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ABSTRACT

This thesis presents the interdigital capacitor level sensor with none
substrate. The interdigital capacitor level sensor are designed and fabricated to be
two types that are the fabricated with an epoxy substrate. The relative permittivity of
substrate (Epoxy) €= 4.6. and with none substrate. Each type is separated to be 6
models that are designed with difference dimensions of the width, the gap and the
length of the copper lines circuit for comparing and obtaining the best model. The
fabricated with substrate can sense the maximum capacitance at 536.44 nF andThe
fabricated with none substrate can sense the maximum capacitance at 877.56 nF
that is higher than the maximum capacitance of the sensor with substrate 302.69 nF
The higher range of the capacitance of the circuit with none substrate. Developed in
many industries and  meteorology and applied to use in the water level

measurement for the network of internet of things (IOT) system.
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WU NS IUERNYDSTIUNNTNILNUEIUNY 4 FIUAD FIUNITATIVIU d1UUSULAIE U

A7)

AUUIZIANE UAYEIULERINARININUTZNDU 1

_ ANUATEA ANUMUMU
Primary Secondary
Input — ] mv
Tnsatlsznay ., 1501
—— S awsuny 4 —»— 99580
ro vosTvaawad Laniea
miness
' | @ o llw
AIUNTIVT Uussdanu
Qutput ——
! .
€+—— ioaAINa <€ Microcomputer <= A/D ——————
=
v ]
aAndminiiala '
| [
AIULAAINA szunanadynnu

AMNUTENAU 1 SLUUNSINTIUIUN [3]



& A (Y

wuwes AofigunIalnglafdlusnluszuunisin ldnsiadunsesuinig
dl a o 1 1 v a a
WasuLUas USHIUNINNIEAINTDIRILUTAN 9 19U ANSOU wae JLde S2uenae nns
=~ PN ) & o a ¥ Y] A v P Y
wisunANdy n1siva 1Wudu wWasulbieglusuvesdyyruvsedoyaniaenndouas
Wmugauiuduvesn1saInuatauly nas dygyiu aldwumesinnuudulanudanys
lagAsaIeNn AINIATWUUYTH (Primary Sensors) 1138 #3R59939UAY MIndN15ATI95lRY
NUAIUAUNDU LU ALTUNTNTIDSULTINATIABDISULSIONE DA AW LaNENTULTILALATS
a 1% a o | ) ' A by a aX
dnnanlagldam sunakUsindulvidaneaana o Tawsaty 15192 enawm sunatunsald
Ty MA5I3YFAENI(Secondary Sensor) %38 AINTIATUTUTEL N151TIVFILRAEY HANTS
d‘ a L9 [ t:l' 'y} 1 ] < a I
Wasuwaswaansilmeslusguge siosannsansiainlalagdiulngaziluniniines
9 T U w3y nazua ARAUIY ANLaAuWREI WL WeAdiudsng
YA LUASUKUAILAINISITLADSVBIA LT UL DI AR IZIURIUAY L DLSINTIU
| a ¢ A a ) va ¢ A & = & v
Al SNl Udsu ey o1adnlalneldiliinesn3nsasuinanig o dadunisingn
wU5N199 UM TN WA NS gUNS o USULAIUSL 119 TN R ua AU AN
Tndnnen Senindunisinlaedsoedls nszuiun1sisenin n15M5A99U (Sensing) NSl
NIUARNINYOITILYNITENTT LwuLes
2.1.1 ¥0nv99auLws
NSWUI AU IUER DS LUSlAg D ABRaNINA9IRNY ¢ AssialUtAe
2.1.1.1 BLUIAUAIIUADINITNANU
_ BUULBATIN (Active Sensors) LuNIIUARLYOSAAINNT0UADINAIINULDY
19 wu weslududa wiswly waduaseafing saulnlalen Wudu gunsalivarillidesd
wiaedneiaeRInneuenlinasalidyg s uRsensrLanuUsmumLUslaes
- LUUNIETN (Passive Sensors) wUULaLAa Lt Aa991891N A8 UBNIINN
MInTaaslel W umesiildnannisideunanusumy maug Arumled [a
2.1.1.2 wusnnuansaznabnlunisyviney
- mMsdgulUasann11uq (Variable Capacitance Transducer)
- MswdsukUasaAutieanl (Variable Inductance Transducer)
- MsasuLUasAIrNAUNNY (Variable Resistance Transducer)
2.1.1.3 BUIRNUYRATBINTURSULUAINGI9UY
- Wasundanunaduli
—Wasundanulidudundanuna

-~ wasundsnusaadundsanulaii



- Wasundsnuaufoudundaaliidin
2.1.1.4 wismnusievesdayaaiild
- wuvezunden Widuananduwuudeides
- wuuluddygramuude = Ua (ON = OFF)
- panea Wdygrandunuuiines
2.1.1.5 uwanaduneitidlussuu
- N31UARYBIA1ULYT (Input Transducer) 8EN19AT1ULT1VBITEUY
\3osile wu lalasivi
- y5uaRuwesAuean (Output Transducers) 1l S1lN4UBI5EULLATON
VULFL
2.1.1.6 wuuteyanseinguszasAlunisin
ysuaieesiansindeuiiingamndaudu sasinnsiva suvis
2.1.2 ¥ANNSVINUVBINTIUNT AR IO IBUAG 9]
vanmsihauvemuaRwesATldluszuunsimihmaasundanuaingy
viladudngunis TneunAezdendasusiouussing q Widudussdunionszualii uazi
Aluieuliilurunn veaiudsfidesnistandnn1svauaemsuanteesidoadu

(%

solull

e

2.1.2.1 MNTIITULLUANRaEANUMEEIU (Capaditive and Inductive)
v N 1 [ a o Yo =
naNN1sUABLANTSNVYTEIRATANmTEIUN aunsaltinssesnnavsossey
= Moy W o o &
NswAGeUNALNENN1TYINIUAIT
MaUABur1AI3Y (Capacitive) ANuUseged1sie nmusenau 2
Usznousheudulanzodrsipsdesunuliawiurteladianasniuszninaudmanasung

wannsvinulegldaun1svesiaiuU UL ARKUU YIRS



A X
% d —b: X :4— d
& w o \ w 444
) ANUINUTIY 1) nanmalasuszeziin a.) wanmanasuiun

|<_£_>I . F

—
)}
—»{ 1 |e i D 77, 7.
I L e e R o
€ € ) : Yt

1 2 '

1) wanmawlasuiladidnesa 1) #I059950AMNE Pressureiu ANy B) FIATITVIZEZIUUANWIAN

A
FIUTO4INAA (Glass substrate)
UNUNIAY (Tantalum)
¥, N N A N N o .
1 Tng13iau (Chromium layer)
H &
YD
T o - .
- TaadnasnuunInimes (Folymer)

Y
¥.) FAINTNIUIZAVIVDAINY %) masauanuuniuanul

awdsznau 2 Amanugidiluanulanduimingadu [3]

r-:l' I a o . a a [ 1 < 1%
NskUagUAILUUANUWTEIN (Inductive) WIARUAANEITUIIITUIWANTA
gnirunldiisuingeiuisasiiiivaenannisvinn e In I TuL U uAUmTe U aY

Y

wsaedaulnin (e.m £) vilinseualraauiN1UAINA LUl u R sIgUAINLFLRUS LA Radl

e.m.f. = Current x Resistance (2.1)



F¥0401N 9 (air gap)

ESEE £
=}

|

o o ' v ooa o 4 {
f) mmai]ﬂuLm"uwamemm@fmmmmmaﬂ‘l%'aﬂswzmsmﬁauﬁ

ANUIZNBU 3 MANNISATIVIULUUAIINAILMULLIAEN [3]

1 @ @ A A . 1 o

1995UAANSININYSENBU 3 (1) WHBlinsewa | Man1uYRaIn N S8U WUURLNL

& a o ' < " J a { Id I [ a
wanfvinanalsuiinan (Ferromagnetic Material) 1579z H3150u11vaaaL 0 unmasnILile

1 -ﬂ' 1 @ [~4 1 %

WuksuAdaukaudn-(m.m.f) aamdsynay 3 (@) uanswnugnuansaniluassdiusie

1 1 . A W 1% v 1 [ & ¥ & <
%999°991076 (Air Gap) NUSUTZOLIA ANMUAUMIULNANTIINLATEI9ATIAINTIIUAWAAN
LarYe9i1901n1e Tnemuduguvesaanimdy 1 wazvesunuazdanuiandudiuiuiu
W9Tl9471991N 1AL ARTUE VN A LA U WA N2 A1 AN UAT LN IULLIAE NN ULAN
navn ALl saldnanasnatuazaunsaldndnnissananniasiadudn s1aduszeznis

LAABUNLA
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AMMUTENDU 3 (A) LWUAULUUIDIFINTIITUTLE LR UUDIAEN1TU AL UAIAINY
Funuwman(Variable Reluctance ) Usenausig 3 @iude kNUMANWUUWSLISWUNLUAN
sUAT9NAY Yodivenialavi Ul shINUANYIBLTENT1 81511993 (Armature) AIY
FunuLianTIUlANAINA LML ANYRILAAZ A

2.1.2.2 $I95399UUU L THa

fansiadusuulduas asldduasiiivundnasiadeuiringeglusumiai
P = I @ aaav = ~ v % ~ Ia Yo v
Aoin1svselyl WHAsTliasBuauasiinnugniestosiian lilleuldivkuunaiidenisainy

a a o’.ll L% % £% a g.J/ v a 5 a Qll
avldungensnasnTaTukuuldiasasnsafnaslaielaensinds LED wuudunsisad
Aunils wagAaradSuladunsusandnsumildleglidendesnisniaduegseninanans

(%
o o w [

A Andsyn Bunssafiddevetuauna Wiiiringiaeglussesianunsoduladusiu

9 Y

TlaninGmaos

o /.
o

W 535
(0

tinoa LED

AnUsZNaU 4 Laninsitnasa LED waslnlansiudanesidudinsinduinielaaunisdu

Tagld 3]

