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Abstract

This project is designed to create a device that can show ECG (Electrocardiogram)
and Auscultation of heart sound at the same time then shows results on the computer
screen it is called “Electronic Stethoscope and Electrocardiogram Monitor”. To study the
relation between ECG and heart sound. To analyze them and find heart malfunction in
further e.g. Ischaemic Heart Disease, Arrhythmias, Heart failure or Mitral regurgitation etc.
Due to these problems, suffering is detected with naked eyes and it can occur at any age.
Some have to go to see the doctor at the hospital. Therefore, we think to create a new
device that can help you to notice yourself about your heart function that can work
normally. The process begins with using a condenser microphone and amplifying the signal
then connecting to a diaphragm of a stethoscope. The next part, the ECG part, uses the
AD8232 module to measure the ECG. After that, use Arduino Uno to be a microcontroller
to convert analog digital signals. Upload the signal and collect data on the Arduino
program. At the same time, transfer them through Visual Studio Code program by writing
Python language and monitoring the signals in GUI function. In experiments, there are 12
subjected in this project. The results of this study provided both ECG and Heart sound are
detected by this device. Though, some of the results are correct and can detect the

relation in both signals while others results are not detected clearly. The reason why the



signals are not clear is because of environmental problems such as noise pollution and

the subjects should not move while doing the experiment.
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2122 #la%oea19927 (Right ventricle) azogadiuntingaveilauas il uiia

a o Y Y
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wardseenludiven waud uialawaluuis (pulmonary valve) wagviaonld onunsUon

¥ a & [ =

(pulmonary arteries) Mnilavpsilaosdaziivuivesnauieilanausony wazlduangn
mvauduiilalnidale ¥93un11 AR WinAl (chordae tendineae) 4 1y niinignduiala
Insradaldlinavdulumeiilaresuuritsgninnistudvesimlaesds fsudelesiuladla

vienluadaundu

[V
U ¥

2.1.2.3 Wilaviesuude (Left atrium) fvuaanigaluiesitlansdvowazinedieg
NI undean taevialariesilazulaennbasuaandiauainvaakiuniavaeniiondilen

(pulmonary veins) wazasasnulvnlaiesarsdensauilalunda (Mitral valve)

| CY o

2.1.2.4 laesanadne (Left ventricle) AndNvualvay i gauas dndanuniige vin

Y A v a oA R | 2 o sa . =
Wuqﬁflﬂafﬂ,UﬂqiqUﬂﬂLa@ﬂVLUVI?VI\?'ﬁ'TQﬂ']EJN']UVI']\TaUW'ﬂ"i]LE]E]Eﬁmﬂ (Aortic valve) LaznanaLADM

1% (%
v W v @

| ¢ v ¥ W | A= o & Y PN 4 N
LL@NIWQJ}L@E]E]?@W (Aorta) M9UU VUI?]?‘?UU?]QQWLUUQ%@@QNNUQW')IQWWU']LL'&%LL‘TJ\?LL?QV]?EG] NIYI

% -

Jueshilaniiwnelngnasdeiielindunioudusmeiiazguiaidonsanlumsiniele

aorta

superior pulmonary

pulmonary
vein
right . \ :
' \ left
Arium atrium
pulmonary
valve mitral
valve
tricuspid
valve aortic
valve
inferior
venacava—
right ventricle left ventricle

JUM 2.2 lassasvesviesilauas vaenideniiiiuareananniila

(#i3n - https://www.thoughtco.com/evolution-of-the-human-heart-1224781)



2.1.3 wilwazgdwila esilagnuenlaenianasauresidle dweludl

2.13.1 WilensleliuniAlang (atrioventricular septum) wagaute - 3 (A - V valve ;
cuspid valve ; atrioventricular valve) \Wulassasnsfiueniosuuiuiosan

2.13.2 wisdumasiomiea (interatrial septum) WHNWOIUUGIEAURDIVUYI UAZHTI

BuUDIIUATAIATS (interventricular septum) LEABIANGIBAUNDIANUI

(% (% v
a o A a a v [ 4

2.1.3.3 AUAAUANIOAULE-T NUSEIINIBIUUNUNBIANUBILD LALA
1) duluAatn (bicuspid valve) viazagend aulumsa (mitral valve) Aumios
UULALYDIA NN Y NG e

2)-aulasdadn (tricuspid valve) NuipsuLiaTiaNTN I Aunsaesgnia

v
v =& = o 19 = a =

Tnelepass wuAfl (chordae tendineae) @sdvatadndundfadu ndandeniiaans
(papillary muscle) aasd wuAtvimihiBaldliaugnudngiesuuilorasasdiudh
2134 §umﬁqm§ (semilunar valve) ?Tusuﬁm‘fﬁguagimqmqLTJmsuamaamLﬁamﬁagjﬁ

Wilaresans laun

1) dustaluui’ (pulmonary valve) agiviaidavamasaidoanaluus en3
w93 (pulmonary artery) viirfitdestuldlideninadoundudivesarsuinieresaevin
ARNEA?

2) Auoessan (aortic valve) agﬁﬁaadn%’wmqmqL?JmmawaamﬁamLaaa%

A1 Yvtnndestudenluvasaidonesasaildlrlvadounduidl Weea1NT18LiD D Ia T Y

ARNYA



aorta

superior pulmonary
artery

5§ )
pulmonary vein

ulmona
- p ry
: L
vein - @

right

atrium left

atrium

pulmonary
valve

tricuspid
valve

inferior

venacava—
right ventricle left ventricle

JUN 2.3 wansquinlameludsnayddu

(T : https://www.thoughtco.com/evolution-of-the-human-heart-1224781)

Posterior

Tricuspid valve Bicuspid (mitral)

Aortic valve Pulmonary valve

Anterior

U 2.4 sunihdauansduiila

(‘17'1Im . https://teachmeanatomy.info/thorax/organs/heart/heart-valves/)



2.2 mMshaureanla

nsvieueeeidlasndenalnnieassinenfe nisuadvesndiumd eale @
Usznaughoanuilademdnsid
2.2.1 pdulndwhla
dstiAnanwadiimuiianusaasenssualiinldmeiios pacemaker cell) Tawad
dwulglumlavindy Tnefleg 2 dums Ae Tuiladesuuvan(SA node) way fasunsznng
HosuuLaY#eIa1s (AV node) wadmaniaradenseualnindudmne Tnovosuuazadisdamy
fsnsindaduimdnlunistinuadonsnssualiiasiwiuainiesuy Jawundivesaidiag
finsuhadniesiiszwinams slinlavesuudufneuresainanteadiodunisladennu
fiavmafingSegtesoios
2.2.2 mIvadavasnduilewils
ndrnlunszualitinnssduiingraidemla ssifanisvadvesnduienila
yhlinlanysinsanfioduidenlusmiduden dunslddwilavesarsiwazlvguaznuniign
2.2.3 MInuRBULden
Tutlafinsimuaiianianisluaveadenlnsedoemdnie “auile” deazvhudii
Juiledubitinstradeunvuianaselififoundu Tnefinnsnyuioudasssuufie szuvds
Bendeludeniitevinstivesndiauddnladnea) uar ssuvdudeniluidsaiasrenield

Y] = Y] v v ° N = 0§ Yo v oy Ao P al Y
Wlagnge) tnelaviesangevismtdnianisvinlminlaviesangeiivunn e igauas au

K

o 4 = 1 PN 1 Ly Y % d' @A b4 1 14 1 Y
%ﬁiﬁlﬁaﬁuﬂMﬂ’ﬂMLL“NLLN‘VIE?!@LGUNﬂu LLﬁ%Wﬂ%M@QWWU‘{j@ﬁWﬂﬂEJ‘VIENaN"U’]ElL“UUﬂu

2.3 WIBUMHINNUTeshla (cardiac cycle)

WNIBUMINNNUYRITRLA Ve ﬁwﬁwaummiaﬂﬁﬁwﬁumﬂﬂﬂiL&’ma@ﬁﬂwﬁq
sou loun

2.3.1 @alna (systole)

alna (systole) munede nsnasavesiostilaiivinldfeciladng msundilfafes
Uulazviesans SmnzmsvhauAnileidenainisasivaisuvendeningiesnteingsialavie sy
11 Turnefivesuudefisuidonainten UsumsuazanaduarSugetuluiosu dufntuly
swovaaein  Liamnuduiosuusinnitesans Aue-Tendalidenlvadngosaedsedlu
syzaaeia BNt uResuuazAlnailaedu slfiAnnsmadugondi lomIeadalna (atrial

systole) Juiilaidonliniuainviesuuaddiodns  wnn1sallasiSuiuusinnsuarAURuYe s



LY} ¥ 1 d' ) v LY Ly} ¥ 1 @ a' a U d' L o 4
laviesans  vuePilaresuueatefd Wlaresaeiisuilnailsduian1sunsa inkiay
FHULNNTY AUAUNLINTUTILYINLAULD IR Tnalvnaldeailadeshn 1 (first heart sound)
sperlluiilalanuannay ssezliinisvadilolaunsn wialsenimmadileleliguiunin
(isometric contraction %38 isovolumetric contraction) F9%u18D9 NAULH OTAIUA I 1]
wseu weildfinnsidsuudatanuenvedenamiile anuwidlariesandinuduganiiesuy
Mlraunaluusardueaasindn

AauANaNlsETUITkENS T8 lUTRIae YIbALAMLIUASARa1S Falna (ventricular
systole) dn1suadivasiilaviesdnniuu enavgnguaenaniilalaeiiondniesaadieay
Wingviaenideniaaasni ienanviesantnsiigaenienialiung ansived seezilidusyes
d' LY a & Y 1 @ / N P . @ a % = o
ilagundanaeniainyiilaeg195Inisa (rapid ejection period) waglluszezisunun1sdusa
LazAnTEEYann1sguan (reduce ejection) AU s¥egilAIMRLlUTBIA9ALLTUARY FBY
vusHiaNAuanImiesEs esinanlsieduvesnaaniieila  Weanuduveinlaiosans
° o Y A 6 (-9 a L4 a W U I~ vqy &a Qy v
ANad WINLLAALLEDSAT  WAaTNALIUNT 97518T AUNAU WUKNALAULEDSANLAZAUNA LY
w13t MliAadsslaldesiiaes  Tuszeziiieninluslalaealva (protodiastole) szozilau

a v a ] d' % =1 a £y v 1 % < CY)
o-38Unagiiosanusiiurendondnnistuiivewiesd g Wussesrenisnaiediloly
I’ngmm%ﬂ (isovolumetric %138 isometric relaxation)  MasaInszesdkainazisunisvinauly
295Ul
2.3.2 lawealna (diastole)

lawealna (diastole) nuMedy SE8EN1TAAIBAIUITLY FUAATUNDUKASSE NN
Henlnawtidreile sregnisaaesifinailinewseakaziunsfians lakealva (atrial
and ventricular diastole) Y999 a3UUKALTOIAN LanslALTAUAMUAURLS Y INSTURAZ AR BF
w83 Wilaviesuunazariunsilalavesauluszersnes lunisseunasmsiiu Wudunousnsdl
1. 1Suduamsya Fatna Mlaviesuuiudiilaiond iUl eiesaaNaaefl ; 2, 1oknsea

Falnaduanidontiounaintiesumdngviosans ; 3, srosuInvesiuniinati alnaesanady
FHdnaLe-3Un Lm'LLiwﬁ’ué’ahjLﬁmwaﬁ%ﬁ’ﬂﬁmﬁqmﬂ% 4. syeyiiaewesiunsmany dd
Tnaviesasdudamniuiiussiusnnnirlunsendene e’ dliduiusiquiladongnau
p8n91n9ala; 5, srariTuusnvesiuniAans lauealvaiosdsanasannufuve adonluvasn
Feoadunduiinavhlifueiquiile Fesuuiueaesudenduddies ; 6szexievasiy
n3ians lausalnarlannviesaaneduiuildenluosuuiugnauidngiiosdn @nasdsuand

firnanistravesidon ; gnesaideinansiiinianisdudivesiala)
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2.3.3 sasnsiiuveniale
Tursseunsvinevesiilaiinatrsedulslii Tneflgadudufeiea-io Tua dadu
nauwadiAvag IR vaIvaandenwAsillua 1w Adumlavesuuwn Sendniu
fiFudunsyhauvesidla aduliiihaniea-e Tun szuiluivesuudunalfiAnnsmadives
salavoruuuaradugndsdalufine-1 Tusfleglunilstussvidesiy  udrdselugndanie
vlaviesans Tagrue-tudatudulomesdue Jenszaweginihlaviesarsilinsuseunis
W 1 e (Ui 25) SarmaduresilataBuadatounit 1wu Tn 40 adadeunit qns 60 - 80

AsIau 1n 200 — 400 ASIHRLNANAZAY 70-100 ASIADUNN LTUAY

The phases of the cardiac cycle for a heart rate of 75 beats per minute

) When the cardiac cycle {7 During atrial systole, the

begins, all four chambers atria contract, completely
are relaxed, and the filling the relaxed
ventricles are partially ventricles with blood.
filled with blood. Atrial systole lasts e Atrial systole
& e 100 msec. i
Ventricular diastole lasts 530 b ends and atrial
msac (the 430 msec remaining in diastole begins
. this cardiac cycle, plus the first and continues until
. 100 msec of the next), Throughout the start of the next
| the rest of this cardiac cycle, cardiac cycle.

filling occurs passively, and both
the atria and the ventricles are

relaxed. The next cardiac cycle
begins with atrial systole and the
completion of ventricular filling.
P e

-

. ventricular systole begins.
This period, which lasts
270 msec, can be divided
into two phases.

- i M e

o Ventricular systole—
first phase: Ventricular
contraction pushes the
AV valves closed but
does not create enough
pressure to open the

semilunar valves. This is
Kknown as the period of
isovolumetric
contraction.

) Ventricular diastole . .
—Ilate: All chambersare
relaxed. The ventricles
fill passively to roughly
70% of their final
volume.

I, ) Ventricular systole—
second phase: As
ventricular pressure rises
and exceeds pressure in
the arteries, the semilunar
valves open and blood

is forced out of the
ventricle. This is

known as the period

&) Biood flows into the
relaxed atria but the
AV valves remain 1
closed. This is known

% of ventricular
as the period of
isovolumetric sjection.
relaxation.

O Ventricular diastole—
early: As the ventricles
relax, the pressure in them
drops; blood flows back
against the cusps of the
semilunar valves and forces
them closed.

2011 Pearson Education, Inc.

UM 2.5 uuinsasmehaugesile
(i :http://www.highlands.edu/academics/divisions/scipe/biology/faculty/harnden/2122/

images/cardiaccyclephases.jpg)
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n13inensnIsauuesiila vinlelneldaimnlaalay (stethoscope) 219M1UAT
funiineuaewitten  wdulmesugeantesiladeswazduaan nsviheuvesialavi
TAnnsunisesdmvateiuimanluluwuimuduuniing fesniesuulaziesaniinisva
faldnsoudu Sennisundeiiiafuliitewin Gn (apex beat) Aausaduidalainiionnss
FunuIresaluauLaLYeTLa

gnsnsiauvediilagnauaulassruuyseanenludiuazaesiun UsnAudn
UszaonludRvIBUNIEHAn Larn11BUNIsANINaso8nTINITHUIDIRlALANANAY 1ae?
UszamBunsAndnan seUliugn sINsiureinly @aumsBunisiniinaandniinisweu
Yol UszamNIgedseuuIzAIuANkIuMGea-t0 lun (SUN 2.5 uay 2.6) wenanileesluu
d‘d Q‘ v % d‘ QIJ a a d! v 1 fa a a d‘ QIJ 1
MllgrisadaivasnvadlagUateUszamIunsan Feloun uesdniunsuinaslassounuanle
| & a Y v o N A o a Y, A o
dnluntinatindnsanisiiuassmlalusueiaisaiinilassaduuuinefudva1snvaslag

a v

UangUT2amuaIntsiBunusindaldn acdnalrau Alnaandnsinisidurasilauanainidl

SA node generates impulse; Impulse delayed Impulse passes to Ventricular excitation
atrial excitation begins at AV node heart apex; ventricular complete
excitation begins

JUN 2.6 wamansnseduvespdulnihvesiilalunswiunilanss (ezdimeae lunaseaduliih (szuiedil)
DONULALLETIVDI UL YH99INTY AAUILHILLE-T TUALIANE -3 Uulha wauuluilaresaalaedule

WNBSALLR)

(ﬁm : https://www.slideserve.com/merritt/heart-excitation-related-to-ecg)

Uadeau 9 Ninasdednsnssuvesiilalaun niswWdsuwlasgamgiivessniy  Aduduty

Ypaddninstailunanaun (nsiliiiervesiusesluudalnamalsy ; aldosterone) wazHAnKah

WANINNTTUIUNSIUANLUATUIRTAR Na UL E 8ale 10U avdludu widadenanaiidl
d‘dl

AR aENIN UsNINNAIMNTEUUUTEA MRl UANTfoLRa -0 Tuauan S3lldate-1 Tun

WALSTUUMTEIUNNLAYYID Il nAae
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1 Plasma epinephrine
t Activity of 1 Activity of
sympathetic parasympathetic
nerves to heart nerves to heart

SA node

tHeart rate

JUM 2.7 uanstadevdniidnasiesannisduresila(lusuianianizraseloa-Laluauaziinatiiugnsini sy
YoeilagnATI T LLARINEL Y daugnastudmhen TElUMmuasiuidunafinnnnUssa s aun s
n¥anaq)

(i : http://fat.surin.rmuti.ac.th/teacher/songchai/circulatory/cardiac%20cycle.html)

2.3.4 a1¥Auen Lo Wiy (cardiac output ; CO) uagalnin 1agu (stroke volume ; SO)

lursasmishawvesidlailiiaanisivavesdensenainiila  nisluaves
Femeenainiilaties arseniaiiunilindadonin alasn Tagu dumiuen wo1inuanefs
Usinmsvesidaniieananniilaviesandluiian 1wt deduanifuen ewinm aguiidvalasn
1383 x 8R5INSIAULRIMLA

6

auuiinalasn Taguoihitu 70 wa. wardnsninduvesialadu 72 aduioundt A
Awen WNnAglAiniy 70 x 72 = 5,040 Ua.6iaU1Y MseAI 9 Usediu 5 @nsdeundl Ang
Awon Lowiny wazalnsn gy azdsulununisvhaiuesinla %uﬁ’ummw@mmﬁmm%q
#laes uonandalasn laqudsduiuauussuasnsduiiveaialatesdns demuneds
Aruannsolun wouviolddenoonaniilaviesdns wasdduiuuiimsveadeniiuainos
vudnglaviesanslufnzAugarosnistui uanduimnesufuroinisaaesvesidlaros
dafli3ond nalnumsad-ansas (The Frank-Starling mechanism) vaneauinalnsn Taguiu
fuanuannseluntsSusldidenvostosuuingresdufonuiu fdufindranianun
A$huen Wiy wazalasn Tguifisduinanianadendnfendulss amdunsindiun

el (U7l 2.8 wag 2.9)
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% End-diastolic ventricular volume

