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ABSTRACT

THIS PROJECT PRESENTS USING OF RFID TECHNOLOGY TO MONITOR ACCESS AND
MONETARY EXPENSE SYSTEMS IN THE INSTITUTE, THIS RFID APPLICATION HAS BEEN DESIGNED
TO MONITOR ACCESS AND MONETARY EXPENSE VIA ID CARDS. THIS PROJECT HAS TWO PARTS.
THE FIRST IS USING MYSQL AND APPLICATION FOR CHECKING ACCESS CONTROL SYSTEMS.
ANOTHER PART IS USING VISUAL STUDIO APPLICATION FOR CONTROLLING MONETARY
EXPENSES.
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v oW ¢ . v da & AaLu
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o [y 1 @ a a \ P -l o o L3
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a @ » a o
89 (Frequency  Shift Keying: FSK) wian1ildn1snagiann1eniiud (Frequency

Modulation: FM)
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¢ ' X o < ' o Y
magnetic field) WiKua1ga1INATDILTN WakhnuaziATosgumiegaiulusses 0.16
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u

= el v JJ o a
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yauddvanidaaeindu 1 senld 20 dadededuassitlinisdalasludvesteyaiin

< = aa o a = 3 2/ 1% [ oo
nsaaaadeu (Iaeuniveasidviaszuiunisdalasluduesdeyaldanislutieniinig
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LﬂaausgﬂUﬂaQﬂau‘]aﬂqﬂ 1 L'fJu 0 'W%E]"ﬂr]ﬂ 0 L‘]‘ju 1)LLa¥W'ﬂ1ﬂﬁU‘Ua¥ﬂNﬂwaqﬂLWﬂ{ja\‘]ﬂu

Uaymidianan Feassasdinisihdganandvaundlududisdadsneu Tagnisidswawuy

@t

& < s aa o v < 1 a =
wiuaneisasulndyquaiviasedn 0 gruvumenisivasuaiainaain 1 Wu 0

U
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qu [ 1 7 ' s -
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wilgninieairmdsudeuliuiniieu Tesunnasaiedyqgrauiing iwensequl
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1 £ =] v ] <l @ v o v =
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i 1
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s o o . L. 4=| 1 ar al et ej o a 2
N133MATIAWULIAT (Time Slot) Tun1vdstayaniiandineg AuauganaIiuyAImum vinlu

U

1% < A 1 ) 1=l v o 1% o
°UaHﬁWLﬂ'ﬁaﬂaWU5U‘lmuuﬂ’ﬁ'ﬂu‘uaﬂ‘ﬂ@ﬂaV]ﬂﬂﬁJ']:J"lﬂLLﬁﬂwﬂ']ﬂlLﬁﬂWiai‘lﬂUUULaﬁ

Tag ¢
Tag 2
Tag 3

Tag 4

Guardian

Coltung

ﬂ‘ at oo at 2
JUN 2.8 daneiiudesiunisyuvestoyaluuvin (8]

2.1.4 aaunmglussuu RFID

o I ) 1 < 3
Tullagdurdummsiliaiuluszuy RAID avagluguninud ISM (ndustrial-
. . : <t ' dd e v = a ¢
Scientific-Medical) dnduguarudnsimuanisldnuludgaamnssuingimans uas
« b rd (] o/ 1 44 2/ 0: a ot J
nsunnd ansaldanldlae liasafugaindnldaulunisdearsialy dwiuadu

wimgiliiulussuu RAD enautieenldiy 3 dwuarudldoundn 1A
- grumuEn (Low Frequency: LH) $1n31 150 kHz
- g1upufige (High Frequency: HF) 13.56 MHz
- §1uAfgeBs (Ultra High Frequency: UHF) 433/868/915 MHz

v 1 ‘J o o ¥V o GJd i/
ATl 2 mummmﬁn%mmsawwiu’tmnuqmmmwsmﬁamwazgalu
syoglng (LH Jveatuussunn 10-20 wufng way HF seeseuussuna 1 wng) 1oy
1 v &J A QI s & 1 1 d QI
mMiInTIdeuN s IeanuinIRTIam uesfivUsy Taludnd diuduniudgedazgn

2 s | 2 ' '
‘Lﬁﬂ‘l_lx‘l’lu"lflﬁ‘iafHzﬂﬂ‘iﬁ@ﬁﬁ‘iﬂﬂ:ﬁﬁiuwﬂﬂﬂa (UHF syeuga1uussua 1-10 WU95) U 58U
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] < 1 s o w aar a 1 A'J
uAunmamssusaslulagiussuu RFID Mdsgnideuasiamnludumadlulasiov

< < < P ECEY R | l 2
A1Un 2.4 GHz wagalun 5.8 GHz LW@I‘?N'lﬁ'ﬂma\iﬂqiiﬂﬂﬁajumﬂﬁﬂ']'] 10 wng Lﬁuﬂu

125kHz, 133 kHz 13.56 MHz 245 GHz

915 MHz
6.8 MHz 433 WKz 5.8 GHz

10 kHz 100 kHz 1MHz 10MHz 100 MHZ 1GHz 10 GHz

UM 2.9 mwilighuiissuu RFID galden [9]

Tundrasnaaraanirlunisdeansdeyaiilofisuiund RFID Feldndu
] < = o (=3 1 < < v 1
wivztaudglussuuiniianuilunmsdioyagege wazilsnnumeanandie \wuiu

] v o ! 4 @ & w
#@7u RFID ﬁ"["ﬁﬂauwmﬂuﬁn 2 F.I']Uﬂ‘]']l]ﬂ‘\]%fl'iﬁﬂ‘U?']ﬂ']LLaﬁﬂ']'llll.%']aﬂﬁﬁl'lﬂ‘l.ﬂ.‘l_]

2.2 doyey I TTL (Transistor-Transistor Logic)

<4 . &

w w o v | - Y]
TTL uszduusesiuiignivuatulugausng ieldssuning Transistor M

Y

al

. sl nl: ¥ o @ Id @
Transistor M8lu9a35u (I0) fany TTL aldseiuusasiu agn 0 - 5 V udlulaguud

« fal o 1 P @ @ 4’! = L
gunsalvataeiivinulutin 0 - 3.3 V (Fenusefiuszduian LVTTL) Feldnig
n713@8UaN Datasheet wosguniaifiliidsneuinduszduussdunuula msrsmnldin

Usvinaziilvigunsaliduvng

A A

> P
:I'TL 0-5V TTL 0-3.3V
JUN 2.10 Foysyrsuseauusssu TTL fu LVTTL [10]
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2.3 UART (Universal Asynchronous Receiver Transmitter)

¢d a v o | W a o < 1
gunsaliviwinivuasdedeyauuvesdalastda (Asynchronous) Fadiudau

= < v oo ) 1 4
WuQ‘LUﬂq‘iﬁﬂa"ﬁauﬂiﬂ Lm%'idLLa’Jﬂ"siaam‘ﬂmua‘l{ﬂ‘iu%umL“fJu 2 WUU Ag

254 n'lﬁﬁaﬁ'l'iaigmmmu Synchronous
d ey [ al al o ot
\uguuuunléiddetoya lnelddygyin Clock unduddmusdame ns

1 [ e’(d o o 1 = 1 vl a =y
udsiaya nsdvloyawuuiiliunmsivdmdeuasdinaunin uagdelanaauiags e

a/le

=

L I | 35 a 1 Ve .4 . J 1 b
Tayaavgnnaszninmidiles fastniidaleyadnunsiliau 12C, 125, SPI Yaiduves

mieiq%’auuat.l.uuﬁﬁa sodldanednyiunin wsizdnsieeds Clock lusae
g L2 710% \v/ Qo) 420 \s)/\f/ Fritils)
Vald _/

