Mo Adjustments)
Pl 303 . ADGOADT | § 4 SR
[T L E T
e R s Ll ADGOBDZ EdpERR ) o o e
: ADCOBEDS [ 454188 |
[T IR § =
ADCOER0 | t1 158 =
ADCOBDE -%|8R
TLIT L
TAIATATES ba & ragglelorard =i Mriocal S o
A1 m w rrgtw oo Uiy ol Jhig Taep
1S Pl Betl e CopEain Tob T HHLLA VTR n b B,

SI1343AU0Y (/Y 3jqnedwon 47 jig-g

S08000v/v08000Y/€080240Y/208020AY/L0800AY




Absolute Maximum Ratings noes 12

I MBllktary/Aaraspace specifled devlces are required,
FPl=ase contact the National Samicondictor Galss
Offics/Distributors lor avallabdlty end Bpecificatians,

Hupply Volage (Vo) (Hole 3
oltage

Lagk Condral Inputs

At Othar Ingut ard Culpats

Lead Tamp. (Solderng. 10 secands)

Dl fn-Lirs Sackege (plastie)

DuzHn-Lina Packdo fedramo)

Furfeae Mount Packega
Wapor Plase 180 seoands)
Intearad (15 srenreds)

Electrical Characteristics

Tha fofcwing spechicalions apply Fr Voo — & Voo, Ty Tas Tigax and fopg =840 ki undems gthorwsn spocitad

—E T (Vop b OLEY)

.5y

CUFY o -+ 18Y

2EDC
Spere ADCOBL HOE O3/ DELCN
ADCOECALEMN
S ADCORCRIOA ALY
Pt ADGO30200: 04 LW
s Rangs ot Voo

ADCORC 1 DRDEML )

Storage Temparaturs fage
Packars Dissipation at Tg=25C
Z51 Suscaptisliby (Nota 10}

— 655 Lo - 15000

Cperating Ratings (sotes 1 5 2
Tarrparaturs Hanga

H7E mW
anoy

THIg= A% Ty
ADCOBGTAEL, ADCIHENELI FBER  — 550y To = + 18540
=G Tac 854
—AGE Tas + 3570
P Ty + FOUG
PO 1 4709
o T g + 7070
45 Vo ko £.83 Voo

Far.‘hmutur"

Condifians Min | Typ Max Uisiite
ADCORDT: Talal Arjuabect Frrar (Mot 8) With Full-Szale Adj. 44 Lo
g {Ge0 Sectian2 52y ! ok L3R
AICORD?: Talal Liradjustadt Ermor (Nola B) | Vper/2 = 2500 Ve i 15 | vsm
ALLOEDS: Total dcjusted Eror (Mot A) With Full-Sceie ad), i e 3
{Sa= Sactian 2.5.2) = kil
ALGDBGA. | otal Unediastad Fror (Mot ¥ | Vaepde= 2,500 vpe i
ALGOEIS Todal Unisduxtad Frroe [Fotes B YREFS2-Ma Conraction
Yacr/ 2 Input Besizlance (Pin 3) ADCOAOY D2/09 08 23 frEa]
ADICOB0E (Mote B} 073 i»
Analog Input Violtage Hangs (Mals 47 vi+) ar'vi— Grd-0.08
D Common-Meda Emor Dwnt Analog imaat Valtaga: + %
Rarga
Proval Ssaply Sanethily Vo =5 Vipg = 10% Ovar + 1% LSE
Altawod Vigl+ | erd Vil )
o | ¥oltega Ranga (Mot 4 I
AG Electrical Characteristics
Thi fllowing specilicationg apphy 1o Vs — 5 Ve and Ty =255 uniess athopman spacifed
Symbel Faramsisr Congitions | MWin | Typ | Max | Units
T EnmﬂL:_lEI'_l_:l:I_rll'_#: Ty g — B0 RHE (Mois &) o 114 ..' s
e Corvaralon Tirme [Mota &, &) & 78 | Mey
Ippw Ciack Fragquercy Voo =5, (Note 5t 100 G40 1460 ‘ iz
Chock Dty Sycie [Note 5] An an 5t
CF Convarsion Aate in Froa-Aunrng WA tied to WF with a7 B708 oorwle
Mo T8 = Voo top o= $40 kHz A
izl Widih ot WA Inpul {Start Pulse Widib) S = Voo (Neda 7) 0D ,' ns
{F¥elo Apciad Time (Datay from Falling G~ 10 pF | 195 i n&
| _Edge of RO e Cubwut Data Valid) R R T
HifoH TREGTATE Ganitrol Dhalay GL= 10 aF, A = 0k | 1es k) i
frorr Rising Eaga of AD o (529 TEI-STATE Test f
HI-Z Stai; L2n | P ' -
] Dty Fronr Falling Fge aco 4EG 4
ot WR or ANk Rm;c:t.uFIN_T_F!_ .
G Inpid Capicitancs of Logi: ] [t uty
~ Coetial ingula
Cmti TRESTATE Qutput 5 bR aF
Capacitanga {ata Bdtes |
CONTROL INPUTS [Mote: GUE IW (P 4] is tha inpul ot @ Schmill blgger rcuit ans 18 theretore s1acried ssparataly|
Yinil) Legi=al 1" Input Voltags Wir =525 Ve 2.0 13 | Yoo
{ExeEp Fin d LK N} |




AGC Electrical Characteristics icontrnd
Thez tallowing Spestkalions apgly or Yoo = SVpoard Tk = Ta s Taay ess chherwlse spociicd.

Symbal | Parameter | Conditions Mm | Typ ] Max Urtils

CONTROL INPUTS [Mote: CL 1N (P 4) & Ihaonpul of 8 Sesenill Sggee St and is sharefiom speeiliod separataly]

b

T
Wiy (3 Lopeal "' Inpat Veitaga Vem =4 78 Vine | oe | vl
(Exsapl Pin d CUE M) |
i 01} Lagleat "1 npul Gurranl Wi & Vg Q000 . AN
LAl Inputs)
lipa T80 Logicad 07 Inpud Curmant Vin=0 oo -1 2,005 Ll
TAI Irpisda)
CLOCK IN AND CLOCK R
Wy CLE IM {Pin 4} Posilha Going ay aAd 28 Voo
Thneshald Vaitage
Wr— GLE 1M {Pin-4} Mogative 14 14 21 W
Golng Thrashald Voltaga i
Wi ZLK M §Pin 4 Hygtareals 0.8 143 20 VR
b B o i
VouT (0 Legheal "B GLE R Output lo—960 ua | o Voo
woitage Ve =d4. 75 Ve i
Yo (11 Lopcal " GLE B Ouiput Ion=—30 ua rRA Yoo
Woltaga Ve o 4T VS |
DATA CUTPUTE AND TNTH
Vo I Liogizal "0 ke Votage |
Cata Dulpuis lapg=—1.8 &, Vor -4 75 Voo a1 ¥
IHTA Cutmit i — 1.0 A, Vs — 4 75 Vs 4 Ve
Ver 14 Logical 1" Outaut Voitage Iy < 320 A Vop =475 Ve 2 | Wiap
Veur M Logcal ' 1 Cluioul Yeliaga o= — 10 b, Ve — A Th Vo iaQ5 Vor
gt TALETATE Cisatibad Ciipul W B Ve —3 1wy
Leriheags (AN Diata Bulfar Vo — 5 Ve | 3 . AL
lapupse Vot Shor 10 S, [a =260 45 | E | :._ T
Igibiic YT Shom s Ve, Ta =950 oo | 1 Mg
POWER SUPPLY
e Supply Currant (irnciudes Ty = B kHz, .: |
|_archderr Crurrant} Wgp? = NG, Ty =260 |
and TS =4V
ADCEORDA /02406, 04LEN /D6 14 1.8 ma
ALIGOBRLG NS LG/ LG M 14 25 A
Hohn 1 Abechts Mecmum Nalings rdais amis beyerd = oo damege bn e devicn mey co s, B0 e B0 @ichion Az b odioes Kol ey shon conmisg
v dersdors e T =peescd |l opmiBlieg Gureh iors
Mot & Ay tag e Ans saguid willl mEsacl i Ead, urkas Srlwis Annciiad . Th secamia A G0 ok Bhoai ahen o5 W o e O Gnd
Hote 3 & cerar dode exsle, Mlenatly, Iem Yo o Gnd s Fas e pcn! brasacosn willnge al 7 4 |
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Typical Performance Characteristics
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TRI-STATE Test Circuits and Waveforms

iH tipe B 90 pF oy &L~ 10 pF
-II.!-. —n
bt 1= Wi

fis i o

_.-Il[‘,h (T %
—1H | I_._.,
b L] A T e E— e
rr
T e i o ST
[P v oW LA 8

Timi ng Dlag FaITES (Al timing is maaswred from the 50 % votage poinlst

FTIAT
COVIERNIN
. \ /
L] i
—
= WL g
L CATA A WLLIDIA
RCTURL WTERRE| el
AFATEE OF THE : wataurr ATt LAteis
[= o |
-~ ERLTER LTS INTERMAL Tp- ..{
TLAST DATE WAL SR |
VLAFT DATA WAERAT AESD i WY ATRRTEG
—_ P
Dulput Enable and Ranst INTH
TTE ARET

i 4 o L T !
=] i/

« | F__f

|
i T }| — =
A b T8 P
pupE = — = = e = —f — e mm s e omm
e I
| ||.|1,.|i__.




Typical Applications |Conbasd
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Typical Applications jtcrtnuey
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Typlcal Applications omieg
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Typieal Applications iconinuad
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Typical Applications canimad
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Typical Applications iconiuess
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Typical Applicatlons icontinued
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Functional Description

1.0 UNDERSTANDING A/D ERROR SPECS

& perfacl ACD learelor slerastedsiic (slalrase wavatorm) |5
Shown m Faere 1a: The hormorgal scalo |8 analog inpu
woltage and lha paticular pomis ‘aheled are in slaps af 1
LEB {19.53 in¥ willy 2.5V bed lntho WRER2 pind, The digital
oubput codes 1hat comaspond to thasa inguls ara shown g3
D=1, D, and D+ 1, For tha parfect &0, not crly will canber-
e A—1, 8 A+ |, . . ] analog Inputs produce B ook
ract ouiput ditigal codes, Bul s aach rear (the franaitors
batéaen adjacant cuwlpul codas) wil ba lecated + 44 LEE
away frem each centar-vaie. Aa shown, tha Figers am ideg
and bawe ng width, Corrset digital outpes codas will bes peo-
vded for @ mrge of analog Input volteges trat extend + 14
LE8 fram o ckaal centorvalves. Each read (tha rangae of
aral] Inpud vallage that privddas e sama digial output
coda) @ hrerafom 1 LSE whia,

Fligew Th shows 8 worst casa arror piot for tha ADCOBOT.
Al canbar-walusd inputs are guarantesd o produce ha coe-
rack cutowt codag ard Iho pcfacen isers ara guaraniaad o
b mo cloges b the comlaradloe peinls than 414 LSE, In

Transfer Function
-
BT T
2 |

A= A IR}
ANALOE | U gyl

othar wonds, I wa apply amoanaksg Bpok egual 1o the canber-
walia + 4 LER, wie giracantes that be ACD wi prodose the
cormect dgite. ¢ode, Tre smidamum range of the posilon af
the cona fransidon s indicatoed vy Era horrortal armosand It
Iz guarantend 1o be ro maora thar 14 LEE

T amor cunee of S Te shrwes = wmre’ cass smor plot
for the ADGOEGE Here we guaranies Wad | owe apphe an
ansod inpul agual 1o the LSH snalog wottage oaslnrvaive
Ehaa A0 D wall praciices tha somact digiel coda.

Marl 1o éach anstor farchon 5 shown tha carresponding
e piod. MRty progra rminy b moro familiar with, smor plots:
than trensfer funcilons. The analog Inpul woliage 1o the A/0
e prowyded by oiiner 8 lineer ramg of by tha dsirate oulpal
slnpg o 3 hign mesoluton DAC, Metice Imal g orde i oo
tinucasy dsplapad and Inciudas T8 quandlzabion ucarlan-
iy of the A, For exampda e oreor at port | ood Sigues 1
Iz =4 LSH hacauss Lha digtsl pade appeared W4 LSH m
advanice o the centér-walus OfF fhe read, The omor plols
always hava a conaden! negative sloga and fha abrat up-
sirfa slape-ara alweys 1 LS8 in magntude

Error Flol

1180

-1 & ke
AXSLDI HRTT Tujk)

A Accuracy = +0 5B A Parfecl A/D

Tranglar Functian

DNAL HITRET COBE
%
T

M- -

A1 A R+
A T (v

ErrarBlal

[LREE]
*EAEIE b

B

ARKLDG HAFDT My

Bl Acsurney— +14 LSA

Tranaler Funciion

Bdral dulror ooe

L R T LS
BMNLOE ST Iyl

€| Aopuracy — Y L5A

Errar Plal

e
CLNANT

ilma

el i FER|
AAALDE WPLT MW
H Bt C

FHAURE 1. Clarifying tha Error Spece of an A/D Convearter

¥

14




Functional Descriptlon zentinusg

LOFURCTIONAL DEECRIPTION

The ADCA01 soriea coniaing 4. crcldl equbvalanl ol ha
ZEER nshwerke Analog awitches A samquencsd by siccas
giver apmraimetion logic 10 maten tha anaicg difterance in
pui wodtage Wipi—t — Viyl—1] to 8 coreapondng lap on
the K network, Tha mins! significant b is tested firat and
alt=r & compansong (84 clock cyclas) a dgite B-B1 binary
code (1111 1111 = hull-scEa) s brgnskared iooan oulpas
lageh amed ther Bn sfeript 19 asaerad (INTR makes a high-
f-'oe Iransitios), A gonvomsion in process can be nlamuns-
ad by @EeUIng 8 second start aomimand The dewica may be
nparatad i ke fres-runndng moda by connecting TRTH Lo
L WH input with G5 — 0 Ta smaure stat-up urdss all poa-
elble concdiiong, an acteoal WE pulse 15 mguired during 176
frsl powar-Lip ayals.

