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Abstract

DC Mator Controlled is general used in industrial. With microelectronic technology and

microprocessor technology make DC motor controlled design and problem analysis are interesting

This project: has desiened to controlled the direction and RPM of DC Motor by using
Arduino as microcontroller.  Pulse width modulator is use to change RPM and direction by changing
duty cycle of switching frequency. Output Voltage is then sending to DC Drive circuit to control

motor and Show RPM on LCD screen:
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2.1 lulaspeulnsaiasd (Microcontroller)

lulaspeulvsaiaes  (Microcontrolle)  Wugunsalmuauawnadn - Geussgarmuannsed
pgpfaiuszuuneuiames laglululasaoulnsaaesidsanendiy, mhomudr wazwedn Fulu

o a

dudszneuvdndrduesszuupsniumeidilidheiy  TaevihnsussydiBludmdaudentu  uaxiidn
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v
o

fiawdug az"ﬁuag}nunszmumsn%maumazﬁﬁwﬁ'm§w‘ia7umaz'lffaﬂﬂ lulasmroulvsaaeiidsou
wilufuanoswesnd fvihiiRaduumeadamans dummisaein dns fdumiusuiel iy
doyalunsAimnumiovsznanasing  wisrhianwnsaviuldies Taghififle wh wou 0 vie m y
wn FulFeuldfugunsaidiuniy (Accessories) U (e Aowmes ssuudemsiudunodiin szuu

WARSHAHIUIDNIN  Lludu fadulavasuda lulasasulysaeaiszimdilunsandiuin Suaen

ssuviananiouen Wanussinana tiadinsaavaussaanluiigunsaine doudug
v idw b =1
Iassainsugnvedlulasreulnsaaasiifeluil

- wheUssasanas (CPU)

- WA (Memory)

- dwdsdeiugunsninieuen (Input / Output Port)

- doamuduvesdgiannl (Data Bus , Address Bus , Control Bus)

- RvInledgnnidng

Falufiil 131980amdd Arduino Faubilasnaulnsaaeinszna AVR falSuduiiussnasana
TcﬂUc})’ﬂ%’waﬁ?ﬂaa%waqu:ﬁUszmvﬂ,ﬂﬂsﬂauimaLaa';%']mgnﬁﬁnﬁﬂuﬂ'ﬂﬁnma‘mnsm’ﬁ'ﬂﬁa wazdonn
Whudwesld Tnedonlduvassudadyinnniiniiu Crystal Oscillator fiiif 16 MHz isliaunsald
nunesvdoarseunsuliotriaaia

#alulasmoulnsaiaeiviini fgaaunsadt inmwnGeudiusenisWann wedu Open Hardware

s

lbiensmiveialudesoaldnulsivaresu Sniadaiistanldune wasiifiaunesaildannsom

Fuiiiuinndueesidnldlasdie



luitisraznaniis Arduino Uno R3 M@wlszinana ATmega328 il spec fuolud

Microcontroller ATmega328
Operating Voltage 5V

Input Voltage (recommended) 7-12V

Input Voltage (limits) 6-20V

Digital I/O Pins 18 (a1u130ld PWM Tiidu 6 wasa)

Analog Input Pins 6

DC Current per I/O Pin 40 mA

DC Current for 3.3V Pin 50 mA

Flash Memory 32 KB (ATmeea328) loiaitlu bootsleader 0.5 KB
SRAM 2 KB (ATmega328)

EEPROM 1 KB (ATmega328)

Clock Speed 16 MHz

SU 2.2 Arduino Uno R3
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ATmega328P pin mapping

O Arduino function Arduine function &0
resel PC6 PC5 analog input 5
digital pin 0 {33 PDO PC4 analog input 4
digital pin 1 Gine PD1 PC3 analog input 3
digital pin 2 PD2 PC2 anaiog input 2
¢igital pin 3 EE PD3 PC1 analog input 1
digital pin 4 PD4 PCY analog input 0
VCC VCC GND GND
GND GND AREF inalog reference
Crysia PB6 AVCC AVCC
Cry s PB7 PB5 ﬁa higital pin 13
digital pin'5 @ PD5 PB4 m digital pin 12
digitalipin & L PD6 PB3 m { digital pin 11
e 2
digital pin’7 PD7 PB2iz &S digital pin 10
.2
digital pin 8 PBO PB1 % g" BN digital pin @
r G

‘;J'U'?ll 2.5 ATmega328 Pin Mapping



2.1.1 las9a519n191999 Arduino

lumsi@oulusunsumuaumsvhauweslulaspeulnsaas  Aduino Wu  azdesldniwives
Arduino Bamagiavilaadrelusunsulibidmiu Download iified1 Arduino IDE (Arduino integrated

development environment) Faldwannsauranlamuresalusioniiiiodn Wiring nwiwes Arduino

awsonvseenldiuaasdiufe

- Tessadamwduwdsuasminai (Structure)

- WAy (function)

MWIU83 Arduino 9281999010019 C/C++ 157398700a1118730 n1silsulusunsudmsy
Arduino Hu famafisuaw C leedenldfandunaslausiimie Arduine teseuliuds feasmnwas
bigliianddnlulasaeulnsadedededndeanisadoulusunsudiniliagiazan wasile

41
TUsunsy Arduine wiuslaiuaasaaune

- Void setup()

- Void loop()

Tooilndu setupl) AdieulUsunsuviaussyiamdaslitudioseiafer  19lunas
AMUAANSIALYBINITYIN. duilaidy loop() (Tudiumsin Tustnstasyhauluilviduiiseiios

AADAIAT LTUMSBIIATBUWY 181N UsEinaua lesdmivusmiEuiuriuius ssdeadouiiives

4

Wsunsuneufifendu uenaniidadosrilsisiafisndn — Rulved vasnlsuastafhidulyignies



2.1.2 MAIAIVANNITVINIUVEY Arduino
2.1.2.1 Ads if

Tineaauisulunisvinauvaalusunsugu

sURUUM W ueaL

If (somevariable > 50)

// Do something here

[ - V1 e v oo =i
mdunwnidannnidmnimualiivineslslagasi

AlUSUNTLIENAFBLAT ANFUNINATY 50 wiall a1annaa 50 Tvivindrudely gt

o ] bt o A Y 4™ - T = a o o W <l £ =
mMyvieuamill nmsaonll Bsduiesdeudeuly sdauluduaswihmuimdsiideuluiadun

N adeuladunia Trunisieaauiily

daupansmaaeueuly swneslEmnSouyus1egeall

% ==y (x VAU y)

x 1=y (x Ly y)

x<y (xtavniy)

x>y (xu1AAI y)

x <=y (x Ussnimiawinfiuy)

x >= y (x WINNIMIBMIAY )

@
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2.1.2.2 A184 if - else

Tineasuivuaioulonisyviauedlusunsuldunnnnanmds if sssuan leeaiunsonivualaan

Mdouluiluass fudhuialivinesls lapesiizyuuumsifioudal

If (somevariable < 50 )

//do thing A

//do thing B

MlUsunsuaznedaavln aaawUseanndy 50 wsaly onaunnngn 50 lvvindrusrely alulylvly
o o P w B, &7 [ »oad) 4 1 amar | Io, P Yo a [
yaludndruvila wa1nAde else anusawnulasmeride if lusafeduau wWsldfds if - else wdn

v ° v ' ' a e v e oo & @ v
Aparmuaeedl winlunssiudeululalaaebiviaslsndds else daanving

2.1.2.3 A1#a Switch-case

w - ° v o = w o @ v oo o
lﬂiﬂﬂﬂﬂUNE]UI“UT]’T?W'N']U‘UE)QTU?LLﬂﬂJ fl’Wl']LLU‘E‘HVIWHE]'UFI‘Nﬂ'uNBU“L‘U‘[G]ﬂlﬂﬂ"lﬁﬂﬁl’]‘u‘ﬂﬂ’mum

1Y

11 Wneilwasniimesdfny ausadiatl

o

- Var Mmudsineasunsaiuiisulule

'
[

- Default MbiassnuRoululaqasliimmamdadl
[ ' i’ L4 i

- Break \Wudiudrdniildse case dng WenuRpulvtuwaha @it aslilusunsu

wgANIITURIAIdY Andulioy Break ialusunsunulouluwds azvinmueulussly

\3989IUNTIAEWUAIAY Break



1

Tnunslddnds Switch-case adizunuunisilioudsil

Switch (var)
{
Case 1
//do something when var ==
Break;
Case 2:
//do something.when | var'= =
Break;
Default:

//if nothing else-matches; dao the default

2.1.2.4 @A1&3 while

& o W 0 W n i & - Ve | & o & "
Wudnuseu Tegasviddlidauluaduinnisdaiisseunitdeulvlurudurarids while
, < & Bl voe o v e \d i o Ve - - -
wiluny  addagbividrotsassoiinisuasuwdasudsivinegeay Wuilnswaaiuls  vsed
Geulumeuon WunisomaInsinduweiitevioulmigagiuat Tasiuldaulveey while azduads

as

aaeaian il while nanewdu infinity loop laef1as while axiiUnuumsiiieunadl

While (expression)

//do statement

a

AWsiimasiidny

. d 2 o & o w - | a2 - oy - a
- Expression \aidumdsdmsunaasuidoulvinaimdania mneuleiidiaruaiaiiuass

o v ' - o - ° ' L}
Iﬂmn‘sm:mmumuqﬂmuma winRaulviiaaussathuia szdrumsvihaudiuiily
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2.1.2.5 A1ds for

o ar

mauﬁ%tﬁaé&*@lﬁﬁﬁﬁeﬁasjnw‘luqatﬁuﬁﬂn’mﬁo for I N15MITUTINURIUIIUINTOUR FDINTS

Vv
0w aea

Adaiiivsyloninnndmiunsianulag Afesmsidrmuiensuiuusounisinuiuiveusinlie
Auiwlsriinonsd lunsitvazansildninudunnandenvatenuninineavrseiesiy lngasl

SURUUNSITBUR I

for (initialization; condition; increment)

//do statement(s);

v
s ]

o as < a el o o
Tnads for diwasnitnasndfmauysynsnail

- Initialization Hﬁm%'ur‘muﬂﬂ'u,‘%uﬁwaaﬁmﬂsms‘auaﬂ

- Condition l¥dwiunsmasunsyhaulundazseu Tngaeasaauitindmion  win
Goululugdaesyhmusdlnadutnn wndudiessdhumahmiludnily

- Incremeént sidwindeulaly Condition WuaSisasitmuedsturadulinniaiasauios
Tsunsuazunfviseana sy Increment waznsiaasuiaulyly Condition Bnseu

winiuadguusansiinuazaurell auniesuia

lgds for waeamwn. C lanudavguniinawduinn fuaninsoasiuundin wieisaudn

= 3 ' = -l o .'I ar v - - :v o o !'l
W5Ewesle ag19lsimunsdoudfor Serarpailioilaaou uanaINUd@nNsaunAdIDe

I
ar °

M o ¥ o ' - V]
M C++ fildineadewndeuludiuss wisiwesnanuvesrnda for 1o
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2.1.3 n135UA1 Input waz Output ¥89 Arduino

Tululaspaulnsaiass Arduino tiu n133UAT Input Output ldde wsemeavinlaasianiw

v

91 Arduino Vlvielilinuldasain deaziidrdsdmiviua input Output ag 4 Adadsraluil
- analogRead (@w3UsuA Input Analog)
- analogWrite (dm5uasna Output Analog)
- digitalRead (dw3usuAn Input Digital)

- digitalWrite (du$uad7s Output Disital)

2.1.3.1 AdsiuArdunvuuusuiden (analogRead)

w
ar

lulrsraulvsalans Arduino diwasndmiufuamdyanilaihuuy Analog T1uIuMsEY 6 wain

Faliun wosv AD- AT, AZ. A3 Ad- AS Az

UM 2.6 Arduino Uno R3 Analog Pin
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Avasdynueudoniilulasaeulnsiass Arduino amnsaduldtiu azag 0 - 5 v Tagmeludh
Lilaspoulnsaiaad vsiigunsal ADC (Analog to Digital Controller) dsagluiiwlszanana Atmega328
Lfia:ﬁnnma’tuﬁ'ﬂuiﬂiﬁaulmataa%mﬂﬁmmsmﬁﬁlﬂﬁmmu"umaméaﬂiﬁ wlulasroulnsaesiuviou
Syanuandeniiuldududyyiuinoasn 10 On Ssausaeuiiouidyaneudensin 0 -

5 v ituaan 0 - 1023 1 deanunsodsuduaunisanuduwuslemail

dnartunmwiues Arduine (0 = 1023) = Aaaun19fing (0 - 5 V) x 204.6

Wedynneunasssua 0 - 5V AisuiihanldudasaludslulaseoulnsaiaesiSoviooud 150

ansmina 0 - 1023 Willsuieasradeulunsauanaiagldmedidduids 2.1.2 saly

2.1.3.2 AdwinAndmmuuauidan (analogWiite)

¢ o ol TN ' Va4 -
Lilasmaulnsaweidugunsaifinafudbunn uazannsoUdesisinn semmiitemugy
gunsnineuenld wudsaiu lulasroulnsaien Arduine Aemsavidldwufunesds analogwiite

'
@ = e

AN analogWrite vaindygiueurdanssmnls lnagunuulasaisvesrdaiis

analogWrite ( X, (0.— 255)):

gt X Ap dowmasdygruiisdesmsidu Output

wazen 0 - 255 AerAnusaitiotasdynuanaisian (Square Wave) winisaliidu o Aslis

as

ey usicminilluen 255 Aedygnaudimiuseiilaagean (Duty Cycle 100%)

n":aumc:'l{fmaﬁﬂﬁ'[um-sas”wmmaﬂta%’uuuuﬁaé (Pluse Width Modulation) udsn

Mvuaaemtiidu 128 ievannseasedyanuawnisianiilfinlada 50% ladues
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atnlsimuitatiuoundonlain  awnsoldldiuuiswesnussvasnlilasaoulnsames  Arduino

winfugwnaesviilana niis Aowesn 3,5, 6,9, 10 uaz 11 39ids analogWrite wiazaisdyao
swdenualilifinanuieadoslaiuneinewndondumm  viemds analogRead vivdu Tnwaruiives

frynaumnNIz A Aiogn 490 Hz

2.1.3.3 MATUAIBUNNLUUATIRDA (digitalRead)

Lulpsmoulnsaiaes Arduino uenanasansnivAmdynaowdanlimedds analogWrite

w . o a1l aa = P -
wi - Mlulaspoulnsapedostaunsofumdyuuidnesnlssnanal#End-e lnedygnfinean

yaisiiflegansantuzeiail

€

- dunnuaeTus HIGH wainededilmdl favaedniu 1

€

- dnanaanous Low wnetelidligs ddaednidu o

laeslulpspaulnsaiass Arduino Haninsniusi nput lewaua 0 - 5 v dlulasaeulnsaiassle
AMNUAADIUSVIIAA MDA LA UR D IR

mnilwidn > 2.5 V widuaaius HIGH

madlwian < 2.5 v Iwbuaniug LOW

nslifds digitalRead annsaldlafuyniivuuvesalulasreulnsaiass Arduino nogulaiviuusi

NsEMIRuY DIy IuauNden Wy A0 | AT, A2
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2.1.3.4 nslideadiedn Output wuuRInoa (disitalWrite)

