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ABSTRACT

The purpose of this thesis is to design a heart sound system. The Heart Sound

Monitor consists of a condenser microphone, low pass filter, High pass filter, amplifier

and power amplifier. After this stage, the signal will be separated into two channels.

The first channel is a power amplifier circuit where the heart sound is transferred to a

speaker in order to show the sound of heart beats. The second channel will be

transferred to Microcontroller for Analog to Digital Converter. Finally. the signal is sent

to Raspberry Pi and Bluetooth Module to pass the signal to a Smart Phone to show

graph.
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2819590152 1Aendelvananainiileanas Ld@usnladusvassUsenaunie 2 \@setoy Ao A2
=i -l = : £ = ]
way P2 lne A2 Wuidssidunauiainnistisuesauiesasin ( Aortic Valves ) du P2 \Hu
NauIINN1SUATRAUNALIUNG ( ( Pulmonary Valves ) TneflavlaBudss A2 feu P2 'lu
iVl Fauleiu Aunaluuiderlnneuauesosdn vilrladuides P2 fou A2 Bonnneil
71 MsuenvedsiiladudvasluunnEu (paradoxical or reversal splitting of S2) Tu
P e 1 [ - v ) v
amrifinmsianuuusesnguidulevodadiudeuarmnududongaiainianuaing
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sUAl 2.1 fatiha heart sound signal S1 uag 52
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2.2.3 idpaialadunui 3 (S3)
™) v &, -l ar ol ug— i A w 1 v w
degemlasusuaiuduidsailanifaduludiiiimlaresd1nas o uupangf1%s e
sepeilanesannaiemsuidon (uldsfidaunawarALAIles LAAIINNSIAYDY
- s £ 73 1 - o : oY 1 W ar
Bonanwilanesuuasiesany Unadeatiunuinuaslildou wiorvlasudmauluinuazly
tJ o @ L2 5 dv d LY 1 o o v 1
dlwgiiidseenndame valiflesnnlunmedmnarufonamnilamssutlnaasialaviesdns

= v arod a @ L
l!’mLLa“d‘i’}ﬂl.%’]LaEIﬂi‘ﬂﬂﬂuﬁﬂﬂv‘iL')mﬂ‘i'NBﬂﬂUﬂ'N‘U'Jﬂ?li]

af ar o d
2.2.4 \dusirladunun 4 (54)
= @ & ar o - @ J\L»n " = (Y] ar s = @ v [ = =P
Foamnladusvddudeshlanlddunsudssilasusuniiaanves  (Uuiduand
anudsunnuazinnudsiseiign Unferlilagudssil winnaladudatulugUeniulse
Anududonguarluvnreennmdinig dslunneiiilaviesuuluiiussu



2.2.5 \@auawas (Heart Murmur)
' ) - ar ' & &4 a o a a}l '
\deaiveniila ( Heart Murmur ) feidewilsegmilsdaiaainnisfidendilvaciiu

L -t y 1 A - Ve 1 ' ) "
wla finsluatuthusnmenssialudedilady diulvgaelagulamenisileingis
winludosiveailewdiaun@ (functional murmur, physiologic murmur) Aeidgaves
@ - - o A‘Lu v = - 1 ar ]
wilaiieainanrdu Alilddunasnenufinundvedassaicesilalagns doajves
wlariiaundiiliivsveniedunsisudetisla (innocent murmur) W@esivesialaenavaven

a al v ' | -~ o al o W - - - ' ' ) a
AnuRaUnAlavaeate Ly nrdualafiuniedd vielinisivavesdantiudeananungd
wdlimasil (Wu mlsiuiilafidesin) @oslvardisenindenivesilaviadineSanm

. = var a a v o - | ) o |
(pathologic murmur) &waslasunsasivdiudulaegiderngdssivesilainuisesn
al ot | Yo 1 ) u 4

muszoznainadostiu ldun dowiwladaialadud (systolic heart murmur) uazides
1y s ' Y 3 ¥ 1 - 3y e - ' -
Witiladaeilenane (diastolic -heart murmun) eeastsinmniideaividlavliasioiiion

A c; - ] =l [ c.: 1 Y = ar o/ 1
(continuous murmurs) Fududesindmasanisilatuiwaeiilanae wagliaunsa
'-a"wLLuﬂaahﬂuamna:umﬁ

-

Patent ductus

1
]
: arteriosus
L]
1

Diastole!  Systole Diastole

-
JUN 2.2 3Unmuane Heart Murmur

2.3 nann1snadesiala
v EY) - = v w8 =
ASNSIANTIBNMIENITNY uananaglitadusiiinainnisviglaual dalanadsn
- s v v -l d B o’ v 1
Wwanladuldse deaiifnaniladiu orvvsuveenidu
1. W@uala (heart sounds)
2. \dea (heart murmurs)
s
3, [@u3du 9
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JUR 2.3 pmuanshundinisiadesnla
=l LY Y o Y - v o/ A 1
Foawinlaftlagude aldtuluusnanstensuninnsesnuuaiale (@3U" 2.3) udi

9199k U s enduvtve whlady 4 dumuiudsiladudssinunfvesiu
a & w o O Ve s o ' =
walavia 4 1% (3077 2.3) ideaialafldBudnluyndrimis fio Buailuandodes

ECG V, ECG Vj

Sound V, Sound V,

U 2.4 1FBa 51,52,53, uavsa
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2.3.1 \@89uile (first heart sound)

-l J - = ; § 2 7 L7 L 2 L v 1 U 0‘: - 4 Ny Al |

Feanils Aodsanldtundoudunswureaiila (Feeans) detu doawiiafe @uanle
a v o v a - - v a a o
fundouiu mswuresilsivivldlutinamiben lasewiziveniala@suil 24) uay

| 4 al =i d o d o =i ‘J 2 - dl » 1 - J

W5 AUNISLAUVDITNITNAALANAD (N15AEITNISNVELD FIuEININTNISTIABUIN BV
o § 3 = = ' ol A £,
vl W letinAn @ vsasududsaniale)



2.3.2 \d89d04 (second heart sound)

Fesans Aodoeiildusasiiale (Fosans) i Feitslaluvaedliuiuniswiuves
wila warluveiindBwashild (Fodrssemintednasiu) @oawds hesifundy wand
waremuu) nindesaeslusuiialodulidadn werlddudsmilandsassdinroniu
g 9 (970 24) luauihladudann Aavisuanidssanaiilaguarliveniudug 1
wldunsedaitdhisoniidedwududsmis dedmududesass doddnsduinasmionns
Wiumsiuresilaiinfmiien Jsezusndomilswandsassidluauiiniomionuis q
wuludin lusuiinesusenveldBudssamuarluunsnsdenveeldduds e

2.3.3 \#u9a7u (third heart sound)

Ausauie dosiiiamundadoaes [Dudseiivinindsimiluasdosass (@g‘dﬁ
2.4) Hagnarialdmtudelddiunsaeiudss (bell piece) vonsasils umziung Tuudin
gonvala (apex) wianu il (precordium) luvitusunare

2.3.4 @@ (fourth heart sound)
a =l o a w Y - . W = ° Ve w
Fesdie desiiiammmdndssany Tneluseldbufnduidsanis vinlvldtuade
a =) & o al = ' - + & [y - o
omawsnludsaeudes (a3un 2.4) udneninnidesnilueniluaeudaslanai (dosd
& - - e =l C w W o - ] - &, o
Wudssauden (F0nfinnung) Savldnaoneiuidgadamiunniludendsaiu
- = | I v w - o W @ &
@oafivenunin Sailademenduiuides wasidomilsiunniuaeudes sinazilimaudweia
v ool e = ' el MRy | - P
anudeslndiAusiu (Ui 2.0) diuldedny Aosndndeavilann gendesilaguiuluides
1 s e :; e i = @ 4 el" al
Aesfudsidomilailetuduassdmensneandy (desd Audemis wandomiled
- v w a = o w o= P /] 2 ~ -
waniluasadsudr dwoainendsaviiudesayinna (ejection sound) Feagilalandny
@ o o - ' w o - - al & ]
Auldsanildunniuass umdsmas (Feaaes) svlidnvuzaaodeinaine (@oanan)da
pvaialunany 9 @osunufiaviluassduaila