Lm iha. Tighelorlow fransitioen of the WH inpul the niema
SAF latchas and the shitt raglster stages ase rogal. As leng
a3 the &5 mput and WH input remain ‘ow, the AD Wit e
FEry In @ rasal stabe, Conversion wil siad fom 1 e 8 clock
v arfer Al lesr are af fhede ot makes 3 foweia-
filph fransifan,

A huntlinra: ciagram of 1he 870 sonvader 5 showe in Fig-
wrm 5 Al o the packade prouts arm showt Al e ssjor
logle acnbtol parme gre drawn In medvior weighl ires.

The earverdar s slareed by Ravieg 55 o W s oaia-
nacualy . This sals ol Stan Nip-Foo 1505 and the rasuli-
ing "1 laval regets the E-bil shilfl mgstsn, cdals the ntar-
rupt (IMTAY FAE and npuls a2 e U 0 oy, 7R 1, whilch
iz gl tha bput end of the Bt sht mgsles (pdemal cock
sqrals than ransfar iz *1" e the & drpul af FAF1, The
AMD gale G, momhbines this " cutpad with g oot slgeigl
b0 provida arasst signal 1o e stan FOF, IF Tho g0l gigral is
ne lerger prasent (mihar WH or G5 fga " 4" s siarl B/ s
regal and e 8-bil s regeler on zan nave e 7
dlockad ir, which slarts the corvarsion prososs IF the s
glgnaf wars to et ba pregant, e racal polse woulkd hava
e glfet (boalh gutpels o the sian =F woula momanarly
oa gt a 1" iewd} and tha B-hit sndl ragistes wauld conlmua
I bis neslid in dbe rasat moda, This logiz tharators sllows foi
ke C5 and WR sgrals amd P comeerler we g0l ghar gt
east pne of these sigrals retums gt and e mloimal
2lockes agesr provida a reast sgnal for dhe stark FiF,
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Functional Description contnued

Aftar tha 17 s chkoked throwgh the G4 shift -agistar
(which compeeias thi SAH Sasrch) Itappears 85 tha ingul ko
tha Drtypa - tatof, LATCH 1 As sconoas thiz ©1" |z aulput
Fromn dha skl regiabar, tha AND gate, G2, carses e rew
izl word to franstar to e TRI-STATE output latches.
Whan LATCH 1 & subsagquersly grablad, the D dulput
makes B high-bo-kow ransition which causes the INTF F/F
i5ek AN imvarimg buter than suppiles e THT imput sic-
L

hoge 1l this SET control ot the IM1TF-FAF emiing lom for
B of tha extarnal rirck poriods (33 tha internal coesks run af
g of the frecuancy of IPa sxtemal dock), If the Jata outoul
s pontinuousy anabled (CF e AT bolh berd low), ha
THTHE autrar will 58 signal tha andl af cosarsion by a Righ-
oo Lansiion), secausa tha SET imput san condol tha 0
Ut of the INTR FAF ewer though the RESET inpul i
nomataryly aba 1 lavs B IhiE opaniling mods. This FTH
autpat will tarafore stay low for the daralion of tho SET
signal, which is B porods of the axlamal clock Fogquansy
{Basaminy Ihe AMD &~ starad duirg s wiamal),
‘Wnen aperating in ha frés-rurning o contruoug oo
sion mevda (MTH pin Bad to WH and TF wirsd low oo
elsn gaclion 2.8y, lhe BTART F/F 15 SET by the high-to-low
trangition of the TNTR gigna, Trie resets the SHIFT REGIS
TER which cauzas tha Inpul ta e Duype latch, LATCH 1,
Iz go low. As the latch enabla inpul i3 8t prosent, the O
oudput will go Righ, which than alliiwes B INTR F/F 0 ba
RESET. This raducas v widlh of (e rasulting THTH cusput
fulsa 1o dnly a faw propagation dalays approxirmately 300
L

When data 15 bo be read, tha comblnation of bath GS and
A hairg e will rauese tha INTR F/F 100 be razael end the
TRI-STATE owtpul latchos wilt ba erabled to pravida the 8-
bit chjital aatputs.

1,1 Digital Contral Inpute

The digilal control egats (005, A5, 870 WHEE meet slardd
EL Dk woRege lavels, Thess algness hive bsen emarmed
whan compansd 0 the standad ASD Start emd Oulpat En
abea [abals, B addilion, thesa irguns arnackees low 10 atlo
ar 8esy interfzca 1o microprocessor ooctrol fsscs Foo
rey-rmertprneassar hasad appicators, the T5 mput{zin 1)
aan be grourded and the standard ASD Stard function s
ooiained Iy an actwe low puse epplizd il the WH ingal (pin
3 andd tha Quiput Enabra funckon s —aused by an acthes
e pulse af e FD irput |pin &}

.2 Analog Ditferentlal YoHegs Inpuls and
Comman-Mods Rejeclion

Ths A/D has addiianal applicalions Hexbiity due 1o i
analog drterantial voltags mput The Wil inzul [0 7
can be usad to sgtomatically subtract a fued volage value
from tha inpul rearding |Lare comect on), This s alsowsa‘ul in
£ MA—23 MA cumend oo ConvSon. In aadiber, common-
macte noisa can he saduced by usa of tha diferertis Input
|F=limainiarval betwean aampling Vol — 1 8na Yyl — ) 8 d-
Yo riaok panods Tha medmom amr wiitaga dua ko thiz

aligal fime diifereoco betwasn she mout vollage sampas s
awer by
AL

el
L M

BN = (Ve (2ot |
whers:

g 15 the airer wollags shas Lo samphng dalay

Vi i% lhe prek valie of the commor mado witags

Pem i§ P cOmmen-moda Fegueancy
Aw An peamp e, fo 8050 s S B Y LR - B mivy whan
cparatng with & 60 Hi commonsmioge ragus ey, fee and
using 4 540 kHE A D deek 4oy e wortd allow & paak wilie
of tha common-moade viallagye, Vp, shic s givar by

_ LAV mimey o el
yp — SRR SR
[Pty 4.5

b

{50 1 B fRan o)

(b.2hb! [30) (4.8)

whizh ghas

Vs ] W
The allowsd range of snateg rpul valtages wsually placas
g SearA resldctions on input commaon-mode e b
Al

An analog input vodlaga with o reducad span amd a reéativaly
large zaro cffsat can ba randied easiy by rrmking e of e
differantial inpus (588 gacticn 2.4 Raterence Vollaga),

2.3 Analog Inputs

22,1 Inpul Currant

Mermal Mods

Due b 1ha Inlamal salichirkg aclion, displacsmen) cumants
will {law at the anaag Inpuls. This is qun 10 am-nhp srey
aapacitangn to groung aa shown 10 Sgoes 3

¥p -

Rl
TidE

Tomenapee | M e
B ] b
u v
i) E
= <= | =-
- I =
U —— |
Lisga o)

Mg o W R WP = kD
Iz o
FIGURE 3. Analeg Inplt Ingedance
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Functional Description (contnuad

The vallags onthis capacitarce |s switched and whi resull in
cuTants antenng tha Visd 41 Ingut pin and leaving the
Vied =) inpurt which will dapand on the analeg diférendls
Inprdl woltage levals, Thems carrant tanents ooguer ag the
Ieaxding edoe of o intermal chocks. They rapicly decay avw
e ot ezusa arrprs s b on-chip comparator | elrobed al
tae and af ihe clock e,

Faul Mode

If the volbage sourcs sppiad b the Moyl of Vgl ) pin
ErCEaas the allowed operatig ramgs of Ve -H80 my, larga
imut curranta can lew thecogh & paranitic diooe lo e Vep
Fin IF thnsa cumants cey avgaad the 1 mA max allewad
sp, @ natorrel dicokn 7 NOT A} shduid ba goded 1o bypass
hig @armnt L I Een (in (wilk ths romant bynagsed with
this dicds, e weilage 4 Lhe Wl |} pin zan excood ne
Yo wertane by the forward voltage af s digge)

2.3.2 Input Bypass Capaciiors

Bypass tapediar al tha inputs will average lbase charges
and cawss a LG cument 1o How through the owiput rasist-
ances o e analog signal sourcas This sharge pumping
BN & worss For conliruous corvarsizng wits the Wyl + )
inpal widlagn al wlkseala, For cordmuogs convermona with
2540 ki cloce aguanty with e Wl + Firpa sl 549, Ihis
0T mamont &5 @l a macemiam of approdimatasy & s Trare-
fore. Ayl capraiods sfoud? aod Se used af thae anmisg
inpde o Mhe Ve 2 pin for nigh resistance scurces {1
k2] If ingad byposs oopacdoms am rooossary for rnoiso o
ing and Nign aourca realstancs 1s daskable to minlmim ca
pagitor sze, the detrmemal elects of ta woitage drop
acrods thig mpul redislancs, whish it deo o o ovomge
value of 0 Input current, car De aliminated with & fullacale
acpistment whila tha given source resistor and inpul bypass
capagitar am bath in plape. This is pasaibie bocaasn tha
average veua of 1ha Input curent 12 a precise lirear uns:
tign of hn deicrantial inpul waltaga.

232 mput Source Resstance

Lame valws of souree mssslance wherd. an input Dypass
capagilor 15 not ugad, wil ol cawss smors ak e inpul cur
rants selte oul gdor lo tha oxmpadsan ima. IF 8 low gdes
fiiter i raquirad ¢ the aysem, use a low valued earlas reals-
qor{=< ! k1) dor 4 passiva RT asction or add anopamp RC
actwn low pazs filker, For low sturns registenea applica:
fang, (5 T Kk, 8 00 pF BYpRss capacior al the irgula will
pravard Pt picken dos o sares ead nduciance of o ong
wires A 1000 Sar g reslor can e uged o isolale this ca-
acior—bolh the & and O are placad oulsids the Feadhack
tnos—iram the catput of an op BTp, IFused.

234 Molae

The lzads to tha aralog inguts (oo Gand T shdadd be ol
53 short ga posshla o mikmee npad ok coupling Balk
neese and wrdesred digiay clock ciapling Lo Ihege inpats
SN s Syslar rong. [ha source realstence tor thasa
irgats shoud, In ganeral, be ke below 5 ki1, Largar valuas
of BoUMmE MMESErGE gan ouugd urkkasired Syglen: roisg
pokup. Ergul bepass capacilors, placad from the analog v
puds by groard, will elirinats eysbem nolsa paokup but ean
oraats arelng scals armors as these capacions will guerage
tha fransiant ingul swicking cumerts of e A (386 58c-
tice #.A,1.). This seala arror dapands on both & large ecarca

Iesilstancy ard a use o @0 Inpud Dypass capachor, This
emor fan be aliminated by @oing A ‘ulbscala acjustmant of
e &0 I:ad]uat Vaer/2 fora propar full soalo n:udlng- .
gechon 2.45.2 an Full-5Cale Adustrem) wikh he Seuroe r-
sistanca and nput bypasza capasine i fare

2.4 Referanca Yaltaga

24.1 Span Adusl

For maernum agplications Reakilite, thess 8705 hava Daan
dosgned lo aceomenddats 4 E Yoo, 28V ne oran sdusted
woitagn rateronce. [his has bess achisvad o (he design of
e I as s n Bigune o

Ve Vs
o}
ol
.
Ll
i O E I
F SARLUITE
I ARALDG
L1 Il:tl:ﬂﬂi LRI L
]
> 4 }—
1
}
b
Aokl |1 Ti Ry (18
e r
ToHIFE =15

FIGURE 4, The Ynerenence Masign on tha i
Motice that e ralerence vallage e tha 10 s aither 4 al
the vo'tage appliad o e Vo supphy pm, or es eaual 1ohe
voltage hal is extemally formed at the Vre=/2 fin, Thes al-
lowa o a rallormainic wolage rdaranca using e Voo sup-
ply. & 5 YWpe meleence woltage can be usad for the Yoo
supply of Bvotage la8s than 2.5 Yoo can ba apphsc toche
Vrer/2 inpul for increaized application Rexbility, The inar-
ral gain lotha Vgee? inpul. s 2, making tha ful-soala ciffer-
anbinh inpul wolayge bwica e woflage sty 8
An swarmpia ot tha usa of an adusban rafersce whageis b
avcirrikadaie & rsdesed stan—a Jyranic sallage sanga
ol 1he analog rput volage i {he enalog inpe! woltaga wan
1o rengs from 0.5 Vor to 3 B Vo, inalaad of DV o 6 Ve,
I s waoulnt be 3% qus showerin F.pp"p Sowfith 0ENnG
Applied o e Wagl- | pe o absort Lhe affeat, Iherafarance
woltage can be made equal 1o 4 of b 3 span or 15 Ve
Trua A0 rezw waill ariadede e e ] sigreal Tonn QU5 LG 305
W owilk thie 0.5% mpul samespanding o 2ero and-she 35 Ve
mpul comasponding to ful-ssale. The fur B bits o rasclinion
ara fharetora applied cwer InlE recuced analog moaut v e
rarge.
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af Analog Input Signal Example

bl Accommodating an Analog Inpul frem

Q.59 (Digltal Out — = Dyl fo 3.5
{Dlgital Oul—FFuex)

FIGURE &, Adapting the A/D Analog Input Voltages to Match an Athilrary lnput Slignal Rangs

