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ABSTRACT

This project aim to study, design and development of Powered Exoskeleton.
This powered exoskeleton was develop to increase wearer capabilities of force an
objects which have naturally independent movement base on safety of wearer come
first. The complete work-piece was divide into 4 parts: Power supply, Signal detector,

Central processing unit and Operations unit.



AnfnssuUsend

[V T
o o A

a a ¢ o & o @ v = Vas = |
ngriiwusatuil aunsaduieanysallulasmesviel Wesanliiuaununduati

O L3 a cal e M v = ¥ o = ] o
IN HAASANTAIY WYY 819138V AldinamdelidUSnwinasAuuzii sauld

2/

uuzwuaiAlutgymaiatusenitenisinineniinug

o .

9
i3 LY =1 4’
g avin3dneudsluay

ey

BULATIEVIINYIULaYYBNT WY UNTZAMTURE 19D

vevounszAula wIm Alinsatuayusunisinu meevadlouazlifdidlanasn

v A o w aa | o | sl a §al ¢ W Mo
w1 mnlifituguidslanfianwanvinu Aaskiiineinusiauy seladuils

o o £ Heg v W Y Ao °
TDYDUNITEAN UgaATIly Aamad Alinsaivayuinuaiesdlowazgunsallunisi

YaRULUU Favilinsidesuiuldlamed

YavounsyAM uNyle qitozna way wiedude Junsuns Alinsaduayusugunsel

LaztAIasdenianisuwngursdrudalianusadau limluludinusediu

¢ & aa o v o et v ¢ ¢ &
UYDYBUANUIYNUAGT WAGITIU AlASnwdunisesnuuuasasgenswidy

I =
BYNA

vevauRuyILuddnvsednd  Alinsaluayudugunsaisinaiasldrnagluns

398 wazlalvnuinieldasslunisvinineninus

YarauUAMNauguaEignnAL  NlaliAuuzduieaiuninide  siuvsdeuiidam

A AnTUluuINY

damiwensureunsyanslusgrsgeluanueyiasisd Jeihliinenidwusaduidusa

Tnoauysal FalvisUszleniuazaaemifisdluinginusaduil

q

=Y

WA 3357 dugay

U8 T ARsTwuS

W1e Ty MENan



5o e
UNFREBATINNG ... eeesee s reesee s e ee e |
UNARTDA T IBIN Gerrrrrreenreereenseoeeeseesesssssses s sssseee e eeeesseeessesesseeeeses e eeseesee I
L AU 3 1 OO O If
i | \Y
ATTUPI T N oetvtvieviesesseessess e e e e e eeeee e es oo e e s s eeeeeeeeeeeeeeeeeeeeeeeeeeeee VI
ATTURYTUN N v seee e eeeeneee oo s ees e Wil
UTIT 1 UV e i
11 T TUBEATIMENTEY s 1
1.2 T0QUIBAAUBIATIN oo eceeeseeneeseee e 1
1.3 YDULIAUBIATINM oo oeeeeeeeeeeeseereseee e sesssssessss s 1
1.8 U3 AT FUVOTATIU e 2
UNT 2 NQUETRIITO et 3
2.1 ARUFE IS e 3
2.2 150599 A RN NGO e 3
2.3 \n3esilon15ns e Taraul i g wdoas o 4
2.8 FRYRYIUBIDUTUNR ..o 5
2.5 I AT NG ITD - 5
DB HBINIDT ssssssssmssssssiivirapsmssssseassseamascsnrasocssstassssismssseieremsoH oo P O O PSSR 7
2.7 WENNITYNURUGTUYES SEIVO MOTOT e 9
2.8 BBV oot e e oo eeeeeeeeeeeeeeeeeeeeeeeeeee oo 10
K2 L L TS S ST 11
LRl R E T T ——————— 12
UNT 3 N1TBBNUUURUNTOL et 14
3.1 NMSODNUUULATISTUIAATWT I oo 14
3.2 NTBDARUULAYATINNAYE A SUTUUTIFYR I oo 14



d15U%y (sia)

509 Wi
3.2.1 Instrumentation AMPUFIEr......cocveieresee e 15

3. 2.2 Arnplifierssespmmsmssmmisissn e s s 16

25 High passAlRET. oo s S R 16

3.2.4 Precision full-wave rectifier ... i

3.2.5 High pass filter.......ciimrrecrenre e 18

3.2.6 NOTC fILLEI ..ot 18

3.2.7 H-DIIAGE ..ot 15

B T TTRIYHTEM 1 tsssimrssrnsmsssessensnsssnsnans s seaxcsss semsvmss s oS SRSASA BRSSP AT OSSR AP RS 20

3.3.1 MSMIANDATIVEIVUVDL ADE20........omreeereereereseeeereererresssseeseseeeeeseseene 20

3.3.2 MIAUIUWIAIAILTYE92995 low ST=L 0 [ i SR 21

3.4 NMITBBARUUNIITNABDINAT EMGoreeoeoeeeeeeeeeeeeeeee e 23

3.5 MTBDNUUUYARURUU.ocevvevrerrsenreseseenseessssesssssssssssoers oo 23

UV G HAMITVIATBU oo eseeeseseeseeeeeees e 25
8.1 AVFVIARDME Lot 25

R T T I 27
R I 27

8.0 DYTVIRBBIT Bt eses s 30

UNTT 5 AFURANTITOUBETOIIUBULEY ..ot 29
5.1 AFUNANTINADD ..o 31

5.2 FVTONANTIVIORDL ..o ese e eeeseee e s e eeeeeseeseess e 31

5.3 YTzl T URINNITITY oo 31

5.4 ey TAATUTEMTNITI 1o 32

5.5 WU MALY ..o se e 32
LONETTOTIED oo esses e eeseesses s e s e 33



#1508y (si0)

Sos G
VTR TN e ettt et ettt et ettt et e e et et e e et e s ee e ee e rseeesesens 34
AVANUIN D1 o ettt ettt ettt ee e e e s e e e ee e renn 35
AITRHUTINT U ottt e e e et et e r e e et en e e et et eeeeesenes 39
VAU IN B et ettt ee et s et s sttt e e s eee e et e et ee st seeeeesesesennsans 65
L e S S 67

Vi



#1508YA1919

A13719

2.1 wilafndlnihuazanuiinevaussuesdyaalvii

3.1 ANUSEUTBUSENINANUBIRIFTUNULAE DR T1VENE

Vil



GREVLIFTHRI

UMW NN
2.1 1598539045059 TR U TG WO e q
2.2 dnwazdaygudiduives motor unit potential MUP Unfivaizndanilovas......... 5
2.3 AQINTNEIED e 6
24 5@@?N1Wﬁ1ﬂ51uLﬁaLLax freqUENCY SPECIUM w..vvvoeeeveeceveeeeeeeeeee s 7
2.5 MANNITHNIUTD SEIVO MOLOT 1. eeeereeseeseesees s seess e seesens 9
2.6 BB e ere e 10
2.7 UBFA ArAUING AU LED cooooooooceeeeseeeeeeeoeeesseesee oo (il
2.8 UDIA ArdUing ABAU XBEE SHIELT ...........ooooeeoeeeeeeee e eeeeeeseeeeee e 1
2.9 FUNCHION GENEIATON c.uitiriiiieie ettt et et esetesaneses e esenas 12
3.1 VANNIIINIULABOINTIL oo eeseeeseseseeseses e eeeeeseese s oo ee oo 14
3.2 TIVT EMG SBNSO ..cserererrssersressenrsasressasasssssssssssssssssneserssssassssossensssssssamtanssesesssnssssssssasssssrssasens 15
3.3 2395 Instrumentation AMPUIIET ..o 15
3.0 TATIATIUD ADB20 ...ovorrreesvevoeeeesoeoees e seeeeseesseseeeeseesesesssseseeseses s es e eeeseeeee 16
3.5 AN ArODUTRE s evsmrmmunomimessis oo i s oo SR i st asssss s e s s A 16
AT S LR g R R ———————— SO 17
3.7 ’Nﬁ]‘iﬁ&l&ﬂiﬁLLaLﬁUdﬁliﬁLﬁﬂJ@Jﬂﬂgu ...................................................................................... 17
3.8 IUT LOW PSS FILLET ... 18
39 ﬂmWLLangLmumsﬁia'N% NOECH fIlter .o, 18
3.10 ATUARBNITNTBIVEDIDT NOCH FILET 1o 19
R U L il o o O U 20
e N 20
3,13 FAATUNTTATETIU oo eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeseeeeeeeeeeees 22
3,10 FIATUUBINVTURN Qg1 crrveverererrreessees oo eeeeeeeeee oo e oo oo eeeeseeeee oo oo oo oo 22
3.15 MRS NS0 23
3.16 YARAULUUAIUUYUUTENDUADMNUBZATAN ..ooooeoeeeeeeeeeeeeoe s K
3.17 YAAULUUATUUVUNTONIITT EMG oo 24
3.18 YARUMUUAIMYUTULUITIU ooeieoee e eee oo 24

VI



#15UtygUnIn (si0)

sUn N Wil
4.1 AUAUIYDINTIAANFEYEYIUYIODN oo eseeenseeeeee s sseeeensee e 25
T T T gk T T o T A T R LT I YLV VYO 26
4.3 Ay el WAN 10 NI NI IR TET BN TEU oo 26
4.4 Fyanallihnesnidlonunassiliiiunesnsesnnuiuay 99538 ela oo o7
4.5 FyanallwihaneenileButundUa o sUAUI MR o 28
4.6 1l N1 N MU LIUUTEE e 28
4.7 dynadlwihvresnilovdiunniuas 3 ASTAEIIAZ e 29
4.8 Frye el WA YD BNEOUNT UMY 29
4.9 Foyey 10l WU 198N VB ATLUTHUT USRI, oo 30



Und 1

UNUI

1.1 fuuazadnaddy

Tutlagiuilgramnssusne 4 fnsudetusuustududsi nagsisiidng i
guszneunusduldlunaialan  fle  erferuausadunaluladuesgramnssuile
afuayulagianiziunisesnuuy  waskameaosdlonsnisunng  Sewudanufonily
msﬁ'&umqﬂn‘sﬁﬁmmmwméu?ulﬁt,iqmﬁwumﬁ%‘lu%ﬁmﬂixﬁﬁumeqummwnﬁu
UagUu wastiuhiimsaigiiulags adadaueinisnsuwndvsegeavnssuldidwndud
vilweanuslutligu

aglsinumuinfinundsdldsumatauifias dulvgfesfianmaluladann
sesunedifisimune  wazddrldsnglunistigsnungs il unisudsgaaulusig
Fedunsnmaluladtuuliios Taflanuddyduedidaion siangnamnssuly
Usune  Tnslamizgramnssundntudniiinmadydviamelulsemaetiann vl
PudesnsIngauiilflunisiangusainisuginniumalde

yndgmidanandisiy Felddaiidedes  TassineudiiedisTanuanunse
Sumenyuiitedislunimiuiuviosndsmesdiihiminnnnnauiaamiveesiienie
1o wazifletiewginmsiadeulmvasulnglinmsianaulnihuesndnuifeaedan iy
Ustlemiluanumsaliisdusissoanusnsziiuing Snﬁqﬁuﬂumiamﬁmqumiw

anusneenwuukazaselaneluls e

1.2 IngUszaAvadlATI9IY
1.2.1 wedadyaalninandears iedremilaluldmuauueimas
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2.1 aauluindnile (Electromyogram (EMG))

Duiivsuiuiudai aues Wuussam wasnduideduieideilwiodudr aunse
a'i”’mé’fy,zy1m"l,w"ﬁﬁLLazdachué’l’cyayﬂmﬁagnmsﬁuﬁwﬁaL"i’ﬁﬁanfhﬂﬂmuLé’uﬂixmﬂa
nédunile msarenauliihnd e wiesius \Huwafiafldmsntadyaralwiiiadng
Pndulszamuasnduielnense Weldlunsifadeuaswensalanmiiiatuly
duuszammionduile  Fendnefunsesmndulmingila wasedulvdiaues  uansng

LDNILIUINVIANUD tazfndlwin famnsien 2.1

A15999 2.1 viadnglwruaranuifinevaussvesdyanalni aues Wals waznduile

(AnwUa931n Goodgold and Eberstein A, 1972)

ylaseyadlviAn Andlwia(mv) AuA(Hz)
ndanile (EMG) 0.003-5.0 210,000
awes (EEG) 0.001-0.10 0.02-100
ala (ECG) 0.02-3.0 0.1-30

2.2 Bnrsmsaiandulniingrude

Fnsasaandulnindwiideans (Electromyography: EMG) dauunniouuuulyl
snandnlluseme WWuTRnmansietnedulnihidy Compound Muscle Action Potential
voslenduniloarenmunluusias Motor Unit e wihelundailesimieniu wazds
Ussamiunduidledadusnie nmsvhanusesndunioats Suduuuu Graded Response
Summation of Contraction Wazil Body Mechanics ﬁﬂﬁﬂé”lmﬁamﬂﬁ’m’mﬁaEi"ldt.%ﬂﬂa

withnaudetuiunindaseiuduaiug e1avildiAne1n13d1 (Muscle Fatigue)



< ) | v &
JUN 2.1 lassaseavesmsnsaninmdulniinanuioany

P a { v & va a
g 1 dunismsndaedulwiinduieaeleglddidninsaviin  Surface
Electrode 2quusinndmiiisluien (Bicep) 2 o4 wagdn 1 Suavaishunmisdaiiowadiu

]
= <4

091984 IenuInaidnauiletosuarldfinsafedyarundulwindundendmile

a w =

aelfndyninedu EMG Iawzvasiinduideareiinsuadh (Muscular Contraction)
Tuvazinerlufindudygalwin EMG sty uenanmsasaiaadulwinduideans
annsalilumsifadelsalneggudnunzadudyaalnih (Electrodiagnosis) Hlsandnanile
(Myopathy) Lduuseam (Neuropathy) wsewwaauszam (Neuronopathy) Aatu faduns
1529 EMG Tumediiaiiuselenilunsteitedelseiioatundmide svuudssam uas
nsdimsvesszuLaLes  dsluruaunisuadivesndiuieats  (Muscle  Contraction

s =i '

Process) MiN873AUIUIUNNTOBNWIINTEYIR IR J08 3 wuumeiufe

9 U
v

1) WUV Isotonic Process U N15eanuIviin
2) Isometric Process 14U 9anLsimaLtan

3) Auxotonic Process L n1stseauiiung tudu

2.3 \3esdlon1snsaniandulniingruiioats (EMG Instrumentation)