2.4 \9uLwa3 (Sensor)

2.4.1 awnindlay (Stethoscope)

== Bell

" 4== Djaphragm

U 2.5 asilnalea

avinaley Jugunsaimanisunmgilifadusiladoulug Stethoscope wuy
1ms§1u wdhia bell 'y diaphragm vaguazsmbell Au diaphragm. wdheiuidu
e (tunable diaphragm) MnAALU1YaIUY chest wall ﬁ%zﬂ?ﬁdtﬁﬂdgd (high frequency)
panly vhuiiwileuws bell luvsnduiumnnatdutufiaznsouduwm (low frequency)
ponlu vimihiwileusty diaphragm  8njuilireeiiuldiuiinisife  corrugated
diaphragm wimntasiildfiacldi8nisnadl chest wall #reussiigaiudielile variable
sound frequency @ bell chest pieces fidnwaizadiafnundosuds lovladgsjus Wy
S3, 54 gallop, diastotic rumbling murmur 981 mitral stenosis ﬁ apex Wusny 35l vuny
whgiiaudamiion Tasldifoaiaminues chest pieces wilvinenquivlainseulndne
gyeyna  mndawilslisouseylilagu ﬁ’aﬁ’umﬂﬁﬂwLﬁuﬂuwaw%tﬂmﬁnLﬁﬂ bell
chest pieces fdnae MU‘S»IEJ‘HUJJ']ﬂWm diaphragm chest pieces uaﬂwmummmumau
ganuuvael i desunan Wy S2 W 2 components, systolic ejection murmur fiwu
lu aortic 38 pulmonic stenosis, pansystolic murmur fiwulu mitral regurgitation %38
ventricular septaldefect 3814l naussnaaums sl lufvRamluinaidensee
Hawniian
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2.4.2 paulnulwes lulasinu

U 2.6 noutnuwes TulasTiiu

Aoumwesvie asurdameslulasinudvlilasivulssinnuilsidesldweqivle
wiinlulaslyiu anrsosudestdlann waeihdnegiuinosduiindeni. q 1 rouuiwes
LilesTuy FasilmAssireiiagmasnnariidnisldnudiedsewin 22410 haddiuan
wuaneInussuinlvlumlilasivy visandnweslagrdumaamslalasivy wdnnsvheu
Aolefinsndeulmitlnduazvinsennaaniuseninglasz insuiuiuamsy (Back plate)
Tasuuamsvazoyiuiuazaiundulaerunsuasindoulmnmifesidur - SuhlfiAons
Wasuuwampuautivasdsgihuashlfiianssualwiiudsdouaidaunn Sswegn
ihluveralasmevereidng « Feusgiloveiodyyinuasiiousnmduiuaudvo
Lilesiwuoanendduiinaudiisniisaliulasiudesy pouaueeslulasiuufiquaudinig
ot iilousssund 1dfusuiidiosnsnisnouausmag Transient LU in3eanuniiiu
wan Percussion karfeulifuinnlufesiufindes uazawily anumuviuszglaunin
Lulaswulaild laronsidemsdledinisnssunnyeades nisasevunsyfioussiauss uay
anmuInden Wuenmgy simazgandtlaundintulasiny
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2.5 NBI AT

2.5.1 2995veneuvulindua (Non-inverting Amplifier)

2svenedyga viadenduin Amp ugunsainiersasdidnnsetindfivaeiiy
YeneruInviomasesdygiaeiiwn Wilgusaniloudygradunm ualivualvgini
muifesnsuaraunaiulmbeswensas

=
gﬂﬁ 2.7 295verenvulinduma (Non-inverting Amplifier)

ANUNTNAIUIUONSIVEILUDINT LARINALNITATUAI

Av =2z g 2 (1)
Vsig R
Av Ao midnsnvene
Vo | fo dnginiiosminainiaasiuiemiv
Vsic  fo Aidyanndisslimsasiusumm
R, R #e fmusinuvu

2.5.2 1993nT9eANERKUUTNMaiiss (Butterworth filter)

2vsnTasmiuuUTInefass WunisusvanaranisevauewmionsnTeves
dyaiifinuiieuresdygnuuaranuilunmsnsesdyguldd Tnsasnsesdnya il
#oansoen (Stop Band) wazavhlvladnyeuilfeants (Pass Band) ogsauysnd

a o o o
annsamaudimesn f; ldenaunisi (2)

AR R 2)
e Zn‘lechlcz
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Vin(s) A1 v

= = Y] £ ac
Eﬂ“ 2.8 1ATNTDANUOUUUVIENSILITE

= ] vi_ o1 al a6 v va v =
"'T]']ﬂzllﬂ 2.9 "'U?u"L'Hu‘lﬁnqﬂ']ﬂﬂﬁaﬂﬂ'JnJﬂGanuf\w'lﬂﬁaﬂﬂqﬂﬁlﬂalﬂﬂﬁﬂu’ﬁaﬂéam
: 4 [ = ar £ a6 = s Ly
ﬁ'é]\?ﬂ']ill"llﬂﬂ'ﬂuLlfaf«l']u’qujﬂi@\iﬂjquﬂuUUUWLV\S?miﬁ FIAMUVUYDINTINULALNITAA
- ' & 1 o o @ ¢ as =
ﬂ?quﬂmﬂﬁ@\’ﬂ'ﬁ"\]3'UuaqﬂUQ"U')u‘UﬂQW?QQﬁﬁkLUUUMW\ﬂin%ﬁ GNEUV[ 2.10

1) T ————

= (Cutoff frequency

-301dB
Slope: -20 dB/decade

Gain (dB)

Passband Stopband
60 L el P il A | PRI, () S 7 0|

0

-30

Passband Stopband

Phase (degrees)

<90 -

b cactand = cul p vl A sl st RS T o
0.001 0.01 0.1 1 10 100 1000

Angular frequency (rad/s)

= ar ' a6 @ & o &
E‘U‘ﬂ 2.9 NFINAULINNIUNITNIDINNUOAIVDIUNLNOSILITE
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Gain (dB) Frgglr;rcy
fe
L, e —— Calculated
.3@ ; ; i,
-10dB A
e |
1
|
2048 —t
feand  fe(1sy Log (f/fe)

= - P i s = e -
JUN 2.10 NFMNSIRRYBINTBIANNIA N IULUU UMM SL3Tsdaun 1 way 2

o i - ) L4 5 ) -l
NISATUIULMIAINITARVIDUYDIMDTNTNANUDLVUUNNDSILISE 1NdUNSA (3)

1%
as

= ' a ' a < : -
Auegiumniuda o uazAnives € 9naunisn (4)

Wy

2n
A(w) = 10log |1 + &2 (—-‘3-) dB (3)

£ =vV10%Mmax — 1 (4)
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2.6 lulasmaulnsataas (Microcontroller)
& o W - W B ¢
qﬂnm‘fmuammmﬁﬂ Faussyauannsafaauadiuszuupauiines laelu

lulasreulnsaweslasimendiiy, mirsanud uazwesn Jududnuseneundnddgyues
szuupsuiawmesidnliseiu lnevinnsussydlilusmduderiulasainlaemly ve

0’: 1 b 3 1 ] s l 4’
Tulasreulvsaiaediu awnsoudsesnunlalu 5 dlugq aweluil

1). mhgUsvanananalaiedity (CPU: Central Processing Unit) vy
AudnasmuAuNSUTessTUUABLR UMD Tnethioyaingunsaiu
Foyauvhau Ustananateyanumdsedyusunsy uardsmadndoanlumio
ARG