AansIduLuUlduasBunssnegviglansnenmyseneu 5 19 LED wuu
dunsusauaz Ilansudamasiuudunssm anATemIuTamesulufaitiuINns
muauAFunL R2 [uSufurdeananulivesans nmafiuainanailvihlfueud
anu130 wsaduinglilng dunisanenalusganansanasmdlUlndYag i ndurond
wwnrduld Wlamsndame fuuulduasdunsanasfasiiusuiuuas Mainszanseglusios
WAzuAsRINYEeA LED Muvtsvaiviaan LED uaglnlansudawmesnasnaliignies 819319

LIV OMITDAINTIITUNYINANTIUAT 12U FIMT299U TIL139 27nUSEM Taxas Instruments
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199 TTansusan

4

LED 29

4
191ANA
AdnNuLLe
3
" @ a 9 a
1) N15ADI905 ) M3eas ey ulduasudlsusa

ANUSENBU 5 1995015299UN MMl LED waglWlansiudanas [3]

2.1.2.3 mskeaulalolutames (Opto - isolator)

soUlnleluiawmefidugunsalvirausmouasdduenieassenitanasidlsyiu
L39useiY Usgneusiediuiniiauas (LED) auauaeusswiulnihanunasanel uaz
aaﬂiwmu%ama%%maﬁﬁfvLLmLLaxﬁmﬁwﬁﬁiaQ‘UﬂiiﬁmsuaﬂL%’ﬂﬁuﬁmzywmﬁﬂuaaﬂmaa
nsudanasuansiininusenay 6 laefindazduvesestlnlolaiamosazdoidiu
wrasdrelnueniy Feanuasaldaududiuiusedu usadulanilald wu wWasuain

doyaraulvisa 5 Toadidu 12 TaadiJudu

O +5 +12
v %
680 W H 4.7 kW
B WYIWUVION
A
@ 9/
GTLTRGIETRIC 1) I — —

awUsenau 6 saUlalolaawnas [3]
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2.1.3 shnsraduuuuludusa

fnsadunuuliduda wiefidenin niendimewuweldndnmsmslniingad

2.1.3.1 fhnsrvsunuumiienii (inductive Sensors)

Fans19sunuumdsase nnudniie susniivisuwesiaulagldudnnns
Wasuulas masnumienivewaai i’mqﬁm’ga%’ulé’awﬁfluiauwiwﬁ?u SnwEANUBN

drulsznounmeludsznaumediunig q fanmdszneu 7

NUsENaY 7 Mog19ansadukuvlududaltrannismiienti

(www.balluff.com/solutions/inductive.htm)

7

—

l |
2

4 >

AMNUTZNBU 8 LAnIFIUUTLNOUVBIRINTIFIUBUULNTEIUN [3]
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drulsznau

1) @1Un3299U (URaIn) (Active Zone : Coil)

2) 2asiudinnduaudOscillator)

3) d@un1suszalana (Evaluator)

4) 1935 BuiEULAE YUY (Trigger)

5) Ve OALAAIENIUNITAUNNIIU (Status display)

6) 21933AIALTIAUNETU (Internal Constant Voltage Supply)

7) WiaeaneLssnuniguen (External Voltage)

8) 1933veeuazlodnuaueen (Output and Protective)

9) deyayausinuesn (WJuwuy ON-OFF)

AENMNTYNTUYBIFINTIITULVUANUMAT RSN SY9Y feilde dau
i1 afauamiminaueuives seataiameivanoiay 2 delltnguietunuiiulons
danlussesfaunuwivanasluizyilnge msuasuudaseauwdend vhldnises
ATaLANANAY NIDNLANITODATALAN dlovlanzeoniis 9nuinansIasu 2993571da
mmﬁ%L?Mﬁwqwumwmﬂﬂamﬂﬁ’jmaqamwwgﬂLU%&ULﬁaUé’aamu NULLAY 3 uag 4
TntuRnalUauit 5 wazduit 8 \Judnag ON vz OFF

F28¥N190 53330105 URUUAImdsu I llagnsTdusumangau (Mild

'
-] Y =

Steel) Wuingu d1imgiidesnisnsiaduilulansdu wu egiiiflon Veuvios eauas 18
Sr8EN1995333UATan Yauas Nedisr@nsaldasiiuseneu (Factor) AniUTEEEAIIATY
IR LU Wanseull AdUsENIU = 1 Noundes = 0.35 Lag Maduas = 0.25 A15es
Y} Ay v & <, A _a a‘ Y} = a I3

M9V NINTFIWNLANmENTU LTU 10 Ta5iues Wensd9dunadndesasiissesilu 3.5
wavneunavissesdu 2.5 Jaawes [unu

AnwaZIANIE (Specification)

Juseandunvestouanumaiinreswingiadu euelannmlszneu 9 &

= d‘ d‘ £ v 1 = a a U 1 dﬁld

SUazRgaNMITNIUieNsIdnulaegeTiUssansnmawmelUilAe

- 5¥82N159 99U (Sensing Range) A uHUlavEIgnATIRUAT UL
1 NAPIURLN VIFINTIATU 2y IR IARNISIUABULUSY LTU 21NAN1IADINDT
(ON) 1Juan1zina99s (OFF) %38 Asednu

- 5882N1595393UN3 M (Norminal Sensing Range : Sn) AlasgavauAMAN YL

1ngllifnsIn NaANUARIALAZDUTILANIINAINARLARLAY USBNANTENUINNATEUBN LU

aauniuazusasulnd Wudy

9 Y
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- S8U¥N1INTIATUIIT (Real Sensing Range; Sr) Aaszuzasiaduinalnanisly
unaetngln suAriifvun aumgiifidvun szeznsnsatusiedaeglutaaseming 90 %
f9 110 % voe3zoy nMamsradunvuiil (Sn)

~ sppzn1Inaaduitlduselen (Useful Sensing Range : Su) Aaszesnis
293U IR 1IRsgIu EN 50010 Tnelduvasdne wavammniivndeslutsfivensuls
sepensnduilageglutng 81 %He121 % vessvzmnsaduiuuitaly

~ szazamadulunsvieu (Working Sensing Range : Sw) Aoszesfiduines
anansavhauldiogisgnies Mgamgiiuazussiuluiiaaimue

] ﬁﬂuﬂﬁﬁawumwzwgﬂmaq S2eEn5I93UTLU (Sn) UB9FINTINIUILATIIU

'
[ [y =

Foglemun Amualilagldunumingau (Mild Steel) Wuingiignnsaadu nisldwiulaney
fluwmdnnifinivualiinbisseznisnsaduduas wudeatuderulavedinlasnasiing
1 [V LY = Y v Ql' v & A
RON1INTIVTUATE uae sveen13nTITuazisusdadluininginsiaduilulansUssinmadu

v o 1Y S ! £% Y
szgzaTadudmsulansUssantuduvils Insaussesunnsgumeeiiusenau (Factor)

- ANANINENNNTAIUNNTNSEVINET (Repeatability) @snsamlalaen1sindoinss

'
=]

Ansafiu nglianiisiinmunlugnsgiuves EURO-NORM fansiadunifnastisses
Wi
- ANBALNOSITAVDINITANAD (Switching Hysteresis) AD SE8EAIULANATY
FENINFINTIVIV VU911 (ON) Auan1engavinau (OFF) etwiulaneildnagaay
= v Y A ! a v Y 1 1Y L [y = sl a1
HoU N INAENNINUS I ATUMTNEINATINIUTDIAINTIATIY AFaLmeITaveiianduy
¢ @ (3 [ a
oSl udvaIseeEnIIATUI
l_:rzi'ﬁ@]ﬁ'mnﬁ'n
1.21 Sn l

1.1 Sn

ANADIINMTHAR
0.9 Sn

. y _
fidovoanufios e o«

0.81 Sn P
= oar o A A gy
AremInun¥ene 1a
w - S Vo o
VINUAUHUIAINTINIY

fam3193 wunliduda

AMNUTENBU 9 SEELVBINTTATIIUVDIINTITULUULUEUNE [3]
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2.1.3.2 fms3a3unuuAug i (Capacitive Sensor)

U d‘ o dy ¥ U o gj [ E% % U 1

fnlleuuuilldnsraduingnilansuaslidldlans ldndnnsnsiaduaiaiy

a A =~ v v ey A ' aa & v
MUY ULYAY LTYANUANTATUUAEAIT ATUITAN LI ULLD T d1uUsenaulATIds19kay
A1UUENBUAILAAYNUA R TIFIULUUAINUMATEIUT AIAUNEIUNTIIIVALLY K8 NNV
mswaguAmnugunu dietngazasiadundouiiduanssegauliivesduiulsey
YIAIMTIIUINIADIN Active kay Earth Electrode wardfuwaayinrtunntaaiuLay
YALYUHA YDIAIUTUNAIUNTNVRIUTIUNTIITU WallTngiafoulnantuusiiunsiaduen
o a a a a

AT NIRRT UAIIDIIUA B UL UASLY

AANANTYNIIUIINAININUTENOU 10 WAALASIAS19LATEAIUUSENDUVDIR
A3 URUUANEPLaN TNl 9 wdsuiw N luuTaawlii M lia1Au9989993

v Y 4

AIAANUAINITUABULUAY FUAUAT SLELM195ENINAINANNNIDINNUAUNUNVDIEIUY

q

#15793U AP lineeiinans (Dielectric Constant) (BHANAINNNNTEEZAITNTIATUA
wisreglnatn) IUNVUIALAZIUTINVDINAFINTIITULUUAINTAINNT0NTIATU NG
snarslanamdulanzuazlaidulang n13vi191u (ON) waz Ty (OFF) duldainaniie

2997995 BAANANINSeeaTaaanIalila g T91aNNNS WUREINUAUAINIITULUY

v P

willead szaEn1snsaTunInsgauldennislduiulans duingdanats Wewdeuing

9

o A

mnarndudanduszezvnanazansiueenil lnen1spuaiiuseney fussezuinsgiula

9

J2EERTI99U 11997 1 W Judegsiiseneuresingiinanswiingdng 9

Por. Fos

AWUIENBU 10 FI9813HINTIRVURUUAUUUUAN 9

(www.balluff.com/solutions/inductive.htm)
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1. Active Electrode
a g

2. 21anIATATAYY

3. Earth Electrode

4. TAT9999A7A57990

5. ey Inih

AMNUTENBU 11 MNAAVINATUYNAIUNTIVTUVBIA NIV U UU LU AU A

wuuAugli 3]