3
ar

nsldends digitalwrite duazyitlvvesalulasasulnsa@es Arduino @amnseasdyauasin

HIGH wax LOW 1@ Tasvuiavasdyann HIGH Sanviniu 5 V wazdygind LOW Sawindu 0 v Tawil

anwuznsilpusail
digitalWrite ( X, (HIGH or LOW))

TagAn X ApArfuiinvunlias edyyindvinanuuaineatuin amnseldiu Digital Taflduu

Up3A Arduino

U7l 2.7 Arduino Uno R3 Digital Pin

wazen HIGH w3a LOW Aanisidaniinesniuasismlwldesdyanuiineaiuy HIGH aadn 1

138 LOW a83n 0
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2.1.4 v9uanema LCD (Liquid Crystal Display)

90 Liquid Crystal Display (LCD) \uveuanswagunuuviliouhnldnuiuivizuvanena
Hei0819uns wae 99 LCD Smawuuanwalduiidnussisundn Character LCD Sadimsnmunsiisnys
wiesnusziiannsauaninalildogudn wazuuuiiansosansmadusunwiedydnuallanuniy
W v - ' R o o o e a o o o 8 bra
Aoensvold uSendn Graphic LCD uenantivnwlinituvsninisedatunldiawisany vl

' ' s  aa A A - v - )
E‘ULL‘UULLBSEU‘E'1JLQW’IHQW:%GIUT‘]W?LL&@NNE U UTWNIARNDEA LATDIAALAY WD HUW{:}@I'JVIEJ Wumu

TAsadawns LCD MlvasUsznaviudaguriunfa 2 wruUsenuiveg lneriudesinmsanansly
6-10 llaswms fadiluvastiutiasmdousesniliiuuulaisliuansidnes  asananasewing
fniliuulafuadneziduasmsivhiluenases ndnsudiulufiensiudsdennnsemy
3unin Alignment Layer wastdnimaiiglauviluasiduiuy Magnetic-1ag LCD. anunsauanwaliis

vauAulevianum 3 wuufenufs

- wuu lgnasagvisuwas (Reflective Mode) LCD LLuu'ﬁ'L!ﬁa'ﬁﬂs:anlawzm%auasﬁmiwﬁa
283 LCD $9.LCD Usznniimnsiunmsthunldemluiingiudeadnudivme

- wuuldmsdsi (Transitive Mode) LCD wuuinnaviaealsliduvdese ievinlinnssef
wankanilatniau

- wuudeihunazagiiou (Transflective Mode) LCD wuuiiillunmstieiefivasasuanssa LCD

Y132 WUUNNSIAY

=i Y 1 voow oA o '
99 LCD illealtileg 2 wuusiu Ao LCD wouun@iwsusnouuuu (Parallel) was LCD wuy
= A ' 3 o @ = - w e ' =t « a o9 v
Nigausiaoynsy (Serial) by 12C Tagia 2 wuuiesldnumziig Mudigauawuy 12C axdivoinaduyily

doansuuv 12C ledaunaliasainau

RECDEFGHIJKLMNOP
abcdefahidk Imhor |

Eﬂ'ﬁ 2.8 Paralled LCD 16 Pin uag Serial LCD 4 Pin
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2:1.4:1 NMIATVAUNITLUENINAVDID LCD wuuvuIul

lunsmuruwIadanu @9e LCD vuiidrunuan (Controller) sauliludiugy gl¥aunsoads

TWAA1FIAIUANNITINTUYD98 LCD W Controller Tdasnslduannantnsls

[y

NMIEUABTENI1e LCD AU Microcontroller 1#ati

1. GND WunsMdldisasening Ground 4835¥UU Microcontroller v LCD
2. vCC dulviAsnsasiiteuliiv LCD vun +5V0C

VO TS uanuadaetosmine LCD

S\

RS luanl# LLCD Controller n51w31 Code fidaum1iwn Data 1Hurdm3adoys

iny

5. RAW laffamundnezerumiadisudayaniu LCD Controller
6. E {1 Enable 38 Chips Select tiaimuansvinsmliiv LCD Controller

7-14. DBO-DB7 stluwndeysyrow Data Todmividieunsasnoya/mias i LCD Controller

Anmsdinuvzunnaienulu Tae LCD Controller @nsasusHasdaaan Micracontroller ¢
ar o - . XC & = o - v ar
MNAYYIN RS R/W wag DBO-DB7 'luvmswacyry':m E 3A7 Logic Wy “1 e uvandazlasaniu

< o woo W o a o v oo ' 1) v <
Wi munuswamdsdms Ui LCD Tmmﬁmw'uadLmazatyty”lmwaa'z;ﬁlmmu

a A
- £ vudgyeyanu Enable WadAnly
“1"1fuprsuenly LCD nsingunsalanguenfesnsinnesusaieudoya

“0” W LCD Taiauladtygras RS R/W waz DB7-DBO

W wiadaya lneeh

i
o ar

RS = “0” wuDe AN
RS = “1” vaneils deya
- Rw Hudiygraudwiuuanlyt LCD nswingunsainieuendssmseuvidedouiu LCD Tnad
RAW = “0” wunefis \Weu
R/W = “1” i 8u
- DB0-DBT 1udrynyinuuy 2 fiema Tngazduiusiudyana RAW ddmiuiuds Adwasdoya
359173 LCD fugunsainieen Taed RAW = “0” dyniau DB7-DBO 9xdsaingunsalanguenndl LCD

WAt R/W = “1” dtygyau DB7-DBO 9zde91n LCD Wdagunsalmeuen
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| vssioND Ground |
i YDD +5VDC

3 VONEE LCD Centrol dmsuyiuamudusnsigngs

i RS Register Select huanBuymdmivifaniousudoyshFiamod

5 R Readthite WusnBimmdmiuifenlmnduuiosndoys

6 E/EN Erable (i furdudnann Puise dofounnsuiesudoys
7 CBO

3 DBI

¢ DBZ

10 DB3 Data Pins

1 B¢ 8.Bit

12 DB3

13 DB6

14 DBY

15 A {LED+ usn Vee dwdv LED backlight (5V)

16 K (LEDS 0van Gnd AmiuLED backight (Gnd)

f1519% 2.1 97998 LCD wuvwuu



20

2.1.4.2 MIATUAUNTILEANINAYDIIB LCD wuuaynsy 12C

99 LCD #AilnsiWeudauuy 12C wiaBendnagninisilisunawuy Seral 3uiusa LCD §55ua0
mrllArwiauiuueda 12C 8us Milvnisldaulsazandadiuuasdauansouiu VR dmiudiuainudy
1 - | . - 2 = o v

w9398 luguuuv 12C azldurlumsWennaiu Microcontroller 1figa 4 41 (wuu Parallel 19 16 v1) Favinlv

Tdmildheuarazninuiniiu lngannsoasumsnue e linun1s19amEs

Ground
2 YCC ~5\BC
3 SCA. Serial Data
4 oL Serial Clock

A157971 2.2 97198999 LCD wuu 12C

Tunisdetayauuuaynsuzimautunsunsyirudmaluil

- MCU 2vinnsdsaniusisuay (START Conditions) tWeuanenisue l4Ua

- WdIRNNeE SaAIUAN (Control Byte) HaUsznoy rgsvia UszI1sigunial Device ID, Device

Address kas Mode lumsi@isuviassudoya

s

A o " A - ! LY b ) 2 =4 v 4
- logunsnifuvisauin MCU deamasvsindanie ffaadsaniuzsug (Acknowledge) wiaudalv

MCU Fujinteyaiiladwniiamugnsias

o : "W v 1 -:J G - ar 1
- waziiloduganisasiaya MCU azfavdsdniuzdugn (STOP Conditions) ieuenfiugunsalin

duaannslyda
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2.1.4.3 nsunvauanska LCD wuvvuiuunldsaunululasraulnsaiass Arduino Uno R3

nsdansedynnuIteyasenita Microcontroller fu LCD Controller anunsavinle 2 dnweus

An NS\ lpudawuy 8 U (DBO-DBY) waznisidousawuu 4 Un (DBA-DBT) MHandUULANE 1ML U

1itldfe 8 o 4 11 wardiannsaiholdvilauiu sdrsiiwiuoulunsdsoyauuy 4 v dosirldd

n 8 a0 wililddunnaudsnaldmesatant Tumsdaiy Arduino wniudsllsuseifies 4 v v3e 4 On

Wiy

'CDE b
et Bl il
GND WSS/GND Ground
YWCC YDD +5VDC
Signal VOANEE -
- RS Digital Pin 12
RW Ground Gvssismesnindivy
- E/EN Digital Pin 11
- DB2 Digital Pin 4
- DBS Digital Pin 5
- DBé Dicital Pin 6
: DBT Digital Pin 7
- A +5VDC
. K Ground

A191991 2.3 A19afBsEInan LCD way Arduino
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2.1.4.4 N15U"RBUANIKA LCD wuvaynsuunldsauiu Arduino UnoR3

Andsildlunisamunuee LCD w99 Arduino wuv 12C 1ulin1991n9s LCD wuusssumn (Parallel)
i Wesuddaaiiu Libraly vasnsidnudsannsomivanlaainnyledves Arduino nsiesaninse

Nozsialaniugy

GND ( Pin 1)

+5VDC VCC (Pin 2)
Ad (SDA) SDA ( Pin 3 Serial Data )
A5 (SCL) SCL ( Pin 4 Serial Clock )

) ' w ;
A15199 2.8 A15108UTEWINTT 12C AU Arduino
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2.1.4.5 3wazndunA1a9luN15839UTEWINe Arduino fiu 98 LCD

Adslun1sAIuANTe LCD 983 Arduino thu w19 Arduino Weuilu Library anlieasainlunns
Wluliny wiwndeanviaiadouies  dussuusnlunsBudeulusunsufon sdonld Library ves

LCD Mnlndde LiquidCrystal.h wawntiungfuiiifiduiiddyeslsthailddanuliae Lo

- ety LiquidCrystal(; Tuszmmniisesnisdedoyalugos LD guuuulumsdanude
LiquidCrystal lcd(rs, enable, d4, d5, d6, dT) <<<<<<< lunsalldoniuuy 4 On

LiquidCrystal lcd(rs,enable, d0,-d1, d2, d3,/d, d5, d6, d7) << <<<< [unsalldanuuy 8 U

- iy begin(; T muntunavesme

- flafdu setCursor); MdmuamumisLasUSIIUa Curser 11 led.setCursor(0, 1); A v
i TLaF U wmisR 0 vTTian 1 AstusumaEuein 0 i 1ED 16x2 T 0 -
15 ussvia An 0 NU -1

) y 1 & ) =l v
- W'ﬁﬂﬂu pnnt(); I‘Uﬂqmﬂﬂaﬂjju'ﬂﬂa\in’ﬁllﬁﬂ‘:
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2.2 29959uuaLpas

2.2.1 MIAANLBIABTUAASLUY

= v e

mMsmuANBWmesNsEuansiy dieiuvaieds widz3snideiveidouanaresiuly 1519znania

2.2.1.1 n1smvANAIBANLMUINUSuAIld

Wuguuuuiuguiigauesnisrunmeteie Wiimumuiualieynsuiuuewmes Tned
smumuiiudldantuihmaaruiluntsmuvewames  medsuwuuillifivssavinminsizm
dulwgdsluludaaimiu dofeuldiusamaididng asdduwuviiliauanti@nisaning A7

- = £ & | v & - ¢ - v w O @ P
usalngeiinanie) wiarlyasauiigsindlevawmassglunnsiilvaadonq  daiunisdedunuuiid

Uselomlanza e inseiiuai wu nsuafumasweaaiasdnsidud (Hudu

fl,
/

AN

Al
voaneIngs
& W
nsaaullnga
|

= ¢ v v
EUW 2,11 ﬂ'ﬁﬂ’JUFll]ﬂ']']uﬁ']ﬁ']ﬂﬂ']"luﬂ'iuﬂqu

2.2.1.2 MsAIUANAIBISUSUALT IR

w

Bnsiiinidnsusnusiasdudeunieddgunsaldidnnselrdiiidhsveeidees way

« v o o ' v T Fag.) v o PR, oo a
waweszgnilousmsussiuiiudeuuasild Nnundseniidufiuaudin defvesmsmiunuisiife o
AMITIANMNANHETRILTIDA ks uitlouldiuLawafasRN e TSR UG diutaduainms

P - = & Y| v a1 e 1w
AIUANIDUAD LHBU@LW@%UH'}']UL%?G\']LL'iQﬂu‘ﬂﬁau.lwnUuaLﬂa%ﬂSuﬂ'\ﬂ'\Lﬂuﬂu
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2.2.1.3 N13AUANLUY PWM (Pulse Width Modulation)

Pulse Width Modulation fie maliAnsmuausRIIiueiawilaglddygaievivawuy
ﬁ%maa*uaahflﬂ‘mauimal.aaﬂumimuqu nsuegatunaIunTIveaiad PWM aziunisusunaeu
a4 v a v ' = o a 1 - - 2
ndanaunaramunIedygaiad  Tnomauivesdyauiadlifimsidisundas wiseunis

P - ol . a - - A o e ' ) o rala a
Wasuwasvesidlada (Duty Cycle) thies Berrvesinfluidafedismiunitesvadiiianuzasin
v TegAedadrnaluesifuanmiunivesiadimun  ondedhatuy  SwnnAddledadiswviiiu
50% fvaneialy 1 Uiy aasiianuzluaeingeegaimils wazanindagdneimils uazluvhues
WWennuvina A leAatiaIun wmua’nu’hmmn’?ﬂwaaﬁaﬁﬁLfJuamuzaaﬂ“nqmzﬁmmm”wmn%u
minedmidluAaiinyiiy 100% wngawihlifiaowsasdndwasddimlafa awnsoasaanunld

ar

o LR T - &
WuAIUEUWUGAAL

AR IElAE = (2 uNad/A ula i ML aueddy i) X 100

o

50% duty cycle

75% duty cycle

25% duty cycle

= o - P
JUM 2.12 dyqurnuesanfab laAanieg
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2.2.2 N13TUKASNITNAUNANIIUBINBLABINTEUANT

Tunsldlulasaeulnsiaesiluimuaunsmyy wazfinniavesnoneinsauansaiu 1avaosd]
d1uwe92993 MFuninastudewed (DC Drive) ludnwonsasndufirmavswewasiusazldieas H-
2 < [ ol a ¢ d oo 4 = v ¢ & W e
Bridge isn@wnsanazlitiadanins alndienduiimnswastalvnszuanse wisoraldgunsalansiain