Lﬂ"?aqﬁanﬁmsa'«ai’mﬂé"ulwﬁ?né"mLﬁaaw (EMG Instrumentation) 19 Surface
Electrode as19dudtynns EMG L{‘Juﬁ%’ﬂ’ﬁﬁlﬁqﬂg’ni’ﬂﬂuiwmsJ (Non-Invasive Method)
waza1 Concentric Needle Electrode asiadudayain EMG Lﬂuﬁ%'ﬂﬁqﬂé;%’iﬂﬂiuiwma
(nvasive Method) #ugtuadesmsinineduliinndwifears  (Principle  of  EMG
Instrument) Usznauseaiudfty 3 diu fe

1) szuunsradudygin 481dnlnse (Electrode Detector System)

2) UV INNTIIVNET (Biomedical Amplifier System)

oo

3) syuvtuinuasuansua (Display and Recorder System)



Faszuudniuiildlunies EMGUagi uazszuuLAsaUdasniinszdy (Electric
Simulator System) fixlugaiaies tieldlunmsnssdumenanuiansimdnssamues
ssamgndide (Nerve-Muscle Conduction Velocity: NMCV) uagAnmailasionns
mevUAUeIaINdLile (Strength-Duration Curve) ludaumsnsisianisudeuvasdnglnih
swhawarndunein (Resting Membrane Potential) vewadnaduiloviila fzfaﬁwiwg"tu
5EMIN ~70 mV 9wl -90 mV Tnensld Microelectrode unadiluluadvosnduniiot
Juwalinnsasatauazduiindndlniingluwad (ntracellular Recording) deateves
Microelectrode 1anifiss 1 luasewdnninead avesdndimelusadinldainnis
\iguA1es Microelectrode ffu Electrode fhvagjniguanisad (Reference Electrode) ¥

TiiAnauadndluindu Aniuife Arvesdndlniiwesiiiwad (Membrane Potential)

2.4 fygraudiduiund

Tundailaiuni paulwinduileminandgnineanusunianauieasld

AaUINA NS nweu Aauandlugun 2.2

sUN 2.2 dnwuzdygrasienives motor unit potential MUP Unfivauzndnaniloviasa

lnganguit 2.2 du dyaradiduiidnvanlusiurageuazauiivuinniugs
200 lulpshias - 5 fadliad Arunisussunn 5 - 15 fadiud Al 5-20 ASyAun

(Yfoani160 ada/Aund) (Fulasann Robinson AJ and Snyder-Mackler L, 2008)

o
2.5 nMsaasvdyyalwiinauie
Root mean square (RMS) tun1smiasinvesaiaivvesindassvasdaynalni
naile lonadawsidulSinaanansuiisan Tnethaildsenailuiasziieneny

winngaulunisiedaulnivenaiuiile



RMS =

) o & 4
e X, Ao e weailnihindnanilangn n

N Fiaduaugananun

o
e o

Mean absolute value (MAV) ﬂammawmammmnmuLua ﬂmau‘umumu
U‘%mmammswLUumLaaaﬂuaamawsmmaﬁgmﬂmwﬁmmmua Tuusnuiseseni

Integral of value (IAV) #sa1u13nA1UAIINANNTS

N
1
MAV = NZ X, -
n=1

\le X, A Adyeradlwinaaiiadiye n

N FadUILUATIINLA

@ =
ganandlunnUsznoui 2.3

14

sUR 2.3 dyanadwihnauide dyaralwinduiendminiiunszuiunisiasizd RMS

Lay MAV anuasiu



ﬁmswmﬂgﬂﬁ 2 wituidnuurddyres MUP Miistuvasiieanusslindmiile
dnwaizves dygraliiniidnvausdunduaemdeaa Biphase or Triphasic) fvenau
wanfew AwA 5-20 Hz dmnugevesadudszanu 200 lulashad - 5 fadlad 49 e
n¥eUszana 5-15 fadiunit IneflvuinmnugevesndutufurunamiuusweInsvniues
nénuile leitdesnussunuuefiazgann

o o a Y
LASITUIUARUEMG ﬁﬁ]g LWHUNUURIY

EMG Signal

80 |

60 | -
| frequency spectrum

Power

40

20

0 100 200 300 400 500
Frequency (Hz)

JUN 2.4 dygradlwindile uay frequency spectrum

2.6 UBLNDS

uawmasii (electric motor) Wugunsailwihiluamdsulwiidundianuna ns
iauundvastawesinidlvgiinainnisviteiusimiussniauuudivanvawimgn
Tudowmes LLagam;JLLﬂLﬂé‘ﬂﬁLﬁmmﬂﬂisLLﬁ’LﬂWmmﬁﬂﬁLﬁﬂLLﬁﬁ@mLLamﬁmé’ﬂ%aa
auuuivaniisaes Tunsldudeghasy Tugeamnssunisuudilduawmesanan Hudu
uen Nt sewestilihdsainsavhaulddsenanuy 1Wun nsadiamdaanuna uay n1g

nanwa WA luvaziusn)

o 2/ A 1 - d‘ 1 2 d‘ =
vawmeilwignihluldeuivainvaisdu inaugeaunssy wdeadr Yu wnsedile
wsndlluasaseoy  wazfanlas  waweslwinamiseduindoulnewiasanelnnseuanse
(DO) WU IMNUBUALADI, BIUBUANIDMATSLINTELE 3o numrasdnelinTziaady (AC) Wy

AU Buesees wie wiastul wewesvuadnoasnuluuiniliiy weiwes

o

mlidvunuazaudnunziasgugaasindiunaiiaznond miuldlugnamnssm

waweslihiilugiiigalidmivnsldnuaingsde  wz  nsdudmvieduhiuuazdudgy
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Imfuthiudelinndenis 100 wneind weweslihoresuunmuUsuanyewuma e
wisulwihviemulessaiunglunienunislinuvdenunisiedeulmveseding uas
Bu 9

gunsalldunaawimaniwiuasdnsdiuvasnssudlwinldidunsiedoulm  us
Lildairmdsnunadildanls audongnin actuator uae transducer Ay fMiwewmed
iy dodldasrausadadulinear force) wie wsiiattorque) wiei3endnatnai VU

(rotary) intiu

s

Nolmos W uUsaanaunsidvanszualniilea2 vila sl
2.6.1 uawmasWAInszIERaU (Alternating Current Motor)
wusaanlaty 3 ¥da ldun

1.) wawesinssuaaduyla 1 e
- auavinaneimes (Split-Phase motor)
- MUTBwasueLnes (Capacitor motor)
- IWatunames (Repulsion-type motor)
- gllnesurauame’ (Universal motor)
- lioanlwaveines (Shaded-pole motor)
2.) vaweslninszuaaduriing wia
3.) uawmesininssuaaduia 3 wla
2.6.2 uainaslinszuanse
wuseanilu 3 aila ldun
1.) uawmeshuuaynIuviasanIT3duaines (Series Motor)
2.) wewmeiiulBy YR BIEENIIHUYILEIReS (Shunt Motor)

3.) wawmesihuuunauwsaisenitnenURNemes (Compound Motor)
vawmesliinszuansadudiuidundeudidyogrmidulsay
gramnssy  inszilnuantRniieulusiunsuiuanldRdarnssaaaut
gean Healdiunnlulssnugeamnssy wu Tssuneds Tssudulelndleanss
Tswwogdlave viie WHduidilunsiundeusalwi Wudu Tunsfnwifedy
vawmailiiinizuanssfamsidnaunsel s q vswewmesiinssuansuasidla

navannIsinuvewaiaesviinszuanTIwUUANg 9



2.7 wdnnsvineuiuguees Servo Motor

Servo Motor fie weweslniinszuansa (DC Motor) fignusgnausiuiu yiies
waz daumugu feq Blulugaieatu Tnsuewmedeiindesiiaeseldiuies 3 duwinfy
e VCC, GND uaz anedyanainiuau (Control Line) ?fsa'lmmmmulﬁmmas’mgu%wEJ
3o 9 lenaedygraieaduiien T,ﬂae‘fzy,tyjlauﬁ'l‘?fmmmf?amﬂué’mfmm Wadinuon
(PWM) uuu TTL Level szduussduiivnsliuaimesiavaglutaesznm 4 fa 6 Taad Tuey
funauTRveweInesusazi dofvasawmesuiinilfe sxflvuwmdniminun, Tiusadnga
, fundwnulies wazaunsamuaumesussfuasinidu TTL WWaonsdlisuiudessansas
Fu (Driver) Bu¢ LW?’]xuama%‘aﬁmﬁasﬁaa%'iﬂ'm@uuswl%fma’lua&“iLLé’a Feannsomuauli
vl lushums videfiansaseniidesnisls

Servo  Motor  awnsavyuludsumisiidesnislneandudaaunnunovadi
Jouliuawmes us Servo Motor HavmulduAifiaslutasussanas 180° niendasaumintu
viaunuenamulite 2100 wisgliannsamyudunseuld desnlassadaneluas
Usenaume fadumuriiaufudld (VR) fvimihiinsisaeusumdnisuvesuaines
wazFdumutiasgnBaatuununyuresemes  Fwnmsidadunuuiumilianse
vyuiussauld dedu Servo Motor SsgnesnuuulimliifissuAuszana 180 e wio
ASeseuniiu iletiosfummudsmefissiaiusdumuusuails. widwnnsideanst
vawmeimuidiuissey (360°) dufannsovinld Tasasdesinisusuuss (Modify) dauvas
Judnusetnveweiaes VIANNNIATUANNTSYINIUYEY Servo Motor vilelay mstleu
é’gy,mumm’mn"’mﬁaa"lﬁﬁ'uuama%%"'ﬂﬁ']Lmu'maxﬁﬂm@quwamaLﬂ@%ﬁaxﬁuag’ﬁu
‘ummaqmmﬂ%wmﬁ‘aéﬁuﬂiﬂaﬁa‘tﬂué’ammfﬁhwaaé’zyzuumﬁ’aﬁ%ﬁﬂmiﬁé’w%q 3 30

Faguii 2.3

JUN 2.5 ndnn13vineIuves Servo Motor
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= ) v a o
NFUN 2.3 dygurnuniniadeuin 1.5 ms 93auAulin Servo Motor wyuly

]
(=

gAMLY 0 DI U30 wmnmwaquamai dyaumunIeawadIuIn 1 ms 9%
AIvALlY Servo Motor wuulﬂaavwmmumu 90 89F1 3B MWAANNNIUTLUIRN
dyanaunnunTeiaduuin 2 ms azmunuli Servo Motor vmulﬂaaj ALY +90

89F7 Y38 TuRA1MULLUIRAN

2.8 a4 (Gear)

U 2.6 1ilo

Waa (Sangu: gear)  ududiuedoinadidsuiadunuuvugiamay  asseud
Fnvamifuan (Seniiuiles) Fwansaillussnuiuiledndmis vilddloestusn
vy Wesniaesssmuluiiemenseduing  Aadussuudeiddy Tasmmuiasoures
osfiansnsiuiudnsdusnuiuiiowesiusaiiouiumiiaes  ednsrdrudannse
UsuliAadumnaildivioudenals Sdaduiedosnastredonianis fuanewieliidenld
ARz 1Y Wawnss Weaueu \Wewmenven windeulduaznuiiutusily
LIV RN

doandnunei 1oy anansohunldaiunssgy Usuanmus, wssyu uazdie
memvulueioadnsld lnessuuiledessuvdsded] Saruannsandrendatuszuy
awamwmwi%ﬁﬂd”lmaﬁi::wLﬁadwlﬂﬁmlﬁawé’wﬂﬂﬁ’umﬁwmgaxmi?{ulma%a

GHENIRM!
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2.9 Arduino

Arduino Luuaialulasnaulnsiassnszna AVR AfMIRmUILUL Open  Source
Aefimslinmedoyaiadu Hardware uay Software #  Us$a Arduing anaaniuuanily
ulade ﬁ@ﬁu%’amulxﬁ'lw%’wgﬁué{uﬁnw] ‘ﬁdﬁm”ﬁﬂ’lu%ﬁ’liﬂiﬂﬁﬂkL‘LJ’ﬁ\’i iRy Waunde
vanTiuese wielUsunsuAlaEnde

ANUIBYRIURIA Arduino lumsdegunsalidiusiieg  Aefldiuannsodensas
Budnnsetiadonnousnudideurediuniinn V0 vesuesn  wdeliteruagainaningn
\Hensaiuuainau (Arduino Shield) Usetnnenag U Arduino XBee  Shield, Arduino
Music Shield, Arduino Relay Shield, Arduino Wireless Shield, Arduino GPRS Shield i

FIU UNFBUAUUBIAVUUDIA Arduino uandsulusunsuwmunselaas

\1

sasensn

saseenn
saassanns

ISR R

(X}
seessnnn

ssassssn
R
sssssnsn

SRssasssansERRREREES

Sessrranansesrannala
Ssssssssansaannas
SessssssasEaRERER
L N N A

sU#l 2.7 udn Arduino #erfy LED

3UM 2.8 Uasn  Arduino defiuuein XBee shield
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2.10 Function Generator

i POWER

E‘U‘ﬁ' 2.9 Function Generator

Handu Luueined wie in3ssidndyguvatsuuudueisdledidnnseingd

Ainanulavatentm

2.10.1 1as9a319 Henduluuasismos

vihsseeadalanfianunsoasneguaduiuiueu uaziesessenaumediu

a ¢t o v o .
1.) 1590a9aLamITINUUININIUUAATULIAN (Time
= v as a = ! v al < o o o ) <4
period) Twiumaunsaizenit  fadliusimes  viesiudamuduasiiiou
1 P < e o = al I o
wuusiaiiles WumAndaguaduuuuan qiues
v & w &
2.) MATMIoAnULUUYRIAaU (Wave shaper)
3.) dwluguaimes Todmivaswdygin AM 50 FM 1vivm

Uninasvasniavene (Output buffer amplifier)

2.10.2 n1suluTaeu

v o - o a aal 4 v e 1% =
anmﬂ’LﬂouuLmaqml,urﬂmmmna'ummaﬁmﬂﬂammmﬂwmagﬂﬂau
o A:I o = dy a!i‘U 1 d‘ s J
waruntidatusnidssaunsonuauls mmsﬂsmmagﬂmau USULAIAI IS
o i v A as | ) ¢ & < i d
warUSuudanudla ialdiludygudwenludigunsaivioniodiona wanis
ATINERY ATIRY UTuwsa v daleuiisuan Taehied dygranniidaein

ﬂd o = o/ s s o - o v ﬂl
inseailadyyrandudygysnespiuvsedyaiuends lumsihluldnueies
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o a  w 1 [ = =3 v =l Qs o 2/ PN
Aillndygulii  azduedslafmuaisfedinuaudilunmsioulaznisldaun
willaue iy asil

i ol

=l = g kg P i ! 2
1.) MNURNYANERTUNRBEANAN LLﬁSﬂ']iJ'ﬁﬂﬂ’lUﬂ"lﬂ@ﬂMﬂﬂ

U
2.) deyayraunnlinyuanselifioniey waybifidygusuniy
3)  @WN0ATUANAYINLSIYRF IUTINEATUNTLS  AIUARAINLTIARNY

