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Abstract

At a present, a lot of people often use Bluetooth technology such as electronic

another study case and daily life.
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* javax.microedition.rms ,RMS (Record Management System) Hudnveants lﬁmfagﬁ

wwAvfugmdoyn
MIDlet

= Tilsunsu Java ‘ﬁ run UH MIDP environment

o MiDiet 1ilu class ﬁﬂg"lu package 994 java.microedition.midlet

- Tﬂmﬂiuﬁﬁmmﬁmm MIDP uaz E‘]Jﬂﬂﬂiﬂﬂ MiDlet

= ciass ‘ﬁﬁ UNDAIIN MIDiet class L18% Implements (!.?Uﬂj‘i’f) 3 method Ao startApp(),

pauseApp{) 11ag destroyApp()

Tuanmilussawds madan MiDlet vz ludasmz@orfumsNaun Java Applet fio

Java Applet 321TUmM3 UM0AIA class Applet @2u MIDP 9ziifumsRunen 91 class MIDlet

83222
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MIDlet 's Life Cycle

destrayAppl)

Paused
slarapnt) ~ pauseApp Destroyed
Achve

destroyApp(l

311 2.6 2993M35%191U¥D3 MIDlet

191188319 class AFUNOALI9IN MIDlet Package M0 javax.microedition.midlet MIDlet
&, class YOUSWIeS MsTaUGLNAMI AT ﬂﬁ’wmﬁ"uﬁi]za;,i‘luﬁmu: Paused(
yA) o1 doemsWiinsianuaady 518805 un1d method Hdo startApp() AN TUZUD
oA lifuanie Activetiiany gy, wazmndeansld class wgamsham
aunsomldlay 5onld Method pauseApp(), qathedfons sumsitau TavBonld

Method destroyApp() T1lsunsufazidiganiug Destroyed(gniiiany)
] q' - ¥ = 1 W a -
a0TUZA197909 MIDlet 010317 7 vz ulAd1 MIDlet Ting 3 e uzdoiu Ao

- Paused state (0 1UTHYANITNI9IU) 32AATU ADUUSATTIIIMIGE oD run TAen13 14 method

startApp(), A3 5on1¥ method pauseApp() H3e notifyPaused()

]
=

. o a & = Y = =1 Y
- Active state (ADTHEZNITNINIU) IZIAAYU ﬂﬂuuiﬂﬂlﬁﬂﬂuTﬂiuﬂiu, Um3si50n1¥ method

startApp() ¥30 UMTSun1Y method resumeRequest) Iudounaniuzminviinudaiiu

pauseApp()

F4 ]
- Destroyed state (A0wzgniiaw) faiundanndifinisld method destroyApp #3®

notifyDestroy()

azu 1A N lumsnlAouanius (state) ¥0IM3i11Uu 1214 method 3 Sua iU Ao

) »
- resumeRequest() 1diie 19nduuogluaniug Active state SR
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2, Inquiry

Y o A = e = vy o = 1]
Aumgilnsaididu uozidengilnsunzAanediy gilnsaingndulnlezds

1 [ 1 » 3 »
packet HS seiidoyafdviyRoz 1991lnsalfl inquiry wiu adrumsidoussium 1
3. Inquiry scan

w . . aq 9 - | Vo ¢ W o
ABYSY packet inquiry A1Flumsidnds dieldsunuyssindr Aezaouaues
' . . i o ] 1 ¥4
do inquiry Inu1ddoyanin packet FHS AlAsuin gulnsaidmIngid Inuaiiield
I

P -

awpIgnaun Taogilnisiau -
4, Page

master M1 slave daLASADUNAUTDAIY page DAY
5. Page scan

¥ fa o . ¥ A )

ey 1M QUnIsiNiIms paging a3 uMIdoude
6. MIt¥oudn-H1am

¥ = 2 o o

doyagnuannidsudritiunaziu

Ao
7. MITOUAD-AD

ginsangadumsiudaoyanidlu - ACL ugrwadmua el

Bandwidth 719m0 1119 mdu
& 1] .
8. MIFauAD-snift
: a4a 4
slave Apuiam e s iinavu
9. MSITOUAD-NYATD

slave UNIAN AM_ADDRESS tasnauilamideainiugig
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233 myhauvesdiuaIugumMIIouse
1. host $09¥0015 inquiry
2. inquiry gl Taelddwunnutnsz TaaR14lums inguire

3. guIn3siniims inquiry ABUNEUAIY packet FHS sznoudodoyalumsadiens

d. 1

1oune

¥ 1 a o
4. Yoyalu packet FHS gnaandyl1lds host

¥ A 3 [ o [ . .
5. host $o3vemsiFoudelilfaginsaifiaonsums inquiry
. 3 a g A ] [ e W = T

6. N3EUIUMS paging 1 lumssudumsieude lildaqinsalndeamsandediy

¥ PR A 1 oy ° ' o
7. 01g1ln3alNABINISARADAIL 113 page scan DYITABUNALIN

Y s g ' a & ' ¥ ad
8. $gilnsainiins page scan oy vouSuMsiFouad 92052 Taali1¥A 118N master
s a1 A . 0w g W oA A R
finua uazdaaedomsdiudwunnuanldlumsnsz Taadu Wonsisouds 14
y 4 Y 4 v o a W W 4
gNAT 1YY LAY master UAZ slave A sauanaounihanshauiuld Taoh

slave il:nmmﬂu master LIAY master ﬂznmuxflu slave

23.4 gHudaminisiveuae

¥
=

gaudamshanuaiegaatl
E 4
1. 11 slave 53381 14/ piconet uazfmumay AM_ADDRESS 1¥qilnsaliiu
& v A g 3/ .
2. HYAMITIFOUADEIANTTI IWDU slave 524111l Ty piconet

3. dfuuasmmsiveuds sIUBAAUNTIATZ M9 master (11 slave

. ﬁ%’wmsﬁamfmmu SCO uaz ACL

=

o A ¥ as o Y 1 o . =)
5. Wi niyeude 1Ud Inum)szniandsaru isu W, sniff n5ongase
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6. ATURUIHUANINANDY

' @ 4 ' Y A woe . -
daumsdamsi¥oude Bluetooth 1 9zAnABAUNDYIU Bluetooth device 420U Tauld

protocol M3fAN1sMikaude

' " A A Y Aa W A Y A ' Y
dausamsmsiyeudelimhifiGudumsisoude uaznovsauanmi¥oussld Bluetooth
1 ' ] >
device asoARAafemsnuld sziSuadams¥euaouuy ACL 9nmiude A1 LMP 92
3 L] i 1 -, 1] s A T
gnlflunsadumaoude SCO vumaeuds ACL Ky diusamImayeuAeIzquo

4 - o
Joyavugilnsaifidly stave #9180 mun AM_ADDR 14

2.3.5 JSR-82

] 2
JSR-82 1ilu Official Java Bluetooth API mgnmﬁuﬂmmgmiﬂu JSR-82 Expert Group JSR-

82 salsznev 11w package 97U7U 2 package flo

1. Javaxbluetooth (Usznauluédo 13 class dmsvadianmsdonis 13mudae

Bluetooth protocol)

2. Javax.obex (3200111414 8 class dmiulFlumsedosrig object 3emi1a

ilnsal)

OBEX protocol @nldidmsuds object lluiszninginssindlunammudidau
& 9 o ¥ y
Infrared Technology %9 Bluetooth Tahmsdanlas protocol 1 lumsdas object
) ¥
iwufiu waziileanin ISR-82 i Bluetooth APT athafumienisveanivnm dutuduin
M o ¥ ¥ 9 A Y
nnaswhisziiue1uld szdeahimsson layer oz profile AsTMAWATMHUA 52010

SDK y23AuUfY

Bluctooth SDK 714 JSR-82 924841} Bluctooth Stack layer w1a3 s adie 115
1. Host Controller Interface (HCI)
2. Logical Link Control and Adaptation Protocol (L2CAP)

3. Service Discovery Protocol (SDP)
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4, RFCOMM
1Az9zADN profile Sao i}
1. Generic Access Profile
2. Service Discovery Application Profile
3. Serial Port Profile
4. Generic Object Exchange Profile
ﬁmﬂiznauﬁumuﬁmf’u Bluetooth Application vzdealszaeulildq
1. Stack initialization
2. Device management
3. Device discovery
4. Service discovery
5. Service registration
6. Communication

1u Java Bluetooth specification RimsuauAEHIEUND Bluetooth Control Center

= o a T .
(BcC) €111 Faludndnu1a516181% BeC 1un1991 stack initialization
2.3.5.1 Stack initialization