Mdwastuiidatu nsudamas vean wduaismsazdanldau

l S1 / 53

S2 S4

guﬁ 2.13 7933 H-Bridge ﬁ"ug'\u

WL wialiveefiamatazaEIIeawes 31mnmsrIRLiann sy Tne

- ¥ ar - 3 ol of J o Vad s - ' '
Undvnnasansnauiinnismureniainpinszuanss Wmiilafe nduiirunaiine
- winsipsmslivyuad (Clockwise -CW) Al S1 wag S4 Yaneas warly 52 uay 53 1Waneas

- windesnsiimyunaudy (Conter Clockwise :CCW) Al S2uar $3 U9y waxl S1 was 54 1Un

N

jswi - swa) | [on Oﬁ\; \off  on \\
P 1 T |

i (\Z Yo o gy :_‘_E_ﬂ().;‘ . ° *:;"‘\'\E,}-!-_ °
1 Mator L Bl ‘L ot ll) (L : J
\kswz swa! =R On‘l\ \‘ ok Oﬂ;’\“

gﬂﬁ 2.14 2935H-bridge Y@ wanue
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2.3 UBIADINTLUANTS

vewesiih WugunsaliwFeundaubifinfundanuna msviuuniveweinesiniidsu
Tnghinanmsyirnusiufusewinaunuwivdnvesudvdnlufusines wasaunuwiviniinannszua
TusnaniibiiAnusspauasussrdnvosaausimdnians  lunsldrufedudy  lugaamnssans
vudilduawesaaain Wuiu venmmiuwds wewmesiwidaamnsavinuldfidauy Wud nisadhs

PAIUNE Waz Nseaandanulnii

wowoslwignihluldnuivainuanetiu_finaugnamnssy wisath Ju desileindeddly
Af3ou uazdanlasl uawasinihanunseduindaulnoundsnelinszianse (0C) Wi MnuuAADS, 81U
JUANIDIITITBINTELE viBRINLMaT el WnSEwaEy (AC) 1y nlvthy Bunedines wio wedpeliulv
vawesnnadnarsgsmuluuniinilith- ueinedilufvuauesandnyarng sgugeeslindsnunad
azandmiu Wlugnawnssy sawmasiuiiilvaiaslidwsumsidnuaingude wer mstudaviods
tfwﬁuua::'f]uﬂgué'ﬂLﬁuﬁwﬁu%aﬁﬁwé’eﬁa 100~ wingdnn . wawoslviigeiunn s UD A mE TN

[V oy v - v = « s =
voawdauliihvieanilase adnmaluviesmwnisldnuienunisiadeulmusneiing wazdu 9

efinsiunszualiiuihlugseneeluamuuimdnasibifausasinindsidadiuuosuse
Pufunssuaussvesaunaualndn lnoussezifsdudmmaindunssiauavaunmaivin. unefiamaes
wsendunseiuiuiufmnnssuaresauminantvadaunduasiliiemsvasuulamonssua  waz
aunwivdniusayhiiamsvesusadouly soRmETRiI [ Remeinsuansasanduin
vamsmpl aunuivdnuesemesdumiainnnulvanansignafuuiundnviomdnndt Tag

= A Y e | Y| = o o var 1 el .
Uﬂﬂlua’]uu’{lglﬂua?umﬂﬂﬂgﬂUﬂlLﬁSﬁﬂa'JﬂL'ﬂUEJ']U'F\)L’WUSgﬂUﬁQUWLUULLﬂUWL‘!U'ﬂﬂJuakﬂﬂ?

JU# 2.15 DC Motor
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2.3.1 Taseadrsvasnanas

T =) <y ¢ = W «

- Tswas (Rotor) Tunaimeslih dirdeunfslswes Fwzvyumanionendinuna lnnes
@ - v o w 4 A ' a o ' ) o aaa a
dnvzll vaaedmhiueglaesey Faudleinszualvani asiindnnawiméniialuvijidedy

auuuivanasvesannes Fumailimule
Tsinesusznoumediuddy 4 diude

1.unuwan (Shaft) Wumdmiviamauinmeaas wasiaunumanaisin
1995 (Armature Croe) UisnaULi‘Juﬁ’f[‘iLmas‘u,nummﬁ%maag}umw% oAUl

wyuagluwnshifinisduasiouls

2.UAUDINADT (Armature Core) YMELAWmMaNUIDwaual (Laminated Sheet

steel) (JuidmiuiuuaaInersuuesdeas anseda (Torque)

3.aeuiinAas (Commutator) vishevetuaaanuuuiiuius azdiiauului (mica)
Fuszwinaiuaneilnmes dauhivesneniimne axitesdnsulduaeans vos
YAAINDITNDDS TrABLTIATUS AL URAN UL wWustnazmsanszuen i

wihidusatuiysainn (Carbon Brushes) tissunsenasinanedoudlugs vaanens
1Rasifieadradunsudindnsndrumildiinnisvinde aseSufusudunsswivgn

andau Fuinnunastasivan danarmnudnSendtjidemeiras (Motor action)

4.99a2nemNIR3 (Armature Widing) illuvnainiuaglusesadon (Slot) vaunu
2iuaes nhavesamesidaviolnajuarSinusauInnms ateuiiuegiunis

w ¢ AU o o v Y ' o v
PoAUY Yol lsinafuiinuug thenaslmvinzannusiudieg Afeants

Ui 2.16 Tsimed

<afl
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ammad (Stator) duitldipdouiine awmed thezilunana vie wiundnnns

y 0 ' I ' P v e
Lyaanauuudman wiuegseuqunuiawimanuaaiaiviwihisunsauaain
Moueneasinduusaaimanliiniu wasduusaudmdniasifinniswndtuaziasy

Aufvauwimanuesanaesvinlmiiaussdntiy

2.unut (Pole Core) ysuusumdnuieg fushoeurssneuiuiuusdainiy
wsu a”;uﬂmaﬁﬁqLﬂugﬁiﬁaﬁful,ﬁaiﬂ"ﬁugﬂnamaaﬁ"ﬂsma%ﬁ“an'jwﬁv’mﬁmﬁn (Pole
Shoes) iinqUszasdliuindnuaslsnesindiamunnitaniieAinatesemalioy
fian wieliiiatesematiosfignrialiduussimdnandauiminondauingn
iniluilsimefinniigaudwinlvidausdansomdsinmedsiwanndiunsyl

vewoFimamu (Torque)

< ¢
E'Lh"l 217 TTLﬂD?lLaSHLﬂ Lﬂiﬁ‘

doving1ma sewilsinesuazamneinsiiuierineina Sssdosfivuiadniigainioy
Dl devinmmunalwgiasiinansznunsavegannsaysednsniwnisyinuveseines
I

AR (Winding) wnanasiulasseuidupssd Unfssiusouunuivinssuiindesvauiu

wolludaudvdnideiinszualwinlwaciu
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2.3.2 YUAUDINDLADINTUARTY

nuapetirssliawefiduduidilunsduedoy Fusmuiinuusaretnfeansusaiy
T ) ' v u @ v 3 fo o w ar '
Mawmaiy  lumsssuganuiouneinaussdltiamesiiianumiungluduluie  udeuaen
dndeeiasnmsusampanng uwirudilivn dniusedunsuidymvesnuiiiidneurdedu vemes

Thnszuansadadivanewiiniasossuninumrainvaluron Lty
uawasnszuanssansawseeniuantuiinndng
LusinasWihnszuansswuunssauien (Separately Excited)

Z.uamaﬂwﬁmszuammwn‘s:ﬁuﬁ’mmmaa (Self Excited)

! { ¥
i Shuat Motor

T
B L

LJ{?‘*’*‘“""-”-:‘-“?u
2

] - .
Eﬂﬂ 2.18 YUAUDINDLADINTZUARNTI

sriuimamasiiiinszuanss ( D.C. Motor) tu Tnendng udannsofiesuwsoon 1y 2
wlla Ao uewmoslwihinssuansy wuunsesuiaEAmed (Self Excited) uaz uawmasiviy nszuansauuy
nsvuLen(Separately Excited)  Tnsuamasiiinszuanse wuunsedushenuies 81 annsnfiazuya
aanlaiilu 3 vila Ao wawmailviinszuansawuuaynsu ( Series Motor) , ueinasliih nszuansswUVILI
( Shunt Motor) wardawmeslyfnssuansauuusay ( Compound Motor) Gaawmes Infhnszuansawuy
rasiuannsousndeseentdidy 2 dnvaramnasnissenelufio uowasliih nszuanswURAYn
YA ( Short Shunt Compound) wazuainesiwiinszuansawuunas ylaunarnvuiuen (Long

Shunt Compound)
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2.3.2.1 vawmaslwiinszuansaiuunszAuuen (Separately Excited)

@ Field Coil ®

Armature
S

ShuntField

3UN 2.19 TAssainuaduainos uuunsyauLen

& mld— - @ - = o
Separately Excited DC Motor luiiuguiiandgyuasszuviutngouniluih uagiiunumanfy
ﬁ[ﬂum‘smuquﬂfnnﬁﬂum?aﬁmLLa:ns:mummﬁmé’mTuﬁﬁ'luszuuqma’mnsw EERERIWIE TR
vaweilwihnszsuansatuunsziuien Tneiugnweiduaimasiuuiuy Separately Excited avadoiy

a . w v W v | o nas oo ' =i - -
nu Self - excited . anwuzlastainvanszdszneumediunogiui (Stator) wazdrunivaundoud(

v

Rotor) w'%amnﬁmsmﬂugu mam\msam&aéma‘lwﬁﬂﬁmmsmwnaam{lu 27999

Aaasilad  (Field Cireuit ) Farmihiilunis adaawiivmdnvdn was 299591310905
(Armature circuit ) AvmtfiassauLivansaUY 9190 1ng Separately excited dc motor
wididenszudliihfidedniuasesian uazaeseniunees asueniudasziiuwaziu Tnoanaudiasmu

AE-U500 emiloufulemasATLUTILIY
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2.3.2.2 uawailWiinszudnsawuvaunsy

Aauaineivirpuaaiaauwimvinoynsuiu answmeivewameiviailin FBaiad (Series

Field) fipadnwnizifdaliusidngeionldiduduidwessaliisosnvonnsu il mandiseunes

vaweiaynaulisliiilvannnuinzgunnuididlvann deanusy Azasaswmisivan Inaaunwia
o o o ) e W va de A o vo o
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Tuthumatgedne W wn3ewmadu wniomanems adwlnih Snadui wieuthun uawesnsauanse

wuveynsy ldnuminladdieldemuminnsauaszannamuisey wanauilobifilvanindennuiasgs

mnarfindunTelidniude GuaminiemeituvoynsuIviesdiivanndostiaus

oI

Serivs N,

&

U 2.20 1AS98319904UBL0 D3 NSELAASILUUDUNS

2.3.2.3 NOIADSNTEUANTIUVUTUIY

wialeninduitawned towmasiuunuul YealnauIEivanIEne (Field Coil) asiavuiunu
¢ Lo v - Al F s ' =
NN YARNLDS Upinasuuvruruiitina e emui§and tsedaGumiun taniaseuni

a ¢ ¢ o e o ar o v < v < [
ﬁ]uwual.ﬂa?ﬁ.'lull']ﬂlfwuzﬂUQWUﬂQUWﬂaNLW?W:WﬂﬂNma\?n'ﬁﬂjq“l%jﬂﬁw lLazmaﬁﬂ”ﬁtﬂaﬂuﬂ’l"uﬁ'ﬂﬂﬂqﬂ

+ O

Arm. Shunt

W o

JUN 2.21 1A59ai410001n 0 NTEUANTILUUIUIY
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2.3.2.4 UBLABINITSIANTUUUHEL

wisiSunimeuuriauenas uameslwihnszuansiuunanil ssihaudnvuriivewened
Trifhnszuanse wuuvuNu wazwUUaYNSILN TN LBl SWUUNEY lpudnunzinvAaiusings (High
. ' < a o ey o1 o g o
staring torque) WiAMULTITEUAMN Aardaluiiluanaunsealiivaniun
ll’r]Lﬁlﬂ{LLUUNauﬁagﬂﬁﬁfa‘Uﬂa?Gl‘tJUTUM%EJ‘UCﬂﬂ?GI‘!TU‘V‘]a%f 275

Fninldrpvaarauuudurivuiuiuenumesionia vendum (Short Shunt Compound Motor)

Series field (B3a#lan)
—

][4 a .
{B3IM VB3 (Funian)

Arm. Shunt field

JUN 2.22 1AS9a591000imD I N SEIENS LU URNEL

dnisfasauuivIAAIREUNSULAZYRIIAE LB AR uY Re L IsIBLABT (Long

shunt motor)

+ o—+—f

Series field (B5anan)

(27301985 {Hinan)
- Shunt field

=l [ ¢
;sﬂw 2.23 1A598519009U LA DS NTEWEARTILUURES!
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vawosailunamasidumdaumsdyqgraiadumnzandmivldlunumuaunsmu - 7

2.3.2.5 uawnadailiy (Stepper Motor)

ADIMIAMMUL Wazian1aniuueuy Msvitnuues awdtiuaneiaztuinfouiiasiug ax(Step) 5, 7.5,
15 v 50 2 Hlusdivauanliudazviiavesamnulaeneimiug anulwamesazuandanin
uawasnszuansaaly ( DC MOTOR ) Taunisviniureaimeinsruansaasvyulduuunelas lianse

y

wudunuvadivg  WWdahlunsilussuaswnidamundldonnin wdludulngisesldanis

3

vawasuminisnismuauladliisluszuudnea wWu wiunes ( Printer ) wianwas ( X-Y Plotter ) Aan

lasv ( Disk drive ) 9@
e d =3 ‘ .
ANANUALAUYDIFIAUI D NOLREY

- wilunnsvagu (rétation angle) diAtmaudnd urasinauvesiadsunailituiaes

- anailuniaviu (rotation speed) fiAmdadinuasduitusivanivesdygaiadaunaiilidy
UoIADT

- Wlunmsenuauduvtsiuussy daidanuiiudiig nghiiideddduy nleundurasmsimun
MBI

- LifiAuAR WA AEZANT8 NN MMUR AL

- mnzfunuisesnisnalredouinmudam usilegs lndlideddssuuiiamnseuiangy

- ansodfiouazinvinsebaldluiuimemeignnssiuliite

- awnsainwan vnsuiusemnulalaglivhlinewmeiidemne

- hifiwdsednu i ldiegnislnuiionuu

- - = 4 >

I

pripgrasAAUsuDInDS
- msfmeuviontniiaislanuudvilililamasaniuainisins e saiuilesueinesld
- myhliuawesannsonyuunuienuigeirldsin
a a a o da yy oA a « = @ v '
- mninusadageguiuniniuldviaiinloneiveinuamedazgn omsiuiumisuaanumsu
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auadvawmesiduueimesiidnvasmaiheuandnuameii U wszavdosleu
Sygnauiuiadbitiunainvesemesidudinyedianzay  waznsvuvesuainaivinismmuiiu
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MUIEAININ uama‘fﬁdﬁﬁm'}amﬁammm‘smgus‘ﬁ BAAIDEN NTUYUATU 1 38UWINAY 360 83A1 MIn
uawaIlaAUNIMIIINAY 7.5 adrnediiy nama‘a’ﬁ‘lﬁuﬁmmastﬁamamwwuunﬁwﬁu 48 s wal
dwnnfiaduntveuiy L8 sdmdoaiu Aiwazseavednismuminny 200, aziuldiueimasiimdedl