24,2 Radarence Acduracy Reguirements

Tha perendar can be oporaind o A alicmetns meda or an
whanlule mode. In inliomsing sonverter applicationg, tw
magniude of 1he re‘srsnca vollaga is a taclor in both e
output of tho sourse fransducer and the onput o the 40
comsariar and harafore cancels oul i Iha tinal digive awpul
coda, The ADSOBGS is speciied pariculary lor use in rabo-
mualre anplicationg wilk no adustmonls radquired. tn abses
e conwerson eppdcatons, both the inital value and tha
emparatum slabilty of the meferanca vollage are imporian)
faslars in tha accuracy of the ASD capvader. For Vgepd2
volteges of 24 Voo nomined valua, inflg amors of £14
mipec will cause comearsion arars o £1 LS3 dus lo s
gain of 2 of tho Veerd2 inpud. In redused span appiicatians,
Iha indlia vakie and e atabiity of Iha Veege/Z INpa vollege
banarre aven more Imparand For exampls, e spen s
redazed 1o BEY, the analeg input LEA woltage walua is oor
raspandisgly recicad fram 20 m (B spanh 1o 90 my ard
1 15A Al tha Vrep!? koot bacomes 5 my. A 2an ba saan,
this ~acucad Ihe allowad (nillal lolerance of tha mfzrnen
yoltage and requras corespondngly s absodute Ghirge
with temparature varistions. Nole Hal spans smaler than
=AY plauo awen tighte- mguiremants on tha mitlal acouresy
angl stakilily of tne raderences BoUrss

In gerewnl, B magniluds of the rafenance wokage wil ro.
yura an Indial adasiment. Emors dut [0oan improps’ Yahe
of retaranca waltaga appaar ag ful-scala a0 the &/ 0
transtor lunetion, 10 veltags reguldicns may be uged for me-
arencis i tha amtiant fampereiure changoes am rol Goes-
sivia, The _MAFEE SV IC refaranca disds (Fam Malons
Semiceciiciort nas a fompnmiurs statilivy al L8 my g
B my max) gvar POETea =700 Uther Semperdture
rargm parts are alsn adalabla,

2% Errors and Hafarence Voitage Adjustmants

&.5.1 Zera Error

The zaro of e AD doas 1ol regues aoustmenl 11 the
TP andioy npuUl valtags vales, Vg g 6761 grownd
A Foarn oflse] can b odann, The eoeresiar e b mads B
cartpu OO OB digitad coaa for triE minkmuey inpat wellags
by Biasing (s A DOl — 1 Inpes 2t T Vg, wiha 306
Applicaions sacton). THs utilzes tra difarentsl mada op-
eraton af tha A7/20

The zem emor o tha 47D conrvenar ralales 1o the locaros
ol b sl dadr of Ly traresfar feralion and gan Ba mog
aurad by grounding tha Wi { - ) lnout B0 spglying a smefl
magrituda posiliva woltege b the Vi (4 input Zaenz arror
1= the differenan botwnon the aotua! DG sl wellage that =
recrasary o just carsa an oulput digitel cods ransiion
fram 2000 G000 1o 000 OO0 and the ideat L4 LSR walun
{14 183 — 0.8 my Fae Yeped3 — 1800 Vel

2.5.2 Ful-Scake

Thr dull: sEala adinslerent can be mada by apolyrg a difar-
anfial input woltage that & #15 LEH loss than ke doesired
analog tull-soads wirtakan mngn and han 2qusting the rag-
retuge ol IBa WpEe 2 inpul {pn 8 or the Voq suoply ifpr S s
el weed) for g algral guzp pode that is just ohseging o
LRI I I D ST e R I




Functional Descriptian conue

1.5.3 Adjusting for an Arbltrary Analeg Ingut Yoltage
Ranga
It It gralog zoms vollage of the &73 -8 sulted away from
graured (lor campds, do accommedaie an sraleg inpal mg-
mal thal does nol go bs-greumd) e new s reforoneo
snpud be progarly edjustad est A vpglr) voltege the:
SquAts Ehig degia ren selarende plus Yy LEB where the
158 is apdculatol {ar the dasred analog apan, | LS2 < ana-
> EparvEsd) Iz applisg 1o pin 6 ang the: ze relorewa
woltage at pin 7 efculd then be adustad to just chian the
00y to D1HE: aode irmanmtion
The full-acats adustmant should then be made (wilh the
propar Wl — b voltage applied) by forcing a woltaga 1o the
W A+ Input which 15 given by
s — Y ml!
¥ 4z ad] = W « 1B | ——1,
RS | WA SER
wrEm:
Wigax — Thea high end of b srasioeg Inpal mrgps:
and
Vs, ™ then fonw ernd (I oflgel marad of e aealog rangs:
(Balh are ground tetapsriad.)
Tre Wre=/2 (or Vol wollage |5 than adisted to provide &
code changa fiom FEpEy 10 FF o Thig compealas the ad-
|ustmient procedurs.

2.8 Clocking Oplron

Tha alack forthe 40 T ocan B darvedd ram ke CPLUF ceck ar
qn exlerngl PO CAn ba gcddsd g provide s docking. T
LK 1P [3n 4) makes use of & Schmit itgger 88 #hown in
Fripara &

7
[1EN )
1
oo
f T I R
i |:uI :\: i A 10 RN
G
Lt
TodessT =1

FIGURE B, Sell-Clockang he ASD

Haawy capactiveor DG loading of the clock R ginvshoud oe
gvaided as this will disbird nommal efewaillor ofaratior
Loisds e than S0 pF | guwch as dilving up to 7 AL conwert-
Bzl npUts froem a single clock A oiv ool 1 ctewertar, are
allewad. For larger clock ling loadmg, a CAWADE or low powar
TTL buttar o FRP Ingat logic should o usod 1o minimire
tne lpading on the clock A pin ddo nat wse a stancard TT1
bt er).

2.7 Restart Duriag & Conversion

H 17 AT i eostarlad (05 and WH go low and returm nigh’
durire) A corversinn, the converion |s resat and o raw can
warson is started. |ha qutpod dars [ach ia nol spdialed § the

corarelcn in process e not allowad (o ba complalds, Feam
foro fhe dala of 1ha prevods somverslian namains in tha
Itz The INTR oot smoly ramars attha ' 1Y laval

2.4 Continuous Converakons

For aperation e the ree-tunneyg; minde-an mna I il se
snodid ke used, lollawng oowseup, 1o ansuss Greet cram
tion |n this appaeation, the 5 irput is grourdsd and the
WE ingut s wed 1o the I5TH autss. Ths WH and iWTR
noda skl B recenaslanily Toesad o lagis lew fllhwieg 2
Powar-un Ty Cohe 10 QUEFSNEEA. GparRncn.

2.9 Driving tha Cala Bus

Thin MOS &4, B MOS macmiprocassnrg sand mnmoing,
will rexqire & bus dreover whear B lodal cacacilance ol (B
dabtn hus qots largo, Cibar circuiley, whesh s tied Lo tho Gata
biss, wi add to he iotal capacilve keading. even in THI-
STATE [Pigh rmpedance maode). Hackpiane busaing also
nreatly adds b Ihe stray capactance of the daka bas.
Thetd arg soue alleraties available o ow dedlpoer 1o
handie iz gproblam. Bascaly, he fapacitve oadng of tha
dats bus slows down the regponese lims, even thougn G
spactications are sl med. For systems aorating wilh 8
redalively slow CPU ook fregoaniy, mord bme is avalabin
in whiah Lo astabfish proper logs lodsls an tho bus aeed
trarators nigher capacitve iads can De driven (see Typlcal
characlanstics curves],

&1 righer SFU chock fraguoncies time gan ba axlended for
¥ raads {and/ar writes) by ingering wait slafos (BOED) or
using alodk aterding cronts (BRDD

Fingty, if tima ie short & capaecilive loadng is high, oxtee
el busdrears rmosl ba uged. Themsa car be TRESTATE
buffers {low power Sohoniy guch 35 the UM L5240 sates
& rcommerdhad) or spotial higher griva camanl prodocis
which ars dasigned a4 bus divers High oorranl bisolse 2o
Jrivers with PMF nputs ars recommanded,

10 Power Supphes

Maige-stikes on e Voo BUDEy MG 2an caUES J0neGls oo
armors as- e comparater will rspang Dot s A e
roduclarca ankaium lier caacilar ahooll be azesd cose 10
tho porwnrdr Ve pnoand walons of 5 LF e groaloe g
acnmmendad, 1 an unregulalesd voidage 19 avallable 17 ke
gystam, B ssparate LMA4OLAL-E0, TOCE2, BY vollapa regu-
sicr for the conmrtar [and atheramaloo cirmuiieg) sl geatk
adune digicl noiso on e Ve supply

211 'Wiring and Hook-Up Precautions

arddard digitad wire wiap sockats amonot satisfesiory for
I:u‘a.a,dbl:arﬁ'l.g B AT Sirrenrtn. Backais on PO Daals
can hin sl and Al Bagin sigrak whas aswl iaads shodd ba
gromped and kepl ag fa Sy 88 posails from he gnalog
signal leads Expased leeds 10 (e analog INpuls can causd
urdasiiad dgital nose and hare pickyp, tharafors shisdsad
le=ds may ba mecossany 0 many applizations

-




Functional Description cormnuen

A singla pokd andloy ground that s ssparata from ne ogo
around pointe should be used Tha powar sopply Bynase
cipaciter ard the sallslockng capachior N used) shauld
both ba retureed fa dighal grouse, &ry Yaeed2 bypaas ca-
pactons, enalog input tiar capasinrs, o input signa shield:
Ing should ke relurad 1o 1he analog grourd peins, & test for
jrregear greanding 1s Lo measas tha 28r0 eTor o I &7
canvertar. Zam arfet ooseass o G LSE can usualy ke
meed o improper board bwoot ard wining {asss seclion
2.5 lor rgasunng fhe Zero erar,

3.0 TESTING THE A/O CONYERTER

Thara ana many degress o complasity ssocinted wih tos-
i @0 AL conwener. Cnn Of fhe simoest 2sts 15 10 apply a
krowm analog irput vollage Lo ha conwestar erd usa LEDS
lex eisgday she rasulfing agital sutiel wxle: gz ahown I Fig-
g 7

For easa af Lesiing, the Yaer/2 (pin B alwdd e suppicd
wilh 2860 Wpo and a8 Voo supply woitege of 512 Yoo
ancald baumed This prosideas an LES vama of 20 my

If & titacalm adjustmenl s to be mede, an anaag irgul
reliegs of 5090 Vi (5.130- 14 LSE) should be appliag Lo
1ha Wi+ pin with tha Vi {— | 20 grourgked, The value of
e VRrer/2 Inpud wortage should than be adiustiod untl 1ha
digltal oulpul coda is jest changing from 1411 1110 1 1111
1111, This value o Ve showd than be @sed 1or a8l ihe
1a5s

T digital owtput LEC display cae b disvuded by divding
e 8 bits ndo & hex charactars, the d maat signillcant (MSt
and the 4 least sgrificant (LS} Tae | ghcws thae ractional
birgey eqireaiar of 1hese two 4-U groups. By adding ihe
voltages chtamed from the “WME and "VLS' columing in
Table |, the momind value of tha digite! display [wias

ik
Ay

5 _f:'_ﬂ-Iot-mvu;
,J; ] ] 7T B
2

=

[EEY

i

Flaar

il -
g
= J;unu 1': et
ol
TLARAIET 8

FIGURE 7. Baglc AD Tegter

Verr/2 = 258007 can be determmad. For exarmpla, for gn
autput LED deaplay of 1341 0770 ar B8 [in hmd, tha weiltags
values fiom It jabl are 3520 1 D120 ar 2540 Vo
Thasa wollags wilus ropresant “he sonlervaloes 348 pes
facl &40 convarler Tha affecta of quartization 27or bava <o
bt amunted or in he mErpedlaten of ha 1est ramilty
Far a higher eceea Ll svstom, or to chies ploted daia, o
Glnﬂﬂl-:l}a.nﬂll:ll; annvertes s naaded 100 e 1Rrss sal-up, An
Arcurale 00 DAC pan meren A8 the prasisien woliane
gcared dor L A/D Evors ol the AT mdar tost can Le
mpressed as &ihs analsg wiiages or difersnceg =2 gk
LAl wevis

A Gasg A¢ Ztaster hal wses 5 DAG ara providas o e
5 AN analog outpet voliige s shown in fans i Tha 2 op
arnas can bo nerenatad £ 6 ek DVM wth oy romarical dul-
ractlon fertwee Is availbibla b jead the afleencs walans
W07 directly. The anaiog inpet wnltage 2an be supplisd
by & low frégquonay ramp ganeralar and an XY plobar can
be uzad b provide snasy eror [ axisl wersus araloo inpul
[ axis]

Fur cperation with 8 mizOprcessor 9 a computer-oasan
lagl syslam. is is mora converianl b prasant the armrs digl-
1ally. Thig an be done with o circult of Sigue 8, whern the
olipLd code angitiors car i datested 28 she 10 DAL IS
incremented. Thie provides 1, 3R siaps dor the Behit 400
uridar Lesl 1 tho maulta o this fest are sulamatizally plesad
with tha aneiog Inpul an i X axs and the eror (b 15E')
a5 Iha ¥ axds, a wsefdl fransdar leclicn of He 40D oedar
Lest mesulla, For aoceptance Lasling, ba plob is not reces-
sary and he 188ting spood can be incresged by 2atabifisking
emeE Amis on e allwsd armar for nach coda,

4.0 MICAOPROCESSOR INTERFACING

To dkiugs the inbir'scg wih BOBXA and BROD it croprces-
SOFE, & CoMIMen sAampla suhmsobing strachirg g ased The
microprecesanr sars tha AT, mads and storss tha resalis
of 16 Saoessivg convamiars, ten rofuns [ Py user's
pregram  The 16 cata twieg e atonad In 16 sucsdssive
mamary lecaisra, Al Dala and Addeessos wil be qmean i
terwidisimal dorm, Sottware and hesowara domils arn pro-
wideed anpasataly B aark ypa ob morpraeas s,

