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Parichart Sritanavut 2010: Affordable Printing Technology for Ubiquitous Short-range
Communication Applications. Master of Engineering (Electrical Engineering), Major Field:
Electrical Engineering, Department of Electrical Engineering. Thesis Advisor:

Ms. Suneat Pranonsatit, Ph.D. 82 pages.

The conventional industrial fabrication process of electronic circuits is considered complicated and
time-consuming. Therefore, there are interests in developing alternative technologies with simplicity,
environmental friendliness and cost effectiveness. One of promising technologies is the adaptation of the
ordinary inkjet printing. This technology employs a direct-write method, in which the circuits are made on
substrates in a single step. This research project is focused on the adaptation of commercially available inkjet
printers for electronic device fabrication. In particular, the technology is demonstrated through UHF Radio
Frequency IDentification (RFID) tags. The proposed technology is verified through the performance of the

fabricated devices.

Nano-particle silver ink and paper were chosen as conductive material and substrate, respectively.
The high frequency model simulator was employed in designing several types of printed antennas. Specifically,
the impedances of the antennas and RFID chip should be matched, at the allocated frequency in Thailand, i.e.
at 922.5 MHz center frequency. All antennas were printed 5 times and cured at 150°C for 30 minutes in a
vacuum oven. Then, the RFID tags were produced by attaching antennas to RFID chips. The tag’s reading
distance is the indicated performance and was translated from measured power in the fixed distance method
between 840-950 MHz. It is shown that number of prints, curing time and temperature had effects on the tag

performances.

The measured reading distances of meander and dipole with tuning stub antennas are maximum at
almost 13 m at 922.5 MHz. At other frequencies, the reading ranges are comparable to simulation results. It is
also found that dipole and patch antennas are suitable for international frequency ranges. And their
performances are similar to commercially available UHF RFID tags. In conclusions, this research project has
been successfully developed an alternative inkjet printing technique and demonstrated through antennas of
RFID tags. More importantly, the technology will help expand the applications of ubiquitous short-range
communications. In addition, universities and research institutions can be benefited from this research project

as the developed process can be simply employed in fabricating various designed electronic devices.

Student’s signature Thesis Advisor’s signature
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TumaTulad Auto-ID lagnuaaslumsied 1 Tdun anwawnsalumsemdeyanintheszy
anbae (tag) Idndoutunatenthonuy 1¥msduda uazamnsosudoyavesingdaegina
nnaieseuld saulufeimsansahon lduduedluanzuadeuniivauidelud nu

' ~ A o & Ly Py < & v
ﬁ@ﬂ')’lll!ﬂflﬂalfu UINFAUFASINOU NITNTISNUNTSLUNN Llaz’ﬁ\iW’luﬁllﬂﬂal,aﬂ')ﬁlﬂ')'lilli')qq L‘]J‘Llﬁu
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3 o o o o 4
Faluilvgiuldtinsiumaluladersien lod lddszgndldauluduoug  uenmileain
W ldmaunuszuusiauna (barcode) vuudy wu 1l 1Fanuluniasyiiaaas 1wy 17as
15231@IMTnIY (D Card), 1ia3 lagas, asdmsusudnesnvoln, 1insnaease, ihe
o v A + a o ¥ a A 9 v A A = 3 A
dmsuaanszdluaume, thedwmsuaadua wiladensenaine saudethevinadni
1 2,’ Ay 9 A A w I I o Y
AWITOUNINAITTHINTFUVeuTonsza 18 nTellanyuzidunalgavinaanilaer 1y
[ A o I Y = 1 Y = 4 A o o
sumoaunsodad 1Wudu JedswaldmaTuladorsion lodlivnumuazanudianlums
) Jq 9 Y ' A ,g? [l 3 a ogj ddy A
Wnlszgna s ludua e muaueg195a39 9nuna Tu TasiamnsaiuaNNaEaIn
Aa a @ FIEY o Y A a [ Y a 9
pazgdszaniammsszydnbuz1aa  dldmvdaanuansalumsuaisiunegsnala
1 Y =~ 4 as 9 [ a A A
dawalvima luTadersen lodtiuua TdumsaousuveInIAFINILAZNIAGATIHNTTUNINLY