1 » ]
fluna3oy Bluetooth device THwiaudmiumidomsime srdulumsasasudu
[ [ [ J LY = 1 = u’a 1 n‘
1¥AY stack vz Tiitniuou e19¥usgiu 0s luanansdionludeadiou code Tumsdsnisudu
= =t = o o Y
1 ¥i5e Tudnnsdleivazdvadion code 1aniosluns szl baud rate #1M3Y Interface UL

RS-232
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23.5.2 Device management

. . & . 4
{1u class 1u Java Bluetooth specification ¥IYWIN Generic Access Profile maqmum"lﬁ

4115091115135 Bluetooth device Usznot'11#2 class §1U2U 3 class fip

]
= o oar o

. . g v .
1. javax.bluetooth.LocalDevice i class Alvdoyaifvifudiue (Local Bluetoot device)

o o o & o w w
getBluetoothAddress() 141311101 Bluetooth address FaNANYUTIMITOUAL MAC address

4 v . .
200U Fazusnuszduiu 12 vdn

[ [y :- q g o a A s
setDiscoverable(int mode) 1¥dnsudsligunsalduquauiudiiu TasezTiagdauiu 3 mode

=)

fin
[0 NoT DISCOVERABLE lifiginsallayoaitu
O Glac ayanaldyngginsaluaiiu

-3 ) =1 o
0 1IAC sswaauuvudnmadunar 1 winudezndu iy state

1 3
NBUHU
getDiscoverable() 1¥dmsuison discovery mode ‘ﬂi]i]ﬁlli]i]ﬂll‘l

) . . 4 o ) i o4
2. javax.bluetooth.RemoteDevice 1%’ﬁ1ﬂsu1ﬁﬁﬂya1nmnu Bluetooth device m?aaﬂuﬂu

ar

Al
getBluetoothAddress() %1500 address U9 remote device

getFriendlyName(Boolean alwaysAsk) 1950n¥U04 remote device 15U “Andrew’s PDA” 1ilu

¥
fid

. . o A g 4
3. Jjavax.bluetooth.DeviceClass 1%’1umsmewzﬂszmmmqﬂnsafluiﬁumms ¥

utiaihi 2 sefufie Major ciass 11A% Minor class

. . 3 . .
getMajorDeviceClass() 14500 Major class Y99 remote device
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. . ¥ . .
getMinorDeviceClass() 191580 Minor class Y04 remote device

2.3.5.3 Device discovery

L) o ¥ ' oA L a 1 [ [ o . .
M mfvaumiliglnidvialanegluiaiiiminmatie Tumildsm Device discovery
A [} ] A ' v
Suilumsaadouy peer-to-peer thulachaniisvzidiudldau uadfuwny client-server Ha

client dziugiFunlfam
1. javax.bluetooth.DiscoveryAgent
startInquiry(int accessCode, DiscoveryListener listener) Gl%,ﬁdﬂl.ﬁﬁuﬁ'lQ‘]Jﬂ‘iﬂral!"]ﬂlu;ﬂﬁﬁ1mi
. . . . €1 sy ¥ P .
retrieveDevices(int option) 1%111ﬂ1‘i!.iUﬂf]ﬂunﬁ‘lli)fl'é}ﬂﬂ‘iﬂm"lﬂil']ﬂﬂ'lﬁ’ﬁ ngquiry
. . . =t 3 A o a4
2. javax.bluetooth.DiscoveryLisyener Qni5tn 19 lag JVM iiloliimgmsaiifiaiiu

deviceDiscovered(RemoteDevice btDevice, DeviceClass cod) gnﬁunTﬂﬂ VM liany

Bluetooth device 910017 Inquiry
2.3.5.4 Service discovery

1 1un15AUNT service ¥ remote device 1AUN13 1¥911 Service Discovery Protocol {(SDP)

b 4 . 1
layer 11 Bluetooth stack Tumidun1 service lunaazgilnal

1. javax.bluetooth.UUID UUID{Universal Unique Identifier) Du class Adn1ss &1 service Tu

Bluetooth protocol 18U L2CAP 12l UUID Iy 0x0001 Hudu

»

¥
2, javax.bluetooth.DiscoveryAgent MslFny class § Wielu Discovery device Uiag

T discovery service

searchServices(int[] attrSet, UUID[] uuidSet, RemoteDevice btDev, DiscoveryListener

discListener) 1 UM AU 13 1013904 service U0 remote device AUAY?

selectService(UUID uuid, int security, Boolean master) "la’s'“lumsﬁumswmwm service ¥04

ar = o S 5
remote device ﬂﬁiﬂﬂ1ﬁ’1uiﬁﬂﬂ1ﬂ1‘i
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3. javax.bluetooth.DiscoveryListener

servicesDiscovered(int transID, ServiceRecord[] servRecord[]) Qﬂfﬁlut‘lk’w TVM 1IoNY service

14 remote device

»
4, javax.bluctooth.ServiceRecord object Y94 class Hugrasmuaazamsnlu Service Discovery

4
Database{SDDB) %331 service record 3

. a d ' = - i
5. javax.bluetooth.DataElement service record mnuﬂgﬂu SDDB 1l attribute 1l object YO

»
o
class U

23.5.5 Service Registration

Aouf client 938150 1HNU service discovery 11 Bluetooth server device 19 N19H4

= 1] A L= 1 -
server 9D register service [UNBUAILTUNIT service registration
A da Ag . . LY =
Fanadulums register services LLae 1funinaslu SDDB fie

4 . aya 3
1. 1360 connector.open() Favzldiiamsi¥oudoniy StreamConnectionNotifier

- . . '
object 913 connector.open() 128%14 ServiceRecord 1Az attributes 11

¥ . . . - .
2. 1% LocalDevice object llaiz StreamConnectionNotifier Tun15101 ServiceRecord

o ]

ngnifuiinTausgannn
3. (AMANUNT Y5 11/51 attributes U ServiceRecord

4. 19 StreamConnectionNotifier Tun13&5on acceptAndOpen() uazseld client #y

service AT MMTIYoUAD

Y - s ., .
5. §TUVAI N ServiceRecord 11 SDDB UDIUNTENA client ﬁmmﬂ 1iio server

¥ 1 3
nouRezeannInmMsNinuzSon 1y close() 11 StreamConnectorNotifier

6. 721D service record 88N110 SDDB
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23.5.6 Communication

1. RFCOMM Connection

'
as s

$inTaoia ki wireless serial port Fuffu protocol filFunuMsI§mn cable &4
RECOMM 9281804 function A199 V04 serial port 11ASIU 11104910 Bluctooth Profile
dauinl¥ Serial Port Profile (I layer Wug™ i Tsunsufidunegnesnuuu1yid
Serial port Tun1si¥ouae auninld Bluctooth Foudounu'ld drvfrusunsi PDA ¥

o d} = 3 1
synchronize ¥y anu PC Tauld RECOMM layer FuaunuimssIuaIy cable

2. L2CAP Connections

ar

a . 4 ) 1
s lanvuziiiu packet oriented FI9ELUANA10I1H RFECOMM iy stream oriented Tuns

LI

datayn Bluetooth API fmualianinsofszdmuavuiaues packet 1899 TavezSonua

L)
'

4 = ' . .. . S ]
NUIANGAI1 Maximum Transmission Unit (MTU} ¥9A1 default Y93 MTU v 672 bytes (1A
YUIAVDY MTU A ovene 1@ Taemswsnfuseuisthosunazihoda
. . . =& a
Javax.bluetooth.L2ZCAPConnection lﬂ‘u subclass U934 Connection interface ¥3921 method

[ ¥
mznAuInlu Connection ATl
. 9 a . < Y )
1. getRecieveMTU() 14 1un3iSonan RecieveMTU 19391442910 connection
2. getTransmitMTUQ) 161um35unfi1 TransmitMTU #19591182910 connection

¥ a 4 A ar [
ready() 9t I ueT uillodoyandoudier 145 umsery

W

R o o £ a
4. recicve(byte[] inBuf) 19 muavIaves Buffer lumsiudoya Fazdesiluuia

"LT‘E)Uﬂ'ﬁ RecieveMTU

(¥

. send(byte{] data) 1deado ya'lﬂﬁ remote Bluetooth device Tau1d L2CAP protocol



29

2.4 Bluetooth

) o~y A
STUUIAS DV IOABUAUADS (Computer Network) deannsauvneoniiy 2 uuuaiy
donaaflFluns fudsdoya (Transmission Media) Ao 11111 19ar 10 (Wired Network) 1LaziLy
1310 (Wireless Network) Tasluodndmlngnmisivousoszuminsodwenfuunldeone ua
y » r

