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ABSTRAK

Servo valve hidrolik adalah valve yang berfungsi untuk mengatur
oli yang akan masuk pada ruang hidrolik dan digunakan untuk
mengendalikan arah dan besar pergerakan dari aktuator hidrolik suatu
peralatan. Sistem hidrolik memiliki karakteristik, gaya yang kecil dapat
digunakan untuk menggerakkan atau mengangkat beban berat dengan
cara mengubah perbandingan luas penampang silinder. Saat ini driver
servo valve dan servo valve pada modul elektro hidrolik yang ada di
departemen Teknik Elektro Otomasi sedang mengalami kerusakan.

Modul Elektro Hidrolik Servomechanism (EHS 160) dapat
dikendalikan menggunakan mikrokontroller dan rangkaian driver servo
valve amplifier yang terdiri atas rangkaian zero-span dan rangkaian
push-pull komplementer. Komputer sebagai memberi nilai set point
akan memberi perintah kepada mikrokontroller, mikrokontroller yang
mengeluarkan sinyal digital. Sinyal digital yang dihasilkan, diberi
rangkaian pengondisi sinyal (signal conditioning) guna memberi sinyal
perintah ke servo amplifier. Didalam servo amplifier terdiri atas
rangkaian Zero-Span dan rangkain push pull komplementer yang
digunakan mengatur arus yang akan keluar dari servo amplifier dengan
range -100mA hingga +100mA pada resolusi tegangan -2 hingga +2v.

Perancangan dan penerapan driver servo valve hidrolik ini telah
dapat digunakan untuk mengendalikan servo valve pada modul Elektro
Hidrolik Servomechanism (EHS 160). Rangkaian zero-span yang
bertugas mengkonversi tegangan masukan 0 V — 3,33 V tegangan
keluaran -2 V hingga +2 V. Rangkaian push-pull komplementer yang
digunakan sebagai penguat daya dan arus guna mengendalikan kinerja
dari servo valve dengan arus yang dapat dihasilkan -85mA hingga
+80mA.

Kata kunci : Servo valve, signal conditioning, hidrolik,
servomechanism






ABSTRACT

Hydraulic servo valve is a valve that serves to regulate the oil
that will enter in the hydraulic chamber and is used to control the
direction and magnitude of the movement of the hydraulic actuator of an
apparatus. Hydraulic systems have characteristics, small forces can be
used to drive or lift heavy loads by changing the ratio of the cross-
sectional area of the cylinder. Currently the driver servo valve and
servo valve in the existing electro hydraulic module in the Department
of Electrical Engineering Automation is being damaged.

Electro Hydraulic Servomechanism (EHS 160) module can be
controlled using microcontroller and driver servo valve amplifier circuit
consisting of zero-span circuit and complementary push-pull circuit. The
computer as giving the set point value will give the command to the
microcontroller to issue a digital signal. The resulting digital signal,
given a signal conditioning circuit to signal commands to the servo
amplifier. Inside the servo amplifier consists of a Zero-Span circuit and
complementary push pull circuits that are used to regulate the outflow of
servo amplifiers with a range of -100mA to + 100mA at a voltage
resolution of -2 to +2v.

The design and application of this hydraulic servo valve driver
can be used to control the servo valve in the Electro Hydraulic
Servomechanism (EHS 160) module. Zero-span circuit in charge of
converting input voltage 0 V - 3.33 V output voltage -2 V to +2 V.
Complementary push-pull circuit used as a power amplifier and current
to control the performance of servo valve with the current that can be
generated - 85mA to + 80mA.

Keyword : Servo valve, signal conditioning, hydraulic, servomechanism
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1.1

BAB |
PENDAHULUAN

Latar Belakang

Sistem hidrolik banyak digunakan untuk memindahkan
beban yang berat atau sebagai alat penekan beban. Pada dunia
industri sistem hidrolik digunakan sebagai sistem penggerak.
Penggunaan sistem hidrolik pada alat-alat berat, seperti truk
pengangkat (dump truck), excavator, mesin moulding, mesin
tekan, mesin flow forming, forklift, crane, dan lain-lain.
Sistem hidrolik memiliki karakteristik, gaya yang kecil dapat
digunakan untuk menggerakkan atau mengangkat beban berat
dengan cara mengubah perbandingan luas penampang
silinder. Untuk penerapannya dibutuhkan kinerja dinamis
yang baik sehingga diperlukan suatu sistem kontrol
elektronik yang memiliki nilai yang baik.

Servo valve hidrolik adalah valve yang berfungsi untuk
mengatur oli yang akan masuk pada ruang hidrolik dan
digunakan untuk mengendalikan arah dan besar pergerakan
dari aktuator hidrolik suatu peralatan

Servo valve hidrolik terdiri atas sistem kontrol loop
tertutup yang terdiri dari sistem pengaturan posisi, pengaturan
kecepatan, pengaturan aliran, dan aktuator hidrolik.
Komputer sebagai memberi nilai set point akan memberi
perintah kepada mikrokontroller, selanjutnya mikrokontroller
yang mengeluarkan sinyal digital. Sinyal digital yang
dhasilkan,  diberi rangkaian pengondisi sinyal (signal
conditioning) guna memberi sinyal perintah ke servo
amplifier. Didalam servo amplifier terdiri atas rangkaian Zero
Span dan rangkain push-pull yang digunakan mengatur arus
yang akan keluar dengan skala arus sebesar -100mA hingga
+100mA pada resolusi tegangan maksimum yang masuk pada
servo valve -2v hingga +2v.



1.2.

1.3.

1.4.

Departemen Teknik Elektro Otomasi mempunyai sebuah
modul elektro hidrolik yang digunakan untuk kontrol posisi
yang aktuatornya menggunakan servo valve. Modul ini
bekerja dengan sistem kontrol loop tertutup. Kontroler pada
modul digunakan untuk mengatur pembukaan jarum katub
pada servo valve yang digunakan untuk mengatur tekanan oli
guna menggerakkan motor hidrolik. Saat ini driver servo
valve dan servo valve pada modul elektro hidrolik sedang
mengalami kerusakan.

Perancangan dan penerapan driver servo valve hidrolik
ini diharapkan dapat digunakan untuk mengendalikan servo
valve dan aliran oli pada modul elektro hidrolik, sehingga
dapat digunakan kembali untuk para praktikan.

Permasalahan
Permasalahan dalam penelitian ini adalah :

e Modul Elektro Hidrolik Servomechanism (EHS 160)
belum dapat bekerja

e Servo valve dan motor hidrolik tidak dapat
dikendalikan

Tujuan
Tujuan yang akan dicapai dari Tugas Akhir ini adalah sebagai
berikut:

e  Me-retrovit modul Elektro Hidrolik Servomechanism
(EHS 160) agar dapat digunakan kembali untuk
praktikum

e Mengendalikan servo valve agar dapat menggerakkan
motor hidrolik sesuai kecepatan yang diinginkan

Metodologi

. Pengamatan Permasalahan
Pada kegiatan ini penulis mendalami latar
belakang, rumusan permasalahan, dan

mengamati keadaan terkini terkait permasalahan
pengendalian servo valve dengan kontrol elektronik.



Masalah lainnya adalah servo valve harus bekerja
dengan frekuensi rendah secara terus menerus dapat
memutus jarum. Permasalah ini diharapkan dapat
menghasilkan solusi tepat untuk menyelesaikan
masalah ini.

Study Literatur

Studi literatur merupakan tahap pencarian data
dan literatur untuk mencari sumber-sumber yang
relevan dan dapat dipercaya sehingga dapat
memperkuat penulisan Tugas Akhir ini.. Literatur
yang digunakan berasal dari jurnal, buku ilmiah, dan
beberapa artikel dari internet. Materi mengenai
spesifikasi dan  perancangan  servo  valve,
perancangan driver servo valve, dan perancangan
rangkaian penguatan terhadap arus beban servo
valve.

Perancangan Alat

Perancangan dan pembuatan alat driver servo
valve ini akan me-retrofit modul elektro hidrolik
yang ada di Departemen Teknik Elektro Otomasi
ITS. Dalam pembuatan driver servo valve,
digunakan  beberapa  rangkaian  diantaranya
rangkaian mikrokontroler shield, pengkondisi sinyal
analog berupa rangkaian zero-span dan rangkain
penguat arus. Selain rangkaian untuk driver servo
valve, juga dirancang rangkaian pengkondisi sinyal
analog untuk sensor vyaitu dengan menggunakan
rangkaian inverting amplifier . Dari rangkaian driver
servo valve ini diharapkan dapat mengeluarkan arus
-100mA hingga +100mA yang menggerakkan servo
sesuai yang kita inginkan. Sensor berupa motor DC
digunakan untuk pembacaan kecepatan motor
hidrolik yang digerakkan oleh aliran oli.



. Pengujian Alat
Pengujian dari driver servo valve ini terdiri atas 2
tahap yaitu tahap pengujian secara pengukuran arus
yang dihasilkan driver servo dan tahap pengujian
secara langsung dengan menggunakan modul elektro
hidrolik

. Kesimpulan
Untuk mengatur dan mengendalika servo valve
rangkaian driver servo valve menggunakan rangkain
servo amplifier yang terdiri atas rangkaian zero-span
dan rangkain penguat arus berupa push pull.

. Penyusunan Laporan
Tahap terakhir yang perlu dilakukan adalah
penyusunan laporan yang bertujuan sebagai bukti
tertulis bahwa pernah dilakukan penelitian mengenai
hal ini.

1.5. Relevansi
Tugas akhir dibuat untuk menggerakkan servo valve dan
mengatur aliran oli pada modul elektro hidrolik supaya modul
tersebut dapat digunakan kembali untuk praktikum.



BAB II
TEORI PENUNJANG

Bab ini membahas mengenai teori dasar dari peralatan yang
digunakan dalam “Perancangan dan Penerapan Driver Servo Valve
pada Modul Elektro Hidrolik Servomechanism (EHS 160)”, antara
lain modul elektro hidrolik servomechanism, servo valve, rangkaian
op-amp, rangkaian zero-span, rangkaian push-pull komplementer, dan
rangkaian modul DAC 12-bit.

2.1 Modul elektro hidrolik servomechanism EHS 160 [1][2]

Modul elektro hidrolik servomechanism EHS 160 diproduksi
oleh Feedback corp dengan kode EHS160. Elektro hidrolik
Servomechonism ditujukan untuk penggunaan eksperimental baik
oleh siswa yang memulai studi mereka tentang sistem loop tertutup
dan oleh mereka yang telah memahami esensi teori kontrol dan ingin
mempelajari karakteristik yang khas untuk sistem hidraulik.

Tidak ada pengetahuan atau wawasan sebelumnya tentang
sistem kontrol yang diasumsikan dalam buku teks. Namun, jika siswa
terbiasa dengan subyektif, modul ini dapat membantu. Agar
pemahaman yang lebih cepat dan lengkap dari materi yang diberikan
di sini.

Setiap bagian dari karya eksperimental disertai oleh teori
yang relevan Di mana pun teori ini, dari kebutuhan, terbatas secara
mendalam, upaya dilakukan untuk memperkenalkan konsep-konsep
penting.

Kontrol daya hidraulik merupakan bentuk paling umum dari
manipulasi daya yang tepat yang digunakan dalam teknologi modern.
Ini digunakan di seluruh pesawat, kapal, rool mesin, dan di setiap
industri yang menggunakan kontrol otomatis hingga ratusan tenaga
kuda.

EHS 160, yang dirancang khusus untuk pengajar teknisi dan
insinyur mahasiswa, mewujudkan komponen hidraulik terbaru dan
sirkuit elektronik dalam sistem komprehensif. Karena perhatian telah
Diambil agar sesuai dengan demontrations dan pekerjaan
eksperimental untuk persyaratan mahasiswa. Gambar 2.1 merupakan
gambar modul elektro servomechanism EHS 160.



Gambar 2.1. Gambar modul elektro hidrolik servomechanism EHS 160.

2.2 Rangkaian Op-Amp [3]

Rangkaian Operational Amplifier atau di singkat rangkaian Op-
Amp merupakan rangkaian yang menerima sinyal pada masukan
(input) dan menghasilkan sinyal pada keluaran (output) yang berubah
lebih besar amplitudonya. Rangkaian Op-Amp yang sering digunakan
secara umum yaitu memiliki 2 rangkaian feedback (umpan balik) yaitu
feedback negative (Inverting) dan feedback positif (Non Inverting)
dimana Feedback negatif pada op-amp memegang peranan penting.
Secara umum, umpan balik positif akan menghasilkan osilasi
sedangkan umpan balik negatif menghasilkan penguatan yang dapat
terukur (Pujiono : 2012).

2.3 Rangkaian Konverter Zero-Span [4]

Rangkaian Zero-Span adalah rangkaian converter yang dapat
memungkinkan untuk menghasilkan parameter yang sesuai untuk
tegangan yang diinginkan. Output suatu transducer jarang yang sesuai
dengan pengkodisi sinyal atau display. Rangkaian pengubah Zero-
Span dapat dibuat dengan menggunakan rangkaian penjumlah dan
pembalik (inverting summer amplifier). Konsep dari konverter Zero-
Span yang dapat direalisasikan dengan penguat inverting-summer
(penguat penjumlah inverting) seperti pada gambar 2.1.
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Gambar 2.2. Gambar Rangkaian dasar Zero-Span

Penguat ini mempunyai input 2 buah, yaitu :

(1) Vin merupakan yang tegangan masukan yang diberikan pada
input inverting disambung seri dengan Ri, sebuah tahanan
potensiometer, agar gain dapat diatur dengan mudah, Ein juga
sebagai pengatur batas atas dari keluaran yang kita inginkan.

Gain = —R—f .................................. (2.1)

Ri
(2) Tegangan referensi atau penguat Zero, diberikan dari tegangan V

+, yang disambung seri dengan Ros, sebuah potensiometer
penguat zero offset, dengan gain :

Inverting amplifier

€u2 =6y

Ros
Dengan demikian maka tegangan Vout 1 adalah:

Vout 1 = —(Rf.Ri)Vin — (Rf.Ros) ...... (2.3)
Dari gambar 2.1 dapat pula diperoleh tegangan Vout2, yang merupakan
kebalikan dari Voutl, yaitu :
Vout 2 = (Rf.Ri)Vin + (Rf.Ros) ....... (2.4)
Hal ini disebabkan oleh adanya gain dari penguat op amp kedua,
sebesar gain = -1. Perbandingan persamaan Voutl dan persamaan
Vout2 dengan persamaan garis linier :
Y=mx+b e, (2.5

Dimana :

e madalah gradien dari nilai span atau gain
e b adalah nilai batas dan batas bawah antara bilangan
tengah output. Maka dapat didapatkan dari rumus
b= 2LVreff i 2.6)

e Y adalah hasil perpotongan kurva sumbu Y Atau offset
atau Zero



Dengan kata lain bila Vin = 0 (Zero), maka Eout = Rf/Ros V. Maka
Vout dapat ditarik rumus sebagai berikut :

2.3.1 Rangkaian Penguat Pembalik (inverting amplifier)
Rangkaian penguat inverting adalah rangkaian elektronika yang
berfungsi untuk memperkuat dan membalik polaritas sinyal masukan.
Rangkaian penguat inverting merupakan rangkaian penguat pembalik
dengan impedansi masukan sangat rendah. Rangkaian penguat
inverting akan menerima arus atau tegangan dari tranduser sangat kecil
dan akan membangkitkan arus atau tegangan yang lebih besar.
Rangkaian dasar penguat inverting adalah seperti yang ditunjukkan
pada gambar 2.2, dimana sinyal masukannya dibuat melalui input
inverting. Rangkaian ini adalah pengubah dari arus menjadi tegangan
dan digerakkan oleh sumber tegangan dan bukan sumber arus. Pada
rangkaian ini, umpan balik negatif di bangun melalui resistor R2.

R2

+"'ouf
v,, Ri1 "

n e S Yout
> =
in +
L
G=- R2/R1

Gambar 2.3 Gambar Rangkaian Penguat Inverter

Jika penguatan didefenisikan sebagai perbandingan tegangan

keluaran terhadap tegangan masukan, maka dapat ditulis:
Vout _ R2

Gain = = (2.8)

Vin R1
Impedansi rangkaian inverting didefenisikan sebagai

impedansi input dari sinyal masukan terhadap ground. Karena input
inverting (-) pada rangkaian ini diketahui adalah 0 (virtual ground)
maka impendasi rangkaian ini tentu saja adalah Zi, = Ry. Dari
persamaan gain diatas dapat diketahui tegangan keluaranya sebagai
berikut :




Vo(s) = — ’;f(()) 1410 N (2.9)

2.3.2 Rangkaian Penguat Penjumlah (summer amplifier)

Rangkaian Summing amplifier digunakan untuk menjumlahkan
beberapa sinyal input sehingga dihasilkan sebuah sinyal output.
Sinyal output tersebut bisa berupa hasil penjumlahan matematis
langsung dari sinyal-sinyal input, atau bisa juga mengandung
penguatan (gain) tertentu. Dalam kasus dimana sinyal output
merupakan hasil penjumlahan matematis langsung, semua resistor
input dan resistor feedback berkisar antara 100-100kOhm. Pada
gambar 2.3 adalah gambar rangkaian penguat pejumlah dengan
contoh 2 sumber input tegangan pada input negatif (inverting
amplifier)

Gambar 2.4 Gambar Rangkaian Summing Amplifier

Dalam kasus lain, yaitu apabila diinginkan adanya gain tertentu,
maka resistor feedback dibuat lebih besar nilainya. Summing
amplifier bisa juga berupa penjumlahan berskala (scaling adder), di
mana resistor-resistor input nilainya ditentukan sedemikian rupa
sehingga menghasilkan gain yang berbeda-beda untuk setiap input.
Sesuai dengan kebutuhan, summing amplifier ini bisa dibuat dalam
konfigurasi inverting maupun non-inverting.

Dalam rangkaian penguat penjumlah sederhana ini, tegangan
keluaran, (Vout) sekarang menjadi sebanding dengan jumlah
tegangan input, Vsl, Vs2, hingga Vs (n). Maka, kita dapat
memodifikasi persamaan asli untuk penguat inverting untuk



memperhitungkan input baru demikian persamaan penguat
pembaliknya sebagai berikut :
Vout(s) = —I;f((:)) 2216 TSR (2.10)
Untuk menjadi penguat penjumlah maka diturunkan menjadi
—Vout = [%Vsl + %VSZ + ---%Vs(n)] ..... (2.11)

—Vout = %[Vsl +Vs2...Vs()] coeonnn. (2.12)

2.3 Servo Valve [5]

Servo valve hidrolik adalah valve yang berfungsi untuk
mengatur oli yang akan masuk pada ruang hidrolik dan digunakan
untuk mengendalikan arah dan besar pergerakan dari aktuator hidrolik
suatu peralatan. Sistem hidrolik memiliki karakteristik, gaya yang
kecil dapat digunakan untuk menggerakkan atau mengangkat beban
berat dengan cara mengubah perbandingan luas penampang silinder.

Servo valve adalah katup kontrol arah dengan spool/jarum,
dengan mekanisme yang digerakkan menggunakamn arus yang
menggerakkan motor torsi untuk mengontrol posisi spool/jarum.
Motor torsi dapat dianggap sebagai transduser elektromekanik yang
menghasilkan defleksi kecil sebanding dengan arus input. Ini dapat
memberikan gerakan yang diperlukan ke kumparan baik secara
langsung maupun tidak langsung. Kumparan dapat diposisikan tak
terbatas untuk mengendalikan arah aliran dan jumlah tekanan, sebagai
respons terhadap sinyal kontrol listrik / elektronik. servo valve tersedia
dalam desain satu tahap, dua tahap, atau tiga tahap. Katup servo satu-
tahap terdiri dari motor torsi yang langsung melekat pada kumparan
geser katup.

