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ABSTRACT

This thesis presents about the circuit which is amplifying the signal of
Electrocardiogram or Instrument Amp by using type of IC (AD8237). It is a much lower
cost circuit comparing with the Electrocardiography devices equipped in the general
hospitals. Importantly, it can increase the opportunities for the hospitals with limited
budget in saving the cost and to ensure that more patient will be able to access to
such devices. Moreover, the circuit could be developed to be the mobile unit which
is more convenient for the people in risk group who need special care such as the

heart disease patients, the elderly and even the athletes.



AnGNssuUsENA

n139nviUIgainusaduildniagarsluldmeity eeenldsumuusiuay

q

as

AUINYIRAIIN femans19ise giins wurgauning wae seemaninansdng. iusadng

2 [
U o o v

ANtvse Fuduenarsdnuinwilunisviusygiidnusluadsd Hmvi3dne1udalunaiy

ayATIiveviIEes uarrenTuTaunsERuduatiegs

uananfiveveunseauynyuiiliaudiomde nasnuliruugisiieg lunis

v

IS dnusituan

AurnuazUsglondsufiadlluuygiinusi fdmhveseuusdimszanmnvin

Adnvin
WIBUTANA  DIUNANTNE
wedisins - Juln

wToNneu  Juseiiand



GUEIVY

unanganielne
UnAntaniundenge
AnfnssuUszAA
GURTLT
GEENGTREAN
dsleysu
unii 1 unii
1.1 anudunnuaranudidyveslasany
1.2 TquseasAlunsvinUSeyadnus
1.3 dumeunisinwuardarilasany
1.3.1 Anwmnuifiieides
1.3.2 99NLUULALNARDS
1.4 Ustlewifimaiaylésu
1.5 aauLwnn1sAne
unil 2 Adulniale
2.1 nuieatuaduliinile
2.1.1 Tassadauarmsvivnuaesiila

2.1.2 anudunusvesnlanuraulniinla

Il

VI

Vil



d15Uty (a)

2.1.3 Mmaiinrdulnisla
2.1.4 91AY03 Monitoring systems
2.1.5 nsgawUuninan
2.2 wdnmsinpaulnsila
2.3 mswlanadaynunduliihmle
2.3.1 dnwauzgvesnsmeduliiilassUsenoudeaduges 4 Ay
2.3.2 Pna1vesndulniwile
2.3.3 grnunisuszilies ECG
234 é’nwmaﬁm?w'uiwﬁwﬁﬂaﬁﬁmnﬁlu@’ﬂw
unil 3 nseenuULLAIaenTIainaauliiale
3.1 mseanuuuludiniasuene
3.1.1 Instrumentation Amplifier
3.1.4 3337 Offset Voltage Adjustment
Unil 4 wan1snAADs
unil 5 unagUuasdoiauauus
5.1 unasumsaniiuau
5.2 Yydimulunissiiuam

5.3 wamslunsiauilasinis

16

18

19

21

36

37

37

38

a0

45

45

45

a6



LANENT1999

NMANUIN

#1508y (si9)

Vi

a7

as



#19 U

€
e
Con

gﬂﬁ

2.1 laseai1auazn1s9ineauLesnle

2.2 syvunmsihdgyaalniaila

2.3 n3gauiuiine

2.4 funian1sAnBEnInsALuUNINSFIU

2.5 anmdelelsiiu (Einthoven's Trianele)

2.6 wuudassuvasiudaussiuvesnsinpdulriidlawuuinsgiu
2.7 sunisn1sAndidninsauuu Unipolar Limp Lead

2.8 wnunuveshlawieuiisuiuisnisTauuy Unipolar Limp Lead
2.9 Fumian1sAndianInsaluu Unipolar Chest Lead

2.10 fumiainsAndidninsaluy Monitoring Lead

2.11 dnwazasdusynauvesadulriilaund

2.12 Count-off method of estimating heart rate

2.13 Using a rate-ruler to confirm heart rate

2.14 Early anterior myocardial infarction (V2, V5 1 ST elevation)
2.15 Normal sinus rhythm

2.16 Sinus dysrhythmia wag Sinus bradycardia (S Brady,SB)

2.17 Sinus tachycardia (S-tach,ST)

2.18 Sinus arrest ; Sinus pause

Vil

10

11

12

13

14

14

15

17

20

20

22

23

24

24

25



d15Uey3y (da)

2.19 Sinus with premature atrial contractions (PACs)
2.20 Paroxysmal atrial tachycardia (PAT)

2.21 Supraventricular tachycardia (SVT)

4.3 waildan199s Bedtu 1 (Snfy wowsioad alav)
4.4 1995 ECG 1103t 2

4.5 unnsasanaiandulniivle nesd 2

4.6 Fyaesiildainiens neddu 2

4.7 MseudegunIaivisnue

VIl

26

26

27

41

42

43

43

a4



A1519%

3.1 A1 R1 way R2

H15URIANT

38



UV

<, o a
1.1 anudunnnazaaudinyusdlasesu

damuimaaneimansliasyivlauazmaluladeneg IEinswauedidllii
Augaiiionauausionsiesmsmuaranauisvesuyyd vliiAansAnduntanssy

biq Fuwegidos wilunisfiagiannisine liiaesdualulag, winsgulaauilng,

v oo
o o

MSNEAINTIY, gAaMNTIN 181 auududdeldiuulunisndaiedu  dude

NINYINTEIINUR uazuonmiloannsliminenssssumnaundrdainuaiy, vy, voude

99 wvhansBanandendndae vlilaniAnenudsuulas WNAAUWUTUTIUYRIEN W
Y oawa w1 o [, v ) < ) . o W

eIMALAENENUR siumpgiiiuldeddaauie n1avlandeu (Global warming) ¥inls

P & a = = o = al v a a a
gauvglivaslangeiuainiduvaisesmieadea FaduladeniefignlfiAnnisiasayivla
| al L3 & 4‘ 1
vosuuAise, liia, uasnsnaneiuguoadelsasineg

i
= Ly

ﬁ'ﬂ,ﬁﬂﬁ}gﬁuﬁiiﬂﬁalf&ﬁmﬁmmunwimnwﬂamﬂu%’unni’uuaﬂuLwiax’ﬂﬁ;gﬂ’w
AdeTimdudnnuinnnszriamsguainuegieisiaeg suidaswnannsmausay
urrmnsvizeauliiifisanevesgunsalmanisunndmulsanerunanieg Tnsiawizany

@

anuneunaluiingnamusuun ‘?fﬁﬂﬁﬂlu%@ﬁﬂﬁﬁﬁ?ﬁ%ﬁﬂﬁﬂiiﬂlﬁﬂl&ﬂEi’l&ﬁﬁ@@ﬂﬂinhﬂ
adula Yagtuiinisnseinaduiilalulsaneua wazdaligunsaituiinnsviauaes
ﬁﬂaLﬁa‘lﬁtmwéLLazrﬂ”ﬂwa‘J%’agaﬂﬁuﬁalﬂimdwﬁaﬁ’mﬂsmﬁﬁu N3@n¥138N13RsI9Tn
adwhledaduvsslomioeneds LtaxLﬁaamnm%f'aai‘mﬁﬂﬂﬁiwm@a uAdugunsaiidaniy
uduiuanuneunasing wazannsamunlugunsalmansunngdug Aflusslewise

deruywdladnun

£
L]

madeiiinhiauerssnsdygueduliinilauuuduangunduondlnglilod

(AD8237) Fudursasifisrmrgnunnidieiivufuinieansieineduileflddlgyma
i - - & ¢ =

anuneviasee diedumaiinlemalumstogunsaimemsummdnuanuneruiaiions

LmauwﬂsxmmLLazLﬁu‘lamam'ﬁ%’ﬂwm:ﬂmﬁﬁmmﬁﬂ WudadldeSawmsatanauilels



g1l Snivasasifsannsoimnlurssmnmdmiuiiduduseddiviododlundy

v A7) 9

\deaiidesnsq quasdlndde wu fhelsaile, auvst wioudiuminin

1.2 dnquszasAluntsinUSaygniivus
1.2.1 Anwmannisveanisasiainnauiila
1.2.2 Weanngunsaimanisumddmiunsaiansiauvestilaiednunlsa

1.23 Waiiulemavesnisfigunsaifidudulunismsrnfaeduiilaluaniuie aan

waawvisegilimuintudediintemmetanduilaifyunindsin

1.3 Fumeunsinuuaziarinlaseay
1.3.1 Anwmgufiliieades
1.3.1.1 Anwwannisviaiuwes Instrument Amplifier
1.3.1.2 fnwmdnmsvhanuveanies EKG
1.3.1.3 Anwwdnnisesiatauarsuvisweinisnsaiandusile
1.3.2 BNLUULAEYIAADY
1.3.2.1 sanuuvIasuazyavaanin v inaduliile
1.3.2.2 veaesldyngunsainuiildoanuuuly
1.3.2.3 senuuuiazuilugamaaedliiilsyavd nmannd sty

1.3.24 vaseuifivioyauaniaiildnnmanaaswnimmyiiioasunanis

23N



= ' vas
1.4 Yszlgwinaniiazlasu

141 aunsnaisgunsalamataedulnividladunumuazanunsoiiluldusslon
19939

a

La2 dnnsoiauidesonlilBugunsaldidnnseindldluisauss s udis

AENsaluNM YN Tuastiuse Tevinndy

1.5 99ULlanISANE

Tunsfnunlassnuiiidumsfnwduauarisonisnsatandulnimly Taeld
NITVBAY YU TeRavgredygrniildenisle Insiinsesnuuugunsallinuse
ﬁ’fy:g'lmiumumnﬁe;iﬂLLaalﬁﬁmmqmﬁﬁaqmamﬂﬁqm Tngldeeunendituguiazanunse

sy levdldlususnag sely



Und 2
aaulnnala

2.1 nouiieaiuaduluiiniala

aalWiiale (Electrocardiogram; ECG) wiunssuaumaitiniinieluwaddadio
msnszfulundudlamalovinliianismadh uavameiaudanzauiignnsgiuhliiila
ausavereiiiuien uasvadguisdensenluidssdiusme g Winameld Taefan
wadnduilovhledelinuantifiaemsliiiansovlidngwimeuonsad  ua

meluwadunnaneiuls

2.1.1 Tassad1auaznisiinauvesiila

wladsenaudmswadnauilemladudlng dasautuduiesdves Iaun
Whlaaesvipauy (Atrium) wazsfiladesiasans (Ventricle) mimosilavosuuarursinueny