4
v Aa A o ) Y a [ Y
ll'lﬂﬁu (UUNAINYIAYNITIANITLASUIANTTU NWTJ‘VIEJ'I@EJW?%%@NLﬂﬁ'IﬁHHdi, 2548)

d‘ =) = v ) 1
19190 1 !‘]JiEJ‘]J!‘VIﬂUﬂﬂ!ﬁil‘]J@l‘ll@Ql“VlﬂIUTﬁfJ Auto-ID ‘]Ji&ﬂ“l/m'l\‘]c]

Voice RFID
System parameter Barcode OCR Biometry Smart card

recog. systems
Typical data quantity 1-100 1-100 - 5 16-64k 16-64k
(byte)
Data density Low Low High High Very high Very high
Machine readability Good Good Expensive Expensive Good Good
Readability by people  Limited Simple Simple Difficult Impossible Impossible
Influence of dirt/damp  Very high  Very high - - Possible No influence
Influecne of (opt.) Total Total - Possible - No influence
covering failure failure
Influence of direction ~ Low Low - - Unidirectional ~ No influence
and position
Degradation/wear Limited Limited - - Contacts No influence
Purchase cost/reading ~ Very low  Medium Very high  Very high Low Medium

electronics
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M3519N 1 (99)

Voice RFID
System parameter Barcode OCR Biometry Smart card

recog. systems
Operating costs (e.g.) Low Low None None Medium None
printer
Unautherized Slight Slight Possible Impossible  Impossible Impossible
copying/modification
Reading speed Low Low Very low  Very low Low Very fast
(including handling (~4s) (~3s) (>53s) (>5s-10s) (~4s) (~0.5s)
of data carrier)
Maximum distance 0-50cm <lcm 0-50cm Direct Direct 0-5m,
between data carrier Scanner contact contact microwave

and reader

301 Finkenzeller (2003)

panilszneunandmsuma lulagension ledansousalailu 2 drudanang

Tund 7 '1dun dauinilfetheszydnbae (transponder %30 tag) NlFAanuiaga1ee 7

Q

3 £ o =

daoams  TasmelutheszyanvazazdsznoulidromeoinmauasFlvuraanagaiuin

Y A

v E2 9 v 1
WuavrsedeyaneInuiagIuiiug - druiiaesnodius udeyadailiznoudle 1nieq
o [ 1 A ) 9 [ 9 A Aa . =
dmSugnsodoudoyanelutheszydnvazdlenaun1udang (interrogator N30 reader)
HagIE1INMAYBUAT98 U FalinihineasWanndyanundinduuainthessydnvus

1 9 9 1 a g A 9 1 4 1 ! =
nazdsdeyaidignoniiimesnieszuugiudoyans 1 Tagesalsznoundazdiudl

Y
s1eazRoanane 111l
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thoarianled

wsadaT  ®eaIma

an7% RFID

2NN 7 eandsznovveanalulagesienlod

a 4 Aa a d a J ] a
ny: ﬁuﬂmﬂuiaamaﬂmauﬂauazﬂ@umm’e‘)ﬁwwm (2549)

U

1) ﬂ1ﬂi$uﬁﬂym$ (Transponder 130 Tag)

Tassasumeluvestheszyanvazaronaunnudinglaena i deaaslu

'
[ I

{ a { g 1 ] v A o a
aid 8(n) Uszneudiedil nllvrhminudeyanien wu swaduivesiaginiiheluaa uaz

a

A

A Y Ao [ A Aa A 1 9 1A [
1891017 (antenna) 1/]Mﬁu']‘Vli‘]_lﬁﬂ]uﬂlu"lﬂlﬂauﬂﬁ"lilﬂ’JVIq%ﬁﬁﬂWﬂWﬂlﬂﬁ@ﬂ@Tuﬁﬂq%ﬂ Uaga

doyanduginioseuivotszuianane 11 (Katz er al., 2006) Tasnalidrtheszydnumzaz

v
[ =

1 [V 4 a d! = 1 1 [ d? "o
ogluglunuvesnszay uiuilan waradn Falvianazglinane oull Juegiuiaai
wih lae vaziivanegduun 1wy as mSog nszqu aandui uadya Awdaluning