A151991 1 FeegaUTEnauveingmIna1euinmng 9

¥HAVDIINY mmilszneu

Tangnnaiia 1.0

1 1.0

e 03..0.5
GRGEN 03..0.6
AFZATHIY 03..0.5
1 @uegiuamiiu 02..0.7
iy 0.1..03

NN3USUAIATIITURUUAINRAIN I3FuULTE AN 5AI N Tl udle

o3 (Potentiometer) d1m35uUFuAIIUlIT0Y S288N139TI9IVBLF WA ST 1UAUAY

) = Kl )

dunsaadusiilvainsnysudenldlinsaduingdl areiuegreuingiidesnisnsaaiy
79819 LU mim’sﬁlé’ufwﬁagﬂum%uzmsqmw%’um@ﬂ,uﬂa'aa s s fnsaadu
anusausuldlvssiadunrusussatendesnsemulaiieannnisuszendldnuiingiadu
WUUAINREVAINTATE 19U N13RTIATUTEAUYDWR NIl N1TULUTIIUAENITATIAIY

FuurIlunasInsEaEdIn nUTEnay 12 10udu
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awUsEnau 12 fegrnisldmnsiadusuuanuqivau

(www.ifmefector.com/ifmus/web/capacitive.htm)

2.2 AauanUAvaIAINAUUIEIN1 i

ANl (Capacitance) Watseglninlduuitininsedlanined Usegas

£y Y a1

nszangeginavesiat awwlninielusaihdandugud dndlaiifaesdaniiiu gl

o\

Y
Uszgquuitiaduvuinvesdnglninagaunuludie wivzlifnaunnuietes Jusgiv

Y

v

InveUsERntadnly ngauuRidatsddngliivinduane dunindseneu 12

(una Taf, 2541)

AUSENBY 13 UaRINIIN3ELMT0IUTENRITaUMIN

IMNAMYsENOU 13 Wevuinvesussaliihuuwsinysealniusaz sy
(Coulombs, ) WUSHURTINY YUINVBIAUAWANGIEHINUHUAINTIEDS (Volts, V) fatiu

ANEeiin C JAvindu

Q
C== 22
v (2.2)



18

e Q fis unvesUsealwihuuuruysEglvifusasusu (Coulombs, o)

V A9 YUIAYIAINNANANETENINTEUAILN @B (Volts,V)

[

v & & ¢ & = o e i o v & &
FLNUUTEPUUDUNTUFDIVIDIAINANNUD ITNINNIZUAN UL TIAULT U

dv

i=C—
" (2.3)

log?l i Ao nszuanlvanuiiiulszq
A v ! v &
V Ao ussiuiinseusaiiuusey

C flarmuiuUseq (capacitance) fiviheidu wh3n (farad, F)

AUl (capacitance; O sduAivenauausalunsivysyguassiaiu

q

Useq YSunavesUszauusdumuussnulniin (v) uazudsiunuiunvesudulanedinig

Yuuiy (A) Ik NN UTLeE195En BN U RvLIuiY (d) Tunsalimdudeaing

@

9111 (€,) AU 8.854x10-12 Farads/meter wazlunsdinduladidnnin (€) aziien

== 1

Wiguuwlasiuedivyilnvesian Asaunis

A A
C=<90€ 739 C=SH (2.4)

dlo €, Ao mladidnyisnueserne (€., = €,) Wiy 8.850x10-12 farad/meter
€ fio Anlndlanvsnvesian
A Ao fuvsuulanginii (m?)
d A9 S¥arrIesERIeALdaLl (m)

'
=

Tadannan Ao Wuand@nsluila (electrical properties) a33an 1UuAIUS

vanfiemuiivy (polarity) vesianfioamailn 9 Arasiladianvsnaesemis darudifsy
fun1TeanLULIATesdInsUNTaluUs3UoWNT nseUaun1suUsIUeIMns wumsiiasuseu

melulasi

o a’d a & o o dall AaM a’k a v & o ad a . R
TanlaBuanyian fe TanniaasnladiinnInas dalulanladidnnsn (dielectric

9

material) fiauduta (polar) ge anmnsainiuuseg il Fududnhlnilis vse Ju
auuliih

[

AAsladiany3nuesii fe Wiluaauzvesad luanavesn Wuluanaiifivn

Tneaznauvataandauiiitduauidntes wavaznouvadlalasiauitnduuinidntios vinla
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% o A a < a [ [ [y a a . . . o a a & a
WnllApafladidanninas daduianlndidnnin (dielectric material) A1Aanladidannsn
Wiy 78.5 waztluan uzvends wotnldsuanusiduinedaziiananiledidnvsnanas

Hesnnluanadaduivinegseusieuselalasau Arsiladdnvsnveaiudediainiy

3.2 ANUANRUSSEINapNTlTnnuAl dielectric constant Ya9RvinaratesansIen 2 [13]

M15199 2 Aasaladiann3n (K) voeian [13]

Material Dielectric Constant | piglectric Constant K = £
80
Vacuum 1
Air (1 atm) 1.00054
Air (100 atm) 1.0548
Glycerol 42.5
Methanol 32.6
1% Milk** 70.56
3.25% Milk** 67.98
Bakelite (Typical) 4.9
Mylar (Typical) 35
Ethanol 243
Acetone 20.7
Paper (Typical) 3.5
Porcelain (Typical) 7
Teflon (Typical) 2.04
Isopropyl alcohol 18.3
Benzyl alcohol 13.1
Mineral Oil (Typical) a5
Sorbitol solution (70%w/w) 62.0
Syrup USP 56.0
Water 78.5

NUYLNR **7311 T.Kudra kazAty 1992 International Microwave Power Institute
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ansvladinlwihauun@ssninaduisaesweaiaiulsyy o1adueiniavsed

(%
v a1l

Iadiinannzeeniu €, Masladidnrinylandunuiinmanandiiulssguuiiaany

QALY SnT1dIveIAIMNgl (E) W uiupnugau (€,) 1Sanin Aadaladianysn

(dielectric constant “K”) W@AIA@NANT

K=— (2.5)

nisvageuAInsfitadianvinvesianla vinlaeurtaguulunediluauiuli

[ Y a A a & a [ [ [ 1% 1 A a a
nszwaaduiagladansiiladidnvingrziniiundsnulniilauin drasnladidnninves

(-2

Tag dewinnudnsdiusenineenauglni (capacitance) vesdagsorinuglniives

&

1 1 1 a & a [
goyanie (Wilvihe) nMsveaeualndidnninvesianuandlunindseneu 14

vacuum

permittivity = &, - dielectric
permittivity =€

Capacitance =C . :
Capacitance =C’

(n) (%)
mwusznav 14 (n) ladidnvisnuuueiniaing (@) ledidnninuuuladdnyvinegnsnand

i http://www.doitpoms.ac.uk/tlplib/dielectrics/dielectric_constant.php

[ v o= = v a v o= I3 «
nasuazanludufulsEgRenad nunazadluiuiuUseasivegluguves

auulil Tnediauniseadl

q%(t)
c J (2.6)

W, (t) o

N |-

Wc(t)=%Cv2(t) J i3

safiulszqlugaunfazgandunseldndsulild  Fashsiuddiuniu dudu
Uszglausfundsnulivasanunsadenduiusenulantevas faegiatu dufuusey
1 F fiusedumsensy 10 V dslundsvazanaziiy

1 1
W, (t) = =Cv?(t) = = x1x10° =50
2 2 J (2.7)
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[ 1

fdunuUszgniindsnuazaneguan ldlddeduisasuioaunsaldus 1ae nazua
arlvalalld vl Useq usediu uasndsou dwmsisegludufulssguingy dusniduiu

Usgatlundeddniusadumuluims nszwatanunsoluald aunseiamdsnuazaugneanau

9 Y

naneiduanusoundrunuauuakazLs T ongUnsaiisaasnaznate Jugud

fuUszgiiseaynsunsosuwuiuiuausagaunulamedunuuszqaunadi

1 [y

= 1 =3 o vo & Av & (%
‘Vi‘u\ﬂﬂ‘ﬂﬂ’]ﬂ’l’mLﬂU‘U53@%@%%“3’]&]’]3&%']1@@%‘14 ASUANNUUTE m@@uﬂﬁﬂﬂu@ﬂﬂ’]Wﬂi%ﬂ@U

q

15 (n) iaunsalisuunuladmedunulsgauyadinmuseney 15@) lnefiviA1nnuiv

auyaldvnauns
1 1 1 1
SE
Cc C C, C, 2.8)
C, C,
| |(—......
I\ I\

= C O e

®
_/
3

mwisznau 15 (n) Aufuysegdesynsy (v) Funulsegauya

9LIIINNIINAIAIRTIREBYNSUAUILTEaURUNISTINAIANF UNIUTRE
1Y v ) ! < v <
v aatlunsdisiueianunuyseaaesinavly

_ GG,

C+G 2.9)

dmsunasHuAmAIRTseELAusIn MUsENau 16 (n). Wioazldanuiu

Uszauyaluninysenou 2.16 (1)
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i C‘ G~ C

\|
7l
O

o

N
\|
7l
@)

Mwdsznau 16 (n) Auiudseasevuu () dunulseqauya

2.3 UHU2RTHUNUAL TN IUTDN

w595t (printed cireuit board: PCB) iuusiufifianenewasilvifiieg
vidaunuaLURTiduaenesunsaiu Tneilfangusostuseninmesuns uiulsasiuly
dwsulgunsalBidnmseiinddainzuasifodlosdafunazdanivvesgunsaifuasmosuns
Wieuszneuiluisasununisdersasmeanelndsiisrmduteunazesenn Taousiursasfin
01981fuLE (single-sided) nFaapamii (double-sided) fivasuauadovegita 2 Fruusqn
Unnlisetanuluudaziu manesdmsuiaasidanugenduden duwuy 2 viinas
n3load (double side plate-through-hold: PTH) fvasunsegit 2 fukazqatiang axsiofa
futha 2 §u 2395fiaurungelianugudeunin 9 desvindunan 9 $u (multi-layer) 7
Guaneneas dedondaanamslwihsewineduly (inner Layer) wagduuen (outer layer)
LLﬁZﬂWEJELugf\]SGQUé}’JEWIENLLmLLNU’NﬁliﬁmﬁﬁaaLaLEJ@%VT’]"?TumﬂLLB\iU’Nf\]iﬁmﬁﬂiszaW@ﬂ%
Touwmldfursasitanududou