4.1 Intarfaging BORD Microprocegsor Derlvatives (B8,
BOBS)

This comurrter hag hean deslgnad 1o dirsctly inlefaca witn
dharivabivey o the B000 meroorocneEsor. The AZD GE De
magpad Info mamory space jusng slandad -wmony ade
rirmies clacnding b OF pra ne MEME and BEVIW slestos)
oF It can b conlesled as an A0 device By using tha G
and 170 W strobes and decoding e addiess tits AD —=
AT o ackiming s AR — A16 za tray Wil contain 1Me
earme B-bil addrass infarmalion) 1o obtan thee S5 inpos. Us-
ing iha /3 space provides 256 addilicnal malmgsas and
may Allmy A sirmpilee B-hit addreas dacadar But the data cas
onty becimzut 13 The sccarradator To maks use af ta adde
toral mamory edererdn insiruciions, the AL sheudld bBa
mapped info memary space. An Eaenpla ol a0 &40 in 150
spAs i shown in F@rrr,l i,
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FHIURE 8. Badc “Digital™ A/D Tester
TABLE |, DECGOIMG THE DIGITAL OUTPUT LEDs
DUTPUT ¥OLTAGE
CENTERA vALUES
FRACTI
HEX SRR ONAL BINARY VALUE FOR WITH
VRer2 — 2660 Vpg
MS GROUP LS GROUP VME GROUPR* | VLS SROuRE-

F R, I R | 16418 16/558 4ED2 0 Bl
E 1 1w TV P 4.4RD DAD
n 11 0 15418 EFEIRS A48 & 280
o P I o 3éa ares = ER ) A
B 4 [ I i IRl 114706 R S
A, SO+ T R ER 2.504 a.500
g L - Qs 0 TRE FRE i e
f O T G B O o 148 2580 T
7 [+ S I, O T | 718 et 2240 ' 0420
3 g 1 1 % a8 AR 1,420 0,120
E A - E/1E 2 EEE {600 0100
q o T I+ S L 1/ 14260 0.0ED
a o oo 1 36 /556 0960 1060
2 o a 1 0 18 12k 0840 0,040
T oo o1 1116 14556 0.0 nnEn
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“Drfipiay Crulpual= WS Chogg 1 VLS Graus
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Functional Description ceminueg

I}C " INT 1141

=i TR 20
RO T T

0 uf
s "
e B3 0
il | p———————— .
- e

INAL_DE (1T} E-__'__’ﬂ"l|+
D L ';";—_—l N B
LU 'F-—'——b oG An’
LLL] “—'——--—-b o
e (1 7

[ — kL]
i M anmn
2] :’ﬁ's" L e LR AT
e GLWPARR LN ¥ el W07 17
tr N g ap
L L e 14 | {1
i 1
!J? TLANOEOT ) -0
Heds = Pin no—barg for 10 DOBZBE Siary conlicier, Si-am mre [REGIOTA
Motm & Mn of Ihe IMEER2E real ba lisg 0 F 126 beaagh o | an] Sesson 12 o B e AT
rElacdET wher ar inlarupl B astnmelc;ed g s oved by e gocompety ng e e
FIGURE 1G. ARC0BD 1- INSSDE0A CPU Inlerface
FAMPLE PROGRAM FOR FIGUAE 10 ADCOEDT—INSHHTA CPU M1 EHF AGE
NiviE o sons RE2 Tt Jur B b R T g
- - . |
» = 8
Q20C 21 02 SIART; Lk H b2oen sHLpalr willpoint to E
idata storape locationa i
QLY BL 00 04 FETUEHN ¢ Lt 5P o4con sIbltiell=zn steckpoioter (Mota L)
ALOg T L :Ient 4 o7 bytos antorad
LELT FEOF GFI OFH ;IfA=18. NF 10
LY b B B e J & 2ONT TUEAT PTOEERR
QLG 2 ED AT EDH P itert ASD
OLOE FE EI t Ennbln Lotarrmipt
QLOF L2, 1] Ia0F = HIT shespupt!l eod et
OL1o SAOFOL JuP Loc? vEanREnlan
0113 - COnTe *
" - . *
. - |Jeer praogramin - |
L] - oropegs datal -
n - . -
M - - -
U] OE &0 IO ZATh: IRECT s bosd data fole agdomalares
o352 s MoV K, A s Blors dota
OE0 2r INEE s Iocrahiesh Stocigs pointar
050 CcIL3ICL JNT FETLRE

Merde 1 freoslack porter s be dmprwered escsygs s 550 7 neir e pustar ste 20 pTa e s
Mote 20 &1 adaness usnd woca ardilany chazor,
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Functional Description jcontraed

I'he =standard soriret bus sigrals of the 8280 TF, PO and
WE) can bia digctly wied 1o tha digiial conte Inpus of 1ha
A and B bug timing ragqurarpants see mad Lo allaw bath
staring tha ronvarar and slpulting [hs date onta thea datn,
bija. A kg drivor shauld b raed for larger maronsanasce:
evaterrd whare [ha data bus keavns tha PG board srdiaf
must drive capacithve Inads Ieqar B 100 oF.

4.1.1 Sample BLADA CPU Intertacing Glreuilng and
Program

na 1clowing sermpdo pragram and egsociated heschware
shown In Figues 10 rray e uaed to impot data from the
commertar 1o tha INSEIE0A CPU chip sel {cuomprised of the
INSEOIOA micropracessor. tha INSE22E gystam conlrollar
and ke INSR22 dock gereraton. For simplicity, the A/C =
canlridlend as an 17D device, spedficalty an-3-bit b-ciraction-
al port Incatad at an abilmanly chosen porl address, ED. Tre
TRI-3TATE autpat cepablilty of tra A/D eliminates the nosd
fara perisheral interacs devics, howear addreas deccding
15 &1l ramired o ganeraba e appropdate S5 for tha con-
varar

11 knponanl b e that in systiems whess o 800 con-
varar (g 10t o nss 0 mapoed deeces, no addocs
drcoding Gircaty i raosssany. Fach ot thin 10 adoeess bits
LAk b AT can 0a deectly ussd as Dhirpuls - o kr nach
1Tk dhakice:.

412 INSED Interfacae

The INSEI4E Irarfaca Sochniges wib the ADGOEST sadas
{a88 Fipurs 77 la empler tham tha B0A0A CPU Intsrece.
Thereare 24 /0 Inaa ang mrae 85 inpul s in s B8,
‘Willh these axira (YO linae avakabta, oneal-tne 1207 lines (i
0ot gart 1) i ased 25 tho chip saleat signal to tha A/D, Thus
gliminetng the usa of an swieral address decoder, Sus
oomitrol sipnals AL, WH and TNT of ta RIUA aeve tind clirsst
Lo the A/, The 16 corvetad data words are glosed sl an-
chip BaM localions tram 20 10 2F (Hax), |he FL and Wi
slgnads are gesasatod by madicg fmm oand weiking o a
dirmmy addrasa. respectivaly, A sanpte nlarface progm
5 ghown balow,

[ [ax E+ e
T Mfpgy PEC .rI\"""
I L I [ [T =

e Moe
uiEq-!-.-—-—"nn
oo *: 1': [
D, - o

] LE)

(A3, o)

15w

[ ]
[ 3]
™
: F;

[ ::-'I'I e =
T, (L1 ) |
e 2 J.uln_'

nmniq

amanif |-L Vi

i - LU R A =
In
T
TLANGIT) A
FHIURE 11. INSBO48 Interface
SAMPLE PROGRAM FOR FISULAE {1 INSB048 INTERAFACE
&L JHT 0¥ 1 FOORTGE startsat ndde 13
ARG aH
0% 350 TWF fliE] i Iotorrap: Jump vectar
ORG ind Nl pragram
3 FE ANL P1, #OFEA v Ohipselect
HL HovK A, i1 i Rega inthe Let 4BLA
(to resel tha lotr
B3O START: ORL Pl, M1 1 St part pinhigh
a8 20 el PG, #204 : Dotn nddrepss
A9 FF¥ MoV Fl, §0FFH 3 Tammy nddread
Ak 10 MoV R2, #10H s Doantar for 16 bytes
A% FF ARATN = uny A, $OFFH Rt AR Fardintrlocp
90 FE AHL P1l, #OFEY 1 Bond 28 | it Oaf PAY
41 MOYE PEL, A ; Sand WR out
1]=3 EH I i Epable ipterciupt
9E 21 LDDF: JNT LODF ' Halt faribdterrupt
EALE DINZ F3, AQLIR +IT LG byted dare raad
(3[4 HOF i @olouSer®a pragram
(1] HoF
034 BiH
A1 INDATA HOTE A, &F1 i Input doto, fEStill low
A LI 80, A | toTe ip nemnTy
1z I3c Bir s Indrenent ohorags countar
8 01 naL 1, #1 !Reget 08 gLl
27 CLE & P0Leear A0 1o et gul ol
a5 RITR {the interrupt Locp

22




Functional Description woninues

4.2 Inberfacing the Z-80

Thee Z-AM eoetral bua iz alightly different from thal of the
BLEY. Gonara! RO and WH sirobes o prosioed wied seoa-
rate menony request, MAEG, and /0 mquest, FTRT, sig-
rials era usad which heve 1o be comblned with e poreral-
wid slrodias fo provide tha agueatorit BOBD skgnals, &n ad-
vankage of oparaicg a A0 F 1D spesa with the 2-80 i
rat the CPU will automatizally irsee sna wail stala ftha =0
and WH strohas are extended cne thock pericd] fo Al
et Qe Tor ha 1F0 dendicess 16 mepond. Logic 1o map ika
AL N 1P space if shiwm B Fguee 18

3] G T T
TOEE A
an i
W
MHNCTE TLHEET1-53

FIGURE 11. Magping the A/D a5 an 1/0 Devica

far Use willh tha T-80 CPLU
Addtionel MO advanlages swist ot soffwars DMA mobnas
ars gvalizbie &rd usa can be made ol the cutpid data lany
fer which axists an-the upper B address lines (A8 1o A15)
during 40 inpud instnactions, For example, MUX charmal
saleclion o he &0 D can be aoeongilislrsd wilth thes ppazral-
ing moda.

4.3 Interiscing 5600 Microproceasor Derivalives
[BEDE, aka.}

The contol bus For fhe G800 mcroprocaesor daretives
deas iod ke (ha BD and W3S sirobo signehs, Insicad & om-
aloya a singia R/ line and eddtional bming, It naedad, can
b derived fom the 2 clock, All 1/D devices are memony
mappad in e BEDD systom, and g spocial signal, YMA,
Indicaten trat the curment addreses 18 valld Figure 14 shiows
aninterface schamatic whors tho 472 s memory mapped in
e §800 syetem. Forsimalicty, tha G5 decoding is shown,
uelng o OM3092, Mobe trat In many §800 systems, &n -

resady decoded 406 line is brought oot 1o the comron bug at
Ein #1. Thie oan ba tied direslly 0 the G5 pin of the A0
provkie 1bal ro otrer devices ang adorassed at HE ADGA
AXEE of SEKXE.

T bolbgwing subrating parfoms agaantlally e sans
fumGihosy @s In the Gega ol e BR0GA inlorface ard i can be
caiad ‘rom anpwhare a the dsercs poogeam.

IniFigae &5 The ADCSA0 shries is inlerlaeod g tha MEESS
micrepnacaseor Braugh (ha arbiitrarily ahosong Poot B o ke
MCERAN or MOEBZ| Perpheral Infarace. Adacier, (Fia)
Hare the O5 pin ol e AT s yroundod since 1ba |=iF-__|-_=
dlremdy mamosy mapped i the MBAID syatom and ~q &8
haioeling i necigsane. Also nelonthal the A D cugpyt date
lines ara corneciad 0 the mizroprocesson bus ||m‘|-i|:|rc\-
qram annttsd thecugh she 2 ane therefcra the A0D RD o
caan b ok ded

Aaample lintertsce program touiralenl o b provious Grs
is shown Deiow Bgnaer 15, “ha Fi2 Oata and Coolrdd Aagis-
tarsof Fort B are located at HEK socoesses 2000 and AT,
rREnRC T

S0 GENERAL AFPLICATHING

The ralkuwing applkealions Show sominlerdsling gses tor
thea A7 D The 1act thal ore garticula” microprocesson is Lsed
Is rot maant to b2 reetrictiva. Esch ot theaa eopication -

cuils would have #s counberpart using any microprocesEor
Thal % dagired.