+ Activity of

sympathetic
nerves to heart

JUM 2.8 uanin1smugualnsn Ligulagnsvinuiuiuvessesiuulayseuuysea ndnl i

(ﬁm : http://fat.surin.rmuti.ac.th/teacher/songchai/circulatory/cardiac%20cycle.html)

Yy

JUM 2.9 unudsuansadevaniidnasenisfuen lWiny (HasI1INFUN 2.7 uag 2.8 ; gnasludindenavy
wansflansiiududugnasludivien Nasfenaiianas)

(ﬁuﬂ - http://fat.surin.rmuti.ac.th/teacher/songchai/circulatory/cardiac%20cycle.html)
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2.3.5 Au9v892la (heart sounds)

| 1Y

Turesaunisineauvesihlaideasinla deswssnlaldtudssnaduasudssminrony

De

paoAa dsusnds “Fu” (ub) deafiaesis “Fu”(dup) dewusminainn1sdnvesduie-3
lurnzdifinsmndvesnduieodilaiosdns Hesfiaonfninnts duresdueiiquiife Au
woasinfuiuialuund oAuasdnieduanszesivsialauealnavisadionanuidesd 3
Budsnur 9 (murmun) deandenlvadouruaunduiy Tunsdvedsaiuiileds 1dosves
vialaamnsainoenuindund unalnilagdousenundunswiiFendn Tluan{alounsy

(phonocardiogram)

: 1st :2nd 3rd Atrial
:n* 1
I

Normal

I
|
I
|
I
Aortic stenosis T‘W
:
I
i"“‘"" '
|
I
I
I
|
|
I
|
|
|
|

=

: | Mitral stenosis

1 I

I
F

: : Patent ductus :

! : arteriosus :
Diastole! Systole i Diastole iSystoIe

Phonocardiograms from normal and abnormal hearts.

sUt 2.10 Wluan3flewnsa (phonocardiogram) ngthefiilamunfuazinund
(Fian : https://www.pinterest.com/pin/55239532899947623/)
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2351 deaialodusunils (first heart sound : S1) W@ seialasudunilsladulugs
lavesansdusinuuliunsaed Wudssiidisnaiunsliduenian danuddeudisge
\FoaihAn91nn5Tavesau AV (atrioventricular valves) virl#LAan1sdundeuiunisuniewes
Aoalumladusunis fldwlssneudesaesdiu e M1 waz T1 Funedadssiiinainnisla
¥09aw mitral waz tricuspid valve sy Unilianunsaildiuenidudendedlataay us
o1aladunsneonaintulddrsduramzmelaid i ssanvmsmeladudenluandudaiala
auvlaanieiudie sudunauiainnisanaswesausuluyeen idenvlualudewila
sudetovatnsiznsvegveguanlulen vldaruduuremasndeasuinanlulen
fiuty 1Benddluaninthlaresuuasilaresansnlduniy uwilwaaswhlafesadetosas
slau mitral IaEaTu widu tricuspid $rassaindudestos M1 way T1 uonainty oguls
R nsugnveadssdetlunmsi fanudfyuaransudatesnindsshlesusuaes

2.3.5.2 1Huamnlaguduass (second heart sound : S2) [@gsilasgusuanalasulumig
slananesuuutTinesasi Hudesilefidaiuiign wiadusgdinaidunindes
wlesusiunils Besiinannstavesaunsinsinay (semilunar valves) sgnasiasaiietle
Viesa A vilinuiiionly aorta kay vaealdeakaIaliu1s gendnAuduluiala
Wosanfiieades 1iendduasenainitaleanassiusunavesnisidenlmasanainiilaanas
Tnemssuaznsvavesasadontidesiosananauiilun1sBavegy vilidonludiufuvos
vaoRLdenlossALazvanEen unaluus lnadoundudiiile wesiulnideiliinannnas
Unvesaursansnanlnogisangy wafinmnde Ransuniswesdenludiuduvemasniden
faans warluiilaviesdns WuanveldnsiAnduasflounesduile Tassaiesoudu diudu
YowiaonLdenTiAgtos uarndaiewinle auAndswnlosuduassiu

2.3.5.3 @eemniladuduany (third heart sound : $3) idesialadusvany (Wwdeaila
AAstlutsiivhlavesaiuasfosuunanofiiossoyialaesasaaneisuidon [Wudes s
AARILazANITey RnaInnsknavendenainiilavesuuasiesdns wawilialaRes
AeiivBinasnty windsantunisinavendontinainduanas nsanadwesnisinaiunis
uturesUsinasuazanudulusinlovesanst vildAnnisunisveadenluiiladesans udvh
Tniiwhlavesanainnisduasifioutasiindssilasuivaniy Unidestiumnnualalddy

'
1 o W o

1 va v 13 [ & lel = [ 1 A
use1alagutatauluan LLﬁ%Iu&EIMEUV]ﬂWﬁﬂ@E]ﬂﬂ']aQﬂ']EJ netiflesanlunmgainaiidenann

o

slaresuulraasrlaresdannuinuazsiasi @esdlesudausinunsseninsatudmia
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2354 Assladusud (forth heart sound : S4) wdsssusuaidudsailanle oy
' =~ ) v W s 2 v = =~ Py A o ~ o v ~ =~ ) L a
neudesileduduniaanies [ Wudesiiinudiuinuazlinudslesiign @eeialailiing,

N W ) v 09 v ) v | 1 Py v | A a
Astumvesilaresuy Ylmdenlvaaaiilanesanuindu Tuvazimlanesaesdusuns

v

donunegudl ilumgliiinnisunisveadenluiilevesans uasnisialaesaninnis

£
=

duaziieusuindesdududtn Unfessliladudesd uwienalddudsslidnvulugUreilulsa

Anusudenguasluvigeanidintedinnzimlaiesuuduiiusy

I T I I I I
St
S4
()]
T
2
g sadu ;
< |
dur | | S1dur [ i
1) P
systole (S, ) diastole (D, ) systole (S, ) : diastole (D, )
2 ! - |
cardiac cycle cardiac cycle
-25 | ! d A 1= 1 1 B 1
0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8
Time(second)

JUM 2.11 wnunmwwanaidesinladusunils @esihladusuass ldesinladusvay wazideamladunud

(‘17im . https://www.researchgate.net/figure/Illustrates-the-PCG-signal-including-heart-sounds-S1-52-S3-
S4-1-2-Measured fig2 262806530)

2.3.6 dnwauzaduliiivawila

ndnuovilaannsoassedulnihiunldios ensedulfiAnnisvasvesndunde
Hlaes raulwiiasnszanelunudausine o sesile weskuludadedess q el
auannsatuiinlganiuisvessesmerh 1 U lnewdesdiefilenisfurduiidonin 8idn
TnsA1saTonsan (electro - cardiograph) a3 eaiiedaunsatuiinaduliivesiladunsml
3un1 B18nTnsAsaleunsy (electrocardiogram ; ECG ; EKG) @sUsznauendudl s 013 Lod
wazi (P,QR,S way T) ”ﬂgﬂﬁ 6 mauiduaduilnailsetuduinannisukeeienaulniiiann

19a-40 LuAlUAUNANULTMRIUY  AZYNMALNANITNAG IV LARBIVUMUNIAAUAD 815 LAY

aurdudlnalswduiinsmuiu (QRS complex) azunsnszatgluaue-1 TulAa uaguuus



Yastiuludinauiilevearnlaedans Welsun1suadueeiilanedan uazeduiidurduvessin

alswdureslaiesand

23.6.1 @ulszneuvesnaulniigla

P-Wave
Depolarization of
atria in response
to SA node triggering.

Ventricular
repolarization

17

|
e |
Voltage — Q' R \ S NN
" N e G 0N—
1| | /
Time \ \ J’
) —e ,\/ "4
PR._Interval ST Seame
QRS Complex alSegmell
Delay of AV node \D = Beginning of
\ Depolarization of Py
to allow filling of vesdriledmanls ventricle
ventricles. mainKursr'\ i r;’g repolarization,
S & ¢ should be flat.
contractions.

UM 2.12 dyayalliiile

(fu: https://ecgreview.weebly.com/components-of-the-ecg-strip.html)

1) Pwave LTAIIN SAnode @anTEUANINTEM UM RAUAY LA LAin

Depolarization @ufiatrium F1EwazuIN AANDUN atrium @819z DU
2) PRinterval 1Jusyezneiiiauan SA node dsndulniuinsedu Natrium

Rl Depolarization f\]’mﬁ?ua\‘igj AV node, Bundle of his, Bundle branch, Purkinje fiber
3) QRS complex tdunasaumisluiiain Depolarizationv03 Ventricle 41

uazNARNDUN Ventricle MiaoU199z U
4) T wave LOunasiunislanaan Repolarization 984 ventricle @1%5U

Repolarization ¥84¢ atrium dnldviunseiinlugasg Depolarization 484 ventricle %ﬂgﬂumﬁ\‘i

14
5) ST segment 1Jun1si3u ventricle repolarization Wuangadugaves QRS

complex AsBATIHLTENIT j point lUAURIALSUAY T wave
6) QT interval 1usze1I81590V0 99 ¢ depolarization Wag repolarization

FAWIARIGISN QRS complex lUaudugaT wave
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7) U wave Slauaianlasnaunumas T wave d@ulugifiudalu lead V2 - V3

fhanslumadendu T wave

P wave: atrial
depolarization

Repolarization ELECTRICAL
 EVENTS
22, ORTHE |
'CARDIAC CYCLE

UM 2.13 é’avmvnm”lw%ﬁﬂaﬁLﬁm%yumui’g{fﬂiaumiv‘hmwaaﬁﬂﬁ]
(Fan - https://www.pinterest.com/pin/213709944792333274/?\p=true)
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120 Aortic valve X
. opens :
S 100 ! Aortic pressure
E 8o .
o 60 :
7 40 Mitral valve ;
(0] C |
= 20+ I
o % ' Atrial pressure
0_ - 1 |
! ! Ventricular pressure
| | i
o 130+ ! !
E s .
b . i | Ventricular volume
E 90 | /
E I I
o 1 1
= 5= ! .
/H/ ! "‘-i* Electrocardiogram
U I I
1 I 1 IS 1
| 1st j2nd - i8rd : |
v - A : v v Phonocardiogram
Systole Diastole Systole

JUT 2.14 asdwnnsaliinTuluasasmsvhauresinla wasenuduius ssninsenusu Yeeialaveddia o

AuLan

a a

(i : https://howlingpixel.com/i-en/Phonocardiogram)

2.3.6.2 n1snsinianaulniinla nistedyrunaulaila ilalaenisin

318nInsm (Electrode) ARLAUIT158A91 aa (Lead) Inuusazaniinainnisinedianinsagady

(%

PIUINY

(%
Y

Yauliludieneg Insuasgiunavuald 12 lead fadl

12 Leads 41919514
Bipolar limb leads #3® Standard Limb
e dnglnn1sznnazanveswvw/an Inglinannssuaumdesuniivialasgnss

Na19 136071 Einthoven’s triangle Tdfyawivanuvassuamima enlusunisndalii fie
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WUV LUUDNY WaTE1e Einthoven Anwinuin andnanusnadnglnineanunle 2 leads
WdavaNITamIAANUReEndves lead 71 3 19 Usznaulusie

- Lead | TAA11A19An g N 1099 LUUY 18- waUUIN

- Lead Il TAA1un19fn gl 199191 8- Wy

- Lead Il 3aA210m9fneWW eI g- U

5Ufl 2.15 Bipolar limb leads ¥a Lead I, 11, Il

U

(‘17im - https://www.nottingham.ac.uk/nursing/practice/resources/cardiology/function/bipolar

leads.php)

ge17AN1Ye 3 leads umeaiufzlaglaumieansenia Einthoven’s triangle ws

' '
v a v v

fnandafiunalaganils Iafidanusendneaud (zero point) Usiag lead vy 60 99en

9 9 9

woduariiodnJuseuue198s 3 unu ( Triaxial reference system)

Unipolar limb leads

[

\Jun133n voltage veauw/vn ey central terminal efidnelvinidugue

Tuinlaglddrluidien 1esain1edrlniAsiAnausedndta sun sududeeiinig
v = d‘ 1% d‘ 14 a 6 o v QI dy O} = ! . d!
vregtuiinilaiielinisimszmaladnaudu wieisenin augmented limb leads %99y

englaUseunusagay 50 TUonwysunt1in ‘a’ Usenaulumie
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- Lead aVR in voltage U99uauv71 (a A electrical augmentation 50% )
- Lead aVL 79 voltage 03LIULIE

- Lead aVF 1 voltage 99397918

A
?k\R {’7 { & F_A';‘
k > W - 7_‘ - - s
50 ‘ \ @/ & .
| ‘ \ { : [ \
N | / \Y| ‘
SRINS N / JN 5 k2
WA (/{1 [/ I
e Wl
= ) ¢
av, N
B
R 4R Clays L - L
av, ave avy
cTy
aVg
F F F

3U 2.16 Unipolar Limb Lead 99 lead aVR, aVL aVF
(fian : http://www.bem.filbook/15/15.htm)

Unipolar chest lead %3e Precordial lead tJun153m voltage Tneldalnih e
1 horizontal plane 148nws V' UNULIINATIT LIALABS (vector) AUMLIYBINITIN lead oY
U3navthenasstuiwmaiilaiienda precordial area Sufinfildidunisinamsnadngd
Aatureualuaeasdn sl dluvasiy nmsneiliilaenisiaueiuzain American

Heart Association 1491

V1 ¥099lATe¥ 4 Y8UIVBINTEANSN (sternum)

V2 %83%lATNl 4 YeUYI8VRINIEANDN (sternum)

V3 ﬂgﬁﬁﬂa’hﬂi%ﬂ’l]’]\‘i V2 uag V4

Va vee@lased 5 wwinanannseantuaiii (clavicle) ¥1ewne
- V5 903%lATIN 5 SEAUABINU V4 Wununt1vessnus (left anterior axillary
line)

- V6 903%lATIN 5 SEAUARINU V4 WiInsinanvessnus (Midaxillary line)


http://www.bem.fi/book/15/15.htm
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Mid Clavical
Line

Line

s 117 FUTUINITAR electrode WUU chest lead
(ﬁuw . https://www.nottingham.ac.uk/nursing/practice/resources/cardiology/function/

chest_leads.php)

Isovolumic relaxation

Ejection Rapid inflow
Isovolumic _\ /‘ Diastasis
\ Atrial systol
contraction ' /— Y b 1al systole

120 Nokio /Alortlc valve

100 valve -h\C N
= = OPens S BRI ~~~Aortic pressure
T 80+ O 2= NP L N aseses vt
£
< 604
o
3
2 407 ve
L A-V valve
8 20

closes . a c %

0 L AT SRR e, e =S —— T AN———_ Alrial pressure
1301 f /\_ Ventricu{ar pressure
% fer=" Ventricular volume

90
E R
]
= 50- -

P
A \/—/?\— Electrocardiogram
8

3rd
M W’ Phonocardiogram

Systole Diastole Systole

JUM 2.16 asuwmn1saiiistuluiasnisiauvesiila wagauduius sewineudu veanlariewne q

AuLan

(#1311 : https://www.benbest.com/health/ECG.html)
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2.4 Arduino Board

Arduino 1Juvesalulasaeulvsiaesnsena AVR AifinsimuLuy Open Source Ag

[
v Y

s Unmedoyanssny Hardware uag Software #3 uasa Arduino gneenuuudbildsule
Nt mmzé’m%’uﬁﬁlué}’uﬁﬂm ﬁaﬁcﬂsﬁqmé’mwmmé’mﬂm udis Waunsegonstasivade
wIolUsinsunalaonme

U8sa Arduino iAdnudelunisnegunsaliaiy lags ba1ua1us0m 93y
3i8nseflrdanneusnudideuseduniinn /0 vasuesn Wiaitenuazanaunsaidense
fuvaiaLasu (Arduino Shield) Usztnnsnge) 1o Arduino XBee Shield, Arduino Music Shield,
Arduino Relay Shield, Arduino GPRS Shield \{u@u dndeuiuuasauuuesa Arduino uda

WeulUswnsunaiuselaas

E‘U‘ﬁ 2.17 Arduino Board

(ﬁu”l : www.thaieasyelec.com/article-wiki/latest-blogs/what-is-arduino-ch1.html)

24.1 Arduino Uno Board
Arduino Uno 1Wuussalilasneulnsaiaesfily ATmega328 (wiudoya) funm /
e 14 Bune (6 amsaldiluednn PWM), 6 Bunauwuuswiden, duslewumesiesiin 16
MHz, nsieuso USB, wialw, dauwa ICSP wazUusidn ﬁuﬁnﬂaﬂwaﬁﬁ%ﬂﬂuﬂwsaﬁuauu
llaspeulnsaaes:  eudeusesiuneuiuneismeaeada USB  wieldozunuinesnse
LumAes AC-to-DC  titesuduldaulno  unnsnsanuedaneuniieusiosanlallglsdy

AUAN USB Luueynsuves FTDI willnndnuaizues Atmegal6U2 (Atmega8U2 falnaddu R2)

i
Falgsumsaalusunsuduiudasdeyyiauuu  USB-to-serialRevision 2 ¥8supsa Uno i
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frumuieans HWB 8U2 Tudsitustlsinesontsldadluluun DFURevision 3 weuainil
AnuautAlvifaralUi:1.0 pinout: Wiiuvsm SDA uay SCL fioglndfunyn AREF uazdn 2 vium
Tainseglndiuen RESET IOREF foyanalilausuliidrduusssiulniiidamanainvesn Tu
owanldasdiuldiuisuesailld AVR Saiausiudu 5v uasde Arduino Due fivaiufy
33V faesfeniilildideudedarulidmiuinguszasdluouames RESET fufeundstu
Atmega 16U2 Wagu 8U2"Uno” minefian1wndmnduaszdiiosn Arduino 1.0 Uno uaziiesdu 1.0
au1duestue18awes Arduino Aluduntt Uno iugauasa USB Arduino juaiaauaziiu
lpagedsdmsuunanesy  Arduino;  dmsunisidSeuiisuiusuneunihgavivesuain
Arduino

Arduino Uno R3 fd1 Uno Wumwidna dawaimils iuuesn Arduino fuusnil
wAneenIn fivuin Uszana 68.6x53.4 mm. Wuuesmnasguidenldananniigs esannidy
yasanedmiu nsiususeud  Aduino Azl Shields Ihdenldewldunnnituesa
Arduino Judue fleeniuuin wigannnia Inguese Arduino Uno ldfinnswamnizessn Faug
R2 R3 uwazjugesiddeuduled 1Wuuuy SMD 1Huveda Arduino #ildSuanaieusnniian
dominsaliung wazdwlnglusian wey Library sinee TiRmuuen Support awdnedety
vodnildundn uasdefdnednedonsdiil MCU el ruannsndounuasueddie Arduino
Uno R3 5 MCU ity Package DIP