E‘Uﬁ 2.11 ﬁmmwmﬁagaﬁﬁammmu Synchronous [11]

2.3.2 M3ABENTAYATULUY Asynchronous

\Wunsdsdeyailuiodddygin Clock uludiimundmiznisiudedeya

WAL dfiMuAzULU Format msfudidayatuuiunu WagEIFENNTANRUAAIINLS 1UDINTT

L ¥

1 d Q!.}f y a 4 1 £ J
vasvAuaiaSuuas lvas Tasueanisld Asynchronous fladunsadeansiuy Full

€

all

Duplex $udslaluianfieariu ud Asynchronous illenmanteyass gymevnsiu-dufoya

vizeiudstayaianaialdiuinniikuy Synchronous

aﬁ;ﬂﬂ&h’aﬁa UART (Universal Asynchronous Receiver Transmitter) #1884

7
o b= 3

P w | o Yo W
JUkuUn1TasUayangnAuatuun Weldiudsteyauuu Asynchronous Iaedisuuuu

Y u
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- v . g b v < | v a W .
\FUAUN Start Bit WU Logic 0 9 ntuazauiiy Data niawualzgnuaeie STOP Bit

W Logic 1

START DATA STOP

UM 2.12 JUuuunsdediona
2.4 12C Bus

2.4.1 A7UnUNY

12C to3127n Inter-IC Communication Mieds Mifndedearsseninled
Toefa 12C lafunawmunlaeflaud (Philips) shegasjamnendniie fesnnslileduialuga
awnsodnfadany uageuaunielianedyganies 2 du 1 wilsde aedyaa
winldiwuadamennsviiany n1ssieTuiuYesgunialuula 12C viladreuniiedse
audayauavangdgygyruuiinivesgunsaludazfiauunianaaiuly daunisiivua
wanasavisasuvsdmiuiadegunialusaséa %‘I‘Ef’iﬁﬁ%’auuaLLasmiﬁmumamw‘ia%m‘rll
ueansavaseUnsalusassh medeyauuda 12¢ fAeFunadraiiunienisdn aedeya

aynTu ¥3a SDA (Serial Data line) druanedyy auniindtedunit anedyyrauiiing

aunTy v3a SCL (Serial Clock line)
2.4.2 anusntiAlagvaluvaals 12C

a8 SDA way SCL {uaedmyeia 2 Mg (bi-directional line) faaiinng
1w W wooow w 2/ = o = 1=l
sefiumuyaswAiuwsiu +5v 3nasanan ielviaeiiaauzasingsluvasilaidngg
a 1 qw O w1 o a < o v o & ‘<
Anraldey Medadigdesiudygyrasuniufionaiidunluaedygrariaesaasioninm
ea 1 1 w v aw P a < = & ¢
vesgUnIufinaaguuld 12C apsdianyzilulsasiasuilen (Open-drain) 7o Aealdnned

\Ua (Open-collectondninnadianentoyauuta 12C geila 100 Aladndeiuivilulvua
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= = a a 1 a cal 1 1 o’ kg =l
Un@ Waz geds 400 ﬂTa‘umﬂmmmu‘[wmmmﬁﬁqa gunIanAeIIMuuYd 12C aznelll
< = é, ! [ L= a

AT Anussnineats SDA way SCL laliiu 400pf n1sdfagunsaiuuya

12C  Tddeyadwmiunmainteassdna 7 On (7-bit addressing) w3a 10 Oa (10-bit

addressing)

2.4.3 ¥ann159a9ud 12C

1 1 a

v 2 o ") ¢ <
Ua 12C Ussnaumsaudygia 2 wdums SDA was SCL aUnIUVIRENIIUUY

E 2

L% ) <d o a ! @t o 2
aunsadildanning duudeiasdinasdmuaguuuuyssnisindovuda iWwelgldiunsiu

J J = 1 o 1 o s ]
1 vurilgunsailadiaseuey wazaunsallalumiunieds

EJ L 2 1 v 1 s 1 "
- gunnltuffadredoyaviededaya 13andn sads (transmitter)

[V < | o o %

= v o & ot
- gunvalidug Sutoys 3undt §3U (receiver) gunsaiuudd 12C @wnsa

U U

1/
o et 1

v aJ o L | o s ] 1 ot d e
hulsviadaiunazds viegunsalimtiidudasusdraiien arliifigunsaflauuta 12 v

v o g a1 ] =l
MU 890819087
4 o v c‘ o a 1 Y] 1 s
g q‘dn'iniwwmmwmuaummsmwmmawua 12C [Faninunawes (master)

(4 d 1 1 v a 1
- gunIalfignaruauviegunsaifisevasdluuuda 12C Bun1n dav (slave)

] L] 1

Yarimun 2 Usen1sdfguesmsaaneuuda 12C fe
1 v - ﬁl’, v A o’ 1 1] ﬂl:l'
(1) Matheventeyavziintulddetainuvintu

1 1 v | d “u 2
(2) Tusgwinnisanavendaya Welafnufiats SCL faniurasdngs arede

Y <l

) EY) [ 18 v o < - 4 v
yanesinwideyal? adliAnaruidsuwlanianin dostudyyaiiaiuaslaiunis

wuamamneudygranuauuy
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da X ) ) -1
2.4.4 gn12ENneduuuda 12C fiaqenu 5 40178 aeil

Yo & o

(1) U179 (Bus not busy) anmeiliindullaaniuzasdnuuans SDA uag SCL

1
al

fladngaviag Wumineawdl nsanevendeyadnnsadusuduls

-a' L J 1 a -:I() o <
(2) GuAunnsatevendaya  (start data transfer) LAnfuLilpany SDA fin1siasu

a . o a L) - W
wlasaednangeluat Tusaisiiane SCL fanturasidngs Sunan1ieddn an1izi3udy

(START)

[ o | o e N o a v
(3) ?Jas.ﬁlaﬂ’l‘idaguuUﬁ (data valid) aﬂ']']SULﬂﬂ%Uﬂﬂﬁ]WﬂﬂﬂT}ﬂﬁumu Iﬂf_lﬂﬂ'}u?u’

a o a & a4 w o e o a o
aadniiinluuuale SDA Afedauanyiinisaeves wioaie SCL ﬁaafﬂnqa dnusnae

U
v oS A oaw ‘o v o S o d o A oW a
SDA  maanai Livalvgunsnifudayaludavigdudn W '0" wie '1' deyasaiinaiiy
4 d! - 5 1] d 4 YV o= 1 U
wWasuwdaaldluvusnaie SCL Wuasdnen LLmLzJalﬂﬁmuw’iaqn'ﬁ'lw.nmm'imamamwaga

! = d e -J 1 4 =
E)EI'I\'lﬂZ.I'l;JI‘iﬂi d01UsaINNYT SDA ARanIvimaant1LIaany SCL ﬂamuaaaﬁmga nn

2

a < 2 = a 1&g |
WanswdsuiUasaonyasinluvaeiiany SCL dasdnasettu aunsalinainainaiua