Tuilapihfenisyfglnsandodonisvu msrzmaTuTadnonszTaa guinsal
o a g g @ & g q. ¥ A Y ¥ o
dlannselndlivma@na anudigau uaznmgnas mlimsdeudouuy 1meodhang
2 A o= a a 1 4 ¢ ' o q W4 A o T
unymuindu  uazdowstana Tulatmsaadedomsuuylfaw  deushldilndedin

] =1 a é ¥
Bluetooth  FaudfumaTulaimsAadedomsuuulimolussuy  Personal Area  network

g [ Jda o o ofa 3 1

Bluetooth  Mmnzdmsuginsaid@nnselindnounsamoun’ld  wSeqinsel
fianminiindneszdalimsaanodomsiuluszoshifu 10 weslevdiuun wu PDA
(Personal Digital Assistant) A5 pInBLRIABT M3 INTANAIAADUR (Mobile Phone) fMiqn
yiaazluTnsThu (Headse) maTulad Bluctooth Fmnasgiuhveuiulasialiid

o= of = J-:; d? = oas & t @ 3
gilnsaisidnnselind e siusinnaisuiimdns ahamswiula
241 Bluetooth Aianzls

TaoililgdnssididamsofindezdesiimasoudetudseoIl  (Cables) A9
4 ° 4 1o o a 1 ] - sasw o ™
Wwolihauld  msdeudeli lduaudnumsdleiauru  aouRwmainlazyiiaulasmaly
dsznoulidas sanm nuwlszainana utlunun und mIaanuw §1Twe Tulns TWu uaz
] -:; o A ] 4:; A' I'd ' d.’ 3/ [ A [ ar = rd A' [
duhdrgfomeIddqiideuginisimariidmiiu PDA ousofiuaouRumesiHeny

3 ' o o o A o A4 t Ao Add daa A A ' - =

Toudpyasznindu Insvimiiondefiuniouaudale,iFd,a50 niiafid gadunioudo
wazdIng

& ’a o PR - P o g 3 - r a

o nuglnisislanmseindiiuiniiy Smme Al lumssoureasd
o & 4 v waw ¥ = o oA oy ' @ . gV
SwmLIuan JlFnuszdesdnudinsderougunsaidisae Iunuaie fu dlvifa

. y . a o -

anududoulums drunazquainm SeaeIiillundoudognumuidisszun i
o .;’, 1 4 - ] = d T =3 g a t
anfudldnufivauadeginsaididanseind unyndes uazidoualdn I Tashihideaiingg
A ] oda o o o C e S, v a - ¥ P
woudnlaq e gunsaldd@nnsoundmaniudhiausiudulanui Mldasnnududon

4 ' 4 . o a &a o
yoamaifeudoas  Taodd o lufrdudessugiomsandadn  maluladlimeszin

winaunuaeIWn S lumsweuaeliveiS un11Bluctooth
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= = 1 4 ‘; 5 = :
Bluetooth inmnsguvaunn lulaomsaadedamanuy1¥me Hdnauingszoedu
(Short-Range Radio Links) lunsdedafoassznivginsaisdnnsoiing luszeznnlndy
1 = 3 5 4' A L] B’I
lifiu 10 was Sagquszasfunanis1¥ Bluetooth e ldumumen1FlumsiFoudefisnun
s A4 ar o & o = o
131 Bluctooth W9 INFoURINTATdUBUAINGA Harald Bluctooth ¥uihuniia3dodndry
WINVBITIAAULITA
[ a! = 9 o o Sgr s ]
W1AT§I Bluetooth a3 19uulu@eunguamiug 1 1998 Taunsdfusauiuszniin
- W o ' Y : L. Y P o’
uSrndindlngimiedumsdeasnilna  (Telecommunication)  uazduneufnavife
Ericsson, IBM, Intel, Nokia 112% Toshiba 1uila91iu Bluetooth Hu3ina1ee wWhsaudumngn
(SIG: the Bluetooth Special Interest Group) lunniadis wann uazwdnduldginsel

a o = o' <4 1 =K
giaanseilndiima TuTat Bluetooth Wluduisznevinas y1u sz 2500 uFm

2.42 Bluetooth 1 91u0eN1 15

Bluetooth 1%f?dﬂ31uaﬁ 2.4 GHz ISM (Industrial, Scientific and Medical) Tj maximum
gross data rate Bgiﬁ 1 Mbps uﬂﬂ‘]’i'mﬂiuiﬂflﬁ%?)’h FHSS (Frequency-Hopping Spread
Spectrum) Tumsfems nanmamnuneusvosdgInlusInNuDIZNI19 2.402 GHz D9

¥ t ¥ as { ] d’ L] ar ]
2.480 GHz tleeniilu 79 vo1 uaze vosdgyanaiuilumsdedoyaadusoslalun 1,600
g ' = Y 1 L] 1 - ] ci =% G{ 13 : 1 1=' = :
Afaae 1 nd Areo1awy 199ean 1 veah 2 sulifareahn 79 udrmaui¥en 1 Baass s
AsU 1,600 A3e (IwasBuariu@Auiiide 244  Frequency Hopping) iMilouszuy
I o nlw & 1] o 3 vly L dw
NTANN 15910 (Coreless Telephone) W41l3zNauAI0 Handset UL 1510 1ag Base Unit HAD4
1 - a o & v o Y
aswouivmoInsdmy awseldldluszeznalndy wu meoludm hdunaludimwves
a = A = a4 ] .
Handset 951)u g 1Famudonnlasunduanut lumsfededea1ssyning Handset M Base
. Ada e a & . gqva Y o ¥ v a
unit Tunsdinfidgygrasuniwietuwihmidodldida nieuanmield uaszuy Bluetooth vzl
aumansa lumsdenasunuan ¥ lumsanaoon Tuia Tashlusuiudossoeau
' a W o A w 3/ a ¥ - o o oA
winaavses Mlimsanfdaniednaouy Tuedayarii lanntuTasnes Fussginaiizuen
& o o A4V o w A v o P o
1.0 noe 1.0B Faihedvuusnqniidedidane liauisoldamuenndmiunouiuuu
= Y o ) ol & = LY
gunsalugna@eadu’ld wazdsumsufludenniiunedsu 1.1 Fulonlfauanaluilegiiv
naznendaldlinmianndaidunes$u 1.2 vaz 2.0 Tasniufimsdanis sunudygy i uay
o 1 o 5 Y Y= w L 4
Tdwdsnetaliznda  deldmssudalinnudy weesmiilumsivddoyariiuin uae

loydulAnsfuseaniasguTae IEEE 802.15.1 dodveunn Tulatugys As awadnuaz 19
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» ¥
o

[ ¥ [ ar o ' &
waslos  szezdalvesdyguugynivliusgiuhdsdwssiidsdygiudesduwur
»

Y

X

fundaaun e Tasaiadiy 3 aaradsil

- AR1A 1 (Class 1) vzamsasudsdoyaldluszoesail 100 was udssldwdany
P ) P { o
sz 100 mw Falszuiunimilavesgilnsal WiFi 802,11 #ldmdanu
Uiz 250 mW
g t gl 4 o A $ oo
« 1918 2 (Class 2) i]xfnm:iﬂiuﬁwagn"lﬂiuizﬂziﬁn 10 195 uazaz [dwasu
A ‘A U Q. 1
Uszana 2.5 mw FafuidonlFouseudrannms i ldmdoudeudratos
s [ b o A = 2
« AATA 3 (Class 3) 9z Isasuasdoyn Ia luszueSall 10 wuUAILAIHS 1 WA3
td [
uazezldwdinu lszinm | mw Tasnaaiiudes 1gwdrauntoohqaud 1udu

] ¥
Ailioumsizszo: lumssudadoyaneudradu

[ 246G | ~._ |Blewat | = B'"f""‘" R
Bluetooth | ~* fink o e p Sy tost
. ranaget
raia canbroler
8 10

71 2.9 MIiIYeITEIIUQYS
o :: n'r ld' o a A 1 t!'. s
ATINUITTIULgY AN UN 1 iulidwlszneundidyne dusdudynyiu,
ﬁqm#ﬂﬂﬂ'mmzmuqn, dnSnismsidendedy Input/Output wasdau HCI (Host Controller
Interface) #fife  duvssnnAnsefugnsafidn Waudyyuugysdalisniomeniunes

a & H
wioInsdnn Insdndindouniiudu

2.43 Piconet U0¥ Scatternet

1 '

AV sy

F2ULIATDUIY Bluetooth 38031 piconet nsdifeNgaiomsligUnsal 2 drroidou
Audaluzili 2.10 ginseidahiTudumaigoude 1Sund) master nazginiaiduauwnTel1Y
Fun slave A13 149711 Bluetooth du Ingjszithuugadeyn madouns 1ay Bluetooth nfivz