2). wheANs (Memory) ainsautoandu @ fle wmiuarusilidmsu
wiulusunsaman (Program Mernory) Wisuiaiiousniadanues 13
noufalmeslfy Aedayalaq figniiulfuiicebigymsluwilidinges Sndw
ikAomierudoya (Data Memory) M Humiiounnszaiwmnalunis
ey uesdiuiindeyadansnungiam wimnliflnges deyafer
wmelupdrefumienaiuusy (RAM) luinsespauiiawesieg T uddwmsu
Lilpsreulnsawmoiasiel wiasanuideyaveiialilumiennydius &
HeyavzmgluidiolidivAe: uaviliusswses (EEPROM : Erasable Electrically
Read-Only Memory) ‘?j*emmsnLﬁu%’auﬂﬁlﬁu;ﬂﬁﬂﬂlﬁaﬁ

3). duAesiafiugunnintgusn wieneain (Port) 3.2 anvaizAe nosnduNm (Input
Port) Waswasnaedtygnmsonasaia1ing (Output Port) dnilagldluns
\Wourerugunanimenen feinduduiidwoann 1swtusgninmesndunn
wWiosudtynyu arnmashemsneaing iedrluussnanauayddunesniending
\ouanaraLty M3AnaIaveaonl sy

4). spamaAuvaIdya 1w wieva (BUS) ﬁmé’umqmsuaﬂmé’iﬂuﬁmmwﬁaga
sening @l wiepnuduasnein [Wudnuusesmedayin Suuuneg
meluslulasasulysaaes laeuwvatutadeya (Data Bus) , Uauoninsa
(Address Bus) uagUamaunal (Control Bus)

5). 2vstfiadygranniin Tududwlseneviiddyanndndiunila iesn
msvhawidetulusalulasreulvsaaes ssiuegiumsimuadmy win
dygranniniiianufge Fonzmsvhafiavannsevhlditudamals
Lilasroulnsamesdatu frrmdlunisussinanaganailudg
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2 Microcontroller

o ar o [ o v yuw )
JUN 2.1 sudnvaizeas lulaseeulvsaweinuseneulumeguniniinagsauhlinienu

2.7 EUBINY (Raspberry Pi)

sawes meoduveiareufumeivumdniiawsadouseduleysiineiadueie
warundld ansahusygnaldlumsilassnumesiudinusetind ms@uulusunsy
vialuiaasmeuiinasialivauaidnuesaRaspberry Pi sas3usruudfiRnnsaynd
(Linux Operating System) lonatesguy ¥y Raspbian (Debian) Pidora (Fedora) uag Arch
Linux 1fusiu Tnsfasiaun SD Card Us$n Raspberry Pi ignaanuuusilyill CPU GPU uay
RAM agneluduiieaiu fyaiende GPIO Wifldamnsmhlldsmiugunsaididnnseting
Buq dnene

2.7.1 aauazaunsnlneuanveI AU ITNIY
- o « [ - = colg Vo w ' =
saweimeduguniaivnadnialeunsuiunesildiuniluud awes
- GJ i - & 1 o AJ ]
wieliawefidesniimeuiamesussisnisvhauivainvats wu awnsaldamundu
ey - Y, ) ¢ o oo 1
Server ladl GPIO Wwansefiu 1A UsEndnuay mmmmqﬂn'imLﬁ'iaJauﬂm’lﬂ
o ] ¢ oo §-cas ¢ Ao o
melushgunsaliinesn GPIO Weweuneiugunsalmeuan wananiidil
lugalasumeldnuiudvesavansnie



Broadcom BCM2835 SoC

Chip
Core architecture ARMI1

CPU 700 MHz Low Power ARMI1176JZFS core
Dual Core VideoCore IV
Open GL ES 2 0, hardware-accelerated OpenVG, 1080p30 H.264 high-profile

GPU decode
Capable of 1 Gpixel's, 1 5Gtexel's or 24GFLOPs with texture filtering and DMA
infrastructure

AMemory 512MB SDRAM S

Boots from Micro SD card, running a version of the Linux operating system

Operating System

Supports Debian GNU Linux, Fedora Arch Linux RISC OS and More

Power

Micro USB socket SV, 2A

Ethernet

10100 BaseT Ethernet socket

HDMI (rev 1.3 & 1.4)

Video Output

Composite RCA (PAL and NTSC)

Audio Output

3 Smm jack, HDMI

GPIO Interface
Camers Toierts
JTAG

Display Interface

Not populated

4x USB2.0 Ports with up to 1

A output

54 mm (100 mil) expansion header: 2x20 strip

«~5 V and GND supply lines

40-pin 2
Providing 27 GPIO pins as well as+3 3 V

15-pin MIPI Camera Serial Interface (CSI-2)

Display Serial Interface (DSD 15 way flatflex cable connector
with two data lanes and a clock lane

Memory Card Slot

sDIO

Raspberry

(© Respberry Pi 2014

=
Un

- -
gﬂm 2.12 gllAYaasdLuesnig

2.13 JUiNdnyarYeIauaINeluga B+
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Raspberry Pi B+ J8 Header
Pinit NAME NAME Pin#
o1 3.3v DC Power e e DC Power 5v ﬁ?
03 GPIO02 (SDA1 , 12C) - & DC Power 5\! 0:4
05 GPIO03 (SCL1 , 12C) e o Gmun& {?6-
07 GPIO04 (GPIO_GCLK e (® (TXDO0) GPIO14 08
09 Ground Yy (RXD0) GPIO15 10
11 GPIO17 (GPIO GENOD) e e (GPIO_GEN1) GPIO18 12
13 GPIO27 (GPIO_GEN2) o o Ground 14
15 GPI022 (GPIO_GEN3 o @ (GPIO_GEN4) GPIO23 16
3.3vDCF ol ® GP GPIO24 18
GPIO10 (SPI_MO ol e Ground
GPIO09 (SPI_M o e GPIO25 23
GPIO11 (SPI_CLK) PN - CE0 ) GPIOOS 24
Ground ‘e | (® SP| GET ) GPIO07 26
ID_SD (12€ @ EEPROM) (2€ 10 EEPROM)WD_SC 28
GPIOUS : S Ground ;
GPIOI6 = " GPIO12
GE]0—1 3 = i e - S EGroun_d A 34
b 1y - “GPI016 § \ 3¢
GPIO26 P GRIO20 | 38
Ground 2 1.GPI021T> | %0
?;/;'7)521 " http://www.element14.com

- o < -
31]% 2.14 n15V19uYes GPIO waimaaﬂamaswweﬂuq}a B+

) = o ° 3
2.7.2 Wsunsuildanuivnaueinislunisdsnisinaudne

Tsunsu Qt azdldmveamadaulusunsuuay MIgenuuuvelyagens miady
wasna(GU) veslusunsu

sU 2.15 Usrednwarlusunsu Ot
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e L ' o s i o < ' L
gUTE 2.20 sufumhindmiunaifiulusunsuiessymsvinusegnels

1] o A
User Interface #ilagneanuuulilumiiisinedagun 2.21

& @ Forms

E-ﬁ untitled 1 #include <Ofpplication-
G untitled.pro . ; #include “maymeandow b
& B Headers - ';_E ot minirt: arge, char *argu(])
= f Sources SR Lication alarge, argvl;
: 7 ; W. .
“ ‘e« mainwindow.cpp gt
10 return a.exec();

s )

/7 mainwindow. ui L{homelpiiunt;t‘iew*z':"ms]

[

JUN 2.16 iirnaveansiisulayaeNkUUIUIUNTY

IH1IN1598AUUL User Interface w9lusunsa Ot axdl tools nslgaumnge 1y

Push Button, Label wa¥ Text Edit {Uumu

3oy aNs
L

d

EiTIT88 B BB RN
Qe )