UTIANUUTIAIE

2.10.3 mMsidengUdeaya
awnsondngumdudygandviwnlovanesiinigy - gueduled (Sine

Wave) sUAduaImEe ( Triangular wave) gﬂﬂﬁuﬂuﬁaa (Saw tooth Wave)

u

o A v ¢

sUAdUAmMABL (Square Wave) uazgunduwad ( Pulse Wave ) (Tusu

2.10.4 n15USuAlTuD
Hgruanudldausuiiavdiueenasnd (Hz) lWaudsanssesilaigsnd
(KHz) eriduauuainnesinemll Siwiwnlugiu 10 wih 91nAwhan 0.2 Hz fa

ATgER 2 MHz

2.10.5 NM9UTULAIAIULITIVDIE YRy
‘ummaqé’i’cgapmﬁwuﬁwﬁwmiﬂsﬁ"'ﬂﬂﬁﬁﬂﬁﬂvﬁﬂ (Peak to peak) 1fu 0-

20V uway 0-2V msmuanung  dyain Snvii 0-20 V Ingliun1sanneu

(Attenuation) 20 dB wWaswdwimmdy 0 - 20 v madeneanuiiierwgnies

Ussanay + 20% vasaihuainanaulag



uni 3

n1seanuuuaUnsal

3.1 N1529nuUUlATIIUIATAINTI

Electromyography Instrumentation Low Pass Precision
Signal Amplifier Filter —> Rectifier

Exoskeleton
; l&— | MotorDriver (¢— Controller |4 Comparator
Suit

JUT 3.1 wannsvinulagnnsau

3.2 N5PBNNUULALHTINAYENELATUSUU ey e

LY
v

mMavgnsuazUiulssdyauas udygaulwihndaileatsanaiadunaudniun
venelagld EMG sensor dryaiauildainaees EMG sensor asgnasldaniauiudssdnygiu

Feau1509BNLUUNIT EMG sensor lsiRaguil 3.1
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| tpibed

L1t
Tk * R
1 i 1K
L]
'_* Todty
-
GRp

€8 s cr * EiA
snaplidiond T 1L i E] AT
i 1 1] i Sitsnd
BBF G e F
Ris m &l
it ™m L
»

Riy

— ELRUIL) | BT

gllﬁ 3.2 135 EMG sensor

1987935 EMG sensor Usznaulusie Instrumentation Amplifier, Amplifier, High

pass filter, Precision full-wave rectifier wag Low pass filter

3.2.1 Instrumentation Amplifier
2993 Instrumentation Amplifier 1Juasheaniuy liadeensveneuun
vaaussfulwihnduieareflanndidninsalidauavedyangedu lngaz

denldlued AD620 faguil 3.2 uazidonsnsnnisuenei 200

E‘Uﬁ 3.3 2995 Instrumentation Amplifier
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RG1 SRG

-IN | 2 \ 7| +vg
+N |3 / L 6] outpur

-Vg | 4 AD620 51 REF

gih'?‘i 3.4 1A59a519999 AD620

3.2.3 Amplifier
) & A & ] & ¢ a g a ea
'JQ‘(]'S‘UEJWE!E{EUUEQWEH WJE]L’iElﬂEIu‘]’J'I Amp LﬂUQUﬂimW3a'J\1'ﬂiaLaﬂmiauﬂa“ﬂ

'
1 a

Meinruaviemaesdygralasnsldndiuanunaiinglvuaznisaiueu

s L3 s

dyaraewnniviisushaniioudygradunwuaiisuielugniilasiigunsal ey

U

R;
AN

3U 3.5 2993 Amplifier

3.2.3 High pass filter
high pass filter (AuAgenIsld) vnsioandenings Low-cut

filter §m3U AIUTINY Uay bass-cut filter dmsunvsveade



| 4 - [ J
ifavedyAnal NISIONINMAIANTIIN .

f{;

O - O

fgih'h‘ 3.6 137 High pass filter

o
=l 1

2vstiszeenlvinnuiig gandimussulld duanuiifdiniegiauiuas
n319% 9ngUaziiud C seaunsuiuies dw L devuiuiuies Weteu
Amdsndndnun C agdien XC ge vilidyaasilulddes dau L axiien
XL tioy vilwdyaiauiiiuanein C asns1adlevun Lwi;,ﬁammﬁ'qafz"fu C 2y
fiAn XC anas dyamazeiulduintu daw L adie XL anndu dyanaies
asnsAtosas Fyaraiioenluds Output fiuantu suflessiuauusives
Ay ranszannd 70.7% YBIAILLITIENER seiuileeTiandondn dreannud
Cut off ilonrmiganit anud il ¢ svvonlidyaasiuldaznnuaze
XL azsudygululaingm mm?ﬁ'aahulﬂﬁa;ﬂ Output #amun

3.2.4 Precision full-wave rectifier
'msl,'%‘ﬂsﬂml,av?immaLﬁuqnﬂ?{uaanu:uuLﬁalﬁ%mﬂml,amaaﬁ'muﬁym

lRnAieannuvTnsesnudtiunssuaadulidunsyuansaitothluldlune

munuuawmei Tneld Diode 7 \uuuu High Conductance wazldosy uenlives

LM351N daifisndrluielilinanuiieanss uansldnagui 3.5

5 £ o
bl .
Y b =
y,mwrw“‘:u- " w’u‘m! ‘
*"“‘\J e ,Mw{}‘ i ‘,-_

o = P ] di
EUW 3.7 ’Nfﬂiﬁﬂ\iﬂigLLaLWUﬂmi@Lmugﬂﬂau

144646
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3.2.5 Low pass filter

UN9AID199I38N112995 high-cut filter dm3U aAnudiing uaz treble cut

filter @MSUNITVHLLEES

fgﬂ‘i'?; 3.8 21997 Low pass filter

2995 low pass filter fdnwagnissons 19 L aynsuiuiees wag C auuiu

i
o =l

wa o o = W o o
NAT ﬂﬂdaMUW’UQQQQQiﬂﬂa LﬁJaLiqﬂj@UﬂaqﬂJﬂ FLU1999 L azdA1 XL ¢ C ag

A1 XC g vilviaud eeinu L Ieazann seaudyyiad Output Sawulaunn usiile

ANUdgINIIgARiIIUA A1 XL Aznfu A1 XC evasas  ilviamisu

wnaInlsanas uedikuly Iefasgn C Awaanse seiudyga Output 34

sulavagun

3.2.6 Notch Filter

band stop (138 notch) filter (F9auiiruaniulaile)

or

G L O O O

ﬂi 1
3UN 3.9 n9mluazsuuuun1sfetsas Notch Filter
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HWITNTDIAMUAWUY band stop filter azgaulimnuidu q wululaagain

1 o s A Ad o .7 =
UAEINTUAUD Resonance (ANMUDNILAITA) L LAUAIAINT 1A

Tugureasiudne i1ezlieas wesslewuwikuueynsusieans1In
AaaNTAve9RsiAe  AnumunusaILsTanud Ynlddgranaansald
$wdbifidyyrneennie Output widmiuauddy 9 Mageniuazsninesad

AU dryeyranzligniivasnsnag anansarwisesiluldedwaue

Tugthsasiuem 199l ssesslowuwiuuuauy windeesynsuiuims
AuENTRTBNATIAR ANAUMILgIANDITELLW dygadaianunsanuly

v ) o l v [ ' v
10 wineauddy 9 sxfinnudunusi dynaanunsasaulule

NOTCH
Notch Frequency
|

2

2 Pass
£§ Band
g

i Stop Band

Frequency -~

5UM 3.10 ANuD#BNIIN589U992995 Notch Filter
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3.2.7 H-Bridge

e

Ul 3.11 2993 H-bridge

U

vInAesn s Motor nyumdivaunsavinlalngli A B 1 waz B 1u 0
wazmnseanslinunduiafiazly B 10u 1 wag Ay 0 dudl A uas B 1Hu 1
v3eru 0 slagaglaifimavudniu Transistor s 4 saagvimiiidu Switch Un
Unadu Tuun Tunismuauauiives DC deuldnisdredyain 1Wu PWM Tnevn
doams Whmpuiifesdneil  Puse  fimwigs  wagmndosmslivaudniiasane
Pulse il 1 agslsfinunismunua§liaaiesilireutteenueniiu

wiagldssuy auauiiinsUeunduidhuntae (Feedback control)

3.3 N15ATUIN

3.3.1 MSUIANBATIVEN8UDY AD620

REFERENCE

U 3.12 AD620



49.4k
Rg

49.4k
1k

50
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3.1)

st

1aedn1919 U UL ABUTEWINAIURIIAIUNIULAL DN TIVE 18 A 95)

l:l 1 U 1 7] L 23 as
A157199 3.1 ALUSHUMIEUTENINAIUIFIAIUNIULEZ TR IVE8

1% Std Table Calculated Gain 1% Std Table Calculated Gain
Value of Rg (Q) Value of Rg (R)
49.9 k 1.990 49.3 k 2.002
12.4 k 4.984 12.4 k 4.984
5.49 k 9.998 5.49 k 9.998
261k 19.93 261k 19.93
1.00 k 50.40 1.01 k 49.91
499 100.0 499 100.0
249 199.4 249 199.4
100 495.0 98.8 501.0
49.9 991.0 49.3 1003.0
3.3.2 N1IAUINMIAIAILTVD99995 low pass filter

He = 7 (3.2)

=10
5+10

INRLIUVIRIATUNI5a 8o
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. .
» Ll
r(t) c(t)
l:l & o 1 I
3UR 3.13 Hendunisaneleu
KCUCH
H(s) = — (3.3)
S+wcy
_ -10
S5+10
Wey = 10 Hz
= 1 s
K fAs A1aps1ve1e
- ] ol Y
wey AD AALNEIATIDEN

. Frequency analysis

BodeDiagram

Haanitude[dB1

] T - v

P ] IR IR} ¥ (BRI R 1 Frinn

¥ B oraln ) o oh e ] ¥ 1 i ¥ IR i ik

i Eovoiofn gt i FoLorarg i L I H Foriire i P

20 bbb bbb ‘
i e ) o r i ] Prraen ¥ UREERL] ¥ i

i P iykin i ForEarn 1 Trriin N ¥ IR R

i (R i Tt 1 raaen i L) ¥ Prarin

il L1444 PR P I SRR 0| Scrohivrbechecd B4 (PN T R 0 1 b, ) R P | FETY

¥ IR R i P tiin ¥ Lrrn i i n Eparn
¥ IR RN 1 EoLrren ¥ [N ¥ s i i AR
¥ IBEIE R i (BRI i oF g i FrENn ] [

-60 Lol g aunis [ ERIET! (R O RS i3 B i1 R L A
0.01ED 0. 1E0 1E® 10E0 100E0 1E3
FrequencylHz]

Phaseldeal

130 -

1] LA} Frran 1 PoLLEL R H oy i ] it
1 L § il ] (NI i Prriaen ¥ Pob it i Pl
* L | ' [ ] til ] t pran ¥ Tiriiu ¥ [ R E
¥ L] 1 LRI ANt 1 IBE R (] [N EN £ Poriarn
L L i LI N R £ H e 1 Pov v i LRI E L
£ it i LR R IR ERE i PRy rEad ¥ [ R {
120 | 1 Lt il i i ;e | i it 2354
= 1 R LT ¥ 1t I | i [ E]
1] ¥ E Pira ] t LI 1 t [ 1)
¥ > [N ER T ¥ i L i L R Y

93 i 443803 ¥ 21518 ] 1 £ 4 3 ifdf

0. 01E9 b.1E0 1Ee 100E0 1E3

FrequencylHz]

tedehawa-denshi. jp

3UM 3.14 siduvaan1siin wey
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3.4 N1992NLLUUNTNAADI993 EMG

o o = 1 @ ar v dv e o =J o
adevhnsiaus Indrygrailwiindanielituey Wusuau 5 9a ievinis

a

naaavindygadwinamiielngldnuasaainias EMG fail

For

i Biceps

GND

ot

d = [} ot 2/ ¥
JU# 3.15 nsfausuindyaalningaile

3.5 N150NUUUYARUIUY

o W

P 3 2/ P 1 aa A at A ! s s
ndvdavihyesuwuumenislduiuerasin weswniuiagiiazmndeniseia dne

9

Taglganusou wavdredanisusuuse Inefinnuudusaunulunisldeu

JUN 3.16 YaRuuuUdILLIUUTENaUMEWHNUDEASAN
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5UN 3.18 yanuuuvdwvuluwnsu
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=
unn 4

NAN1INAsiaU

4.1 A15NNAIN 1

4=i ) ! o/ A ] 8 ot d
Msvnaeed 1 naaesinArdyaralninmiiuies 2 ealaglddyyinaniases

[ v}

o = o

Alladayaynon

o

-

d o 1 . st ! at -
JUN 4.1 funusrensinadyanuieen

= = o 1 a [ o/ Il .
Tnglugai 1 Aenstardygueisen ndsandyansiueas Instrumentation
5 P = s () ot as 1 .
Amplifier Waz AN 2 ADNITINANAYYIUVIDDN UAIINFLYLYIUHIUINAT Instrumentation

sl P . o s L7 d o =y s 2
Amplifier, Low pass filter uaz Precision rectifier muanau lneldiasasiilndyam 1du
dluansdygandn uavidudiviscwansdyauuioen
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nn

&.00Vv

5.00V

sl 4.3 &

Y

40.0ms

CH1 / 0.00V 10.0000Hz

40,0ms

CH1 j 0.00v 0,00000Hz

Tl nUdIINKIU9S IS BN ZILE

ﬁﬁn155§

o g T3l

@ RMS

6.20V
FIULIEN

91.20ms

AN
it
11,1342z

TR
Frikdnit)

Trad Ha-An
10.6V

1 RMS
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4.2 N1SVINADIN 2

s

A = 1 a y:: L2
NIVAADIN 2 NARBY NAABUNITVEdYY I laun1shnuEudidnivge Tifinareln

! 1

naaniladuuay 1 90 Yanenduile 1 yailenanusedndliih uaziideron 1 9auite

1 2 1

o ¥ a v oo A w o & do - ) W
Wugeoneds eedudin Aedgaalniinduileninaudruisasveneisltaiunsa s

Adnanald  wandudvion  Aedggraldwiihnduidendinindiunarsues  29asnses

a a
AU LAEINATLIUINTELLE

-'.f{ LR,

1 RVEYERY

o0 W% 50.0mv FEQD TS 200mv | CHIS -1.28V dify
UM 4.4 dygralvihveenidioduiazdliiiuisnsesrnuiiasasissanssua

4.3 NMARBAT 3

MA@ 3 NAaeIn1sldeIuesieIens Taensudunuuluguuuusine Lileliiie
anuAsuasesdgadlingunide Tnedudih Fedmanalvinnduideiinduds
Huesveeieannsntaddugnld uasdudindes fedyaalvinndadonssen