2 o

ANvazidoagandusatnn vialihulslunuiisoimsimuesiiumislasingi

UM 2.24 uanslpssainmeluves Stepper Motor
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2.3.2.6 ualnaswaila (Servo Motor)

waslwowes [Wunawmesivheulaglddygruiad Taenslugeshuawmesazdsznaulude
wawasiinszuansy  gaifesuardiumuny  Taedsuszneuiuagniglugaiioniunisidnugesh
« & o el v e - “ = ' v &
vaweiuuasihlUldluindsantsanuuiudiludem wis nsmpuluauesrisiesms wu Tl
vawasUerunMsidmvesmnade 138 wie msiwvoaaioeduliiuivg wivsaaluiusudiduunadn
Y ‘ P a 9 L o
wiiusaihusenievsiuselanouiigs insenhnsiynfeiogudy  Wunewmoiniinimumu
- =l o ) I < v v oo v '
msiadeunveariu (State) Litrazifuszor aruda yunsmu lasldnsavauuuulsundudadeunndng

- ¢ v ve ' . < ¢ r
taziuladaiaussning woshuowoiuasanuwaiuaines
ruaudRiiuvadgaslasiowos (Servo Motor)

S mmsn‘lﬁﬁma%nﬁqa

- am’l‘imﬂé&auﬁ‘lﬁﬁ’aﬂmmﬁ@qa
- Wenuauauialdiluag e

- dwnaliidenuainvaie

- demwdey Lideasa

[

Tanpuuangailiuames (Servo Motor)

- U9IAUNe

- llaansemugulasiaszuula fonduszuylavituvilwiasdudeusenisuiluldan

wdnnsvinurese shiamessruumunueeshuemasaslussuuauauuuuguln

Usznaume 3 IMuanIsATuANAD

- ymueamsmavasusaln(Torgue Control Mode)
- Inuamsmuaudnsnsa(Velocity Control Mode)

- Ian1smuauwmda(Position Control Mode)
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2.3.3 NMSATUINAINITILLADIAIIUDINDNDINTTUAN TS
2.3.3.1 u54Ua (Torque)

Taguszasdiuguvasuamasinih Aensiulisnimawimdnimihliisnsindoulmlutesing
IMAsy winawmnesuaslsines iandausestamluuslovd usebafe usslnmivoawnuvyulag dwite

Faldvanowuu

uAntieuAll 3 uuu fe

- Wn-Uoust : Teiuavivenazsifuanueuasiniinasmyu Aflusesdn 1 Yaud douldlugangy
- Tadiu-ns : Tneftarivensgiunswdnlumisy fofu Nsadinsmm 1w Touldluansy

- Alanu-wns : lnednauitansudunsmdnluvive flansi Afmiinsmu 1ums
lasussdnannsamlgnonagaiuewsenusyuenwiivitetu hiu-uns
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NMTAIsUIEINTS nadnvsanselmduisanoonusafaupnhies lnsusainseyindesnii
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annsosutuannisiminesatlaginsdlanszviisau

Torque = F.x R x Sin €l
F Aowseluimniansa

R AasailvevingAidndmu

o Apyuiiuse F nssyinu R

T=rFsinb = Fd
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Anaunsieiu dadhaunmesnuesingiiegluannyviu lunewasnssuansaly 151z

annsnasUaumsilddmiunmeinlafail
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laudl | Aonszuaiuees
= w ' 13 o ¢
waz ¢ e wdndussauuuimdnlususines
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uaz k AeAAsi Fauawmainizansiviainiasinsirasinaziifnsivesiuagudn Al
ansonanlaan vesnuosuamasnszuanss wstufunszwaaulIns asandvetaunsiinanlusi

vaLmasIviNIuY

2.3.3.2 A2u15958u (RPM)

lumsiaanuiivswomeinssudnss  Jadumswdouinuuumniy - 1593eldmsindumie
sourau?l (RPM tiaa13nAmRevolutions per minute) Aami57saulinuduiusuuuwysunduiy

¢ ] - = ' ¢ a ' ey 4 < <
yan NaIng Lllaﬁ']']lll%'liaUu"lﬂ'Uu ANDINITANE Iﬂﬂﬂ'ﬂ'ﬂF]'J'll.lL%')'iﬂUG\BU']VIﬂ'EJlﬂUﬂﬂﬂqqﬂJﬂLLUUﬁU\l

2.3.3.3 Masuesuawmas (Power)

Tunsidanyemesnsuansanldnuiu udmnnis e Ransanimdwesiuemes lnand
YBWDADS ansamalann deyardndnveriadmmite legmihevesidsiioginnningwanemiie un

o Vo P ' il P, e o o ) -
wuuu'[mnuw’:’l.ﬂuaqaamum fig InR (Watts) waz 15931 (Horse Power (HP)) lagviaanamiiedl

v
@

ANMUFLRUSABAUAY]
746 Watts = 1 HP
mMsfumidmewemas annsawildainaumsauansil
Power = Torque x rpm (Watt)

e w v - < ! s wau v = ve &
LUREINU "ﬂ']ﬂLi']ﬂﬂ\]ﬂ']‘iﬂﬂxI.'lJﬂEJL!VIU’]EJ’UENﬂ"!ﬁQ’L'ﬁLUulL?\'!M"I L‘i']ﬁn.l']‘iﬂﬂx'.ﬂﬁﬂulﬂﬂ@u

Power = 746 x Torque x rpm
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2.3.3.4 UseAninimvasuamasiwii
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23.3.5 usaadaulifoundu (EMF)
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2.4.1 Wuwasinuavdn (Load Cell)

w d e v ¥ e da - « .
lullhgtunsesdioimimindilenlilunugramnssufelnaniead (Load Cell) wuuawsuing (Strain
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2.4.2 vilnvoslnaniua
2.4.2.1 Wamwavda Strain Gauge
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2.4.2.2 Twamwaviia Hydraulic
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2.4.2.3 TMaA@aLuy Pneumatic
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2.4.2.4 Wwamwanuy wlaSdany
mavinaileuiuinadnanaaion udlwlesdain annsondadygruesnunlalussfugeda
o a a VR v oaM e W @  a ' Y o '
wmzdmiv nsastauminilududeulunisindaninannsenaileonssivaiuansna ag1alsinny
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Inle3@adin (PiezoreSistive) SailfoiduAonnuduiussenidugaiosniuiming Saiianwarlidu
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guﬁ 2.21 langanuy g3 dainm

2.4.2.5 Wanwauuy wenulnandniiv
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agmeliussnnnsziusaihliianisaasduasaunmivdnuasarldifedyaaidudndulnensee
wsainnsyh §9egld vannisnisilishavunimaniues Insgunsaldnwastinensiaianisindouit
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2.4.3 NANNISNUVRN Load Cell WU Strain Gages

ALATULNA (Strain Gauge) AvwA3iiofiltlunisnsiaiaussfiuaien(Strain) vaving Andulay 1Bai{n

- =

8 Fuweud uar 1imes 3 3n Wl ad. 1938 dulvgawsuna awihndumelansanadnumd
) ' ' " a - - o o @ woa P
3U3196099 sguuwivauumdnnsvesamang A Waansunagnusinssiasiiiiansiwasuulas

3UslUEn v T s0) vildaufunusesiagiuddeulynnssfinssyimuannis
R P

Tae

[ An AMNENITBIRIN Twisuns(m)
A Ao wuimhanuaasita dvadunisnauasim.m)

P (Greek: rho) Ao anmamumulWiivasaals dmiadulavia-uns(Q.m)

y v Y ' / o 4 v '
nsuStrain - Gauge -lUldnelin1sranias  Wheatstone Bridge wafinldmmauuandaves

wsasiulwinilaaaisiumudeunadymamannisve1eas Wheatstone Bridge

U7 2.33 Strain Gages Tudnwaizsing
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1511 Strain Gages 4 fuABlaNYME Wheatstone bridge azviliiisianunsn Saamusadulnialg

ANANHATUNITUR Ul

Full-bridge strain gauge circuit

strain gauge strain gauge
(stressed) (SreseRe)

r e et i

X1
L

strain gauge strain gauge
(stressed) (stressed)

L

U 2.34 Tnseadranaelu Load Cell Ussnoude Strain Gauge 4%

° o ' W ¥ pei a Moy ]
Ineiswziusadutinenausanmwasf i ulUdng Tnefusasuliinildasiiving
Wy mvAy mingmian endiegn dreiouseiy 10V Wiy Load celt #3] Spec. 2 mV/V # Full load

a voow e Uy e & <0 o ) o Y v 1w
2,000 flaniu detiuidiofiusanseyinsie Load cell-iimin Full load dtynnauiez1dfas @iy 20 mv
v o ar i o -t v
ANIUIN Load Cell sapdnsmanin 15713sasulion

0Kg=0mV
1000 Kg = 10 mVv
2000 Kg = 20 m
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2.4.4 Ygyw1ann514 Load Cell
2.4.4.1 mMsidumsves Load Cell

Aansil Load cell Liaunsoiadild viietarmlildlinsdasdygnasenivmiideanin

gaiuly Overloadwiodyyrauonvinninaweenunhiis

2.4.4.2 an7sHaUnAveY Load Cell

- Overload nﬁﬁ'é'ﬁgmwwnmﬁwmﬁaiwaanmn Load cell fiAmmaniiunit Rang
output 481 Load cett-iliawinm 2mVAL 1 Excitation 10VBC axdasiiioinnliifu
20 mv Fwermstiasyiili Controller AYUFQRNM 90 Load call Liannsosuald
%30 wiIeuaAs OL

- Drifting Output dnyeyianenyimwiidieannain. Load cell ‘itsluvaeiiinimin
ﬂ'%ah.iﬁ'lfmﬁnﬂﬂas‘jﬁmmdajﬁt.l,saﬁl'uamﬁau) §eoInniasitld Controller srudrlai
Assaauialyden

- Non-repeatability problem Ao vasniteniminesnud it
Controller "L:u‘nﬁu‘lﬂﬁquéﬁcym_,m"lziné‘u‘luﬁﬁu Faonmsiaeildanhmindidoie
wseitnalunsiazadalsidiansisiug

- Negative voltage output Ao msﬁﬁmmﬂmmﬁwwﬁvhuaanmmn Load

)

P - F-7 o g v " . e ) -
cell dimtuau Tae1n15tarvin i Controller erupvinitluau wSa Controller U9

] ]
v oo

avensudyo aduwntuuanatuegbignnsoswamhminliviemiesiaas
Wem Error

- No output Ao msililidyanioninneeninang Load cell Faonisiazyin

oo
Y

T Controller lslanuseeiua1tmtinta
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2.4.4.3 aunnivinl¥ Load Cell 1y

- Over Weighing (Overload) msl4uinwin wiousene (iufifiawss Load cell

- Humidity, Noise (Drifting output) nmsiiinauiuluans Load cell w3a Summing
box Msffdyrusumudwluats Load cell Winannisifiuans Load cell lndans
Power

- Mechanical error (Non-repeatability problem) nMsina Load cellhiam]a sl
ilAssaseandiu wiaviefnderuda waiululiannsalmls

- Mistake installation or mistake wiring (Negative voltage output) mﬁﬁﬂ(ﬁlxd
Load cell Tufirmandunu

- Electric welding and Lightning (No output) n1siisalaseatieisnisidaulsia

o o ' -, '
Tnefil Load cell FAFIDE nsiiaWIE

2.4.4.4 150890y Load Cell Tylsidoue

- Design apnuuuuazidonvunnfinnued Load cell Tgnses Lazimnzay fudeniinm
tioenily Tenmafiiwiinasdunazasienanndevoud Load cell fige widhidaniine
mniAuly Aagvhldaasdeniosas aAnbvinilonaiswataunniu fadilunis
99NUUY A Load cell FamsUinuiueiiianwiifeatu Load cell iitoiarld
wdenldau Load cell Iogngnisstaziminzay

- Electrical installation m'iﬁﬂﬁ”’aqﬂﬂmi Surnming box SRt Bifuaravde
Lﬁanqﬂnstﬁﬁi‘;mﬁ Seal athaf asnsoRut L8R mTENAINS ALy Load

oo < YY) P
cell InaﬂUE{’)U Power lwa{ja\jﬂuammqmﬁun?uﬂuqﬂqﬂﬁjﬂ Power

- Mechanical installation nisfingd Load cell azdasaunaiunnya nsdlitiinsdere
vhiuidsdonduveseuflannsalislinel it aiusass liferlsinmiu

- Load cell installation and wiring MsAnma Load cell ﬂﬁﬁmﬁ”'elﬁgnﬁﬂma%‘wx
Qnmuanﬁﬁmaﬁﬁa Load cell vi3egile nsroae Load cell wiiu Controller
a:ﬁaqsia'[ﬁgn%*zmu code & voausasiie

- Shield and Lightning arrester msﬁmﬁ"’qaw Shield %319 Mounting UuLAA
984 Load cell iaifiunis Bypass nszudlihiiAnnmsifeuitetlasiu Load cell

Tiliiaaudewe

nilanaruntvild livsuBaaumamsideves Load cell Tufinduanaunglaliths uaznsiuia

s w v o ' o v v % a 1=
Bmstdasiuiazdsshedials weslisamnsoldau Load cell Taenunuigauazlifiiygm
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o
Ui 3

ﬂ’T‘SE}i’JﬂI,lU‘U‘N'{lSﬂ’JUQQJN@WIE)'%H'SSLLHFI'5\?

luuniiisneznanidinsesnuuuiumimsmunuemainszuanss Sasynoudaeddailvgg

faoluil
1. lulasmeulnsaiaed
2). WAsTuLBART
3). AUBLABSNSLUARTY

a). \Huwns Touss vio lvanwad

3.1 ANANUATIIIITAUANNDIADINTEUANTY
1. Wlulesraulnsatass (Arduino) Tunasauaunisyihau
2 L%uuiﬁ'mF‘hﬁ"waeTUiLLn'sunﬁaﬂwﬂummﬁ‘diaumaauama%muamuwau%umaéaﬁqq
3. WeuTUsun s NLAR ARSI TAURIUNNAD LCD
4. 4579729959 UUBImBS NSRS

= ks I'AJH
5.LﬂDﬂl‘UHDLﬂE}‘i'ﬂM‘UUWﬂW'IJJ"I:ET?,J
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3.2 NM99NUUUMNITUNBLABSNTZUERNTY

MIgeniuLIRsMUAUIBINESNsuansaeniduddumdngiinsimuduluaudunouds

Microcontroller

- DCMotor Driver ek DC Motor

: (Atduino)

Sensor

(Load Cell)

gﬂﬁ 3.1 Block Diagram
3.2.1 Micro Controller (Arduino)

Tudnusnvonees Wudsumuaunisvhawionn lunsdenldiu Aduino Yiugainay
Aaamslunsldanupaimda Fadndusiosdnu Spec vos Arduino udziunylesvesdidn uaran

] v | v A - a P P
Ailenslénu(Datasheet) 199 Arduino JutiuieUsvneunsiniulanmeldieulweminensiifiogete

v g vy = a - ) - ' v oo
alinuAnnniga laavanmstunisidenldlulasreulnsaiaos Arduino fulafiil

2o

- donslinoinBum — I Wynstoainady

- SEAURTWUTaINISIIITTABasEAUAD 3.3V WAy 5V

- wRvRueia Arduino

- AMMIEI84 Clock uax Flash Memory Byavdwnalinisuszaanalusunsudvio

- andunisyhauresueda wu PWM (Pulse Width Modulator) mssafiu Ethernet nasl4anu

71 SD Card
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Tulassnuiislddentdlulaseeulnsaiass Arduino 3u Arduino UnoR3 mamawadissialuil

- wesvBunm B Weawesenslda (14 wein)

- fmbgmudmnadisamesunstleuldadinisyineu (32kb Flash Memory , 2kb Ram
1kb Rom)

- dlashuluveieiugndaunsadouiiasndlaldogimng

- fieridu PWM (Pulse Width Modulator) i1 6 wasm Fuifieewasionisidny

- {filuga ADC (Analog to Digital Convertor) agmulu villwannsasuamdyginoundents

u
=1

- & 0 2 L . o . [ « Y
Tuns@eulusunsutiu #¥amlaldlusunsy Arduino IDE B Arduino laas1awainwaidad
& P W ' v - I . & Vv - " o
Tunielidedamslinu  Janslulusinsuasil ~ Library-  fugiatudy  Tuegiuienh

lulasaeulnsaaaimilidauatials

sneazdenvelusunsuildamaluil

NS

g - LCD Usnana

Buvn oy | & ﬁPMmO
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LR

TR iR G Ay

AURN 0.1~ 0.5V,

#3749 PWM 20% Duty
Cycle LCD amstia

RBIM =1508

'.: e At
S dndnhadn

AL L nsy

A ! o
BATAN AT

#4574 PWM 40% Duty.