= a4 ~
JUN 2.17 wiwweanmsesnuuunsmilaveslusunsa

2.8 walulad Bluetooth
Bluetooth Ae wiAluladlimeidusyuudeasvesgunanididnnsetinduuvasama

snuAAuINgsEerdu (Short-Range Radio Links) lagusiaanmisldanenda Talums

- ' l el A w « a € ol o omly i o e v

Wawsesswinlnsdwiliededugunsal lulnsfiwiindeunsunouwarlumside liliisawy
| W ' 1ar ot [ al = A g )

msdeyaiiesngnufeiundifnutinisddeyailuides ielddmiu yayils (Headset)

vulnsimvidatone
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Trrdnvindewd

ABLAERRTAD W

Fm 9 Bluetooth

] & - 1 I % !
JUN 2.18 wugnugunsalifeusairietielimudiuyena

Bluetooth a¢l¥dyaningpruilugis 2.4 fa 24835 GHz szuvyinisves
1 = w 7 a1 a 1 o
Bluetooth 3¢ag#l 5-10 wias lnedfiszvutesiulasldnsleusiarounimitionde uarlesiu
W 1 dl o 1 [ =
nMsAndygnsEriaeasinussuuazaautesdannluun szfieuaiuasalunisiden
- q' = 1 a’ s cJ 10 b 1) © L ot
Wasuanudndluntsansewsniudi Tnelidndusesdswmumnatasgonilinisinis
A w 8 oV v 4 as 4 o vw o
wiaanasuvliedeuavilaendy Tnendnues Bluetooth dggneaniuuluwelifugunsain
fiyuadndsiivsununsiudoyation 1wy lidam, 1o, wonndiatusng g uazausn
A woowma W 4 o v o5 ooy o — w
iwdoudelsiieg widesaglusyarndmunliviniy uennntdaldwdsum fulnes uaz
v o V w o ¢ ' 1Y) o o § o fa o o sala
annsaldanilaunu Inglisenhlymsalnuey  me Fnviigunsadianvsetindiiie
- ) Y PR Iy [ ' i Vet oy
wasuiheldannsofaneidoulusdearsuuulFassewieiulutisssasinedu q 16 344

Benld HC-05 wasiiaamuaiaunaluil

guﬁ 2.19 jUsrsanuy HC-05
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2.9 nMsiWsunannatuULsTUUUURNI LB UATEYA

2.9.1 fluuazaudrAguosuounsoss

JuiinsruiuiindainAndroid THsuauiisusniigaluvssnssuvyfianisign
finmsuuauiln (Smartphone) wiaunuian (Tablets) lugussqiisengviesnarsluiagi
weumseesiuszuuUitRmsiduszuulinuesuiem niia (Google) Wauszanadl 2549 7
vy auminu visundian ﬁwﬁﬁﬁmmuqﬂﬂ‘izﬁﬁmqi'mﬁ"uLLawwﬁLﬂ%’uﬁﬁ’mm%u
VULBLATOUS AILATINTOTBY WouRseEs tuvildvainvaneun awnsaleuiausiui
Hardware lelliounnagny Wy Madey uouasesd Jansmugiuteya nsilisuniuaunug
Usnsalnneuon n1sWaiundiu GPS wieusinseienaseanuuunsinvien1sidouinudeingg

AnsawaIu Y Launsasa InwulReInuy

2.9.2 gunsaiuaziaiesiionldlunsideulysunsy
1. Eclipse Development Tools and Java Development Kit (JOK)
2. ADT (Android Development Tools Plugin for eclipse)
3. Android SDK
4. Android Virtual Device Manager (Emulator)
5. Java Language
6. Android Phone

=

N7 e

%" HSProject REGISTER  BLUETOOTH  PLOTGRAPH

HEART SOUND
MONITOR

= . &

A ar ) - @ - ke &
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3.1 NISATUIULAZDNUUUINRS
Block Diagram tA3oeindtyeyraudsawila (HEART SOUND MONITOR)

[ Stethoscope ]

v

[ Condenser Microphone ]

v

[ Pre amplifier J

¥

[ Low Pass Filter Sallen Key

¥

N
[ High Pass Filter Sallen Key

v

f Power amplifier ]

v 4

[ Head Phone ] [ PIC 18F26K80 ]

v v

[ Raspberry Pi ] [ Smart Phone ]

gﬂﬁ 3.2 A1UNSYINIuYeslasiau (Block diagram)

>
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3.1.1 2995V YYIUNIANLN
2asveedygraneanii laslilasinugnludaussiume R3 wieldou
dryeuraunu C3 Lwammaﬂgfgwmlﬂmsma.fluacgmmﬁlm’mmumaaaﬂuaw‘mms loedl R2
way R8 Weunseduussiilinssliimunranivasesyeny snduhmsvenedyyalasesy-
weul dnsvgngvesnvsgnmuauitlasttietoundu R6 uag R7 Feannsomuanldes

= - - - ol v - '
aun1sn 1 FluBgyadnusilaeanuuulin 3 wi

VeC
t R SR2 1 1mass
T 2k 7k UiB
MK 1 ! VPA
+]
|
C3. W0uF ¢
Mig2 po T ?(?E'
RE 1: < R7
1k T2 00k
GND

- o v
3U¥ 3.3 WeIVEAYYIAIAR

3.1.2 24995 Low Pass filter

[
- o

2995UUU Butterworth Low Pass filter Tglunasnsesannsiiiniu amnse
Aunalldnuaunstu aumsd 2 Tegld R17,R18,C12,C13,R15,R16,C11 uay C14
- - @ v 3
Feeudasdnanlagnoanuuulin 15 kHz



24

Jdu
U3A = U3B
LM358  GND L2 NP
R1S RIS -
VPA 30k " 50k _EI LM358

:Ii :

= Cl4

GND |
1
In

31]171‘ 3.4 3393UUU Butterworth Low Pass filter
3.1.3 2933 high Pass filter
2995UUU Butterworth high Pass fitter 1#lunnsnsosdiueyrnuaaud
g4 ruausarwallenu auntsi 2 Teld R20,823,C16,C17,R21,R1622,C18
e a6 w v el
waz C19 Fallaudianselagnosnuuulin 6.9 Hz
vbC vCEC vbe
Cl6
VLP ”_
lu VHP

gﬂﬁ 3.5 2995uUU Butterworth high Pass filter
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3.1.4 2995987811849 (Power amplifier)
1ASVUNAS (Power amplifier) uazdlimuannsalunisdng
ﬂssu,aﬁ’uﬁﬂé’wugminwwmaﬁ'ﬂﬂ 'L%'ﬁ’uiwaﬂﬁéuﬁuﬂuiﬁﬂaémﬁu'@ﬁa Toodl
Fnsrvene(Gain)il 100 Wi

VCCT
Cl
*{
1\
VHP A 10u AR
U2A = Headphones|
TDA2822M "4 GND L
R7 | + ( vl R
10K § > I 8 <
:F‘ 10ub- ==0:.lu GND
Header 3
.;Rll
£330
= = = S OND
GND GND GND =
GND

A s y
JUW 3.6 993v818usInU (Power amplifier)

3.1.5 lulasreulniaiaas (Microcontroller)

idosnlulasroulnsanes amnsavinulduainvans uazaniisads aauay n1s
yauld vensnialuuanisyinunaiisides fe ADC (Analog to Digital Converter)
drunmaudyyruoundonuiasllidudyorafines wasUART (Universal Asynchronous
Receiver Transmitter) ¥nwihiisudsdfeyauvverdslasiadmiuinnsgumsivdadoyauuy
Rs-232 Faléidenld aszna PIC 18F26K80 Feuszneudne ADC 12 bits uay UART 2 wasn
Fanawmngiunsldau esndeansivianuiudanisseundenuardeyalul
aweimelnemsiuardsoyalaslflugaugnsfumddiiuinsiwindoud

3.1.5.1 anwnzvaslulasaaulnsaiaas (PIC 18F26K80)

a8 & = & - '
PIC 18F26K80 fiviavius 28 91 1lWiAes 3.3 V finesanisilousiwuvsuideniiu
Adnea 12 Unuaviiweinnmsdiuuugerin 2 wein
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28| | ReTPGDTIGRI2DT2HER

27 | | ResPGCTX2CK2KBI

26/ | RBSTOCKITACKUCCPSKBIN
RB4/ANSCANAECCPIPIACTPLSKBID
24| | REJCANRXIC2OUTPIDICTED2INTS
23| | RE2CANTXC1OUTIPICICTEDIINT2
PIC1BF2XKED 5 | | REUANSIC1INBPIBICTDININT1
PIC1BLF2XKBO 21| | Raoanio/cNAFLTONTD

n). ).

