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ABSTRACT

The article presents a wireless electrocardiogram (ECG) system with monitoring lead.
The design technique falls into 2 part; hardware and software. Hardware implementation of
transmitter and receiver are constructed using commercially available devices. Three electrodes
providing voltage output are employed to sense the ECG signal. The measured voltage is
manipulated by using signal conditioner before  sending to ATmegal28-AVR ATmegal28
microcontroller. The signal conditioner comprises instrument amplifier, voltage amplifier and
zero adjustment circuit, notch filter, and DC level shift circuit. The AVR microcontroller is
connected to convert the measured signal into the digital data suitable for ZX-Xbee wireless
transmitter. The USB Dongle Xbee  wireless connected with a computer via USB port
receives the measured signal over a distance of up 20 m line-of-sight. A graphical user
interface on computer screen has been developed by the software written in Visual Basic
program. From the measured ECG signal, the heartbeat rate is calculated. If the obtained
heartbeat rate exceeds the preset max-min settings, the audio alarms will be turn on. To verify
the performances of the proposed system, experimental results from measuring standard ECG

waveforms are also included in this article.
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{ =% I~ T
'ldvnae 1 wsoleudliuaunis 1an

AT <A l—aalll=0 (2.2)

M 2.7 nuuassmasduiaussauvesmaasadyana Tdhiiale

14Uy Standard Limb Lead



13

Qs

v o dao ' dy 0 b4 s R
PINANUTUNUTAINA1IU %zm“lwmmn%ﬁmtmm"lﬂﬁm’ﬂmmu Standard Limb

(e

o o~

& to & @ a A A a Y 2 o a A
Lead uu‘lmnﬂuﬂmmamwnﬂaﬂ Tﬂﬂﬂﬁ'\ﬂ?iﬂlﬁ@ﬂ?ﬂﬂ‘lﬂﬁ 2890 UAIWATUIUYIEAN

wde 14

2.3.2 35MTIAUVY Unipolar Limb Lead

a [y . 3| ac o [

35M153AUUY Unipolar Limb Lead (Augmented Lead)  umsnedsan Insadmsu
@ R R o ° v - ¥ o ) =
TUNA (Exploring Electrode, 17130) LUAWMUILVUYIT HIBLUUY HT00 1918 TaeifTeu
~ % 4 é o 2 o 2/’ Py Al A o ] @ [y
HousUEUd (Zero) e 1A Tasmsiuerd Idfhimbednaesdumuianiiudu - fuang

H ] 3
Tunwd 2.8 Taenaia'1dilu 3 80 fe

Ya a o 3 a L =3 @ v A @ o
- Lead aVR 1#oan Insaaanuai IWfwannsfinauun wsumeusuaundedng

Tlfhap s udiasuude
aVR =RA — 1 (LA +LL) (2.3)

ad a  w 3 H @ 1 ! o o
- Lead aVL l9aan Insanasuda Wdhuinnaiuvudte wSeudeuduaundedng

T auyniurde
aVL=LA —% (RA + LL) (2.4)

¥ v v
- Lead aVF 199ian Insadanuda 1Wf1uanhndne wisudeusuaimasdng i

YOI UV LY
aVF =LL =% (LA +RA) (2.5

Taofi w5 “a” Nu1EHT Augmented Famsldszuniiozdataoueen  ldinteemsan
Fyanaiinialefithuiin 18Tuenyagagaiuga so nledidud

DAY “V” MNI0AL Vector UANHITDL14AUAE1INIINNMN “Voltage”

BAHT “R” MU18DI HUUYN

8AYT “L” N8 LU

NYT “F” Muned 19
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aVL

4 o v a adg . .
MW 2.8 Aunamsandian Insauua Unipolar Limb Lead

a a adg = = 1w @ A
11ANIARAADIANINTAUYY Unipolar Limb Lead i1nunsueasriala 1amiudn 3 yu
{1 1o [~ o 4
¥®97¢19910 Bipolar Limb Lead. 1161830 91]1un 1300912190114 (Frontal Plane) i 33103
& Qall J {1 [
111793 6 A9 (Bipolar Limb Lead ua2 Unipolar Limb Lead) 3¢ ld1anmasviniiensdiu 6 yu
5 4 & M= O, ) N\ 2 .
(30091 Hexaxial Bauaaymunni 2.9 suiwidsziiumsnuveaiilald uwaunuiale

UnAazegsznie +110 89 -30 99

MW 2.9 uuunuvedilealSouRsun3Tas AUy Unipolar Limb Lead

2.3.3 35M3IAUVY Unipolar Chest Lead

a o I Y {

A5M5IAUDY Unipolar Chest Lead  1umsiiunnmsn)asuutladlvi  Taonisled

Y
ag @ . @ o T v a
oianInsauiin (Exploring Electrode, 93U90) 119UUMUMHHITIUSnans90n Tao/Seu
=1 o SR o 9 o 3 ~ o 1 9 Y o v =R
MeunugUITIi 1d Tasina Inihnnsdumtavuan wvudheuazsandromnsuiu Tuiin
° 1 ¥ @ Y] { o I

186 dunmiaflo v, v, v, v, v.uaz v, Tasniesasrndayanslidnileitudinldsy

1139#219411 Horizontal Plane L@@ InINA 2.10
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§ o ] a ad .
MNN 2,10 Funtlan13AAdan InsANLY Unipolar Chest Lead

o VoA A g v el o T 1 ] :ly
Tasdumidsnneonn Insatuiinnaludundang o dail
= ) 1 1 d' d' d' a Y 9
a8V, M9UniesgrNnsegnd 1nsei 4 1agh 5 $AN3Z9N1I1IONATUYN
=1 o 1 1 - A ~ a Y FY) 9
an v, 119AmnteIe1919n32ana AN 1 uagh 5 Fansggnrtinenaiugny
a9 V, INAUHTNTENIN V; 1ag Vv,
o . i / o 4 ) : ,
A V, @ WMiITEndNnszqna s an 4 mazh 5 @5 Medelavicalar Line
89 V, 7N LHUNIREINUTE AN V, AT IUUA Anterior Axillary Line

a8 V, INANHHIAEINUIEAY V, AR 31 Midaxillary Line

2.3.4 A5M3IAUVY Monitoring Lead

as @ ) . = @ 9 ady

A5n153AULD Monitoring Lead H38n150539000EN 52 39 2z ld lunsaindosmsuang

[ o c?)’ ia -~ < I~ 3
msasndngns i lmasana Tasldia Wdnaasdn InsaduduinuazanalSoy
=1 v a ad d‘Q 1 a n:i a d' A .
MouNUEsAY 19N INIANHINITILTNUNTIoNUNUIIEAAR LY U1 widou 1y Bipolar
Y '
. v | @ o Y
Limb Lead dartiudailumsysvutlaanalfmanzaunumsastonuuihseSs saaaslunin
12.11 nisyldne
Y
- MCL 1 ( M = Modified, C = Chest Position @1%5U3U20 18 L = Left Arm d11151

3 = adg Aa q,/l 9 o 1A @ A T o 1
YIAY) U909 ﬂ'l‘i'J'Nﬂ']'if’]Lﬁﬂi‘ﬂﬁﬂ‘l’lﬂﬂsﬂ’J‘iJ'Jﬂ\l'J@l'ILLWUQLﬂfJ'Jﬂ‘U V, A9 EHINAUNUS

]

A = 4  a v P ad da vq ¥
s2qndlnsan 4 uazh s Fanszgniihiondiuan  Ned@nInsaidadian1ildnszanln
Yy 9 U QBJ‘ Aa a v U Yy 9
Yy drutandaaeauinneldnszgn lnilarddne
=2 ac Aa 3 Yo 1A Y as