R ) A y 4 . @ 1 e A '
{1 ad hoc connection NAIAD ToY Wagnad i Tud M TTlagTusiniy msEeudosy

Augraailonsdoyamisauysal
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2.4.5 Link and Packets

Asynchronous Correctionless (ACL) link ¥dmsumsdoensdoyanialy sestums
Foudonauumuinas uazliguying Multi-slot packet ifo 1% ACL w1503 data rate 18
qoqa 723 Kbps lumilsfiemia uaz 57.6 kbps Iufimasue master adlugimugu
bandwidth iz ¥ slave 191 uaz ACL feafuayy broadeast message 378 ACL packet #

finul9fio DM, DHI, DM3, DH3, DMS uaz DH5 danuanaluasiai 2.7

Synchronous Connection Oriented (5CO) dmiumsdomsdoymdvy soeums
- o 4 : L
IBOUADUUVENIIAG, circuit switch Az SIFDUABLUVYARDYA TumsiFeudenyuaanasi

anuE 1 lumsTu/deegh 64 kbps uazamsawoune 14 3 voadyaunwiauiy

%aum:mnfhaen"lﬂtﬂu packet sy packet 321UT2NOUAI 3 HIUAD access code,

header L18i pay load ﬁ'qﬁuﬂm“lugﬂﬁ 6 VL 1AVB access code A header ¥ AINAD 72 Uaz 54

¥
Tanwd16u ud pay load @13150RuMIA 18AA 0 119 2745 bit D 1 packet

1} A ar 1] s L] H
Tumsaduanudiredelffumsasdoald 3 nszuumsdane lUi

1. Forward Error Correction 9210 151W check bit 141117 header #3 pay load

2. Automatic Repeat Request (ARQ) ‘l’f’t”lyﬁ payload i]zgﬂﬂ'ﬂ‘ﬂﬂ TUNTZN
Uaenanounavuun

3. Cyclic Redundancy Check (CRC) n:gnidgﬁu"lﬂ“lu packet dFMivATI9a0L

¥
AITNQNAD VDY payload
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A13191 2.7 yilanayAuauIiAvea ACL Packet

|
[ b Asymmetric Max.
hry Payload User Symmetric Rate (kb/s)
H Header Payload Max. Rata
4 Type | (bytes) {bytes) FEC | CRC | {kb/s) Forward | Reverse
DM | 0-17 23 | yes | 1088 178.8 105 8
DH1 1 0.27 ne ¥es 1728 1728 172¢
DM3 | 2 0-121 23 | yes | 2581 872 54 4
DHz 2 0-1H3 no yes 390.4 5a5.¢ 364
OMs | 2 0-224 23 | yes | 2867 4778 363
OHS | Z 0-239 neo | yes | 4330 7232 576
AUXT |1 0-29 no | oo 185.6 1866 1856
LS T2 o4 0-274% "MSB
ACCLSS - :
‘ CODE ‘ HEADER PAﬂogz
A o
311 2.14 JUuuvveIngysUNADD
o ¥ ] ! =) o
vz ldauuiansesuiaiy 2 dszian ABUWAINIAIVUAN (Control Packet)
mminﬁ'l?ﬁﬁmuﬁ Access Code Y303 Access Code 1) Header Tnolidnai] Payload du
-} 9 r: o ﬂ ¥ = (: ]
UWANIvB AU U IUTUITADINATUTUYIWUNL 3 91U
2.4.6 Tslanoaveins@ea1sH IUNIILGYS (Bluetooth Protacol)
Yeanaslumsdndafecsiumeugysiuiinnnenaegiluuudioiu Taumsh

o ) 4 o a o A 4 v o -
#a 2 fhevzAomsfulddealddonnaudonniu ¥i31i 2.15 sznamstonnaaazssfudu

WOIMIHBAITHIUMIUYYD
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luansdlla visdu dnnanuiilndnudadiien wagnedonsdsisaivesenaisynasaninisiluly
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- TCPAUTP/IP iifudfimuadtms vz IMgunssiugysaunsofadedemsdugilnsaidug Tu
nsaAEiumsdeudedumesiiasvaziBuanis 1¥ez i uTCP/P/PPP alunsdiniu

#1M5UWAPuz I4UDP/IP/PPPBluctooth Tuiinsaaig

24.7 unuvean1s1¥1u Bluetooth

siluruvesms 1dauBluetoothutiseoniiuzuuuie

1. GI.“i’i"Bluetoothl,l‘i"l'I,.l’s?T'Itllﬂl‘ﬁﬁﬁ'i'I~1"|(CableReplacement)

2. 14 Bluetooth 13 1szumnioviovinadnfiFonin Pico-Network M50 PAN (Personal Arca
Network)

3. 3¢ Bluetooth Husaamalunisididedoyalussuunioviondn (Access Networking) tiie
doufumsldsurusalunsdedoyauds ms1¥ Bluetooth Tidofiniimssudateyauuudu
vwsa szduvhsalfuradudelunsiade  dnfundesiunazndesdumudursusa

sranalfuldegludumiafias sty uazdudidsdieunesenndSuiudas ud Bluetooth 14

dyanaingilufelumsdade  MlddSunazAdannsoogyalan 1dmelusaihidu 10

¥ o [ H -] U ] @ o ¥ =
wasmudeiuua tazansodidoyamiudifauin1d wu dunaios Mld Bluetooth T
foanmilonnmsdwoyalauldduvise dred1:weamsld Biuetooth unumuinsia Ao M3
] a o ar 4 = o
19 Bluetooth THIRINIANN InsANAIRADUR (Mobile Phone) HuganHanasiulnsivu
(Headset) w3 aufhufmiuazunduuy1¥me Joqiiundaduiaminglutesamadiuuouls
maluladues Bluetooth UNUMUIAWIAAI  (Cable Replacement) ®godiaHaINHA W
> [
uennilfalimild Bluetooth ad1szuumItwILIMANTSUNT Pico-Network
& ] o F 1 4 [ [ &
#ie PAN Fuwzdiuszuumieviwvuadn lgunsanasdedomsiuldlufy 7 inseq
Y- | o ] d’ = ] é [ } 4 ¥ . = o
nuluswil 10 was uazgilnsoimanfieunsofadefomsiulalauld Pico-Network haiis
Ju fedrary Tudealszyu d5aulszuaunsoduudeyanuniss PDA nie Tiadn
{ 4 a o g i o s ]
wiefithuniesnouiunes 2 ndosflagaunsiesmunsodnaodonsiuldTneludeqls
A = =g diywy W o oo o .
v uaznsesuimunsondlanlaludes  degtiuginseliewnsaauuuy  Pico-
o AW ar ] ' d o= '
Network §4i1 12110110 19013 14 Bluetooth ¥ nszuunTevisvuainiifundi Pico-Network
- J o ¥ L) 1
M3® PAN  (Personal Area network)  vuifeiulusmnaadulndifiodianiuuou

¥

>
m5 1% Bluctooth (fugpanslumsiidadoyaluszumasoviondn lunvuil§ldoy

L)

=% ¢

¥ - 3 o 3 a ¢ d a
ﬁﬁﬂiﬂﬂlﬂﬁﬂ‘iﬂ»ﬁ PDA %390 Iuﬂ‘ljﬂ 1.uﬂ'|i'1‘i.l'|ﬂ»ﬁ|‘illlﬂ11.li%ﬂﬂﬂulﬂﬂﬂuﬂ {[nternet) A1UN

' [} ¢=; I = 4=i ] 1 o L] 4:‘
A wulufiviau wie Tufies1sezasganil Bluetooth 8y (Hotspots) A0 Hithese
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Uszdma diisosodszdmeannsoldInsdnsd Insdwiindoui n3oa PDA nioTdafjnidn
' a sd NYa a - ¢ - o a 4 & .
gsruudwandia laviufilunssudadiug seedamis wiedevoaneeulari (On-Line)
P ¥ = J C- a  J 1
psldamlusoon 3 fdesiaduldlaoginsiBianmsetinddiulng lutesnamozdos
Mamsufin Bluetooth TAnazvzAsstimsasulumsadiuniosionun1iaw (Wireless
4 [ » >
LAN) fumugadieieiiausmfuginssimainiu daiun1slé Bluetooth ugesmalu
¥ o W Ay o ¥ o ' P o ' W
mahdadeyaluszuumietiendnazdedimsamuasuinannuazda iansoven 1dh