' o a
WIUNATVEE WATNTDIAIUD LbALINILIINILLLE
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o

Hantek /1@ Ne (R W] so0ms

e R 1,900 ]
- CHi [ 6&60mV 1.39900KHz |

7T oM 60.0mV R o s00mV

] o 'ﬂj &
5UN 4.6 dyayailniwneenionnuvulivuliy

anadlnivee o SuTULAIWaDULVUANULULIRS
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AN X
N RMS
80.0mV
Toad fin- e
420mV
ﬂ_l-l.uﬂ
4.201Hz
MULEN
238.0ms
fmafdy

60.0mV

Ansin X
#n RMS
. 56.0mV
Trad e e
44, 0mVv
Loy Tal
3311Hz
UL
302.0ms
fialy
56.0mvV

iwfuuula



A W _oom: )| pvmis'e B

an o 5.00V CH1 [ 400mV 0.00000Hz WiuuUay

Tadlnvihveendisvdiuluudual 3 asalagliing

Eall
el
=3b..
I
-~
e
=N Al
S

Hantek ~I/IS). NG AN
M RMS
 300mv
Twadl Wa-lin

2.14v
arudl
16.16Hz
LA
66.00ms
duafy
80.0mV

500mV CH'I_/— 560mV 0.00000Hz iwfuuunlan

JUN 4.8 drygradlwihvnesnidionauau
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4.4 A15NNaI 4

1 a at 1

N1SNARDIN 4 NARBTINANA YR IVIDINNAINNNIUIRS comparator 7

o

s

wFsufisuadyaraliduiad dethaadnlalUldlunsmuauuenes 1ne

o

nsidealauiandyanavid 1 9a wardygameeninasiuSauaiisudyain
&

1 90 lngdWAaen

s

Y
duav e wardvdefemdgyuieen

AN1590 |
: I mﬁ

648,.0mHz

JUN 4.9 dyarailnvinesnvesnvsil3suiiisudiygin



uni 5

d5UNanIsINBLAZUBLEUDLUL

o - ' P a o I -4 a )
lassnuselassivgudiiuindannuausosmenyedd  feauszasdliiedn

fyaalwihnduideas  welmdldluldmunuewes Wugunsallunstisvuusdy

n' = ol.f' [V 2 d' o (9] =l v
nsendsres ansdalugeauuuuianunsaihluiaunlalusuiandniig

5.1 d@3Unan1smaaag
wansvaaesilavinlinsun  nslddyaralwihndaiienuauuardinisueines
Tiwruvesyaduuuurduieteunseanusaauvesry  @mnsavildads  waznalnues

v

ssuugntuRziuiingAeiinsanuuuiiasdeniitielneuiumulasafbve el du
win lesnnmnlifinsfindsanulaendeiiyn  o1aiaemsuiaiurewuld wazma
Aavglaidenlduiueraian wsziihminiur wavaunsauSuuadlidalasldlnensldaau

SOUEY MINWATIAIEAULTULTINUNIY

= g
5.2 71915UNANITNAADY
NAMFIHY  ssuinsldyadunuuiietieiuussansamvsswsuvdedunsu
usstuansavilasse mnusaziinnunuveInIsUszInaraLassyuUEInIs Ylvuauna

QUL IIVUTT S ﬁﬂﬁéfaqﬁmiaaﬂLLiaﬂé’ﬂmﬁamuU'mahuLﬁuagjﬁ’w adalalanunsa

v '
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Overview

The Arduino Uno is a microcontroller board based on the ATmega328 (datasheet). It has 14 digital
input/output pins (of which 6 can be used as PWM outputs), 6 analog inputs, a 16 MHz ceramic
resonator, a USB connection, a power jack, an ICSP header, and a reset button. It contains everything
needed to support the microcontroller; simply connect it to a computer with a USB cable or power it
with a AC-to-DC adapter or battery to get started.

The Uno differs from all preceding boards in that it does not use the FTDI USB-to-serial driver chip.
Instead, it features the Atmegal6U2 (Atmega8U2 up to version R2) programmed as a USB-to-serial
converter.

Revision 2 of the Uno board has a resistor pulling the 8U2 HWB line to ground, making it easier to put
into DFU mode.

Revision 3 of the board has the following new features:

» 1.0 pinout: added SDA and SCL pins that are near to the AREF pin and two other new pins
placed near to the RESET pin, the IOREF that allow the shields to adapt to the voltage provided
from the board. In future, shields will be compatible both with the board that use the AVR,
which operate with 5V and with the Arduino Due that operate with 3.3V. The second oneis a
not connected pin, that is reserved for future purposes.

e Stronger RESET circuit.

+ Atmega 16U2 replace the 8U2,

"Uno" means one in Italian and is named to mark the upcoming release of Arduine 1.0, The Uno and
version 1.0 will be the reference versions of Arduino, moving forward. The Uno is the latest in a series
of USB Arduino boards, and the reference medel for the Arduino platform; for a comparison with

previous versions, see the index of Arduino boards.

Summary
Microcontroller ATmega328
Operating Voltage 5V

Input Voltage (recommended) 7-12V
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Input Voltage (limits) 6-20V

Digital I/O Pins 14 (of which 6 provide PWM output)

Analog Input Pins 6

DC Current per I/O Pin 40 mA

DC Current for 3.3V Pin 50 mA

Flash Memory 32 KB (ATmeya328) of which 0.5 KB used by boolloader
SRAM 2 KB (ATmega328)

EEPROM 1 KB (ATmega328)

Clock Speed 16 MHz

Schematic & Reference Design

EAGLE files: arduino-uno-Rey3-reference-desiagn.zip (NOTE: works with Eagle 6.0 and newer)

Schematic:
Note: The Arduino reference design can use an Atmega8, 168, or 328, Current models use an

ATmega328, but an Atmega8 is shown in the schematic for reference, The pin configuration is identical
on all three processors.

Power

The Arduino Uno can be powered via the USB connection or with an external power supply. The power
source is selected automatically.

External (non-USB) power can come either from an AC-to-DC adapter (wall-wart) or battery. The
adapter can be connected by plugging a 2.1mm center-positive plug into the board's power jack. Leads
from a battery can be inserted in the Gnd and Vin pin headers of the POWER connector.

The board can operate on an external supply of 6 to 20 volts. If supplied with less than 7V, however,
the 5V pin may supply less than five volts and the board may be unstable. If using more than 12V, the
voltage regulator may overheat and damage the board. The recommended range is 7 to 12 volts.

The power pins are as follows:

e VIN. The input voltage to the Arduino board when it's using an external power source (as
opposed to 5 volts from the USB connection or other regulated power source). You can supply
voltage through this pin, or, if supplying voltage via the power jack, access it through this pin.

e 5V.This pin outputs a regulated 5V from the regulator on the board. The board can be supplied
with power either from the DC power jack (7 - 12V), the USB connector (5V), or the VIN pin of
the board (7-12V). Supplying voltage via the 5V or 3.3V pins bypasses the regulator, and can
damage your board. We don't advise it.

¢ 3V3. A 3.3 volt supply generated by the on-board regulator. Maximum current draw is 50 mA.

« GND. Ground pins.

Memory

The ATmega328 has 32 KB (with 0.5 KB used for the bootloader). It also has 2 KB of SRAM and 1 KB
of EEPROM (which can be read and written with the EEPROM library).

Input and Output

Each of the 14 digital pins on the Uno can be used as an input or output, using pinMode(),
digitalWrite(), and digitalRead() functions. They operate at 5 volts. Each pin can provide or receive a
maximum of 40 mA and has an internal pull-up resistor (disconnected by default) of 20-50 kOhms. In
addition, some pins have specialized functions:

» Serial: 0 (RX) and 1 (TX). Used to receive (RX) and transmit (TX) TTL serial data. These pins
are connected to the corresponding pins of the ATmega8U2 USB-to-TTL Serial chip.

» External Interrupts: 2 and 3. These pins can be configured to trigger an interrupt on a low
value, a rising or falling edge, or a change in value. See the attachlnterrupt() function for

details.
« PWM: 3, 5, 6,9, 10, and 11. Provide 8-bit PWM output with the analogWrite() function.
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¢ SPI: 10 (8S), 11 (MOSI), 12 (MISO), 13 (SCK). These pins support SPI communication
using the SPI library.

¢ LED: 13. There is a built-in LED connected to digital pin 13. When the pin is HIGH value, the
LED is on, when the pin is LOW, it's off,

The Uno has 6 analog inputs, labeled AO through A5, each of which provide 10 bits of resolution (i.e.
1024 different values). By default thay measure from ground to 5 volts, though is it possible to change
the upper end of their range using the AREF pin and the analogReference() function. Additionally, some
pins have specialized functionality:

+ TWI: A4 or SDA pin and A5 or SCL pin. Support TWI communication using the Wire library.
There are a couple of other pins on the board:

» AREF. Reference voltage for the analog inputs. Used with analogReference().
¢ Reset. Bring this line LOW to reset the microcontroller, Typically used to add a reset button to
shields which block the one on the board.

See also the mapping between Arduino pins and ATmeqa328 ports. The mapping for the Atmega8,
168, and 328 is identical.

Communication

The Arduino Uno has a number of facilities for communicating with a computer, another Arduino, or
other microcontrollers. The ATmega328 provides UART TTL (5V) serial communication, which is
available on digital pins 0 (RX) and 1 (TX). An ATmegal6U2 on the board channels this serial
communication over USB and appears as a virtual com port to software on the computer. The '16U2
firmware uses the standard USB COM drivers, and no external driver is needed. However, on Windows,
a_inf file is required. The Arduino software includes a serial monitor which allows simple textual data to
be sent to and from the Arduino board. The RX and TX LEDs on the board will flash when data is being
transmitted via the USB-to-serial chip and USB connection to the computer (but not for serial
communication on pins 0 and 1),

A SoftwareSerial library allows for serial communication on any of the Uno's digital pins.

The ATmega328 also supports 12C (TWI) and SPI communication. The Arduino software includes a

Wire library to simplify use of the I12C bus; see the documentation for details. For SPI communication,
use the SPI library.
Programming

The Arduino Uno can be programmed with the Arduino software (download). Select "Arduino Uno from
the Tools > Board menu (according to the microcontroller on your board). For details, see the
reference and tutorials,

The ATmega328 on the Arduino Uno comes preburned with a bootloader that allows you to upload new
code to it without the use of an external hardware programmer. It communicates using the original
STK500 protocol (reference, C header files).

You can also bypass the bootloader and program the microecontroller through the ICSP (In-Circuit

Serial Programming) header; see these instructions for details.
The ATmegal6U2 (or 8U2 in the revl and rev2 boards) firmware source code is available . The

ATmegal6U2/8U2 is loaded with a DFU bootloader, which can be activated by:

» On Revl boards: connecting the solder jumper on the back of the board (near the map of Italy)
and then resetting the 8U2.

« On Rev2 or later boards: there is a resistor that pulling the 8U2/16U2 HWB line to ground,
making it easier to put into DFU mode.

You can then use Atmel's FLIP software (Windows) or the DFU programmer (Mac OS X and Linux) to

load a new firmware. Or you can use the ISP header with an external programmer (overwriting the

DFU bootloader). See this user-contributed tutorial for more information.

Automatic (Software) Reset
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Rather than requiring a physical press of the reset button before an upload, the Arduino Uno is
designed in a way that allows it to be reset by software running on a connected computer. One of the
hardware flow control lines (DTR) of the ATmega8U2/16U2 is connected to the reset line of the
ATmega328 via a 100 nanofarad capacitor. When this line is asserted (taken low), the reset line drops
long enough to reset the chip. The Arduino software uses this capability to allow you to upload code by
simply pressing the upload button in the Arduino environment. This means that the bootloader can
have a shorter timeout, as the lowering of DTR can be well-coordinated with tha start of the upload.
This setup has other implications. When the Uno is connected to either a computer running Mac 0S X
or Linux, it resets each time a connection is made to it from software (via USB). For the following half-
second or so, the bootloader is running on the Uno. While it is programmed to ignore malformed data
(i.e. anything besides an upload of new code), it will intercept the first few bytes of data sent to the
board after a connection is opened. If a sketch running on the board receives one-time configuration or
other data when it first starts, make sure that the software with which it communicates waits a second
after opening the connection and before sending this data.

The Uno contains a trace that can be cut to disable the auto-reset. The pads on either side of the trace
can be soldered together to re-enable it, It's labeled "RESET-EN". You may also be able to disable the
auto-reset by connecting a 110 ohm resistor from 5V to the reset line; see this forum thread for
details.

USB Overcurrent Protection

The Arduino Uno has a resettable polyfuse that protects your computer's USB ports from shorts and
overcurrent. Although most computers provide their own internal protection, the fuse provides an extra
layer of protection. If more than 500 mA is applied to the USB port, the fuse will automatically break
the connection until the short or overload is removed.

Physical Characteristics

The maximum length and width of the Uno PCB are 2.7 and 2.1 inches respectively, with the USB
connector and power jack extending beyond the former dimension. Four screw holes allow the board to
be attached to a surface or case, Note that the distance between digital pins 7 and 8 is 160 mil
(0.16"), not an even multiple of the 100 mil spacing of the other pins.



AMANUIN UV

39

99AUIZNBUVDI9RT

> ANALOG
DEVICES

Low Cost Low Power
Instrumentation Amplifier

AD620

FEATURES
Easyto use

Gain setwith one external resistor

(Gainrange 1 to 10,000)

Wide power supply range (+2.3 Vto+18V)

Higher performance than 3 op amp |A designs

Available in 8-lead DIP and SOIC packaging

Low power, 1.3 mA max supply current
Excellent dc performance (B grade)

50 pV max, input offset voltage

0.6 pV/°C max, input offset drift

1.0 nA max, input bias current

100 dB min common-mode rejection ratio (G=10)
Low noise

9nVA/Hz @ 1 kHz, input voltage noise

0.28 uV p-p noise (0.1 Hz to 10 Hz)
Excellentac specifications

120 kHz bandwidth (G = 100)

15 ps settling time to 0.01%

APPLICATIONS

Weigh scales

ECG and medical instrumentation
Transducer interface

Data acquisition systems

Industrial process controls
Battery-powered and portable equipment

‘Table 1. Next Generation Upgrades for AD620

Part Comment

AD8221 Better specs at lower price

AD8222 Dual channel or differential out
ADB226 Low power, wide input range

ADB220 JFET input

AD8228 Best gain accuracy

ADB295 +2 precision op amps or differential out
ADB429 Ultra low noise

Rev. H

Information furnished by Analog Devices is believed to be accurate and reliable,
However, no responsibility is assumed by Analog Devices for its use, nor for any
infringements of patents or other rights of third parties that may result from s use.
Specifications subject to change without notice. No license is granted by implication
or otherwise under any patent or patent rights of Analog Devices. Trademarks and
registered tradema rks are the property of their respective awners.
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Figure 1.8-Lead PDIP (N), CERDIP (Q), and SOIC (R) Packages
PRODUCT DESCRIPTION

‘The AD620 is a low cost, high accuracy instrumentation
amplifier that requires only one external resistor to set gains of
1 to 10,000. Furthermore, the AD620 features 8-lead SOIC and
DIP packaging that is smaller than discrete designs and offers
lower power {only 1.3 mA max supply current), making it a
good fit for battery-powered, portable (or remote) applications.