&1 Muyltiple ADCO301 Series to MOESDD CPU Intarface

T ransfar aralog date from seversl charrals toa single
micrepmenssar Fystém, a multple corvartsr scheme prE-
fanly saverdl advanlages dver b gorvenliong) mullplnmr
single~corvarter spproacs Wik the ALICOBEDT sarirg, ha
ditmrartipl rputs & low indvidual span acjuaiment lor sash
channel. Furllmrmos, all gnpog) mpgs chinecis am sensod
simultanecuely, which ssganbally dhides e micsooces
sor's katal systom serszing Hma by tha numbar of ohanralg,
giE Al Corwersion S Oos e Simullaneasly, T Seerres iy
showm-in Sxrore 16

e TR M

0{]—1—-——"-1 b

amyLaa
A o

Heabw A7 FlormbnE i1 pamniness rafer b BRI S i ol

Wgbe 2 Morchn o lalmam in pckets coioe 10 3lencnd PG prlEm dho s e Sde

i

ILAREATI-2

FIGLIFE 14, ADCOA01-MO5800 CPU Intariace




Functional Description ceatired)

SOLG
ooz
Q016
Q016
(EIRES
&oln
opan
ONLF
noE2
Od2d
gy
vl
24
TP
J0ZE
03l
033
P03

J030G
053
Q033
a0
ne3s

SAMPLE PROGHAM FOR FIGHRE 14 ADCORDT-MCESN CPU INTERFADE

OF 24 PAZATH 3TX IENTZ i Eare conteotsar 7

G 04 20 1o #4002 1 Tpan TRE ©ow OFU

FEFF FA STIX FFEER Doadinp s Bi 0020

BY oo og STAR E2000 sEtart ADCCEDD

OF CLI

IR, TOHYRT AL tMalt farlntereupt

IE 34 Lox TEMF1

a0z or 4134 £H0I0F (i@ final cate atarad

ET 11 BEY IXDF

BT B ETAA ga0nn {Fentar n AZCOE0L

L3 IHT

CF 3d L] TENFL

RATED ERL CUNYRT

DE 34 INIEPI Lnx TaENEF)

B S 00 TIAL FE00G s Fead data

AT STAA I PEterait ot 3

aH RII

23 o) IZWFL Fo LoEng T ELerting sddrees fav
cdaie Stetane

R[] IEWFE FCE o000

2B IJ_E oo EHDE ELT 850200 tHainills’lze TEWT]

IOF 34 [l TEMFL

WE 36 LEGX TINFE

Eh RI2E  Beturs Frow subitoat Loe

1 Te UEBL' B prigram

Hate 1r i o0do’ lor s mICTOOroesarsg” i 3ankes Hilr coiras and Farugt, the shacs pointa” mosl oo dimenslanied 1 (R R4 feagam

It ¥ chi
= L
Tk
AR
el
1
i L ves [EG
2 odmm s pn
Frrd L nag N
4 [ LM e
CLEIN @i =8
_';| HTH o 03z ': “‘.‘.‘ ral
suaLcy O : ¥Rl ek 1,. ::‘ [E
INPUTE "“l:':l (17} i # Pt
lsa-pa:_'_ 1 AGEAD omk y ::‘.: PES
o O] gt ns el
II 1 ooun I:IB1I 1': M7

FIGUAE 75 ADCI001-MIE020 PEA Interface
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Functional Description jcorsrued

BoLs C2 g 53 “RTALN LOT
an1s TR FFPE 2TX
018 BE B0 06 s
e iF [H LT
0GLa 4T BDOT ST
QcLn 7 gh0a SIAA
Q0 X CLL
ool LB 34 LOAE
HIEN 48 33 LOAK
a5 FTHILT ONAYRT STAT
PUREL] BT BOOT T84
0ok IE AL
[t/ D& ah LLI
ancl EC R 0T CPL
LLr =¥ UF BEQ
20E5 g 1HE
R SEFan 21X
(VS 2ED 3nk
QL6 OE 40 IWIZFT LDX
I BB & 08 Lo
i AT 00 SZEA
LRER i ETI
S a0 TENE L EDE
CosE CED2 D L1 Lx
Qo4 LT 4n SIX
acgw & RIj
FIAOKE EqL
FLACHE EQL

Tha fodemwirg schermaiic and samgle subrouting (CATA M)
riay ba used to niartace (1o 1) O ADCOED! 's directly to tha
MCEBL0 CPL). This schama can aasily bo extondod 1 aftow
the inlatsga of mom corvetars: I this configuration tho
cormarters arg (griitaly) loealed at HEX addwass 000 in
Iha MCEBOC memory spaca. To ssvo. componenis, [he
ulinds signal ts denved fom:-fust ona AC pair an b first
corwarke, This apul drives the othar &/Ca,

All the corwariars are started simultanaously with a STORE
Ingiricior: Al HEX address S000. Mote that ary sther HEX
addreae o Tha forn SXXX will be docoded by e cloull,
pullirey will 1t 75 inputs sow. This can eaaily be awsdad by
using 4 mare da'iniive gddress decosdng echeme. All tha
Inlarmapta are Ofed togsther 1o meud hat all A0 howe
cennplsled thair parmmpdon bodore the mecropronessor i I
| temupted

T Tha subirguling, DATA |k, may ba cedled trom 2nywhans In
tha umer's mezgrar, Qece cibed s pding inibalizes tha

SAMPLE PROGRAM FOR £GLURE 75 ADCOB) 1 ~MGHSZ0 PIA INTERFAGE

#0038 yiupon IEG 1w OFY
Arrra P Aumps Lo 0030
FIADRE i Clearpoeaible TRO Flaga
FIACR3
PIACRS i3t TFort B gs loput
T334
H532
FLACHE ELurt s ADCGENL
PLACER
MLt Ter InTarrool
TENFL
ER0E0r Iz fliual dety dsoreat
ENDF
TINPL
(ONYRT
TaNFL
PLAOEZ sFmed dutade
® rELerell ar W
B VAkactinoe address o
Vduta stoTnga
#0200 VBeinitiniise [ZNFL
TENFL
IEdtur: Seom adubrentina
SBO04 cTauaes*s proj-eo
LEooY

CPL, atars all the coowarions simulianeousty and wails for
therimlermupt gignal. Upon recdving the intamepd, toeada e
sorwelary {fom HEX aodrassea 5000 Urounh S607: and
Si0rEa e datd suscessyaly al (sehirany croses) HEX ad-
drzasas 0200 b6 D207, Befors sateming 10 tra usar's pro
gram. Al CPLU reglstars then iesowss the origingd data thay
rad bafore sanvicing DATA (M.

5.2 Auto-Zevoed Differential Transducer amplifier
aRd AT Canverbar

Iha difpeestint Fpots of e A0S0 sarias aliminala ke
naad {0 parform & diftarentizal ba singla anded corsereion for
4 differardial brarsckicer, This, ome op amp can be gininat:
34 8InGa e diftarandlal b single: nnced comearsion (5 onoe
e vy B cifferaniial input ol the ALDCOBDT saries. In geee
aral, & trangducar progenp s raguead ta bake edeaniags ol
thie il &4 conwartar inpud dynamiz rango.

2
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FHGURE 14. Intarfazing Multple ArDs inan MGG Systam
SAMPLE FROGRAM FOR FIGLRE 78 INTERFACIG MULTIPLE &/0 [N AN MCRAOO SYSTEM
MHEMOMICS

ADDRESS HEX ¢ODE
Qnic OF 44
anle OF nn=h
Q01% FF FF Fi
QN1A E® &N 0
onia DE

o0ic 3E

3Nl ZE S5 00
HxED DF 40
ooe2 ZE Q200
DED T4
noaT JE 44
e 3%

naEa 2B 40
a2l R 0y
ik g

=y P 4D

[ 1 <k 43

DATAIR

INIFPT

I8
LIX
s5TH
STAL
QLI
(1)
Lox
3T
LoE
ZI%
LOE
RS
LOE
Lhak
1FX
5TX
LIE

TENZ
ELO0A
HiryFd
£5000

FRE00C
INDET1
#Fhoao0
LNLEX:
TEWP

INIEX]
X

INLEXL
PAEELR

COMMEMNTS

P ERvE Contentd of T
Upan TRE Lo fEy
Jukph Lo COER
Hortenll afifa

welt fer iotermant

Renet both INDEX
lapd2to etariiong
adnrnsyns

Feturs Prow subreubkloe
INTET1 —*. %

Sond date do Srnm A0k K
InATRCEDL X Ly soe

K== THEETL

THOEER — K




Functional Description et

SAMPLE PROGRAM FOR FISURE 16 INTERFACING MULTIOLE A/De 1M AN MOSANN SYETERM

AMIAEGRS HEX CODE MHNEMONICS COMMENTS
0053 BTG FTAR i c¥Meoragate at X
A% HI D207 CPL SEIA0GY pHEwE 811 ASDYS banpe roadl 7
[anss 2705 En AETUSD sTEE bk ranh 1o RETURN
aluicl g na &Y tNerlaerament X Gs ooe
[RIENA | DFag el SAbEAE 1T —+ INIELY
Cnan #0ER ER% [ATITT B L VT L b))
il y 33 EETLIRN ETT
afdD Sl L IWCEX1 FOA Jnucn vatartlap nddress for AT
oodz 2 oo INCEXZ EDz Joo0s sEtarilpg rddrenn Merduts stecnge
nitdd oo 0 TEINT FLG Fiu

Hetn 41 grcder b llow mmrgpniasssr K Sorddes qUIFAdngs and oif ey . M s Sover Masl 58 Mranskves - Ibs yser s rogom

For armprMoekion of DG inpul Signals; 8 majer systam arror is
I inpet offest voltege of the amplifers usad for tha
praarrp, Figwee 17 i3 A galin of 100 dilfecénfial preams
whoEa offzs1 voitaga amrors will Be Sancelied by a zasang
aubroutine: which is performad by ha INSECE0A micmproc-
=0g0r Eyelarm. The lalal allowablo input ofsed vellags sorer
fgr thiy preamp | oty 50 4V for W L33 erar This would
otwinighy revjuine very pracies amplfiars e expression dnr
the differerilal culput vellags of tha preamp 15

Vo = N+ Vil 1 I 1 E—Hz] i

A1
IL‘—W—"’ a——
SIGEnAL Caalm

i ) THEY

Vs, = Vois, = esy + e | 14 = |

N . P At
B3 EHRDR 1EHM ‘EAIM

whaana by 4 the cumerd through resisloe By, All ol the offsat
arar Larms cam ba dancalled by making +13Fg— Yo +
Vesg Thes s ther prnciplke ot RIS aldo-zarming

Yiss

scharm:
Ther INSEIBGA UBAs Ba 3 7O pors ol an MSRIES Po.
grigmabie Poriphecal Intadace (PP b costml o Sea momo
I ared et dasa from the ADGOSG az ahownie Figurs 140,
Tha PP 1= programmed lor bagis 110 cparaban |mods o
with Porl 4 betng an nipet poet asd Porls B oand © beieg
pulput ports Two hits o Port 1 are usad (o allerratsly opran
or Sitge e 2 awiiahas al 1had inpul ol the preamo. Swich

=W 1 is c'osad to foree the pregmp's dfgrontial input 1o ba
2ecn during B 2ercng subroutire ard then spenod and
GWE 15 Shen Sleesd T soewersn of o achie! ditsrantial
inoul sigrai. Lsog 2 switchas & thig manre: sfiminates onn-
cer far the ON rasistarce of the ewlicas as lhay most
cordact onty the irpul bias ceeent of the: mput amplitare.
Crilput Peat 8 19 vaed 88 4 s ecesiing appoosmation ragis-
Lar by the BIGED ard the birary scaled résiloers in series with
\xch cutput bit create a DA comarter. During tha: 2arging
suhrmeding, tra woltage at vy intrasod or thererses &8 -
adired | make the diffarential oulpul wollags egqual [ zerg,
fhis 13 eccomplishad by ensuring that the voitage gt the
audput of &1 = appeoatimataly 28 =0 thal a logic "1 5V
o7 a0y autput of Port B will scuise currant inlg rode Yy hug
raising ina wnltags at Wy and making tre cutput diftasantia)l
mors nagatiee. Comvertohs, @ hoginn "0 (W0 will pall camenl
Gt af node vy and dacraase e et msing L difer-
antial cubxd v bocoma mors positve, For the -esislor wal-
ues Shawr, Ve dan moen L2 my with & réeclulion of 50
pi sl vl null Lres Glissl wme ey Jo e LSE o ull-
sefedor thee ALCOEIT, |1 g impertant tnal the eoltagn lewes
IPal dive the duld-ada resistors hanongfand, o, lor grm

Wl a el sl bl G 00 SY g ononas [ aohiivn
Iris & GRGS Satlan & oosadd o T jcigic owloul sigrals al
Bar B ard e CVOE cackayo is powaind ssdib o slarle Gy
sopree Bufler arphier A1 5 pecassen' s lkal 0 onan
SMACA S &R 1Y RO suipol sumdnt

ra
i
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| sr1 n wwris
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b
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Woll & Gweichid ek X0 CMOS aneiog swichies.
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FIGLIRE 17. Qakn of 100 Differential Tranedusar Prashp
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A Now chier for the zeromg subroulios: ig huwn M S
T8, 1t must be noiad thal the ADCCAM sanes will culpe @n
all zara ande whan It coavente @ negative Input [Vigl—) =
Wil + 11, Alea, 8 legic imversion cedsts as all of lha 10 porls
are bu‘fared witk Irmvaring gates.
Deaslcaily, if the data read le zeno, the diffaronlial outout voit-
EQE 15 nejative; 30 a kit in Port 8 i clearad 1ol ¥y mera
I'ﬁﬂﬂth'ﬂ #hizh will maka tha oufput mors pasilee dor the
maxt Consersion, | The data read Is rot 7enn, e oulpot vod-
aga 8 poglive 5o a bR in Pon B 3 ast bo maks Ve mors
posiive and tha oulpul mere nogathva. Thia cotinues for £
apprximatons ard the diferantiy sutpsl svantally con.
wedt]as 13 wittin 5 mY ot Fam.
Iha actial progeam bu green o Agwe 200 AL skivssas
usad ara compalible wih the L0 B0 mic-sdampbsr
FyEtEme In peﬁﬁular:

Part-A and the ATCOANT ara @t port sackess E4

Part 2 is &l port acdrass E5

Pad Cis al port sddeazs E5

PR contmd woad part i at porl addreas FT

Frogr T Cadnber automalically goes o AULELEEHD uan

scknowledgarmant of an inlcmopt from tha A0C0501

5,3 Multiple ASD Convertors in a 20 linterrupi

Drivan Mogds
In daze aoquisition eyslams whisrs mers than one &/ 0 son-
werler (or olbar padpheral devics) wil be Piorgsing ona-
gram ewsculion of & moroproeessnr. rarg s clvionsly 5
nasd for e DPU e detormine which davea [ RICE RN
irg. Figare 20 and tha aczomganying Softwand s @ mashod
ot setarmining woach of 7 ADCORGT entwarbans has com-
pleted ‘& corwvarsion (INTR assorcd) ane iz requasting &
imurrepl. This circut allows startieg tba A0 comeartses n
Ay Sespaonca, bl will input ard sioes wasd data from tha
cobwarions wilh o prionty seguance of A/ 1 bairg read first,
AD 2 second, ewx, Ihimugn & 7 which wodd have the
loweial pricnty for date bemg read Onbe e nomvarers
wazgs M1 lg-assared wil be road,
The kay ‘0 decoding dreualn is the DRT4LSETE, B-be 2
bype fip-fop. Whan the Z-B0 acknawdedges the intomet,
e program s veciared to & data ing 2280 subroutnae.
Thig substatine will read & perphars! stalus wond from tha
OM7 4L 5372 whicn poritaing tha loges state of the TNTA ol
Dilts of 21 tha corworiens. Each comyertar which ridlatas an
rarmupt will phaea 2 laghs 0" in a unigua bit pogiten in tha
status word and ihe avtroutne will decaming the dentity of
Iy corveirbar and executs B date read. A idorlifer word
{which indicates which &/0 tha data came trom) i slooed in
ha nax. saguental memory fcation abova tha localion
he-Jate 50 the program cas kaep back of lhaidantty of 1he
it ervared
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5.3 Multiple ASD Convarbers In a Z-50% Intermupl Oriven