U 4 L

1 L3 QI 2 ¥ o L EJ o
miteveateyaszulamamnaliuaniisvee via annsiuduild inlideyaminis

1ENDALARAIURANAALARTY

7

(@) Yujtoya  (acknowledge) ndundsaINNTIAIENEAToLATINAIdILIEIRITY

LY <l

= -:’!/ 1 L3 o i 13 [ = =l ! < .
\induasanysal laesdsagyinnisdedoyann 1 dalenin On3ug (acknowledge bit) il

Y

v

ausiluaeings wainsdviayauiasuiiu diugunsalinameiazviinsdedyyinis

u

i
= =& W oW fw W

A 2/ L= = J a v o I
WAy Feduiusiudgygraufnigunialaanngnerdilunisfnrevie d1dsianesylu

4 o a a w waa

5 = ; J L 1 Vo £ 73 v ¥
YU UUNTETAUAURTUIVNUTDIUSABINAT LW WE]‘UHUBQIWV}TFUT]‘LWEWUEHEL%EJUT@EJLL&'J

U

[ W a & o o
(5) vygan1saneventeya (stop data transfer) \inTuileany SDA fin1ilUdeu

Q-g«:l

a = s =J =l = d‘
wlasszauasInainilugs luvnisiiane SCL JanuzasinguionaniieMintuili

anTznya (STOP)



17

2.4.5 mMsimuasnuzFudulazaniusiugavas 12C BUS (START and

STOP Conditions)

SDA e

SCL | - -~

START STOP

14 o o ﬂ’ ¥ Q’J
UM 2.13 anvugnsAmusdnuziiRuLaYaEn s ugaue 12C BUS [12]

d v | w Y] | - v - < v
- RlaegIn1Tavaya MCU agnaadsanIugLliuau (START Conditions) Aol

SDA wWasuan 1wy 0 Tuwmeit scL dendu 1

i x v o £V 1 : i el v
- iedugansnildda MCU asdasdsantusdugn (STOP Conditions) Aalw

SDA wWasuan 0 v 1 Tuwauedt scL fandu 1

2.4.6 raariudelindayavas 12C BUS

TR
nAsumlaatoya
»> -

S0A b 7 S RN
SCL I - ﬂ/’ ™

- -
LERE
Suvdavoya

4=l i a 1 prd
U 2.14 gsianissvasvoya [13]
L L. o ‘4
- anTizmsiu-deeya awnsevirluvasiivn SCL Wy 1

= w o =
- an'rwn’riu.laammamya aynyevinluvuenn SCL Wy 0
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2.5 Siad

o« = ia & a ¢do v dag a sa o o v

Jtat(Relay) Ao gunsalslanvsednanvimuuinilualiagivanniivinaiumaneg
fu vnmaulindnliiy (solenoid) Siadldlunsaiupuisasivivlfodravannvats uasd

1 . . da ' ] 1=l
\Wugunsalwsivéin - (Magnetics  device)  ilenldodraunsuanelaglaifimsudloanm

Tassaiannuedn Siadausawtieenaudnuwausnisitaulidu 2 Ussinnie

13wdinds  (Power relay) Tlunismuaulwitings  feaurslugnindiad

) = w =] 4
§734A1 UgULIgnNU AuwvaALmas(Contactor)

<l &

gﬂ.hﬂ 2.15 Slagnias [14]

s = o w 8 IIJ -‘J
2.3tadAuAa (Control relay) flvunsianmasiwiailglursasaunavialung

o 1 @ d L3 1
maalwilaiumin viieientsaunuiiaduisneuuiinnaivuisivg

< L3

Ui 2.1 WAIAIUAN [15]

Eall
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2.5.1 qruantRvauazlanaiwesiad

" 0

Cc
NC

UM 2.17 Tansaravialuvasiiad [16]

nululassadnevesiiad avdssnaulumeunain (Coill g was witduda

(Contactor) @sluniiduda 1 g asUssneulusie

1 1 J a & AJ
- 91 C (Common) Wuwideszning NO way NC wiailnisvinauwediias laad

=l a '4 v L 78 1 éj
Qrdlusenunaeanisideulvanuviiiaus

- 91 NO(Normally opened) wirdudaiuudniilla lnaunfunidaslaeily

a P 1 ) «
uazavviaudadnisinewssaulwilusiad

1 al

- 41 NC (Normally closed) niidudawuuunite Tnenduiaysefue € lu

s

nydilallddausesulwiimihdudaves C uag NC asdadafy
2.5.2 NMsnuYassiad

@ ° i o ' o o
Tiadlaevalussviraufnedednszualddilvaduanain azvialdiAn
aunuudwanlue weunthduda ¢ feasuiuasuiduda NO vinlwinssualvaniu

winauealule

T

| Il i RN -
T b1 | il T » /<

! Al NG J o -\ One
ana:Uni amo:oeludh

U1 C o:ranu NG 1 C 9:A01U NO

UM 2.18 msvinawasiiad [17]
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2.6 SRawadEn

@ = < s @ a 4 o
IVduadan o ﬁ'lﬁﬁz.l']ﬂ‘i}jﬁu?]'rJ\‘!ﬁﬂ‘igE}LlI‘iﬂ’lL‘WE]ﬂ']'iLLﬁﬂLﬂﬁtJu
anseruwne (ASCIl: American Standard Code for Information Interchange) [uswasnass
ﬂd 2 at = ] d @l al 1 1 @l
Mlsznaumednysasiu lava1itn IATemLNe1TIAREY Lasdydnvalaneg lnaudas s

WUNUAEAI SN VTSN Wy 99 65 (augudu) ldumudhusie (A) Aulng [Wudy

ASCIl Hex Symbol ASCIl Hex Symbol ASCIl Hex Symbol ASCIl Hex Symbol
64 40 @ 80 50 R 96 60 ' 112 70 p
65 41 A 81 51 Q 97 61 a 8 % q
66 42 B 8252 R 98 62 b 14 72 r
67 43 Cc 88—.53 S 99 63 c 115 73 5
68 44 D 84 54 T 100 64 d 16 74 t
69 45 E 85 55 U 101 65 e 117 75 u
70 46 E 86 56 V 102 66 f 118 76 v
iy 47 G 87 o7 w 103 67 o} 119 77 w
72 48 H 88 58 X 104 68 h 120 .78 X
73 49 | 89 59 Y 105 69 l 121 79 ¥
74 4A J 90 5A Z 106 6A I 122 7A z
75 4B K 91 6B [ 107 68 k 123 7B {
76 4C L 852 \15C \ 108 6C | 124 7C |
77 4D M 93 ' 5D ] 109 6D m 125%70 }
78 4E N 94 G5E I 110 6E n {26 TE =~
79 4F 0 95 5F » 1. 6F o 127 T7F

UM 2.19 ansesWianean [18]

ASCIHl Hex Symbol ASCH Hex Symbol ASCIl Hex Symbol ASCIl Hex Symbol
0 0 NUL 16 10 DLE 32 20 (space) 48 30 0
1 1 SOH 07 w9\ B a3 |21 | 49 3N 1
4 W2 §aIX 18\ 125-DC2 34 22 v 50 32 2
W9 68X 19 1 13=2DC3 35 23 # 51 O3 3
4 W4, EOL 20 14 DC4 3B 24 $ 52 34 4
5 5 ENQ 21 15 NAK o 25 % % 3 5
6 6 ACK 22 16 SYN 38 26 54 36 6
7 7 BEL 2. &) ~ETB 39 27 ¢ B0 487 7
8 8 BS 24 18 CAN 40 28 ( 56 38 8
9 9 TAB Jowgy)d EM 41 29 ) 57 39 9
10 A LF 26 1A SuB 42 2A N 58 3A
1 B NT 27 1B ESC 43 2B + 59 3B
12 C FF 28 1C FS 4 2C 60 3C <
13 D CR 29 1D GS 45 2D - 61 3D =
14 E SO 30 1E RS 46 2E 62 3E >
1% F Sl 31 1F UsS 47 2F / 63 3F ?