The AD620, with its high accuracy of 40 ppm maximum
nonlinearity, low offset voltage of 50 uV max, and offset drift of
0.6 uV/*C max, is ideal for use in precision data acquisition
systems, such as weigh scales and transducer interfaces.
Furthermore, the low noise, low input bias current, and low power
of the AD620 make it well suited for medical applications, such
as ECG and noninvasive blood pressure monitors.

The low input bias current of 1.0 nA max is made possible with
the use of SuperBeta processing in the input stage. The AD620
works well as a preamplifier due to its low input voltage noise of
9 nV/¥Hz at 1 kHz, 0.28 uV p-p in the 0.1 Hz to 10 Hz band,
and 0.1 pA/¥Hz input current noise. Also, the AD620 is well
suited for multiplexed applications with its settling time of 15 ps
t00.01%, and its cost is low enough to enable designs with one
in-amp per channel.

30000
- !wms e
/ HAMP
{Jorars)

] ..

l"// :
= ’%‘ i

=

i

3
g

s
H

TOTAL ERROR, FPM OF FULL SCALE
%

i

] 4 10 1
BUPPLY CURRENT jma}

Figure 2. Three Op Amp 1A Designs vs, AD620

One Technology Way, P.O. Box 9106, Norwood, MA 02062-91086, U.S.A.
Tel: 781.329.4700 www.analog.com
Fax: 781.326,87030 2003-2011 Analog Devices, inc. All rights reserved.
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IMPORTANT LINKS for the AD620*

Last content update 01/08/2014 0343 am

Looking for a high performance in-amp with lower noise, wider bandwidth, and fast settling time? Consider the AD8421
Looking fora high performance in-amp with lower power and a rail-to-rail output? Consider the AD8422.

DOCUMENTATION
AD620: Military Data Sheet

AN-282: Fundamentals of Sampled Data Systems
AN-244: A User's Guide to 1.C. Instrumentation Amplifiers
AN-245: Instrumentation Amplifiers Solve Unusual Design Problems

EVALUATION KITS & SYMBOLS & FOOTPRINTS

View the Evaluation Boards and Kits page for documentation and
purchasing

Symbols and Footprints

AN-671: Reducing RFI Rectification Errors in In-Amp Circuits
AN-589; Ways to Optimize the Performance of a Difference Amplifier
A Designer's Guide to Instrumentation Amplifiers (3rd Edition)
UG-261: Evaluation Boards for the AD62x, ADB22x and AD842x Series
ECG Front-End Design is Simplified with MicroConverter

Low-Power, Low-Voltage IC Choices for ECG System Requirements
Ask The Applications Engineer-10

Auto-Zero Amplifiers

High-performance Adder Uses Instrumentation Amplifiers

Protecting Instrumentation Amplifiers

Input Filter Prevents Instrumentation-amp RF-Rectification Errors

The ADB221 - Setting a New Industry Standard for Instrumentation
Amplifiers

ADIWarns Against Misuse of COTS Integrated Circuits
Space Qualified Parts List

Applying Instrumentation Amplifiers Effectively: The Importance of an
Input Ground Return

Leading Inside Advertorials: Applying Instrumentation Amplifiers
Effectively-The Importance of an Input Ground Return

PRODUCT RECOMMENDATIONS & REFERENCE DESIGNS

CN-0146: Low Cost Pr?mmmabie Gain Instrurnentation Amplifier
Circuit Using the ADG1611 Quad SPST Switch and AD620
Instrumentation Amplifier

DESIGN COLLABORATION COMMUNITY

e

with the ADI support team and other designers
about select ADI products.

engineer

Follow us on Twitter: www.iw
Like us on Facebook: www

DESIGN TOOLS, MODELS, DRIVERS & SOFTWARE
In-Amp Error Calculator

These tools will help estimate error contributions in your
Instrumentation amplifier circuit. It uses input parameters such as
ternperature, gain, voltage input, and source impedance to determine|
the errors that can contribute to your overall design.

In-Amp Common Mode Calculator

AD620 SPICE Macro-Model

AD620A SPICE Macro-Model

AD620B SPICE Macro-Model

ADG205 SPICE Macro-Model

AD620 SABER Macro-Model Conv, 10/00

DESIGN SUPPORT

Submit your suEpon request here;

Embedded Processing and DSP

Telephone our Customer Interaction Centers toll free:
Americas: 1-800-262-5643

Europe: 00800-266-822-82

China: 4006-100-006

India: 1800-419-0108

Russia: B8-B00-555-45-90

LT

SAMPLE & BUY
AD620

» View Price & Packaging
« Request Evaluation Board
» Request Samples Check Inventory & Purchase

Elind Local Distributors

* This page was dynamically generated by Analog Devices, Inc. and inserted into this data sheet,
Note: Dynamic changes to the content on this page (labeled Important Links') does not

p BT

constitute achange to the revision number of the product data sheet.
This content may be frequently modified,
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AD620

SPECIFICATIONS

Typical @ 25°C, Vs = £15 V, and Re = 2 kQ, unless otherwise noted.

Table 2,
AD620A AD620B AD620S'
Parameter Conditions | Min Typ Max Min Typ Max Min Typ Max Unit
GAIN G=1+(494 kQ)/Rc)
Gain Range 1 10,000 1 10,000 1 10,000
Galn Eror® Vour =410V
G=1 0.03 0.10 001 002 003 010 %
G=10 015 030 010 015 015 030 %
G=100 015 030 Q10 035 015 030 %
G=1000 040 070 035 050 040 070 %
Nonlinearity Vour=-10Vto+10V
G =1-1000 Ro=10kQ 10 40 10 40 10 40 ppm
G=1-100 R=2k0 0 95 10 95 10 95 ppm
Gain vs, Temperature
G=1 10 10 10 ppm/°C
Gain>1? -50 ~50 =50 ppm/*C
VOLTAGE OFFSET (Total RTI Error = Vs + Voso/G)
Input Offset, Vou Vs=15V 30 125 15 50 30 125 s
to+15V
Overtemperature Vs=15V 185 85 225 uv
tox15V
Average TC Vs=15V 03 1.0 01 06 03 1.0 pvrc
tot15V
Output Offset, Voso Vi=115V 400 1000 200 500 400 1000 uv
Vs=%5V 1500 750 1500 uv
Overtemperature Vs=#5V 2000 1000 2000 ny
to+ 15V
Average TC Vs=45V 50 15 25 70 5.0 15 Hvrc
tot15V
Offset Referred to the
Inputvs. Supply (PSR) | Vs=123V
to+18V
G=1 80 100 80 100 80 100 dB
G=10 95 120 100 120 95 120 dB
G=100 110 140 120 140 110 140 dB
G = 1000 110 140 120 140 110 140 dB
INPUT CURRENT
Input Bias Current 05 20 05 1.0 0.5 2 nA
Overtemperature 25 1.5 4 nA
Average TC 30 30 8.0 pA/C
Input Offset Current 03 1.0 03 05 03 10 nA
Overtemperature 15 0.75 20 nA
Average TC 15 15 8.0 pA/°C
INPUT
Input Impedance
Differential 102 10})2 10]]2 GQ_pF
Common-Mode 10]j2 10)f2 10)|2 GO _pF
Input Voltage Range’ Vi=423V |-Vi+ 19 +Vi=12 | =W+ 19 V1.2 ~Vs+19 =12 |V
tot5V
Overtemperature Vs + 2.1 +Vi-1.3 -Vs+2.1 +Vs-13 =Vs+2.1 +Vs-13 |V
Ve=25V | -¥s+19 +Vs-1.4 ~Vs+ 1.9 +Vs—1.4 -Vs+19 Vs-14 |V
to+18V
Overtemperature Vi 4 2.1 +Vs— 1.4 ~Vs+ 2.1 +Vs+ 2.1 “Vs+23 Hs—-14 |V

Rev.H | Page 30f 20
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AD620

AD620A AD620B AD620S!
Parameter Conditions | Min Typ Max Min Typ Max Min Typ Max Unit
Common-Mode Rejection
Rativ DC to 60 Hz with
1k Source Imbalance | Veu=0Vio £ 10V
G=1 73 90 80 90 73 90 dB
G=10 93 1o 100 110 93 110 dB
G=100 110 130 120 130 110 130 dB
G= 1000 110 130 120 130 110 130 dB
OUTPUT
Qutput Swing " Ro=10k0
Vi=423V | —Vs+ Ws=12 | <Ve41a =12 | Vet 11 HWVs-12 |V
tot5V 1.1
Overtemperature ~Vs+ 14 +Vs-13 | -Vs+14 V5= 1.3 ~Vi+ 1.6 +Vi=13 |V
V=45V =Vs+12 +Vs~1.4 “Vs 412 +Vi—1.4 “Vs+12 +Vs—-14 |V
to+ 18V
Overtemperature -Vi+ 16 +Vs—-1.5 -Vi+ 16 HWs-15 [-Vs+23 +Vs-15 |V
Short Circuit Current +18 +18 +18 mA
DYNAMIC RESPONSE
Small Signal -3 dB Bandwidth
G=1 1000 1000 1000 kHz
G=10 BOO 800 800 kHz
G=100 120 120 120 kHz
G=1000 12 12 12 kHz
Slew Rate 0.75 1.2 0.75 12 0.75 1.2 Vius
Settling Time to 0.01% 10V Step
G=1-100 15 15 15 Hs
G = 1000 150 150 150 s
NOISE
Voltage Noise, 1 kHz Total RTI Nniz:qr(?:) +{e,,/G)
Input, Voltage Noise, e« 9 13 9 13 9 13 nViHz
Output, Voltage Noise, end 72 100 72 100 72 100 nV/AHz
AT, 0.1 Hzto 10 Hz
G=1 3.0 30 60 3.0 60 W p-p
G=10 0.55 055 08 055 08 WV p-p
G = 100-1000 028 028 04 028 04 uvp-p
Current Noise f=1kHz 100 100 100 fAHzZ
0.1 Hz to 10 Hz 10 10 10 pAp-p
REFERENCE INPUT
Ree 20 20 20 kQ
b Vine, Vs = 0 50 60 50 60 50 60 MHA
Voltage Range -Vs+ 16 V=16 | -Ve+16 +Vi—16 -Vs+16 +Vs—-16 |V
Gain to Qutput 1+0.0001 14 0.0001 1+0.0001
POWER SUPPLY
Operating Range* +23 +18 +23 +18 +23 +18 v
Quiescent Cumrent V=23V 0.9 1.3 09 13 09 13 mA
to+18V
Overtemperature 1.1 1.6 1.1 16 1.1 16 mA
TEMPERATURE RANGE
For Specified Performance ~40 to +85 -40 to +85 ~5510 +125 "

! See Analog Devices military data sheet for 8838 tested specifications,

* Does not include effects of external resistor Re.

 One input grounded. G = 1.

*This is defined as the same supply range that is used to specify PSR,

Rev.H | Page 4 of 20
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ABSOLUTE MAXIMUM RATINGS

Table 3.
Parameter Rating Stresses above those listed under Absolate Maximum Ratings
Supply Voltage +18V may cause permanent damage to the device. This is a stress
Internal Power Dissipation’ 650 mW rating only; functional operation of the device at these or any
Input Voltage (Common-Mode} Vs other condition s above those indicated in the operational
Differential Input Voltage 25V section of this specification is not implied. Exposure to absolute
Output Short-Circuit Duration Indefinite maximum rating conditions for extended periods may affect
Storage Temperature Range (Q) ~65°C to +150°C device reliability.
Storage Temperature Range (N, R) ~65°C to +125°C
Operating Temperature Range
AD620 (A, B) ~40°C to +85°C ESD CAUTION
AD&20 (S) ~55"Cto +125°C ESD [electrostatic discharge) sensitive device.
Lead Temperature Range Charged devices and circult boards can discharge
(Soldering 10 seconds) 300°C ‘ without detection. Aithcugh this product features

1 Specification is for device in free air:
8-Lead Plastic Package: 0,3 = 95°C
8-Lead CERDIP Package: B = 110°C
8-Lead SOIC Package: B = 155°C

Az

Ll “r ™ s » o r” &
may occur on devices subjected to high energy ESD.
Therefore, proper ESD precautions should be taken 1o
avoid perf degrad: or loss of fur lity.

Rev.H | Page 5 of 20




45

AD620

THEORY OF OPERATION

GAIN  GAMN
SENSE  SENsE

Vg

BETILEE

Figure 36, Simplified Schernatic of AD620

The AD620 is a monolithic instrumentation amplifier based on
a modification of the classic three op amp approach. Absolute
value trimming allows the user to program gain accurately

{to 0.15% at G = 100) with only one resistor. Monolithic
construction and laser wafer trimming allow the tight matching
and tracking of circuit components, thus ensuring the high level
of performance inherent in this circuit,

The input transistors Q1 and Q2 provide a single differential-
pair bipolar input for high precision (Figure 36), yet offer 10x
lower input bias current thanks to SuperBeta processing.
Feedback through the Q1-A1-R1 loop and the Q2-A2-R2 loop
maintains constant collector current of the input devices Q1

and Q2, thereby impressing the input voltage across the external
gain setting resistor Re. This creates a differential gain from the
inputs to the A1/A2 outputs given by G = (R1 + R2)/R¢ + 1. The
unity-gain subtractor, A3, removes any common-mode signal,
yielding a single-ended output referred to the REF pin potential,

"The value of Ra also determines the transconductance of the
preamp stage. As Rg is reduced for larger gains, the
transconductance increases asymptotically to that of the input
transistors. This has three important advantages: (a) Open-loop
gain is boosted for increasing programmed gain, thus reducing
gain related errors, (b} The gain-bandwidth product
(determined by C1 and C2 and the preamp transconductance)
increases with programmed gain, thus optimizing frequency
response. {¢) The input voltage noise is reduced to a value of

9 nV/VHz, determined mainly by the collector current and base
resistance of the input devices.

The internal gain resistors, R1 and R2, are trimmed to an
absalute value of 24.7 k(}, allowing the gain to be programmed
accurately with a single external resistor.