Moda {Contimned)

The Tollcwing nolas gmly

111 i3 snsurmag Pt the CPLU autormatically perfsems a RET
T instruclion when w valid inermup s ackeowedged (CPL

33 The parpherals of concom are mapped nits 100 space
wih tha foliowing port aasigananis

i 4 Irtarmupt moda 13 Henca, b subrauting starg ad- HEX PORT ADDRESS PERIPHERAL
dréags of KO03A o BAMIT 4505 T4 B-hlE nip-Neg
F1 The agdriss bus from 1he Z-B0 and the data fus o ha 7- o AN
EO are agsumad bo ba imedod by bos drivars. nz &nz
Jp AJD data and denifying words will be storsd m ssquan- o MDD
ligl mémpry loc=tions slarting at the arbilranty chosan ad- G A4
Sragg X JEDD DS Aasos
# The stack peinter mustba dimansiorad in ha main pro i AITIE
or a/ov

yram as tha RST 7 nsiruction automatically pustes the
PC gl the stack ard bre ssbroutiFa wses an addzional
€ elark adkdrosias,

[hig port addrags ales geraes o g AT denbiying woed =
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an




¥ J
s L L
i iy L
= L]
e L LU
| p— i -
L] — r LR
| ]
nt - i i
e ! peteel Wb amy  C
fors L] ] e "
= kh = Lirm |
L TTU % e e
oo |= Ey —
L ]
ti At il 1 L0 ?
—m T
1cm
- WL i
] (]
o T
i =
- (4] " r
" . g_ﬂ
L] [ |
rem 1
G o |
Ll e
H— b = n
WL
A3 ] M
LR o 7
e £ ] -
LB T 14
e w L] o

EEEE
E
I_l:_l

TLA s -2
FHOURE 21. Multiple A/De with Z-00 Type Microprocessor
NTEFREFT SERYIGING SUBROUTINE
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Deak DEDL L ¢, Xal ;Oraplaterwlll baport ADSE o2 AJT sonveot e pn .
oodal  Daog GUIRo0, a DondpeT pharal atetcswerd Lpts Botls Lateh,
Lin&z  DECO IB 4, X0h i Band atetud word Lote aacunulatlas.
Dot 47 LD E K jSavE the 8tateiword.
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Ordering Information

TEMP RANGE 0 TO T o TO M TG TO Mrd —A4TC TO +a5C
+14 A ADCOA01LSN
Adjusted
ERROR + 4 Hit AOCOEDELOWM ADRCEo2 TV ALHAIBELGN
- Uradustad
14 Hit ADDORGI CAM ADCOE0aLCY ADCOBLELCM
Adjusted
++8it ADCOE04LEWM ADORD Y ADCOEIL N SIMOaNSLEMN
Unadgstad
PACKAGE CUTLINE MA03—5mai Cudline WAMA—Tinp Carror tE0A—NMoldad Cr 1
TEMP RANGE 4G TO +85C -55°C TO + 1260
+ Vi B Ad|usted ADCORITLC ADHCORD11 f
ESHOR + 14 B Jnadju=ied ADCIENELC ADCNELY, i
= g Bt Adjugtss ADCHAKILCY ADCORIELL/BRT
£ 134 Unad|sated | ADKCUBLC
RACKARE OUTLINE | s Cemtyoir | JzcA—cavi o

Connectlon Diagrams
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Dual-in-Line and Small Outiine (80) Packages
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& National Semiconductor

DACO0808
8-Bit D/A Converter

General Description

The DACRBOS is an B-blt monalithic digital-lo-analog con-
veriar (DAC) featuring a full scale output curmont sitling time
of 150 na while dissipating only 33 mW with 25V supplies,
Mo reference cument (la=q) Inmming & required for most
applications since the full scale output cument is typically £1
LSB of 255 |oeef258 Relative accuracies of bettsr han
+0,15% assure §-blt monotonicity and linsarty while zero
level oulput current of less than 4 pA provides 8-bil zero
acourasy for lgepe? mA The power supply curents of the
DACOE08 i3 independant of bit codes, end exhibils essan-
tially zorslant device characterstics over the entire supply
viiage rangs,

The DACOBHE will intsrface directly with papular TTL, BTL o
CMOS logic levels, and s a dinscl replacemant far the
MC1S0BMCA408, For higher spead applicaiions, sos
DACOBDD date shest,

May 1008

Features

8 Relative soturacy: £0.15% ermor maximom

8 Full gcale current mateh: £1 LSE fp

| Fast sellling time: 150 ns typ

B Noninverting dgital inputs are TTL amd CMDS
compatible

B High speed muliplying input slew rals: B mAus

® Power supply vaoltapa range: £4.5V io $18Y

B Low power consumption: 33 miy & &Y

Block and Connection Diagrams
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DACOARS

Block and Connection Diagrams (continued)

Emall-Outline Package

e | IBf=in LSH
Wy (e 15f=iT
eF 1= 1af—ak
CEMRENEATON 44 18—
HE {WaTE 21— 128—a4
LLLEE 1Az
(T [ inf—iz
e H Bl=i 1 158
RSCIaT 13
Ordering Information
AGCURACY OPERATING B
TEMPERATURE RANGE N PACKACE [N1BA) E0 PACKAGE
(Mote 1) (M1BA)
8-bit T, o+76°C DACOBOELCN | MCi409Ps DACOS0ELCM

Hote 1; Davicas may ba ordered by using aher arder rumber,
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Absolute Maximum Ratings ot 2)

¥ Military/Asrospace specHied devices are required,
plaasa comiact the National Semiconductor Sales Office/
Distributors for availability and speciications,

Power Suppiy Voltapa

Ver *+18 Ve
lI|.|"EE =18 "l"n.;
~10 Vg to =18 Vige
-1 vnc 4] +1E "I'IDr:

Digital Input Valtage, V5-\12
Agpiied Oulput Voltage, Vr,

Slorags Temparature Rangs
Laad Temp. {Saldering, 10 saconda)
Dugl=in-Lima Package {Flastic)
DuakIn-Line Package {Caramic)
Surface Molnt Package
Wapor Phase {60 saconds)
Infrered {15 seconds)

Operating Ratings

=65"C to —150°C

2BHC
300°C

215°C
2EDG

Refarence Current, 1., 5 mA Ternperature Range T e S
Refarance Amplifier inputs, V14, V18 Wer VEE DACHE0E 02T, ¢ 4760
Power Disslpation (Nola 4) 1000 min
ESD Suscaptihility (Mote &) TBD
Electrical Characteristics
Voo = BV, Vg = —15 Voo, YaeeR14 = 2 mA, and all digital inputs &t high loglc level unless otherwiss noted. )
Symbel Farametar Conditions Min Typ Max Unles
E; Relative Accuracy (Ermor Relalive {Figure 4) %
to FuRl Scala |.,)
DACOS0BLC (LM1408-8) 018 %
Satiling Time 1 Within 1 LSE T,=25C (Mote 7}, 150 ns
(Includes by, {Figure 5)
U kie B Propagation Delay Time T, = 26°C, |Figura 5) n 100 =
TClg Output Full Seale Currant Drift ] ppmdC
MSB Digital Input Logle Levels (Figure 3} :
Vi High Level, Logic "1" 2 Y
Ve Low Lewel, Logic 0" 0.8 Vee
MeB Digfial Input Currart (Flgure 3)
! High Leval Wi = 8V 0 C.040 mA,
Low Leval ¥, = 08V D002 =08 i,
lys Refererca Inpul Bias Gument \Figure 3) =1 =3 T}
Cutput Currant Range (Figure 3) '
Vi = -8V 0 2.0 21 mA
Veg = ~15V, T, = 25°C (i) 20 4.2 mid,
15 Output Current Vs = 2.000V, ]
R14 = 10002,
{Figure 3) 19 | 189 2.1 mA
Outpul Current, All Bits Low {Figure 3) o 4 i
Cutput Voltage Compliance (Mote 3) E.=0.19%, T, = 25'C
Veg==0V, lpgr=1 mA ~0.55. +0.4 Vo
Wee Below —10V =5.0, +0.4 Vis
SRlper Reference Cument Slew Rate { Elpira &) 4 B mAJpE
Output Guimanl Powar Supoiy =5V = Ve = =165V nas 27 pANS
Sensilivity
Power Supply Cumrent {All Bils { Elgurre 3)
Low)
I 23 22 rndy
K =473 =13 mh
Powar Supply Voltags Range a = 25°C (Figure 5
Vi 45 | 5D 5.5 Ve
Ver 45| s ~16.5 Vg
Power Disaipation

wwew national com

20802v0a




DACO80B

Electrical Characteristics (continued)
(Vog = BY, Vee = =16 Vg, VierfR14 = 2 mA, and sall digital inputs at high logic level unless ofherwise notad.)

Eymbaol Farameter | Conditlons Min | Typ Ma, Units
All B#s Lew Vo = 5, Vi =« ~8Y 33 170 mivy
Voo = BY, Vg = —15V 10g ans mivy
Alt Bits High Voo = 15V, Vg = -5V 0 i
Voo = 15Y, Vee = —15¥ 160 |

Mote & Absowte Maximum Ratings Indicale Brmits

Mote 3 HAnge conirod b ol pequined,

Mote T2 All i BvellcFmd,

Typical Application

Loghe Input Curment vs

Input Voltage
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- ﬂ. I 1
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CEHBRET. 14
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LT = Pt A 01 RNV = Wiy
A et
= 1 A
2 = 1 kel | Jo
oAl 0= iom O - Wi
LT A U—I -
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1
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D? 1] Wiy
LEE AR O = plr
1 [T
WEe 1 =1EF
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Bit Transfer Characteristics
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T
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T M e
= 1 .-"l':' 33 i o = |
8 [ i o e

—IE-18-B-B-4-2F T4 0 B PCIZM4 1A
Wi = LDGIC INPUT MOLTAGE (V)

DTS

Logic Threshold Voltagae ve
Temperature

¥7H - LOGIC TRRESHOLO WOLTAGE (Wpe

FIGURE 1. +10v Output Digital to Analog Converter {Naote #)
Typical Performance Characteristics v.. = 5/, Ve = —15V, T, = 25°C, urless ctharwise noted
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beynnd which damage [ e device may comr DG and AC el beal soscicatiors i e Bppiy ad raedl
1he devicas beyond its specifiied operating condhions e

Mote &: Tha nmx]m_lr.mwdhulpuﬁnn must b daraed at ehevaled lempeatumes and is doted by T g s, and the amimsn temparature, Ty The massmum
alicwvalbis po-:irmﬂm Bl any emperatuce s P = (T - Ta¥0 s of tee numbsar gioen 0 e Abooite Maismur Ratings, atlcheder s lower, For S davics.
Tantax = 125°C, and tha Iyplcal janction-t-smbient “hermal resistance of the duskin-ine | pockoge when o bosrm Founbed ln 100°CAY. Far the duakin-tine M
packngs, ihis nierer increases 1o 176'CAY and for the smal ouwins M package this aumber i 100G,

Hote & Human bady modal. 400 pF dischagsd trough 5 1.5 kI eslatar,
Note § Al cirrenl switches ame tasted b guansniss & el 50% of mbed cumant,

Note & Pla-out ninmien for the DALDEOE moreser: fhe dupk-in-ine pachegs. Tha smnit cutling pachagpe pinol difers fom 1he dual-n-lne package,

Al AR AR )
W= 10W £_E'+ o £ T
D&cdwT 3
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f. (] YR v, B |
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Ta — TEMPERATURE L)
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Typical Performance Characteristics v.. = sv, e, = 15V, T, = 25°C, uniess otherwise
noted [CGontinued)

Output Current va Quipul
Yoltage (Output Yoitage E"'!&"‘t "‘“'H't’m Compliance Typical Power Supply
Compllance) ¥ G Currant v Temperatura
-u T
ih = - - | reerer— et M Coms MW an Low b
o YR | ] :\“\\\‘}\x‘ -».‘\‘\{f 3 g o bimama L |
gt i T n — NN £ Al
= Yep = =18V | Vpg=-BV i | n.{‘_\ \3&\{&“@ = A0 — leg
= 2 [ 1] -2 9 g |tAOED ARER (NBICATES: it
- 1 T g FERMESSIBLE OUTPUT 3§ | & 2
E i = ! VOLTAGE BANGEFOR 5 | o oan T
5 a2 wf 1 WEE =15V, g =2nA 4| | =
E N L S A E TR = o
= on - a N NN A A = L [ .
: T LN g o
" g™ BTl e e = o e
| =12 |
g U i l B % W 100 0 ! L
M -1} -f -2 % & W 14 1B TRhRER AT ) -s6 3 50 b0 15D
Vg - QUTPUT YOLTAGE i} R TEMPLRATURE gl
R DEDZSRET-L
Ejpri::llpmar Supphy Typlcal Power Supply Referenca Input
ER Current vs Vi Frequency Response
b
e ALL BITS HIZA OA LoW | | A [THLL It R 6F Low | | i i T
g 7 TpeWITH g = 2 i 3 7 fhgetm | i — : T 1
E T | E I e 5 i g
£ 8 Igg WITH lygs | ma—+—* B | = =™
z e j hy : i = H g ' r-\.,.\ --\\. -H
= ot T 8 . s - N T
E 3 Igg WI?'H 19q = 0.2 miy g i = -h L 1§
= - % - | | E -t In "\f ]
E e g B e T 1 [ g -m— LEER
i I i i |
I —I i E o - 5 i3 WY
' ' u . 2 [T TN
0= - -8 -10-72-W-1F-13-20 B : & @ 8 j0 1218 90 0 2 gy a3 1 1 i
¥EL - NEEATIVEFUNER SUPFLY {¥) Wy~ POSITIVE PIWER EUPPLY (V] 1 FAELUENGY (e
T DEtiARaL DELOMEET 22
Uniess stherwise apeciied: R14 = R15 = 1 ki, © = 15 pF, pin 16 lo Vg, R = 5003, pin 4 lo ground.
Curve A: Lamga Signal Bandwidth Method of Figure 7, Ve = 2 Ypp offset 1V above groumd.
Curve B! Smalt Signal Bandwidth Method of Flgure 7, By = 2500, Yier = 50 mVp-p offsel 200 mY above ground.
Curve C: Large and Small Signal Bandwidth Mathod of Figues 8 [ne op amp, R = 5001), Ry = 5061, Ve = 2V, Ve = 100 mVpp
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Test Circuits
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Thiw Fasisior tied b pin 15 & bo tempa mrhirs compArsas tha biss eurent and may not ke necessery for sll apelications.
Al AZ AT A4 AT AR AT M)
=K+ — 4 = p o — o —
”K(z 48 "16 82 64 128 2%
YaEE
R4

amt Ay =17 I Ay & al bigh lowsl
Ay =W F A Al o (el

wiere K =

FIGURE 3. Motatton Definitions Test Clrcult (Note &)
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FIGURE 4. Ralative Accuracy Test Circult (Nota 8)
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DACOB03

Test Circuits (continued)
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Test Circults (Contnued)
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Application Hints

REFERENCE AMPLIFIER DRIVE AND COMPENSATION
The mlerance amplifiar provides @ vollage at pin 14 for
convarting the reference voltage o a current, and a
tum-arcurd gircuit or curmrent mirror for feeding the ledder.
The referance ampifier input current, 1, must abaays flow
Into pn 14, regardiess of tha salup method of reference
voltags polarty.