- MCR 5 131983 M371981an Insanandnuan dwmiafendu v, 198idnInsa
4 Y 1
naau13ldnszan niladn dawdandemeduinnednszqnlnlarddhe
1 { 4 o3| a 4 £ @ o
dlunsdinldinies Ambulatory ECG  (fumsdaniostiuiindaaa Indiala

v w @ 9 3 @ o 1
Pfudanaen24 Falug) 11 w5 eldszuumaelne (Telemetry) o | Faontvz U5 udwmtiaves
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&ﬁﬂimmﬁaaﬂﬁmmmﬁamm5ﬂmﬂﬂ’§u"I.Wﬂmﬁ'mn‘f@ EMG) TnenedidnTnsaiiani
vnasuioulaenszgnniien uazi‘?aaumaﬂix@ﬂwﬁ’waﬂdauuu

naviade 23189234 aunsaagdanudusiusmeviihlumsndidansanuy
A4 9) T

A 1=LA-RA

AAll = LL - RA

Aa Il =LL-LA

@M aVR =RA - % (LA + LL)

finavVL=LA-% (RA+LL)

i aVF = LL= % (LA + RA)

Vn =1/3(RA+LA+LL) —Cn;

i1

Won=1,2,.,6

Mud 211 dundsmsdnanotuiindyane Wi lausy Monitor Lead

=1

2.4 dnlnsa
v o ' o A < ad {
msdadnd I waznszua Iihuusemededidusounfodan Insa (Electrode) N
o A [~ g I'd T =y o 9 1
Mmuaiewduniudaises (Transducer) Wiz lusemasimsinszuaaie losouus
A YY) o =1 ) 9 ac [ o’;’ ad o 9 ~
lumTesiadyana i leeslimsthnszuadotianaseu  auiudianInsavesimthn

wasunszualeesiin (lonic Current) 1Wunszua' i (Blectric Current)
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Connecting wire !

Silver (Ag)

Silver-Silver chloride (AgClI)

Double layer

-------------------- ) /

+++++++++ A+ +

.4

Electrolyte with chloride lon

P v ac
MNN2.12 lassasranmeluusedian Insa

. N’ ,

Tumnd 2.12 uaaelnssadrumeluvesdidnInge Flsenevuaiy

ad ~ & Aa 9 @ ad

1. DNATBUNIAADUNTNANWATITIMAUNILEDIEN INTA

2. uaAn loooy (Cat Ton) W30dsz1a1 () wapUANANINAIIRUNsZIa TWH8iEn Tns
lavt

3. weu'leaau (AnTon) H501l529un (+) InAPUN AR TR UNT e Wi Bidn
Tns layt

o @ A 9 4:’ 9 q’: A daa g a ad 4 [P=1

dmsuilszandiudiuvriniu desmn luliSdnesoudasslusidnInslan vaz'lud

ad 9 =2 9 =1 A a d? A v
uan leoounaziou leoouludanInsadiy Bedesdiniadenuloufadiu ietonenilsey
' 3 @ 3 a S @ 1 @ 1

seniawmeiienes soiusidnIns laviavedu13daelane azidnd Wihasiulyd Son
(-7 é 1 1 - (-%4 h =Y
fnd I HnSaad (Half-cell Potential) uais1 lainsa dadndlidhnsasasdvesdianInsa 1@
2¥8idn InsavnsulumsilSeumioudnd L

Y] 2 '4 A { 1 { 1

fndlihaS uraduosaan Insadnaudunaed Lidnszuava dilnszua’lva

v v 9y

And i niavzdandaounacly anuuanarsidumaunnn Tnan lswsuvessidnnge

- oy F A s w & & @ &
ﬂ?"IiJG]Nﬂﬂfﬂﬂ‘ﬁTﬂLﬂﬂ‘ll‘l!kllf]!ﬂlﬁlﬂﬂﬂﬂnzﬁ’llﬂﬁumiEJﬂ’n LL’Nﬂu‘lﬂﬁnﬂu (Over Voltage)

2.4.1 adnInsanthalsduazddninsanlutharlss
= 1 aad 9 a A
munguasoutsdanInsa’ld 2 #iia fie
v v 1
1. adnInsantharlss odninsesl  dermunseualutudn e litnszue Wi

y & g ad a ¢ o A - P
‘U’l?J‘WH‘Hu’]‘U@Q'ﬂlﬁﬂiﬂﬁﬂuax@mﬂiﬂiqa‘ﬂ %gﬂTQWULﬁuﬂuﬂTﬂqcﬁlﬁﬂﬁ

1,040:¢9
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ad { ] 4 ¥ ] ] o ] ]

2. oanInsan Withalss  dietinszuarmuazansormurvi lwosads Tae'la

= o o 3 2 T a ] v Y ad P L4 1
gaudenaeau aiudslufa Over voltage uats1 laansaadisvian Insafishan lsduagla

1hanlsH Ideereauysel

LA o o
2.4.2 AMANDAVIIBLANINGG
e @ a g q’/l [~ 9 ' aa 3 =

auantanszuauazussauvesdan Insatiu liidudunss  wsizhdan Insaiud

wa CY - | 1 ~ v ad 9 9
auantamwizd o anuleenszuaflvarudianinse  dillanuduvesnszuaunn

wa 1 = wa o 4 Y 4 4 -1 a H
Auauia sxae ldnndunazauaiadiiudugdadu i duflulmiviufuanuddae
A ac =} Y Y- 5 A o ad Aa Ao )
(Hee91ndLan Insalanuaumy uagaanuilszeegaie  westhamn Insanaannmtia

9 =N .i’ = 9 1 a o v a g g a v 9 Y A
A25ADINITUINURIM TN 2V DN Insadudian Ins lant tagimilsdae 151975 1985y
ad P [ { o a ad o3 Y]
sianns lavndsznovdonaslsdlosan masufsziinisaasdanInsadludldszau
[ £ o v va = Y ar < .
Padenilsniinanenaauiiane lihvesiiviisfo 11590 Galvanic Skin Reflex (GSR) 1W312
d’ o d' v 1 d' d‘ ~ s ~ o'/ v
AefumlatazNovoIneumIoN vzl Innen TWINaISey  uaznao 156 109oUHaIINADY
¥ ° = v @ o v o 4 @ & o Ty 3 (] 3

wmle sz ldiRannuatAndvesgnoiumleduimls - usdauldszneniinanudniu

Y Yo adg P 9 ar aa v Y @ a Y
ﬁ']lniﬂﬂﬂlll]vlﬂﬂ'Ll?JLf‘lﬂI‘Vl3ﬂVIGl‘lf'Jﬂ‘Vl'N“IYJTVIEJ'lﬁiiﬂJﬂ'l"thﬂEJ']ﬂ‘Uﬂ'ﬁ']ﬂVl'NN'Jﬂuxi

2.4.3 daninsausuuuduimdlalans

sanInsandenlumssudng Ihnedinefie siin Insafiviiaelans laonisih

[] a o a Y] @ a ad & A ] A Y v W
unu Tanzudan R tazdnazmasudan Ins laneuszunenans e ldunisduie