Geanin 162V - Cycle LCD Udnsra
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4313 PWM 50% Duty -

BWHN 2,125V Cycle LCD uapasa

RPM = 3520

-
3R

Hfcanden S = 4iing PWIVI 60% Duty
BN 2.6 -3V X\ ;" Cycle LCD uaning

RPM = 3802

8519 PWM 70% Duty

SiCycle LCD ugndan’

- A504 PWM 80% Duty -

Cyc'fe LCD mem :

VRS
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A 599 PWM 90% Duty.

Swpiatasy Ccle LCD L

¥ 1 ’ ~ o % f‘; pw
AR T iekiy SITLREWIV 10080

BN 4525V - i Puty Cycle LCD
: 1 HAGIHS RPM = 4422

CALNATINAN




e Flowchart anuuunnd@iouluswnss anun1wived Arduino IDE asatuisaiouaanunladanaluil

#include <Wire.h>

#include <LiquidCrystal 12C.h>

LiquidCrystal 12C lcd(0x27, 16, 2);

int outputPin = 11;

int LogicPin = 8;

int sensorPin = AQ:

int val;

void setup()

pinMode{outputPin, OUTPUT);

void loop()

val = analogRead(sensorPin);

if (val == 0)

led.begin();

lcd.print(*Stage 0"

58
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lcd.setCursor(0, 1);

led.print("RPM : 0);

if (val > 0 && val < 99)

analogWriteloutputPin,26);

AAN A
07'/.".(5?.\?-(75\'.
"'"' '

A"A“/\“A“I\

digitalWrite(LogicPin,HIGH);
led.begin();
led.print{("Stage 2");
lcd.setCursor(0, 1);

led.print("RPM : 1503");

dy 1 dl Y o U ¥ dl = } gj 1 Y o v 6 v ¥
wnanstluenasianulidmsunisidnuienisfinewing eugslnhlulgsslevimunisin

Lidnsdilag visdu Bnnanuilisaudadiien wagdesdneddisdiveenarsynasendnsluly



60

if (val > 200 && val < 295 )

analogWrite(outputPin,77);

digitalWrite(LogicPin,HIGH);

lcd. begin();

lcd.print("Stage 3");

.......

)
B
Wiz
22
»

[T T IITI

led.setCursor(0, 1);

lcd.print("RPM : 3238");

if (val > 400 && val < 499)

analogWrite(outputPin, 128);

dy 1 dl Y o U ¥ dl = } gj 1 Y o v 6 v ¥
wnanstluenasianulidmsunisidnuienisfinewing eugslnhlulgsslevimunisin

Lidnsdilag visdu Bnnanuilisaudadiien wagdesdneddisdiveenarsynasendnsluly



digitalWrite(LogicPin,HIGH);

lcd.begin();

lcd.print("Stage 5%);

lcd.setCursor(0, 1);

led.print("RPM : 3520");

if (val > 500 && val < 599)

analogWrite(outputPin, 153);

digitalWrite(LogicPin, HIGH);

lcd.begin();

lcd. print{*Stage 6");

lcd.setCursor(Q, 1);

lcd.print("RPM 'z 3802");

if (val > 600 && val < 699 )

analogWrite(outputPin,179);

digitalWrite(LogicPin,HIGH);

lcd.begin();

led.print("Stage 7");

61
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led.setCursor(0, 1);

led.print("RPM : 3956");

if (val > 700 && val < 799)

analogWrite(outputPin,204);

ll.lllll'l‘iilﬁ.
Iy
) I

digitalWrite(LogicPin,HIGH);

led.begin();
lcd.print("Stage 9");
led.setCursor(0, 1);

led.print("RPM : 4173");

dy 1 dl Y o U ¥ dl = } gj 1 Y o v 6 v ¥
wnanstluenasianulidmsunisidnuienisfinewing eugslnhlulgsslevimunisin

Lidnsdilag visdu Bnnanuilisaudadiien wagdesdneddisdiveenarsynasendnsluly
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if (val > 900 && val < 999)

analogWrite(outputPin,250);
digitalWrite(LogicPin,HIGH);

lcd. begin();

led.print("Stage 10");

dy 1 dl Y o U ¥ d‘ = 1 5 1 Y o v 6 v ¥
wnanstluenasianulidmsunisidnuienisfinewing eugslnhlulgsslevimunisin

lidnsdllag vsdu Snnvvnuillvisaudadiien wagdesdnsddiadiveaenarsynasaninisinluly
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dmivnasdunawmasiiu donld L298N Dual Full-Bridge Driver

OPERATING SUPPLY VOLTAGEUP TO 46V
TOTAL DC CURRENT UP TO 4 A

LOW SATURATION VOLTAGE
OVERTEMPERATURE PROTECTION
LOGICAL "0" INPUT VOLTAGE UP TO 1.5 V
(HIGH NOISE IMMUNITY)

DESCRIPTION

The L2398 is an integrated monolithic circuitin a 15-
lead Multivatt and PowerSQO20 packages. It is a
high voltage, high current dual full-bridge driver de-
signedto acceptstandard TTL logic levels and drive
inductive loads such as relays. sclenoids, DC and
stepping motors. Two enableinputs are providedto
enableordisablethe deviceindependentlyof thein-
put signals. The emitters of the lower transistors of
each bridge are connected togetherand the corre-
sponding externalterminal can be used for the con-

PowerS020

Multiwatt15

PDRDERING NUMBERS : L298N (Multiwatt Vert.)
L29BHN (Multiwatt Horiz.),
L298P (PowerS0O20)

nectionof anexternalsensing resistor. Anadditional
supply inputis provided so that the logic works at a
lower voltage.

U 3.2 uanspmiaudives L298

-l L e - - - = -
1298 fwipnanaduanuwinme Tuinid s1eslduianai N Jaduwiang Multiwatt 15 97 @4

o

Ve 3 voao
WAAZUIENTINUTIIANU

e L

LVIuItiwatt‘lS

s
S~ L~

/

TAB CONNECTED TOFIN 8

V1s:J
7 ) S Bl
'@'13:
PR TIH ¥

I

- M W R B N @ ©

CURRENT SENSING B
QUTPUT 4

OUTPUT 3

INPUT 4

ENABLE B

INPUT 3

LOGIC SUPPLY VOLTAGE Vgq

Rt

INPUT 2

EMNABLE A

INPUT 1

SUPPLY YOLTAGE Vg
OUTPUT 2

DUTPUT 1

CURRENT SEMSING A

DFENDICA

5Ui 3.3 uamananagas L298N
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ouT1 ouT2 +VS OUT3
o
2 3 4 13

65

ouT4
14

In1o E i O Ind
In2 o~ 10 5 1na
EnA © 1 O EnB
SENSE A 04 K 455 sensEB
RSA RSB

sUii 3.4 2ea3niulu L1298

2993meTu IC 208N TuaysnINTI9 3 AUV IR 112335 H-Bridge 2 1995 Yuvunefialn

IC 298N Ml ansodunawmesidfossia ann1sdnyialod wud ammsaiunseiulidesldgeants 50

Vv funssiuvpsdgnaduladug 0 - 7 Vv wazanniodtenssualigaeis 3 A Saivamodonisdu

upwaiupdlassnudeiivg 12 V dsgebifideym

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vs Power Supply 50 Vv
Vss Logic Supply Voltage 7 vV
V1, Ven Input and Enable Voltage -0.3to7 \2
lo Peak Output Current (each Channel)

- Non Repetitive (t = 100ps) 3 A
—~Repettive (80% on -20% off; ten = 10ms) 25 A

—DC Operation 2 A

Vsens Sensing Voltage -11t023 vV
Pot Total Power Dissipation (Tcase = 75°C) 25 b
Top Junction Operating Temperature -2510 130 e
Tstg, Tj Storage and Junction Temperature —401t0 150 °C

1597 3.1 uansmmanUinisliiivedled L298 N
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B3l 1IC 298N tiaduseawaiifmalul

ABENBIMBIUINUY 2 (Out 1) Wavwn 3 (Out 2) 98967 IC 298N minlduaimasnIzuansiaasd i
Tiselfinfien 13(0ut 3) wazan 14 (Out 4) Wly

fo PWM anilulaspoulnsaiaes 1dngen Enable Fafl Enable A uar Enable B 97077574 Pin
Mapping fMuuufifiew 6 uaz 971 11 Juies lagdinasiolignya299s H - Bridge neluannsagld
nzURInelusuuu

Tumsauauiiameessines neoeudanasdnidngan Inl (N Siazun In2 (1 T)ie
TukeansuBanoslmhnnumumdniisee 1195 H = Bridee nolufiannsoadialdain
lulpsroulnsaiaed

nlAssas IR melusIasodMsuAIIFINLE LA a5 198 uaN

Enabled In1 ‘ In2 ANTUSVDIUDLADS
0win 1 0 wsa 1 Uolnes vt
0 0 USRS VEANTINNIY (1usn)
f e e N ARSI ' ”""; v" ~~ I TN B
0 1 WD IMUNTUNAY ;
Q *; ) SIS AL vy Ty L __:
11 |0 fuamawa;u‘lﬂmwm |

el o e P e B8 S s . ——
UBIADIVYANITVINNI (LUsN)

WudeIny mmslduemainssuansatidnai Assaluwoawy 10 In3 way 12 Ind ludnwme
WRennu
elidsavuin 5 =16 V Widudaled wuldlidssonuesalilasroulnsaiassingzasyinli

vasalulasraulnsaaosiduniole



3.2.3 A7U0LAD3

Tulassnutl Tadenlduamednssuanss NMO1 747 Nihon Micro Motor #ailuneinas

NIZUAATIVUIN 12 V

EU‘ﬁ 3.5 UplABINSTuansd NMO1 747 Nihon Micro Motor

67
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3.2.4 \ s

Tulassnutiladenld WuwesTanss Load Cell wuu Strain Gauge 9119 5 kg

]

1)
=

gﬂﬁ 3.6 Load Cell 5 kg

v . s v ow ° y o oal .
Inanwa Usznauda Strain Gauge 4 7 Tagluamualdwdnmsyitaumas Strain Gauge Aoiilail

o o g 1 [ . = TR, Xy W
wsannseyi  sliruduniuYed Strain. Gauge  wAnuwwUasly  isideldwdnnisilsaniuaeas

Wheatstone Bridge ilisannsawasunsenszvin 1uussdunialvfiale

Full-bridge strain gauge circuit

slrain gauge strain gauge
Bliseshe) Jetieesed)

= =

r ]

A ' —

= - | >

sirain laéliéé strain gauge
(stressed) (stressed)

gﬂ'?{ 3.7 Tasaasaneluves Load Cell
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pgnalsinny Beuwsinsenddounsanseyinundunssiumialwiild wsesunieluiivss Load

@

dw v W o o o » = Y o o
Cell Adaiiftaauin 15133 nluneslihesueny iWevenedynin Output Wi 0 - 5 V iiRefiaxin

[

Syonusananlutoududyain Input WU Microcontroller Arduino

UG

Fastladenld IC wwas INA 118 1eaadni29959818

JUT 38 ICINA 118

19w IC 1uod INA 118 1 IC Instrument Amplifier g useedginiasedloTn vsedunyu

Wueoine lagillasaiiauazisesmeluiagy

V+
7?