@

1ﬁdwﬁﬂﬁ%’uLﬁamﬁﬂaugjﬁ'ﬂalﬁuﬁl,ﬁammuﬁutﬁamrﬁ"w61 iwonansamearlvandugiile
navaeaionmlvgienuuy (Superior Vena Cava) uagsuana (Inferior Vena Cava)
vhlavesuuandududuiilolesdatn (Tricuspid  Valve) drgialavieaansuansudy
valawaluui3 (Pulmonary Valve) ii1gUanniavasaidonuns (Pulmonary Arteries) vite
uaniisusendauuaerinasueulasenludiiven densndendadudeniedlvansusii
gilaviesuudrasnumadudond (Pulmonary Veins) iniduwilalunsa (Mitral) g

9 v ' v o & W v & o ¥ oA w = ) =
‘Wﬂﬁ]ﬂ@ﬁﬁ'l\j“ﬂ']ﬂ PIUNUINATULUDNIRUNNTIEADIUURN T L‘W'ﬂLi’]’]’ngﬂ')']iiﬂiﬂu‘ﬂﬁﬂﬂtﬁﬂﬂuﬂﬁ

v Tnwazguinidondrgvasniienunduginsrarslgetorzsine vasiane



LARGE VEIN

(From upper body)
PULMONARY

ARTERY
(To rgnt lung)
PULMONARY
VEINS
(From led It

PULMONARY
ARTERY
(To len lung)

FULMONARY
\

LEFT
RIGHT ATRIUM

ATRILM

LEFT
RIGHT VENTRICLE
VENTRIZLE

LARGE VEIN
(Fram lower bomy)

ADRTA

Bloog Now (To lower body)

P [ o 9
3UR 2.1 Tessadawasmsvinueaiile

a = 1% o v Y v P
NFUN 2.1 uamadislassasisuasmsvnaueesile neluilavsenause Wads

@

Ay 3 vila loun

1) asAwen Tada Iniues (Cardiac Muscle Fiber) Usenavdwuumlsvousinsey

&
[ '

(Atrium)  uagIun3iAa (Ventricle) LﬁaLﬁamnaﬂamﬁﬂmwmﬁaLﬁagﬂmzéjumnmm

o
19 ") [

MUUITEIIadnd e lafiiAne vliAamshlniunsluleeeesings seming

< le

waavilslugiaduiaiioging MuFestomily Tuavilinsmevessadingad \nduniou

v

v
wa a

Nuvilouwadinen SonAnauTRia Syncytium

2) luidia Lwad (Nodal  Cell) Dunguiwadfiawdeausaatrandulngilglng

onludATl 2 vila 18w Sinoatrial Node (SA Node) aguinauamiune Tndsu YAIBL

2
@ as

W1A11 (Superior Vena Cava) way Atrioventicular Node (AV Node) egusiiailnautiariy
iwdmam‘%’auﬁ’qaaaLLaza;EUJU%L'Jmawiawmmam'%'ammmum%tﬁaﬂﬂﬁ SA Node iu

@ = = £ @ ol ) Y
mnmmaulﬂﬁwagﬂawalﬂawuaaau‘q TIUNI AV Node g

3) PoUARRS LA (Conducting Cell) vmhiliduadulniiiily Tnemdulnin Aifn
VWDIATHULDH NS AV Node wgnasludaniifa Inerunoudnie wadiisenay
I=f dy o ] o . = [ 1 (.7 fa
Wuilagelniluiile (Bundle of His) Fausnifuwudreuaranlusesy SEUUYiAuLY
(Purkinje System) é”uﬂszﬂaué’amwu“l.wwai‘ﬁﬁmﬁuiw%LLaﬂ“LUmmé’mLﬂaa'awhaﬂ YD

NURSLAR



s -7 s r d s
2.1.2 aAnuduwusvasialatuadulniiale

wiladuafoeifindmnniignvessrame vvihiindneiedostudaluihauadn 7
ﬁwaéﬁLﬂwﬁwﬁwﬁlﬁu'«gﬂL‘%"uﬁuﬂuaqn‘ssmumsmqlﬂﬁwa;ﬁma’lu aunsauaeenszuali
wrnsz1eviala ﬁ'ﬂﬁlﬁmLﬂuﬂﬁulw%ﬁﬂalﬁ'umumilﬂﬁwﬁmﬁﬂﬁwnixﬁuﬁﬂﬁﬁﬂa
GRHAPRE TR R IR LLazwmﬁaquﬁmﬁamaan‘lﬂﬁmﬁauﬁwﬂ vhimeldeadvoaiilad

auIauUIRNR N UAN19ET TINen I (Electrophysiology) 1 3 Uszunw fail

Uselndl 1 daidindyamnsedu (Pacemaker Cell) ¥iuthiliiuiingavmsns

wiuvesile viliAngaiifinlwiluazgaidudumesedulninohle
Ussinnin 2 Wuwadfawhwiithadulwihlfamsouinszaelurmly
Uszunwidl 3 LﬂuwaénﬁmgﬁaﬁmﬁwﬁwmﬁaLﬁa'l,ﬁ%'umsmwjumnﬂﬁu“lw%ﬁﬂa

wlsiaeadvilainuan i@ lwiailinloin Sl anevenead wasnely
wodsilsigulusssiaaditni (Polarization) meluwadidnglniineeo f4-100 Saa
haduaysvoyilwadléiunisnszdy (Depolarization) fnglniaggaiuie +20 fadlad
msﬁﬁﬁ’nélvlﬁ'aLLmﬂsﬁwaﬁ’uﬁLﬁmmﬂmm,mmmﬂuadmmL%’Mﬁuma@amnﬁauﬁ Wy ey
Wunaiden fegniousnuazneluivad Uniimeluwadiiluunaidongs ansindensiveniay
Turihudeenwadiluszoe lddndliiiugsuulamasanan seuglafidndlniva
\waRanAIawIN wadaznevaueuiognnsyiulnsludouniouen waavzitgneluwad
a9y ilkdndlwineluwadiuduetesinade Aoundndlui1azrAoyg anas
mexﬁmﬂmmaL%‘am?&maaﬂlﬂmﬂmaémuﬁwmﬂﬁmﬁauQn%’uaanuam%a’w’luﬁqﬂ
Anglui ma'l,uwaé%aﬂﬁﬁawummsﬂmauauaaﬁiaminixﬁulﬁﬁnUiﬂanmiLfduﬁu

Lﬁm?ﬁuLﬂuﬁquﬁimﬂaaﬁﬂ’lﬁﬁnﬁlwﬁwLﬂﬁauuﬂaﬁumé’nwmmﬁnﬂﬂﬁu Feanusatuiinle

Funin adulwiale (Electrocardiogram)



2.1.3 msiinaauluiniiale

SA Node
[nternodal fibers

Impulse spreads across
the atrial myocardimm

AV Node

Bundle branches

Ui 2.2 syvunmsnidyaaliiinla

NNFUN2.2 uanaszuunsiwilenidyaalaiamile filivle ANIOAENIN
mainueglaedsunimsiiusesiilaiunfiesBuenmumts SA (SA Sinoatrial Node)
melumlaiesuudrewn Wnefndygralwindudomzuazaznsyaelusilorosuts

aeeie vl lavesuunasy wazduidendnluluiilevosdraiaassiag T GERRILY

LY '

yaaezlufidumis AV (A-V: Artioventricular Node) %aagaﬁmﬁﬁ%ﬁmdw AMuSly
msmﬁauﬁma&a”mmmﬁnuﬁ%mﬁa AV wﬁwmnﬁﬂﬁlﬁmmwmammdauﬁé@zym%lﬂ
foilaviesans dygraiieanaindiumis Ay windouiiluauniedorluinlusle
(Bundle of His) uazngudulewsAue (Purkinje Fibers) Faduuvuadulefineduliiuen
TWmwausiagg vasndruilelatosdns liArnasguanidensenainmlalyides
AUs199) ¥99519n8 ’lmhﬁar:ﬂmgﬁmsagﬁq Auds S-A agliiulindygalwiesnun

AERSIUTEUIN 70 afsowivaaildlunsdsmudyanalniandums SA &

s A-V Tnevilusien 0.12-0.22 Sunit



2.1.4 ¥lla¥83 Monitoring systems

1. continuous hard wire monitors 19U bedside electrical hard wire system
dmiuiudin ECG e bed rest luvesdvadiamin ICU mstandulrinilagnldies

2leads Ainusvmminenveihe wie single-lead monitoring WiensIvinnavasiilangi

faiag

2. Telemetry monitoring 1T radiofrequency signals Uu#in ECG Tasnisia

electrods 2-3 ¢ Lo FuATYRIeU electrical impulses g transmitter box uavaNiy

radiofrequency wave 1nfmtnasmonitornyany ambulatory patients

3. The holter monitoring 0w intermittent, short-term lunastufin ECGuaafite
vazinaeuld 1gdmSutudin heart activity aslumy LaEANATUEYINAINT SR MToNIS

2anA89n"Y

2.1.5 nszmwiuiingl

. 2 Junfi . —
Lt TR ll[ik T | AT }! i
TR ! R - T T i
- ! [, {E-»« ii i it i) fl _h}!'?} : .]I,;_l
: ! i i b Qs ; §li ’#‘11- ;{ filaclatthait
AP AR A HE I
sl {IRIHIHE IR ;:rff}cfm
e s e B 2 3 R Rt
e e T e
3 7 ST I T g 151K
AT HAT il TR LTl

JUN 2.3 nszawiiuiing

Wunseaens ey MATROUMENAIERN USe stearate %’uﬁagﬂmmé’aummﬁu

@ < P — v a Y a0 P
UUNNUBILATDY a?u‘VlLﬂaa‘Uf\]zaaqEJWJLﬂﬂLﬂ‘LlLauﬁﬂ']UUﬂigﬁq‘lﬁ‘mqﬂﬂ'ﬂr)ﬂikﬂa@uhlawqwaqL‘ﬁll

o
=1

nIEAwiuiinil sxiinmsnsdwaunn maslng Wuiivivwaniae x o1 @y s X5 mm.
AITIANTIA 1 x 1 mm, Taevly NIEAYILIINBAIIIININTEIL AD 25 mm/sec, ¥

Tisgagmamauuaueu (horizontal) 1 xt mm. ian 0.04 sec.,m519Mg) 5 mm. 14aan



0.2 sec. Feazanldinsrozinaisineg vesndulndiwile druszznns 1mm. AUKUIF

(vertical) unuanuitueanseualiii 0.1 my.