4
=

Aad
NAYIVU

¥y ¥ ]
as A

Cag ' o & adg g v < y g & Az
urualan Insa Tansuwuae 9 dwdluodn Insanlas a5 wazlgudne nedliie
@ Y adg Y a { o o ar
Usznfanaunzynnansneduil anninsalilszneudlonamradniiuilulwy {oegiu
I~ g & ~ 1 =S = a Y & v =Y dy P Y a J I'd
dluunvaannes) sLTunuEY (Silver) Aavgd1anilg unuiRuinamdoudIsFaosaao lsa
. . Y o A 4 1o a @
(Silver Chloride) lumsldauasiuaas3lunmn 2.2 fldiiswaianuazerainis
= T ad =] ey 1 9 " ag = @ w A
Wavedian InsadnszauNasgeon wdNauHudEN INTABIUURAIMIIRUA
o | a e Yo o ) Yq Ya 1 Ao gy Aa
Tumsiilsayaninusiaazdgianlaldomn Insauvuuiuidielave  flinnu

v & 2 S aqy Y & o A
aeadn ums IFnudlusouaannss silalsudinuas awaaslunini 2.13
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{ ad T VA a Qy
M 2.13 BianInsaununiidls lane @siialdudanaay)

dwmsunisasnadaana lWdniale

4 d'l o \1 o
2.5 aAnunImslaumnizvesnseInsnduanaliliiile
A @ =1 o a A’;’ yq Y
AMZNITUNITVBINIATIIDFIVBIINALLsa 1 Nilszmaanigensnniy 1314
vy o [ d' 1 Ly [ dy
doirueonts s unTodnsdaanal Wi le dell
Y [
) a s - g 3 wa o w
L ANUNEIaZANNAANGY (Linearity and Distortion)  Hunaiduiand 1A ues
nsesasndyaniihiale msieaun linanugndesaisiinniesndn 5% iieviims
=" g 9 t;‘ 2K o td'd
TUNABINTEMBAWAING 5 mm Haz 50 mm  ANVFeINsHasouagudsdaais lnihnd

ANUDITHI190.05-100 Hz

1 a

2. %390UWA (Input Range) n509n33dany Wi ladesanunsaveedyana

Yy A 1 A

18 lug9nhefie Fasinamgaldng 10 mv

D

a SNe 4

a a a L4
3. dunpduAnamLaznIZua lWH (Input Impedance and Current) BUNABURLAUCE
T ad @ dy a A 19 1 1 @ osjl adg @
serIBIan InsafuiuAuAITIzimtesnd1 s MQ Tuszriemsiniuaan Insanasunls

a T a 3 A ag Ja 1 =3 1
imsaeasauiarun Iedidn lasasalounsy iasinszualvihuinnd 1opa  na
1 U [y @ o 4 1 1 cg I { v o o
Hufiae ((agiiunszuasalvai liinnni 10 pa duiuivensudulaena i)
< o Ja . A a Ay Y A o Y a
4. 15UNTAMBIUULA (Central Terminal) 9953 FaALAUTNADINT 11 1iAA
< o Ia 1 o Yt a ,: o A d%l Any v v Y
unsamesiuea iadsezihliinsAameuvesdyanauiuiy 1afldnanluiiden 1
A A d? d‘ [ 9 9 a a A s Y (==Y o 9
MIOALAY 0.2 % LWBTINAVANUAMUMUN A UDUNADURUAUTUAD A3 TaLaUTNY oY

Nganslinn 3.3 MQ

wnansthluenansianulidwiunmsldnuienisfinvimintu Weygalimhluldusslemiiunisen

Lidnsdllag vdu BnviemuiilvaaiUasilonuasfeeg1sddadvesenalsnnasaninisuntuly
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5. 8A519818 (Gain) 1n3eensvdayga i lvasdsuidswens’d 3 oh fe s,
10 118% 20 mm/mV

6. MIABUAUBIATIND (Frequency Response) NITABUALBIVBNUATOIATIDF QYR 104

v Y

Tf lalureanudaaus 0.1425 Hz - asezmmdud llaasaeduwdy 0548 d sy
o A Y T A [ Y CV ] d‘ 9 d' 9
dyanaundianugaiiosnd Wity 5 mm. vunszamuiindel¥anud 25 Hz udims
mauaumgieﬁ'aujtywmgﬂ‘lmuﬂlﬂjmm:aﬂmmﬂﬂ:h 3dB

7. AoNUNBU IMUATIIAYULY 1% (Common Mode Rejection Radio:CMRR) Tunaduimiis

=Y S v 4 Y] 3 o @ 4 @ { 1
YoamIaan IAenaedaiislsudiddvesvounioaiunn 13N 10 mm/mv  uazdiede
a d 3 Y o Y 9 @ = g P a 1
atan Insanavuandu Ifnszuaady 60z 120V wieusuaedndanileasdy diuae
a9 4 Q’I’ A 1w Ao u’/l o v 1Y =Y 4
andanilady Gadedugasmvesdediinlasanavua a1l lidesynsudumiBuaud
P 9}3 1 =1 A ~ < @ R 1 9 o d” @

20 pF wah latiuldnrsezimsmdounueadintufinuinnii 20 mm  fefmuamnizilazéa

] 3 4 [ =y I'd o =N
aeldegnulono I Tauand 100 k Q HUUBYASUALIWBUNAR Y

8. MIAOUINYL (Calibration)  In5ensadaana i lealsaelidng Indhiien
WMATTIHAUIA 1.0mV  dwsulSufisunimdsvenevenies

g £ o y
9. ANNGIVBINTLAHDUTN (Chart Speed) 11ATFIUAITILTU 25 /s WBNIIAI]
< 1o I~4 [
A2350A M52 50 mm/s A UG UBIANISINITUAT 2%
o o a A o S 1 Y * 4

10. 191A%A (Output) 12IAWABNAUALGAITIAITDINI1 10002 10 IWHAGIZARITIZ
s
A1V

AM|7 | R
11. gUnsaininIenng (Bvent Marker) gilnsalfiduniosnuioalsiionisii13ly
& @ Y ° [ Yyg ¥ A o A A o =]

nsosnsndaana ihrialy dmsulddlansesdunsoamune Weshmstudin

dayana IWdiale

2.6 lulasneulnsaaes AVR

TuTnsneuInsamos AVR [5] dlunitelululnsnouInsames 7'ldwanlasusem
ATMEL (fiimeauluTnsaeuInsamesaszga Mcs-51) AVR sadlululasaouTnsamed
aszalnun ATMEL fiaa1ilagnssuuus RISC (Advance RISC architecture) fio #iafde
19 19T eyaun®iing 1 g (instructions in a single clock cycle) il lulasneuInsames
fTlsyAnsam uazaweuisage uiseen Idiflunaweynsy luudazeynsndautiseen

o o A @ 9 A v vq ¥ Ao a a
lﬂuﬁﬂ’]ﬂlﬂﬂi lW'ﬂS@Qiﬂﬂ?’]lﬂﬁ@\iﬂ']57]Lmﬂﬂ’1\3€ll@\3F;lblclﬁ']u Eluﬂlmgﬂﬂ\‘]ﬂ\iﬂ?']llﬂigaﬂﬁﬂ']w

R.

v o 9

@ wa 4
iy dmSugaauinveslyasneuInsamesawisofdnu ldanmanuin n asldau

o I aa a 1 Y o dy
Tugauasdgygraueuzasniuaiaes dunsnesuielasde laaail
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4 4 @ A a @

lulnsnoulnsames AVR o5 ATmega 128 §en il 2.14 1l Tugaudasaindaygor
I aa S % i

wouzasNuATABA 38 A/D Converter (Analog-to-Digital Converter) NLANUAZIBIAVLIA
10 T8 (10-bit Resolution) Mussau +5v vaneds outasdygyrantneaudlldmdunveg

1 @ I aa @ ~
T¥NIN 0-1024  Teggduvumsudasdganaueuzasn  lUidludTaeaunudaaadvuon

< a ) . . % .

WIDNWIUBU (Successive Approximation A/D Converter) fin msudasuuvdsenaa lagnis

aa Yy a3 I [ A = = % @
ﬁummmauaaﬂu‘ﬂmxﬂmmﬂuu@uzaaﬂmﬂ“luiuga LW@L‘]_]ﬁﬂﬂlﬂﬂﬂﬂﬂllﬁﬂﬂullﬁlu$ﬁ@ﬂ

q

k) a

4 1 @ LY v d <3|
musune  WenSeuien ldnwssduniiiu Tuga A/D Converter sziinadnsoonin &y
1 an = ya dy I A a a ~ o Y 1 <4
mavmea ¥aMs 1M idundenmszinnuinsnssgaazsiinu ldedesias
o 1 a @ @ v a < J
T119a A/D Converter U102 8 Fosdunadganaldvdnmsiafingnd (Multiplex)
d'l A o 1 1 o ald' 4 = v a 1
werdenmaihnuluudazsesiimualinvinesa A Taslusidudunaszningo v (GND)
v a { s 1 ' 2
9 vee (ussduBuyaiivi vec vodlulnsaeulnsamos AVR) - Hiuasesduuazfum
@ = = |
(Sample and Hold) 1495 11ga A/D Converter eapianian a salunmin2.14  iulylas

4 { o a a J ¥
aeuInsames AVR denlFlunsinlSayaninus

:i 2 ¢
mun 2.14 luTasaouInsaiaes AVR (U035 ATmega 128

3 = 9
2.7 Tuga'limaiive Xbee
! 3| 7 s !