Voo 2 Over-Voltage INA118
N~ Protection N \
p— e AN G=14 50KQ
; 60k 60kQ Rg
FC 25k
A
WV 6
=Rg —CVo
4 AN A )
L g vVY
C— 25k
— A\ AAN 2O Ref
v * 3] |Over-Voltage S0KQ 6Ok
N Protection
gl
L
Vo

SVt 3.9 299598180761 INA 118
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=]
unn 4
WaN1INANDY

4.1 wan3¥nA PWM (Pulse Width Modulator) flan Output 984 Arduino UnoR3

4.1.1 PWM Duty Cycle 10 %

$Uf 4.1 Duty Cycle 10 %

4.1.2 PWM Duty Cycle 25 %

3Ui 4.2 Duty Cycle 25 %



4.1.3 PWM Duty Cycle 50 %

4.1.4 PWM Duty Cycle 75 %

gﬂi{l 4.3 Duty Cycle 50 %

UM 4.4 Duty Cycle 75 %

72



4.2 wavad Duty Cycle iU RPM 2a4uaino3

73

Duty Cycle RPM
10% 478
20% 1503
30% 2410
40% 3238
50% 3520
60% 3802
70% 3956
80% 4065
90% 4173

100% 4422

515797 4.1 waued Duty Cycle o RPM
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ns W AuENWUS aas Duty Cycle waz RPM

5000
4500
4000
3500
3000
2500
2000
1500
1000

500

RPM

0 20 30 40 50 60 i 80 1o} 100

Duty Cycle

gﬂﬁ 4.5 Ny ANEURUSUO1 Duty Cycle Loy RPM

Tar1 RPM Tne TM-300 Digital Tachometer Yokogawa

31.11711 4.6 TM-300 Digital Tachometer Yokogawa



4.3 Han1imAaad Load Cell tag 29393 Instrument Amp

75

vwmin Load Cell Instrument Amp.
Gain = 5000

0.0 Ke 0.22 mV 1.16 V

2.5 Kg 0.39 mV 1.73%

5.0 Ke 0.55 mV 286V

A19197 4.2 HEN1INAERY Load Cell Uag 2995 Instrument Amp
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5.1 agunanimaass

NNMsMARRTRIIAUALLBINEinTransudunMsAnvimsiuvewemes msmuauuained
malulpsnoulnsaiaad (Arduino) lunsieulusunsumunumisviauveemes mMsruguiLvioan
ANIEY MIATUANTIANIINSYI ENISAIUALLUY PWM-(Rulse Width Modulator) Tnen1siudaus

o o v W A v ¢ a o n v < <
Duty Cycle Jovinlrussdiuaaeninslifusewesivdoundas uazvialfmnnisounsmyuveewnes

<
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L2938

DUAL FULL-BRIDGE DRIVER

= OPERATING SUPPLY VOLTAGEUP TO 46 V

s TOTALDC CURRENT UPTO 4 A

s LOWSATURATION VOLTAGE

» OVERTEMPERATURE PROTECTION

= LOGICAL "0" INPUT VOLTAGE UP TO 1.5 V
(HIGH NOISE IMMUNITY)

DESCRIPTION

The L298 is an integrated monolithic circuitin a 15-
lead Multiwatt and PowerSQ20 packages. It is a
high voltage, high current dual full-bridge driver de-
signedto acceptstandard TTL logic levels and drive
inductive loads such as relays, solenoids, DC and
steppingmotors. Two enableinputs are providedto
enableordisablethe deviceindependentlyofthein-
put signals. The emitters of the lower transistors of
each bridge are connected togetherand the corre-
sponding external terminal can be used for the con-

BLOCK DIAGRAM

"-frr

<Rz

PowerS020

Multiwatt1s

ORDERING NUMBERS : L298N (Multiwatt Vert.)
L298HN (Multiwatt Horiz.)
L298P (PowerS020)

nectionof anexternalsensing resistor. An additional
supplyinput is provided so that the logic works at a
lower voltage.

tss |4

Oy Vret
l ' >
looni

Jﬂ.nsn

1 2 3
int In&
it s 2o
] 4
In2 5 In3
O L e
EnaA 6 " EnB
S —0
1 15
SENSE AO——4 _L LR_'OSENSE * -3881/2
58

Jenuary 2000
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ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vs Power Supply 50 vV
Vss Logic Supply Voltage 7 \'
V|, Ven Input and Enable Voltage -0.3to 7 V
lo Peak Output Current (each Channel)
— Non Repetitive (t = 100us) 3 A
—Repettive (80% on —20% off; ton = 10ms) 2.5 A
—-DC Operation 2 A
Vsens Sensing Voltage -1t02.3 \%
Plot Total Power Dissipation (Tcase = 75°C) 25 W
Top Junction Operating Temperature -25 10 130 e
Tstg, Tj Storage and Junction Temperature —40 to 150 °C
PIN CONNECTIONS (top view)
/ |. —~— SNSTT7770 CURRENT SENSING B
pE — -t Y
'@ iz ER e — OUTPUT3
19 L2 T L~ IRBUT S
p R VI T ENABLE B
1017 T VN L NNPETS
LVI i (. LOGIC SUPPLY VOLTAGE Vss
@ ultiwatt1s ) O— e
) Soss INPUT 2
6 [0 .ENABLEA
5 e INPUT 1
4" SUPPLYVOLTAGE Vs
@_ £ mv wmy vy v} OUTPUT 2
QPR e s RN UTPUT(1
\ [ AT —— CURRENT SENSING A
TAB CONNECTED TO PIN 8 D35IN240A
4
GND- [ 1 20 ] GND
SenseA | 2 19 ] SenseB
e [TFa 18 [T]'N.C.
outd. [ 4 17 ] Out4
ouwz [ 5 PowerSO20 15 =7 out3
Vs 1 6 15 ] Input4
Input1 4 7 14 ] Enable B
EnableA [} 8 13 ] Input3
Input2 4 9 12 ] vss
GND [} 10 11 ] GND
D95IN238
THERMAL DATA
Symbol Parameter PowerS020 Multiwatt15 Unit
Rinjcase |Thermal Resistance Junction-case Max. - 3 oCIW
Rinjamb | Thermal Resistance Junction-ambient Max. 13 (%) 35 °C/W

(*) Mourted on aluminum substrate

213
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PIN FUNCTIONS (referto the block diagram)

MW.15 PowerSO Name Function
145 2,19 Sense A; Sense B | Between this pin and ground is connected the sense resistor to
control the current of the load.
23 4,5 Qut1; Out2 Outputs of the Bridge A; the current that flows through the load
connected between these two pins is monitored at pin 1.
4 6 Vs Supply Voltage for the Power Output Stages.
A non-inductive 100nF capacitor must be connected between this
pin and ground.
5.7 7.9 Input1; Input 2 TTL Compatible Inputs of the Bridge A.
6;11 8,14 Enable A; EnableB |TTL Compatible Enable Input: the L state disables the bridge A
(enable A) and/or the bridge B (enable B).
8 1,10,11,20 GND Ground.
9 12 VSS Supply Voltage forthe Logic Blocks. A100nF capacitor must be
connected between this pin and ground.
10;12 13,15 Input3; Input 4 TTL Compatible Inputs of the Bridge B.
13,14 16,17 Out3; Out4 Outputs of the Bridge B. The cumrent that flows through the load
connected between these two pins is monitored at pin 15.
- 3,18 N.C. Not Connected

ELECTRICAL CHARACTERISTICS (Vs = 42V; Vss = 5V, T = 25°C; unless otherwise specified)

Symbol Parameter Test Conditions Min. | Typ. | Max. | Unit
Vs Supply Voltage (pin 4) Operative Condition Vi +2.5 46 V
Vss Logic Supply Voltage (pin 9) 4.5 5 7 V
Is Quiescent Supply Current (pin4)  |Ven=H; IL=0 Vi=L 13 22 mA
Vi=H 50 70 mA
e =l Vi=X 4 mA
Iss Quiescent Current from Vg (pin 9) |Ven = H; It =0 Vi= 24 36 mA
,Vi =H 7 12 mA
Ven = L Vi=X 6 mA
ViL Input Low Voltage =0.3 1.5 v
(pins 5,7, 10, 12)
ViH Input High Voltage 2.3 VSS \
(pins 5,7, 10, 12)
liL Low Voltage Input Current Vi=L -10 uA
(pins 5,7, 10, 12)
lin High Voltage Input Current Vi=H < Vgs—0.6V 30 100 UA
(pins 5,7, 10, 12)
Ven =L |Enable Low Voltage (pins 6, 11) -0.3 1.8 \Y)
Ven = H |Enable High Voltage (pins 6, 11) 2:3 Vss V
len = Low Voltage Enable Current Ven=L -10 uA
(pins 6, 11)
len=H |High Voltage Enable Current Ven = H < Vgg 0.6V 30 100 LA
(pins 6, 11)
Veesamy |Source Saturation Voltage IL=1A 0.95 1.35 1.7 Vv
IL = 2A 2 iy V
Veesat) |Sink Saturation Voltage IL=1A (5) 0.85 1.2 1.6 \
IL=2A (5) 1.7 2.3 V
Vcesar |TotalDrop IL=1A (5) 1.80 3.2 vV
IL=2A (5) 4.9 \
Vsens  |Sensing Voltage (pins 1, 15) -1 (1) 2 \"
KYI 313
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ELECTRICAL CHARACTERISTICS (continued)

Symbol Parameter Test Conditions Min. Typ. | Max. Unit
T1 (V) |Source Current Turn-off Delay 0.5Vito 0.91L  (2);(4) 1.5 s
T2 (Vi) [|Source Current Fall Time 091 to0.11L  (2);(4) 0.2 us
Tz (Vi) |Source Current Turn-on Delay 0.5Vito 011 (2);(4) 2 us
T4 (Vi) |Source Current Rise Time 011 to0.91.  (2);(4) 0.7 us
Ts (Vi) |Sink Current Turn-off Delay 0.5Vito 0.8IL  (3);(4) 0.7 us
Te (Vi) |Sink Current Fall Time 09I to0O11.  (3s;(4) 0.25 s
T7 (Vi) |Sink Current Turn-on Delay 0.5Vite 0.91L  (3);(4) 16 us
Ts (Vi) [Sink Current Rise Time 0.11L to0.91L  (3);(4) 0.2 us
fc (Vi) |Commutation Frequency IL=2A 25 40 KHz

T1 (Ven) |Source Current Turn-off Delay 0.5Vento 0.91.  (2); (4) 3 us

T2 (Ven) |Source Current Fall Time 091 to 0T IL  (2);(4) 1 us
T3 (Ven) [Source Current Turn-on Delay 0.5Vento 0.111L (2); (4) 0.3 s
T4 (Ven) |Source Current Rise Time 011 to 09l (2);(4) 0.4 s
Ts (Ven) |Sink Current Turn-off Delay 0.5Vento G.Q I (3);(4) 22 us
Tg (Ven) [Sink Current Fall Time 091 to0.11_  (3);(4) 0.35 us
T7 (Ven) |Sink Current Turn-on Delay 0.5Vento0.81L  (3); (4) 0.25 us
Tg (Ven) |Sink Current Rise Time 0.11y t0o0.91. ' (3);(4) 0.1 us

1) 1)Sensing voltage can be -1V fort < 50 psec; in steady state Viens min=—0.5 V.

2) Seefig. 2.
3) Seefig. 4.

4) The load must be a pure resistor.

Figure 1 : Typical Saturation Voltage vs. Output

Figure 2 : Switching Times Test Circuits.

INPUT

ENABLE
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VSS‘SV Vo242V

5-5852N

Current.
G- 6418
VSAT
v
y g i
20 k
16 P
1.2 f/"/
0.8
04
0 04 08 12 16 20 24 Ig(A).

413

Note : For INPUT Switching, set EN =H
For ENABLE Switching, setIN =H
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Figure 3 : Source Current De

lay Times vs. Input or Enable Switching.

IL 4
Imax(2A)
90% |-~ - TN —
0% —————- = C ——————————— / t
LT T2 m—g) T4
ven} UcV ’
50% ¥ ~—=——emmmmmm - ¢
5.8853/2
Figure 4 : Switching Times Test Circuits.
Vssasy  VgrA2V
e O
I
INPUT
I
ENABLE
5585471

Note : For INPUT Switching, setEN =H
For ENABLE Switching, setIN= L
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Figure 5 : Sink Current Delay Times vs. Input 0 V Enable Switching.
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Figure 6 : Bidirectional DC Motor Control.
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Figure 7 : For higher currents, outputs can be paralleled. Take care to parallel channel 1 with channel 4

and channel2 with channel 3.

ENABLE -]
o Q\ L 298 -
oMt 5 2
RIE: 7 3, ourz,

APPLICATION INFORMATION (Refer to the block diagram)

1.1. POWER OUTPUT STAGE

The L298integratestwopoweroutputstages (A ; B).
The power output stage is a bridge configuration
and its outputs can drive an inductive load in com-
mon or differenzialmode, dependingon the state of
the inputs. The current that flows through the load
comes out from the bridge at the sense output: an
externalresistor (Rsa ; Rsg.) allows to detect the in-
tensity of this current.

1.2. INPUT STAGE

Eachbridge s driven by means of fourgates the in-
putof which are In1; In2 ; EnAand In3; [n4; EnB.
TheIninputs set the bridge state when The Eninput
ishigh; a lowstate of the Eninputinhibitsthe bridge.
Allthe inputs are TTL compatible.

2. SUGGESTIONS

A non inductive capacitor, usually of 100 nF, must
be foreseen between both Vs and Vss, to ground,
as near as possible to GND pin. When the large ca-
pacitor of the power supply is too farfromthe IC, a
second smaller one must be foreseen near the
L298.

The sense resistor, not of a wire wound type, must
be groundednear the negative pole of Vs that must
be nearthe GND pin of the |.C.

73

Each input must be connected to the source of the
driving signals by means of a very short path.

Turn-On and Turn-Off : Before to Turn-ONthe Sup-
ply Voltageand beforeto Turnit OFF the Enablein-
put must be driven to the Low state.

3. APPLICATIONS

Fig 6 shows a bidirectional DC motor control Sche-
matic Diagram for which only one bridge is needed.
The external bridge of diodes D1 to D4 is made by
four fast recovery elements (tr < 200 nsec) that
must be chosen of a VF as low as possible at the
worst case of the load current.

The sense outputvoltage can be used to controlthe
currentamplitude by chopping the inputs, or to pro-
vide overcurrent protection by switching low the en-
able input.

The brake function (Fast motor stop) requires that
the Absolute Maximum Rating of 2 Amps must
neverbe overcome.

When the repetitive peak current needed from the
load is higherthan 2 Amps, a paralleled configura-
tion can be chosen (See Fig.7).

An external bridge of diodes are required when in-
ductive loads are driven and when the inputs of the
ICare chopped; Shottkydicdeswould be preferred.
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This solution can drive until3 Amps In DC operation Fig 10 shows a second two phase bipolar stepper
and until 3.5 Amps of a repetitive peak current. motor control circuit where the current is controlled

OnFig8itis shownthedriving ofa twophasebipolar ~ PY the 1.C. L65086.
stepper motor ; the needed signals to drive the in-

puts of the L298 are generated, in this example,

from the IC L297.

Fig 9 shows an example of P.C.B. designedforthe
application of Fig 8.