Uil 3.7 n). 3Ud1ev03 PIC 18F26K80 1), mM5viemuvesusne

3.1.5.2 n'1‘5L%mia'umﬂauimmaai‘ﬁ'uqﬂnssﬁﬁmq

(YR, 50, Yoo o <
poulnsalaefayudeundenamasamvinalavuas ienilddminludesnauel
e wavasluiauininuleslilinaugys nsdsdayaimunayidnisdauuy UART

MISO CEO

V3 svo
ADC Input lj 1 28 [
2 27[] SDAD GND |
=
: 2°I= SCLO 9,, TXD
4 25 [] e
5 24| | #4 %) RXD
6 23[] N -
E ;  PIC18F2XKBO 55 [ 7 C; 18 !
£ f
8 PICIBLF2XKS0  21[] o3, & s :
? 20 K -g i
7. 2 I
10 18 R w22 o "24 :
(WL 18 [ g s ' s
E 12 17 B 9

o

@

|
-

SCLK CEY

Bluetooth

JUN 3.8 MsiousipvenaulnTaleIiugunsninieg
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3.1.5.3 wHunen1soanuuuwaziieulusunsy (Flow Chart)

Start

|

Uszananann ADC

l

Pic 18F26K80 d3vaua Pic 18F26K80 davaya
U Raspberry Pi 1U#i Smart Phone

End

P @
JUN 3.9 unudinsesnuuukandsulusunsu

3.1.6 lugaugys

k4 "

lugavgysezdsdoyasyninmoulnaaeiiv nsdwimninlnulaedoyandilutu

Y

AMUVUARTUAY Toyaiddlutuaniudoyaiisunwesnewdonuiinea Imﬁ,u@aﬁl{f
Duluga HC-05 nsdedeyaifunisdsuuy Serial port
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3.2 Raspberry Pi

sraweing annsadnnussgndlilumsilassunsiudidnnseting waznis
A - - a e ] <
Weulusunsy iesmnmaweimeilvuuiinisuazannsadeulusunsy lagldlusunsy
= =
ot FadumsBsulagldniw C++

3.2.1 nsmilagwasdumaiavesiusunsy (GUI)

d L4 124 J i 1] ) =4
asnisdiesmslisuligly Mludiae wiedaeeny Tdouieligwndsesnuuy
T Vel oA g v 1w vy ' ' v
Unsiney Wildnwarlvg weliiesedgeeiguay dalvigiisuiesonisidau

U 3.10 adtnemaviuvedtusunsy

4 - o
13799 3.1 1IN WANINTSBBUIBNISYINIIUTBlUTUNTY

1 | nsnensml 5. | Yumganisvinau

2. | wanwadisuld 6. | Wanmshaniale

3, | YiliGumsvhau 7. | Yamganisvinuiale B¢
lsal5e Togsia

4. | alansyhauvesiusunsy 8. | uannaueiAle ik




3.2.2 uWHuRenNIsaanuuUULazileulusunsy (Flow Chart)
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U7 Raspberry Pi
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End

= s =
JU# 3.11 unudaniseonuuuwanBeulusunsu (Flow Chart)
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3.3 Android Applications

seuuUuinisueunsess viuuuanminuvIsunlian vihwihiimuaugunsel
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3.3.2 unurisn1sesnuuunazlusunsuvussuuujuinisuaunsasn (Flow Chart)

Start

v
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e
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End

3.13 unudan1soanuuukasiBsulusunsuuussuuljuinisuaunsesn (Flow Chart)
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ver 52,.00ms Stop® ™ Measure
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4.3.1 nMsvagauynsandayauszinduni(Register)
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4.3.2 NMIVAERUNYTU-deA6UUaNS(Bluetooth)
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LM158/LM258/LM358/LM2904
Low Power Dual Operational Amplifiers

General Description

The LM158 series consists of two independent, high gain,
internally frequency compensated operational amplifiers
which were designed specifically to operate from a single
power supply over a wide range of voltages. Operation from
split power supplies is also possible and the low power
supply current drain is independent of the magnitude of the
power supply voltage,

Application areas include transducer amplifiers, dc gain
blocks and all the conventional op amp circuits which now
can be more easily implemented in single power supply
systems. For example, the LM158 series can be directly
operated off of the standard +5V power supply voltage which
is used in digital systems and will easily provide the required
interface electronics without requiring the additional +15V
power supplies.

The LM358 and LM2904 are available in a chip sized pack=
age (8-Bump micro SMD) using National's micro SMD pack-
age technology.

Unique Characteristics

® In the linear mode the input common-mode voltage
range includes ground and the output voltage can also
swing to ground, even though operated from only a
single power supply voltage.

® The unity gain cross frequency is temperature
compensated.

m The input bias current is also temperature compensated.

October 2005

Advantages

® Two internally compensated op amps

m Eliminates need for dual supplies

m Allows direct sensing near GND and Vo y also goes to
GND

m Compatible with all forms of logic

® Power drain suitable for battery operation

Features

B Available in 8-Bump micro SMD chip sized package,
(See AN-1112)

®m Internally frequency compensated for unity gain

® | arge dc voltage gain: 100 dB

m Wide bandwidth (unity gain): 1 MHz
(temperature compensated)

= Wide power supply range:
— Single supply: 3V to 32V
— or dual supplies: *1.5V to £16V

® Very low supply current drain (500 pA)—essentially
independent of supply voltage

=B | ow input offset voltage:” 2 mV

m Input common-mode voltage range includes ground

m Differential input voltage range equal to the power
supply voltage

| arge oulput voltage swing

Voltage Controlled Oscillator (VCO)

00778723

© 2005 National Semiconductor Corporation

DS007787

www.national.com
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LM158/LM258/LM358/LM2904

Absolute Maximum Ratings (note 9)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/

Supply Voltage, V*

Differential Input Voltage

Input Voltage

Power Dissipation (Note 1)

Molded DIP
Metal Can

Small Outline Package (M)

micro SMD

Output Short-Circuit to GND
(One Amplifier) (Note 2)
V*<15Vand T, = 25°C
Input Current (V,y < =0.3V) (Note 3)
Operating Temperature Range

LM358
LM258
LM158

Storage Temperature Range
Lead Temperature, DIP
(Soldering, 10 seconds)

Lead Temperature, Metal Can
(Soldering, 10 seconds)

Soldering Information

Dual-In-Line Package
Soldering (10 seconds)

Small Outline Package
Vapor Phase (60 seconds)
Infrared (15 secands)

See AN-450 "Surface Mounting Methods and Their Effect on Product Reliability” for other methods of soldering
surface mount devices.

Distributors for availability and specifications.