W95 RN U noUMBd AR 2 drufe drufidudauiilnga (copper
sheet laminated) iy Wowuns LHudu Sewlduiseathwiin 'eeud’ Wevsuanisaumun
fudauaui (Nonconductive substrate) dauiang1u (substrates) Heuldnuasinninumun

Ju Tades dangiusosinnanianlueuiy uninuikasuduseifenldd 3 vla fie

a

uedn (phenolic) na1adwend (slass epoxy) Ward13UseNaUBNend (composite epoxy)

a o ¢ s o

wriuawwimilugesawazdafadgunsal daalwindusiugenisasivudgunsally

MENITUUANTAVBILH LI TRLIALN ALHAR D UnsalBLannTalindewusni (NEVA-National
Electrical Manufacturers Association) 4U398nad 30 31a Iaenaluasnuuszaia 10 viia

[y

D!
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2.3.1 1n30 XXX PC
uHITRLRY Al YTuaInnTEABEnTILfnuaIsNUeansTY  (phenolic

. I P oY) ) & ' o A ¥ o A o ) ' a ¢
resin) LUu%u@VﬂmmmﬂU VlTJﬂ'J']ﬂJGUU‘lmiJEjQUﬂN AIMUATUNTUATNNBDENYUNULLN U IIIIWUN

o a

Mihananseiindy audsaldiuvnuaudadlaneguauding senwuunielidaanzla

QAN

=

2.3.2 1057 FR-2 (Phenolic Cotton paper)

e nTiuedn (phenolic) dnvarlnevirluadnefiuinsn XXX PC ufoanuuuan
Tiaalnlaginndn Idiunueumgiigandale

2.3.3 1n37 FR-3 (cotton paper and epoxy)

wrltsasiuiedinivihainnsznivuns o SaRntuseafiontisdu (epoxy resin)
ufouss anusaldeninssiugauazaifugsléind insn XXX PC uardsoanuuualiid
gldeiigumgiivies

2.3.4 .n5m FR-4 (woven glass and epoxy)

Wt unn1nnse FR3 vanloufadndednendsdu 19l fununae
Ussan nudanutusargunnias warldarnduussdugdléfindt 1nsn XXX PC, FR-2 uay
FR-3

2.3.5 1057 FR-5 (woven glass and epoxy)

WrunTuaninse FR4 Tnednddidulentdnimesnendisty uiinuudause
qmdwﬁ'&mwﬂmmzmqh\lﬁ'} Anluean

2.3.6 1n3A FR-6 (matte ¢lass and polyester)

anwulennavy q asandumewmesluwecdnalognes (thermo settings
polyester) fid1asfivnndladidnnine uduseusliusulsamand@lusiunismude
Ay ldfuauia gl

2.3.7 1n5n CEM1 (cotton paper nad epoxy)

winsasuriiaildimaglan (cellulose) iuununansiilonfmeiduiaaesdu
SaRnfushenenTLs Bty Ylddnnzlaie Lanumnuulasninnge FR-4,FR-5
way FR-6

2.3.8 1n5m G-10 (woven glass and epoxy)

Duurursasfiniadadnendlvuasnand (epoxy resin Fiberglass) finan

WBausamanags anandanslnihflsudnuasniluadneduinse FR-4 wainlneinndd
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wriuasasitanun W¥aquuuin viduuiugiu Ssdukuasasiuidldansfiiauduunin
Wuuiugu lawn 1nse G-30 uazinsa G-60

2.3.9 1nn G-30

TaloufmadaiinielndozluAsdu (polyamide resin) A111A6 @190
Fruynusientiugs auantRmsliihfiey wangdmdunsisnduiussiio
wlpdafiaeos (multi-layer)

2.3.10 1n9m G-60

Jusnusasiuisdafevildarsinddalnumeslunatadin (thermoplastic
polyesters) sinduusiugruiilesaniiimugydeluladidnninr ansoauaugaausi
vosladianyidn (dielectrio) ee Josldlununnuigaduinzdsnd (GHz) dw3ulalasdy
Jusu aaantfindladianninuazevggdeluladidnninvesaisinddalns (polysulfide)
fldfugunnudlbilasi

o

2.4 fsufsEAunuUAINISIAUYIBNBsARE

v o Y

aa v '3 L4 1 1 14 [y 1 @ a saa
BRUUN ATINT1UBY [26-27] NA1IINTD U39e ‘ULLUU@WﬂWiLﬂUUiBQ@UL@@ﬁ@% a

o

(Interdigital Electrode Capacitor) tlusasugarmundunud Sngunuumila ildnnsanguny

v
A ) [

FUN UL U TEUIULNUNITINBUUTEY LA 9aduiusening andutnuindud Mdudiay

AdeAuNsEIRANUUTERRavwIui Vilidiaa U dusuduinaiunsasenisinaia1ung

saa 1o

¢ Y Y] % A A = a I a Yy A o o
LLG\U%LL@S@?UIQ?Q?{TNLTJUGUULWUJ ﬁ]ﬂ?ﬁlniﬂNaG]I@EJI‘ULLNU'NQiWNWW@J@HW?ITJIW LN@UTJ&@]

kY

loddnn3nlvanliluawuluihfdaanuiusi fussgluihensdudsainuszneu 17 wail
AnTufemUrBuaudserinsuiudingiiatununuaudivesdagladianniniuiluing

a [y a1 a & a 1 v Y = o v & Y dll A v
AANANNY ﬁ]%uﬂ’ﬂﬂ@lﬁmﬂiﬂLLC‘IﬂGl’NﬂuﬁnﬁJ EITNUINANNITU iﬂﬂizqﬂm”lmﬂumsamam

ae

Magatesnunsiaguanifivesian 1wy n1sinarsisluomisvzianisinysunaluduly

\ednd nMsdanmudulupsunsmisenisiniedwunydia vesTandusu

<

A
48 W i

= NN
y

Lol Yy Vbbb ﬁm.

Co U C=KCy

mwusznau 17 A duaudiindudledifagladianninasluaunlni [26-27]
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Y | &

Sumasfdam U Bwme sl uliuasRuN M Iurane® sannusenau 18 lae

4 ! N

DAINANNITIWAIUAIAIUIBLAULTENING iaszsuladidnnsnitnizuudidniasadsuly

[ ga v

ladiannsnAazildsundadluaie @aAvUszanuudumasndailasaasiauunalainng

q

Y A '

szerieMmAuUssquUUBuReshdialaA UIBwALRnTLTIYe 1IsuuIaEn SErInedatn

Re

[ (7
|

wuuilduune Ardsnandannsadindulalagiiu IuiuvestivseldTan nilvuuis q Nilan
la8iann3nas q wu ferroelectric s¥MAINFITMazTUAATY DLTNI5I19UR UGN LYY

v v ! SAa & v Ad & I t4 v
FEUNUWIUNITINUUUIUY 1898 UN USRI @Il utivinAvgmdutiauaa1eiunis

PdnAvUTZANfevUIUAY YN ARA1AIUITLAUTLINERaN1TIAAIAIUITULAUD Lazeie

q
v

Tassasradudufendsarunsondslag gl uisasiunniagiialy

Y

=2

Niwat Angkawisittpan hagaay [22] NA1INILTOIAUNITNITODNUUY A9

A o 5o

Taseadslunindsenau 3.2-3.3 SUAURIMNIIAT Cyc MaNNISA 2 NFURUSAVANNIST 3 wag

4 Tneilesrlsznau €, Aoausanudunlviilusiniaing (permittivity of free space) &

Y

AN 8.854x1072F/m , €; AeArAnunlninduius (the relative permittivity) 999

'
2 I

Jagildurumadeuidu a1n1e U1 Uun |, €, AeAradnut inihduiusvesiansening

VoAIBIEaNINIA wazy €, Aoararuilihduiusvesiangiuses K fe fsduvosusiug

Fe93ueuenda (elliptic intesrals of modulus) taedl a Lusgeennivesd b \usves

[ £ [y 1

ANUNI19aIBENIMIA AouTUNIMAINSAUUTEPIMUATEIRITUTSEAUTBUMAIAINTT

Y

3 a faa v A 14 A = A o =
Lﬂ‘U‘Ui%ﬂq@‘umEﬁﬂﬂ 8 Tuaunisin 1 Usgneausme Ly ADAINNENIVDIL Ly N ADIIUIUYDIY

1« L =i
i ey
N .
W
! L:
S
b
N T |

muwdsznau 18 JULUUTRIiINUUTTRRUUBURDIATVEA
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Specimen

-~

C3 ' One unit cell I T
-

| Substrate ' !