Figure 8 : Two Phase Bipolar Stepper Motor Circuit.
This circuit drives bipolar stepper motors with winding currents up to 2 A. The diodes are fast 2 A types.
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s 11 'jca

470

MF
1 oul nzi mI e
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%
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Figure 9 : Suggested Printed Circuit Board Layout for the Circuit of fig. 8 (1:1 scale).
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Figure 10 : Two Phase Bipolar Stepper Motor Control Circuit by Using the Current Controller L6508.
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il i o OUTLINE AND
MIN. | TYP. [MAX. | MIN. | TYP. | MAX.
A 5 0197 MECHANICAL DATA
B 2.65 0.104
C 16 0.063
D 1 0.039
E | 049 0.55 | 0.019 0.022
F | 066 0.75 | 0.026 0.030
G | 1.02 | 127 | 1.62 |0.040 |0.050 | 0.060
G1 | 17.53 | 17.78 | 18.03 | 0.690 | 0.700 | 0.710
H1 | 196 0.772
H2 20.2 0.795
L | 219 | 222 | 225 |0.862 |0.674 | 0.886
L1 | 21.7 | 221 | 225 | 0.854 | 0.870 | 0.886
12 |17.65 18.1 | 0.695 0.713
L3 |17.25 | 17.5 | 17.75 | 0679 | 0.689 | 0.699
L4 | 103 | 10.7 | 10.9. | 0.406 | 0421 | 0.429
L7 | 265 29 |0104 0.114
M | 425 | 455 | 485 |0.16710.179 |0.191
M1 | 463 | 508 | 553 |0.182]0.200 |0.218
s | 19 26 | 0075 0.102
51 | 18 26 | 0075 0.102 Multiwatt15 V
Dia1 | 3.65 3.85 | 0.144 0.152
H1
A =
e 5 — 4
r @1 1
0l Iy Dia 1 J
[ 3
.|
=l = O o] F
- _ N
L| 4
H2
B § X
E : _
G
M M Gl T
10113 <7}




L298

DIM 5 noh OUTLINE AND
"I miN. | TYP. [MAX. | MIN. | TYP. | MmAX.
MECHANICAL DATA
A 5 0.197
B 265 0.104
c 16 0.063
E 0.49 0.55 1 0.019 0.022
F 0.66 0.75 | 0.026 0.030
G 1.14 1.27 1.4 0.045 | 0.050 | 0.055 1
G1 17.57 | 17.78 | 17.91 | 0.692 | 0.700 | 0.705 O
H1 19.6 0.772
H2 20.2 0.795
L 20.57 0.810 4
L1 18.03 0.710
L2 2.54 0.100
L3 |17.25 | 17.5 | 17.75 | 0679 | 0.689 |-0.699
L4 10.3 10.7 10.9 | 0.406 | 0.421 | 0.429
L5 5.28 0.208
LB 2.38 0.094
L7 | 265 29 |0.104 0.114
s | 19 26 | 0075 0.102
s1 | 19 26 |0.075 0.102 Multiwatt15 H
Dia1 | 3.65 3.85 | 0.144 0.152
Hi
A =0
~1.C\ ™~ —4—- S1
i ;
£ \
I 'y
Dia. 1 W
A ﬂ
-
[ B
L |
Ll
\\ ..
- -
Le
LS
V<7 113
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DIM. mm inch
MIN. [ TYP. | MAX. | MIN. | TYP. | MAX.

A 3.6 0.142
ail 0.1 0.3 |0.004 0.012
a2 3.3 0.130
a3 0 0.1 0.000 0.004
b 0.4 0.53 | 0.016 0.021
c 0.23 0.32 | 0.009 0.013

D) | 158 16 | 0.622 0.630
D1 9.4 9.8 |0.370 0.386
E 13.9 14.5 | 0.547 0.570
e 1.27 0.050
e3 11.43 0.450

E1(1)]| 10.9 11.1 | 0.429 0.437
E2 2.9 0.114
E3 5.8 6.2 |[0.228 0.244
G 0 0.1 |.0.000 0.004
H 15.5 15.9 | 0.610 0.626
h 1.1 0.043
L 0.8 14 | 0.031 0.043
N 10° (max.)
S 8° (max.)
T | 10f] | 0.394 |

(1) "D and F” do not include mold flash or protrusicns.
- Mold flash or protrusons shall not exceed 0.15 mm (0.008"),

- Criticaldimensions "E”, "G" and "a3"

OUTLINE AND
MECHANICAL DATA
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Information furnished is believed to be accurate and reliable. However, STMicroelectronics assumes no responsibility for the conse-
quences of use of such information nor for any infringement of patents or other rights of third parties which may result from its use. No
license is granted by implication or otherwise under any patent or patent rights of STMicroelectronics. Specification mentioned in this
publication are subject to change without notice. This publication supersedes and replaces all information previously supplied. STMi-
croelectronics products are not authorized for use as critical components in life support devices or systems without express written
approval of STMicroelectronics.
The ST logo is a registered trademark of STMicroelectronics
@ 2000 STMicroelectronics — Printed in Italy — All Rights Reserved
STMicroelectronics GROUP OF COMPANIES
Australia - Brazil - China - Finland - France - Germany - Hong Kong - India - ltaly - Japan - Malaysia - Malta - Morocco -
Singapore - Spain - Sweden - Switzerland - United Kingdom - U.S.A.
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BURR - BEROWN®

INAT1S

Precision, Low Power
INSTRUMENTATION AMPLIFIER

I

FEATURES DESCRIPTION

® LOW OFFSET VOLTAGE: 501V max The INATI18 is a low power, general purpose instru-
@ LOW DRIFT: 0,54V/°C max mentation amplifier offering excellent accuracy. Its

. versatile 3-op amp design and small size make it ideal
® LOWINPUT'BIAS CURRENT: 5nA max for a wide range of applications. Current-feedback

® HIGH CMR: 110dB min input circuitry provides wide bandwidth even at high
® INPUTS PROTECTED TO 40V gain (70kHz at G = 100).

® WIDE SUPPLY RANGE: +1.35 to =18V Asingle external resistor sets any gain from I to 10,000.
©® LOW QUIESCENT CURRENT: 35001A Internal input protection can withstand up to 40V

@® 8-PIN PLASTIC DIP, SO-8 without damage.

The INA118islaser trimmed for very low offset voltage
(50pV), drift (0.51V/°C) and high common-mode re-

APPLICATIONS jection (110dB at G = 1000). It operates with power

® BRIDGE AMPLIFIER suppliesas low as£1.35V, and quiescent current is only

350pA—ideal for batter rated systems.
@ THERMOCOUPLE AMPLIFIER g MINAIIP;S : ,Cl'yb{;pefa 68 r° “mls -
e 1s availlable 1n 8-pin plastic 3
® RTD SeRSUR AMRLEER and SO-8 surface-mount packages, specified for
® MEDICAL INSTRUMENTATION the =40°C to +85°C temperature range.

® DATA ACQUISITION

V+
Al
= 2| |Over-Voltage INA118
Vin Protection
G=1# 5(;:;!1
1 le]
6
Rs ——0V,
8
5—0 Ref
V+ 3| |Over-Voltage
IN Protection

International Airport Industrial Park + Mailing Address: PO Box 11400, Tucson, AZ 85734 + Stroet Address: 6730 S, Tucson Blvd,, Tucson, AZ 85706 + Tel: (520) 746-1111 » Twx: $10-952-1111
Intarnet: http:liwww.burr-brown.com/ « FAXLine: (800) 548-6133 (US/Canada Only) + Cable: BBRCORP * Telex: 066-6491 + FAX: (520) 889-1510 « Immediate Product Info: (800) 548-6132

©1994 Burr-Brown Corporation PDS-1199D Printed in U.S.A. April, 1998
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SPECIFICATIONS

ELECTRICAL
At T, = +25°C, Vg = £15V, R_ = 10kQ unless otherwise noted.
INA118PB, UB INA118P, U
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
INPUT
Offset Voltage, RTI
Initial Tp=+25°C +10£50/G |+50 + 500/G +25 £100/G |+125+1000/G Ny
vs Temperature Ta= Tyin 0 Tiax +0.2+2/G |+0.5+20/G +0.2 + 5/G +1+ 20/G uvi°ec
vs Power Supply Vg =11.35V to +18V +1 £10/G +5 + 100/G * +10 +£100/G pvv
Long-Term Stability +0.4 +5/G * uwWmoe
Impedance, Differential 101011 * Q|| pF
Common-Mode 1010 || 4 * Q|| pF
Linear Input Voltage Range (V+) -1 (V+) - 0.65 * * Vv
(V=) +1.1 | (V-)+0.95 * * v
Safe Input Voltage +40 * \
Common-Mode Rejection Ve =210V, ARg = 1kQ
G=1 80 90 73 * dB
G=10 57 110 89 * dB
G =100 107 120 98 * dB
G = 1000 110 125 100 * dB
BIAS CURRENT +1 +5 ¥* +10 nA
vs Temperature +40 * pAI°C
OFFSET CURRENT +1 45 * +10 nA
vs Temperature +40 * pAI°fC
NOISE VOLTAGE, RTI G =1000, Rg = 00
f=10Hz 1 * nV/Hz
f=100Hz 10 * nVAHz
f=1kHz 10 * nVAHz
fg=0.1Hz to 10Hz 0.28 * nVp-p
Noise Current
f=10Hz 2.0 * pANHzZ
f=1kHz 0.3 * pANHzZ
fa=0.1Hz to 10Hz 80 * pAp-p
GAIN
Gain Equation 1 + (50kQYRg) * VIV
Range of Gain 1 10000 * * VIV
Gain Error G=1 +0.01 +0.024 * 10.1 %
G=10 +0.02 0.4 * 0.5 %
G =100 +0.05 +0.5 ¥* 0.7 %
G = 1000 +0.5 %1 * +2 %
Gain vs Temperature G=1 1 +10 ¥ +10 ppm/°C
50kQ Resistancel!) +25 +100 * * ppm/°C
Nonlinearity G=1 +0.0003 +0.001 * +0.002 % of FSR
G=10 +0.0005 +0.002 * +0.004 % of FSR
G =100 +0.0005 10.002 * +0.004 % of FSR
G = 1000 +0.002 +0.01 * +0.02 % of FSR
OUTPUT
Voltage: Positive R =10kQ (V+) =1 (V+)-08 * * \
Negative R_ = 10k (V=) +0.35| (V—)+0.2 * * Vv
Single Supply High [ Vg =+2.7V/0VI2, R = 10kQ 1.8 2.0 * * v
Single Supply Low [ Vg=+2.7V/0V12, R_= 10k} 60 35 * * mv
Load Capacitance Stability 1000 * pF
Short Circuit Current +5/-12 * mA
FREQUENCY RESPONSE
Bandwidth, —3dB G=1 800 * kHz
G=10 500 * kHz
G =100 70 * kHz
G = 1000 7 * kHz
Slew Rate Vo =10V, G = 10 09 * Vius
Settling Time, 0.01% G=1 15 * us
G=10 15 * Hs
G =100 21 * us
G = 1000 210 % us
Overload Recovery 50% Overdrive 20 * Hs
POWER SUPPLY
Voltage Range +1.35 +15 +18 * * * v
Current Viy =0V +350 +385 * * HA
TEMPERATURE RANGE
Specification —40 85 * * °C
Operating -40 125 * * °C
28 80 * °CIwW

* Specification same as INA118PB, UB.

NOTE: (1) Temperature coefficient of the “50kQ" term in the gain equation. (2) Common-mode input voltage range is limited. See text for discussion of low power supply

and single power supply operation.
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PIN CONFIGURATION

8-Pin DIP and SO-8

Top View

N

ABSOLUTE MAXIMUM RATINGS

ELECTROSTATIC

DISCHARGE SENSITIVITY

This integrated circuit can be damaged by ESD. Burr-Brown
recommends that all integrated circuits be handled with
appropriate precautions. Failure to observe proper handling
and installation procedures can cause damage.

ESD damage can range from subtle performance degradation
to complete device failure. Precision integrated circuits may
be more susceptible to damage because very small parametric
changes could cause the device not to meet its published

specifications.

ORDERING INFORMATION

... 218V

o 40V
Continuous
-40°C to +125°C
..—40°C to +125°C
.. +150°C
... +300°C

Supply Voltage ........c.cccoveee
Analog Input Voltage Range ..
QOutput Short-Circuit (to ground).
Operating Temperature ...
Storage Temperature ...
Junction Temperature...
Lead Temperature (soldering, 10s

PACKAGE

DRAWING | TEMPERATURE
PRODUCT PACKAGE NUMBER() RANGE
INA118P 8-Pin Plastic DIP 006 —40°C to +85°C
INA118PB 8-Pin Plastic DIP 006 —40°C to +85°C
INA118U S0-8 Surface-Mount 182 —40°C to +85°C
INA118UB S0-8 Surface-Mount 182 —40°C to +85°C

NOTE: (1) For detailed drawing and dimension table, please see end of data

sheet, or Appendix C of Burr-Brown IC Data Book.

The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes
no responsibility for the use of this information, and all use of such information shall be entirely at the user's own risk. Prices and specifications are subject to change
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant

any BURR-BROWN product for use in life support devices and/or systems.

INA118
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TYPICAL PERFORMANCE CURVES

At Tp = +25°C, Vg = £15V, unless otherwise noted.

GAIN vs FREQUENCY
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TYPICAL PERFORMANCE CURVES (CONT)

At T, = +25°C, Vg = 15V, unless otherwise noted.

POSITIVE POWER SUPPLY REJECTION NEGATIVE POWER SUPPLY REJECTION
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TYPICAL PERFORMANCE CURVES (conT)

At Tp= +25°C, Vg = £15V, unless otherwise noted.
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TYPICAL PERFORMANCE CURVES (conT)

At Tp = +25°C, Vg = 215V, unless otherwise noted,

THD + N vs FREQUENCY
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APPLICATION INFORMATION

Figure 1 shows the basic connections required for operation
of the INA118. Applications with noisy or high impedance
power supplies may require decoupling capacitors close to
the device pins as shown.

The output is referred to the output reference (Ref) terminal
which is normally grounded. This must be a low-impedance
connection to assure good common-mode rejection. A resis-
tance of 12€2 in series with the Ref pin will cause a typical
device to degrade to approximately 80dB CMR (G = 1).

SETTING THE GAIN

Gain of the INA118 is set by connecting a single external
resistor, Rg, connected between pins 1 and 8:

50kQ (N

G

G=1+

Commonly used gains and resistor values are shown in
Figure 1.

The 50kQ term in Equation 1 comes from the sum of the two
internal feedback resistors of A; and A,. These on-chip
metal film resistors are laser trimmed to accurate absolute
values. The accuracy and temperature coefficient of these
resistors are included in the gain accuracy and drift specifi-
cations of the INA118.

The stability and temperature drift of the external gain
setting resistor, Rg, also affects gain. Ry’s contribution to
gain accuracy and drift can be directly inferred from the gain
equation (1). Low resistor values required for high gain can
make wiring resistance important. Sockets add to the wiring
resistance which will contribute additional gain error (possi-
bly an unstable gain error) in gains of approximately 100 or
greater,

DYNAMIC PERFORMANCE

The typical performance curve “Gain vs Frequency” shows
that, despite its low quiescent current, the INA118 achieves
wide bandwidth, even at high gain. This is due to the
current-[eedback topology of the INA118. Settling time also
remains excellent at high gain.

The INA118 exhibits approximately 3dB peaking at 500kHz
in unity gain. This is a result of its current-feedback topol-
ogy and is not an indication of instability. Unlike an op amp
with poor phase margin, the rise in response is a predictable
+6dB/octave due to a response zero. A simple pole at
300kHz or lower will produce a flat passband unity gain
response.

NC: No Connection.