2.2 vann153naaulniingala

nMsinrdulniwalaanunsoaledeisnsihsEalnse (Electrode) ufinusina
1 ﬂl a d £ s q‘: o ] d' U X o o L2 ql
SuMeienInduniulnile AIUUAUMUIINTI9IARAUE A YU WSS aey
o ' a d o 6 e sdaay v oo o o o '
AunusrasBiininsnr i idy g a3 ilauasuwlasiude Tunsnsatnnusiums
#1399 1545001 B (Lead) Tnsusardninanmsnedidalnse dadudavan waztaulilu

71199 vusanTe wilnevdnujiRannafmunnisialy 12 3n fe
an |, & 1l, a1l
an aVR, &n aVL, dn aVF
fim V1, V2, V3, V4, V5, V6

PINNATFIU Aal, 1, 1l wae B aVR, aVL, aVF Wudanasegluvdnadumines
319718 wSewla @ 8a V1-Ve 3¥1190¢ LU UMINUUINOUYD 919N 8 losuusgUuuung

Tnadulwilafiuandaty 4 wuy fedl

1) WM3IAUUY Standard Limb Lead (Bipolar Limb Lead)

w
llJ aal o

Wns¥auuy Standard Limb Lead Dusuwuunsindadidninsadudiiauny

lngdadoy lolsidy (n.A.1860-1927 ) FUUUAIANII15EN 198 1uaS TN 2y

9
U a g

wmIngaeladiau nnsvaaeslelsiiunyd M3fnadi8nTnsadivihlfadulnsiivuns
quaﬁ%ﬂ’uﬁﬂlﬁﬁu sgdesAndifininsalusumisivasan nadhe wasusinn QEEL el
R LﬁamﬂLﬁumsamu@mﬁdamﬁ%lsﬂugﬁammﬁﬂm%aﬂ aumasalsiiy usiiieriny
avanagliiunisresausunylnaya wruteunulvadie warvidrsuny v

U ] ey - A ﬁl 1 o -
naggniim lagledidnlnsadafivrvindiedetuasiy



10

= o ] a a
E‘U‘VI 2.4 ‘EI’ILL‘WMQW?‘WG]E]LaﬂIV]'iﬂLt‘U‘lJll’l‘ﬂiﬁ’m

= o ! a a & aa ar '
NNFUN 2.3 uanviwmidlunsindidalnsamuuinssiy awfuiinistanny s
fndszninegm 2 gasefu uas

=

a < = ) a ala o O = a  a o
idnlnsaiigavisanifutauan ddelnsangnganiafuay dufusrieenadenind

lAannsedidavsaguiian standard limp lead urvizoaandidalnse 9is 2 Trilasdaq

TNBYUULYY 2 Trevousuiue 3enasen aafiledy bipolar limb lead
Lead | Uupnusefndseminusudnefunanen ( LA - RA )
Lead I {uanmsinsfngsewinasindretuueuy (LL-RA)
Lead Il \upushadindseminaidrafuueudne (LL - LA)

dlo RA = ﬁ’ﬂa‘lw%ﬁmumﬂ, LA = ﬁ'ﬂﬂ‘lwﬁwﬁwu%’w, LL = AnSlnniiydne
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EINTHOVEN’S TRIANGLE

Lead |
Right - + Left

fore leg... ’_fore leg

Lead Il Lead Il

Left
hind leg Dr. Neil Moore

gﬂﬁ 2.5 anwdsylelsuiy (Einthoven’s Triangle)

1ngUA2.4 uandiBmstadndluiiilevisamidaluuiun fo Sfmuinuarfionis
daunenimesdndliiivesdarsannnaddeiy winduguanumdsudiuii

L]

Sond avidenlelsiudedinuduiug siime
Lead | = Lead Il + Lead IIl

mnihnnmeiiEsnlneisenurugafsnaadeafufazladn Fanndndatudy
33 60 B3F1 vBINUMAYY FUTunn Triaxial System

a P a 2 ¢ a o F ' o
1NN1519BL 8N TIN5 A 'Lugﬂm 2.4 Wsanlvilanmes (Vector) AAaTuuY wiasdy

'
=

a I @ a al al )
vosauwRsuduwvasidaus ety (Voltage Source) vosda I, &n I, & Il muaﬂa’tugﬂw
2.5 9lANaTINeInNuF g Wi NN Sada e | wagdn Il dawvindumusiedngs

loandn I vieleuduaunislés

Lead Il - Lead | - Lead |l = 0
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P ° L @ ) o )
UM 2.6 wuvdapwwdeiudiauseiuvesmsTaeduliiilauuuinpsgy

1INgUT2.5 uaminsthuvudrasaunassuiinus sfuesnisTand i lay o
ALdiuSAINE1 ildnsTandulnividlowuusnnssu (Standard Limb Lead) Hl

Tulusesnsainyndalasanusndoniaiios 2 &n bk mamnaniimideld
2) Bn5¥AUUY Unipolar Limb Lead (Augmented Lead)

M 3TAUUY Unipolar Limb Lead \unsindnausedngluingisumis
Wigafuuu Standard Limb Lead Tael453n153avts 3 0 lnslUSsuiiisugavantuaiaie
Andlvihfugaiinde Tnoifioufudidainsasreds FefiehrdndlwindugudlaniFondn

londglwa’e Sidalnsa (Exploring Electrode) fiuvianasgrundslindy 3 dn Ae

Lead aVR l#8idnTnsadasudalfruininefiuauesn Wisuieuduaiads

Anelvsirvesuvudofuegiey
aVR = RA - (LA + LL)

Lead avL 1d8dnlnsadafutaluidivinineiiuaudng Wisuisudumiiads

Andlvih vaswvurfurde
avL = LA - . (RA + LL)

Lead aVF lu8idnTnsadnfutalwihuindianene Wisuifisuiuaadsdnglnive s

WU UYL 8
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aVF = LL - . (LA + RA)

2
L.

onYs “a” nueils Augmented Samsldszuuiae AnTIaURRNYINIA B ATUTAN A

fluouudgageluds 50 WasiFud
onws “V” el Voltage Aor1vasdnelus
8N¥T “R” vaNete Wuue
8NYS “L” vun8ia wyudie

NWT “F” veds 979ne

avR aVL

'
=l

JUN 2.7 fumiansinBidininsauuy Unipolar Limp Lead

i

NINTUT 2.6 HARIF LN SARARBIANTNIALUY Unipolar Limb Lead 33n1siqy
laisnsueslalafiugn 3 uuneafiiean lulnandudan (Bipolar Limb Lead) wiéing
Wunisuesiladumih (Frontal  Plane) dlesamandndluiiniai 6 3a (Bipolar Limb
Lead uaz Unipolar Limb Lead) a¥ldlanmaswii (Frontal Plane Vector) fishafiy 6 Y

138171 Hexaxial %qﬁnmﬂisLﬁuumLmuﬂumﬁ’a’[ﬂ@ﬁ’uumﬂuﬁﬂaUnawagjiwiw +110 93

-30 8947 merffugﬂﬁ o
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FUN 2.8 wuawnuvesilaSeuliisuiuiznisSauuy Unipolar Limp Lead

3) M 3IAUUY Unipolar Chest Lead (Unipolar Percordial Lead)

aa ] 5 ) P o
IBMFIALVY Unipolar Chest Lead 1unistufinnsiudsuntaslngi Tneld

Buantnsadudin (Exploring Electrode, ~ 47u1n) M9uusumisndeusinamsasen lng

m%amﬁauﬁ’wﬁmu’qquée‘v’wi'mwﬂqquéﬁwlﬁ'ﬂ@aﬁwﬁalﬂﬁﬂﬁawﬁﬂLmu'owumw WU

WAz PIBUITWAY A TaRNALE 6 Fum AB V1, V2, V3, V4, V5 uay V6 Ing

adulvitilanlddumsgiilad Horizontal Plane

U 2.9 siunisnsAadidnlnsauu Unipolar Chest Lead
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mngﬂ‘ﬁ 2.8 WaARIUIINTIINBIEnTNIAR 6 fums il

fn V1 neihumisszninnsegndlased 4 wavi 5 Fansegnuiionduean
am v2 'J'Mﬁ'hLLmia'sw:i'NﬂinnﬁImaﬁ 1 waed 5 Fansggnuinandudng
0 V3 19 unesening V2 wag Ve

an va ’mﬁhLmﬂaizm’wnis@jﬂ%ﬁmqﬁ 4 wardl 5 w3 Medclavicalar Line
0 V5 Meshumiaieniusediu Va usnsauun Anterior Axillary Line

i V6 Meshumlaientusediu Vs winsau Midaxillary Line

4) ueilwasan (Monitoring Lead)

MCL 1: Vin+ @
Vin- @
Ref ©
MCR 5: Vin+ &
Vin- ©
Ref @

UM 2.10 shumdsn1sindidninsnuuu Monitoring Lead

el v

INFUN 2.9 WaRIRIMTaInIsIaunuuLeilinesan lglunsdifdasnisuaninis

avvinadulnihidlanasaiian (ECG Monitoring) lngldlwiidndidninsmdudauan

a o

waraulSeuiguiuanefiu ';141ﬁgﬁﬂimmﬁﬁmﬁw%nmmwammuﬁ%mwmu Y1 Wllay

. . L u.." = L2 P o o =Y 4
Tuguuuu bipolar limp  lead AsdududunsuSugluuuielhivunzausunsluiines

JUnuuAdenldde
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1. MCL 1 (M = Modified, C = Chest Position @w¥udauan, L = Left Arm @Sy
1I8Y) wUH 4 N9 158dnInsARRAtUInl St i ey Vi ADTEWINNAIULTUS

| = & = £ v = da v
niwgnalAsI 4 wagh 5 Fansegninendiuaa neddntnsandndraulildnszgniuavan

Py dutiiieaeiuinnddnsyaninaniivn

2. MCR 5 (M = Modified, C = Chest Position dw$udauan, R = Right Arm @115y

IaY) vaneils M3edidninsafifntavinEiumdaieatu Vs a1 dudnlnsandraulily

nsggnlnvansien dntainsemsiuinaddnszgnlnuaniridne

2.3 nsudanadygranauluiaiiale

msnTadantulniiila fe mstufinmindinisinauvesiala Faannsatuiinle

oﬁ’qLLmn'aunwsﬁuﬁwaqﬁﬂﬂlﬂauﬁmimamﬁwaaﬁa’[almmam?ﬂ NIINAINNITUUNNDY

Wedududame fnudwhusaTmsduvesila



17

! L I ey
1 1aiRd complex g ANRE
; nl @ P 0.2 segond | i
1 ™ i i ; M
i 1 1 $a4anc (A
i foed A
| 1 i 1“’“—' ¥ H
3 ! t 1
SEEN ; T
! PR segment : f 5 mm
! - 8T segment b—- T —— a
BR T e o
I FETT ! B
] I | R R
i = T Sy SR S
| l L f - T
T H T
L I ; B | ] [ y ! L
oo l ' e 'U
B P
1 ! ! P i
I | ] ! e
] BN ! (o
; | L. : ' ]I Il
1 | i |
mmnnE | ;__;i L chuned
{ I i 2y ; i
; 1 : i | S 1 B, i -
: = R
g PRinterval 1 (| 11 | - | =i
(L [ i1 QRS interval b ;
- . bt i QT interval ~— 8 T
’ L 1] . Ll I JTeamy
4004 ¢

A normal ECG showing characteristic waves, intervals and segments, and some of the

features of the tracing paper.