Y 14 v v Y LY J I3 a saa v
AMUsEnau 19 LuidnlATIasNuesinfusTEAuTBIraIAINSINUYTERdUMB AT [9]
C=C,.(N-1)L, (2.11)

C,.=C +C,+C, (2.12)

h
+ &y (2.13)
of2

lpg?l C = AnsLiudseqriaviunvesdianinem
Cuc = AINSAUYIZUoIBEnNse 1 ¢
o a & a
N = SIIUTNIUUAYBIBLaNINTA
Aa & 1 Y
Ly = AINENIURTBLANINSALAaE O
a = JLYLWITEWINNT
b = S¥8¥ANNNIIENINMDILAIDLANINTA
€, = Amussmuaulainluenieing (permittivity of free space)
a1

1A 8.854x10 % F/m

€, = manuihlwihduiusvesianildinuveaaey W a1ne 11 Ui

€, = Amnuhlihdiusvesianszninmeawnsdianingm
€, = AanuthlwihduiusvesTangiuses

K = Meiduresdsnusizanssvemenaa
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2.5 N15ATICHNITOAN DA HNHUNUS

s

N1331AT1¥RN150n00Y (Regression Analysis) LaENITILATITRANTUNUS
(Correlation Analysis) [10] 1unns@neniefiupinuduiusvesiuls ndnvesnsiasen
Msanaeefe Fein1sussanamuaeiawdsiavii 38nda fauUsmu (Dependent Variable)
Jeudouwnuiig ¥ Tagorfeaindiulstu S8n11 fuUsdase (Independent Variable)
foudouunuieg X niodnegrmils 15aldaus viearsaumaan X 1Guinasilunis
Uszana Y 198auUs X Wgeiudsifealunsuszana Y wazanuduiusues Y uay X 1Ju

WLEUATY 1IATENTI N5ONDBBLTIEURENNIY (Simple Linear Regression)

2.5.1 MUUUNIT0A0DYLTLEUBEN918 (Simple Linear Regression Model)

ISREANNAT Y uay X denuduiusiulugy

=B + BXx + ¢ (2.15)

B

\J

ﬁ{)

AU32NBU 20 dAUNITANDELTNAUDYIINY

Tned B, waz B; 3und dudszdvinisanaouveiuses1ns (Population
. . & 1 @ 1 a 1 1 o A < a I3
Regression Coefficient) azfei1tdurinsiinazlsingiuan duae B, waz B, Wumsiwes
PN IUANIIBYNANNITA 1 37 AAUUNISONDREITLE LD
N19MSIVFBUAMUAUNUSTLNIN Y- AU X 1TAUFUNUSTNdURTInTalulae
o 1 ) < —~Nv v = |
n15U1A1989 Y AU X waeailugn waun1malasnisendd eun1nn1snsEany (Scatter

Diagram) Aatkansn wUsznau 2.21
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o.;' . o o ”
> . > #
-! e,
s.
r=0 r=0.8
X X
= -~
' .
r=1.0 r=-1.0
X X

MUIENBU 21 LHUNINAI5NT2AN8 (Scatter Diagram)

Wo Y AU X MNTAMuduiusi3wdunss Uszanuduuluaunis 2.16 engaunis

nneY (Regression Equation)
Y = a+bX (2.16)

Tned a waz b 1¥uiussanauwuuidaasingn (Least Square Methods) v83

o w | a A o 9
Bo waz B; muaeiu nande 1519zm a waz b il
-—YA- 1 e-2 v y
SSE = Z(Y' ) = Z b fiinveeiign

A8 a haw b asduaszanmves By waz B mamddu 1150 a uaz b

a

11 duUszANEN150n098URIAIBE N (Sample Regression Coefficient) lagil

a=Y -pX (2.17)

Loy b= Z Y é (Z X)(ng)/n (2.18)
> x5
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[

Womuuadyeanual

, (22X)?
DX M=

Syx _ 2(X-X)?

(X))
XY = ZX=X)(Y-Y) _ XY

2.Y)?

Syy _ 2(Y-Y)2 _ DY T,

LSIANNNTOLYYU

3
h= XY (2.19)
Sxx

2.5.2 Mmsvageuanufgiieiu Bo was B1
TunisveaevauuRgiuieniv By uaz B, 11avdedidesuuiinesiu € el €
~ NID(0, GH)M3UszuauA 62 Wudunauusnlunisuagevauuigiuuazadneneminy

'
a

Warl) Naznandlunausaly 151971 shuszanaflueudeses o2 #e

§P="" (2.20)

FINNADVDI S* AD S YNATAIWIEATT AUABIALARIULINTFIUYDY
ATUTELNN 1138 ADIUARIALATOUNINTFIUYDINITANNEBY (Standard Error of Estimate %138

Standard Error of Regression)

Syv —bS
52 _YY XY (2.21)
n—2

MsVndoUANLAEIY Wazas st sRI@euAiu By Tunisveaeuatnfig

He OL= Ouwaz Hy Ol # 0 @danlivaaeufe 14 t test

a—O a aa | a
t=1t= S— UNTITLLIALIILUU T NUBDIALMIANUBDATE V = n - 2
a
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2.5.3 MYNATIEVianduius
LSMIIVANUMNEVDINTIATIEaVdITuSgnsdmSumwInduUsEans
anduius r e

=3 1 R (2.22)

AUNS0wERI AT r =+/R? (2.23)

2.6 N15USNANLIINUIY

INN5USHANITTUNTTUANSINUITTULTD999IN SR UIFISUS AN U T UL

Y

o

wa1nra1e3URUUY 2009 Huseyin Canbolat uazane [14] lovhauddemeaiialagldnisin

1 @ o o v ] =3 A [ [ 1 1 @
mm‘;‘muﬂiwamLmummwmmm IﬂEJISULL‘VNL‘VIﬁﬂEJ’]’J‘Vii’eJLUULUULLN‘UGZJUWWIM@ML‘UU

[ 1 < d' o 1w a o a =1 1 @ 5
mammm%muﬂizgLwammLLUaammmﬂw% wazdAILUIBUNEUAINISINUU T2 VIee8

Y
s

vuamawazludndudvasuiui dudeusenaziinlluszutanalululasaaulnsiass

A o = = ' o & 9
WoNINISIUIBUIMEUAIN TN UU T azUUaI00 N TUTEAUTDILAR

W d
E Qj Reference Air Sensor Level Sensor
NEEE Sensor
Air sensor l l

[ CcDhC ] [ CbhC

Level Sensor

L

____________________________

Ly
. d
Reference 4 LCD Human
Sensor W L Fac
Interface

mwusznau 22 muddewedialaglinisinAinsiiulssgausuudmsurenan [14]
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Aoun1simuIfIsusTaAIn15A
wazAuy [16] Wuszuumsinsee

N19AUYTELUUNTINTEUBNYRY Ferran Reverter
AULD

1%

a [y v v Y <@ 1 dill a <
9897uMIusAMsIiuUsyadeiuAueanuuully
LNV TINTZUBNMANLAL P8 NWUUIATEMSUTRANSIAUUSEAsan WUsEnau 23 T 2011

NUITeree ANNT NASITNaLazANY [15-19] itauinuifenisinseauinlagldimaila
nsinaugbiinuufmsinssuen laeinaniagnedlitianaslsd (PVC) danaudfiu

wileruasnuisaiugs lneausaindinugliihdussauidilamunindsenay 24 us
nuATedInantauInilvg Jumidniuan wazwngauiuauinlusegau
Tsianndn

=

= =
ANNUAIMUATLDYRN
Buffer - Active shielding
Triaxial cable
| g =
L N O_
. B
=L, =
Insulated electrp\ct Jﬂn—insulaled electrode B Al | — . Mo
c ﬂ Cor| oscillator
= L | =
Watel = _t
Ll T L a
1 IS
Metallic container — =

¥
I A a

AwUsENau 23 szuunsinszauingndeiufsuianisiiulsegseniumu [16]

250

—-0—d=0.015m

—{—d=0.025 m
—4—d=0.05 m

0.15

0z
Water level(m)
mwusznau 24 mylnsgauinlaglinaiianisinaiugliiwuuimsnssuen [15], [19]

0.3

Electrode Capacitor : IDC) #3a7i3aniuinfiisuiuuiuasiniarednindanvasdunis

UndeunengulaiamnisuisyAunuumnMaiuusedumesaava (nterdigital
AALHUNBILATULLAUIATAUN (Print Circuit Board : PCB)

Ao

NIEAFIUTD (Substrate) 114
iy lukurszuukaz naduiudulliievi idunudnvaznisauiueesrnisiiv
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Us¢q ¥ 2007 Rashed H. Bhuiyan wagaue [20] AUMuITefisuidumeininoanuuiu
szeglnddmsulosiunisiarsvesawiulussuvaivddlii ihluinanuduawiues
anelil Tnaidusdasuiuuuiu PCB wuuRvuIuatnmysznou 25 vindu 2 sUuuufiowuy
Auunuassiuiuulas Tngamsinulsggussuiieuannnudemevesauiuludnume

A199 oI aTzilagYounsnssuUaas i lniiUsgansaan

40

35} |---- Simulated
T 30l .
u\i —— Empirical
: 28 @® Measured
g 20f
% 15}
2
o 10}
O e

5t

0

1 2 3 4 5 6 7 8 9 10 1
Dielectric constant (sr)

mMwusEnau 25 Msuidumesidnearguuiuszeglnadmiulesmiumainansvesawiuly

syuvaneaabnsii [20]

Y 2010 Md. Nazmul Alam wazany [21] FUuIFeEed n1siataaanuauly

saa

mounnlaeldfiasuiuuudumesfdneaauiuszerlng Insaiaiisusuuuduneiidneaiuy

I o o I

AvwUIIedaIn Vp = 1 19av A31ed 1 kHz tastduduuiudnguidygy sty op-amp

U

[ '
U ! A I

~ [ 1 a a a I 1 I3 a [~
e ITdY AN SIUASULUa UTBUNEUTEIIAINITIAUYIEINU ATALTUNAALTY

Wasigusvasthnilusiniasanindsznau 26

Concrete slab Vp=10 V, 1 kHz
| 2
S = L
/ Concrete slab VE * amaicd Eqn.
| = a
Ground . ! Muisﬂzo CDrIfBI’!LSMH e b;f\f:lume) 8 s

Mwusznau 26 MyinauiulunsunInlaeimsuiuuBunesiidneaauusseslng [21]
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U 2012 Niwat Angkawisittpan kazamy [22] AUIUITELTDINITIAAIAIY

o

duduvasihmalagldiusmnmaiuszauuuduneiiines lasoonuuuiusansiy
Usgquuuidneaduguunuuazaiingmsnsesainuigs (High-pass Filter) tileiisudaygyin
Meendunswiumswiluduganie Wedaddevazaududuveuihnalaenanis
naaoue % auididureninasziinnuunndatunisdygruiiindudinimdseno

27

~4

g
W ﬁ
6 SR
o /58)//%
255 -
&
—g 3 —10%
> 4.5 ——15%
E 2 —a—20%
= ——25%
(@) 30%
341 —35%
—%—40%
—a—45%
——50%

300 400 500 600 700 800
Frequency (kHz)

o

mwusznav 27 myinaanududuresimalagldiiuirmnisiivuszguuudumes

fmea [22]

U 2015 Songkrod Pimpisarn tayaue [23-26] 19vi191u981509n15IRAIAM
Yy v - H Yo o v 2 a faa P~ s A o
WUTUBALLIDUUYDIU UL ImEﬂmmaugmmiLﬂwszqaumaimmaameminmwamm
AT UTUBALLI DU UYDIUIUN LABIfI9819909U UL LAALUTLLANUIINITIALIND