I 9 [ 1 1 FY [ £ = 1
8(v) 1ludu (guide, 2550) mszezeu ldvestheszyanbae Fanueds szeziagega
1 [ o 2 1 ~ A 1 o v 9 A o Y £
senintheszyanbaziumiowuiiniesomdsansosudeyandanduu1a Wuninlu
[ o ) 4 o & [ ]
alsdraglumsiunaTuladersion ledulszgnaldau dearszezeulduesthoszy

[ 42’ (Y a £ o 9 a 9 1
aﬂymxﬂzmuagﬂuwummﬂw wmmmmuuﬂmﬂu 3 HUA hlﬂllﬂ
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RFID Tags

(n) (V)

a8 (n) Tnssadumeluvestheszydnvazdisnauanuding” vaz (v) theszy

o ] A Aa ' )
ﬁﬂyﬂ!xﬂjﬂﬂﬁﬂﬂj’]ﬂﬂjﬂﬂgﬂ!iﬂ'ﬂﬂ’]\iﬂ

d' (1) 4 aa d a 4 a 4 ] a
nu: ﬁuﬂlﬂﬂiuIﬁEJE]Lﬁﬂ‘ﬂi’ﬁ]uﬂﬁllﬁ%ﬂﬁ]ilW’Jm’ﬂﬁLl‘VN"]i'm (2549),

@ Wara.com (2010)
(n) theszydnuazytdaunadn (Passive tag)

Y
theseydnvagsiatianisaiinuldlas lideserdounasiie’ll

= [ o A 9 [ A Aa A Yo A 1 Y
NgUan Iﬂﬂll‘l’iﬁﬂﬂ']i‘l/l"l\‘nuﬂ’f)ﬁl%ﬂﬁ!,L‘]Jﬁ\iﬁﬂulﬂul"lmﬂGUﬂ’Nilﬂ’Jﬂﬂ Ulﬂi‘U%WﬂLﬂﬁN@WHQ’Jﬂ

Q

= o

29v3suia ihmiisnhmeluFuiundsauldiuissaelu Seildtheszydnyazsiia

Humszezen'1d i lnawimin Ta11)szunas 1-12 1935 (Acentech (Thailand) co. Ltd, n.d.) #4

9
=<

£
Mszezou lavestheszydnvazaiiaioziuog
9
J

214 (Katz er al., 2006) Tasndathexiiatidnivulreanusvinadn Uszana 16-1,024 lud

[ [

PRIV UATOITUAZAAUANINDING

Q

< a Aa g 3 ) ' ' o
lﬂuﬂqﬂﬁvuﬂﬂuﬂlu']ﬂ AN UTUUNLUT LASIININDTTUIYAN
(E’U) ﬂ1ﬂi$u5ﬂym$%ﬂﬂllﬂﬂﬁﬂ (Active tag)

9
@ a [ 1 [ Y o
theszydnvaysiafivvassiondsnuldiuasesateluheain

AAa 3 1 Y [ a dydl [ gld' [
UUAADINAAAINIIUDN E’NWﬁiﬁﬂ1ﬂ‘i$uaﬂ‘ymgcﬁuﬂuuﬂﬁ$El$f]1l!hlﬂ1’lhlﬂﬁﬂ’)1‘ﬂ1ﬂ§$u

a Aa

@ = A =K A
anvazuuuunad Antlszunm 100 Was (Katz et al, 2006) saupalilszansanlunis
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1 o [ 1 4 1 1 < QSJ’
ﬂﬁgmﬂaWﬁllagﬁ\i%}@Maﬂ’lﬂ‘]ﬂ’]fﬁz‘ﬂﬁﬂ‘ﬂﬂ!zﬂathﬂtﬁs@\‘]@Tuulﬁ@ﬂW\iﬁ?ﬂlﬁj HONITNUU ﬂ’lﬁl