- ﬁ; - | L]
sfnrunse lu

2.4.8 f861aM3 1Y 1UBluetoothlutfagiunazeuinn
fpe13m3 1§ uBIuetooth Iufiviiay

1nT04 PDA 9241013 Touthedoya (Synchronization) Bditazmsatianine
(Schedule Information) sxHiunesneuRanes U IResdaniufidongluszoy Lowns Tny
AfFaulideanatulame

lulsesnuwdadudumanile deduiuniasinsfimdninmeyg aunsonsivaey

LY 4 A

anuzArounIoIinT Iaku Insinvindoud
Tufitszqu 19 PDA dadoyaiiluaue (Presentation File) lifinFeqnuain (LCD
Projector)"lﬁ'iﬂtlﬂﬂ
fia ¥11uBluetooth#iti iy
o Em aw = a ¥ ¥
NAUIAIMIIILINATIY  YUILUY Bluetooth (Resnen@e sziflatlizgild
wiwnﬁnlﬂ = “'dlﬂw 1 of TT a vy ¥ y.;’f
galwid Halwmadu uaznienlivemaguermmsdulualulasndauid1faulad
TUsunsnl
d d ' g [ Y] - o adad ¥ o
@wmanldila Bluetooth uazezdidygioudsuiuinanoenuenthy Tuvuziigu
IPTGINeIaT,
o o d A
InsvimiannsonmsgalanTdluiudsannldiaonemuyBiuetooth
o [ as Y Q 1 ar
ginTlszuuimnimnlaeasoynyialuduannsadhousiuviuld  wazawnsa
thonSaimuginselldazainmsiz 1%inn TuTadBluetooth

ar L}
[ [

#20413M3 1$1UBluetooth s NUAUNN
euuduluyessefinsnduniesinuaziionnilanlinusesys N MuIn@n

nsnenl TaoldmTnPDAlumMsasMavuduaz@oniiialenun

szunesoniesiivluiosivsesdlavms annseléinfes ppA wie Tain



39

A ' a J o 3 (Y = ]
Woudsfuszuudumesitiald nazewisolnudumesiiia Inu (Intemet Phone Voice-Over
A 4w A g a .

IP) eniguiuaudula lao@oa1usnissingn
A:l =S c{ A:l o = . o oy o
WeluBan T5ausuy w309 PDA ez¥inisanziion (Check in) oA Tuiid uazTunaue

= = [ 4 A ar i a a

didnnseiindduniepDae 1 lums dadesinuazdiodudh Indiesimlszgeziila

daTudia

Froonan3 19 uBIuetooth lus 0 UA

4 - a ¥ o o a A &
YLITALUA Bluetooth WofaAunIndsooudiszgsniziandon AmnTodua
uagingaudallaarfinveuda Tuiduaziadusenninsmnisasusauiazilszgien
dalula

A [} o w oA e ' 9 ¥ 3
weaylusavud Insdmimaeufozeglumahanuuyldsuud Tnwaz

o - |

1uTn7 Iduvess asudansaaunumu Insisidudoulavuilau lideatu Tnsann

Qs ]

#r0619n13 1¥1uBIuetooth IuFials 2§10 14/
AlsanmwouasmusalfinsoPpDA lunistwlussedmiiwaz g 14

lubwomiaansaldindesPpalumsguymedudiomisuastiwiula

fiwmisde munsolfindes PDA Tumsdemisde 18 lavezegluzilvesmiade
§Laﬂﬂiﬂﬁﬂﬁ (Electronic Book}

Ao annsalfindes PoA Tumsdemas Fumaswzogluglues Mp3

musoitlafa ldnuninse Teudw(Transfer) lNinSosauMp3 lusasua 1

Tusune1nd Bluetooth 9z uuasguves Insinwindoudn aounamoas 1n504 PDA
Tadin saulUdansaald ifvineg Mldamansfemsnougluuuing Smsduiaiio
= 4 o = W = - g’ ¢ @ o &
munniulumsiminauduazmsusns msdaredemsi laazainuasiiiduulan

) o 5 A i = d A ey
Yo37A9R8a AU Bluetooth JuihunaTulaimsdearsiiduladngaluilse Samany
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2.5 lulnsnsulnsamed nszga AVR

lulnsnoulnsames 8 danlidnusmguaziinnuannsoaeuaussnnudesms
o ] A 1 v o

wpaindanntendnalizores AVR atlauduou dwumsiliulgamilaenssuninoynsu
! ) oz 1 od o @ 1 T
AT90S 1Ng ATTiny dniululnsaouInsames AVR Tugwdn uaz ATMega dmsujulng
o . s o - o &
Faanueunsoge  wwndhfu AVR - Stdio  yawerauiiannlilsunsuiisosfu

a 1Y ¢ $ o
amwwemauudna: ¢ aunsolisunsudoyaadluluinsnouTnsawmes sufsdranams

L=

1 »
awlage fidgReaunselfoulans lulaseeulnsames aszga AVR 1y

o =

TulasrouTnsa@os N wanlau UTHN Atmel http://www atmel.com/products/AVR/ N30
¥ 4 ]
usssnfuuTiniinedad Mcs-s1 Aldjsnduasusoy hlularneuTnsames AVR
o 2 . S S
#flaeflszuu RISC core runing wiovzfiomilavnssunyy RISC A 1% didamilamdaly
s o= = & d’ o oo ] Y a9 9 P ] .
dagranninuiios 1gn Faninaseil funiFandr 19 Mcs - 51 #1191 fda @o 12 Machine
v o qu o1 o0 <=1 o Ag ¥ A 8 ar o
cycle nadtdafidszdninmdnuinune uazdalilfidonldmu nawwesvatouun 1s1mn

>
qlnseadalyTninouTniaaes aszna AVR Asil
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COMNTROA
LINES

AVR CPY { e I...

=80 . "R 2oL ey

317 2.16 Tassadrelulnsmoulnsames aszga AVR

¥ 1] = 4 - b1 [ Y] ; 1] o Z
Jofotnnilaveslulasnoulnsames aszga AVR Apldwdsnud wudt AVR taeiiiy
1 A 1 Q’J g Q& o ot ar é ‘!’

1 HuAMoe 1.5 v - 55 v iy anviedal Tnuadszndandaanu 6 Tnua 49 aseil 519

' - o : 4 & 4 ar = ' ar
i Id s niueminsorann 16 AVR ¥y ludes veadyeutddn oy dygw
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A P o > P - ' a ¥ ® ¥
Avapanmuoi ou ezl Apd W de sv uazo v ud as1il 5119 ov uaz 1.5 v wldnua

M3 laszau vosdyy i Amansnldsuilasszdudygnu dudos as awlihiues

59 3UDIHU A ITUN

in-system programmable (ISP) fo ]li.ITﬂ‘.iﬂ'éJuTmmﬂ{ ﬁfl flash memory Tu@ #N
ansainlAey pe e e Tulsunsy nienldounlawdly Tsunsuld srmnuisafies
T1l51n3uia controller AVR 14 Taulideananseninudni 1yl Board Bum dauisauninng
woineld controller AszAA 51 inpUD 9y WONT 1 Il unsofies 1P 145sdoni 1y Bum
1 Board Bum o 1fifenauaz Tnsdmnnfidnazrinlieryn1s 191uve s controller
Fuaalifaoninms s idpenaadhasneen daitu 1sp Sadlums Tulsunsuda controller 14
azaansandwariadunmstaoignis 1auves contoller T ludr8ndan 4
TuTnsaoulnians AVR Adauilu 1P Taululnsnou Tnsmes AVR sxiivuisennus
uanaeiuluudaziued ondIoenuzy ATMEGAT6 1l miwmiws1 ROM iy
FLASH faunsodouuazayldunni 10000 ada §a 16Kbyte

a = & 1
UL EEProm %M1 512 11 SRAM 1 KByte Fauniifiwezinnida
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A15197 2.7 uanauantanuyuveslulnsneuInsamesnsena AVR uaazies
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AVR32 AP
Device Datasheet Errata Avallablllty Flash EEPROM SRAM: Speed Volts
AT32AP7000 " udeg SaMPING 32K8 33V
) AVR32 UC
Device Datasheet Errata Avallabillty Flash EEPROM SRAM Speed Volts
UC3A0512 cludeq Sampling  512kB° 64B 3.0-3.6V
. MEGAAVR - _
Dev{ice Datash_e_e_t_ Errata Availability Flas_l-_n EEPROM SRAM Speed Volts
Atmega8 = i;cluded ;I)r;oduction 8kB 5128 10248 c1]6MHz ggv_
Atmega8L, . iTchuded _;ljr;oduction 8kB 5128 1024B0 - 8MHz EEV_
Atmegal6 = ;cluded ':)r:oduction 16kB ‘5123 10248 c1)6MHz ‘slgv_
Atmegal6l. *=* Fduded production 16kB S12B  1024B0 - 8MHz & [
Atmega32 ™ nduded production 3268 510243 20488 ?6MH2 55y
Atmega32l, rcluded production  32kB 1024B  2048B0 - 8MHz &'
Atmegad mcluded production KB %2563 S128 J0uz 55V
Atmegad8V = ncluded production KB 2568 5128 ?O_HHZ 55y
Atmega6d  ** " uded g:o duction B9KB 120488 40968 c1)eMHz g:gv_
Atmega6dl. = uded mroduction  69KB 20488 40968 0 - 8MHz 21y
Atmega88 " uded _g;qqu__c;ion 8kB S12B  1024B. gOMH 2
Atmega88V iTu:Iuded |I:)rr]'oduction 8kB 5128 10248 EUMH ég\;
Atmegal28 :;cluded :J?'oduction 128kB 40968 40968 (1J6M Hz gg\;
Atmegal28L ** . uded Ip':oduction 128kB 4096B 40968 O - BMHz o'a\
Atmegal62 % L’:mmmn 16kB 5128  1024B ?SMHZ 2l
Atmegal62V Droduction  16kB 512B 10248 0 - 8MHz é S