Tugalimetie Xvee iiugUnsalfifilulnsneulnsames uaz REIC ogntely
o Y a g o 1 . T = =
mwmmﬂuqﬂﬂsmsu—mﬁmﬂpm (Transceiver) 1111 Half Duplex 81UA40 2.4 GHz UN13
[ [ o 1 a 4 " @ 1 [ <
damslasldwaenudr uazldande Teunesiaildsuuazdedoyady Xoce iy UART

2 o [ o o { a 1 4 1
(TTL) FedhwmsumalulaseouInsames suhnildfadedeals UART 194 Xbee o1
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0 UART woslulnsnenInsames lunnd 2.15 () uag 2.15 (V) uaadae01n el Chip

ALY Whip U993 Xbee MINGIAU

NN 2.15 100 1MAUD9 g 15978 Xbee (A) 11U Chip (W) WUU Whip

Xbee 13150 I maNasgu Zighee 18 lagh lidoudion1ysunsuadrunsote

1 a v o J .4 : { o
Zigbee N3 AMIRNAS IR NI uLT (Rirmware) Moz Tnandh 1ulud Xoee 19151
A I s da 4 A =
AUNTUFANITNUAD T UFINALITOUNDTIN  (Software Interface) (X-CTU W50 115unsuf

¥

Wenduiad) Mumaeiinouany (Miousun1sa1uay GSM Module) lasld Hyper Terminal
n3arIunMIsudadayadle lulasnen Insamos 19otadie  laoiiown Xoee 11710

< oG = ¢ p Y ~ T g | |2
Wuginsailuniens Zigbee a7 151921500 Xbee HAnzi2111T1u Node

2.7.1 fa@nyazvadligaliaedvie Xbee
1. Operating Frequency ISM Band 2.4 GHz (ISM Band ¥11884 61ua1udn 1591
A aw £ vq 9 o g a2 J i 5
LW’e)ﬂTi’meGINﬂzﬂlgmuiﬂglﬁﬁl‘lfﬂﬂ@ﬁﬁWﬂﬂﬁu (Industrial) - ANFIAAT (Scientific) LATNINNIT
UNNE (Medical) 59311 ISM)
= Y A A 7 . =)

2. Nengorme 1¥iiden a1y ABLLY Chip Ant, Whip Ant , UFL con 1130 RPSMA
con Taw 2 nuvnausdes luvuaermaiiu 2.4 GHz Midu Connector 11U UFL 138 SMA

3. Supply Voltage 9§11 2.8-3.4 V

4. Power Down Current < 10 pA

5. {i RF data rate 987 250 Kbps (1fludmvesdaygnandaiueinia)

6. ¥ Serial interface data rate 9¢55¥319 1200-115200 Bps (ludundadodoasiy
lulasneulnsmes)

7. 11 Spread Spectrum ¥11a DSSS (Direct Sequence)
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o« o =) 3 ;]

8. MIMYUA addressing UAAUANHULAD A1MUA PANID dmsuinsotienils o

A1 UA Channel 4AL ANUA address VBAULADL A

)

/

TN Pin 1 -

'=Pin 20

ﬁmmw

YT DiEYS
P 5[3&{‘“],{’;[
P&

7

CEAOBOTIOD

L
&
k3
*
2 3
L3
&
¥
£ 3
®

~- Pin 11

MW 2.16 103 Tuga 13910 Xbee Y119 20 Pin

2.7.2 Mdsdsmnee1ma uazdyanasuniyveslugalioe Xbee
{ q’/’ ] { 2L g i LYY
Tugaldaetie Xvee UnlFdiunaud 24 GHz FuuduRerfusy Bluetooth n3o
4
Wireless LAN A9uUMa18 9 auonizasdon  daanudusesuniudunseld  feeu fe
daa ez sunuiu lasezuesniaed 19wy 131U ThaiEasyElec 1 Wireless LAN 14 Access
. o S e o & £ o i
Point 1 #2 - tazis1ndeld Insdwiuuuieliin'ld (2.4 GHz Cordless Telephones)  @afi 14g 14
' @ Y I £ 9 v ar 1w o
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o o 4 . . . . g
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| { o . . . 4 s
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s
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3.2.4 9D5UNTLAVUTIAY
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uaaalupind 3.9

Analog Signal | &4 3 ‘ 4
Conditionin b, " i : L ! ~  RS-232 Digital Data
—79, Read Analog, > A/D Converter. — | : jore LS
- o~ 5 T\ % ; Transceiver
TuTasnoulnsames Ave == ! Xbee (Transmitter)

a < A T 4 @ 5
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5 Project (Project1.vbp)
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3.4.1 MIsnaasImmMenvenevestuuanmesisuTualnua

1. ﬁwwﬁuwmumﬁ 2 Y99399TOUAATNUA (Instrumentation Amplifier
Circuit) UMW 3.3 #BAINTINAYDI2995

2. Houdaanalan (Sine Wave) U119 200 mVp-p Anudae 9 AmaIe
# 3.1 MnilasFnUILBIEABS (Function Generator) NANULINYBITUT 3

3. JAvuAus IR UEIANATEIRSUEBUaRIIUS  uazd M

a3 1UE1Y G 9INANMTN (3.10) taztiuNnwaaluaisian 3.1

1519 3.1 WaNSNARDINIBN TV IBUDI1SHUVAVINBIS WITEa Ty

5 14.69 104.18
10 15.59 110.57
20 15.83 112.27
30 15.85 112.41
40 15.85 11241
50 15.83 112.27
60 15.81 112.13
70 15.78 111.91
80 15.75 111.70
90 15.73 111.56
100 15.70 111.35
200 15.39 109.15

d' L d' =y ~ 91
1NN15191 3.1 ?f'liJ']iﬂﬂ']ﬂ’lﬂﬂi'l"UU'lEJlﬂﬂfJLL‘]JlIﬂ‘V‘ILW’E]!51!L‘]5€Jﬁi1’illﬂ‘1ﬂ’ﬂ Ad =110.99
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3.4.2 MINARBIMIAIDATIVNYVIIIIVTHVUABNNOUTHNA
o a o =Y o { v
1. B UNALINUEL BUNAA VDI TVOBBUAATNUS 1AW 3.3 1de
Y 9 o
W@y
Y o . ~ A ~
2. Houdanaland (Sine Wave) v11a 5 Vp-p NA1NAA9 9 awa15199 3.2
o @ 4
MINNINFUOUILBITIADS (Function Generator) NNAIUUINUBIIIDT
a @ o = o o " W
3. FAVUIALSIAUBIANAYDINISVNOTUAAFNUR  LazMUIUMImMSas

V18 G 1NANNITN (3.10) uaziiuinnaasluaisedn 3.2

ﬂ]’i]ﬁﬁ 3.2 WANINAADINITATIVYIBUDIINSUTUABNNBU 1HUA

SRR (V”) | Shsume G
5 0.035 0.0099
10 0.037 0.0104
20 0.039 0.0110
30 0.040 0.0113
40 0.040 0.0113
50 0.040 0.0113
60 0.039 0.0110
70 0.039 0.0110
80 0.038 0.0107
90 0.037 0.0104