UM 2.20 msesiiaueat (de) [19]
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2.7 LCD Module (Liquid Crystal Display)

<)

Fi o aal::‘ oo = $ L
Jusunsaimlduanmandauiionsnussunmmiiansieilauannsonansld

"

n’j s o el o d
YN AILAY AIDNWT LLESLLUUﬂ‘i']‘WﬂW@ﬁ'JEN”]&J

2.7.1 anwazYad LCD Module uvseanillu 3 anwme Aa
- Character LCD Module

- Graphic LCD Module

- Segment Display LCD Module

A Ly
druiaseduinluneutiasifiuiuy Character LCD Module 2uMm 16x2 %3

16LL0722 UTS¥ia

2.7.2 dausznauildrdtyas LCD Module
- Dot Matrix LCD Feasilusiuanssa
- Driver Wudmdu Dot Matrix LCD %a%’ué’mmwmmmnd'mmw}uﬁﬂﬁwﬁa

=1 1 -:Iw i
- Controller Lﬂumumwayau’mﬂmﬂuaﬂ LAZAIUANNTITWARINAYDY Dot

Matrix LCD W1U Driver

A15199 2.1 wihilveswn LCD Module

e eRGETRLL

1 GND, 0 Volt

2 VCC, +5 Volt

3 VEE , YSumruainawesmitee LCD

4 | RS, n1dtnysy i Register Select liaan Register AUANWIaVUILAAING RS=1 fig

d w v < & o« w 1w 4 o
NMIlBNTUTaYaIBlanIng , RS=0 uums NM95uAvayamaluAdInIuAl
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157991 2.1 wriitveswn LCD Module ()

2 nuazdun

5 R/W, dhumunumisuwazn1siden win R/W=1 fen1sgiudeyasn LCD

Module RW=1 tiufemaidautoyad LCD Module

6 | E(Enable) Hundygrauamiumsdusunisduniadouteyatsniuninses

Wad lainistesndi 2 833U (ms)

7-14 D0-D7, Wuvawuuasmislifunazdsdayaszwing LCD Module Au
lulpspaulvsalasd
15 A, LED Backlight sioAuuvasanelv +
16 K, LED Backlight #ofuuvasdnglv -

2.8 lulasmaulnsaiaas ATMEGA168

Tassadndygrauveslulasnsulniaiaes ATMEGAL68 lulasraulnsaiasd

ATMEGA168 \Tulalpsroulnsalaaiauin 28 11 dundygrasaagded
< o W X
1. VCC : Positive Supply (+1.8V 814 +5.5V) vt iualuiEes
2. AREF : viwitiniiunndnsdeoundandwiu A/D Convertor

3, AVCC : vimthiduwusesudmsu A/D Converter, PC3:0 wag ADCT:6 @4
) o 1 Y v I [ (7 o v &
msaliunsiauneanausnriu VCC wiiin ADC lalald wiitn ADC gninanld Anases

A 1 a v 1
wwaunanu VCC aen1u low-pass filter
o £ e] 3 I3
4. GND : mwuviduuIng1u

5. PBO-PB7 : won B fd1uru 8 w1 wuia 8 Um ilunuvassiiAnie(Bi-
. . YR ¢ o & o @ 1w &5
directional I/0 Port) Aeldulsvianeimdunnuaswainesinsldlunisiuddeya uenaini

o o 5 ddt @ al
EINTUUINDU PUAAIAIAIT NN 2.2




= | a 4
AT 2.2 VUMMV QY IUVIND TR B
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wosn | dnyiwu w7

PB7 XTAL2 IFYYIUIRNIINAIBUBN
TOSC2 PdyIuresNITesadaainaiias Timer 2
PCINT Pdyyradumesinanudsuuas

PB6 | XTAL1 Ydey Y 1edUIRNIINABUBA
TOSC1 PdynInveIITTesalalawmeiues Timer 1
PCINT dgnadunessnsmdsuulas

PB5 SCK Y IUIRNUUUBYNTUYEI995 SPI
PCINT dyaBumesininiuasuulas

PB4 | MISO nisuteyadunaiidsainiagn
PCINT dyrdunes AT uLUaY

PB3 | MOSI \Hundetosafidsoanaindaual

0oC2 NdyaasownevaITimer/Counter2

PCINT Ve adumewaTUasuwUas

PB2 SS Fudgyaynd Slave Select InNTAARRYBY Serial Port WUy

Synchronous
OC1 I nnUesTimer/Counterl

PCINT iy aduneiinAiUasunlag

PB1 0C1 ey ey IuLeFnavasTimer/Counterl
PCINT Py rnBumesTwATUEBuLUa

PBO ICP N dnyynBunsYesTimer/Counterl
CLKO TPUUMTHRY YU~
PCINT dyaudunesTwATUdsuwUas
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6. PCO-PC6 : wasn C il 47w 7 w1 wuna 7 On (Wuwuuaesiiania@i-
" i A4 @ ywvy ¢ o ‘ ¢ w1 &
directional I/0 Port) Aailulévisnesndunauasnaiaardnnldlunisiudstoya uonainil

o o L JA al ,J
BIVUUINBUUAAINIRATIT 1N 2.2

< v o o <
M1 1NN2.3 WUMYDIVF Y QLU BIND IR G

wosn | Ay il
PC6 | RESET YIAYQYIWILTR
PCINT EygaBumesninuasuuas
PC5 ADC Tudnynadunedwiu ADC e 5
SCL YA 1UUITINIUBIITT 12C
PCINT yannBumeswinasuulas
PC4 ADC Tudtyyraudunmdmiu ADC Ya4 ¢
SDA ydiayavasssuula 12C
PCINT dyanBunes I Esuwas
PC3 ADC JudyeyrauBunndmiu ADC ¥ed 3
PCINT dygraduednanuasuuda
PC2 ADC Sudyguduwedmiv ADC Yea 2
PCINT PdyaBumesTnATUasuLag
PC1 ADC Fudygyaudunedmiu ADC s 1
PCINT dyudumenATUAsuLUAY
PCO ADC Fudyeyrauduwmdmiu ADC 483 0
PCINT mé’rgrgmauma%%’wsﬁﬁ'mﬁauwaq

7. PDO-PD7 : wofn D { d1u7u 8 w1 vuia 8 O WunuuasediAniaBi-
i i ) ) sun'j & a '3 & a [ é’
directional I/0 Port) Aewluldvianesndunauasneinewinalilunisivdieya uanaini

w o s a:dl u -:ll
GINUAUTNBUY WERIPINI319n2.4



A:J vV o o’ -
AT NN 2.4 MUITBIVIARY Y1l URINDIH D

nodn | Ay il
PD7 AIN ulAsuiisudygraeuidenwuy au
PCINT Mygaduneinanudsuula
PD6 AIN uldsuiisudygiaeundeniuy van
0Co Y ranemnausdTimer/Counter0
PCINT iy aBumes e asuwlas
PD5 i Yy UNATRINITUUNMEUanYas Timer/Counter 1
0Co dReraua1enauedTimer/Counter20
PCINT Wdeyaaudues nFidsundas
PD4 XCK | andysyrnmnfinmBunsuagie dnmnanniguaniuy USART
T0 mﬁ'ﬁgmwmauwmmamaﬂsﬁ’umﬂuaﬂmaa Timer/Counter 0
PCINT PEIBURT NATAsUWUAY
PD3 INT DFYYIFUNSINNTBURDTTWAIINABUEN
0C2 FYQIeMHATDITimer/Counter2
PCINT DdygusuAes Wi EsuuUas
PC2 INT AP Y IUBUNAINNTBULADTINFRINABUBN
PCINT e UEsuwUas
PC1 XD YdstayakuU Serial Port
PCINT Py IaBumes TS LA
PCO RXD w13utayauuy Serial Port