QU Q

1 [

[ a Jd 122 4 19 A [ a dy
izuaﬂymwuﬂuuwmﬂﬂmummmﬂclmgm 1 !,3Jﬂ$ul1_lﬁ Lm"ll’i]!,ﬁ'ﬂ‘ll’E)\iﬂ"lfliguﬁﬂ‘]elﬂwsb'u@u
= = 1

Ao isimaertlegs vuadeudalvg) wazliongmsldnusnalszina 3-7 3 awergms

MAUYBAVAIADT (U158, 2550)
(m) theszyanvazyianaunadvluioniin (Semi-Passive/Semi-Active tag)

Y] a dyd ~ [ ) a
theseyanvazyidaiiiuthenswdnsazmsiiauvesthoriauna
= a ~ Yy 9 @ 1 A v Y =
dvluazyilauoniivididroiu nande  aelutheszydnvazazilsynoudsnunnes
wuRenutheriateaivuaziiessuila lWihmisningu@eorduihosiaunadn Tagh
o a A qu Ao 3 9 A g9 a (o D,
theszudnuagatiaiiagldnszualiihanuuanesiisuaniouiie lisasvesliinu1d

VA =R Ao 1 o ~ o [ A ' Y = o [
uaedunansudsdyaavziimaihmainunnniesenanlfswaonuihessydnyas

a =S 1 Y (%] a dyd 1 1 9 1 (% a
siuaunadvl diwalnihoszyanvazriaiilimszozein]d Inanniheszyanvazsiauna
@ (Acentech (Thailand) Co., Ltd., n.d)) tagfiongmsldauenuiuniihessyanyuz rila
nonfin theszydnuzadanwumadwmeaiviianumuganlunmsirldlddmsuaun
v a o P Y % 1 ¢ A & 2
dvamsaansginisimuaes Anelutheszydnyue wu ureiasiniannudu wuwes

[ 4

asviagungd 1a4 1esnInszuumsnenasnuvestheszyansuzasiaiildamnsota

p1gm3lFnuvesgilnsalld

Y v

uonanil feannsoutiiriavesthoszydnyagauganudveIns 19

Yy Y ' A A o o Y ~ s a ' ' A
ulddndae Fraduauddimiums lsauveunaluladerson lod oglugiuanuina
a o , o 4 o 4 do v
139U ISM (Industrial-Scientific-Medical) (4128, 2550) gadudruanuaananfivuanis 1y
a Jd a 4 9 % [} [ 1 d‘d’
auluFimsuwnd meenaasuazgasmnisy aunsolsaulalagliaseiugiuanuda

4 o o I (] { I {0 1 {
T¥aulumsaeansmaly Swunldiu 4 sruanud ldun sruanuddr (LF), euanudga
. 4 4 : 4 ) 4 C da
(HF), 971UANUD 83 (UHF) wazeunwa lulasn (microwave) galuunazerunnudi

vAa 9 (% d'
Aarantia lums 14 awaaluaisien 2
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$ 1 4 9 o [ 4
M3191 2 uanudnazmslynudusumalulageson lod

[ A A ' ' 9 70 9
GIUANUDVDIAAUN IV Mszezemld  mslszgnaldau
. » Undad, thedud
gUANNDA L P B 5
@111 150 kHz 18 12 v Tue, s uunu
(Low Frequency: LF) .
vluelusnosua

Woadya, STV

D e AAUMIATE, 105
3 Wa 011157

§1UNNUDYY o szidioniey
13.56/27.125 MHz  (10-100 those
(High Frequncy: HF) ~ (smart card), 53 UU
) < B
inunnuilasassy
UYDIDINNT
, - 10-30 ¥{o
61UANNDFIB 9 Y E )
pwlaisnn - daud, soussyn,
(Ultra High Frequency: 433/868/915 MHz NE . .
(100-1000 $he  unNUeAFUA (pallet)
UHF) A -\
A9IUIN)
g1unmd luTasn ' iy ,
2.45/5.8 GHz 1309 gunsaideas 13ae