JUN 2.11 dhumzesdusynevsesndulniiiloun

IN3UT 2.10 uanseaiusznavuesndulwiialaiunivssneudientu P Q R S
way T ﬁ;ﬁ]sﬁﬁmwﬂsxlwu’lumiLLUamwwmamﬁﬁwmmaqﬁﬂ% Fadunsmitldannis
Iufindesanansnusveniistanainisivasuulamesniy Feazgnuiuldmanisunmely
nsklanunIBueId gy ImamiLﬁUuﬁ’mi'aqnmﬁvﬂummm‘zgwmﬁaﬁw’n'l,‘iflums

asdyg i uansAaUnfuesilaluudarennisle

o

2.3.1 anwauzvasnswadulvinileavUsenoudeadutoy 4 ARY fail

< = a  a o o w v o
1. Aau P (P Wave) uansfawasaumslwiwesnsiiedinatlsiwduiimilonosuwss
a8sviey ilosannifandruidemlavesunldnuan %’uﬁugﬂmﬁulw“ﬁﬂﬁqaﬁﬂ ldiu 0.3

fadhaduarldanladifiu 0.11 Suiluawuniiletuiin 12 3a WIRIFUIElA Positive
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Deflection Tufim Il, AVL, AVF uaz V1 - V6 WS AFNI9VDINITA I LIt Saitm
TwInvesdidnivsm uavaztufinlé Negative Dedlection 1y Lead I, V1 - V2 91qduiinle

Tudnwaghawsathndu

2. A& QRS (QRS Complex) A&l QRS wansdanisiinflnanlsiwduiivhlavesdr o
aaaﬁaﬁqwmaﬁaLaawﬁiﬁ?ﬁiwawlm%‘umuwﬁqnﬁmLﬁaﬁqlaﬁaaéwqﬁaaaa naziflaninuils
wilaiosdusagdemnliivinu Sevi liudinld ors Complex sUsuananiuluLsas
an witaildlaiaasiA 0.10 imﬁ‘mmﬁuni’nﬁuﬁma‘wﬁmﬁmmwnssuuﬁaﬂww%‘amaﬁw

) M oY o e v 1 v oo e @ v oa
dyannlilaruszuuiediussnousendu Q, R uay S Tumstuiinunsiidnassudinlgifies

QR, R %38 RS WaaziSensauiuin QRS Complex
AAL Q wwil Negative Deflection ﬁwua%’jminwé’am?{u P
AdL R v Positive Deflection ﬁwumﬁzamnwﬁaﬂgu P
AdY S Mg Negative Deflection finunsausnudaniy R

3. Aau T (T Wave) wansfanasauvnalwihvesnsiaiinanlsiwduresilaneaang
Meaaaiosneunivilaviosarsiiaesiosnsraod fuurnUseann 1/8 - 2/3 909mdy RULSN

iﬁlué’ﬂwmxﬁaﬁmﬁaunﬂﬁm 8N AVR, AVL lay V1
4.0 U (U Wave) wansiietradlnatlsidu (Repolarization) w8indnuLile

. Aot a  w v w o v = e = H
Papillar niiadula AV dndudinldlidainuwazernuluansidnumadoylosouluh

Wonwaas (Hypokalemia)

2.3.2 Yrana1vesnduluingle

1. %3981 P-R (PR Interval) 3at3u97naduPauiasy QRS Complex UM9ASS
158791 P-Q Interval sreziivinefesvorildluntsalnatlsiady nauilonla Wequuvy
A99 UALQNMIIN (Delay) 1 AV Node szoziiliiensifiu 0.20 Suniivnldinanunnniniuans

NinsTRUAAaTY
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3/ v
o a

2. 9391987 QRS (QRS Interval) YadaudSundy o feiugandu S Hranaillians

Wiu 0.10 Funfienadis 0.11 Juritlude v2 way v3

3. 3¥88V.AT (Ventricular Activation Time) uansfisszezaildlunisdsdynio

nnawilehilaviesdilugaisduuenan Sauainadu o Juilagngaanvasndu R

4. 43919871 Q-T(Q-T Interval) nanszeziSu QRS Complex UFUGA AAW T
mineissveznalumsilnanlsiwduessinanlswdulundaderlarossiomn dsa1q
Wasulumuerging uazdnsmelalumelimsiiu 0.42 uvinaglungs liasifu 0.43

FUM

5 B3R RP (RP Interval) $nangngeanues R Wave foedaluansisatin

u

AMuImsnsveslavesaisld

94
(% v

6. 939981 P-R (P-R Interval) swAvveduUnAazey seduiduiiugu (soelectric

Line) duiliFugsiausiauniu P aufladu QRS Complex

7. 98 S-T (S-T Segment) 1313a91n9U QRS Cornplex (UN9%it3en Junction) 84

v
' @ 17

Bundu T Jnfiegssduiduiiugudsuudadisidntionan 0.5 fadwns & +2 fadiues

1]

8t
kY LY

mssovilogseduginiiilifendn Elevated ST Segment uasfrandiaining Zenin
Depressed ST Segment FewenfsangiimmAnnivesndmiforladuslauniunse

(Injury) a1eudien (Ischemia) wagndnuiions (Infarction)

2.3.3 @raunisusuiliy ECG

v ow

1. 199n51%09% 19 (Rate)

INN15IAY9 R-R interval loefudruauedulnileoannseaetuiin 65und
rmandnnlag x 10) 9glddamnmsduvesilaly 1 wi wion sl nsgrutiue

(count-off) Wudnsimsiauresladuinyuns
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{ e e -~

50 a4 30

Heart rate {two cyclos from roforence arrow] chart rate (25 mm/sec)

gﬂﬁ 2.13 Using a rate-ruler to confirm heart rate

2. f9mgniswueaaily

o

pismradianeviel lasgd P-P wave w3s R-R interval §1damyliiasiiaue

(irregular rhythm) w3aLiiu premature beat Suiduiinuni
3. MmUY P- wave Uag QRS complex

AU P-wave awhunou QRS complex VNASY UARIINAR atrial activity was

=4

QRS ifinmunda P-wave YnASI uwansBaNsthnszuasn atrial §5 ventricle Tneunfasd

ANUFEUNUS U
4. P-R interval

AUNAWREY 0.12 - 0.2 sec VNNINATT 0.2 sec. WARIIINASEANSE LAYDS artrial

1184 ventical 91a9 Yunilnizues heart block.

5. QRS fUsuazdrnaund
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N QRS complex 111N 0.12 sec.  wamsdadinisuinszuainunfveg

ventricular conduction system
6. ST segment

N9135U1M08085EMINg QRS complex wag ST segment 158171 J point il
al ay i 4 c = & o LA e a a =
maediounlisgluuu isoelectric line A 8nga vidednd1 Gadnilenufiaund Tnsuandds

n15LNss myocardial ischemia, infarction
7. T-wave

Unfeziluadiuuan dndukamdondugenn shazfinund erauaninisians

Yoenauiilerla

o o LY o a a &
2.3.4 anwnzaaulvivilaiiiauniludiae

L. natievivlanimden vien1e (Myocardial ischemia /infarction) adulwi

il funsnuenTgazidenvesnaiuilowlafionels fe
1.1 5¥AUANNANYRINATLLIDTIRE

Acute  transmural infraction or  transmural = MI WRTUUS I
subepicardium lesion dnuansfis transcient severse transmural ischemia 910 coronary
artery spasm wWud1 ECG 9ginsiudsuutasues T wave, ST segment Tutausn oy ST

v

segment elevation (g4%u)

Ischemia and Nontransmural MI 1finduusiags subendocardium lesion
wselinny severe ischemia wWui1 ECG qudl ST segment depression (AA&1), T wave

invertion (Nau¥)
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g1 :5 Spddiatiboartdd AT [ sa ERLEERS: o H" P L
iHas T S TR Hd :,m:'L 43 -TT 5 MERR
13 (1] Hbg s Lt TE it & T HHTTT T TN
. bE i ‘ jdiel Seatisil, cakhdRes]
“ 1S T " [ H
i e e U
1""t— ] axma gouqgern HEHHE I D] 4 ! L‘_‘
2 - B Hi Hi :'E L3t th bl i i —-{, b |
g sty i Ihs g }$- TR LI viad Lud AL Rabe i el oea]passs
L ! iy 3 H b 1 EH TR H ] LEEY 3 3 HEHEE
I II 111 avVR aVL aVF
ad i d sRERRAZL 4 s Ak AEAT AT ET S Sudqy M 4a0 e B Sanjasay
a5 1 _"_f 1 4u i b TEHLT il :ET.‘: E.L %fib s :_ I T telses aH
w1 e | eI [RERRETEC RO it
o i 4 % 2 paaw ii {5 rﬂ% B8 T - #is
lrrir-1t 1 3 158 e ; Tl ] » 15 i
REITHEE HHEHRRH v TG ’ ) aiinaigitifnn.
T aapaieyat ssifigesciy o FHRHE] M T TR
f‘“ .r i &3 : :-111 -:I":r‘} it H L‘J‘ L-%P 1“ it %r sk J‘ a8
w SRS 11 LIt u-‘uh 4 bt d - i
S HE s st s s W R e e
Vi Va Vs v Vs Vs

Early anterior myocardial infarction { V2, V5 §i ST efevation )

gﬂﬁ 2.14 Early anterior myocardial infarction (V2, V5 i ST elevation)

L2 venwezlimiinnduiients ssor Acute phase #9 3  Yuwsn ST

segment LN T wave sy, svpsioan ST avUni du T wave nelu Lifloy T wave

2
a

WINAU Uazsruends 3 Wou T wave 92384

1.3 veanduwdsiindruilony agfiansanann lead #1499 AnuauAnUnFnIy

fsnanulafnanela
2. WilawiuRadamy (Cardiac arrhythmia)

IngUnii SA node 9z@314 electric impulse nseAwihladudmeegnasnina

I ' ]
= i I

(1 pacemaker) usl impulse @nsnat T EuYealelE Seninlu “Ectopic
pacemaker” Yty pacemaker @1589 &1 SA node laladns impulse winanulyla
%4 Ectopic  pacemaker # a1aiintuifundiusnutenaanluile MbnanMuRaUnRly

o

wgmMsiiuvesiila (cardiac arrhythmia w3e Dysrhythmia) wusanuiaundle 3 agag
fie AnunAngalisudadanay (mpulse formation),  Haun@lunisualain (impulse
conduction) wagANRRUNATINA USR8 uBNANT Cardiac arrhythmia 8131ina7n

MMmgnavessn, Electrolyte disturbance &3 Cardiac arrhythmia f53aniiail
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2.1 Abnomal sinus rhythms
1) Sinus bradycardia (SB)

Jamres SA node N1 60 ATy dnwarsunaumilaudnd Aals
MNN1INSEAUUTZAM Parasypathetic #p vagal response 91nANNEA, N1TUBUNEY,
sucion, vomiting, WAY®4EN beta-blockers, a1 hypoxaemia anaq Haflnasie
hemodynamic compromise #ie n19¥ CO. anas, hypotention  w3ailon1suanivey
dizziness, lightheadedness, syncope Wulﬁlulﬂ'ﬂm inteacranial pressure g4,

hypercalcemia, hypothyroidism wiolutinfvadi well-trained.