; T Qs o L3 ﬂ’
wdenldlulasaoulnsaans AVR weila Avuegdumsldim dmiulnsanuiidenld

¢ s 4 aw -y o 4
luTnsnouTniames AVR 1187 ATmega 128 FallvoyaMugiuaail
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AuaulANugIY

T .
M350 2.7 uamsfueniaiuguvedluTnsnouTnsaaeinszna AVR ATmega 128

Flash EEPROM  SRAM

128kB 4056B 40968

* szanEnmge

Adwdsarudn

*Namilaonss ui'fy’uqauuu RISC
*JA09011 TQEP

_¥1197 1 f15999 1 Clock

_#116MHz 5 Throughput q46416MIPS
~UUEH 1 2-cycle Multiplier

+ms Tusunsuuazi navesdoyaMemory
~Memory UUUFlash Jvana 128K Tud
_EEPROM 1110 4K Tud
_ensahims Bewa18n11100,000 a¥a
*Voltages ﬁe’fmms

—4.5-5.5V @1M5UATmegal28

*Speed Grades
—0-16MHzf 1M UATmegal 28

Speed

0- [6MHz

Yolts

4.5-55V
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Pin Configurations

Z @ g =
o= [
o BB
2358838 § 5 S o
cAaanoadd § g8
T TR S W S S . S €14
o - h)
Sz enS89zY
4 o000 d>nood
sindalisisisfalsisinisininlnl als!
o %mwrgﬂzprs:ﬁimmm%r—cm
PENC1 " © " Y i | T E7 Yo
AXDoPDI PEO O 2 471 PA4 (AD4)
iTXDoPDO: PET O3 46 1 PAS (ADE)
(KCKOAAIND PE2 O 4 45PAs (ADS)
DCAAAINT PEA S ahprariaDm
{OC3RANT S PE4 O 5 43[APG2IALE)
iDCACANTS: PES O 7 42[OPCT (A15)
iTaINTs: PEa O B 410 PCa a4
ICPaINT 7 PET [ & 40FPCs (a1
TS PBO 10 393 PCa a1
{3CK: PB1 [ 11 36 I PC3 iA11)
{MOS PB2 [ 12 3F[PC2 (A1
(MISOr PB3 13 36O PC1 iag)
iQCo PB4 O 14 35 0 PCG iag)
i0C1ArPBS 1S 34 [ PG1RD:
{0C1B1 PBE O] 18 - s 33 [0 PGOIWRI
TR NI LENER RS Y
MO0 0000000 OO g
!-at"lgvrl—pgﬁv—of—wm-rm M~
G 3ngsdzRERE6E80
A S msCo oo
2o ok xxﬁﬁ&ﬂaggg
238 ZZZ22Q -
Qe Oz eeTX
8 2520
] “2aE

317 2.18 Pin Configurationsvea luTnsneuInsamas AVR
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i s A i ' 7
?nﬁ‘Nﬁ 28 ﬂ1ﬂﬁﬂ1ﬂﬂ131%ﬂ1uﬂ’l(l’m) ﬂ'lﬁ‘]‘\l't']wiﬂﬂu.iﬂﬁﬂlﬂﬂi

pin WNN13¥19U
vee Digital supply voltage
GND Ground

Port{PA7..PAQ)

({fu 8-bit bi-directional I/O port #1151

. . - k4
internal pull-up resistors (111501800 191
dmsuuaaziin)output buffers Port A 93
sink

LA source capability g3 o 1ﬁ§ﬂinput Port

aoaldnyzuadlumsnizqu

PortB(PB7..PB0O)

iU 8-bit bi-directional IO port dmiu

. . - 3/
internal pull-up resistors (N3130@0 A 1A
ﬁ1H'§'1Juﬂ'ﬁ:‘ﬁﬂ)output buffers Port 923 sink
Lag source capability g4 Port B i tri-stated

. -y _
¢ reset (310 clock 13191 running.

PortC(PC7..PC0)

111 &-bit bi-directional O port 411351
internal pull-up resistors (@ 1130100 nla
dmfuuaaziin)output buffers Port C 93
sink

uag source capability Q3 #1113 input Port
doaldnszuadilunsnszdu port ¢ i i

. v .
stated 92 reset 110 clock 1319 running.

PortD(PD7..PDO)

({4 8-bit bi-directional /O port &5 1
internal pull-up resistors (1150180018
dmSuuAaziin)output buffers Port D 9
sink

U812 source capability g4 d 'I‘H‘;‘]Jinput Port
doaldnazuadilumsnszdu Port D -

stated
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{ a = . ] o ]
A13137 2.8 Medu1uns 15U Pin) M1aqvasneuInsanss (#o)

PortE(PE7..PEQ)

111 8-bit bi-directional O port §IMIU
internal pull-up resistors (@ nsoaonla

a ”IHSW‘lJLI,ﬂ'ﬁxﬁﬂ)output buffers Port E 9211
sink

Uz source capability g4 @13 Uinput Port
Foaldnszuadlumsnszdu Port B tri-

: .y .
stated 9% reset 148 clock 1419 running.

PortF(PF7..PF0)

PortF 1411 analog inputs 1y AD
Converter 41U 8-bit bi-directional IO port U#
duily AD Converter 92 1114 §1M5U internal
pull-up resistors (@131301800 1A dmTuuAa
ﬁﬂ)output buffers Port F 9211 sink

1A source capability g3 gk ‘?‘Uinput Port
doaldnszuadilumsnizdu Port Tifu tri-
stated ¥ reset l.fl"ﬂ clock 1114 running. 4%
1ud 91 JTAG interface #3815 enabled n13
pull-up resistors 1Y PF7(TDI), PF5(TMS),

and PF4(TCK) azaHaliing Reset

Port G (PG4..PG0)

(14 5-bit bi-directional VO port §1M31
internal pull-up resistors (@nnsodenld
dmivunaziia)output buffers Port G 92
sink

UAT source capability g3 d1ug 1input Port
Foaldnszuadilumsnszdu Port G 1l -

stated 92 reset 1119 clock 1ui'ld nnning,

RESET

Tuns Reset input A0114Wad vurmdniiqa
¥ 1]
lums generateﬂzlﬁﬂi‘jutluﬂ'imﬂ clock 1316

2y U042 running
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M13197 2.8 Ao 11en3 1Fuv(Pin) MeqvesneuInsames (An)

XTALI 141un13910 Input 1¥AD inverting Oscillator
amplifier internal clock operating circuit
XTAL2 i Qutput 911 inverting Oscillator amplifier
AVCC AVCC iy supply voltage 1 v 1w Port F
1az A/D Converter. TaviiusziFourofiu
vecluns@n 91814 apc udlunsdinld
ADC ﬁu%zxéﬂudﬂﬁu vee Tavru low-pass
filter.
ARFEF AREF 1ilu analog reference pin Y83 A/D
Converter
PEN PEN L‘ﬂu'ﬂ’l programming enable #1535  SPI