(Microwave Frequency)

4

A3: NIFNA (2548)

Tag ldmsinuvestheszyanyas luduanuddr (LF) tagduanud

v { ° 4 ] <] . . s a :
q9 (HF) lndanmsmileniaaumimian 1 (inductive coupling) Funavinmsitaiainia
YounseseunMasinuazmeemavestheszyanvazedndnu daaaslunini on)
y 4 ' ' Y 1 @ 4 1 <] 4
Taooinioserununiithessydnvuzedluszessaliaauuiman lwihveuaioime inieq

ewzdsdgguaauanudIngiedandsnuiuaieone llgglvesthoszydnymegnia

Q

=

[l < A a 4? 1 < =1 va =2 ] YR
avwiman ihamnatu Feauuuiman ldihliguauiaunsndunzariiuldddeanse
1 1 [ 1 @ 1 a a v I
derunasanllgtheseydnvus Ided1efilszansnm (Sarma,  2008.) 0619 150 a0
A = o A g A ' Y o R o q Yo A o
iosninveuansmileathvesnauwmiman Ilihivuia indain Jeildsaingdnu
YDIATOIBIUADUT LA LazTadinaiTosvuadweIMAvesthessydnyae diwalnszey

1 d' 1 9 [ 9 d' d'a 1 d' d‘; [} o
ﬂmmu"lmmﬂmizuaﬂymzmaﬂaummmﬂqiumummaqquaxmmam”lu'lﬂamﬂuﬂ
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O'J = 1 4 dg} L% o U d' 1
Tagina laziiszozem Inagallszna 1 was (quide, 2550) Juegiumasnuveunioda
4 da. dqy & o e aq. iy 42 4
uaznauau g1y Funaluladersion Tedluduanuddwazanudgaiu T
MINZAUADNUDNUTZON 1Y TZVUAIUANMTIII000 (access control system) TZUVAAATY

Uadad ifudu

Magnetic Held inear field)
inductive coupling

3
I
;

1)
|
]
o
i
!
L

LF and HF
(M §1uANNIAWAzIUANINDGA (W) rwanudgesanaz luTasol

M 9 wanmsinuuesthessydnvas luduanudaieng

a 4 Aa g a d a S a
Ny qualﬂﬂIUIaﬂ@mﬂﬂﬁ@uﬂﬁ!LazﬂﬂllW'Jm@]iuﬂﬂ“]ﬂﬂ (2549)

dwmsumsinuvestheszyanvas luduanudgeas (UHF) uazluTaso
[ 1 ] 4 ad a 4
TdnanmsnIuguuDNKnsZ18  (propagation coupling) (gudinaluladd@annsotnduaz
A 4 ] Aa o A 1 1 o [ I
ADNNAADS WA, 2549) Taormdyauvouniosouazdanasanuuiman i lugilves
d' d‘Q d! di 1% Yo o d' d‘Q ]
aauaudIngoenu Fuiletheszyanyus Idsudyaaaauanudingiuaiseina the

o 4 o . A Aa Ay Yo = @ ' @
inulagmsasnounay (backscattering) ﬂauﬂ’313Jﬂ’J‘VIQﬂ‘lﬂiﬂﬂﬂﬂﬂﬂiﬂﬂWQTNS‘Viﬁ

U

1 [ 9 2 v
Usgdidr (D) vesthellduasese s awaasluaini o) Madimsmaulugianud
1 1Y o Y A 1 ] J 1% d! [ L] d' Q'
anmuazih ldguauianmsdaiuaieiu Fetheszyanvaz luduanudgeauas lulasol