Normal sinus rhythm

E‘U‘ﬁ 2.15 Normal sinus rhythm
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Sinus dysrhythmia

Sinus bradycardia (S Brady,SB)
g‘U‘ﬁ 2.16 Sinus dysrhythmia Wa¥ Sinus bradycardia (S Bradly,SB)
2) Sinus tachycardia(ST)

LV Sinus UINNTT 100 AS/UAT] Tnaemluiinaine nisuan, Ay
IANAA (anxiety),  hyperthyroidism  daulun1islsaiila WUARINITANTUD

Myocardial oxygen demand/ workload of heart Fadudumgviodussliian ischemia

of coronary artery disease(CAD).

gﬂﬁ' 2.17 Sinus tachycardia (S-tach,ST)
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3) Sinus arrest (Sinus standstill, Sinus pause)

1in97n SA node liianusaaiisussalnindseenuldniaung wuluay
Unﬁﬁﬂsm‘iwnﬁaﬁwmmﬂﬂﬁ’}ﬁi'ﬁmm N13nA carotid sinus M3aN15lAsUBIUIYTR 715]
awﬂﬂumat%emlutﬁaﬂqa vioiulsnues SA node 184, Sinus arrest ectopic pacemaker
Antuuny Snwazadulndi wuin P-wave waz QRS complex azveluognsluiifomy

waz uduns9ved isoelectric line Wiy

Bt e T T ST S e B R4 BanE kRS RURSE AA: 34 E apbittais , ”
e et Hill R "*i s G EE RS PR BV AR PO IF R pitsiiEl st e :
i
e £ 1} t

E TR s R R R i
E 'y ool i T 3 as ¥ 4 1
| ==reasipry ST Fmes Lt R & T
E=nnig : =
E i FHE
3 1
i ; Traaas Bardl gl : { sratpsiad H ]
i fi: EpSiesbes I teR et e ey EmaRha TR 1

: : R Bni3) T » lph Trirle o R it

==t 1S wi pes s, bel bt Al 3 piabdeagains CReedsalt
3 P &7 B et T T {3 ! fme b . x .

: I S i ESkis) 1 fEStE eeaes : ;
S A ¥ i i i i
) T T 13T Hips
= i s s T it A 3 $
= Shri s ; Sfies T AT 5
T 14 1 : I : ';1
SR i SESEE i

31]“71 2.18 Sinus arrest ; Sinus pause

2.2 Supraventricular arrhythmia 9a1Ain impulse gavieaglu atrioventricular

(AV) node
1) Premature atrial contraction (PAC)

figna¥e impulse 18y Ectopic pacemaker Al atrium Usioguseq
28NU1 nizr:fu&i?u atrium lUm1s conduction system wag ventricle lne impulse 3¢iin
Fanazifinneu impulse 990 SA node dnwmraiuluianyn P-wave intui§aninsimun
JUiAnlunGY vl QRS, T U@ wisenfiaundfils Srseesimiionifly ventrice fin

31
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F% forn s s g
G R IEE EREE Bt Risy
TR st g e 3% Tf‘r L 113 P T
Tesiedi]eoet L] i
TTIY o § g4 ! t e 3 2/ e o
SR fasetmret L4 HEHAH ST e
12} ¥EETinm : % T B e
¥ R T ¥ i SRt =
iny e EiSSerapyeet o =
nERLs Tet 1 Har ‘)
1 3]?“" sl o e 111 4
3 i | e e ¥ o e B
T Er ity 1 AT e
1. 4ot e g oy 1 & lﬁ
i e P 3
»l.i-!.. AT }-.—? 3 P mnay ST
# 1 = " - b« =
23iiEl SRS EepI IR ans o E=E
H THER T
83 PR Fsary ety i Hizat 1
!

gﬂﬁ 2.19 Sinus with premature atrial contractions (PACs)
2) Atrial tachycardia and Supraventricular tachycardia (SVT)

Atrial tachycardia ﬁ%ﬁwﬁﬂu atrial YIwAasna impulse uny  SA
node ¥l ventricles ifu§aUszanm 150250 ady/untl Snumeaivluii s heart rate
genn fie 150-250 ASy it Smazashiane, P-wave i QRS complex A% sUs1

P-wave iloulu PAC Tng QRS jUswUnfuasinfiasefiludmmeid

-Paroxysmal atrial tachycardia (PAT) 1Ju atrial tachycardia #iAnTy
Faprsrulugaaq w 2-3 nit wdmelvies viseraindadefuu 23 Jusld Juaume

nilsiviliAnilangluaugeongld

oy
1 J ¥ i !
T !
mymhaaiugit HERH I
{fees f
| Bl st vaanianyl b
tts . Hid
AN
il i
! i
fx e
i
pe

Paroxysmal atrial lachycardia (PAT)

31]171' 2.20 Paroxysmal atrial tachycardia (PAT)

-Supraventricular tachycardia (SVT) \Junfulniisl QRS complex

3
% I i a Moo v a ] % . v g < &
WMzINN JUTUNG wiliiiy P-wave Aullvgiuingeadng imputse dosogluiiladi
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vilawile ventricles SVT finasie cardiac output anas  padeInsuans Ae dizziness,

lightheadedness, syncope SVT \inannavassnifinvuinnie sympathetic activity

U7 2.21 Supraventricular tachycardia (SVT)

3) Atrial flutter

Uszqlilu atrium fianisluaou nsedulst atium depolarization g1

Fwnuaradnaue 250-350 ady/unil Wlilin flutter (F wave) dnwaigadeiiuitey

@ e

(sawtooth) unu P-wave, i atrial and ventricular arrhythmia wagiinnisuadludusug

£

i vili ventricles I8fumsnsedutiosnda atrium o AV block $9das 1y P-wave

2 pAu QRS complex 1 paw Wy 2:1 AV block.

Altrial flutter ( A. Flutter)

gﬂ‘ﬁ 2.22 Atrial flutter (A.Flutter)

4) Atrial fibrillation (AF)

a v i a . o &
Lﬂﬂf\]'lﬂ'ﬂwﬂﬁ'ﬁﬂ impulse  USKIM atrium 191 impulse  1NVAILWUN

' < T : & a |
UapeUsyqlinooninduinuayliasiuame Ussuna 400-700 adeand impulse U19dIY
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W1 AV node Luila ventricles vl ventricles Tusatidlylashiase Snuwnuendulnih fe
P- wave Mgl & fibrilatory wave (f wave) sunu Snuausduidumsnlvan Tiiasiaue,
QRS Uil withilssuumileniiinun fesiigusreRaundld, svogviasemring RA interval
Laiwinfu wuluguae 2IN39nLiN Anaden1sUsednSaimues pumpine  1Bemruly
ventricle BN N1 Wawes fibrillation vilviiilaiia rapid  ventricular respond Lfim
tachycardia, hemodynamic instability, poor activity tolerance. AF Winlaanvanatiade

(multifactorial) ﬁwuﬁ"’ﬂmﬁ@mﬂ sympathietic tone Lﬁu%u, hypokalaemia,

hypoxaemia, dehydration/overhydration, ischemic heart disease, cardiac surgery.

Atrial fibrillation (A.fib)

3UR 2.23 Atrial fibrillation (A fib)

2.3. Ventricular arrhythmias
1) Premature ventricular contraction (PVC)

\inangaidialnidses (ectopic paceraker) T ventricles Usad
Uszalni ventricles Tngldninug conducting system auUn@ vinlw ventricles Susinay
fimua §n13n32918vee impulse  YlspduliihidnuoeniswasUssvians (Wide and
Weird) Ing QRS Tvgjuazninandtuni fie >0.12 sec, & QRS complex fifnUnFRnnAmMEs

QRS complex WU 81ail ST segment RaUnf uas T wave Sfianansstudiuty QRS.
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Multifocal PVCs

3 2.24 Multifocal PVCs

2) Ventricular tachycardia (VT)

fgadudalufeglu ventricles  nilau premature  ventricular
contraction LLﬁi‘lJﬁElﬂﬂixLLﬁlwﬁ’m‘isﬁ:uﬁﬁu fnil premature ventricular contraction
Aty 3 MAng fu vioundy uasiidnsinsiiuninnds 100 adyundt Snuneadulii p
wave melulu QRS complex w3penail P Wave &slaidususiy QRS, QRS AnUNAKazNI1e
willou premature ventricular contraction. VT vinlsh C.O. anas, B.P. anaq ﬂuﬁﬂ,ﬂqj

M3ifia Ventricular fibrillation wuluthefindanilevlagnvhansetann iy gnlwiga

nanuilalameusinaning alulasunssnwenafedinlg,

Y P

cikae

PER 0 BE Y b

P

Ventricular tachycardia (V-tach)

JUT 2.25 Ventricular tachycardia (V-tach)
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3) Ventricular Fibrillation (VF)

iAn9ngaiuilaluin iritable focus vanegeiAnTundaufuly ventricles
Feoenunldadnavouazdvaului ventricles vinlis depolarization wa¥ repolarization
T iafuniauiidunanfiontu ventricles Ssluimluwdonty vlilifiidensanan
vilaluidesdausineg vessme lufigaifioialavgady (cardiac arrest) musn v
aaulni dudrduludundnlum lWagdiaue L P-wave, QRS complex uas T wave
gasmaduvesiiladunn Susuuldls, lWidy isoelectric line 3¥131¢ QRS complex.