The gain equation is then
494k
G =]
Ry

_49.4k0
TR

Make vs. Buy: a Typical Bridge Application Error Budget

The AD620 offers improved performance over “homebrew”
three op amp IA designs, along with smaller size, fewer
components, and 10x lower supply current. In the typical
application, shown in Figure 37, a gain of 100 is required to
amplify a bridge output of 20 mV full-scale over the industrial
temperature range of ~40°C to +85°C. Table 4 shows how to
calculate the effect various error sources have on circuit
accuracy.
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Regardless of the system in which it is being used, the AD620
provides greater accuracy at low power and price. In simple
systems, absolute accuracy and drift errors are by far the most
significant contributors to error. In more complex systems
with an intelligent processor, an autogain/autozero cycle
removes all absolute accuracy and drift errors, leaving only the
resolution errors of gain, nonlinearity, and noise, thus allowing

full 14-bit accuracy.

Rg
4900
ADG20A MONOLITHIC
INSTRUMENTATION
AMPLIFIER, G = 100 3

Note that for the homebrew circuit, the OP07 specifications for
input voltage offset and noise have been multiplied by V2. This
is because a three op amp type in-amp has two op amps at its

Inputs, both contributing to the overall input error.

" SUPPLY CURRENT = 1.3mA MAX é “HOMEBREW: W-AMP, G 5 100 2
ATk e A
PRECISION BRIDGE TRANSDUCER % TP PLY CORLIRT -1 2008 &
Figure 37. Make vs. Buy
Table 4, Make vs. Buy Error Budget
Error, ppm of Full Scale
Error Source AD620 Circuit Calculation “Homebrew” Circuit Calculation AD620 Homebrew
ABSOLUTE ACCURACY at Ta=25°C
Input Offset Voltage, pV 125 pv/20 mv (150 PV X v2)/20 mv 6,250 10,607
Output Offset Voltage, pv 1000 pV/100 mv/20 mv ({150 pv x 2)/100)/20mvV 500 150
Input Offset Current, nA 2 nA X3500/20 mV (6 nA X350 Q)20 mV 18 53
CMR, dB 110 dB(3.16 ppm) X5 V/20 mV (0.02% Match x 5 V)/20 mV/100 791 500
Total Absolute Error 7,559 11,310
DRIFTTO 85°C
Gain Drift, ppmv°C (50 ppm + 10 ppm) x60°C 100 ppm/°C Track x 60°C 3,600 6,000
Input Offset Voltage Drift, pV/°C 1 pV/AC x 60°C/20 mV (2.5 PV/°C x /2 x 60°C)/20 mV 3,000 10,607
Output Offset Voltage Drift, pv/"C 15 pVPC X 60°C/100 mV20 mV | (2.5 pv/°C x 2 X 60°C)100 mV/20 mV 450 150
Total Drift Error 7,050 16,757
RESOLUTION
Gain Nonlinearity, ppm of Full Scale 40 ppm 40 ppm 40 40
Typ 0.1 Hzto 10 Hz Voltage Noise, WV p-p | 0.28 uV p-p/20 mv (0.38 UV p-p % 2)/20 mV 14 27
Total Resolution Error 54 67
Grand Total Error 14,663 28,134

G=100,Vs=x15V,
{All errors are min/max and referred to input.)
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Precision V-I Converter

The AD620, along with another op amp and two resistors,
makes a precision current source (Figure 40). The op amp
bufters the reference terminal to maintain good CMR. The
output voltage, Vx, of the AD620 appears across R1, which
converts it to a current. This current, less only the input bias
current of the op amp, then flows out to the load.

Vine

Vin-

oo 2l -0 6
R1

N Loso | i
£
§

Figure 40. Precision Voltage-to-Current Converter (Operateson 1.8mA £3V)

GAIN SELECTION

The AD620 gain is resistor-programmed by Re, or more
precisely, by whatever impedance appears between Pins 1 and 8.
The AD620 is designed to offer accurate gains using 0.1% to 1%
resistors. Table 5 shows required values of Rg for various gains.
Note that for G = 1, the R pins are unconnected (Rq = o). For
any arbitrary gain, Re can be calculated by using the formula:

49.4kQ
G-1

G =

To minimize gain error, avoid high parasitic resistance in series
with Ra; to minimize gain drift, R should have a low TC—less
than 10 ppm/°C—for the best performance.

Table 5. Required Values of Gain Resistors

1% Std Table Calculated | 0.1% Std Table | Calculated
Value of Re(Q)) | Gain Value of Ro((?) | Gain
499k 1.990 49.3k 2,002
124k 4984 124k 4.984
549k 9.998 549 k 9.998
261k 19.93 261k 19.93
1.00k 50.40 1.01k 4991
499 1000 499 100.0
249 1994 249 199.4
100 4950 98.8 501.0
499 991.0 49.3 1,003.0

INPUT AND OUTPUT OFFSET VOLTAGE

‘The low errors of the AD620 are attributed to two sources,
input and output errors, The output error is divided by G when
referred to the input. In practice, the input errors dominate at
high gains, and the output errors dominate at low gains. The
total Vos for a given gain is calculated as

Tetal Error RTI = input error + (output error/G)
Total Error RTO = (input error x G) + output error

REFERENCE TERMINAL

The reference terminal potential defines the zero output voltage
and is especially useful when the load does not share a precise
ground with the rest of the system. It provides a direct means of
injecting a precise offset to the output, with an allowable range
of 2V within the supply voltages. Parasitic resistance should be
kept to a minimum for optimum CMR.

INPUT PROTECTION

The AD620 safely withstands an input current of +60 mA for
several hours at room temperature. This is true for all gains and
power on and off, which is useful if the signal source and
amplifier are powered separately. For longer time periods, the
input current should not exceed 6 mA.

For input voltages beyond the supplies, a protection resistor
should be placed in series with each input to limit the current to
6 mA. These can be the same resistors as those used in the RFI
filter. High values of resistance can impact the noise and AC
CMRR performance of the system. Low leakage diodes (such as
the BAV199) can be placed at the inputs to reduce the required
protection resistance.

+SUPPLY

WITS00R

~SUPPLY

Figure41. Diode Protection for Voltages Beyond Supply
RF INTERFERENCE

All instrumentation amplifiers rectify small out of band signals.
The disturbance may appearas a small de voltage offset, High
frequency signals can be filtered with a low pass R-C network
placed at the input of the instrumentation amplifier. Figure 42
demonstrates such a configuration. The filter limits the input

Rev.H | Page 150f 20
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TLO7xx Low-Noise JFET-Input Operational Amplifiers

1 Features

* Low Power Consumption

+  Wide Common-Mode and Differential Voltage
Ranges

= Low Input Bias and Offset Currents

*  Qutput Short-Circuit Protection

» Low Total Harmonic Distortion: 0.003% Typical

* Low Noise
Vn =18 nV/HzZ Typ atf = 1 kHz

= High-Input Impedance: JFET Input Stage
+ Internal Frequency Compensation

+ Latch-Up-Free Operation

= High Siew Rate: 13 V/us Typical

= Common-Mode Input Voltage Range
Includes Vge.

2 Applications

+ Motor Integrated Systems: UPS

+ Drives and Control Solutions: AC Inverter and VF
Drives

* Renewables: Solar Inverters

+ Pro Audio Mixers

+ DLP Front Projection System

= Oscilloscopes

3 Description

The TLO7xx JFET-input operational amplifier family is
designed to offer a wider selection than any
previously developed operational amplifier family.
Each of these JFET-input operational amplifiers
incorporates well-matched, high-voltage JFET and
bipolar transistors in a monolithic integrated circuit.

The devices feature high slew rates, low-input bias
and offset currents, and low offset-voltage
temperature coefficient. The low hamonic distortion
and low noise make the TLO7xseries ideally suited for
high-fidelity and audio pre-amplifier applications.
Offset adjustment and external compensation options
are available within the TLO7x family.

Device Information(

PARTNUMBER | PACKAGE BODY SIZE (NOM)
SOIC {14) 8.65 mm = 3.91 mm
TS SOIC (8) .90 mm X 3.90 mm
TLO7xxFK LGCG (20) 8.89 mm x 8.89 mm
TLO7XxJG PDIP (8) 9.59 mm X 6.67 mm
TLO74x) CDIP (14) 19.56 mm x 6.92 mm
TLO7xxP PDIP (8) 9.59 mm x 6.35 mm
TLO7XxPS SO (8) 6.20 mm x 5.30 mm
TLO74xN PDIP (14) 19.3 mm x 6.35 mm
TLOT4XNS S0 {14) 10.30 mm x 5.30 mm
TLO7xxPW TSSOP (8) 4.40 mm x 3,00 mm
TLOT7 4xPW TSSOP (14) 5.00 mm x 4.40 mm

(1) For all available packages, see the orderable addendum at
the end of the data sheet.

Logic Symbols

TLOTA

OFFSET N1

IN+

ouT
N~ ——+]

OFFSET N2

TLO72 (each amplifier)
TLO74 (each amplifier)

IN+ +

ourt

An IMPORTANT NOTICE at the end of this data sheet addresses availability, wamranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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Changes from Revision J (March 2005) to Revision K

* Updated document to new Tl datasheet format - no specification changes.
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5 Pin Configuration and Functions

TLO71x D, P, and PS Package
8-Pin S0IC, PDIP, 50
Top View

OFFSET N1 [} 1 8lINC

Vee- [ 4 5[] OFFSET N2

TLO74x D, J, N, NS, PW, and W Package
14-Pin SOIC, CDIP, PDIP, SO and CFP
Top View

] 40Ut
] 4IN-
] 4IN+
] Vec-
] 3N+
] 3IN-
] 3ouT

TLO71 FK Package
20-Pin LCCC
Top View

TLO72x D, JG, P, PS and PW Package
8-Pin SOIC, CDIP, PDIP, SO
Top View

TLO72 U Package
10-Pin CFP
Top View

NC[} 1
10UT[] 2
1IN={} 3
1IN+
Vee-

TLO72 FK Package
20-Pin LCCC

TLO74 FK Package

Copyright ® 1978-2015, Texas Instruments Incorporated
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Pin Functions

; ['soc, T | wo |  pescrierion
|itceels sbeilicoss L el U e
| SO,CFP| el L
3 5 2 3 i Inverting input
1IN+ — — 3 4 7 3 4 | | Non-inverting input
10UT — — 1 2 2 1 2 O | Output
2IN- — e [} 7 15 6 9 1 inverting input
2IN+ — - 5 6 12 5 8 | Non-Inverting input
20UT — - 7 8 17 7 10 O |Output
3IN- — — — — — 9 13 | Inverting input
3IN+ — —_ —_— s — 10 14 1 Non-Inverting input
30Ut e — — — — 8 12 O | Output
4IN- - — —_ — — 13 19 1 Inverting input
41N+ — — — — e 12 18 1 | Non-Inverting input
40UT . — - — — 14 20 O | Output
IN=- 5 —_ e - — — 1} Inverting input
IN+ 3 7 — — — -_ — | Non-Inverting input
1 1
3 —
4 —
1 1
5 e
8 —
9 9
NCi 8 11 - 11 - 5 — | Do not connect
13 13 i
14 14 11
16 0 16 15
18 18
19 19 17
20
OFFSET N1 1 2 — — — —_ — — | Input offset adjustment
OFFSET N2 5 12 —_ - —_ — — — | Input offset adjustment
ouT 6 15 — s — — — O |Output
Vee- 4 10 4 5 10 11 16 — | Power supply
Vee. 7 17 8 g 20 4 6 — | Power supply
(1) NC -~ Nainternal connection
4 Submit Documentation Feedback Copyright © 19782015, Texas Instruments Incorporated
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6 Specifications

6.1 Absolute Maximum Ratings

over operating free-air temperatul
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re range (unless otherwise noted)

e ;  MIN . MAX [ unim

Veo, - Voo Supply voltage @ ~18 18 v

Vio Differential input voltage ! -30 30 Vv

Vi Input voltage 24} -15 15 v
Duration of output short circuit'® Unlimited

T Operating Virtual Junction Temperature 150 °C
Case temperature for 80 seconds - FK package 260 °C
Lead temperature 1.8 mm (1116 inch) from case for 10 seconds 300 ‘C

| T Storage temperature -65 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, and functional operalion of the device at these or any other conditions beyond those indicated under Recommended Operating
Conditions Is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

{2) Allvoltage values, except differential voltages, are with respect to the midpoint between Vg, and Veg-.

{3) Difterential voltages are at IN+, with respect to IN~-.

(4) The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 V, whichever is less.

{5) The output may be shorted to ground or to either supply. Temperature and/or supply voltages must be limited to ensure that the
dissipation rating is not exceeded.

6.2 ESD Ratings

e . ‘ VALUE UNIT
Human body model (HBM), per ANSVESDA/JEDEC JS-001 11 2000

Viesoy  Electrostatic discharge Charqed-devioe model {CDM), per JEDEC specification JESD22- 000 o
C101) el

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.

(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD controf process.

6.3 Recommended Operating Conditions

over operating free-air temperature range (unless otherwise noted)

A R SRR MIN  MAX| UNIT
Vee. Supply voltage 5 15 \
Voo Supply voltage -5 -15 \i
Veu Common-mode voltage Veo-+4 Voo,.—4 v

TLO7XM -55 125
- ST e b - TLOBXQ —40 125 -
i ;i
A PRI IRO-RE e peiaiate TLo7xi 40 85
TLO7xA, TLO7xB, TLO7xC 0 70
6.4 Thermal Information
[ ! TLO71/TLO72/TLO74
THERMAL METRIC() peoe Wliceey) 1SR N (PDIR) NS (80) (rssop) | uwir
8 14 20 8 14 8 14 8 PINS 14 8 14
PINS | PINS | PINS | PINS | PINS | PINS | PINS " | PINS |[PINS|PINS
Junction-to-ambient
P8  lnacal fesistance 87 86 - e — 85 80 95 76 150 | 113 | oW
Junction-to-case (top) = - s g v o a7 s
Rauxcton) thermal resistance 561 | 1505 | 145 W

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report, SPRAG53.

Copyright @ 1978~2015, Texas Instruments Incorporaled
Product Folder Links: TLO71 TLO71A TLO718 TLO72 TLO72A TLO72B TLO74 TLOT4A TLO74B
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Vet = £15 V (unless otherwise noted)

o o
i
R
voltage
Temperature
R rin gl LS T Rg=500 | Fullrange 18 18 18 18 e
voltage
L put oliset i 5T 5 100 5 100 5 100 5 100| pA
et Full range 10 2 2 2| na
; = 200 85 200
" g igs _— < &5 &5 200 65 200 pA
Qnant Full range 7 7 7 7| nA
Common:mode -12 -12 -12 -12
Ven input voltage 50 1 o =11 [ =11 o i1 to v
range 15 15 15 15
5 A= 100 5C #2135 12 2135 2 135 212 £135
Vou ouputvokage | Rz 10k e 12 12 12 £12 v
o Rz2h0 “ 10 £10 10 10
i 5c % 200 50 200 50 200 50 200
difterential
An Vow30V, A2240 Vimv
il Full range 15 25 25 25
B, e 5 3 3 3 3 MHz
n Input resistance 57C 10" 10% 101 101 o
Common-mode | Yic= Vieamin;
CMAR 5C ™ 100 7 100 7 100 B 100 98
rejoction rak0 |y, .0, Ryw500 ad
Supply-veitage | Vog =49 Vio 15V,
Ksvn bon rato 2C n 100 80 100 B0 100 80 100 8
(BVeed BV Vo= 0, By=500
e f"”‘*’“"‘!"“. Ng =0, No load %C 14 28 14 25 14 25 14 25| mA
Voy gy el A= 100 % 120 120 120 120 a8

(1)  All characteristics are measured under open-loop conditions with zero common-mode voltage, unless otherwise specified.
Full range is Ta = 0°C to 70°C for TLO7_C,TLO7_AC, TLO7_BC and is T = ~40°C to 85°C for TLO7_I.