= Aa a 1 ] Ao 1 [ Ao A o YA v A o ~
ﬁ]%llﬂﬁ%ﬁ‘ﬂﬁﬂ'lWﬂ'li’d\iN'Iu‘ﬂﬂﬂ’)'lﬂ']tlbluEJ'IHﬂ’J'IﬂJﬂ@I']!Lﬁ%ﬂ’J'IiJﬂQQ ‘I/'I'lﬁlﬂllﬁﬁllﬂ'li‘ﬂ'lxﬂuﬂ

1 1 [

Aen wazianszezeuld lna uaderdedmsutheszudnyas lugiuaiud lulasnae

a a [l < 4 ) v W { o gl Y
vzdoslszaninimasediasdas uierih I lsauduSaandulaneuien (isatazaue,

q

2551) dawa 1 luilogiu litdemiithessydnvaz ludruanud luTasndunldauuinin
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QSJ‘ dy a A Y dg’ (% d‘ d‘ = 9 ]
muﬂszﬁmmwiﬂﬂﬁausum‘fhﬂizuaﬂymmzmu@gﬂmwu%@maﬂmﬂ Y YUIAUDN

A o < 9
YDA UIDAYYIUTUNIU Wuau

A 1 =2 o =~ 4 A o o
Wenanmanudgveuna luladerson leddmsunngaaringsuves
v ) s L @ v Aa
Ine wundiuun T lumsiunaTuladszuuersion ledulszgndaldlunmssamsndsdumi
nagduAnngg (warehouse and inventory management) TWRINLAAA YA INNTDUBITEUUNT
[ a A o ydal 421 a A a 3 Y =
T3 ladaand 1AGUY (5119, 2552) taziloNasaNANUMINZaunIaIma Tu Tagias
9 J J = J a A ) o o a 9
purTinvesnaraaelszma wuiuna TuTagersen lodaMmuzaudimsumsianisaum
o A = s A A A \
asnas aema TuTagorson leAd1un1udgeds (UHF) muinas131u Electronic Product Code
A o o 4 9y =~ =
(EPC) NWAIUINIINUINTITIU Auto-ID ((WINALATADE, 2551) a0 lanlSsvveanna lulad
4 a1 ~ A A A 1 (] a A A Y 9
p151eW ledd1unudgessimieninluduanuddug Aeanzuiadonnisldaiuunas
4
anwawnsalumsysanmsdeyavesduduindlrenuluszaudina Snneaunsnnsaou
9 v A a8 Yy . A = & ¥ 4 !
dounduNuuesdudlf (traceability) 1pe9ndimadon Tosdoyannnnqonilsznouu s
@ Y 1w a 9y Aa v a 9 9 1 =< 1 o 1 a 9 9 9 o &
g ou'laun unasingau duaa adedudt duudesmdaumasimiedududidienu a9
1 = 4 aA A o A A o :JI a
uananinma TuTagersien leAnduanuddwazanudge imshanuvesnsassszuull
mszozerulauestheseyanymzviennniesou biiu 30 wudwas wazlidnuuzns
0 = ' A ¥ S Y Y Y o =y
Banuiluenims (stand alone) eInaomsFon Tosdoyadunia1edialeny 39 lumuzawy
1 o L [ a A 4 1 &’f J
asmsimlszgndlFlunudiumsianmsasiaand uinldniniu malulagersionlod

A A 9

(] A A = 3 9 @ 4 A 1
GIUANNUDFIINNNING191U EPC %z'lmJm:‘mumayammmqm@ﬁum"h‘uuﬂw%a A

]
[ =

<3 Y Y] o A A 9 09/' 1 Y a = o Y
nuPBiisesiavesiaguiedudnin dwwaldannsondathoszydnvasiinnududon
o A a a Y 1y = A A ¥y =R
N19399561 51190 HaziNlszaNTaIMveInsTuLazaIteya INAITTUVNINEITEID
[ 1A Y A ) 4' 9 o @ = o A
anuilaeasslumsvuddumdndis vazitissdsanudiayvounaluladersion leddiu
a4 A o A Y Y o q Y y 9
ANudgeBInemAgaa NI sl Ineasiinanunddn hildiianuanlslunsduaiuag
@ = a o A = 4 = ~ a A
Wana lulagmswanginssimsdemslumaluTadgersion loAd1unaudgene e
ApUAUBIADANADINTIAzINNTanNEINT Tumsdeeonvasningaadving sy lng19@