Connactions for 8 poesitve voltage am shown in Figure 7.
The mefeence voltege source supplies the full current 1y,
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For bipolar referanca signals, as in the mulllplyving mode,
R156 can be lied to a negalive vollaga coraspanding i the
minmum [nput kel It |3 possible toaliminals 715 with only
a small sacrifice in accuracy and lempemture drift,

The compansallan capactor vakie must be increasad with
increases in R14 to maintain proper phase margin; for R14
values of 1, 2.5 and 5 I, minimum capacitor valuas are 15,
37 and 76 pF. The cepacitor may be tied D aither Ve o
ground, but using Ve Increases negetive supply rejection.
A negetive reference wollage mey be uged if Ri4 is
grounded end the referance vollage is applied to R15 as
shown in Flgure 8. A high Inpul inpoedencs B e o
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DACoBOB

Application Hints continues)

advantaga of this method. Compansalion involves a capack-
tor to Yee on pin 18, using the values of the previous
paragraph, The negative mferance voltaga must be at least
4Y above the Vip supply. Bipolar input signels may be
handiad by connecting R14 1o a positive rafarenca woltage
equal o the peak posliive Input level at pin 15,

When a DC mferance vollage |3 used, capacliiva bypass to
ground |s recommanded. The SY logic supply is not recom-
mended as a refamnce vollage. i 5 well mgulated 5V supply
which divas logic 1s 1o be used as the reference, R14 should
be decoupled by connecting it to 5V through anolhar resistor
ard bypassing e junction of the 2 resiglors with 0.1 jF o
ground. For referance vollages grealar than 5V, a clemp
diode s recommended batwean pin 14 and ground,

If pin 14 ls driven by a high Impedance such as a ransister
cument source, none of the above compansation mathods
apply and the amplfier must ba heauly sompensated, de-
craasing the overall bandwidih.

GUTPUT VOLTAGE RANGE

The voltage on ptn 4 & rastricted to a range of -0.55 o DAY
when Vee = -5% dua to tha current switching methods
emploved in tha DACDROS,

The negative oulpul voltage complianca of the DACDE0E i
extended to -54 whera the negative supply voltege |2 mona
negativa than <10V, Lsing a full-scala eurrent of 1,992 mA
amd Ioad resistor of 2.5 kO between pin 4 and ground wil
yinld a vollage output of 256 levels batwsen 0 and —4 980V,
Floating pin 1 doas not affect the converter epsed or power
dissipation. Howaver, the valus of the Ioad resistor deter-
ménes the swilching time dua to Inceased vollage swing.
Values of Ry up to B0OC do not significentty affect perfor-
mance, but a 2.5 kil load increases warst-case settling fime
o 1:2 pm (when all bis are swilched ONY. Refer to the
subsequent taxt section on Seliling Time for more details on
outpul loiding.

OUTPUT CURRENT RANGE

Tha autput current maximum rating of 4.2 mA may be used
onty for negathve supply vollmges more negathve tan -8V,
du to the increased voltage drop across the resistors in the
raference currenl amplifier,

ACCURACY

Abzolite securacy it the meesure of sach sutpul cument
level with reapact 1o its IMended value, and is dependant
upon relatve scouracy end fullscale curment drift. Relathve
accuracy s tha measurs of sach output current lavel as a
fraction of tha full-scale cumenl. The relativa accuracy of the
DACOB0E is essentially conatant with tamparaiure dua lo the
excallont tomparatura lracking of the moanolithic resistor led-

ger. Tha referance cument may drift with lemperatum, caus-
Ing a change in the absolule accurmcy of oulput clment,
Howavar, the DACOB0R has a vary low full-scale cumont drift
with lzmperatura.

Tha DACOBDRE series |s guaranteed accurate to within 14
LB al a ful-seale output current of 1.9492 mA,. This corre-
Eponds 1o & refarence ampliier output currant driva In the
ladder nebwork of 2 mA, with the loss of 1 LS8 (8 pA) which
iz the ladder remainder shunted to ground. The Input curment
1o it 14 has 8 guaranteed vails of batwesn 1.9 and 2.1 mA,
allowlng earme mismatch in the NPH curent source palr, The
Bocaracy test circuit is shown in Figore 4. The 12-bil con-
verer is calibrated for a full-scele output curent of 1.992
mb. This is an optional stap sincs the DACDBCE aceuracy is
assgrtially tha seme betwesn 1.5 and 2.5 mA Than the
DACOA0E circuils’ full-seala eurrent |5 rimmed to the same
value with R14 =0 thal a zero valus appesrs at the aror
amplifier oulpul, The counter is activatad and the emor band
may be displayed on an secilioscope, dalected by compara-
lots, of stored it a paak datecty.

Two 8-kt O-19-A converters may nol bs used lo construct a
16-bit accuracy DHio-A converter. 1A-blt accuracy implies a
todal srror of £14 of one part In B5 536 or £0.00078%, which
is much more accurate than the £0.019% specification pro-
vided by the DACRBOS.

MULTIPLYMNG ACCURACY

The DACDA0S may be used in tha multiplying mode with
8-bit socuracy when the refarance current is vared over a
range of 2581, i the referance curent in the multiphying
mode ranges from 16 pA o 4 mA, the addiional smer
contibutions are jess than 1.6 pA. This 5 well within 8-bit
accuracy when referred o full-scala.

Amonotonic converter 8 one which supplles an inc'ease in
cument for each Incremenl in the binary word. Typically, the
DACHS08 is menotenie for &l values of refersnce currert
above 0.5 maA. The recommendead ranga for aperalion with a
DC refarence curmment is 0.5 o 4 mu,

SETTLING TIME

The worst-case switching condilon occurs when all bits are
switched ON, which corasponds lo a low-lo-high transition
for &l bite. This time is typically 180 ns far selling to within
1% LS, for B-bi accuracy, and 100 ns to ¥4 LSE for 7 and
B-bil sccuracy. The twm OFF |2 typically undsr 100 na. Thess
times apply when R, < 5004 and Cg = 25 pF.

Extra care must be takan In board layoul since this s usually
the dominant factor in salisfactony test reeults when measur-
ing settling time. Short leads, 100 pF supply bypassing for
low tequencies, and minimum scope lead length are a8l
mandalary,.
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SGS-THOMSON
MICROELECTRONICS

2N3055

= SGS-THOMSON PREFERRED SALESTYPE
= NPM TRANSISTOR

DESCRIPTION

The 2N3055 iz a silicon epitaxialbase NPN
transistor in Jedec TO-3 metal case. tisintendad
for power switching circuits, series and shunt

requiators, output stages and high fidelity
amplifiers,

ABSOLUTE MAXIMUM RATINGS

SILICON NPN TRANSISTOR

- -

INTERMNAL SCHEMATIC DIAGRAM
Co Tz

FC08820

E]rmhnf | Paramater Valua Unit |
Veoo | Collactor-Base Voltags (Ic = 0) ] N 100 BEYR
_ Veen  |Collestor-Emitter Voitage (Rge = 1004) ™ N
Voeo |Collector-Emiller Vollage (la = 0) ] B0 | v
Veso [Emitter-Basa Voltage {lo = 0) 7 W
o Collectar Current 15 A
la Base Current T A
Put | Total Diesipation at T, < 25 °C 115 |
Tstg  |Storage _ff;-;perature -85 to 200 5]
__T| q'hﬁé:i.-_f}aq[atfng Junctian Temperature 200 C
114

;ma 1987




2N3055

THERMAL DATA
. Rinjcaea |Tharmal Resistanrce Junction-case Max | 1.5 -'”CIW [
ELECTRICAL CHARACTERISTICS (Tcsse = 25 °C uniess othenwise specified)
Symbol | Paramater Tast Conditions Min. T}.rp: Max. | Unit -
logy Collectar Cut-off Vep =100V i A,
Current {(Vee = -1.5V) [(Vee=100Y T, =150°C s ma,
laco Collector Cut-off Vee =30 0.7 1
Current (lg = 0) . e
lzay Emitter Cut-off Current [Vee =TV 1 mA
e =0
Vegtreue® | Colloctor-Emitter o= 200 ma 60 v
Sustalning Voltags _
| Veersun® | Collector-Emitter lz= 200 mA Rpe = 100 O 70 | ¥
Sustaining Voitage
Vioepanyr |Collector-Emitter le= 448 lg = 400 ma 1 v
Saturation Voltage le=10A k=33A 3 W
Vagps Base-Emittar Voitaga |lc=4 A Wee =4 W 1.5 v
heee DC Current Gain le=0.8A Vee=4V Group4 20 50
lz=05A V=4V Group & a5 75
lz=0.5A WVge=4V Groupt &0 145
le=05A Vee=4V Group 7 120 250
lg=4 A Yo =44 20 70
fe=10 A Ver=4VY 5
ﬁl—'Eﬂ"th‘-"‘ DT Current Gain =088 VYeoe=4YW 1.6
fr Transition frequancy le=14A Wep=4W 5 | MHz
g Second Breakdown Woe = 40 W 2.87 A
| Collactor Currant - A

* Alsed: Pulsa duration = 300 pa, duty cycle 1.5 %

SG5-THOMSON —
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2N30355

TO-3 MECHANICAL DATA

DIM. mm inch
MIN. TYP. MAX, MIN. TP, MAX.
A 11.00 13.10 0.433 0518
B 087 1.15 D3 0,045
e 1.50 185 | 0.058 0.085
¥ B.32 Ba2 0.327 0.351
E 15.00 20,00 0.745 0.787
G 10.70 11.10 0429 0437
M 18.50 17.20 0.64% 0.877
P 2500 26,00 0.G64 1.023
R 4.00 409 0157 01681
U 38.50 28,30 1.515 1.547
v 30.00 3030 1.187 1,193
SR
- w
o
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L
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34
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KT525-5
(9013)

NPN Epitaxial Silicon Transistor

revised Oclober 1099 C

1W OUTPUT AMPLIFIER

OF PORTABLE RADIOS IN CLASS

B PUSH-PULL OPERATION
= High total power dissipation (PT=625mw)
= High Coliector Current {lz =500m#)

= Excellent hee linearity.