100 0.036 0.0101
200 0.032 0.0091

1NAT197 3.2 ’d'll]'Iiﬂ'ﬂ1ﬁ15ﬁ51%818lﬁ§8“ﬂﬂﬂ?Jllll’t)ui?illﬂnlﬁl'h Ac=0.0106

NNNANTNARDI IUNISNARBIN 3.4.1.1 LazNISNAaeh 3.4.1.2 ANIAMUINMIA

apuueu Inuasaadus 1y luniie dB 188edl CMR = 20log (110.99/0.0106) = 80.39 dB
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H3IUIBIANA uiaﬁ'mméﬁgn
oy W

5 0.676 0.669 80 0.717 0.695

10 0.706 0.703 85 0.718 0.700

15 0.712 0.707 90 0.718 0.701

20 0.714 0.708 95 0.717 0.703

25 0.716 0.704 100 0.717 0.705

30 0.716 0.697 110 0.717 0.707

35 0.716 0.677 120 0.717 0.708

40 0.717 0.615 130 0.717 0.708

45 0.717 0.384 140 0.717 0.709

50 0.718 0.114 150 0.717 0.710

55 0.717 0.524 160 0.717 0.710

60 0.717 0.625 170 0.717 0.710

65 0.717 0.662 180 0.716 0.710

70 0.718 0.679 190 0.716 0.710

75 0.718 0.689 200 0.716 0.710
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Fleatures

- |High-performance, Low-power AVR® 8-bit Microcontroller
« |Advanced RISC Architecture
— 133 Powerful Instructions — Most Single Clock Cycle Execution
— 32 x 8 General Purpose Working Registers + Peripheral Control Registers
- Fully Static Operation
— Up to 16 MIPS Throughput at 16 MHz
- On-chip 2-cycle Multiplier
« |High Endurance Non-volatile Memory segments
- 128K Bytes of In-System Self-programmable Flash program memory
~ 4K Bytes EEPROM
— 4K Bytes Internal SRAM
— Write/Erase cycles: 10,000 Flash/100,000 EEPROM
- Data retention: 20 years at 85°C/100 years at 25°C(")
- Optional Boot Code Section with Independent Lock Bits
In-System Programming by On-chip Boot Program
True Read-While-Write Operation
— Up to 64K Bytes Optional External Memory Space
~. Programming Lock for Software Security
— SPI Interface for In-System Programming
JTAG (IEEE std. 1149.1 Compliant) Interface
- Boundary-scan Capabilities According to the JTAG Standard
— Extensive On-chip Debug Support
—~ Programming of Flash, EEPROM, Fuses and Lock Bits through the JTAG Interface
. * |Peripheral Features p
-~ Two 8-bit Timer/Counters with Separate Prescalers and Compare Modes
- Two Expanded 16-bit Timer/Counters with Separate Prescaler, Compare Mode and
Capture Mode
- - Real Time Counter with Separate Oscillator
-~ Two 8-bit PWM Channels
— 6 PWM Channels with Programmable Resolution from 2 to 16 Bits
Output Compare Modulator
8-channel, 10-bit ADC
8 Single-ended Channels
7 Differential Channels
2 Differential Channels with Programmable Gain at 1x, 10x, or 200x
Byte-oriented Two-wire Serial Interface
Dual Programmable Serial USARTs
Master/Slave SPI Serial Interface
Programmable Watchdog Timer with On-chip Oscillator
— On-chip Analog Comparator
« |Special Microcontroller Features
— Power-on Reset and Programmable Brown-out Detection
— Internal Calibrated RC Oscillator
i — External and Internal Interrupt Sources
! — Six Sleep Modes: Idle, ADC Noise Reduction, Power-save, Power-down, Standby, and
Extended Standby
- Software Selectable Clock Frequency
— ATmega103 Compatibility Mode Selected by a Fuse
— Global Pull-up Disable
« 1/O and Packages
— 53 Programmable 1/O Lines
— 64-lead TQFP and 64-pad QFN/MLF
Operating Voltages
— 2.7 - 5.5V ATmega128L
— 4.5-5.5V ATmega128
* |[Speed Grades
~ 0 -8 MHz ATmega128L
* - 0 -16 MHz ATmega128

—

8-bit AVR’
Microcontroller
with 128K Bytes
In-System
Programmable
Flash

ATmega128
ATmega128L

Rev. 2467R-AVR-06/08
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Pin Figure 1. Pinout ATmega128

.Configurations CHFE =
O=Z00
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Note:  The Pinout figure applies to both TQFP and MLF packages. The bottom pad under the QFN/MLF
package should be soldered to ground.

QOverview The ATmega128 is a low-power CMOS 8-bit microcontroller based on the AVR enhanced RISC
architecture. By executing powerful instructions in a single clock cycle, the ATmega128
achieves throughputs approaching 1 MIPS per MHz allowing the system designer to optimize
power consumption versus processing speed.

2 ATmega128 I

- 2467R-AVR=06/08




iroduct Datasheet

Featufres/Benefits

e 802.15.4/Multipoint network
topologies

* 2.4 GHz for worldwide
deployment

¢ 900 MHz for long-range
deployment

s Fully interoperable with other
Digi Drop-in Networking
products, including gateways,
device adapters and extenders

* Common XBee footprint for a
variety of RF modules

¢ Low-power sleep modes
* Multiple antenna options

¢ Industrial temperature rating
(-40° ¢ to 85° C)

* Low power and long range
variants available

Providing critical end-point connectivity to
Digi’s Drop-in Networking product family,
XBee multipoint RF modules are low-cost and

easy to deploy.

e 3 Central Facilities

Internet/ Management

Frame Relay/
VPN

s saoes Wircless
. Telco Network

ConneciPort” X
Gateway

XBea”
HModule

Meter

Overview

XBee Product Family

The XBee family of embedded RF modules provides OEMs with a common footprint shared by
multiple platforms, including multipoint and ZigBee/Mesh topologies, and both 2.4 GHz and
900 MHz solutions. OEMs deploying the XBee can substitute one XBee for another, depending
upon dynamic application needs, with minimal development, reduced risk and shorter time-to-
market.

Why XBee Multipoint RF Modules?

XBee multipoint RE modules are ideal for applications requiring low latency and predicrable
communication timing. Providing quick, robust communication in point-to-point, peer-to-peer,
and multipoint/star configurations, XBee multipoint products enable robust end-point
connectivity with ease. Whether deployed as a pure cable replacement for simple serial
communication, ot as part of a more complex hub-and-spoke network of sensors,

XBee multipoint RF modules maximize wireless performance and ease of development.

Drop-in Networking End-Point Connecrivity

XBee OEM RF modules are part of Digi’s Drop-in Networking family of end-to-end connectivity
solutions. By seamlessly interfacing with compatible gateways, device adapters and extenders,
XBee embedded RF modules provide developers with true beyond-the-horizon connectivity.