A 4
YN UU
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A o (% 1 =S 9 A
2) ATONFINIUDIU-IVYY mmmjamﬂaluﬂw (Interrogator 159 Reader)

A o o 1 = 9 =l 4 a A 9 A A [
Lﬂi’f)\iﬁ'"lﬁi1_1’fﬂu-L‘lJfJu‘lJleluﬁﬁlumﬂIUIaﬂ’ﬂﬁLﬂW%ﬂ NWU'WILGD'E]M@’E]ﬂ‘Uﬂ"IEJ
[ 9 [ A Aa A 1 = =\ 9 =& o [
ixlqlaﬂymzmﬂﬁagigwmﬂauﬂ’sma’mq!,waammm%um@yjaaﬂuﬂw ¥y09n1sznouran

A 1 ~ Y A 9 [ L 4‘
melunseseru uaaslunini 10(N) sznounie L’mammm%‘lumﬁummumunmﬂau

anudIngodenas RN s uLazmndadyn1ming (RF interface chip) simiifiuiaq
aa v d‘

[ 4 {a o [ [ 1 1
dygruaauanudingnndyanaezuaeniludyauaiaa iedwoyaigninniugy

£ 2 A o o A o
(controller) 9 &1 yailvziimsszurananaznensianndyaaidinduininiheszy
v ! 1 a 4 {
anvaz tazdidoyatngn1nneNNAes (GUI- Graphic User Interface) N 1tianswavedioya

Tuglspundldauawisadnlelddenagansanugumshinuveuniese ' 1d

<y
P .

RFID Reader .

GUI
— Micro
‘© i controller P Computer

(M) (V)

4 J 4 1 4 J 4 1
M 10 () pendszneumeluveuniese i uaz (v) nTeseuorston loAgduuuaien®

d' 3) 4) 4 Aa d a J a 4 ' a
NN T IFINTUATAUL (2547), ﬂuEJL‘I/If"lIuIﬁﬂ’ﬂLﬁﬂTliﬂuﬂﬁlmgﬂi’)MW’Jm@ﬂLWQ%W] (2549)

v oA 1 a A 4
Pateidananoszdninmueunalulagersionlod vie anwansalu
Mo 1udeyasznIunTee uuazthessyanyusiiogaronuratedszms sndled 15y

f1av1undeseniiniaiess u awaimsolumaiidygiavesthessyanuue

v
S 1 1 a

v ) A = H A s 2
ﬁﬂ"lWLL'Jﬂﬁi’)iJﬂ”lSGlGHQ"IUVIﬁQWa@ﬂﬂauﬂUTNﬂﬁﬂﬂ (U, Taﬁz Wii’]ﬂ'ﬁ'ﬂﬂuul%hllf’)ﬁ) fﬂﬁgﬂ

Q
v o v A

unsnaeatazsunIudaas taznilsluilvedAndnlsemnils Ao dszaninmasaan

o o

PINMAVOUATOIDIU (WrRY1, 2552) FailszAninmvesmserudeyanintheszydnyuzaz
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4
YUBYAUAHUINTINEDINA TANIULAZTATINTVIBVOAUAIINA TINDIFUUVVNT
Y % I a a 1o o 4
Twanlsia%u (polarization) veud@101MATUTUNTOFUIUNANIINITUNIAEINTUVOIADY
d‘a = 1 [ Y (% A %
ANDINgoRNINEIINA Taglimsuians Inan lsiwduld 3 dnvuzae Tnar lsadunyy
1%1&U (linear polarization), 1Wa1l5isHUuLVI9T (elliptical polarization) taz Iwa1lsisdu