Motor torsi harus menyediakan torsi yang cukup ke katup untuk
menggeser kumparannya secara langsung melawan tekanan yang
berlawanan. Valve satu tahap memiliki kemampuan daya terbatas.
Servo Valve dua-tahap terdiri dari motor torsi, spul pilot, dan spul
utama. Pertama, motor torsi menggeser spul pilot, yang pada
gilirannya, mengarahkan aliran fluida untuk memindahkan spul
utama. Didalam Servo Valve tiga-tahap, tahap pilot dibagi menjadi
dua, yaitu pilot tahap pertama, dan pilot tahap ke-2. Spool percontohan
tahap pertama menggeser spul pilot tahap kedua, yang, pada
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gilirannya, menggeser spul utama. Servo Valve tiga-tahap digunakan
untuk aplikasi dengan kebutuhan aliran tinggi, tekanan tinggi

@ ELECTRO-HYDRAULIC TWO STAGE SERVO VALVE
ARMATURE NULL ADJUST MAGNET
UPPER POLEPLATE
‘ "‘l‘H =1 LOWER POLEPLATE
|

il

FLAPPER
i NOZZLE
Tl

N HE FEEDBACK SPRING

o il 1‘ A 19 BUSHING
T ks i

et et B SPOOL

INLET ORIFICE

YL
&)P —is = INLET FILTER
\ii lsz—

Gambar 2.5 Gambar torque motor dan rangkaian dalam servo valve

Servo valve hidrolik terdiri atas sistem kontrol loop tertutup
yang terdiri dari sistem pengaturan posisi, pengaturan kecepatan,
pengaturan aliran, dan jarum servo. Komputer sebagai memberi nilai
set point akan memberi perintah kepada mikrokontroller,
mikrokontroller yang mengeluarkan sinyal digital. Sinyal digital yang
dihasilkan, diberi rangkaian pengondisi sinyal (signal conditioning)
guna memberi sinyal perintah ke servo amplifier.

2.5 Modul Digital to Analog Converter MCP4725 (DAC) [6]

DAC adalah perangkat yang digunakan untuk mengkonversi
sinyal masukan dalam bentuk digital menjadi sinyal keluaran dalam
bentuk analog (tegangan). Tegangan keluaran yang dihasilkan DAC
sebanding dengan nilai digital yang masuk ke dalam DAC.Sebuah
DAC menerima informasi digital dan mentransformasikannya ke
dalam bentuk suatu tegangan analog. Informasi digital adalah dalam
bentuk angka biner dengan jumlah digit yang pasti. Konverter D/A
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dapat mengonversi sebuah angka digital ke dalam sebuah tegangan
analog dengan memberikan skala keluaran analog bernilai nol ketika
semua bit adalah nol dan sejumlah nilai maksimum ketika semua bit
adalah satu. Angka biner sebagai angka pecahan.

Aplikasi DAC banyak digunakan sebagai rangkaian pengendali
(driver) yang membutuhkan masukan analog seperti motor AC
maupun DC, tingkat kecerahan pada lampu, pemanas (Heater) dan
sebagainya. Umumnya DAC digunakan untuk mengendalikan
peralatan komputer. Untuk aplikasi modern hampir semua DAC
berupa rangkaian terintegrasi (IC), yang diperlihatkan sebagai kotak
hitam memiliki karakteristik masukan dan keluaran tertentu.

\

Gambar 2.6 Gambar Modul DAC MCP4725

0...©0

SDA adalah pin serial data dari interface 12C. pin SDA
digunakan untuk menulis atau membaca register DAC dan data
EEPROM. pin SDA adalah sebuah open-drain N-chanel driver. oleh
karena itu, dibutuhkan sebuah pull-up resistor dari jalur VDD ke pin
SDA. kecuali untuk kondisi start dan stop. data di pin SDA harus stabil
selama clock dalam keadaan HIGH. keadaan HIGH atau LOW dari
pin SDA hanya dapat berubah ketika sinyal clock di pin SCL bernilai
LOW.

SCL adalah pin serial clock pada interface 12C. MCP4725
hanya bertindak sebagai slave dan pin SCL hanya menerima serial
clock dari luar. data input dari master device digeser ke pin SDA di
rising edges pada SCL clock dan keluaran dari MCP4725 terjadi saat
falling edges pada SCL clock. pin SCL adalah sebuah open-drain N-
chanel driver. oleh karena itu, dibutuhkan pull-up resistor dari jalur
VDD ke pin SCL.
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2.6 Rangkaian Penguat Push-Pull komplementer [7]

Penguat daya komplementer merupakan bentuk lain penguat
push pull yang menggunakan dua buah transistor PNP dan NPN yang
saling berkomplementer. Keuntungan penguat komplementer adalah
tidak diperlukan adanya trafo input dan trafo output.

Meskipun tanpa trafo untuk pembelah dasa pada input
penguat komplementer, maka dengan adanya transistor 1 dan
transistor 2 yang berbeda jenisnya dengan sendirinya menghantarkan
(atau mati) secara bergantian. Pada saat siklus input positif, maka
basis-emitor transistor 1 mendapat bias maju sehingga transistor 1
(T1) hidup sedangkan basis emmiter Transistor 2 (T2) mendapat bias
mundur (PNP). Pada saat sinyal input berubah menjadi negatif, maka
basis-emitor T1 mendapat bias mundur (reverse bias) sehingga T1
mati, sedangkan basis-emittor T2 mendapat bias maju (Forward bias)
(PNP) sehingga T2 menjadi hidup

VCC 1
T1

NPN I

RL

J
Avh\:

T2 2N

PNP
N ' VvCC 2

Gambar 2.7 Gambar rangkaian push pull komplementer

Konfigurasi dasar tiap penguat transistor dalam penguat
simetri komplementer adalah pengikut emitor, karena sinyal output
diambil dari kaki emittor.

2.2 STM32F103C [8]

“Blue Pill” adalah sebuah papan pengembangan berbasis
STM32F103. STM32F103 adalah sebuah alat dengan Cortex-M3
ARM CPU yang berkecepatan 72MHz, mempunyai RAM 20 Kb dan
mempunyai flash memori sebesar 64 atau 128 Kb. Mikrokontroler nya
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mempunyai port USB, dua port serial, pin PWM 16 bit, dan pin ADC
12 bit. STM32F103 bekerja pada tegangan 3,3 V tetapi beberapa
mempunyai pin toleransi 5V.

Pemrograman pada board ini dapat dipermudah yaitu dengan
menggunakan software Arduino IDE. Tetapi sebelum itu, sebuah
bootloader Arduino harus di flash kedalam board STM32F103. Ini
bisa dilakukan melalui port serial atau menggunakan interface debug
pada MCU dengan ST-Link tool.

Gambar 2.8 Gambar STM32F103C

Arduino IDE tidak hadir dengan dukungan default untuk
papan STM32F103. Oleh karena itu harus di setting terlebih dahulu
agar papan STM32F103 bhisa dientegrasikan dengan Arduino IDE.
Berikut step untuk semua sistem operasi :
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Jalankan Arduino IDE, pilih File — Preferences, dan
tambahkan URL ini pada board manager yang tersedia
http://dan.drown.org/stm32duino/package_STM32duino_index.jso
n “klik OK untuk menutup dialog. Dapat dilihat pada gambar 2.6.

settings | Network
Sketchbook location:

IDozumentelArduing

Browse |
Editor language: [English (English) [+] trequires restart of Arduine)
Editor font size: 12
Interface scale: /] Automatic % (requires restart of Arduino)
Show verbose output during: ] compilation [ upload
Compiler warnings: None |«

| Display line numbers
Enable Code Folding

v Verify code after upload

Cuse ditor

] Aggressively cache compiled core

] Check for updates on startup

v update sketch files to new extension on save {pde - .ino)

¥| Sawe when verifying or uploading
T

1
Additional Boards Manager URLs: |http:/fdan.drown.arg/stm32duine fpackage_STM32duino_index. json |

thome! 4. arduinolSipreferences. txt
tedit anly when Arduino is not running)

oK cancel

Gambar 2.9 Memasukkan URL untuk flash STM32F103

Setelah itu, pilih Tools — Board Manager. Didalam dialog
yang muncul, cari STM32 dan pilih STM32F1XX untuk “Blue Pill”.
Jika board menggunakan chipset yang berbeda (contoh : STM32F3)
pilih seperti yang tertera pada board lalu install. Untuk step nya bisa
dilihat pada gambar 2.7.

Boards Manager X

Type [Al [ [stmz2 |

oo 405, Netduna? FAS.

STMI2F3xx boards by stm32duine
Boards rcluded in this package:
T Discoven:

e el
Mora info

STMIZF1xx/ D32 Lxx bourds by strm32duin

ladied i this packags:

rsion 2017.11.14 INSTALLED

Hoards rel

Maple Miri, Maple [ {RETE) " sh. STM Nuclea F1033A (STLink). ric STM32F103C series, Generic
STMIZF109R s 03V senes, Generic STM32F 1032 senes, Generic GO 3 103C sere: 5

Drline help

Mereinfo

2017.11.13 \'l Install | Remove

Close

Gambar 2.10 Menginstal board STM32F103 ke Arduino IDE
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Sebelum benar — benar mengunggah sketches ke dalam board,
dibutuhkan bootloader STM32duino. Disini menggunakan sebuah ST
—Link V2 clone untuk memasukkan bootloader nya. Koneksi ke board
STM32F103 sangat mudah, menggunakan SWCLK, SWDIO, GND
dan pin 3,3V. sambungkan semua menggunakan kabel jumper yang
sudah tersedia pada ST — Link clone. Pindahkan jumper untuk set
BOOTO to 1.
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BAB IlI
PERENCANAAN DAN PEMBUATAN ALAT

Pada bab ini berisi tahapan mengenai tahapan yang dilakukan
dalam perencanaan dan pembuatan Tugas Akhir. Penjelasan diawali
dengan blok fungsional sistem secara keseluruhan yang meliputi
proses kerja alat dalam bentuk alur diagram dan perancangan pada
rangkaian yang digunakan.

3.1 Blok Fungsional Sistem

Dalam sebuah perancangan, diperlukan blok fungsional sistem
berupa blok diagram yang menjelaskan sistem Kkerja secara
keseluruhan Tugas Akhir “Perancangan dan Penerapan Driver
Servo Valve pada Modul Elektro Hidrolik Servomechanism (EHS
160)”. Secara keseluruhan blok fungsional sistem dapat dilihat pada
Gambar 3.1.

Kecepatan

e
Rangkaian Transistor Push | ———* Servo Vahe o
K "1 MotorHidolk

Pull Komplenester (-100)-
[+100mA

L vo valve - -
- Rangkatan servo valve anplifier .
Mikrokontroller

‘H.\E

033y || Ramgkaim Zew-Span

Ranghaian
**************** Pengkondisi Sinyal [+

Inverting Amplifier

Generator Motor
(Sensor Kecepatan)

Gambar 3.1. Gambar Blok Diagram Sistem kontrol modul hidrolik

Pada diagram blok gambar 3.1 menjelaskan bahwa perancangan
untuk membuat driver servo valve ini terdapat beberapa tahap yaitu
dari mikrokontroller mengirimkan perintah pada modul DAC,
mikrokontroller menggunakan jenis STM32F4103C. Kemudian dari
modul DAC yang menerima perintah sinyal dari mikrokontroller ini
mengeluarkan tegangan keluaran sesuai dengan perintah dari
mikrokontroller, tegangan keluaran yang dihasilkan dari DAC
kemudian diolah kembali dengan rangkaian zero-span, rangkaian
zero-span akan mengolah kembali menjadi tegangan sesuai yang
dibutuhkan servo valve yaitu tegangan positif (+) dan tegangan
negatif (-). Karena servo valve ini dikendalikan menggunakan arus.
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Maka digunakan rangkaian push pull komplemen. Output dari
rangkaian push pull komplemen disambungkan pada kabel servo
valve. voltage dari servo valve digunakan untuk mengatur buka tutup
servo valve yang akan mengatur kecepatan putar dari piringan.
Putaran piringan tersebut di baca oleh sensor tachometer yang berupa
motor DC lalu data tersebut dimasukkan kembali menuju
mikrokontroler melalui program ADC

3.2 Perancangan Hardware
Hardware yang akan dibuat adalah berupa rangkaian — rangkaian
yang digunakan untuk mengoptimalkan Kkinerja system dalam Tugas
Akhir yaitu meliputi:
1. Rangkaian Zero-Span
2. Rangkaian push pull komplemen
3. Rangkaian inverting ampilfier
3.2.1 Rangkaian Zero-Span
Rangkaian Zero span adalah rangkaian yang dapat
memungkinkan untuk menghasilkan parameter yang sesuai
untuk tegangan yang diinginkan. Rangkaian pengubah span dan
zero dapat dibuat dengan menggunakan rangkaian penjumlah
dan pembalik (inverting summer amplifier).

OFFSEZ

N ¥ 3
Iy i O %21
) - fﬂm
T
ﬂm/I.MT-HP 2 @

%30 R

ROS1 ROSZ RF 2%

3 = —

ik 66 K ) )
Gambar 3.2 Gambar skematik rangkaian zero-span

¥4 O

Rangkaian Zero-Span yang dirancang seperti pada gambar
3.2 Output sesuai sementara pada mikrokontroller adalah hanya
sebesar OV - 3.3V sedangkan pada servo dibutuhkan tegangan
amplifier sebesar (-2)V — (+2)V. Pada rangkaian Zero-Span yang
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dirancang, pengaturan tegangan output dapat diatur melalui Ri
yang ada pada rangkaian zero-span dengan Rf yang ditentukan,
dan Ros adalah mengatur tegangan penguat zero offset pada
rangkaian tersebut. Untuk mengeluarkan tegangan output sebesar
(-2) V — (+2) V dan tegangan input 0V — 3,3V, maka digunakan
rumus perancangan sebagai berikut :

menentukan nilai gradien
Vout max—Vout min

m= — YT TR UUP R (3.1)
Vin max—Vout min
2-(-2)
3,3-0
=1,2121
menentukan nilai resistor Rf, Ri, Ros, dan Rcomp
Rf diberi nilai 1KQ

Dan menentukan nilai Ri menggunakan rumus
Ri= — (3.2)

1,2121
=825,0124 Q

Maka Ri menggunakan potensiometer jenis multiturn 1KQ,

yang kemudian diatur nilainya menjadi §25,0124 Q

Menentukan nilai b

b=Voutmin—m=*Vinmin.............. (3.3
b =(-2)—(1,2121 = (0))
b= -2
Untuk mencari Ros dan menetapkan Vreff -15 V
Ros=LLL i (3.4)
1KQ+(—15)
- -2
= 7500 Q
Nilai resistor Rcomp merupakan nilai pararel Rf, Ri, dan Ros
Rcomp = Rf//Ri//ROS ....cccevvviiiiiiiiiainn, 3.5

Rcomp = 663.556,192Q
Pengujian dan data percobaan rangkaian zero span dapat dilihat
pada bab 4 tabel 4.2 pada sub bab 4.1
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Vin (0-3.3)
(E.£-0) niV
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Gambar 3.3 Gambar rangkaian zero-span (a) dan rangkaian wiring zero span (b)
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3.2.2 Rangkaian Push Pull komplementer

Rangkaian push pull pada tahap perancangan ini digunakan
sebagai penguat daya dan arus untuk mengendalikan servo valve,
dengan mengendalikan arus dari -100mA - 100mA pada vcc
+15V yang kemudian basis dari transistor diberi input +2V dari
rangkaian zero span dan mikrokontroller untuk mengatur
kebutuhan arus pada servo valve. Transistor yang digunakan
disini adalah transistor TIP 31 (NPN) dan TIP 32 (PNP). Pada
saat siklus input positif, maka basis-emitor transistor 1 mendapat
bias maju sehingga transistor 1 (TIP31) hidup sedangkan basis
emmiter Transistor 2 (TIP32) mendapat bias mundur (PNP).
Pada saat sinyal input berubah menjadi negatif, maka basis-
emitor T1 mendapat bias mundur (reverse bias) sehingga T1
mati, sedangkan basis-emittor T2 mendapat bias maju (Forward
bias) (PNP) sehingga Transistor 2 menjadi hidup. Rangkaian
skematik dapat dilihat pada gambar 3.4, pada gambar 3.5 adalah



rangkaian perancangan Yyang telah diintegrasikan dengan
rangkaian zero-span. Hasil dari pengujian yang diperoleh dari
rangkaian push pull kompemen ini ada pada tabel 4.9

T3
TIP31

L

T1
TIP32

r

Gambar 3.4 Gambar skematik rangkaian Push Pull komplementer

.............................