RF Data Rate

250 kbps

250 kbps

10 kbps / 9.6 kbps

Indor/Urban Range

100 ft (30 m)

300 ft (100 m)

Up to 1200 ft (370 m)

Outdoor/RF Line-of-Sight Range

300 ft (100 m)

1 mi (1.6 km)

Up to 6 mi {9.6 km)

Transmit Power

1 mW (+0 dBm)

60 mW (+18 dBm)*

100 mW (+20 dBm)

Receiver Sensitivity (1% PER)

-92 dBm

-100 dBm

-106 dBm

Serial Data Interface

3.3V CMOS UART

3.3V CMOS UART

3.3V CMOS UART (5V Tolerant)

Conﬁgura‘tion Method

API or AT Commands, local or over-the-air

API or AT Conmmands, local or over-the-air

AT Commands

Frequency Band

2.4 GHz

2.4 GHz

902 MHz to 928 MHz

Interference Immunity

DSSS (Direct Sequence Spread Spectrum)

DSSS (Direct Sequence Spread Spectrum)

FHSS (Frequency Hopping Spread Spectrum}

Serial Dat:a Rate

1200 bps - 250 kbps

1200 bps - 250 kbps

1200 bps - 57.6 kbps

I
ADC Inpu;ts

(6) 10-bit ADC inputs

(6) 10-bit ADC inputs

None

Digitat I/ p

8

8

None

Antenna 6ptions

Chip, Wire Whip, U.FL, & RPSMA

Chip, Wire Whip, U.FL, & RPSMA

Wire Whip, U.FL, RPSMA

Encryption

128-bit AES

128-bit AES

No

Retiable facket Delivery

- Retries/Acknowledgments

Retries/Acknowledgments

Retries/Acknowledgements

10s and Channels

PAN ID, 64-bit IEEE MAC, 16 Channels

PAN ID, 64-bit TEEE MAC, 12 Channels

PAN ID, 32-bit Address, 7 Channels

Supply Vg ltage

2.8 - 3.4VDC

2.8 - 3.4VDC

3.0 - 3.6VDC

Transmit Current

45 mA @ 3.3YDC

215 nA @ 3.3VDC

265 mA typical

Receive Cyrrent

50 mA @ 3.3VDC

55 mA @ 3.3VDC

65 mA typical

Power-Dotwn Current

<10 uA @ 25° C

<10 vA @ 25° ¢

45 uA pin Sleep

FCC (USA

OUR-XBEE

OUR-XBEEPRO

MCQ-XBEEXSC

IC (Canadp)

4214A-XBEE

4214A-XBEEPRO

1846A-XBEEXSC

ETSI (Eurgpe)

C-TICK AL; istralia

Telec (Jap an)

Yes Yes* Max TX 10 mW No
Yes Yes No
Yes Yes™ No
* XBee-ARO 802.15.4 TX Power restricted to 10 mW in
{top view) (top view)

Europe| and Japan.

802.15.4 - Star

Please visit www.digi.com for part numbers.

DIG| SERVICE AND SUPPORT - You can purchase with confidence knowing that Digi is here
to support you with expert technical support and a one-year warranty, www.digi.com/support

Digi lnternational

11001 Bren Road E. France
Minngtonka, MN 55343 31 rue des Poissonniers NES Building South 8F
US.A, 92200 Neuilly sur Seine 22-14 Sakuragaoka-cho,

PH: 877-912-3444

952-912-3444
FX: 952-912-4952
emaitt inf@digi.com

© 2006-2008 Digi International inc.

Digt International

PH: +33-1-55-61-98-98
FX: +33-1-55-61-98-99
www.digi.fr

Digi international
K

Shibuya-ku

Tokyo 150-0031, Japan

PH: +81-3-5428-0261 PH:
FXi 2+81-3-5428-0262 FX:

www.digi-intl.co.jp

Digi International
(HK) Limited

Suite 1703-05, 17/F.,

K Wah Centre

191 Java Road

North Point, Hang Kong

+852-2833-1008 www.digi.com

+852-2572-9989

www.digi.cn

All rights fleserved. Digi, Digi Inierniational, the Digi logo, the Whan Reliability Malters logo, XBee and XBee-PRO. ore trademarks or. registered
trademarkg of Digi International Inc.in'the United Stales and ofher countries worldwide. Alb othier Irademarks are the property of their

respectiva| pwners.
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Digi International, the leader in device networking for business, develops reliable
products and technologies to connect and securely manage local or remote electronic
devices over the network or via the weh, With over 20 million ports shipped worldwid
since 1985, Digi offers the highest levels of performance, flexibility and quality.
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BURR - BROWN®

==

INA126
INA2126

MicroPOWER INSTRUMENTATION AMPLIFIER
Single and Dual Versions

FEATURES DESCRIPTION

@ LOW QUIESCENT CURRENT: 1751A/chan. The INA126 and INA2126 are precision instrumentation
® WIDE SUPPLY RANGE: +1.35V to =18V amplifiers for accurate, low noise differential signal acquisi-
© LOW OFFSET VOLTAGE: 250UV rmax tion. Thc.lr t\-vo-op-amp' design provides _cxcelvlent pcrfgr-
o mance with very low quicscent current (1 750A/chan.). This,
® LOW OFFSET DRIFBLLV/ € max combined with wide operating voltage range of £1.35V to
® LOW NOISE: 35nV/N Hz 218V, makes themideal tor portable instrumentation and data
® LOW INPUT BIAS CURRENT: 25nA max acquisition systems.
® 3-PIN DIP, SO-8, MSOP-8 SURFACE- MOUNT Gain can be set {rom 5V/V to [0000V/V with a single
DUAL: 16-Pin DIP, SO-16, SSOP-16 external resistor. Laser trimmed input circuitry provides

low offset voltage (250uV max), low offset voltage drift
(3uV/2C max) and excellent common-mode rejection.

i
APPLICATIONS Single version package options include 8-pin plastic DIP,

® INDUSTRIAL SENSOR AMPLIFIER: SO-8 surl‘“flce moul, and ["“me-pxtch NISO?-S suri‘ace-mo‘unt.
- Dual version is available in the space-saving SSOP-16 fine-
Bridge, RTD, Thermocouple -

pitch surface mount, SO-16, and 16-pin DIP. All are speci-

® PHYSIOLOGICAL AMPLIFIER: fied for the —40°C 10 +85°C industrial temperature range.
ECG, EEG, EMG 4
© MULTI-CHANNEL DATA ACQUISITION mazizs s |
® PORTABLE, BATTERY OPERATED SYSTEMS Vo 3 » g
; 5 Vo = (Vin= Vi) 8
40k _ 80k
5 W 675" Re
T7 % Re
INA126
Vl-rZG s + 6 3
s —0 Vo= (V- Vi) G
P 80k Vino
40kQ G=5+ 2= 5
G
vt 15 _—!_
10k . INO + 11
SR | b " O Vo= (Vin-ViR) G
1002 7 40kQ G=5+ 39K
Rg
4 10kQ 10
A % Re
- 2
Vo .
" 40k 5 1 NJoke
- 16
£4 ]_— Ywo s L7 4oka 12
YW -
V- [¢] -
Ve

International Airport Industrial Park « Mailing Address: PO Box 11400, Tucson, AZ 85734 + Street Address: 6730 S. Tucson Blvd., Tucson, AZ 85706 + Tel: (520) 746-1111 « Twx: 910-952-1111
Internet: http:/iwww.burr-brown.com! + FAXLine: (800} 548-6133 (USiCanada Only) » Cable; BBRCORP « Telex: 066-6491 « FAX; (520) 889:1510 - immediate Product Info: (800) 548-6132
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SPECIFICATIONS

-

At T, = +25°C, Vg = 215V, Ry = 25k(), unless otherwise noted.
INA126P, U, E INA126PA, UA, EA
INA2126P, U, E INA2126PA, UA, EA
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS

T Weut
Offset Voltage, RT! +£100 +250 +150 +500 w

vs Temperature +0.5 3 * +5 uvree

vs Power Supply (PSRR) Vg = £1.35V to +18V 5 15 * 50 wvn
Input Impedance 109 || 4 * Q| pF
Safe Input Voltage Rg =0 (V-)-0.5 (V+)+0.5 * * \
Rg = 1kQ (V=)-10 (V+)+10 ¥ * \%
Common-Mode Voltage Range Vg = 0V +11.25 +11.5 * #* \%
Channel Separation {dual) G =5, dc 130 dB
Common-Mode Rejection Rg =0, Vg = £11.25V 83 94 74 90 dB

NA2126U (dual SO-16) 80 94 dB
INPUT BIAS CURRENT -10 =25 % =50 nA

s Temperature £30 * pPAIPC
Ofiset Current 0.5 +2 % 5 nA

s Temperature +10 * pAIC
GAIN G =5 to 10k * v
Gain Equation G =5 + 80kQ/Rg * VIV
G;in Error Vo =%14V,G =5 +0.02 +0.1 * +0.18 %

vs Temperature G=5 +2 +10 *k * ppmi°C
Gain Error Vo = #12V, G = 100 +0.2 0.5 * +1 %