(2)
(3) Input bias currents of an FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive, as
shown in Figure 1. Pulse techniques must be used that maintain the junction temperature as close to the ambient temperature as

possible.

6 Submit Documentation Feedback
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6.6 Electrical Characteristics, TLO7xM
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Vees = 315 V (unless otherwise noted)

A
Ta® i e
3 [ 3 9
Vio Vo=0,Rg =500 e mv
Full range 9 15
WO ot ottt et | Vo0, Rg= 50 Ful range 18 18 e
25°C 5 100 5 100 pA
Input offset current Vo=0
fo i i @ Full range 20 20 nA
25°C 65 200 65 200 pA
) Input bias current Vo =0
» o o 50 0| A
VicR %WI ”W"""' o 25C 11 121015 1 1210 15 v
. R = 10kQ 25C +12 +13.5 12 135
Maximum peak output
Ve R 210kQ 12 £12 v
voltage swing Full
R, 22K i T +10
Large-signal differential " 25¢C 35 200 35 200 o
Ao voltage amplification Vow RV B2k 15 15 m
By Unity-gain bandwidth 3 3 MHz
[ Input resistance 1012 10" [}
Common-mode Vig = Vicamin,
CMAR  rajection raflo Vo= 0, Rg= 50 O 25%C 86 80 86 dB
Supply-voltage Vog= 49 Vio£15 V,
Keva ratia (AVoqdAVio) Vox 0, Rg= 50 0 25°C 80 86 80 86 dB
e mm Vo = 0, No koad 265G 1.4 25 14 25 mA
VoilVee  Crosstak attenualion Ayp = 100 25°C 120 120 dB

(1) Input bias currents of an FET-input aperational amplifier are normal junction reverse currents, which are temperature sensitive, as
shown in Figure 1. Pulse techniques must be used that will maintain the junction temperature as close to the ambient temperature as

possible.
(2} Al characteristics are measured under open-loop conditions with zero common-mode voltage, unless otherwise specified. Full range is
Ta=~55°C 1o 125°C,

6.7 Switching Characteristics

Vos = $15 V, Ta= 25°C

oy B e ; ; X TLO7xM g TI.OTRG, !Lﬂ?xAc, e
PARAMETER TEST CONDITIONS TLO7XBC, TLO7XI . | UNIT
PRV oy MIN  TYP MAX| MIN TYP MAX
Slew rate at unity V=10V, R =2k,
SR gain Cp = 100 pF, See Figure 20 a 13 8 13 Vi
4 Rise-time overshool [ Vy =20V, AL =2Kk0, 0.1 0.1 ps
tactor Cy = 100 pF, See Figure 20 20% 20%
v Equivalent input noise 20 f=1kHz 18 18 nv/vHz
» voltage i f = 10 Hz to 10 kHz 4 4 v
- ¥
I o - PO T f=1kHz 0.01 0.01 pAINZ
Virms =6V,
Total harmanic ! ' Ap =1,
THD diskortion Fz ? ﬁ;gl. RS < 1 kQ, 0.003% 0.003%

Copyright © 1978~2015, Texas Instruments Incorporated
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Typical Application (continued)
9.2.3 Application Curve
2
s \/ [N
1.5 A A
/ \ l \ e VOUT
I\ [\
0.5
20
>
0.5
) \_/ [
\ / \ /
-2 : ; : y
0 0.5 1 15 P!
Time (ms)
Figure 24. Input and Qutput Voltages of the Inverting Amplifier
9.3 System Examples
Re =100 kQ
Vees
R1 R2 p '
Input ——-—NWTW— #—— Output
= T Vee-

T
ey

Figure 25. 0.5-Hz Square-Wave Oscillator

R1=R2=2R3=15 MQ
R3
c1 c2 c1=c2= £ =110 pF
) .
T | A
= fo I RT G 1 kHz

Figure 26. High-Q Notch Filter
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System Examples (continued)

wpE e ?#m )l i BN Vees
e 1w Py
¥, K _L
a0 Vees 0.1 yF
rum T I
Mann L, riorz Somor L 10kQ
£l " e T 10 kO 1Mo
L i "y IN~- b4 il
My 451 Jone Wota A
ar % 550 TLOT4 ouT
MARD
IN+ * L 4 +
Nt
otpF == 0ka
100 k0
Figure 27. 100-kHz Quadrature Oscillator Figure 28. AC Amplifier

10 Power Supply Recommendations

CAUTION

Supply voltages larger than 36 V for a single-supply or outside the range of £18 V for a
dual-supply can permanently damage the device (see the Absolute Maximum Ratings).

Place 0.1-uF bypass capacitors close to the power-supply pins to reduce errors coupling in from noisy or high-
impedance power supplies. For more detailed information on bypass capacitor placement, refer to the Layout.

11 Layout

11.1  Layout Guidelines

For best operational performance of the device, use good PCB layout practices, including:

* Noise can propagate into analog circuitry through the power pins of the circuit as a whole, as well as the
operational amplifier. Bypass capacitors are used to reduce the coupled noise by providing low impedance
power sources local to the analog circuitry.

— Connect low-ESR, 0.1-pF ceramic bypass capacitors between each supply pin and ground, placed as
close to the device as possible. A single bypass capacitor from V+ to ground is applicable for single
supply applications.

+ Separate grounding for analog and digital portions of circuitry is one of the simplest and most-effective
methods of noise suppression. One or more layers on multilayer PCBs are usually devoted to ground planes.
A ground plane helps distribute heat and reduces EMI noise pickup. Make sure fo physically separate digital
and analog grounds, paying attention to the flow of the ground current. For more detailed information, refer to
Circuit Board Layout Techniques, (SLOA089).

+ To reduce parasitic coupling, run the input traces as far away from the supply or output traces as possible. If
it is not possible to keep them separate, it is much better to cross the sensitive trace perpendicular as
opposed to in parallel with the noisy trace.

« Place the external components as close to the device as possible. Keeping RF and RG close to the inverting
input minimizes parasitic capacitance, as shown in Layout Example.

+ Keep the length of input traces as short as possible. Always remember that the input traces are the most
sensitive part of the circuit.

+ Consider a driven, low-impedance guard ring around the critical traces. A guard ring can significantly reduce

Copyright © 1978-2015, Texas Instruments Incorporated Submit Documentation Feedback 17
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Layout Guidelines (continued)

leakage currents from nearby traces that are at different potentials.

11.2 Layout Example

Place comp closa to
davice and o each other to
reduce parasitic errors
Run the input traces as far
away from the supply lines RF
as possible
VS
\ ______________ L_i.... :E ' Use low-ESR, ceramic
! RG ] bypass capacitor
! anoO—AAA, i = VCC+ 4 /
] 1 f’ .i
I
| oo AAA——{ ] R
I RIN ; } l
— - vee- NG | 1GND |
Only needed for | 1
dual-supply I I |
oparation I
1 GND | V8. [o]
1 ___| (or GND for single supply) vour Ground (GND) plane on another layer
Figure 29. Operational Amplifier Board Layout for Noninverting Configuration
Figure 30. Operational Amplifier Schematic for Noninverting Configuration
18 Submit Documentation Feedback Copyright © 1978-2015, Texas Instruments Incorporated
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i .n PACKAGE OPTION ADDENDUM
www .com TNov-2014
Orderable Device Stalus Package Type Packsge Pins Packsge Eco Plan Laad/Ball Finish MSLPeak Tomp  Op Temp (*C} Device Marking Samples
1 Omawing Oty @ ] @
TLOTHPEA ACTIVE PO P 8 Pb-Free CUNIPDAU N/ Ator kg Type 401085 TLETHIP
{RoHS)
TLO7IMFKE OBSOLETE  LCCC K 20 T80 _Cum Cal Ti 8510125
TLOZ MG OBSOLETE __ COWP a8 T80 Cak Tl Cal T 5510125
TLO7IMIGE OBSOLETE __ cDIP G B TBD cat Tl Call T 5510125
TLO7ZACD ACTIVE soKc o 8 75  Groen(RoHS CUNIPDAU Level1-260C-UNLM 0l 70 072AC m
& o Sy
TLOT2ACDEA ACTIVE soIc [ 8 75 Green(RoHS CU NIPDAU Level1.260C-UNLIM Q370 072AC T
& no Svelg .
TLOT2ACOR ACTIVE S0IC D 8 2500  Green (RoHS CUNIPDAY Level-1-260C-UNLIM O 70 O72AC
& no SbBy
TLOTZACDRE4 ACTIVE S0 o 8 2500 Groen(RoHS CUNIPDAY Lavel-1-260C-UNLM 0B 70 O72AC
& no S8
TLO72ACORGA ACTIVE 50 o & 2500 Groen {RoHS CUNIPDAU Level-1-200CUNLIM 0w 70 O72AC
& ro S
TLO72ACIG OBSOLETE  cOIP JG 8 T80 Cal Ti Cat Ti G070
TLO72ACP ACTIVE PD® P [ 50 Po-Froe CU NIPDAU N Ao Phg Type 0070 TLOT2ACP
(RoHS)
TLOT2ACPEA ACTIVE POP P [] Pb-Froe CU NIPDAU N7 A for Phg Type 070 TLO72ACP
(RoHS)
TLO72ACPSR OBSOLETE __ 8O £S 8 TAD Cat Tt Cal Tl OB
TLO72ACPSAE4 OBSOLETE SO PSS » TBD cal i Cal T1 D070
TLOT2ACPSAGA OBSOLETE SO BS 8 THD Cat i Cat Tl 0w 70
TLO728CD ACTIVE 50IC D 8 75 Green(RoHS CUNIPDAU Level-1-260C-UNLIM Ol 70 0728C
4 o StvBo
TLO72BCDE4 ACTIVE S0IC D 8 75 Gisen {RoHS CUNIPDAU Lovel-1-260C-UNLM ~ 0R 70 07280 m
& no Shiie)
TLO72BC0G AGTIVE S0C D 3 75 Green {RoHS CUNIPDAU Lovel-1-260C-UNLIM 010 70 o728¢
& no SbBy -
TLO728COR ACTIVE S0 [ 8 2500 Groen (RoHS CU NIPDAU Lovel-1-260C-UNLM 0B 70 07280
& a0 StvBr) s
TLO72BCDRES ACTIVE S0 0 B 2500 Green (AoHS CU NIPDAU Level-1-260C-UNLIM 01070 o728C PRETE
4 no Sb8n Samples
TLOT2BCORGH ACTIVE 50IC 0 8 2500 Green (AoHS CUNIPDAU Level-1-260C-UNLM Q1070 0728C
& o Sivilg . .
Addendum-Page 3
" .rEXAS PACKAGE OPTION ADDENDUM
W B com T-Noe-2014
Orderable Davice Status  Package Type Package Pins Package Eco Plan Lead/Ball Finlsh NSLPeak Temp  Op Temp (*C} Device Marking
[} Drawing Oty @ ) o) o]
TLOT2BCP ACTIVE POP P 8 5 Po-Frae CUNIPDAU N/ A for Phg Type 070 TLo728CP
{Rabs}
TLO728CPE4 ACTIVE POP P 8 50 Po-Free CUNIPDAY N1 A for Py Type 01670 TLOT2BCP
{AcHS)
TLOT2CH AGTIVE s0IC [} B 75  Green(RoHS CUNIPDAU Level-1-260C-UNLIM Ok 7D o726
& o SbBy
TLOTZCDE4 ACTIVE S0 o 8 75 Green{RoHS CU NIPDAU Laveh1-260C-UNLIM - 01070 TLOTC
& ro S/Br)
TLOT2C004 ACTIVE SO o 8 75 Groen {RoHS CUNIPDAU Lovel-1-260C-UNLIM 070 TLO72C
& no SbBr)
TLO72CDR ACTIVE S0 o 8 2500 Greon (AoHS CU NIPDAU Leval-1-2600C-UNLIM 01070 TLOT2C
& ro SbBrj
TLO72CDRE4 AGTIVE SOIC o 8 2600 Greon (AoHS CUNIPDAU Level-1-260C-UNLIM. 00070 TLe720
& no SorBrj
TLO72CORGA ACTIVE SO D 8 2500 Green (AoHS CU NIPDAU Leved1-260C-UNLIM 0070 TLo72C
& no SuBY
TLOT2CP ACTIVE POP P a4 50 Pb-Free CUNIPDAU N A tor Prg Type on7o TLOT2CP
{FokS)
TLO72CPEA ACTIVE PDWP P 4 50 Pb-Fiee CU NIPDAY N7 Ao Prg Type 0w70 TLO72CP
(RoHS}
TLO72CPSLE OBSOLETE SO es 8 TBO Cat Tt Call 71 0370
TLO72CPSR ACTIVE 50 PS & 2000 Groeen {RoHS CU NIPDAU Lovol-1-260C-UNLIM 070 ToT2
& ro SbBy P
TLOT2CPSRE4 ACTIVE S0 PS8 2000 Groen (AoHS CUNIPDAU Lovel-1-260C-UNLIM D170 1072 Sy
& no StvBry
TLOT2CPSRAGY ACTIVE ) Ps 8 2000 Green (AoHS CUNIPDAU Lovob1-260C-UNLIM 01070 T072 .; Ve
& no SbrBr amples
TLO72CPWR ACTIVE  TSSOP PW & 2000 Greon (AoHS CUNIPDAY Level4-260C-UNLIM - O 70 Tor2 g
oo
TLOY2CPWREA ACTIVE  TSSOP PW 8 2000 Green (RoHS CUNIPDAY Level-1-260C-UNUIM D% 70 To72 < >
& no Sl ampLe.
TLOTZCPWRGS ACTIVE  TSSOP PW 8 2000 Green (RoMS GU NIPDAU Level-12E0C-UNLIM D70 Tore ”
& no SBry Sariples
o720 ACTIVE 501G o 8 75 Grooa (RoHS CUNIPDAU Level 1-260C-UNLIM  -401085 TLOT2 m
& no StyBr Sarnples