(b)
Gambar 3.5 Gambar zero-span yang telah terintegrasi dengan rangkaian push pull
komplenter (a) dan rangkaian wiring pada zero-span dan pushpul komplementer

(b)
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3.2.3 Rangkaian Inverting Amplifier

Rangkaian penguat inverting amplifier adalah penguat
yang digunakan sebagai pembalik dan rangkaian pengkondisi
sinyal sensor, karena sensor yang berupa motor DC dapat
bernilai negatif, maka diperlukan rangkaian inverting amplifer
sebagai pengkondisi sinyal agar terbaca pada mikrokontroller.
Dari table 4. yang menunjukkan keluaran tegangan dari
kecepatan sensor motor dc ini. Rangkaian inverting yang
dirancang dapat dilihat pada gambar 3.6, dengan penguatan 1x,
maka tegangan masukan dapat dibalik fasanya.

x3-1 O
X
[a}
x2-2 O— s{]¢ ”’E
x3-2 O— dd 1 1 &
x1-2 O 4 ’?\\57
11O Rl R7 | s O x21
10k z LF356N
x3-3 O—
R

10k
Gambar 3.6 Gambar skematik rangkaian Inverting Amplifier

3.2.4 Rangkaian integrasi perangkat driver servo valve
Rangkaian hardware dari driver servo valve terdiri atas
rangkaian zero-span dan rangkaian push pull komplementer.
Dari hasil tabel 4.7 pada sub bab 4.3 dapat dilihat bahwa
tegangan output yang dihasilkan ketika diberi beban ada ketidak
sesuaian rpm putar kanan dan putar Kiri, putar kanan cenderung
lebih sedikit dan lambat dibanding putar Kiri, selain itu arus yang
dihasilkan kurang memenuhi kebutuhan dari servo untuk
menggerakkan motor hidrolik. Maka dari itu perancangan driver
servo valve dirancang kembali dengan asumsi awal tegangan
keluaran dari keluaran zero-span menjadi (-2,2)V hingga (2,6)V.
berikut merupakan perhitungan perancangan terhadap rancangan

Zero span :
Vout max—Vout min

m= ———— T (3.6)

Vin max—Vout min




_2,6—(-22)

T 33-0

= 1,4545456
menentukan nilai resistor Rf, Ri, Ros, dan Rcomp
Rf diberi nilai 1KQ
Dan menentukan nilai Ri menggunakan rumus

Ri=2 (3.7)

1kQ

1,4545456
=687,4998 Q

Maka Ri menggunakan potensiometer jenis multiturn 1KQ, yang
kemudian diatur nilainya menjadi 687,4998 Q
Menentukan nilai b

b =Vout min —m * Vin min............. (3.8)
b= (-22)—-12121 = (0)
b= =272

Untuk mencari Ros dan menetapkan Vreff -15V
Ros= L2 i (3.9)
_ 1KQx(-15)
T 22
=6880,728 Q
Maka Ros dipilih resistor dengan nilai 6k8
Nilai resistor Rcomp merupakan nilai jumlah pararel Rf, Ri, dan
Ros
Rcomp = Rf//Ri//ROS .................. (...... 3.10)
Rcomp = 557.190,503Q
Rcomp dipilih menggunakan nilai resistansi S60KQ.
Hasil dari perancangan ke 2 zero-span dan rangkaian push-pull
komplementer dapat dilihat pada tabel 4.9
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BAB IV
PENGUJIAN DAN ANALISA DATA

Pengujian dan analisa data ini dilakukan untuk mengetahui
perancangan dan pembuatan telah tercapcai atau belum dan
melakukan proses evaluasi atas perancangan dan pembuatan alat.
Pengujian sistem yang dilakukan merupakan pengujian terhadap
perangkat keras dan perangkat lunak dari sistem secara keseluruhan
yang telah selesai untuk memastikan sistem yang akan digunakan
dapat berfungsi dengan baik sehingga akan bekerja secara optimal

4.1 Pengukuran Tegangan Keluaran Rangkaian Zero-Span

Pengukuran pertama merupakan pengukuran pada rangkaian
zero-span. Pengukuran ini dilakukan dengan cara mengukur tegangan
pada tegangan keluaran yang diinginkan yaitu sebesar (-2) V — (+2)
V. Dengan ketentuan resistor pada tabel 4.1 :

Tabel. 4.1 Resistor Rangkaian Zero-Span

Rf 1kQ
Ri 825Q
Ros 7500Q
Rcomp | 680kQ

Berikut merupakan hasil dari rangkaian Zero-span dengan input
tegangan dari power supply dan op-amp menggunakan ic LF356:

Tabel. 4.2 Pengukuran Rangkaian Zero-Span

No Vin Vout A

1 0 -1,92 div

2 0,12 -1,831 -15,258
3 0,2 -1,699 -8,495
4 0,33 -1,548 -4,6909
5 0,52 -1,335 -2,5673
6 0,73 -1,095 -1,5

7 0,97 -0,816 -0,8412
8 1,09 -0,657 -0,6028
9 1,24 -0,49 -0,3952
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10 1,45 -0,255 -0,1759
11 1,67 0 0

12 1,88 0,205 0,10904
13 2,06 0,38 0,18447
14 2,2 0,64 0,29091
15 24 0,9 0,375
16 2,52 0,99 0,39286
17 2,6 1,11 0,42692
18 2,8 1,301 0,46464
19 29 1,46 0,50345
20 3,01 1,562 0,51894
21 3,22 1,804 0,56025
22 3,31 1,917 0,57915

Pengukuran kedua pada pengukuran rangkaian zero-span
dengan menggunakan Vin disambungkan dengan modul DAC.

Tabel. 4.3 Hasil pengukuran Vout DAC dengan rangkaian Vout Zero-span

No Nilai Vout DAC Vout Zero-
Diskrit span (V)
1 1 1,1 mv -1,917
2 2 1,9 mv -1,917
3 3 2,8 mv -1,917
4 4 3,7 mv -1,917
5 5 4,5 mv -1,916
6 6 5,4 mv -1,916
7 7 6,3 mv -1,916
8 8 7,2 mv -1,916
9 9 8,0 mv -1,916
10 10 8,9 mv -1,916
11 50 43,7 mv -1,915
12 100 86,6 mv -1,915
13 500 0,41v -1,547
14 1000 0,81v -1,124
15 2000 1,63 v -0,195
16 3000 2,44 v 0.858
17 4000 3,25V 1,857
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Dengan data yang diperoleh kemudian dibandingkan dengan
teori yang ada dengan menggunakan rumus Vout rangkaian zero-span
persamaan 2.7 yang ada pada bab 2 yang dapat dilihat dihalaman.
Maka diperoleh data perhitungan sebagai berikut :

Tabel 4.4 Tabel Pengukuran dengan menggunakan rumus Zero-span

No | Vin Rf Ri Ros Rcomp Vout

1 0 1000 825 7500 | 663556 -2

2 | 0,12 | 1000 825 7500 | 663556 | -1,8545455
3 0,2 | 1000 825 7500 | 663556 | -1,7575758
4 | 0,33 | 1000 825 7500 | 663556 -1,6

5 | 0,52 | 1000 825 7500 | 663556 | -1,369697
6 | 0,73 | 1000 825 7500 | 663556 | -1,1151515
7 | 0,97 | 1000 825 7500 | 663556 | -0,8242424
8 | 1,09 | 1000 825 7500 | 663556 | -0,6787879

9 | 124 | 1000 825 7500 | 663556 | -0,4969697
10 | 1,45 | 1000 825 7500 | 663556 | -0,2424242
11 | 1,67 | 1000 825 7500 | 663556 | 0,0242424
12 | 1,88 | 1000 825 7500 | 663556 | 0,2787879
13 | 2,06 | 1000 825 7500 | 663556 | 0,4969697
14 | 2,2 | 1000 825 7500 | 663556 | 0,6666667
15 | 2,4 | 1000 825 7500 | 663556 | 0,9090909
16 | 2,52 | 1000 825 7500 | 663556 | 1,0545455
17 | 2,6 | 1000 825 7500 | 663556 | 1,1515152
18 | 2,8 | 1000 825 7500 | 663556 | 1,3939394
19 | 29 | 1000 825 7500 | 663556 | 1,5151515
20 | 3,01 | 1000 825 7500 | 663556 | 1,6484848
21 | 3,22 | 1000 825 7500 | 663556 | 1,9030303
22 | 3,31 | 1000 825 7500 | 663556 | 2,013225

Dengan perbandingan nilai yang didapat melalui pengukuran
dengan menggunakan rangkaian hardware dan secara rumus, maka
dibandingkan data yang diperoleh. Hasil perbandingan secara
perhitungan matematik teori dengan secara rangkaian zero-span yang
telah dibuat dapat dilihat pada tabel 4.4 sebagai berikut :
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Tabel 4.5 Tabel perbandingan secara teori dan secara rangkaian langsung

No | Vin | Voutsecara Vout pada Selisih (V)
V) teori (V) rangkaian (V)

1 0 -2 -1,92 -0,081

2 0,12 -1,8545455 -1,831 -0,0235455
3 0,2 -1,7575758 -1,699 -0,0585758
4 0,33 -1,6 -1,548 -0,052

5 0,52 -1,369697 -1,335 -0,034697
6 0,73 -1,1151515 -1,095 -0,0201515
7 0,97 -0,8242424 -0,816 -0,0082424
8 1,09 -0,6787879 -0,657 -0,0217879
9 1,24 -0,4969697 -0,49 -0,0069697
10 | 145 -0,2424242 -0,255 0,0125758
11 | 167 0,0242424 0 0,0242424
12 | 1,88 0,2787879 0,205 0,0737879
13 | 2,06 0,4969697 0,38 0,1169697
14 2,2 0,6666667 0,64 0,0266667
15 2,4 0,9090909 0,9 0,0090909
16 | 2,52 1,0545455 0,99 0,0645455
17 2,6 1,1515152 1,11 0,0415152
18 2,8 1,3939394 1,301 0,0929394
19 2,9 1,5151515 1,46 0,0551515
20 | 3,01 1,6484848 1,562 0,0864848
21 | 3,22 1,9030303 1,804 0,0990303
22 | 331 2,01 1,917 0,0951212

Dengan demikian, terdapat eror atau selisih dari hasil
perhitungan secara teori dengan hasil pengukuran pada rangkaian
yang telah dibuat yaitu 0,081V — 0,095V, namun tidak berpengaruh
signifikan pada sistem driver, selisih hasil tabel diatas dikarenakan
tidak adanya nilai yang sesuai nilai resistor yang ditemukan selain itu
nilai setiap komponen memiliki nilai toleransi masing-masing. Dari
perancangan ini, hasilnya sudah hampir memenuhi kriteria
perancangan yaitu tegangan masukan sebesar 0 V — 3,3 V dengan
tegangan keluaran sebesar (-2) V - (+2)V. Gambar grafik
perbandingan vout dengan vin zero sapan dapat dilihat pada gambar
4.1
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No. Data Pengukuran
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Gambar 4.1 Gambar grafik Vin dan VVout Rangkaian Zero-Span pada tabel 4.2
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4.2 Pengukuran Rangkaian Push Pull Komplementer
Pengukuran selanjutnya adalah pengukuran pada rangkaian
Push Pull Komplementer. Pengukuran ini dilakukan dengan cara
mengukur arus pada beban (load), dengan mengetahui arus beban
maka akan dapat menghitung arus yang mengalir pada beban. Beban
yang dipilih adalah mendekati beban resistansi servo valve sebesar 33
ohm. Berikut adalah hasil dari pengukuran Push Pull Komplementer

Tabel 4.6 Tabel Pengukuran Rangkaian Push Pull Komplementer

No Vin Vout Zero- | Hasil pengujian
DAC span Arus
1 0 -1,973 -36,3939
2 0,12 -1,83 -34,0606
3 0,2 -1,698 -31,8182
4 0,33 -1,508 -25,4848
5 0,52 -1,32 -23,3939
6 0,73 -1,078 -18,7879
7 0,97 -0,821 -15,5152
8 1,09 -0,74 -11,8182
9 1,24 -0,419 -7,87879
10 1,45 -0,194 -3,48485
11 1,73 0,278 0,090909
12 1,88 0,617 3,939394
13 2,06 1,1 8,181818
14 2,2 1,202 13,48485
15 2,4 141 16,24242
16 2,52 1,671 19,78788
17 2,6 1,712 24
18 2,8 1,87 29,09091
19 2,9 1,95 33,0303
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20 3,01 2 36,06061
21 3,22 -2,17 36,87879
22 3,3 -2,23 38,9697

Dilihat pada tabel 4.4 yang dihasilkan dari pengukuran
rangkaian Push Pull Komplementer, menunjukkan hasil yang jauh
dari arus yang diinginkan. Ini merupakan pengaruh digunakannya
resistor 33 Q yang hanya berdaya % watt dan rangkaian push-pull
komplementer ini mengatur arus dari input kaki basis transistor

4.3 Pengukuran Rangkaian integrasi perangkat driver servo

valve (bagian 1)

Pengujian rangkaian yang dimaksud disini adalah rangkaian
zero-span dan rangkaian push-pull komplementer yang digunakan
untuk mengendalikan aliran oli pada servo valve dan mengendalikan
gerakan motor hidrolik. Tabel 4.6 merupakan hasil pengujian
rangkaian driver servo valve dengan menggunakan input 0-3,3 V dari
mikrokontroller dan modul DAC dan outputnya mengendalikan buka
tutup servo valve.

Tabel 4.7 Tabel susunan resistor untuk zero-span perancangan driver servo
valve bagian 1

Rf 1kQ
Ri 825Q
Ros 7500Q
Rcomp | 680kQ

Tabel 4.8 Tabel hasil pengukuran rangkaian driver servo valve terhadap
beban servo valve.

No | Vin (V) Vout Zero- Vout setelah lout
Span (V) push pull (V) (mA)

0 -1,919 -1,26 -28.96

0,12 -1,831 -1,181 2812

0,2 -1,699 -1,05 2735
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0,33

-1,548

-0,92

4 -23,19
5 | 052 11,335 0,711 1692
6 | 073 1,095 20,421 073
7| 097 -0,816 -0,189 250
8 | 1,09 20,657 20,036 121
9 | 124 20,49 20,018 062
10| 145 -0,255 -0,002 004
11| 167 0 0,006 0
12| 188 0,205 0,029 0.00
13| 206 0,38 0,72 0.47
4| 22 0,64 0,172 151
15| 24 0,9 0,242 247
16| 252 0,99 0,354 482
17| 26 1,11 0,458 8.21
18| 28 1,301 0,651 1136
19| 29 1,46 0,817 15.81
20 | 3,01 1,562 0,01 10.74
21| 322 1,804 1,126 53.05
22| 331 1,017 1,173 28.27

Dari data diatas diperoleh pada tabel 4.8, menunjukkan hasil
integrasi rangkaian perangkat driver servo valve masih jauh dari yang
diinginkan untuk mengatur pergerakkan motor hidrolik. Untuk itu
dilakukan perancangan integrasi perangkat driver servo valve bagian
kedua yang dapat dilihat pada sub bab 4.4

4.4 Pengukuran Rangkaian integrasi perangkat driver servo
valve (bagian 2)
Dilihat dari pengujian rangkaian pada sub bab 4 Pengujian
rangkaian yang dimaksud disini adalah rangkaian zero-span dan
rangkaian push-pull komplementer dengan output dari rangkaian
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zero-span yang digunakan untuk mengendalikan aliran oli pada servo
valve dan mengendalikan gerakan motor hidrolik. Karena kebutuhan
arus terhadap gerak servo valve yang kurang dari kebutuhan. Maka
perancangan kedua dari driver servo valve ini dilakukan kembali
guna menguatkan arus pada servo valve

Tabel 4.9 Tabel susunan resistor untuk zero-span perancangan driver servo
valve bagian 1

Rf 1kQ
Ri 687,499Q
Ros 6800Q
Rcomp 560kQ

Tabel 4.10 Tabel hasil pengukuran rangkaian driver servo valve terhadap

beban servo valve dari perancangan ke 2.

Vin (V) Vout zero- Vout setelah Arus (mA)
span (V) rangkaian
push pull (V)

0 -1,973 -1,84 -84,2
0,12 -1,83 -1,665 -73,2
0,2 -1,698 -1,57 -66
0,33 -1,508 -1,403 -59,12
0,52 -1,32 -1,224 -40,85
0,73 -1,078 -1,019 -38,69
0,97 -0,821 -0,762 -32,5
1,09 -0,74 -0,677 -25,42
1,24 -0,419 -0,348 -16,91
1,45 -0,194 -0,119 -9,38
1,73 0,278 0,219 2,52
1,88 0,617 0,55 8,128
2,06 11 1,021 16,75
2,2 1,202 1,129 24,19
2,4 1,41 1,337 31,74
2,52 1,671 1,6 39,04
2,6 1,712 1,63 45,24
2,8 1,87 1,806 52,97
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2,9 1,95 1,88 60,81
3,01 2 191 67,93
3,22 -2,17 2,006 72,48
3,3 -2,23 2,03 80,67

Dari data diatas diperoleh pada tabel 4.9, menunjukkan hasil
integrasi rangkaian perangkat driver servo valve hamper mendekati
arus yang diinginkan untuk mengatur pergerakkan motor hidrolik
melalui servo valve. Perancangan untuk driver servo valve dapat
menggunakan perancangan pada bagian kedua ini.

4.5 Pengukuran Tegangan Generator DC Sebagai Sensor

Kecepatan

Pengujian ini ditujukan untuk membandingkan data sensor
kecepatan menggunakan alat ukur tachometer digital dengan
tegangan yang dihasilkan sensor kecepatan berupa generator DC agar
mendapatkan hasil yang diinginkan. Pada tabel 4.10 adalah hasil
pengukuran terhadap keluaran dari generator DC sebagai sensor
kecepatan. Hasil ini nantinya akan dijadikan sebagai pengambilan
data yang akan masuk pada HMI.

Tabel 4.11 Tabel hasil pengukuran keluaran generator dc sebagai sensor

kecepatan
Vout Sensor Kecepatan | Arah Putar
putaran berupa (RPM)
generator dc
V)
3,55 175 Kiri
3,51 170 Kiri
2,1 100 Kiri
0,299 78 Kiri
1,075 55 Kiri
0,91 48 Kiri
0,915 48 Kiri
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0,7 10,4 Kiri

0,65 34 Kiri

0,4 10,4 Kiri
0 0 Tidak

berputar

-0,33 26 Kanan
-0,9 49,7 Kanan
-1,02 57,9 Kanan
-1,82 90,2 Kanan
-2,087 102,5 Kanan
-2,43 139,2 Kanan
-2,78 156,2 Kanan
-3,17 175,2 Kanan
-3,24 182 Kanan
-3,44 195 Kanan
-3,45 197 Kanan
-3,521 201 Kanan
-3,521 201 Kanan

Dari data yang dihasilkan pada tabel 4.10 dapat diketahui
bahwa ketika sensor kecepatan yang berupa generator DC ini berputar
kearah kanan, maka tegangan akan bernilai negative, sedangkan
ketika berputar kearah kiri, maka tegangan akan bernilai positif. Dari
tabel 4.10 juga ditunjukkan nilai maksimum kecepatan putaran motor
hidrolik pada saat berputar kearah kanan adalah 201 Rpm pada
tegangan keluaran generator DC -3,521 V sedangkan nilai maksimum
kecepatan putaran motor hidrolik pada saat berputar kearah Kiri
adalah 175 Rpm pada tegangan keluaran generator DC +3,551V. nilai
minimum atau pada saat keadaan berhenti kecepatan pada kedua arah
tersebut adalah OV
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4.6 Pengukuran Tegangan Masukan Terhadap Kecepatan

Generator

Pengujian ini ditujukan untuk mengetahui tegangan input dari
mikrokontroller terhadap kecepatan generator DC sebagai sensor
kecepatan. Tabel 4.11 merupakan tabel pengukuran tegangan
mikrokontroller yang disambungkan dengan modul DAC dan
keluaran tegangan sensor keceptan Hasil ini nantinya akan dijadikan
sebagai pengambilan data yang akan masuk dan diproses pada HMI.
HMI akan mengambil data kecepatan motor hidrolik dari generator
DC.

Tabel 4.12 Tabel hasil pengukuran tegangan input dac dari
mikrokontroller dan tegagan output dari sensor putaran generator DC

Vout DAC Vout Zero-span dan Vout Sensor
V) Push Pull putaran
Komplementer (V) generator DC
V)

0 -1,68 3,55
0,02 -1,578 3,51
0,67 -0,557 2,1
0,88 -0,313 0,299

1 -0,275 1,075
1,2 -0,1 0,91
1,5 -0,0091 0,915
1,6 -0,0073 0,7
1,7 -0,0051 0,65
1,8 0,0021 0,4
1,948 0 0
2,1 0,655 -0,33
2,2 0,805 -0,9
2,3 0,809 -1,02
2,4 1,12 -1,82
2,5 1,28 -2,087
2,6 1,44 -2,43
2,7 1,59 -2,78
2,8 1,746 -3,17
29 1,89 -3,24
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3,05 1,98 3,44
3,1 2,08 -3,45
3,19 2,18 -3,521
33 2,18 -3,521

Dari hasil pengujian pada tabel 4.11, dapat diketahui bahwa
sensor kecepatan nilai maksimum kecepatan putaran motor hidrolik
pada saat berputar kearah kanan adalah 201 Rpm pada tegangan
keluaran generator DC -3,521 V sedangkan nilai maksimum
kecepatan putaran motor hidrolik pada saat berputar kearah Kiri
adalah 175 Rpm pada tegangan keluaran generator DC +3,551V. nilai
minimum atau pada saat keadaan berhenti kecepatan pada kedua arah
tersebut adalah OV

4.7 Pengujian Integrasi Semua Perlatan Secara Keseluruhan

Pada pengujian sistem secara keseluruhan, semua perangkat
driver servo valve yang terdiri atas rangkaian rangkaian Zero-span,
rangkaian push pull komplementer, rangkaian modul DAC, dan
sensor kecepatan. Pengujian ini dilakukan untuk mengetahui kinerja
dari kinerja pada keseluruhan rangkaian pada sistem.