2.4.2 uvumssulusunsauu Arduino
2421 WQeulUseNIHUUABNN MBS NIUN19LUSLNTY ArduinolDE ¥ 98111500171

nanalnain Arduino.cc/en/main/software

JUM 2.18 nsi¥eusioseninglusunsy ArduinolDE uaruasn Arduino

(ﬁm'] - https://www.thaieasyelec.com/article-wiki/\atest-blogs/what-is-arduino-ch1.html)
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2.4.2.2 vanideulanlusunsuiseuiesun dldenuidanuvesa Arduino ild

aevuneaY Com port

File Edit Sketch[iools] Help

Auto Format
Archive Sketch
Fix Encoding & Reload

sketch_oct17a

Ctrl+ Shift+M

Serial Monitor
| @ Arduino Uno
Board ’! Arduino Duemilanove w/ ATmega328
Serial Port | Arduino Diecimila or Duemilanove w/ ATmegal68
| B >' Arduino Nano w/ ATmega328
Arduinc Nano w/ ATmegal68

| Burn Bootloader

Arduino Mega 2560 or Mega ADK
Arduino Mega (ATmegal 280)

JUT 2.19 1&ensuuasn Arduino 719B4n13 upload

(‘171'111 - https://www.thaieasyelec.com/article-wiki/\atest-blogs/what-is-arduino-ch1.html)

=

ol Fite Edit  Sketch {Tools| Help
' | Auto Format Cirl+T

Archive Sketch
~ SRtch_ogg ( Fix Encoding & Reload
f Serial Monitor Ctrl+Shift+M | i
Board AN J 8
' Serial Port Mov | COM33
, i o— & 4 |
' Programmer >

! Burn Bootloader '

JUM 2.20 (Fenvuneay Comport ¥83Ua3n

(‘17‘im : https://www.thaieasyelec.com/article-wiki/\atest-blogs/what-is-arduino-ch1.html)

2.4.23 nayy Verify il onsi3gaunugnaauas Compile lanlusunsuainiuna

Uy Upload 1An lUsunsuludsuata Arduino H1unsae USB iedulvamieuiosuds suans

=

Y9ANULAUT AN “Done uploading” wazussnagisuyingumuiideulysunsulilaviui
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2 Biink | Arduino 10 = 2D Blink | Arduino 103" e
(O

SUT 2.21 ms Verify Tusunsy

(flun - https://www.thaieasyelec.com/article-wiki/latest-blogs/what-is-arduino-ch1.html)

2.4.3 duUs8nauved Arduino Uno

1. USBPort (gLoadnesn) 19dwsuderty Computermpuiiainges) iosulnan
Tsunsudn MCU (Bude) wazdelnliituuesa

2. Reset Button G vaaviaw) Wul ResetGlan) Tnaiflafosnisli MU (813
) 1Funsvhenilvel

3.1CSP Port (loTioadl wasn) vas Atmegal6U2 (wevisin1 wiksvingy) umnesaild
lUsunsa Visual Com port (337U may W) Ul Atmegal6U2 (Wovium wﬁwﬂm)

4. //OPort Digital 1/0 (lalewasn: fdnea lelo) fausvn DO F3 D13 uanand uns
Pin(fin) Agvvifidy o sndudie 1wy Pin0,1 Wi Tx,Rx Serial, Pin3,5,6,9,10 uag 11 18u

21 PWMHsuLTaLe1)

g o

5. ICSP Port Atmega328 (lodieai wesn woviuniauassudn) tJunasav 14
TUsunsu Bootloader (yalanine)

6. MCU: Atmega328 (18udy uenmniawaosuun) 1y MCU (8u3e) Alduuuein
Arduino

7. /OPort (lelenesn) uenanazidu Digital 110 (Ranea loleo) udr Suudswdu dos

[y

Uiy eUIAeN AILAYT AO-A5
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8. Power Port (W11195 wass) lwideswasuasaiionainisaneglulviulisasnieusn
Usenaumelwides +3.3 V, +5V, GND, Vin
9. Power Jack#13t383u3n) $ulwann Adapter(eunuines) aefiusaduegsenin 7-

12V

a o

10. MCU (181dg) w0 Atmegal6U2 (wemiunn uiilsungy) 1u MCUWSuTy) ivin

Y

[y

ni17idu USB to Serial(groad v §15u7) Iny Atmega328(uoniuniauassuun) azfindeoiy

Computer(Aaxiianas) H1Y Atmega16U2(LLav1Lammi'jWﬂ§Jnﬂ)

4, wasa /O

3. wodn ICSP < dwiu USB interface

5. wadn ICSP :
Atmagas2s

6. MCU : Atm

9. 401 Power e R
Jack 1112V =

7. vofa vo

8. wasn Power hp

el O I3 BO)

sUN 2.22 wansdauusenauwes Arduino board

v

(fian http://www.mindphp.com/forums/viewtopic.php?f=79&t=38756)

25 ﬂ'lif‘li’)ﬂil'l\iﬂﬂﬁlﬁ’h&lﬂqiﬂﬁ
nsils Wunsesialaeandons ety dslaemluudn asiniosgaedls wielddniau
Fuidendn yils (Stethoscope) msilafiuntsnsausntsalussuuiila aeadon ssuumiela
WALSTUUMUAUDINIS
251 wann1ss
1) Weens1anesleu lidessuniunieuen
2) At nsflsannuuasans wiedneluean Wewseuiioudesilalussauieontu

wu nsiledesmela @eeiila esilanduniiasssuiieui
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3) syfansnsgnuiuresvieansss warivedpaluidendiuvioaisens vidoyils
BsdruunagshliAndessadonddiu

4) nsldnitadiuuen sunul viseaundu (Diaphragm) gxaedasiifianudsili
Aowas vl ABuAssTiiauigafinty

5) msldyilsdnuendungie viefusedl (Bel) agltiladssiifinawigauazi
Unfaglditadeadesifamion

6) msldyildlusimisiidosnisasasa Limsiddiunda vieduhuded iwszes
yhlvidesiildBuiianatn vielidaau Fufnnnadendduiedn dududsldneyilsuuide
yievuntheniitiou nszazilviAndesds Tudaeu uazeraiinund flhemsnondeludiud
waaafennsils Swdhendauun Wldimnou wasfdthedifiimiwiann aasldity
ugnanniney vieduieiiiuiianinng Adeddifidentu Sazduasidessuniuld

2.5.2 3819le 1 235 Usenausy

1) nsilalagnse (Direct Auscultation) manefanisilemeyilalagass laiimdinans
vieweiedle iy ludusyn deameladsing deomdladiaianain Tnsldvuuuiuetonsiay
#ls vdoidsninnszann (Splashing Sound) wuldlufisfifinrgasuvesild (Budy

2) nsitalagldiaIesile (Indirect Auscultation) nuiefansilelaedinals dudedl
w3asilenyaslunissuilanelrladudaauyy Jagdulieuld Stethoscope #1de azminunnuag

Toean

2.6 e (Stethoscope)

stethoscope 113N A1WININAD Stethos LA 137990 LA SCOPOS wlai1 Ny

7579 LengunsalulignAnduiumiasawsniiieldlunisnmiavsuen Tuefnninsiasianiy

Y

H U7 eelin1siadesveseervniglu unndazdesliyuuuiusianieves vrgluuium

o

foasilslagnse Feluunasailaaiuin wasasuanuidntdazainlaieEnsianasygnnsig

(%

4 Stethoscope Hd1ulsznou AYil
2.6.1 @wuan (Chest Piece) 31 2 s AiasunsIe (Bell) loiludeanininuden wazauiuy
(Diaphragm) lladesniinudgs wszlanseudesniaiudsiesn Jainguszasaveanisile

[

PIADIAIUILANNNY PIT
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Bell MHiflonsrvaeuiadosin Wudssilafiinund wazides bruite nawune Toiyils
LuUUUA YR e eideansilanniian Tneneung tiensesedesgsesnly vinlMdese
Fonautu uwidhnause axldBumiiounisitadedu Diaphragm AafludusgedaLaund

-Diaphragm I%Lﬁamnaamﬁmqa W @oenela @esilaund wazidusanld 1ag
nsnemilsasuudiuesssnefidesnsisliuuuuiy lallshdamee swazvilrlfBudos
Anund nsnsarlinausas S1nause AamdavesdUasdiudignan azvimtiind1oyils

AU Bell dangliladuLdessn

(%
9 v

2.6.2 @y (Ear Piece) dmiuils Tdldynsansdn msivwanemunziuyesy 393zlagu

Y

(%
Y

Foauuagliiduy msguanwaretnvesspivaeiiliandude

Y

2.63 @wen (Tubing) WouTyninedIuuen wavdIuy ANEIUTBNIN 2545 LGURLUAS
AIUNANkalae8 98w 89N laTRaU we kASAULIN TN LWSIZa1il 813 lva aalnadanu
Al viiedldasenunifuly wiedldaeenunifuly enagviluiladeslaiun

NaUNR

2.7 wuwasides 9812 MAX9812L

MAX9812 tuBunmien / g fmdseedwayiud 20dB dauiadnuazfndes

A A 3

sunustuidmivgUnsaldsannm Wy wauied Tusdwillefie wae PDAs Lounwdvneioasd

[

fa  cal ¢ . | O wa Y] ) ~
LUUAINNN 500kHZ LLagL@'Wl‘V\!V]LL‘U‘U 5W|ng—to—rall UBNINUTIUAUEUUANITUTENTANAIIT1UN

9

wanunany: nTeudlvdeiies230 HA wasluinlapiesitisannasinvesnseudvindtouas

nssualudana 100 nA

SUTl 2.23 wuteedidns 9812 MAX9812L

(‘17'1Im : https://www.arduinoall.com/product/3020)
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2.8 ECG Heart Rate Monitor Kit AD8232

N

371 2,28 mssie ADB232 11U Arduino

L@
theoryCIRCUIT.com

(i - https://www.arduinoall.com/product/1840/)

o o q

Tugadn@inas wuu ECG lidmarsiondwsduuuu Analog adulaldla (ECG w3e
EKG) Wuedasfioifedenldidudszinievsndiunsiewesssuulifiauagnduilovesiile

AANUR

- ganuuuNlLNvIERaENIa YA biopotential wundnluiififian1ie Al
Foeiuguiiaddulneniseasuiivsesuntivestalnisrerlna

~ Single Lead Heart Rate Monitor \Juvesauszudamldaneildintanssun
Tuiiweiala

- AD8232 WugmmuaNdyRnaluysnsdmiun1ns e inndulnividlauas
biopotential 3 9

- ECGs 919ilBBasunauann AD8232 Single Lead Heart Rate Monitor vinutindiu
op amp wieelun1sudmaaitaauaingis PR uaz QT legiedienie

- Aanssumalidamnsavindu ECG vi3e Electrocardiogram waztevinviduiuy

91UBUNADN
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2.9 Python

unwideulusunsuseavgeildduesgraninannsdunisdoulsunsudmsv
fnquszasdilu am Python tuasislag Guido van Rossum wazgnuueunsasausnlud 1991
Python Wutfunwwuy interprete ﬁliq]ﬂ’e]’e]ﬂLLUUI@Hﬁﬂ%ﬁyJ%WﬁQSﬁﬂiﬂﬁﬂ’e)l’]ulﬁgﬁ’m‘ﬁu uay
Tssadumasnwituagyililusunsmaesansadlauundenindeuldalngldivssinfivo sa
AheEe Crt uay Java Fanwdugniwusliillassadiefindalinindeuldadladnedts
TulUsunsudntuaudalusunsuvunive)

Python Hufiamantiidunivideulusunsmuuulauninduazdszuunisdanisg
yiireaudsalulfuazatvayunndsulsunsuvateguuuu Aszneulusie nsideu
Tusunsadeing imperative madeulusunsuuuuiivddu wagnsdeulvsunsuwuudunou fud
lausTafiaseungunisviuet ey

FauUs 191 (Interpreten) w83a81 Python tuillildlunateszuvufifinns il
TAawe3n1w7 Python @1unsasulusyuudig o laegendisuang CPython tuduntswauily
poudiuved Python dadhlusunsuuuy open source Wagiguvudmiuidusunuulunisimun
Hesonifuldfinnirluimuinssaneluesasanmais CPython tusgnimnislasesdnslal
uaemanilsedns Python Software Foundation

29.1 UsyiRuesniw Python

Aw1 Python muiind uluvaned 1980 uazniswanive wiud udului susuie
1989 Tna Guido van Rossum 7 Centrum Wiskunde & Informatica (CWI) Tudssmauisesuaus
eslufuszauanudisalunisasrenie ABC fiflaauansadiviunisianistofianatn
(Exception handling) Lagn13AnnenNaIunuseuuU]URN15 Amoeba &4 Van Rossum iy
ALBEUNANYBINTYY Python wasvmiidunatslunisseauladmsuiianisniswauives
AW Python

Python 2.0 I¥gnireunsluiudl 16 nanay 2000 wazfiquaudfluifilaneu 7
Usznauluiie cycle-detecting garbage collector wagatiuay Unicode fumsweunsadad
nsvuaun sl dasulUTnans A uiaungae Community 1nna
Python 3.0 @dlgfinswaununneuniniduaylgdreddneldfedn Python 3000 w3 py3k) sfu

Dunswauniiudeuwdadlvagnunn uwasiiudhiuiu Python Tunestuneumilild Flagn
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[ Y

weunsluiul 3 Surau 2008 ndsanildiinsmaaeue giliunaniy auautAvid oy
’ai’ﬂmumaléfgﬂéTauné’UlﬂLﬁa”LﬁLﬁﬁﬁulﬁﬁu Python 139594 2.6.x kay 2.7.x
2.9.2 hensalvesniw Python
A9 Python gnitaundusnlaefanud sladnagliiduniwiigude sfugn
senuuunliflassadndilidudou TaehasldmlunwdingulurueinedulfinTesnune
LA¥ATIAREY UBNaNi Python JeiidoenSuveslasadnaneniutiesnitaug eganuwn C
kay Pascal
2.9.3 Python Interpreter
Python interprete {uduUsnue3n1e Python Wigliannsasulén Python Ld
Falsnulausaumsgruiianansoldamlang Smniluanld® httpsy/www.python.org/ s
Fhuldsunsuiuy source way binary Faldmnilnasluwnanesuiilasuarwdon wenaini
interpreter fsatfuayunsiTeulusunsudy Interactive shell Gadunindeuldaniu Python
wagiiunadnsnsvhauvesddaldluiiug
4an9nil Python interpreter fhanunsmihundousmiuilsddulmifigniannsnan
M C Wag C++ BRUAINAINITAN 1IN ILV4NTEN Python laginedmsudunuily
38573 Extension uazwannaiaduiiusuussls

N1IANAINTYT Python

2.9.4 arnilvanniwn Python
Tunishincan1w Python andeslunntianinilnanesn1s) Python iieniilvian

TUSWNSUAIABURILABS N

_/ﬁ" Download Python| Pyth. X \\—'S % vg r\‘w

& C'| & Python Software Foundation [US] | https://www.python.org/downloads

Python

& python’

About Downloads Documentation

STt 2.25 wthantilnan Python

(Fisn - http://marcuscode.com/media/54/marcuscode 5KFEIOf9 1000.jpg)
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lunthwesnisanilvan asUsIng Package 1890191 Python @0dn1037u lagas

\HaninRaeTiuagn

Looking for a specific release?

Pythan releases by version number:

Release version Release date

Python 3.4.6 2017-01-17 & Download

Python 3.5.3 2017-01-17 & Download
I Python 3.6.0 2016-12-23 & Download

Python 2.7:.13 2016-12-17 & Download

Python 3.4.5 2016-06-27 & Download

Puthan 3.8 INTA-NR-I7 & newnload

UM 2.26 wihiestuveslusunsu Python

(i http://marcuscode.com/media/56/marcuscode b4vOQd3e 1000.jpg)

Y A

899N T UL T UN 19991985 TU 3.6.0 19A suasniluauved Files aLiiuy
519115984 Python package 7 3895U Itannunannosuiidesnis luaegrsidan "Windows

x86 executable installer” @m5Un1sAAAIUY Windows 183N TulsaauniNIsaNulianay

6
BERGEGTERY
Files
Version Operating System Description
Gzipped source tarball Source release
XZ compressed source tarball Source release
Mac 0S X 64-bit/32-bit installer Mac 0S X for Mac OS X 10.6 and later
Windows help file Windows
Windows x86-64 embeddable zip file Windows for AMD64/EM64T/x64, not Itaniurn
Windows x86-64 executable installer Windows for AMD64/EM64T/x64, not Itaniun
Windows x86-64 web-based installer Windows for AMD64/EM64T/x64, not Itaniun
Windows x86 embeddable zip file Windows
I Windows x86 executable installer I Windows
Windows x86 web-based installer Windows

gﬂﬁ 2.27 519M15989 Python package

(#isn - http://marcuscode.com/media/56/marcuscode_bdvOQd3e 1000.jpg)
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295 ASAARIATH Python

vdsnildvinisainiluanniw Python Beufesuds soldezidunisindeniu

Python aduumesfimesvesnudmiunslsulusunsy dslu Software package sildnay
Inanunazdsenauliaieniewn Python LLazﬂmamﬂ’ﬁLﬁmﬁmaéN Python Interactive shell
Documentation Pip la¢ Python test suit ﬁiaim“f]u%’jumaumsﬁmé?mww Python Tu Windows
Tilufianuifinannidlnanniwn Python Luazadniilwg "oython-3.60.exe” uagaanil Run'
wé’qmmfuwﬁﬁ@fwuaqmsﬁmﬁq%Uimggﬂ?um adnLaond 'Add Python 3.6 to

PATH" iolsissuurhnisivun PATH wWislinten Python @nansavhenléiu Command line
dalusi@luynil Adndt “Install now” diaiunsfiadani Python AnD1RRzIUABULUAN G 0N

Fmsunsinsasedeadagidand "Customize install’ Wy LASUADUATNADINITANRS LDusU

€

Install Python 3.6.0 (32-bit)

Select Install Now to install Python with default settings, or choose
Customize to enable or disable features.

® Install Now
Ci\Users\marcuscode\AppData\Local\Programs\Python\Python36-32

Includes IDLE, pip and documentation
Creates shortcuts and file associations

< Customize installation
Choose location and features

Install launcher for all users (recommended)

or
windows §¥ Add Python 3.6 to PATH | Cancel

pgth?n

SUH 2.28 wthAnealusunsy Python

(ﬁuﬂ - http://marcuscode.com/media/60/marcuscode j7JhNjOI_1000.jpg)

59UNINITAARIALLATY NAINTNITARANATIAULEY AAN "Close" wileLasadunns

[

fns 1191 Python Tuneutllafa@sn1w Python 138usosudnazniounaz@oulusunsuly

2191 Python salulsnazyinnisnssageunisinne lagliilda Command line Yuun wagiuw
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ANda "python" sazlanadnsasil Fsdednishnsvaseauysel wazandunisdig Interactive

1§ Administrator: Command Prompt - python

Microseoft Windows [Uersion 6.2.926081
Cc)» 2012 Microsoft Corporation. All rights reserwved.