Serial Programming mode uaziilu internally
pulled high PEN laififunction during normal

operation
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3.1 unin

3 g 3 L4 4 P u’;
Bluetooth uiiuma TuTadmsieuda1icsvowgilnialindounszordulaomsld

aftuing dhmnondndmiumsoanuun Bluetooth Tiog 3 1ofo
=1 d
1. flywadn
¥ oo N
2. léwasaiud
3. 319N

nansAndnvazmsinuvegUnsaiugys  saudsmadiauvesugyshidy
. A [ g o A 1 w A A A a
device 1¥oulvatugulnsaiugnsiidiudulsznovveansdniindeud Momuanuminsa
TumsmauvasInsdnsindeud Iaunsadlugdnssifeusunadesfumsesnueneian
4 aa o 4
wavoutmuold #1321 Proximity Alarm Hilanuamsalunisiaudail
[l » T ¥ 1
-iedads vy admld 1 ndeiio 184 ) @1 device BHithuuie mSeauiszarisansums
4 ¥
sndou Inaveutlmineldnasanan
¥ A A ey A a o . A A o R
-mwsoududiowniowyld WievansAndennda device HioioR device BBAUBNBIN
A o
[wARfMUA

= o

A A 1o ¥ A Vo A A ¥ a o
Aflewseaniimsudadon ldiufilodhnusesnuonmmmn e feunsodaniuda
1 »
dhringl@vudigudu @y WhinTnveiud device w113Adede mmiudguiinTnyd
a v 7 A4 ¥ A a1 Y A Y w A g QY
AaugysiInsdwindouie 17 WetinInunil ssuvssudadoudquiuiivhfeusony
sinTnwadumdiufinouminTnueeniildlna )
@ & A a & & v as . 3 o = s [
- TnidnvinfounnilanTo a1 aieasud) device lanaiedl sautamusofinualdd
wfeniudyy 1uandd device @l Taomsden 1P JedailgnuSesmssuniusinugys
4 4 ¥
In7030U7 19
¥

»
duiudmsuniseenuazdann Insenmsisueentuassduie  dauns

99N Hardware N1 IUNT509NLAL Software
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3.2 MIDDAULLAZMTNNHYBITZUD

3.2.1 n159anuul Hardware
t J:I’ o o LY o ar =5 15 A o
Tudaudivziinsesnuuuiau  Hardware Hudaginsaidmiieduun  ieviun
¥ T »
Aadoiu Insdnriindouniniumaugys Taedd Hardware Hesymisuwsnszoedygiuug
] ¥ o Y ) P -] o = v S W [ Y e:
yie 1A Insdwnmdouiimunsousuiusagimsdadodeiuuaziuld Tasduaoums

»
DONUUUWAU Hardware IA93

3.2.1.1 Tnsaadraveanansgnsainieg
¥ ANYY dstasheet YBIRIUGYS uazasuInIam@es AVR {4 ATmega 128L (g

7995 1Az Port A1IINIUANY

FHd :
1 n
. Geade £
FTOND Facovnbe frmars

JU% 3.1 205U LY ILgYSD



TEG <
Fa- ]
g 4 g E.,
SRE55888 535
Q uwuTftx Lot LI 222
CodsrpeILer989xy
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3.2.2 mIoanul Software
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3.2.2.2 A1509NIIUYL software YU Device

MIIAIDUNTOUNDUNITNAM Software UHSI Device

1. Mansaalalsunsy Codevision AVR C Compiler (1% 1uns Tesunsu)

2. 9nvindeasTUsunsy AVR Studio 4 (141ums Bum TdsunsuasnouInsamod)
FunouMsEaNIVUNANN Software LS Device

1. /IN1588AILULIAZ1A Flow Chart ¥84 Algorithm Y9935 11

2. W Talsunsudaunien ©

3. #1113 Complied nﬁamnﬁanmmgnﬁ’awm Source Code

4. dieTusunsuiiweanansaian doeagndessaiing Bum Tsunsvas
noulnsaans AVR Taol¥Tusunsu AVR Studio 4

5. MimsnaaaanIinaueelilsunsy Taeguinaiu Terminal

o Lo d d
6. Bnadwin lagnaes nouTnsamaineSvauysaniouldau
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:“: Name Type Note ::‘ Name Type Note
1 |Ground 34 |Ground

2 INC 33 |RF_QUT Out

3 J5round 32 |Ground

4 TestA internal testing using 31 [PIOO In{Out

§ |TesiB internal testing using | 30 [P1O1 n/Out

6 JReset Input 29 |PIO2 IOt

7 |SPI_MISO Internal testing using | 28 JPIO3 InfOut

8 |SFILCSB Internal lesting using | 27 |PIO4 /Ot

g |SPI CLK Internal testing using | 26 JPIOS IOt

10 ISP MOSI Intemal testing using | 26  [P106 IniOut

11 JUART CTS | Input 24 |PIOTY Out Dnving LED
12 JUART_TX Out 23 JUSB- InfCnnt

13 JUART _RTS | Out 22 JUSB+ It

14 JUART_RX {Input 21 |PCM _CLK IniGut

15 |VCC 18V Out 20 JPCM IN In

16 [VCC 32V | linput 18 JPCM_SYNC InOut

17 JGround 18 JPCM QUT Qut
:21_ Name Type Note :': Name Type Note
35 |JPIOS In/Outt 37 [PIO10 In/Qut

36 JPIOS IOt 38 JPIO1I In‘Out
UTAIYHIANINMEN TN

D
! 3mm
21.8mm
0 9mm i
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Parameter Value
1 | Baud Rate 9600
2 | Pin Code Prompt Disakble
3 | Local Name SPP
4 |LED Power on Flash 26 times[ON time frame: 80ms, OFF
PIN24(PIO 7} time frame: 140ms]
Connect Fiash with ON one time within 1 second,[ON

time frame: 35ms]

Disconnected

Flash with ON one time within 3 seconds,[ON
time frame : 35ms]
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Feature
» 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

= Nonvolatile Program and Data Memories

— 128K Bytes of In-System Reprogrammable Flash
Endurance: 10,000 Write/Erase Cycles

— Opticnal Boot Code Section with Independent Lock Bits
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In-System Programming by On-chip Boot Program

True Read-While-Write Operation

— 4K Bytes EEPROM

Endurance: 100,000 Write/Erase Cycles

— 4K Bytes Internal SRAM

— Up to 64K Bytes Optional External Memory Space

— Programming Lock for Software Security

— 8PI 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 ITAG Interface
* Peripheral Features

— 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
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— Power-on Reset and Programmable Brown-out Detection
— Internal Calibrated RC Oscillator

— External and Internal Interrupt Sources

- Six Sleep Modes: Idle, ADC Noise Reduction, Power-save, Power-down, Standby,
and Extended Standby

— Software Selectable Clock Frequency

— ATmegal 03 Compatibility Mode Selected by a Fuse

— Global Pull-up Disable

+ /O and Packages

— 53 Programmable 1/O Lines

— 64-lead TQFP and 64-pad QFN/MLF

* Operating Voltages

—2.7-5.5V for ATmegal 28L.

—4.5-55V for ATmegal28

» Speed Grades

—0- 8 MHz for ATmegal281.

—0-16 MHz for ATmegal28

Overview

The ATmegal28 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
ATmegal28 achieves throughputs approaching 1 MIPS per MHz allowing the system designer to

optimize power consumption versus processing speed.
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Block Diagram
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The AVR core combines a rich instruction set with 32 general purpose working registers.
All the 32 registers arc directly connected to the Arithmetic Logic Unit (ALU), allowing two
independent registers to be accessed in one single instruction executed in one clock cycle. The
resulting architecture is more code efficient while achieving throughputs up to ten times faster
than conventional CISC microcontrollers. The ATmegal 28 provides the following features: 128K
bytes of In-System Programmable Flash with Read-While-Write capabilitics, 4K bytes EEPROM,
4K bytes SRAM, 53 general purpose I/O lines, 32 general purpose working registers, Real Time
Counter (RTC), four flexible Timer/Counters with compare modes and PWM, 2 USARTs, a byte

oriented Two-wire Serial Interface, an 8-channel, 10-bit ADC with optional differential input
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stage with programmable gain, programmable Watchdog Timer with Internal Oscillator, an SPI
serial port, IEEE std. 1149.1 compliant JTAG test interface, also used for accessing the On-chip
Debug system and programming and six software selectable power saving modes. The Idle mode
stops the CPU while allowing the SRAM, Timer/Counters, SPI port, and interrupt system to
continue functioning. The Powerdown mode saves the register contents but freezes the Oscillator,
disabling all other chip functions until the next interrupt or Hardware Reset. In Power-save mode,
the asynchronous timer continues to run, allowing the user to maintain a timer base while the rest
of the device is sleeping. The ADC Noise Reduction mode stops the CPU and all /O modules
except Asynchronous Timer and ADC, to minimize switching noise during ADC conversions. In
Standby mode, the Crystal/Resonator Oscillator is running while the rest of the device is sleeping.
This allows very fast start-up combined with low power consumption. In Extended Standby
mode, both the main Oscillator and the Asynchronous Timer continue to run. The device is
manufactured using Atmel’s high-density nonvolatile memory technology. The On-chip ISP
Flash allows the program memory to be reprogrammed in-system through an SPI serial interface,
by a conventional nonvolatile memory programmer, or by an On-chip Boot program running on
thc AVR core. The boot program can usc any interface to download the application program in
the application Flash memory. Software in the Boot Flash section will continue to run while the
Application Flash section is updated, providing true Read-While-Write operation. By combining
an 8-bit RISC CPU with In-System Self-Programmable Flash on a monolithic chip, the Atmel
ATmegal28 is a powerful microcontroller that provides a highly flexible and cost effective
solution to many embedded control applications. The ATmegal28 AVR is supported with a full
suite of program and system development tools including: C compilers, macro assemblers,

program debugger/simulators, in-circuit emulators, and evaluation kits.
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Pin Descriptions

VCC Digital supply voltage.