Tabel 4.13 tabel hasil pengukuran seluruh rangkaian dan sensor kecepatan

Nilai Vout Vout Vout Kecepatan | Arah
diskrit | DAC | rangkai | Sensor (RPM) Putar
DAC V) an putaran
driver | generato
Servo rdc (V)
valve
V)
0 0 -1,68 3,55 175 Kiri
25 0,02 -1,578 3,51 170 Kiri
832 0,67 -0,557 2,1 100 Kiri
1100 0,88 -0,313 0,299 78 Kiri
1250 1 -0,275 1,075 55 Kiri
1500 1.2 -0,1 0,91 48 Kiri
1875 15 -0,0091 0,915 48 Kiri
2000 1,6 -0,0073 0,7 10,4 Kiri
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2125 1,7 -0,0051 0,65 34 Kiri
2250 1,8 0,0021 0,4 10,4 Kiri
2435 1,948 0 0 0 Tidak
berputa
r
2625 2,1 0,655 -0,33 26 Kanan
2750 2,2 0,805 -0,9 49,7 Kanan
2875 2,3 0,809 -1,02 57,9 Kanan
3000 2,4 1,12 -1,82 90,2 Kanan
3125 2,5 1,28 -2,087 102,5 Kanan
3250 2,6 1,44 -2,43 139,2 Kanan
3375 2,7 1,59 -2,718 156,2 Kanan
3500 2,8 1,746 -3,17 175,2 Kanan
3625 2,9 1,89 -3,24 182 Kanan
3750 3,05 1,98 -3,44 195 Kanan
3875 3,1 2,08 -3,45 197 Kanan
4000 3,19 2,18 -3,5621 201 Kanan
4095 3,3 2,18 -3,5621 201 Kanan

Dari hasil pada tabel 4.12 dapat dilihat bahwa sistem berjalan
sudah hampir mendekati yang diinginkan yaitu mengatur kecepatan
dengan menggunakan nilai DAC vyang diperintahkan oleh
mikrokontroller. Servo valve akan menahan aliran oli dan tidak
menggerakkan sama sekali motor hidrolik pada tegangan DAC
1,948V dengan nilai diskrit 2435.
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BAB V
PENUTUP

5.1 Kesimpulan

Setelah melakukan tahap perancangan dan pembuatan

sistem yang kemudian dilanjutkan dengan tahap pengujian dan
analisa maka dapat diambil kesimpulan sebagai berikut:

Modul Elektro Hidrolik Servomechanism (EHS 160) telah
bekerja dan  dapat dikendalikan  menggunakan
mikrokontroller dan rangkaian driver servo valve amplifier
yang terdiri atas rangkaian zero-span dan rangkaian push-
pull komplementer.

Pada perancangan driver servo valve arus yang dibutuhkan
dari -100mA hingga +100mA, dengan keterangan tersebut
perancangan yang telah dibuat pada proses perancangan
cukup berhasil mengendalikan servo valve walaupun arus
yang dihasilkan mendekati hasil yang diinginkan yaitu
dengan -85mA hinggan +80mA. Dengan batas tegangan
masuk pada servo valve adalah (-2) V — (+2) V, maka
rangkaian zero-span dapat digunakan sebagai pilihan untuk
mengkonversi tegangan yang kita inginkan.

5.2 Saran

1.

Masih banyak kekurangan dari tugas akhir ini seperti sensor
yang digunakan hanya satu yaitu sensor kecepatan yang
menggunakan motor DC sebagai Tachometer. Sedangkan
sensor yang belum terbaca adalah sensor posisi dan tiga
sensor tekanan lainnya. Jika ingin menggunakan modul
hidrolik ini untuk mengambil data posisi dan tekanan
disarankan untuk melanjutkan  penelitian  dengan
mengambil topik pembacaan sensor posisi dan tekanan
pada modul hidrolik ini.

Pada pencarian data alat atau datasheet peralatan yang ada
pada modul ini terdapat kesulitan, yaitu tidak adanya
datasheet servo valve dan hanya dapat dibaca kasar pada
buku petunjuk penggunaan EHS160, yang mengkibatkan
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lamanya proses identifikasi terhadap servo valve. Untuk itu
disarankan agar pada penelitian selanjutnya melengkapi
data yang belum ada, seperti sensor posisi dengan
syncronous, sensor tekanan, sensor aliran, jenis air dryer,
dan rangkaian elektro mekanik EHS 160.
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LAMPIRAN
DATASHEET

A. Datasheet DAC MCP4725.

MICROCHIP

MCP4725

12-Bit Digital-to-Analog Converter with EEPROM Memory
in SOT-23-6

Features

12-Bit Resolution

On-Board Non-Volatile Memory (EEPROM)

+0.2 LSB DNL (typical)

External A0 Address Pin

Normal or Power-Down Mode

Fast Settling Time of 6 ps (typical)

External Voltage Reference (Vpp)

Rail-to-Rail Output

Low Power Consumption

Single-Supply Operation: 2.7V to 5.5V

12C™ Interface:

- Eight Available Addresses

- Standard (100 kbps), Fast (400 kbps), and
High-Speed (3.4 Mbps) Modes

Small 6-lead SOT-23 Package

Extended Temperature Range: -40°C to +125°C

Applications

Set Point or Offset Trimming

Sensor Calibration

Closed-Loop Servo Control

Low Power Portable Instrumentation
PC Peripherals

Data Acquisition Systems

Block Diagram

12C Interface Logic

+

| Power-on
Reset
Charge
Pump

v

DAC Register

Power-down
Control

DESCRIPTION

The MCP4725 is a low-power, high accuracy. single
channel, 12-bit buffered voltage output Digital-to-Ana-
log Convertor (DAC) with non-volatile memory
(EEPROM). Its on-board precision output amplifier
allows it to achieve rail-to-rail analog output swing.

The DAC input and configuration data can be
programmed to the non-volatile memory (EEPROM) by
the user using 12C interface command. The non-volatile
memory feature enables the DAC device to hold the
DAC input code during power-off time, and the DAC
output is available immediately after power-up. This
feature is very useful when the DAC device is used as
a supporting device for other devices in the network.
The device includes a Power-On-Reset (POR) circuit to
ensure reliable power-up and an on-board charge
pump for the EEPROM programming voltage. The
DAC reference is driven from VDD directly. In
power-down mode, the output amplifier can be config-
ured to present a low, medium, or high resistance out-
put load.

The MCP4725 has an external A0 address pin. This AQ
pin can be tied to VDD or Vss of the user's application
board.

The MCP4725 has a two-wire [2C™ compatible serial
interface for standard (100 kHz), fast (400 kHz), or high
speed (3.4 MHz) mode.

The MCP4725 is an ideal DAC device where design
simplicity and small footprintis desired, and for applica-
tions requiring the DAC device settings to be saved
during power-off time.

The device is available in a small 6-pin SOT-23
package.

Package Type
SO0T-23-6

[ 6] A0
[5] scL
[4] spa

Vour [T]

© 2007 Microchip Technology Inc
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PRODUCT IDENTIFICATION SYSTEM

To order or obtain information, e.g., on pricing or delivery, refer to the factory or the listed sales office

Device Address  Tape and Temperature Package
Options Reel Range
Device: MCP4725:  Single Channel 12-Bit DAC w/EEPROM
Memory
Address Options: XX A2 Al A0
A0t = 0 0 External
Al = 0 1 External
A2 L 1 o External
A3 = 1 i External
* Default option. Contact Microchip factory for other
address oplions
Tape and Reel: T = Tapeand Reel
Temperature Range: E = -40°Cto +125°C
Package: CH = Plastic Small Outline Transistor (SOT-23-6),
6-lead

Examples:
a) MCP4725A0T-E/CH:

b)  MCP4725A1T-E/CH:

c) MCP4725A2T-E/CH

d)  MCP4725A3T-E/CH

Tape and Reel,
Extended Temp.,
6LD SOT-23 pkg.
Addross Option = A0
Tape and Reel,
Extended Temp.,
6LD SOT-23 pkg.
Address Option = At
Tape and Reel,
Extended Temp.,
6LD SOT-23 pkg.
Address Option = A2
Tape and Reel,
Extended Temp.,
6LD SOT-23 pkg.
Address Option = A3

© 2007 Microchip Technology Inc.
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6-Lead Plastic Small Outline Transistor (CH) [SOT-23]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging
| b j-—
A
I S
| f
‘ ’ E1 \
L7 A "
PIN 1 1D BY | |
wsermark | [ ] T
I 2 3 r
—— o]
el
fe— D———=
[ | i r
=
A ‘ | 7 A2 ) \ ]
o L1 | \
‘ 7
A1 <T =ik
—= L1
Units MILLIMETERS
Di Limits MIN NOM MAX
Number of Pins. N 6
Pitch e 0.95 BSC
Outside Lead Pitch el 1.90 BSC
Overall Height A 0.90 - 1.45
Molded Package Thickness A2 0.89 = 1.30
Standoff Al 0.00 - 0.15
Overall Width E 2.20 - 3.20
Molded Package Width E1 1.30 = 1.80
Overall Length D 270 - 3.10
Foot Length L 0.10 - 0.60
Footprint L1 0.35 - 0.80
Foot Angle [ 0° = 30°
Lead Thickness c 0.08 - 0.26
Lead Width b 0.20 - 051
Notes:

1. Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed 0.127 mm per side

2. Dimensioning and tolerancing per ASME Y 14.5M.

BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing C04-028B

DS22039C-page 36
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10.0 PACKAGING INFORMATION

10.1

Package Marking Information

6-Lead SOT-23

(1101

XXNN

Example

(1 [1[]

oo

Part Number Addr.ess Code
Option

MCP4725A0T-E/CH A0 (00) AJNN

MCP4725A1T-E/CH A1(01) APNN

MCP4725A2T-E/CH A2 (10) AQNN

MCP4725A3T-E/CH A3 (11) ARNN

Legend: XX..X Customer-specific information
Year code (last digit of calendar year)
YY Year code (last 2 digits of calendar year)

ww Week code (week of January 1 is week ‘01)
NNN  Alphanumeric traceability code
e3 Pb-free JEDEC designator for Matte Tin (Sn)

* This package is Pb-free. The Pb-free JEDEC designator (e3)
can be found on the outer packaging for this package.

Note:

In the event the full Microchip part number cannot be marked on one line, it will
be carried over to the next line, thus limiting the number of available
characters for customer-specific information.

© 2007 Microchip Technology Inc.
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9.0 DEVELOPMENT SUPPORT

9.1 Evaluation & Demonstration
Boards

The MCP4725 SOT-23-6 Evaluation Board is available
from Microchip Technology Inc. This board works with
Microchip's PICkit™ Serial Analyzer. The user can
program the DAC input codes and EEPROM data, or
read the programmed data using the easy to use PICKkit
Serial Analyzer with the Graphic User Interface soft-
ware. Refer to www.microchip.com for further informa-
tion on this product's capabilities and availability.

FIGURE 9-1:
Evaluation Board.

MCP4725 SOT-23-6

FIGURE 9-2: Setup for the MCP4725
SOT-23-6 Evaluation Board with PICkit™ Serial
Analyzer.

Wiow: Basc | Communications: Basc Operatons

Example 12C Scripts

| Sciipt Name he
e
| (CP4725_EEWrte ’Mh 8

- aBlockAddins
| Save Script
e
| Clea Scipt_|

3rd Write Me

\ Del User Scripts

( ath write Byte )

< PiCkit Serial - 12C Master Mode

Communications  PICKt Serial Anakyzer  DemoBoards  User Defned Tempiates  View  Widow  Help.

Reset

—'

/T:

Use12C Sciits

MCP725 Fead
MCP4725 Read EE
MCPAT25802d W

FIGURE 9-3:

Example of PICkit™ Serial User Interface.

DS22039C-page 34
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8.5.4.1 Design a Bipolar DAC using
Example 8-3

Some applications desires an output step magnitude of
1 mV with an output range of +2.05V. The following
steps explain the design solution:

1. Calculate the range: +2.05V —(-2.05V) = 4.1V.

2. Calculate the resolution needed:
4.1V/1 mV = 4100
Since 2'2 = 4096 for 12-bit resolution

3. The amplifier gain (Ro/R4), multiplied by Vpp,
must be equal to the desired minimum output to
achieve bipolar operation. Since any gain can
be realized by choosing resistor values (R4+Rj)
the Vpp value must be selected first. If a Vpp of
4.1V is used, solve for the amplifier's gain by
setting the DAC to 0, knowing that the output
needs to be -2.05V. The equation can be

simplified to:
R, B R, |
& Ton R 3

If Ry =20 k2 and R, = 10 k<, the gain will be 0.5.

4. Next, solve for Rz and R4 by setting the DAC to
4096, knowing that the output needs to be
+2.06V.
Ry _2051+(05-Tpp) _2
Ry +Ry) 15-1pp

v

If Rq = 20 k<2, then R3 = 10 kQ

DS22039C-page 32
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854 BIPOLAR OPERATION

Bipolar operation is achievable using the MCP4725 by
using an external operational amplifier (op amp). This
allows a general purpose DAC, with its cost and
availability advantages, to meet almost any desired
output voltage range, power and noise performance.

Example 8-3 illustrates a simple bipolar voltage source
configuration. Ry and R; allow the gain to be selected,
while Rz and Ry shift the DAC's output to a selected
offset. Note that R4 can be tied to Vpp (= Vggg) instead
of Vgg, if a higher offset is desired. Note that a pull-up
to Vpp could be used, instead of Ry, if a higher offset is

desired.
? Voo
MCP4725
TVour  ACIBIS ﬁ To MCU
Vss  SCL (MASTER)
Vpop SDA[Z Rz
Voo
v Voo
0.1 yF =10 pF
I Ry
l'()( o
Ve =

EXAMPLE 8-3:

Digitally-Controlled Bipolar Voltage Source.

® 2007 Microchip Technology Inc.
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853 BUILDING A "WINDOW' DAC

Some sensor applications require very high resolution
around the set point or threshold voltage.

Example 8-2 shows an example of creating a “window"
around the threshold using a voltage divider network
with a pull-up and pull-down resistor. In the circuit, the
output voltage range is scaled down, but its step reso-
lution is increased greatly.

MCP4725
—[MVour A0
3|Vss  SCL[? To MCU
3|Vpp  SDA (MASTER)

Voo
10 pF

0.1 4F T
vov ¢

Vees

Veor  Reomso ‘

Rs = Comparator
Vout Virip
M

R, 0.1pF jL: Vee-

g

Vee.
V. =, i)_
our upzu where D = DAC Input Code (0 — 4095)
] e R, :
' Thevenin il Vour Vo !
 Equivalent '
' - Ry R Ras
: » = Vourle + Vsl :
Virip = BT T \Z
EXAMPLE 8-2: Single-Supply “Window” DAC.
DS22039C-page 30 ® 2007 Microchip Technology Inc.

50



MCP4725

852 DECREASING THE OUTPUT STEP
SIZE

Calibrating the threshold of a diode, transistor or
resistor may require a very small step size in the DAC
output voltage. These applications may require about
200 WV of step resolution within 0.8V of range

One method of achieving this small step resolution is

using a voltage divider at the DAC output. An example
is shown in Example 8-1. The step size of the DAC out-

put is scaled down by the factor of the ratio of the volt-
age divider. Note that the bypass capacitor on the
output of the voltage divider plays a critical function in
attenuating the output noise of the DAC and the
induced noise from the environment.

MCP4725

o 5] =]
<
1)
&
S
3

(Ceramic) (Tantalum)
Rsens

(MASTER)

Voo
0.1 yF =10 yF Light Voo
A W

D — Input Code (0 to 4095)

; o ccipdD)
Vour = Voo * 3096

5 ; R,
Virp = Iu(:r(m)

Comparator

EXAMPLE 8-1:

Set Point Or Threshold Calibration.

®© 2007 Microchip Technology Inc.
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8.2 Using Non-Volatile EEPROM
Memory

The user can store the DAC input code (12 bits) and
power-down configuration bits (2 bits) in the internal
non-volatile EEPROM memory using the 1°C write
command. The user can also read the EEPROM data
using the 12C read command. When the device is first
powered after power is shut down, the device uploads
the EEPROM contents to the DAC register automati-
cally and provides the DAC output immediately. This
feature is very useful in applications where the DAC
device is used to provide set point or calibration data for
other devices in the application system. The DAC will
not lose the important system operational parameters
due to the system power failure incidents. See
Section 5.6 “Non-Volatile EEPROM Memory” for
more details of the non-volatile EEPROM memory.

8.3  Power Supply Considerations

The power supply to the device is used for both Vpp
and DAC reference voltage. Any noise induced on the
Vpp line can affect on the DAC performance. Typical
application will require a bypass capacitor in order to
filter out high frequency noise on the Vpp line. The
noise can be induced onto the power supply’s traces or
as a result of changes on the DAC output. The bypass
capacitor helps to minimize the effect of these noise
sources on signal integrity. Figure 8-1 shows an
example of using two bypass capacitors (a 10 uF
tantalum capacitor and a 0.1 uF ceramic capacitor) in
parallel on the Vpy line. These capacitors should be
placed as close to the Vpp pin as possible (within
4 mm).

The power source should be as clean as possible. Ifthe
application circuit has separate digital and analog
power supplies, the Vpp and Vgg pins of the MCP4725
should reside on the analog plane.

8.4 Layout Considerations

Inductively-coupled AC transients and digital switching
noise from other devices can affect on DAC
performance and DAC output signal integrity. Careful
board layout will minimize these effects. Bench testing
has shown that a multi-layer board utilizing a low-induc-
tance ground plane, isolated inputs, isolated outputs
and proper decoupling are critical to achieving the
performance thatthe MCP4725 is capable of providing.
Particularly harsh environments may require shielding
of critical signals. Separate digital and analog ground
planes are recommended. In this case, the Vgg pin and
the ground pins of the Vpp capacitors of the MCP4725
should be terminated to the analog ground plane.

8.5  Application Examples

The MCP4725 is a rail-to-rail output DAC designed to
operate with a Vpp range of 2.7V to 5.5V. Its output
amplifier is robust enough to drive common, small-sig-
nal loads directly, thus eliminating the cost and size of
an external buffer for most applications.

851 DC SET POINT OR CALIBRATION

A common application for the MCP4725 is a
digitally-controlled set point or a calibration of variable
parameters such as sensor offset or bias point.
Example 8-1 shows an example of the set point setting.
Since the MCP4725 is a 12-bit DAC and uses the Vpp
supply as a reference source, it provides a Vpp/4096 of
resolution per step.

DS22039C-page 28
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8.0 TYPICAL APPLICATIONS

The MCP4725 device is one of Microchip’s latest DAC
device family with non-volatiie EEPROM memory. The
device is a general purpose resistive string DAC
intended to be used in applications where a precision,
and low power DAC with moderate bandwidth is
required.

Since the device includes non-volatie EEPROM
memory, the user can use this device for applications
that require the output to return to the previous set-up
value on subsequent power-ups.