25
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(PCINT14/RESET) PC6 ] 1 28 [1PC5 (ADCS/SCUPCINT13)
(PCINT16/RXD) PDO[] 2 27 1 PC4 (ADC4/SDA/PCINT12)
(PCINT17/TXD) PD1[]3 26 [1PC3 (ADCYPCINT11)
(PCINT1&/INTO) PD2 ] 4 25 [1PC2 (ADC2/PCINT10)

(PCINT19/OC2B/INT1) PD3[]5 24 1 PC1 (ADC1/PCINTO)
(PCINT20/XCK/TO) PD4 ] 6 23 [] PCO (ADCO/PCINTS)
vced7 22 [JGND
GND[]8 21 [ AREF
(PCINT&/XTAL1/TOSC1) PB6 [ 9 20 J AvCC
(PCINT7/XTAL2/TOSC2) PB7 ] 10 19 [J PBS (SCK/PCINTS)
{PCINT21/0COB/T1) PD5 ] 11 18 [ PB4 (MISO/PCINT4)
(PCINT22/0COA/AING) PD6 ] 12 17 D1 PB3 (MOSVOC2A/PCINT3)
(PCINT23/AIN1) PD7 ] 13 16 D PE2 (SS'OC1B/PCINT2)
(PCINTO/CLKONCP1) PBO ] 14 15':)PB1 (OC1A/PCINT1)

suUit 2.21 lailpsroulnsaiaes Atmega168 [20]

2.9 nguasulIngvanvasdanenssu ADO.NET

1 ¢ < ot A o v oo w 1 LY
ﬂquaam%nmmmﬂa OLEDB Data Provider viwmtihiindsteyalugiudaya 4
3 fiafie @auLing OleDbConnection, OleDbDataAdapter wagaauldnsiOleDbCommand
Idausauiugiutoyaria Acess

1 < as < [ Y o v o= v 2/
ﬂquaauﬁnﬁwmﬂu SQL Server Data Provider immihmidnfadayalgiutoys

il 3 e paULINA SglConncetion SqlDataAdapter wageauling Sql Command T4a1u

wiugruteyaviin SQL Server

2.9.1 My SQL

SQL #8191 structured query language Fantwiildlunisdeulusunsy
Wiadanisfugudeyalagianis Wunwuesguvussuugudeyadeduiusuasidu
sguudn (open system) vuneauananansaldfds SOL Augrudeyavialanls uay fnds

o w4 W ! v < VW Y wog A v o aw
nuRnfudednuiy syuuguteyaiiunnaiuagls sadwsuilouu vildsiamisa

v L a la < a £ 2 ot = ar
wenligrudeya vielailalaelddndadugudoyalagiudoyanils uananiuds saL &4
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J EY) ot 2 < ) o
Wurelsunsugiudeya Falusunsu soL WJulusunsugnudeyanillasiairsvesntvid
) ' o W - ° ° do v Yo @ o 1al
vinladne lddudeu divss@nBnimnisviiuge awnsavirundudeuldlagldmdanaelain

[ n‘i cl U 2 o W o =)
s Tusunsa SQL Famnsiagliiussuugitdoyadeduniug uasilunwnils

< 1 a 1Y w o
‘NLLU\“]ﬂ’]Tﬂ']\'i']UiﬂLﬂU 4 Uszam matl

v g v o W o v
1. Select query TddmivAvayanaBInsg
2. Update query Tddmiuuiludoya
3. Insert query T¥dmiun1siintaya

4. Delete query T¥dmivautayaseniy

{
o

al a v CJ o ¥ o
Taguilgevauaissuudanisgiudeya (DBMS ) faduayumslafids SQL
1 : o 2/ ] ol
1y Oracle,, DB2, MS-SQL, MS-Access uanaintin1wr SQL gnirunldi@ausiuiu

TUsunsuNWIA199 WU A ¢/C++ , VisualBasic Lag Java

2.9.2 Uselewilvaanien SQL

1) i ngndoyauas a1379
2) avduayunsannsgIuteda JeUsenaunie Nk n13UTuUT wagniTaudaya

3) afuayumsienlavio Auntioya
2.9.3 UszinnuaeAndeniel SQL

1. nmnflenudioya (Data Definition Language: DDL) lusndsldlunisaing
£ 24 o 124 1 o =y v 5 aI
Frudeya Avuelansaitedeyadnd Attribute Tevliavasaya suvisn1sdsuulainisng

warn1sad1adil A1ds: CREATE, DROP, ALTER

2. Mw1dan1s¥eaya (Data Manipulation Language: DML) \Jusndeildlunis

Sonld iy au u.axL‘U?ammad%’auﬁa‘luwﬁwﬁwé"ﬁ: SELECT, INSERT, UPDATE, DELETE
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3. AmimuAudeya (Data Control Language:DCL) (umail#lunsimun
a a a4 a ) u < o w v o 4
avbniseyqd wie unidn madidegideya weldestuanulaeaduvesgiudeoya fAda:

GRANT, REVCKE

2.9.4 wiladayainldlunw sqQL

o «

Tunwn SQL nsussateyaadlunedinidn q vaansnadesimusvidaves
L 3 ! YR Y a & g ) " o ¢ 1
oya (data type) Wiudaznedunl ylnvesteyaiissuanaviavosrfiaglunadut Amnsn
w e o o < P | W I v v oed & < LY o
luneduiiidimusazdeaturidaderiu wu lunisgndeedunimndusetognai awses

2w w o o wii iy P | v & v w
LUUW?WUQH@ 'LU'UﬁJﬁ'VlﬂaﬂlJ‘LI7\]'TU'J‘LEN‘UWBﬂﬂ"l‘liE]aUﬂ']Lﬂuﬂ'JLa‘ﬂ

Y

£
@ et [

yilavetioyavaudaynaeduliazluivanvasvaslayausasaodu Jauusle

al J o 3/ J ol
sailvilndeyaiugniluniw SQL Rail
2.9.4.1 ¢amlad@s (character) Tun1w SQL agly

o o 4 4
Aavtdsdanuuarue1aan(fixed-length  character)  agld char(n) 3o
1 o a o A o ar < =|
character (n) wuussinnvesdeyaniludmisdalagnilaue1ivasteyannlaeiinu
oo W X o 4 4 e 4 o v oo v
811 n dmlsdeUsuanilasiinsaeuienamarueafiamamnimuald viavesdoya

-3 a £ v ] LY @ e
U‘ESLf‘l'ﬂﬁﬂ%LﬂUﬂ’l'lﬂi&l'l']’ilﬂﬂ’ﬂﬂﬁ%ﬁlﬂﬂ'lﬂﬁ&jﬂlﬂ 255 manys

s o

14 A v
ivtlsdauuuarueilidasii(variable-length character) axld varchar (n)
v d o w o 2 1 < <
wiudssinnvesteyaludvmisdslagiiniueivesdeyalind lasfinaues n
v o s & o w a v =1 <
aviideUssianilaziiniieaiiofinmauenvesteya vinvesteyaussinniaziiy