= = ! ! & | s & & 2 Y Ada X S
LU?EJUW]HUigﬁﬁqﬂﬂqﬂqﬁLﬂUﬂig’qG"]'E]LU@?Leﬁumﬂqiqu@ﬂqﬁéﬂﬂﬂqu]Lﬂﬂ“l]uluu’]u&l

88000

25000 P —cd

84000

82000

| uF]

—+—10CHr
80000 M0

78000

76000 T T T ' 1 '
1) 15 20 25 300 35 40 45 50

weter content{%)

AMNUTENBU 28 NTIAAIANIULTUTULALLIDUUVDIUIUY [23-26]
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TuaaigiAeaiul 2014 Kanadet Chetpattananondh wagaadg [27-28] laWmun

Y

Tun1sinsgiviiuuuysumanuuiugisieiedaslddisudseauuuuanisiulses

csaa v v

Bumeindva lnsasagaseuiisudumisuiseduiuuainisiulszadumesaiva 2 9

Y

WelguaA1AuruILIRYe1agMRee AUAIInTEAUasazinA19InAITUSIY 2 fun

1
=

'Uﬁ‘ULWEJ‘ULW@iﬁLﬂﬂﬂﬂ?ﬂuﬂﬂ‘UaﬂiuﬂUu’mLL&JUEJ’]SU‘LJ Ui‘”ll')ﬁNaNWUIMI@?QE]UI%?L&@?LGUE]MW@

Toyadiluga Display flasatuganmusgnou 29

R® = 0.9998

3

[+-]

Sensing Electrode

A L sensing
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1 2 1 15
2 2 2 15
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4 2 1 10
5 2 2 10
6 3 1 10
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§1081971 2 (a=2mm,b=2mm L=15mm)
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(@=2mm,b=2mm ,L.=15mm)
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Standard FR4 TG135 Datasheet

Classification according to IPC-4101 E/ 21

Reinforcement: Woven E-Glass
Resin System: Epoxy, unfilled

WURTH ELEKTRONIK

Explanations :
C = preconditioning in humidity chamber
E = preconditioning at temperature

The figures following the letter symbols indicate
with the first digit the duration of the preconditioning
in hours, with the second digit the preconditioning
temperature in “C and with the third digit the relative

humidity.
Laminate Requirements Thickness < 0,50mm Thickness = 0,5mm Units Test Method
Typical P Typical o . IPC-TM-650 or as
Value Specification Value Specification Metric described
A: Low profile copper foil
Peel Strength, minimum and very low profile 08 0,70 085 0,70 248
copper foil — all copper
foil > 17um
B: Standard profile
copper foil
1. After thermal stress 1,05 0,80 1,20 1,05 N/mm 2482
2. At125C 0,95 0,70 1,15 0,70 2483
3. After process solutions, 0.8 0,55 10 0,80 24.8
C: All other foil - AABUS AABUS
composite
Volume Resistivity, minimum A: C-96/35/90 410° 10° 610°
B: After humidity 8 8
conditioning 410 10 MQ cm 25171
C: At elevated
temperature 710° 10° 710° 10°
E-24/125
Surace Resistivity, minimum A: C-96/35/90 110° 10
B: After humidity & "
conditioning 310 10 MO 2517.1
C: At elevated
temperature 610° 10° 610° 10°
E-24/125
Moisture Absorption, maximum 0.4 04 0,80 Yo
Dielectric Breakdown, minimum 45 40 kv 2586
P 25562
Permittivity @ 1MHz g y
(Laminate and prepreg as laminated) 4246 54 4648 54 iggg
2552
Loss Tangent @ 1MHz y . .
(Laminate and prepreg as laminated) 0.015-0,02 0,035 0,015-0,02 0,035 5 ggg
Flexural Strength , minimum A: Length direction 440 415 N/mm* 244
B: Cross direction 400 345
Arc Resistance, minimum 105 60 105 60 S 2.5.1
Thesmial Stiess 10 8 @288°C, Unetched Pass Pass Visual | Pass Pass Visual | raling 24134
Etched Pass Pass Visual Pass Pass Visual
Electric Strength, minimum
(Laminate and prepreg as laminated) % %0 KVimm 2562
Flammability . . .
(Laminate and prepreq as laminated) vo min. VO Vo min. 0 rating uLs4
Halogen content , maximum Chior -
Brom - ppm 234
Chlor + Brom - -
Glass Transition Temperature 135 min. 110 c 2.4.24
" 2.4.24.6
Decomposition Temperature 310 C (5% weight loss
CTE Z-axis A: Alpha 1 ppmVC
B: Alpha 2 ppmV°C 2424
C:50°C - 260C 3.8-4.2 %o
2.4.241
Time to Delamination (TMA) A T260 s A mond
(copper removed) : corresponding
adjustments in
3.10.1.2
B:T288 Minutes
C: T300
Others
PLC 3 Class uL
CTl 200 175 - 250 Vv IEC 112

59
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FR4 Data Sheet :-

Test/Specification

FR4 Laminate Typical Values

Thermal Stress, Solder bath 288 deg. C

>60

Dimensional Stability, E-2/150

<0.04% Warp/fill

<1.00% Bow/Twist

Flammability, Classification UL94

VO

Water Absorption E-1/105

0.10%

Peel Strength After Thermal Stress

11 lb./in After 10s/288 Deg. C

Flexural Strength

100,000 Ibf/in? Lengthwise

75,000 Ibf/in? Crosswise

Resistivity After Damp Heat Volume

10 “8 M ohms cm

Resistivity After Damp Heat Surface 10 “8 M ohms
Dielectric Breakdown. Parallel to laminate >60KV
Dielectric Constant @ 1MHz 4.7
Dissipation Factor @ 1MHz 0.014
Q-Resonance @ 1 MHz >75
Q-Resonance @ 50 MHz >05

IArc Resistance 125 s
Glass Transition Temperature 135 Deg. C
ITemperature Index 130 Deg. C
A Few Other Relevant Facts from other Sources

Specific Gravity 1.8-1.9
Rockwell Hardness (M scale) 110

ICoefficient of Thermal Expansion

11 microns/m/Deg.C Lengthwise

15 microns/m/Deg.C Crosswise

Thermal Conductivity

2.2-2.5 cal/h. cm Deg C
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Cl11000

Electrolytic Tough Pi

Data Sheet

Further capitalizing on its casting, extrusion and manufacturing expertise, Mueller Brass Company has added UNS CI 1000 Electro Tough
Pitch (ETP) copper to its portfolio of brass alloys and products. As with its brass rod and bar products, by controlling the process from

casting through the production of the end product, Mueller Brass Company's CI 1000 ETP Copper is fabricated and certified to comply
with ASTM Standards and customer requirements,

mposition
Cu'' 99.90(min)
O: 0.04(nom)

) Cu value includes Ag

Electrical

Busbars, Switch Gears, Slab Terminals, Conductors, Magnet Wire, Stranded Conductor Wire, Electri-
cal Terminals, Switches, Radio Parts, Contacts, Welding Fixtures, Ground Straps, Commutators

Architecture

Downspouts, Flashing, Roofing, Gutters, Building Fronts, Sleylight Frames,
Kitchen Counter Tops

Automotive

Gaskets, Radiators

Builder's Hardware

Ball Floats, Butts, Rivets, Nails, Cotter Pines, Soldering Copper, Tacks, Nuts & Bolts

Industrial

Heat Exchangers, Pans,Vats, Road Bed Expansion Plates, Rotating Bands, Kettles,
Chimney Cap Screens, Chlorine Cells, Pressure Vessels, Anodes, Chemical Process
Equipment, Pipe Welding Dies, Back-up Welding Shoes, Printing Rolls, Plating Racks, Hooks

Because of its inherent characteristics and mechanical properties, C1 1000 ETP Copper can be readily fabricated via a variety of different
methods including: bending, soldering, drilling and formed to fit numerous design applications as required by the customer:

ASTM B-187-11

v MUELLER

Temper Designation Tensile Strength (ksi) diuﬂiﬁi:u;::us
Standard Form Rod (min) (max)

HO4 Hard Up to 0.375"inc. 45 &0 12
HOo4 Hard > 0.375"to 1.000" inc. 40 55 12
Ho4 Hard > 1.000" to 2.000" inc. 35 50 15
HO4 Hard >2,000" to 3.000" inc. 30 48 15
HO4 Hard =>3.000" 375 50 I5
Ho2 Hard Bar
Ho2 Hard Thickness: Up to 0.375"inc. 375 50 10
HO2 Hard Width: Up to 4.000" inc. 33 50 15
HO2 Hard Profiles

All Sizes 33 50 15

BRASS CO.