Applications generally suited for the MCP4725 device
family include:

= Set Point or Offset Trimming

« Sensor Calibration

+ Portable Instrumentation (Battery Powered)
+ Motor Speed Control

8.1 Connecting to I’C BUS using
Pull-Up Resistors

The SCL and SDA pins of the MCP4725 are open-drain
configurations. These pins require a pull-up resistor as
shown in Figure 8-1. The value of these pull-up
resistors depends on the operating speed (standard,
fast, and high speed) and loading capacitance of the
12C bus line. Higher value of pull-up resistor consumes
less power, but increases the signal transition time
(higher RC time constant) on the bus. Therefore, it can
limit the bus operating speed. The lower resistor value
on the other hand, consumes higher power, but allows
higher operating speed. If the bus line has higher
capacitance due to long bus line or high number of
devices connected to the bus, a smaller pull-up resistor
is needed to compensate the long RC time constant.
The pull-up resistor is typically chosen between 1 k(2
and 10 k<2 ranges for standard and fast modes, and
less than 1 kQ for high speed mode.

Voo
MCP4725
Analog []Vour AV[ET Y,
Output Vss  SCL[S R
3|vpp  SDA[4 R
To MCU
(MASTER)
=0.1 pF ==10 pF
% WF 10 4
v
Note 1: R is the pull-up resistor. Typically
1~10kQ
2: AO can be tied to Vgg, Vg or driven by
MCU
FIGURE 8-1: I2C Bus Interface

Connection with A0 pin tied to Vgs.

Two devices with the same A2 and A1 address bits can
be connected to the same I2C bus by utilizing the A0
address pin (Example: AO pin of device A is tied to Vpp,
and the other device's pin is tied to Vss.)

8.1.1 DEVICE CONNECTION TEST

The user can test the presence of the MCP4725 on the

12C bus line without performing the data conversion.

This test can be achieved by checking an acknowledge

response from the MCP4725 after sending a read or

write command. Here is an example using Figure 8-2:

(a) Setthe RAW bit “HIGH" in the address byte.

(b) Ifthe MCP4725 is connected to the 1°C bus line, it
will then acknowledge by pulling SDA bus LOW
during the ACK clock and then release the bus
back to the I°C Master.

(c) ASTOP orrepeated START bit can then be issued
from the Master and 12C communication can con-
tinue.

Address Byte

I

I

I

3 1

I

‘ )

start ————~— tart
Bl pevice bits Address bits Bit

MCP4725
Response

12C Bus Connection Test.

FIGURE 8-2:

® 2007 Microchip Technology Inc.
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T=—» ThiGH

scL. —— Tsusta ﬂ

Tiow i Tsu.par
SDA [ T s7A sl |
Tsp
1
Taa
FIGURE 7-4: 12C Bus Timing Data.
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TABLE 7-1; 12C SERIAL TIMING SPECIFICATIONS (CONTINUED)
Electrical Specifications: Unless otherwise specified, all limits are specified for Ty =-40 to +85°C, Vpp = +2.7V to +5.0V, Vgg = OV.
Parameters Sym Min Typ ‘ Max ‘ Units ‘ Conditions
High Speed Mode (Note 5)
Clock frequency fscL 0 — 34 MHz 100 pF
1.7 MHz | Cy, =400 pF
Clock high time Thig ) — = ns | Cp,=100pF
120 ns | Cp=400pF
Clock low time TLow 160 — = ns | C,=100pF
320 Cp, = 400 pF
SCL rise time (Note 1) R — — 40 ns From V_to V};4,Cp, = 100 pF
80 Cp, = 400 pF
SCL fall time (Note 1) TF — — 40 ns From Vi to V) ,Cp, = 100 pF
80 Cp = 400 pF
SDA rise time (Note 1) TR DAT — — 80 ns From V,_to V|4,C, = 100 pF
160 Cy, = 400 pF
SDA fall time (Note 1) TE DATA — — 80 ns From Vyto V),Cy, = 100 pF
160 Cy, = 400 pF
START condition hold time THD:STA 160 — — ns After this period, the first clock
pulse is generated
Repeated START condition Tsusta 160 — == ns Only relevant for repeated Start
setup time condition
Data hold time (Note 4) THD.DAT 0 - 70 ns Cy, =100 pF
0 150 Cy, = 400 pF
Data input setup time TSUDAT 10 — — ns
STOP condition setup time TsU-sTO 160 — — ns
STOP condition hold time T4D.STD 160 — —_ ns
Output valid from clock TAA = = 150 ns | Cp=100pF
(Notes 2 and 3) 310 Cp, = 400 pF
Bus free time Tays 160 — —_ ns Time between START and STOP
conditions.

Note 1: This

is ensured by

and not 100% tested

2:  This specification is not a part of the 12C specification. This specification is equivalent to the Data Hold Time (T par)
plus SDA Fall (or rise) time: Taa = Tupnar + Tr (OR Tg)
3: Ifthis parameter is too short, it can create an unintended Start or Stop condition to other devices on the bus line. If this
parameter is too long, Clock Low time (T o) can be affected.
4: For Data Input: This parameter must be longer than tgp. If this parameter is too long, the Data Input Setup (Tgy.par) or
Clock Low time (T_op) can be affected
For Data Output: This parameter is characterized, and tested indirectly by testing Ty, parameter.
§:  All timing parameters in high-speed modes are tested at Vo = 5V.

© 2007 Microchip Technology Inc.
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TABLE 7-1: 12C SERIAL TIMING SPECIFICATIONS
P Unless specified, all limits are specified for Ty = -40 to +85°C. Vpp = +2.7V to +5.0V. Vgg = OV.
Parameters ‘ Sym | Min Typ \ Max | Units l Conditions
Standard Mode
Clock frequency fscL 0 — 100 kHz
Clock high time THIGH 4000 — — ns
Clock low time TLow 4700 — — ns
SDA and SCL rise time (Note 1) R — — 1000 ns From V to Vi
SDA and SCL fall time (Note 1) TE — — 300 ns From V to V)
START condition hold time Tyn:STA 4000 — — ns After this period, the first clock
pulse is generated.
Repeated START condition TSUSTA 4700 — — ns Only relevant for repeated Start
setup time condition
Data hold time (Note 3) TuD DAT 0 — 3450 ns
Data input setup time Tau-paT 250 — — ns
STOP condition setup time TsusTo 4000 — — ns
STOP condition hold time THD:STO 4000 — — ns
Output valid from clock TaA 0 — 3750 ns
(Notes 2 and 3)
Bus free time TeuUF 4700 — — ns Time between START and STOP
conditions.
Fast Mode
Clock frequency TscL 0 — 400 kHz
Clock high time THicH 500 — — ns
Clock low time TLow 1300 — — ns
SDA and SCL rise time (Note 1) R 20+0.1Cb —_; 300 ns From V to Vi
SDA and SCL fall time (Note 1) TE 20+0.1Cb — 300 ns From V to V)
START condition hold time THD.STA 600 - - ns After this period, the first clock
pulse is generated
Repeated START condition TSUSTA 600 — — ns Only relevant for repeated Start
setup time condition
Data hold time (Note 4) THDDAT 0 = 900 ns
Data input setup time TSUDAT 100 — — ns
STOP condition setup time Tsu.sTO 600 — — ns
STOP condition hold time THR'STD 600 — — ns
Output valid from clock TaA 0 - 1200 ns
(Notes 2 and 3)
Bus free time TRUF 1300 — — ns Time between START and STOP
conditions.
Note 1: This parameter is ensured by characterization and not 100% tested.

2:  This specification is not a part of the 12C

This

is

plus SDA Fall (or rise) time: Tgn = Typoar + T (OR Tr).
3:  Ifthis parameter is too short, it can create an unintended Start or Stop condition to other devices on the bus line. If this
parameter is too long, Clock Low time (T o) can be affected
4:  For Data Input: This parameter must be longer than tgp. If this parameter is too long, the Data Input Setup (Tgy zat) or
Clock Low time (T| o) can be affected.
For Data Output: This parameter is characterized. and tested indirectly by testing Tas parameter.
5:  Alltiming parameters in high-speed modes are tested at Vpp = 5V.

to the Data Hold Time (7yp:par)

DS22039C-page 24
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755 ACKNOWLEDGE

Each receiving device, when addressed, is obliged to
generate an acknowledge after the reception of each
byte. The master device must generate an extra clock
pulse which is iated with this dge bit.

The device that acknowledges, has to pull down the
SDA line during the acknowledge clock pulse in such a
way that the SDA line is stable LOW during the HIGH
period of the acknowledge related clock pulse. Of

course, setup and hold times must be taken into
account. During reads, a master must send an end of
data to the slave by not generating an acknowledge bit
on the last byte that has been clocked out of the slave.
In this case, the slave (MCP4725) will leave the data

line HIGH to enable the master to generate the STOP
condition.

(A) (B)

- (D) (D) ©) A
P Dﬁg,_
,

START ADDRESS OR DATA STOP
CONDITION ACKNOWLEDGE ~ALLOWED CONDITION
VALID TO CHANGE

FIGURE 7-3:

Data Transfer Sequence On The Serial Bus.

© 2007 Microchip Technology Inc.
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7.0  12C SERIAL INTERFACE
COMMUNICATION

71 OVERVIEW

The MCP4725 device uses a two-wire 1°C serial
interface that can operate on a standard, fast or high
speed mode. A device that sends data onto the bus is
defined as transmitter, and a device receiving data as
receiver. The bus has to be controlled by a master
device which generates the serial clock (SCL), controls
the bus access and generates the START and STOP
conditions. The MCP4725 device works as slave. Both
master and slave can operate as transmitter or
receiver, butthe master device determines which mode
is i d. An ple of d connection
diagram is shown in Figure 8-1. Communication is
initiated by the master (microcontroller) which sends
the START bit, followed by the slave address byte. The
first byte transmitted is always the slave address byte,
which contains the device code, the address bits, and
the RAW bit. The device code for the MCP4725 device
is 1100.

When the device receives a read command (R/W = 1),
it transmits the contents of the DAC input register and
EEPROM. A non-acknowledge (NAK) or repeated start
bit can be transmitted at any time. See Figure 6-3 for
the read operation example. If writing to the device (R/
W = 0), the device will expect write command type bits
in the following byte. See Figure 6-1 and Figure 6-2 for
the write operation examples.
The MCP4725 supports all three 12C operating modes:
+ Standard Mode: bit rates up to 100 kbit/s
+ Fast Mode: bit rates up to 400 kbit/s
+ High Speed Mode (HS mode): bit rates up to

3.4 Mbit/s

Refer to the Phillips 1°C document for more details of
the 12C specifications.

7.2 Device Addressing

The address byte is the first byte received following the
START condition from the master device. The first part
of the address byte consists of a 4-bit device code
which is setto 1100 for the MCP4725. The device code
is followed by three address bits (A2, A1, AQ) which are
programmed as follows:

The choice of A2 and A1 bits are provided by the
customer as part of the ordering process. These
bits are then programmed (hard-wired) during
manufacturing

The A2 and A1 are programmed to ‘00’ (default),
if not requested by customer

AO bit is determined by the logic state of A0 pin
The AO pin can be tied to Vpp or Vgs, or can be
actively driven by digital logic levels. The advan-
tage of using the A0 pin is that the users can con-
trol the AQ bit on their application PCB circuit and
also two identical MCP4725 devices can be used
on the same bus line.

When the device receives an address byte, it compares
the logic state of the AO pin with the AO address bit
received before responding with the acknowledge bit.
The logic state of the AQ pin needs to be set prior to the
interface communication.

Acknovdedge bit
Start bit
o Read/Wiite bit \

| |<— Slave Address —%——‘R/W|ACK|

| % Address Byle -~

Slave Address for MCP4725
Device Code Address Bits

o 0 A2| A1| A0

ik

Note: A2 and A1: Programmed (hard-wired) at the factory.
Please Contact Microchip Technology Inc. for A2 and
A1 programming options.
A0: Use the logic level state of AO pin

FIGURE 7-1: Device Addressing

© 2007 Microchip Technology Inc
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6.2 READ COMMAND

If the RAW bit is set to a logic “high", then the device
outputs on SDA pin, the DAC register and EEPROM
data. Figure 6-3 shows an example of reading the
register and EEPROM data. The 2nd byte in Figure 6-3
indicates the current condition of the device operation.
The RDY/BSY bit indicates EEPROM writing status
The RDY/BSY bit stays low during EEPROM writng
and high when the writing is completed..

ACK (MCP4725) ACK (Master) ———— ACK (Master)
Read Command ‘
1st byte 2nd byte 3rd byte v 4th byte

.[‘1 |1 ]o |o A2IA1|A0! 1 ]II_S%”]PORI X|X‘X[PD1}PDO|X"I!DII1D10|09108‘D7ID6 |na|nz1mloulx[x[x x‘l

i P PRW | 5 Bl L

: ) i Current Settings DAC register Data (12 bits) 3
Device Code Address Bits in DAC Register '

Start Bit See Note 2 :

EEPROM Write Status Indicate Bit
(1: Completed, 0: Incomplete)
5 o T o R S Sl
Stop

i

i

|

‘ ACK (Master) o
i

i 5th byte 6th byte v

i

—p{x'PD1|PDoIX|D|1 ]mu‘ns|oa|l|o7‘os EEEE DO‘I.
>

EEPROM Data

Note 1: Bytes 2 - 6 are repeated in repeat bytes after byte 6.
2: Xis don't care bit.

FIGURE 6-3: Read Command and Output Data Format.

DS22039C-page 20 ® 2007 Microchip Technology Inc.
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(A) Write DAC Register: (C2, C1, C0) = (0,1,0) or
(B) Write DAC Register and EEPROM: (C2, C1, C0) = (0,1,1)

ACK (MCP4725) —— ACK (MCP4725)
1st byte (Device Addresslng)l 2nd byte l 3rd byte l 4th byte 1

.| 1 ‘1 ‘ 0 ‘ 0 |A2‘A1‘AO‘ 0 I|C2|C1|CO‘ X ‘ X |PD1!PDO| X |I|D11|D10‘D9|DB|D7|D6‘DS|D

lDa‘Dz|D1IDu|x ‘xix

> “—re—r 1 < > >y
" . ¢ DAC Register Data (12 bits)
Device Code Address Bits R/W Unused Unused Unused
Start Bit Power Down Selection Stop
Write Command Type: Bit
Write DAC Register: (C2=0, C1=1,C0=0) /

Write DAC Register and EEPROM: (C2=0, C1 =1, CO=1). See Note 1 J

+ The device updates the Vg after this ACK pulse is issued.
+ For EEPROM Wite: L
- The Charge Pump initiates the EEPROM writing sequence at the falling edge of this ACK pulse. '

- The RDY/BSY bit (pin) goes “low" at the falling edge of this ACK pulse and back to “high" immediately after i
the EEPROM write is completed. !

Repeat Bytes of 2nd - 4th bytes X :
: ACK (MCP4725) |~ ACK (MCP4725) gtnop
|
| 2nd byte 3rd byte l 4th byte ¢
|
.

- wlederfed x [x \PD1|PD¢:1 X ||| n\Dtc{nsloeD7|Ds‘os|n:1llnqozn1[m1x| |

Note 1: RDY/BSY bit stays “low” during the EEPROM write. Any new write command including repeat bytes during the
EEPROM write mode is ignored.
The RDY/BSY bit sets to "high” after the EEPROM write is completed.

FIGURE 6-2: Write Commands for DAC Input Register and EEPROM.

© 2007 Microchip Technology Inc DS22039C-page 19
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TABLE 6-2:  WRITE COMMAND TYPE

c2|c1|co Command Name Function
00X Fast Mode This command is used to change the DAC register. EEPROM is not affected
00| X " "
0|10 Write DAC Register Load configuration bits and data code to the DAC Register
o111 Wirite DAC Register (a) Load configuration bits and data code to the DAC Register
and an
EEPROM (b) also write the EEPROM
1100 Reserved Reserved for future use
1101 Reserved Reserved for future use
111]0 Reserved Reserved for future use
1]11]1 Reserved Reserved for future use
Note 1: X =Dont Care. Fast Mode does not use CO bit.
2: The MCP4725 ignores the "Reserved” commands.

Change DAC Code in Fast Mode: (C2,C1) = (0,0)

see Note 2
ACK (MCP4725) ACK (MCP4725) ACK (MCP4725)
1st byte (Device Addressing) / 2nd byte 3rd byte /
l|1 I’I I [ |A2[A1|AD[ 0 |I|0 ]U lPD1lFDDlD11lD1D]D9[DB|IlD7|D6 DS|D4|DE|D2ID1|DD I.
¥ DAC R« ter Data (12 bits)
: egister Data its) .
) Device Code Address _ Power Down Select : Stop Bit
Start Bit .
see Nole 1 Fast Mode Command (C2, C1 =0, 0) d
— Read/Wfite Command :
|
|
i
i Repeat bytes of 2nd and 3rd bytes Stop Bit
!
|

—>|o |o |PD1|PDO|D11|D10ID9kDe

3rd byte v
D7|D6| DS‘ D4| Da‘ D2|D1|DO| I .

ACK (MCP4725) ACK (MCP4725)
see Note 2

Note 1: A2 and A1 bits are programmed at the factory by hard-wired, and A0 bit is determined by the logic state
of AO pin.

2: The device updates Vgyr at the falling edge of the ACK pulse of the 3rd byte.

FIGURE 6-1: Write Command for Fast Mode.
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6.0 THEORY OF OPERATION

When the device is connected to the I2C bus line, the
device is working as a slave device. The Master (MCU)
can write/read the DAC input register or EEPROM
using the 12C interface command. The MCP4725
device address contains four fixed bits ( 1100 = device
code) and three address bits (A2, A1, AD). The A2 and
A1 bits are hard-wired during manufacturing, and A0 bit
is determined by the logic state of A0 pin. The AO pin
can be connected to Vpp or Vgs, or actively driven by
digital logic levels

The following sections describe the communication
protocol to send or read the data code and write/read
the EEPROM using the 12C interface. See Section 7.0
“I2C Serial Interface Communication”

6.1 Write Commands

The write commands are used to load the configuration
bits and DAC input code to the DAC register, or to write
to the EEPROM of the device. The write command
types are defined by using three write command type
bits (C2, C1, C0). Table 6-2 shows the write command
types and their functions. There are three command
types forthe MCP4725. The four ‘reserved" commands
in Table 6-2 are for future use. The MCP4725 ignores
the "reserved” commands. Write command protocol
examples are shown in Figure 6-1 and Figure 6-2

The input data code is coded as shown in Table 6-1.
The MSB of the data is always transmitted first and the
format is unipolar binary.

TABLE 6-1:  INPUT DATA CODING

Nominal Output Voltage
)

Input Code

111111111111 (FFFh) |Vpp-1LSB
111111111110 (FFEh) |Vpp-2 LSB
000000000010 (002h) |2LSB
000000000001 (001h) |1LSB
000000000000 (000h) |0

6.1.1 WRITE COMMAND FOR FAST
MODE (C2=0,C1=0,C0=X,
X =DON'T CARE)

The fast write command is used to update the DAC
register. The data in the EEPROM of the device is not
affected by this command. This command updates
Power-Down mode selection bits (PD1 and PD0) and
12 bits of the DAC input code in the DAC register.
Figure 8-1 shows an example of the fast write
command for the MCP4725 device.

6.1.2 WRITE COMMAND FOR DAC INPUT

REGISTER (C2=0,C1=1,C0=0)
In MCP4725, this command performs the same
function as the Fast Mode command in Section 6.1.1
“Write Command for Fast mode (C2 =0, C1 =0,
C0 =X, X=Don’t Care)”. Figure 6-2 shows the write
command protocol for the MCP4725.