Addendurs-Page 4
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i m PACKAGE OPTION ADDENDUM
W Com T-New-2014
Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Balf Finish MSL Peak Temp  Op Temp (*C) Device Marking Samples
i) Dty . L] L] ] o
TLO72IDEL ACTIVE 50 D 8 75 Given (RoHS CUNIPDAU Lovel1-260C-UNLIM. 401085 TLo72A m
& no Sb/Br)
TLOT2IDG4 ACTIVE S0 o 8 75 Green {RoMS CUNIPDAU Lavel-1-260C-UNLIM 401085 TLOT2A m
& no Sb/Bey
TLOT2I0R ACTIVE S0IC s} a 2500  Green {RoHS CUNIPDAU Level-1-260C-UNLIM ~401085 TLOTA m
& 70 S8y
TLOT2IDRES ACTIVE S0IC D a 2500  Green (RoHS CUNIPDAU Level-1-260C-UNLIM ~4010 85 TLOT2A m
& no Sb/Br
TLO7RDAGH ACTIVE s0Ic o 8 2500 Green (oS GUNIPDAU Level 1-260CUNLIM  -303085 TLOT2 m
& no SbiBr) -
TLO72IP ACTIVE POP P a 50 Pt-Free CUNIPDAU N Ator Prg Type 40 10 B5 TLOT2P m
(RoHS)
TLOT2IPE4 ACTIVE PDP P L] 0 Pb-Free CUNIPDAU N/Ador Prg Type ~40t0 BS TwoT2R
{HeHE) -
TLOZ2MFKE ACTIVE Lece K20 1 8D POST-PLATE M/AlrPrgType S50 125 810230524
TLOT2MFKB R
TLOT2IG ACTIVE CoiP 4G 8 1 TBD Ad2 N/ Ador Phg Type 510125 TLO72MIG
TLOT2MIGE ACTIVE coe J6 L] 1 18D Ad2 N /A for Pkg Type S5io 125 G102I05PA
TLO72M
TLO72MUB ACTIVE CFP u 10 1 T8O Az N/ Ao Peg Type 55 1o 125 B8102305HA Saain)
TLOT2M -
TLOT4ACD ACTIVE soc D " 50 Green (RoHS CUNIPDAL Level-1-260C-UNLIM D70 TLOTAAC
& no Sbin
TLOT4ACDES ACTIVE SOIC D 1“4 50 Green (AoHS CUNIPDAU Level-1-260C-UNLIM 070 TLOT4AC
& no Sb'Bn
TLOT4ACDGE ACTIVE sOC D 14 50 Groon (RoHS CU NIPDAU Level-1-260C-UNLIM 070 TLOTAAG
& o SbvBo
TLOTSACDR ACTIVE 50C ] 14 2500 Groen (RoHS CUNIPDAU Level-1-260C-UNLIM 0w 70 TLOTSAC m
& na Sb/Br)
TLOTAACDREA ACTIVE s0C o 14 2500 Groen {RoHS CUNIPDAU Leval-1-280C-UNLIM 010 70 TLOT4AC ample:
& no SbiBr) ——
TLOTSACDRGA ACTIVE 50 o 14 2500 Grsen (RoHS CUNIPDAU Lovel-1-200C-UNLIM Q70 TLOTSAC
& ro Sy T
TLOT4ACY OBSOLETE cowp J 14 TBD Cak Tl Cat vt 070
Addendum-Page 5
..n PACKAGE OPTION ADDENDUM
W H com 7-Now-2014
Orderable Device Status Puckage Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp  Op Temp {“C) Device Marking Samples
o] Drawing Qty @ [ = “
TLOTAMFKB ACTIVE Lece FK 20 1 18D POST-PLATE N/ A for Phg Type 5510 125 810230624
TLOTAMFKE
TLOZ4MI ACTIVE cor J 14 1 THO Ad2 N/AlorPrg Type 5510125 TLO74M)
TLOT4MIB ACTIVE coP 4 14 1 80 Ad2 N/AlorPxgType  -B51t0125 8102306CA
TLOTAMIE
TLOT4MWE ACTIVE CFP w 4 1 THO Ad2 NiAlorPkg Type 5510125 B102306DA
TLOTAMWE
TLOGT-W ACTIVE WAFERSALE ¥s 3 TBOD Cai Cal Tl
™ Yhe markating status vakies are defined as foflows:
ACTIVE: Product device recommended for new designs.
LIFEBUY: 71 has that the dovice will b m-wmmpmums«m
NRND: Not recommended for new designs. Device is in peoduction 10 support existing cusiomas, bul T1 does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples miy or may not be avaiable.
QBSOLETE: Ti has discontinued the production of the device,
B Eeo Plan - The planned oco-fiendly dassification: Pb-Free {RoHS). Pb-Free (RoHS Exemat), or Green (RoHS & no SbBr) - ploase check hitpiwww. 5. the latest availabii

infarmation and addiSonal product contont dotails,

TBD: The Pb-Fres/Groen conversion pian has not been defined.

Po-Froe (RoHS): TT's tetms "Lead-Free" or "Pb-Free” mean products that are with the current RoHS req. for all 6 sub . incloding the that
lead not eaceed 0.1% by weight In homogeneous maierals. Where designed 10 be soldernd at high temporatures, Tt Pb-Fres products are suitable lor use in we:llaubad froe processes,
Pb-Free (RoHS Emm Ths mmpomrl hn a AoHS exemption lor either 1) lead-based Big-chip solder bumps used between the die and packags, or 2) lead-based die adhesive used between
the die and Po-Frae (RoHS compatibée) as detined above.

Grean (RoHS & no SbAlr): Tl defines ‘Graen to mean Pb-Free (RoHS compatitle). and free of Bromine (Br) and Antimany (Sb) based Slame relardants (Br or Sb do not exceed 0.1% by weight
In homogonoous matoral)

fa MSL, Peak Temp. - The Moisture Sonstivity Level rating according to the JEDEC industry standard clazsificasons, and peak solkder lemperauce.

" Thore may be addisonal marking, which mlites 1o the logo. the Jot race code information, or the environmental category on the device.

 ittiple Dovics Markings wil b inside parentheses. Only one Device Marking voses and ¥ 2™~ will appear on A davice. I 3 ing is indented then It 1 a continuation
of th previous kne and the two combined rapresent the entita Device Mamnqbc'mmevios

% aac/Ball Finish - Orderabie Devices may have mukiple mateial fnish opSons. Finish options ars separated by a veriical ruled fne. LeadBalt Finsh values may wrap 1o two fines if the finisn
valuo exceads the maximum colume width,

Adgderdum-Page 8



60

Q’, TEXAS PACKAGE MATERIALS INFORMATION
INSTRUMENTS
www.li.com 24-Jan-2015
TAPE AND REEL INFORMATION
RELCL DIMENSIONS TAPE DIMENSIONS
4 |¢- KO id——?i—-bg
o3 R R l
S T My AR E
Diameter
Cavity -» AD I<
A0 | Dimension designed lo accommodate the component width E
B0 | Dimension designed to accommodale the componentlength |
KO | Dimension designed o accommodate the component thickness|
r W | Overall widih of the carmer lape |
_*_ P1] Pitch belween successive cavily centers |
) |
“{ Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
Qo OO0 OO0 Sprocket Holes
1 i
T T
Q1 : Q2 Q1 : Q2
i |ce R S S e
Q31 Q4 Q34 User Dirpction of Feed
] A 1 /’
=
Pocket Quadrants
“All dimensions are nominal
Device Package|Package|Pins] SPQ Reel Reel AD BO KO P1 w Pint
Type |Drawing Diameter] Width | (mm) | (mm) | (mm) | (mm) | (mm) |Quadrant
{mm) |W1 (mm)
TLO71ACDR S0IC D 8 2500 330.0 124 6.4 5.2 241 8.0 | 12.0 e3]
TLO71BCDR SOIC D 8 2500 330.0 124 6.4 5.2 2.1 8.0 12,0 1
TLO71CDR s0iIC D 8 2500 330.0 124 6.4 5.2 24 8.0 12.0 Qi
TLO71CDR S0IC D 8 2500 330.0 124 6.4 5.2 2.1 8.0 | 120 Qi
TLO71CPSR SO PS 8 2000 330.0 16.4 8.2 6.6 2.5 120 | 16.0 Qi
TLO71IDR S0IC D 8 2500 3300 124 6.4 5.2 2.1 8.0 | 120 Q1
TLO72ACDR SOIC D 8 2500 330.0 124 6.4 5.2 2.1 8.0 | 120 Qa1
TLO72BCDR S0IC D 8 2500 330.0 124 6.4 5.2 2.1 8.0 12.0 Qi
TLO72CDR SOIC D 8 2500 330.0 124 6.4 5.2 2.1 8.0 | 120 Qi
TLO72CDR SOIC o] 8 2500 330.0 124 6.4 5.2 2.1 8.0 12.0 o1
TLO72CPWR TSSOP PW 8 2000 330.0 124 7.0 3.6 1.6 8.0 12.0 3
TLO72IDR S0IC D 8 2500 330.0 124 6.4 5.2 21 8.0 12.0 o3]
TLO72IDR S0IC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 o
TLO74ACDR S0IC D 14 | 2500 330.0 16.4 6.5 9.0 2.1 8.0 | 16.0 Q1
TLO74ACNSR SO NS 14 2000 330.0 16.4 82 | 105 ]| 25 120 | 16.0 Q1
TLO74BCDR soiIC D 14 2500 330.0 164 6.5 9.0 21 8.0 16.0 Qi
TLO74CDR SOIC D 14 2500 330.0 164 6.5 9.0 24 8.0 16.0 Q1
TLO74CDRG4 SOIC D 14 2500 330.0 16.4 6.5 9.0 2.1 8.0 16.0 a1

Pack Materials-Page 1
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www.ti.com 24-Jan-2015
Device Package Type |[Package Drawing| Pins SPQ Length (mm) | Width {mm) | Height (mm)
TLOT4BCDR S0IC D 14 2500 333.2 3459 28.6
TLO74CDR SOIC D 14 2500 3332 3459 28.6
TLO74CDRG4 SOIC D 14 2500 3332 345.9 28.6
TLO74CPWR TSSOP PW 14 2000 367.0 367.0 35.0
TLO74IDR SOIC D 14 2500 333.2 345.9 28.6

Pack Materials-Page 3
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LAND PATTERN DATA

PS (R—-PDSO-G8) PLASTIC SMALL OUTLINE
Example Board Layout Steﬂ(cbillogf%ﬂ}ings

(Note C)

-8 (f8 6x1,27 L’I r_’f]xa’f_i -
HHHHH 8"1’{5_%19'5%

e 88

m—

! Example
,‘ Non Soldermask Defined Pad

Example
Pad Geometry
(See Note C)

Example
Non-Solder Mask Opening
(See Mote E)

\\ e 07 i

4212188/A 09,11

A, All linear dimensions are in millimeters.

B. This drowing is subject to chonge without notice.

C. Publication IPC~7351 is recommended for clternate designs.

D. Leser cutling opertures with irapezoidal walls ond also rounding carners will offer better paste release.
contact their board ossembly site for stencll design recommendations. Refer to IPC-7525 for other stencil recommendations.

E  Customers should contact their board fobrication site for solder mask tolerances between and around signal pads.

NOTES:

Customers should

www, ticom
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MECHANICAL DATA

NS (R-PDSO-G*™) PLASTIC SMALL-OUTLINE PACKAGE
14-PINS SHOWN

14 8

HHHHHHH
QL%) o.isfom

0 L 2™
IREEREEE

4 A » 055

2,00 MAX

/ | [om
MMJJ Seating Plane ¢ L J_\ /I /_L
T BEH

PINS #¢
DM

A MAX 10,50 10,50 12,90 | 15,30

A MIN 9,90 9,90 12,30 | 1470

4040062/C 03/03

NOTES: A, Al linear dimensions are in. millimeters.
B. This drawing 1s subjct to change without nolice,
C. Body dimensions do nol include mold flash or pretrusion, not to exceed 0,15

#'ltxas

www.ti.com
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (Ti) reserve the right to make corractions, enhancements, improvements and other
changes fo ita semiconductor products and services per JESDAG, latest Issue, and to discontinue any product or service per JESD4S, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to Tl's terms and conditions of sale
supplied at the time of order acknowledgment.

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

T assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using T components. To minimize the risks associated with Buyers' products and applications, Buyers should provide
adequate design and operating safeguards.

Tl does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which Ti components or services are used. Information
published by Ti regarding third-party products or services does not constitute a license 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 T,

Reproduction of significant portions of T information in TI data books or data sheets is permissible only if reproduction is without alteration
and Is accompanied by all associated warranties, conditions, imitations, and notices. Tlis not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

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

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of Tl components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of fallures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify T and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, Tl components may be promoted specifically to facilitate salely-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject fo these terms.

No TI components are authorized for use in FDA Class 1l (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which T1 has specifically designated as military grade or “enhanced plastic™ are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of Tl components
which have notbeen so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

TI has specffically designated certain components as meeting 1SO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure 1o meet ISO/TS16949.

Products Applications

Audio www.ti.com/audio Automotive and Transportation  www.ti.com/automolive
Amplifiers amplifier.ti.com Communications and Telecom  www.ti.com/communications
Data Converters dataconverter.ticom Computers and Peripherals www.ti.com/computers
DLP® Products www.dlp.com Consumer Electronics www.ti.com/consumer-apps
DSP dsplicom Energy and Lighting www.ti.com/energy

Clocks and Timers www.li.com/clocks Industrial www.li.comiindustrial
Interface interdace.ticom Medical www.ti.com/medical

Logic logic.ti.com Security www.ti.com/security

Power Mgmt power.ti.com Space, Avionics and Defense  www.ti.com/space-avionics-defense
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void setup() {
// put your setup code here, to run once:
pinMode (CHA, INFUT) ;
pinMode (CHB, INPUT) >
pinMode (M1, QUTPUT) ;
pinMode (M2, OUTPUT) ;
attachlnterrupt (digitalPinToInterrupt (CHA), flagUp, RISING) ;

void flaglp(){
flagStep = 1;
if (digitalRead{CHA) s& digitalRead(CHB}) {
stepCount++ ;
}
if (digitalRead(CHA) s& !digitalRead(CHB)) {
stepCount—-— 3
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volid UP{) ¢

while{1){
digitalWrive (M1,HIGH);
digictalWrive (M2,10W);
if {steplount>=2850}) break:;

}
digitalWrite (M1,LONW);
digicalWrice (M2,LOW);

}

void DOWN{) {
while{1){
digitalWrite (M1, LOW)
digitalWrite (M2, HIGH);
if {stepCount<=0) break:

}

digitalWrice (M1, LOW);
digitalWrite (M2, LOW);

}
void mBreak{){

digitalWrite (M1,10W);
digitalWrite (M2,10W)
}

void mBicep(} {

if{!digitalRead{Iricep)}
UP():

else if (digitalRead(Iricep))
mBreak():

}
void mIricep(){
if{!digitalRead(Bicep)})
DOWN () ;
elae if (digikalReaﬁ{Bicepn
mBreak{):