Cl1000

Data Sheet

i ALLOY

Melting Point (Liquidus) 1981° F 1083° C
Melting Point (Solidus) 1949° F 1065° C
Density 0.322 Ibfin’ at 68° F 891 gm/cm3 at 20° C
Specific Gravity 891 891

Electrical Resistivity (am)

10.3 ohms-cmil/ft @68° F

1.71 microhm-cm @ 20° C

Electrical Conductivity (4n)

101% IACS @ 68° F

0.591 MegaSiemens/cm @ 20° C

Thermal Conductivity

226.0 BTU - ft(hr-Ft? - of) at 68° F

391.1 W/m - °Kat 20° C

Coefficient of Thermal Expansion

4- 10° per °F(68° - 212°F)

169 - 106 per °C (20° - 100°C)

Coefficient of Thermal Expansion

4 - 10° per °F(68° - 392°F)

16.9 - 106 per °C (20° - 200°C)

Coefficient of Thermal Expansion

9.4 - 10° per °F(68° - 572°F)

169 - 106 per °C (20° - 300°C)

Specific Heat Capacity

0.092 Btu/Ib/°F @ 68° F

3935 Jikg - °K at 293° K

of El. y in 17,000ksi 117,000 MPa
Modulus of Rigidity 6,400ksi 44,130 MPa

Forms
Edge Contours

Rectangles, Rounds, Squares, Hexagonals, Profiles

Square Edge

Radius Edge

Full Rounded Edge

Round Bar 0.3125" ~ 3.000"

Square Bar (Radius and Square Corner) 0.375" ~ 2.500"

Hexagonal Bar (Radius and Sharp Corner) 0.375" ~ 3.000"

Radius Corner Rectangles Width: 0.3125" ~ 6.000"
Thickness: 0.3125" ~ 2.500"

Thickness (in)

>0.125"t0 0.3125" inc.:

Nom Corner Radii (in)

>0.3125" to 1.000" inc.: 0.03125"

>1.000" 0.0625"
Full Round Edge Rectangles Width: 0.3125" ~ 6000"
Thickness: 0.3125" ~ 2500
Square Edge Rectangles Width: 0.3125" ~ 6000"
Thickness: 0.3125" ~ 2.500"

) Confirm with mill for feasibility and verification

Port Huron Mill

2199 Lapeer Avenue * Port Huron, MI 48060
(P) 800-553-3336 « (P) 810.987.7770

(F) 810-987-9108

Belding Mill
302 Ashfield Street « Belding, MI 48809
(P) 800-553-3336 * (P) 616.794.1200
(F) 616-794-1214

www.muellerindustriesipd.com

Sz MUELLER
B

BRASS CO.
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HIGH PRECISION LCR METER

The LCR-800 Series are high-end digital LCR meters for component/material measurements, applicable

R 8,0683ks
0 0000

LCR-821 (12Hz~200kHz)
LCR-819/829 (12Hz~100kHz)
LCR-817/827 (12Hz~10kHz)
LCR-816/826(100Hz~2kHz)

e s o e

FEATURES

* Test Frequency:
12Hz~200kHz (LCR-821)
12Hz~100kHz (LCR-819/829)
12Hz~10kHz (LCR-817/827)
100Hz~2kHz (LCR-816/826)
# 0.05~0.1% Measurement Accuracy
* 100 Sets Memory for Save/Recall of Settings
* RJQ, C/D, CJR, L/Q Test Modes for all Model:

to various R&D activities and assembly lines. The large 240 x 128 dot matrix LCD display provides
ampleroom for two measurement items and setup parameters allowing you to grasp measurement

results quickly. All test modes are able to measure supplementary factors such as, R/Q, C/D, C/R, and

L/Q. The LCR-821 also contains precise resistance measurements as a combination of absolute value
and phase angle. 100 sets of measurement setup memory allow sharing a single unit among multiple
testing conditions or sites. For a better viewing experience with a standard PC monitor, proprietary
Windows based software is accessible via the RS-232C terminal. The handler interface is also a

standard feature for LCR-826/827/829.

SPECIFICATIONS
TEST FREQUENCY

12Hz ~ 200kHz (504 steps) for LCR-821
12Hz ~ 100kHz (503 steps) for LCR-819/829
12Hz ~ 10kHz (489 steps) for LCR-817/827
100Hz ~2kHz (245 steps) for LCR-816/826

BASIC ACCURACY ()

0.05% for basic accuracy for LCR-821/819/817
0.1% for basic accuracy for LCR-829/827/826/816

TEST SPEED

| 68ms for LCR-821/819/817/816, 34ms for LCR-329/827/826

TEST SIGNAL LEVELS

5mV ~ 1.275Vrms ( 5SmV/step ) for LCR-821/819/829/817/827
0.1V —1.275Vrms ( 5mV/step Jfor LCR-816/826

Z/6 , L/R for LCR-821 Only

* Absolute Value, A Value, and A\ % Measurement
Display

* 240 x 128 dot Matrix LCD Display

* Displays Condition and Test Result
Simultaneously

* Interface : RS-232C (LCR-821/819/817/816)
Handler (LCR-829/827/826)

D GYINSTEK

DC BIAS

Internal v

External 035V for LCR-821; 0~ 30V for LCR-819/829/817/827/816/826
DISPLAY RANGE (++)

Resistance R 0.00001Q ~ 99999k©
Capacitance € 0.00001pF ~ 59999 HF
Inductance L 0.00001mH ~ 99999H

Quality Factor Q 00001 ~9999

Dissipation Factor D  0.0001 ~9999

Impedance |Z| 0.00001©2 - 99999k for LCR-821
Phase Angle | Degree ) 0 -180.00°-180.00° for LCR-821
TEST MODE

R/Q,C/D, C/R, L/Q
Z/Q, L/R for LCR-821 only

EQUIVALENT CIRCUIT

Parallel or series selectable

MEMORY
100 memory blocks total
AVERAGE
1 to 255 times
TEST SPEED MODE
SLOW, MEDIUM and FAST
DISPLAY MODE
Value, /\ A\ %
DISPLAY
240%128 dot matrix C.C.F.L back light LCD
INTERFACE
Standard Interface : RS-232C for LCR-821
Standard Interface : Handler Interface for LCR-829/827/826
Optional : RS-232C Interface for LCR-819/817/816 (factory installed)
(Including LCR-Viewer Software}
POWER SOURCE

Line Voltage Range

AC 100V ~ 240V, 47 ~ 63/400Hz

DIMENSIONS & WEIGHT

322 (W) x 149 [H) x 433 (D)mm, Approx. 5.5kg

(%)t Basic accuracy varies with the speed. frequency. AC signal level and impedance of the DUT.

(**) : Display range refers to the range of measurement values that can be displayed on the screen.
Please see the LCR-B00 user manual for the effective measurement ranges.



LCR-821

LCR-800 SERIES SELECTION GUIDE

MODEL LCR-821 LCR-819 | LCR-829 | LCR-817 | LCR-827 | LCR-816 | LCR-826
Display 240 x 128 dot matrix CCFL back light LCD
Test Frequency | 12Hz~200kHz 12Hz~100kHz 12Hz~10kHz 100Hz~2kHz
(504 steps) (503 steps) (489 steps) (245 steps)
Basic Accuracy 0.05% 0.05% 0.1% 0.05% | 0.1% 0.1%
Test Mode R/Q, C/D, C/R R/Q,C/D, C/RL/Q R/Q,C/D, C/RL/Q R/Q,C/D, C/RL/Q
L/Q,Z/8, /R
Memory 100 memory blocks totally
Internal v v 2v 2v
DC BIAS
External 0-35v 0-30v 0-30v 0-~30v
RS-232 Std. Opt. Opt. Opt.
Interface
Handler Std. Std. Std.

ORDERING INFORMATION

LCR-821
LCR-819
LCR-829
LCR-817
LCR-827
LCR-816
LCR-826

Opt.01

LCR-05
LCR-06A
LCR-07
LCR-08
LCR-09
LCR-13
GRA-402
GTL-232
GTC-001
GTC-002

PC Software

200kHz High Precision LCR Meter with RS-232 Interface
100kHz High Precision LCR Meter
100kHz High Precision LCR Meter with Handler Interface
10kHz High Precision LCR Meter
10kHz High Precision LCR Meter with Handler Interface
2kHz High Precision LCR Meter
2kHz High Precision LCR Meter with Handler Interface

ACCESSORIES :
User manual x 1, Power cord x1, LCR-06A x 1

RS-232C Interface ( Factory Installed )

Test Fixture for Axial & Radial Leaded Components

Kelvin Clip Test Lead

Test Fixture, Two-Wire with Alligator Clips

Test Fixture (Tweezers) for SMD/Chip Components.

Test Fixture for SMD/Chip Components
Test Fixture for SMD/Chip Components
Rack Adapter Panel, Rack Mounting (19", 4U)
RS232C Cable, 9-pin Female to 9-pin, null Modem for Computer

Instrument Cart
Instrument Cart

LCR-Viewer
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LCR-821 Rear Panel

LCR-06A

Description:

Kelvin clip test leads.
Frequency: DC to TMHz
Max. Voltage: +/- 35V

LCR-07

Description:
Test leads for conventional

« B =

LCR-05

Patent:185538

Description:

Test fixture for measurement
of both axial and vertical

lead components

Frequency: DC to IMHz
Max. Voltage: +/- 35V

LCR-08

Patent:188540

N

Description:
SMD / clip tweezers
: DC to IMHz

It is especially useful for high
impedance measurement.
(With alligator clips)
Two-wire measurement;
apply to low C or high R.
Frequency: DC to TMHz
Max. Voltage: +/- 35V

LCR-09

Patent:186171

\

Description:

SMD / chip test fixture
Frequency: DC to IMHz
Max. Voltage: +/- 35V

Size range from 0603 to 1812

Freq
Max. Voltage: +/- 35V

LCR-13

Patent:186171

Description:

SMD / chip test fixture
Frequency: DC to IMHz
Max. Voltage: +/- 35V

Size range from 0201 to 0805
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The Non-Substrate Interdigital Capacitor Level Sensor

Abstract. This paper presents the non-substrate interdigital capacitor level sensor. The interdigital capacitor level sensor is designed and fabricated
to be two types that are the fabricated with an epoxy substrate and with none substrate. Each type is separated fo be 6 models that are designed
with difference dimensions of the width, the gap and the length of the hard copper (H04) lines circuit for comparing and obtaining the high linearity
model. The fabricated with none substrate can sense the maximum capacitance of 877.56 nF that is higher than the maximum capacitance of the
sensor with substrate of 341.12 nF. The higher range of the capacitance of the circuit with none substrate, provides the wide range to sense the
water level with high accuracy that is suitable to develop to be the standard level sensor in the future.

Streszczenie. W artykule opisano czujnik pojemnosciowy bez podfoza. Czujnik analizowano dla réznych geometrii miedzianego meandra Czujnik
moze byc¢ wykorzystywany do pomiaru poziomu wody. Projekt pojemnosciowego czujnika poziomu wody

Keywords: Interdigital Capacitor, Level Sensor, Non-Substrate .
Stowa kluczowe: czujnik pojemnosciowy, czujnik poziomu wody.