3 L% d‘ L3 W ooas
ﬂ’)’lllEJ'Tl‘U@ﬁ‘UE]ﬁ,l“ﬁlﬂu'mﬂ&}ﬂlﬂ 4000 Mmanwg
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2.9.4.2 97UULAY (numeric)

=

o < a ; 2/ %
Juaniganaiiey (decimal) lun1w SQL 9814 dec(m,n) 3o decimal
o

2 v o da a 4 o @ &
(m,n) Lﬂu‘l.hga"Lﬂﬂ’ual&aWLuquuQULaﬂﬂN’qﬂﬂﬂuaﬂﬂﬂﬂ m ABITUIURTLEUVNNUR ('i']l!"?ﬂ

vrilen) way n AsduudLaundganadey

Sunuaeiilaiflganadenlunme SQL 914 int wie integer WWuiavs iy

v
1 at 1

b= 1 al o Aul =f
U'Jﬂ‘wmawum'i,wy Wusiaw 10 wan NilAsaus -2,147,483,648 049 +2,147,483,647
v " ] [9) P =1 o - & a
wazluntw SQL agld smallint Wudszinndeyaiiluiaviuiuduuinuisauauinién
a o Ao 5 ] = @ o @ =¥ =l
Wusiae 5 wdn Adasaus - 32,768 D4 + 32,767 ta2UUALYTELANTAZINIT20

4 o | .
LUanuaenIuU mteger

iwduauate lunwn SOL 1ald number(munudnutasithisiyamadey

o A -
wazduauaYnTiganaias
[y o o
2.9.4.3 Tayaludnuusaus

Juiwaziaa(Date/Time) Wuriaiuivianailuniw SoL el date 1y
%’aailmuﬁ %maﬁwmagﬂunu‘tﬁaﬁan‘lﬁ WU yyyy-mm-dd (1999-10-31) dd.mm.yyyy(31.

10.1999) w3a dd/mm/yyyy (31/10/1999)
2.10 Visual Basic

. - = . =J a -

Visual Basic \Junmwineuianes (Programming Language) NWaluIlauT e
¢ < a v W 1w a wa . -

lulasveny FuduuidndndlugiairessuuUfuinag Windows 95/98 wag Windows NT

el 2o o % . '=fl 1 . )
nsldiueglutlagiu Tngdnwiefisingiuunainatv Basic edennain Beginner's
AWl Purpose Symbolic Instruction fuualildniuminuvuieifie “garrdmioniw

a o w ova wo .o | yul‘l 1o & o =

ABNWADIAMIUGINAY” A1w Basic Hgauaumsginlaiiiugiuiasnsileulusunsuiay

=] al 1 o 2/ E 1 | - o <l o <l
Nausaisujuasinluldnuldegisirenguazsanis dsifisuiuniieuniw
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a & 1 3 .
ARLRIMBTALY LU A1wd (C). Yrdnnd (Pascal). Wasliwnsu (Fortian) ¥3e weoalwuud

(Assembler)
2.10.1 UszdRauituuivas VisualBasic

TulasgavviildwaunTusunsun1w Basic snuiutiudud saudniwn MBASIC
(Microsoft Basic). BASICA (Basic Advanced): GWBASIC wag QuickBasic ?ﬁ‘qlﬁﬁﬂﬁqm

L7 as aasa = v 1 ' s o n‘j
wionnusEUUUUAn1s Ms DOS lungalaeldtadn QBASIC lneudaziiaidunoanuiduls

'
o .l 1 1/

In1ivaiasiiuiurdsegdlulessnass Tuednlusuniuntwivaiiaiuvinau
Tu Text Mode Aaliusdnusdaug lilnmnsminatgesuuussuy Windows athalu
) o o a wa o U as o [l [
U290y aunssviaiiassuudjUanis Windows Lasunarudauagiagaunasidiun

< 1 & <t < o o Yoy
unum DOS lalasweavhifiaawiudlusunsuntwily Text Mode tupsisnanvnaily 314
st o . ] d‘ o o
WaurUTudgelusunsuniw Basic vesausanuiluiifisaduayunisviianuly

55UV Windows ¥l Visual Basic fafnilatuaisausuatiu

Visual Basic niaiduunsnisiieidu 1.0 sandaeaizwivusadl 1991 lae
H a at 1l I (% 1 | o o oy
Tudnusndudslaifinuaninsassginae GBASIC inin usasiduGeniaslandialy
mideuldsunsadulaideusingan Visual Basic Tasuamieuuazysyanudi§aduedaa
= , . 9 wad o & » a
Alulpsgonyidaimui Visual Basic lvvuiesq vislusulss@nsamm anuaunio uay
o & 1 1 o & Iy w
wnresilasnegiry wieslensisaounilulusunsy (debugger) anmuIndanyaInIswmuN

) - ¢ | ‘ﬂ. =l
TUsunsy madgulusuniuwuuvateiulaidos (MDI) wazduq dauinuney

d w3y Visual Basic lutlagiufe Visual Basic 2008 #Fsoanuilul 2008 14
- = a o =) 1 a £ @ o VoW
Wuauamisaluntadsulusunsuisdeduiniadisdumesidn nisideuseiussuy
% & w 4 & w : ;
grudeya s1uiuiudsuniesdionaznisieulsunsudaing (Object  Oriented

a w P ) e o i o d e )
Programming) Iviauysalgsluniauviaiininiasiloneqdnuinuefivinlwldasuasazain
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£ 1a ! - v | < | < o /)
uniud lnenaeAsgquFsuidulisneunasiniasdlenngdnuinuneminlildieuas

A AINTUNI LAY
2.10.2 dafvasnsilisulusunsuaie Visual Basic

< . . < o o <l nv.u
amn? Visual Basic lunmwilimnzdmiuniadeuiluniadeulusunsuiu

< i ., SAY o P
L8997 Visual Basic dvanvarelszniine

1 ! U a o !J-:LI L3 n].’? d L3
1) G’IEIG]E]ﬂ’ﬁL";'EJUEL‘I/?&J’]SE‘I’]‘I.H?UNL?NG’IH ﬂdlﬂﬁﬁdl‘?t‘:]’lﬂim‘ﬂaﬂﬂ'W“t:HLEJ\'iLiaﬁ

u

4 & I
Wse9dlanTslYanu

- LY I a1 = n’j [~ 4:] = 17
2) mnuilenrasiiniw lngananailddiniw Basic uduntwinauious

LA :J e L3 = &
uazldauunny E!ﬂ'tu‘l.]‘ifﬂ PAENIVDIADHUNILADT

o ] 1 d al =Y L a
3) nsimuIegesialla nmsliulssussavinmluduvesiniwues
A 1 1 - 1 at
AMaSwBIsUssinana waglugaswesauansnsoll Wy nsfnsedussuu

2 < u i -
Fdeya Mmadandaiuniatieduweside

4) ghmundrdtyrad Visual Basic Aeudumlulasgenvidedainludndlngjves

wmsneuiuneilulagiu idsananiadulaladn Visual Basic asfalmaimun Uiuuse

wazasegludnuiy
2.10.3 n151" Visual Basic tUldeu

Visual Basic anusardundesilenltadalusunsusiie q 16y

1) Waunsufifuuussuuldinis - windows Wy TUsunsusuIniay
2
a

Tsunsuguveya iy Microsoft access, Microsoft SQL server

)
)
) AR lNLLUAN14eIU Active X
)

o w a ¢
4) TswnIuisuuusuna sl
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2.11 ¥7m391uU IEEE 802.15.4