As shown in Figure 6-2. the D11 - DO bits in the third
and fourth bytes are DAC input data. The last 4 bits (X,
X, X, X} in the fourth byte are don't care bits.

The device executes the Master's write command after
receiving the last byte (4th byte). The Master can send
a STOP bit to terminate the current sequence. or send
a Repeated START bit followed by an address byte. If
the device receives three data bytes continuously after
the 4th byte, it updates from the 2nd to the 4th data
bytes with the last three input data bytes.

The contents of the register are updated at the end of
the 4th byte. The device ignores any partially received
data bytes if the 12C communication with the Master
ends before completing the 4th byte.

6.1.3 WRITE COMMAND FOR DAC INPUT
REGISTER AND EEPROM
(€2=0,C1=1,C0=1)

When the device receives this command, it (a) loads

the configuration and data bits to the DAC register, and

(b) also writes the EEPROM. When the device is

writing the EEPROM, the RDY/BSY bit goes low and

stays low until the EEPROM write operation is
completed. The state of the RDY/BSY bit can be
monitored by a read command. Figure 6-2 shows the
details of the this write command protocol and
Figure 6-3 shows the details of the read command.

® 2007 Microchip Technology Inc.

62

DS22039C-page 17



MCP4725

5.6 Non-Volatile EEPROM Memory

The MCP4725 device has a 14-bit wide EEPROM
memory to store configuration bit (2 bits) and DAC
input data (12 bits). These bits are readable and re-writ-
able with I°C interface commands. The device has an
on-chip charge pump circuit to write the EEPROM
memory bits without using an external program volt-
age.

The EEPROM writing operation is initiated when the
device receives an EEPROM write command (C2 = 0,
C1=1,C0=1). The configuration and writing data bits

are transferred to the EEPROM memory block. A
status bit, RDY/BSY, stays low during the EEPROM
writing and goes high as the write operation is
completed. While the RDY/BSY bit is low (during the
EEPROM writing), any new write command is ignored
(for EEPROM or DAC register). Table 5-3 shows the
EEPROM bits and factory default settings. Table 5-4
shows the DAC input register bits of the MCP4725.

TABLE 5-3: EEPROM MEMORY AND FACTORY DEFAULT SETTINGS
(TOTAL NUMBER OF BITS: 14 BITS)

Bit | bp1 | ppo D11‘D10‘D9’DB‘D7‘D6‘DS‘04‘D3‘DZ‘D1 ‘ Do
Name
Bit Power-Down DAC Input Data (12 bits)
Function Seloch

(2 bits)

Factory || 0 [0 [1@ ] o 0 0 0 0 0 0 0 0 0 0
Default

Value
Note 1: See Table 5-2 for details.

2: Bit D11 ="1' (while all other bits are “0") enables the device to output 0.5 * Vp (= middle scale output)

TABLE 5-4: DAC REGISTER
Bit ‘cz c1|co|R2Y por |PD1 | PDO 011‘010‘09‘03‘07 DG‘DS Dd‘DS‘DZ‘m‘DO
Name BSY
Bit Command 1) Power- Data (12 bits)
Function Type Dowiy
Select

Note 1: Write EEPROM status indication bit (0: EEPROM write is not completed. 1:EEPROM write is complete.)

DS22039C-page 16
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5.5 Normal and Power-Down Modes

The device has two modes of operation: Normal mode
and power-down mode. The mode is selected by
programming the power-down bits (PD1 and PDO) in
the Configuration register. The user can also program
the two power-down bits in non-volatle EEPROM
memory.

When the normal mode is selected, the device
operates a normal digital-to-analog conversion. If the
power-down mode is selected, the device enters a
power saving condition by shutting down most of the
internal circuits. During the power-down mode, all
internal circuits except the [2C interface are disabled
and there is no data conversion event, and no Voyr is
available. The device also switches the output stage
from the output of the amplifier to a known resistive
load. The value of the resistive load is determined by
the state of the power-down bits (PD1 and PDO)
Table 5-2 shows the outcome of the power-down bit
and the resistive load.

During the power-down mode, the device draws about
60 nA (typical). Although most of internal circuits are
shutdown, the serial interface remains active in order
to receive the 12C command.

The device exits the power-down mode immediately
when (a) it receives a new write command for normal
mode or (b) it receives an 12C General Call Wake-Up
Command.

When the DAC operation mode is changed from
power-down to normal mode, the output settling time
takes less than 10 ps, but greater than the standard
Active mode settling time (6 ps, typical).

TABLE 5-2: POWER-DOWN BITS

PD1 PDO Function
0 0 |Normal Mode
0 1 |1k resistor to ground ()
1 0 |100 kQ resistor to ground (M
1 1 |500 kQ resistor to ground (M

Note 1: In the power-down mode: Vg is off and
most of internal circuits are disabled.

FIGURE 5-1:
Power-Down Mode.

Output Stage for

2007 Microchip Technology Inc.
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5.0 GENERAL DESCRIPTION

The MCP4725 is a single channel buffered voltage
output 12-bit DAC with non-volatile ~memory
(EEPROM). The user can store configuration register
bits (2 bits) and DAC input data (12 bits) in non-volatile
EEPROM (14 bits) memory.

When the device is powered on first, it loads the DAC
code from the EEPROM and outputs the analog output
accordingly with the programmed settings. The user
can reprogram the EEPROM or DAC register any time.

The device uses a resistor string architecture. DAC's
output is buffered with a low power precision amplifier.
This output amplifier provides low offset voltage and
low noise, as well as rail-to-rail output. The amplifier
can also provide high source currents (Voyr pin to
Vss)-

The DAC can be configured to normal or power saving
power-down mode by setting the configuration register
bits.

The device uses a two-wire 12C compatible serial

interface and operates from a single power supply
ranging from 2.7V to 5.5V.

5.1 Output Voltage

The input coding to the MCP4725 device is unsigned
binary. The output voltage range is from OV to Vpp. The
output voltage is given in Equation 5-1:

EQUATION 5-1:
” _ Frgr xD,)
e 4096
Where:
Veer = Voo
D, = Input code

501:1 QUTPUT AMPLIFIER

The DAC output is buffered with a low-power, precision
CMOS amplifier. This amplifier provides low offset
voltage and low noise. The output stage enables the
device to operate with output voltages close to the
power supply rails. Refer to Section 1.0 “Electrical
Characteristics” for range and load conditions.

The output amplifier can drive the resistive and high
capacitive loads without oscillation. The amplifier can
provide maximum load current as high as 256 mA which
is enough for most of a programmable voltage
reference applications.

5.1.2 DRIVING RESISTIVE AND
CAPACITIVE LOADS

The MCP4725 output stage is capable of driving loads
up to 1000 pF in parallel with 5 k(2 load resistance.
Figure 2-15 shows the Vgt vs. Resistive Load. Vour
drops slowly as the load resistance decreases after
about 3.5 k2

52 LSBSIZE

One LSB is defined as the ideal voltage difference
between two successive codes. (see Equation 4-1).
Table 5-1 shows an example of the LSB size over
full-scale range (Vpp)-

TABLE 5-1: LSB SIZES FOR MCP4725
(EXAMPLE)
Full-Scale
Range Ié?zz Condition
(Vop)
3.0V 0.73mV 374096
5.0V 1.22mV 5174096

5.3 Voltage Reference

The MCP4725 device uses the Vpp as its voltage
reference. Any variation or noises on the Vpp line can
affect directly on the DAC output. The Vpp needs to be
as clean as possible for accurate DAC performance.

54 Reset Conditions

In the Reset conditions, the device uploads the
EEPROM data into the DAC register. The device can
be reset by two independent events: (a) by POR or (b)
by I2C General Call Reset Command

The factory default settings for the EEPROM prior to
shipment are shown in Table 4-3 (set for a middle scale
output). The user can rewrite or read the DAC register
or EEPROM anytime after the Power-On-Reset event.

541 POWER-ON-RESET

The device's internal Power-On-Reset (POR) circuit
ensures that the device powers up in a defined state.

Ifthe power supply voltage is less than the POR thresh-
old (Vpor = 2V, typical). all circuits are disabled and
there will be no DAC output. When the Vpp increases
above the Vpog, the device takes a reset state. During
the reset period, the device uploads all configuration
and DAC input codes from EEPROM. The DAC output
will be the same as for the value last stored in the
EEPROM. This enables the device returns to the same
state that it was at the last write to the EEPROM before
it was powered off.

DS22039C-page 14
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4.9  Offset Error Drift

Offset error drift is the variation in offset error due to a
change in ambient temperature. The offset error drift is
typically expressed in ppm/°C

4.10 Settling Time

The Settling time is the time delay required for the DAC
output to settle to its new output value from the start of
code transition, within specified accuracy. In the
MCP4725, the settling time is a measure of the time
delay until the DAC output reaches its final value
(within 0.5 LSB) when the DAC code changes from
400h to COOh.

4.11  Major-Code Transition Glitch

Major-code transition glitch is the impulse energy
injected into the DAC analog output when the code in
the DAC register changes state. It is normally specified
as the area of the glitch in nV-Sec. and is measured
when the digital code is changed by 1 LSB at the major
carry transition (Example: 011...111 to 100... 000, or
100... 000 to 011 ... 111).

4.12 Digital Feedthrough

Digital feedthrough is the glitch that appears at the
analog output caused by coupling from the digital input
pins of the device. It is specified in nV-Sec. and is
measured with a full scale change on the digital input
pins (Example: 000... 000 to 111... 111, or 111... 111 to
000... 000). The digital feedthrough is measured when
the DAC is not being written to the register.

® 2007 Microchip Technology Inc.
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In the MCP4725, the gain error is not calibrated at the
factory and most of the gain error is contributed by the
output op amp saturation near the code range beyond
4000. For the applications which need the gain error

1 .
0L ?
000 001 010 011 100 101 110 111
DAC Input Code  ———
- -8 - - - Ideal Transfer Function
e Actual Transfer Function

FIGURE 4-2: DNL Accuracy.

4.5 Offset Error

Offset error (Figure 4-3) is the deviation from zero volt-
age output when the digital input code is zero. This
error affects all codes by the same amount. In the
MCP4725, the offset error is not timmed at the factory.

, 1 less than 1% maximum, the user may
consider using the DAC code range between 100 and
4000 instead of using full code range (code 0 to 4095).
The DAC output of the code range between 100 and
4000 is much linear than full-scale range (0 to 4095)
The gain error can be calibrated by software in applica-

r 4
‘ DNL=05LSB ’
6 I
5
DNL = 2LSB| ’
Analog 4
Output P
(LSB) 3 :
W ‘P tions
2

4.7 Full-Scale Error (FSE)

Full-scale error (Figure 4-4) is the sum of offset error
plus gain error. It is the difference between the ideal
and measured DAC output voltage with all bits set to
one (DAC input code = FFFh)

EQUATION 4-4:

FSE = Fovr = Videar)

1LSKE
Where:
Vigea = (VRer) (1-2") - VorrseT
Vger =  The reference voltage.

VRer = Vpp in the MCP4725

However, it can be calibrated by software in
circuits.

Actual Transfer Functio
Analog

Output

t i L Ideal Transfer Function

Offset
Error . e
L [
0 DAC Input Code
FIGURE 4-3: Offset Error.

4.6 Gain Error

Gain error (see Figure 4-4) is the difference between
the actual full-scale output voltage from the ideal output
voltage on the transfer curve. The gain error is
calculated after nullifying the offset error, or full scale
error minus the offset error.

The gain error indicates how well the slope of the actual
transfer function matches the slope of the ideal transfer
function. The gain error is usually expressed as percent
of full-scale range (% of FSR) or in LSB.

Actual Transfer Function

Gain Error
Analog 4
Output
/- " | Actual Transfer Function
44 after Offset Error Removed
i leeal Transfer Function
oy
o DAC Input Code
FIGURE 4-4: Gain Error and Full-Scale
Error.

4.8  Gain Error Drift

Gain error drift is the variation in gain error due to a
change in ambient temperature. The gain error drift is
typically expressed in ppm/°C.

DS22039C-page 12
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3.0 PIN DESCRIPTIONS

The descriptions of the pins are listed in Table 3-1.

TABLE 3-1; PIN FUNCTION TABLE
:'(:T't‘; Name Function

1 Vout Analog Output Voltage

2 Vss Ground Reference

3 Voo Supply Voltage

4 SDA 12C Serial Data

5 scL 12C Serial Clock Input

6 A0 Device Address Selection pin. This pin can be tied to Vgg or Vpp, or can be actively
driven by the digital logic levels. The logic state of this pin determines what the A0
bit of the I12C address bits should be.

3.1 Analog Output Voltage (Vo)

Vour Is an analog output voltage from the DAC device.
DAC output amplifier drives this pin with a range of Vgg
to Vpp.

3.2 Supply Voltage (Vps, Vss)

Vpp is the power supply pin for the device. The voltage
atthe Vpp pin is used as the supply input as well as the
DAC reference input. The power supply at the Vpp pin
should be clean as possible for a good DAC
performance

This pin requires an appropriate bypass capacitor of
about 0.1 pF (ceramic) to ground. An additional 10 pF
capacitor (tantalum) in parallel is also recommended to
further attenuate high frequency noise present in
application boards. The supply voltage (Vop) must be
maintained in the 2.7V to 5.5V range for specified
operation

Vss is the ground pin and the current return path of the
device. The user must connect the Vss pin to a ground
plane through a low impedance connection. If an
analog ground path is available in the application PCB
(printed circuit board), it is highly recommended that
the Vs pin be tied to the analog ground path or isolated
within an analog ground plane of the circuit board.

3.3 Serial Data Pin (SDA)

SDA is the serial data pin of the I2C interface. The SDA
pin is used to write or read the DAC register and
EEPROM data. The SDA pin is an open-drain N-chan
nel driver. Therefore, it needs a pull-up resistor from the
Vpp line to the SDA pin. Except for start and stop
conditions, the data on the SDA pin must be stable
during the high period of the clock. The high or low
state of the SDA pin can only change when the clock
signal on the SCL pin is low. Refer to Section 7.0 “12c
Serial Interface Communication” for more details of
12C Serial Interface communication.

3.4  Serial Clock Pin (SCL)

SCL is the serial clock pin of the I2C interface. The
MCP4725 acts only as a slave and the SCL pin accepts
only external serial clocks. The input data from the
Master device is shifted into the SDA pin on the rising
edges of the SCL clock and output from the MCP4725
occurs at the falling edges of the SCL clock. The SCL
pin is an open-drain N-channel driver. Therefore. it
needs a pull-up resistor from the Vpp, line to the SCL
pin. Refer to Section 7.0 “I2C Serial Interface Com-
munication” for more details of 1°C Serial Interface
communication.

3.5 Device Address Selection Pin (A0)

This pin is used to select the AO address bit by the user.
The user can tie this pin to Vsg (logic '0” ), or Voo (logic
1), or can be actively driven by the digital logic levels,
such as the I2C Master Output. See Section 7.2
“Device Addressing” for more details of the address
bits.

DS22039C-page 10
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Note: Unless otherwise indicated, Ty = +25°C, Vop = 6.0V, Vgg = 0V, R = 5 kQ to Vgg, C|_ = 100 pF.

Vour
(2VIDiv)

b e i CLK

Time (2p/Div)

FIGURE 2-24: Exiting Power Down Mode.

© 2007 Microchip Technology Inc.
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Note: Unless otherwise indicated, Ty = +25°C, Vo = +5.0V, Vgg = 0V, R = 5 kQ to Vgg, CL = 100 pF.

Temperature and Vpp.

250 Half-Scale Code Change: 000h to 7FFh
::g Voo =58V . '
E’ 1.90
2 170 Yamsov————[ | | [FETTETas - Vour -
g 150 (2VIDiv)
£ 130 -
L 140
G 7
0.70 e
050 by :
40 26 10 5 20 35 50 65 80 95 110125
Temperature (C) Time (2us/Div)
FIGURE 2-18: Vin Low Threshold vs. FIGURE 2-21: Half-Scale Settling Time.

Full-Scale Code Change: 000h to FFFh

Vour
| (2VIDiv)

i cLK i
Time (2ps/Div) Time (2us/Div)
FIGURE 2-19: Full-Scale Settling Time. FIGURE 2-22: Half-Scale Settling Time.

Full-Scale Code Change: FFFh to 000h

Time (2ps/Div)

Code Change: 800h to 7FFh

Vour
. (20 mV/Div)

Time (1ps/Div)|

FIGURE 2-20: Full-Scale Settling Time.

FIGURE 2-23: Code Change Glitch.
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Note: Unless otherwise indicated, Ty = +25°C, Vpp = +5.0V, Vgg = 0V, R_ =5 kQ to Vgg, C_ = 100 pF.

Occurance

Current (pA)

100 = 6
% Voo = 5V
80 5-
Vo =5V
E Zg = 4 o:do-FFFh
Y T3
g 40 3
O g 72
20 i ,
- N = 1
" ,-.HI]JI'IDHH‘ ii. .
E3ESBRISS S NAHES 0 1 2 3 4 s
Current (pA) Load Resistance (kQ)
FIGURE 2-12: Ipp Histogram . FIGURE 2-15: Vour vs. Resistive Load.
80
Voo =27V

Code = FFFh

Code = 000h

[ 4 8 12 16

Isourcessink(mA)

FIGURE 2-13: Ipp Histogram.

FIGURE 2-16: Source and Sink Current

-40 -26 10 5 20 35 50 65 80 95 110 126

Temperature (°C)

Capability.
&% 350
Voo =55V
< 200
2 Y 5 30
5 150 / 2 2: Voo =5.0V
frr 27v £
g 100 £ 200
=
g =
0.50 =150 Voo =27V
O . ' 1.00

40 25 10 5 20 36 50 66 80 95 110125
Temperature (°C)

FIGURE 2-14:
and Vpp.

Offset Error vs. Temperature

FIGURE 2-17: Vi High Threshold vs.
Temperature and Vpp.
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Note: Unless otherwise indicated, Ty = +25°C, Vpp = +5.0V, Vg5 = 0V, R = 5 kQ to Vgg. C = 100 pF.

=
9 E
g &
3% Fl
3 g
2 = 5 C
5 TA=85C —TA=125C -5+ J
5 i — e e 40 25 10 5 20 35 50 65 80 95 110 125
Code Temperature (°C)
FIGURE 2-7: INL vs. Code and FIGURE 2-10: Output Error vs.
Temperature (Vpp = 2.7V). Temperature (Code = 4000d).

Zero Scale Error (mV)

-1 ' o A v
-40 -26 -10 6 20 36 50 65 80 956 110 125

0

40 -25 10 5 20 35 50 65 80 95 110125
Temperature (°C) Temperature(°C)

FIGURE 2-8: Zero Scale Error vs. FIGURE 2-11: Ipp vs. Temperature.
Temperature (Code = 000d).

0
s
E
5 -
i}
2
S
2 Vo = 5.5V
S e e it s
-60
40 25 10 5 20 35 50 65 80 95 110 125
Temperature (°C)
FIGURE 2-9: Full-Scale Error vs.

Temperature (Code = 4095d).
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2.0 TYPICAL PERFORMANCE CURVES

Note:  The graphs and tables provided following this note are a statistical summary based on a limited number of
samples and are provided for informational purposes only. The performance characteristics listed herein
are not tested or guaranteed. In some graphs or tables, the data presented may be outside the specified
operating range (e.g., outside specified power supply range) and therefore, outside the warranted range.