IC:swindowsssystem32 >python

L1
»

“"copyright', "credits" or "license" for more information.

gﬂﬁ 2.29 %11 Command line TulUsinsy Python

(‘17'im - http://marcuscode.com/media/62/marcuscode_EKnLcmlg 1000.jpg)

2.9.6 M3sulusunsuN1w Python

lunssulusunsumenluniw) Python tulngazdesgniudinluwiuana oy Litesuy

Tsunsaluniw Python 1Wa Command line uagldAds python uagmuaieiegvedlldas

Fogedsansi
python c:\path\file_name.py

2.9.7 Python IDLE
IDLE Jugmasesilonfnsinsaulddmsuniun Python fiuniu Software package
veanmwislaanaglunounti IDLE twduits Text editor uag Debugger Turianfeniu 9

grulgauazaIntunsIeulusunsuluniw Python Wusgneuin

e Python 3.6.0 Shell -
File Edit Shell Debug Options Window Help
Python 3.6.0 (v3.6.0:41df79263al1l1, Dec 23 2016, 07:18:10) [MSC v.1900 32 bit (In
tel)] on win32
Type "copy ht", "credits”" or "license()" for more information.
>>> print ("marcuscode")

marcuscode
>>>

gﬂﬁ 2.30 Wansntn IDLE weslusunsy Python

(i : http://marcuscode.com/media/64/marcuscode pjK76Ynx_1000.jpg)
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nUsmuduntives Python shell Al 1aansaRuiAdadwe iiognadnsnis
o Y v v 1 U Y o U 5 L4
enlaviufindsannats Enter sulddmsunisnaasuuas Debug TWsunsudus wasts1lald

d5U print @195ULERITEAIIUIN "marcuscode”

2.10 Visual Studio Code 138 VSCode

Visual Studio Code %38 VSCode 1ulusunsu Code Editor fldlunsudlonas
Uuusislan 9 nenglulasgeny dnsimuiseninluguuures OpenSource Fsansnsauiunly
uldwuund q idesnisaannduiioadn

&4 Visual Studio Code 1 ungdmsutiniamlusunsudigosnisldaud
wHanNasy iaﬁumﬂsz’j’muﬁu’wu Windows, macOS wa¥ Linux aﬁuayuﬁqmm JavaScript,
TypeScript wae Node.js annsaidonsioru Git I darldauldielidudeu dindededu
ve1eig 9 Tidenldedaannuan lidagdy 1nsdeldauniwmau 9 W AE0 C+, CH

Java, Python, PHP 7158 Go 2.Themes 3.Debugger 4.Commands WWudu

) Visual Studio Code

Veysian 1.17 is.now @vailable* Read about the new features and fixes from Septemben

File Gl Ve GEts Wel

Code editing.
Redefined.

Download for Windows

takile £ d

vs

B e it

omacer @ Hodo RACHT el U U Tyeiog @

P FLTN A [gm =] =

UM 2.31 wansvihanidlnanvealusinsa Visual Studio Code

(‘17‘im : https://www.mindphp.com/images/knowledge/012560/MT19-27-10-6002.png)


https://www.mindphp.com/%E0%B8%84%E0%B8%B9%E0%B9%88%E0%B8%A1%E0%B8%B7%E0%B8%AD/73-%E0%B8%84%E0%B8%B7%E0%B8%AD%E0%B8%AD%E0%B8%B0%E0%B9%84%E0%B8%A3/2159-microsoft-%E0%B8%84%E0%B8%B7%E0%B8%AD%E0%B8%AD%E0%B8%B0%E0%B9%84%E0%B8%A3.html
https://www.mindphp.com/%E0%B8%84%E0%B8%B9%E0%B9%88%E0%B8%A1%E0%B8%B7%E0%B8%AD/73-%E0%B8%84%E0%B8%B7%E0%B8%AD%E0%B8%AD%E0%B8%B0%E0%B9%84%E0%B8%A3/2091-opensource-%E0%B8%84%E0%B8%B7%E0%B8%AD%E0%B8%AD%E0%B8%B0%E0%B9%84%E0%B8%A3.html
https://www.mindphp.com/%E0%B8%84%E0%B8%B9%E0%B9%88%E0%B8%A1%E0%B8%B7%E0%B8%AD/73-%E0%B8%84%E0%B8%B7%E0%B8%AD%E0%B8%AD%E0%B8%B0%E0%B9%84%E0%B8%A3/2124-windows-%E0%B8%84%E0%B8%B7%E0%B8%AD%E0%B8%AD%E0%B8%B0%E0%B9%84%E0%B8%A3.html
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2.11 Graphical User Interface (GUI)

GUI 69311970 Graphical User Interface GUI (81u1 3gle vile ne) fie n1siasariy

Altlaeldnmddnwal WunseenwuudmvedlUsunsureuiumesliinisldneuiudld oy

[

N5 Ilcon, 3UAW wazdydnwaldy 9 i ounudnwMeeing 9 veelusinsy unungldaeiud

&g 9 lunsvheu drevilvdldauanunsaiaulade waysasuy idndudesandn

Y

Adasng o vaslusunsunnin dewduisnishinnuazainundldreniiunes TiRnredoarsiu

52UUlAEN UNIIAW LU TTNdnatden icon WAUNISRUN ANE 99w nou Laganigluung

' '
(% N o W

TUsunsunfiAdaann o i JUsunsy AutoCAD AlgTunsnanuy @sagdl Adsane o Alalunis

v (3

as19guunug {l9ansaldisdng (mouse) LonAd 97 Aoan159291A310 Icons AU INg Ly

'
[

TUsunsuuayldaulaias Tnglddosfinviadanng q mawtufud drevhliiaausiasalunis
e waglddeadanatunisifousieandiA1deniden1sunin Weswan lcons NUsnglu
TUsunsunaunsaldauldnud  Medrelusunsufidiseenwuulusunsuiild GUI wu Microsoft

Visual Basic 1Judu
2.12 @unuansiadesveunia

10easRn 1187 (Aortic valve) 32273 Stethoscope 1iUsama1195e131981A5987
2 8% 3 M NATUVI

Waluun$3 1782 (Pulmonary valve) 98374 Stethoscope TiUaimaaineszning
Hn3339 2 war 3 Medudie

Insealia 2787 (Tricuspid valve) 98973 Stethoscope LiUsnaimesineseninedlase
F7 5 uaz 6 MeFaute

Tunsa 1d7 (Mitral valve) 92314 Stethoscope 1ushatosineseninedlasdd 5

WAL 6 NATUVIN



Sites of auscultation
(heartvalve areas)
Aortic
Pulmonic
Tricuspid
Mitral

Location
of heart
valves

Pulmonic
Aortic
Tricuspid
Mitral

SUM 2.32 uanesiuemisn13079 stethoscope Litefladnsiiila
(Fan - https://dm3omglnln7zx.cloudfront.net/rcni/static/journals/ns/32/5/ns.2017.e10965/
graphic/ns v32 n5 44 0002.jpg)
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Tuunfidiaueniseenuuuyilaunmdwuudidnnsednd  (Electronic  Stethoscope)

wazn1sinrdulniiwilanuy standard limb leads TneUszananauulusunsy Python
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3.2 lassainvvesssuuyiaunnduuudidnnsetinduasnisiardulninile

ECG Analog signal

processing

AtoD Computer

HEART
SOUND

Analog signal

processing

0

U7 3.1 wanalpssadswessyuugilwnnduuudianvselinduaznsiandulihiile
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N30ONWUUTEUUNIMNALUIUN 3.1 Usenausie 2 seuu A 1. ssuuinadulniiile

a «

Ingld AD8232 2. wilsunmduuudiannsedind lnevisaessyuuinanumiuiiondneJudy oo

£
1 o

auden (Analog) uar wlaududgyanuidsea (Digital) Bunnszuiuntstiinnisulasdeyg o

T o

o

sunaendudyguidnea (Analog to Digital: A to D) legld Arduino Uusiulasdeyee

PNUULILIATIZALAE LEnINaULLUTINTY Visual Studio
3.2.1 AUTIANIS

32.1.1 gunsal

] ¢
A1 3.2 gunIa

T =) e e

1 AD8232 module o[k

Tadaaedulniiiala

fem

S X a’ v -
@ sparkiun 3¢ @

2 Arduino Uno Board Microcontroller

-« o
3 | Stethoscope f Heduswasila
//
&=/
4  Condenser SudtyaauLdes

microphone




A5 3.2 (W0)
5 MAX9812 audio

amplifier

6 Jack 3.5 mm wire

7 TRRS Breakout

8  awlw

9 | Yievin

3.2.1.2 FURDUNITYIN

42

SRR GRANG RN

UL

QN
2°
=

GUEGN

UasaLendgay

Weuseaunsal

Viuanelyl

11 Stethoscope W16ARIIEIU ear pieces 00N WAIEIU diaphragm 9AAAU

condenser microphone lne#l condenser microphone UnAN3LWI Va8 jack 3.5 mm. 31nUu

o 1 vy oA Y] = & O i Ya Y a
U'ﬂflaﬁallqVINLW@ﬂ@QﬂUﬂ'ﬁLaHV"IH NIDVIND TRS ll']maiﬂ%ﬂlﬂll"lﬂma;ﬂ
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U7 3.2 wanspilwnnduuudiannseind

- ganSanglndian High uas Low 189 MAX9812 module wdaiiwa High siefiuwn TIP

wagY1 Low #iaiun Ringl ¥8s TRRS Breakout annuuiuilUsewdivliga audio amplifier

MAX9812
- dhlusiaiu Arduino Uno waudsulusunsuiiowdasdganuanadneauouten
Tutunousialy

3.2.2 pugeniLIs
3.22.1 ECG

d1uwea ECG monitor 914 Arduino Uno sieidiniu AD8232 ECG module fagui

3.3 udwihn1ssie simple lead Auseneinaaedlaglddianinsaunn wasidewlusunsy Arduino

P 9o
Welid g auuaasnauulusins

SUT 3.3 uanauNuRanSHeAduINo uno U AD8232
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STl 3.4 uansn1sseArduino uno U AD8232

Arduino code

void setup() {

Serial .begin(115200);

pinMode(10, INPUT); // Setup for leads off detection LO +
pinMode(11, INPUT); // Setup for leads off detection LO -
}

void loop() {

Serial.printin(analogRead(A0));

delay(10);

}

A3nvilavinisRenlusinsueghiiassuiiionsiagdaanauasAinwidnunsves

Syananduliiiladefas i lu@euluswnsalunasindym asely
3.2.2.2 Electronic Stethoscope

N INvidIuesawIsiasa 1 MAX9812 audio amplifier undefuuese Arduino

Uno 3.5 wialdnanaluluswnsy Arduino
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PE
@ucct® /|
11
36ND | 4
@outrp s \J

SUM 3.6 UARINSABAIUING Uno U MAX9812

void setup() {

Serial.begin(115200);

pinMode(10, INPUT); // Setup for leads off detection LO +
pinMode(11, INPUT); // Setup for leads off detection LO -
}

void loop() {

Serial.println(analogRead(A1));

delay(10);
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Az AnvlavinnsdeulusunsueglullesiuliionsiagdaamuasAnwidnume

vesdyeandssilaie Nz lu@sulusunsulunisindeygune 1

g‘dﬁ 3.7 4a@nan1398 AD8232 module Haz Electronic Stethoscope iU Arduino board
3.2.2.3 Arduino Code

nasa et AD8232 module Way Electronic Stethoscope Uanmaltafiu Arduino
Board U&7 flagyiinisii udnliiu Arduino ww3ae Tunasld Serialprintln (analogRead( )

Arduino Board Mignunsaiiazugniniinvedidesiilalidesaniueudndyniidn

void setup() {
// put your setup code here, to run once:
Serial.begin(115200);

timer = micros();

ADCSRA = 0; // clear ADCSRA register
ADCSRB = 0; // clear ADCSRB register
ADMUX = 0; // use ADCO

ADMUX |= (1 << REFS0);  // use AVcc as the reference
ADCSRA |= (1 << ADIE);  // Enable Interrupts
ADCSRA |= (1 << ADSQ);  // Start the ADC conversion
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ADMUX |= (0 << ADLAR); // Right adjust for 10-bit resolution
ADCSRA |= (1 << ADPS2); // 16 prescale for 16Mhz

ADCSRA |= (1 << ADATE); // Set ADC Auto Trigger Enable
ADCSRB = 0; // 0 for free running mode

ADCSRA |= (1 << ADEN);  // Enable the ADC

I aa

dlovinswndesa3daludu ATmega328 Aazsudayaidmilu Arduino sdevntiuazyil
m’:ﬁLLUaaé’qmpmawnﬁmmﬂmauwﬁaﬂiﬂLﬂué’igagmﬁ%maa FaazLAuAly Doc “HS” wag Doc

“BECG” wanazynanlunanaluluswnsuaald

if (tmp == 0) {
Au0 = A
DCL | ADCH << 8; // Right adjust for 10 bit resolution
doc["HS"] = AuO;
ADMUX++; //-add 1 to ADMUX to ¢o to the next sensor
}
else if (tmp == 1) {
Aul = ADCL | ADCH << 8; // Right adjust for 10 bit resolution
doc["ECG"] = Aul; serializeJson(doc, Serial);

Serial.println();

ADMUX++; }

3.2p.2.4 Visual Studio Code

vaaanludatayaan Arduino andslusunsy Visual Studio Code Litefvgidoyad

uAninAlauansuy GUI wuuisealniuagannsaduiinafiwanslunsmiluuiuuves Excel

a



timestamp = datetime.datetime.now()

workbook = xlsxwriter.Workbook('result '+ str(timestamp.strftime("%a")) +

non non

+ strtimestamp.strftime("%b") + " " +

str(timestamp.strftime("%d")) +

non

strtimestamp.strftime("%Y")) + " " + str(timestamp.strftime("%H")) +

str(timestamp.strftime("%M")) + str(timestamp.strftime("%S")) +'xlsx")
worksheet = workbook.add_worksheet()
worksheet.write('A1', 'HS')
worksheet.write(B1', 'ECG")
row =1
for hs in buff HS:

worksheet.write(row, 0, hs)

row += 1

row = 1

for ecg in buff ECG:
worksheet.write(row, 1, ecg)
row += 1

workbook.close()

+

48

lAnduuusanadsiiudayadautuiinlugduuuaes Workbook Tulusunsu Microsoft

excel

gﬂﬁ 3.8 wanalanuuluswnsy Visual Studio Code
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[ records programs - [m) X

@ status

Heartsound

A€ Q=R

350 — b

Stop
300
250

[} 200 400 600 800 1000 1200

Electrocardiogram

AE> PQ=E2B

600
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400

300

200

200 200 600 800 1000 1200
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N SN\ A N

3UN 3.9 wananluvtisaues GUI

3.3 11924 stethoscope YUz UUNINANNITNARDY

[

Tunsneaesdnhlevinnisanyilaunmg (Stethoscope) USWImaneiudng Yeein

' [

= I (% o

FEMINYIATITN 2 waz 3 Feazladuldssnladnnanyia S1 wag S2 vilvsiunsanis 2 1desildn

q

%

lngagdanudgnnnasidniau 12 au

UM 3.10 wansuSnaiing stethoscope vauztiufinAnmsnaaes
(#an : https://i2.wp.com/upload.wikimedia.org/wikipedia/commons/thumb/d/df/Thoracic_landmarks

anterior_view_heart_ausc.svg/489pxThoracic_landmarks_anterior view heart ausc.svg.png?w=8198&ssl)
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JUM 4.1 ununnuansn1sindaaiaedulniihilatesdesila

4.1 asveasudggaaInn1see Arduino Board Inensiisulusunsy
4.1.1 dyared ECG 31ndKiin1snaaed

MNITIALAENITEY AD8232 module Aatnu Arduino board

[ Y

¥ndeyey1eu ECG uulusnsu Arduino
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T
0 A
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i

VI

JUN 4.3 uanediyaras ECG uulusinsy Arduino

4.1.2 dyey0ddeeaInmEnaaes
n13ialaenashy Electronic Stethoscope 7¥inn1s@eny condenser microphone

uag audio amplifier lFBUTOUNAD

o

JUM 4.4 fihmsvmeaaesmdsindaysyraudediaeld Electronic Stethoscope uwlUsunsu Arduino
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UM 4.5 uansdryyraudelasld Electronic Stethoscope uulusngs Arduino

@2y JIbs
4.2 dygraninisialaannisilsulusunss
4.2.1 Weulusunsuuansnadayaauulusunsieiniy

nnsindaaalaen s eulusunsuLuun 1w g lulusunsuenly asvilvinoe

E:\J’ AYINEN 'ﬁﬂ‘lfﬂ Vadlan ’]lwmaflﬂ']{l,uf\] ’]u’Ju‘U‘V“W LW@JGUU Vﬁa LUUﬂ'ﬁLWﬂJ"\] m’;u‘uaﬂammmﬂu 1
a )
AUIN
{ @ COM16 (Arduino/Genuina Una) - u} X
600.0 N N\ /" | |
| M | \\\ [
BN i A
A “ Wratd TN Monin m“fiwfd"?V-?‘n\rww?v‘ww VA /»\&J/‘ \ ‘/‘“\/ Al ‘F’ UJ e[| L Pspaptpna A nr Aasnoaneas
2000 & ' ‘v’ s I t! \) i
I
0-fkg71 37071 171 7271 1 177
115300 baud v

v

UM 4.6 wansdryaunaulaiinsila@uns) wasdaandea@igu) Teeldindossiaosdyanueduluihmle

wazyilaunngdiinnsetind vulusunsuengly

4.2.2 Weuldsunsunansnadygrauulisunsulnseu

vaannInMsdateulusunsudadeyarulusunstegiy Faiteyantauaniniu

lWsunsnviaagalelanlagldnmulnseu vinlviawnsaindyyaisasslansauiu
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JUN 4.7 uansdryeandes uazdygranauliivialavesdiinn1snaaesuulusinsy f3en 1w

4.3 Jufinkantimnassduggnviniimaaes
vinistudinuadeyave sdaayavitaesdya s nuanaiiaun mIeneuluse oen

o 1 J o A o

mMasmeuusgdmniu uazyaaaillsausy e

A £ 4 o
ATNN 4.1 U9YAVBIHANNIINITNAAD

Tnsou

i T
1 56 N .

2 84 N wlaAulnd Iy
3 60 Ve -

a4 65 I -

5 55 Y18 -

6 20 Y18 -

7 59 N -

8 62 Y -

9 39 Y9 -

10 22 MY -

11 22 MY -

12 48 Uy -
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UM 4.9 wansneluiieieansa ndyaanduliihiilasazdesile 1) TRRS Breakout 2) AD8232
Module 3) vasalatan 4) Audio Amplifier MAX9812 5) Arduino Uno
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Product 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 crystal oscillator, 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 Atmega8U2 programmed as a USB-to-serial converter.