LM158/LM258/LM358
LM158A/LM258A/LM358A
3z2v
32v
-0.3V to +32V

830 mW
550 mW
530 mwW
435mW

Continuous
50 mA
0°C to +70°C
=25'C to.4#85°C
-55:C to+125°C
-65'C to +150°C

260°C

300°C

260°C

215°C
220°C

LM2904

26V
26V

-0.3V to +26V

830 mw

530 mw

Continuous

50 mA

-40°C to +85°C

-65°C to +150°C

260°C

300°C

260°C

215'C
220°C

ESD Tolerance (Note 10) 250V 250V
Electrical Characteristics
V* = +5.0V, unless otherwise stated
Parameter Conditions LM158A LM358A LM158/LM258 | Units
Min Typ Max |Min Typ Max |Min Typ Max
Input Offset Voltage (Note 5), T = 25°C 1 2 2 3 2 5 mV
Input Bias Current lingsy OF lingg=ys Ta = 25°C, 20 50 45 100 45 150 nA
Veu = 0V, (Note 6)
Input Offset Current lingsy = hing=y: Vem = OV, T = 25°C 2 10 5 30 3 30 nA
Input Common-Mode V* = 30V, (Note 7) 0 V'=1.5] 0O V*=158] 0 V=181 ¥
Voltage Range (LM2904, V* = 26V), T, = 25'C
Supply Current Over Full Temperature Range
Ry = = on All Op Amps
V' = 30V (LM2804 V" = 28V) 1 2 1 2 1 2 mA
V* =5V 1 G o Qa2 mA

www.national.com




Electrical Characteristics

V* = 45,0V, unless otherwise stated

Parameter Conditions LM358 LM2904 Units
Min Typ | Max Min Typ | Max
Input Offset Voltage (Note 5) , T, = 25°C 2 7 2 7 mV
Input Bias Current hitgs) OF Iy Ta = 25°C, 45 250 45 250 nA
Vem = 0V, (Note 6)
Input Offset Current i) = ling=y, Vem = OV, T, = 25°C 5 50 5 50 nA
Input Common-Mode V* = 30V, (Note 7) 0 V=151 0 V=15 Vv
Voltage Range (LM2904, V* = 26V), To = 25°C
Supply Current Over Full Temperature Range
R, = = on All Op Amps
V* = 30V (LM2904 V™ = 26V) 1 2 1 2 mA
V' =5V 0.6 e 0.5 1.2 mA
Electrical Characteristics
V* = +5.0V, (Note 4), unless otherwise stated
7 LM158A LM358A LM158/LM258 Units
it s i s, Min Typ Max | Min Typ Max | Min Typ Max
Large Signal Voltage V* = 15V, Tx="25"C,
Gain Ry 22 kQ, (For Vg = 1V 50 100 25 100 50 100 VimV
to 11V)
Common-Mode g=250C,
Rejection Ratio Vew =0V to V'-1.5V O Ry L 3 F e
Power Supply V* =5V to 30V
Rejection Ratio (LM2904, V* = 5V 65 100 65 100 65 100 dB
to 26V), Ta = 25°C
Amplifierto-Amplifier f=1kHz to 20 kHz, T, = 25°C
i -120 =120 =128 dB
Coupling (Input Referred), (Note 8)
Output Current | Source|V' = 1V,
W7 20 40 20, 40 20 - 40 mA
V& =159,
Vo =2V, Tx = 25'C
Sink| V"% W, Vi = OV
V* = 15V, T, = 25'C; 1@, 20 M 20 104 20 mA
Vo = 2V
VA
i 12 50 1250 12 50 VA
Ta = 25°C, V5 = 200 mV,
V* = 15V
Short Circuit to Ground | T, = 25°C, (Note 2),
40 60 40 60 40 60 mA
V* = 15V
Input Offset Voltage (Note 5) 5 7 mV
Input Offset Voltage Rg = 0Q 7 15 7 oG y WVIC
Drift -
Input Offset Current g = D 30 75 100 nA
Input Offset Current Rg = 02
Bk 0 200 10 300 10 pAI'C
Input Bias Current Iingey OF lingg=y 40 100 40 200 40 300 nA
Input Common-Mode V' =30V, (Note 7) 0 vzl o vzl o Viio P
Voltage Range (LM2904, V* = 26V)
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LM158/LM258/LM358/LM2904

Electrical Characteristics (continued)

V' = 45,0V, (Note 4), unless otherwise stated
N LM158A LM358A LM158/LM258 Units
FTI o Min Typ Max | Min Typ Max | Min Typ Max
Large Signal Voltage VT = +18V
Gain (Vo = 1V 1o 11V) 25 15 25 VimV
R, 22 kQ
Output Vou| V" = +30V R_= 2 kQ 26 26 26 v
Voltage (LM2904, V* = 26V) |R_=10kQ | 27 28 210 20 28 Vv
Swing Vo |VT =8V, R = 10 kQ o 20 5 20 5 20 mvV
Output Current | Source |V, = +1V, Vi~ = 0V, 10 20 10 - 20 10 20 Pk
V= 18V Vs =2V
Bpk ™ & S9N Ml > BV, O ——f 5 8 L mA
V=15V, Vo S0
Electrical Characteristics
V* = +5.0V, (Note 4), unless otherwise stated
LM358 LM2904 Units
Parameter Conditions - -
Min Typ Max | Min Typ Max
Large Signal Voltage V" =18V, T, = 25°C,
Gain Ry 2 2 kQ, (For Vg = 1V 25 100 25 100 VimV
to 11V)
Common-Mode T, =256°C,
= B : 65 85 50 70 dB
Rejection Ratio Vem = 0V to V7=1.5V
Power Supply VT = 5V 1o 30V
Rejection Ratio (LM2304, V* = 5V 65 100 50 100 dB
to 26V), To = 25C
Amplifier-to-Amplifier f=1kHzto20 kHz, T, = 25°C
: =120 =1 2B dB
Coupling (Input Referred), (Note 8)
Output Current Source| V" = 1V,
Ve 20V
V* = 15V, 20 40 20 40 mA
Vo =2V, T4 =25C
Sink[ V™ =1V, Vy' = 0V
V' =15V, T, = 25°C, 10 20 10 20 mA
Ve 20
Vine = 1V,
VIR 12 50 12 50 A
Ta = 25°C, Vg'=200 mV,
vt = 15V
Short Circuit to Ground T, = 25°C, (Note 2),
V* = 15V 40 60 40 60 mA
Input Offset Voltage (Note 5) 9 10 mV
::r;::t Offset Voltage Rs = 0Q - 7 WG
Input Offset Current hingey = ling=y 150 45 200 nA
Input Offset Current Rg = 0Q .
Drift 10 10 pA/'C
Input Bias Current hings) OF hing-y 40 500 40 500 nA
Input Common-Mode V* = 30V, (Note 7)
0 V=2 0 NEG 2 Vv
Voltage Range (LM2904, V* = 26V)
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Electrical Characteristics (continued)
V* = +5.0V, (Note 4), unless otherwise stated

Parameter Conditions i Li oy o
Min Typ Max Min Typ Max
Large Signal Voltage V* = +15V
Gain (Vo = 1V to 11V) 15 15 VimV
R, 22 kQ
Output Vou|V* = +30V R, = 2 kQ 26 22 %
Voltage (LM2904, V* = 26V) |R_ = 10 kQ2 27 28 23 24 v
Swing Voo |V* = 5V, R = 10 k@ 5 20 5 100 mV
Output Current Source V" = +1V, Vi~ = 0V, 10 20 10 20 A
V* =15V, Vg = 2V
Sink|Vin~ = #1V, Vi* = 0V, . . . 5 aa
V' =15V, Vg = 2V

Note 1: For operaling al high temperatures, the LM358/LM358A, LM2904 musl be deraled based on a +125°C maximum. junction temperature and a thermal
resistance of 120°C/W for MDIP, 182°C/W for Metal Can, 189°C/W for Small Qutline package, and 230°C/W for micro SMD, which applies for the device soldered
in a printed circuit board, operating in a still air ambient. The LM258/LM258A and LM158/LM158A can be derated based on a +150°C maximum junction temperature.
The dissipation is the total of both amplifiers —use external resistors, where possible, to allow the amplifier to saturate or to reduce the power which is dissipated
in the integrated circuit.