Vs Temperature G =100 +25 +100 * * ppmy”C
Nanlinearity G =100, Vg = =14V +0.002 +0.012 * ¥ %
NOISE
Vgltage Naise, f = 1kHz 35 * nViHz

! f= 100Hz 35 * nvrHz

: f=10Hz 45 * nVNHz

] fg = 0.1Hz to 10Hz 0.7 * wVp-p
Current Noise. f = 1kHz 60 ¥ fANHZ

k. fg = 0.1Hz to 10Hz 2 * pApP-p
oyTPUT
Vgltage, Positive Ry = 25k} (V+)-0.9 | (V+)}~-0.75 * * \Y

f Negative Ry = 25kQ (V=)+0.95| (V-)+0.8 * * \

1 Short-Circuit Current Short-Circuit to Ground +10/-5 * mA
Capacitive Load Drive 1000 #* pF
FREQUENCY RESPONSE
Bandwidth, —3dB G=5 200 ¥ kHz

G =100 9 * kHz
G = 500 1.8 * kHz
Slew Rate Vo =10V, G =5 0.4 * Vips
Sattling Time, 0.01% 10V Step, G = 5 30 * us
10V Step, G = 100 160 * us
10V Step, G = 500 1500 * ns
Overload Recovery 50% Input Overload 4 * us
POWER SUPPLY
Voltage Range £1.35 +15 +18 * * * Y
Current (per channel) lo =0 +175 %200 * * HA
TEMPERATURE RANGE
Specification Range —40 +85 * * :C
Opgeration Range -55 +125 * * °C
Storage Range -55 +125 * * *C
Thermal Resistance, €,
8-Pin DIP 100 * °C/W
0-8 Surface-Mount 150 * “CIW

ASOP-8 Surface-Mount 200 ¥ “CIwW

16-Pin DIP (dual) 80 * “CIw
$0-16 (dual) 100 * °Ciw

L $S0P-16 (dual) 100 * “CIW

* Specification same as INA126P, INA126U, INA126E; INA2126P, INA2126U, INA2126E.

The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes

o responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change

withut notice. Nb patent rights or licenses to any of the circuits described herein are implied or granted to any third party, BURR-BROWN does not authorize or warrant

_3"‘/ BURR-BROWN product for use in life support devices and/or systems.
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TL064
£71® TLO64A - TL064B

LOW POWER J-FET QUAD OPERATIONAL AMPLIFIERS

B VERY LOW POWER CONSUMPTION :
200ptA

WIDE COMMON-MODE (UP TO V") AND
DIFFERENTIAL VOLTAGE RANGES

LOW INPUT BIAS AND OFFSET CURRENTS
OUTPUT SHORT-CIRCUIT PROTECTION

HIGH INPUT IMPEDANCE J-FET INPUT DIP14
STAGE (Plastic Package)

INTERNAL FREQUENCY COMPENSATION
LATCH UP FREE OPERATION
B HIGH SLEW RATE : 3.5V/us

S014
(Plastic Micropackage)

DESCRIPTION RUER GOGF

Package
The TLO64, TLOG4A and TL064B are high speed Part Number | Temperature Range
J-FET input quad operational amplifiers. Each of N D
these J-FET input operational amplifiers incorpo- TLOB4AM/AM/BM -55°C, +125°C o .
rates well matched, high voltage J-FET and bipo- TLOB4I/Al/BI 40°C, +105°C . .
lar transistors in a monolithic integrated circuit. TLOG4C/ACIBC 0°C, +70°C R .
The device features high slew rate, low input bias Example : TLOG4IN
and offset currents, and low offset voltage temper- R
ature coefficient. ) g - g;a;l;rbldgﬁsg;léigze(lj(ls%) - also available in Tape & Reel (DT)

PIN CONNECTIONS (top view)

Output1 1 [ ~— "] 14. Output 4
inverting Input 1 2 E—>J L<:| 13 Inverting Input 4
Non-inverting Input 1 3 E-+ +—:] 12 Non-inverting Input 4
Vet 4 [ 1 11 Vee-
Non-inverting Input 2 5 E—+ +—:] 10 Non-inverting Input 3
Inverting Input 2 6 E—>] {<-] 9 Inverting input 3
Quiput2 7 E :] 8 Output 3
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TLO64 - TLOG4A - TL064B

SCHEMATIC DIAGRAM

[;) Voo©
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Inverting Non-inverting \: 17 J

Input =, lnput N T l 114 TLO64
[‘l ] 45k O ) [ 1
T
il 270Q Nk b

4% Q ( R W

ABSOLUTE MAXIMUM RATINGS

t] Vee

Symbol Parameter TLO64M, AM, BM TLOG41, Al, BI TLO64C, AC,BC Unit
Vee Supply voltage - note ) +18 Y
Vi Input Voltage - note 2) £15 \Y
Vid Differential Input Voltage - note 3 +30 \
Piot Power Dissipation 680 mw
Output Short-circuit Duration - note ¥ Infinite
Toper | Operating Free-air Temperature Range -55 10 +125 -40 to +105 0 to +70 °C
Tstg Storage Temperature Range -65 to +150 °C

1. All voltage values, except dlfferent(al voltage, are with respect to the zero reference level (ground) of the supply voltages where the zero reference
tevel is the midpoint between Vee' and Vee

2. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less.
Differential voltages are the non-inverting input terminal with respect to the inverting input terminal.

4. The output mdaydbe shorted to ground or to either supply. Temperature and/or supply voltages must be limited to ensure that the dissipation rating
is not exceede

5
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Option Explicit

Dim n As Single

Dim Com(15) As String
Dim B(15) As String
Dim Data() As String
Dim Buffer As String
Dim Stream As String
Dim Index1 As String
Dim Index2 As String
Dim HBMin As Single
Dim HBMax As Single
Dim HBRate As Single
Dim y_max As Integer
Dim Start As Single
Dim X As Single

Dim Amplitude As String
Dim Y As Integer

Dim Xshift As Integer
Dim Graphwidth As Integer
Dim rise As Integer
Dim flag As Integer
Dim Time As Single
Dim stepup As Double
Dim Fstop As Boolean
Dim Max As Integer
Dim Min As Single

'Dim Max As Single



Private Declare Function Beep Lib "Kernel32" (ByVal dwFreq As Long, ByVal dwDuration As
Long) As Long
Private Sub InitGraph()
y max=1>5.5
Xshift=0
Graphwidth = 2500
With NTGraphl
.PlotAreaColor = vbBlack
.XLabel = "Times"
.YLabel = "Value Of HeartBeat"
.YGridNumber = 10
XGridNumber = 10
.ClearGraph
End With
NTGraphl.SetRange 0 + Xshift, Graphwidth + Xshift, -1, y_max

End Sub

Private Sub Command]l_Click()
Timerl.Enabled = True
" MSComm]l.InputLen=12
Select Case Combol.Text
Case "Com1"
MSComm1.CommPort = 1
If Not MSComm1.PortOpen Then
Call Buad
MSComml.CommPort = 1
MSComm!.PortOpen = True

MSComml1 InputMode = comInputModeText



Else
MsgBox ("Port Already Open")
End If
Case "Com?2"
MSComm]l.CommPort =2
If Not MSComm]1.PortOpen Then
Call Buad
MSComm!.CommPort =2
MSComm]l.PortOpen = True
MSComm!1.InputMode = comInputModeText
Else
MsgBox ("Port Already Open")
EndIf
Case "Com3"
MSComm]l.CommPort = 3
If Not MSComm1.PortOpen Then
Call Buad
MSComm!1.CommPort =3
MSComm1.PortOpen = True
MSComml.InputMode = comInputModeText
Else
MsgBox ("Port Already Open")
End If
Case "Com4"
MSComml.CommPort =4
If Not MSComm1.PortOpen Then
Call Buad