"Uno" means one in Italian and is named to mark the upcoming release of Arduino 1.0. The Uno and version
1.0 will be the reference versions of Arduno, moving forward. The Uno is the latest in a series of USB
Arduino boards, and the reference model for the Arduino platform; for a comparison with previous versions,
see the index of Arduino boards.
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http://arduino.cc/en/Main/Boards
http://www.atmel.com/dyn/resources/prod_documents/doc8161.pdf

Technical Specification

EAGLE files: arduino-duemilanove-uno-design.zip Schematic: arduino-uno-schematic.pdf

Summar
Microcontroller ATmega328
Operating Voltage 5V
Input Voltage (recommended) 7-12V
Input Voltage (limits) 6-20V
Digital I/O Pins 14 (of which 6 provide PWM output)
Analog Input Pins 6
DC Current per 1/0O Pin 40 mA
DC Current for 3.3V Pin 50 mA
Flash Memory 32 KB of which 0.5 KB used by
bootloader
SRAM 2 KB
EEPROM 1 KB
Clock Speed 16 MHz
the board
Power
Led
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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:

« 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. The regulated power supply used to power the microcontroller and other components on the
board. This can come either from VIN via an on-board regulator, or be supplied by USB or another
regulated 5V supply.

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

¢ GND. Ground pins.

The Atmega328 has 32 KB of flash memory for storing code (of which 0,5 KB is used for the bootloader); It
has also 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. TThese 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 attachinterrupt() function for details.

« PWM:3,5,6,9, 10, and 11. Provide 8-bit PWM output with the analogWrite() function.

e SPI: 10 (SS), 11 (MOSI), 12 (MISO), 13 (SCK). These pins support SPI communication, which,
although provided by the underlying hardware, is not currently included in the Arduino language.

e 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.
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http://arduino.cc/en/Reference/AnalogWrite
http://arduino.cc/en/Reference/AttachInterrupt
http://arduino.cc/en/Reference/DigitalRead
http://arduino.cc/en/Reference/DigitalWrite
http://arduino.cc/en/Reference/PinMode
http://www.arduino.cc/en/Reference/EEPROM

The Uno has 6 analog inputs, each of which provide 10 bits of resolution (i.e. 1024 different values). By
default they 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:

+ I’C: 4 (SDA) and 5 (SCL). Support I’C (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 Atmega328 ports.

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 ATmega8U2 on the board channels this serial communication over USB
and appears as a virtual com port to software on the computer. The '8U2 firmware uses the standard USB
COM drivers, and no external driver is needed. However, on Windows, an *.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 support 12C (TWI) and SPI communication. The Arduino software includes a Wire
library to simplify use of the 12C bus; see the documentation for details. To use the SPI communication,
please see the ATmega328 datasheet.

Programming

The Arduino Uno can be programmed with the Arduino software (download). Select "Arduino Uno w/
ATmega328" 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 microcontroller through the ICSP (In-Circuit Serial
Programming) header; see these instructions for details.

The ATmega8U?2 firmware source code is available . The ATmega8U2 is loaded with a DFU bootloader,
which can be activated by connecting the solder jumper on the back of the board (near the map of Italy) and
then resetting the 8U2. 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).
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http://dfu-programmer.sourceforge.net/
http://www.atmel.com/dyn/products/tools_card.asp?tool_id=3886
http://dev.arduino.cc/wiki/uno/Hacking/Programmer
http://www.atmel.com/dyn/resources/prod_documents/avr061.zip
http://www.atmel.com/dyn/resources/prod_documents/doc2525.pdf
http://arduino.cc/en/Tutorial/Bootloader
http://arduino.cc/en/Tutorial/HomePage
http://arduino.cc/en/Reference/HomePage
http://arduino.cc/en/Main/Software
http://arduino.cc/en/Reference/Wire
http://www.arduino.cc/en/Reference/SoftwareSerial
http://arduino.cc/en/Hacking/PinMapping168
http://arduino.cc/en/Reference/AnalogReference
http://arduino.cc/en/Reference/Wire
http://arduino.cc/en/Reference/AnalogReference

Automatic (Software) Reset

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 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 the start of the upload.

This setup has other implications. When the Uno is connected to either a computer running Mac OS 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. Three 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.
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http://www.arduino.cc/cgi-bin/yabb2/YaBB.pl?num=1213719666/all

How fto use Arduino

Arduino can sense the environment by receiving input from a variety of sensors and can affect its
surroundings by controlling lights, motors, and other actuators. The microcontroller on the board is
programmed using the Arduino programming language (based on Wiring) and the Arduino

development environment (based on Processing). Arduino projects can be stand-alone or they can
communicate with software on running on a computer (e.g. Flash, Processing, MaxMSP).

Arduino is a cross-platoform program. You'll have to follow different instructions for your personal
OS. Check on the Arduino site for the latest instructions. http://arduino.cc/en/Guide/HomePage

Linux Install Windows Install Mac Install

Once you have downloaded/unzipped the arduino IDE, you can Plug the Arduino to your PC via USB cable.

Blink led

Now you’re actually ready to “burn” your (Do)

first program on the arduino board. To Fle Edt Skebch Tools Help
select “blink led”, the physical translation :
of the well known programming “hello

world”, select
int ledPin = 13; A4 LED connected to digital pin 13
Fi|e>Sketchbook> 44 The zetup() method Funs once, when the sketch starcs
Arduino-0017>Examples> void setun () /4
P . A4 dnitialize the digital pin as an output:
Dlglta|>B||nk pinMode (1edPin, DUTPST:I: 2 g
.
Once you have your Skecth you’” A4 the loopi) method rL-ms over and owver again,
. 44 as long as the Arduine has power
see something very close to the
- woid 1o
screenshot on the right. gy
digitallWrite(ledPin, HIGH): A4 set the LED on
delay (1000) A4 wait for a second
|n TOO|S>Board SeleCt digitalirice (ledPin, LOW): /7 set the LED off
delawil000ay Aéwait for a second

Now you have to go to
Tools>SerialPort

and select the right serial port, the
one arduino is attached to.

1 Y [y

D » d=b o
&
[ R>

Press Compile butt A
(to theck Tor errors] TX RX Flashing St i Lzl
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Terms & Conditions 0]

1. Warranties

1.1 The producer warrants that its products will conform to the Specifications. This warranty lasts for one (1) years from the date of the sale. The
producer shall not be liable for any defects that are caused by neglect, misuse or mistreatment by the Customer, including improper installation or testing,
or for any products that have been altered or modified in any way by a Customer. Moreover, The producer shall not be liable for any defects that result from
Customer's design, specifications or instructions for such products. Testing and other quality control techniques are used to the extent the producer deems
necessary.

1.2 Ifany products fail to conform to the warranty set forth above, the producer's sole liability shall be to replace such products. The producer's liability
shall be limited to products that are determined by the producer not to conform to such warranty. If the producer elects to replace such products, the
producer shall have a reasonable time to replacements. Replaced products shall be warranted for a new full warranty period.

1.3 EXCEPT AS SET FORTH ABOVE, PRODUCTS ARE PROVIDED "AS IS" AND "WITH ALL FAULTS." THE PRODUCER DISCLAIMS ALL OTHER
WARRANTIES, EXPRESS OR IMPLIED, REGARDING PRODUCTS, INCLUDING BUT NOT LIMITED TO, ANY IMPLIED WARRANTIES OF
MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE

1.4  Customer agrees that prior to using any systems that include the producer products, Customer will test such systems and the functionality of the
products as used in such systems. The producer may provide technical, applications or design advice, quality characterization, reliability data or other
services. Customer acknowledges and agrees that providing these services shall not expand or otherwise alter the producer's warranties, as set forth
above, and no additional obligations or liabilities shall arise from the producer providing such services.

1.5 The Arduino products are not authorized for use in safety-critical applications where a failure of the product would reasonably be expected to cause
severe personal injury or death. Safety-Critical Applications include, without limitation, life support devices and systems, equipment or systems for the
operation of nuclear facilities and weapons systems. Arduino products are neither designed nor intended for use in military or aerospace applications or
environments and for automotive applications or environment. Customer acknowledges and agrees that any such use of Arduinod products which is solely
at the Customer's risk, and that Customer is solely responsible for compliance with all legal and regulatory requirements in connection with such use.

1.6 Customer 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 Arduinol products in Customer's applications, notwithstanding any applications-related information or support that may be
provided by the producer.

2. Indemnification

The Customer acknowledges and agrees to defend, indemnify and hold harmless the producer from and against any and all third-party losses, damages,
liabilities and expenses it incurs to the extent directly caused by: (i) an actual breach by a Customer of the representation and warranties made under this
terms and conditions or (ii) the gross negligence or willful misconduct by the Customer.

3. Consequential Damages Waiver

In no event the producer shall be liable to the Customer or any third parties for any special, collateral, indirect, punitive, incidental, consequential or
exemplary damages in connection with or arising out of the products provided hereunder, regardless of whether the producer has been advised of the
possibility of such damages. This section will survive the termination of the warranty period.

4. Changes to specifications

The producer may make changes to specifications and product descriptions at any time, without notice. The Customer must not rely on the absence or
characteristics of any features or instructions marked "reserved" or "undefined." The producer reserves these for future definition and shall have no
responsibility whatsoever for conflicts or incompatibilities arising from future changes to them. The product information on the Web Site or Materials is
subject to change without notice. Do not finalize a design with this information.

Enviromental Policies

The producer of Arduinod has joined the Impatto Zero®
policy of LifeGate.it. For each Arduino board produced is
created / looked after half squared Km of Costa Rica’s
forest’s.
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I: ANALOG

DEVICES Ssingle-Lead, Heart Rate Monitor Front End

AD8232

FEATURES

Fully integrated single-lead ECG front end

Low supply current: 170 pA (typical)

Common-mode rejection ratio: 80 dB (dc to 60 Hz)
Two or three electrode configurations

High signal gain (G = 100) with dc blocking capabilities
2-pole adjustable high-pass filter

Accepts up to 300 mV of half cell potential

Fast restore feature improves filter settling
Uncommitted op amp

3-pole adjustable low-pass filter with adjustable gain
Leads off detection: ac or dc options

Integrated right leg drive (RLD) amplifier
Single-supply operation: 2.0Vto 3.5V

Integrated reference buffer generates virtual ground
Rail-to-rail output

Internal RFI filter

8 kV HBM ESD rating

Shutdown pin

20-lead 4 mm x 4 mm LFCSP package

APPLICATIONS

Fitness and activity heart rate monitors
Portable ECG

Remote health monitors

Gaming peripherals

Biopotential signal acquisition

GENERAL DESCRIPTION

The AD8232 is an integrated signal conditioning block for ECG
and other biopotential measurement applications. It is designed
to extract, amplify, and filter small biopotential signals in the
presence of noisy conditions, such as those created by motion or
remote electrode placement. This design allows for an ultralow
power analog-to-digital converter (ADC) or an embedded
microcontroller to acquire the output signal easily.

The AD8232 can implement a two-pole high-pass filter for
eliminating motion artifacts and the electrode half-cell potential.
This filter is tightly coupled with the instrumentation architec-
ture of the amplifier to allow both large gain and high-pass
filtering in a single stage, thereby saving space and cost.

An uncommitted operational amplifier enables the AD8232 to
create a three-pole low-pass filter to remove additional noise.
The user can select the frequency cutoff of all filters to suit
different types of applications.

Rev.C Document Feedback
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 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.

FUNCTIONAL BLOCK DIAGRAM
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Figure 1.

To improve common-mode rejection of the line frequencies in
the system and other undesired interferences, the AD8232
includes an amplifier for driven lead applications, such as right
leg drive (RLD).

The AD8232 includes a fast restore function that reduces the
duration of otherwise long settling tails of the high-pass filters.
After an abrupt signal change that rails the amplifier (such as a
leads off condition), the AD8232 automatically adjusts to a
higher filter cutoff. This feature allows the AD8232 to recover
quickly, and therefore, to take valid measurements soon after
connecting the electrodes to the subject.

The AD8232 is available in a 4 mm x 4 mm, 20-lead LFCSP
package. Performance is specified from 0°C to 70°C and is
operational from —40°C to +85°C.

One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106, U.S.A.
Tel: 781.329.4700 ©2012-2018 Analog Devices, Inc. All rights reserved.
Technical Support www.analog.com
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AD8232

SPECIFICATIONS

Vs=3V, Veer= 1.5V, Vem = 1.5V, Ta = 25°C, FR=low, SDN=high, AC/DC = low, unless otherwise noted.

Table 1.
Parameter Symbol | Test Conditions/Comments Min Typ Max Unit
INSTRUMENTATION AMPLIFIER
Common-Mode Rejection Ratio, CMRR Vem=0.35V102.85V,Vorr =0V 80 86 dB
DCto 60 Hz
Vem=0.35V 10 2.85V, Vorr =+0.3V 80 dB
Power Supply Rejection Ratio PSRR Vs=2.0Vto35V 76 90 dB
Offset Voltage (RTI) Vos
Instrumentation Amplifier Inputs 3 8 mV
DC Blocking Input’ 5 50 pv
Average Offset Drift
Instrumentation Amplifier Inputs 10 uv/eC
DC Blocking Input’ 0.05 pv/°eC
Input Bias Current ls 50 200 pA
Ta=0°Cto 70°C 1 nA
Input Offset Current los 25 100 pA
Ta=0°Cto 70°C 1 nA
Input Impedance
Differential 10]|7.5 GQ||pF
Common Mode 5]|15 GQ||pF
Input Voltage Noise (RTI)
Spectral Noise Density f=1kHz 100 nV/vHz
Peak-to-Peak Voltage Noise f=0.1Hzto 10 Hz 12 uV p-p
f=0.5Hzto 40 Hz 14 uV p-p
Input Voltage Range Ta=0°Cto 70°C 0.2 +Vs \Y
DC Differential Input Range Voire —300 +300 mV
Output
Output Swing R.=50kQ 0.1 +Vs - 0.1 \Y
Short-Circuit Current lour 6.3 mA
Gain Av 100 VIV
Gain Error Voire =0V 0.4 %
Voire = =300 mV to +300 mV 1 35 %
Average Gain Drift Ta=0°Cto 70°C 12 ppm/°C
Bandwidth BW 2 kHz
RFI Filter Cutoff (Each Input) 1 MHz
OPERATIONAL AMPLIFIER (A1)
Offset Voltage Vos 1 5 mV
Average TC Ta=0°Cto 70°C 5 pv/eC
Input Bias Current ls 100 pA
Ta=0°Cto 70°C 1 nA
Input Offset Current los 100 pA
Ta=0°Cto 70°C 1 nA
Input Voltage Range 0.1 +Vs - 0.1 \Y
Common-Mode Rejection Ratio CMRR Vau=05Vto 25V 100 dB
Power Supply Rejection Ratio PSRR 100 dB
Large Signal Voltage Gain Avo 110 dB
Output Voltage Range R.=50kQ 0.1 +Vs—0.1 \Y
Short-Circuit Current Limit lour 12 mA
Gain Bandwidth Product GBP 100 kHz
Slew Rate SR 0.02 V/us
Voltage Noise Density (RTI) en f=1kHz 60 nV/vHz
Peak-to-Peak Voltage Noise (RTI) €npp f=0.1THzto 10 Hz 6 uV p-p
f=0.5Hzto 40 Hz 8 uvV p-p

Rev. C | Page 3 of 28




AD8232

Parameter Symbol | Test Conditions/Comments Min Typ Max Unit
RIGHT LEG DRIVE AMPLIFIER (A2)
Output Swing R.=50kQ 0.1 +Vs—0.1 \Y
Short-Circuit Current lour 1 mA
Integrator Input Resistor 120 150 180 kQ
Gain Bandwidth Product GDP 100 kHz
REFERENCE BUFFER (A3)
Offset Error Vos R.> 50 kQ 1 mV
Input Bias Current ls 100 pA
Short-Circuit Current Limit lout 12 mA
Voltage Range RL=50kQ 0.1 +Vs—0.7 \Y
DC LEADS OFF COMPARATORS
Threshold Voltage +Vs—0.5 \Y
Hysteresis 60 mV
Propagation Delay 0.5 us
AC LEADS OFF DETECTOR
Square Wave Frequency Fac 50 100 175 kHz
Square Wave Amplitude Iac 200 nA p-p
Impedance Threshold Between +IN and —IN 10 20 MQ
Detection Delay 110 ps
FAST RESTORE CIRCUIT
Switches S1and S2
On Resistance Rown 8 10 12 kQ
Off Leakage 100 pA
Window Comparator
Threshold Voltage From either rail 50 mV
Propagation Delay 2 us
Switch Timing Characteristics
Feedback Recovery Switch On Time tsw 110 ms
Filter Recovery Switch On Time tsw2 55 ms
Fast Restore Reset Trst 2 us
LOGIC INTERFACE
Input Characteristics
Input Voltage (AC/DC and FR)
Low Vi 1.24 \Y
High Vin 1.35 Vv
Input Voltage (SDN)
Low Vi 2.1 \Y
High Vin 0.5 Vv
Output Characteristics LOD+ and LOD- terminals
Output Voltage
Low Vou 0.05 \Y
High Vou 2.95 Vv
SYSTEM SPECIFICATIONS
Quiescent Supply Current 170 230 HA
Ta=0°C to 70°C 210 pA
Shutdown Current 40 500 nA
Ta=0°Cto 70°C 100 nA
Supply Range 2.0 35 \Y
Specified Temperature Range 0 70 °C
Operational Temperature Range -40 +85 °C

' Offset referred to the input of the instrumentation amplifier inputs. See the Input Referred Offsets section for additional information.
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AD8232

ABSOLUTE MAXIMUM RATINGS

Stresses at or above those listed under Absolute Maximum

Table 2.
Parameter Rating
Supply Voltage 36V
Output Short-Circuit Current Duration Indefinite
Maximum Voltage, Any Terminal’ +Vs+03V
Minimum Voltage, Any Terminal’ -03V
Storage Temperature Range —65°C to +125°C
Operating Temperature Range —40°C to +85°C
Maximum Junction Temperature 140°C
0,2 Thermal Impedance? 48°C/W
0;c Thermal Impedance 4.4°C/W
ESD Rating
Human Body Model (HBM) 8kv
Charged Device Model (FICDM) 1.25 kV
Machine Model (MM) 200V

Ratings may cause permanent damage to the product. This is a
stress rating only; functional operation of the product at these

or any other conditions above those indicated in the operational
section of this specification is not implied. Operation beyond
the maximum operating conditions for extended periods may
affect product reliability.

ESD CAUTION

Ala\

ESD (electrostatic discharge) sensitive device.
Charged devices and circuit boards can discharge
without detection. Although this product features
patented or proprietary protection circuitry, damage
may occur on devices subjected to high energy ESD.
Therefore, proper ESD precautions should be taken to
avoid performance degradation or loss of functionality.

" This level or the maximum specified supply voltage, whichever is the lesser,
indicates the superior voltage limit for any terminal. If input voltages beyond
the specified minimum or maximum voltages are expected, place resistors in
series with the inputs to limit the current to less than 5 mA.