= o Y a aa ] @ v vy o v A:‘l’ s = i

nsfin VF vinliidefinedatagduld sulufthedndwudeorladelvegemnn uasly

Lsavilayneilaszevenmsminlndidedin,

Ventricular fibrillation degenerating into asystols

gﬂﬁ 2.26 Ventricular fibrillation degenerating into asystole

4) Idioventricular rhythm

[

WudimsiiAndudle sA node Liannsavimifivaesusg il
ngdw ventricles  #oali pacemaker AnTuluaily ventricles  ¥uthiluny Fend
Ventricular escape beat pacemaker anayintunaswials &1 beat 1Ay 3 ffine iy
fgnn1auiu Useana 30-40 advanit fodndy idioventricular rhythm &nwaigadulwii
9l P-wave, QRS complex n¥aannifiu 0.16 sec. &3 escape focus vatgums gUsne

QRS uazdnsLUANA M mISI9zDeY Hrasaunseiklavegauiu
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Idioventricular rhythm (IR)

g‘dﬁ; 2.28 Idioventricular rhythm (IR)

2.4 Heart block

Ainannsmieailwihluiladandng gndrvnwdedafu utsnisifn
Wiamn1e3nia Ao SA block 1finfl SA node, AV block (i AV node uay
Intraventricuular block tiinlu ventricles Atrioventricular block (AV block) Lfinainng
wilenhlitihsewdng atrium uas ventricles $9ndruni viegnimuana Tafuszuumileniy
i wululsendaudomlonadennduniiowlons vio conducting system gnnan1g

@

Vit a13150uUs Degree of AV block g 3 41 dsi

First degree AV block - AV node WEeuviii vinls impulse WUAIN

atrium 1U ventricle 41 dnwmisedu 2zl P wave 1 mudae QRS complex 1 # auund
usidl PR interval auunni 0.2 sec. (FUnd 0.16 sec) 91alddududassnu viadnwlay

uiEe Ly Mavgao usieranaediu AV block $u7t 2uass 18
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First-degree AB block

31.]‘7{ 2.29 First-degree AB block

Second degree V block - impulse #1430 SA node usigndnvanglaili

WU AV node LU ventricles Tuunanss vials P- wave vrada 1 QRS complex Ay &
PR interval > 0.3 sec. iU 3:1 AV block fie fi P-wave 3 ) usill QRS complex 1 ¢ 3in
wilufthendandlamlimeusinunindnsdundy wardlinsnieanaiude bundle branch
Ve LﬁaLﬁmLLé’ﬁmﬂmimaqqﬁ@ 80% TawsinaziAin AV block Fuil 3 vide ventricle

VA LRI

Second-degree AV block, Mobitz type |

g‘Uﬁ 2.30 Second-degree AV block, Mobitz type |
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Second-degree AV block, Mobitz type |l

3U# 2.31 Second-degree AV block, Mobitz type Il

Thir ree AV block (complex heart block) - tina1n impulse 10 SA
node gRanAny Tailwluia ventricle gt vENyIel MsainnuIziinf AV node, bundle of
His w3e bundle branch Al vilviigadudalnilwdsniadulindignadaiu uavasiali

ventricle vinnueslaedasy luduiusiv atrium dnwauzadulwii P wave agidulaldunus

fiu QRS complex uaz T wave lagdnsinaiiin QRS complex 41n1 P-wave lnagusng

wazdnIIMsUYesiala Tuiudunisinaues Ectopic pacemaker

Third-degree AV block with ventricular pacingl

E‘Uﬁ 2.32 Third-degree AV block with ventricular pacingl

2.5 m’wﬁﬂamqm (cardiac arrest)

Wuanngiilangaviianu visviuedrslifiuszd@nsaim liaunse
sanTiauluidssineld frdiuansd cortex MImpaNTAULNY 4-6 UTl Aupafivzme uay
atefiagliiiiy dndaanmaeslsaiilanuusuashildfunmsiny msuieiegresguuse

ey veananuilesilailiivsyansnin dnwazadulniilaagidudunse Tl
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P-wave uaiz QRS complex (38N ventricular asystole Tavszuzaauvilavgn o19azlu

ventricular tachycardia %38 ventricular fibrillation file LLﬁiLLﬁﬂﬂLMﬂﬁﬁﬂIﬁﬁii%ﬁQﬂ A9

19¥un1391 cardio-pulmonary (CPR) Tnasiyu

@ a o o v
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1. sumuannszualuiady (Alternating current interference)

P e W

A 2.33 dusuniuannsualvihady

2 msm%a‘uaw:ﬂ?ﬂ (Somatic tremor)

JUR 2.34 pAusuMuIINNSINSwRatiiae

3. wWuinugiuliladniaue (iregular baseline)
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1 (Wanderingbaseline)
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3.1.1 Instrumentation Amplifier
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ADINTORTIVYIBLIIFUIINIRTUTELL 100 191
duIanIAIRe Tamadl

Vout = G(V+IN - V-IN) + VREF

=b

G =1+ R2/R1
IngmAT R1 war R2 19a1nensns luandam

2
LYY

faluagladn R1 =1K wag R2 = 100K

M1519% 3.1 #1 R1 way R2

Table 7. Suggested Resistors for Various Gains (1% Resistors)

R1 (kQ)) R2 (k) Gain
None Short 1.00
49,9 499 2.00
20 80.6 5.03
10 S0.9 10.09
5 95.3 20.06
2 97.6 49.8

1 100 101

1 200 201

1 499 500

1 1000 1001

3.1.4 2937 Offset Voltage Adjustment
2993 Offset Voltage Adjustment lddwivensesuussdiumesdyqyioui
lasumsvenenoudrdrasulasdygneuasniiiuiines Wasnndyaadilamdnindiu

1T IEilenegsEning -V e +Vg Felimsafutng input Voltage vei9asulad

doysyrnu A/D was LPC2148 Flagseuing 0 - 3.3 V Fedtoaiineas Offset Tunsusun Fagud

U

3.3
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DEVICES

Micropower, Zero Drift, True Rail-to-Rail

Instrumentation Amplifier

AD8237

FEATURES

Gain set with 2 external resistors
Can achieve low gain drift at all gains
Ideal for battery powered instruments
Supply current: 115 pA
Rail-to-rail input and output
Zero input crossover distortion
Designed for excellent dc performance
Minimum CMRR: 106 dB
Maximum offset voltage drift: 0.3 pVv/°C
Maximum gain error: 0.005% (all gains)
Maximum gain drift: 0.5 ppm/°C (all gains)
Input bias current: 1 nA guaranteed to 125°C
Bandwidth mode pin (BW) to adjust compensation
8 kV HBM ESD rating
RFI filter on-chip
Single-supply operation: 1.8V to 5.5V
8-lead MSOP package

APPLICATIONS

Bridge amplification
Pressure measurement
Medical instrumentation
Thermocouple interface
Portable systems
Current measurement

GENERAL DESCRIPTION

The AD8237 is a micropower, zero drift, rail-to-rail input and
output instrumentation amplifier. The relative match of two
resistors sets any gain from 1 to 1000. The AD8237 has excellent
gain accuracy performance that can be preserved at any gain
with two ratio-matched resistors.

The AD8237 employs the indirect current feedback architecture to
achieve a true rail-to-rail capability. Unlike conventional in-amps,
the AD8237 can fully amplify signals with common-mode voltage
at or even slightly beyond its supplies. This enables applications
with high common-mode voltages to use smaller supplies and
save power.

The AD8237 is an excellent choice for portable systems. With a
minimum supply voltage of 1.8 V, a 115 pA typical supply current,
and wide input range, the AD8237 makes full use of a limited
power budget, yet offers bandwidth and drift performance suitable
for bench-top systems.

Rev.0

Information fumished 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 its use. Spedfications 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 trademarks are the property of their respective owners.

PIN CONFIGURATION
AD8237

BW 18| Vour
+IN FB

-IN IB D qlﬂ REF
TOP VIEW ]
(Not to Scale) 5] Vs

-Vs
Figure 1.

10289-001

Table 1. Instrumentation Amplifiers by Category'

General Zero Military Digital
Purpose Drift Grade Micropower Gain
AD8421 AD8237 | AD620 AD8237 AD8250
AD8221/AD8222 | AD8231 | AD621 AD8420 AD8251
AD8220/AD8224 | ADB293 | AD524 AD8235/AD8236 | AD8253
AD8228 ADB553 | AD526 ADG627 AD8231
AD8295 AD8556 | AD624

AD8226 AD8557

' See www.analog.com for the latest instrumentation amplifiers,

The AD8237 is available in an 8-lead MSOP package. Performance
is specified over the full temperature range of -40°C to +125°C.

6 T
|_AD8237 | I
= 5 G =100
2 P Vg = 5V
w ~ VREF = 2.5V
2 4 ] TRADITIONAL IN-AMP
Lar (RAIL-TO-RAIL QUT) —
g
EJ 3
[*]
Z
z
5 2
2
8 1 _— L]
e
% , \/
=1
0 1 2 3 4 5

10289002

OUTPUT VOLTAGE (V)
Figure 2. Input Common-Mode Voltage vs. Output Voltage, +Vs =5V, G = 100

One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106, U.S.A.
Tel: 781.329.4700 www.analog.com
Fax:781.461.3113 ©2012 Analog Devices, Inc, All rights reserved.
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AD8237

SPECIFICATIONS

V=45V, =Vy=0V, Vg =25V, Vi =25V, T = 25°C, G = 1 to 1000, R = 10 k{2 to ground, specifications referred to input, unless

otherwise noted.

Table 2.
Parameter Test Conditions/Comments Min Typ Max Unit
COMMON-MODE REJECTION RATIO (CMRR) | V¢ =0.1Vto 4.9V
CMRR at DC
G=1,G=10 106 120 dB
G =100, G = 1000 114 140 dB
Over Temperature (G=1) Ty =-40°Cto +125°C 104 dB
CMRR at 1 kHz 80 dB
NOISE
Voltage Noise
Spectral Density f=1kHz 68 nV/JHz
Peak to Peak f=0.1Hzto 10 Hz 1.5 KV p-p
Current Noise
Spectral Density f=1kHz 70 fA/VHz
Peak to Peak f=0.1Hzto10Hz 3 pA p-p
VOLTAGE OFFSET
Offset 30 75 ny
Average Temperature Coefficient T,=-40°Cto +125°C 0.3 pv/°C
Offset RTl vs. Supply (PSR) 100 dB
INPUTS! Valid for REF and FB pair, as well as +IN and —IN
Input Bias Current Ta=+25°C 250 650 pA
Over Temperature T, =-40°Cto +125°C 1 nA
Average Temperature Coefficient 0.5 pA/°C
Input Offset Current T,=+25°C 250 650 pA
Over Temperature T,=-40°Cto +125°C 1 nA
Average Temperature Coefficient 0.5 pA/°C
Input Impedance
Differential 100}5 MQ|[pF
Common Mode 800||10 MQ)||pF
Differential Input Operating Voltage T, =-40°C to +125°C +3.85 v
Input Operating Voltage (+IN, —IN, or REF) T,=+25C -V.-03 +Ve + 0.3 v
T,=—40°C to +125°C -V,-0.2 +Ve+02 |V
DYNAMIC RESPONSE
Small Signal Bandwidth -3dB
Low Bandwidth Mode Pin 1 connected to -V,
G=1 200 kHz
G=10 20 kHz
G=100 2 kHz
G =1000 0.2 kHz
High Bandwidth Mode Pin 1 connected to +V,
G=10 100 kHz
G=100 10 kHz
G=1000 1 kHz

Rev. 0| Page 3 of 28




AD82317

Parameter Test Conditions/Comments Min Typ Max Unit
Settling Time 0.01% 4V output step
Low Bandwidth Mode Pin 1 connected to -V,
G=il 80 HS
G=10 100 us
G=100 440 us
G=1000 4 ms
High Bandwidth Mode Pin 1 connected to +V;
G=10 80 s
G=100 100 s
G=1000 820 us
Slew Rate
Low Bandwidth Mode 0.05 V/us
High Bandwidth Mode 0.15 V/us
EMI Filter Frequency 6 MHz
GAIN? G=1+(R2/R1)
Gain Range’® 1 1000 VIV
Gain Error Vour=0.1Vto49V,G=1to G=1000 0.005 %
Gain Error vs. Ve 15 ppm/V
Gain vs. Temperature T,=-40°Cto +125°C 0.5 ppm/°C
Gain Nonlinearity Vour=0.2V1to 4.8V, R =10 kQ to ground
G=1,G=10 3 ppm
G=100 6 ppm
G =1000 10 ppm
OUTPUT
Output Swing
R, =10 kQ to Midsupply T =425%C -V, + 0.05 +V,—0.05 | V
T, = —40°C to 125°C -V, +0.07 +V—0.07 |V
R, = 100 kQ to Midsupply T, =+25°C -V, +0.02 +V,—-0.02 | V
T, =—-40°Cto 125°C =V, +0.03 +V=003 | V
Short-Circuit Current 4 mA
POWER SUPPLY
Operating Range 1.8 58 v
Quiescent Current T, =+25°C 115 130 pA
T, =-40°Cto +125°C 150 HA
TEMPERATURE RANGE
Specified -40 +125 'C

' Specifications apply to input voltages between 0V and 5 V. When measuring voltages beyond the supplies, there is additional offset error, bias currents increase, and
input impedance decreases, especially at higher temperatures.