Vi
0.1uF
7 ™
- 2| [over-Voltage INA118
Vo]
DESIRED Rg NEAREST 1% Rg Vo=G- (V- Vo
GAIN ©) ) ’ 60k o (Sgukﬂ N
. e N 25k0) G=1+ =
2 50.00k 49,9k g A 6
5 12,50k 12.4k Ra
10 5,556k 5.62k .
20 2.632K 261k 8 25k0) Load Vg
50 1.02k 1,02k )
100 505.1 511 5
200 251.3 249 + 3| [Over-Voltage Ref
500 100.2 100 Vin O] o e =
1000 50.05 49.9
2000 25.01 24.9 2
5000 10.00 10 0.1uF
10000 5.001 499 }—_L
° -

Also drawn in simplified form:

ol E—
VWN

RG% INA118

Ref

Wy =i

FIGURE 1. Basic Connections.
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NOISE PERFORMANCE

The INAT118 provides very low noise in most applications.
For differential source impedances less than 1kQ, the INA103
may provide lower noise. For source impedances greater
than 50k€2, the INA111 FET-Input Instrumentation Ampli-
fier may provide lower noise.

Low frequency noise of the INA118 is approximately
0.28uVp-p measured from 0.1 to 10Hz (G=100). This pro-
vides dramatically improved noise when compared to state-
of-the-art chopper-stabilized amplifiers.

OFFSET TRIMMING

The INATILS is laser trimmed for low offset voltage and
drift. Most applications require no external offset adjust-
ment. Figure 2 shows an optional circuit for trimming the
output offset voltage. The voltage applied to Ref terminal is
summed at the output. The op amp buffer provides low
impedance at the Ref terminal to preserve good common-
mode rejection.

Vin n V+
R INA118 V
© g 100pA
Vi o i Ref 1/2 REF200

+10mV
Adjustment Range

100pA
1/2 REF200

FIGURE 2. Optional Trimming of Output Offset Voltage.

INPUT BIAS CURRENT RETURN PATH

The input impedance of the INAT18 is extremely high—
approximately 10192, However, a path must be provided for
the input bias current of both inputs. This input bias current
is approximately +5nA. High input impedance means that
this input bias current changes very little with varying input
voltage.

Input circuitry must provide a path for this input bias current
for proper operation. Figure 3 shows various provisions for
an input bias current path, Without a bias current path, the
inputs will float to a potential which exceeds the common-
mode range of the INA118 and the input amplifiers will
saturate.

If the differential source resistance is low, the bias current
return path can be connected to one input (see the thermo-
couple example in Figure 3). With higher source impedance,
using two equal resistors provides a balanced input with
possible advantages of lower input offset voltage due to bias
current and better high-frequency common-mode rejection.

Microphone,
Hydrophone INA118
efc,

47KQ 47k o

Thermocouple % INA118

+

10kQ

OB

Center-tap provides
bias eurrent return.

FIGURE 3. Providing an Input Common-Mode Current Path.

INPUT COMMON-NMODE RANGE

The linear input voltage range of the input circuitry of the
INATI8 is from approximately 0.6V below the positive
supply voltage to 1V above the negative supply. As a
differential input voltage causes the output voltage to in-
crease, however, the linear input range will be limited by the
output voltage swing of amplifiers A, and A,. Thus, the
linear common-mode input range is related to the output
voltage of the complete amplifier. This behavior also de-
pends on supply voltage—see performance curves “Input
Common-Mode Range vs Output Voltage”.

Input-overload can produce an output voltage that appears
normal. For example, if an input overload condition drives
both input amplifiers to their positive output swing limit, the
difference voltage measured by the output amplifier will be
near zero. The output of the INA118 will be near 0V even
though both inputs are overloaded.

LOW VOLTAGE OPERATION

The INA118 can be operated on power supplies as low as
+1.35V. Performance of the INA118 remains excellent with
power supplies ranging from £1.35V to £18V. Most param-
eters vary only slightly throughout this supply voltage range—
see typical performance curves. Operation at very low sup-
ply voltage requires careful attention to assure that the input
voltages remain within their linear range. Voltage swing
requirements of internal nodes limit the input common-
mode range with low power supply voltage. Typical perfor-
mance curves, “Input Common-Mode Range vs Output
Voltage” show the range of linear operation for a various
supply voltages and gains.

BURR - BROWN®
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SINGLE SUPPLY OPERATION

The INAT118 can be used on single power supplies of +2.7V
to +36V. Figure 5 shows a basic single supply circuit. The
output Ref terminal is connected to ground. Zero differential
input voltage will demand an output voltage of 0V (ground).
Actual output voltage swing is limited to approximately
35mV above ground, when the load is referred to ground as
shown. The typical performance curve “Output Voltage vs
Output Current” shows how the output voltage swing varies
with output current.

With single supply operation, Vyy and Vj, must both be
0.98V above ground for linear operation. You cannot, for
instance, connect the inverting input to ground and measure
a voltage connected to the non-inverting input.

To illustrate the issues affecting low voltage operation,
consider the circuit in Figure 5. It shows the INAI118,
operating from a single 3V supply. A resistor in series with
the low side of the bridge assures that the bridge output

voltage is within the common-mode range of the amplifier’s
inputs. Refer to the typical performance curve “Input Com-
mon-Mode Range vs Output Voltage” for 3V single supply
operation.

INPUT PROTECTION

The inputs of the INA118 are individually protected for
voltages up to 240V, For example, a condition of —40V on
one input and +40V on the other input will not cause
damage. Internal circuitry on each input provides low series
impedance under normal signal conditions. To provide
equivalent protection, series input resistors would contribute
excessive noise. If the input is overloaded, the protection
circuitry limits the input current to a safe value of approxi-
mately 1.5 to SmA. The typical performance curve “Input
Bias Current vs Input Overload Voltage” shows this input
current limit behavior. The inputs are protected even if the
power supplies are disconnected or turned off.

Figure 1 shows a simplified representation o the INA118.
The more detailed diagram shown here provides addi-
tional insight into its operation.

Each input is protected by two FET transistors that
provide a low series resistance under normal signal con-
ditions, preserving excellent noise performance. When
excessive voltage is applied, these transistors limit input
current to approximately 1.5 to SmA.

A, Out = V¢, — Vg — (10pA + 25KQ) - V/2

A, Out = Vey — Ve — (10pA « 25kQ) + V2

Qutput Swing Range A,, A,; (V+) —0.65V to (V-) + 0.06V
Amplifier Linear Input Range: (V+) - 0.65V to (V=) + 0.98V

INSIDE THE INA118

The differential input voltage is buffered by Q, and Q,
and impressed across Rg, causing a signal current to flow
through Rg. Ry and R,. The output difference amp, A;,
removes the common-mode component of the input sig-
nal and refers the output signal to the Refl terminal.

Equations in the figure describe the output voltages of A,
and A,. The Vg and IR drop across Ry and R, produce
output voltages on A and A, that are approximately 1V
lower than the input voltages.

d) 10pA é Vg 10uA d)
A Vo= G+ (Vi - Vi)
E _!_ 1 l Output Swing Range:
Input Bias Current + A, A, * (V+) - 0.8V to (V-) +0.35V
Compensation — C gl s” BOKQ
B0k
60kL2
+
I/ R R ™~ Ref
8- Q Q 2
1 K 25k 25k p i
il & %
0o .
(External)
FIGURE 4. INA118 Simplified Circuit Diagram.
BURR - BROWN®
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NOTE: (1) R, required to create proper common-mode voltage,
only for low voltage operation — see text.

FIGURE 5. Single-Supply Bridge Amplifier.

INA118

e 2T
ST

= 1.59Hz

FIGURE 6. AC-Coupled Instrumentation Amplifier.

m|_o
<
>

10.0V 6
REF102
R, R,
D L
= Pt100
- Cu =
K<V Vg
i _\/ Cu Re INA118
R3 + Ref
100Q2 = RTD at 0°C
SEEBECK
ISA COEFFICIENT
TYPE MATERIAL {uvi°c) Ry, Ry
E + Chromel 58.5 66.5kQ
— Constantan
J + lron 50.2 76.8kQ2
— Constantan
K + Chromel 394 97.6kQ2
—Alumel
¥ + Copper 38.0 102kQ
- Constantan

FIGURE 7. Thermocouple Amplifier With Cold Junction

Compensation.

INA118

Ay Ig Error
OPA177 | £1.5nA
QPAB02 +1pA
OPA128 +75fA

FIGURE 8. Differential Voltage to Current Converter.

FIGURE 9. ECG Amplifier With Right-Leg Drive.
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i3 TEXAS PACKAGE OPTION ADDENDUM

INSTRUMENTS

www.ti.com 16-Apr-2009

PACKAGING INFORMATION

Orderable Device Status (" Package Package Pins Package EcoPlan‘® Lead/Ball Finish MSL Peak Temp ©
Type Drawing Qty
INA118P ACTIVE PDIP P 8 50 Green (RoHS & CU NIPDAU N/ A for Pkg Type
no Sb/Br)
INA118PB ACTIVE PDIP P 8 50 Green (RoHS & CU NIPDAU N/ A for Pkg Type
no Sb/Br)
INA118PBG4 ACTIVE PDIP B 8 50 Green (RoHS & CUNIPDAU N/ A for Pkg Type
no Sb/Br)
INA118PG4 ACTIVE PDIP P 8 50 Green (RoHS & CUNIPDAU N/ A for Pkg Type
no Sb/Br)
INA118U ACTIVE SOIC D 8 75 Green (RoHS & CU NIPDAU  Level-3-260C-168 HR
no Sb/Br)
INA118U/2K5 ACTIVE SOIC D 8 2500 Green (RoHS & CU NIPDAU  Level-3-260C-168 HR
no Sb/Br)
INA118U/2K5G4 ACTIVE sSoic D 8 2500 Green (RoHS & CU NIPDAU  Level-3-260C-168 HR
no Sb/Br)
INA118UB ACTIVE SOIC D 8 75 Green (RoHS & CUNIPDAU Level-3-260C-168 HR
no Sb/Br)
INA118UB/2K5 ACTIVE SOIC D 8 2500 Green(RoHS & CU NIPDAU Level-3-260C-168 HR
no Sh/Br)
INA118UB/2K5G4 ACTIVE soIc D 8 2500 Green (RoHS & CU NIPDAU  Level-3-260C-168 HR
no Sb/Br)
INA118UBG4 ACTIVE SOIC D 8 75 Green (RoHS & CUNIPDAU Level-3-260C-168 HR
no Sb/Br)
INA118UG4 ACTIVE S0oIC D 8 75 Green (RoHS & =~ CU NIPDAU  Level-3-260C-168 HR
no Sb/Br)

™ The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in
a new design.

PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check
http://www.ti.com/productcontent for the latest availability information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements
for all 6 substances, including the requirement that lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered
at high temperatures, T| Pb-Free products are suitable for use in specified lead-frae processes.

Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and
package, or 2) lead-based die adhesive used between the die and leadirame. The component is otherwise considered Pb-Free (RoHS
compatible) as defined above.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame
retardants (Br or Sb do not exceed 0.1% by weight in homogeneous material)

) MSL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder
temperature.

Important Information and Disclaimer:The information provided on this page represents Tl's knowledge and belief as of the date that it is
provided. Tl bases its knowledge and belief on information provided by third parties, and makes no representation or warranty as to the
accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and continues to take
reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on
incoming materials and chemicals. Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited
information may not be available for release.
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i3 TEXAS PACKAGE OPTION ADDENDUM
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www.ti.com 16-Apr-2009

In no event shall TI's liability arising out of such information exceed the total purchase price of the TI part(s) at issue in this document sold by TI
to Customer on an annual basis.
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R Texas PACKAGE MATERIALS INFORMATION
INSTRUMENTS
www.ti.com 11-Mar-2008
TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
|<— KO r—m—ﬂ
LRl R T
Q D Reelt o | '----‘-— S l
lameter
Cavity —4 A0 |<—
AQ | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
Y W | Overall width of the carrier tape
_i P1 | Pitch between successive cavity centers
[ [ 1
“f Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
Olel's Yo V=0 eAN) Sprockel Holes
|
T
Qt 1 Q2 Q1
) oo b AN RCQIR - ESTORS
Q3 : Q4 Q3 User Direction of Feed
¥,
T ﬁ
¥z
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins | SPQ Reel Reel AO (mm) B0 (mm) K0 (mm) P1 w Pin1
Type |Drawing Diameter| Width (mm) | (mm) |Quadrant
(mm) (W1 (mm)
INA118U/2K5 SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
INA118UB/2K5 SOIC D 2500 330.0 12.4 6.4 5.2 2.1 8.0 | 12.0 Q1
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TAPE AND REEL BOX DIMENSIONS

*All dimensions are nominal

Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
INA118U/2K5 SOIC D 8 2500 346.0 346.0 29.0
INA118UB/2K5 SOIC D 8 2500 346.0 346.0 29.0
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, madifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's standard
warranty. Testing and other quality control techniques are used to the extent Tl deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using Tl components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

Tl does not warrant or represent that any license, either express or implied, is granted under any Tl patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by Tl regarding third-party products or services does not constitute a license from Tl to use such products or services or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of Tl.

Reproduction of Tl information in TI data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and netices, Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

Resale of Tl products or services with statements different from or beyond the parameters stated by Tl for that product or service voids all
express and any implied warranties for the associated Tl product or service and is an unfair and deceptive business practice. Tl is not
responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the Tl products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by Tl as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of TI products which TI has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications

Amplifiers amplifier.ti.com Audio www.ti.com/audio

Data Converters dataconverter.ti.com Automotive www.ti.com/automotive
DLP® Products www.dlp.com Broadband www.ti.com/broadband
DSP dsp.ti.com Digital Control www.ti.com/digitalcontrol
Clocks and Timers www ti.com/clocks Medical www.ti.com/medical
Interface interface.ti.com Military www. ti.com/military
Logic logic.ti.com Optical Networking www ti.com/opticalnetwork
Power Mgmt power.ti.com Security www.ti.com/security
Microcontrollers microcontroller.ti.com Telephony www.ti.com/telephony
RFID www . ti-rfid.com Video & Imaging www. ti.com/video

RF/IF and ZigBee® Solutions www.ti.com/Iprf Wireless www.ti.com/wireless

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2009, Texas Instruments Incorporated
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A00 First issue Nov-10-2006
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Specification: VIEWING "DIRECTION CONNECTOR |vss [vbD| vo | Rs |[R/W| £ D0 |D1
1). Driving: Duty:1/16, Bios:1/5, VLCD*4.2V, VDD:5:0V alt 3 110 111 (42 |13 |14 |15 | 1€
Mv <mm<<;3® diracliam & O“OMOO—A CONNECTOR |D2 |D3 |D4 |D5 |D6 | D7 LEDA|LEDK
3). Display mode: STN/Positive/Transflective/Grey
4). Operating temp.: —20°C~+70°C
Storage temp.: —30°C~+80°C S T EmE
5). IC: SPLC780D—001B—C(or compatible) \V"/\ A F B EFERAF S 1 or
6). Backlight: Edge White(2PCS SMD 4.0V 30mA) (D SHENZHENAVDISFLAYCO..LTD. GENERALTOL: o TuNTT 1,
7). Dimensions with mark "*" are important, PRING: (1) fhr PROTECTION | MODEL NUARER ﬂﬂ%»& m@
with mark "()” are referenced RS [
8). All the raw materials are RoHS compliant ABC016002A10-GHW-R @lm_ﬁ T
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