20,4 is specified for a device in free air on a 4-layer JEDEC board.
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PIN CONFIGURATION AND FUNCTION DESCRIPTIONS
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Figure 2. Pin Configuration

Table 3. Pin Function Descriptions

Pin No. | Mnemonic | Description

1 HPDRIVE High-Pass Driver Output. Connect HPDRIVE to the capacitor in the first high-pass filter. The AD8232 drives this pin
to keep HPSENSE at the same level as the reference voltage.

2 +IN Instrumentation Amplifier Positive Input. +IN is typically connected to the left arm (LA) electrode.

3 —IN Instrumentation Amplifier Negative Input. —IN is typically connected to the right arm (RA) electrode.

4 RLDFB Right Leg Drive Feedback Input. RLDFB is the feedback terminal for the right leg drive circuit.

5 RLD Right Leg Drive Output. Connect the driven electrode (typically, right leg) to the RLD pin.

6 SW Fast Restore Switch Terminal. Connect this terminal to the output of the second high-pass filter.

7 OPAMP+ Operational Amplifier Noninverting Input.

8 REFOUT Reference Buffer Qutput. The instrumentation amplifier output is referenced to this potential. Use REFOUT as a
virtual ground for any point in the circuit that needs a signal reference.

9 OPAMP— Operational Amplifier Inverting Input.

10 ouT Operational Amplifier Output. The fully conditioned heart rate signal is present at this output. OUT can be
connected to the input of an ADC.

11 LOD- Leads Off Comparator Output. In dc leads off detection mode, LOD— is high when the electrode to —IN is
disconnected, and it is low when connected. In ac leads off detection mode, LOD- is always low.

12 LOD+ Leads Off Comparator Output. In dc leads off detection mode, LOD+ is high when the +IN electrode is

disconnected, and it is low when connected. In ac leads off detection mode, LOD+ is high when either the —IN
or +IN electrode is disconnected, and it is low when both electrodes are connected.

13 SDN Shutdown Control Input. Drive SDN low to enter the low power shutdown mode.

14 AC/DC Leads Off Mode Control Input. Drive the AC/DC pin low for dc leads off mode. Drive the AC/DC pin high for ac leads
off mode.

15 FR Fast Restore Control Input. Drive FR high to enable fast recovery mode; otherwise, drive it low.

16 GND Power Supply Ground.

17 +Vs Power Supply Terminal.

18 REFIN Reference Buffer Input. Use REFIN, a high impedance input terminal, to set the level of the reference buffer.

19 IAOUT Instrumentation Amplifier Output Terminal.

20 HPSENSE High-Pass Sense Input for Instrumentation Amplifier. Connect HPSENSE to the junction of R and C that sets the
corner frequency of the dc blocking circuit.

EP Exposed Pad. Connect the exposed pad to GND or leave it unconnected.

Rev. C | Page 6 of 28



http://www.analog.com/AD8232?doc=AD8232.pdf
http://www.analog.com/AD8232?doc=AD8232.pdf

AD8232

TYPICAL PERFORMANCE CHARACTERISTICS

Vs=3V, Vrer = 1.5V, Vo = 1.5V, Ta = 25°C, unless otherwise noted.
INSTRUMENTATION AMPLIFIER PERFORMANCE CURVES
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Figure 3. Instrumentation Amplifier CMRR Distribution
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Figure 4. Instrumentation Amplifier Gain Error Distribution

35

3.0

25

20

15

1.0

0.5

0.5 1.0 15 2.0 25 3.0
OUTPUT VOLTAGE (V)

Figure 5. Instrumentation Amplifier
Input Common-Mode Range vs. Output Voltage

35

INPUT BIAS CURRENT (pA)

10866-003

GAIN (dB)

10866-004

CMRR (dB)

10866-005

Rev. C | Page 7 of 28

50

40

30

20

10

0 0.5

1.0

15 2.0

25

INPUT COMMON-MODE VOLTAGE (V)

3.0 35

10866-006

Figure 6. Instrumentation Amplifier Input Bias Current vs. CMV
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Figure 8. Instrumentation Amplifier CMRR vs. Frequency, RTI
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Figure 15. Instrumentation Amplifier Large Signal Pulse Response
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Figure 19. Instrumentation Amplifier Gain Error vs. Temperature
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Figure 20. Instrumentation Amplifier CMRR vs. Temperature
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Figure 42. Reference Buffer Bias Current vs. Temperature
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Figure 45. Simplified Schematic Diagram

ARCHITECTURE OVERVIEW

The AD8232 is an integrated front end for signal conditioning
of cardiac biopotentials for heart rate monitoring. It consists of
a specialized instrumentation amplifier (IA), an operational
amplifier (A1), a right leg drive amplifier (A2), and a midsupply
reference buffer (A3). In addition, the AD8232 includes leads
off detection circuitry and an automatic fast restore circuit that
brings back the signal shortly after leads are reconnected.

The AD8232 contains a specialized instrumentation amplifier
that amplifies the ECG signal while rejecting the electrode half-cell
potential on the same stage. This is possible with an indirect
current feedback architecture, which reduces size and power
compared with traditional implementations

INSTRUMENTATION AMPLIFIER

The instrumentation amplifier is shown in Figure 45 as
comprised by two well-matched transconductance amplifiers
(GM1 and GM2), the dc blocking amplifier (HPA), and an
integrator formed by C1 and an op amp. The transconductance
amplifier, GM1, generates a current that is proportional to the
voltage present at its inputs. When the feedback is satisfied, an
equal voltage appears across the inputs of the transconductance
amplifier, GM2, thereby matching the current generated by
GML1. The difference generates an error current that is
integrated across Capacitor C1. The resulting voltage appears at
the output of the instrumentation amplifier.

The feedback of the amplifier is applied via GM2 through two
separate paths: the two resistors divide the output signal to set
an overall gain of 100, whereas the dc blocking amplifier integrates
any deviation from the reference level. Consequently, dc offsets
as large as £300 mV across the GM1 inputs appear inverted and
with the same magnitude across the inputs of GM2, all without
saturating the signal of interest.

To increase the common-mode voltage range of the instrumen-
tation amplifier, a charge pump boosts the supply voltage for the
two transconductance amplifiers. This further prevents saturation
of the amplifier in the presence of large common-mode signals,
such as line interference. The charge pump runs from an internal
oscillator, the frequency of which is set around 500 kHz.

OPERATIONAL AMPLIFIER

This general-purpose operational amplifier (A1) is a rail-to-rail
device that can be used for low-pass filtering and to add additional
gain. The following sections provide details and example circuits
that use this amplifier.
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RIGHT LEG DRIVE AMPLIFIER

The right leg drive (RLD) amplifier inverts the common-mode
signal that is present at the instrumentation amplifier inputs.
When the right leg drive output current is injected into the
subject, it counteracts common-mode voltage variations, thus
improving the common-mode rejection of the system.

The common-mode signal that is present across the inputs of
the instrumentation amplifier is derived from the transconduct-
ance amplifier, GM1. It is then connected to the inverting input
of A2 through a 150 kQ resistor.

An integrator can be built by connecting a capacitor between the
RLD FB and RLD terminals. A good starting pointis a 1 nF
capacitor, which places the crossover frequency at about 1 kHz
(the frequency at which the amplifier has an inverting unity
gain). This configuration results in about 26 dB of loop gain
available at a frequency range from 50 Hz to 60 Hz for
common-mode line rejection. Higher capacitor values reduce
the crossover frequency, thereby reducing the gain that is
available for rejection and, consequently, increasing the line
noise. Lower capacitor values move the crossover frequency to
higher frequencies, allowing increased gain. The tradeoff is that
with higher gain, the system can become unstable and saturate
the output of the right leg amplifier.

Note that when using this amplifier to drive an electrode, there
should be a resistor in series with the output to limit the current
to be always less than 10 pA even in fault conditions. For
example, if the supply used is 3.0 V, this resistor should be
greater than 330 kQ) to account for component and supply
variations.

TO DRIVEN R*

ELECTRODE REFOUT

*LIMIT CURRENT TO LESS THAN 10pA.

10866-146

Figure 46. Typical Configuration of Right-Leg Drive Circuit

In two-electrode configurations, RLD can be used to bias the
inputs through 10 MQ resistors as described in the Leads Off
Detection section. If left unused, it is recommended to configure
A2 as a follower by connecting RLDFB directly to RLD.

REFERENCE BUFFER

The AD8232 operates from a single supply. To simplify the
design of single-supply applications, the AD8232 includes a
reference buffer to create a virtual ground between the supply
voltage and the system ground. The signals present at the out-
put of the instrumentation amplifier are referenced around this
voltage. For example, if there is zero differential input voltage,

the voltage at the output of the instrumentation amplifier is this
reference voltage.

The reference voltage level is set at the REFIN pin. It can be set
with a voltage divider or by driving the REFIN pin from some
other point in the circuit (for example, from the ADC reference).
The voltage is available at the REFOUT pin for the filtering
circuits or for an ADC input.

10866-046

Figure 47. Setting the Internal Reference

To limit the power consumption of the voltage divider, the use
of large resistors is recommended, such as 10 MQ. The designer
must keep in mind that high resistor values make it easier for
interfering signals to appear at the input of the reference buffer.
To minimize noise pickup, it is recommended to place the resistors
close to each other and as near as possible to the REFIN terminal.
Furthermore, use a capacitor in parallel with the lower resistor
on the divider for additional filtering, as shown in Figure 47.
Keep in mind that a large capacitor results in better noise
filtering but it takes longer to settle the reference after power-up.
The total time it takes the reference to settle within 1% can be
estimated with the formula

RIR2CI
tseriLe_RERERENCE =% RI+R2

Note that disabling the AD8232 with the shutdown terminal
does not discharge this capacitor.

FAST RESTORE CIRCUIT

Because of the low cutoff frequency used in high-pass filters in
ECG applications, signals may require several seconds to settle.
This settling time can result in a frustrating delay for the user
after a step response: for example, when the electrodes are first
connected.

This fast restore function is implemented internally, as shown in
Figure 48. The output of the instrumentation amplifier is connec-
ted to a window comparator. The window comparator detects a
saturation condition at the output of the instrumentation amplifier
when its voltage approaches 50 mV from either supply rail.

SWITCH
TIMING

+IN +Vg — 0.05V— = $1

1A
IAOUT
-IN

0.05V—

S2

Figure 48. Fast Restore Circuit
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Figure 49. Timing Diagram for Fast Restore Switches
(Time Base Not to Scale)

If this saturation condition is present when both input electrodes
are attached to the subject, the comparator triggers a timing
circuit that automatically closes Switch S1 and Switch S2 (see
Figure 49 for a timing diagram).

These two switches (S1 and S2) enable two different 10 kQ
resistor paths: one between HPSENSE and IAOUT and another
between SW and REFOUT. During the time Switch S1 and
Switch S2 are enabled, these internal resistors appear in parallel
with their corresponding external resistors forming high-pass
filters. The result is that the equivalent lower resistance shifts
the pole to a higher frequency, delivering a quicker settling
time. Note that the fast restore settling time depends on how
quickly the internal 10 kQ resistors of the AD8232 can drain the
capacitors in the high-pass circuit. Smaller capacitor values
result in a shorter settling time.

If, by the end of the timing, the saturation condition persists,
the cycle repeats. Otherwise, the AD8232 returns to its normal
operation. If either of the leads off comparator outputs is indi-
cating that an electrode has been disconnected, the timing
circuit is prevented from triggering because it is assumed that
no valid signal is present. To disable fast restore, drive the FR
pin low or tie it permanently to GND.

LEADS OFF DETECTION

The AD8232 includes leads off detection. It features ac and dc
detection modes optimized for either two- or three-electrode
configurations, respectively.

DC Leads Off Detection

The dc leads off detection mode is used in three-electrode con-
figurations only. It works by sensing when either instrumentation
amplifier input voltage is within 0.5 V from the positive rail. In
this case, each input must have a pull-up resistor connected to the
positive supply. During normal operation, the subject’s potential
must be inside the common-mode range of the instrumentation
amplifier, which is only possible if a third electrode is connected
to the output of the right leg drive amplifier.

+Vg

10MQ 2 10MQ 3

ORCIE

TO DRIVEN

T
1
1
1
1
ELECTRODE 1

RLD

|

10866-049

Figure 50. Circuit Configuration for DC Leads Off Detection

Because in dc leads off mode the AD8232 checks each input
individually, it is possible to indicate which electrode is discon-
nected. The AD8232 indicates which electrode is disconnected by
setting the corresponding LOD— or LOD+ pin high. To use this
mode, connect the AC/DC pin to ground.
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AD8232

AC Leads Off Detection

The ac leads off detection mode is useful when using two
electrodes only (it does not require the use of a driven electrode).
In this case, a conduction path must exist between the two
electrodes, which is usually formed by two resistors, as shown
in Figure 51.

These resistors also provide a path for bias return on each input.
Connect each resistor to REFOUT or RLD to maintain the inputs
within the common-mode range of the instrumentation
amplifier.

10MQ 3 10MQ 3

8) REFOUT

?

10866-050

Figure 51. Circuit Configuration for AC Leads Off Detection

The AD8232 detects when an electrode is disconnected by
forcing a small 100 kHz current into the input terminals. This
current flows through the external resistors from IN+ to IN—
and develops a differential voltage across the inputs, which is
then synchronously detected and compared to an internal
threshold. The recommended value for these external resistors
is 10 MQ. Low resistance values make the differential drop too
low to be detected and lower the input impedance of the
amplifier. When the electrodes are attached to the subject, the
impedance of this path should be less than 3 M(Q) to maintain
the drop below the comparator’s threshold.

As opposed to the dc leads off detection mode, the AD8232 is
able to determine only that an electrode has lost its connection,
not which one. During such an event, the LOD+ pin goes high.
In this mode, the LOD- pin is not used and remains in a logic
low state. To use the ac leads off mode, tie the AC/DC pin to the
positive supply rail.

Note that while REFOUT is at a constant voltage value, using
the RLD output as the input bias may be more effective in
rejecting common-mode interference.

STANDBY OPERATION

The AD8232 includes a shutdown pin (SDN) that further
enhances the flexibility and ease of use in portable applications

where power consumption is critical. A logic level signal can be
applied to this pin to switch to shutdown mode, even when the
supply is still on.

Driving the SDN pin low places the AD8232 in shutdown mode
and draws less than 200 nA of supply current, offering
considerable power savings. To enter normal operation,

drive SDN high; when not using this feature, permanently
tie SDN to +Vs.

During shutdown operation, the AD8232 is not able to
maintain the REFOUT voltage, but it does not drain the REFIN
voltage, thereby maintaining this additional conduction path
from the supply to ground.

When emerging from a shutdown condition, the charge stored
in the capacitors on the high-pass filters can saturate the instru-
mentation amplifier and subsequent stages. The use of the fast
restore feature helps reduce the recovery time and, therefore,
minimize on time in power sensitive applications.

INPUT PROTECTION

All terminals of the AD8232 are protected against ESD. In
addition, the input structure allows for dc overload conditions
that are a diode drop above the positive supply and a diode drop
below the negative supply. Voltages beyond a diode drop of the
supplies cause the ESD diodes to conduct and enable current to
flow through the diode. Therefore, use an external resistor in
series with each of the inputs to limit current for voltages
beyond the supplies. In either scenario, the AD8232 safely
handles a continuous 5 mA current at room temperature.

For applications where the AD8232 encounters extreme over-
load voltages, such as in cardiac defibrillators, use external series
resistors and gas discharge tubes (GDT). Neon lamps are com-
monly used as an inexpensive alternative to GDTs. These devices
can handle the application of large voltages but do not maintain
the voltage below the absolute maximum ratings for the AD8232.
A complete solution includes further clamping to either supply
using additional resistors and low leakage diode clamps, such as
BAV199 or FJH1100.

As a safety measure, place a resistor between the input pin and
the electrode that is connected to the subject to ensure that the
current flow never exceeds 10 pA. Calculate the value of this
resistor to be equal to the supply voltage across the AD8232
divided by 10 pA.
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RADIO FREQUENCY INTERFERENCE (RFI)

Radio frequency (RF) rectification is often a problem in
applications where there are large RF signals. The problem
appears as a dc offset voltage at the output. The AD8232 has a
15 pF gate capacitance and 10 kQ) resistors at each input. This
forms a low-pass filter on each input that reduces rectification
at high frequency (see Figure 52) without the addition of
external elements.

10866-151

Figure 52. RFI Filter Without External Capacitors

For increased filtering, additional resistors can be added in
series with each input. They must be placed as close as possible
to the instrumentation amplifier inputs. These can be the same
resistors used for overload and patient protection.

POWER SUPPLY REGULATION AND BYPASSING

The AD8232 is designed to be powered directly from a single

3 V battery, such as CR2032 type. It can also operate from
rechargeable lithium-ion batteries, but the designer must take
into account that the voltage during a charge cycle may exceed
the absolute maximum ratings of the AD8232. To avoid damage
to the part, use a power switch or a low power, low dropout
regulator, such as ADP150.

In addition, excessive noise on the supply pins can adversely
affect performance. As in all linear circuits, bypass capacitors
must be used to decouple the chip power supplies. Place a 0.1 pF
capacitor close to the supply pin. A 1 gF capacitor can be used
farther away from the part. In most cases, the capacitor can be
shared by other integrated circuits. Keep in mind that excessive
decoupling capacitance increases power dissipation during
power cycling.

INPUT REFERRED OFFSETS

Because of its internal architecture, the instrumentation amplifier
should be used always with the dc blocking amplifier, shown as
HPA in Figure 45.

As described in the Theory of Operation section, the dc blocking
amplifier attenuates the input referred offsets present at the
inputs of the instrumentation amplifier. However, this is true
only when the dc blocking amplifier is used as an integrator. In
this configuration, the input offsets from the dc blocking
amplifier dominate appear directly at the output of the
instrumentation amplifier.

If the dc blocking amplifier is used as a follower instead of its
intended function as an integrator, the input referred offsets of
the in-amp are amplified by a factor of 100.

LAYOUT RECOMMENDATIONS

It is important to follow good layout practices to optimize
system performance. In low power applications, most resistors
are of a high value to minimize additional supply current. The
challenge of using high value resistors is that high impedance
nodes become even more susceptible to noise pickup and board
parasitics, such as capacitance and surface leakages. Keep all of
the connections between high impedance nodes as short as
possible to avoid introducing additional noise and errors from
corrupting the signal.

To maintain high CMRR over frequency, keep the input traces
symmetrical and length matched. Place safety and input bias
resistors in the same position relative to each input. In addition,
the use of a ground plane significantly improves the noise
rejection of the system.
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AD8232

APPLICATIONS INFORMATION

ELIMINATING ELECTRODE OFFSETS

The instrumentation amplifier in the AD8232 is designed to
apply gain and to filter out near dc signals simultaneously. This
capability allows it to amplify a small ECG signal by a factor of
100 yet reject electrode offsets as large as +300 mV.