?For G > 1, errors from the external resistors, R1 and R2, must be added to these specifications, including error from the FB pin bias current.

* The AD8237 has only been characterized for gains of 1 to 1000; however, higher gains are possible.
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V=18V, -Vi=0V, Vi =09V, Vi = 0.9V, T, = 25°C, G = 1 to 1000, R, = 10 kQ to ground, specifications referred to input, unless

otherwise noted.

Table 3.
Parameter Test Conditions/Comments Min Typ Max Unit
COMMON-MODE REJECTION RATIO (CMRR) Veu=02Vto 1.6V
CMRR at DC
G=1,G=10 100 120 dB
G =100,G=1000 114 140 dB
Over Temperature (G=1) T,=-40°Cto +125°C 94 dB
CMRR at 1 kHz 80 dB
NOISE
Voltage Noise
Spectral Density f=1kHz, Vg < 100 mV 68 nV/VHz
Peak to Peak f=0.1Hzto 10 Hz, Ve = 100 MV 1.5 uv p-p
Current Noise
Spectral Density f=1kHz 70 fA/VHz
Peak to Peak f=0.1Hzto 10 Hz 3 pA p-p
VOLTAGE OFFSET
Offset 25 75 ny
Average Temperature Coefficient T,=-40°Cto +125°C 0.3 pv/eC
Offset RTI vs. Supply (PSR) 100 dB
INPUTS! Valid for REF and FB pair, as well as +IN and —IN
Input Bias Current Ta=+25°C 250 650 pA
Over Temperature Ta=-40°Cto +125°C 1 nA
Average Temperature Coefficient 0.5 pA/sC
Input Offset Current T, =+25°C 250 650 pA
Over Temperature T, =-40°Cto +125°C 1 nA
Average Temperature Coefficient 0.5 pA/°C
Input Impedance
Differential 100|5 MQ||pF
Common Mode 800||10 MQ||pF
Differential Input Operating Voltage T, =-40°Cto +125°C +0.75 v
Input Operating Voltage (+IN, =IN, REF, or FB) | T, = +25°C -V;-0.3 +V.+ 0.3 \%
T, =—40°C to +125°C -V, - 0.2 +V,+02 |V
DYNAMIC RESPONSE
Small Signal Bandwidth -3dB
Low Bandwidth Mode Pin 1 connected to -V,
G=1 200 kHz
G=10 20 kHz
G=100 2 kHz
G=1000 0.2 kHz
High Bandwidth Mode Pin 1 connected to +V
G=10 100 kHz
G=100 10 kHz
G =1000 1 kHz
Slew Rate
Low Bandwidth Mode 0.05 V/ps
High Bandwidth Mode 0.15 V/us
EMI Filter Frequency 6 MHz
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Parameter Test Conditions/Comments Min Typ Max Unit
GAIN? G=1+(R2/R1)
Gain Range’® 1 1000 VIV
Gain Error Vour=02V1t01.6V,G=11t0G=1000 0.005 %
Gain Error vs. Vg, 15 ppm/V
Gain vs. Temperature T,=-40°Cto +125°C 0.5 ppm/°C
Gain Nonlinearity Vour=02V1t0 1.6V
G=1,G=10 3 ppm
G=100 6 ppm
G =1000 10 ppm
QUTPUT
Output Swing
R, =10k to Midsupply Ta=+25°C =V +0.05 +V,-005 | V
T,=—-40°Cto 125°C =V + 0.07 +V,-0.07 | V
R, = 100 kQ to Midsupply T, =+25°C -V, +0.02 +V,-002 |V
T, =-40°Cto 125°C -V +0.03 +V~003 | V
Short-Circuit Current 4 mA
POWER SUPPLY
Operating Range 1.8 5.5 v
Quiescent Current Ty = #25%C 115 130 HA
Tp=~40°Cto +125°C 150 HA
TEMPERATURE RANGE
Specified -40 +125 *C

' Specifications apply to input voltages between 0V and 1.8 V. When measuring voltages beyond the supplies, there is additional offset error, bias currents increase,
and input impedance decreases, especially at higher temperatures.

*For G > 1, errors from the external resistors, R1 and R2, must be added to these specifications, including error from the FB pin bias current.

*The AD8237 has only been characterized for gains of 1 to 1000; however, higher gains are possible.
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ABSOLUTE MAXIMUM RATINGS

Table 4.

Parameter Rating

Supply Voltage 6V

Output Short-Circuit Current Duration Indefinite
Maximum Voltage at —IN, +IN, FB, or REF' +V+ 05V
Minimum Voltage at —IN, +IN, FB, or REF' -V;—-05V
Storage Temperature Range -65°C to +150°C

Junction Temperature Range -65°C to +150°C

ESD
Human Body Model 8 kv
Charge Device Model 1.25 kV
Machine Model 0.2kV

'Ifinput voltages beyond the specified minimum or maximum voltages are
expected, place resistors in series with the inputs to limit the current to 5 mA.

Stresses above those listed under Absolute Maximum Ratings
may cause permanent damage to the device. This is a stress
rating only; functional operation of the device at these or any
other conditions above those indicated in the operational
section of this specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may affect
device reliability.

THERMAL RESISTANCE
0, is specified for a device in free air.
Table 5.
Package 0, Unit
8-Lead MSOP, 4-Layer JEDEC Board 1457 | °C/W
ESD CAUTION
ESD (electrostatic discharge) sensitive device.
Charged devices and circuit boards can discharge
‘ without detection, Although this product features

patented or proprietary protection circuitry, damage
‘ EI\ may occur on devices subjected to high energy ESD.
Therefore, proper ESD precautions should be taken to
avoid performance degradation or loss of functionality.
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PIN CONFIGURATION AND FUNCTION DESCRIPTIONS

ADB8237

10283-003

Figure 3. Pin Configuration

Table 6. Pin Function Descriptions

Pin No. Mnemonic | Description

1 BW For high bandwidth mode, connect this pin to +V,, or for low bandwidth mode, connect this pinto -V.. Do not
leave this pin floating.

2 +IN Positive Input.

3 —IN Negative Input.

4 -V Negative Supply.

5 +V, Positive Supply.

6 REF Reference Input.

7 FB Feedback Input.

8 Vour Qutput.
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TYPICAL PERFORMANCE CHARACTERISTICS

V=45V, =Vi=0V, Vo, =25V, T, =25°C, R, = 10 kQ to ground, unless otherwise noted.
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THEORY OF OPERATION

ADB8237
Vour
+¥s s $R2
RFI -
N FILTER ] FiLTER X i
v vs| &
-%Z %s R1
RFI || RF| +
-IN X | FILTER | FILTER * REF :
=Vs -Vs g
Figure 65. Simplified Schematic
ARCHITECTURE The AD8237 includes an RFI filter to remove high frequency out-

The AD8237 is based on an indirect current feedback topology
consisting of three amplifiers: two matched transconductance
amplifiers that convert voltage to current, and one transimpedance
amplifier, TIA, that converts current to voltage.

To understand how the AD8237 works, first consider only the
internal in-amp. Assume a positive differential voltage is applied
across the inputs of the transconductance amplifier, g ,. This input
voltage is converted into a differential current, 11, by the g,
Initially, 12 is zero; therefore, I1 is fed into the TIA, causing the
output to increase. If there is feedback from the output of the TIA
to the negative terminal of g, ,, and the positive terminal is held
constant, the increasing output of the TIA causes 12, as shown, to
increase. When it is assumed that the TIA has infinite gain, the
loop is satisfied when 12 equals [1. Because the gain of g, and g, , are
matched, this means that the differential input voltage across g, 1
appears across the inputs of g ,. This behavioral model is all that
is needed for proper operation of the AD8237, and the rest of the
circuit is for performance optimization.

The AD8237 employs a novel adaptive level shift (ALS) technique.
This switched capacitor method shifts the common-mode level of
the input signal to the optimal level for the in-amp while preserving
the differential signal. Once this is accomplished, additional
performance benefits can be achieved by using the internal in-amp to
compare +IN to FB and ~IN to REFE. This is only practical because
the signals emitting from the ALS blocks are all referred to the
same common-mode potential,

In traditional instrumentation amplifiers, the input common-
mode voltage can limit the available output swing, typically depicted
in a hexagon plot of the input common-mode vs. the output voltage.
Because of this limit, very few instrumentation amplifiers can
measure small signals near either supply rail. Using the indirect
current feedback topology and ALS, the AD8237 achieves a truly
rail-to-rail characteristic. This increases power efficiency in many
applications by allowing for power supply reduction.

of-band signals without affecting input impedance and CMRR over
frequency. Additionally, there is a bandwidth mode pin to adjust the
compensation, For gains greater than or equal to 10, the bandwidth

mode pin (BW) can be tied to +V to change the compensation
and increase the gain bandwidth product of the amplifier to 1 MHz.
Otherwise, connect BW to -V for a 200 kHz gain bandwidth

product.