LUVINAY (circular polarization) (INA, 2545)

dmsuvannmsAanedearsszvinthessydansuzuaziaiossulu
J qa;l o J
maTuTagorsen lod Jvuaoudsae lai
A ' 1 A a o 1A
(N) 11399912 d08AAUAINDINGDONNINADAIAT UATADEATIITUIY
o 9 ' a v o~ 1o A ] A A 9 £ A
theszyanpaziinnegluusnusaiinsunidygruveadioinenie li nsedmioniise
4
MIADIATINIUNNMINOaaday IanaIUTo 1)
d‘ = Q.l 9 1 a v A 1 o
(v) elitheszyanyuzdnegluuinusalvesnsunsdygiu theszy
[ Yo [ [ d' d‘Q d' 1 1 9 1a 4 =
anvazez lasundsnunndyananauanudingideiuaseimadiggloision lodves
A Y Y o
thaenszdulnthedianu
(m) theszyanvauzizdidoyaluntiennuivestlesnunlugluesnau
da A 2 o q9a 4 a 4 & £
ANUIINgNAIUMIVBgaadui lmnamslasuuilasmaueuaga anud wiemla Wueg
AUATMINEQIEaA) MUNNEIeIMAYEIThesL AN NAUFIA19INAYDIATOIB U
d‘ tﬂ' 1 Y o [ d‘ 1 [ d‘ 1 [
(¥) 1We1ATe9e I AT UdyaIuRdINaUN 1ATI81UITATIITUAINY
A A Aa I 9 [ 09/’ o A o 9
nasuilasvesnaunnudInguazulasesnuuiludeya asnnivazoeasiameiiiveya

dase llgszuugudoyaiveily1daude 11

= - a 44 9 Ay g Yy v o 0 q Y ¥
ﬁ]”lﬂﬂ”lﬁﬁﬂy1mﬂyallagllu3ﬂﬂﬂlﬂEJ'JQJ@Q@'NG] V]hlﬂﬂa']'nJVln\iﬁumﬂﬁllﬂ ‘Vn(lﬁllﬂ
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Solid content 40~45%
Viscosity (cP) 14~18
Surface Tension 35~37
Curing Temperature (°C) 100 ~ 250
Specific Resistivity (u{2-cm) 2.5~10

#31: Advanced Nano Products. (2009)
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m319i 4 1WSeuieuguauiiaves XRAG2” 11az UCODE G2XL"”

XRAG2 UCODE G2XL
EPCglobal C1G2 1.0.9 certified
Standards EPCglobal C1G2 1.0.9
EPCglobal C1G2 1.1.0 compliant
Frequency Band 860 — 960MHz 840 — 960 MHz
Temperature Range -20-55°C -40 — 85°C
Input Chip Capacitance 0.71 pF 0.9 pF
Chip Impedance
11,245 11-,190
at 922.5MHz

Minimum operating power

Tajszy -15 dBm
(B

®)

fisn: ” STMicroelectronics (2009), " NXP Semiconductors (2009)
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MWA 14 GnBULYIFI UCODE G2XL muiasgu TSSOPS
31: NXP Semiconductors. (2009)

1 a A Jd . a (A £ J
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Q = ‘/‘lstored

loss loss

e = O=00—"—= (1)

I P A o o = o 9 o Y
ag B, Aohasnugydevosdadiumu R aunsadwialdiae

P

loss

1.2
=—|I'R )
2
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Isotropic radiation pattern

——,

Dipole
~ s radiation pattern
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v 2
mwfi 15 () Taseadeiugiuvesaeoimauuy laTwa® waz (u) gluunmsuds @

o A Aa Ul (10)
AYYIUAAUANNDINYUDIT 1D INIALLUY alwa

nn: ” susuinIngeraeadnssaniauuniy (2006), " Acentech (Thailand) co. Ltd. (2009)
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1000 microns

v ' 9
PN 17 aWEJﬁiJ‘V‘TEU’E)Qﬁ1861ﬂ1ﬁmﬂﬂﬁﬁﬂwuﬁ1 A34

9
[
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