To achieve offset rejection, connect an RC network between the
output of the instrumentation amplifier, HPSENSE, and
HPDRIVE, as shown in Figure 53.

c R
® ;20: \:1 —
HPDRIVE HPSENSE IAOUT
- |O—A/w—¢
HPA 10kQ
R + S1
€
99R
ELECTRODE @
OFFSETS —i- g
It | = REFOUT g

Figure 53. Eliminating Electrode Offsets

This RC network forms an integrator that feeds any near dc signals
back into the instrumentation amplifier, thus eliminating the offsets
without saturating any node and maintaining high signal gain.

In addition to blocking offsets present across the inputs of the
instrumentation amplifier, this integrator also works as a high-
pass filter that minimizes the effect of slow moving signals, such
as baseline wander. The cutoff frequency of the filter is given by
the equation

100
f ~3dB —

27 RC

where R is in ohms and C is in farads.

Note that the filter cutoff is 100 times higher than is typically
expected from a single-pole filter. Because of the feedback
architecture of the instrumentation amplifier, the typical filter
cutoff equation is modified by the gain of 100 of the
instrumentation amplifier.
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Figure 54. Frequency Response of Single-Pole DC Blocking Circuit

Just like with any high-pass filter with low frequency cutoff, any
fast change in dc offset takes a long time to settle. If such change
saturates the instrumentation amplifier output, the S1 switch
briefly enables the 10 k() resistor path, thus moving the cutoff
frequency to

100(R +10*)

27RC(10%) (v

fosap =
For values of R greater than 100 k(), the expression in Equation 1
can be approximated by

1

S = 550mC

This higher cutoff reduces the settling time and enables faster
recovery of the ECG signal. For more information, see the Fast
Restore Circuit section.

HIGH-PASS FILTERING

The AD8232 can implement higher order high-pass filters. A
higher filter order yields better artifact rejection but at a cost of
increased signal distortion and more passive components on the
printed circuit board (PCB).

Two-Pole High-Pass Filter

A two-pole architecture can be implemented by adding a simple
ac coupling RC at the output of the instrumentation amplifier,
as shown in Figure 55.

TO NEXT

STAGE
p——

‘E R2

10866-053

L =REFOUT

Figure 55. Schematic for a Two-Pole High-Pass Filter

Note that the right side of C2 connects to the SW terminal. Just
like S1, S2 reduces the recovery time for this ac coupling network
by placing 10 k) in parallel with R2. See the Fast Restore
Circuit section for additional details on switch timing and
trigger conditions.

Keep in mind that if this passive network is not buffered, it
exhibits higher output impedance at the input of a subsequent
low-pass filter, such as with Sallen-Key filter topologies. Careful
component selection can yield good results without a buffer. See
the Low-Pass Filtering and Gain section for additional
information on component selection.
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Additional High-Pass Filtering Options

In addition to the topologies explained in the previous sections,
an additional pole may be added to the dc blocking circuit for
additional rejection of low frequency signals. This configuration
is shown in Figure 56.

TO NEXT
STAGE

>

- C2
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1 =REFOUT

Figure 56. Schematic for an Alternative Two-Pole High-Pass Filter

An extra benefit of this circuit topology is that it allows lower
cutoff frequency with lower R and C values and the resistor,
Rcomp, can be used to control the Q of the filter to achieve narrow
band-pass filters (for heart rate detection) or maximum pass-
band flatness (for cardiac monitoring).

With this topology, the filter attenuation reverts to a single pole
roll off at very low frequencies. Because the initial roll off was 40 dB
per decade, this reversion to 20 dB per decade has little impact on
the ability of the filter to reject out-of-band low frequency signals.

The designer may choose different values to achieve the desired
filter performance. To simplify the design process, use the following
recommendations as a starting point for component value selection.

R1=R22100kQ
Cl=C2
Rcomr = 0.14 x R1
The cutoft frequency is located at
10

fc:z;r [R1 CIR2C2

The selection of Rcowr to be 0.14 times the value of the other two
resistors optimizes the filter for a maximally flat pass band. Reduce
its value to increase the Q and, consequently, the peaking of the
filter. Keep in mind that a very low value of Rcomp can result in
an unstable circuit. The selection of values based on these criteria
result in a transfer function similar to the one shown in Figure 58.

Table 4. Comparison of High-Pass Filtering Options

When additional low frequency rejection is desired, a high-order
high-pass filter can be implemented by adding an ac coupling
network at the output of the instrumentation amplifier, as shown in
Figure 57. The SW terminal is connected to the ac coupling network
to obtain the best settling time response when fast restore engages.
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STAGE

>

R1

AMA

> R3

10866-156

1 =REFOUT

Figure 57. Schematic for a Three-Pole High-Pass Filter
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Figure 58. Frequency Response of Circuits in Figure 56 and Figure 57

Careful analysis and adjustment of all of the component values
in practice is recommended to optimize the filter characteristics.
A useful hint is to reduce the value of Rcowr to increase the peaking
of the active filter to overcome the additional roll off introduced
by the ac coupling network. Proper adjustment can yield the
best pass-band flatness.

The design of the high-pass filter involves tradeoffs between signal
distortion, component count, low frequency rejection, and
component sizes. For example, a single-pole high-pass filter
results in the least distortion to the signal, but its rejection of
low-frequency artifacts is the lowest Table 4 compares the
recommended filtering options.

Filter Order Component Count | Low Frequency Rejection Capacitor Sizes/Values Signal Distortion’ Output Impedance?
Figure 53 1 2 Good Large Low Low
Figure 55 2 4 Better Large Medium Higher
Figure 56 2 5 Better Smaller Medium Low
Figure 57 3 7 Best Smaller Highest Higher

"For equivalent corner frequency location.
2 Qutput impedance refers to the drive capability of the high-pass filter before the low-pass filter. Low output impedance is desirable to allow flexibility in the selection

of values for a low-pass filter, as explained in the Low-Pass Filtering and Gain section.
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LOW-PASS FILTERING AND GAIN

The AD8232 includes an uncommitted op amp that can be used
for extra gain and filtering. For applications that do not require
a high-order filter, a simple RC low-pass filter should suffice,
and the op amp can buffer or further amplify the signal.

3
b3S

O b
| ReFouT )
L — R

Figure 59. Schematic for a Single-Pole Low-Pass Filter and Additional Gain
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Applications that require a steeper roll off or a sharper cut off, a
Sallen-Key filter topology can be implemented, as shown in
Figure 60.

FROM IN-AMP
STAGE  R1 FILTERED
———— SIGNAL
> R3
R4 o

Figure 60. Schematic for a Two-Pole Low-Pass Filter

The following equations describe the low-pass cut off frequency,
gain, and Q:

fe=1/(2mV(RI C1 R2 C2))
Gain =1+ R3/R4

[RIxCIxR2xC2

RIXC2+R2xC2+RIxCI(1-Gain)

Note that changing the gain has an effect on Q and vice versa.
Common values for Q are 0.5 to avoid peaking or 0.7 for
maximum flatness and sharp cut off. A high value of Q can be
used in narrow-band applications to increase peaking and the
selectivity of the band-pass filter.

A common design procedure is to set R =R2=Rand C1 =C2 =
C, which simplifies the expressions for cutoff frequency and Q to

fe=1/(2nRC)

1
3 —Gain

Q=

Note that Q can be controlled by setting the gain with R3 and
R4; however, this limits the gain to be less than 3. For gain
values equal to or greater than 3, the circuit becomes unstable.
A simple modification that allows higher gains is to make the
value of C2 at least four times larger than C1.

It is important to note that these design equations only hold
true in the case that the output impedance of the previous stage
is much lower than the input impedance of the Sallen-Key filter.
This is not the case when using an ac coupling network between

the instrumentation amplifier output and the input of the low-
pass filter without a buffer.

To connect these two filtering stages properly without a buffer,
make the value of R1 at least ten times larger than the resistor of
the ac coupling network (labeled as R2 in Figure 55).

DRIVING ANALOG-TO-DIGITAL CONVERTERS

The ability of AD8232 to drive capacitive loads makes it ideal to
drive an ADC without the need for an additional buffer. However,
depending on the input architecture of the ADC, a simple low-
pass RC network may be required to decouple the transients
from the switched-capacitor input typical of modern ADCs.
This RC network also acts as an additional filter that can help
reduce noise and aliasing. Follow the recommended guidelines
from the ADC data sheet for the selection of proper R and C values.

AD8232

10866-261

Figure 61. Driving an ADC

DRIVEN ELECTRODE

A driven lead (or reference electrode) is often used to minimize
the effects of common-mode voltages induced by the power line
and other interfering sources. The AD8232 extracts the common-
mode voltage from the instrumentation amplifier inputs and
makes it available through the RLD amplifier to drive an opposing
signal into the patient. This functionality maintains the voltage
between the patient and the AD8232 at a near constant, greatly
improving the common-mode rejection ratio.

As a safety measure, place a resistor between the RLD pin and
the electrode connected to the subject to ensure that current
flow never exceeds 10 uA. Calculate the value of this resistor to
be equal to the supply voltage across the AD8232 divided by 10 pA.

The AD8232 implements an integrator formed by an internal
150 kQ resistor and an external capacitor to drive this electrode.
Choice of the integrator capacitor is a tradeoff between line rejec-
tion capability and stability. The capacitor should be small to
maintain as much loop gain as possible, around 50 Hz and 60 Hz,
which are typical line frequencies. For stability, the gain of the
integrator should be less than unity at the frequency of any
other poles in the loop, such as those formed by the patient’s
capacitance and the safety resistors. The suggested application
circuits use a 1 nF capacitor, which results in a loop gain of about
20 at line frequencies, with a crossover frequency of about 1 kHz.

In a two-lead configuration, the RLD amplifier can be used to
drive the bias current resistors on the inputs. Although not as
effective as a true driven electrode, this configuration can
provide some common-mode rejection improvement if the
sense electrode impedance is small and well matched.
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APPLICATION CIRCUITS

HEART RATE MEASUREMENT NEXT TO THE HEART

For wearable exercise devices, the AD8232 is typically placed in
a pod near the heart. The two sense electrodes are placed under-
neath the pectoral muscles; no driven electrode is used. Because
the distance from the heart to the AD8232 is small, the heart
signal is strong and there is less muscle artifact interference.

In this configuration, space is at a premium. By using as few
external components as possible, the circuit in Figure 62 is
optimized for size.

The input terminals in this configuration use two 180 kQ
resistors, to protect the user from fault conditions. Two 10 MQ
resistors provide input bias. Use higher values for electrodes
with high output impedance, such as cloth electrodes.

The schematic also shows two 10 MQ) resistors to set the
midscale reference voltage. If there is already a reference voltage
available, it can be driven into the REFIN input to eliminate
these two 10 MQ) resistors.

EXERCISE APPLICATION: HEART RATE MEASURED
AT THE HANDS

In this application, the heart rate signal is measured at the
hands with stainless steel electrodes. The user’s arm and upper
body movement create large motion artifacts and the long lead
length makes the system susceptible to common-mode inter-
ference. A very narrow band-pass characteristic is required to
separate the heart signal from the interferers.

0.22yF
i}
ELECTRODE
TLECTRODE HPDRIVE HPSENSE
O>—s +IN IAOUT
O10MQ 3
° -IN REFIN
It | 0.1uF L
nomas RLDFB +Vg 210MQ
RLD GND
AD8232
OPAMP+ AC/DC
REFOUT SDN
2 TO DIGITAL
OgAlP > 4 INTERFACE
out LO-
_ SIGNAL g
> OUTPUT g

Figure 62. Circuit for Heart Rate Measurement Next to Heart

A shorter distance from the AD8232 to the heart makes this
application less vulnerable to common-mode interference.
However, since RLD is not used to drive an electrode, it can be
used to improve the common-mode rejection by maintaining
the midscale voltage through the 10 MQ bias resistors.

A single-pole high-pass filter is set at 7 Hz, and there is no low-
pass filter. No gain is used on the output op amp thereby
reducing the number of resistors for a total system gain of 100.
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Figure 63. Frequency Response for HRM Next to Heart Circuit
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Figure 64. Circuit for Heart Rate Measurement at Hands

The circuit in Figure 64 uses a two-pole high-pass filter set at
7 Hz. A two-pole low-pass filter at 24 Hz follows the high-pass
filters to eliminate any other artifacts and line noise.
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Figure 65. Frequency Response for HRM Circuit Taken at the Hands
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The overall narrow-band nature of this filter combination
distorts the ECG waveform significantly. Therefore, it is only
suitable to determine the heart rate, and not to analyze the ECG
signal characteristics.

The low-pass filter stage also includes a gain of 11, to bring the
total system gain close to 1100 (note that the filter roll off
prevents the maximum gain from reaching this value). Because
the ECG signal is measured at the hands, it is weaker than when
measured closer to the heart.

The RLD circuit drives to the third electrode, which can also be
located at the hands, to cancel common-mode interference.

CARDIAC MONITOR CONFIGURATION

This configuration is designed for monitoring the shape of the
ECG waveform. It assumes that the patient remains relatively
still during the measurement, and therefore, motion artifacts
are less of an issue.

0.33F
1
+Vs 0.33uF
J ” REFOUT
1M 3 ® 1.4MQ
HPDRIVE HPSENSE 3
10MQ $10MQ
LA (o . +IN IAOUT
+Vg
RA (o -IN REFIN
L oaur
RLDFB +Vs P S10MQ
360kQ 0.1pF ==
RL@ RLD GND 1 Y
AD8232
mQ S
OPAMP+ AC/DC
REFOUT SDN
i - TO DIGITAL
1.5nF = AME < INTERFACE
out Lo- .
» SIGNAL OUTPUT 5

Figure 66. Circuit for ECG Waveform Monitoring

To obtain an ECG waveform with minimal distortion, the
ADS8232 is configured with a 0.5 Hz two-pole high-pass filter
followed by a two-pole, 40 Hz, low-pass filter. A third electrode
is driven for optimum common-mode rejection.
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Figure 67. Frequency Response of Cardiac Monitor Circuit

In addition to 40 Hz filtering, the op amp stage is configured for
a gain of 11, resulting in a total system gain of 1100. To
optimize the dynamic range of the system, the gain level is
adjustable, depending on the input signal amplitude (which
may vary with electrode placement) and ADC input range.

PORTABLE CARDIAC MONITOR WITH ELIMINA-
TION OF MOTION ARTIFACTS

The circuit in Figure 68 shows an implementation of a battery-
powered embedded system for monitoring heart rate in
applications where the patient engages in moderate activity,

such as with a Holter monitor. The AD8232 uses a three-
electrode patient interface and implements a two-pole high-
pass filter with a cutoff at 0.3 Hz, and a two-pole low-pass filter
with a cutoff frequency of 37 Hz. The total signal gain in the
pass band is 400. The fully conditioned signal is sampled by the
sigma-delta ADC integrated on the low power microcontroller,
ADuCM360. The wide dynamic range of this ADC provides
flexibility to reduce the signal gain to avoid saturation, depending
on electrode placement.

Because the pass band is relatively wide for ambulatory applica-
tions, the ADXL346 accelerometer signal can be used to further
minimize the noise introduced by the motion of the patient.
Moreover, the microcontroller can use the motion information
to monitor inactivity and to issue a system shutdown to save
battery power.

The low dropout regulator ensures that the maximum of 3 V is
not exceeded, especially during charge cycles of the battery,
which can be a lithium-ion cell.

In this application, the ADuCM360 uses its Port 0 to perform
DMA transfers to the host communication interface or to an
on-board memory, if recording the waveform for later transfer.
However, in any particular application, this port should be used
for the busiest interface to minimize CPU cycles and maintain
low power operation.

Note that this circuit is shown to demonstrate the capabilities of
AD8232 and other system components. It is not a complete
system design and additional effort must be made to ensure
compliance with medical safety guidelines from regulatory
agencies.
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Figure 68. Low Power Portable Cardiac Monitor
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PACKAGING AND ORDERING INFORMATION

OUTLINE DIMENSIONS
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COMPLIANT TO JEDEC STANDARDS MO-220-WGGD-11.
Figure 69. 20-Lead Lead Frame Chip Scale Package [LFCSP]
4 mm x4 mm Body and 0.75 mm Package Height
(CP-20-8)
Dimensions shown in millimeters
ORDERING GUIDE
Model’ Temperature Range | Package Description Package Option

AD8232ACPZ-R7
AD8232ACPZ-RL
AD8232ACPZ-WP
AD8232-EVALZ

—40°C to +85°C
—-40°C to +85°C
—40°C to +85°C

20-Lead Lead Frame Chip Scale Package [LFCSP]
20-Lead Lead Frame Chip Scale Package [LFCSP]
20-Lead Lead Frame Chip Scale Package [LFCSP]
Evaluation Board

CP-20-8
CP-20-8
CP-20-8

'Z =RoHS Compliant Part.

Rev. C| Page 27 of 28




AD8232

NOTES

©2012-2018 Analog Devices, Inc. All rights reserved. Trademarks and
registered trademarks are the property of their respective owners.

D10866-0-6/18(C)

ANALOG
DEVICES

Rev. C| Page 28 of 28

www.analog.com/AD8232



http://www.analog.com/AD8232?doc=AD8232.pdf
http://www.analog.com

maxim
integrated.

MAX9812/MAX9813

Tiny, Low-Cost, Single/Dual-Input, Fixed-Gain
Microphone Amplifiers with Integrated Bias

General Description

The MAX9812/MAX9813 are single/dual-input, 20dB
fixed-gain microphone amplifiers. They offer tiny pack-
aging and a low-noise, integrated microphone bias,
making them ideal for portable audio applications such
as notebook computers, cell phones, and PDAs. These
amplifiers feature a 500kHz bandwidth, rail-to-rail out-
puts, an industry-leading 100dB power-supply rejection
ratio, and a very low 0.015% THD+N. Power-saving fea-
tures include very low 230pA supply current and a total
shutdown mode that cuts the combined supply and
BIAS currents to only 100nA.

The MAX9812 is a single amplifier in-a 6-pin SC70
package (2mm x 2.1mm) and the MAX9813 is a dual-
input amplifier available in an 8-pin SOT23 (3mm x
3mm) package. The MAX9813 has two inputs allowing
two microphones to be multiplexed to a single output.