] al Uul L2 v
1As§IU [EEE 802.15.4 1Wuanasgudmiunsdearsizeslndfiuiunisld
WA ULazLUUAIAvaT Taaivuauasgiudulu 2 layer vaalA3adne Ae Physical was

Medium Access Control

" ° < o o ]
Physical Layers agfimuajluwuuninsgiuauivesnaulunisidousa 3

S 1) < £ & W 1
AHOAD 2.4 GHz, 915 MHz Llag 868 MHz IﬂFJI..Liﬂa:iﬂ']‘mﬂﬂ']ﬂ“ﬁ\ﬂ’lﬂ‘ﬂiiﬂULLG]ﬁﬁUib‘mﬁ

. o = 1 L 1 C'J
Medium Access Control layers %mwamgill.mumimmmaaiwmmmwaﬁa

= ° < < : a
FagsnruavunennaluuIiagay
2.12 41013§1U Zigbee

A =3 é | & o as 4 < 1
Zigbee 1UuIMTFIUMTHOATN0OALULTUAMTUN1TFRaslulAT s

2 . W | 1
wulrefliany (Wireless  Sensor  Network) Tatnfunisadisuinsgiunisdearsde

< < ) v Y w
Lumu’%‘%‘mw}ﬁl‘iﬁ’mﬂ’]‘iﬁ@ﬂ’li‘iﬁ&lza‘u IEEE 802.15.4 VlLuumiaaﬂ’l'iLLUUU'iswﬂﬂwa\‘N’l'u

% H

o 1 AI s J 1 Ll 5
AnuInTiudsdayasn lasiuiuuinsgiunislionselastialudu Network was

Application  d@3Un1n3§IUTU Network Tusnsgiu Zigbee azuusiinvasgunsal

genitu 33Uuuu e Coordinator, End Device way Router

. o, v & w o o | 1 .
- Coordinator A%H19dT19N1d0813 WauladaIa1y 58111 End Device
flu Router %38 Coordinator iU Coordinatorfiefiu %ia Coordinator AU Router Avun
o w . =I ] 1 v’u’ al @ cJ o v -:sE
address T¥u device fiogllurnniavts ldlddiu guadanisiieanisRouting dumie

wWigulanu FFD

3 = Yo w <
- End Device Lﬂuqﬂﬂiﬂiﬂaﬂaqum Feaglyudy1uain Sensor 7

2
I a

‘4 . L é o 2 as =
Vanene Tagfildwdasuslunisinem deuldfu RFD wis FFD unensdl Tuagiu

sensor M4
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v oo o oW ] | <4 Vo
- Router 3wt Sudsteya luduniesin q veanietis Jadieulaiu FFD
o ) 1 ” [ [y <
Fadulsznausn q vee Zigbee lonanaly dagun 2.4

One ZigBee Coordinator per Network
O

-

o
® o o

0" . " g )
o> | | ®

@ @

J ZgBes Erd Devece (RFD or FFO)* Y . Q
@) ZeBee Coordinater (FFD) . - wy
. - u‘ - ’ - J
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Features

* High Performance, Low Power AVR® 8-Bit Microcontroller
* Advanced RISC Architecture
— 131 Powerful Instructions — Most Single Clock Cycle Execution
— 32 x 8 General Purpose Working Registers
- Fully Static Operation
- Up to 20 MIPS Throughput at 20 MHz
- On-chip 2-cycle Multiplier >
* High Endurance Non-volatile Memory segments
— 4/8/16K Bytes of In-System Self-programmable Flash program memory
256/512/512 Bytes EEPROM
512/1K/1K Bytes Internal SRAM
Write/Erase cyles: 10,000 Flash/100,000 EEPROM
Data retention: 20 years at 85°C/100 years at 25°C
Optional Boot Code Section with Independent Lock Bits
In-System Programming by On-chip Boot Program
True Read-While-Write Operation
— Programming Lock for Software Security
¢ Peripheral Features
— Two 8-bit Timer/Counters with Separate Prescaler and Compare Mode
— One 16-bit Timer/Counter with Separate Prescaler, Compare Mode, and Capture Mode
— Real Time Counter with Separate Oscillator
- Six PWM Channels
— 8-channel 10-bit ADC in TQFP and QFN/MLF package
— 6-channel 10-bit ADC in PDIP Package
- Programmable Serial USART
— Master/Slave SPI Serial Interface
- Byte-oriented 2-wire Serial Interface (Philips I°C compatible)
— Programmable Watchdog Timer with Separate On-chip Oscillator
— On-chip Analog Comparator
- Interrupt and Wake-up on Pin Change
® Special Microcontroller Features
- DebugWIRE On-Chip Debug System
Power-on Reset and Programmable Brown-out Detection
Internal Calibrated Oscillator
External and Internal Interrupt Sources
Five Sleep Modes: Idle, ADC Noise Reduction, Power-save, Power-down, and Standby
¢ |/O and Packages
— 23 Programmable I/O Lines
— 28-pin PDIP, 32-lead TQFP, 28-pad QFN/MLF and 32-pad QFN/MLF
¢ Operating Voltage:
— 1.8 - 5.5V for ATmega48V/88V/168V
— 2.7 - 5.5V for ATmega48/88/168
¢ Temperature Range:
— -40°C to 85°C
* Speed Grade:
- ATmega48V/88V/168V:0-4 MHz @ 1.8 -5.5V,0-10 MHz @ 2.7 - 5.5V
‘ — ATmega48/88/168: 0 - 10 MHz @ 2.7 - 5.5V, 0- 20 MHz @ 4.5 - 5.5V
* Low Power Consumption
— Active Mode:
250 pA at 1 MHz, 1.8V
15 pA at 32 kHz, 1.8V (including Oscillator)
- Power-down Mode:
0.1pA at 1.8V

|

Note: 1. See “Data Retention” on page 7 for details.

ATMEL

EETITRERRSRER O

s i e i i Q)

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

ATmega4d8/V
ATmega88/V
ATmega168/V

UNote:  Not recommended for new
designs

Rev. 2545P-AVR-02/09




| AIMEL
1. Pin Configurations

Figure 1-1.  Pinout ATmega48/88/1682545P
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1.1:5

1.1.6

Pin Descriptions s

vVCcC

GND

Digital supply voltage.

Ground.

Port B (PB7:0) XTAL1/XTAL2/TOSC1/TOSC2

Port C (PC5:0)

PC6/RESET

Port D (PD7:0)

2545P-AVR-02/09

Port B is an 8-bit bi-directional I/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.

Depending on the clock selection fuse settings, PB6 can be used as input to the inverting Oscil-
lator amplifier and input to the internal clock operating circuit.

Depending on the clock selection fuse settings, PB7 can be used as output from the inverting
Oscillator amplifier.

If the Internal Calibrated RC Oscillator is used as chip clock source, PB7..6 is used as TOSC2..1
input for the Asynchronous Timer/Counter2 if the AS2 bit in ASSR is set.

The various special features of Port B are elaborated in “Alternate Functions of Port B” on page
77 and “System Clock and Clock Options” on page 26.

Port C is a 7-bit bi-directional I/O port with internal pull-up resistors (selected for each bit). The
PC5..0 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.

If the RSTDISBL Fuse is programmed, PC6 is used as an I/O pin. Note that the electrical char-
acteristics of PC6 differ from those of the other pins of Port C.