Introduction

Nowadays the development of the reception for water
measure machine spread all over the industrial field,
meteorology, and environment to analyze such as the
humidity in air, liquid measurement, water quality, efc.
These are necessary for developing the receptor to be used
in those works. Interdigital Electrode Capacitor [1-3] is one
of the interesting receptors due to the simple design and
uncomplicated which is the measurement of the value of
capacitor increasing in accordance with the height of liquid.
Then, convert the capacitor value to interpreted and
measure the desired volume

Firstly, from the literature review of the research on the
development of the receptors which have been developed
in many forms such as the capacitance measurement of
liquid by using the long metal or large sheet [4-5] and the
development of capacitance measurement in cylinder
shape [6-9]. Some researchers had developed the receptor
which is Interdigital Electrode Capacitor (IDC) used in
measuring the humidity of soil, the resistant of electric wire,
and the humidity in concrete [10-11], measuring percentage
of the sugar concentration [12], and the level of liquid: water
or milk [13-18]. Since, the undesirable IDC of these
mentioned research are designed on the print circuit board
(PCB) with substrate. This substrate causes the least value
of capacitance in the wunprecise scale. Particularly,
Interdigital Electrode Capacitor Level Sensor, the liquid
surface will not touch all areas of receptor on the other side.
Therefore, the Non-Substrate Interdigital Capacitor Level
Sensor is more precisely and could apply with the precise
works in the future.

The Interdigital Capacitor Level Sensor uses the
principle of the parallel of copper line circuit which have
anode and cathode. The number of copper line circuit which
is increased in parallel will make the capacitance increase
as well.

The typical design of Interdigital Capacitor Level Sensor
as shown the structure in Figure 1 starts from find the Cy, in
equation 1 and 2 which has the component go is permittivity
of free space (8.854x107°Fim), &, is the relative permittivity
of the material under test, g; is the relative permittivity of
material between electrodes and g3 is the relative
permittivity of the PCB substrate. K (x) is elliptic integral of
the first kind and a is the width size of segment b, which is
the duration of the segments. Finding the total capacitors of
Interdigital Capacitor Level Sensor in equation 3 including L
is the length of segment and N is the number of segments.
[12]

() Cop e o KA
PU 0 2 E K(x) 0“2
@ x=2
b
@ C=Cpy(N-1)L,

| i
~— L ——

Fig.1. Structure of Interdigital Capacitor Level Sensor

The researcher has designed the origin of Interdigital
Capacitor Level Sensor to calculate and put the number in
equation (1-2) to find the capacitor with parameters,
h=0.105 mm, a=2 mm, b=2 mm, L=15 mm and N=20. The
free space permittivity £1= £2= 1, and the relative permittivity
of substrate (Epoxy) es= 4.6. The total calculated
capacitance is 0.2789 pF. If there is the measurement of
water level, it will have the electric value more than the air
in eightyfold and will change the capacitors based on the
touch between copper sheet and the water level.

Experimental method

For the design of experiment, there will be two main
parts to compare the capacitor which one is the capacitance
measurement with Epoxy the relative permittivity of
substance €3= 4.6, the density of copper is h=0.105 mm as
shown in Fig. 2 for 6 models that has the difference in size
of a, b, and L in Table 1.

Another part is the capacitance measurement without
epoxy substrate. The density of hard copper (H04) is h =
0.105 mm as shown in Fig. 3 for 6 models in Table 2 with
the various size of a, b, and L as shown in Table 2.
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Table.1. the IDC level sensor has a variety length, width and space
difference with epoxy substrate.

IDC model | b (mm.)

a(mm.) | L(mm.)
15
15
15
10
10
10

|| |W|IN|=
WININIWININ
[N [ XY Y BN Y N

Fig.2. The fabricated the novel IDC level sensor with epoxy
substrate .

Table.2. Table of the IDC level sensor has a variety length, width
and space difference with non epoxy substrate .

IDC model

b(mm.) | a(mm.) L (mm.)
15
15
15
10
10

10

oD (WIN|(—=
WININWININ
N [ O) PN BN XY N

Fig.3. The fabricated IDC level sensor with non-substrate .

Then, calculating the capacitor with epoxy substrate of
6 models as Table 1 and without epoxy substrate of 6
models in Table 2 by using LCR Meter (GW intstek LCR —
817) which the attribution of measurement accuracy is
0.05%. Includes Kelvin Clip Leads. The experimental
method used the parallel mode which each model will be
measured the values from 0-80 mm by the each time is 5
mm, 16 periods in total. Calculating each 3 period
repeatedly to find the best capacitor values, as shown in
Fig. 4.

The second part to use Interdigital Capacitor Level
Sensor by choosing the high linearity model which has a = 2
mm, b=2 mmandL=15 mm with epoxy substrate and
without epoxy substrate. The method is using the sensor
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through extended module LM393 and interpreting through
microcontroller from Serial Monitor in order to compare with
LCR Meter with each model will measure from 0-80 mm
with each 5 mm of periods for 16 times in total and measure
repeatedly in each 3 periods to find the capacitance values,
as shown in Fig. 5

Fig.4. The measurement setup for IDC level sensor.

LCR Meter
GWLCR 817

LM393 Module *

+ Anslog output j

+ -
A0 5Vde

Microcontroler

|

Serial Monitor

Fig.5. The novel IDC level sensor system with microcontroller

Results and Discussion

For the first part of experiment with epoxy substrate 6
models in Table 2, the first model has the capacitance value
of 0.12- 488.21 nF where the correlation coefficient (R?) is
0.966. The second model has the capacitance value of 0.28
— 355.87 nF where the correlation coefficient (R?) is 0.973.
The third model has the capacitance value of 0.11 — 536.44
nF where the correlation coefficient (R?) is 0.982. The fourth
model has the capacitance value of 0.13-210.21 nF where
the correlation coefficient (Rz) is 0.982. The fifth model has
the capacitance value of 0.27-168.87 where the correlation
coefficient (Rz) is 0.987. The sixth model has the
capacitance value of 0.16 — 225.44 nF where the correlation
coefficient (R?) is 0.988, as shown in Fig. 6.

——a2-b1-L15-N20
—~ 500

& -8-2.62.L15-N20
b —— -|

. i a3-b1-L15N20
e ——a2-61-L10-N20
£ w0 ——a2-62-L10-N20
§ —+-a3-b1-L10N20
© 200

o

Water level (mm)

Fig.6. Experiments result of the capacitance measurement using
the sensor with epoxy substrate of the 6 models
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The result of the experiment with non-substrate 6
models is in Table 2. The first model has the capacitance
value of 0.12- 753.81 nF and where the correlation
coefficient (R?) is 0.967. The second model has the
capacitance value of 0.87 — 658.56 nF and where the
correlation coefficient (R?) is 0.997. The 3™ model has the
capacitance value of 0,16 — 877.56 nF and where the
correlation coefficient (Rz) is 0.994. The 4™ model has the
capacitance value of 1.03 — 442.56 nF and where the
correlation coefficient {Rz) is 0.982. The 5" model has the
capacitance value of 0.27-168.87 and where the correlation
coefficient (R?) is 0.981. The 6" model has the capacitance
value of 0.26 — 531.28 nF and where the correlation
coefficient (R%) is 0.977 as shown in Fig. 7.

——a2-b1-L15-N20
a0 -=-a2-h2-L15-N20
——a3-b1-L15-N20
—-a2-b1-L10-N20
~=a2-b2-L10-N20
—-a3-b1-L10-N20

Capacitance (nF)
g

10 20 30 40 50 60 70 a0

Water level (mm)

Fig.7. Experiments result of the capacitance measurement using
the sensor with non-substrate of the 6 models

Table.3. Experiments result of the capacitance measurement using
the sensor with epoxy substrate and non-substrate

IDC a b L Capacitive(Max) | Capacitive(Max)
model (mm.) (mm.) (mm.) Non

1 2 1 15 488.21 nF 753.81 nF
2 2 2 15 355.87 nF 658.56 nF
3 3 1 15 536.44 nF 877.56 nF
4 2 1 10 210.21 nF 442.56 nF
5 2 2 10 168.87 nF 358.56 nF
6 3 1 10 225.44 nF 531.28 nF

700
600 -Epoxy Sub

500 || -==non Epoxy Sub
400
300

200

Capacitance (nF)

100

Water level (mm)

Fig.8. The comparison of the model with epoxy substrate and non-
substrate of the 2" model (a=2mm,b=2mm ,L=15mm)

From the result of experiment of 2" model (a = 2 mm
,b=2 mm and L=15 mm) with Epoxy board and without
printed circuit board, comparing the capacitor values is
shown in Fig. 8 that the model with Epoxy board has the
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capacitance value of 0.67 — 355.87 nF and where the
correlation coefficient (R?) is 0.997 and model without board
has the capacitance value of 0.87 — 658.56 nF and where
the correlation coefficient (R?) is 0.994. Thus, the distance
of capacitor values from maximum is 80 mm at 302.69 nF.

The result of the part two experiment of the comparison
between the capacitor values from micro-controller and
LCR Meter with with epoxy substrate and non-substrate of
the 2" model (@a=2mm,b=2mm ,L=15mm) is shown in
Fig.10. The model with epoxy substrate has the capacitor
values of 0-320.45 nF from micro-controller and where the
correlation coefficient (R?) is 0.995 from LCR Meter is 0.67
— 355.87 nF and where the correlation coefficient (R?) is
0.997. For the model non-substrate, the capacitor value of 0
—620.45 nF from micro-controller and where the correlation
coefficient (R2) is 0.995 and from LCR Meter is 0.17-
658.356 nF and where the correlation coefficient (R®) is
0.985.

700

—+—Epoxy Sub
600 A e
- = Epoxy Sub with Microcontroller -~
-
500 Mon Epoxy Sub e
-
=== Non Epoxy Sub with Microcontroller e

400

300

Capacitance (nF)

200

100

Water level (mm)

Fig.9. The comparison of the capacitor value from the micro-
controller and LCR Meter with Epoxy board and without board in
the 2™ model (a=2mm,b=2mm ,L=15mm)

According to the experiments, the MNon-Substrate
Interdigital Capacitor Level Sensor can be applied with
micro-controller and be converted to precise value because
it has the increased capacitor value with board up to 302.69
nF. Therefore, it could extend the area to precisely measure
water level.

Conclusions

This research shows the Non-Substrate Interdigital
Capacitor Level Sensor which the resulf of the experiment
has the maximum value at 877.56 nF. It causes the
increasing capacitor values with board up to 302.69 nF and
could be extented the area of water level for accurate and
precise data. Also, it can apply with the micro-controller and
can develop this into the standard of water level
measurement and connect to the internet network IOT in
the future.
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