Features

PC2001 Compliant

100dB at 217Hz Power-Supply Rejection Ratio

Very Low 230pA Quiescent Current

Low 0.015% THD+N

Available in Two Versions
MAX9812L/MAX9813L—2.7V to 3.6V
MAX9812H/MAX9813H—4.5V to 5.5V

Internal Low-Noise Microphone Bias Supply
2.3V for MAX9812L/MAX9813L
4.0V for MAX9812H/MAX9813H

100nA Low-Power Shutdown Mode

Rail-to-Rail Outputs

20dB Fixed Gain

Available in Tiny 6-Pin SC70 (2mm x 2.1mm) and

8-Pin SOT23 (3mm x 3mm) Packages

< > & o o

L 0 I R 2

The MAX9812/MAX9813 are offered in two grades. The ¢ Extended Temperature Range -40°C to +85°C
MAX9812L/MAX9813L are optimized for 3.3V supply
operation (2.7V to 3.6V). The MAX9812H/MAX9813H are rdering Information
PC2001 compliant and are optimized for 5V operation Orde g o atio
(4.5V to 5.5V). Both devices are specified over the -40°C PIN-
to +85°C extended operating temperature range. PART TEMP RANGE PACKAGE Vcc (V)
Applications MAX9812LEXT+T  -40°C to +85°C 6 SC70 2.7103.6
Notebook Computers MAX9812HEXT+T -40°C to +85°C 6 SC70 45t05.5
PDAS MAX9813LEKA+T  -40°C to +85°C 8 SOT23 2.7103.6
MAX9813HEKA+T  -40°C to +85°C 8 SOT23 45t05.5
Smart Phones +Denotes a lead(Pb)-free/RoHS-compliant package.
Digital Cameras
Video Tape Recorders Pi_n Cc.mfigurations, Selector Guide, and Typical Operating
Circuits appear at end of data sheet.
Simplified Block Diagrams
Vee Vee
. o SHON . o SHON
REFERENCE g REFERENCE g
BIAS 2.3V (L VERSION) BIAS 2.3V (L VERSION)
4.0V (H VERSION) 4,0V (H VERSION)
IN1
W o > o o >
IN2
MAX9812 MAX9813
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For pricing, delivery, and ordering information, please contact Maxim Direct

at 1-888-629-4642, or visit Maxim’s website at www.maximintegrated.com.
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MAX9812/MAX9813

Tiny, Low-Cost, Single/Dual-Input, Fixed-Gain
Microphone Amplifiers with Integrated Bias

ABSOLUTE MAXIMUM RATINGS

(All voltages referenced to GND.)

N -0.3V to +6.0V
Al Other PINS......oooiiiiiiiiiiiie -0.3Vto (Vce + 0.3V)
Continuous Current (IN, SHDN, IN1, IN2, IN1/IN2)........... +20mA

OUT, BIAS Short-Circuit Duration (to GND or Vcg) ...Continuous
Continuous Power Dissipation (Ta = +70°C)

Operating Temperature Range ............cccccoevenn.
Storage Temperature Range ..............coceeeeen.
Junction Temperature ...........ccooeeeiiiiiiiiie
Lead Temperature (soldering, 10s)
Soldering Temperature (reflow) .........cocccooviiiiiiiiiiie,

SC70 (derate 3.1mW/°C above +70°C)
SOT23 (derate 8.9mw/°C above +70°C)

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

ELECTRICAL CHARACTERISTICS
(Voc = 3.3V, Igias = 500pA (MAX9812L/MAX9813L), Vg = 5V, Iias = 800UA (MAX9812H/MAX9813H), VaND = 0OV, RL = open,

SHDN = Vcc, Ta = TmiIN to Tmax, unless otherwise noted. Typical values are at Ta = +25°C.) (Note 1)

PARAMETER | sYmBOL | CONDITIONS | MIN  TYP  MAX | UNITS
GENERAL
Supply \/Oltage Range Vee MAX9812L/MAX9813L Inferred from 2.7 3.6 v
MAX9812H/MAX9813H PSRR test 45 55
Supply Current lcc IBjAS = OA 230 400 pA
Shutdown Supply Current lcc_sHDN | SHDN = GND 0.1 1 pA
B | MAX9812L/MAX9813L 1.35 1.5 1.65
Amplifier Output Bias Voltage VouTt_bc V
MAX9812H/MAX9813H 2.25 2.5 2.75
Input Resistance RiN 85 kQ
Voltage Gain Ay 19 20 21 dB
DC 90 100
o ) f=217Hz 100
Power-Supply Rejection Ratio PSRRouT | Input referred, Ta = +25°C dB
f = 1kHz 100
f = 10kHz 90
RL = 10kQ to Vce/2 Vgc; )
VoH :
Output Voltage Swing RL = 1kQ to Voe/2 (\)/%%\/ \6010\/ %
VoL RL = 10kQ to Vce/2 0.1
RL = 1kQ to Vce/2 0.1 0.25
Output Short-Circuit Current lout sc | Sinking or sourcing 3 12 24 mA
Small-Signal -3dB Bandwidth BW Vout = 10mVp-p 400 kHz
Output Capacitive-Load Stability CL No sustained oscillations 50 pF
Output Impedance Z0UT f=1kHz 0.5 Q
Output Slew Rate SR Vout = 1V step 1 V/us

Maxim Integrated



MAX9812/MAX9813

Tiny, Low-Cost, Single/Dual-Input, Fixed-Gain
Microphone Amplifiers with Integrated Bias

ELECTRICAL CHARACTERISTICS (continued)
(Voc = 3.3V, Iias = 500pA (MAX9812L/MAX9813L), Vce = 5V, Igias = 800uA (MAX9812H/MAX9813H), VaND = 0V, RL = open,

SHDN = Vce, Ta = TmIN to Tmax, unless otherwise noted. Typical values are at Ta = +25°C.) (Note 1)

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
Amplifier Input Voltage-Noise en Inputs at AC GND f = 1kHz 40 nVAHZ
Density
Total Integrated Input Noise Vn 22Hz to 22kHz BW, inputs at AC GND 5 uVRMS
1kH 75
Off-Isolation Input referred, MAX9813 z dB
only 10kHz 60
f=1kHz, RL = 10kQ 1 YOUL=VP- 0.04
i D ; b Z NL= 0 (L version) ‘
L(?)tgleHarmomc Distortion Plus THD+N | Voo/2, BW = 22Hz to %
22kHzZ VouT = 4Vp-p 0.015
(H version)
BIAS
) MAX9812L/MAX9813L al 2.30 2.55
Bias Output Voltage Range VBIAS \
MAX9812H/MAX9813H 3.6 4.0 4.4
Bias Output Resistance RBIAS 0.1 Q
DC, Ta = +25°C 70 80
Power-Supply Rejection Ratio f=217Hz 80
PSRR dB
(Vee to BIAS) BIAS T 1kiz 75
f = 10kHz 55
BIAS Current Limit IBias_sc | BIAS short to GND 5 22 50 mA
BIAS Capacitive-Load Stability CBIAS No sustained oscillations 50 pF
Total Integrated BIAS Noise Vn 22Hz to 22kHz BW 29 UVRMS
DIGITAL INPUTS (SHDN, IN1/IN2)
Logic-Low Threshold Vi 0.8 V
Logic-High Threshold VIH 2.0 Vv
Logic Input Current IIN SHDN = GND or Vcc +1 pA
Shutdown Enable Time {SHDN_ ON | 95% of settled value 10 ms
Shutdown Disable Time tSHDN_OFF 50 us
IN1/IN2 Select Time tSEL 10 us

Note 1: All specifications are 100% tested at Ta = +25°C. Temperature limits are guaranteed by design.
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Typical Operating Characteristics

(Voo = 3.3V (MAX9812L/MAX9813L), Vce = 5V (MAX9812H/MAX9813H), VGND = 0V, RL = 10kQ to Vcc/2, SHDN = Ve, Ta = +25°C,
unless otherwise noted.)

POWER-SUPPLY REJECTION RATIO POWER-SUPPLY REJECTION RATIO
GAIN vs. FREQUENCY vs. FREQUENCY (Vcc TO BIAS) vs. FREQUENCY

R = OPEN 2 -10 VRippLE = 200mVp_p £ VRippLE = 200mVp-p ||
Vour =10mVe-p 5 20 INPUT REFERRED |5 -0 H
g z -30 ER
= -40 3
) -50 o
v g 60 = 40
= N g 10 )
<] & =80 3 P
= as - =
= 90 wr = 60 A
2 0 -100 R S -70 //
3 \ 110 e = . A
-120 - A
- ™
10 -130 o 4
-140
20 150 100
10100 1k 10k 100k 1M 10M 10 100 1k 10k 100k 10 100 1K 10k 100k
FREQUENCY (Hz) FREQUENCY (Hz) FREQUENCY (Hz)
SUPPLY CURRENT SUPPLY CURRENT SHUTDOWN SUPPLY CURRENT
vs. TEMPERATURE vs. SUPPLY VOLTAGE vs. TEMPERATURE
250 - 300 = 0.15 .
245 A 280 sLLLgq4 s
240 i 260 - RETRR g
= 7 = MAX9812L =
ERpLY MAX9812H T 4 2 2012
[ / b — =
= 20 Z 220 = 3011 _
= >’/ & > —
S 225 = 200 Z 0.10 L
o d = | =] "
> AN Tw > P MAX9812H ) el
Z 220 L 180 | 2 0.09
& O £ = P
3 215 7 MAX9812L > 160 2008 i~
[
0 |2 140 2007
205 120 0.06
200 100 0.05
40 25 10 5 20 35 50 65 80 20 24 28 32 36 40 44 48 52 56 60 40 25 10 5 20 35 50 65 80
TEMPERATURE (°C) SUPPLY VOLTAGE (V) TEMPERATURE (°C)
VBias vs. TEMPERATURE Vgias vs. Ipias
233 403 23002 R 40002
A
- AN 402 \
: /7 2.3001
_ w0l S _ 40001 _
g MAXS12H |~ = — =
= =] 3 . MAX9812L 3
2 \ 4 402 S 230 SN S
€ 230 AN = & \\< 40000 &
- / 399 < - TR z
2 . | wivstat 2 2 2299 SN Z
=2 = = MAX9812H =
= // 3.98 = \\ 3.9999 =
208 A 22998 N
- 397
227 396 2.2997 3.9998
40 25 10 5 20 35 50 65 80 0 02 04 0608 10 12 14 16 18 20
TEMPERATURE (°C) Igias (MA)
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Tiny, Low-Cost, Single/Dual-Input, Fixed-Gain
Microphone Amplifiers with Integrated Bias

Typical Operating Characteristics (continued)

(Vce = 8.3V (MAX9812L/MAX9813L), Ve = 5V (MAX9812H/MAX9813H), VGND = 0V, RL = 10kQ to Vce/2, SHDN = Ve, Ta = +25°C,
unless otherwise noted.)

TOTAL HARMONIC DISTORTION PLUS NOISE TOTAL HARMONIC DISTORTION PLUS NOISE
vs. FREQUENCY vs. OUTPUT AMPLITUDE
1 2 10 P
- BW = 22Hz T0 22kHz i = H VERSION £
- g - BW = 22Hz T0 22kHz g
||| = : P
Vout = TVRus | ]
_ o1 RL=24Q ¥ i —
= i 3 F v f = 10kHz
= \ =
\
E 74 g 01 \E
= N i \ == X =
0.01 3 T~
Vour = 1VRms 0.01 7
R = 10k fi=100H ;
| i i
0.001 0.001
10 100 1k 10k 100k 0 02 04 06 08 10 12 14 16 18 20
FREQUENCY (Hz) OUTPUT AMPLITUDE (VRms)
TOTAL HARMONIC DISTORTION PLUS NOISE
vs. OUTPUT AMPLITUDE INPUT-REFERRED NOISE vs. FREQUENCY
100 = = 100 LU ey B
F L VERSION E INPUTS AT AC GND | £
[ BW = 22Hz TO 22kHz g . ]
g N E
10 =1k == B0 N
i = N
N BN = i
S f=10kHz _f| A ) I
< i 7 2 %0
= X Y o N
o \ e ™
= 01 E\ ~ & I~
— &30
i
0.01 N =
: f=100H =
——
(. A
0.001 [ [ ] 10
0 05 1.0 15 10 100 1k 10k 100k
OUTPUT AMPLITUDE (VRms) FREQUENCY (Hz)
BIAS NOISE vs. FREQUENCY OFF-ISOLATION vs. FREQUENCY
10,000 o 10 ——rrrrm—— .
S 0 | MAX9813 g
5 Ving =100mVeys 8
2 10 2
~ N . -20
IZ 1000 2 g
z ~
C._.C/ = 40
& S % sy |IN1TOOUTWITH
E ] IN2 SELECTED
2 N S 60
= 100
-70
-80
-90
10 -100
10 100 1k 10k 100k 10 100 1k 10k 100k
FREQUENCY (Hz) FREQUENCY (Hz)
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Tiny, Low-Cost, Single/Dual-Input, Fixed-Gain
Microphone Amplifiers with Integrated Bias

Typical Operating Characteristics (continued)
(Vce = 3.3V (MAX9812L/MAX9813L), Vcc = 5V (MAX9812H/MAX9813H), Vanp = 0V, RL = 10kQ to Vcc/2, SHDN = Ve, Ta = +25°C,
unless otherwise noted.)

SMALL-SIGNAL PULSE RESPONSE LARGE-SIGNAL PULSE RESPONSE
(RL = OPEN, Cy = 10pF) (RL = OPEN, Cy = 10pF)

MAX9812 toc15 MAX9812 toc16

IN
5mV/div |

IN : B : . X : :
100mv/div Freoeeieeeieee e P R Lol

out | QUT=frm i c LR
50mV/div 1V/div 1y
N AT N
1us/div 2us/div
OUT-OF-SHUTDOWN WAVEFORM MAX9813
INPUT UNCONNECTED SWITCHING BETWEEN TWO INPUTS
MAX9812 toc17 MAX9812 toc18.
~ o T IN2 = 200mVp-p AT 20kHz
L5 INT=100mVp-p AT 10kHz
SHDN i | ]
2V/div & ' ' 1V/div ouT
BIAS
2V/div
ot | : 2v/div |- IN1/IN2
2V/div
vttt Bt
1ms/div 100us/div

out
1V/div

IN | p— —
500mV/div o) oo

2us/div
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Tiny, Low-Cost, Single/Dual-Input, Fixed-Gain
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Pin Description

PIN
MAX9812L/ | MAX9813L/ | NAME FUNCTION
MAX9812H | MAX9813H
] 3 SADN Active-Low Shutdown Input. Qonngotmto VCQ for normal operation. Connect SHDN
to GND for shutdown. SHDN is a high-impedance input; do not leave unconnected.
2 GND | Ground
OUT | Amplifier Output
8 Vce Positive Supply. Bypass Vcc to GND with a 0.1uF capacitor.
5 7 BIAS Low-Noise Microphone Bias Output. 2.3V output for MAX9812L/MAX9813L. 4V output for
MAX9812H/MAX9813H.
6 — IN Amplifier Input (MAX9812)
— 6 INA Amplifer Input 1 (MAX9813)
— 5 IN2 Amplifier Input 2 (MAX9813)
— 4 IN1/IN2 | Input Selector. When IN1/IN2 is high, IN1 is selected. When IN1/IN2 low, IN2 is selected.

Detailed Description

The MAX9812_/MAX9813_ are low-power fixed-gain
microphone amplifiers available in a single- or dual-
input configuration. The gain is set at 10V/V (20dB) with
a 400kHz, -3dB bandwidth. They also feature a low-
noise, integrated microphone input bias voltage.

Single/Dual Input
The MAX9812L/MAX9812H are single-input amplifiers
and the MAX9813L/MAX9813H are dual-input ampli-
fiers. All devices typically have an input impedance of
85kQ. The inputs to the dual version are controlled
through a fast 2:1 mux, selectable through the IN1/IN2
pin. Driving IN1/IN2 high selects IN1 and driving the
IN1/IN2 low selects IN2. IN1/IN2 is designed to be dri-
ven by a logic high of 22V and a logic low
<0.8V. The IN1/IN2 has a 10us switching time from one
channel to the other.

PC2001 Low-Noise Microphone BIAS
The MAX9812_/MAX9813_ provide a low-noise voltage
BIAS designed for biasing electret condenser micro-
phone (ECM) cartridges. The BIAS output is regulated
to typically 2.3V for the MAX9812L/MAX9813L and 4V
for the MAX9812H/MAX9813H. In the single-input ver-
sion (MAX9812_), the BIAS output can source up to
1mA. In the dual-input version (MAX9813_), the BIAS
output can source up to 2mA. The MAX9812H/
MAX9813H provides a PC2001-compliant BIAS voltage.

Output Stage
The MAX9812_/MAX9813_ rail-to-rail output (OUT) typical-
ly swings to within 100mV of the rails when driving 10kQ.

Maxim Integrated

The output DC bias point is set to 1.5V for the MAX9812L/
MAX9813L and 2.5V for the MAX9812H/MAX9813H.

Shutdown Mode
SHDN controls whether the MAX9812_/MAX9813_ is
active or in shutdown mode. Driving SHDN low forces a
low-power (100nA) shutdown mode. In this mode, the
OUT pin is set to a high-impedance state and the BIAS
pin is pulled down (70kQ). Driving SHDN high enables
the MAX9812_/MAX9813_. SHDN is a high-impedance
input and cannot be left unconnected.

Driving Capacitive Loads
The MAX9812_/MAX9813_ output can drive up to 50pF
of capacitance without sustained oscillations.

Thermal Shutdown
The thermal shutdown feature protects the
MAX9812_/MAX9813_ from destruction due to overheat-
ing caused by shorting the outputs. This protection fea-
ture causes OUT and BIAS to shut down and go high
impedance when the die temperature reaches +140°C.
The device restarts after the die temperature falls below
+120°C.

Applications Information

Power-Up
The MAX9812_/MAX9813_ output typically settles to
95% within 10ms after power-up.

Typical Application Circuit
Figure 1 shows the MAX9813H used as a preamplifier
with the MAX9760 3W audio power amplifier.
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Figure 1. Typical Application Circuit
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Typical Operating Circuits

PROCESS: BICMOS
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Chip Information
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Pin Configurations
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MAX9812 GND | 2 er BIAS
6ND [ 2 5 | Bins 2 MMAX9813
SHON [ 3] 6] N1
out [3 4] vee /N2 [4 ] [5] 2
SC70 SO0T23
Selector Guide Package Information
TOP For the latest package outline information and land patterns (foot-
PART PIN-PACKAGE | Vcc (V) MARK prints), go to www.maximintegrated.com/packages. Note that a
“+7 '#, or "7 in the package code indicates RoHS status only.
MAX9812LEXT+T 6 SC70 271036 ABJ Package drawings may show a different suffix character, but the
MAX9812HEXT+T 6 SC70 45t05.5 ABK drawing pertains to the package regardless of RoHS status.
MAX9813LEKA+T 8 S0T23 271036 | AEEU PACKAGE | PACKAGE LAND
TYPE cope | COUTHINENO. |pprrERN NO.
MAX9813HEKA+T 8 SOT23 451t05.5 AEEV 90.0189
- 70 X6SN+1 21-0077 90-0189
+Denotes a lead(Pb)-free/RoHS-compliant package. 6SC il —
8 SOT K8+1 21-0078 90-0176
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Revision History

REVISION | REVISION PAGES
NUMBER DATE DESCRIPTION CHANGED
0 4/03 Initial release —

1 8/12 Added lead-free description 1,9

2 9/12 Added automotive qualified part 1

3 4/14 Removed automotive qualified part and references 1
maxim

integrated.

Maxim cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Maxim product. No circuit patent licenses are
implied. Maxim reserves the right to change the circuitry and specifications without notice at any time. The parametric values (min and max limits) shown in
the Electrical Characteristics table are guaranteed. Other parametric values quoted in this data sheet are provided for guidance.
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