If the RSTDISBL Fuse is unprogrammed, PC6 is used as a 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 26-3 on page 3086. Shorter pulses are not guaran-
teed to generate a Reset.

The various special features of Port C are elaborated in “Alternate Functions of Port C" on page
80.

Port D is an 8-bit bi-directional I/O 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

AIMEL 3
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StrongLink SLO018

1. MAIN FEATURES

e Tags supported: Mifare 1k, Mifare 4k, Mifare UltraLight and NFC
NATG203

e Auto detecting tag

e Integrated antenna

e 0 to 400 KHz bit-wide I*C bus communication

e 4.5to 7.0 VDC supply voltage

¢ Operating distance: Up to 60 mm, depending on tag

e Storage temperature: -40 °C ~ +85 °C

e Operating temperature: -20 °C ~ +70 °C

e Dimension: 65 x 45 x 7 mm

e The TagSta pin at low level indicates tag in detective range, and high

level indicating tag out

http://www.stronglink-rfid.com



StrongLink SLO18
2. PINNING INFORMATION
122345 25. Ymm 2. S4mm
E ___O_Q.OB
@E“: ] =:
o 0

C7 C9 C3 c+C10C8

SLO18 Jan’06

MITTT]
G

&5mm

62.1mm

SLO18 Jan’06

— Zmm

)
é———me

49mm

S

HOLE Dia. = 2.5mm, x 4

PIN |SYMBOL TYPE DESCRIPTION

Tag detect signal .

1 TagSta Output low level indicating tag in
high level indicating tag out

2 SDA Input/Output | Serial Data Line

3 SLC Input Serial Clock Line

4 NEE PWR Power Supply

5 GND PWR Ground

http://www.stronglink-rfid.com
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¢/ X Bee-PRO®

RF Modules - 802.15.4 - v1.xEx [2009.09.23]

Specifications

Table 1-01. Specifications of the XBee®/XBee-PRO® RF Modules

Performance

Indoor/Urban Range

Outdoor RF line-of-sight Range

 international variant
Transmit Power Qutput | 63mW (18dBm)*
(software selectable) Amink (d:dbm) - 10mW (10 dBm) for Internation variant
RF Data Rate 20000bps 250,000 bps

'Serial Interface Data Rate

(software selectable)

Receiver Sensitivity

| Upto 100 ft (30 m)

' Up to 300 f (90 m)

11200 bps - 250 kbps

(non-standard baud rates also supporied)

| -92dBm (1% packet error rate)

- Up to 300 ft. (90 m), up to 200 ft (60 m) International
. variant

 Upto 1 mill (1600 m), up to 2500 ft (750 m)

| 1200 bps - 250 kbps
. (non-standard baud rates also supporled)

 -100 dBm (1% packet error rate)

Power Requirements

Supply Voltage 28-34V 28-34V

P e . 250mA(@33V) (150mA e ——

Transmit Current (typical) 45mA (@ 3.3 V) . RPSMA module only: 340mA (@3.3 V) (180mA for
| - international variant)

ldle | Receive Current (typical) | 50mA(@33V) . SmA@33V)

Power-down Current | <10 pA <10 pA

General

Operating Frequency | ISM 2.4 GHz ISM 2.4 GHz

Dimensions | 0.960"x 1,087 (2.438cm x 2. T61cm) ol oseorxtaer e 438cm x 3, 294cm) N

Operating Tem.ﬁér'ét“ure‘ '3 -40 to 55" C (lndustnal] | -40 to 85" C {lndus(rlal) |

Antenna Options géi%?éfodr Whip, Chip or U.FL Connector, RPSMA I&i%fé?odr Whip, Chip or U.FL Connector, RPSMA

Networking & Security

Supported Network Topologles

Number of Channels
(software selectable)

Addressing Options

Point-to-point, Point-to-multipoint & Peer-to-peer

16 Direct Sequence Channels

| PAN D, Channel and Addresses

12 Direct Sequence Channels

| PANID, Channel and Addresses

Agency Approvals

United States (FCC Parl 15.247) | OUR-XBEE  OUR-XBEEPRO

Industry Canada (IC) 4214A XBEE 4214A XBEEPRO

Europe (CE) | ETSI L ETSI (A (Max 10 dBm ransmlt power oulput)'
Japan | R20IWWOT215214 EUSL‘EI)\"WO 15111 (Max 10 dBm transmit power
Austraila C-chkm . ?“C;Tlck

* See Appendix A for region-specific certification requirements.

Antenna Options: The ranges specified are typical when using the integrated Whip (1.5 dBi) and Dipole (2.1 dBi) anten-
nas. The Chip antenna option provides advantages in its form factor; however, it typically yields shorter range than the
Whip and Dipole antenna options when transmitting outdoors.For more information, refer to the "XBee Antennas" Knowl-
edgebase Article located on Digi's Support Web site

Mechanical Drawings

Figure 1-01. Mechanical drawings of the XBee®/XBee-PRO® RF Modules (antenna options not shown)

© 209 Digi Internatonal, e, 5



X Beelit/ X Bee-PROW® RF Modiles - 802.15.4 - vi.xEx [2009.09.23]

Pin Signals

Figure 1-03. XBee®/XBee-PRO® RF Module Pin
Numbers === Pin 20

(top sides shown - shields on bottom) Pin 1-- Pin 20

Pin 10 ~|* Pin 11

Pin 10-~ = Pin 11

Table 1-02. Pin Assignments for the XBee and XBee-PRO Modules
(Low-asserted signals are distinguished with a horizontal line above signal name.)

1 vVCcC ! - Power supply
i DouT . Output ~ UART Data Out
- T T o | E———cle
4 Dos* Ouiput Digital Output 8
5 'RESET i — Inpul Module Reset (reset purse  must be at least 200 ns)
6  PWMO/RSSI - Output PWM Qutput 0/ RX Signal Strength Indicator
7 PWM1 Output PWM Oulput 1
; N SR N o
9 | DTR/SLEEP.RQ/DIB | hput | PinSleep Control Line or Digital Input8
10 | GND - - Ground .
11 AD4/DIO4 " Either - Analog Input40rDlgrtaI 10 4
12 | ¢€Ts /plo7 Either Clear-to-Send Flow Control or D|g\tal o7
3t ON/SLEEP . Output : Module Status Indicator
14 2 )~ 175 YREF g ¢ 'Input A ' m\'/brll'age Reference forNDInpuls
15  Assaciate / AD5 / DIOS  Either | Associated Indicator, Analog rnpmsor Dlg\tal 1105
% RTS.’ADG / DIOG ! Either | Request to Send Flow Control, Analog fnput B or Dlgnal IIO 6
17 I e N | - Either | Analog Input 3 or Digital 103 j
18 Ap2ipioz” . Either I~ 11 Analog]lnput2orDlg|taI 1102
19 AD1/DIOf . Either | Analog Input 1 or Digital 110 1
M o ADO/DIO0 | Either | ~ Analog Input 0 or Digital 100

* Function is not supported at the time of this release
Design Notes:
¢ Minimum connections: VCC, GND, DOUT & DIN
e Minimum connections for updating firmware: VCC, GND, DIN, DOUT, RTS & DTR
 Signal Direction is specified with respect to the module
» Module includes a 50k Q pull-up resistor attached to RESET
» Several of the input pull-ups can be configured using the PR command
¢ Unused pins should be left disconnected

© 2009 Digi Internatonal, Ine,