Note: Unless otherwise indicated, Ty = +25°C, Vpp = +5.0V, Vgs = 0V, R =5 kQ to Vgg, C| = 100 pF.

04

Voo =5.5V

e Vi 2 v
02— | ’ | ‘ ‘ | |
go.oa— gnz H ’HHH‘ ’ [l
2 004 - ' | ' ‘E' o1 k hl | -|1-
a |
: WA
-0.04 T T -0.1 1
o 1024 2048 3072 4096 0 1024 2048 3072 4096
Code Code
FIGURE 2-1: DNL vs. Code (Vpp = 5.5V). FIGURE 2-4: DNL vs. Code and
Temperature (T = -40°C to +125°C).
03

03

02-
|

n
1 'mt n'nu‘n ALY

DNL (LSB)
°

o i )
! g,
o =
= =z
o - o2 2V
* l
0.1 - - 4 s
] 1024 2048 3072 4096 0 1024 2048 3072 4096
Code Code
FIGURE 2-2: DNL vs. Code and FIGURE 2-5: INL vs. Code.
Temperature (TA = -40°C to +125°C).
2

INL(LSB)

QB5C\

+125C

-0.1 -4
0 1024 2048 3072 4096 0 1024 2048 3072 4096
Code Code
FIGURE 2-3: DNL vs. Code (Vpp = 2.7V). FIGURE 2-6: INL vs. Code and

Temperature (Vpp = 5.5V).
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TEMPERATURE CHARACTERISTICS

Electrical Specifications: Unless otherwise indicated, Vpp = +2.7V to +5.5V, Vgg = GND.

Parameters Sym | Min | Typ | Max ] Units l Conditions
Temperature Ranges
Specified Temperature Range Ta -40 — +125 °C
Operating Temperature Range Ta -40 +125 °C
Storage Temperature Range Ta -65 — +150 G
Thermal Package Resistances )
Thermal Resistance, 6L-SOT-23 o | — | 190 | — [eow]

DS22039C-page 4
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MCP4725

ELECTRICAL CHARACTERISTICS (CONTINUED)

Electrical

Unless oth

indicated, all parameters apply at Vop = + 2.7V to 5.5V, Vgg = 0V,
R = 5KQ from Voyr to Vae. C; = 100 pF, T, =-40°C to +125°C. Typical values are at +25°C.

Note 1:

This parameter is ensure by design and not 100% tested

Parameter Sym Min Typ Max Units Conditions
Power Up Time Teu — 2.5 — Hs Vpo =5V
- 5 - Hs Voo =3V
Coming out of Power-down
mode, started from falling
edge of ACK pulse in I2C
command.
DC Output Impedance Rour = 1 &= Q Normal mode (Vour to Vgg)
- 1 - kQ Power-Down Mode 1
(Vour to Vss)
= 100 =t kQ Power-Down Mode 2
(Vour to Vss)
= 500 — kQ Power-Down Mode 3
(Vour to Vss)
Dynamic Performance
Major Code Transition —_ 45 —_ nV-s 1 LSB change around major
Glitch carry (800h to 7FFh)
(Note 2)
Digital Feedthrough — <10 — nvV-s Note 2
Digital Interface
Output Low Voltage VoL — = 04 \ lo.=3mA
Input High Voltage Vi 0.7Vpp — —_ Vv
(SDA and SCL Pins)
Input Low Voltage Vi — — 0.3Vpp \
(SDA and SCL Pins)
Input High Voltage Ve 0.8Vpp — — Note 4
(A0 Pin)
Input Low Voltage Vag.i = = 0.2Vpp Note 4
(AQ Pin)
Input Leakage I - —_ +1 pA SCL =SDA = A0 = Vgg or
SCL=SDA=A0 = Vg
Pin Capacitance Cpny — — 3 pF Note 2
EEPROM
EEPROM Write Time TWRITE =S 25 50 ms EEPROM Write time for 14
bits
Data Retention — 200 — Years | At+25°C, (Note 2)
Endurance 1 —_ —_ Million At +25°C, (Note 2)
Cycles
Test Code Range: 100 to 4000.

2:
3:  Within 1/2 LSB of the final value when code changes from 1/4 to 3/4 (400h to C00h) of full-scale.
4: Logic state of external address pin (AQ pin)

® 2007 Microchip Technology Inc.
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T Notice: Stresses above those listed under “Maximum rat-
ings” may cause permanent damage to the device.
This is a stress rating only and functional operation of
the device at these or any other conditions above those
indicated in the operation listings of this specification is
not implied. Exposure to maximum rating conditions for

1.0 ELECTRICAL
CHARACTERISTICS

Absolute Maximum Ratingst

Vop. 6.5V

All inputs and outputs w.rt Vgg -0.3V to V0.3V

Current at Input Pins e 22 MA

Current at Supply Pins +50 mA

Current at Output Pins +25 mA

Storage Temperature . 5°C to +150°C

Ambient Temp. with Power Ap
ESD protection on all pins ......
Junction

. -55°C to +125°C
.. 6 kV HBM, = 400V MM
+150°C

re (T))

ELECTRICAL CHARACTERISTICS

extended periods may affect device reliability

Electrical Specifications: Unless otherwise indicated, all parameters apply at Vpp = + 2.7V to 5.5V, Vg = 0V,
Ry = 5 kQ from Vot to Vg, C_ = 100 pF, Ty = -40°C to +125°C. Typical values are at +25°C.
Parameter Sym | Min | Typ Max Units Conditions

Power Requirements

Operating Voltage Voo 27 5.5 \)

Supply Current In - 210 400 pA Digital input grounded, out-
put unloaded, code = 000h

Power-Down Current Ispp —_ 0.06 20 HA Vpy = 5.5V

Power-On-Reset Veor — 2 — \%

Threshold

DC Accuracy

Resolution n 12 —_ —_ Bits Code Range = 000h to FFFh

INL Error INL == *2 +14.5 LSB Note 1

DNL DNL -0.75 +0.2 +0.75 LSB Note 1

Offset Error Vos 0.02 0.75 % of FSR | Code = 000h

Offset Error Drift AVgs/°C —_ +1 —_ ppm/°C | -45°C to +26°C

- *2 — ppm/°C | +25°C to +85°C

Gain Error Ge 2 -0.1 2 % of FSR | Code FFFh. not including
offset error

Gain Error Drift AGe/°C —_ -3 —_ ppm/°C

Output Amplifier

Phase Margin Pu — 66 — Degree(®) | C_ =400 pF, R, =

Capacitive Load Stability C. —_ — 1000 pF R_ =5 k), Note 2

Slew Rate SR — | 055 — Vips

Short Circuit Current < | — | 15 24 mA | Vps = 5V, Vour = Grounded

Output Voltage Settling Ts — 6 = us Note 3

Time

Note 1:

Test Code Range: 100 to 4000.
This parameter is ensure by design and not 100% tested

2:
3:  Within 1/2 LSB of the final value when code changes from 1/4 to 3/4 (400h to C00h) of full-scale.
4: Logic state of external address pin (AQ pin).
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B. Datasheet OP-AMP JFET LF356

r-—lnnn

Pk

VES o

Sarpink “ahrwdl I'rll:ﬂ.
-I-'!a By E Documents

mwa
LF135, LF155 LF256, LF2T
LF355, LF356, LF357

SANOGEFDD - MAY 2000-RCVISED HOWEMIBER 20428

LFx5x JEET Input Operational Amplifiers

1 Features
+ Advariages
- Feplace Expansive Hybid and Moduiz FET
Op Age
— Rugged JFETs Allow Siow-Out Fres Handling
Compared Wih MOSFET Input Devices
— Excelient for Low Nolse Applcations Using

mHmummmmame—m
Low 11

- mmmmnemumu
Comman-Yode Rejection 36 In Most
Manalhic Ampifers

— New Ouiput Stage Alows Use of Lamge
Capacitive Loads (5,000 BF) Without Stabdlty
Probiems

- Intemal Compensaton and Large Differantial
Imput Woriage Capaniity
+ Common Faalires
- Low Input Bias CUTent 30 pA
- Low Input s Cument: 3 pA
- High Ingut Impedance: 10% &
- Low Input Molse Curent 001 pAFE
- Hagh Common-Mode Rejecton Rati: 100 dB
- Large O Voitage Galn: 106 &8
» Uncommon Faaires
- Exfremedy Fast S2ing Time to 0.01%:
- 45 Tor the LFxSS devices
- 15 usforihe LFsss
- 15 usforthe LFEST (A, = 5)
- FastSlewRae
- 5 Vips for the LFis5
- 12 Vifs for the LFxS5
~ 50 Vs Tor the LFEST (A, = 5)
- Wide Galn Bandwidtt
- 2.5 MHz for e LFES devioes
- SMHzTor the LFxsE
- 20 NHZfor the LFXST (Ay = 5)
- Low Input Holse Voitage:
~ 20 ivFE for the LFxSS
- 12 niviFE for e LFesE
- 12 for e LFXST Ay = 5)

2 Applications
+ Ereciion High-Speed Intagrators

+ Fast DA and AD Converisrs

+ High Impetiancs Buffrs

+ Wideband, Low Noise, Low Dift Ampifiers

+ Logantimic Ampifies

+ Enatocell Ampines

- Sample and Hokl Ciraks

3 Description

The LFiSx devices ana the first monoiic JFET Input
Neofporsie wel-matched,

operational ampifiers to
yorage: JFETS on the 5ame cfip wih siandard
%m@mﬁw&mlm

Wummﬂ%mmm

The davices e alsd

for 2 IE‘IE. wide  bandwidih,

emmryraa ime, Iow voliage and cument
mﬂalwtﬂgﬂm&

Dvice Information!™

PACHAGE | BOUY SLZE (oW

BN {8 450 o 5 201 e

LFrf TOLCAN [H) 9,08 mm « 908 mm

PFOF (B 951 mm s 835 mm

PART MUMBER

[1] For il avalable packages, see he ordensbla sckderiom ut
tha o of the Gt sheet

SImpified Schamatic

]

u
- S

3 ¢F in LFAET sadem

A INPORTANT NOTICE o the end of Bis deta shest scidossen avalatilly, waranty, chinges, use in sefey-criicsl sppicaiom,
T} ietebctul progerty rraflers ind ot irportant deciimens. FRODUCTION DATA
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LF135, LF135, LF25, LF257

SANCGRADD - M T 2000-ROVISED NOWTMOCR 2042

3 Pin Configuration and Functions

LWC Paciiage
' TOa8 r-:,s:urh‘.-:-
Tegp Wlew n SOIC ar
= Top View
1
L W L.
1 1
LU b
T —":1 I_."_Mw.
T .
Avakala er JAIES 1V 1400 v — AL
RSN T
Pin Functions
L]
0] DESCRIPTION
HAME Hg.
HALANCE 5 Halonoe o inpat ol voltage
ST 2 hoieerkng g
KT 3 imvarting ingut
M 8 — Yin comnecton
EaITR £ T
¥ i - Positen power mazphy
= 4 -

Copigt € 2000-204%, Tazks nrurants ncorparss

LFI3% LFF LFF

Subend Docurentebion Fesdback




LF155 LF156, LF257 IKSTRUMENTS
[P35 i LFoor
SHOGEHOD -MAY NK0-RTASED MOWTMECR 3HE W3 .com
& Specifications

6.1 Absoluts Maximum Ratings
iower pparating fres-alr femperature range junless otherstss nobed) 1A

L] Max | Lwim
L1885, LF2%, LFI58H =
Sy LFite ¥
Dfferrsial nput vltnge LFidz, LF28s, LFS5EE .y
Lt
— L4z, L2, LF350E Y
LFite
Oustpet short st duraien —
P -
- F puckage 10 =
[ prackige 109
Eclderieg [ ]
Soldering
riormudon Ecidering (10 sec = .
Tl b Wipor phme (53 sec |_-2::, LF388E, LFigy i
Iefrmrmd {15 mac | Fe]
™ a5 150 T

(1] Beusew beyond Bom e crder Absolute Marimae Suings may ciuss parmanen demige ks e devien. Thess are st nfsgs
oy, which da sotimply Lusctioesl opertion of the davice il B of any ofer cosdions beyond Boss indiciied snder Recommended

Cpewiing Condfiorr. Expomure kb emciute-mnimem-nated condiions o sxiended paricda muy effect device relinbiity.
=]

wmisen] terperiues, T, 150 mucmum svelsbie power dusip afion ot any iempanses &

A N NMryhsesce wecled Sevices wre required, costect e T Saes Offos/Tiributons for evalebily and spacfoaiom
4] Uriee cheretes specfies o soktn e negeinen mpct vobuge m e b te nepuen power mupy ecfuge

Eamen covices s b derind f sleviind rpersbor e i dicteied by Tiga, B, wed Ba
s ™ T8, e e 2405 F

i

52 ESD Ratings
[

[ wawe [ uwt ]

[V, Emchowtenc dhchwgs | Humen body mosel (HEN), per ANSVESDALEDES Ji-001 7051 [ e [ v ]
(1] JELEE dorument JEFT4S it Bt S00-4 HE M akzwn sufs moeutachring wih o stusdhrs ES0 oot procmes
[ 1005 dhacturged Hrowgh 1540 raskeee
6.3 Recommendsd Oparating Conditiens
vET gperating fres-air fempenature range (uriess othenwise noted)
MK ] WA uWIT
LF i 18 i 10
[ 15 M 20
i b Fy=rees 118 ™ = ¥
LFitfa £14
[ 56 T i
[ - T ]
s LFisi [] : B
[ [l T, T

4 Submd Looumandslon Feadbeck
LFI5E LF2W LFT

Capyright @ 2000-XHE, Tarss |rewaranis nevsonisd
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LF155 LF257 mem
a?é LF&&G}LLFF%'

SHOSEHOD -MAY XN0-ATVSED NOWTMEER HE WS SO

6.6 DC Elscirical Characteretics, T, =T,= 25°C, W, =15 V

PARANETER TEST CONDITIONS WIN hiid HAX UnIT
LF 155 2 [
LF 58 F] [
Sapply cument LF s, LFisis § I mé
LF 58 [ 10
LF 7 § 10
6.7 DC Blscirical Characteratics
Zee 1Y
PARAMITER TIST CORDITIONS N TP M| uWT
- LFit, L2, PRS0 3 s
P 1 ®
™ s ofuat ebage Ry LFi% 7|
D
_— LF%e, LFS [T
P 3
o ET ""‘""T"""“ Ry =50 LFifis, LF3%, LFISSH, LFEn = e
S pare a wirc
Uiy i ap R, mEy LFi%, L2, LFISSH, LF¥ L Lk 4
S LFifk, LF2%, LFRSSR =l
LFf 3 m
- s ofuai mant LFi% X
Ty T LF%, LFeemn | o
P 2
N LFi%, L2, LFISen ¥ W0
1 P x = M
b Inpis bisa e LFi% =
Tya Ty LF2%, LPem 5]
P [
P Iput nimarca Ty LFiti, L2, LFRSel, LFE w o
LFifk, LF2%, LFRSSR [
e P =
Larga sigral veltage ity
e il Lo v LFifk, LF2%, LFRSSR =
kbl [ 15
Vo ma SV E, = 00 LFif, L2, LFIS8H, LFE Wizl
Ve Cuzs velmgs maing ¥
Vo mU ISV Fyw T LFi%, L2, LF¥SSl, LF il
(1] Ui chervins stxied, Bese S cond bom apply.
LFid LF i =
Buupply Vokuge, Vi SWg W #14 V Sy SV 5y S0 V =15V
Ta G £ Ty S o Ie G5 T S BT e 5 T, SIS O°C 5 Ti s o MIPE
Thasi - A 'y TG

i Vig g wed Lo e mmmered wt Vg s 0

Tom Tempenitar ficent of Be scmisd nout offet woltege changes onfy & smal| emcent (05 pW°C ypicaly| o such v of
wipnirant hom i ofgiegl oreciosied vaiia. Common-mode rejscion and cpee-loop voltege gan are s omifecied by offssl
ol

Tom bogast b cursenis are encion |nwkege cueris which sspronimisry docble for svery 1005 ncreses in Ea encion lempentu,
T, Chom i brmiid procochos fed tren, B irpd Bias conenis masmsured wre comelaind in jorclian terpendune. In noimsl :po-:m fe
o erperstae s sbove the amblent lempersture o v e of islemal power dimsipaelion, I Fd v
Fa farmal restance fom uncion i anSiart. Use of @ st snk i cecomma nded { ingat b cumest ks Ge et o s -|||-|n|
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9 Power Supply Recommendations

e Recammended Gperaling Conatons o he NN a7 MU ke o e upply It volage
ampemmgj temparaure.

10 Layout

10.1 Layout Guidelinea
10.1.1 PrintscHCircult-Boand Layout For High-mpadancs Work

Wr&cﬂmmmammmmmmm1 pAof cure s
iayout of e PCE. When one wshes 1D 1k avartage of the low Iput bias A ¥,
fycal e ran 30 oA s sl o have n oslent yout. Fornasly, e tecrloues of coisnng ow

r'na3l

are quite SiTpia. FIrSL, Me Lser must not Igore e sutacs of the PCE, even mough
mxﬁmm.mm@?ﬁmmnm ar dhst or cantaminaton, {he

surtace leakage wil be poreciatle.

To minimize the efiect of an Sl.l‘l‘a:elﬂag& out a m‘l‘dlwrwmg I I:ﬂ'tl‘le
LFISIHI!‘EE!‘I’II’H&I:I’C{:N =] I'gﬁl nads, and &0 m

i Inputs of the oo amp, 3&Ian.|'e62 mmeaggmnmtmmmnn;mneptmm nomme
10p and botiom of e PCE. This BC foll must then be einected 0 3 tha ks a3t the same voliage  fhe

iier DECALEE O EaKagE CUTEN: can oW bewean fao e F
S0 Tace o pa Tance o 10-70, W s NOMTaly ConOefe § Ve Qg esiiance, coud &k 8 Bk T
e ok et 3 5 ot g acen o 2 pad of e put. 13 Qi g used nc ek e e pofntal of
mmnalnpunmllagmcaﬂy his leakage curfen

[T Pe—— TP

QiTRIr

Ceppige & JO00-2041 Tazes nerururty [nzorporrss Subed Documeriation Fescback n
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INSTALLATIONS FCHoNd

On seeei @ of the eqeiprent ciary eut the tallewing checks ond setting
procedure:

Unpeek the equipmeel, Clwck that tha fedlowing ewe e prasent:

Serve et with brke dro oof linge netin dos atinched, Farce vanuduenr ond
cavpling, Flre wamidicer ond tao Presirs romabuen),

Canticl v

Flecnonic pawer unit

Ratery trored car cmevtly

Lineer ronmdecer ommartly
Trorngant lag how

Hgh psitase ugaly how

Retern hese (chow |

Swall nertio dise

Cylincer guord

Peich leods [sine, vorion lengin)
Teols (vix Spaaren, one Allen by}
Soore wali [eight, varkew som)
Hesagen plugs fow V" 831
Fowagen ruts (4/3° 33)

o, 1011 b e cridernd, Thes
Hydhodia pewer it NEPIGT

Tharaughly impect oll irem bor dmgge . 11 oy i it diamage 0o a0y oF B0
chove (lame ore miniag, Infory berh the cominr ond FEEDRACK | NSTRUMINT 5ATD

inewdizhly.

ord e servo ik an e fled, rigd safoce Yt 1y herkraniel 1o within e,

Atvech the coetrel uni 32 e servo oni! by engaging the sorang pim with the bayhole
e,

Swnd the slectionic power enit baride the weivo, St fhe valage Wit
10 Tot epprop i pacition, M the wpply valtage is inamadate beteen any of the
avileble poitions, we the meat Nghea padition,

FUI e bytemdic g unit wify sew, choon 6l = oopeanimately 10 Imp gel
(45 liere), Sefteble oty orn Shell Tollmn 27, B7 Exargol MLPSS, Exso Nuto Hi4,
Chavron £ Hycrouic Qi 9erd Calien fonda HD-A,

1F HEPIE) power wnit In wpplind:

Tewwrm P duat cops from the apglhp ond ahun hones, o lroe the H57161
porte, Amach e hoe, wing e saling windwrs pivided, aed tighvee cdesesiely.
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ORRATING INSTRIUCTIONS SECTION 3

The purpesd of 1hit saetine (4 13 ineicale fon sarnt aparat ico of rhe e peunt
whivg & & rdd chaizer by inipeition.