CLASSIFICATION hgg (1)

4

Classification 8] E E__ G H
heg (1) 64-01 78-112 26-135 112-166 144202
Absolute Maximum Ratings (Ta=259C)
Symbaol B Parameter Rating Units
YoED Colleclor-Base Voltage a0 v
Vieen Collector-Emitter Voltaga 20 v
VERS Emitier-Easa Voltage b W
I Collector Current B0 ma
| P Collector Dissipation 625 iy
T; Junction Tempearature 150 [T
Tstg Storage Temperature -55 + 150 G
Electrical Characteristics (T, = 25°C )
Symibol Parameter Conditions hln Tvp Maw | Units
BVao Collector-Base Breakdown lc =100pA, 1= =0 40 v
Valtage _
EVYixn Collector-Emitter Breakdown |z =1ma, |5 =0 20 W
Voltage
B"u’Eag Emitter-Base Breakdown le =100pA, Iz =0 a W
Voltage
lcen Collector Cutoff Current Wpp=25V, 1 =0 100 nh
lepy Emitter Cutoff Current Veg=aV, I =0 1700 nd
hee1 DC Current Gain Vee=1V, I =E0mA G4 120 202
h|:|.—2 - lII-l'rr;|==1"||||| IC =500mA A 1a'|j‘
Veplsat) Collector-Emitter Saturation | Iz =500mA, Ty =50mA 018 0.6 v
Voltage
Vigelsat) Base-Emitter Saturation I =500mA, g =50mA a.21 1.2 ]
Voltage
VEE A Base-Emitter On Voltage Yee=1V, I =10ma 0.6 | 067 | 0.7 v

Pad Location

« [DIE SIZE

495 X 495um
« DIE THICKNESS Typ. 470 pm

= BONDING PAD SIZE
B5 % 114 um
85 % 154 um

Emitter

Base
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FAIRCHILD

SEMICONDUCTOR

TIP31 Series(TIP31/31A/31B/31C)

G306 Farchie Semcenductor inemalionsl

Medium Power Linear Switching Applications Vs
« Complementany to T PAZEZAIRIAIG P
y TO-220
. M . 1Basa Z.Callector 3.Emiter
NPN Epitaxial Silicon Transistor
Absolute Maximum Ratings 7.=25°¢ uniess atharwiss notec
Symbeol Farameter Value Units
Veeg Coltector-Bage Voltage TIPS 40 W
TIP31A &0 W
TIP31E 2 W
TIP3AC 100 )
YreEo Caltector-Emitter Vottage © T1=931 40 W
TIP34A B4 W
TIP3E 3 80 v
; TIFIIG 120 B £
VEps Emitler-Basa Vollags | b v
e Collectar Current (DG ) 3 A
op Coflectar Currant { Pules) 3 A
g Bage Currert 1 A
Pe Collector Dissipation (Tg=25°0) [ 40 W
Pe Collector Dieslipation [T,225°C) 1] W
Ty Junction Temperatura 150 .o
Tets Siuiage Temparaiure =85 <160 -
Electrical Characteristics T.=25:C uniess othermse noted
Symbol Parameter Test Condition Min Max. nils
Vapodeus) | Collector-Emitter Sustairing Voltage
F TIP3 .= 30ma, g=0 a0 v
' TP314 &0 Y
. TP31B il v
TIP3 100 W
lpen Callecior Cut-off Currant
CTIP31AA Wep =30V, jg=0 03 | ma
 TIPI1BAIC Vgz =80V, Ig=0 03 | ma
Imps | Collectar Cut-off Current
i TIP3 Vg = 40V, Veg=0 200 1 kA
{ TIP3AA Vg = 60V, Ve =10 200 | WA
' TIP31E Vop = AV, Vpg=D 200 | pA
LTIPAIC Ve = 190V, Vg = 0 200 | pa
| lepa Emitler Cut-off Cutrant Veg=5Y, o= L 7 ey
Fiep *DC Curratt Gain Vep =4 g =14 2%
Ve = 4V, o= 34 D ]
Wepisal) * Coflector-Emittar Saturstion Yoltage lg =38, Ig= 375mA 12 W
Vppisat) * Basw-Emitler Saturation Yotage Vg 7 4V, p= 38 T ¥
fr Cutrent Gain Bandwidth Product Wi 7 10V |2 = 500ma EE KHz
* Pe Teat TAEANTE, DUk e Lss,
Hw.;. Fetrum-y SO0
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Typical Characteristics
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Package Demensions
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TRADEMARKS

Tha folloving are registered and unregistered trademarks Fairchitd Semicanductar awns o ie authorized o usg andis
not nteaced 1o be an exhavstve list of ail such trademarks.

ACEx™ HiSeC™ SupersOT™-§
Bottomfess™ ISOPLANART SyncFET™
CoolFET™ MICROWIRE™ TinyLagic™
CROSSWOLT™ FOP™ UHC™
ESCMOS™ PowerTranch® VX ™
FACT™ QFET™
FACT Quist Sares™ g™
FAST® Quiet Series™
FASTI™ SuparSOT™.3
GTO™ SuperSOT ™6

DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY
FRODUCTS MEREIN TC IMPROYE RELIABILITY, FUNCTION OF DESIGN, FAIRGHILD DOES MOT ASSUME ANY
LIARLITY ARISING OLIT OF THE APPLICATION OR USE OF ANY FRODUCT OF CIRCUIT DESCRIBED HERZIM;
WEITHER DHRIES IT CONVEY ANY LICENSE UNDER TS FATENT RIGHTS, NOR THE RIGHTS OF OTHERS,

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR LSE AS CRITICAL COMPONENTS IN LIFE SURPORT
DEVICES OF SYSTEMS WITHOUT THE EXPRESS WRITTEN aFPROVAL OF FAIRCHILD SEMICOMDUSTOR
INTEGHATIOMAL.

#a uged hersin:

1. Life support devices ar eystems are devicss or ayatems
which, (&) are intended for surgical implart inte the bedy,
of [ b} &upport or ewetain e, of (&) whees failure ta parfarm
witen propary used In acoordance with instructions o use
pravlded in the labefing, can be reasonably expacted to
regult in sigraficant Injury to the user,

2 A erifieal componant is any compenant of a lifs support
dewice of system whoose failere fo pedorm can oe
roasonably expected to sauses the failure of the fife suppo it
deyice or ystam, of to eflect ife safety or effectivenass,

PRODUCT STATUS DEFINITIONS
Definition of Terms

Datashest identification Product Status

Definition

Fermativa ar In
Design

Advance Information

Thig dateshest conlalng the design specifications for
product development. Spacifications may charge in
amy manner without notica,

Praliminary Firsl Productian

This datashest containe preliminany data, and
supplemantay data will be published at a later gate.
Falrchild Semiconductor resenies the right ‘o make
changes at-any ime without notice in sroder to impove
design

Mo Idertfication Nesdad Full Proderctinn

This datanhest contains final epecificationg. Fa rehild
Semicondustar resen'es ha 1ght o make changes at
arty thia without notoe in order ta improve des gn,

Ohankate Met i Pradustion

Thie datasheet containe specificabons on a preduct
that nas bean dscontinued by Fairchild semiconducior.
The datasheet is printec for 1aferance I=formation only.
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Section 1. Fundamentals of DDS Technology

Overview

Direct digital synthesis (DDS) 13 a technique for using digital data processing blocks as a means
to generate 4 frequency- and phase-tunable output signal referenced to a fixed-frequency
precision clock source. In essence, the reference clock frequency is “divided down™ in a DDS
architecture by the scaling faclor set forth in a programmable binary taning word. The tuning
word i3 typically 24-45 bits long which enables a DDS implementation to provide supenor
output frequency tuning reselution.

Today's cost-competitive, high-performance, functionally-integrated, and small package-sized
DDS products are fast becoming an alternative Lo traditional frequency-agile analog synthesizer
solutions. The integration ol a high-speed, hgh-performance, D/A converter and DDS
HILTILCUIIS e 4 h.uu_-_rii.: ui:n:i: Vi Hig winil 15 CD]]]_I]]D]'_II}F known as a fﬂmpf(.*f{f-ﬂﬂg Euluﬁﬂn}
VMMM MIALY bpndiiivanna ) 14 b a0 S ICET rzmge of applications and provide, in many cases, an
stmmmiees sfemmeste eo oot heened BT gynthesizers. For many applications, the DDS solution
holds some distinct as:'lvamagcs over the equivalent agile analog fregunency synthesizer employing

?LI. circuitry.

DDS advantapes:

¢  Micro-Herte lumng resolution of the cutput frequency and sub-degree phase wuning
capability, all under complete digital control.

s  Extremely [ast “hopping speed”™ in tuning output frequency {or phasc), phasc-continuous
frequency hops with no over‘undershoot or analog-related loop setling time anomalies.

= The DS digital architecture eliminates the need for the manual system tuning and tweaking
asseciated with component aging and temperature dritt in analog synthesizei soiuations.

o The digital control interface ol the DOS architectare factlitates an covironment ol ..

systems can be reinolely controlled, ind minutely optimized. under processor control,

= MWimmomtimadias o candeatees avnthesiver, DDS afford unparlleled matching and eontrol of |
and ) s:,mmeslzad outputs.
Theory of Operation

In 18 simplest form, g direct digital synthesizer can be implemented from a precigion reference
clock, an address counter, a proprammable read only memory (PROM), and a VA converter (see
Figure 1-1).

Copyright © 1999 Analog Devices, Inc.
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CLOCK
ADOKESS / SINE s i' ¥ DA
O couwTER |7 Lookup NEElATER 7 LCDT>—)
| - f

f
2 ouT

Figure 1-1. Simple Direct Digital Synthesizer

In this case, the digilal amplitude mformation that corresponds to a complete cycle of a sinewave
15 stored in the PROM. The PROM is therefore functioning as a sine lookup table. The address

‘eounter steps through and accesses each of the PROM's memory locations and the contents (the

iYSTEM

equivalent sine amplitude words) arc presented to a high-speed D/A converter. The D/A
converter generates an analog smewave in response to the digilsl mput words from the PROM.
The output frequency of this DDS implementation is dependent on 1.) the frequency of the
reference clock, and 2.) the sinewave step size that is programmed into the PROM. While the
analog output fidelity, jitter, and AC performance of this simplistic architecture can be quite
good, it lacks tuning flexibility. The output frequency can only be changed by changing the
frequency of the reference clock or by reprogramming the PROM. Neither of these options
support high-speed output frequency hopping.

With the mtroduction of a phase accumulator function into the digital signal chain, this

architecture becomes a numerically-controlled oscillator which is the core of a highly-flexible
DDS device. As figure 1-2 shows, an N-bit variable-modulus counter and phase

/ PHASE ACCUMULATOR \

n-bit Carry
TUNING WORD f
L
Phase-to- DA fra
FHASE f’f Amplituda ;j CONVERTER
REGISTER Converlar
24-4B " 14-18
BITS BITS

GLOCK

O

Figure 1-2. Frequency-tunable DDS System

register are implemented in the circuit before the sine lookup table, as a replacement for the
address counter. The carry function allows this function as a “phase wheel” in the DDS
architecture. To understand this basic fimetion, visnalize the sinewave oscillation as a vector
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rotating around a phase circle (see Figure 1-3). Each designated point on the phasc wheel
corresponds to the equivalent point on &
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Figure 1-3. Digital Phase Wheel

cycle of a sine waveform. As the vector rotates around the wheel, visualize that a corresponding
output sinewave is being generated. One revolution of the vector around the phase wheel, ata
constant speed, resulis in one complete cycle of the output sinewave. The phase accumulator is
utilized to provide the equivalent of the vector’s linear rotation around the phase wheel. The
contents of the phase accumulator correspond to the points on the cycle of the output sinewave.
The number of discrete phase points contained in the “wheel” is determined by the resolution, N,
of the phase accumulator. The output of the phase accumulator is linear and cannot directly be
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used to generate a sinewave or any other waveform except a ramp. Therclore, 4 phase-to-
amplitude lookup table is used W convert a truncated version of the phase accumulator’s
instantaneous output value into the sinewave amplitude information that is presented to the D/A
converter. Most DDS architectures exploit the symmetrical nature of a smewave and utilize
mapping logic to synthesize a complete sinewave cycle from ' cycle of data from the phase
accumulatot. The phase-to-amplitude lookup table generates all the necessary data by reading
forward then back through the lookup table.
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Figure 14, Signal flow through the DDS archilceture

The phase aceumulator is actmally a modulus M counter that increments its stored number each
lime it receives a clock pulse. The magnitude of the increment is determined by a digital word M
contained in a “delta phase register” that is summed with the overflow of the counter. The word
in the delta phase regster forms the phase step size belween reference clock updates; it
effectively sets how many points to skip around the phase wheel. The larger the jump size, the
faster the phase accumulator overflows and completes its equivalent of a sinewave cycle. Fora
N=32-bit phase accumulator, sn M value of OO0, . .0001 (one) would result in the phase
accumulator overflowing after 2° reference clock cycles (mcremems} Ifthe M value 1s changed
to0111...1111, the phase accumulator will overflow after only 2' clock eyeles, or two reference
clock cycles. This control of the jump size constitutes the frequency tuning resolution of the
DD architecture.

The relationship of the phase accummlator and delta phase accumulator form the basic wning
equation for DDS architecture:

Four = (M (REFCLK)) 2%
Where: Foyr — the output frequency of the DDS
M = the binary tuning word

REFCLK = the internal reference clock frequency (system clock)
N = The length in bits of the phase accumulator
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Changes to the valuc of M in the DDS architecture result in immediate and phase-continuous
changes in the output frequency. In praciical application, the M value, or frequency tuning word,
is loaded inlo an internal serial or byte-loaded register which precedes the parallel-output delta
phase register. This is generally done to minimize the package pin count of the DDS device.
Once the buffer regster is loaded, the parallel-ontput delta phase register is clocked and the DDS
outpul frequency changes. Generally, the only speed limitation to changing the output frequency
of a DDS is the maximum rate at which the buffer register can be loaded and executed.
Obviously. a parallel byte load control interface enhances frequency hopping capability.

Trends in Functional Intesration

One of the advantages to the digital nature of DDS architecture is that digital functional blocks
can readily be added to the core blocks to cnhance the capability and feature set of # given
device, For general purpose use, a DDS device will include an integrated IVA converter function
lo provide an analog output signal. This “complete-DDS” approach preatly enhances the overal
usclulness and “user-friendliness™ associated with the basic DDS devices. DDS devices are
readily available with integrated 10-bit D/A converters supporting internal REFCLK speeds 1o
130 Mliz. The present state of the art for a complete-DDS solution is at 300 MHz clock speeds
with an integrated 12-bit D/A converter.

Along with the integrated D/A converter, DDS solutions normally contain additional digital
blocks that perform various operations on the signal path. These blocks provide a higher level of
tunctionality in the DDS solution and provide an expanded set of user-conirolled features. The
black diagram of an expanded-feature DDS device is shown in Figure 1-5.

The individual funetional blocks are described below:

* (A) A programmable REFCLK Multiplier function include at the clock input, multiplies the
frequency of the external reference clock, thereby reducing the speed requirement on the
precision reference clock. The REFCLK Multiplier function also enhances the ability of the
DDS device to utilize available system clock sources,

= (B) The addition of an adder after the phase accumulator enables the output sincwave to be
phase-delayed in correspondence with a phase tuning word. The length of the adder circuit
determines the number of bits in the phase tuning word, and therefore, the resolution of the
delay. In this architeelure, the phase tuning word is 14-bits,

¢ (C) An Inverse SINC block inscried before the /A converter compensates for the SIN(X)/X
response of the quantized D/A converter output, and thereby provides a constant amplitude
output over the Nyvquist mmge of the DDS device

& (D) A digital multiplier inscrted between the Sine look-up table and the IVA converter

coables amplitude modulation of the output sinewave. The width of the digital multiplier
word determines the resolution of the output amplitude step size.
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