GND Ground.

Port A (PA7..PAD) Port A is an 8-bit bi-directional I/O port with internal pull-up resistors
(selected for each

bit). The Port A output buffers have symmetrical drive characteristics with both high sink and
source capability. As inputs, Port A pins that are externally pulled low will source current if the
pull-up resistors are activated. The Port A pins are tri-stated when a reset condition becomes
active, even if the clock is not running. Port A also serves the functions of various special features

of the ATmegal28 as listed on page 72.

Port B (PB7..PB0) Port B is an 8-bit bi-directional /O port with internal pull-up resistors
(selected for each bit). The Port B output buffers have symmetrical drive characteristics with both
high sink and source capability. As inputs, Port B pins that are externally pulled low will source
current if the pull-up resistors are activated. The Port B pins are tri-stated when a reset condition
becomes active, even if the clock is not running, Port B also serves the functions of various

special features of the ATmegal28 as listed on page 73.

Port C (PC7..PCO) Port C is an 8-bit bi-directional /O port with internal pull-up resistors
(selected for each bit). The Port C output buffers have symmetrical drive characteristics with both
high sink

and source capability. As inputs, Port C pins that are externally pulled low will source current if
the pull-up resistors are activated. The Port C pins are tri-stated when a reset condition becomes
active, even if the clock is not running. Port C also serves the functions of special features of the
ATmegal28 as listed on page 76. In ATmegal03 compatibility mode, Port C is output only, and

the port C pins are not tri-stated when a reset condition becomes active,
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Note: The ATmegal28 is by default shipped in ATmegal(3 compatibility mede. Thus, if the
parts are not programmed before they are put on the PCB, PORTC will be output during first

power up, and until the ATmegal03 compatibility mode is disabled.

Port D (PD7.PD0) Port D is an 8-bit bi-directional IO port with internal pull-up resistors
(selected for each bit). The Port D output buffers have symmetrical drive characteristics with both
high sink and source capability. As inputs, Port D pins that are externally pulled low will source
current if the pull-up resistors are activated. The Port D pins are tri-stated when a reset condition
becomes active, even if the clock is not running. Port D also serves the functions of various

special features of the ATmegal28 as listed on page 77.

Port E (PE7..PEJ) Port E is an 8-bit bi-directional I/O port with internal pull-up resistors
(selected for each bit). The Port E output buffers have symmetrical drive characteristics with both
high sink and source capability. As inputs, Port E pins that are externally pulled low will source
current if the pull-up resistors are activated. The Port E pins are tri-stated when a reset condition
becomes active, even if the clock is not running. Port E also serves the functions of various

special features of the ATmegal28 as listed on page 80,

Port F (PF7..PF0) Port F serves as the analog inputs to the A/D Converter. Port F also serves as
an 8-bit bi-directional I/O port, if the A/D Converter is not used. Port pins can provide internal
pull-up resistors {selected for each bit). The Port F output buffers have symmetrical drive
characteristics with both high sink and source capability. As inputs, Port F pins that are externally
pulled low will source current if the pull-up resistors are activated. The Port F pins are tri-stated
when a reset condition becomes active, even if the clock is not running, If the JTAG interface is
enabled, the pull-up resistors

on pins PF7(TDI), PES(TMS), and PF4(TCK) will be activated even if a Reset occurs. The TDO
pin is tri-stated unless TAP states that shift out data are entered. Port F also serves the functions

of the JTAG intcrface. In ATmegal 03 compatibility mode, Port F is an input Port only.
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Port G (PG4..PGO) Port G is a 5-bit bi-directional I/O port with internal puli-up resistors
(selected for each bit). The Port G output buffers have symmetrical drive characteristics with both
high sink and source capability. As inputs, Port G pins that are externally pulled low will source
current if the pull-up resistors are activated. The Port G pins are tri-stated when a reset condition
becomes active, even if the clock is not running. Port G also serves the functions of various
special features.

The port G pins are tri-stated when a reset condition becomes active, even if the clock is not
running.

In ATmegal03 compatibility mode, these pins only serves as strobes signals to the external
memory as well as input to the 32 kHz Oscillator, and the pins are initialized to PG0 = 1, PG1 =
1, and PG2 = 0 asynchronously when a reset condition becomes active, even if the clock is not

running, PG3 and PG4 are oscillator pins.
RESET Reset input. A low level on this pin for longer than the minimum pulse length will
generate a reset, even if the clock is not running. The minimum pulse length is given in Table 19

on page 50. Shorter pulses are not guaranteed to generate a reset.

XTALT1 Input to the inverting Oscillator amplifier and input to the internal cloek operating

circuit.

XTAL?2 Output from the inverting Oscillator amplifier.

AVYCC AVCC is the supply vaoltage pin for Port F and the A/D Converter. It should be externally
connected to VCC, even if the ADC is not used. If the ADC is used, it should be connected

to VCC through a low-pass filter.

AREF AREF is the analog reference pin for the A/D Converter.
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PEN PEN is a programming cnable pin for the SPI Serial Programming mode, and is intemally
pulled high . By holding this pin low during a Power-on Reset, the device will enter the SPI Serial

Programming mode. PEN has no function during normal operation,
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In order to maximize performance and parallelism, the AVR uses a Harvard architecture
— with separate memories and buses for program and data. Instructions in the program

memory are executed with a single level pipelining. While one instruction is being executed,
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the next instruction is pre-fetched from the program memory. This concept enables instructions to
be executed in every clock cycle. The program memory is In- System Reprogrammable Flash
memory.

The fast-access Register file contains 32 x 8-bit general purpose working registers with a single
clock cycle access time. This allows single-cycle Arithmetic Logic Unit (ALU) operation. In a
typical ALU operation, two operands are output from the Register file, the operation is executed,
and the result is stored back in the Register file — in one clock cycle. Six of the 32 registers can be
used as three 16-bit indirect address register pointers for Data Space addressing — enabling
efficient address calculations. One of the these address pointers can also be used as an address
pointer for look up tables in Flash Program memory. These added function registers are the 16-bit
X-register, Y-register and Z-register, described later in this section. The ALU supports arithmetic
and logic operations between registers or between a constant and a register. Single register
operations can also be executed in the ALU. Afier
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an arithmetic operation, the Status Register is updated to reflect information about the result of
the operation. Program flow is provided by conditional and unconditional jump and call
instructions, able to directly address the whole address space. Most AVR instructions have a
single 16-bit word format. Every program memory address contains a 16- or 32-bit instruction,
Program Flash memory space is divided in two sections, the Boot Program section and the
Application Program section. Both sections have dedicated Lock bits for write and read/write
protection, The SPM instruction that writes into the Application Flash Memory section must
reside in the Boot Program section. During interrupts and subroutine calls, the return address
Program Counter (PC) is stored on the Stack. The Stack is effectively allocated in the general data
SRAM, and consequently thc stack size is only limited by the total SRAM size and the usage of
the SRAM. Ail user programs must initialize the SP in the reset routine (before subroutines or

interrupts are executed). The Stack Pointer — SP — is read/write accessible in the I/O space. The
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data SRAM can easily be accessed through the five different addressing modes supported in the
AVR architecture. The memory spaces in the AVR architecture are all linear and regular memory
maps. A flexible interrupt module has its control registers in the I/O space with an additional
global interrupt cnable bit in the Status Register. All interrupts have a separate interrupt vector in
the interrupt vector table. The interrupts have priority in accordance with their interrupt vector
position. The lower the interrupt vector address, the higher the priority. The /'O memory space
contains 64 addresses which can be accessed directly, or as the Data Space locations following
thase of the Register file, $20 - $5F. In addition, the ATmegal28 has Extended /O space from

$60 - $FF in SRAM where only the ST/STS/STD and LD/LDS/LDD instructions can be used.
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