5.1, teluy

1 is bwpannet 12 wate oot lurge Npshenlic presores eval emehaned forom o
develigad in he aguipwent. Those coe Be congeoent il 1he squipmas & vwaed dom-
lewly,

Ao sebe a1t ail 1t lommably, Seving & clowd Aoh paint ol e |l)
falles 27},

1 paitioabar the wareing v the serve wnit persl uar be olosrved icrapulonly.
Thviv

WAINING « SUPFLY PRESSLRE MLET B 2000
WHILE
* LINEAR TRANSDUCEE 15 LINGLARCED

' OATTACHING O DETACHING FORCE TRANSDUCER,
HYDRALLIC COUAINGS OF BLAXE DM,

5.2 Ouick<corveer coupling

The hydrodic couptop aw slomed by il ing bimk o hesarled waller on e
forwle ol o due coupl g semm ey, it vl insimcn iy sl aeh half,
This % dwinys paiguins i bry 0 99al! arwaunt of iloge, ond It b advisstle 1o hald o
oapping chath unde e coualing when Sicavecing I,

1o convwct she cougling, he callar mat ogols be pulied back. The couglng
$add 1hen be pued sagether {ievly ond e collor leomd,

Nate fat e quickscansee! snapling baw f woms it We o retumm hove carieine
b pppe! whlomt and domi wat ] whee dinsawai el ThE B W porvent ory oce idesiel
ritiantinn ol fon st T wlvieh gl anbi=iimin o bim poniure side of the rtem,
Ta awaid ipillage whan Mop tem Rais it dincanesciod daie the v bose, nclading
hat oo M Wiva anif, befam dicanscting. Ta duain e hawe, wrsarew the lage barl s
el kowrlnd kodh hacased Badind B wiva unit passl wmediutnly below b setirs flow
gavpe, Toa oi hens taret win 1T That ane sesntsary o adoit wir ond ollore duslvege. Do
net Torget 1o intighten, By Saed, Nimwly.

Alweyt anern fhat e mating wilsco of Me sooplings e clon sefare they ore
*nm‘ Cloar with o linthue clath. Duir cops one provided % pratect he coupl o
whin e,

33 ke

To serwee the broke podi fom e dum, laosn b Lealnd bnoh of b heet,
Unisren o olide out the prvat pin joining # b0t pad celiper b the buke 2.,
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Rewins the fromt cnliper, |1 the eguiprens & % e uind talon the broke it w-sppling,
tighten the hinafed bioh and iming the onn behind B pavel 1o engage with s way-
MIRC raire,

o opply the brokee padh 1o the drum, pult e ke orm Forword until e isa
poct towches the doum. Loosen e kewded brob wallichently 1o ol low she bont pod caliper
1o magoge bebind e vin dowed Balluville wohenr. (Thare woshens are shacked s alisrmwie
dimmcrizen, ballows fahion, with coecone srk.) Slide inond terew horme e pisat pin,
Tha brzhe con then be oppiind 12 ey degres by tightming the kruded boob.

Whan the broke & 93 be wad for ony period he barge (rentio dac should Be attached
o @bt hest dowpoton.

The broks drum locomw ae v tepared moroe dhatt, Ta wwows the dum, ool
e et conntarclocheeins 0 limdk the grip of e dom on e taper, 1T necesnry, wie the
brde podh 1o leck the dum. A wais os the grip oo beckion, somdon The gk 0 allow e
drary 12 50 eroved,

To ottech the doun, muby it o 18 the bl ored ronone e ! clackniie ro engage
the fimed. Contirue rooting e wut wntil the dim b Gdly sngaged 3¢ the foper, hes
Necdly tightan the s wih a @assar,

54 bsnis dics

T inertio s one pravided. Lirber one of these may be atiachec 1o the leh
horwd 1ide af The Beoke dom with fhe thine screws provided,  Thes scwas vt be fighinsed
wourely,

55  Flsgnoe

When the gougr 0wt s s, the QRFICE CALIBRATOR vhoule e left Ruly
woskwive (bper), NEVER FORCE THE GALGE POIMTER KIGHT ROUND A0ANST
THE STOP.

4 N i oan

Clmrmis print | wianling 12 #itar 1he cylinder ov the i, Ewpare thet amy beok
row, Tnartio dic, ownion tranidesni nd Torce Nonaducer corvetmy am light

It ix enfd o b cbie v contrel M low when wpply prewas i wsplind. The commt
it dould thacelone hoss powsr applied oed be plugged o the wevd weil,

IF the weply hene o e Naid peh of e 1ervo it conmoion oy Ligeiliesl sweunt
of @ alere ooty the pdoulic power wit theadd be "oy suwind  Thiy meams luming
@ e upply for coe or med secondt s tining it oY Tor 0 Gevlan peoind, This iy
wpeated weril o of the air hat poned Mrsegh 1he e, then the pamese It Lol o ol
allzwed 1o budld up %0 in A4 volee.

it the bydroudic power sapphy seiiem W ils eorrect volue of appra.
muum5 See setien 10,11, '

The upyses et ol the part 1 hasn mary well bine 0 smain wmaent af hiapped oiv,
1F ot | b commnind b e maiar, the offset control shou'd be snad 1o misie The vt
o & roomiwisie wpeed. ThIC will ropdely Miah dun deny woppand aie, 11 it 1 i conrecied
10 the aplimder, B cplinder may be cyclad pearadly over in 1l atiske 2 pomg oot
thimais, Thisway 5e dsee with rhe olfier corevol,

T4~ 161
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Note uat whio e oybvnber o botsed b e brce vamduzer, pemping W
Impoaiile. thanesr, I poot § ree o cycled, b bdhler will e diipernd snd
Wonly conbed meay by e Svbage Borm punt e pridan g

e mmmibades ol Bon spiimn b wilaliabing. Tham it o wwell cocunt of oir come
poeniad 100 doe grage b bt il by ol w0 comegurece

The ail Surwng Pnads for mbeore Sarr com b cosmired, Whan des & bee bon
ouinthan e ryvioe v seady banwie . (Conlinasnn meretion wary be o wgn e the sasmly
ol (hwdd b bopoorme aemind, peniely Recwnse the eservor level hos flien, )

This ihant=ap pracaduin ihanddl odwint b Rdlowed,

Mot Mt shen W epply presane Is Sowd o, 0 dhack walve al Mr ingwt lo
the v prrveants warne How, There i 0 comideod's mwrsait al high prasors ol n
e occwwaladar, end i 1here s ooly leckoge orword flae, Wh mayp ivke ore o 1w
misaie b elipete .

57 Mo eedieer

Ta atteeh the rotowy varvdorer anavbly, mwass foe beepers Frim ha ageeric
Fowr, Alige fre s coved g with e riar dell, aiine® the Teat 1o the Sall wnd dide
th it Mrmaiih the swioe . Tighvimn for smanding by inting he eoed o wifh ipect o
the body.

Plep M flying leod Wit cavned welt wehat,
Waer rel in v, the magaaiic fent sheuld howe the heepen repleced.

Nore that the lowepoed hall ol the grovbon s e comest dizmerar ong haight
o ocoept the FEEDRACK siginl Y ercanben,

5.8 Liaear tremchenr

1a shizch the limor matise rnesdhcrr, Fint wmaee e heeper from B megratc
foot. Pailtize e foor on b tighihend v of e hell, 2o lower the tansien
coupling Black dowe bervaen Bt ben, ACign e captivr bolt in hw Blach with e
cftivdur o eed. Scrom the balt here while haldiag the £ylinder od wifh & iporvee
ocin fha fNate, Newr grip ha cplinder od imell, 1ince the ot waring wodd
nuln e ¢ vl

Clip on the cheor plantic guerd ond scale. Ser figuee |,

This guond ovart abeap te (0 ploce while e linsor amdecer | comvecied anlon
P opply prevars i sen . Thin in imparsant, tince fingse-cnahing farcas oquisales 1o
00k (A20L) orw podile .

Mot that, W aidd wesuaement of Be enciesion of @ spidly ocillaling rod, the
Wichrews of the copling bleeh below e seele s 10mm,

5% Faree Tromschunr

The force troondaver b seppdind Fosod (s pesliion on e wrvo weir. W |1 becomen
necenary 1o rerove e Immiducer proceed o lolloss

TLAN CFF HYDRALLIC FOWER AND REMONE THE PORT | COLMING
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Mok e flim ol he cylindes 10d wih o speree wred Spseen 0vd ipin The fackeut
w82 Ihe comling ot Urscrem the caepling aet from the harce sniducae. Dupins e
poppet welve 1 the quich-conment coupling whan puiding bock the eplinder 1ed Wnicorw
ol wemene A Irevdscnt emknleg blt L e onidicw cleor and Ly it s slong=
e e oo walt. Unicie ond eesave coupling from cylinder rod and,

Reploce 1he force oraducer by the sevene potendhos . Again te hydroulic prwer
waed e olf ond e povt | coupling discosrecied,

$.0 Ao 004 Now bossducan

The two pausve beasdozers ond the Yaw romdueer ore vapplled fined W position an the
o it 1T Becces npcesany 10 et ey of e tizradacan, B loods brhind e
pornl shoale it be dsommetded from the sprhet it Ihe gt hond dds af the wrve et ond
drewn hough o Mg ot The freradueer oy then be dond e of e /45 B5F
e waatind in e occanory kit, inmited b (1 place foiing core ! 18 inddce sny lamige
meltes wha the apiten,

3.0 Tmrepors lap bowe

Wiren the trermpil log estemian bone | usad it is grrerally ertsched fo the
cylinder. To mcerporats ths entro feagh 1 e hpdmeudic goth, meunt the haie lvaehat
%0 fhe moleg/eylindee maenting ploe with ha iznewt provided, v 1het i resh an e Iy
of the manar, Carved! part | o the sapiive male canpling and xakn the lose favcie
coupling e the eylinder inpul.  Sen figum 2.

Qezpe e langth of dasble haw wohar down fia front of the banch 20 which the
Wive unil iondi, o 1y 11 akaeg the Sose of the wrv wnit ard thisygh e front lakt=
el corrying hesdle,

1 the hate carteirn alr, o shedd be thoroughly Buhved out by fint convecting
0 how 12 the woror [ which i rnated) balers commecring it 1o S cyfinder, Thiy
tylinder comection agein intreducer o sl erount of oie which weat be Mlived ool

When szt o the rise ovdh Dl be doupled together 1o exclede din. QI
will autzrotically be reroined in e bow,

5.7 00 wepeten.

The all temparsture thauld et be allowed 12 wxcosan indiesed 40°C. Abaye
thh the all roy baczew on inodeguere Isdcont, No peetion of he bydaudin direnit shasld
foal uncomlomabiy hor % fhe hawd,

513 oty

The authorger Fitted s the bydwslic pawer uslt requlin 1+5 lie/mbe
(0.7 = Ve, golfmin] New of wores lae goad parksmanee, The water weslys theudd of
coune be o coel a pouitle,

Condition of vioge will dessrwice whathar s 1 it iy desissble fo wim e exs

a0 <141



S0 Contml unit sarmranhy

Operching mrge of velve drive onglilier fin

sami of oparctional amplifier ot aw
Offwet contml ronge (In herni of oparatizeel omgl ifler svpyt] 1w
Ratery walocity convert Hel/rod/ e

Ratory povition contlont 500N/ reet
879 10d o eiel)

Linew welecivy constort 10/ /e
(258 infac)
Liowwar posiviae oo W/
R5.4v/n)
Prosans conitont V0w,

(8. SeV/1s
Flow comtors W/ (| wale
Foeve tasvion! IV s
(.9 1el)

(These ave ol rominl veluws)

Paiithve volioge on an Iaput 1o the opemiienel omgd ifier plalds poriitios @ilTer~
etiel prire (part | « pom 3 e vabve,

Ponitine dilfwmmntiol jrwwsare prashaos it malion oml fovpan! aree

Ponitive rovatiee ord osqer cormespond fo cladkwise reterion of b weler when
viewed bom it shah end, Thin giens elochwae mation ol the yrehe Sonfamer dd.

Feslbve Hineer rorion and ferce commpond W e eylinder red exsndlng.

All poaitien cetiom yield sepntive iirdhats (igmli 1o give the corsect pelerity
of daachech,

Flow mesterement i in B syviom o Lok, and i) therelve ndppangest of the
divsction of flaw Inport |, Flan (nevahaer Sl aee almips segetive,

T -18-7
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HVORALL L SYSIIMY SICTION &
I e e————

brgmientl, wy opplhodion (et ngpives o hovge force tw be epplied imsathly
by o v s i el dte bey bphod i pover . Adduisvally, bydrendic pawnt
B0 Tognat ko b ywrbale wiber wem

Yo i bem iyl sppliemtion lopbanda porm, worh s iog seehisery,
wellcle mivmernnn, ileal plle-diven,

I oy cown hirdsanlie pasnt |1 wpplind I 0 clowd %o spviers, Thet s, the
whheet of the mppd motuns of pomas I d ovd the o @ e wd prved ondomet=
bealls o e the mpiind wil) . Exomples of uch clond-loop spoewn fv wrve
mecverivead ore o sudder and debiliser conrol on dhipn ond the podiviavey of senive
wi laees im e, O ol e meut gty copanding ums of hedodc power & for
ot whored=liig oot of machine baeh. Typedly, e wok tbile & moved hydoud -
Wally 41 e comwansd of o purched lipe pogon,

The e dirmans et wihere in u oday ore hydraudc, shectica and
pwamatls, Becinse of fae comprowibel ity of the woding fud, mon pocven cloveds
1003 spatems windd be very Aiflieud!, in wony coms mponble, % eechonoe pr
eay

Thlc oot Be e betwren bydodoc oo eleenicnl power vy, Thek
ST s 00 sl heliw (1 o viry el T Thew grestvnd o
000 1 In1red 1o powel detpatt sbine 20 witty, bl whiaoh the bmhcoriuge widly fa
with 3 2.calaceioal ipiem,

Tyoa of power Hydroudic Hlachicel
Actasiar tam el lerge
Spund af riporae of high weceroie
PRI
Lmarity olren prrcominantly wally
ronel o prodimyranedy
Liwer
Can al hardvore cheoper nxhueron
oo ooy
Waight of bodvon rwyrndde
Gt eting per wppsinl
Paliakiting wrevdlly higher
Bedti ooy whaple hpdvmal bt hewew Bosing v marbemivel lngad, ek

artvnile prver e heaiteg, vy be erfiody bydod, Mae wphiatvand weo
e e T conples hequency
Paplrg i the forow b gkt Matboontinol spwrmiom i e dendbiock and foreord pote
ave yurmed| g o swn i 01 garborn dlectienlly thon bydundiusd By, Thamdo o fogiea
wawhyi oty oy wwig o b sbectieli Trmbenk, el W, and onpd #

withn pdowilis peane argd b wetpd e
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8.3 Valw drive onglifier

The wolve deivs owgdifiw sananets o ap—swg outpet velloge inle o popertione
drive cumart for foe verve volwe, The goin it 100nA/Y, The full aperching 1snge of
e vl supur b £200nA o, sefemed o e opeomp setper, 21V,

The INVERT taireh amnirs the walve dive anplifier input gl sbout grownd.

The CAFSET connvol allows offiet to be Inlroduced leto thee awplifier supy!.
This mwiry e el b compernate e e procoe sk coind by e eylinder, o domen-
wrore s effect of alfiet i fre forward poth, or to provice vegle spen-loap contml of
The mamar or cplinder,

A s sreering v of e velve drive onplifir 1 conml 4600A In on
wleciric monr flald wil be found In Appasdix B,
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Moot — . \Vopw goleplale

Coil Fluxure lube
Armalure Floppet
Nezie © Lower polepiate
Spec! - Fredback 4pneg
Tt e, i Fixed orifice
6 R 55 . N ;

Fert ! Relum Port 2 Predsure

Fig W Eleclro-hydroulic servo volve

The Tlappar of thy lint stoge hpdsadic omgl dier b ripdy anached v the mid-
point of the armerue, The Hopper ansencs through e Hasure e 3ed ponim beswian
ma scazien, Sesing tea vericble orilicer Between he noaale tir and ihe Napper,
Tha puiase conrral'ed 3y the Aopoer sed roaile wariable o e it led 10 e ord crees
of he waaed vage wascl

Thu iognat igral Inducet » papertondl magrelic dhige inthe arreture oed cowmt
# deflottion of e arwatire and 1he Migger, This csembly pivere 0 the plow of iy
papne i figure 1)) whint the Tlanure ke, maveming the sice of ore 223216 aiilice ond
geervming the sioe af the o This oftin areeles o ditleremtiol pwire baw ore ond
af the saeel % b stber ovd senlls in ol dhaplecemwnt. The ool Eilacerer cona
© horqun In the leaghock wis whith oppmen e ooiginal inpur signal terque. Spool meve
vt caeri bl the beadtoek wire Sorgue equaty e inger sigeel tonger

S wlves g e wither dpint i Bomiil, In o depart volva, heth gt ol
v e 3 give o purh el dive, while o 3vont velve han 2ely o divgle ol port,
Gueardly, & doporr posl volvo, wath o that an e EHSSD, vy by whed @1 2 Joport
w1l v by vbwply connecling o one ol the outget parts ol (lising off the ohar.

T veudysh oot Cllorms Iy gerevolly of the depert cordigurstion, The sppticatien
by Sopred e i discuasend i seehion 8.8.5,



RIWAYAT HIDUP PENULIS

Nama : Muh. Fachrudin Al
Fadani

Tempat Tanggal

Lahir . Kediri, 30 Juli 1997

Jenis Kelamin  : Laki-laki

Agama : Islam

Alamat Rumah : Jin. Kisurya Jati RT 20
RW 07 Kedungturi,
Taman, Sidoarjo

Telp/HP : 082230168765

E-mail :

muhammadfachrudin.alf
adani@gmail.com

Hobi : Futsal dan summit

RIWAYAT PENDIDIKAN

e 2003 -2009 : SDN Ketegan 1 Taman Sidoarjo

e 2009 - 2012 : SMPN 2 Taman Sidoarjo

e 2012-2015 : SMA Muhammadiyah 2 Sidoarjo

e 2015-sekarang : Bidang Studi Komputer Kontrol, Departemen

Elektro Otomasi, ITS
PENGALAMAN KERJA
e Kerja Praktek di PT. Aneka Gas Industri Tbk (Samator Grup
Sidoarjo, Jawa Timur (Agustus — September 2017).

PENGALAMAN ORGANISASI
e  Staff Departemen Sosial Masyarakat HHMAD3TEKTRO 2016-2017
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