SETTING THE GAIN

There are several ways to configure the AD8237. The transfer
function of the AD8237 in the configuration in Figure 65 is

Vour=G(Viy = V) + Vigr

where:
G=1+ Ee

R1
Table 7. Suggested Resistors for Various Gains (1% Resistors)
R1 (kQ) R2 (kQ) Gain
None Short 1.00
49.9 49.9 2.00
20 80.6 5.03
10 90.9 10.09
5 95.3 20.06
2 97.6 49.8
1 100 101
1 200 201
1 499 500
1 1000 1001

Whereas the ratio of R2 to R1 sets the gain, the designer determines
the absolute value of the resistors. Larger values reduce power

consumption and output loading; smaller values limit the FB input

bias current and input impedance errors. If the parallel combination
of R1 and R2 is greater than about 30 k{2, the resistors start to
contribute to the noise. For best output swing and linearity, keep
(R1+R2)[| R, 2 10 kO2.
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The bias current at the FB pin is dependent on the common-mode
and differential input impedance. FB bias current errors from the
common-mode input impedance can be reduced by placing a resistor
value of R1||R2 in series with the REF terminal, as shown in
Figure 66. At higher gains, this resistor can simply be the same
value as R1.

Vaour
AD8237

10289-068

Figure 66, Cancelling Error from FB Input Bias Current

Some applications may be able to take advantage of the symmetry of
the input transconductance amplifiers by canceling the differential
input impedance errors, as shown in Figure 67. If the source resistance
is well known, setting the parallel combination of R1 and R2 equal to
R, accomplishes this. If practical resistor values force the parallel
combination of R1 and R2 to be less than Ry, add a series resistor
to the FB input to make up for the difference.

Vo=V ,,R'_N
+IN IN RS+R|N

AD8237

Vour
s FB
E N _m/REF
R1 | R2
IF R1||R2 = Rs, 2
g

Vour =Vinx (1 + %J v
Figure 67. Canceling Input Impedance Errors

GAIN ACCURACY

Unlike most instrumentation amplifiers, the relative match of the
two gain setting resistors determines the gain accuracy of the AD8237
rather than a single external resistor. For example, if two resistors have
exactly the same absolute error, there is no error in gain. Conversely,
two 1% resistors can cause approximately 2% maximum gain error
at high gains. Temperature coefficient mismatch of the gain setting
resistors increases the gain drift of the instrumentation amplifier
circuit according to the gain equation. Because these external resistors
do not have to match any on-chip resistors, resistors with good TCR
tracking can achieve excellent gain drift without the need for a low
absolute TCR.

For the best performance, keep the two input pairs (+IN and ~IN,
and FB and REF) at similar dc and ac common-mode potentials. This
has two benefits. For dc common-mode, this minimizes the gain
error of the AD8237. For ac common-mode, this yields improved
frequency response. There is a maximum rate at which the ALS
circuit can shift the common-mode voltage, which is shown in
Figure 27. Because of this limit, the best large signal frequency
response is achieved when the ac common-mode voltage of the two
input pairs are matched. For example, if the negative input is at

a fixed voltage and the positive input is driven with a signal, the
feedback input moves with the positive input; therefore, the ac
common-mode voltage of the two input pairs is the same. The
effect of this is shown in Figure 25 and Figure 26.

CLOCK FEEDTHROUGH

The AD8237 uses nonoverlapping clocks to perform the chopping
and ALS functions, The input voltage-to-current amplifiers are
chopped at approximately 27 kHz.

Although there is internal ripple-suppression circuitry, trace
amounts of these clock frequencies and their harmonics can be
observed at the output in some configurations. These ripples are
typically 100 uV RTI when the bandwidth is greater than the clock
frequency. They can be larger after a transient pulse but settle back
to nominal, which is included in the settling time specifications.
The amount of feedthrough at the output is dependent upon the
gain and bandwidth mode. The worst case is in high bandwidth
mode when the gain can be almost 40 before the clock ripple is
outside the bandwidth of the amplifier. For some applications, it
may be necessary to use additional filtering after the AD8237 ta
remove this ripple.

INPUT VOLTAGE RANGE

The allowable input range of the AD8237 is much simpler than
traditional architectures. For the transfer function of the AD8237 to
be valid, the input voltage must follow two rules

o Keep the differential input voltage within the limits shown in
Figure 14; approximately +(Total Supply Voltage - 1.2) V.

e Keep the voltage of the inputs (including the REF and FB pins)
and the output within the specified voltage range, which are
approximately the supply rails.

Because the output swing is completely independent of the input
common-mode voltage, there are no hexagonal figures or complicated
formulas to follow, and no limitation for the output swing the
amplifier has for input signals with changing common mode.
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INPUT PROTECTION

If no external protection is used, keep the inputs of the AD8237
within the voltages specified in the absolute maximum ratings. If the
application requires voltages beyond these ratings, input protection
resistors can be placed in series with the inputs of the AD8237 to
limit the current to 5 mA. For example, if +V is 3V anda 10V
overload voltage can occur at the inputs, place a protection resistor of
at least (10 V = 3 V)/5 mA = 1.4 kQ in series with the inputs.

POSITIVE VOLTAGE PROTECTION:
Vin-+Vs
SmA
+Vg

RproTeCT >

RproTECT
O T

5
Viin

I AD8237
v

RprotECT

+
Voin Vs

v

NEGATIVE VOLTAGE PROTECTION:
=Vs=Viy
5mA

Rprotect >

10289-070

Figure 68. Protection Resistors for Large Input Voltages

FILTERING RADIO FREQUENCY INTERFERENCE

The AD8237 contains an on-chip RFI filter that is sufficient for
a majority of applications. For applications where additional radio
frequency immunity is needed, an external RFI filter can also be
applied as shown in Figure 69.

1
DIFFERENTIAL FILTER CUTOFF = ZnR (2Cp < C)

1
COMMON-MODE FILTER CUTOFF = m

10283071

Figure 69. Adding Extra RF! Filtering

USING THE REFERENCE PIN

In general, instrumentation amplifier reference pins can be useful
for a few reasons. They provide a means of physically separating the
input and output grounds to reject ground bounce common to the
inputs. They can also be used to precisely level shift the output signal.
In the configuration shown in Figure 65 through Figure 67, the gain
of the reference pin to the output is unity, as is common in a typical
in-amp. Because the reference pin is functionally no different from
the positive input, it can be used with gain, as shown in Figure 70.

This configuration can be very useful in certain cases, such as dc
removal servo loops, which typically use an inverting integrator to
drive REF and compensate for a dc offset. This requires special
attention to the input range (especially at REF) and the output range.
All three input voltages are referred to the one ground shown, which
may need to be a low impedance midsupply.

Vour
AD8237

10289072

R2
Vour = (Vrer + Vain = Vo) O+ 570
Figure 70. Applying Gain to the Reference Voltage

Traditional instrumentation amplifier architectures require the
reference pin to be driven with a low impedance source. In these
traditional architectures, impedance at the reference pin degrades
both CMRR and gain accuracy. With the AD8237 architecture,
resistance at the reference pin has no effect on CMRR.

Vour
AD8237 —0

10289073

Figure 71. Calculating Gain with Reference Resistance
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Resistance at the reference pin does affect the gain of the AD8237;
however, if this resistance is constant, the gain setting resistors can be
adjusted to compensate. For example, the AD8237 can be driven
with a voltage divider, as shown in Figure 72.

+IN
Vour
AD8237 —0
o——
-IN

R2 + R3||R4
=1+ =, R4

10283074

Figure 72. Using Voltage Divider to Set Reference Voltage

LAYOUT
Common-Mode Rejection Ratio over Frequency

Poor layout can cause some of the common-mode signal to be
converted to a differential signal before reaching the in-amp. This
conversion can occur when the path to the positive input pin has
a different frequency response than the path to the negative input
pin. For best CMRR vs. frequency performance, closely match the
impedance of each path. Place additional source resistance in the
input path (for example, for input protection) close to the in-amp
inputs to minimize interaction between the resistors and the parasitic
capacitance from the printed circuit board (PCB) traces.

Power Supplies

Use a stable dc voltage to power the instrumentation amplifier.
Noise on the supply pins can adversely affect performance. For
more information, see the PSRR performance curves in Figure 17
through Figure 20.

Place a 0.1 uF capacitor as close as possible to each supply pin.
As shown in Figure 73, a 10 uF tantalum capacitor can be used farther
away from the part. This capacitor, which is intended to be effective at
low frequencies, can usually be shared by other precision integrated
circuits. Keep the traces between these integrated circuits short to
minimize interaction of the trace parasitic inductance with the shared
capacitor. If a single supply is used, decoupling capacitors at =V
can be omitted.

+Vg

¥4 =

Figure 73. Supply Decoupling, REF, and Output Referred to Local Ground

10289075

Reference

The output voltage of the AD8237 is developed with respect to
the potential on the reference terminal. Take care to tie REF to
the appropriate local ground.

INPUT BIAS CURRENT RETURN PATH

The input bias current of the AD8237 must have a return path to
ground. When the source, such as a thermocouple, cannot provide
a return current path, create one, as shown in Figure 74.
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INCORRECT CORRECT

+Vg +Vg

AD8237
-Vg
TRANSFORMER TRANSFORMER
+Vg +Vg
+ +
Vour
AD8237 AD8237
10MQ
-Vs -Vg
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+Vg +Vg

[
— +
Vour f 1 R
HIGH-PASS = RC AD8237
c
— U i
¥ R
-Vg Vs

CAPACITIVELY COUPLED

CAPACITIVELY COUPLED

Figure 74. Creating an lg,s Path
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APPLICATIONS INFORMATION

BATTERY CURRENT MONITOR

The micropower current consumption, unique topology, and rail-to-
rail input of the AD8237 make it ideal for battery-powered current
sensing applications. When configured as shown in Figure 75, the
ADB8237 is able to obtain an accurate high-side current measurement
for both charging and discharging. Depending on the nature of the
load, +V; may require RC decoupling. Use Kelvin sensing methods

to achieve the most accurate results,

RSHUNT Vour = G(l x Rspunt) + VRer
"
+IN -
Vour
5 ADB8237 —C
FB
Vear = y
T il REF 2 LOAD
_VS
R1 R2
Veer (£
g
s

Figure 75. Battery-Powered Current Sense

PROGRAMMABLE GAIN IN-AMP

Most integrated circuit instrumentation amplifiers use a single
resistor to set the gain, which is in a low impedance path. Any
component placed between the gain setting pins has current flowing
through it, which adds to the gain resistance. Typical CMOS switches
have on resistance, R;,y. Ry is not well controlled, is nonlinear with
input voltage, and has high drift. This creates large gain errors and
distortion at the output of the in-amp. This R, problem has made
it difficult to build a precision programmable gain in-amp in the
past. With the AD8237 topology, the switches can be placed in a high
impedance sense path, eliminating the parasitic resistance effects.
Figure 76 shows one way to accomplish programmable gain. Some
applications may benefit from using a digital potentiometer instead
of a multiplexer.

ADB237 —C Vour
G=1
S 20kQ

G=10
2kQ

G =100
200Q

G = 1000
4:1 MUX 2210

ADG604

10289078

Figure 76. Programmable Gain with a Multiplexer
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