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INTRODUCTIONINTRODUCTION (Continuation)(Continuation)

ImportantImportant electronicelectronic componentcomponent..
-- SectorsSectors:: Biomedical,Biomedical, aerospace,aerospace, instrumentation,instrumentation,

communications,communications, automotiveautomotive andand HVACRHVACR (Heating,(Heating,
Ventilation,Ventilation, AirAir conditioningconditioning andand Refrigeration)Refrigeration)..
--ApplicationApplication :: TemperatureTemperature sensorsensor measurement,measurement, currentcurrent

limiter,limiter, circuitcircuit compensation,compensation, suppressionsuppression ofof inin rushrush--
current,current, flowflow raterate sensorsensor andand pressurepressure sensorsensor..

ItIt isis necessarynecessary toto getget capabilitycapability inin selfself producingproducing
thermistorthermistor byby utilizingutilizing materialmaterial abundantabundant inin IndonesiaIndonesia suchsuch
usus yarositeyarosite mineralmineral ((FeFe22OO33))  CuFeCuFe22OO44 basedbased--thickthick filmfilm forfor
NTCNTC ThermistorThermistor,, withwith glassglass fritfrit concentrationconcentration (( 00;; 22,,55 ;;55 weightweight
%% ))

TheThe thermistorthermistor inin thethe formform ofof thickthick filmfilm isis possiblepossible forfor
miniaturizationminiaturization andand integrationintegration .. AdvantagesAdvantages :: moremore
practical,practical, profitableprofitable economically,economically, needneed aa fewfew material,material, andand
firedfired atat lawlaw temperaturetemperature..



YAROSITE MNERALYAROSITE MNERAL

AseanAsean Microscopy Conference, (AMC)Microscopy Conference, (AMC)
Bali 3Bali 3--6 Des 20096 Des 2009



EXPERIMENT :EXPERIMENT :

Crushing Sieving

Mixing

Powder of Fe2O3 (derived from yarosite mineral) and CuO

Glass Frit( 0; 2,5; 5 %) Organic vehicle

PasteMixing

Characterization:
1. Electrical
2. XRD
3. Microstructural (SEM)

Paste

Screen Printing

Firing ( 1000 C)

Thick Film CeramicsElectroding

Flow diagram of the experiment procedure.
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Electrical CharacteristicElectrical Characteristic
R = RR = R00. Exp.(B/T). Exp.(B/T)
LnLn R = B/T + R = B/T + LnLn RoRo

Ea =  Ea =  B.kB.k
α = α = -- B/TB/T22

RR = = ThermistorThermistor resistanceresistance
RRoo = Resistance at the infinite temperature= Resistance at the infinite temperature
BB = = ThermistorThermistor constantconstant
TT = Temperature of = Temperature of thermistorthermistor in Kelvinin Kelvin
Ea = Activation energyEa = Activation energy
KK = The Boltzmann constant= The Boltzmann constant
ΑΑ = Sensitivity of = Sensitivity of thermistorthermistor



RESULT :RESULT :
Chemical composition of FeChemical composition of Fe22OO33 powder powder 

derived from derived from yarositeyarosite tabletable

No. Component Concentration
(Weight %)

1 Fe2O3 93.801 Fe2O3 93.80
2 Al2O3 2.54
3 SiO2 1.15
4 TiO2 1.02
5 MgO 0.19
6 K2O 0.12
7 CaO 0.59
8 Na2O 0.50
9 MnO 0.09



RESULTRESULT
Thick Film (Thick Film ( yarositeyarosite))

Visual appearanceVisual appearance

ISC ISC --UNPAD, 30UNPAD, 30--31 31 OktoberOktober 20082008

Alumina  Alumina  SubstratSubstrat Thick film before fired             Thick film fired at 1100 C/1 hrThick film before fired             Thick film fired at 1100 C/1 hr



A typical thick filmA typical thick film thermistorthermistor

Sensor Layer

Silver Electrodes



RESULT (XRD)RESULT (XRD)

(without glass frit 
concentration) 

(with 5,0 % glass frit 
concentration) 

(with 2,5 % glass frit 
concentration) 

XRD profile of CuFe2O4 based-thick film



RESULTS (Microstructure)RESULTS (Microstructure)

Microstructure of the CuFe2O4 thick film

(without glass frit concentration) (with 2,5 % glass frit concentration) 



RESULTSRESULTS
(Electrical Characteristics)(Electrical Characteristics)

Ln resistivity () vs 1/T of CuFe2O4 thick film ceramics.

The relation between  ln Electrical Resistivity and 1/T of  CuFe
2
O

4
based-thick film fired at 1000oC for 1 hr 

(with : 0; 2,5 , 5%  glass frit concentration) 



RESULTSRESULTS
(Electrical Characteristics)(Electrical Characteristics)

Table of electrical characteristics of CuFe2O4 thick film ceramics
(with : 0; 2,5 , 5%  glass frit concentration) 

.

No.
Frit
(%)

B
(K)

Alfa
(%/K)

R SR 

(Mohm)

Market requirement for : 
B  is ≥ 2000 oK 
 is ≥ 2.2 %/oK[7] 
 RT = 10 ohm.cm -1 Mohm.cm [4].

1. 0 2215 2,46 6,9

2. 2,5 2547 2,83 9,8

3. 5 2807 3,12 16,7



CONCLUSIONSCONCLUSIONS

CuFeCuFe22OO44 thickthick filmfilm ceramicsceramics utilizingutilizing FeFe22OO33 derivedderived fromfrom
yarositeyarosite mineralmineral havehave beenbeen wellwell firedfired atat 10001000ooCC forfor 11 hourhour..
withwith :: 00;; 22,,55 ,, 55%% glassglass fritfrit concentrationconcentration..

AllAll ofof thethe thickthick filmsfilms crystallizecrystallize inin tetragonaltetragonal spinelspinel..

TheThe SEMSEM imagesimages showedshowed thatthat thethe effectseffects ofof glassglass fritfritTheThe SEMSEM imagesimages showedshowed thatthat thethe effectseffects ofof glassglass fritfrit
concentrationconcentration makemake thethe graingrain sizesize waswas smallersmaller....

ElectricalElectrical datadata showedshowed thatthat thethe largerlarger thethe glassglass fritfrit
concentration,concentration, thethe largerlarger thethe :: resistance,resistance, thermistorthermistor
constantconstant andand sensitivitysensitivity..

TheThe valuevalue ofof thermistorthermistor constantconstant (B)(B) == 22152215--28072807ooKK andand
roomroom temperaturetemperature resistanceresistance (R(RRTRT)) == 66,,99--1616,,77 MOhmMOhm ofof thethe
producedproduced CuFeCuFe22OO44 ceramicsceramics fittedfitted marketmarket requirementrequirement..
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APLIKASI THERMISTORAPLIKASI THERMISTOR--33
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APLIKASIAPLIKASI THERMISTORTHERMISTOR--44

Sensor Aliran Air



APLIKASI THERMISTORAPLIKASI THERMISTOR-- 55
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BENTUKBENTUK THERMISTORTHERMISTOR--11

Thermistor Pembatas Arus



BENTUKBENTUK THERMISTORTHERMISTOR--22

Thermistor Gelas



BENTUKBENTUK THERMISTORTHERMISTOR--33

Thermistor Khusus
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Thermistor Lead Epoxy