Note 2: Short circuits from the output to V* can cause excessive heating and eventual destruction, When considering short cirucits to ground, the maximum output
current is approximately 40 mA independent of the magnitude of V*, At values of supply voltage in excess of +15V, continuous short-circuits can exceed the power
dissipation ratings and cause eventual destruction. Destructive dissipation can result from simultaneous shorts on all amplifiers.

Note 3: This input current will only exist when the voltage at any of the input leads is driven negative. It is due to the collector-base junction of the input PNP
transistors becoming forward biased and thereby acting as input diode clamps. In addition to this diode action, there is also lateral NPN parasitic transistor action
on the IC chip. This transistor action can cause the output voltages of the op amps to go to the V*voltage level (or to ground for a large overdrive) for the time duration
that an input is driven negative. This is not destructive and normal output states will re-establish when the input voltage, which was negative, again returns to a value
greater than =0.3V (at 25°C).

Note 4: These specifications are limited to =55'C £ Ta < +125°C for the LM158/LM15BA, With the LM25B/ILM258A, all temperature specifications are limited to
=25'C s Tp s +85°C, the LM358/LM358A temperature specifications are limited to 0°C < Ta = +70°C, and the LM2804 specifications are limited to =40°'C < T, <
+85°C,

Note §: Vo = 1.4V, Rg = 00 with V" from 5V to 30V; and over the full input common-mode range (0V to V* -1.5V) at 25°C. For LM2804, VV* from 5V to 26V.
Note 6: The direction of the input current is out of the IC due to the PNP input stage. This current is essentially constant, independent of the state of the output so
no loading change exists on the input lines.

Note 7: The input common-mode voltage of either input signal voltage should not be allowed to go negative by more than 0.3V (at 25°C). The upper end of the
commcen-mode voltage range is V' =1.5V (at 25°C), but either or both inputs can go to +32V without damage (+26V for LM2904), independent of the magnitude of
W

Note 8: Due to proximity of external components, insure that coupling is not originaling via stray capacitance between these external parts. This typically can be
detecled as this type of capacitance increases at higher frequencies,

Note 9: Refer to RETS158AX for LM158A military specifications and to RETS158X for LM158 military specifications.

Note 10: Human body model, 1.5 kel in series with 100 pF.
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‘ SGS-THOMSON
Y/ CROELECTRONICS TDA2822M

DUAL LOW-VOLTAGE POWER AMPLIFIER

SUPPLY VOLTAGE DOWN TO 1.8V
LOW CROSSOVER DISTORSION

LOW QUIESCENT CURRENT

BRIDGE OR STEREO CONFIGURATION

MINIDIP

ORDERING NUMBER : TDA2822M

DESCRIPTION

The TDA2822M is a monolithic integrated circuit in
8 lead Minidip package. It is intended for use as
dual audio power amplifier in portable cassette
players and radios.

PIN CONNECTION (Top view)

S
ouTPUT(1} 1 8 INPUT-(1)
SUPPLY VOLTAGE [|2 T [JINPUT.(1)
QUTPUT(2) 3 6 HJINPUT-(2)
GROUND & 5 JINPUT-(2)
S_sus
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TDA2822M

SCHEMATIC DIAGRAM

lo

CONTROL

..

Iy INPUT 0%
1]
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vs Supply Voltage g W3 15 Vv
lo Peak Output Current 1 A
Ptot Total Power Dissipation at Tamn = 50 °C 1 W
at Tease = 50 °C 1.4 w
Tstg, T Storage and Junction Temperature - 40, + 150 a5
THERMAL DATA
Symbol Parameter Value Unit
Rih j-amb Thermal Resistance Junction-ambient Max. 100 °C/W
Rinjcase | Thermal Resistance Junction-pin (4) Max. 70 °C/W
211




TDA2822M

ELECTRICAL CHARACTERISTICS (Vs =6V, Tamb = 25°C, unless otherwise specified)

| Symbol | Parameter 4l Test Conditions | Min. | Typ. | Max. | Unit |
STEREO (test circuit of Figure 1)
Vs Supply Voltage 1.8 16 \%
Vo Quiescent Output Voltage 27 Vv
Vs =3V 1.2 \%
lg Quiescent Drain Current 6 9 mA
Ib Input Bias Current 100 nA
Pa Output Power (each channel) mW
(f = 1kHz, d = 10%) RL=320 Vs=9V 300
Vs = 6V 90 120
Vs =45V 60
Vs =3V 45 20
Vg =2V 5
R =16Q Vs=6V 170 220
Ry = 8Q Vg =8V 1000
Vs =6V 300 380
Ry =40 Vs =6V 450 650
Vs =4.5V 320
Vs =3V ~{ 110
d Distortion (f = 1kHz) RL=32Q P, =40mW 0.2 %
RL=1602  Po=75mW g2 %
_ RL=802  Po=150mW 0.2 %
Gy Closed Loop Voltage Gain f= 1kHz 36 39 41 dB
AGy Channel Balance 21 dB
Ri Input Resistance f = 1kHz 100 kQ
en Total Input Noise Rs =10kQ2 B =Curve A 2 uV
s & T Vi B = 22Hz to 22kHz 2.5 pv |
SVR Supply Voltage Rejection f= 100Hz, C1 = C2 = 100uF 24 30 dB
Cs Channel Separation f=1kHz 50 dB
BRIDGE (test circuit of Figure 2)
Vs Supply Voltage 1.8 15 v |
lg Quiescent Drain Current RL =& 6 9 mA
Vos Output Offset Voltage RL=8Q +50 | mV
(between the outputs)
Iy Input Bias Current 100 nA
Po Output Power (f= 1kHz, d = 10%) mW
RL =320 Vg=9V 1000
Vs = 6V 320 400
Vs =45V 200
Vs =3V 50 65
Vs =2V 8
RL=16Q Vs=9V 2000
Vg = 6V 800
Vg = 3V 120
RL = 8Q Vs =6V 900 1350
Vs = 4.5V 700
Vs = 3V 220
RL=4Q Vs =45V 1000
Vs = 3V 200 350
Vs =2V 80
d Distortion Po = 0.5W, R = 8Q, f = 1kHz 0.2 %
Gy Closed Loop Voltage Gain = 1kHz 39 dB
Ri Input Resistance f = 1kHz & e 100 kQ
en Total Input Noise s =10k B=Curve A 23 uv
B = 22Hz to 22kHz 3 uv
SVR Supply Voltage Rejection f = 100Hz 40 dB
B Power Bandwidth (—-3dB) Ry = 8Q, Py = 1W 120 kHz
311




TDA2822M

Figure 1 : Test Circuit (Stereo)
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Figure 2 : Test Circuit (Bridge)
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Figure 3 :

P.C. Board and Components Layout
of the Circuit of Figure 1

Figure 4 :
of the Circuit of Figure 2

P.C. Boardand Components Layout
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PIC18F66K80 FAMILY

Pin Diagrams (Continued)