MSComm1l.CommPort'=4



MSComm1.PortOpen = True
MSComm]l.InputMode = comInputModeText
Else
MsgBox ("Port Already Open")
End If
Case "Com5"
MSComml.CommPort = 5
If Not MSComm1.PortOpen Then
Call Buad
MSComm!.CommPort = 5
MSComm].PortOpen = True
MSComm].InputMode = comInputModeText
Else
MsgBox ("Port Already Open")
End If
Case "Com6"
MSComm1.CommPort = 6
If Not MSComm1.PortOpen Then
Call Buad
MSComm].CommPort = 6
MSComm1.PortOpen = Tme
MSComm!.InputMode = comInputModeText
Else
MsgBox ("Port Already Open")
End If
Case "Com7"
MSComml.CommPort =7

I Not MSComm1.PortOpen Then



Call Buad
MSComm!.CommPort =7
MSComm!.RThreshold = 1
MSComm!.PortOpen = True
MSComm1.InputMode = comInputModeText
Else
MsgBox ("Port Already Open")
EndIf
Case "Com8"
MSComm1.CommPort =8
If Not MSComm]1.PortOpen Then
Call Buad
MSComm!1.CommPort = 8
MSComml .PortOpen = True
MSComm!1.InputMode = comInputModeText
Else
MsgBox ("Port Already Open")
End If
Case "Com9"
MSComm!.CommPort =9
If Not MSComm1.PortOpen Then
Call Buad
MSComml.CommPort =9
MSComm1.PortOpen = True
MSComm!.InputMode = comInputModeText
Else
MsgBox ("Port Already Open")

End If



Case "Com10"
MSComm]!.CommPort = 10
If Not MSComm1.PortOpen Then
Call Buad
MSComml.CommPort =10
MSComm1.PortOpen = True
MSComm!.InputMode = comInputModeText
Else
MsgBox ("Port Already Open")
End If
End Select

End Sub

Private Sub Command6 Click()

End Sub
Sub Buad()
Select Case Combo2.Text
Case "300"
MSComm].Settings = "300,n,8,1"
Case "600"
MSComml.Settings = "600,n,8,1"
Case "2400"
MSComml.Settings = "2400,n,8,1"
Case "7800"
MSComm1.Settings = "7800,n,8,1"
Case "9600"

MSComm1 .Settings = "9600,n,8,1"



Case "14400"

MSComm]l.Settings = "14400,n,8,1"
Case "19200"

MSComml.Settings = "19200,n,8,1"
Case "38400"

MSComm].Settings = "38400,n,8,1"
Case "57600"

MSComm].Settings = "57600,n,8,1"
Case "115200"

MSComm1.Settings ="115200,n,8,1"

End Select

End Sub

Private Sub Command3_ Click()
Start=1

End Sub

Private Sub Command4_Click()
Start =0

End Sub

Private Sub Command5_Click()
NTGraphl.ClearGraph
' HScrolll.Value =0

X=0

End Sub

Private Sub Form /Load()



VScrolll.Max = 60
VScrolll.Min=0
VScroll2.Max = 120

VScroll2.Min = 60

Start =0
Timerl.Interval = 4
Timerl.Enabled = False
Timer2.Interval = 10
Timer2.Enabled = False
InitGraph

Combol.Text = "Select Comport"

Com(1)="Coml1"

Com(2) = "Com2"

Com(3) = "Com3"

Com(4) = "Com4"

Com(5) = "Com5"

Com(6) = "Comé6"

Com(7) ="Com7"

Com(8) ="Com8"

Com(9) = "Com9"

Com(10)="Com10"

Forn=1To 10

Combol.AddItem Com(n)

Next n

Combo2.Text = "Select Buadrate"

B(1) ="300"

B(2) = "600"



B(3) = "2400"
B(4) = "4800"
B(5) ="7200"
B(6) ="9600"
B(7) = "14400"
B(8) ="19200"
B(9) = "38400"

B(10) ="57600"

B(11) ="115200"

Forn=1To 11
Combo2.AddItem B(n)
Nextn
Resizerl.Enabled = True
MSComm1.InputMode = comInputModeText
Time=0
flag=0
rise=0
MSComm!1.RThreshold = 4

End Sub

Private Sub HScrolll Change()

'Xshift = HScrolll.Value

NTGraphl.SetRange 0 + Xshift, Graphwidth + Xshift, 0, y_max
End Sub

Private Sub HScrolll_Scroll()

"Xshift = HScrolll.Value

NTGraphi!SetRange 0+ Xshift, Graphwidth'+ Xshift, 0, y max
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End Sub

Private Sub MSComm1_OnComm()
On Error Resume Next

If MSComm1.CommEvent = comEvReceive Then

Buffer = MSComm1.Input
Index1 = InStr(Buffer, "G")

Index2 = InStr(Index1, Buffer, "V")

If Index2 <> 0 Then

Stream = Mid(Buffer, Index1 + 1, Index2 - 1 - Index1)
Data = Split(Stream, "=")

Amplitude = (Data(1) / 1024) * 5

End If

If Amplitude >2 Then
If rise = 0 Then
rise=1
flag =flag+ 1
Timer2.Enabled = True

End If

If flag = 2 Then
Timer2.Enabled = False
HBRate = Int{(1 / ((Time * 16) * 0.001)) * 60)

"Text2. Text = Int((1 7 ((Time *'16) *'0.001)) *60)
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Text2.Text = HBRate
Timer2.Enabled = True
Time =0
flag=1
rise =1

End If

EndIf

If Amplitude < 2 Then

Ifrise = 1 Then
rise =0

End If

End If

If Max > 2500 Then

HBRate=0
Beep 3000, 5
Text2. Text ="0"

End If

If Start = 1 Then

With NTGraphl

X=X+16
.PlotAreaColor = vbBlack
.ElementLineColor = vbMagenta
PlotXY X, Amplitude, 0
If Checkl.Value = 1 Then

If Amplitude > 2 Then
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Beep 3000, 5
End If
End If
If Check2.Value = 1 Then
If Amplitude > 2 Then
ForgeLEDb3.LEDstate = 1
End If
If Amplitude <2 Then
ForgeLEDb3.LEDstate =0
End If
End If
If X >= Graphwidth Then
X=0
‘With NTGraphl
.PlotAreaColor = vbBlack
.XLabel = "Times"
.YLabel = "Value Of HeartBeat"
.ClearGraph
End With
' Xshift = Xshift + 0.1
'.SetRange 0 + Xshift, Graphwidth + Xshift, 0, y_max
' HScrolll.Max = Xshift

' HScrolll.Value = Xshift

End If
End With
End If

End Tf
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End Sub

Private Sub Timer]l Timer()
On Error Resume Next
HBMin = 60 - VScrolll
HBMax = 180 - VScroll2

Max = (Time * 16)

Text3.Text = HBMin

Text4. Text = HBMax

If HBRate > HBMax Then
ForgeL EDb2.LEDstate =1
If Checkl.Value = 1 Then
Beep 1900, 5
End If

End If

If HBMax > HBRate Then

ForgeLEDb2.LEDstate = 0

End If

If HBRate < HBMin Then
ForgeLEDb1.LEDstate = 1
If Checkl.Value = 1 Then
Beep 1900, 5
End If

End If
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If HBRate > HBMin Then
ForgeLEDb1.LEDstate = 0

End If

End Sub

Private Sub Timer2 Timer()
Time = Time + 1

End Sub
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3.1 Rate
Set Actual 1 Agtual 2 Actual 3 Actual 4 Actual 5 . Average
60 59 59 ' 59 59 60 59.2
80 79 78 79 81 80 79.4
100 98 96 7 101 104 98 98.8
120 117 120 117 117 120 118.2
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