28-Pin SSOP/SPDIP/SOIC
L ]
mctriRes [ 1 28 [ ] RB7/PGD/T3G/RX2/DT2/KBI3
RAO/CVRer/ANO/ULPWU [] 2 27 [ RB/PGCITX2/CK2/KBI2
rRat/aNt [] 3 26 [ ] RBS/TOCKIT3CKICCPS/KBI1
rRA2/vrer-IAN2 [ ] 4 25 | ] RB4/ANG/C2INA/ECCP1/P1A/CTPLS/KBIO
RA3NRer+/AN3[] 5 24 [ ] RB3/CANRX/C20UT/P1D/CTED2/INTS
VDDCORENCAPE 6 23 [ ] RB2/CANTX/C10UT/P1C/CTED1/INT2
RAS/AN4/C2INB/HLVDIN/T1CKISS/ICTMUI [] 7 PIC18F2XK80 27 [ ri1/ANS/C1INB/P1B/CTDININT
VSSE 8 PIC18LF2XK80 21| | RBO/AN10/C1INA/FLTO/INTO
osc1/cLKINRA? [] 9 20 [] voo
0SC2/CLKOUT/RAS [ 10 19 [Jvss
RCO/SOSCOSCLKI [11 18 [ ] RC7TICANRX/RX1/DTH/CCP4
rcinsoscr[12 17 [ ] RCB/CANTX/TX1/CKI/CCP3
rc2micieepz [13 16 ] Rc5/SDO
RC3REFO/SCLISCK [14 15 % RC4/SDA/SDI
40-Pin PDIP
A
MCLR/RE3 1 40 | | RB7/PGD/T3G/KBI3
RAO/CVREF/ANO/ULPWU | | 2 39 | | RBE/PGC/KBI2
RA1/AN1/CTINC 3 38 | | RBS/TOCKIT3CKICCP5/KBI
RA2/VRer-/AN2/C2ING [ 4 37 [ ] RB4/ANS/CTPLS/KBIO
RA3INREF+/AN3 5 36 RB3/ICANRX/CTED2/INT3
VDDCORENCAP E 8 35 [ | RB2/CANTX/CTED1/INT2
RAS/AN4/HLVDINTICKISS [ 7 34 [ ] RBI/ANB/CTDINANTA
REO/ANS/RD E 8 33 | | RBO/AN10/FLTO/INTO
RE1/ANS/C1OUTAVR [ 9 32 [] voo
RE2/AN7/C20UTICS E 10 - PIC18FAXKB0 3, 1 e
voo | ]11 PIC18LF4XK80 30 :] RD7/RX2/DT2/P1D/PSP7
vss []12 29 [] RD6/TX2/CK2/P1CIPSPS
osc1/CLKINRA? []13 28 [ ] RDS/P1B/PSPS
0SC2ICLKOUT/RAS [114 27 [] Ro4/ECCP1/P1APSPA
RCO/SOSCOISCLKI []15 26 [ ] RC7/ICANRX/RX1/DT1/CCP4
Re1/soscl []16 25 E|| RCS/CANTX/TX1/CK1/CCP3
RC2/T1G/CCP2 E 17 24 :I RC5/SDO
RC3/REFO/SCL/SCK [118 23 [] Rearsoassol
RDO/CTINAPSPO []19 22 [] RD3/C2INB/ICTMUIIPSP3
RD1/C1INB/PSP1 [ 20 21 %anfcznwpspz

DS39977C-page 6
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PIC18F66K80 FAMILY

22.0 ENHANCED UNIVERSAL
SYNCHRONOUS
ASYNCHRONOUS RECEIVER
TRANSMITTER (EUSART)

The Enhanced Universal Synchronous Asynchronous
Receiver Transmitter (EUSART) module is one of two
serial /0 modules. (Generically, the EUSART is also
known as a Serial Communications Interface or SCI.)

The EUSART can be configured as a full-duplex,
asynchronous system that can communicate with
peripheral devices, such as CRT terminals and
personal computers. It can also be configured as a
half-duplex synchronous system that can communicate
with peripheral devices, such as A/D or D/A integrated
circuits, serial EEPROMSs, etc.

The Enhanced USART module implements additional
features, including automatic baud rate detection and
calibration, automatic wake-up on Sync Break recep-
tion and 12-bit Break character transmit. These make it
ideally suited for use in Local Interconnect Network bus
(LIN/J2602 bus) systems.

All members of the PIC18F66K80 family are equipped
with two independent EUSART modules, referred to as
EUSART1 and EUSART2. They can be configured in
the following modes:
« Asynchronous (full duplex) with:
- Auto-wake-up on character reception
- Auto-baud calibration
- 12-bit Break character transmission
+ Synchronous — Master (half duplex) with
selectable clock polarity
+ Synchronous - Slave (half duplex) with selectable
clock polarity

The pins of EUSART1 and EUSART2 are multiplexed
with the functions with the following ports, depending
on the device pin count. See Table 22-1.

TABLE 22-1: CONFIGURING EUSART PINS("
Pin USART1 USART2
Count | port Pins Port Pins
: RB6/PGC/TX2/CK2/KBI2 and
28-pin PORTB RB7/PGDIT3G/IRX2/IDT2/KBI3 PORTC RCB/TX1/CK1 and RC7/RX1/DT1
ar RD6/TX2/CK2/P1C/PSP6 and
40/44-pin | PORTC | RC6/TX1/CK1 and RC7/RX1/DT1 | PORTD RD7/RX2/DT2/P1D/PSP7
64-pin PORTE | RE7/TX2/CK2 and RE6/RX2/DT2 | PORTG RG3/TX1/CK1 and RGO/RX1/DT1

Note 1: The EUSART control will automatically reconfigure the pin from input to output as needed.

In order to configure the pins as an EUSART;
+ For EUSART1:
- SPEN (RCSTA1<7>) must be set (= 1)
- TRISx<x> must be set (= 1)
- For Asynchronous and Synchronous Master
modes, TRISx<x> must be cleared (= 0)
- For Synchronous Slave mode, TRISC<x>
must be set (= 1)

* For EUSART2:
- SPEN (RCSTA2<7>) must be set (= 1)
- TRISx<x> must be set (= 1)

- For Asynchronous and Synchronous Master
modes, TRISx<x> must be cleared (= 0)

- For Synchronous Slave mode, TRISx<x>
must be set (= 1)

® 2011 Microchip Technology Inc.
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PIC18F66K80 FAMILY

23.0 12-BIT ANALOG-TO-DIGITAL
CONVERTER (A/D) MODULE

The Analog-to-Digital (A/D) Converter module in the
PIC18F66K80 family of devices has eight inputs for the
28-pin devices, 11 inputs for the 40/44-pin and 64-pin
devices. This module allows conversion of an analog
input signal to a corresponding 12-bit digital number,
The module has these registers:

» A/D Control Register 0 (ADCONO)

« A/D Control Register 1 (ADCON1)

« A/D Control Register 2 (ADCON2)

« A/D Port Configuration Register 1 (ANCONO)

« A/D Port Configuration Register 2 (ANCON1)

+ ADRESH (the upper, A/D Results register)

- ADRESL (the lower, A/D Results register)

The ADCONO register, shown in Register 23-1, con-
trols the operation of the A/D module. The ADCON1
register, shown in Register 23-2, configures the voltage
reference and special frigger selection. The ADCON2
register, shown in Register 23-3, configures the A/D
clock source and programmed acquisition time and
justification.

23.1 Differential A/ID Converter

The converter in PIC18F66K80 family devices is
implemented as a differential A/D where the differential
voltage between two channels is measured and
converted to digital values (see Figure 23-1).

The converter also can be configured to measure a
voltage from a single input by clearing the CHSN bits
(ADCON1<2:0>). With this configuration, the negative
channel input is connected internally to AVSsS (see
Figure 23-2).

FIGURE 23-1: DIFFERENTIAL CHANNEL
MEASUREMENT
Positive input
CHS<4:0> ADC
Negative input
CHSN<2:0>

Differential conversion feeds the two input channels to
a unity gain differential amplifier, The positive channel
input is selected using the CHS bits (ADCONO0<6:2>)
and the negative channel input is selected using the
CHSN bits (ADCON1<2:0>).

The output from the amplifier is fed to the A/D Con-
verter, as shown in Figure 23-1. The 12-bit result is
available on the ADRESH and ADRESL registers. An
additional bit indicates if the 12-bit result is a positive or
negative value.

FIGURE 23-2: SINGLE CHANNEL
MEASUREMENT
Paositive Input
CHS<4:0>
CHSN<2:0>'= 000 ADC
AVss

In the Single Channel Measurement mode, the
negative input is connected to Avss by clearing the
CHSN bits (ADCON1<2:0>).
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